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A simple and efficient approach to biologically important 1-

trifluoromethylated isoquinolines starting with readily 

prepared ββββ-aryl-αααα-isocyano-acrylates and commercially 

available Togni reagent as CF3 radical precursor is described. 10 

These transformations occur in the absence of any transition 

metal and the title compounds are obtained in moderate to 

excellent yields. This protocol comprises a 

trifluoromethylation with concomitant isoquinoline 

framework construction. 15 

 In the past decade, the synthesis of CF3-containing aromatic 

compounds has caught great attention from the synthetic 

community because of their wide application not only in 

materials science and agrochemistry, but also in medicinal 

chemistry.1,2 The arene solubility and lipophilicity can be 20 

significantly improved upon introducing a trifluoromethyl 

group as an arene substituent. As compared to their non CF3-

congeners, trifluoromethylated arenes show higher membrane 

permeability, increased bioavailability3 and higher metabolic 

stability. Therefore, the development of novel and efficient 25 

methods for incorporation of the CF3 moiety into aromatic 

compounds is of importance.  

 
Figure 1 Representative biologically active N-heterocycles containing the 

1-trifluoromethylated isoquinoline scaffold. 30 

 The isoquinoline scaffold is a privileged chemical entity, 

which can be found in various natural products, drug 

candidates, and biologically active compounds.4 There is 

continuing interest in the development of novel synthetic 

methods for the preparation of isoquinolines.5 In particular, 35 

novel synthetic approaches to 1-trifluoromethylated 

isoquinolines are required due to their prominent biological 

activities (Fig. 1).6  

 Conventional methods for preparation of 1-

trifluoromethylated isoquinolines rely on coupling reactions 40 

of aryl halides with trifluoromethylation reagents6d,6e,6f,6g and 

on the Bischler-Napieralski reaction6a. However, the former 

approach requires halogenation of the preformed isoquinoline 

core and the latter approach suffers from multistep reaction 

sequences and generally harsh reaction conditions. As a 45 

complementary approach we present herein radical 

trifluoromethylation of isonitriles for preparation of 1-

trifluoromethylated isoquinolines. 

 Recently, the radical isonitrile insertion reaction has 

emerged as a powerful strategy for the construction of various 50 

heteroarenes.7,8 Along the lines, we have disclosed that 

isonitriles can be used as highly efficient CF3 radical 

acceptors for preparation of 6-trifluoromethylated 

phenanthridines8b and 2-trifluoromethylated indoles8g 

(Scheme 1, a and b). 55 

 

 
Scheme 1 Construction of important N-heterocycles by radical 

trifluoromethylation of isonitriles. 

Encouraged by these results, we envisioned that 1-60 

trifluoromethylated isoquinolines can be obtained by CF3 

radical addition to β-aryl-α-isocyano-acrylates with 

subsequent base-promoted homolytic aromatic substitution 

(Scheme 1, c).9,10  

We have recently shown that the CF3 radical can be 65 
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efficiently generated from the commercially available Togni 

reagent 2 by using Bu4NI as a radical initiator.8b,g We 

therefore initiated our studies by investigating radical 

trifluoromethylation of readily prepared α-isocyano cinnamic 

acid ester 1a with 2 (1.2 equiv) in the presence of Bu4NI as an 5 

initiator in 1,4-dioxane at 80 oC for 3 h. Gratifyingly, the 

desired isoquinoline 3a was obtained in 75% yield (Table 1, 

entry 1). A worse result was achieved by using Bu4NBr as an 

initiator (Table 1, entry 2). The Bu4NI loading could be 

further lowered to 5 mol % without affecting the yield, but a 10 

further lowering of the Bu4NI concentration to 1 mol % led to 

a decreased yield (62%, Table 1, entries 3 and 4). Other 

solvents, such as CH3CN, DCE, and EtOAc provided lower 

yields (Table 1, entries 5-7). Decreasing temperature to 60 °C 

also afforded a slightly lower yield (Table 1, entry 8) and 15 

increasing temperature to 100 °C did not affect the yield to a 

large extent (Table 1, entry 9). However, yield was further 

increased upon using 1.5 equiv of 2 (80%, Table 1, entry 10). 

Table 1 Optimization of reaction conditionsa 

 20 

Entry Initiator
 

mol % Solvent T [°C] Yield
b
 (%) 

1 Bu4NI 10 1,4-dioxane 80 75 

2 Bu4NBr 10 1,4-dioxane 80 43 

3 Bu4NI 5 1,4-dioxane 80 76 

4 Bu4NI 1 1,4-dioxane 80 62 

5 Bu4NI 5 CH3CN 80 41 

6 Bu4NI 5 DCE 80 20 

7 Bu4NI 5 EtOAc 80 70 

8 Bu4NI 5 1,4-dioxane 60 70 

9 Bu4NI 5 1,4-dioxane 100 76 

10
c
 Bu4NI 5 1,4-dioxane 80 80 

a All reactions were carried out with 1a (0.2 mmol), 2 (0.24 mmol), and 
initiator (0.02 mmol) in 1,4-dioxane (1.0 mL) at 80 oC under Ar for 3 h. b 

Isolated yields. c Using 1.5 equiv of 2. 

