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I nvention relates to novel tricyanoborates, their use and processes for
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lonic liquids have a series of interesting properties: Usually, they are thermally stable,
relatively non-flammable and have a very low vapour pressure. In addition, they have

25 very good solvent properties for numerous organic and inorganic substances. Owing to
their ionic structure, ionic liquids also have interesting electrochemical properties, for
example electrical conductivity which is often accompanied by a high electrochemical
stability. Therefore, there is a fundamental need for new ionic liquids having a variety
of properties which open up additional opportunities for their use.

30
It is an object of the present invention to provide novel stable compounds which can be
" used as ionic liquids or as precursors of ionic liquids, and also a process for preparing
them. These compounds should be able to be disposed of in an environmentally
friendly manner after use.
35

This object is achieved by the tricyanoborates according to claim 1, by their use
according to claim 12 and by the processes for their preparation according to claims 13
and 14. Further preferred embodiments are the subject-matter of dependent claims.
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2 The present invention relates to novel tricyanoborates of the general
formul a wherein RL is C1 6 alkyl, C2-6 al kenyl, C6-10 aryl or benzyl, X
I S oxygerworzosuistisn, and Cat n+ is a cation w th nproeiBrPgo1d/000422, whi ch
is selected fromthe group consisting of an 10i norganic cation M1+ and an
organic cation Qn+ wwth n being 1 or 2o2Here and in the follow ng, the
expression "G _n alkyl" refers to any |linear or branched al kyl group which
contains from1l1l to n carbon atons. For exanple, the expression "C -6 al kyl"
enconpasses groups such as nethyl, ethyl, propyl, isopropyl, butyl,
15i sobufheg preseot mvention relatds toynoved diityAnoboratpe of $he genenal forhlayl ) ,
neopentyl (2, 2-dimethyl- propyl), hexyl and i sohexyl (4-nethylpentyl). Here
and in the followng, the expr egsi on " allkenyl " refers to a carbon
chain which is made up of frjom 20 n c bon|at ons and contains at | east
one doubl e bond, with 20 the carbda\ t 6ms beilng sqpurated by hydrogen atons
and the carbon chain being gble to bB bth&hed Cebr exanpl e, the expression
C24 al kenyl " enconpasses grjoups_€&uch % et henyl, 1-nethyl et henyl,
prop- 1-enyl, prop-2-enyl, 2-ne ﬁélprop 2- enylnand but al, 3-di enyl . 25Here
and in the follomnng, the expression "C6_10 aryl" refers to an aryl group
which has from6 to 10 carbon atons and may be substltutéh by one or nore
Cl-4 al kyl or Cl-4 al koxy groups. For exanple, "C6_10 aryl" enconpasses
phenyl H&@%K 1 h t hyl phenyl ,
et hyl rret hyl R Iﬁ@ EHMQP% ﬁlcla(gﬁ : ?r%gﬁgyg)rﬁrﬁ’#'zvpo Tri cyanoborat es of
f or mul PS°¥M99W9W§ ufursartkygen, are preferred. WD

2010/ 080481 RH cEf2 WiHOR ®&afy 1 oF 2, which is selected from the group consisting of an
10  inorganic cation M+ and an organic cation Q" with n being 1 or 2.

Here and in the following, the expression “C1., alkyl” refers to any linear or branched
alkyl group which contains from 1 to n carbon atoms. For example, the expression
“C1-6 alkyl” encompasses groups such as methyl, ethyl, propyl, isopropyl, butyl,

15  isobutyl, sec-butyl, fertbutyl, pentyl, isopentyl (3-methylbutyl), neopentyl (2,2-dimethyl-
propyl), hexyl and isohexyl (4-methylpentyl).

Here and in the following, the expression “Cz., alkenyl” refers to a carbon chain which
is made up of from 2 to n carbon atoms and contains at least one double bond, with

20 the carbon atoms being saturated by hydrogen atoms and the carbon chain being able
to be branched. For example, the expression “C»4 alkenyl” encompasses groups such
as ethenyl, 1-methylethenyl, prop-1-enyl, prop-2-enyl, 2-methylprop-2-enyl and buta-
1,3-dienyl.

25 Here and in the following, the expression “Ce.10 aryl” refers to an aryl group which has
from 6 to 10 carbon atoms and may be substituted by one or more C14 alkyl or C14
alkoxy groups. For example,"‘Ce-m aryl” encompasses phenyl, benzyl, methylphenyl,
methoxyphenyl, dimethylphenyl, ethylmethylphenyl, diethylphenyl and naphthyl.

30 Tricyanoborates of formula |, wherein X is oxygen, are preferred.

Tricyanoborates of formula |, wherein R' is C1.6 alkyl, preferably methyl, ethyl or propyil,
and more preferably methyl, are also preferred.



In a further preferred enbodi nent, the cation Cat n+ is an inorganic cation
M+ with n being 1 or 2, which is selected fromthe group consisting of Li,
Nat, K+, Woep10@B613WNH4, Be2+, M2+, Ca2+, Sr2+ and Ba2+. pEirrEPasnoabsios
preferred enbodi nent, the cation Cat n+ is an organic cation Qn+ with n
being 1 or 2, preferably with n being-13-which contains at |east one

het eroat om sel ected fromthe group consisting of nitrogen, phosphorus,
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tri cyarpq)rtp?[ glees \ph2+f capligied gy Bgk- have a nonoval ent organic cation Qf
sel ected fromthe group consisting of cations of fornula 15 (a)
(WR2R3R4R5) +, wherein Wis a nitrogen or phosphorus, and (i) wherein R2 to
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7- menbdhe @groum gossistirglotinitrogeR5phospharus esidfud @mdl gxyg€h- 20 al kyl , wherei n
optionally R4 and R5, in- dependently, contain one or nore hal ogens, or
(iii) wherein R2 and R3 or R4 and R5 in each case together with Wforma 5-
to 7- rartievlady mratgrrest aps tipyanrRerates )of, formeleel which Haneta sialerthargagiand

R7 1h0gQGhBh i+t Such A9 Bt Bxainpte, idihyiBhediathrh@RIRY.| Y has one singl e bond and
one double bond to R6 and R7, and is C1_20 alkyl, C3_10 cycl oal kyl or

