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ALDEHYDE PROCESS Field of the Invention The invention
relates"generally to a process for condensation of al dehydes, and
nore particularly to 5 a process for formng desired aldols by the
reaction of specified al dehydes in the presence of a peypkos@dR! Ytic

agent . v"’%%%?ground of the Invention 10 The reaction
of al dehydes in the so-called "al dol condensation" reaction is well
known. In this reaction, a nucleophilic ion, produced, for exanple,
by the action of a strong base or al kali on an al dehyde 15 havi ng
an [err] hydrogen atom adds to the carﬁoﬁyT group of anot her

al dehyde nol ecul e. The al dehyde-al cohol (al dol) produced by the

reaction may be recovered, or it BWEMDE PrROCEE8ated directly in the

reaction systemo q" Egc | 0 , product adm xture to forma desired
conposition. | - 2 = , the al dol de-hydrates spontaneously or

pronptly in the process Ther ivantion aeliatesngenerallysto a precess y

dehydrated, fogsingoRdendstidt Bed AR, ana moréhbaPt LA Do ¢ acover ed

or treateg further. Fordgxaqple. .n;%utéra deﬁ% readllg.naﬁgpe

condensed®and deRVAFETECTSS Toring degired Ridels) bY EF A eRFTiFT

fol | owi ng spegifiefisaldehydes in the presence of a novel catalytic
agent.

Background of the Invention

_ The reaction of aldehydes in the so—called
“aldol condensation” reaction is well known. In this
reaction, a nucleophilic ion, produced, for example, by
the action of a strong base or alkali on an aldehyde
15 having an « hydrogen atom, adds to the carbonyl group of

another aldehyde molecule. The aldehyde—alcohol (aldol)

produced by the reaction may be recovered, or it may be
treated directly in the reaction system or reaction
product admixture to form a desired composition. 1In
20 many instances, the aldol de-hydrates spontaneocusly or
promptly in the process admixture or environment, or is
easily dehydrated, forming an unsaturated aldehyde,
which can be recovered or treated further. For example,
n—-butyraldehyde readily may be condensed and dehydrated

10

25 to 2—ethyl—2-hexenal according to the following
reactions: -
5
30
CHBCHZCH2CHO base CH3CH2CH2 IHCHO :ﬁ;3 CHBCHZCHZCH=ECHO
35 2fs 2Hs
(1) (II) - (III)
40 Although the aldol composition enumerated as

(II) may be isolated, its dehydration to (III) is, as
indicated, usually very easily accomplished under the
reaction conditions for the condensation. Accordingly,



[err] 40 Al t hough the al dol conposition enunerated as

(I'l') may be isolated, its dehydration to (IIl) is, as I ndi cat ed,

usual |y very easily acconplished under the reaction conditions for

t he condensati on. Accordingly, - 2-

it is the unsaturated al dehyde (111) which is generally recover ed.

Hydr dgen r e®R27A8Sof (111) gives 2- et hyl hexanol , as f BFFGiRA04926

[err] An exanpl e of the sel f-condensation_of n- Dutyral dehyde
may be found in the article of 15 Tsuji et al | THiS SHEERtHAS. BEEMB, pages
759-70 (1994). Therein, the authors2discusg the gepideppati onjof n-

but yr al dehyde usi ng various solid base catal ysts: As—ts—al so

comonl y kno t he, .al dol _condensat.i.o r ti be used_.pot only
for the condehSa |so%h%fu’ésazﬁu%‘f%eanl%’ﬁ'ﬁycfé[fﬁgutw %ggga %iﬁegﬁ'ﬁﬁ?r}s?i on of
different - reepversdes Hydxrar? mpednatdamafed ITd) 094 VESdol ", provi ded
that at |east2-ocsthpihédensl dedy des) xowi:ai ns an [err]

5
10 CH3C82CH2CH=iCHO T CH3CH20H2CH2IHCH20H
2Hs 2P 5
15 As is also commonly known, the aldol

condensation reaction may be used not only for the
condensation of a given aldehyde, but for the
combination of different aldehydes, producing a
so-called “cross aldol”, provided that at least one of

20 the aldehydes contains an « hydrbgeh. For example,
isobutyraldehyde ﬁay be reacted or condensed with
formaldehyde in the presence of alkali, under suitable
conditions, to form hydroxypivaldehyde. The
hydroxypival-dehyde may, if desired, be hydrogenated to

25 form neopentyl glycol, a valuable commodity chemical.
These reactions are shown, as follows:

30 '
Hy
35 CH3IHCHO + HCHO —— HOCH2 CHO
H - CH
40 3 3
45
Hy 3
50 HOCH,CCHO ~——— HOCH,CCH,OH
2 H 2 2
H3 2 . H3
55
60
Commonly, strong bases, such as alkali
metal hydroxides, are utilized as the catalytic agents
in aldol condensation, especially if the reaction is
65 conducted in aqueous solution. The use of alkali metal
‘This Sheet- Has Been Replaced
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hydrogen. For exanpl e, isobutyral dehyde may be reacted

or condensed -

with formal dehyde in the presence of 25 al kal i, under suitable
conditions, to form hydr oxypi val dehyde. The hydroxypi val dehyde may, if
desired, be hydrogenated to form neopentyl glycol, a val uabl e
comodity chem cal . These reactions are shown, as fol | g¥emsofbabse I ]

50 "&?ﬂﬁfﬁﬁ/ strong bases, such as al kali netal hydr oxI des,
are utilized as the catalytic agents in al dol condensation, especially
if the reaction is 55 conducted in aqueous solution. The use of alkal

met al WD 97/35825 ~ ' ' '

PCT/ US97/ 04926 -3 - - 3- hydr oxi des,
however, has a nunber of disadvantages. For exanpl e, al kali netal

hydroxi des preggitoPiddt E'fowever, has a number of disadvantages. For
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example, alkali metal hydroxides present problems
because they are highly reactive and because they form
salts. 1In this regard, U.S. patent 5,144,089 (Arena, et
al), dated September 1, 1992, discusses the
unsuitability of solid alkali metal hydroxides for
certain fixed bed aldehyde condensation processes. To
avoid the use of alkali metal hydroxides, these
patentees employ solid solutions of magnesium oxide-—
aluminum oxide, said to be related to hydrotalcite, or
what previously has been referred to as synthetic
hydrotalcites, in a fixed mass. However, better
conversions and selectivity in their procedure appear to
require higher temperatures-coupied with long residence
times, and fixed bed operations are reguired.
Accordingly, there has remained a need for an effective
procedure for aldehyde condensation which does not have
the disadvantages associated with alkali metal
hydroxides or which does not require lengthy residence
times or fixed bed operatidns. The invention addresses

this need.

Summary of the Invegtign_

In one embodiment, therefore, the invention
relates to a process for the condensation of an aldehyde
comprising contacting or combining aldehyde containing
an a hydrogen atom and having the formula R,CHO, wherein
R, is selected from alkyl having one to twelve carbon
atoms, and aralkyl having seven to fourteen carbon
atoms, with a catalytic amount of hydrated MgoO
(magnesium oxide) under reaction conditions to form
reaction product mixture comprising or containing an
aldol of said aldehyde, the unsaturated aldehyde derived
by dehydration of said aldol, or mixtures thereof. As
used herein, the expression “the unsaturated aldehyde
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e e unsaturate e .
one to twelve carbon atoms, and aralkf& having one to

fourteen carbon atons, with a second different aldehyde
selected from aldehydes having the formula R,CHO, '
wherein R, is selected from H, alkyl having one to
twelve carbon atoms, and aralkyl having one to fourteen
carbon atoms, and with a catalytic amount of hydrated
MgO, under reaction conditions to form reaction product
mixture comprising or containing an aldol of said
aldehydes, the unsaturated aldehyde derived by
dehydration of said aldol, or mixtures thereof.
Accordingly, the reaction product mixtures of the
invention will comprise or contain one of (A) the aldol
of the aldehyde condensed, or of the'aldehydes cross
condensed;'(B) the unsaturated aldehyde derived by
dehydration of said aldol; or (C) a mixture of (A) and
(B).

