
ARTICLE

Conversion of anilines to chiral benzylic amines
via formal one-carbon insertion into aromatic
C–N bonds
Lei Li1, Min Yang2, Qiuqin He1 & Renhua Fan 1✉

Insertion of atoms into aromatic carbon-nitrogen bonds is an appealing method for the

synthesis of nitrogen-containing molecules and it has the advantage of the availability and

abundance of anilines. However, the direct cleavage of aromatic carbon-nitrogen bonds is

challenging due to the particularly inert and stable nature of these bonds. Here we report a

formal, enantioselective one-carbon insertion into an aromatic carbon-nitrogen bond via an

aromaticity dissembly-reconstruction process to directly convert anilines to chiral α-branched
benzylic amines. The process involves oxidative dearomatization of para-substituted anilines,

chiral sulfur ylide-mediated asymmetric aziridination, and subsequent rearrangement. Chiral

sulfur ylides serve as one-carbon insertion units.
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Insertion of atoms into chemical bonds is an attractive transfor-
mation of organic molecules because it leads to the simultaneous
formation of two new chemical bonds. In recent decades, sig-

nificant progress has been made in transition-metal-catalyzed inser-
tion of atoms into unreactive chemical bonds such as
carbon–carbon1–3, carbon–cyanide4,5, and aliphatic carbon–nitrogen
bonds6–10. The insertion reaction normally involves transition-metal-
catalyzed cleavage of the bond in question and subsequent insertion
of unsaturated units, such as alkenes11–15, alkynes16–18, 1,3-
dienes19,20, or carbenoids21 (Fig. 1a). These elegant reactions have
emerged as an attractive approach to rapid building of complex
structures from readily available starting materials. In this context,
insertion of atoms into aromatic carbon–nitrogen bonds is an
appealing method for the synthesis of nitrogen-containing molecules
and has the advantage of the availability and the abundance of ani-
lines. However, the direct cleavage of aromatic carbon–nitrogen
bonds is challenging due to the particularly inert and stable nature of
these bonds22,23. Although aromatic carbon–nitrogen bonds can be
activated by converting anilines to more reactive intermediates such
as aryldiazonium salts24–27, arylammonium salts28–30, amides31,32, or
triazenes33, the nitrogen atom is usually discarded in byproducts
(Fig. 1b).

Chiral α-branched benzylic amines are important structural
motifs found in a wide range of natural products and biologically
active compounds34–37. Driven by the value of active pharma-
ceutical ingredients, the asymmetric arylation of aldimines by
arylmetallic reagents, including lithium38,39, zinc40, titanium41,
tin42, and boron reagents43,44, has been established as an efficient
method for the synthesis of enantiopure benzylic amines. Enan-
tioselective one-carbon insertion into the aromatic
carbon–nitrogen bonds is an appealing route with which to
establish nitrogen-substituted benzylic stereocenters, and this
reaction could satisfy an unmet need in reaction design (Fig. 1c).

Here, we report a formal, enantioselective aromatic
carbon–nitrogen bond one-carbon insertion reaction that con-
verts an aniline to a highly functionalized chiral α-branched
benzylic amine via an aromaticity dissembly-reconstruction
process. The process involves oxidative dearomatization of
para-substituted anilines, chiral sulfur ylide-mediated asymmetric
aziridination, and subsequent rearrangement. Chiral sulfur ylides
serve as the one-carbon insertion unit.

Results
Initial tests. In connection with our recent works on the dear-
omatization conversion of anilines, oxidative dearomatization can

transform the aromatic carbon–nitrogen bond in anilines to a
carbon–nitrogen double bond by destroying the aromatic sys-
tem45–49. As shown in Fig. 2, chiral sulfur ylides might serve as a
one-carbon unit to be introduced through asymmetric azir-
idination50–55. Subsequent rearrangement might be promoted by
a Brønsted or Lewis acid to redevelop the aromaticity and com-
plete the formal enantioselective one-carbon insertion. This
builds the nitrogen-substituted benzylic stereocenter and is
accompanied by migration of the para-substituent to the meta
position and concomitant para-substitution by a nucleophilic
reagent. To implement this strategy, the rapid oxidative dear-
omatization of p-toluidine 1 was tested by examining various
oxidants including mCPBA, AcOOH, t-BuOOH, H2O2, PhI
(OAc)2, and PhIO. PhIO together with methanol as the solvent
proved to be the best oxidation conditions for the dearomatiza-
tion. After removing the methanol in vacuo, the crude dear-
omatized product was mixed with a solution of achiral sulfonium
salt S1 in acetonitrile in the presence of 1.2 equivalents of NaH,
followed by the treatment with 2 equivalents of CF3COOH
(Fig. 3). To our delight, the aziridination and subsequent rear-
rangement proceeded smoothly and delivered benzylic amine 2 in
good yield (71%).

