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Abstract: An enantioselective Friedel-Crafts alkylation reaction of 
pyrroles and indoles with N-unprotected trifluoromethyl ketimines by 
use of chiral phosphoric acid provided a-trifluoromethylated primary 
amines bearing chiral tetrasubstituted carbon centers in high yields 
and with high to excellent enantioselectivities. The present reaction is 
unique to N-unprotected trifluoromethyl ketimines. No reaction took 
place with N-p-methoxyphenyl (PMP)-substituted ketimine. 
Corresponding a-trifluoromethylated amines were transformed 
without loss of enantioselectivity. 

  The development of efficient synthetic reactions is one of the 
most challenging task in organic chemistry. Although the 
introduction of protecting groups sometimes improves functional 
group tolerance and stability of substrates, the requirement of 
protection and deprotection steps, in general, increases the 
number of steps and decreases chemical yields. In this regard, 
the development of protecting-group-free synthesis is highly 
desired from the standpoint of atom economy, low cost, and short 
reaction time, and will lead to the environmentally benign 
synthesis of organic compounds.[1] 
   The enantioselective introduction of a trifluoromethyl group has 
attracted much attention in pharmaceutical science and 
agrochemistry.[2] Because introduction of the trifluoromethyl group 
may increase lipophilicity and stability for the metabolism of 
fluorinated compounds, a number of synthetic methods have 
been developed for the preparation of trifluoromethylated 
compounds. Among the trifluoromethylated compounds, chiral a-
trifluoromethylated amines have drawn increasing interest 
because of their intriguing biological activity.[3]  

Much effort has been devoted to the enantioselective syntheses 
of a-trifluoromethylated amines. Examples include kinetic 
resolution using enzymes, nucleophilic addition using chiral 
substrates, and catalytic enantioselective nucleophilic addition.[4,5] 
Among these approaches, the catalytic enantioselective 
nucleophilic addition is superior in terms of substrate scope and 
preparation. Therefore, the development of catalytic 
enantioselective nucleophilic addition reaction is desired. 
In regard to enantioselective nucleophilic addition reactions of 

ketimines, N-protected trifluoromethyl ketimines were generally 

used as substrates and the reaction gives a-trifluoromethylated 
secondary amines and the subsequent deprotection is necessary 
to furnish the primary amines.[6-8] N-unprotected ketimines are 
suitable electrophiles to obtain the primary amines directly by 
nucleophilic addition to ketimines.[9] N-Unprotected ketimines are, 
in general, unstable due to the electrophilicity of the carbon atom 
and the basicity of the nitrogen atom. Recently, N-unprotected 
trifluoromethyl ketimines have appealed to synthetic organic 
chemists as substrates for enantioselective reactions because 
these compounds lead to the efficient synthesis of a-
trifluoromethylated primary amines. Due to the moderate stability 
of N-unprotected trifluoromethyl ketimines, their application to 
enantioselective reactions is still in its infancy.[10-11] Only one 
example of an enantioselective reduction of[12] and three 
examples of a nucleophilic addition to[13] N-unprotected 
trifluoromethyl ketimines have been reported.  
  As part of our continued work on chiral phosphoric acid 
catalysis,[14,15] we wish to report herein an enantioselective 
Friedel-Crafts alkylation reaction of pyrroles and indoles with 
trifluoromethyl ketimines, which gives rise to a-trifluoromethylated  

 Figure 1. Direct synthesis of chiral primary a-trifluoromethylated 
amines. 
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amines in good to high enantioselectivities. Indoles are, in general,  
suitable nucleophiles for the Friedel-Crafts alkylation reaction by 
means of chiral phosphoric acid, whereas pyrroles have not been 
extensively employed due to their low nucleophilicity.[16-17] 
Interestingly, pyrroles gave better results than indoles in the 
present reaction. 
 
  We commenced our investigation with the reaction between N-
unprotected trifluoromethyl ketimine 1a and pyrrole (2a) in the 
presence of a catalytic amount of chiral phosphoric acid 3 and 
molecular sieves 13X in mesitylene at –20 ˚C (Table 1). We 
confirmed that the enantioselective nucleophilic addition 
proceeded by means of chiral phosphoric acid 3. Table 1 shows 
the results of examination of substituents at 3,3’-positions of 3. 
Gratifyingly, the reaction gave chiral trifluoromethylated primary 
amine 4aa in 96% yield with 27% ee when chiral phosphoric acid 
3a bearing triphenylsilyl groups at 3,3'-positions was employed 
(Entry 1). Further examination revealed that chiral phosphoric 
acid 3b bearing 2,4,6-triisopropylphenyl groups furnished addition 
product 4aa in 96% ee at –78 ˚C (Entry 7). 
 