C6_10 aryl, wherein R8 optionally contains one or nore hal ogens, or 30(C
( YRORLaRHhet partistianiynpréfesed @ré tricyambboratestos fariniul&R9 witich Ra0e armonovalent

co- 10 SORNCREP Spr bR B braThon SRR B tians g offfeRr n Yneor
nor e hal ogens, or (ii1) wherein RO and R10 together with Y forma 5- to

/- r’i@”bgégﬂwmﬁﬂﬂf)ﬁ%hbﬁeiﬁ?@k 2Ghifo HngFéﬁ drug! gad kyl or C6_10 aryl,

wher ei _opt1ona d%/ contains _one 0O ogens, or._ WO
2010/ 08613 {ipcTVRPLEIA FROD R @are, indepempeptini Srasakyl. ik BF ds £1i2g adsygbn1or
sul fur and Rl1ZcgngalkiiBort Cg8s By, WHeeid b tidRay RN IRB, Wdepenéehay mBbhtairhas
one single bondﬁgndﬁ%lne d?ubl gybond to FELHZ an%j/ R13, and e y
oné or moré halogens, or
(i)  wherein R? and R3 together with W form a 5- to 7-membered ring and R4 and
20 R5 are, independently, Ci20 alkyl, wherein optionally R* and RS, in-
dependently, contain one or more halogens, or
(i) wherein R2 and R3 or R4 and R5 in each case together with W form a 5- to 7-

membered ring, or

25 (b) (XR®R7R®&)*, wherein X is nitrogen and R¢ and R7 together with X form a ring in
which X formally has one single bond and one double bond to R8 and R?, and R8
is C1-20 alkyl, Cs.10 cycloalkyl or Ce.10 aryl, wherein R8 optionally contains one or
more halogens, or

30 (¢) (YRGRMR')* whereinY is sulfur and
(i) wherein R® and R0 are, independently, C1.20 alkyl and R is C4.20 alkyl, C3.10
cycloalkyl or Ce.10 aryl, wherein optionally R® to R, independently, contain
one or more halogens, or
(i) wherein R% and R0 together with Y form a 5- to 7-membered ring and R is
35 C1-20 alkyl, Ca-10 cycloalkyl or Ce.10 aryl, wherein R!1 optionally contains one
or more halogens, or



5 wherein optionally one or nore substituents selected fromthe group
consisting of C-zo alkyl, G _20 al koxy, C3_10 cycloal kyl, C6_10 aryl,
hal ogen awo 201008613ar e bound to each of the rings fornedPertEr2a10800426
substituents R2 to R13, wherein optionally the G _20 alkyl, the Cl1_20

al koxy, the C3_10 cycl oal kyl and the G8-113 aryl, independently, contain
one or nore hal ogens, and 10 wherein optionally each of the rings forned
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7- menber ed ghgng. A suitable substituent of the heteroatomis, for
15exanpl e, Cl1-8 alkyl. Here and in the follow ng, the expression "C3,
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Pi per i dixaimple, @ paNgEi ni um norphol i ni um pyridinium pyridazinium
pyrimdinium pyrazinium 1,3-dioxolium pyryliumand thiopyryliumcation.
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Here and in the following, the expression “Cs., cycloalkyl” refers to a cycloalkyl group

having from 3 to n carbon atoms. “Cs.10 cycloalkyl” represents, for example,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl or
20 cyclodecyl.

Here and in the following, the expression “Ci-, alkoxy” refers to an unbranched or
branched alkoxy group having from 1 to n carbon atoms. “C1.20 alkoxy” represents, for
example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, fert

25 butoxy, pentyloxy, 1,4-dimethylpentyloxy, hexyloxy, heptyloxy, octyloxy, 1,5-dimethyl-
hexyloxy, nonyloxy, decyloxy, 4-ethyl-1,5-dimethylhexyloxy, undecyloxy, dodecyloxy,
tridecyloxy, tetradecyloxy or eicosyloxy.

Here and in the following, the expression “halogen” refers to fluorine, chlorine, bromine
30 oriodine.

Particularly preferred are tricyanoborates of formula | with an organic cation Q*
selected from the group consisting of organic ammonium, phosphonium, sulfonium,
pyrrolidinium, pyrrolinium, pyrrolium, pyrazolium, imidazolium, triazolium, oxazolium,
35 thiazolium, piperidinium, piperazinium, morpholinium, pyridinium, pyridazinium,
pyrimidinium, pyrazinium, 1,3-dioxolium, pyrylium and thiopyrylium cation.



-5- Preferably, the organic cation Q+ is selected fromthe group consisting
of 15 ++ NMA nR "PR4_,,R'm wherein R and a are, independently, Cl1 20
al kyl, prebersiisy13Cl_14 al kyl and nore preferably Cl-8 &CKyP2018/000426 i S an

i nteger between 0 and 4. Favorably, the subtituents R 20and R have
different lengths. Mre preferably, thesorganic cation Q+r is selected from
the group consisting of [\ H3C -NNZN C5H11 WO

2010/ O%QEW ﬁFeZerg(yn%)Qm &+ is selected from the group consisting of
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wherein R and R’ are, independently, C1.20 alkyl, preferably Ci.14 alkyl and more
preferably C1.g alkyl, and m is an integer between 0 and 4. Favorably, the subtituents R
20 and R’ have different lengths.

