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ABSTRACT: Tunable aryl alkyl ionic liquids (TAAILs) are a

promising class of imidazolium- or triazolium-based ionic liquids. NHR® [Co(ll)] salt NHR® R1
Contrary to “standard” all-alkyl ionic liquids, these carry an aryl ring R'™SN + D —> R

together with a linear or branched alkyl chain. Their application in the L Z N

cobalt-catalyzed hydroarylation/hydroamination of alkenes and ani- R R, _/ \7 Al

lines is presented. The catalytic system is tolerant toward air and is
scalable and reusable. It has been successfully used for the synthesis of

pharmacologically relevant primary to tertiary aryl amines.

n the quest for more sustainability in chemistry, ionic

liquids (ILs) are regarded as one of the most potent
solvents of the future,'* e.g, for application in catalysis.*
Their negligible vapor pressure minimizes emission into the
environment, because of which they are often labeled as “green
solvents”.”® At the same time, they are highly thermally,
chemically, and electrochemically stable. Most importantly,
due to their modular design, their properties can be fine-tuned
and thus can be tailored to a specific task.”'> For this
endeavor, we use a new generation of ionic liquids, the tunable
aryl alkyl ionic liquids (TAAILs),"~"" with the additional
opportunity of fine-tuning the electronic structure of the cation
through the aryl ring substitution pattern.”””' For example, the
increased solubility of metal salts in TAAILs has been applied
to the extraction of noble metals and rare earth elements.””
The ability of ionic liquids to dissolve both metal salts and
organic substrates allows access to intriguing reusable catalytic
systems.””“** The utility of TAAILs has previously been
demonstrated in the industrially relevant platinum-catalyzed
hydrosilylation of olefins.”*

Similarly, hydroaminations and hydroarylations are among
the most sou§ht after reactions because of their high atom
economy. In particular, we were interested in the
intermolecular addition of anilines to olefins (Scheme 1).
Common approaches for this reaction include the use of
ligand-modulated late transition metals,”' ~*’ strong Brensted
acids,”' ™" and earth-abundant metals.**”>' There are some
reports on the use of ionic liquids in this type of reaction,”*™>’
especially for the reaction of the more reactive acetylenes”® and
activated olefins™ or for reactions (co)catalyzed by Brensted
acids.~%

Our approach combines the use of earth-abundant metal
catalysts, namely, cobalt chloride, with the fine-tuning ability of
the TAAILs. We present an easy-to-use catalytic system that is
tolerant toward air, reusable, and allows product isolation by
distillation. The scope has been explored, showing that the
system enables access to pharmacologically relevant substituted
aromatic amines.
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Scheme 1. Representative Catalyst Systems for the
Markovnikov Hydroarylation/Hydroamination of Activated

Olefins and Anilines
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[Rh(cod),][BF4] / HBF, Beller, 1999% | [PhNH,][B(C¢Fs)s] Bergman, 20054
Pt(PPhs)Br, / [Bu,P]Br Brunet, 20038 | HOTf / [BMim][NTf,] Dupont, 2006°°
If(IBu)(Cp*)(OTf),  Peris, 2009% | HI Doye, 200742

Pd(NHC),Cl, Yigit, 20165¢ | Sc(OTf); / zeolithe Parvulescu, 2014%"

At first, the required TAAILs had to be synthesized in
reasonable quantities following the general synthetic procedure
(Scheme 2). An improved protocol for the synthesis of the aryl

Scheme 2. Modular Approach for the Synthesis of TAAILs

1) glyoxal (1 equiv) R2
2) NH4CI (2 equiv)

NH,  3) HCHO (2.1 equiv) [) R2-Br (1.1 equiv) ["\‘
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imidazoles allowed facile scale-up and purification by
distillation. All TAAILs were accessible in three steps from
commercial starting materials in quantities of up to 500 g. The
different counterions, aryl substituents, and alkyl chains of the
TAAILs can be widely varied in a modular fashion. An
overview of the synthesized TAAILs is given in Table S1 (see
the Supporting Information (SI)).
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We initially screened several commercially available metal
salts in the reaction of styrene and aniline in the ionic liquid 1a
(1-butyl-3-(2-methylphenyl)imidazolium bis(trifluorometh-
anesulfonyl)imide) (Table 1). The reaction mainly yielded

