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Azide Radical Initiated Ring Opening of Cyclopropenes Leading
to Alkenyl Nitriles and Polycyclic Aromatic Compounds

Bastian Muriel and Jerome Waser*@

Abstract: We report herein a radical-mediated amination of
cyclopropenes. The transformation proceeds through a cleavage of
the three-membered ring after the addition of an azide radical on the
strained double bond and leads to tetrasubstituted alkenyl nitrile
derivatives upon loss of N,. With 1,2-diaryl substituted cyclopropenes,
this methodology could be extended to a one pot synthesis of highly
functionalized polycyclic aromatic compounds (PACs). This
transformation allows the synthesis of nitrile-substituted alkenes and
aromatic compounds from rapidly accessed cyclopropenes using only
commercially available reagents.

Alkenyl nitriles and polycyclic aromatic compounds (PACs) are
important scaffolds in organic chemistry, material sciences and
medicine.l!  Alkenyl nitriles are key structural motifs in
pharmaceuticals such as Entacapone used in the treatment of
Parkinson’s disease,? or the reverse transcriptase inhibitor
Rilpivirine.l In addition, they are valuable synthetic intermediates
that have been used as electrophilic partners in conjugate
additions.®) PACs are also present in biologically active
compounds,® and have found many applications as organic
materials for semiconductors!® and light-emitting diodes.I’l. For
these reasons, developing new methods for the synthesis of
PACs has been the focus of intensive research.® Nevertheless,
there is still a strong demand for modular methods to access
selectively polysubstituted PACs.

Cyclopropenes have emerged in the past decades as important
three-carbon building blocks, due to efficient methods for their
synthesis combined with a versatile reactivity.l Reaction at the
double bond with organometallic intermediates or transition metal
catalysts gives access to either functionalized cyclopropanes*®
or substituted alkenes after ring-opening via vinyl carbene
intermediates*!) (Scheme 1, a). The formation of a reactive
cyclopropyl radical intermediate upon the addition of a radical
onto the alkene has been less explored. Nakamura and co-
workers  reported in 1994 the hydrostannation  of
cyclopropenes.!? Several reports have later described the
addition of carbon-centered radicals, with a functionalization of
the resulting cyclopropy! radical through C-S bond formation, 3]
H-abstraction,*¥ or a second C-C bond forming event.*S We
recently developed a photoredox-mediated (3+2) annulation with
cyclopropylanilines to access bicyclo[3.1.0]hexanes.*8! In
contrast, examples of a radical functionalization of cyclopropenes
leading to a cleavage of the three-membered ring are scarce
(Scheme 1, b). Miyata and co-workers reported a ring opening
rearrangement after the addition of a trichloromethyl radical to
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alkyl-substituted cyclopropenes, followed by trapping of the
radical by dimethyl zinc (Scheme 1, b) 1.).4d Landais and co-
workers developed a radical-mediated dicarbofunctionalization of
cyclopropenes, followed by a base-mediated fragmentation of the
in situ formed cyclopropane (Scheme 1, b) 2.).117]
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c) This work: Radical Amination of Cyclopropenes to Give Alkenyl Nitriles and PACs
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Scheme 1. Synthetic strategies towards functionalized cyclopropanes and
substituted alkenes from cyclopropenes (a). Previous reports leading to a
cleavage of the three-membered ring after a radical functionalization of
cyclopropenes (b). This work: radical amination of cyclopropenes with an azide
radical for the synthesis of alkenyl nitriles and substituted PACs (c).