Table 1: Optimization of substituents at 3,3’-positions of chiral 
phosphoric acida)  

entry X yield (%) ee (%)b) 

1 SiPh3 96 27 
2 2,4,6-(i-Pr)3C6H2 93 86 
3 C6F5 80 -10 

4 9-Anthryl 84 65 
5 2,4,6-Cy3C6H2 87 79 

6 2-Naphthyl 78 27 
7c) 2,4,6-(i-Pr)3C6H2 quant 96 

a) Reaction conditions: 1a (0.10 mmol), 2a (0.20 mmol), 3 (10 
mol%), MS13X (150 wt%), toluene (1.0 mL). b) Determined by 
chiral HPLC analysis. Detailed conditions are described in 
Supporting Information. c) In the presence of MS3A (150 wt%) at 
-78 ˚C in toluene. 

 
  We then evaluated the substrate scope of pyrroles (Scheme 1). 
First, the aryl group of trifluoromethyl ketimines was examined. 
Both electron-withdrawing and -donating groups were tolerant in 
this reaction, affording corresponding adducts 4 in high yields and 
with high to excellent enantioselectivities. Ketimines bearing 
meta- as well as para-substituted phenyl groups participated the 
reaction successfully. Ketimines having benzothienyl and 4-
methylthiophenyl groups, both of which contain sulfur atom, also 
gave the adducts in excellent yields and with high 

enantioselectivities. 2-Naphthyl ketimine 1k was also a suitable 
substrate. Substituted pyrroles 2b–c also reacted with ketimine 
1a to provide 4ab–4ac in high yields with excellent 
enantioselectivities. This reaction has wide tolerance for the 
substituents on pyrroles and the aryl group. 
  

Scheme 1. Substrate scope of pyrroles. 

 
  Next, we sought to expand the scope of the nucleophile to 
provide enantiomerically enriched a-trifluoromethylated primary 
amines. After the optimization, we found that indole derivatives 5 
were also suitable nucleophiles that gave the corresponding 
products in good yields with good to high enantioselectivities 
(Scheme 2). Phenyl trifluoromethyl ketimine 1b gave 
corresponding chiral primary amine 6ba with 92% ee. Aryl 
trifluoromethyl ketimines gave corresponding adducts 6ca and 
6da in good yields and with 86% ee.  
  We also investigated the substrate scope of indoles. 2-
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participated in the reaction successfully to furnish adducts 6ab–
6ad with good enantioselectivity.  
 

Scheme 2. Substrate scope of indoles. 

 Scheme 3. X-ray crystal analyses of indole- and pyrrole-
substituted a-trifluoromethylated amines. 
The absolute configurations of pyrrole- and indole-adducts were 

determined by X-ray analyses (Scheme 3). Adducts 4aa, 6aa, and 
6ba were acylated to 10, 11a and 11b, respectively with benzoyl 
chloride derivatives.[18] X-ray analyses of them indicated that the 
absolute configuration of 4aa was S and the ones of 6aa and 6ba 
were R. The configurations of all other products were surmised by 
analogy. Single-crystal X-ray analyses of pyrrole and indoles 
revealed that the absolute stereochemistries of adducts are 
different. The results suggested that the Friedel-Crafts reactions 
proceed with opposite face of the trifluoromethyl ketimine.[19] 

 

 Scheme 4. Conversions of a-trifluoromethylated amines. 
 
  The resultant a-trifluoromethylated amines could be transformed 
into amides and ureas without loss of optical purity (Scheme 4). 
The acylation of primary amines proceeded smoothly. Treatment 
of 4aa (96% ee) and 6aa (83% ee) with isobutyryl chloride 
afforded amides 12 and 13 in 76% and 71% yields, respectively, 
with retention of ee. 4aa reacted with 4-bromophenyl isocyanate 
to give urea 14 with retention of ee. Furthermore, the reaction of 
6aa with di-tert-butyl dicarbonate gave N-protected indole 15 in a 
quantitative yield with 80% ee. The difference between 13 and 15 
of nitrogen atoms for acylation might be due to the steric  
hindrance of the acylating reagent. The reaction of 1a was scaled 
up to 1.0 g (approximately 4.0 mmol) successfully to afford 
corresponding adduct 4aa in 88% yield with 99% ee (Scheme 5). 

