201000520 Preparation of primary diamines having a linear main chain for polyamide syntheses The
invention relates to the catalytic conversion of diols having a linear main chain and 5 from 4 to 31
carbon atoms into the corresponding diamines. The reaction is carried out in the liquid or supercritical
phase using homogeneous ruthenium-containing complexes as catalysts. The advantage of the
invention ig3M&PPtéeiuction of primary diamines in such a selectivity and purity that they are suitable for
polyamide syntheses. The diols used in the process of the invention are converted directly by means
of 10 ammonia in one step without the additional presence of molecular hydrogen into the
corresponding diamines. The ruthenium-containing catalyst required for this purpose preferably
contains ofeapanaticenasiosdimatin giiigaings havinthe neap vigih@dstiofios @) smigeunds or hgands
which contair}1 QL e§011)-containing groups and further coordinating sites for the active metal in
addition to Thé active metal. 15 A number of processes in the liquid, gaseous or supercritical phase
have been described in science and industry for the conversion of alcohols by means of ammonia into
primary amipgsn/ch@sihallengadanshesaroonsresiis tof atbicnediigh setmtivitiesctatheqtimary
amine. %O %%%%eégllglamégeg ggmrgo]g?or%ﬁjézl(:eo?,%@hgntj%n ammaonia an gheé{iéwg%%%gcg&mcreases
with the nufilsef &¢ ik P30 S e iHFogen atoms. Secondary an tertiary linear amines are
preferentiallytherfigett tn sifititical IRhesiusEls Ry IBNRBUS AHINGE HEISCBB MBI EPURISNPRN diols are

used as startingiMateriahiNSNeRERRCHORS PoeAlsS BRRSsIablR AN A pFRIjdRIMAdiIe amino
alcohol have frequently also been |solated. 25 In thealg%s%of r?Iativ_ | rt-chain diols, cyclization as
C

: sh
alternative PESRARFESY AR PUTH AL MISHRISEY: L PEAMIEAE M Ay 1997, 37, 167-189).
Direct conveisidiviefisten holsé i pinafiteiivedgiby ane s ofrted dicedtydverkersr6feneous catalysts

ina qu%d » IARRONE %ﬁ%&”&(&ﬁ‘(&ﬁﬁ!&?ﬁ%é@&?ﬁ&%%@@é&@ of molecular hydrogen into the

corresponding diamines. The ruthenium-containing catalyst required for this purpose
preferably contains one or more coordinating ligands from the group of phosphorus(ill)
compounds or ligands which contain both P(iil)-containing groups and further
coordinating sites for the active metal in addition to the active metal.

15
A number of processes in the fiquid, gaseous or supercritical phase have been
described in science and indusfry for the conversion of alcohols by means of ammonia
into primary amines.
The chalienge for these processes is to achieve high selectivities to the primary amine.

20 Since alkylamines are more nucleophilic than ammonia and their nucleophilicity
increases with the number of alkyl groups on the nitrogen atoms, secondary and tertiary
linear amines are preferentially formed. In addition, a limited selectivity to the diamine
has been observed when diols are used as starting material in such reactions because
appreciable amounts of intermediate amino alcohol have frequently also been isolated.

25 In the case of relatively short-chain diols, cyclization as alternative reaction also plays a
significant role (e.g. Fischer et al., Catal. Today 1997, 37, 167-189).

Direct conversion of alcohols into primary amines by means of ammonia over
heterogeneous catalysts in a liquid, gasecus or supercritical phase:

30
The reaction in the gas phase is possible for readily vaporizable lower alcohols and



diols. It is carried out over heterogeneous catalysts in the presence of NH3 and H2. The high
temperatures of up to 400C and pressures of up to 300 bar which are necessary here frequently bring
about the formation of undesirable intermediates, by-products and subsequent products, e.g.
secondary and tertiary amines, alkenes and alkanes (by 5 means of dehydration/hydrogenation), cyclic
species anéfilP#Ré2ase of diols also amino alcohols. Direct aminations over heterogeneous catalysts
have also been carried out in the liquid phase; in spme cases, it is difficult to distinguish between gas
and liquid phase on the basis of the available data. Examples of the reaction over heterogeneous
catalysts are the patents and literature references mentioned below. 10 Thus, EP 0963975 describes
the direct agitizatids afiriatesdlme phiskaogatess ssabistsintthe Batienco v Nbtidied 219 2T8apported

Cu-Ni-Co CIgIVSIS B G0 HPE ghbysogen-Renending,a8 Bip IacioRcaadiderssayino

alcohols, cyclic compounds or diamines can be obtained, with the diamine selectiv%i:qes desqiribed
being low. leEsBRUESHERTIG ebpddhg SEFlemRlURtesiRRIR BIRMEAES (R RTHHE & 8Ver
Co-Cr-tvin gatabgisdnphelpresengseidretOasometimesarvinder Akdnegempetismeesigf up to 300 bar;

in this way, 86.5% of hexamethylenediamine,c I 0= iol jn.a single pass.
DE 10200 e TS B R e o M 802102 cacayers)
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range from J3QCie R2d25Mse Dt dinterably of steanaleobitng ¥R B4822 0 sesadigsidhe direct

aroups, by FHESAOUEI RTAE TS A P R B I, B T B L 8007003514
and WO 20£itaR3ssataltrecpietteahyiditerpinstivadeapmersioreofienkgleaevlycol over Ru-Co catalysts;

ethylen&diamine was isolated in yields of up to 57% together with further products. In the examples,
only monoethanolamine is used as substrate. Cyclohexanal is reacted with NH3 %d 200 bar of H2 at

260-300C oVBISCRRARAAABSIRSSEDRS 1R S FOBRERD Aninter AR prEparatisR Y 2R8us primary
monoamines s deseriisld tved bXIA8FIT 7S mpetsd CCNDTI Q2 ehisty Bt she\WBsB068@72428 (over

Ru/zr02 ca@g%& nz. e%%%gszr\% on the reaction conditions, amino alcchols, cyclic compounds or

diamines can be obtained, with the diamine selectivities described being low. in

15 DE 1543377, C4-C8-diols are hydrogenatively aminated to the diamines over Co-Cr-Mn
catalysts in the presence of P4Qy;, sometimes under hydrogen pressures of up to
300 bar; in this way, 86.5% of hexamethylenediamine can be prepared from
1,6-hexanediol in a single pass. DE 102008061045 (over Ni-Cu/ZrO; catalysts) and
DE 102006061042 (over Ni-Cu-Ru/ZrO; catalysts) describe the hydrogenative

20 amination of alcohols or dihydroxy and polyhydroxy compounds in the range from

180°C to 220-250°C, but preferably of stearyl alcohols.