Table 1. Screening of Different Catalysts

2 [Cat|']°/ -Ph
Ph” XX+ PhNH, emim, NH, + 'j‘\
(3 equiv) 1a (0.5 mL) Ph
140°C,6h  Ph 2a 3a
2a/3a 2a/3a
no. cat. yield/% no. cat. yield/%

1 FeClL-6H,0 18:16 (37)* 9  LINTE" 4:4
2 CoCL-6H,0 16:14 (39)° 10  none” 3:3
3 NiCl-6H,0 13:12 11 Fe(acac), 2:0
4 MoO,ClL 7:6 12 FeSO,7H,0 7:6
S RuCL3H,0  17:15 (31)* 13 Fe(C,0,) 7.7
6  AuCl 10:8 14 Co(OAc),y4H,0  13:11
7 LaClyH,0 10:10 15 Co(NO,),-6H,0  16:13
8 HOTF 8:8 16  Ni(OAc),4H,0  12:10

“2a, yield after 24 h. ®After 24 h. °5 mol %. Legend: 1a = 1-butyl-3-
(2-methylphenyl)imidazolium bis(trifluoromethanesulfonyl)imide.

the hydroarylation product 2a and the hydroamination product
3a. Among several earth-abundant metal salts and noble metal
salts, iron(IIT) chloride, cobalt(Il) chloride hexahydrate, and
ruthenium(I1I) chloride trihydrate performed best (Table 1,
entries 1, 2, and 5). Other transition metal chlorides, as well as
triflic acid, were less efficient (Table 1, entries 3, 4, and 6—8).
Without added catalyst, the yield after 24 h is as low as 3%
(Table 1, entry 10). Metal salts other than chlorides were also
less active (Table 1, entries 11—16). We chose to further
optimize the reaction using CoCl,-6H,O since it is an
inexpensive and abundant metal salt, which also showed a
slightly better performance after 24 h reaction time, where
complete conversion of styrene was observed, compared to
FeCl;-6H,0. Dissolving CoCl,-6H,0 in the catalytic mixture

leads to an almost instant color change from red to green,
indicating the formation of a cobalt chloride aniline complex.
The product ratio 2a:3a was approximately 3:2, regardless of
the metal salt being used. This selectivity is similar to other
reports.”’"®” For a high selectivity toward the monoalkeny-
lated products, a 3-fold excess of aniline was required. The
excess aniline can be reisolated after the catalytic run.

Next, we screened several ionic liquids as solvent for the
reaction (Table 2). The choice of the counterion (X) (Scheme
2) is very important for the catalytic performance of the system
(Table 2, entries 1—7). Only the TAAILs containing the
weakly coordinating counterions NTf, (Table 2, entry 1) and
B,r (Table 2, entry 6) were able to mediate the reaction. This
dependence on the counterion has been reported for related
catalytic systems.”> Upon variation of the chain length (R?)
(Scheme 2), we found a pronounced influence on the catalytic
activity (Table 2, entries 8—12). In the undecyl-substituted IL
1k, the chain length is at an optimum (Table 2, entry 11).
Similarly, the choice of the aryl substitution pattern (R')
(Scheme 2) is important for an efficient catalytic conversion
(Table 2, entries 13—19). For optimum performance, one
ortho substituent has to be present. Among the tested ionic
liquids, 1q was the most eflicient solvent for the reaction
(Table 2, entry 17). Again, the product ratio of 2a:3a was
approximately 3:2 in all TAAILs, which shows that the
selectivity is not governed by the catalytic system but by the
intrinsic properties of the substrates. We also compared the
performance of other “standard” ionic liquids (Table 2, entries
20—22). In general, these performed worse compared to the
TAAILs. The reaction does not proceed in the absence of an
ionic liquid (Table 2, entries 23 and 24), although the catalyst
is completely dissolved in the latter mixtures. This shows that
the highly polar environment, which is formed by the ionic
liquids,®® is necessary for an efficient catalytic reaction.””®*%°

Screening of the catalyst load and reaction temperature
showed that although there are some changes in selectivity the
highest yields are still obtained by employing 2 mol % catalyst
at 140 °C reaction temperature (Table S2, see SI). At higher

