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Main observation and conclusion
Amines are among the most fundamental motifs in chemical synthesis, and the introduction of amine building blocks via selective C-C
bond cleavage allows the construction of nitrogen compounds from simple hydrocarbons through direct skeleton modification. Here-
in, we report a novel method for the preparation of anilines from alkylarenes via Schmidt-type rearrangement using redox-active
amination reagents, which are easily prepared from hydroxylamine. Primary amines and secondary amines were prepared from cor-
responding alkylarenes or benzyl alcohols under mild conditions. Good compatibility and valuable applications of the transformation

were also displayed.
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Report

Background and Originality Content

The introduction of nitrogen-containing fragments into com-
pounds is a vital transformation for the synthesis of bioactive
molecules and natural products.m In particular, efficient methods
for the preparation of amines have been broadly studied in the
past decades via C-H bond functionalization,[zl coupling strate-
giesm or addition reactions.™! Despite the significance of the de-
veloped methods, site-selective amination of simple hydrocarbons

r complex molecules via late-stage modification are still highly
Geswed

Carbon skeletons exist ub|qU|toust in bulk chemicals, biomass

nd chemical synthetlcs.[ Direct skeleton modification of al-

yIarenes via C-C bond amination would facilitate access to val-

c )e -added amines, especially anilines.”” schmidt rearrangement

rovides a milestone for the intermolecular C-C bond nitrogena-

tion reaction of carbonyl substrates (Scheme 1(a)). B In recent

® Hears the C-C bond amination of alkylarenes with sodium azide or

Ikyl azide have been developed for the preparation of arylamines

Hcheme 1(b)). o However, the use of sodium azide in strong acid
conditions limited their application in practical production. (ol
on5|der|ng the pursuit of secure efficient methods for the prep-
ratlon of nitrogen compounds, we recently disclosed the
chmidt-type reaction of carbonyl compounds and alkynes using

eNO, as the N-source to replace the azide reagents in the tradi-
tional Schmidt reaction (Scheme 1(c)). =

cheme 1 C-C bond cleavage amination with amination reagents.

a) Schmidt reaction of ketone with sodium azide
(¢]
)k Acid )L _Ry
R, NaN, RN

) C-C bond cleavage amination of alkylarenes with azide reagents

2 O oo

) Beckmann rearrangement with MeNO,, as the amination reagent

A0|d
NaN3 or RN3

Tf,0, HCOOH
MeNO, H

d) This work: C-C bond cleavage of alkylarenes to amines with amination reagents

H/OH 1 * Azide free

©/N~RI :

[N] reagent Strong acid free

HEIP, 60 °C 1° and 2° amines

Mild conditions

Recently, hydroxylamine derivatives have attracted a lot of at-
tentions, and have been used as efficient redox-active aminating
reagents in C-H or C-B amination reaction.™>*¥! |n contrast, the
direct C-C bond amination with these significant non-azido
reagents was still rarely achieved. With our continuous effort in
the C-C bond nitrogenation reactions, (51114 \ye envisioned that
these amination reagents might be effective for the direct amina-
tion of alkylarenes through selective C-C bond cleavage. Herein,
we report a novel C-C bond amination reaction of alkylarenes for
the efficient synthesis of primary and secondary anilines (Scheme
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1(d)). Different amination reagents were prepared and ap-
plied in this C-C bond amination transformation. With HFIP
as the solvent, strong acids were not required.

Results and Discussion

We initially tried to use PivONH,-HOTf as the amination rea-
gent (Table 1), which has been widely used in efficient ami-
nation reactions.™™ Interestingly, the experiment with
1-([1,1'-biphenyl]-4-yl)ethan-1-ol (1a) and PivONH,-HOTf (2
equiv) in HFIP at 60 °C for 8 hours provided the desired
[1,1'-biphenyl]-4-amine (2a) with 63% vyield (entry 1, Table
1). Considering the key role of the amination reagent in the
transformation, different hydroxylamine reagents have been
tested in the reaction (entry 2-6), but only AcONH,-HOTf
worked and afforded the product with 32% vyield. The addi-
tion of H,O (5 equiv) could increase the yield to 85% (entry
7), which might accelerate the hydrolysis of the imine inter-
mediate for the final generation of anilines, while more wa-
ter would be adverse (entry 8) possibly for its competing
effect with amination reagent. Other solvents like TFE and
TFA were not beneficial (entries 9-10).

