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Introduction

Diphenylamines are ubiquitous in natural products, 
pharmaceuticals, agrochemicals, dyes, and materials. In 
particular, the diphenylamine backbone is a key motif in 
materials science due to its promising optical and electrical 
properties as a good charge carrier with hole transport abilities. 
Accordingly, diphenylamine derivatives are widely used as the 
electron-donating moieties to trigger intramolecular charge 
transfer in electrochromic materials, dye-sensitized solar cells 
(DSSCs), organic field effect transistors, and organic light-
emitting diodes (OLED).1a-d Diphenylamine derivatives are also 
commonly in many pharmaceuticals. Numerous diphenylamine 
based compounds1e-n are known to possess diverse bioactivities 
including anticancer, EGFR tyrosine kinase inhibition, and 
sirtuin-2-selective inhibition activities. For example, N-β-
dimethylaminoethyl derivatives of diphenylamine have potent 
antihistamine activity.1o Thus, many research groups are still 
interested in the synthesis of diphenylamine derivatives. Most of 
these useful building blocks are prepared via transition-metal 
catalyzed C-N bond formation reactions. In this regard, 
palladium or copper catalyzed C-N coupling reactions are 
commonly employed. To construct the C-N bond of arylamines, 
Ullmann-type reactions2 have been carried out using Cu, aryl 
halides, and amines. Although this reaction is convenient and air-
stable, high temperatures and a stoichiometric amount of 
catalysts are usually required. Another method for C-N bond 
formation is the Buchwald-Hartwig coupling reaction3 of an aryl 
halide with an amine in the presence of a palladium catalyst, 
which is effective and has high selectivity. In contrast, the first 
transition-metal free C-N bond coupling reaction utilizing arynes 
and amines was reported by Larock and co-workers.4 Several 
other groups have also reported transition-metal free C-N bond 
coupling reactions5-7 using acetanilides,5c tertiary amines,6 or 
isocyanates7 with benzynes. Despite the limited regioselectivity 

resulting from benzynes, this method serves as a simple 
alternative route to furnish diarylamine derivatives. Thus, these 
results4-7 encouraged us to focus on the chemistry and reactivity 
of benzynes for the development of a new strategy under 
transition-metal free conditions. Herein, we report a facile N-
diarylation reaction with isocyanates and benzynes, without using 
transition-metals, for the synthesis of diarylamine derivatives. 

Results and Discussion 

Based on previous results,7a  we carried out the diarylation 
reaction using model substrate 1a and tosyl isocyanate 2a (2.4 
equiv.) in the presence of CsF (3 equiv.) in acetonitrile at 100 oC, 
and obtained the corresponding diarylation product 3a in 45% 
yield (Table 1, entry 1). Thus, our initial attempts were directed 
toward identifying the optimal conditions for the N-diarylation of 
2a.

Gratifyingly, the desired product 3a was obtained in excellent 
yield (88%) when the amount of 2a (1.2 equiv.) was decreased, 
notwithstanding the formation of the mono N-arylation product 
3a’ (Entry 2). The use of the K2CO3/18-crown-6 combination (3 
equiv./ 3 equiv.) as the aryne generating reagent gave 3a in 77%  
yield (Entry 13). Similarly, when 2a (2.4 equiv.) was used with 
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A facile method for the transition-metal-free diarylation of isocyanates with arynes in the 
presence of cesium fluoride has been developed, which affords functionalized diaryl amines in 
moderate to excellent yields. This reaction has good functional group tolerance and provides 
excellent regioselectivity by utilizing a methoxy-substituted aryne precursor.
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Table 1.  Optimization Studies.a

aReagents and conditions: o-silyl aryl triflate 1a (0.1 mmol), tosyl isocyanate 2a, fluoride 
source, CH3CN (0.1 M), 100 oC, 14 h. bIsolated yield. 

Scheme 1. Substrate Scope of the Benzyne Precursors.

aRegioisomeric mixture. bTosyl isocyanate (0.6 equiv.). 