Table 2. Screening of the Ionic Liquid®

CoCly+ 6 H,0
0,
Ph" X+ PhNH, (2 mol %)
(3 equiv) 1':1'0(95 ?‘It_ )h
no. 2a/3a yield/%
IL, R' = 2-Me, R* = C,H,, (X)
1 la (X = NT£,) 39:22
2 1b (X = OMs) 0:0
3 1c (X = OTs) 0:0
4 1d (X = TFA) 0:0
S le (X = Br) 0:0
6 1f (X = Bug) 26:26
7 1g (X = DCA) 0:0
IL, R! = 2-Me, R?, X = NT¥,
8 1h (R* = C;H;) 15:11
9 1i (R? = C4H,3) 13:9
10 1j (R* = CgHyp) 47:24
11 1k (R* = C,H,3) 55:25
12 11 (R* = C\4Hs3) 14:10

“ an-
, +
Ph)\

Ph 2a 3a

no. 2a/3a yield/%

IL, R* = C,,H,;, X = NT§, (R')

13 Im (R' = 2-MeO) 47:16

14 1n (R' = 2-EtO) 54:27

15 1o (R' = 4-Br) 34:23

16 1p (R' = 4-OMe) 37:23

17 1q (R' = 2,4-Me,) 59:29

18 1r (R' = H) 4:3

19 1s (R' = 2,4,6-Me;) 30:18

other solvents

20 [UndecMim][NTf, ] 19:15

21 [EMim][NTf,] 42

22 [Pess14] [NTE] 13:6

23 PhNO, 0:0

24 none 0:0

“OMs — methane sulfonate, OTs — p-toluene sulfonate, TFA — trifluoroacetate, B, — tetrakis(3,5-bis(trifltuoromethylphenyl) )borate, DCA —
dicyanamide, UndecMim — 1-methyl-3-undecylimidazolium, EMim — 1-ethyl-3-methylimidazolium, Py 4 — trihexyltetradecylphosphonium.
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temperatures, 2a is obtained as the sole product, which is
caused by decomposition of 3a, as indicated by prolonging the
reaction time at 140 °C (Table S3, see SI). Adding excess
amounts of water or performing the reaction in air only leads
to a slight decrease in yield (Table S4, see SI). In the latter
case, a color change from green to pink indicates oxidation to
Co(III). Water-free cobalt(Il) chloride is an equally efficient
catalyst (Table S4, entry 4). To our delight, the reaction is
scalable. A S-fold increase of catalyst and reactants only led to a
slight decrease in yield (Table S4, entry S). It has to be
emphasized that the amount of the TAAIL 1q was not
increased, rendering the reaction even more eflicient.

The fact that all reactants and products are volatile, while the
ionic liquid and the metal salt are not, enables the catalytic
system to be reused (Table 3). Distillation of the reaction

Table 3. Reusability”

COC|2' 6 Hzo Ph
(2 mol %) HN~
Ph” X+ PhNH, N w0
(3equiv) 19(05mb) Ph
140°C,24h Ph 2a 3a
run conversion® /% run conversion®/%
1 96 4 95
2 97 S 84
3 95 6 85

“Purification by vacuum distillation. “Conversion of styrene,

determined by GC.

mixture under high vacuum at 120 °C is possible due to the
high thermal stability of the TAAILs, as indicated by TG
measurements on closely related TAAILs.*® The system can be
reused up to 4 times without loss of activity. Then, the
achieved conversion drops by 10%.

Under the optimized reaction conditions, several aniline
derivatives were reacted with styrene derivatives (Table 4).
The highest yield of 76% was achieved for 4-nitroaniline
(Table 4, entry 3). In this case, nearly no hydroamination
product was observed. In general, the selectivity and reactivity
are determined by the electronic and steric properties of the
aniline. This reaction protocol also allows for the efficient and
scalable synthesis of new and promising agents for the
treatment of cancer. For example, 2i was obtained in 60%
yield in a single step. It has been shown to inhibit the
proliferation of several related cell lines.”” The reaction of N-
methyl aniline with styrene also preferably yields the
hydroarylation product 2j (Table 4, entry 10). Other styrene
derivatives, such as 4-tert-butylstyrene (Table 4, entry 11) and
indene (Scheme 3), were also tolerated.

The reaction was also performed using norbornene as a
substrate (Table S). In general, the selectivity toward the
hydroamination product was higher. For example, the
selectivity with 4-nitroaniline as substrate in this reaction is
completely inverted, yielding nearly quantitative amounts of
the hydroamination product 30 (Table S, entry 3). Other
terminal or unstrained cyclic aliphatic alkenes were unreactive
under these reaction conditions.