More preferably, the organic cation Q* is selected from the group consisting of

N@N N@N N@N
H,C™ XF TC,H, H,C— X7 TC,H, H,C™ ¥ " TCH,,

25

*NH(CH,),

30 N@N /N®N\
H,C™ X" CH HC;— X ~CH
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In a further particularly preferred enbodi nent, the organic cations Qt are
i m dazoliumcations, in particular imdazoliumcations of the general
formul a WwoO2010/089i3¢rein R and a are, independently, Cl-20TaiPkyivjooq@eef erably
Cl_14 alkyl. In a nost 25 preferred enbodinment, Ris nethyl and a is ethyl.
In particular, the conpound 1-ethyl-3--re{hylimdazolium

tricyanonet hoxyborate is clained. 30 Tricyanoborates with an organic cation
are usually liquid at tenperatures below 100 C, in particular at room
tenperature, and_are therefore referred.to as ionic |i é§CB' Oning to their
property as i@mio)l i quids, they are higf suitable a 0 for many
organic and i nic subst ances. 35 fore, clained is se of the
tricyanoborate~sgt formula I, wheped TS Cl-6 al kyl, C2_6 enyl, C6_10
aryl or benzyl,|X is oxygen or suPfur apd Cat n+ is an organit cation n+
witlg n being 1 GgHR, preferably with n®ding 1, optionally i@y mxture
with one or nore other ionic liquids, water or organic sol vent ¢, as pol ar
aprotic solvent. WD 2010/ 086131PCT/ EP2010/ 000426 7 lonic |iquids have nany
fields of use: They extend fromthe us @f solvent in inorganic and organic
synthesi s through the use as electrol yt@ t50 rel ease agents and/or additives
for lubricants aqQd hydraulic fluids. Tbhe_spectrum of specifi
which the 5 | i qui ds have to }
spegi fic appl on is therefore co
of the ipyeTti O§“are characteri zgdcby, NN particul ar, on-poor di nati ng
ani on. I n’addition, they are haloﬁen-frbe, whi ch makes |nexp§psive and
environnentaIIyCﬁHéendly di sposal possi®te, for exanple by i €laner at i on,
and, owing to the low corrosivity towards netals, sinplifies their use and
10storage. The properties of the ionic liquids according to the invention
can be varied by cho;ce of suitgble organic§cations and+§uitable

substitu -R1 o or at ign. Thu exanpl e tiy n
po?ﬁt, tﬁgkﬁhgﬁﬁal angwg?égfrochgﬁ?%§p4stabir$?§?9fhe vi§38§ﬁf9g€%ﬂg%915
polarity and the solubility in water or in organic solvents can be strongly
i nfluenced by variation of the substituents -X-Rl of the borate anion and

al so b%nvaa{;drﬁl{[elrop% |<];ulérrllye p?éfg‘?‘rg'dcer% E)('ji(r)rpen%,n ﬂwe' Brsgasr#cp gé{iéryse t+saire imidazolium

cations, in particular imidazolium cations of the general formula
(©)

wherein R and R’ are, independently, Ci20 alkyl, preferably Ci.14 alkyl. In a most
25 preferred embodiment, R is methyl and R’ is ethyl.

re G'bhﬂgment S
for a

20

)

In particular, the compound 1-ethyl-3-methylimidazolium tricyanomethoxyborate is
claimed. '

30 Tricyanoborates with an organic cation are usually liquid at temperatures below
100 °C, in particular at room temperature, and are therefore referred to as ionic liquids.
Owing to their property as ionic liquids, they are highly suitable as solvents for many
organic and inorganic substances.

35 Therefore, claimed is the use of the tricyanoborate of formula |, wherein R is C16
alkyl, Ca6 alkenyl, Ce.10 aryl or benzyl, X is oxygen or sulfur and Catn* is an organic
cation Q™ with n being 1 or 2, preferably with n being 1, optionally in a mixture with
one or more other ionic liquids, water or organic solvents, as polar aprotic solvent.



Further, the present invention relates to a process for preparing the
i norganic tricyano- 20 borates of formula I, wherein Rl is G _6 alkyl,
C2-6 al kewpl2p10086180 aryl or benzyl, X is oxygen or sul f CTARd1CA04RG- | S an
i norgani ¢ cation Mi+ with n bei ng 1 or 2, preferably selected fromthe

group consisting of Li, Na+, K+, -@- NH4+, Be2+, M2+, Ca2+, Sr2+ and
Ba2+, characterized in that B(XR1)3 S react ed with a

cyanotri-Cl _6-al kylsilane, in part [ cuI ar with cyanotrinethyl 25 silane
(TMSCN), in the presence of M" wherein RL is Cl-6 alk C2-6

al kenyllonicdiquidsahgye pranydiglgs of MsesT gétendrfr@nltharuseaaﬁjsweemy i§ igarganic

t Sr 2 Ba?2
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e.c [i r ra XCeSS
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C to 100cioeratios; andbpying kethe Mé@@rrﬂswnbrt@wardsf@eﬁwé smnl@aﬁ.tbelr use and
trijgyangheigates is carried WO 2010/086131PCT/ EP2010/ 000426 - 8 - out at a
tenperaturé which is above the boiling point of the

al koxytri-C _6-al kyl silane fornmed as side product. The present invention
al so r efrad popletties of thedsniclliguidy epeording tohteedngention ¢an by amdied bybehcite sf of

1o oy auliegl Gl T Cnoita Sutlie, sutsti et X o s OB NS, P Yor, ™
2, prefaxaatple, Hnebmehg\glpoiohahe&n@maand alectrachemiécal statglityi the viscosity, the
tri %ya gtﬁ‘?ﬁj @ e Sa0oM aﬁ'm wai@?f‘q’r% fbrgeéwbég%rﬁs ghkite s&@n@g%i&%}%e’d - 10

aryl I S oxyden or I'S an I norganic, cation M+

with n V@é‘iaﬁgn Of1ither SlQbSttS'#%'?tér'aPErR? akthe: bemter anipnnandy @bt byoYaiatiomgf e Li |

Na+, KirgBhit.cation ddddits Seestitudfd+, Ca2+, Sr2+ and Ba2+, are reacted with a
salt of ?ornula (Q+) p(YP-)n, wherein M+ is an organic cation, in

particular an organic cation containing at |east one heteroatom sel ected
from t Heurtiresuihecpresent inngntibn nelatesgona ppdaessifor psepaging te inorgabbo iiayanp- n
'S 2 Ofhatates of formula I, wherein R' is Cis alkyl, Coss alkenyl, Ce-10 aryl or benzyl, X is
oxygen or sulfur and Catn* is an inorganic cation M™ with n being 1 or 2, preferably
selected from the group consisting of Li*, Na*, K*, Rb*, Cs*, NH4*, Be2*, Mg?*, Ca2*,
Sr2* and Ba?*, characterized in that
B(XR")3 is reacted with a cyanotri-C1.e-alkylsilane, in particular with cyanotrimethyl-
25 silane (TMSCN), in the presence of M7 (CN-)n, wherein
R'is C16 alkyl, C26 alkenyl, Ce.10 aryl or benzyl,
X is oxygen or sulfur, and
M~ is an inorganic cation with n being 1 or 2, preferably selected from the group
consisting of Li*, Na*, K*, Rb*, Cs*, NHs*, Be2*, Mg?*, Ca?*, Sr2* and Ba?*.