It is noteworthy that the simple alkyl benzene sub-
strates can also be converted into the corresponding aniline
products with PivONH,-HOTf as the amination reagent (en-
tries 11-16, Table 1). In these cases, oxidant was essential for
the reaction. With the 4-ethyl-1,1'-biphenyl (3a) as the sub-
strate, the screening of different oxidants proved that DDQ
was far more efficient than other oxidants for the C-C bond
cleavage amination of alkylarenes and gave the product with
69% vyield (entry 11-16).

Table 1 Screening of the reaction conditions®

OH Oxidant (1.2 equiv)
/@)\ IN] reagent. .(2.0 equiv) NH,
or /©/\ additive /©/
Solvent, 60 °C, 8 h
Ph Ph Ph
1a 3a 2a
Entry Sub  Oxidant [N] reagent (2.0 equiv) additive Solvent  Yield 2a® [%]
1 1a - PivONH,-HOTf - HFIP 63
2 1a - AcONH,-HOTf - HFIP 32
3 1a - PivONHBoc - HFIP 0
4 1a - HOSO,0NH, - HFIP 0
5 1a - NH,OH-HCI - HFIP 0
6 1a - MeONH,-HCI - HFIP 0
7 1a - PivONH,-HOTf H,0 (5 equiv) HFIP 85
8 1a - PivONH,-HOTf H,0 (10 equiv)  HFIP 72
9 1a - PivONH,-HOTf H,0 (5 equiv) TFA 48
10 1a - PivONH,-HOTf H,0 (5 equiv) TFE 55
1 3a DDQ PivONH,-HOTf H,0 (5 equiv) HFIP 69
12 3a TBHP PivONH,-HOTf H,0 (5 equiv) HFIP 0
13 3a Oxone PivONH,-HOTf H,0 (5 equiv) HFIP 5
14 3a K,S,04 PivONH,-HOTf H,0 (5 equiv) HFIP 0
15 3a PIDA PivONH,-HOTf H,0 (5 equiv) HFIP 5
16 3a CAN PivONH,-HOTf H,0 (5 equiv) HFIP 0

? Reaction conditions: Substrate (0.3 mmol), Oxidant, [N] reagent
(0.6 mmol, 2.0 equiv) and additive were stirred in solvent (0.5 mL) at
60 °C for 8 h under air. ”Yields were determined from isolated 2a.

Under the optimized conditions, the scope of benzyl al-
cohols and alkylarenes have been explored (Table 2). With
ethylarenes and secondary alcohols as substrate, different
functional groups substitutions were tested. Substrates
bearing electron-donating groups including ether groups,
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amino alkyl and amide (2b-k) underwent the cleavage well
and provided corresponding anilines with 43% to 84% yields.
Besides, the cleavage amination of benzyl alcohols substi-
tuted with electron-withdrawing halogen groups (2I-n) and
ethylarenes with arenes substituents (2y-ab) could also lead
to the desired anilines. Interestingly, 1,4-diethylbenzene (3e)

Table 2 Substrate scope for the synthesis of anilines

Chin. J. Chem.

could also undergo the selective C-C bond cleavage and pro-
vided 4-ethylaniline (2e) as the only product. Benzyl alcohols
with ortho- substituted OMe (2j) and meta-substituted Me
(2k) and multi-substituents (2o-r) conducted the transfor-
mation well with

PivONH;* “OTf (2.0 equiv)

OH PivONH;* “OTf (2.0 equiv) DDQ (1.2 equiv)
H,0 (5.0 equiv) - H,0 (5.0 equiv)
Ar)\ HFIP (0.5 mL), 60 °C, 8 h ArNH HFIP (0.5 mL), 60 °C, 8 h AN
1 2 3
(a) /©/ /©/NH2 /©/NH2 /©/NH2 /©/NH2 /©/NH2
Ph MeO MeS Me Et PhO
(2a) 86%7, 69%" (2b) 82%°, 75%" (2c) 84%“ (2d) 60%*, 53%” (2e) 60%*, 47%" (2f) 71%“

t-Bu

)

|

P4

I
N

Acce

ted gﬁrticle

(5) 96%°

B-O-lignin model (10) 33%*

HoN

(2h) 78%¢

|

(2n) 20%¢

Tonalid-derivative (2t) 89%*

NH, O NH, NH2 NH2 l NH,
O O O - O
t-Bu MeO MeOOC

(2y) 73%"

OMe

OMe

AcHN

(2i) 82%¢, 62%"

Fj : NH,
MeO

(20) 84%¢

(2u) 40%°¢

(22) 61%"

