0050/ 46973 0050/4P@73fi cati on of sterically hindered 4-an nopiperidines
The invention relates to a process for purifying crude pi peridi nes of the
formula | [err]2 where R err] to Rerr]
‘are Jerr]-(err]-alkyl or Rerr] and Rlerr] and/or Rerr] and Rerr] 15
together are a CHerr]-chain of 2 to 5 carbons. Sterically hindered
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content of 1B?rﬁ¥ﬁﬁﬁ%9 %ﬁg Tndustrial preparation of the

sterically hindered 4- an1nop|per|d|nes generally starts from acetone or
acetone derivatives. Conpounds | can obtained in one stage, in a
catalytic ring closure reaction in the grésence of ammonia and 30 hydrogen,
fromthe conmpounds : £err] 35 (DE 2 412 750),
or from tAPacet oneani nes || Rl R : o [Brr] 40

R2 N R4
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- where R! to R? are C;~Cg-alkyl or R! and R2 and/or R3 and R4
15 together are a CHy-chain of 2 to 5 carbons.

Sterically hindered 4-aminopiperidines of the formula I are
widely employed. They are used.in particular as intermediates in
the preparation of UV stabilizers for synthetic polymers. It is
therefore of great importance that the piperidines I possess as
little inherent coloration as possible and retain this quality
over a long period despite even the slightest content of
by-product.
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25
The industrial preparation of the sterically hindered

4-aminopiperidines generally starts from acetone or acetone
derivatives. Compounds I can be obtained in one stage, in a
catalytic ring closure reaction in the presence of ammonia and

30 hydrogen, from the compounds

Rl o R3

A
35

(DE 2 412 750), or from triacetoneamines II
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45 by amiqative hydrogenation in one or two stages, for example
under catalysis (see for example DE 2 040 975, DE 2 349 962, DE
26 21 870, EP 33 529, EP 42 119, EP 303 279, EP 410 970, EP 611
137, Eﬁ 623 585 and DE 42 10 311). These industrially prepared



45 by ami nat PPS0H@#SIFenati on in one or two stages, for exanple  under
catalysis (see for exanple DE 2 040 975, DE 2 349 962, DE 26 21 870, EP
33 529, EP 42 119, EP 303 279, EP 410 970, EP 611 137, EP 623 585 and DE
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and the reaction product is stilled and purified over nunber 35 of

steps. Both techniques are extrenely | aborious and costly.
In contrast, the development of methods for high purification of

the sterically hindered 4-aminopiperidines took a very different
25 path.

From DD 266 799 it was known to react piperidines I in solution
in acetone/water with CO; , to separate off the precipitate and
wash it with acetone, and then to subject it to thermal

30 decomposition and to purify the product by distillation. SU 18 11
527 describes another purification technique for sterically
hindered 4-aminopiperidine I: the contaminated, crude product is
dissolved in an aprotic solvent and reacted with ethylene glycol,
and the reaction product is distilled and purified over a number

35 of steps. Both techniques are extremely laborious and costly.

It is an object of the present invention, therefore, to provide a
cost-effective process by which highly pure color-stable
sterically hindered 4-aminopiperidines I can be made available,
ie. products whose low degree of inherent coloration is retained
over long periods and coupled with a low content of by-products,
such as stabilizing auxiliaries.

40

We have found that this object is achieved by the abovementioned
process, which comprises, in a first step, removing high-boiling
substances and, if present, water from the crude piperidines by
distillation; in a second step, adding from 0.01 to 5 % by

45
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The novel process cen be carried out continuously or batchwise

and at atmospheric:or, preferably, under reduced pressure, in
25 particular at from 10 to 200 mbar, for example from 20 to

100 mbar.

Unless stated otherwise, the boiling p01nts or boiling ranges
specified relate to a pressure of 40 mbar. They refer in each
case to the purlflcatlon of 4-amino-2,2,6, 6-tetramethyl-
piperidine. For other 4-aminopiperidines I :the skilled worker can
derive the appropriete conditions by means;bf simple experiments.

30

The term high-boiling substances refers in;general to those

substances having a boiling point of at le: t 35°C above that of
the desired product under a pressure of 40 mbar. In the case of
4-amino-2,2,6,6-tetramethylpiperidine,Lﬁhea
substances are removed by distillation, for example, at 140°C

40 under 40 mbar.