Optimization of reaction conditions. Encouraged by this result,
a chiral sulfonium salt S2 derived from the Metzner sulfide56,57

was employed, and this reaction gave rise to compound 2 with
51% yield and 17% ee. Various chiral sulfonium salts were
examined58–64, and S8, derived from isothiocineole65–68, was
observed to be the best chiral ylide precursor, leading to a 64%
yield and 95% ee of 2. Changing the anion of sulfonium salts has
an influence on the yield of 2 but leads to no change in the
enantioselectivity. Reaction with sulfonium trifluoromethane-
sulfonate S10 provided 2 in 78% yield and 94% ee. Changing the
nature of protecting group on the aniline nitrogen atom has a
major effect on the transformation. The reaction works well with
various sulfamide groups but not with acetamide or benzamide. A
set of reaction variables including bases, Lewis and Brønsted
acids, solvents, temperatures, and the ratio of reagents were
investigated to establish the optimum reaction conditions. NaH
proved to be the best base. A variety of Brønsted or Lewis acids
shown different activities to promote the rearrangement.
When 20 mol% Cu(OTf)2 was used instead of 2 equivalents
CF3COOH, the yield of 2 was improved to 79% yield and 96% ee
(for details, see Supplementary Table 1 in the Supplementary
Information).
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Scope of anilines. The scope of this transformation was investi-
gated by systematically varying the anilines and the chiral sulfonium
salts. As shown in Fig. 4, reactions of a range of anilines with the
chiral benzyl sulfonium salt S10 proceeded smoothly. In addition to
the methyl group, ethyl, n-butyl, isopropyl, cyclohexyl, or phenyl
groups can be the para-substituent in the anilines and migrate to
the meta position in the product. An electronic effect was observed
for anilines with different meta-substituents. For example, anilines
with a meta-phenyl group gave 9 in higher yield than the reaction
with a meta-methyl group, and aniline bearing a meta-4-
fluorophenyl group gave 12 in higher yield than that bearing a
meta-4-methoxyphenyl group. The ortho-substituent of anilines
have an effect on the reaction. When 2-fluoro-4-methylaniline was
employed, the 4-methyl group migrated to the C-3 position, leading
to the formation of 17 in 61% yield and 99% ee. When 2-bromo-4-
methylanilines were used, the reaction gave rise to a mixture of the
corresponding C-3 or C-5 migration products 18. Reaction of 4-
methyl-2-(phenylethynyl)aniline also provided a mixture of the C-3
or C-5 migration products 19. The formation of the mixture of
migration products might be caused by the combined influence of
the electron-withdrawing and steric effects of the ortho-substituent.
The electron-withdrawing effect makes the C-3 position more
positively charged compared to the C-5 position, and the steric
effect makes the C-3 position more hindered than the C-5 position.

Due to the strong electron-withdrawing property and the small size
of the fluorine atom, the C-3 position is the preferred site for the
migration of the 4-methyl group. Therefore the reaction of 2-fluoro-
4-methylaniline only produced the C-3 migration product 17.
When the ortho-substituent is a bromine atom or a phenylethynyl
group, the relatively weaker electron-withdrawing property and the
bigger size led to the formation of mixture of the C-3 or C-5
migration products. Different functional groups can be introduced
into the para-position by varying the solvent used in the dear-
omatization step. For example, the use of ethanol, isopropanol or
trifluoroethanol instead of methanol led to the formation of the 4-
ethoxy, the 4-isopropoxy, or the 4-trifluoroethoxy-substituted pro-
ducts 20–22.