| nor garndy 6@%hRi“s9’Htﬁ@sn§ tRiu (%g tﬂaeQIseZas leir8H f@'td’ reﬂéé@&bgéntfsrﬁﬂléhﬁd&h%@
|

30
Preferably, B(XR')3 and M™(CN-), are applied in a molar ratio of from 0.8: 1.0 to
1.2:1.0, in particular in a molar ratio of from 0.9:1.0 to 1.1 : 1.0. The cyanotri-C1_s-
alkylsilane is preferably used in an excess based on B(XR')s, for example in a molar
ratio of from 1.5:1 to 10: 1, in particular in a molar ratio of from 3:1 to 5:1. The

35 process for preparing the inorganic tricyanoborates is preferably carried out at a
temperature of from 0 °C to 250 °C, in particular at a temperature of from 50 °C to
100 °C. Preferably, the process for preparing the inorganic tricyanoborates is carried



YP- is an anion selected fromthe group consisting of halides,
pseudohal i des, sulfate and organic acid anions and pis 1 or 2. 20 In a

pref er r edwenbndisesmnt , the i norgani ¢ tricyanoborates usegcaEP2@oopared
precedent according to the process for their preparation as clained above.
The halide as anion Y- of the salt of tde fornmula (Q1+)(Y-)n can be

sel ected fromthe 25group consisting of fluoride, chloride, brom de and

i odi de. rticul ar r rnred_is chloride. , | ide.ani o
the o Ut TRoBbIRtB R R pbive ShEibalify AP RIS Pt SrrRublande
at ons dammedhiasiside pragheeti cal |y sinmilar to the hal ogens can be used.
30Preferably, the pseudohalide anion is selected fromthe group consisting
of CN-,_OCN-, SCN- and N3-. More preferably, the pseudohalide anion is CN-.
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Thqspr%g&égnfor preparing the organic tricyanoborates is preferably carried
out "at a’fenperature of from10 Cto 250 C, in particular at a tenperature
in themigiger 2rom 15 room tenperature to 100 C. Exanpl es: Abbrevi ations:

Yr- is an anion selected from the group consisting of halides, pseudohalides, sulfate
and organic acid anions and
pis1or?2.

20
In a preferred embodiment, the inorganic tricyanoborates used are prepared precedent
according to the process for their preparation as claimed above.

The halide as anion Y- of the salt of the formula (Q™)(Y~-), can be selected from the
25 group consisting of fluoride, chloride, bromide and iodide. Particularly preferred is
chloride.

As pseudohalide anions Y- in the salt (Q™*)(Y-)a, anions which consist of at least two
electronegative atoms and which are chemically similar to the halogens can be used.

30 Preferably, the pseudohalide anion is selected from the group consisting of CN-,
OCN-, SCN- and N3~. More preferably, the pseudohalide anion is CN-.

Suitable examples for organic acid anions are anions of monobasic and dibasic non-
aromatic and aromatic acids, such as acetate, oleate, fumarate, maleate, pyruvate,
35 oxalate and benzoate. Particularly preferred are acetate and pyruvate anions.



20 TMSCN = cyanotri nmet hyl sil ane TMSOVe = net hoxytri nethyl silane EA =

el enrental analysis CP-CES = optical em ssion spectronetry with inductively
coupl ed pve=nm/iss13+ broad 25 Exanple 1: Synthesis of potraT@PRom/000426
tricyanonet hoxyborate K[B(CN)3(OCH3)] B(OCH3)3 (20.0 g, 0.19 nol) and KCN
(12.5 g, 0.19 nol) were dissolved in TNGCN (66.8 g, 0.67 nol) and heated at
a reflux tenperature of 70 C under protective gas for 30 18 hours. After

°!
Gt TwhRm 5{”’?’*%3 S%&%)ery i %?%Eggg § MaFBanib iR *’f@@%.
1H NVR dbrye apg thessiinof thveforrsulap@Y] ate preferably ed fpa=molE mlo of fip

13C- NVRy, 812150%6”42 opgq};, erN@blar‘ﬁwEaﬁﬁaﬂarratﬁ?’ofzﬁorhSOQ 112@t81(ﬂ { 0% + septet
35(20%, q: J= 69.9 Hz, septet: J= . 11B-NWMR (160.3 Mz, CD3CN, BF3

Et 20 external): 6 [ppn] = -18.5 (s) IR (NUJ oI) % [cml] = 2228 2163,
1205, IRl rductioB6E.préf2bablfarriddslout ﬁgal%dlmnt erv@t(rdﬁ@tmpmi é&xample inViD
2010/0 13 Pa?é/ Egv(%l /I’gig)( lflr%GCémpnslng wa?er and at Ieast one organic solvent, for
example in a mixture of water and methylene chloride. As an alternative, the reaction
can also be carried out in the absence of a solvent or in an organic solvent in which the
inorganic salt formed as side product is sparingly soluble or insoluble. As a further
10  alternative, it is also possible to carry out the reaction in an aqueous solution using a

previously loaded ion exchanger.

The process for preparing the organic tricyanoborates is preferably carried out at a
temperature of from 10 °C to 250 °C, in particular at a temperature in the range from
15 room temperature to 100 °C.

Examples:

Abbreviations:
20 TMSCN = cyanotrimethylsilane
TMSOMe = methoxytrimethylsilane
EA = elemental analysis
CP-OES = optical emission spectrometry with inductively coupled plasma
br = broad

25
Example 1: Synthesis of potassium tricyanomethoxyborate K[B(CN)3(OCHj3)]

B(OCHa)s (20.0 g, 0.19 mol) and KCN (12.5 g, 0.19 mol) were dissolved in TMSCN
(66.8 g, 0.67 mol) and heated at a reflux temperature of 70 °C under protective gas for

30 18 hours. After cooling, all volatile components (unreacted TMSCN, formed TMSOMe)
were distilled off to give powdery K[B(CN)3(OCHBa)] in a yield of 27.8 g (92%).