35

In the flrst step, the crude product is f__ed by distillation
from high boilers and, in a particular embodlment of the
invention, from water. This is generally done by (a)

a5 rectification, in whlch the high boilers are removed as liguid
phase and the water from the top in one step, or (b)
alternatively, by d- tllllng off the crude product from the high
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relate to a pressure of 40 nbar. They refer in each 30 case to the
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Separate of f & é‘s tid phase in the distillation is
generally at ed at up to 140[err] C (under 40 nbar). The smaller the
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by wei ght. The net dition is not critical; the reducing agent is
usual Iy supplied to the | i qui d phase of the disti IIation and can be
added i n powdfitefrothe redmciag agerdl aisobeen added, the product is purified

by distillation. This is normally done in- known rectification
columns, such as plate columns or packed cglumns, preferably the
latter. Various reflux ratios can be operated, which the skilled
worker can readily determine by means of bgief preliminary
experiments. A ratio which has proven suitéble of reflux to the
amount of product taken off is one of from 1 1 to 10:1, in
particular from 3:1 to 7:1. The product 4-am1no—2 2,6,6-tetra-~-
methylpiperidine boxls at 101°C under 40 mbar, as the skilled
worker is easily able to find out (see for example J. Polym.
Sci., Part A-1, 10(11), (1972) 3295-310); 3consequent1y, it is
normally obtained at from 96 to 103°C (und:r 40 mbar).

30

35

To the product thus obtained, which is coldiless per se, it is

40 additionally possible to add small amounts. of reducing agent in
order to increase the stability on storage. ‘Amounts of up to 200
ppm of reducing agent are normally suffic: . In particular
cases 100, 50 or 10 ppm will be sufficien{
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The novel process provides, in a sinple and cost-effective manner , pure,
sterically hindered 4-am nbpi peridines | which have virtually no inherent
col orati on amedampleHh, on storage, renain stable in terns of color while
at the sanme time having a very low 5 content of by- products such as

stabilizergs. ampl es The col or of the sterical hi nder ed

4- am nopi p‘}rl EP%SE*‘WQJ r Hef AReEamethRinerifine rﬁ%ﬂm—ﬂa‘b’cﬂ%fhhﬁunber in
accor dance wicemposfiien SO 627. 1. Exanmple 1 15 Crude

4-am no- 2, 2, 6, 6-tetranet hyl pi peridine (TAD) having the conposi tion

83.6 %tr| acetoned| am ne (TAQQ 6 3 tr:.acetonedlamme (TAD)
10.0 % H0

1.5 % low boilers

4.9 % middle and high boilers

20

was distilled in a wiper-blade evaporator (200 cm? evaporator
surface, 400 rpm) at 140°C under 40 mbar. With a feed rate of
500 g/h (preheated to 100°C), a liquid-phase temperature of 106°C
and a column-head temperature of 89°C, 2560 g (92.3 %) were
distilled off. The composition of the distillate was as follows:

25

30 '87.2 % triacetonediamine (TAD)
9.9 % HO
1.5 % low boilers
1.4 % middle boilers.

35 The crude TAD product freed in this way from high boilers was
subsequently rectified in a column with a 2.4 m Sulzer-CY packing
(about 22 theoretical plates, nominal width: 43 mm) at a reflux
ratio of 5:1 under a pressure of 100 mbar. 256 g of water were

: distilled off first of all at a column-head temperature of from

40 43 to 44°C. In the still, 0.1 % sodium borohydride was added to
the liquid phase and the rectification was continued at 40 mbar.
After separating off a fraction containing 85.9 % of TaD (111 g),
at a column-head temperature of 89°C, and a further fraction at a
column-head temperature of 99°C, containing 98.4 % of TAD (240 g),

45 the main fraction resulting from the rectification, at a
column-head temperature of from 99 to 102°C, comprises 1786 g of



10.0 % H20 200050/46973 1.5 % | ow boilers 4.9
% m ddl e and hi gh boilers was distilled in a w per-blade evaporat or
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6 TADW|th a purity of 99.8 % (GC). This corresponds to a distilla-
tion yield 18t 77 %
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Comparison Example 1
2987 g of crude TAD with the compositionfj

86.2 % trlacetonedlamlne (TAD)
8.7 % H0O
about 1.1 % low boilers
45 4.0 % middle and high boilers



obtai ned. 1500507#69%3npl es (A) and (B) were stored under identical

cdondi tions at room t enperat ure. St or age Col or
nunber (undil uted product) tinme in (A