K2CO3/18-crown-6 instead of CsF, 3a was formed in moderate 
yield (Entry 14). Using the KF/18-crown-6 combination, 3a was 
synthesized in 60% yield (Entry 12). However, the mono N-
arylation product 3a’ was still formed, and the reaction did not 
proceed further. To avoid forming 3a’, decreasing the fluoride 
source to 2 equiv., gave the desired product 3a in 35% yield 
(Entry 3). Additionally, a lower reaction temperature (80 oC) or 
increasing the concentration of the reaction solution (0.15M) did 
not improve the yield despite the absence of 3a’ (Entries 4-5). 
Various solvents were tested, and it was found that acetonitrile 
was the best solvent (Entries 7-9). When TBAF or TBAT were 
employed as the fluoride source with THF, the desired product 
3a was not formed (Entries 10-11). Finally, when the reaction 
was performed using 0.6 equiv. of 2a, the desired product 3a was 
isolated in 83% yield without the formation of mono N-arylation 
product 3a’ (Entry 6).

With the optimized reaction conditions in hand, we next 
examined the scope of the benzyne substrates that can react with 
2a (Scheme 1). N-Diarylation reactions with a methoxy or 
dimethoxy aryne precursor proceeded smoothly to give 3b4a and 
3c in excellent yields (80%). Dimethyl benzyne and benzyne 
precursors gave the expected products 3d and 3e4b in 69% and 92% 
yield, respectively. The reactions with difluoro and bromomethyl 
substituted (trimethylsilyl)phenyl triflates afforded the desired 
products 3i and 3j in moderate yields of 40% and 30%, 
respectively. In some cases, a mixture of regioisomers was 
formed, and the regioisomeric ratio was measured by 1H NMR 
spectroscopy. Substrates with electron-withdrawing groups such 
as fluoride or chloride gave mixtures of regioisomeric products 
3g, 3h in good to moderate yields. Similarly, tert-butyl 
substituted 2-(trimethylsilyl)phenyl triflate and polyaromatic 
systems were tolerated under the reaction conditions, and gave 3f 
and 3k in 51% and 25% yield, respectively.

Initially, when exploring the scope of the isocyanates, 2-
methoxy-6-(trimethylsilyl)phenyl trifluoromethanesulfonate was 
used as the coupling partner to avoid the formation of a complex 
mixture of regioisomers. Based on distortion model,8a-b frontier 
molecular orbital contribution analysis,8c and orbital 
electronegativity,8d the meta-position of methoxy-benzyne 
formed from 2-methoxy-6-(trimethylsilyl)phenyl 
trifluoromethanesulfonate was determined as the preferred site of 
nucleophilic addition. The reactions with p-
methylbenzenesulfonyl, benzenesulfonyl, and p-
fluorobenzenesulfonyl isocyanates gave the corresponding 
products 4a,4a 4b, 4c in excellent yields (80%, 91% and 95%, 
respectively), while products 4d and 4e were formed from p-
methoxyphenyl and p-fluorophenyl isocyanates in good yields 
(71%). The reactions utilizing phenyl isocyanates bearing methyl, 
dimethyl and trifluoromethyl groups provided the desired 
products 4f, 4g, and 4h in moderate yields (28-55%). All of these 
products were afforded as single regioisomers as confirmed by 
1H and 13C NMR spectroscopy. Similarly, the corresponding 
products 4i9 and 4j10 which come from (trimethylsilyl)phenyl 
trifluoromethanesulfonate 1e were isolated as single regioisomers 
in 98% and 82% yields, respectively. The reactions of phenyl 
isocyanates containing dimethyl, methoxy, tert-butyl and methyl 
groups with benzyne precursor le gave 4k,11 4l,12 4m13 and 4n12 
in 87%, 46%, 43% and 40% yields, respectively. The reaction of 
fluorophenyl isocyanate led to the formation of a single isomer 
4o12 in good yield (88%). When chloro or trifluoromethylphenyl 
isocyanates were subjected to the diarylation conditions, 4p12 and 
4q14 were formed in 28% and 15% yields, respectively. 
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Scheme 2. Substrate Scope of the Isocyanates. 

aIsocyanate (0.6 equiv.). 

Scheme 3. Proposed Reaction Mechanism. 

 

However, the use of aliphatic or polyaromatic isocyanates led to 
complex mixtures of the products 4p and 4r. 

