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amines as catalysts to form the corresponding alkanals and these are subsequently
hydrogenated to the corresponding polyalcohols (hydrogenation process). This process
30 is low in coproduct. After the first stage, unreacted aldehydes and part of the amine
base are generally separated off from the methylolalkanal by distillation and
recirculated. The distiliation bottoms comprise the products of the aldolization, viz. the
methylolalkanals, for example hydroxypivalaldehyde ("HPA"), together with water, the
formic acid salts of the base used and formic acid itself. In this process, the
35 methylolalkanal is obtained as a 20-70% strength by weight aqueous solution.

If polyhydric alcohols such as pentaerythritol, neopentyl glycol ("NPG") or
trimethylolpropane ("TMP") are to be prepared from aqueous methylolalkanal solutions,
these solutions have to be hydrogenated.

40
This hydrogenation is generally carried out at temperatures above 80°C.
Redissociations of the methylol group to the free aldehyde and also ether, ester and



40 Thi s hydrogenation is generally carried out at tenperatures above 80C.
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25  part of the time by increasing the reaction temperature. However, a disadvantage is
that secondary reactions increase with rising reaction temperatures and result in not
only increased usages but also contaminated product. Thus, for example, a retroaldol
reaction takes place as the temperature increases in the hydrogenation of
hydroxypivalaldehyde or of dimethylolbutanal to the corresponding alcohols NPG and

30 TMP. The aldehydes formed here are hydrogenated to undesirable by-products (in the
case of NPG, isobutanol and methanol are formed in this way and in the case of TMP
2-methylbutanol, 2-ethyl-1,3-propanediol and methanol are formed) and the yield is
reduced correspondingly. In the case of the synthesis of NPG, increased formation of
the cyclic acetal of NPG and HPA is observed at elevated temperature. This by-product

35 cannot be separated from NPG by distillation and therefore leads to a less pure desired
product. Furthermore, high temperatures promote the thermai Tishchenko reaction of
HPA to form the neopentyl glycol ester of hydroxypivalinic acid (HPN). Owing to these
secondary reactions, increasing the temperature as a means of keeping the
hydrogenation activity of a catalyst constant is limited by economic factors such as

40  vyield and product purity.
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where the radicals R each independently have one of the abovementioned meanings,

25 and are subsequently hydrogenated, wherein the aldol reaction is carried out using an
aqueous formaldehyde solution having a formic acid content of less than 150 ppm,
preferably < 100 ppm, preferably < 50 ppm.

Industrially available formaldehyde is usually marketed in aqueous solution in

30 concentrations of 30, 37 and 42% by weight. This technical-grade formaldehyde
comprises formic acid as a result of its production by dehydrogenation of methanol.
This formic acid content increases further during storage of technical-grade
formaldehyde. It has been found that the use of an aqueous formaldehyde solution
having a formic acid content which is greatly reduced according to the invention

35 enables long operating lives of the hydrogenation catalysts together with a good yield
to be achieved.

Preference is given o using a formaldehyde or an agqueous formaldehyde solution
which has been treated with commercial basic ion exchangers. Possible anion
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formed. This low boiler fraction is used again in carrying out 25 the
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significant components is formed. This low boiler fraction is used again in carrying out
25  the aldol reaction, as described above.

After the low boiler fraction has been separated off, a relatively nonvolatile bottom
“product consisting essentially of hydroxypivalaldehyde and water and also part of the
amine catalyst remains in the indicated work-up by distillation.
30
Due to the reduced formic acid content according to the invention of the aqueous
formaldehyde solution, pronounced by-product formation of ethers and acetals need
not be feared.

35 The hydroxypivalaldehyde obtained in this way is then catalytically hydrogenated by
means of hydrogen in a manner known per se to form neopentyl glycol.