In conclusion, we have developed a versatile catalytic system
for the hydroarylation and hydroamination of aryl amines with
alkenes in TAAILs. An efficient scale-up procedure allows
access to sufficient quantities of the solvent. Among several
transition metal salts, the inexpensive cobalt(II) chloride
performed best. The choice of the ionic liquid was shown to

Table 4. Substrate Scope with Styrene Derivatives and
Anilines”

R1
NHR®
2 NHR3 ~
CoCly-6 H,0 ||
N, (2mol %) A F
2 + 3
| —_— R3N
J 1q05mL)
2/ 140 °C, 24 h X
R
R’ |
i /s

(3 equiv) 2a-k R R? 3a-k
no. R! R? R} 2 yield/% 3 yield/%"°
v H H H 2a, 47 3a, 22
2 H 4-OMe H 2b, 67 3b, (8)
3 H 4-NO, H 2¢, 76 3¢, (1)
4 H 4-Me H 2d, 41 3d, 12
5 H 2,4-Me, H 2e, 58 3e, (6)
6 H 4-Cl H 2f, 46 3f, (15)
7 H 2-F H 2g, 47 3g, 47
8 H 2-Me H 2h, 54 3h, (7)
9 H 4-iPr H 2i, 60 3i, (5)
10 H H Me 2j, 60 3j, (10)
11 ‘Bu H H 2k, 52 3k, 9

“Isolated yields. *On a 5 mmol scale, “In parentheses: not isolated.
Yield determined by GC-MS.

Scheme 3. Reaction of Indene and Aniline”

NHz CoCl,-6 H,0 O Q
(2 mol %) NH, NH
1q (0.5mL) +
140 °C, 24 h ’
(3 equiv)
2| (42%) 31 (55%)

“Isolated yields.

Table S. Substrate Scope with Norbornene and Anilines”

NHR? (

NHR2 CoCly*6 H,O

2 mol %)
1q ( o 5mL) 1 NR2
140°C, 24 h 7 \ R@

3 equiv) 2m-q \\R1 \_/ 3m-q
no. R! R? 2 yield/%" 3 yield/%
1v H H 2m, 34 3m, 54
2 4-OMe H 2n, 33 3n, 18
3 4-NO, H 20, (0) 30, 97
4 2-Me H 2p, 25 3p, 74
S H Me 2q, (8) 3q, 60

“Isolated yields. “In parentheses: not isolated. Yield determined by
GC-MS.

have a strong impact on the catalyst efficiency. The aryl ortho-
substituted TAAILs outperformed the “standard” aryl alkyl
ionic liquids by far. The selectivity toward the hydroamination
and hydroarylation product is determined by the electronic
and steric properties of the different substrates, providing

access to pharmacologically relevant structures.

DOI: 10.1021/acs.orglett.8b02688
Org. Lett. XXXX, XXX, XXX—XXX


http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.8b02688/suppl_file/ol8b02688_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.8b02688/suppl_file/ol8b02688_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.8b02688/suppl_file/ol8b02688_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.8b02688/suppl_file/ol8b02688_si_001.pdf
http://dx.doi.org/10.1021/acs.orglett.8b02688

Organic Letters

B ASSOCIATED CONTENT
© Supporting Information

The Supporting Information is available free of charge on the
ACS DPublications website at DOI: 10.1021/acs.or-
glett.8b02688.

Supplemental figures and tables, experimental details,
characterization data, and NMR spectra for all
synthesized compounds (PDF)

B AUTHOR INFORMATION
Corresponding Author

*E-mail: thomas.strassner@chemie.tu-dresden.de.
ORCID

Thomas Strassner: 0000-0002-7648-457X
Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was funded by the Deutsche Forschungsgemein-
schaft (priority program SPP 1708).

B REFERENCES

(1) Rogers, R. D.; Seddon, K. R. Chemistry. Ionic liquids - solvents
of the future? Science 2003, 302, 792—793.

(2) Ionic Liquids: Applications and Perspectives; Kokorin, A., Ed,;
InTech: Rijeka, 2011.

(3) Austen Angell, C.; Ansari, Y.; Zhao, Z. Ionic Liquids: Past,
present and future. Faraday Discuss. 2012, 154, 9-27.

(4) Ionic Liquids in Synthesis; Wasserscheid, P., Welton, T., Eds.;
Wiley-VCH Verlag GmbH & Co. KGaA, 2008.