Further according to the invention, any stable
aldol formed in either embodiment may be separated from
the reaction mixture produced, and treated as desired,
e. g., hydrogenated to form a hydrogenated mixture
containing a di—-alcochol, or reaction product mixture may
be treated directly. In the latter case, for example,
direct hydrogenation of the reaction mixture will form a
hydrogenated admixture containing a di-alcohol therein.
Again, if the aldol formed in either embodiment
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-4- derived by dehydration of said aldol"” refers to the [err],
[err]--ol efinic al dehyde resulting fromthe deconposition of t he

al dol produced by the condensati on, which deconposition also results

inor isc ‘% %égqrzgzed by the 5 formati on of water as ap@Erosirplozs
In a second™@ ment, the invention rel ates to an al dehyde

condensati on process conpri sing contacting or conbining a first

al dehyde selected from al dehydes contai ning an a hydrogen atom and
havi ng the 10 formula R err] CHO, mhg[g n Rlerr] is selected from al ky
havi ng one to twelve carbon atons, "and aral kyl having one to :
fourteen carbon atons, with a second different al dehyde sel ected from

al dehydes havigaghyidia e’ thbharRERer FehPtion condfeiens) i tite yedaeiioth from

H; al kyl having one to,15 I n,atons h ng one to
f ourt een Z% Db S éﬁoﬁfadé\rﬁ é.gf'ﬁaégga‘?m %’[I% ﬁg{ﬁ{ﬂ >"g/drq"\zgat ed
MyO, under reatumonnc@m@ﬁtﬂ@ﬁ§e@oaﬂéﬁh7¢eac?¢%ﬁu$ﬁ

conprising or tb@ @e@ﬂ 3'&eﬁ| dﬁh ¢tesdtid, or thalﬂﬁmiem ﬂﬁiﬁuutsat ur at ed

al dehyde derlv Pé Biay be % ?Lhon gghsggcgfﬂéggecéﬁyn1xtures t her eof .
&c n

Accordin I nvention w |1
conpri se or c@mﬂﬂqwammslag Fh? mh¥tYrael to prodyge 3 Aegixad de condensed,
or of the al delymieyenated productondrtard; of Batierwrsat urat ed al dehyde

derived by 25 dehydrgﬁ_ﬁggrggl ai gc@h‘?&in%ofo (Ge %ﬂéﬂéﬁr&u ofene® and

(B). acc fdl e invention, any stable
al dol forned hydsates MeRpdsi FERPLARY Sers‘é‘b%?%ff%d"ftrlbrﬁhe aldehyde o5ct on
mi xt ur e 3@y oduead alaetydesatedbascdndensdd .’Bﬂ a manneyr whily ggevdides to form

a_hydrogenat e‘in@ﬁﬁ%’ﬁ conta £Caet ghal Bgt§1 £ 1w ilt@AGHON product
mxture may aldehyde(s) Foglgggmee, e géég é&?e fg{ exanpl e,
supplied to the reaction zone as an aqueous slurry of °
the hydrated particles, the combination of the
15 aldehyde(s) and agueous slurry, on sufficient agitation,
forming a heterogeneous admixture containing suspended
hydrated MgO particles. Because water will generally be
present, either from aldol dehydration or by purposeful
addition thereof, the hydrated character of the Mg0 will
20 remain intact. An important advantage of the invention
is the ability to separate the hydrated Mg0 from
reaction product mixture, e. g., by filtration or other
means, to the end that the separated hydraﬁed MgO may be
reused by supplying the separated hydrated MgO to the
25 reaction zone for contact with the aldehyde in a
continuous procedure, the reused hydrated MgO exhibiting
the same or essentially the same catalytic activity as
initially. Moreover, problems attendant the use of '
alkali metal hydroxides, such as salt disposal, are

30 avoided. The invention is particularly useful for the
condensation of n-butyraldehyde and the cross
condensations of n-butyraldehyde, or isobutyraldehyde,
with formaldehyde.



di r ect hydr ogenation of the reaction mxture will forma hydr ogenat ed

adm xture containing a di-al cohol therein. 35 Again, if the aldol forned
in eitheér enbodi ment - WD 97/ 35825
PCT/ US97/ 04926 dehydrat es. under the reaction conditions in the

reaction zone, or is readily dehydrated, e. g., by heatin to
form an unsa‘P’Br’y?@as al dehyde, the unsaturated al dehyde Pq:pg%sygdns
separated and treated, or the reaction product 5 m xture may be treated,

such as by directly hydr ogenating the m xture, to produce a desired
hydr ogenat ed product m xture or adm xture. Preferably,
according to the invention, the hydt ated MgyO is supplied for contact
with the al dehyde 10 or al dehydes to be condensed in a nanner which
provi des ' 3G, {,ngﬁrtlcles with the

al dehyde(s). FOr exa 0) VgU ey De supplied to the

reaction zone as an aqué@U§QQ¥EPF§dofin he fhésﬁy%RERQkP?ﬁﬁtQQTQQQ t he
conmbi nati on ofinventliion, dhdéclpnpes)itind amproyed sinrtle reactidn ci ent

agitation — proddidllii &210ekek0d2BRUSaEH ééuéﬁfé’ Ayl dlg Suspended

hydrated MyO t|c es. ecause ter w ener a present
ei ther frdm al EHGOPaH}nEuFBSSE Ypula RlcﬁﬂhMWN%ﬁ?ﬁmhéheof t he

hydr at ed characst eselm‘cttehbfh@ﬁ wilkirl2Baving coni contd ating dde ivgort ant

advant age of téa@mveaatem atoms haat Qeaﬂeyilﬁazviﬂb S@noaéa;@a &miglt ed

MyO from ction prod gké}ng[e The gmyf) arh eu‘_atlon or
moieties of the aldehyde may contain or comprise

10 straight chain or branched chain portions, and the
position of aryl groups in the aralkyl moiety is not
critical. Particularly preferred aldehydes for the
condensation are previously mentioned n-butyraldehyde, '
propionaldehyde, isobutyraldehyde, acetaldehyde,

15 valeraldehyde, and phenylacetaldehyde. In the second or
“cross—aldol” embodiment of the invention, the first
aldehyde composition is also selected from aldehydes
containing an « hydrogen atom and having the formula
R,CHO, wherein R; is selected from alkyl having or

20 containing one to twelve carbon atoms, and aralkyl
having or containing one to fourteen carbon atoms, as
described, and the preferred aldehydes correspond to
those above-mentioned. HoWeve:, the second aldehyde
composition combined therewith or contacting the first

25 aldehyde composition is a different aldehyde selected
from aldehydes having the formula R,CHO, wherein R, is
selected from H, alkyl having or containing one to
twelve carbon atoms, and aralkyl having or containing
one to fourteen carbon atoms. As will be understood by

30 those skilled in the art, the alkyl and aralkyl portions
of the aldehyde selected as the second aldehyde may or
may not possess an « hydrogen atom. A listing or
grouping of aldehydes selected for the second aldehyde
composition, however, preferably coincides with that

to ourteen car.