With optimized reaction conditions in hand, the scope and 

limitations of the isoquinoline synthesis were investigated 25 

(Table 2). Reactions with various β,β-diaryl-α-isocyano-

acrylates derived from symmetrical and unsymmetrical diaryl 

ketones proceeded well (for the synthesis of the isonitriles, 

see Supporting Information), and the corresponding 

heteroarenes 3b-3g were isolated in good yields (65-77%, 30 

Table 2). Electronic effects of the substituents at the arene 

rings did not affect the reaction outcome to a large extent. 

Importantly, olefin isomerization did not occur under the 

applied conditions and homolytic aromatic substitution 

occurred regioselectively at the arene ring cis to the isonitrile 35 

functionality (see 3f and 3g). β-Alkyl-α-isocyano cinnamic 

acid esters, where the aryl and isonitrile groups are cis-

oriented, undergo the radical cascade reaction smoothly to 

provide the corresponding isoquinolines 3h-3l in moderate to 

good yields (55-77%). A slightly lower but still good yield 40 

was obtained for an α-isocyano cinnamic acid ester derivative 

lacking the additional β-substituent (3m: 55%, Table 2). The 

ester group in the β-phenyl-α-isocyano cinnamic acid esters 

(ethyl and tert-butyl) could also be varied to give the 

corresponding isoquinolines 3n and 3o in good yields (3n: 45 

70%; 3o: 80%). To document the practicability of the method, 

we repeated the final experiment at larger scale (2 mmol) and 

isolated isoquinoline 3o in 71% yield (0.53 g, see Supporting 

Information). 

Table 2 Various 1-trifluoromethylated isoquinolines prepared.a,b 
50 

N CF3MeO2C

3b (73%)

Me

N CF3MeO2C

3c (67%)

MeO OMe

N CF3MeO2C

3d (72%)

Cl Cl

N CF3MeO2C

3e (74%)

Br Br

N CF3MeO2C

3g (77%)

N CF3MeO2C

3h (70%)

Me

N CF3MeO2C

3i (70%)

Me

Me

N CF3MeO2C

3j (77%)

N

Me

MeO2C CF3

3k (60%)

Br

N CF3MeO2C

3f (65%)

Cl

Me

NMeO2C CF3

3l (55%)

N CF3EtO2C

3n (70%)

Ph

N CF3tBuO2C

3o (80%)

Ph

N CF3MeO2C

3m (55%)

OMe

Me

Me

 

a All reactions were carried out with 1 (0.2 mmol), 2 (0.3 mmol), and 

Bu4NI (0.01 mmol) in 1,4-dioxane (1.0 mL) at 80 oC under Ar for 3 h. b 

Isolated yields. 

Notably, this method can also be applied to the synthesis of 55 

perfluoroalkylated isoquinolines. To this end, the I III reagents 

4a11 and 4b8b were applied to the radical cascade reaction 

using 1a as a substrate to give 5a and 5b, documenting the 

potential of the new method for the preparation of 1-

perfluoroalkylated isoquinolines. 60 

 

 
Scheme 2 Preparation of 1-perfluoroalkylated isoquinolines. 

Preliminary mechanistic studies revealed that CF3-radicals 

are likely involved in these reactions. Under standard 65 

conditions, formation of 3a from 1a was fully suppressed in 

the presence of 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) 

as a radical scavenger, and the TEMPO-CF3 adduct was 

detected by 19F NMR spectroscopy (see Supporting 

Information). Based on this experiment, our previous 70 

reports,8b,8g and our recent conceptual article,12 a plausible 
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mechanism considering the electron as a catalyst is proposed 

in Scheme 3. The catalytic cycle is started by electron 

injection (step 1) from the iodide anion to the Togni reagent 2 

generating a CF3-radical and the ortho-iodobenzoic acid anion 

with Bu4N+ as the countercation (step 2). CF3-radical addition 5 

to the isonitrile generates an imidoyl radical A (step 3),7 

which cyclizes to the arene to give cyclohexadienyl radical B 

(step 4). We assume that B gets deprotonated by ortho-

iodobenzoate (ArylCO2
-) to radical anion C (step 5).9 This 

radical anion then further reacts to the product isoquinoline 3 10 

thereby formally liberating the catalytic electron closing the 

catalytic cycle (step 6). 
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Scheme 3 Proposed reaction mechanism documenting the role of the 15 

electron as a catalyst. 