As an alternative to the mode of operation described above, the process of the
invention can also be carried out with the reaction mixture obtained in the aldol reaction

40 being fed into a phase separator instead of a distillation apparatus and a separation of
the reaction mixture into an aqueous phase and an organic phase occurring in this
phase separator. It is here possible to use the phase separation apparatuses
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Cat al ysts which can be used accordi _ng to the invention are catal ysts which
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Co, Ni, Cu pre y on a
cust orary b!ﬁfﬁ%ﬁat%ﬂ@rﬁuéﬁbie ﬁ&?ﬁogéfﬂﬁt@ﬂlr%%‘?"ef erably on one of the oxides 30
of titanium zirconium hafnium silicon and/or alum num The catal ysts
whi ch 58N Bﬁtalysts which can be used according to the invention are catalysts which are suitable
for hydrogenations and preferably comprise at least one metal of transition groups 8 to
12 of the Periodic Table of the Elements, e.g. Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag,
An, Zn, Cd, Hg, preferably Fe, Co, Ni, Cu, Ru, Pd, Pt, particularly preferably Cu,
preferably on a customary support material, particularly preferably on one of the oxides
30  of titanium, zirconium, hafnium, silicon and/or aluminum. The catalysts which can be
used according to the invention can be produced by methods known from the prior art
for praducing such supported catalysts. Preference is also given to using supported
catalysts comprising copper on a support material comprising aluminum oxide or
titanium dioxide in the presence or absence of one or more of the elements
35 magnesium, barium zinc and chromium. Such catalysts and their production are known
from WO 99/44974.
Furthermore, copper-comprising supported catalysts as are described, for example, in
WO 95/32171 and the catalysts disclosed in EP-A 44 444 and DE 19 57 591 are also
suitable for the hydrogenation according to the invention.
40
The hydrogenation can be carried out batchwise or confinuously, e.g. in a reactor tube

filled with a catalyst bed, with the reaction solution being passed over the catalyst bed,
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Pasda pH ﬁboésrmmo?feéa thd h)ldrog@aaﬁdnﬁféled I@ﬁﬂ@ltb{ﬂlﬁryta?n:ﬁ@edpér%myﬁgﬁ@mtdrl;on
eed o ne separately into the reactor 20 and nix them
t here. 591 hgp& ﬁ‘ﬁ“hgﬁ]ythg]? possi ble to enpl oy any hydrogenati on net hods and
use hydrogenation catalysts as are customary for the hydrogenation of

al dehydes aiterarse, idegwssibedo iemplaleingiHydiogehdtonshéthdds ahd iidechiyaltatePatictd
catalysts as are customary for the hydrogenation of aldehydes and are described in
detail in the standard literature.
25
The crude neopentyl glycol obtained in this way can be purified by distillation in a
customary manner.

The process of the invention can be carried out with or without addition of organic

30  solvents or solubilizers. The addition of solvents or solubilizers can prove to be
advantageous, especially when long-chain aldehydes are used as starting materials.
The use of solvents which form suitable minimum boiling point anisotropic mixtures
with the low-boiling compounds in the individual distillations of the process of the
invention may enabie the energy consumption in these distillations to be reduced

35 and/or the separation of the low boilers from the high-boiling compounds by distillation
to be made easier.

Suitable scivents are, for example, cyclic and acyclic ethers such as THF, dioxane,
methyl tert-butyl ether or alcohols such as methanol, ethanol or 2-ethylhexanol.

40
The reaction procedures described for the aldolization reaction can be carried out at a
pressure of generally from 1 to 30 bar, preferably from 1 to 15 bar, particutarly
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- n- hexanal glethyln@n%ﬁtdaﬂlatrylpes Ybﬁkﬁrﬂmwm , 3,84 m&hﬂmew heRanal ,
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5-sec-but yleh mW%FEﬂ y , %@%& | - n- hept anal s;
3- et hyl heEangl rfe%d' l'ﬁﬁﬁ‘?mﬁﬂ?‘ éz%é}ﬁﬁ : Si 44?8{1{9 iOﬂ‘%et hyl hept anal ,
5- met hyl - héigtaihexsl, & mﬂy %Y a$ “dimethyhery, bt Rimethyibeat Bi4- 3, 3-
25 diethylhexyl, 3-methyl-4-ethylpentyl, 3-methyl-4-ethylhexyl, 3,3,4-trimethylpentyl, 3,4,4-
trimethylpentyl, 3,3,4-trimethylhexyl, 3,4,4-trimethylhexyt, 3,3,4,4-tetramethylpentyl
aldehyde; in particular C,- C12-n-alkanals.

Apart from the abovementioned neopentyl glycol whose preparation has been

30 described here in terms of its essentials and by way of example, preference is also
given to using n-butyraldehyde for preparing trimethyloipropane, acetaldehyde for
preparing pentaerythritol, propionaldehyde for preparing trimethylolethane and n-
pentanal for preparing trimethylolbutane.