means, to the end that the separated hydrated MgO nmay be reused by

suppl ying the separated hydrated MJOto the 25 reaction zone for contact
with the al dehyde in a continuous procedure, the reused hydrated MO
exhi biting the sane or essentially the sane catalytic activity as
initially. Mreover, problens attendant the use of al '

hydr oxi des, WOOAR#¥3Ssalt di sposal, are 30 avoi ded. The ﬁﬁﬂﬁ#ﬁﬁﬁﬁﬁs
particularly useful for the condensati on of n-butyral dehyde and t he
Cross condensati ons of n-butyral dehyde, or isobutyral dehyde,

wi t h formal dehyde. WO 97/ 35825

PCT/ US97/ 04926 - =7 = - 6- Det ai | ed
Description of the Invention As indicated, in the first

enbodi nent of the. . Lnvent i on, t.he I ; ‘4 reaction
pr.ocess i s sel ;ef'gﬁ Eﬁ"f’?%n# gt d‘g?‘&a%'srsc%natlga%ﬁﬁg %hﬂ?ggﬁwﬁe&%ﬂdﬁ%en .atom
and havi ng t heipgprinat RR¥eepttiey ﬁﬂﬁﬁeﬁQ¥mRFgFP¥de may be wgedcted from

al kyl having or contai ni g wiEl te undersitoelvbycthbsa akbhledinih atled Kyl
havi t al.pi t d
aving or cont gi-pl Ng,Q ng?n?%%s%tfi;per& ac@ﬂ@mcﬁégag EBOﬁ’té%%\g?ié,s Z:Uiél:axﬁp

ar al kyl noi ét1res of yde may contalin or
strai ght €hai nCBFeBr aACREREWIRISE RHdalsndn tRhe rRaction pxrpdugt on of aryl

g{guEsdin %he mExtkyé.nD?etyei&mpxﬂ, in caserbfiEaélfPacbﬁdaﬁi:tybnwdf<arred
al denydes Tor Lf€sjgen d&P”QEﬂﬁﬁi @18k ¥&8Uﬁ%¥ ﬁ@ﬂ&é&@@ ith the
IR Sl o i R S S R
case of “cross” condensation, it is possible for one of
10 the different uncondensed aldehydes (except
formaldehyde) to self condense. The process of the
invention, however, produces excellent selectivities in
many cases to the desired aldols. - For simplicity
hereinafter, the expression “aldol of said aldehyde” is
15 taken herein to refer to the first or primary
condensation product of the aldehyde employed, while the
expression “aldol of said aldehydes” refers to the cross
condensation product of the different aldehydes employed
as reactants in the second embodiment of the invention.
20 The aldols contemplated, therefore, will contain, in the
first embodiment, a number of carbon atoms which is
twice that of the aldehyde employed, and, in the second’
embocdiment, will contain a number of carbon atoms which
is the sum of the carbon atoms contained in the
25 respective aldehydes; in both cases, the aldol will not
contain more than one hydroxyl group. As indicated, in
many instances, the aldol formed dehydrates
spontaneously in the reaction product mixture, under the
reaction conditions, to form an a, 8- olefinic aldehyde.
30 Where the aldol has stability, heating the reaction
product mixture, e.g., from 70°C to 200°C, will
generally accomplish the dehydration, or the aldol may
be separated and then heated in this temperature range
to dehydrate. The unsaturated aldehyde may be the
35 desired composition, or, as is commonly the case, is
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15 val er al dehyde, and phenyl acet al dehyde. I n the second or
"cross-al dol " enbodi nent of the -invention, the first al dehyde
conposition'is also selected from al dehydes cont ai ni ng an a hydrogen
atom and having the fornul a RCHO, wherein Rerr] is selected from

al kyl having or 20 containing one to twelve carbon ato ral kyl
havi ng or PHIS8*hg one to fourteen carbon atons, as @CE@%& and

the preferred al dehydes correspond to t hose above-nenti oned. However,
t he second al dehyde conposition conbined therewith or contacting the
first 25 al dehyde conposition is a different al dehyde sel ected

from al dehydes having the fornmula R2ZCHOB wherein R2 is sel ected from
H, al kyl having or containing one to t wel ve carbon atons, and aral kyl

havi ng or co LDLRY ng. t S8 ST LTS s\ Lol
under st ood b&ggb%a'tﬁb"s’*e‘ 5 i%eﬁy‘l;%&%%e arc?,?' t efgj Kyl gr%%l\gfgl E§§
portions proguctpe al dehyde sel ected as the second al dehyde nay or

n?é Roé possess an ? hwHi2gept ai &Moot a irdquiexient of the0dipvegtibn
o ef o1 ably ooRhk §ae b pRiydE 6P aRAERUER cngpen ATRATpREO. NouCVET,
PCT/ US9%/ D49epbodiment be pure or substantially pure,;selectivity.tei oned
for the firstnal debytfedcarfosihayrbei idpdired in thenpeacsibneinepti on t hat
formal dehyde gB),PE;i URCHo the amoupt of impti Wy lorP@ridadgrahood by those
skilled in tﬁe art, t%e cond%nsatlon reaction tends . to prgduce, I n
nany reactant present. Accordingly, some concentration’ o
other compositions may be present in the aldehyde or
10 aldehydes employed so long as the compositions do not
interfere significantly with the condensation reaction
or with the desired end use of the products of the
invention. The process of the invention may also be
used for aldehyde removal from a variety of compositions
15 if desired. As indicated previously, n—butyraldehyde
and isobutyraldehyde are. important first aldehyde
compositions for cross condensation with formaldehyde.
A critical aspect of the invention is the use
of hydrated MgO for catalyzing or promoting the
20 condensation reaction. As understood hergin, the phrase
“hydrated MgO” refers to solid particulate Mgo
(magnesium oxide) which has been treated or contacted
with sufficient water (including wet steam) for a
sufficient period of time (temperature and pressure are
25 not significant except to the extent required to have
- water present) to effect certain changes in surface
morphology of the solid particles. The hydrated Mgo
catalyst used in accordance with the presence invention
is fundamentally different from the solid solution of
30 magnesium oxide—aluminum oxide described in U.S. Patent
5,144,089 in that the hydrated MgO catalyst is free,
i.e., devoid of, or essentially free, of aluminum oxide.
Normally, hydration of the MgO may be carried out
simply by mixing the particulate MgO with ample water
35 and allowing the mixture to stand at room temperature,




v

5 cases, a mxture of aldols in the reaction product m xture. For
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will not ® PESﬁFHFnlﬂn?%fi*ﬁﬂéhﬁu?qﬂﬂﬂ )ﬁﬂ Yb@ﬁ a Adingi cated, in
many i nst ancespatrhiécalabé Mgo nsul theh wit@rescontainingomtixteres! y in the

reacti on produ , I, t i m an
p gsgg&wigl dgmseeﬁ gg:erated RAG &ata%%g 99§i§| Pnaea

[err], [err]- nic Were the aI E%F as s%

heating the re5BBiGAta %iq% Fesycd ¥opEr Fimeg,

200[ err] C, mﬁIHydratiogenértné3Mg§xpnqﬂuqd$ fhwdd@hydfaHbOnsOGRdShe al dol
may 1008 SQRAER! &fle ABKbYM &Yy A righ etl@c%rbﬁmae%sespyaeeebe to

dehyg;afg anﬁs S%Q%ﬁé@%eﬁgjky‘ﬂﬁé preéénce ) pi telegs an rgggEOSItlon

or the surfaces thereof due to the action of water, as
compared to normal or “unhydrated” MgO particles which
possess a generally smooth amorphous surface. Further,
15 X~ray powder diffraction analysis indicates “hydrated”

- MgO to possess some Mg(OH), character, i.e., such
analysis indicates the presence of hydroxyl groups at or
near the surface of the particles. Additionally, IR
analysis (KBr method) reveals unique absorbance bands

20  for some samples of “hydrated” MgO prepared according to
the invention, e.g., at (sh) 3702 cm! and (br) 3651
eml. These phenomena find support in the literature;
Anderson, et al, Trans. Faraday, J. Chem. Soc., (1965)
61, 2754, suggest that similar IR bands in “hydrated”

25 MgO also indicate the presence of surface hydroxyl
groups.

As will be recognized by those skilled in the
art, hydration of MgO particles causes some expansion
and surface area modification of the particles, although