TH-NMR (400 MHz, CD3CN, TMS): & [ppm] = 3.22 (q, 4B = 3.5 Hz, 3 H).

13C-NMR (125 MHz, CD3CN, TMS): & [ppm] = 53.26 (s); 128.7 (q (80%) + septet
35  (20%), q: J=69.9 Hz, septet: J=23.0 Hz).

1"B-NMR (160.3 MHz, CD3CN, BF3 - Et20 external): & [ppm] = —18.5 (s).

IR (Nujol): v [em~1] = 2228, 2163, 1201, 1221 br, 965, 926, 866.

Melting point: >240 °C (decomposition).



B K Met hod EA EA EA CP- OES CP- OES % expected 30.22 1.90 26.43 6.80 24.29 %
found 30.50 2.20 25.70 6.90 21.13

WO 2010/086131 PCT/EP2010/000426
-10 -
Analysis: Element C H N B K
Method EA EA EA CP-OES |CP-OES
% expected 30.22 1.90 26.43 6.80 24.29
% found 30.50 2.20 25.70 6.90 21.13

Example 2: Synthesis of 1-ethyl-3-methylimidazolium tricyanomethoxyborate (ionic

5 liquid)

C\ /C /N@N\/
b 7
N//C O

10 — -
An aqueous solution of 1-ethyl-3-methylimidazolium chloride (5.0 g, 34 mmol),
K[B(CN)3(OCHz3)] (5.4 g, 34 mmol) and water (25.1 g) were mixed with methylene
chloride (67 g) and stirred at room temperature for 1 hour. After separation of the
aqueous and the organic phase, the organic phase was washed with 10 ml of water

15 and evaporated on a rotary evaporator yielding 5.81 g (74%) of 1-ethyl-3-methyl-
imidazolium tricyanomethoxyborate as a colorless, low-viscosity liquid which did not
solidify even at a temperature of —10 °C.

TH-NMR (400 MHz, CD3CN, TMS): & [ppm] =1.62 (br t, J=7.0Hz, 3 H), 3.33 (q,
20 Hs=3.5Hz, 3H), 4.01 (s, 3 H), 4.30 (brq, /=7,0Hz, 2 H), 7.36 (s, 1 H), 7.39 (s,
1H), 8.67 (s, 1 H).
BC-NMR (125 MHz, CD3CN, TMS): & [ppm] = 15.1 (s), 36.8 (br), 45.7 (s), 53.3 (s),
122.3 (br), 124.0 (br), 128.3 (q (80%) + septet (20%), q: J=69.9 Hz, septet:
J=23.0 Hz).
25 Melting point: Below 0 °C.

Example 3: Synthesis of 1-ethyl-3-methylimidazolium tricyanomethoxyborate (ionic

liquid)

30
A solution of 1-ethyl-3-methylimidazolium chloride (5.0 g, 34 mmol) in water (25 ml)
and K[B(CN)3(OCH3)} (5.4 g, 34 mmol) were mixed with methylene chloride (67 g) and
stired at room temperature for 3 hours. After separation of the aqueous and the



Exampl e 2: Synthesis of 1-ethyl-3-nethylimdazoliumtricyanonethoxyborate
(ionic 5liquid) 10 An aqueous solution of 1-ethyl-3-nethylimdazolium

chl ori de w6.2010m86134 nmol ), K[ B(CN)3(OCH3)] (5.4 g, 34 nwoln)epamd/owaeer (25.1
g) were mxed with nethylene chloride (67 g) and stirred at room
tenperature for 1 hour. After separatiam-of the agueous and the organic
phase, the organic phase was washed with 10 ni of water 15 and evaporated
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H) , br q, J= , 2 H, 7.36 (s, 1 , 7.39(3, 1
H) , 8 67 (s, 1 H. 13CNWR (125 Mz, CD3CN, TM5): 6 [ppml = 15.1 (s), 36.8
(brk, 4%-NMR)(4063MHHZA sCD:CR2. BVShr 5, [pb2d). 0162 Jbr 1,28=37.0cH%,88%49), 8.38 et
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2010/ 08ﬁ4@3mﬁp&1ﬁ/ §P0426 organi c phase, the latter was vvashed with 10
m of vi@ IS dr i egyrver ot assi um carbonate and finally evaporated on a
r ot ary MEEpEPOINY 3.78 g (48% of 1- ethyl-3-nethylimdazoliurn
tricyanonet hoxyborate as a |l owviscosity liquid. 5 1H NVR (400 MHz, CD3CN,
T™B): 6 [ppn] = 1.62 (br t, J=7.0 Hz, 3 H, 3.33 (q, JHB = 3.5 Hz, 3 H),
4.01 (s, 3 H, 4.30 (br q, J= 7,0 Hz, 2H),736(s,1H),739(s,1H)
8 67 ( Example.4: Syntheseaflivrxagg- quollalDGEINchammetboxmtez(lqmc1Iqm§ii)
6., (br), 45.7 (br), 53.3 (q), 122.3 (br), 124.0 (br), 128.3 (q (80% +

septet (20%, g: J=69.8 Hz septet:N10:}=- 23.2 Hz), 135.7 (d). Melting
point: Below 0 C. N Y @
C\B/C
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N/¢C 0]

20
A solution of Mn-butyl-2-picolinium chloride (5.0 g, 27 mmol) in water (20 ml) and
KIB(CN)3(OCHas)] (4.3 g, 27 mmol) were mixed with methylene chloride (53 g) and
stirred at room temperature for 5 hours. After separation of the aqueous and the
organic phase, the latter was washed with 10 m| of water, dried over potassium
25 carbonate and finally evaporated on a rotary evaporator yielding 4.0 g (55%) of M-+
butyl-2-picolinium tricyanomethoxyborate as a low-viscosity liquid.