35 Tertiary amines which are suitable for the condensation of aldehydes with
formaldehyde are amines known per se, as described, for example, in DE-A 28 13 201
and DE-A 27 02 582. Particular preference is given to tri-n-alkylamines such as
triethylamine, tri-n-propylamine, tri-n-butylamine and in particular trimethylamine.

40 The process of the invention gives high yields, based both on the starting aldehyde and
on the formaldehyde, and leads to very small losses of amine catalyst.
The invention is iliustrated below with the aid of examples.



di-et hyl pentyl, 4, 4-diethyl pentyl, 3,3-dinethyl-n-butyl,

3, 3-di net hpF-sa7pgntyl , 5,5- di nmethyl heptyl, 3, 3-di nethyl heptyl,
3,3,4-trimethyl pentyl, 3,4-dinethyl heptyl, 3,5- dinethyl heptyl,

4, 4- di met hyl heptyl, 3, 3-di et hyl hexyl, 4, 4-dinmethyl hexyl, 4,5-

di met hyl hexyl , 3, 4-di met hyl hexyl, 3, 5-dBnethyl hexyl, 3, 3-di methyl hexyl, 3,4
25 di et hyl hexyl , 3-net hyl -4-ethyl pentyl, 3-nethyl -4-ethyl hexyl,
3,3,4-trinmgth Ipentyl 3,4,4- trinethylpentyl, 3,3,4-trimethyihexyl,
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art

id f th |l d i ned
i i ot 11 a9 fymiscfie S w@&aﬁc e R Rt (0. 01 mol /) The

det ernilhati on was carried out using a Metrohm Ti Net titration systemwth
Titrino 736GP with Dosi mat Coféifihption (NPYYiamN(Naoki) Radogl ass el ect r ode

(6.0210.100) and a mtrohwmpww—mm 00PPTIHHH-OQH ¢ of
formal dehyde in the formof a 49% streﬁg aqueous solution was diluted to
100 M with HPLC water at roomtenperature. The sanple was titrated

dynam cal | pydieigémativa GFhgdrbxiipivaraldebytie o ssupensi diycd EP1) at pH 6-6.5. The
form c,@cid content was cal cul ated according to: 15 Consunption (EPI) in

m (Na x 460 = - ppmof HCOOH weight in g
Comparative example: hydrogenation feed A

a)  Aldolization

25 1,1 mol of isobutyraldehyde were stirred with 1 mol of formaldehyde in the form of a
49% strength by weight solution having a content of 1.5% by weight of methanol and
200 ppm of formic acid and 4 mol% of trimethylamine, based on isobutyraldehyde, at
75°C for 1 h. The reaction solution was concentrated by distilling off low boilers such as
isobutyraldehyde and part of the water at atmospheric pressure. The bottoms obtained

30 comprised 75% by weight of hydroxypivalaldehyde, 20% by weight of water and about
5% by weight of other organic secondary components.

Example 1: hydrogenation feed B

35 Anaqueous formaldehyde solution having a content of 49% by weight of formaldehyde,
1.5% by weight of methanol and 200 ppm of formic acid was passed over the
commercial, basic ion exchanger Ambersep © 900 OH from Rohm and Haas Company,
Philadelphia, USA. After this treatment, the formic acid content was determined by
means of titration and found to be 10 ppm.

40



Hydr ogenati on of hydroxypi val al dehyde to neopentyl glycol 20 Conparative
exanpl e: hpdrgggepation feed A a) Aldolization 25 1,1 nol of

i sobutyral dehyde were stirred with 1 nol of formal dehyde in the formof a
49% strength by wei ght solution having a content of 1.5% by wei ght of

met hanol and 200 ppmof fornmic acid an8 4 nol % of trinethylanine, based on
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acid content ed by neans of titration and found to be 10 ppm
40 PF 5874§fe§%§3@’%§@% ‘ion of hydrogenation feeds A and B a) Catal yst

activation 5 150 ml of a Cu/ Al 203 catal yst as described in exanple | of EP
44444 m@rek?gﬁobgﬁt@ﬁ at 190C in a tube reactor by passing a m xture of 5%
by vol une of hydrogen and 95% by volune of nitrogen (total volune: 50
standard 1/h) over the catalyst at atnospheric pressure for 24 hours. 10
Hydr ogenat {T6& MpRererdeseiifas ahoye aF brdrogenatien feedy aeyge aa sladinarsolidion. Trg ved as
starting sajdrbgenation fexd i passepdeinanivar dtemdH] grepass et dbaviwaugh &le an H2