30 this may vary with the length of the hydration
treatment. Average particle size of the MgO employed in
the invention (before hydration) may vary considerably,
with suitable particle sizes for the MgO ranging from
0.5 to 13 mm (about 0.02 to 0.5 inch), preferably from

35 1.3 to 2.5 mm (about 0.05 to 0.1 inch). Surface areas
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treated, such as by hydrogenation, to forma desired end pr oduct .
Wiile if is not a requirenent of the invention that the al dehyde or
al dehydes chosen in either 5 enbodi ment be pure or substantially pure,

selectivity ¢ the desired aldol may be inpaired in t I n
proportion t%gfﬂ’éssé?munt of inmpurity or undesired rea? pﬂ'Hggent

Accordi ngly, sone concentration of ot her conpositions nay be present
in the al dehyde or 10 al dehydes enpl oyed so | ong as the conpositions do
not interfere significantly with the condensation reaction or
with the desired end use of the producfs?8f—the I nvention. The
process of the invention may also be used for al dehyde renoval froma

variety of conpgsifd Afso 1§,ef°fef Hi@3atqdn) Myl AfiksayLA, previously,

n- but yr al dehy ra re | r flrst al dehyde
conposi ti ons f?ﬁ“ﬁﬁQﬁﬁghﬁyhd§ﬁ8hP%€hpWFF%rPBiﬁafﬂ% ?d%r -1 square A
critical aspectetdrs hpex gremt iten 2i.9 squavecmeters pér hyrhmt awbeyO f or

cataly2|ng or PEOFDEANYT, t n ' aHe00d

her ei n, e phﬂr%se 1‘!%a:mﬁrq’a ed QQE ﬁa&%ﬁé é}ﬁgiif‘g E)oa?tslq:j%{e MyO
(ragnesi u oxi Y& = RMiRST 1B & eed Oy %F&drﬁfu Tt a"(:li‘ 8§ ficient
wat er (i ncl udihprated reeed nicdr be absolutelyi tpere” pelpetidamfgrtadaa

(tenperature agmgbp rﬁ@g@@@ecz& gréde, SignpFéfartegxcept to the extent
required to have ter

effet certain . changes in surface
nor phol ogy of the solid zflpﬁ &I"gs T%@eh%‘(%? ch”Ngd"he %YJ]F%QS used I n
accor dance mnt#ﬁtﬁk?ﬂiiﬁﬁan@ealﬁ?@ﬁﬂvsnc amount s fWhidkgreevenl lay mdinfifnailent
fromthersol i chssintl igIn e S:era%&anﬁ bumpxlﬁbvalwﬂéwﬁfaetde t@escribed in

U.S. Patent ydraﬁ‘.’e]am}d %8% rnaEL??t Wg. i Qxdée ﬂlel\@O Cat al ar Irsatflcaee

I.e., devoid 3} csseht i s al t
Nor mal |y, hydrae& |J(ﬁ?§3'-f O-A& . W@eﬁﬁyabé}'carﬁeﬁp RKO, m°St gFmefleraplym xi ng
the particul ates M) @Qanv2t. I, amiks wekpect to the total amount of

aldehyde present.

15 If the hydrated Mgo is supplied to the
reaction or reaction zone as an agueous slurry,
sufficient water will be employed, of course, to slurry
the catalyst. Preferably, the ratio of hydrated MgoO to
water in a slurry, on a weight basis, will range from

20 1:2 to 1:20, most preferably from 1:5 to 1:10. Unless
otherwise indicated herein or inconsistent with the
obvious intended meaning of the text, all ratios or
percentages of components stated herein are by weight,
based on the total weight of the mixture including the

25 component or components. Other non-interfering
catalytic agents may be present. '

The combining or contacting of the aldehyde or
aldehydes and hydrated Mg0O is carried out under reaction
conditions, i.e., those conditions of temperature,

30 pressure, length of contact time, etc., which enable or
allow the reaction to proceed. Included in such
conditions are those required to supply or to maintain
the aldehyde reactant(s) in the liquid phase, i. e.,
temperature, pressure, so that intimate contact with the

35 hydrated Mg0 (and with each other in the case of cross



35 and allowing the mxture to stand at room tenperature, WO
97/ 35825 _ : PCT/ US97/ 04926

-9- ’ e.g., 20[err]C, for a sufficient period of tine, e.g., 15 or
nore hours. However, MJO may be hydrated "in situ” (al though the
benefits of the invention may not I mmedi at el y accr ue) pe&flugy7ioisdé ess
system wher ¥QHEA5is 5 present in sufficient anmount sinply by adding
particulate MJO to the water-containing m xture, especially a system
operated on a continuous basis where the catalyst is reused or

recycl ed a nunber of tines. " "Hydration of the MyO produces "hydrat ed"
MyO solids 10 whi ch are shown by scamnithg™el ectron nicroscopy to be
characterized by the presence of platelets and ridges on t he surfaces

t hereof due tq j.qn ,of;, R, ' eds ¢ o r
"unhydr at ed" I\?bgé]f;;eé%%lttcﬁ%g’g \%s\ll\%%g-hz?a’poégeggﬂ?%hglf%ﬁgqsf%&aﬁ anor phous
surface. Furtadvantmage pfy fhe)dpyentdeps that BRaGHeR FRIRpMe £0F

"hydr at ed" the M)Qd0 consensatione rigcCiba, cinrthe cpresense ofithe

armal ysi s i ndi qezsagéqe e %ﬂhpyé&ﬁ?ﬂsarﬂm @dmpratures @@’ the
surface of the "particles. 'Addi |on% Ig, 5 anal 5|sl(KBr met hod)
reveal s Ui qué® ce Sb‘&r\'-&i’l?o emPREATEERR s %I%’ganéﬁ &nyi¥at ed” Mo
prepared accorsimge tfrom 0°C the2pn9entprefexahiy fatom 28£C3%027e%€err] and

(br) 3651  pr&ilifldd mall'$i€ vaR3BATEBAs{88FaB1PPRA iy h:%ﬂgé eraiur e;
Anderson, et al, Trans. Farada%, a%. Chgm §oc.teéelx9&5;) 1 atmos%he%.?am,
suggest that st AYRASPR&TE, KPS 20n 2 APEPAEERS, P Y
to 5 atmospheres. For a batch reaction, total reaction
10 times, i.e., the time to completion or substantial
complétion of the condensation reaction, will vary
considerably, but in general-will range from 2 hours to
24 hours, preferably from 4 hours to 8 hours. 1In the
case of a continuous process, with continuous feed to a
15 reaction zone and continuous withdrawal of product
containing mixture, average contact time may range from
about 4 hours to 48 hours, preferably from about 8 hours
to 16 hours, contact time herein being understood as the
liquid volume in the reactor divided by the volumetric
20 flow rate of the liquid. 1In the case of condensation of
n—butyraldehyde, reaction temperatures will preferably
range from 0°C to 200°C, most preferably 20°C to 80°C,
while in the cross condensation of isobutyraldehyde with
formaldehyde, temperatures may range from 0°c to 100°c,
25 preferably 20°C to 70°C. Pressures for these reactions
may range from 1 atmosphere to 10 atmosphere, preferably
1 atmosphere to 3.0 atmospheres, and average contact
times (continuous system) may range from 4 hours to 48
hours, preferably 2 hours to 8 hours. '
30 As indicated, the reaction may be carried out
| on a batch or continuous basis, but the invention is
admirably suited to a continuous reaction process. 1In
this latter preferred case, the reactant composition(s)
and hydrated MgO (preferably as an agueous slurry), are
35 introduced, on a continuous basis, into a reaction zone