1H-NMR (500 MHz, CD3sCN, TMS): & [ppm] = 0.92 (t, J = 7.3Hz, 3H), 1.35-1.43 (m,
2H), 1.79-1.83 (m, 2H), 2.74 (s, 3H), 3.15 (q, 4is = 3.9 Hz, 3H), 4.39 (br t, J = 8Hz,
30 2H),7.76-7.82 (m, 2H), 8.26-8.30 (m, 1H), 8.52-8.54 (m, 1H).
13C-NMR (125 MHz, CD3CN, TMS): & [ppm] = 12.9 (q), 19.4 (q), 19.7 (1), 31.7 (t), 52.5
(q), 58.0 (t), 126.0 (d), 128.0 (q (80%) + septet (20%), q: J =69.9 Hz, septet:
J=20.7 Hz), 130.5 (d), 145.1 (d), 145.3 (d), 155.61 (s).
Melting point: Below 0 °C.
35



Exanpl e 4: Synthesis of Akn-butyl-2-picoliniumtricyanonethoxyborate (ionic

liquid) 15 - - - 20 A solution of Nn-butyl-2-picoliniumchloride (5.0

g, 27 moNd 20mv/08ed3er (20 nml) and K[ B(CN) 3(OCH3)] (4.3 gpczZiErommlodosaer e

m xed with nethylene chloride (53 g) and stirred at roomtenperature for 5

hours. After separation of the aqueous4and the organic phase, the latter

was washed with 10 ml of water, dried over potassium 25 carbonate and

5% .of. | Vs

: , ionig ljayid

1H NWVR (500 M—lz CD3CN TIVB) 6 [ppnj 0 92 (t J— 7 3Hz 3H) 1.35-1.43

(m 2H, 179183(m 2 9|274(s H)_'3 15%1 ~1/13 3.9 Hz, 3H),
N

4.39 (br t, J= 8Hz, 302 6-7 82’y(m 8.30 (m 1H), 8.52-8.54
(m 1H). 13C NMR (125 CD3CQI,/ [pprr] 12. (q) 19.4 (q), 19.7
(t)g 31.7 (t), 52.5 (q),|58.0 (Th: 1/60(d)m{178No—(’ (80% + sept et
(209, q: J = 69.9 Hz, s ptg,cJ_ 145.1 (d), 145.3

(d), 155.61 (s). Mel ti ng pN'ﬁt Below 0 ¢ WD 20 086131PCT/ EP2010/ 000426
- 12 - Exanple 5: SynthesSis of tetraethylammoni umtricyanonet hoxyborate

(fonic Ais%llllijt(ljc}n of tetraethylammonium chlioride (5.0 g, 30 mmol) in water (22 ml) and

K[B(CN)3(OCHa)] (4.8 g, 30 mmol) were mixed with methylene chloride (59 g) and

10  stirred at room temperature for 5 hours. After separation of the aqueous and the

organic phase, the latter was washed with 10 ml of water, dried over potassium

carbonate and finally evaporated on a rotary evaporator yielding 4.0g (53%) of
tetraethylammonium tricyanomethoxyborate as a low-viscosity liquid.

15  'H-NMR (500 MHz, CD3CN, TMS): & [ppm] = 1.16 (i, /= 7.3, 4y~ = 1.9 Hz, 12H), 3.12
(g, /J=7.3 Hz, 8 H), 3.16 (A8 = 3.4 Hz, 3H).
13C-NMR (125 MHz, CD3CN, TMS): & [ppm] = 6.8 (q), 52.3 (dt, J&o;n = 3.2 Hz), 54.5 (q),
128.0 (q (80%) + septet (20%), q: /=70 Hz, septet: J= 23.5 Hz).
Melting range (DSC): Between 1 and 26 °C.

20

Example 6: Synthesis of tetrabutylphosphonium tricyanomethoxyborate (ionic liquid)

2 ] __ \
N N
\ 4
N, ¢ _/—/

30

A solution of tetrabutylphosphonium methanesulfonate (5.0 g, 14 mmol) in water
(10.4 ml) and K[B(CN)3(OCHz3)} (2.2 g, 14 mmol) were mixed with methylene chloride
(27.6 g) and stirred at room temperature for 5 hours. After separation of the aqueous

35 and the organic phase, the latter was washed with 10 ml of water, dried over
potassium carbonate and finally evaporated on a rotary evaporator yielding 3.4 g
(64%) of tetrabutylphosphonium tricyanomethoxyborate as a low-viscosity liquid.



A solution of tetraethylamoniumchloride (5.0 g, 30 mmol) in water (22 ml)
and K[ B(CN)3(OCH3)] (4.8 g, 30 mmol) were m xed wth nethylene chloride (59
g) and lOowetnrwoseizat room tenperature for 5 hours. AftercTaEpariani@rs of the
aqueous and the organic phase, the latter was washed with 10 m of water,
dri ed over potassium carbonate and fi naBl-y evaporated on a rotary
evaporator yielding 4.0 g (53% of tetraethylammoniumtricyanonet hoxyborate

as a lo 1 Q0 X 14\ 16
(reo 3 2ENARR S0 fks EDHoN: Thke: Wifept 0 0“41"'*“ f&%*%’wi’% R
34Hz163 H).. 2.0462. (Rrm;, B2H).-21 (dmsers.4 6[ppn’] = 6.8 (q), 52.3 (dt,
IgN t—13cmg%1@4wmmo @ﬂsms ag%l i FEPS br@;om 8, i Zug R a),
septe = nd _ anpl e
Synt hes? 16qd Pr‘a%y@t%phﬂrsbgﬁgn a/ ‘ﬁéqueg%%)o (qO% %8 %w d)

25- 5- /Meltiag pdimtoBetow0 °@. tetrabutyl phosphoni um net hanesul fonate (5.0 g,
14 nmmol ) in water (10.4 m) and K[B(CN)3(OCH3)] (2.2 g, 14 mmol) were m xed
with methylene chloride (27.6 g) and stirred at roomtenperature for 5
hours. After separation of the agueous 35 and the organic phase, the latter
was washed wth 10 ml of water, dried over potassiumcarbonate and finally
evaporated on a rotary evaporator yielding 3.4 g (64% of

t et rabut yl phosphoni urn tricyanonet hoxyborate as a | owviscosity |iquid.