Substrate scope of sulfonium salts. A wide range of substituents,
such as alkyl, methoxy, halogens, trifluoromethyl, phenyl, ester, or
boron functional groups on the aryl group of chiral benzyl sulfo-
nium salts, is tolerated under the reaction conditions (Fig. 5). The
reaction proceeds smoothly and independently of the different
electronic demands on the aryl substituents of chiral benzyl sulfo-
nium salts. For example, the reaction involving a 4-methylphenyl or
4-(trifluoromethyl)phenyl gave rise to compound 25 in 79% yield
with 95% ee and 35 in 76% yield with 92% ee. Changing the
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substituent position in benzyl sulfonium salts affected the reaction
yield and enantioselectivity. For example, the 2-methoxy substituted
benzyl sulfonium salt gave compound 26 in 91% yield with 96% ee,
and the 4-methoxy substituted salt gave compound 28 in 58% yield
with 92% ee. The reaction of a sulfonium salt bearing two meta-tert-

butyl groups provided 41 in 77% yield with 95% ee. When furan-3-
ylmethyl sulfonium salts were employed, the reaction provided α-
furan substituted benzylic amine 43 in 59 yield with 80% ee. When
α-unsubstituted allyl and propargyl sulfonium salts were employed,
the corresponding α-branched benzylic amines 45 and 46 were
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formed in moderate yields but with lower enantioselectivity. As the
steric hindrance of the allyl sulfonium salts is increased by incor-
poration of an α-methyl substitutent, the stereochemical control of
the reaction increases markedly leading to the formation of 46 in
96% ee, but the yield decreased. When the steric hindrance of
anilines is increased by incorporation of an ortho-methyl sub-
stitutent, product 47 was not formed because the corresponding
aziridination reaction did not occur. The absolute configuration of
34 was confirmed by X-ray crystallography (see Supplementary
Fig. 1 in the Supplementary Information).

Mechanistic studies. To gain more insight into the transforma-
tion, the corresponding dearomatized intermediate 48 and the

azidination intermediate 49 were isolated. Both of them can be
converted into product 2 under the standard conditions (Fig. 6a).
When unsubstituted benzenamine was employed as the substrate,
2.1 equivalents of PhIO were required to facilitate the oxidative
dearomatization to generate a quinone imine ketal 51 as the
intermediate. However, the reaction of 51 under the standard
conditions gave rise to N-(4-methoxyphenyl)-4-methylbenzene-
sulfonamide 52 instead of the insertion product (Fig. 6b). When
two aziridination intermediates 53 and 54 were mixed and treated
with Cu(OTf)2, the reaction gave rise to compounds 55 and 56,
and the formation of 57 and 58 was not observed (Fig. 6c). This
result indicated the migration of the para-alkyl group proceeds
via an intramolecular manner.
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A plausible pathway for this transformation was depicted in
Fig. 7. PhIO mediates the oxidative dearomatization of para-
substituted anilines in methanol to generate cyclohexadieni-
mines. The nucleophilic addition of chiral sulfur ylides to
cyclohexadienimines and subsequent cyclization lead to the
generation of the spiro intermediates. Rearomatizing to release
the tension of the spiro structure is a great driving force for the
rearrangement. With the aid of a Brønsted or Lewis acid, the
migration of the alkyl or the aryl group forms intermediate I
(path a), while the migration of the methoxy group forms
intermediate II (path b). Because the positive charge in
intermediate I can be stabilized by the oxygen atom (inter-
mediate III), rearrangement via path a is preferred. Final
aromatization delivers the one-carbon insertion products.
When the substituent at the para-position of amino group
was a methoxy group, dearomatization occurred to give an
acetal intermediate, but aziridination and C–C bond cleavage
were not observed under standard conditions.

Synthetic applications. The reaction magnifying 50 times can
occur normally which can get product in 77% yield and 94% ee
(Fig. 8a). Transformations of the one-carbon insertion products
have been explored. For example, under reductive conditions, the
N-tosyl protecting group of compound 2 can be removed, leading
to the formation of N–H free chiral benzylic amine 48 (Fig. 8b).
Compound 23 bearing an ortho-methyl group undergoes a
radical sp3 C–H amination reaction to form a 1-substituted iso-
indoline 49 (Fig. 8c). Compound 33 with an ortho-iodo group is
readily converted to the 1,3-disubstituted isoindoline 50 via a Pd-
catalyzed cascade coupling/cyclization reaction (Fig. 8d). In these
transformations, the enantiopurity of the substrates is preserved
in the products.

Discussion
In summary, we report a formal enantioselective aromatic
carbon–nitrogen bond one-carbon insertion reaction via an aro-
maticity dissembly-reconstruction process to directly convert
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anilines to chiral α-branched benzylic amines. The process involves
three steps: oxidative dearomatization to activate the aromatic
carbon–nitrogen bond in para-substituted anilines by breaking the
aromatic system, chiral sulfur ylide-mediated asymmetric azir-
idination to introduce the one-carbon unit, and subsequent rear-
rangement to recover the aromaticity and complete the formal
enantioselective one-carbon insertion accompanied by a migration
of the para-substituent to the meta position and concomitant para-
substitution by a nucleophilic reagent. Development of extensions of
this group insertion strategy to other aromatic systems is currently in
progress in this laboratory.