- 25 MyO al so indicate the presence of surface hydroxyl groups.
As wi |l be recognized by those skilled in the art, hydration of MO
particles causes some expansi on and surface area nodification of the

particles, although 30 this may vary with the length of the hydration
treatnment. Average particle size of the O enpl oyed in vention
(before W\ L gﬁz may vary consi der abl y!vg ™ vm'yth sui t abF§ /E)Jar &IG '
sizes for the MgyO rangi ng from 0.5 to 13 mm (about 0.02 to 0.5 i nch),
preferably from 35 1.3 to 2.5 nm (about 0.05 to 0.1 inch). Surface

ar eas WD 97/ 35825 -

PCT/ US97/ 04926 - 12 - - 10 - of the MO
(before hydration) may al so vary consi derably, but may preferably

range from 0. 4 30URISeq unaelELRL SaSl oS AN orga&is&waaowl% 3 per gram

nost ers per gramt _ 5
meters per gr&hﬁ CFEP°§@§%°Fé%l¢#E§rQ$ﬁ¢e#QQm§¥HR§X(?%ﬁ$“rer rated need

not be absol ugekMingUreact D6kl ProdicEle, passing@hnvwiierand y C. P. grade, is
preferred ventu }ytbelnﬁtégég&%b] éﬁ“%ﬂé“?ﬂﬁéé%bqtéﬁ§ehyd&% ed Myo

I's supplied iR & car even nount of the
hydr at ed5MjO APgFenact cempletieriof (e reactignfsy o ppeRGent PR wil | be
supplied i n athel eééndagtions abovéﬂméﬁt&ﬂnéﬁ'ﬂihqnnésniﬁinﬁ @eadzttion5. 0, nDst

g[g;ﬁ;gglzre groncZSmigtgrg pdldd LERRRY 410 diodtAldd FTnal Of
reaction zone. The hydrated MgO may be easily separated,
e.g., by centrifuging, and recycled to the reaction
10 zone. Alternatively, the process of the preéent
invention may be carried out using a reaction zone
comprsing one or more fixed beds of hydratedd MgO. One
or more aldehydes may be fed to the fixed bed of '
hydrated Mg0O, in the presence of water or under
i5 substantially anhydrous conditions, to obtain a reaction
product mixture comprising an aldol of said aldehyde,
the unsaturated aldehyde derived by dehydration of said
aldol, or mixtures thereof.
It is a another advantage of the invention,
20 because alkali metal hydroxides are not employed in the
reaction system, that the condensation reaction mixture
may be treated, at a given degree of completion, in a
. desired manner, to derive a particular product. For
example, if n—butyraldehyde is condensed according to
25 the invention to form (by dehydfation) 2—-ethyl-2-hexenal
in the reaction mixture, the crude reaction mixture
containing this product may be hydrogenated directly in
the reaction zone under appropriate reaction conditions
known to those skilled in the art to form 2—ethylhexanol
30 therein. Similarly, if isobutyraldehyde and
formaldehyde are condensed to form hydroxypivaldehyde,
the hydroxypivaldehyde may be hydrogenated directly in
the reaction mixture to form neopentyl glycol. In each
of these cases, the reaction mixtures may be removed
35 from the reaction zone, and treated as desired, e. g.,



15 If the hydrated MO is supplied to the reaction or
reaction zone as an aqueous slurry, sufficient water will be

enpl oyed, of course, to slurry the catalyst. Preferably, the ratio of
hydrated MgO to water in a slurry, on a weight basis, will range from

20 A2t 69;? fost preferably from1:5 to 1:10. U”|35$CTnmywoun6
otherwi se in |ca eé herein or inconsistent with the obvi ous i nt ended

meani ng of the text, all ratios or per cent ages of conponents stated
herein are by wei ght, . based on the total weight of the m xture

I ncluding the 25 conponent or conponents. Oher non-interfering

catal ytic agents may be present. =13 - The conbi ni ng or
contacting of the al dehyde or al dehydes and hydrated MyO is carried

out under reacayapogenm&pnc&t | YSirds GompoienesCRAY iaéOBépQI-a{:&imﬁF ature,
30- pressure, | eng contact, tine, .etc., .which enable or al | ow

the reaction t&" BVBC%%ﬁh“*?Rﬁﬁuﬁﬂf|§P§§U5ﬁ ated.” . nditions are those
required to supply or toTheipartiicular techaighgshpupleredttmt¥sgatn the

l'iquid phase, khe€aldol for:ﬁé‘im!ﬁ:r Q'.tHér fnsRAtazated, aiaeﬁiﬂéé aéht | Y& Sprypont act

v&;g7}228§5 dexgéggggon (% sa1 al ol%a%Qt Lgegnl ?e ek 0;6cross

condensat i on) Pprodectimixkune, ganatiier Bbpﬁsaalgnetherefroméuhewnsge of the
i nvention that go£mChd OparO sk tﬁr@%Mhtxon, ahl€s8hA@Ard

reaction, in the sence of . th drate O, e[l ral | rlse
mild tenperature%pbecfmpf%yed' %n genera& conglkgohs proé%éﬁr
such as temperatures, pressures, flow rates, etc., for

10 ~ the hydrogenation of aldehydes or aldehyde—containing
mixtures are well known or :eadily'asdertained, e.g., as
described in Heterogeneous Catalvsis For e nthetic
Chemist, copyright 1996 by Robert L. Augustine, Marcel-
Dekker, Inc. (1995), pp. 439 to 457, and may be adapted

15 or adjusted to the particular composition or mixture by
those skilled in the art. If the reaction product
mixture or a component thereof is to be hydrogenated,
catalytic amounts of any suitable hydrogenation catalyst
or catalysts will be employed. Suitable catalysts

20 include, but are not limited to, metals and compounds of
cobalt, nickel, palladium, platinum, rhodium,
molybdenum, mixtures thereof, and the like. Other
catalysts may comprise NiMo, NiCo, CuCr, CoMo, or CoNiMo
combinations, in various proportions, and mixtures

25 thereof.

The following experiments illustrate the
practice of the invention.

I.
Hydrated MgO may be prepared in the following
30 manner. Fused MgO crystals (c.p. grade, Strem Chenmical

Co.) were weighed (8.0 g., 0.40 mol) in a 250 ml beaker.
Two and one-half gram—equivalents of water (20 g.) were
added to the beaker, and the white MgO slurry mixture
formed was stirred in air at room temperature for

35 seventy—-two hours. Scanning electron microscope



7

Rt il b

5 pressures. Suitable tenperatures, for exanple, may range from
Oferr]C to 200[err]C, preferably from20[err]Cto 70[err]C Pressures
may be varied considerably, and nmay range from 1 atnosphere to 20

at nospheres, preferably 1 atnosphere to 5 atnospheres. For a batch

reaction, total reaction 10 times, i.e., the time to CO%&;‘?}QPE
subst anti al wo97/358250rm| etion of the condensation reaction, W V 3 :

considerably, but in general-will range from2 hours to 24 hours,
preferably from4 hours to 8 hours. In the case of a continuous
process, with continuous feed to"a 15 reaction zone and conti nuous

w t hdrawal of product cont ai ni ng-%ture, average contact time nay
range from about 4 hours to 48 hours, preferably from about 8 hours

to 16 hours, s r el ' I :hea s l'iquid
volunme in theg?ggg%ié?&ggdﬁ%€ %ﬁ'&&go urrett?%e%(%g‘(?%% EP?%\%F% e of the
liquid. In tAB2RgSE P EVRERFEAPTRhQICTY, and, fyrther) §halq erystattion

t enper at ur es grblrthr eteuabed during rehgdyfdramioneprp€ess. 200[ err] C, nost
preferably 20[err]C to 80[err]C, dﬂﬂ_i le in the cross condensation of

| sobut yral dehyde with f or ma] dehyde, tI%Eperatur,es may rang‘(:e from
O[err]C Po 100[err]C, 2Bhe £o1lowing, sevigs, of] expsriBepls| E11uprrat®res for
t hese reacti obBe prepamayionangf Hydmworypitvalsehgde ubilizihgrsydesed
preferably — mgo.l 2hMRSERCLEpéLinedt  TATRESY Rintdpd BURpEIELAQN! ACt