WD 2010/ 086131PCT/ EP2010/ 000426 - 13 - 11-1-NWR (500 Mz, CD3CN, TMS): 6
[ppml = 0.95 (t, J= 7.3 Hz, 12 H), 1.44-1.53 (m 16 H), 2.04-2.10 (m 8 H),
3.21 (,4-1/13 = 3.4 Hz, 3H). 13C-NWR (125 MHz, CD3CN, TMS): 6 [ppn] = 13.76
(br q), 19.2 (td, Jpic = 48.3 Hz), 24.1 (td, Jpic = 4.6 Hz), 24.7 (td, JP/C
= 15.6), 53.4 (q), 128.0 (g + m qg: J=70 Hz). 5Melting point: Below O C



WO 2010/ 086131PCT/ EP2010/ 000426 - 14 - Clains 1. A tricyanoborate of fornula
- - 10 wherein RL is Cl-6 alkyl, C2.6 al kenyl, C6-10 aryl or benzyl, X
i s oxygerworowuiséis, and Cat n+ is a cation RCTEPR010MDIZ 1 or 2,
which is selected fromthe group consisting 150f an inorganic cation and an
organic cation. 2. The tricyanoborate-gdcording to claim1l, wherein X is
oxygen. 3. The tricyanoborate according to claiml1l or 2, wherein RL is
met hyl ,C%Ehgl or 20propyl. 4. The tricyanoborate according to claim 3,
wherein I's methyl. 5. The tricyanoborate according to any one of clains
1 to 4, wherein Cat n+ is an 25inorganic cation selected fromthe group
consi st4 ng oA thdylanobBrate ot forta Cs. NH4, Be2+, M2+, Ca2+, Sr2+ and Ba2+.
6. The tricyanoborate according to any one of clains 1 to 4, wherein Cat n+
s an organic cation containing at |east one_ heteroatom selected fromthe
growp 30consi sting of nitrogen,N&hosphor/N, gul fur and oxygen.

N 7

C\ /C 1 Cat n+

(1),
10
wherein
Rt is C1.6 alkyl, C2.6 alkenyl, Ce-10 aryl or benzyl,
X is oxygen or sulfur, and
Catn+ is a cation with n being 1 or 2, which is selected from the group consisting
15 of an inorganic cation and an organic cation.

2. The tricyanoborate according to claim 1, wherein X is oxygen.

3. The tricyanoborate according to claim 1 or 2, wherein R! is methyl, ethyl or
20 propyl.

4. The tricyanoborate according to claim 3, wherein R' is methyl.

5. The tricyanoborate according to any one of claims 1 to 4, wherein Cat™ is an
25 inorganic cation selected from the group consisting of Li*, Na*, K*, Rb*, Cs*,
NH4*, Be2*, Mg2+, Ca2+, Sr2+ and Ba?*.

6. The tricyanoborate according to any one of claims 1 to 4, wherein Cat is an
organic cation containing at least one heteroatom selected from the group
30 consisting of nitrogen, phosphorus, sulfur and oxygen.

7. The tricyanoborate according to claim 6, wherein the organic cation is selected
from the group consisting of cations of formula

35 (a) (WRZ2R3R4R>)*, wherein W is nitrogen or phosphorus, and
(i) wherein R2 to R# are, independently, C1.20 alkyl, and R® is C1.20 alkyl,
Ca10 cycloalkkyl or Ce.10 aryl, wherein optionally R2 to RS,
independently, contain one or more halogens, or



7. The tricyanoborate according to claim®6, wherein the organic cation is
sel ected fromthe group consisting of cations of fornula 35(a)
(WR2R3R4ARED2010/M8613¢i N Wi s nitrogen or phosphorus, and @CI#E®rer1eion4R2 to R4
are, independently, Cl1-20 alkyl, and R5 is Cl1-20 al kyl, C3-10 cycl oal kyl or
C6_10 aryl, wherein optionally R2 to R35-i ndependently, contain one or nore
hal ogens, or WO 2010/ 086131PCT/ EP2010/ 000426 - 15 - (ii) wherein R2 and R3

together w th Wor Dy I
i ndependent | y, 1) Zgﬁh%r%i h R V\ﬁd TRRGEREr Wlﬂ?\l/\f"ﬂﬂnﬁé 5&@9 ﬁe%t%red Jing and

erelnotlona y R4 and . I ndependent
contain one or norefd aargggi’sare@ﬁndependently, C120 afkyl,j wh W?é’ﬂé!pﬁ'ogé Eﬁ ?%dor
(Rg) a?;i(RGR%:?g) each caseunmgehbéﬁttlwddﬁt%fdwerbranéé hilegénseaier ed ring. or
+ wherein ni, t 1.0 o orm a
g wi oh Dy ez aBH RSBt BRRG i fasd eantBer Bl Wooks 4
R7, sand R8 is Cl_205at&yimefibet€d cpg) oal kyl or C6_10 aryl, wherein R8

| ooptionally contains one or nore hal ogens, or (c) (YRORloR1ll)+, wherein Y

is sul fur and ig wherein RO and Rl are, independently, C 20 al kyl
and R11 is @) 2@XRPRYRE)* Cahereinyk livalitkggernandaRd andr togﬁtberemhastfpanaaw

RO to R', 15ind n 6
ond Rl toget herw\?,m@t iﬁ%hic}ﬁ X%Hﬁéw‘ hQQeorféf slﬁ?!@b?ﬁﬂ%%n%&odﬂlé )&:YYG%:R

C3_10 cycl oal kylangr Rés and BPy‘ﬁ Cmeﬁwh Ry 10 6}’)@'96‘#&‘ o) ot ﬁ'l'yiswgﬁée'ﬁrknore

halfgens, or 20(@}.0651318@3)”50@&md@ezlau@ggngygen or sulfur and R12 and
R13 together with Z forma ring in which Z tormally has one single bond and

one double bond to R12 and R18, and wherein optionally one or nore
subst it uent s(c);el¥R§B@R1ﬁbnvm15tee|gr\ﬁlsmtdfnmansit| ng 25 of C _20 alkyl, G _20

al koxy, C3-10 c o I C upéh {0 h
of the rings fo)r(ﬁved ‘l_ﬁ %2 fj&bﬁﬁ'ta&%nﬁ'lo%%%ﬂg@ﬂ% e a@?ﬁhgpg onaﬁe?gth
G 20 alkyl, the c:1at1<yl aan«WYCtQﬁ?ékmoﬂ@mcﬁb’él Mmercalndoph@natb/