WO 9638226 describes the direct hydrogenative amination of, inter alia, C2-Cé-

alcohols and -diols, also those having further functional groups, by means of ammonia
25 over Re-Cu-Ni-Co catalysts and/or Ru catalysts. WO 2007083514 and

WO 2007083552 describe the hydrogenative amination of ethylene glycol over Ru-Co

catalysts; ethylenediamine was isolated in yieids of up to 57% together with further

products. In the examples, only monoethanoiamine is used as substrate. Cyclohexanol

is reacted with NHa and 200 bar of Hs at 260-300°C over Ca aluminosilicates to form
30 cyciohexylamine. The preparation of various primary monoamines is described in

DE 19858776 (over Cu-CuQ/TiO; catalysts), WO 2008072428 (over Ru/ZrO; catalysts)



3 and WO 2007077903 (over Ru/Al203 catalysts) at reaction temperatures of 180-250C. Various
diether or polyether diols have likewise been subjected to direct hydrogenative aminations using
ammonia, DE 3903367 describes the amination of diethylene glycol 5 over oxidic Zr-Cu-Ni-Co
catalysts, giving aminoethoxyethanol and morpholine as main products. Polyether dials are
hydrogen¥i€8P%hinated directly over Raney Ni or Raney Co catalysts at 220-250C1 with 0.06-0.12%
of higher amines being formed. The preparation of polyetheramines in US 4153581 is carried out at
140C over Co-Cu catalysts which contain Zn, Zr or Fe as further active components; here, the

proportion 10 of aminated products in the reaction mixture is only 12-60 per cent by weight. Balker and
coworkersanavarp Il ied S0 StimheoRUie: O tatrIsS) Gﬁé@@ﬁfﬁﬂw&ﬁ@?ﬁﬁ%@baﬁé 6f Y Stpercritical

ammonia (Angew. Chem. Int. Ed. 1999, 38, 351-354). Here too, the problems of the selectivity to the
diamine, which does not exceed 20%, are 15 discussed. The addjtignal f ina
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Baiker and coworkers have published a study on the continuous direct amination of

propanediol in supercritical ammonia (Angew. Chem. Int. Ed. 1999, 38, 351-354). Here

too, the problems of the selectivity to the diamine, which does not exceed 20%, are

15 discussed.

The additional use of hydrogen in a hydrogenative amination in which the use of
heterogeneous catalysts is necessary is costly. Such processes are not suitable far
relatively long-chain finear aliphatic alcohols and diols because the at least pariial

20 decomposition of starting material and product under the reaction conditions required
would make the economics questionable. In addition, the achievable selectivities to the

diamine are not competitive for applications in the polyamide field.

Direct conversion of alcohals into primary amines by means of ammaonia using

25 homogeneous catalysts in the liquid phase:

Only very few examples of the homogeneously catalysed direct amination of primary
and secondary alcohols in liquid phase are known in the scientific and patent literature.
Here, the use of ruthenium catalysts permits the concept of “borrowing hydrogen”

30 (Williarms et al. Adv. Synth. Catal. 2007, 349, 1555-1575), i.e. hydrogen does not have
to be additionally introduced since the H; equivalent which is initially liberated during the



4 dehydrogenation of the alcohol in the first reaction step is "parked" on the catalyst and is
reintroduced into the cycle in a later phase. Milstein and coworkers (Angew. Chem. Int. Ed. 2008, 47,
8661-8664) report the selective reaction of monohydric, including functionalized, alcohols in the liquid
phase in the presence of excess ammonia and the 5 ruthenium-PNP pincer complex
carbonylch?6624:82bis(diisoProPylphosphinomethyl)- acridine)hydridoruthenium(11). The yields of
primary amine were 78-96%. The reactions were garried out in a solvent at 7.5 bar, 135-180C over a
period of 12-36 hours. Polyhydric alcohols were not aminated, nor were secondary alcohols. In
addition, WO 2010018570 also describes the use of quinolinyl-based PNP pincer ligands, with 10
comparabl@dasHse REHIZAAO A6 ideserie seheiamaiapiin ‘Dhesecliisivily selebistany
monoalcohols using carhonylchlorol4.5-bis(dii p j 5 asw. Chem.
acridine]hyﬁrf&gﬁﬁﬁg%?ﬂ m @Y i‘i?é"e’ﬁg‘? r ggn%k%(g&%ﬁgée%s b@ﬁ%}g@g\?ﬁ%ﬁ%&rﬁ}%%?) Q}S ) ,§3$3§and Vogt and
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secondary a|gahalsiinyiglds-Rfidp 980SR Batalystatenared drcsity framchie S anel P(11l)
precursor compounds dodecacarbon%%rirut#enipm{%@%
ata

2-(dicycfoh&pHeepitoR e sBhersetH-pYole i é%?zg‘r?i%?i%‘?Fﬁ‘é%":t’*&%?%%“é’i"é‘%‘%’%e used as
starting matgyiaise Podteantenbeddsuthedoimofirrintovamimivmes Pakée dote memtsEnd literature
references that the cafalytic Bg’&@&ﬁﬁt%%@%%%@m@mdeﬁw seimeswaye polyhydric
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purification smndmmmmmmm@@mmtﬂ@f}ﬁ?{ﬂﬁﬁéi@ﬁ@‘ﬁ@ﬁféﬁﬁ@@g??&@@mg'in a
substantial @%@%ﬁg&gﬂﬁ%ﬂm{&uch a process. 30 201000520

Belier and coworkers (Angew. Chem. 2010, 122, 8303) and Vogt and coworkers

(Angew. Chem. 2010, 122, 8307) both describe the preparation of primary amines from
16 secondary alcohois in yields of up to 93% using a catalyst prepared in situ from the Ru

and P(IHl) precursor compounds dodecacarbonyltrirutheniumi{0) and

2-(dicyclohexylphosphino)-1-phenyl-1H-pyrrole (cataCXium®PCy}, Heare too, no diols

were used zs starfing materials.