2 steps
from commercial
compounds

Although examples of amination reactions of cyclopropenes have
been reported in the presence of transition metals or lanthanides
combined with electrophilic,’® or nucleophilic sources of
nitrogen,*¥ the addition of N-centered radicals has not been
reported to date. We report herein a ring-opening reaction initiated
by the addition of an azide radical (Scheme 1, c). This
transformation led to the formation of alkenyl nitriles after the
rearrangement of a putative azido-cyclopropyl radical (I). With
1,2-diaryl substituted cyclopropenes we developed a one-pot
radical amination / oxidative photocyclization to access highly
substituted PACs. While azide radicals have already been used
for the synthesis of alkenyl nitriles through C-H or C-C bond
cleavage of alkenes and alkynes, these processes were limited to
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the synthesis of trisubstituted olefins and cyclopropenes were not
reported as substrates.?%

Our investigations started with cyclopropene 1 employing ABZ (3)
as safe azidation reagent under mild photoredox-catalyzed
conditions known to generate azide radicals (Table 1).?Y Under
green LED irradiation with Cu(dap).Cl as photocatalyst, alkenyl
nitrile 2 was formed in 82% vyield (entry 1). When reducing the
equivalents of ABZ from 2.0 to 1.4, 2 was obtained in 78% vyield
(entry 2). In the presence of inexpensive CuCl, and ABZ (3)
without irradiation, 2 was formed in 62% yield (entry 3). Employing
2 equivalents of PIDA and TMS-N3 as commercial reagents,?? 2
was obtained in 56% yield after 30 minutes of reaction (entry 4).
Adding 10 mol% of CuCl, led to a high yield of 94% (entry 5).123
While going from 2.0 to 1.5 equivalent led to a decrease in yield
to 85% (entry 6), we found 1.8 equivalent to be optimal combined
with a reduced loading of CuCl; to 5 mol% (entry 7). Under these
conditions, 2 could be isolated in 88% yield.

Table 1. Discovery and optimization of the radical amination.?

azide source COMe | Ng—i NTs

MeO,C, CO.Me catalyst, oxidant ~ “M€02C 1
"CHiON O 1)t NCJV\© 5 @Ao
1 O 2 ABZ (3)
Entry AZi(dezLS;it\Jl.u)rce (rr?;:%) Z):Sil/n)t Time Yield®
11 ABZ (2) Cu(dap)Cl (1) ; OIN 82%
21 ABZ (1.4) Cu(dap)Cl (1) ; ON 78%
3 ABZ (1.4) CuCl, (10) - OIN 62%
4 TMS-N3 (2) PIDA(2) 30min  56%
5 TMS-N3 (2) CuCh(10)  PIDA(2) 30min  94%
6 TMS-N3 (1.5) CuCh(10)  PIDA(L5) 30min  85%
7 TMS-N3 (1.8) CuClz (5) PIDA (1.8) 30 min g

(88%!)

[a] Reaction conditions: 0.1 mmol scale, O/N: overnight. dap = 2,9 - bis(para-
anisyl) - 1,10 - phenanthroline. [b] Yields determined by *H NMR using CH2Br
as internal standard. [c] Reaction performed under Green LED irradiation. [d]
Isolated yield on 0.1 mmol scale.

With optimized conditions in hands, we carried some preliminary
scope investigations (Scheme 2). On a 0.3 mmol scale,
cyclopropene 1 delivered alkenyl nitrile 2 in 91% yield. Dibenzyl-
and ditrifluoroethyl-ester substituted cyclopropenes gave
products 4 and 5 in 74% and 72% yield, respectively. Both
electron-donating and -withdrawing groups in para-position on the
aromatic substituent of the cyclopropene were compatible with
the reaction (products 6 and 7).l Meta-substitution was also
tolerated (product 8, 81% yield). The reaction proceeded as well
with a 2-naphthyl substituent, delivering 9 in 94% vyield. For 9, an
X-Ray structure could be obtained.”® An ortho-CF3; substituted
cyclopropene led to the formation of 10 in 77% yield. As shown
with examples 11, 12 and 13 for which only traces of the alkenyl
nitriles were observed, having an aryl-substituent on the
unsaturated bond was essential. With aryl groups both in position
1 and 2 of the cyclopropene ring, the reaction proceeded in high
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yield, with 14 isolated in 84% vyield on a 1.6 mmol scale, albeit
with almost no stereoselectivity.
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PIDA (1.8 equiv.)
R?
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I
3

R3 CHiON,1t,30min o~ SR

MeO,C.__CO,Me BnO,C.__CO,Bn F3CH,CO,C_CO,CH,CF3 MeO,C.__CO,Me
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Scheme 2. Preliminary scope investigations of the radical amination. Reaction
conditions: 0.3 mmol scale. [a] Yield on 1.6 mmol scale.