Scheme 5. Gram-scale enantioselective Friedel-Crafts alkylation 
reaction. 
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   Finally, we compared the reactivity of N-H trifluoromethyl 
ketimine with that of N-PMP trifluoromethyl ketimine (Scheme 6). 
Interestingly, N-PMP trifluoromethyl ketimine 7 did not react with 
pyrroles and indoles at all under the optimized reaction conditions 
for N-H trifluoromethyl ketimines. It should be noted that no 
addition products were obtained even at room temperature, which 
is much higher temperature than that in the optimized reaction 
conditions. Moreover, the reaction did not proceed even in the 
presence of other chiral phosphoric acids at room temperature.  
These results clearly show that N-H trifluoromethyl ketimine is 
much more reactive than N-PMP trifluoromethyl ketimine.[20] We 
disclosed that the present Friedel-Crafts alkylation reaction is a 
specific reaction for N-unprotected trifluoromethyl ketimine. 

 Scheme 6. Comparison of the reactivity between N-PMP 
trifluoromethyl ketimine and N-H trifluoromethyl ketimine. 
a) The reaction was conducted at room temperature. 
 
  In conclusion, we have developed an enantioselective Friedel-
Crafts alkylation reaction of indoles and pyrroles with N-
unprotected trifluoromethyl ketimines. The present reaction has 
wide functional group tolerance to provide a range of a-
trifluoromethylated amines. The absolute configuration of the 
products was determined and the adducts were converted into N-
acylated compounds without loss of ee. It is noted that N-
unprotected trifluoromethyl ketimine is much more reactive than 
N-protected trifluoromethyl ketimine. We also revealed that the 
Friedel-Crafts alkylation reaction of indoles and pyrroles is 
specific to N-unprotected trifluoromethyl ketimines. 

Experimental Section 

General procedures for Friedel-Crafts alkylation reaction of pyrrole 
Under a nitrogen atmosphere, a mixture of ketimine 1a (0.10 mmol), 
pyrrole (2a) (0.20 mmol, 2.0 equiv), MS3A (150 wt%, activated), and chiral 
phosphoric acid 3b (0.010 mmol, 10 mol%) in toluene (1.0 mL) was stirred 
at -78 ̊ C for 24 h, and the reaction was monitored by TLC. After completion 
of the reaction, the reaction was quenched by adding saturated aqueous 
NaHCO3. The crude mixture was extracted with EtOAc (x3) and the 
combined organic extracts were washed with brine, dried with Na2SO4, 
and concentrated in vacuo. The residue was purified by preparative TLC 
to give a-trifluoromethylated amine 4aa (quantitatively with 96% ee). 

Acknowledgements 

This work was partially supported by a Grant-in-Aid for Scientific 
Research on Innovative Areas “Advanced Transformation 
Organocatalysis” from MEXT, Japan, and a Grant-in-Aid for 
Scientific Research from JSPS (17H03060).  

Conflict of interest 

The authors declare no conflict of interest. 

ORCID 

Takahiko Akiyama:0000-0003-4709-4107 
Masamichi Miyagawa:0000-0002-0874-6726 

Keywords: trifluoromethyl ketimine • chiral phosphoric acid • 
nucleophilic addition • indole • pyrrole 

[1] For reviews, see: a) R. W. Hoffmann, Synthesis 2006, 3531-3541. b) I. 
S. Young, P. S. Baran, Nat. Chem. 2009, 1, 193-205. c) R. N. Saicic, 
Tetrahedron 2014, 70, 8183-8218. d) A. M. Downey, M. Hocke, Beilstein 
J. Org. Chem. 2017, 13, 1239-1279. 

[2] For reviews, see: a) A. D. Dilman, V. V. Levin, Eur. J. Org. Chem. 2011, 
831-841. b) X. Liu, C. Xu, M. Wang, Q. Liu, Chem. Rev. 2015, 115, 683-
730. c) X. Yang, T. Wu, R. J. Phipps, F. D. Toste, Chem. Rev. 2015, 115, 
826-870. 