(S) Olivier-Bourbigou, H.; Magna, L.; Morvan, D. Ionic liquids and
catalysis: Recent progress from knowledge to applications. Appl.
Catal, A 2010, 373, 1-56.

(6) Steinriick, H.-P.; Wasserscheid, P. Ionic Liquids in Catalysis.
Catal. Lett. 2018, 145, 380—397.

(7) Handbook of Green Chemistry, Vol. 6: Ionic Liquids; Wasserscheid,
P, Stark, A, Eds.; Wiley-VCH Verlag GmbH & Co. KGaA, 2010.

(8) Clarke, C. J.; Tu, W. C.; Levers, O.; Brohl, A.,; Hallett, J. P.
Green and Sustainable Solvents in Chemical Processes. Chem. Rev.
2018, 118, 747—800.

(9) Chiappe, C.; Pomelli, C. S. Point-functionalization of ionic
liquids: An overview of synthesis and applications. Eur. J. Org. Chem.
2014, 2014, 6120—6139.

(10) Ratti, R. Ionic liquids: synthesis and applications in catalysis.
Adv. Chem. 2014, 2014, 729842.

(11) Sawant, A. D,; Raut, D. G.; Darvatkar, N. B.; Salunkhe, M. M.
Recent developments of task-specific ionic liquids in organic
synthesis. Green Chem. Lett. Rev. 2011, 4, 41—54.

(12) Yue, C; Fang, D.; Liu, L.; Yi, T.-F. Synthesis and application of
task-specific ionic liquids used as catalysts and/or solvents in organic
unit reactions. J. Mol. Lig. 2011, 163, 99—121.

(13) Ahrens, S.; Peritz, A; Strassner, T. Tunable Aryl Alkyl Ionic
Liquids (TAAILs): The Next Generation of Ionic Liquids. Angew.
Chem., Int. Ed. 2009, 48, 7908—7910.

(14) Kaliner, M.; Strassner, T. Tunable aryl alkyl ionic liquids with
weakly coordinating bulky borate anion. Tetrahedron Lett. 2016, 57,
3453—-3456.

(15) Kaliner, M.; Rupp, A.; Krossing, L; Strassner, T. Tunable Aryl
Alkyl Ionic Liquids with Weakly Coordinating Tetrakis((1,1,1,3,3,3-
hexafluoropropan-2-yl)oxy)borate [B(hfip),] Anions. Chem. - Eur. ].
2016, 22, 10044—10049.

(16) Ozdemir, M. C,; Ozgiin, B. Tunable aryl alkyl ionic liquids
(TAAILs) based on 1-aryl-3,5-dimethyl-1H-pyrazoles. J. Mol. Lig.
2017, 248, 314—321.

(17) Schulz, T.; Ahrens, S.; Meyer, D.; Allolio, C.; Peritz, A;
Strassner, T. Electronic Effects of para-Substitution on the Melting
Points of TAAILs. Chem. - Asian J. 2011, 6, 863—867.

(18) Meyer, D.; Strassner, T. 1,2,4-Triazole-based tunable aryl/alkyl
ionic liquids. J. Org. Chem. 2011, 76, 305—308.

(19) Stolte, S.; Schulz, T.; Cho, C.-W.; Arning, J.; Strassner, T.
Synthesis, Toxicity, and Biodegradation of Tunable Aryl Alkyl Ionic
Liquids (TAAILs). ACS Sustainable Chem. Eng. 2013, 1, 410—418.

(20) Roohi, H.; Ghauri, K. Exploring physicochemical properties of
the nanostructured Tunable Aryl Alkyl Ionic Liquids (TAAILs). J.
Mol. Lig. 2015, 209, 14—24.

(21) Roohi, H.; Ghauri, K. Influence of various anions and cations
on electrochemical and physicochemical properties of the nano-
structured Tunable Aryl Alkyl Ionic Liquids (TAAILs): A DFT M06-
2X study. Thermochim. Acta 2016, 639, 20—40.

(22) Strassner, T.; Schulz, T.; Bernhard, G.; Raff, J.; Lehmann, F.
(Technische Universitaet Dresden, Germany; Helmholtz-Zentrum
Dresden - Rossendorf e.V. .), Selective extraction of noble metals from
an aqueous phase using ionic liquids, WO2013017588A1, EP2739572
B1, 2013.