times (continudus sgste pay range from 4 houyrs Lg 48 0
preferably 2 R¥GFated ¥Ipotpwa was placed 1n\eiffi§f 8;EQu"?he reaction
may be carri edobtiom flaskoor aa 3¢ mbruwocliavesudepasidingben the i nventi on

i s 10adM pRRLYLFE £80Upé Cerip FVEd MR RRBGkIOBePh§CEGSippdd with [his
| atter p_refertgg ](__:asi, %hlg r eact %&‘%3“ sl &le_c.)n(ﬁ%} ;20 hydrated MyO
(preferably ad™HAT230eBbiTEFUrRA , Ple; i PBARE BITEPI%" cont i nuous
basis, into aatmasphenezoisobutyraldehyde and formalin solution
(18.0 g of 37% agueous formaldehyde; 6.7 g formaldehyde;
.22 mol) were added to the flask or to the autoclave.
15 The flask experiments were conducted at atmospheric
pressure, while the autoclave experiments were carried
out under an initial pressure of 52.7 bars absolute (750
pounds perISQuare inch gauge — psig). Temperatures were
55°C or 65°C in the flask runs, and 75°C or 85°C in the
20 autoclave runs. Total reaction times (batch run) were
varied from 270 minutes to 340 minutes in the flask
experiments, while the autoclave experiments ran for 150
minutes. The conditions and results of the experiments
are shown in Table 1, wherein isobutyraldehyde is
25 designated as IHBU, and hydroxypivaldehyde is
represented as HOHPV.
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- 12 - mai nt ai ned under the appropriate reaction conditions,

t he conposrtron(s) hydrated MgO slurry m xture, with form ng react i on
products, passing through and eventual |y being removed fromthe
reaction zonRga odh& degree of conpletion of the reacti ornkSpudeFmnesrs
dependent on t%e condi ti ons above-nentioned, the resultant reaction
product m xture being renmoved at an outlet of the reaction zone. The
hydrated MgO nay be easily separated e.g., by centrifuging, and
recycled to the reaction 10 zone. E%natively, t he process of the

pr esent i nvention nmay be carrled "o using a reaction zone
conprsing one or nore fixed beds of hydratedd MjO. One or nore

al dehydes may be fed to the fixed bed pdpie 1 hydrated MJO, in the
pr-esence of water or under ub, conditions, to
obtain a reaction ﬁéta%?ktééﬂ&%%npr|3|ng anqgﬁdol of said

al dehyde, CQRR?QF%&%AQM&t@QléFdeﬂyﬂe Breduatks b(MeLn ¥k at i on Timesai d

al'dol , or_mixtures. thereqf It is a another adMddge of
the inveriion, é%ﬂuﬂ@gégﬁﬁée al kali netal hydroxides are not enployed in
t he r eac tIHEY sySik@® tMdg@ the condeH@HRYon r€qcti @yom xture may
be treated, at ;a given degregq of corrgk,etigm,si n a 4.1 Oesjred mggper, to

derive a particular product. jFor exa : uty dehy S
condensed accordrng t3'25 he |nveﬁP|ong?b fornt 5§ dé%?grauzﬁ%g

2- et hyl - 2- hexerdal in tRe reactB8n niRture, thedcrle reactddsh ni xture
containizg thi s produqt may Be hydrogenat egl. 4li rectJ,yzi na.4 t yg eaction
zone under appropriate reaction condiki on hose lled in
the art to forﬁfz ethélhexan%l FEere?h' Sim arlygé)% jﬂﬂ
i sobutyral dehy®e and férnaldeh?ﬁe ar®’ condensktd to $orm 270
hydr oxypi val dehyde, the hydroxypi-val dehyde may be hydrogenated
directly in the reacti f oy ntyl glycol. In each
of these cases, the reactron?ﬂtéhﬁ%PEESQPebe $%ﬁ%%g§
15 Concentration, Molar T C grogucts (Mol. %) Time
(Min.)
Eguivalents
IHBU  CH,O0 MgO HOHPV Gy €10
3 1 2 75 95 4.8 0.2 150
20 3 1 2 85 89 8.8 2.2 150
IIT.

A slurry mixture comprising 16.0 g (.20) mol

of hydrated Mg0 in 40 ml of water was placed in a 300 ml

25 autoclave equipped with an internal stirrer,
thermocouple, and dip tube. Iscbutyraldehyde (50.0 g,
.60 mol) and formalin solution (18.0 g of 37% aqueous
formaldehyde; 6.7 g formaldehyde, .22 mol) of CH,0 were
added to the catalyst slurry mixture under nitrogen

30 atmosphere. The autoclave was pressured to an initial
nitrogen pressure of 52.7 bars absolute. The mixture in
the autoclave was stirred and heated to a temperature of
75°C. Determination of products in the ongoing reaction
was made by gas chromatography analysis and was

35 corroborated with authentic samples and. GC\ms analysis.
The endpoint for the reaction was taken as a level <100



35 fromthe reaction zone, and treated as desired, e.

WD 97/ 35825 PCT/ US97/ 04926

- 13 - hydr ogenati on, or desired conponents nay be separated by
known t echni ques and then treated. The particul ar

t echni ques to treat t he- al dol formed or the

aldehyge deﬁngd¥ dehydration of said al dol, eitherqgﬁ%%#éﬂbggction
product m xture, or after separation therefrom per se formno part
of the invention, and standard procedures may be enpl oyed. In

general , condltlons and procedures, such as tenperatures, pressures,
flowrates, etc., for 10 t he hydrogenéﬁlon of al dehydes or
aldehyde-containing m xtures are well known or readily ascertained,

€.9., as P SEf 'é}?% 1?1 Hgbehqggeggus wALA Mﬁésrézé’ét Py @%ehet ¢

Chem st, copyr ht 199 I ne kker, Inc.
(1995), pp. pZ d‘%/?dl??a II&at&pt &Belﬂ“t"‘l\:/g?v‘édj'ﬁ%t%ﬂe’tﬂi

particul ar con:‘m)stq ixm grams nfumnby Ni werehaddegdkté| thleireadeiant. |f the
reaction produgixture. ’@HS‘SH%dEla%eCQHBOESEB PQE&SQ&d'Sré PrdSsured

Chraryst 3 wigh nydiqueh ' B3 kae8, ghagLics Dty g

i nclude, but dreatest up ria e dotersad| temparatupeunds7gic. as traatdal t,

ni ckel, pall ac}sztgas@@tafaﬁaear 'ﬂﬂéhugb of H et%%%n nipd Ur es t her eof
and the i ke. Other gsts gg; rlse AN gp Cr, .CoMo, or
CoNi Mb toclave was occa iona rged wi © maintain
H, content and a pressure between 25.1 and 35.5 bars
10 absolute (350 to 500 psig). The reaction was considered

complete when B, uptake ceased. The autoclave was then
cooled and depressurized, and the solids were separated
from the liguid mixture. The liguid mixture was then
distilled to remove volatile liquids, leaving 20.0 grams

15 of an off-white solid residue. The solid residue was
evaluated by gas chromatography, and was determined to
be neopentyl glycol (NPG) having 94% (wt) purity.

Iv.

20 A slurry mixture comprising 2.0 g (.05 mol)

MgO in 10 ml of water was allowed to soak for 48 hours,
" and excess water was then removed therefrom by heating '

the mixture in an oven at 100°C for 24 hours. After
this water removal, the remaining solid was placed in a

25 3—-neck 250 ml roundbottom flask fitted with a glass
stopper or thermo-meter adapter, magnet spin bar, and
gas inlet adapter with serum end cap. Formalin solution
(18.0 g of 33.6% wsw ; 6.0 g, (.20 mol) of CH,0 and 97%
2-nitropropane (35.6 g, .40 mol) were added to the

30 catalyst mixture under nitrogen atmosphere. The
reaction vessel was attached to a glycol cooled
condenser with fitted gas inlet adapter. The mixture
was stirred vigorously and brought to reflux temperature
(100°C). The determination of products in the ongoing

35 reaction was made by gas chromatography and GC\ms



conbi nations, in various proportions, and m xtures 25 t her eof .