[3] For reviews, see: a) K. Mikami, Y. Itoh, M. Yamanaka, Chem. Rev. 2004, 
104, 1-16. b) H.-J. Böhm, D. Banner, S. Bendels, M. Kansy, B. Kuhn, K. 
Müller, U. Obst-Sander, M. Stahl, ChemBioChem 2004, 5, 637-643. c) K. 
Muller, C. Faeh, F. Diederich, Science 2007, 317, 1881-1886. d) D. 
Cahard, V. Bizet, Chem. Soc. Rev. 2014, 43, 135-147. e) J. Wang, M. 
Sánchez-Roselló, J. L. Aceña, C. Pozo, A. E. Sorochinsky, S. Fustero, 
V. A. Soloshonok, H. Liu, Chem. Rev. 2014, 114, 2432-2506. 

[4] For examples of resolution of racemic a-trifluoromethylated amines, see: 
a) N. M. Shaw, A. B. Naughton, Tetrahderon 2004, 60, 747-752. b) B. 
Koksch, P. J. L. M. Quaedflieg, T. Michel, K. Burger, Q. B. Broxterman, 
H. E. Schoemaker, Tetrahedron: Asymmetry, 2004, 15, 1401-1407. c) N. 
Lensen, J. Marais, T. Brigaud, Org. Lett. 2015, 17, 342-345. 

[5] For examples of nucleophilic addition to chiral trifluoromethyl ketimines, 
see: a) P. Bravo, M. Crueianelli, B. Vergani, M. Zanda, Tetrahedron Lett. 
1998, 39, 7771-7774. b) A. Asensio, P. Bravo, M. Crucianelli, A. Farina, 
S. Fustero, J. G. Soler, S. V. Meille, W. Panzeri, F. Viani, A. Volonterio, 
M. Zanda, Eur. J. Org. Chem. 2001, 1449-1458. c) M. Crucianelli, F. D. 
Angelis, F. Lazzaro, L. Malpezzi, A. Volonterio, M. Zanda, J. Fluorine 
Chem. 2004, 125, 573-577. d) F. Lazzaro, M. Crucianelli, F. D. Angelis, 
M. Frigerio, L. Malpezzi, A. Volonterio, M. Zanda, Tetrahedron: 
Asymmetry, 2004, 15, 889-893. e) F. Huguenot, T. Brigaud, J. Org. 
Chem. 2006, 71, 7075-7078. f) M. Abid, L. Teixeira, B. Török, Org. Lett. 
2008, 10, 933-935. g) Q.-Q. Min, C.-Y. He, H. Zhou, X. Zhang, Chem. 
Commun. 2010, 46, 8029-8031. h) F. Zhang, Z.-J. Liu, J.-T. Liu, Org. 
Biomol. Chem. 2011, 9, 3625-3628. i) J. Yang, Q.-Q. Min, Y. He, X. 
Zhang, Tetrahedron Lett. 2011, 52, 4675-4677. j) Y. Liu, Y. Huang, F.-L. 
Qing, Tetrahedron 2012, 68, 4955-4961. k) T. Guo, R. Song, B.-H. Yuan, 
X.-Y. Chen, X.-W. Sun, G.-Q. Lin, Chem. Commun. 2013, 49, 5402-5404. 
l) P. Liu, Z.-J. Liu, F. Wu, Adv. Synth. Catal. 2015, 357, 818-822. 

[6] For examples of enantioselective catalytic nucleophilic addition to N-
protected trifluoromethyl ketimines, see: a) C. Lauzon, A. B. Charette, 
Org. Lett. 2006, 8, 2743-2745. b) P. Fu, M. L. Snapper, A. H. Hoveyda, 
J. Am. Chem. Soc. 2008, 130, 5530-5541. c) D. Enders, K. Gottfried, G. 
Raabe, Adv. Synth. Catal. 2010, 352, 3147-3152. d) R. Husmann, E. 
Sugiono, S. Mersmann, G. Raabe, M. Rueping, C. Bolm, Org. Lett. 2011, 
13, 1044-1047. e) G. Huang, J. Yang, X. Zhang, Chem. Commun. 2011, 
47, 5587-5589. f) F.-G. Zhang, H. Ma, Y. Zheng, J.-A. Ma, Tetrahedron 

3b (10 mol%)

toluene
MS3A (150 wt%)

4ba

-78 ˚C, 24 h
Ph

NHCF3H
N

X

tracea)
94%, 89% eePh

N

CF3

3c (10 mol%)

mesitylene
MS13X (150 wt%)

-20 ˚C, 24 h
Ph

F3C NH

1b: X = H
7: X = PMP

tracea)
72%, 79% ee

NH

8

6ba
9

X

Pyrrole (2a) (2 equiv)

Indole (5a) (2 equiv)
X

10.1002/chem.201901020

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.