  On the basis of these results, we proposed a plausible pathway 
for the formation of 3a, as illustrated in Scheme 3. Hydrolysis of 
the isocyanate gives intermediate 5a, which then reacts with the 
in situ generated aryne to furnish the N-arylation product 5b. 
Then, 5b is transformed into the desired product in the presence 
of CsF, followed by C-N bond coupling with another aryne. In 

the reaction of tosyl isocyanate and 2-(trimethylsilyl)phenyl 
triflate, tosyl amine 5a was formed first via hydrogen abstraction 
under the diarylation conditions. 

Conclusion

In conclusion, we describe a facile, transition-metal free 
strategy to prepare diarylamine derivatives via the coupling of 
arynes with isocyanates. This work demonstrates that isocyanates 
are appropriate coupling partners for this transformation, and a 
diverse range of functional groups on the benzynes and 
isocyanates are tolerated under the present reaction conditions. 
The exemplified diversity of C-N bond formation via diarylation 
provides a new route to access potential materials and bioactive 
compounds. Further investigations to develop effective, efficient 
coupling partners for this diarylation are in progress.

Author information

†W.C.J. and D.W.H. contributed equally.

 Acknowledgments

This research was supported by the Basic Science Research 
Program through the National Research Foundation of Korea 
(NRF), funded by the Ministry of Science, ICT & Future 
Planning (NRF-2015R1C1A2A01051829, NRF-
2018R1D1A1B07042179, NRF-2017R1A4A1015594).

Supplementary data

Supplementary data associated with this article can be found, 
in the online version, at

References and notes

1. (a) Yen, H. -J.; Liou, G. -S. Polym. Chem. 2018, 9, 3001-3018; (b) 
Agarwala, P.; Kabra, D. J. Mater. Chem. A, 2017, 5, 1348-1373; (c) 
Velusamy, M.; Thomas, K. R. J.; Lin, J. T.; Hsu, Y.; Ho, K. Org. Lett. 
2005, 7, 1899-1902; (d) Hagberg, D. P.; Edvinsson, T.; Marinado, T.; 
Boschloo, G.; Hagfeldt, A.; Sun, L. Chem. Commun. 2006, 2245-
2247; (e) Drzyzga, O. Chemosphere, 2003, 53, 809-818; (f) Tanaka, 
I.; Shizuka, H.; Takayama, Y.; Morita, T. J. Am. Chem. Soc. 1970, 92, 
7270-7277; (g) Rahman, D. E. A. Chem. Pharm. Bull. 2013, 61, 151-
159; (h) Suzuki, T.; Khan, M. N. A.; Sawada, H.; Imai, E.; Itoh, Y.; 
Yamatsuta, K.; Tokuda, N.; Takeuchi, J.; Seko, T.; Nakagawa, H. J. 
Med. Chem. 2012, 55, 5760-5773; (i) Li, H.; Guan, A.; Huang, G.; 
Liu, C.-L.; Li, Z.; Xie, Y.; Lan, J. Bioorg. Med. Chem. 2016, 24, 453-
461; (j) Suzuki, T.; Imai, K.; Imai, E.; Iida, S.; Ueda, R.; Tsumoto, 
H.; Nakagawa, H.; Miyata, N. Bioorg. Med. Chem. 2009, 17, 5900-
5905; (k) Wen, H.; Xue, N.; Wu, F.; He, Y.; Zhang, G.; Hu, Z.; Cui, 
H. Molecules 2018, 23, 1063-1076; (l) Kozako1, T.; Mellini, P.; 
Ohsugi, T.; Aikawa1, A.; Uchida, Y.-I.; Honda, S.-I.; Suzuki, T. BMC 
Cancer 2018, 18, 791-801; (m) Abbot, V.; Sharma, P.; Dhiman, S.; 
Noolvi, M. N.; Patelc, H. M.; Bhardwaj, V. RSC Adv. 2017, 7, 28313-
28350; (n) Abou-Seri, S. M. Eur. J. Med. Chem. 2010, 45, 4113-
4121; (o) Kumar, A.; Mishra, A. K. J Pharm Bioallied Sci. 2015, 7, 
81-85. 