The follomﬁng experinments illustrate the practice of the invention.

l. Hydrated MyO nay be prepared in the foll ow ng 30

manner. Fused MgO crystals (c.p. grade, Strem Chem cal Co.) were

wei ghed (8. Owg, 40 nol) in a 250 m beaker. Two angcanssofadobs

gran}eqU|vaIents 0 mater (20 g.) were added to the beaker, and the

white MgO slurry m xture formed was stirred in air at room

tenperature for 35 . seventy-two hours. Scanning el ectron: m croscope
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- 14 - anal ysis of the MjO after ¥his treatnent indicated

changes in surface norphol ogy, and further that crystal growt h
occurred durln%?hﬂ§ 2) dra&hgneﬂéﬂgfﬁé for the reaction was <100 ppm I

5. ol I'ow ng, series of er| tslllutrate P t he
prepar ati on of1ﬁVGﬂo?§pFVa?déﬂy%ﬁPLR*WWQ& q%x%ﬁﬁﬁ T et ¥l each

experiment a slniyro-it-prepanaprvas nyo0%. Tﬂﬂﬁjmateaawgéhoh @& ebe Was
pl aced in e'thgfga%ceau% z-ambﬂéi,gm YRS g¥opansi0wiknaubesg! ave,

depending on t Eress re,t | o ed each vessel being equi pped
with 5§ nt EPABCLAVAEY PY NELRFe? 6b| d Hager ni trogen
at nosphere, |sobutyraldewydéeaﬁuef:nvgntxvnunaﬁ|h§¢n illustrated with

particular apparatus, those skilled in the art will
appreciate that other equivalent or analogous apparatus
may be employed. The term "zone,” as employed in the
10 specification and claims, includes, where suitable, the
use of segmented equipment operated in series, or the
division of one unit into multiple units because of size
constraints, etc. '



(18.0 g of 37% aqueous fornal dehyde; 6.7 g formal dehyde, .22 nol)
were added to the flask or to the autoclave. 15 The flask experinents

oxper mont s wer e car ool MNNIINEAVBENNLES: i & oreseure®or 2.7 bars
absol ute (75"8]5"?5’?% pound$ per 'sqlfaré i fich gauge - psig). ngp,?wo%z%s wer e

55[err] C or Cin the flask runs, and 75[err]C or 85[err In"the 20
autocl ave runs. Total reaction times (batch run) were varied from 270
mnutes to 340 mnutes in the flask exper i pents b EﬁENtutoclave
experinments ran for 150 mTutes. The condi t'“'Bﬁs'é'}?s\éétLjIl E% ?s of the
experinments are shown in Table 17 dReTein 'sobuﬁﬁ?hﬁ yde iis 25
desi.gnated as I HBU, and hydroxypi val dehyde is represented as HOHPV.
WO 97/ 35825 yhat is claimed is: PCT/ US97/ 04926 '

- 15 - Table 1 -
(f1ask, atnospheri® Bresegpefor the cepdersatign R amiafdehymds | C
Products (Ml codprising dbneacting aldehyde containing an & hydrogen

(Mn.) 5 atbaUakal ﬁgjvgng the]—HSﬁn{ﬂ?_ Cﬁlt‘ﬁ-fd,] QéISeIMi84 R% is H?—IEV

Cerr] _ Clerr] . . 1 1.4
340 5 3Selected fromjoalkyl haging ome sto tweglve carben atom§25

3 1 afd aralkyfbShavifig sevent6td fowdrtieen carbbh Broms, ¥ith 1
3 55 g3c4talyt4c2amogné of hy&@ﬁied MgO under reaction

conditions to form reaction product mixture comprising
an aldol of said aldehyde, the unsaturated aldehyde

10 derived by dehydratidn of said aldol, or mixtures
thereof.

2. The process of Claim 1 wherein the molar ratio of '
hydrated MgO to total aldehyde present is at least 0.75.
15 | -
3. The process of Claim 1 wherein the-hydrated Mgo is
supplied as an agueous slurry.

4. The process of claim 2 wherein reaction product

20 mixture is contacted with hydrogen in the presence of a
catalytic amount of hydrogenation catalyst under
conditions to hydrogenate an aldel of said aldehyde or
the unsaturated aldehyde derived by dehydration of said
aldol.

25
5. The process of Claim 4 wherein said unsaturated
aldehyde recovered from reaction product mixture is
contacted with hydrogen in the presence of a catalytic
amount of hydrogenation catalyst under conditions to

30 hydrogenate said unsaturated aldehyde.

6. The process of Claim 1 wherein a first aldehyde

selected from aldehydes containing an a hydrogen atom

and having the formula R;CHO, wherein R; is selected
35 from alkyl having one to twelve carbon atoms, and

—_—
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7. The process of Claim 6 wherein the hydrated MgO is
supplied as an agueous slurry.

10
8. The process of Claim 1 wherein n—butyraldehyde is
contacted with a catalytic amount of hydrated MgO in a
reaction zone under reaction conditions to form reaction
product mixture comprising the aldol of n—butyraldehyde,

15 2—-ethyl—2-hexenal, or mixtures thereof.

9. The process of Claim 8 wherein the molar ratio of
hydrated MgO to total aldehyde present is at least 0.75.

20 10. The process of Claim 2 wherein isobutyraldehyde and
formaldehyde are contacted with hydrated MgO to form
hydroxypivaldehyde.

—
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- 16 - ¢ ppmof CHerr]Oin 150 m nutes. When the reaction was
determined to be conplete, the autoclave was opened and - 10 to 11
grans of Raney Ni were added to the reaction m xture. The autocl ave
was then resealed, repressured 5 wth hydrogen to 32 bars absol ute (450
psig) of H2, and heated up to an internal tenperature of 75[err]C. As
head pressure dropped because of H2 @onsunption, the aut ocl ave
was occasionally recharged with H2 to maintain H2 content and a
pressure between 25.1 and 35.5 bars 10 absolute (350 to 500 psig). The
reacti on was cbhsi8eFBg unsaturghsdeaddfteitien Tt hikeh el st ganerabivel ave

was then reocovedednd depiregew irdthctiith tde ﬁpiiﬂng%{ sepfilr aé ed
en Istilled to

fromthe Iiqui Lxture. The |iquid._m xture was t

remove vol at i |€‘%§%#5§?‘af’8§\n ﬁ% fﬁ’.lg]oé’fsarrs 15 of an off-white solid
residue. g The solid residue was eval uated by gas chromat ography, and
was determ ned to CH,CHREHGEH -gfxpﬁ+—(NMK§CH§ﬁﬁ HyWOH purity.
V. 20 ABSIErrg mgture conrising 2.0 g %g%gZQ%é¥w . MO

in 10 M1®f water was allowed to2s&ak for 48 hours, excess wat er
was then renoved therefrom by heating the m xture in an oven at
100[ err] C for 24 homhpSexéfib@e of thel el Maidddras@vidbn éhenLemaining solid

was placed in a 25 3;:neck_250. m s oundhott flask. fitted with a glass
st opper or the?“%%ﬁ?%?egggﬁt@Fy H&gﬁép' iﬁPtéH% Pt cle °%gas i nl et
adapter M th sBsupieatl edp. iRodnalCartadol,utlid®), pages (A1B9-07Q (01938) 6% W w
6.0 g, (.20 . CH? n 9 . - U r ?ﬂﬂs’ . .40 nol)
wer e added tgu%%%Pébg'_' Qggt gfl%été%r?l %llfr%%ng"rer%onc? rogeénégg%c?rnog%lfﬁ'e?e. The
reaction vessebubgsaifehypedusdng yRyrdouscEsldd base eatrbyses-with fitted

gas inlet adapter. ZBe;ji ¥ 46ecommonlRkrdvr,f Ghe/| SRIOUSEInEEEsRE PYFNt to
refl ux tenperatureHLSH Waélgg[err]C). The determ nation of products_in the
d

ongoi ng 35 et ¥} ot A lehdt Uy rHphyCARe ion of a

20 given aldehyde, but for the combination of different
aldehydes, producing a so—called “cross aldol”, provided
that at least one of the aldehydes contains an «
"hydrogen. For example, isobutyraldehyde may be reacted
or condensed with formaldehyde in the presence of