(23) Zazybin, A.; Rafikova, K; Yu, V.; Zolotareva, D.; Dembitsky, V.
M.; Sasaki, T. Metal-containing ionic liquids: current paradigm and
applications. Russ. Chem. Rev. 2017, 86, 1254—1270.

(24) Schulz, T.; Strassner, T. Biphasic platinum catalyzed hydro-
silylation of terminal alkenes in TAAILs. J. Organomet. Chem. 2013,
744, 113—118.

(25) Miiller, T. E.; Hultzsch, K. C.; Yus, M.; Foubelo, F.; Tada, M.
Hydroamination: Direct addition of amines to Alkenes and Alkynes.
Chem. Rev. 2008, 108, 3795—3892.

(26) Huang, L.; Arndt, M.; Gooflen, K.; Heydt, H.; Goofen, L. J.
Late Transition Metal-Catalyzed Hydroamination and Hydroamida-
tion. Chem. Rev. 2015, 115, 2596—2697.

(27) Li, Z.; Miiller, T. E. Catalysis and Scope of the Hydroamination
of Non-activated CC Multiple Bonds. In In Applied Homogeneous
Catalysis with Organometallic Compounds; Cornils, B., Herrmann, W.
A., Beller, M., Paciello, R., Eds.; Wiley-VCH: Weinheim, 2017.

(28) Isaeva, V. L; Kustov, L. M. Catalytic Hydroamination of
Unsaturated Hydrocarbons. Top. Catal. 2016, 59, 1196—1206.

(29) Bernoud, E.; Lepori, C.; Mellah, M.; Schulz, E.; Hannedouche,
J. Recent advances in metal free- and late transition metal-catalysed
hydroamination of unactivated alkenes. Catal. Sci. Technol. 2015, S,
2017-2037.

(30) Pirnot, M. T.; Wang, Y. M.; Buchwald, S. L. Copper Hydride
Catalyzed Hydroamination of Alkenes and Alkynes. Angew. Chem., Int.
Ed. 2016, SS, 48—57.

(31) Johns, A. M,; Utsunomiya, M.; Incarvito, C. D.; Hartwig, J. F. A
highly active palladium catalyst for intermolecular hydroamination.
Factors that control reactivity and additions of functionalized anilines
to dienes and vinylarenes. J. Am. Chem. Soc. 2006, 128, 1828—1839.

(32) Johns, A. M,; Sakai, N.; Ridder, A.; Hartwig, J. F. Direct
measurement of the thermodynamics of vinylarene hydroamination. J.
Am. Chem. Soc. 2006, 128, 9306—9307.

(33) Prades, A,; Corberan, R; Poyatos, M.; Peris, E. A simple
catalyst for the efficient benzylation of arenes by using alcohols,
ethers, styrenes, aldehydes, or ketones. Chem. - Eur. J. 2009, 18,
4610—4613.

(34) Hu, X; Martin, D.; Melaimi, M.; Bertrand, G. Gold-catalyzed
hydroarylation of alkenes with dialkylanilines. J. Am. Chem. Soc. 2014,
136, 13594—13597.

(35) McBee, J. L.; Bell, A. T.; Tilley, T. D. Mechanistic Studies of
the Hydroamination of Norbornene with Electrophilic Platinum
Complexes: The Role of Proton Transfer. J. Am. Chem. Soc. 2008,
130, 16562—16571.

(36) Uchimaru, Y. N—H activation vs. C—H activation: ruthenium-
catalysed regioselective hydroamination of alkynes and hydroarylation
of an alkene with N-methylaniline. Chem. Commun. 1999, 1133—
1134.

DOI: 10.1021/acs.orglett.8b02688
Org. Lett. XXXX, XXX, XXX—XXX


http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.8b02688
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.8b02688
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.8b02688/suppl_file/ol8b02688_si_001.pdf
mailto:thomas.strassner@chemie.tu-dresden.de
http://orcid.org/0000-0002-7648-457X
http://dx.doi.org/10.1021/acs.orglett.8b02688

Organic Letters

(37) Beller, M.; Thiel, O. R;; Trauthwein, H. Catalytic Alkylation of
Aromatic Amines with Styrene in the Presence of Cationic Rhodium
Complexes and Acid. Synlett 1999, 2, 243—245.

(38) Schmid, B.; Frief}, S.; Herrera, A; Linden, A.; Heinemann, F.
W.; Locke, H,; Harder, S.; Dorta, R. Chiral amino-phosphine and
amido-phosphine complexes of Ir and Mg. Catalytic applications in
olefin hydroamination. Dalton Trans 2016, 45, 12028—12040.