(B) days no added NaBH er¢] - 110 ppm of NaBH4 added
13 were rec%gfied in6 %aborato *4 column té.‘l;h 2.4m er-CY

5 18 Ppacking (about 23 thgoretical plates, nominal width: 43 mm) afga
40 reflux ratio of 531. Under g @pressure of 100 mbarggn initial

7 21 fraction of 349 g, ¢bntaining predominantly water,l¥as distilled
36 5 off at from 43 to &4°oC. Then 350 g (0.1 % by weight48of sodium

ig 32borohydride were addgﬁ to the ligquid phase of the didtillation,39

. ﬁh'%h containec% .le%s?’ghan o.%”B@%é@é},Eﬁ%pLﬁ%ér to‘}figggj?org of
crude TAD with the o 03" |fon-4 . . . 0 ,
tri acet onedi aftsHEPFARRed. After an initial fra%ﬁﬁpn%9ﬁ2622 g of TAD with a
about 1.1 % | BWrHef 1ofr 8948 3, a main fraction was obt@inpddrle PHRPYFE IRFi | er s
0050/ 4697310 40 mbar, and a column-head temperatufe ofiw97eC rwidichf ceomprises
| aborat ory cobung gvofhTRD 4wiBhSWl pari€y’ of Packi agdmband 2 Avdteeotentad of

pl ates, nom nalow dhqid8i (TEtidh fierdLT14¥ Fajdn «3f, 5:1. Under a pressure
of 100 nbar, an initial fraction of 349 g, "containing predom nantly
water, was distilled 5 off at from43 to 44[err]C. Then 3.0 g (0.1 % by
wei ght) of soBéspite Istpvagelninderwaibregitednt the hitarki gor dtyh alaysoef thée
distillati R, reswititly popé arameprbaast timlerdento vfl et iscolutation (APHA
rectificati oncold@uadti Iuashy After an initial fraction of 222 g of TAD
with a purity of 99.0 % a main fraction was obtained at a pressure of 10
40 nmbar, and a col umm-head tenperature of 97[err] C which conprised 2116
g of TAD wi t hCempanisop Brammle7 206 (GC) and a water content of

20
4208 g of crude TAD of the composition

85.6 % triacetonediamine (TAD)
8.0 % H30

25 about 0.7 % low boilers -
4.7 % middle and high boilers

were rectified in a laboratory column with 2.4 m Sulzer-CY
packing (about 22 theoretical plates, nominal width: 43 mm) at a
reflux ratio of 5:1 under a pressure of from 100 to 40 mbar.
Following the separation of the water in the initial fraction at
from 43 to 44°C under a pressure of 100 mbar, a main fraction was
obtained under a pressure of 40 mbar and at a column-head
temperature of from 97 to 103°C which constituted a pure TAD
fraction with a TAD content of > 99.6 % (GC); Distillation yield:
3022 g (84 %). : :

30

35

A pure fraction (TAD content, according to.GC: 99.7 %) was stored
in one case without sodium borohydride anﬂfin the other case

40 . R
after addition of wvarious amounts of sodi; :borohydride, as in
Example 1, and was measured. The result iszghown by the following
table: e

45
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Conpari son Exanple 2 20

Q05Q446R73/i el d: 2116 g (82 9. Despite storage under
he dark for two days, the 15 resulting pure TAD product

| ow di scol oration ( APHA col or nunber > 100).
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were rectifidd itﬂ-ma -}%bo :\fhr\l col.umm \thDJI QII—;7D (‘ nackina
(about 22 thdoret9¥8 pl 4t eBo NaBHenadded di h: QO%PER a 30 rei®POmat i o fof
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pressure of 100 nh3r a2 __|_n_f_ra?‘? on_\was obt al %pd undér _a pressure of
40 nbar and 4t a cél um- fead 28%peraturp of frin 97 to|103[ er B$C whi ch

consti tuted
Distillation

_puresTAD AD coni@nt of 1 99.0 79(C0);

Tractlggnvmtn a

according to a )

bor ohydri dbocnd |r10t he o her casé99 addl ti 051 of vari ous af@dunts of
sodi um bor ohyarTa EXagPj € I, anp wWas megsured. JTne Te5ert 15
shown by the pl-e- 45 8856~4-68-43