25 alkali, under suitable conditions, to form
hydroxypivaldehyde. The hydroxypivaldehyde may, if
desired, be hydrogenated to form neopentyl glycol, a
valuable commodity chemical. These reactions are shown,
as follows:

30

H
: 3
35 CH3IHCHO + HCHO ——— HOCH2 CHO
H3 H3
40 .
_ H, H3
45 HOCH_ CCHO ————— HOCH_CCH._OH
2 H 2 2
H3 2 . H3
50
Commonly, strong bases, such as alkali metal
hydroxides, are utilized as the catalytic agents in
aldol condensation, especially if the reaction is
55- conducted in aqueous solution. The use of alkali metal
—.\\‘-,"'.ED S‘T‘EET '
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| evel of CH20O in

i nutes. Selectivity for 2-nethyl -
2- n|t l’ Im FlOO% Thi s nitroal cohol can be reduced to
2- am opanol with 100% 5 selectivity by using 5% Pd/ C

n

yalys+s.  The endpoi nt for t he reaction was <100 ppm

and H2. Wil e the inventi 88 Mas been illustrated with
parti cul ar apparatus those skilled in the art wll appreci ate that
other eqU|vaI par at us may be enpl oyed. The term
"zone," as eng oye Qﬁfﬁﬁﬁ%% £el specification and clains, includes, where

suitable, thel. AlnnPQ#S%egﬂnntba equdsnsn&nganﬁeanlaﬂiﬁhY@e, or the
di vi si on of OE%mg'?:iiTsiir@ CdRtd &Pl RguRi Banhael st irfind an o hf@PSGERI NS,
ete. af%ﬁ-and having the formula R;CHO, wherein R; is
5 selected from alkyl having one to twelve carbon atoms,
and aralkyl having seven to fourteen carbon atoms, with
a catalytic amount of hydrated MgC under reaction
conditions to form reaction product mixture comprising

an aldol of said aldehyde, the unsaturated aldehyde

10 derived by dehydration of said aldol, or mixtures
thereof.
2. The process of Claim 1 wherein the molar ratio of

hydrated MgO to total aldehyde present is at least 0.75.
15 | | '

3. The process of Claim 1 wherein the hydrated MgO is

supplied as an aqueous slurry.

4. The process of claim.z wherein reaction product

20 mixture is contacted with hydrogen in the presence of a
catalytic amount of hydrogenation catalyst under
conditions to hydrogenate an aldol of said aldehyde or
the unsaturated aldehyde derived by dehydration of said
aldol.

25 .
5. The process of Claim 4 wherein said unsaturated
aldehyde recovered from reaction product mixture is
contacted with hydrogen in the presence of a catalytic
amount of hydrogenation catalyst under conditions to

30 hydrogenate said unsaturated aldehyde.

6. The process for the cross condensation of at least

two aldehydes wherein a first aldehyde selected from

aldehydes containing an a hydrogen atom and having the
35 formula R;CHO, wherein R; is selected from alkyl having



V\hat |m\’\ 1. A process for the condensation of an al dehyde
mum' g al dehyde containing an [err] hydrogen at om and
hai 'mmm' err]CHO, wherein Rerr] is 5 sel ected from al kyl

having‘onk tb tselwe carbon atons, and aral kyl having seven to
fourteen carbon atons, wth .a catal i/\ti ¢ anount of hydrated MO under
reaction conditions to form reactToh?product mxture conprising

an al dol of said aldehyde the unsat urated al dehyde 10 derived by

dehydrati on of =g \M%’l X Ve rrgorﬁur@gm 2 tQ?E?RQF} having ﬁgeéfetn-q-tot al

process of af
al dehyde presépurM§au da;nqn(ntqm515s ContaGtedTwétbrécé§§0@ﬁ Claim1l

wherein the hgﬂ% %ﬂcﬁehyde séw&é&dfﬁémaalaau%u_% $a¥inY the 4.
The process o al m 2 erei'n reaction product 20 m xture 1S contacted

with hydrogenfpPimuda R.£8oncahsrain Ry 1g fatseted afboft Hof 2hf¥togenat i on
cat al ystsundehaw dirﬁanddd ItARS1L¥& dﬂdﬂb@ﬁeaabﬁsanaﬁkidelraQﬁcyS.allﬁvfirdﬁhyde or

t he unsaturated al rlved dehydr ati on ,of | .do
5. The proceSEVAR % ceatedf oHERER, APa atR & carapliR
recover ed froamoeautt mh l-grdmb.med Mg urendsr reactdont goindd tiiarts Myalr ogen in
t he presence Qf a u I a t der
p st %ht:?ayét'fo proaddl mxeargygeﬂg,g&@&ggn arAlASL dder

conditions to Fogenat & sai nsat ur at e
process for tBeidr @dgmaﬁm%numaﬁvrﬁ‘éaét aldehydte\/\éeé'lld"@(ﬁ/dféé wher el n

a firstgl dehydseel8Glad JF MRia alashdebydasxeapkal Rinddedr.[err] hydrogen
at om and having the 35 formul a R[errIC}E) wherein Rierr] is selected

from al kyl havi ng
7. The process of Claim 6 wherein the hydrated MgO is

supplied as an agueous slurry.

15 8. The process of Claim 1 or 2 wherein n—butyraldehyde
is contacted with a catalytic amount of hydrated MgO in
a reaction zone under reaction conditions to form
reaction product mixture comprising the aldol of n—
butyraldehyde, 2—ethyl—2-hexenal, or mixtures thereof.

20
9. The process of Claim 2 wherein isobutyraldehyde and
formaldehyde are contacted with hydrated MgO to form
hydroxypivaldehyde.

25
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- 19 - one to twel ve carbon atons, and aral kyl havi ng seven
fourteen carhon atonms is contacted with a second di fferent al’a%%f&)ga
sel ected from al dehydes havi ng the formula RRCHO wherein R2 is

selected fromH, alkyl 5 having one to twel ve carbon ato . ar al kyl

havi ng seven to fourteen carbon atons and with a cat al
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(57) Abstract

A process for the condensation of aldchydes is disclosed in which an aldehyde containing an o hydrogen atom and having the formula
RiCHO, wherein R, is selected from alkyl having one to twelve carbon atoms, and aralkyl having one to fourteen carbon atoms, is combined
with hydrated MgO under reaction conditions to form a reaction product mixture comprising an aldol of said aldehyde, the unsaturated
aldehyde derived by dehydration of said aldol, or mixtures thereof. In a second embodiment, a first composition sclected from aldehydes
containing an o hydrogen atom and having the formula R{CHO, wherein Ri is sclected from alky! having one 10 twelve carbon atoms,
and aralkyl having one to fourteen carbon atoms, is combined under reaction conditions with a second different composition selected from
aldehydes having the formula R2CHO, wherein R is selected from H, alkyl having one to twelve carbon atoms, and aralkyl having one to
fourteen carbon atoms, and with hydrated MgO, to form a reaction product mixture comprising an aldol of said aldehyde, the unsaturated
akdehyde derived by dehydration of said aldol, or mixtures thereof. Further according to the invention, the aldol or aldehyde formed may
be separated from the reaction product mixture, and recovered or treated as desired, or the reaction product mixture may be further directly
treated, such as by hydrogenation, to produce a desired product admixture.