20 It cannot be assumed from the abovementioned patent documents and literature
referances that the catalytic processes described can be applied in the same way to
polyhydric alcchols. The abovementioned secondary reactions can play a selectivity-
limiting role; in addition, ofigomerizations via amine alcohols formed as infermediates
are possible in the fiquid phase. Itis therefore an object of the present disclosure to

25 provide a single-stage process which gives arimary amines having a finear main chain.
The advaniage of such a process over the prior art is the direct selective production of
such diamines in a high purity which aliows, after an optional further, simple purification
step, direct use of the diamines in the nroduction of polyamides. This results in a
substantial technical simplification of such a process.

30

In a first aspect, the present disclosure provides a process for preparing primary diamines having a



5 linear main chain from the corresponding dials by reaction with ammonia and/or an
ammonia-liberating compound or mixtures thereof in a liquid or supercritical phase in the presence of a
homogeneous ruthenium catalyst. The process of the disclosure preferably provides for the direct
reaction of one or more dick having a linear main 5 chain and from 4 to 31 carbon atoms, preferably
having a n#&itPeEh of 05 to C31, and particularly preferably having a main chain of from 06 to 031,
with ammonia and/or an ammonia-liberating compgund or mixtures thereof as nitrogen source by the
method of "borrowing hydrogen”, i.e. without an additional external hydrogen source. Reaction
equation 1 shows, for the purposes of illustration, a general scheme of the reaction for 10 the
illustrated girpiap phBiight fohaitheacamueaioisdivigtimshp meaclith s tHEYES R 8 S Mples

constituting,a restriction, {?JIQQ?FX digmines-which haves ineakmais chasardahasdable for use as
monomers 1 the pro Ucého 0 pglyamides can in this way be synthesized dir %%from the dials.
HO'r-(H---: BHpRedencatof 2hormdaepeore sENBm h GaE L eseriarsPe N IR RS i eaction of dials

having a lingarmain shainait: ammpsia iestton thescorespoadiog pamagediseaimesifor the illustrated
reaction of the group. 200f, straight ehain (s, 3% SBl HRWAELANER: chain of C5 to €31, and

particularly preferably having a main chain of from C6 to C31, with ammonia and/or an

ammonia-iiberating compound or mixtures thereof as nitrogen source by the method of

“horrowing hydrogen”, L.e. without an additional external hydrogen source. Reaction

equation 1 shows, for the purpeses of illustration, a general scheme of the reaction for

10 the illustrated group of straight-chain, o,c-diols with ammonia, without these specific
examples constituting a restriction. Primary diamines which have a ifinear main chain
and are suitable for use 2s monormers in the production of polyamides can in this way

be synthesized directly from the diols.

2 Nk, Cat. ‘
Ho G, o . = HNT N,
.5 n -2 HD

Reaction equation 1:
General scheme for the reaction of diols having a linear main chain with ammonia
to form the corresponding primary diamines for the illustrated reaction of the group

20 of straight-chain, c,e-diols (n = 2-29; cat = Ru catalyst).

For the purposes of the present disclosure, “diols having a finear main chain” are diols of

the general formuia (1),
25 RICHIOH}-X-CHOHR? ()

where R' and R? are each, independently of one another, hydrogen or substituents
having 1-7 carbon atoms, preferably hydrogen or atky! groups having 1-7 carbon atoms,
more preferably hydrogen or methyl, and the unit X is & saturated or unsaturated

30 organic radical which may comprise slements of the boron, carbon, nitrogen and



For the purposes of the present disclosure, "dials having a linear main chain" are dials of the general
formula (1), 25R1CH(OH)-X-CH(OH)R2 (I) where R1 and R2 are each, independently of one another,
hydrogen or substituents having 1-7 carbon atoms, preferably hydrogen or alkyl groups having 1-7
carbon atoms, more preferably hydrogen or methyl, and the unit X is a saturated or unsaturated 30
organic radiceld@Beh may comprise elements of the boron, carbon, nitrogen and 201000520 6 oxygen
groups of the Periodic Table (main groups 3-6 of the Periodic Table), particularly preferably the
elements carbon, nitrogen and oxygen. X is preferably a carbon main chain unit having n alkylene
units (-CH2- groups), i.e. the dials are diols of the general formula (ll), 5 R1LCH(OH)-(CH2),-CH(OH)R2

(I) where R1.and B3pach havesipdepridentyiofipneanbhef ttheabovie rdamings, in particular
hydrogen or methyl, and n 9, refer [ ¥ 30:preferably 2-29. Very
particular Jrafaralel @%’?f@ﬂ%ﬁs‘tél 8%1{:%?& %&o?ﬁ‘éqw %ﬁ%rga ogrmu fﬁﬁ yB"
HO-CH24Gasb2jn=Ghtstis (1h) having n alkyiene units { CHg— groups}, 1.&. the dto s are diols of

the generai formula (i),
R CH(OH)-(CHz)-CH(OHIR? (Il

where R' and R? each have, independently of one another, the above meanings, in
particular hydrogen or methyl, and n = 0-29, preferably n = 1-28 and particularly
10 preferably n = 2-29.

Very particular preference is given to straight-chain diols of the general formula (Ii),
HO-CHz~{CH2)p-CH2-OH - (1)

15  where n = 2-28, preferably n = 3-29 and particularly preferably n = 4-29.
in the case of mixtures of compounds of the general formulae (1), {I) and (i1}, the
proportion in the mixiure of the compound present in fhe smaliest amount is, basad on
the mixture, less than 50% by weight, preferably less than 10% by weight, even more
preferably less than 1% by waight and very particuiarly preferably less than 0.1% by
20 weight,

Advantages of the process of the disclosure are the avoidance of multistage processes
and the formation of coproducts. No intermediate isolation and purification steps have
to be inseried. It is possible to use heat-sensitive subsirates, for example anes based

55 on renewable raw materials. This makes it pessible to obtain new diamine componamns
for the synthesis of high-quality polyamides, which components have previously not

besn available or not been available in this quality.