(39) Li, K; Horton, P. N.; Hursthouse, M. B.; Hii, K. K. M. Air- and
moisture-stable cationic (diphosphine)palladium(II) complexes as
hydroamination catalysts X-ray crystal structures of two complexes. J.
Organomet. Chem. 2003, 665, 250—257.

(40) Kawatsura, M.; Hartwig, J. F. Palladium-catalyzed intermo-
lecular hydroamination of vinylarenes using arylamines. J. Am. Chem.
Soc. 2000, 122, 9546—9547.

(41) Seshu Babu, N.; Mohan Reddy, K; Sai Prasad, P. S;
Suryanarayana, L; Lingaiah, N. Intermolecular hydroamination of
vinyl arenes using tungstophosphoric acid as a simple and efficient
catalyst. Tetrahedron Lett. 2007, 48, 7642—764S.

(42) Marcsekova, K; Doye, S. Hl-catalyzed hydroamination and
hydroarylation of alkenes. Synthesis 2007, 2007, 145—154.

(43) Anderson, L. L.; Arnold, J.; Bergman, R. G. Proton-catalyzed
hydroamination and hydroarylation reactions of anilines and alkenes:
A dramatic effect of counteranions on reaction efficiency. J. Am. Chem.
Soc. 2005, 127, 14542—14543.

(44) Xu, X; Zhang, X,; Wang, Z.; Kong, M. HOTf-catalyzed
intermolecular hydroamination reactions of alkenes and alkynes with
anilines. RSC Adv. 2015, S, 40950—40952.

(45) Cherian, A. E.; Domski, G. J,; Rose, J. M.; Lobkovsky, E. B;
Coates, G. W. Acid-catalyzed ortho-alkylation of anilines with
styrenes: An improved route to chiral anilines with bulky substituents.
Org. Lett. 2005, 7, 5135—5137.

(46) Ciobanu, M.; Tirsoaga, A.; Amoros, P.; Beltran, D.; Coman, S.
M.,; Parvulescu, V. I. Comparative hydroamination of aniline and
substituted anilines with styrene on different zeolites, triflate based
catalysts and their physical mixtures. Appl. Catal, A 2014, 474, 230—
23S.

(47) Michon, C.; Medina, F.; Capet, F.; Roussel, P.; Agbossou-
Niedercorn, F. Inter- and intramolecular hydroamination of
unactivated alkenes catalysed by a combination of copper and silver
salts: The unveiling of a Brenstedt acid catalysis. Adv. Synth. Catal.
2010, 352, 3293—3305.

(48) Cheng, X.; Xia, Y.; Wei, H.; Xu, B.; Zhang, C; Li, Y,; Qian, G;
Zhang, X; Li, K; Li, W. Lewis acid catalyzed intermolecular olefin
hydroamination: Scope, limitation, and mechanism. Eur. J. Org. Chem.
2008, 2008, 1929—1936.

(49) Wei, H;; Qian, G.; Xia, Y.; Li, K; Li, Y.; Li, W. BiCl;-catalyzed
hydroamination of norbornene with aromatic amines. Eur. J. Org.
Chem. 2007, 2007, 4471—4474.

(50) Liu, G. Q; Li, Y. M. Zinc triflate-catalyzed intermolecular
hydroamination of vinylarenes and anilines: Scopes and limitations.
Tetrahedron Lett. 2011, 52, 7168—7170.

(51) Coman, S. M.; Parvulescu, V. . Nonprecious Metals Catalyzing
Hydroamination and C-N Coupling Reactions. Org. Process Res. Dev.
2018, 19, 1327-13SS.

(52) Yin, P.; Loh, T. P. Intermolecular hydroamination between
nonactivated alkenes and aniline catalyzed by lanthanide salts in ionic
solvents. Org. Lett. 2009, 11, 3791—3793.

(53) Jimenez, O.; Miiller, T. E.; Sievers, C.; Spirkl, A.; Lercher, J. A.
Markownikoff and anti-Markownikoff hydroamination with palladium
catalysts immobilized in thin films of silica supported ionic liquids.
Chem. Commun. 2006, 2974—2976.

(54) Sievers, C.; Jiménez, O.; Knapp, R; Lin, X;; Miiller, T. E;
Tirler, A.; Wierczinski, B.; Lercher, J. A. Palladium -catalysts
immobilized in thin films of ionic liquid for the direct addition of
aniline to styrene. J. Mol. Catal. A: Chem. 2008, 279, 187—199.