pressure o b f S 0.2 kg
b Py oxy e SESISh 5 209, THE Wﬁ?%gg&"%@%@ﬂ%&'?%%dﬁﬁv IFoLiEe o,
out put 'Ras ot&f "bgheamélfqgieﬁﬂ'oé‘fm{twtﬂ@ﬁﬁ? eydditionpfinnaethylaming in dhe v 8r engt h
by wei ght 4$8%ustiengthtby wdightlzplitiogenthat ihgdrobeesstion ead. Paft of e Hyddbgepetiat | on .
output is m i r j on of
05. 5% at a’- ﬁféﬁ“ﬂ’ﬁﬁ ﬁ%%‘fﬁ%ﬁ%@ﬁﬁ%&%@b@ R oV B R (1 Bl 41 cea
was subseq¥RP P Hihyasiaghigred: qyer A BURPET efftat i on feed B according to the
i nvention. The nmean conversion at this setting was 95. 9%

20 The feed was subsequently changed over to the hydrogenation feed B according to the

invention. The mean conversion at this setting was 95.9%.



PF 58743 10 Cainms 1. A process for preparing pol ynethylol conpounds of
the formulp£é843 5 (HOCH2)2 C - R2 (1) where the radicals R are each,

i ndependently of one another, a further nethylol group or an al kyl group
having from1 to 22 carbon atons or ? aryl or aral kyl group having from6
to 22 carbon atons, by condensation of al dehydes having 10 from2 to 24
carbon at gfEi th f or mal dehyde in an aldol reaction using tertiary am nes
as catalyst to formal kanals of the formula (Il1) (HOCH2) - C- CHO (Il) Rz
15 where the radicals R each independently have one of the abovenentioned
meani ngs, ‘Tand Asprosesguienprepgritcogpdymattngol cfmpobedd afttheformbir@i n t he al dol
reaction 1is carried out using an aqueous f or mal dehyde sol ution having a
formc acid content P i%IJIE) . The pr ﬁcess according to claim1,
wherei g the al dol rea e carrl ed o%Jt usi né an aqueous fornmal dehyde
solution having a formc acid content of < 100 ppm 3. The process

rinethy ol et NEE teFalbds K b TREREh Bl R GR AhaRch & Turkrds FigR " o¢ 1t o
trimet hyl ol pr @5RHPeOr a@@f&&gwny@wngﬁoabhtﬁez& eatbomelomsericaany ohpialeyl or
i sobut yr al dehygieug Isavirgiminen Bes 22 Bhidon aPed) by lcodtisrzalion & .aldehgdes RORTS

accorging Lo iy, Hyey, Aﬁéar%r‘?b syl Sagaw%%,dgwaﬁggap SAGI AR gRAR 1 e out

contlnuously FOCessS acc

tertiary am n@éT"@ﬁEeaSifs?é@JVSté%fQE@t%‘F%'ﬂélS qfﬁ‘esfeﬁhmarﬁ”armunt that a pH of from5
to 12 is established in the reaction mxture. 35 6. The process according
to any of clains 1 to EI &ggreln trlrreth lamine is used as catalyst.
20061036 Ja/ gw Januar fi5 HO (I

R,

15 where the radicals R each independently have one of the abovementioned
meanings, and subsequent hydrogenation of the latter wherein the aldol reaction
is carried out using an aqueous formaidehyde solution having a formic acid
content of < 150 ppm.

20 2. The process according to claim 1, wherein the aldol reaction is carried out using
an aqueous formaldehyde solution having a formic acid content of < 100 ppm.

3.  The process according to either claim 1 or 2, wherein propionaldehyde is
converted into trimethylolethane, n-butyraldehyde is converted into
25 trimethylolpropane, acetaldehyde is converted into pentaerythritol or
isobutyraldehyde is converted into neopenty! glycol.

4.  The process according to any one of claims 1 to 3, wherein the reaction is carried
out continuously.
30
5.  The process according to any of claims 1 to 4, whetein tertiary amines are used
as catalyst in such an amount that a pH of from 5 to 12 is established in the
reaction mixture.

35 6. The process according fo any of claims 1 to 5, wherein trimethylamlne is used as
catalyst.
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