Alkenyl nitrile 2 could be obtained in 92% yield on gram scale
(Scheme 3). Taking advantage of the electrophilic nature of 2, it
was successfully engaged in several transformations. A Corey—
Chaykovsky cyclopropanation led to 15 in 54% yield."?8! Alkene 2
underwent a (3+2) annulation with allenoate 16, delivering
cyclopentene 17 in 89% yield.?”] 2 could also be engaged in a
Diels-Alder cycloaddition with Danishefsky's diene 18,8 leading
to cyclohexenone 19 after acidic deprotection in 64% yield. We
then investigated the possibility to engage cyano-stilbene
derivatives such as 14 into an oxidative photocyclization.?® Under
irradiation, E to Z isomerization would occur, allowing converting
both isomers to the product. While straightforward methods now
exist for the synthesis of simple disubstituted stilbenes,?%
accessing tetrasubstituted stilbenes with four different
substituents as obtained in our work still constitutes an important
challenge.BY In the presence of 1.1 equivalent of DDQ in
acetonitrile (0.05 M) under UV irradiation (365 nm) for 20 hours,
cyano-phenanthrene 20 could be isolated in 74% yield.

A one-pot process from 1,2-diaryl substituted cyclopropenes
allowed to directly access the corresponding PACs (Scheme 4,
see Sl for details). On a 0.3 mmol scale, 20 could be isolated in
80% yield. A tert-butyl ester, a ketone and a trifluoromethyl group
in position 1 of the cyclopropene led to phenanthrenes 21, 22 and
23 in 51-75% yields. Both electron-donating and -withdrawing
substituents in para position of both aromatic groups were well
tolerated, delivering products 24-27. Substitutions in ortho and
meta positions were also tolerated (28-31). A 1-thienyl substituted
cyclopropene gave heteroaromatic product 32 in 61% yield.

This article is protected by copyright. All rights reserved.
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a) Gram-scale Synthesis of Alkenyl Nitrile 2
CuCl; (5 mol%)

MeO,C_ CO,Me PIDA (1.8 equiv.)  MeO,C.__CO,Me
A TMS-N3 (1.8 equiv.) ‘
O CH3CN, rt, 30 min NC
1,1g 2,92%
b) Further Transformations of Alkenyl Nitrile 2
SOMejl (1.4 equiv.) CO,Me
NaH (1.2 equiv.) Meozcj
’ DMSO (0.1 M), rt, O/N NC Ph
15, 54%
E0,C7
MeO,C.__CO,Me (16, 2.0 equiv.) MeO,C
NC PPh; (20 mol%) MeO,C
DCM (0.1 M), rt, O/N NC
2 Ph SE
) 17, 89%
(IO |
_SiM
Me0™ X o~ SMe:
(18, 2 equiv.) MeO,C o
toluene (0.1 M), 120 °C, 36 h MeO,C
- Ph
ii) TFA, DCM NC
19, 649/

c) Oxidative Photocyclization of 14

O CO,Me DDQ (1.1 equiv.)

\ —

NG O CH4CN (0.05 M)

UV light, 20 h
14, Z/E 1:1.18

‘O CO,Me
Sl

20, 74%

Scheme 3. Gram-scale synthesis of 2 and further functionalizations of alkenyl
nitriles 2 and 14. [a] Isolated as a 4.2:1 mixture of regioisomers, major
regioisomer drawn.