Indl%pendently, cont ﬁidédéfh@eﬁfly r@frﬁanh%r@@ﬁﬁor@ﬁﬂlo%@%ebﬁ' n optlonal ly each

f th f
© € rings Orﬁedw\ﬁeremt&ge c']”??sg It(t)gsjee wR% \}?orm a 5- to 7-membered ring and
R11 is C120 alkyl, Cs.10 cycloalky! or Ce.10 aryl, wherein R optionally
contains one or more halogens, or

20 (d) (ZR'2R13)*, wherein Z is oxygen or sulfur and R'2 and R'3 together with Z
form a ring in which Z formally has one single bond and one double bond
to R12 and R13, and

wherein optionally one or more substituents selected from the group consisting

25 of Ci20 alkyl, C120 alkoxy, Cs.10 cycloalkyl, Cs.10 aryl, halogen and cyano are
bound to each of the rings formed with the substituents R2 to R'3, wherein
optionally the C1.20 alkyl, the C1.20 alkoxy, the Ca.10 cycloalky! and the Cs.10 aryl,
independently, contain one or more halogens, and

30 wherein optionally each of the rings formed with the substituents R2 to R13
contains one or two further, substituted or unsubstituted heteroatoms selected
from the group consisting of nitrogen, sulfur and oxygen and/or be fused to
another aromatic or non-aromatic 5- to 7-membered ring.

35 8. The tricyanoborate according to claim 6 or 7, wherein the organic cation is
selected from the group consisting of organic ammonium, phosphonium,
sulfonium, pyrrolidinium, pyrrolinium, pyrrolium, pyrazolium, imidazolium,
triazolium, oxazolium, thiazolium, piperidinium, piperazinium, morpholinium,



contains one or two further, substituted or unsubstituted heteroatons

sel ected fromthe group consisting of nitrogen, sulfur and oxygen and/or be
fused t o woabtwsesiomati ¢ or non-aromati c 5- to 7- nenbePel/EPR019/00B38. The
tricyanoborate according to claim6 or 7, wherein the organic cation is
selected fromthe group consisting of -dégani ¢ ammoni um phosphoni um

sul fonium pyrrolidinium pyrrolinium pyrrolium pyrazolium imdazolium

o 5 PR PRSP AT i on

pyri dazi ni urfPiopyFylinicalienn pyrazi ni um 1, 3-di oxol i um pyrylium and
thiopyryliumcation. 9.The tricyanoborate according to any one of clains 6

to 8, erel he or ic 5catiqn i.s selecte from rou S|st|n
NRA SR BBale Aechr g 18 arvaree o AR Aus e e Blgatc °
pr efser abl y Cifb;tubé lelsbtdciecafrdmnriesgmuplommlngfofom 0 to 4. 10.The

tricyanoborate according to claim9, wherein the organic cation is of
formula 251 , wherein R and R are, independently, G _20 atkyrrpreferably

G _i4 alkyl. 7\ f \
R/N\@N\Ri +

/N\
R R'
10
Rl
OO N OC
w v R
15 R R R
NR4 mR'm PR4 mR'm
20 wherein R and R’ are, independently, C1.20 alkyl, preferably C1.14 alkyl, and m is
an integer from 0 to 4.
10.  The tricyanoborate according to claim 9, wherein the organic cation is of formula
: ©
rR—NxN~Rr ay,

wherein R and R’ are, independently, C1.20 alkyl, preferably Ci.14 alkyl.
30 11. The tricyanoborate according to claim 10, wherein R is methyl and R’ is ethyl.
12.  Use of the tricyanoborate as defined in any one of claims 6 to 11, optionally in a

mixture with one or more other ionic liquids, water or organic solvents, as polar
aprotic solvent.



3011. The tricyanoborate according to claim10, wherein Ris nethyl and IR
is ethyl. 12.Use of the tricyanoborate as defined in any one of clains 6 to
11, opti omal2by/ism3a m xture with one or nore ot her ioni ®CiERaIIdSP042@L €r oOr
organi ¢ solvents, as polar aprotic solvent. WO

2010/ 086131PCT/ EP2010/ 000426 - 17 - 13.47A process for preparing the
tricyanoborate as defined in claim5, characterized in that B(XR1l)3 is
reacted with a cyanotri-C _6-al kylsilane in the presence of Mtf(CN)n,
Swherein RL is C1_6 al kyl, C2-6 al kenyl, C6-10 ar or benzyl, X is oxygen
or sul f1¥, aMPressss f@famepamg;mﬁ &rlca/@mpbﬁratpt% ﬂe%'@%@ glan 3 Ch?é@@éf'é

fromthe gr QHPtha® BRNNG ebadtbd With .a lEyantWitC, Salkyiahe BE#te PBgencLat+,
Sr2+ and Baﬁyl é&'&% wprocaess for par eg§?| ng t ‘%m cyanoboratde/gas defi ned

in any one 6 to 11, characterized in that the tricyanoborate as
defisned in okkersird is reacted with a salt of formula (@+)p(YP-)n, wherein

or 2. i 1S Sl e el CR RIS consi sting of halides,
pseudohal i de%js exydesm er suitiiroangdni c acid anions, and p is 1 or 2. 20 15. The
D e ent S0 83 Ao Eddon IR Ab8yeol o SIBDEANAY Itk BoRsehy
of Li+, Na+ K*, Rb*, Cs*, NHs*, Be2*, Mg?*, Ca?*, Sr2* and BaZ*.
10
14. A process for preparing the tricyanoborate as defined in any one of claims 6 to
11, characterized in that the tricyanoborate as defined in claim § is reacted with
a salt of formula (Q"™)p(YP)n,
wherein
15 Qn* is an organic cation as defined in any one of claims 6 to 11,
nis1or2,
Y- is an anion selected from the group consisting of halides, pseudohalides,
sulfate and organic acid anions, and
pis 1or2.
20
15.  The process according to claim 14, wherein the tricyanoborate used is prepared
precedent according to the process as defined in claim 13.