In summary, we have demonstrated a simple and efficient 

method for the synthesis of 1-trifluoromethylated 

isoquinolines starting with readily prepared β-aryl-α-

isocyano-acrylates. The radical cascade uses the commercially 20 

available Togni reagent 2 as CF3 radical precursor. Various 1-

trifluoromethylated isoquinolines were successfully prepared 

in moderate to excellent yields. Importantly, the method is 

also applicable to the synthesis of 1-perfluoroalkylated 

isoquinolines. This transformation occurs without the help of 25 

any transition metals and products obtained are of biological 

importance. 
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for supporting our work.  

Notes and references 30 

aWestfälische Wilhems-University, Institute of Organic Chemistry, 

Corrensstraße 40, 48149, Münster, Germany. E-mail: studer@uni-

muenster.de 

† Electronic Supplementary Information (ESI) available: See 

DOI: 10.1039/b000000x/ 35 

1   (a) K. Müller, C. Faeh and F. Diederich, Science  2007, 317, 1881; 

(b) S. Purser, P. R. Moore, S. Swallow and V Gouverneur, Chem. 

Soc. Rev. 2008, 37, 320. Reviews: (c) O. A. Tomashenko and V. V. 

Grushin, Chem. Rev. 2011, 111, 4475; (d) T. Furuya, A. S. Kamlet 

and T. Ritter, Nature 2011, 473, 470; (e) S. Roy, B. T. Gregg, G. W. 40 

Gribble, V.-D. Le and S. Roy, Tetrahedron 2011, 67, 2161; (f) T. 

Liu and Q. Shen, Eur. J. Org. Chem. 2012, 6679; (g) Y. Ye and M. 

S. Sanford, Synlett 2012, 2005; (h) X.-F. Wu, H. Neumann and M. 

Beller, Chem. Asian J. 2012, 7, 1744; (i) A. Studer, Angew. Chem. 

Int. Ed. 2012, 51, 8950; (j) T. Liang, C. N. Neumann and T. Ritter, 45 

Angew. Chem. Int. Ed. 2013, 52, 8214. 

2 For selected recent examples, see: (a) D. A. Nagib and D. W. C. 

MacMillan, Nature 2011, 480, 224; (b) Y. Fujiwara, J. A. Dixon, F. 

O’Hara, E. D. Funder, D. D. Dixon, R. A. Rodriguez, R. D. Baxter, 

B. Herlé, N. Sach, M. R. Collins, Y. Ishihara and P. S. Baran, 50 

Nature 2012, 492, 95; (c) Y. Ye, S. A. Künzi and M. S. Sanford, 

Org. Lett. 2012, 161, 149. 

3   (a) R. Filler and Y. Kobayashi, Biomedicinal Aspects of Fluorine 

Chemistry, Elsevier: Amsterdam, 1982; (b) Fluorine in Bioorganic 

Chemistry; J. T. Welch and S. Eswarakrishman, Eds.; Wiley: New 55 

York, 1991; (c) M. Hird, Chem. Soc. Rev. 2007, 36, 2070; (d) S. 

Purser, P. R. Moore, S. Swallow and V. Gouverneur, Chem. Soc. 

Rev. 2008, 37, 320; (e) Fluorine in Medicinal Chemistry and 

Chemical Biology; I. Ojima, Ed.; Wiley: Chichester, 2009. 

4   (a) K. W. Bentley, The Isoquinoline Alkaloids, Harwood Academic, 60 

Amsterdam, The Netherlands, 1998, vol. 1; (b) F. Dzierszinski, A. 

Coppin, M. Mortuaire, E. Dewally, C. Slomianny, J.-C. Ameisen, F. 

DeBels and S. Tomavo, Antimicrob. Agents Chemother. 2002, 46, 

3197. 

5   For selected recent examples on isoquinoline synthesis, see: (a) N. 65 

Guimond and K. Fagnou, J. Am. Chem. Soc. 2009, 131, 12050; (b) S. 

Chiba, Y.-J. Xu and Y.-F. Wang, J. Am. Chem. Soc. 2009, 131, 

12886; (c) C. Si and A. G. Myers, Angew. Chem. Int. Ed. 2011, 50, 

10409; (d) Y.-F. Wang, K. K. Toh, J.-Y. Lee and S. Chiba, Angew. 

Chem. Int. Ed. 2011, 50, 5927; (e) J. Jayakumar, K. Parthasarathy 70 

and C.-H. Cheng, Angew. Chem. Int. Ed. 2012, 51, 197; (f) R. K. 