We then investigated the synthesis of extended PACs.
Cyclopropenes substituted with 2-naphthyl groups gave
functionalized [4]helicenes 33-35 in good yields. Chrysene and
benzo[g]chrysene derivatives could also be accessed (products
36 and 37). Substituted picene 38 was obtained in a slightly lower
yield of 54%. For all the substrates, full conversion of the starting
material towards the corresponding alkenyl nitriles was observed.
Hence when lower vyields were obtained, the oxidative
photocyclization was the limiting step.

Based on experimental observations and literature precedence in
the use of azides to generate nitrile-containing compounds,®2 a
speculative mechanism can be proposed (Scheme 5A). The
reaction of PIDA with TMS-N; would lead to the formation of
unstable hypervalent iodine compounds | and I, which will
dissociate into a iodanyl and an azide radical Il and V.2 331 [v
would most likely add onto the C-C double bond of the
cyclopropene to generate azido-cyclopropyl radical V.B4 Two
different paths can then be proposed. In path A, cyclopropyl
radical V would be oxidized to cyclopropyl cation VI, probably by
an hypervalent iodine intermediate. From the latter a ring-opening
rearrangement initiated by the azide group would occur, leading
to the formation of VII. From VII, a base-mediated (azide or
acetate)® fragmentation would then lead to the alkenyl nitrile
upon loss of nitrogen.[*¢ Another possibility from intermediate V
would be a direct rearrangement triggered by the azide group with
loss of nitrogen to give iminyl radical VIII (path b).’"1 The
rearrangement of cyclopropyl to allyl radicals is a relatively easy
process, with an energy barrier of only 22 kcal/mol for the
cyclopropyl radical.®® In this case, coupling it with nitrogen
release may even lower further the activation energy, although
this remains highly speculative. From this intermediate, oxidation,
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most probably by hypervalent iodine reagent intermediates | or Il,
would give the nitrile product.B

The role of the copper catalyst is still unclear. When the reaction
was performed with cyclopropene 39 in absence of CuCl;
(Scheme 5B), alkenyl nitrile 14 could be still isolated in 30% yield,
but quinoline 40 was also obtained in 34%. Quinoline 40 may be
formed by addition of the iminyl radical in intermediate VIII onto
the benzene ring, followed by oxidation and rearomatization. Its
formation therefore further support path b of the proposed
mechanism. One role for copper may be to recombine with the
imine radical, preventing cyclization and facilitating formation of
the nitrile via deprotonation, eventually after oxidation by the
hypervalent iodine reagent.%!

i) CuCl, (5 mol%)
PIDA (1.8 equiv.)
TMS-Ng (1.8 equiv.)
CH3CN, rt, 30 min

e .
iiy DDQ (1.1 equiv.)
UV light, 20 h

CO,Me ! CO,'Bu
CN

24, 71% 25, 70% 26, 80%
F F cl
! Cco,Me O CO,Me ! Co,
O CN g CN O CN
Cl Me’
28,61% 29, 70% 30, 55%

B
% CO,Me ‘O CO,Me O
e e
36, 72% O 37, 66% O 38, 54% O

Scheme 4. Scope of the one-pot radical amination / oxidative photocyclization.
Reaction conditions: 0.3 mmol scale.

In conclusion, we have developed a radical amination/ring-
opening of cyclopropenes using azides as nitrogen source. This
transformation constitutes the first example of addition of an N-
centered radical onto cyclopropenes and is one of the few reports
of a ring-opening event after a radical functionalization of the
unsaturated bond. The obtained tetrasubstituted alkenyl nitriles
could be further engaged in several transformations. In the case
of 1,2-diaryl-substituted cyclopropenes, a one-pot process could
be developed to access highly functionalized PACs. This
methodology therefore provides a new way to use cyclopropenes
as starting materials for the synthesis of valuable nitrile-containing
scaffolds using commercially available reagents.

