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ABSTRACT: The rhodium(III)-catalyzed cross-coupling reaction between commercially available benzylamines and Morita–

Baylis–Hillman (MBH) adducts is described. This protocol provides a facile access to various 2-benzazepine derivatives via the 

C(sp
2
)–H activation of N-allylated benzylamines and subsequent intramolecular olefin insertion followed by N-allylation reaction. 

A range of substrates has been used and a high level of chemoselectivity as well as functional group tolerance was observed. To 

gain mechanistic insight of this transformation, DFT calculations were also performed. 
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Azepine analogues are among the most interesting discovery 

in the field of natural products and pharmaceuticals. Particu-

larly, benzazepine derivatives have attracted considerable at-

tention by virtue of their interesting biological properties.
1
 

Typical examples, such as galanthamine, capsazepine (CPZ), 

and baclabuvir include the 2-benzazepine scaffold (Figure 1).
2
 

Consequently, the synthesis of 2-benzazepines is of great in-

terest in organic and medicinal chemistry.  

 
Figure 1. Selected examples with 2-benzazepine scaffold 

Transition-metal-catalyzed C–H functionalization has been 

one of the most attractive issues in organic synthesis due to its 

remarkable potential for step economy and environmental 

sustainability.
3
 Recently, much attention has been made to-

wards the C(sp
2
)–H functionalization of protected or unpro-

tected benzylamines affording N-containing heterocycles. For 

example, Orito described the C–H activation of N-alkyl 

benzylamines followed by subsequent carbonylation process 

for the preparation of benzolactams.
4a

 Kim reported the direct 

access to isoindolines through Rh(III)-catalyzed alkenylation 

and cyclization of N-benzyltriflamides.
4b

 In addition, Miura 

beautifully demonstrated the Ru(II)- and Rh(III)-catalyzed 

dehydrogenative ortho-alkenylation and annulation of unpro-

tected benzylamines with acrylates.
4c

 In the same time, Ariza 

and Garcia have also used unprotected benzylamines to be 

coupled with allenes providing tetrahydroisoquinolines under 

Pd(II) catalysis.
4d

 

The Morita–Baylis–Hillman (MBH) reaction has been recog-

nized as a useful carbon-carbon bond-forming reaction for 

organic chemists.
5
 In particular, MBH adducts are useful pre-

cursors for the preparation of substituted alkenes including 

bioactive molecules by the reaction of a wide range of cou-

pling partners.
6
 In this context, Kim developed the facile syn-

thesis of polycyclic compounds using haloaryl-containing 

MBH acetates and N-heterocyclic nucleophiles.
7
 Alper dis-

closed the synthesis of azepinones through Pd(II)-catalyzed 

amination and intramolecular cyclocarbonylation reactions of 

primary amines and MBH adducts.
8
 Very recently, Ding has 

utilized the racemic Morita–Baylis–Hillman adducts to gener-

ate asymmetric allylic allylated products with allylB(pin) un-

der palladium catalysis.
9
 In continuation of our recent studies 

on the synthesis of biologically relevant heterocyclic mole-

cules based on catalytic C−H functionalization,
10

 we herein 

first present the Rh(III)-catalyzed synthesis of 2-benzazepines 

from benzylamines using Morita–Baylis–Hillman adducts via 

the N-allylation of primary benzylamines followed by 

intramolecular olefin insertion process.  

Our study was initiated by investigating the coupling reaction 

of benzylamine (1a) and methyl 2-(acetoxymethyl)acrylate 

(2a), as shown in Table 1. We were delighted to see the cou-

pling reaction between 1a and 2a under cationic Rh(III) catal-
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ysis in DCE at 60 
o
C providing the desired product 3a in 40% 

yield (Table 1, entry 1). Control experiments revealed that 

cationic rhodium catalyst is highly crucial for this transfor-

mation (Table 1, entry 2). The use of Cu(OAc)2 as an acetate 

source was found to be efficient in this coupling reaction (Ta-

ble 1, entries 3–6). In this stage, other transition-metal cata-

lysts such as Ru(II), Co(III) and Ir(III) were screened, and 

Rh(III) was found to be a most effective catalyst (See Support-

ing Information for details). In addition, decreasing amount of 

Cu(OAc)2 to 70 mol % enhanced the formation of 3a up to 

65% yield (Table 1, entries 7 and 8). However, the shorten 

reaction time at 60 
o
C was found to be less effective (Table 1, 

entry 9). Increasing the temperature to 110 °C for 10 min led 

to the formation of 3a in high yield (72%) (Table 1, entries 

10–12). Screening of solvents indicated that DCE is an opti-

mal solvent for the preparation of 3a (See Supporting Infor-

mation for details). Exchanging silver additives to AgNTf2 and 

AgPF6 gave 60% and 25% yields of 3a, respectively (Table 1, 

entries 13 and 14). A preformed cationic Rh(III) complex was 

also found to be comparable in this reaction (Table 1, entry 

15). Finally, this transformation can be readily scaled up to 

1.07 mmol to give 3a in 61% yield (Table 1, entry 16). 

Table 1. Optimization for Reaction Conditions
a 

 
entry additive (mol %) T oC time yieldb 

1 AgSbF6 (10) 60 18 h 40 

2  60 18 h N.R. 