(6) 81%"

Gemfibrozil-derivatve (11) 62%*

NH,
©10Me
(2j) 64%

MeO NH,
M90:©/
(2p) 90%“

NH,

(7) 70%"

Montelukast-derivative (12) 73%*

Me\©/NH2

(2k) 43%“
MeO NH,

MeO
OMe
(2q) 67%“

(2v) 67%, 64%"

(2aa) 58%”

F

(21) 71%¢, 45%"

o

(2r) 76%:¢

(2w) 44%¢

(2ab) 61%"

OH OMe

B-1 lignin-T model (8) 32%*
B-1 lignin-E model (9) 35%*

Adapalene-derivative (13) 37%*

?Reaction conditions: Benzyl alcohol substrate (0.3 mmol), PivONH,-HOTf (0.6 mmol, 2.0 equiv) and H,0 (1.5 mmol, 5.0 equiv) were stirred in

www.cjc.wiley-vch.de 3
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HFIP (0.5 mL) at 60 °C for 8 h under air. ”

First author et al.

Alkylarene substrate (0.3 mmol), DDQ (0.36 mmol, 1.2 equiv), PivONH,-HOTf (0.6 mmol, 2.0 equiv)

and H,0 (1.5 mmol, 5.0 equiv) were stirred in HFIP (0.5 mL) at 60 °C for 8 h under air. Yields were determined from isolated product.

Table 3 C-C bond cleavage amination with alkyl amination reagents’

o /@/\
Ph

OH R
[N] reagent (2.0 equiv) e

H,O (5.0 equiv) Q/N\Rz
Ph

\ _OPiv
NHM
¢ \\/o Hz
~o” + “Me

Ppﬁ /Cf

Reaction conditions: Substrate (0.3 mmol), [N] reagent (0.6 mmol,
2.0 equiv) and H,0 (1.5 mmol, 5.0 equiv) were stirred in HFIP (0.5 mL)
t 60 °C for 10 h under air. °DDQ (0.36 mmol, 1.2 equiv) was added.
ields were determined from isolated products.

oh HFIP (0.5 mL)
1a 3a 60°C, 10 h
Entry Substrate [N] reagent (2.0 equiv) Yield of products
A -
1 1a PivONH,Me OTf (14) 22%, (15) 50%
M 2 1a NSONH,Me OTF (14) 62%
3 3a TsoﬁHZMe OTf (17) (14) 60%"
4 1a TsONH,Me OTf (17) (18) 70%
. _
o ﬁ 5 1a PIVONH,i-Pr OTf (16) 32%

Q

14

cheme 2 More transformations and mechanism studies.

N atom insertion of C(sp?)-C(sp®) bond via two-steps one-pot strategy

ed A

R
i) PivONH;* "OTf Y
i) NaBH, (eq 1)
Ph
| ’ 5(R=0H), 6 (R=H) (16) 60% (from 5), 44% (from 6)
PivVONH," "OTf (3.0 equiv) °
DDQ (1.2 equiv) NH,
H,0 (5.0 equiv) NH
S (eq 2)
HFIP (0.5 mL), 60 °C, 8 h
® 18 (19) 43% (20) 15%
o
NH,
i) O, (1 atm), then reduction
NH (eq3)
ii) PivONH;* "OTf (3.0 equiv)
H,0 (5.0 equiv)
18 HFIP (0.5 mL), 60 °C, 8 h (19)65%  (20)41%
o
PivONH;" “OTf (3.0 equiv) NH,
H,0 (5.0 equiv) ©/ NH  (eq4)
HFIP (0.5 mL), 60 °C, 8 h
21 (19) 84% (20) 69%
OH
PivONH;* "OTf (2.0 equiv)
Ph H,0 (5.0 equiv)
HFIP (0.5 mL), 60 °C, 8 h } (a %)
MeO
22 (2b) 68%  (23) 59% (E:Z = 2:1)

the yields of 43% to 90%. In addition, polycyclic anilines
(2u-x) were also available with this method, which are poorly
prepared with the reported method with sodium azide as the
nitrogen source. Based on these results, transformation of
more different alkyl substituted arenes have been investi-
gated. Diphenylmethanol (4) could be transformed into ani-
line with 52% yield. The C-C bond cleavage amination of ter-