This article is protected by copyright. All rights reserved.
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A) Speculative mechanism

QAc N3 I .
I, = v, |7 P x * N
Ph” N, Ph” “Nj phT X
1 I m v
1 2
TTMSN3 R R
Phi(OAc),
R!_R? O
R'__R? R R2
path A _ N:©®
Ny © o Ng = Ny 7%
§ [0x] v NS O
O
-Nzl path B
R'__R?

Ne ey R! R?
Ny @ |
50 :

Sy l Novm
R!__R?
o <o—‘
H _ > [Ox]
N -N,
Y=0Ac, Ny N, ®

B) Control experiment in absence of CuCl,
PIDA (2.0 equiv.)
TMS-N3 (2.0 equiv.)

O CO,Me
A ot

O CH4CN, 1t, 16 h N
40 O

34%

39

Scheme 5. Speculative mechanism and control experiment in absence of
copper catalyst with cyclopropene 39.

Acknowledgements

We thank the Swiss National Science Foundation (SNSF, grant
no. 200020-182798) and EPFL for financial support. We thank Dr
R. Scopelliti and Dr F. F. Tirani from ISIC at EPFL for X-ray
analysis.

Keywords: cyclopropenes ¢ amination ¢ radicals * nitriles ¢
polycyclic aromatic compounds

[1] a) Z. Rappoport, The Chemistry of the Cyano Group, Wiley, London,
1970; b) J. S. Miller, J. L. Manson, Acc. Chem. Res. 2001, 34, 563; c) F.

F. Fleming, L. Yao, P. C. Ravikumar, L. Funk, B. C. Shook, J. Med. Chem.

2010, 53, 7902; d) Y. Shen, C. F. Chen, Chem. Rev. 2012, 112, 1463; e)
B. Té6th, J. Hohmann, A. Vasas, J. Nat. Prod. 2018, 81, 661; f) G. Albano,
G. Pescitelli, L. Di Bari, Chem. Rev. 2020, 120, 10145.

[2] a) G. V. Sawle, D. J. Burn, P. K. Morrish, A. A. Lammertsma, B. J. Snow,
S. Luthra, S. Osman, D. J. Brooks, Neurology 1994, 44, 1292; b) A.
Schrag, Lancet Neurol. 2005, 4, 366.

[3] a) J. M. Molina, P. Cahn, B. Grinsztejn, A. Lazzarin, A. Mills, M. Saag, K.
Supparatpinyo, S. Walmsley, H. Crauwels, L. T. Rimsky, S. Vanveggel,
K. Boven, Lancet 2011, 378, 238; b) M. Sharma, L. D. Saravolatz, J.
Antimicrob. Chemother. 2013, 68, 250.

[4] F. F. Fleming, Q. Wang, Chem. Rev. 2003, 103, 2035.

[5] a) A. Kovacs, A. Vasas, J. Hohmann, Phytochemistry 2008, 69, 1084; b)
J.C. Lin,S.C. Yang, T. M. Hong, S. L. Yu, S. Qian, W. Linyi, H. Y. Chen,
P.C. Yang, K. H. Lee, J. Med. Chem. 2009, 52, 1903; c) X. Yang, Q. Shi,
K. F. Bastow, K. H. Lee, Org. Lett. 2010, 12, 1416; d) J. Han, Z. Xian, Y.
Zhang, J. Liu, A. Liang, Front. Pharmacol. 2019, 10, 648.

[6] a) C. Wang, H. Dong, W. Hu, Y. Liu, D. Zhu, Chem. Rev. 2012, 112,
2208; b) Z. He, X. Xu, X. Zheng, T. Ming, Q. Miao, Chem. Sci. 2013, 4,
4525; c) M. Li, C. An, T. Marszalek, X. Guo, Y. Z. Long, H. Yin, C. Gu,
M. Baumgarten, W. Pisula, K. Millen, Chem. Mater. 2015, 27, 2218.