COMMUNICATION          

 
 
 
 

2012, 68, 7663-7669. g) L.-H. Sun, Z.-Q. Liang, W.-Q. Jia, S. Ye, Angew. 
Chem. Int. Ed. 2013, 52, 5803-5806; Angew. Chem. 2013, 125, 5915-
5918. h) K. Morisaki, M. Sawa, J. Nomaguchi, H. Morimoto, Y. Takeuchi, 
K. Mashima, T. Ohshima, Chem. Eur. J. 2013, 19, 8417-8420. i) G. 
Huang, Z. Yin, X. Zhang, Chem. Eur. J. 2013, 19, 11992-11998. 

 [7] For examples of nucleophilic addition to cyclic trifluoromethyl ketimine, 
see: a) G. S. Kauffman, G. D. Harris, R. L. Dorow, B. R. P. Stone, R. L. 
Parsons Jr., J. A. Pesti, N. A. Magnus, J. M. Fortunak, P. N. Confalone, 
W. A. Nugent, Org. Lett. 2000, 2, 3119-3121. b) F.-G. Zhang, X.-Y. Zhu, 
S. Li, J. Nie, J.-A. Ma, Chem. Commun. 2012, 48, 11552-11554. c) K.-F. 
Zhang, J. Nie, R. Guo, Y. Zheng, J.-A. Ma, Adv. Synth. Catal. 2013, 355, 
3497-3502. d) H.-N. Yuan, S. Wang, J. Nie, W. Meng, Q. Yao, J.-A. Ma, 
Angew. Chem. Int. Ed. 2013, 52, 3869-3873; Angew. Chem. 2013, 125, 
3961-3965. e) Y. Duan, X.-Y. Zhu, J.-A. Ma, Y.-G. Zhou, Tetrahedron 
Lett. 2013, 54, 6161-6163. f) H.-N. Yuan, S. Li, J. Nie, Y. Zheng, J.-A. 
Ma, Chem. Eur. J. 2013, 19, 15856-15860. g) M.-X. Zhao, H.-L. Bi, R.-H. 
Jiang, X.-W. Xu, M. Shi, Org. Lett. 2014, 16, 4566-4569. h) D. Chen, M.-
H. Xu, J. Org. Chem. 2014, 79, 7746-7751. i) S. Zhang, L. Li, Y. Hu, Y. 
Li, Y. Yang, Z. Zha, Z. Wang, Org. Lett. 2015, 17, 5036-5039. j) D. Zhou, 
Z. Huang, X. Yu, Y. Wang, J. Li, W. Wang, H. Xie, Org. Lett. 2015, 17, 
5554-5557. k) D. Zhou, X. Yu, J. Zhang, W. Wang, H. Xie, Org. Biomol. 
Chem. 2016, 14, 6193-6196. l) J. Dai, D. Xiong, T. Yuan, J. Liu, T. Chen, 
Z. Shao, Angew. Chem. Int. Ed. 2017, 56, 12697-12701; Angew. Chem. 
2017, 129, 12871-12875. m) S. G. Lee, S.-G. Kim, RSC Adv. 2017, 7, 
34283-34286. 

[8] For examples of catalytic enantioselective umpolung nucleophilic 
addition, see: a) Y. Wu, L. Hu, Z. Li, L. Deng, Nature 2015, 523, 445-450. 
b) P. Chen, Z. Yue, J. Zhang, X. Lv, L. Wang, J. Zhang, Angew. Chem. 
Int. Ed. 2016, 55, 13316-13320; Angew. Chem. 2016, 128, 13510-13514. 
c) P. Chen, J. Zhang, Org. Lett. 2017, 19, 6550-6553. d) B. Hu, L. Deng, 
Angew. Chem. Int. Ed. 2018, 57, 2233-2237; Angew. Chem. 2018, 130, 
2255-2259. 