N

www.cjc.wiley-vch.de
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tiary alcohol (5) and 4-isopropyl-1,1'- biphenyl (6) afford the
product [1,1'-biphenyl]-4-amine (2a) with the yields of 96%
and 81% respectively, which indicates that tertiary carbon
possesses a better reactivity than secondary carbon. While
longer carbon chain has no influence to the reactivity (7).
Thinking of the great importance of anilines in bioactive
molecules, the modification of the derivatives of Tonalid (1t),
Gemfibrozil (11), Montelukast (12) and Adapalene (13) were
conducted, and provided corresponding anilines with 37% to
89% yields, ester group, olefins, quinoline and other groups
were well tolerated, which shown the potential application
of this method in the late-stage functionalization of complex
compounds. Benzyl alcohols are widespread in natural bio-
mass such as lignin. Thinking of the pursuit of the degrada-
tion of these bio-renewable matters into value-added chem-
ical materials, [l gifferent lignin model molecules were ap-
plied in the transformation, corresponding anilines
3,4-4-methoxyaniline (2b) and dimethoxyaniline (2p) were
obtained with 32% to 35% vyields, the mild and safe reaction
conditions and easily accessible reagents make this method
potential for industrial application.

With the developed method, we further investigated
more amination reagents for the preparation of secondary
amines (Table 3). Reaction with the PivONHMe-HOTf as the
amination reagent was proven feasible for the transfor-
mation, but only with 22% vyield of the product 14 and 50%
yield of the byproduct 15 without rearrangement (entry 1).
Further optimization found that NsONHMe-HOTf and
TsONHMe-HOTf (17) were more efficient for the C-C bond
cleavage amination of 1a and 3a (entry 2-4). Amination rea-
gents with PivOH as the leaving group afforded the products
with moderate yields (entry 5). While the preparation of ter-
tiary morpholine amination reagent with TsOH as leaving
group failed using the standard procedure.

Scheme 3 Mechanism of C-C bond cleavage amination reaction

Ry Ry
OH 4 +
H
R, f’ Ry
A H0 c

.-
PiVONH, OTf

Ry

o1/H

-

R
TSONH,R' OTf

Piv o R~ H_OTs
N

) HIN - R
Mo 10 HN O —
Y 1 N 1
R, R, Y
©/ Ro R R ﬁ' ©/ R
2
PiVOH
E v o ! TSOH J
H,0
g
PIVONH, OTf PivOH
o)
NH,
P OH )J\ R,
+ |Ry N7 or R N
H
F G, R,=H H.R,?H

To investigate the mechanism of the reaction, more
transformations of different alkylarenes have been accom-
plished (Scheme 2). The insertion of nitrogen atom into the
inert C(spz)—C(sp3) bond of alkylarenes could achieve the di-
rect skeleton modification of the molecules, this process has

Chin. J. Chem. 2021, 39, XXX—XXX
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been fulfilled with 5 or 6 as the substrate by two-steps
one-pot with NaBH, as the reductant (eq 1). Cyclohexylben-
zene (18) could be transformed into aniline (19) and capro-
lactam (20) with DDQ as the oxidant by this protocol (eq 2).
A more efficient method was fulfilled by using O, as the oxi-
dant, which is a cheaper and greener oxidant for practical
production (eq 3). In addition, the C(spz)-C(spZ) bond cleav-
age amination of 1-phenylcyclohexene (21) without oxidants
also afforded aniline and caprolactam in 84% and 69% yields
respectively (eq 4), which indicated that this method also
orks well for the C-C bond cleavage of aryl olefins. The re-
action of (4-methoxyphenyl)(phenyl)methanol (22) provided
2b and benzaldehyde oxime (23) with 68% and 59% yields
respectively, which might hint that 2 equivalences of Piv-
ONH,-HOTf get involved in the C-C bond cleavage amination
rocess (eq 5).

A mechanistic rationale for this C-C bond amination re-
action is shown in Scheme 3. The carbon cation C generated
from benzyl alcohols A, alkylarene B or aryl olefins was at-
tacked by hydroxylamine reagents. Then further rearrange-
ments of the obtained intermediates (D, 1) promoted by HFIP
afford the imine intermediates (E, J), with PivOH or TsOH as
the leaving part. The final hydrolysis or attraction by amina-
tion reagent provides the desired amines.

G

]

¢

{1
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We have developed the selective C-C bond cleavage amination of alkylarenes to prepare anilines and secondary arylamines, the mild conditions, safe
redox-active aminating reagents and the use of O, as the environmentally benign oxidant make this method more practical. Applications in the modi-
fication of complex bioactive molecules and C-C bond cleavage transformation of lignin model compounds and cyclohexylbenzene to value added

products were conducted.
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