[7]

[20]

[11]

[12]
[13]

[14]

[15]
[16]
[17]

[18]

[19]

[20]

[21]

[22]

10.1002/anie.202013516

WILEY-VCH

a) S. Wang, X. Yan, Z. Cheng, H. Zhang, Y. Liu, Y. Wang, Angew. Chem.,
Int. Ed. 2015, 54, 13068; b) S. Jhulki, A. K. Mishra, T. J. Chow, J. N.
Moorthy, Chem. Eur. J. 2016, 22, 9375; c) S. Jhulki, A. K. Mishra, A.
Ghosh, T. J. Chow, J. N. Moorthy, J. Mater. Chem. C 2016, 4, 9310; d)
S. Jhulki, A. K. Mishra, T. J. Chow, J. N. Moorthy, New J. Chem. 2017,
41, 14730; e) S. Kang, H. Lee, H. Jung, M. Jo, M. Jung, J. Park, Dye.
Pigment. 2018, 156, 299.

Review: a) A. J. Floyd, S. F. Dyke, S. E. Ward, Chem. Rev. 1976, 76,
509; Recent examples: b) D. Pefia, D. Pérez, E. Guitian, L. Castedo, J.
Am. Chem. Soc. 1999, 121, 5827; c) E. Yoshikawa, Y. Yamamoto,
Angew. Chem., Int. Ed. 2000, 39, 173; d) V. Mamane, P. Hannen, A.
Firstner, Chem. Eur. J. 2004, 10, 4556; e) D. C. Harrowven, I. L. Guy, L.
Nanson, Angew. Chem., Int. Ed. 2006, 45, 2242; f) Y. B. Zhao, B.
Mariampillai, D. A. Candito, B. Laleu, M. Z. Li, M. Lautens, Angew. Chem.,
Int. Ed. 2009, 48, 1849; g) A. Matsumoto, L. llies, E. Nakamura, J. Am.
Chem. Soc. 2011, 133, 6557; h) C. C. McAtee, P. S. Riehl, C. S.
Schindler, J. Am. Chem. Soc. 2017, 139, 2960; i) Z. Zhao, L. H. Britt, G.
K. Murphy, Chem. Eur. J. 2018, 24, 17002.

For recent reviews, see: a) R. Vicente, Synthesis 2016, 48, 2343; b) P.
Li, X. Zhang, M. Shi, Chem. Commun. 2020, 56, 5457; c) B. Prasad
Raiguru, S. Nayak, D. Ranjan Mishra, T. Das, S. Mohapatra, N.
Priyadarsini Mishra, Asian J. Org. Chem. 2020, 9, 1088.

For recent reviews, see: a) I. Marek, S. Simaan, A. Masarwa, Angew.
Chem., Int. Ed. 2007, 46, 7364; b) L. Dian, I. Marek, Chem. Rev. 2018,
118, 8415. For selected recent examples: ¢) Y. Luo, H.-L. Teng, M.
Nishiura, Z. Hou, Angew. Chem., Int. Ed. 2017, 56, 9207; d) L. Dian, I.
Marek, Angew. Chem., Int. Ed. 2018, 57, 3682; e) H. Zhang, W. Huang,
T. Wang, F. Meng, Angew. Chem., Int. Ed. 2019, 58, 11049.

For selected reviews, see: a) F. Miege, C. Meyer, J. Cossy, Beilstein J.
Org. Chem. 2011, 7, 717; b) R. Vicente, Chem. Rev. 2020, DOI
10.1021/acs.chemrev.0c00151. For selected examples, see: ¢) F. Miege,
C. Meyer, J. Cossy, Angew. Chem., Int. Ed. 2011, 50, 5932; d) A.
Archambeau, F. Miege, C. Meyer, J. Cossy, Angew. Chem., Int. Ed. 2012,
51, 11540; e) S. Mata, L. A. Lopez, R. Vicente, Angew. Chem., Int. Ed.
2017, 56, 7930. Xiao and co-workers recently reported a different
approach based on palladium catalysis: Z. Jiang, S.-L. Niu, Q. Zeng, Q.
Ouyang, Y.-C. Chen, Q. Xiao, Angew. Chem., Int. Ed. 2020, DOI:
doi:10.1002/anie.202008886.