The process of the disclosure for preparing primary diamines having a linear main chain
30 preferably comprises the following sfeps:

|. Charging of a reaction vessel with one or more diols having & linear main chain



15 where n = 2-29, preferably n = 3-29 and particularly preferably n = 4-29. In the case of mixtures of
compounds of the general formulae (1), (I) and (ll1), the proportion in the mixture of the compound
present in the smallest amount is, based on the mixture, less than 50% by weight, preferably less than
10% by weight, even more preferably less than 1% by weight and very particularly preferably less than
0.1% by 2WéRf#20Advantages of the process of the disclosure are the avoidance of multistage
processes and the formation of coproducts. No intgrmediate isolation and purification steps have to be
inserted. It is possible to use heat-sensitive substrates, for example ones based 25 on renewable raw
materials. This makes it possible to obtain new diamine components for the synthesis of high-quality
polyamides, which:gesnppaentsdhmee ptgvitessiingt beenspeaiiilénar sotdidendveaitable in this quality.

The process of the diecloste o, AIeRANNG BATIEN, 0 ABHARSNANAA JNeas s ainR0 preferably

comprises the foll i"r?g steps: 1. Charging of a reaction vessel with one or more diols having a linear
main chain 201008520 Teeitivrda) SharfRing ghize BERE SRR S-SR ARBRTFLPE SR solvent or
solvent mixture or h)as fidiahAseRymelingiesiheroasymeredialssor chasanids phaserby dry
charging of the one or more diols or d) a cor’gbinatio therej)qf %ptionally with mixing-in of a ruthenium

d
catalystdr precurdBreEmpbEHIREESI BB H G HE Abovementioned procedures a) to d). 11.
Addition of a rutheniithicatély stiheqirec seselysban poetits shepstfo st hrely doHalsa®p 1, and of

ammonia and/or ag ammania-liberating CAMRRUIE A BB HIRIRRFating compound or

mixtures thersof.
fll. Setting of the required reaction conditions and carrying-out of the reaction.

10 IV. Optionally isolation and purification of the diamine or diamines formed.

auitable reaction vessels for carrying out the reactions are, for example, all
conventional types of autoctaves and also ali conventional types of apparatuses which
operate according o the principie of cocurrent or countercurrent material flow, for

4§ instance tube reactors, without this naming representing a restriction; all these can,
depending on the spacific medium and/or depending on the specific conditions of the
respective reaction, be operated under atmospheric pressure or unider pressuras of
1-1000 bar, preferably 5-500 bar and particuiarly preferably 5-100 bar. This pressure
can be generated by means of the injected ammonia and/or by means of pressurization

o0 of the reactor with a further, preferably inert gas such as nitrogen or argon and/or by
formation of ammonia in situ from an ammonia-liberating compound or mixtures thereof

and/or by setting of the desired reaction temperature.

The catalysts used in process step 1l. in the process of the disclosure are preferably
25 ruthenium catalysts, in particular ruthenium-ligand complexes having at lzast one P(IIf)
group. Thus, the cafalysis mentioned preferably contain, without this mention
representing a restriction, ligands having at least one function which comprises trivalent
phosphorus and is capabie of coordination, for exampie phosphane functions.
Particular preference is given fo using tridentate pincer ligands which contain not only
30 groups comprising trivalent phesphorus but also structural elements which can likewise

coordinate to the ruthenium. These can bs based on elements of the boron, carbon,



111. Setting of the required reaction conditions and carrying-out of the reaction. 10IV. Optionally
isolation and purification of the diamine or diamines formed. Suitable reaction vessels for carrying out
the reactions are, for example, all conventional types of autoclaves and also all conventional types of
apparatuses which operate according to the principle of cocurrent or countercurrent material flow, for
15 instanc&t#Be85¢8actors, without this naming representing a restriction; all these can, depending on
the specific medium and/or depending on the spegific conditions of the respective reaction, be
operated under atmospheric pressure or under pressures of 1-1000 bar, preferably 5-500 bar and
particularly preferably 5-100 bar. This pressure can be generated by means of the injected ammonia
and/or by meapshoirpressueiz gtioupebitiba Bscmstiwiatief(mpisr gppenrsrathpider Garodich as nitrogen or

argon andlor by formatian ol semeniadRsi iAmanATmeRaRasAlRasemnedadeIrmIXUres

thereof an setting of the desiréd reaction temperature The catalysts used in process step Il. in
the processrefihd didelBetfEare preferably 25 ruthenium catalysts, in particular ruthenium-ligand
complexes having at Ieast one 9111) group. Thus, the catalysts mentioned preferably contain, without

this mentiap rep g,%srg “” ?é“%te l'pg&ré§§ Raying AL ar QRe frneiascwbich, amprises trivalent
ation

phosph%rus ARdTe capa coor or example phosphane functions. Particular preference IS
given to usmgsmemmerpmmrgﬁms:wmrérqtmﬁarﬁsrr&t@rﬁryfe@%aﬁrﬁ%ampw Bdamdent

phosphoru§ggﬁgm§ﬁr‘ HEIHEL etemenisavhictraan %E@Wtﬁ&@@@rdm@ambﬁdwﬁmmum These can be
based on elements of the boron, carbon, 100 520 nltr Xygen group ou%};%]%gerlodlc
Table (marﬁ’@%ﬁﬁ‘é’%’%@ﬁﬂ@@é’ﬁ&ﬂ@f&ﬁ e’ﬂérﬂs |)18 §rops, with mention

representr%@d@&ﬁ@%@rﬂﬁmﬁhm tmr@ndoar(bm &T@gﬁ@m@@hﬂ@ﬁtﬁf?@@@@émﬁﬁr@é@ss step Il. in
the processrof he d ﬁ%‘a W Is Bessikle %m%ué%m@%qgf@@%g@p%%%ﬁwpn to add
€’

rutheni at rm o recursor comp ounds. These are ruthenium salts or ruthenium co plexes in

which Wealdyfmﬂﬁdim@féﬂgl@fdr’?@s”l&i‘@@agi@%ﬁ%ﬂf’éﬁ ardithopyeBlI P grREsh Gt6lps  based
on elementg, pithgHRAIGA. FraHRSLNitgenmBdKgemegraupsatiletReiodisst) Sablihpreferably C,