(55) Breitenlechner, S.; Fleck, M.; Miiller, T. E.; Suppan, A. Solid
catalysts on the basis of supported ionic liquids and their use in
hydroamination reactions. J. Mol Catal. A: Chem. 2004, 214, 175—
179.

(56) Yigit, M.; Yigit, B; Gok, Y,; C)zeroglu Celikal, O.
Intermolecular Hydroamination of Styrene Catalyzed by Palladium-
(II) N-Heterocyclic Carbene Complexes in Ionic Liquid. Heterocycles
2016, 92, 1994—2003.

(57) Yang, L.; Xu, L.-W,; Xia, C.-G. Highly Efficient and Reusable
Ionic Liquids for the Catalyzed Hydro-amination of Alkenes with
Sulfonamides, Carbamates, and Carboxamides. Synthesis 2009, 2009,
1969-1974.

(58) Isaeva, V. I; Prokudina, N. L; Kozlova, L.; Kustov, L. M,;
Glukhov, L.; Tarasov, L.; Beletskaya, I. P. Hydroamination of
phenylacetylene in the presence of gold-containing catalytic systems
supported on carriers modified by ionic liquids. Russ. Chem. Bull.
2015, 64, 2811—2815.

(59) Fadini, L.; Togni, A. Asymmetric catalytic hydroamination of
activated olefins in ionic liquids. Helv. Chim. Acta 2007, 90, 411—424.

(60) Lapis, A. A. M,; DaSilveira Neto, B. A,; Scholten, J. D,;
Nachtigall, F. M.; Eberlin, M. N,; Dupont, J. Intermolecular
hydroamination and hydroarylation reactions of alkenes in ionic
liquids. Tetrahedron Lett. 2006, 47, 6775—6779.

(61) Brunet, J. J; Chu, N. C; Diallo, O.; Mothes, E. Catalytic
intermolecular hydroamination of alkenes beneficial effect of ionic
solvents. J. Mol. Catal. A: Chem. 2003, 198, 107—110.

(62) Brunet, J. J.; Chu, N. C.; Diallo, O. Intermolecular highly
regioselective hydroamination of alkenes with ligandless platinum(II)
catalysts in ionic solvents: Activation role of n-Bu,PBr. Organo-
metallics 2005, 24, 3104—3110.

(63) Chiappe, C.; Malvaldi, M,; Pomelli, C. S. Ionic liquids:
Solvation ability and polarity. Pure Appl. Chem. 2009, 81, 767—776.

(64) Lee, J. W.; Shin, J. Y,; Chun, Y. S;; Jang, H. B.; Song, C. E.; Lee,
S.-G. Toward understanding the origin of positive effects of ionic
liquids on catalysis: formation of more reactive catalysts and
stabilization of reactive intermediates and transition states in ionic
liquids. Acc. Chem. Res. 2010, 43, 985—994.

(65) Yan, N. The Nature of Metal Catalysts in Ionic Liquids:
Homogeneous vs Heterogeneous Reactions. In Ionic Liquids (ILs) in
Organometallic Catalysis; Dupont, J., Kollar, L., Eds.; Springer Berlin
Heidelberg: Berlin, Heidelberg, 201S; pp 1—15.

(66) Zaitsau, D. H.; Kaliner, M.; Lerch, S.; Strassner, T.;
Emel’yanenko, V. N.; Verevkin, S. P. Thermochemical Properties of
Tunable Aryl Alkyl Ionic Liquids (TAAILs) based on Phenyl-1H-
imidazoles. Z. Anorg. Allg. Chem. 2017, 643, 114—119.

(67) Kim, M. S.; Lee, Y.; Sung, G. H,; Kim, J. H,; Park, J. G.; Kim, H.
G.; Baek, K. S.; Cho, J. H,; Han, J; Lee, K. H.; Hong, S.; Kim, J. H,;
Cho, J. Y. Pro-apoptotic activity of 4-isopropyl-2-(1-phenylethyl)
aniline isolated from cordyceps bassiana. Biomol. Ther. 2015, 23,
367-373.

DOI: 10.1021/acs.orglett.8b02688
Org. Lett. XXXX, XXX, XXX—XXX


http://dx.doi.org/10.1021/acs.orglett.8b02688