S. Yamago, S. Ejiri, E. Nakamura, Chem. Lett. 1994, 23, 1889.

a) N. Legrand, B. Quiclet-Sire, S. Z. Zard, Tetrahedron Lett. 2000, 41,
9815; b) Z. Ferjangi¢, Z. Cekovi¢, R. N. Saiéi¢, Tetrahedron Lett. 2000,
41, 2979.

a) M. Ueda, N. Doi, H. Miyagawa, S. Sugita, N. Takeda, T. Shinada, O.
Miyata, Chem. Commun. 2015, 51, 4204; b) N. Doi, N. Takeda, O. Miyata,
M. Ueda, J. Org. Chem. 2016, 81, 7855.

N. S. Dange, F. Robert, Y. Landais, Org. Lett. 2016, 18, 6156.

B. Muriel, A. Gagnebin, J. Waser, Chem. Sci. 2019, 10, 10716.

N. S. Dange, A. Hussain Jatoi, F. Robert, Y. Landais, Org. Lett. 2017, 19,
3652.

a) A. Parra, L. Amends, M. Guisan-Ceinos, A. Lépez, J. L. Garcia Ruano,
M. Tortosa, J. Am. Chem. Soc. 2014, 136, 15833; b) M. Simaan, |. Marek,
Angew. Chem., Int. Ed. 2018, 57, 1543; c) Z. Li, M. Zhang, Y. Zhang, S.
Liu, J. Zhao, Q. Zhang, Org. Lett. 2019, 21, 5432; d) S. Feng, H. Hao,
P. Liu, S. L. Buchwald, ACS Catal. 2020, 10, 282.

a) T. K. Hyster, T. Rovis, Synlett 2013, 24, 1842; b) H. L. Teng, Y. Luo,
B. Wang, L. Zhang, M. Nishiura, Z. Hou, Angew. Chem., Int. Ed. 2016,
55, 15406; c) N. Semakul, K. E. Jackson, R. S. Paton, T. Rovis, Chem.
Sci. 2017, 8, 1015; d) Z. Li, J. Zhao, B. Sun, T. Zhou, M. Liu, S. Liu, M.
Zhang, Q. Zhang, J. Am. Chem. Soc. 2017, 139, 11702; e) H. L. Teng,
Y. Luo, M. Nishiura, Z. Hou, J. Am. Chem. Soc. 2017, 139, 16506.

a) C. Qin, N. Jiao, J. Am. Chem. Soc. 2010, 132, 15893; b) W. Zhou, J.
Xu, L. Zhang, N. Jiao, Org. Lett. 2010, 12, 2888; c) W. Zhou, J. Xu, L.
Zhang, N. Jiao, Synlett 2011, 2011, 887; d) X. Huang, N. Jiao, Org.
Biomol. Chem. 2014, 12, 4324; e) X. Huang, X. Li, N. Jiao, Chem. Sci.
2015, 6, 6355.

S. Alazet, J. Preindl, R. Simonet-Davin, S. Nicolai, A. Nanchen, T. Meyer,
J. Waser, J. Org. Chem. 2018, 83, 12334.

a) E. Zbiral, G. Nestler, Tetrahedron 1970, 26, 2945; b) P. Magnus, J.
Lacour, J. Am. Chem. Soc. 1992, 114, 767; c) C. M. Pedersen, L. G.

This article is protected by copyright. All rights reserved.



Angewandte Chemie International Edition

(23]
[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Marinescu, M. Bols, Org. Biomol. Chem. 2005, 3, 816; d) X. F. Xia, Z.
Gu, W. Liu, H. Wang, Y. Xia, H. Gao, X. Liu, Y. M. Liang, J. Org. Chem.
2015, 80, 290; e) Z. Wu, R. Ren, C. Zhu, Angew. Chem., Int. Ed. 2016,
55, 10821.