8 St orlag Collor nunbd99 (undilufed pr od:cht\ (iln acc25%i th

time in ' o DIN-1SO 6271) days no NaBH[ err]
ggged 15 Af%ﬁ%% Bpgﬁbsequent ad&{%ld%ng large amo&nts of reduc1ng:%é2nt
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(0.1 % 2 1000 ppm) does increase the color stability, it also
produces an undgs;rable increase in the proportion of
auxiliaries. o



3. __ 0050/46973 16 61 4

igg ' 12 6 > 286 ° 287
5220 HHAOCHORI O DO 25 5 5 73

11 * ¢ 207w s w1 4 72 42

309 255 15 Al t hough subsequent addition

3
of |arge anoUff $18i®™¢ educi ng agent - (0.1 % [err] 1000 ppm does increase
the color stability, it al so produces an undesirable increase in the

proportion ofy IWLbak i £5 0 et . P 45
0050/ 46973 & 1 £ %L’L’Qg P‘ﬁ' =PU%Qleng &%de plpégﬁdlnes §§ the fo%gula I

NH,
R! R3 _ I,
10 R2 N R4
: H

where R! to. RY are C;-Cg-alkyl, or R! and R? and/or R3 and R*
together are a CHy-chain of 2 to 5 carbons, which comprises,
15 in a first ‘step, removing high-boiling substances and, if
~ present, water from the crude piperidines by distillation; in
a second step, adding from 0.01 to 5 % by weight, based on
the product of the first step, of a reducing agent; and, in a
third step, isolating the piperidines by distillation.
20

2. A process as claimed in claim 1, whéfein R, R2, R3 and R? are
C;-Caz-alkyl. '

3. A process as claimed in claim 1 or 2, wherein the reducing

25 agent is a .compound of the formula MXH;.n¥y where M is an
alkali metai;;NR4, where each R is'an.identical or different
Cl—c4-alkylf'§r one equivalent of an q1kaline earth metal or
one equivalent of zinc, X is boron or aluminum, Y is H or CN,

30 and m is 0 or 1.

4. A process as claimed in any one of claims 1 to 3, wherein
from 0.001;ﬁ¢50.02 % by weight, based.on the piperidines, of
a reducing'agent is added to the pipéridines I isolated by
35 distillation in the third step. |

40
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9 W cl aPRPO/46973 A process for purifying crude piperidines of the

formula | [err] = where R err] to
Rlerr] are (Jerr]-CJerr]-alkyl, or Rerr] and R err] and/or R err] and

‘R err] together are a CHerr]-chain of 2 to 5 carbons, which
conprises, 15 inafirst step, removing high-boiling substances and, if
present, water fromthe crude peri di nes by distjllagtion,.in a
second st ep, PHH?:If:!ﬁ?tflP&n?'é ’E)"f“t'eﬁa&l% &h? a‘b’d?é’&l’ﬁﬁldmes t he product
of the first step, of a reducing agent and ina- third step,

i sol ating thgbg{:pggﬂ dines by distillation. 20 2. A process as clained
inclaim15 wherein Rlerr], Rerr], Rerr] and Rerr] are

gerr]-Cerr]-alkyl. 25 3. A process as clainmed in claiml1 or 2, wherein

t he reduci ngA processadont pusifyingnpoudel pifperhdites mfi &h@NEpmwulaYLerr] where
Mis an al kali metal, NR[err], where each Ris an identical or

di fferent Cerr]-Cerr]-alkyl, or_one equivalent of an al kal i ne
earth netal or one equi val ent of Wine, X is boron or aluminum Y is
Hor cN, 3@ and mis 0 or 1. 4. L A process as clained in any one of
claims 1 to 3, wherein frong 01 tjo_R302 % by weight, based on the
pi peri di nes, of a reduci ng a ﬂged to the piperidines |

i.sol ated by 35 distillation in"the tﬂ’nrd step 40 45

15 yhere R! to R4 are C1-Cg~alkyl, or R! and R?2 and/or R3 and R4
together are a CHy-chain of 2 to 5 carbons, which comprises, in a
first step, removing high-boiling substanc'e:_s and, if present,
water from the crude piperidines by distillation; in a second
step, adding from 0.01 to 5 % by weight, based on the product of
the first step, as a reducing agent; and, in a third step,
isolating the piperidines by distillation.
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