[9] For examples of nucleophilic addition to N-unprotected trifluoromethyl 
ketimines, see: a) B. Dhudshia, J. Tiburcio, A. N. Thadani, Chem. 
Commun. 2005, 5551-5553. b) F. Palacios, A. M. O. de Retana, S. 
Pascual, G. F. de Trocóniz, J. M. Ezpeleta, Eur. J. Org. Chem. 2010, 
6618-6626. c) F. Palacios, A. M. O. de Retana, S. Pascual, G. F. de 
Trocóniz, Tetrahedron 2011, 67, 1575-1579. c) K. Morisaki, H. Morimoto, 
T. Ohshima, Chem. Commun. 2017, 53, 6319-6322. d) M. Sawa, K. 
Morisaki, Y. Kondo, H. Morimoto, T. Ohshima, Chem. Eur. J. 2017, 23, 
17022-17028. 

[10] For example of enantioselective reduction of N-unprotected ketimines 
(not trifluoromethyl ketimines), see: a) T. B. Ngyuene, H. Bousserouel, 
Q. Wang, F. Guéritte, Org. Lett. 2010, 12, 4705-4707. b) G. Hou, F. 
Gosselin, W. Li, J. C. McWilliams, Y. Sun, M. Weisel, P. D. O’Shea, C.-
y. Chen, I. W. Davies, X. Zhang, J. Am. Chem. Soc. 2009, 131, 9882-
9883. c) Q. Zhao, J. Wen, R. Tan, K. Huang, P. Metola, R. Wang, E. V. 
Anslyn, X. Zhang, Angew. Chem. Int. Ed. 2014, 53, 8467-8470; Angew. 
Chem. 2014, 126, 8607-8610. 

[11] For examples of enantioselective catalytic nucleophilic addition to N-
unprotected ketimines (not trifluoromethyl ketimines), see: a) D. N. Tran, 
N. Cramer, Angew. Chem. Int. Ed. 2011, 50, 11098-11102; Angew. 
Chem. 2011, 123, 11294-11298. b) D. N. Tran, N. Cramer, Angew. Chem. 
Int. Ed. 2013, 52, 10630-10634; Angew. Chem. 2013, 125, 10824-10828. 

[12] For example of enantioselective reduction of N-unprotected 
trifluoromethyl ketimine, see: F. Gosselin, P. D. O’Shea, S. Roy, R. A. 
Reamer, C. Chen, R. P. Volante, Org. Lett. 2005, 7, 355-358. 

[13] For examples of enantioselective nucleophilic addition to N-unprotected 
trifluoromethyl ketimine, see:  a) V. A. Sukach, N. M. Golovach, V. V. 
Pirozhenko, E. B. Rusanov, M. V. Vovk, Tetrahedron: Asymmetry, 2008, 
19, 761-764. b) N. Hara, R. Tamura, Y. Funahashi, S. Nakamura, Org. 
Lett. 2011, 13, 1662-1665. c) R. Yonesaki, Y. Kondo, W. Akkad, M. Sawa, 
K. Morisaki, H. Morimoto, T. Ohshima, Chem. Eur. J. 2018, 24, 15211-
15214. 

[14] For enantioselective reduction of N-PMP ketimines by means of chiral 
phosphoric acid, see: a) A. Henseler, M. Kato, K. Mori, T. Akiyama, 
Angew. Chem. Int. Ed. 2011, 50, 8180–8183; Angew. Chem. 2011, 123, 
8330–8333. b) C. Zhu, K. Saito, M. Yamanaka, T. Akiyama, Acc. Chem. 
Res. 2015, 48, 388-398. c) M. Miyagawa, K. Takashima, T. Akiyama, 
Synlett 2018, 29, 1607-1610. 

[15] For seminal works on the chiral phosphoric acid catalysis, see: a) T. 
Akiyama, J. Itoh, K. Yokota, K. Fuchibe, Angew. Chem. Int. Ed. 2004, 43, 
1566-1568; Angew. Chem. 2004, 116, 1592–1594. b) D. Uraguchi, M. 
Terada, J. Am. Chem. Soc. 2004, 126, 5356-5357. For selected reviews 
on chiral phosphoric acid catalysis, see: c) T. Akiyama, J. Itoh, K. 
Fuchibe, Adv. Synth. Catal. 2006, 348, 999-1010. d) T. Akiyama, Chem. 
Rev. 2007, 107, 5744-5758. e) M. Terada, Chem. Commun. 2008, 4097-
4112. f) M. Terada, Synthesis 2010, 1929-1982. g) A. Zamfir, S. 
Schenker, M. Freund, S. M. Tsogoeva, Org. Biomol. Chem. 2010, 8, 
5262-5276. h) D. Parmar, E. Sugiono, S. Raja, M. Rueping, Chem. Rev. 
2014, 114, 9047-9153. i) T. Akiyama, K. Mori, Chem. Rev. 2015, 115, 
9277-9306. j) D. Parmar, E. Sugiono, S. Raja, M. Rueping, Chem. Rev. 
2017, 117, 10608–10620. k) J. Merad, C. Lalli, G. Bernadat, J. Maury, G. 
Masson, Chem. Eur. J. 2018, 24, 3925-2943. 