N or 0 donors, during a possible preforming of 18 SAANSHRL mium(Iy chioride, ruthenium(ily
acetate. ruthenium(lil) acetylacetonate, dod ecacarbonyitriruthenium{(0),
15 carbonyichiorohydridctris(‘rréphenyrphosphane)ruthenium(ll) or
gi-p-chiorobis{chioro(p-cymene)jruthenium(ijl

Preferred catalysts for the process are, without the mention thereof consiifuting a
restriction, ruthenium compiexes having ridentate pincer ligands or ruthenium

20 complexes having monodeniate or bidentate phosphanes. These can be produced,
anaiogously to the abovementioned procedure, in situ from corresponding suitable
precursors as mixtures in which they are present; it is fikewise possible, without this
particular procedure constituting a restriction, to use ruthenium—iigand compiexes which
have previously baen isolated as such by appropriate methods by a person skilled in

75 the art as catalysts for this purposa. Particularly preferred catalysts which may be
mentioned by way of example, without this mentian constituting a restriction, are
ruthenium complexes having tridentate pincer ligands, in particular
carbonyichloro{-rl,5~bis(dEisopropylphasphinome’chyi}acridine]hydridoruthenium(![), or
ruthenium complexes having a monodentate or bidentate phosphane, or a complex

30 prepared in situ from dodecacarbonyliriruthenium(0) and the phosphane
2-{dicyclohexylphosphinc)-1-phenyl-1H-pyrrole (cataCXium%Cy)



during combining of the ruthenium component and the ligand component. Examples of such ruthenium
precursor compounds of the ruthenium catalyst to be used, but without the mention thereof constituting
a restriction, are ruthenium(lll) chloride, ruthenium(lll) acetate, ruthenium(lll) acetyiacetonate,
dodecacarbonyltriruthenium(0), 15 carbonylchlorohydriclotris(triPhenylPhOsPhane)ruthenium(11) or
di-u-chloro¥i$feRfatb (P-cymene)ruthenium(l 1)]. Preferred catalysts for the process are, without the
mention thereof constituting a restriction, rutheniugn complexes having tridentate pincer ligands or
ruthenium 20 complexes having monodentate or bidentate phosphanes. These can be produced,
analogously to the abovementioned procedure, in situ from corresponding suitable precursors as
mixtures in which they are present; it is likewise possible, without this particular procedure constituting

a restriction), to use r tQ%@HFRQ%%%%?}RJ%MPQ{QﬁgecBﬁ%‘éiQM%}ﬁBW isplatgdias such by

appropriat TetHGAS y a’person ski in 25 theart as catalysts for this purpose. Particularly
preferred catalgsissuietumay s rRtEnad BYWEY SPERAAPIE SOl HHid3heRtion constituting a
restriction, gie rehegiiNLcomBleyes havingdridensieqiicendigartisjarypartieiaty in the
carbonylchlorot4 S-Qis(dilsgPr,opéJ hosphinomethyDacridine]hydridoruthenium(11), or ruthenium
compleﬁesrﬁagﬁg?a?ﬁé’ﬁ@cf%d?a% %ergoidentate phosphane, or a complex 30 prepared in situ from

dodecacarbonyltriruthenium(0) and the phosphene 2-(dicyclohexylphosPhino)-1-phenyl-1H-pyrrole

(CataCXiun}l?P%%rrég 1890528 94 piicisried amawniakthepdhaniumrentaly s autbegorresponding
Ru- and P( 5153

containing precursor compounds, an amaount, based on the diol, in the range
form or prepared in situ from corresponding suitable pracursor compounds or mixtur

in which they are present, a molar rafio in the range 1:1-1:20, preferably in the range

10  1:2-1:8 and particularly preferably in the range 1:2-1:3 is sejectad in the case of
ruthenium complexes having tridentate pincer igands or bidentate phosphanes; while in
the case of ruthenium compiexes having monodentate phosphanes the sreferred molar
ratio is in the range 1:1-1:20, preferably in the range 1:1-1:6, and particuiarly preferably
in the range 1:1-1.2.

15 In the process of the disclosure, ammonia and/or an ammonia-liberating compound or
mixtures thereof is/are added in process step Il Examples of such compounds, without
this listing constituting a rastriction, are urea, uric acid, ammaonium salts and derivalives
of a primary amide, for example, without this listing constituting a restriction,
symmetrical and unsymmetrical carbamates, carbaminates, semicarbazides and

20 semicarbazoles and also aminium salts or organic or inorganic esters of ail inese.
Preference is given to using ammania itself, with fiquid or gaseous ammonia being able

fo be used in this embodiment,

As preferred molar ratic of the sum of the hydroxy functions of the one or more dicls to
25 the squivalents of ammonia, which can be formed from the ammeonia introduced and/or

the ammonia-liberating compound or the sum of such compounds, a value in the range

1:2-1:5000, preferably in the range 1:10-1:1000 and particularly preferably 1:20-1:500,

is set.

30 As preferred reaction temperature in process step l1l. of the process of the disciesure, a

ternperature in the range 60-220°C, preferably in the range 80-180°C and particuiarly



0.01-20 mol%, preferably in the range 0,01-6 mol/D and particularly preferably in the 5 range 0.25-6
mol%, is added. As preferred ratio of Ru to P(lll) groups in catalysts prepared beforehand in isolated
form or prepared in situ from corresponding suitable precursor compounds or mixtures in which they
are present, a molar ratio in the range 1:1-1120, preferably in the range 10 1:2-1:6 and particularly
preferably #ptbeceange 1:2-1:3 is selected in the case of ruthenium complexes having tridentate pincer
ligands or bidentate phosphanes; while in the casg?oof ruthenium complexes having monodentate
phosphanes the preferred molar ratio is in the rangeé 1:1-1:20, preferably in the range 1:1-1:6, and
particularly preferably in the range 1:1-1:2. 15 In the process of the disclosure, ammonia and/or an

ammonia-li @}ng%ﬁgeormjxgm tbeegof is/are added in process step Il. Examples of such
compounds, without this listing constituting a restriction, are urea, uric acid, ammonium satts and

derivatives of a primary amide, for example, without this listing constituting a restriction, symmetrical
and unsymmsrifatednhansatesiusagihmisatis) seivdaasaziddshEmicotesmid aB828RkY and also

aminium sats of ofganysfy dapronic.exjers e el beae Mrplespyedeaivgrstonssing amaonia itsel
with liquid or gasegous ammonia being able to be used in this erilbodiment. Ad?é)referred molar ratio of

the sumbof THESHYERSKIETGARBGESBRIRE DRY BRATHR e HEFE LR BRNGRENS P ammonia, which can
be formed fﬁ%@éuh@zﬁ@Eﬁ@F&édfﬂf@ﬂwﬁ:@m&hdipprﬁferamwrioaiagmmhgsso'rmmﬁmdr @rgpe sum of such
compounds, a value in the range 1:2-1.50 r [ e 10:4-1000.andpegticularly
preferably f?@/—%%ﬁﬁf%@e@ %8%5‘@5 8% dgr{e%@a bll ing t %g??r?ge 125-165C, is set.

mixtures thereof and/ar by setting the desired reaction temperature.