2. Selected papers for Ullmann reactions: (a) Yang, K. ; Qiu, Y.; Li, Z.; 
Wang, Z.; Jiang, S. J. Org. Chem. 2011, 76, 3151-159; (b) Wang, H.; 
Li, Y.; Sun, F.; Feng, Y.; Jin, K.; Wang, X. J. Org. Chem. 2008, 73, 
8639-8642; (c) Antilla, J. C.; Klapars, A.; Buchwald, S. L. J. Am. 
Chem. Soc. 2002, 124, 11684-11688; (d) Nandurkar, N. S.; 
Bhanushali, M. J.; Bhor, M. D.; Bhanage, B. M. Tetrahedron Lett. 
2007, 48, 6573-6576; (e) Larsson, P.-F.; Correa, A.; Carril, M.; 
Norrby, P.-O.; Bolm, C. Angew. Chem. 2009, 121, 5801; Angew. 
Chem. Int. Ed. 2009, 48, 5691-5693; (f) Alakonda, L.; Periasamy, M. 

TMS
OTf

+ R2
N

C
O

N 2
R2CsF

F-

R2
NR2H2N

5a 5b
H

H2O

H

H

4i, 98%a

4l, 46% 4m, 43%

4j, 82%a 4k, 87%a

4o, 88%a

4n, 40%

4s, complex mixtures

4q, 15%

4r, complex mixtures

2

N 2

H3CO

N 2

tBu

2
N 2

CH3

H3C

N 2

F

N 2

H3C

N 2

CH3

H3C

N 2

F3C

N 2

R1 = H (1e)

N
S

O O
N

S
O O

F

4p, 28%
N 2

Cl

N 2

OCH3

H3CO

N 2

OCH3CH3

H3CN 2

OCH3

F

N 2

OCH3

H3C

N 2

OCH3

F3C

CsF (3.0 equiv.)

CH3CN (0.1 M), 100 oC, 14 h
+ R2

N
C

O

2
(1.2 equiv.) 41b or 1e

(1.0 equiv.)

TMS N 2
R2

R1 = OMe (1b)

4d, 71%a 4e, 71% 4f, 55%

4g, 51%a 4h, 28%a

N 2
S

OCH3

4a, 80%a

O O

H3C

N 2
S

OCH3

4b, 91%a

O O

N 2
S

OCH3

4c, 95%a

O O

F

TfO
R1 R1



JO
URNAL P

RE-P
ROOF

JOURNAL PRE-PROOF
Tetrahedron4

J. Organomet. Chem. 2009, 694, 3859-3863; (g) Bhunia, S.; Kumar, 
S. V.; Ma, D. J. Org. Chem. 2017, 82, 12603-12612; (h) Ding, X.; 
Manna, H.; Yi, Z.; Du, D.; Zhu, X.; Wan, Y. J. Org. Chem. 2017, 82, 
5416-5423; (i) Chakraborty, G.; Paladhi, S.; Mandal, T.; Dash, J. J. 
Org. Chem. 2018, 83, 7347-7359.    

3. Selected papers for Buchwald-Hartwig reactions: (a) Fors, B. P.; 
Buchwald, S. L. J. Am. Chem. Soc. 2010, 132, 15914-15917; (b) Vo, 
G. D.; Hartwig, J. F. J. Am. Chem. Soc. 2009, 131, 11049-11061; (c) 
Sheng, Q.; Hartwig, J. F. Org. Lett. 2008, 10, 4109-4112; (d) Fors, B. 
P.; Krattiger, P.; Strieter, E.; Buchwald, S. L. Org. Lett. 2008, 10, 
3505-3508; (e) Yin, J.; Buchwald, S. L. J. Am. Chem. Soc. 2002, 124, 
6043-6048; (f) Shen, Q.; Ogata, T.; Hartwig, J. F. J. Am. Chem. Soc. 
2008, 130, 6586-6596; (g) Meiries, S.; Speck, K.; Cordes, D. B.; 
Slawin, A. M. Z.; Nolan, S. P. Organometallics, 2012, 32, 330-339; 
(h) Arrechea, P. L.; Buchwald, S. L. J. Am. Chem. Soc. 2016, 138, 
12486-12493; (i) Kim, M.; Shin, T.; Lee, A.; Kim, H. 
Organometallics, 2018, 37, 3253-3258; (j) Haung, F. -D.; Xu, C.; Lu, 
D. -D.; Shen, D. -S.; Li, T.; Liu, F. -S. J. Org. Chem. 2018, 83, 9144-
9155.         