[16] Nucleophilicity of indole is reported to be higher than that of pyrrole, see: 
a) B. Kempf, N. Hampel, A. R. Ofial, H. Mayr, Chem. Eur. J. 2003, 9, 
2209-2218. b) T. A. Nigst, M. Westermaier, A. R. Ofial, H. Mayr, Eur. J. 
Org. Chem. 2008, 2369-2374. 

[17] For selected examples of nucleophilic addition reaction of pyrrole to C=N 
bond, see: a) G. Li, G. B. Rowland, E. B. Rowland, J. C. Antilla, Org. Lett. 
2007, 9, 4065-4068. b) Q. Kang, X.-J. Zheng, S.-L. You, Chem. Eur. J. 
2008, 14, 3539-3542. c) S. Nakamura, Y. Sakurai, H. Nakashima, N. 
Shibata, T. Toru, Synlett 2009, 10, 1639-1642. d) J. Feng, W. Yan, D. 
Wang, P. Li, Q. Sun, R. Wang, Chem. Commun. 2012, 48, 8003-8005. 
e) S.-G. Wang, S.-L. You, Angew. Chem. Int. Ed. 2014, 53, 2194-2197; 
Angew. Chem. 2014, 126, 2226-2229. f) H. Lou, Y. Wang, E. Jin, X. Lin, 
J. Org. Chem. 2016, 81, 2019-2026. g) L. Wang, A. Rahman, X. Lin, Org. 
Biomol. Chem. 2017, 15, 6033-6041. h) A. Rahman, E. Xie, X. Lin, Org. 
Biomol. Chem. 2018, 16, 1367-1374. 

[18] The detailed reaction conditions are described in Supporting Information. 
[19] The reversal of enantioselectivity is based on the 3.3’-substituents of 

chiral BINOL phosphoric acid.  For examples of reversal of induction by  
3,3’-substituents of chiral BINOL phosphoric acid, see: a) T. Akiyama, T. 
Suzuki, K. Mori, Org. Lett. 2009, 11, 2445-2447. b) K. Saito, Y. Moriya, 
T. Akiyama, Org. Lett. 2015, 17, 3202-3205. 

 [20] The Friedel-Crafts alkylation reaction of indole and pyrrole with N-PMP 
trifluoromethyl ketimine 1a has not been reported to the best of our 
knowledge. 

 

 

10.1002/chem.201901020

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.



COMMUNICATION          

 
 
 
 

 
Entry for the Table of Contents (Please choose one layout) 
 
Layout 1: 

 
COMMUNICATION 
Text for Table of Contents    Author(s), Corresponding Author(s)* 

Page No. – Page No. 

Title 
 

  

 
 
Layout 2: 

COMMUNICATION 

 
Enantioselective Friedel-Crafts alkylation reaction of pyrroles and indoles with N-
unprotected trifluoromethyl ketimines by use of chiral phosphoric acid provided a-
trifluoromethylated primary amines bearing chiral tetrasubstituted carbon center. 
Present reaction is unique to N-unprotected trifluoromethyl ketimines and no reaction 
occurred with N-protected ketimines. 

 Masamichi Miyagawa, Masaru Yoshida, 
Yuki Kiyota, Takahiko Akiyama* 

Page No. – Page No. 

Enantioselective Friedel-Crafts 
Alkylation Reaction of Heteroarenes 
with N-Unprotected Trifluoromethyl 
Ketimines by Means of Chiral 
Phosphoric Acid 

 

 
 

((Insert TOC Graphic here)) 

 Ar

NH

CF3
+

N
H

Ar

H2N CF3H
N

N
H

Ar

F3C NH2

NH
Protecting-group-free Friedel-Crafts reaction

N-unprotected

R

R

R

R
(R)-CPA

O
P

O O

OH

Ar

Ar
(R)-CPA

(S)

(R)

10.1002/chem.201901020

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.