10 As preferred concentration of the diol or diols used in a salvent or a supercritical
medium during the reaction in the process of the disciosure, a concentration in the range
0.1-10 D00 mmol/l, preferably in the range 5-1000 mmol/l and particutarty preferably in
the range 10-500 mmolll, is set. As supercritical medium, preference is given 1o using
supercritical ammonia.

15
I is possible to use solvents or solvent mixtures. Organic solvents selected from the
group consisting of tertiary and neopentylic alsohols, ethers, arenes and aliphatics can
preferably be used. Pariicular preference is given o using, without this mention
represanting a restriction, tert-butanol, 2-methyi-2-butanol, toluene, xylene, mesitylene,

o0 dioxane, fetrahydrofuran, cyciohaxane, methyl tert-butyi ether and anisole or mixturas

thereof, There are no particutar reguirements regarding the purity of the solvenis.

AThe diamines having a linear main chain which are formed in process step . can
optionally be isolated and purified in a process step V. For example, the reaction

25 mixture obtained can be filiered and subjected to a distillation in order to isolate the
diamine or diamines formed. Further purfication methods known to those skilled in the
art are likewise possibie. For example, it is possible, without this mention implying &
restriction to feed a primary diamine having & linear main chain which has been
prepared by the reaction according to the disclosure after purification or directly io a

30 subseguent polycondensation by preparing the diaminium dioate (“nylon sait”) to be

used in this polycondensation in situ by addition of an approximately stoichiometric



As preferred pressure during the reaction in the process of the disclosure, a pressure in the range
1-1DO00 bar, preferably 5-500 bar and particularly preferably 5-100 bar, is set. 5 This pressure can be
generated by means of the injected ammonia and/or by pressurizing the reactor with a further,
preferably inert gas such as nitrogen or argon and/or by means of ammonia formed in situ from an
ammoniaﬁ%?%i?ﬁ?ﬁ compound or mixtures thereof and/or by setting the desired reaction temperature.
10 As preferred concentration of the diol or (ibis used in a solvent or a supercritical medium during the
reaction in the process of the disclosure, a concentration in the range 0.1-10 000 mmo1/1, preferably
in the range 5-1000 mmo1/1 and particularly preferably in the range 10-500

y PI€ Y| ﬂwgll%ﬁgs{set. As
supercriticahimectiohiogreferEmictsis i gRBRY B S SUPBIRGHREPIIRIBIZY BT R ScSSIBIE to use
solvents of sQiYeLpifese Qfganicsakianis BlesiegiTaihecyaumconsisting of tertiary and
neopentylic alcohols, ethers, arenes and aliphatics can preferably be used. Particular preference is
given to using, without this mention representing a restriction, tert-butanot, 2-methyl-2-butanol,
toluene, xylepeydnesit aneulRdivane; tetatydicfurais) eyerMdaRdRBIRA%E butyl ether and

anisole or mixtures tQ%%%AR&Sﬁ are no particular requirements regarding the purity of the solvents.
The digmin&8 HEAAG 2 Thear main chain which are formed in process step Ill, can optionally be
isolated and purified in a process step IV. For example, the reaction 25 mixture obtained can be

filtered an@ém?qu to a distillation in order to isolate the diamine or diamines formed. Further

purification"methods known to those s?il{l}?d in the art are likewise possible. For example, it is possible,
without thisRRRFRPIMPIVIRYE4ESHERSA, to feed a primary diamine having a linear main chain which

has been prepated hy thedgatticrdacswditgnedinbaibddsime Hitér FiftitRation or directly to a 30
subse?Huenw%x%%ﬁil%ﬂﬁg@g&#HjiBB%?@ﬁmSh%@ﬁﬂ%ﬂiéiﬁm&&ﬂaﬁeequémsaiﬂérﬁorb@l)wed in this
polycoritiensalion i sibY addition ol ah spRroxImalel SOIEHIaMFUlt: 3AH0RREAC an
autoclave provided with stirrer, heating and temperature measuring facility. 8 m! of
liquid ammonia are subsequently infroduced into the autoclave by means of a spindle
press. The aufoclave is closed and the contents are stirred at 140°C for 48 hours. This
45 results in an increase in the internal pressure from 22 1o 40 bar. After cooling, the
coniants of the reactor are filtered through kiesalguhr, the filtrate is evaporated f©
dryness and the residue is subjectad to a bulb tube distillation. Yield of linear primary
diamine: 2.02 g (68% of theory; bpos moar = 170-185°C), canversion of the linear
diol; > 88%.
20
Example 2
Reaction of 1,12-dodecanediol '
Reaction and work-up were carried out under the same conditions as in Example 1
using 10.0 mmot of 1 12-dodecanediol. Yield of linear primary diarmine: 1.38 g (68% of
25 theory; bpos moar = 115-125°C), canversion of the linaar diol; »29%.