H. Ma, D. Li, W. Yu, Org. Lett. 2016, 18, 868.

Decomposition was observed with a more electron-rich substrate bearing
a para-methoxy group.

The structure of 9 was confirmed by X-ray analysis. Deposition Number
2027422 (for 9) contain the supplementary crystallo-graphic data for this
paper. These data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum Karlsruhe
Access Structures service www.ccdc.cam.ac.uk/structures.

C. A. Carson, M. A. Kerr, Org. Lett. 2009, 11, 777.

R. Liu, Z. Qin, B. Fan, R. Li, R. Zhou, Z. He, J. Org. Chem. 2019, 84,
12490.

J. M. Eagan, M. Hori, J. Wu, K. S. Kanyiva, S. A. Snyder, Angew. Chem.,
Int. Ed. 2015, 54, 7842.

a) F. B. Mallory, C. W. Mallory, Org. React. 2005, 30, 1-456; b) A. Del
Tito, H. O. Abdulla, D. Ravelli, S. Protti, M. Fagnoni, Beilstein J. Org.
Chem. 2020, 16, 1476.

a) K. B. Becker, Synthesis 1983, 1983, 341; b) Z. A. Khan, A. Igbal, S. A.
Shahzad, Mol. Diversity 2017, 21, 483.

To the best of our knowledge there is only one report of the synthesis of
a stilbene derivative bearing an ester and a cyano group, proceeding via
the iodocyanation of an alkyne: N. Sakata, K. Sasakura, G. Matsushita,
K. Okamoto, K. Ohe, Org. Lett. 2017, 19, 3422.

T. Wang, N. Jiao, Acc. Chem. Res. 2014, 47, 1137.

a) F. Fontana, F. Minisci, M. Y. Yong, Z. Lihua, Tetrahedron Lett. 1993,
34, 2517; b) Y. Kita, H. Tohma, T. Takada, S. Mitoh, S. Fujita, M. Gyoten,
Synlett 1994, 1994, 427.

Attempts to trap radical V via H-transfer from solvents such as THF or
dioxane or halogen transfer from CClsBr were not successful.

Acetate is the strongest base in less polar solvents, see: F. G. Bordwell,
Acc. Chem. Res. 1988, 21, 456.

W. Zhou, L. Zhang, N. Jiao, Angew. Chem., Int. Ed. 2009, 48, 7094.

a) P. C. Montevecchi, M. L. Navacchia, P. Spagnolo, J. Org. Chem. 1997,
62, 5846; b) X. Sun, X. Li, S. Song, Y. Zhu, Y. F. Liang, N. Jiao, J. Am.
Chem. Soc. 2015, 137, 6059.

a) R. Walsh, Int. J. Chem. Kinet. 1970, 2, 71; b) D. J. Mann, W. L. Hase,
J. Am. Chem. Soc. 2002, 124, 3208.

G. Bencivenni, T. Lanza, R. Leardini, M. Minozzi, D. Nanni, P. Spagnolo,
G. Zanardi, J. Org. Chem. 2008, 73, 4721.

We thank a reviewer for suggesting us this pathway for the conversion
of the imine radical to the nitrile product.

This article is protected by copyright. All rights reserved.

10.1002/anie.202013516

WILEY-VCH


http://www.ccdc.cam.ac.uk/structures

Angewandte Chemie International Edition 10.1002/anie.202013516

WILEY-VCH

Entry for the Table of Contents

i) (N3] ['Na]
ii) UV light
oxidant
if R? = Ar 2 steps
One-Pot ! from commercial compounds

A radical amination of cyclopropenes has been developed. The transformation proceeds through a cleavage of the three-membered
ring and provides access to alkenyl nitriles, without the need of an external cyanide source. With 1,2-diaryl substituted cyclopropenes,
a one-pot process could be developed to access a wide range of highly functionalized polycyclic aromatic compounds.
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