4. (a) Liu, Z.; Larock, R. C. Org. Lett. 2003, 5, 4673-4675; (b) Liu, Z.; 
Larock, R. C. J. Org. Chem. 2006, 71, 3198-209; (c) Liu, Z.; Larock, 
R. C. J. Am. Chem. Soc. 2005, 127, 13112-13113.

5. (a) Lai, B.; Mei, F.; Gu, Y. Chem. Asian J. 2018, 13, 2529-2542; (b) 
Yang, J.; Wang, X.; El-Harairy, A.; Bai, R.; Gu, Y. Molecular 
Catalysis 2019, 468, 36-43; (c) Haber, J. C.; Lynch, M. A.; Spring, S. 
L.; Pechulis, A. D.; Raker, J.; Wang, Y. Tetrahedron Lett. 2011, 52, 
5847-5850. 

6. (a) Bhojgude, S. S.; Kaicharla, T.; Biju, A. T. Org. Lett. 2013, 15, 
5452-5455; (b) Meerakrishna, R. S.; Shanmugam, P. New J. Chem. 
2019, 43, 2550-2558; (c) Hirsch, M.; Dhare, S.; Diesendruck, C. E. 
Org. Lett. 2016, 18, 980-983; (d) Bronner, S. M.; Mackey, J. L.; 
Hock, K. N.; Garg, N. K. J. Am. Chem. Soc. 2012, 134, 13966-13969.      

7. (a) Seo, J. H.; Ko, H. M. Tetrahedron Lett. 2018, 59, 671-674; (b) 
Lee, Y. -H.; Chen, Y. -C.; Hsieh, J. -C. Eur. J. Org. Chem. 2012, 247-
250. 

8. (a) Cheong, P. H.-Y.; Paton, R. S.; Bronner, S. M.; Im, G. Y. J.; Garg, 
N. K.; Houk, K. N. J. Am. Chem. Soc. 2010, 132, 1267-1269; (b) Im, 
G.-Y. J.; Bronner, S. M.; Goetz, A. E.; Paton, R. S.; Cheong, P. H. Y.; 
Houk, K. N.; Garg, N. K. J. Am. Chem. Soc. 2010, 132, 17933-17944; 
(c) Mirzaei, S.; Khosravi, H. Tetrahedron Lett. 2017, 58, 3362-3365; 
(d) Mirzaei, S.; Khosravi, H. New J. Chem. 2019, 43, 1130-1133. 

9. Genga, X.; Maoa, S.; Chena, L.; Yua, J.; Hanc, J.; Huaa, J.; Wanga, 
L. Tetrahedron Lett 2014, 55, 3856-3859.

10. Argelia, C. O.; Christian, M. R.; Fabián O. S.; Sheila, M. H.; Virgilio, 
B. G.; Gildardo, R. Quim. Nova. 2011, 34, 787-791. 

11. Inoue, F.; Kashihara, M.; Yadav, M. R.; Nakao, Y. Angew. Chem. Int. 
Ed. 2017, 56, 13307-13309. 

12. Modha, S. G.; Popescu, M. V.; Greaney, M. F. J. Org. Chem. 2017, 
82, 11933-11938.

13. So, C. M.; Zhou, Z.; Lau, C. P.; Kwong, F. Y. Angew. Chem. Int. Ed. 
2008, 47, 6402-6406. 

14. Reddy, C. V.; Kingston, J. V.; Verkade, J. G. J. Org. Chem. 2008, 73, 
3047-3062.



JO
URNAL P

RE-P
ROOF

JOURNAL PRE-PROOF
5

Transition-metal-free and ligand-free reaction 
Facile approach to synthesize diarylamines utilizing 
aryne precursors and isocyanates
Unexpected cleavage of N-C bond in isocyanates 
 