Methods
Representative procedure. PhIO (0.22mmol) was added to a solution of N-Ts p-
toluidine 1 (0.2mmol) in MeOH (2.0mL) at 25 °C. After 5 min, the reaction mixture
was concentrated in vacuo. The resulting mixture was mixed with the sulfonium salt
(0.24mmol) and sodium hydride (0.24mmol) in MeCN (2mL). The reaction was
stirred at rt for 3 h, then Cu(OTf)2 (0.02 mmol) was added. After the intermediate was
completely consumed (monitored by TLC analysis), the reaction was quenched with
saturated NaHCO3 (25mL), and extracted with EtOAc (25mL × 3). The organic layer
was dried over Na2SO4, and concentrated in vacuo. The residue was purified by flash
column chromatography on silica gel (eluent: petroleum ether/EtOAc) to furnish the
desired compound 2. White solid; mp: 105–106 °C; 1H NMR (400MHz, CDCl3): δ
7.54 (d, J= 8.2Hz, 2H), 7.22–7.17 (m, 3H), 7.15–7.10 (m, 4H), 6.84 (dd, J= 8.4, 1.9
Hz, 1H), 6.80–6.72 (m, J= 2.0 Hz, 1H), 6.62 (d, J= 8.4Hz, 1H), 5.48 (d, J= 7.1Hz,
1H), 5.23 (d, J= 7.1Hz, 1H), 3.75 (s, 3H), 2.37 (s, 3H), 2.05 (s, 3H); 13C NMR (101
MHz, CDCl3) δ 157.1, 143.0, 140.8, 137.4, 132.1, 129.7, 129.2, 128.4, 127.3, 127.2,
126.7, 125.8, 109.6, 60.9, 55.3, 21.4, 16.1; HRMS (m/z): [M+Na]+ calcd. for
C22H23NO3S, 404.1291; found, 404.1291. The ee value was determined by HPLC

analysis: Chiralcel OD-H Column, hexane/2-propanol= 90/10, 25 °C, 1.0mL/min,
220 nm, retention time: 15.8min (minor) and 21.3min (major).

Data availability
All data that support the findings of this study are available within this article and
its Supplementary Information (including experimental procedures and compound
characterization data). The X-ray crystallographic coordinates for structure 34 reported
in this study has been deposited at the Cambridge Crystallographic Data Centre (CCDC),
under deposition numbers 1966589. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. Data
are also available from the corresponding author upon reasonable request.

Received: 2 December 2019; Accepted: 27 August 2020;

References
1. Chen, P., Billett, B. A., Tsukamoto, T. & Dong, G. “Cut and Sew”

transformations via transition-metal-catalyzed carbon–carbon bond
activation. ACS Catal. 7, 1340–1360 (2017).

2. Fumagalli, G., Stanton, S. & Bower, J. F. Recent methodologies that exploit
C–C single-bond cleavage of strained ring systems by transition metal
complexes. Chem. Rev. 117, 9404–9432 (2017).

3. Souillart, L. & Cramer, N. Catalytic C–C bond activations via oxidative
addition to transition metals. Chem. Rev. 115, 9410–9464 (2015).

4. Chen, F., Wang, T. & Jiao, N. Recent advances in transition-metal-catalyzed
functionalization of unstrained carbon–carbon bonds. Chem. Rev. 114,
8613–8661 (2014).

MeO

Me
H NHTs N

N
I

I
O

Me

Me

O

Na2SO3 (4 equiv), ClCH2CH2Cl, 80 oC

(3.6 equiv) N
Ts

MeO

Me

58 (96% ee)23 (96% ee)

MeO

Me
H NHTs

THF, r.t. 15 h

2 (96% ee)

Na (5 equiv), naphthalene (5 equiv)

MeO

Me
H NH2

57 (90% ee)

66%

41%

b

c

MeO

Me
H NHTs CO2Et

N

CO2Et

Ts

MeO

Me

59 (9:1 d.r., 93% ee)33 (93% ee)

Pd(OAc)2 (3 mol%), Et3N (1.2 equiv)
DMF, 100 oC

(1.1 equiv)

77%

d

H3C

I

S

OTf
Me N

1) PhIO (1 equiv), MeOH, 25 oC, 5 min 
2) NaH (1.2 equiv), MeCN, rt

3) TFA (2 equiv), MeCN, rt

Ts

H
+

MeO

Me
H NHTs

1 (1.45 g) 2( 94% ee)

a

1.46 g, 77%

Fig. 8 Reaction in a gram scale and transformations of the one-carbon insertion products. a Reaction in a gram scale. b Removal of the N-tosyl
protecting group of compound 2. c Radical amination reaction of compound 23 to form 1-substituted isoindoline. d Pd-catalyzed cascade coupling/
cyclization reaction of compound 33 to form 1,3-disubstituted isoindoline.

NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-020-18593-4 ARTICLE

NATURE COMMUNICATIONS |         (2020) 11:4805 | https://doi.org/10.1038/s41467-020-18593-4 | www.nature.com/naturecommunications 7

http://www.ccdc.cam.ac.uk/data_request/cif
www.nature.com/naturecommunications
www.nature.com/naturecommunications


5. Wen, Q., Lu, P. & Wang, Y. Recent advances in transition-metal-catalyzed
C–CN bond activations. RSC Adv. 4, 47806–47826 (2014).

6. Yu, H., Gao, B., Hu, B. & Huang, H. Charge-transfer complex promoted C–N
bond activation for Ni-catalyzed carbonylation. Org. Lett. 19, 3520–3523
(2017).

7. Liu, Y., Xie, Y., Wang, H. & Huang, H. Enantioselective aminomethylamination
of conjugated dienes with aminals enabled by chiral palladium complex-
catalyzed C–N bond activation. J. Am. Chem. Soc. 138, 4314–4317 (2016).

8. Herzon, S. B. & Hartwig, J. F. Direct, catalytic hydroaminoalkylation of
unactivated olefins with N-alkyl arylamines. J. Am. Chem. Soc. 129, 6690–6691
(2007).

9. Yang, P., Qi, L., Liu, Z., Yang, G. & Chai, Z. Lewis acid catalyzed dynamic
kinetic asymmetric transformation of racemic N-sulfonylaziridines. J. Am.
Chem. Soc. 140, 17211–17217 (2018).

10. Zhu, C., Feng, J. & Zhang, J. Divergent synthesis of functionalized pyrrolidines
and γ-amino ketones via rhodium-catalyzed switchable reactions of vinyl
aziridines and silyl enol ethers. Chem. Commun. 54, 2401–2404 (2018).

11. Saya, L. et al. Nickel‐catalyzed [3+2+2] cycloadditions between
alkynylidenecyclopropanes and activated alkenes. Angew. Chem. Int. Ed. 49,
9886–9890 (2010).

12. Murakami, M., Itahashi, T. & Ito, Y. Catalyzed intramolecular olefin insertion
into a carbon–carbon single bond. J. Am. Chem. Soc. 124, 13976–13977
(2002).

13. Ko, H. M. & Dong, G. Cooperative activation of cyclobutanones and olefins
leads to bridged ring systems by a catalytic [4+2] coupling. Nat. Chem. 6,
739–744 (2014).

14. Zhou, X. & Dong, G. (4+1) vs (4+2): catalytic intramolecular coupling
between cyclobutanones and trisubstituted allenes via C–C activation. J. Am.
Chem. Soc. 137, 13715–13721 (2015).

15. Souillart, L. & Cramer, N. Highly enantioselective rhodium(I)‐catalyzed
carbonyl carboacylations initiated by C–C bond activation. Angew. Chem. Int.
Ed. 53, 9640–9644 (2014).

16. Komagawa, S. & Saito, S. Nickel‐catalyzed three‐component [3+2+2]
cocyclization of ethyl cyclopropylideneacetate and alkynes-selective synthesis
of multisubstituted cycloheptadienes. Angew. Chem. Int. Ed. 45, 2446–2449
(2006).

17. Lin, M., Kang, G., Guo, Y. & Yu, Z. Asymmetric Rh(I)-catalyzed intramolecular
[3+ 2] cycloaddition of 1-Yne-vinylcyclopropanes for bicyclo[3.3.0] compounds
with a chiral quaternary carbon stereocenter and density functional theory study
of the origins of enantioselectivity. J. Am. Chem. Soc. 134, 398–405 (2012).

18. Chen, P.-H., Xu, T. & Dong, G. Divergent syntheses of fused β‐naphthol
and indene scaffolds by rhodium‐catalyzed direct and decarbonylative
alkyne–benzocyclobutenone couplings. Angew. Chem. Int. Ed. 53, 1674–1678
(2014).
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