Exampie 3

Reaction of 1,8-octanediol -

~he reaction was carried out under the same conditions as in Example 1 using
an  10.0 mmol of 1,8-octanediol. Yield and conversion were determined by gas

chromatography using commercially available reference compounds. Yield of finear



11 amount of the appropriate dicarboxylic acid, purifying or isolating it by methods known to those
skilled in the art and subsequently using it in the polycondensation. The disclosure is illustrated
below by examples which are not to be interpreted as a 5 restriction of the invention. Example 1
Reaction of 1,19-nonadecanediol 3.01 9(10.0 mmol) of 1,19-nonadecanediol and 151 mg (0.25 mor/o)
of 10 carb&midehkPo[4,5-bis(diisoPropylphosphinomethyl)acridine]hydridoruthenium(ll) are dissolved
under protective gas in 25 ml of 2-methyl-2-butanpj and transferred to an autoclave provided with
stirrer, heating and temperature measuring facility. 6 ml of liquid ammonia are subsequently introduced
into the autoclave by means of a spindle press. The autoclave is closed and the contents are stirred at
140C for A% ikreiysiidthisel 38¢s utteveraivine tesinraiiiioh A% pressure from 22 to 40 bar. After
cooling, the contents of the reactor are filtered through kieseiguhr, the filtrate is evaporated to dryness
and the residue is subjected to a bulb tube distillation. Yield of linear primary diamine: 2.02 g (68% of
theory; bp@xaaple 470-185°C), conversion of the linear diol: > 99%. 20 Example 2 Reaction of
1,12-dodecangdinl oReastiaanagibwork-up were carried out under the same conditions as in Example

L using 10.0 mmol of 1. 12-dodecanediol. YieldatInear primandiamingiple3p g8 of 25 theory;
bp0.5,b5ar = Hﬁé@iﬁ?&)‘f"%%ﬁ%’é’%%o%”g ﬁ)we linear diol: >99%. Example 3

10.0 mmol of 1,6-hexanediol. Yield and conversion were determined by gas

chromatography using commercially available reference compounds. Yield of linear

primary diamine: 55%, conversion of the linear diol: >98%.

10 Example 5
Reaction of 1,8-octanediol
A mixture of 10.0 mmol of 1,8-octanediol, 12 mol% of 2-(dicyclohexylphosphino)-
1-phenyl-1H-pyrrole (cataCXium®PCy) and 4 mol% of Rus{CO)2 is dissolved under
protective gas in 25 ml of 2-methyl-2-butanol and transferred to an autoclave provided
15 with stirrer, heating and temperature measuring facility. 6 ml of liquid ammonia are
subsequently infroduced into the autoclave by means of a spindle press. The autoclave
i closed and the contents are stirred at 170°C for 48 hours. This resulied in an
increase in the internal pressure from 22 to 40 bar. After cooling, the contents of the
reactor are filtered through kieselguhr. Yield and conversion are determined by gas
20 chromatography using commercially available reference compounds. Yield of linear

primary diamine: 17%, conversion of the linear dicl: 86%.



Reaction of 1,8-octanediol  The reaction was carried out under the same conditions as in-Example 1
using 30 10.0 mmol of 1,B-octanediol. Yield and conversion were determined by gas chromatography
using commercially available reference compounds. Yield of linear 201000520 12 primary diamine:
78%, conversion of the linear diol: >99%. Example 4 Reaction of 1,6-hexanediol 5 The reaction was
carried ouR0hef&¥58% same conditions as in Example 1 using 10.0 mmol of 1,6-hexanediol. Yield and
conversion were determined by gas chromatography using commercially available reference
compounds. Yield of near primary diamine: 55%, conversion of the linear diol: >99%. 10 Example 5
Reaction of 1,8-octanediol A mixture of 10.0 mmol of 1,8-octanediol, 12 mot% of
2-(dicyclohexylphosphino)- 1-phenyl-1H-pyrrole (cataCXium(r)PCy) and 4 mol% of Ru3(C0)12 is
dissolved L{.ﬂ%lganr_I g_rotective gas in 25 ml of 2-methyl-2-butanol and transferred to an autoclave provided
15 with stirrer, heating and temperature measuring facility. 6 ml of liquid ammonia are subsequently
introduced into the autoclave by means of a spindle press. The autoclave is closed and the contents
are stirred &t 170Cdss #8 treprsingmsmenutisthinasnhadrshadnraheanatringragstie from 22 to 40 bar.

After cqoling, the canisnishihe seasiRnarafiesrbrrHaRddesrl arinoXigtansisgnversion are
determined by gas ) ) I " )
compound or mixtures thereof in a liquid or supercritical phase in the presence of a

homogeneous ruthenium catalyst.

2. Process according to Claim 1, characterized in that one or more diols having a

10 linear main chain and from 4 to 31 carbon atoms are used.

3. Process according to Claim 1 or 2, characterized in that a ruthenium-ligand complex

having at least one P(ll) group is used as ruthenium catalyst,

15 4. Process acsording to Claim 3, characierized in that an Ru precursor compound of
the ruthenium catalyst to be used selected from the group consisting of
ruthenium(ill) chioride, ruthenium(ill} acetate, ruthenium(lll) acetylacetonate,
dodecacarbonyttriruthenium(0), carbonyichiorohydridotris(triphenyiphosphane)-
ruthenium(ll) and di-u-chlorobisfchloro(p-cyrmenejruthenium(lf)] is used for possibie

20 preforming of the catalyst or preparing it in situ.

5. Process according to Claim 3, characterized in that ruthenium catalysts having
tridentate pincer ligands or ruthenium catalysts having monodentate or bidentaie
phosphanes are used.

25

8. Process according to Claim 5, characterized in that

carbonyichiora{é,5—bis(diisopropyiphssphinomethyl)acridine}hydridomtheﬂium{i!) is

used as ruthenium catalyst having a tridentate pincer ligand.

30 7. Process according to Claim 5, characterized in that a complex prepared in situ from
dodecacarbonyltriruthenium(0) and the phosphane 2-(dicyclohexylphosphino)-



20 chromatography using commercially available reference compounds. Yield of linear primary
diamine: 17%, conversion of the linear diol: 96%. 201000520 13 Claims: 1, Process for preparing
primary diamines haying a linear main chain from the 5corresponding dials by reaction with ammonia
and/or an ammonia-liberating compound or mixtures thereof in a liquid or supercritical phase in the
presence of a homogeneous ruthenium catalyst. 14 2. Process according to Claim 1, characterized in
that one or more diols having a 10linear main chain and from 4 to 31 carbon atoms are used. 3.
Process according to Claim 1 or 2, characterized in that a ruthenium-ligand complex haying at least

one P(111)gsaupisuagdrasd whaniumnettalysts 154 P rosRssaceariag to Claim 3, characterized in

that an Ru precursor compound of the ruthenium catalyst to be used selected from the group
consisting of ruthenium(lll) chloride, ruthenium(lll) acetate, ruthenium(lll) acetylacetonate,
dodecacarionylisiedhapidra(Ry, easherdchleroby drigatss(tiptenylipthosphprieys niitheriues(ll) and
di-u-chlorobisichloro(p-cymene)ruthenium(11)] is used for possible 20preforming of the catalyst or
preparing it in &f8Ss, Process according to Claim 3, characterized in that ruthenium catalysts haying
tridentate pincer tigandscos redhenivmseatalyistahaying-endinBdentateadireidentatecbiiospthanes are