Chinnagolla, S. Pimparkar and M. Jeganmohan, Org. Lett. 2012, 14, 

3032; (g) B. S. Pilgrim, A. E. Gatland, C. T. McTernan, P. A. 

Procopiou and T. J. Donohoe, Org. Lett. 2013, 15, 6190. 

6   (a) P. R. Pastor and A. Cambon, J. Fluorine. Chem. 1979, 13, 279; 75 

(b) T. Akiyama, K. Kato, M. Kajitani, Y. Sakaguchi, J. Nakamura, 

H. Hayashi and A. Sugimori, Bull. Chem. Soc. Jpn. 1988, 61, 3531; 

(c) C. D. Gilmore, K. M. Allan and B. M. Stoltz, J. Am. Chem. Soc. 

2008, 130, 1558; (d) Y. Tsuzuki, D. Sawamoto, T. Sakamoto, T. 

Kato, Y. Niwa, N. Awai, Patent WO2012124825, 2012; (e) C. W. 80 

Am Ende, B. A. Fish, M. E. Green, D. S. Johnson, P. B. Mullins, C. 

J. O’Donnell, J. Christopher, M. Y. Pettersson, C. M. Stiff, C. 

Subramanyam, T. P. Tran and T. Navaratnam, Patent 

WO2012131539, 2012; (f) M. Chen and S. L. Buchwald, Angew. 

Chem. Int. Ed. 2013, 52, 11628; (g) W.-B. Ho, H. Zhao, S. Deng, D. 85 

Ng, L. R. Wright, M. Wu, X. Zhou, M. P. Arend and L. A. Flippin, 

Patent WO2013134660, 2013. 

7   (a) D. P. Curran and H. Liu, J. Am. Chem. Soc. 1992, 114, 5863; (b) 

D. Nanni, P. Pareschi, C. Rizzoli, P. Sgarabotto and T. Tundo, 

Tetrahedron 1995, 51, 9045; (c) S. Yamago, H. Miyazoe, R. Goto, 90 

M. Hashidume, T. Sawazaki and J.-i. Yoshida, J. Am. Chem. Soc. 

2001, 123, 3697; (d) B. Janza and A. Studer, Org. Lett. 2006, 8, 

1875. Reviews: (e) I. Ryu, N. Sonoda and D. P. Curran, Chem. Rev. 

1996, 96, 177; (f) D. Spagnolo and D. Nanni, in Encyclopedia of 

Radicals in Chemistry, Biology and Materials, Vol. 2, C. 95 

Chatgilialoglu and A. Studer, Eds.; Wiley: Chichester, 2012; pp 

1019-1057. 

8   For selected examples, see: (a) M. Tobisu, K. Koh, T. Furukawa and 

N. Chatani, Angew. Chem. Int. Ed. 2012, 51, 11363; (b) B. Zhang, C. 

Mück-Lichtenfeld, C. G. Daniliuc and A. Studer, Angew. Chem., Int. 100 

Ed. 2013, 52, 10792; (c) H. Jiang, Y. Cheng, R. Wang, M. Zheng, Y. 

Zhang and S. Yu, Angew. Chem. Int. Ed. 2013, 52, 13289; (d) Q. 

Wang, X. Dong, T. Xiao and L. Zhou, Org. Lett. 2013, 15, 4846; (e) 

D. Leifert, C. G. Daniliuc and A. Studer, Org. Lett. 2013, 15, 6286; 

(f) B. Zhang, C. G. Daniliuc and A. Studer, Org. Lett. 2014, 16, 250; 105 

(g) B. Zhang and A. Studer, Org. Lett. 2014, 16, 1216; (h) B. Zhang 

and A. Studer, Org. Lett. 2014, 16, 3990; (i) Z. Xia, J. Huang, Y. He, 

J. Zhao, J. Lei and Q. Zhu, Org. Lett. 2014, 16, 2546. 

9   A. Studer and D. P. Curran, Angew. Chem. Int. Ed. 2011, 50, 5018. 

10   For preparation of isoquinolines via light-promoted insertion of 110 

vinyl isonitriles with diaryliodonium salts, see: H. Jiang, Y. Cheng, 

R. Wang, Y. Zhang and S. Yu, Chem. Commun. 2014, 50, 6164.  

11   Y. Li and A. Studer, Angew. Chem. Int. Ed. 2012, 51, 8221-8224. 

12   A. Studer and D. P. Curran, Nat. Chem. 2014, 6, 765. 

Page 3 of 4 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPEARTICLE TYPEARTICLE TYPEARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  4 

Bo Zhang and Armido Studer* 

 

1-Trifluoromethylated isoquinolines via radical 

trifluoromethylation of isonitriles 

A simple and efficient aproach to biologically important 1-

trifluoroalkylated isoquinolines starting with readily prepared β-aryl-α-
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