' haracterized in that

used. 25 6. Process a Oédi to Clagig 5}1.& d in tf cuitable solvent or. solven
carbonylchloro[4: -Slss%g‘?i" og%ﬁsy}i’ﬁfhos%ﬁg}lné%%%}cn iReIRy dridorittenumeL L) i§used as
ruthenium catalysiikavings & trgléntdishpinberdigeing. of the one or more diols or ¢} as solid phase
by dry charging of the one or more diols or d) a combination thereof, optionally
with mixing-in of a ruthenium catalyst or precursor compounds thereof to one of
the abovementioned procedures a) to d).
II. Addition of a ruthenium catalyst or precursor compounds thereof, if not already
done in step 1, and of ammonia and/or an ammonia-liberating compound or
mixtures thereof.

III. Setting of required reaction conditions and carrying-out of the reaction.

IV. Optionally isolation and purification of the diamine or diamines formed.

9. Process according to Claim 8, characterized in that the reaction temperature is set in

the range 60-220°C in process step I1L

10. Process according to one or more of Claims 1 to 9, characterized in that ammonia 1s

used in the form of hiquid or gaseous ammonia.

11. Process according to one or more of Claims 1 to 10, characterized in that the molar
ratio of the sum of the hydroxy functions of the one or more diols to the equivalents
of ammonia which can be formed from the ammonia used and/or ammonia-liberating

compound or the sum of such compounds is set in the rangel:2-1:5000.

12. Process according to one or more of Claim 1 to 11, characterized in that the reaction

is carried our at reaction pressures in the range 1-1000 bar.

13. Process according to Claim 12, characterized in that the reaction pressure is



14 1-phenyl-/H-pyn-ole (cataCXium(r)PCy) is used as ruthenium catalyst. 8. Process according to one
or more of Claims 1 to 7, which comprises the process steps: I. Charging a reaction vessel wth one or
more diols having a linear main chain either a) as fluid phase by dissolution or suspension in a suitable
solvent or solvent mixture or b) as fluid phase by melting of the one or more diols or c) as solid phase
by dry chaagingpodate one or more diols or d) a combination thereof, optionally with mixing-in of a
ruthenium catalyst or precursor compounds thereqf_to one of the abovementioned procedures a) to d).
[I. Addition of a ruthenium catalyst or precursor compounds thereof, if not already done in step 1, and
of ammonia and/or an ammonia-liberating compound or mixtures thereof Ill. Setting of required
reaction conditipng ARshasr g bt htheriaastivor by iritnnaty saldtichanprpiensiogtiverof the
diamine or diamines formed, 9. Process accprding to Clai I ' ' t; eaction
temperature is %t ?H?H@?éﬁfé%qgﬁgﬂf??f}l'%%ceeiesatcegIﬁ%%@.?g?o%gﬁsgﬁgggfgﬁg g {émgtrl?e or more of
Claims 1 to 9, éharactenzadnia firainmororundet midierssiheeafqng/er Yagedne shidfonia. 11.
Process according o 0ne-05 Mmere,effklaims 1 to 10, characterized in that the molar ratio of the sum of
the hydroxy functions of the one or more diols to the equivalents of ammonia which can be formed
from thé®ammonia used and/or ammonia-liberating compound or the sum of such compounds is set in
the rangel:2415Q08s4 2cf¥ranes® aneosdngreocd Giagneridte 68 Cloamadiatzrddhirat@ezrig in that the
reaction is carried oyl AL ERRARAITRSUSII ISR H00 Ak nb3pBigAESACARRICInG (O Claim

12, characterized In that the reaction préssure is 201

ethers, arenes and aliphatics are used.

10 15. Process according to Claim 14, characterized in that the organic solvent is selected
from among tert-butanol, 2-methyl-2-butanc}, toluene, xylene, mesitylene, dioxane,

tetrahydrofuran, cyclohexane, methyl teri-butyl ether and anisole and mixtures

thereof.



generated by means of ammonia and/or by introduction of a further, preferably inert gas such as
nitrogen or argon into the reactor and/or by ammonia formed in situ from an ammonia-liberating
compound or mixtures thereof and/or by setting of the desired reaction temperature. 5 14. Process
according to one or more of Claims 8 to 13, characterized in that organic solvents selected from the
group consisting of tertiary and neopentylic alcohol%, ethers, arenes and aliphatics are used. 10 15.
Process according to Claim 14, characterized in that the organic solvent is selected from among
tert-butanol, 2-methy1-2-butanol, toluene, xylene, mesitylene, dioxane, tetrahydrofuran, cyclohexane,
methyl tert-butyl ether and anisole and mixtures thereof. 16 Preparation of primary diamines having a
linear main chain forﬂ%‘%@f@iﬂﬁ\%ﬁﬁ@@%ﬁhﬁﬁ%kﬁbﬁi@m iglatesiaithfbcatalytic conversion
of diols having a linear main chain and from 4 to. 31 car%)n atoms into the corresponding 10 diamines.
The reaction is carried out in the liquid or }5%%' c%%f% X86 With ammonia and/or an
ammonia-libegating compound or mixtures thereof using homogeneous ruthenium-containing
complexes as catalysts. The advantage of the igygatiQn is the production of primary diamines in such
a selectivity and purity that they are suitable for I5 polyamide syntheses.

The invention relates to the catalytic conversion of diols having a linear
main chain and from 4 to 31 carbon atoms into the corresponding
10 diamines. The reaction is carried out in the liquid or supercritical phase
with ammonia andfor an ammonia-liberating compound or mixtures
thereof using homogeneous ruthenium-containing complexes as
catalysts. The advantage of the invention is the production of primary
diamines in such a selectivity and purity that they are suitable for

15  polyamide syntheses.