3 AgSbF6 (10), Cu(OAc)2 (100) 60 18 h 59 

4 AgSbF6 (10), CuOAc (100) 60 18 h 55 

5 AgSbF6 (10), NaOAc (100) 60 18 h 18 

6 AgSbF6 (10), KOAc (100) 60 18 h 15 

7 AgSbF6 (10), Cu(OAc)2 (70) 60 18 h 65 

8 AgSbF6 (10), Cu(OAc)2 (50) 60 18 h 61 

9 AgSbF6 (10), Cu(OAc)2 (70) 60 2 h 35 

10 AgSbF6 (10), Cu(OAc)2 (70) 80 2 h 53 

11 AgSbF6 (10), Cu(OAc)2 (70) 110 30 min 58 

12 AgSbF6 (10), Cu(OAc)2 (70) 110 10 min 72 

13 AgNTf2 (10), Cu(OAc)2 (70) 110 10 min 60 

14 AgPF6 (10), Cu(OAc)2 (70) 110 10 min 25 

15c Cu(OAc)2 (70) 110 10 min 68 

16d AgSbF6 (10), Cu(OAc)2 (70) 110 10 min 61 

a Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), [RhCp*Cl2]2  (2.5 

mol %), additive (quantity noted), DCE (1 mL) under air at indicated 

temperature in pressure tubes. b Isolated percent yield by flash column 

chromatography. c A preformed [RhCp*(MeCN)3(SbF6)2] (5 mol %) com-

plex was used as a catalyst. d Scale-up experiment: 1a (1 g, 1.07 mmol) 

was used. 

With the optimized reaction conditions in hand, the substrate 

scope and limitation of this reaction were examined, as shown 

in Table 2. The reaction of para-substituted benzylamines 1b–

1f with both electron-donating and electron-withdrawing 

groups was found to be good substrates in this transformation 

affording the corresponding products 3b–3f in good to high 

yields under the present reaction conditions. The reaction con-

ditions are tolerant to bromo and ester functional groups, 

therefore furnishing a versatile synthetic elaboration. We were 

delighted to see that ortho- and meta-substituted benzylamines 

1g–1n were also compatible to afford our desired products 3g–

3n in moderate to good yields. Interestingly, piperonylamine 

1o was coupled with 2a giving a mixture of 2-benzazepines 3o 

and 3o’, which were derived from the reaction on C2–H and 

C4–H, with 5:1 ratio in 72% combined yields. Further isolation 

of 3o was undertaken, and the structure of 3o was confirmed 

by the X-ray crystallographic analysis. After screening the 

scope of benzylamines, we further evaluated the scope of 

MBH adducts under the optimal reaction conditions. MBH 

adducts 2b and 2c, generated from benzyl and tert-butyl 

acrylates using paraformaldehyde, were subjected to react with 

benzylamine (1a) to deliver our desired products 3p and 3q in 

60% and 47% yields, respectively. However, MBH reagent 2d 

derived from methyl vinyl ketone did not undergo the 

coupling reaction to provide the corresponding 2-benzazepine 

3r. 

Table 2. Scope of Benzylamines and MBH Adducts
a

 

 
a Reaction conditions: 1a–1o (0.2 mmol), 2a–2d (0.6 mmol), [RhCp*Cl2]2 

(2.5 mol %), AgSbF6 (10 mol %), Cu(OAc)2 (70 mol %), DCE (1 mL) 

under air at 110 oC for 10 min in pressure tubes. b Isolated yield by flash 

column chromatography.  

Next, the scope of α-substituted benzylamines 4a–4g was ex-

plored with 2a, as shown in Table 3. 1-Phenylethanamine (4a) 

and α-ethyl substituted benzylamine 4b were successfully 

reacted with 2a providing 5a (70%) and 5b (78%), respective-

ly. However, α-benzyl substituted benzylamine 4c was found 

to be relatively less reactive for the formation of 5c. Notably, 

this reaction readily proceeded with benzylamine 4d, which 

was derived from its corresponding phenylglycine, furnishing 

5d in 43 % yield. It should be mentioned that no racemization 

of chiral substrates 4a and 4d was observed under the current 

reaction conditions. In addition, benzhydrylamine (4e) was 

Page 2 of 6

ACS Paragon Plus Environment

ACS Catalysis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

 

found to be a good substrate in this transformation. To our 

pleasure, sterically congested benzylamine 4f and tetrahydro-

1-naphthylamine 4g were also favored in the coupling reaction 

to afford the corresponding 2-benzazepine 5f and tricyclic 

azepine 5g, respectively. 

Table 3. Scope of α-Substituted Benzylamines
a

 

 
a Reaction conditions: 4a–4g (0.2 mmol), 2a (0.6 mmol), [RhCp*Cl2]2 (2.5 

mol %), AgSbF6 (10 mol %), Cu(OAc)2 (70 mol %), DCE (1 mL) under 

air at 110 oC for 10 min in pressure tubes. b Isolated yield by flash column 

chromatography. 

With the results for the formation of 2-benzazepines from 

benzylamines, we have been interested in the synthesis of 8-

membered azocine using 2-phenethylamine 6a with 2a 

(Scheme 1). Under the standard reaction conditions for 10 min, 

a trace amount of azocine 7a was observed, and N,N’-

diallylated tertiary phenethylamine 7b was formed in 78% 

yield. To investigate the effect of reaction time, we performed 

a series of reaction with increased reaction times, but the yield 

of 7a could not be improved. 

 

Scheme 1. Synthesis of 8-Membered Azocine 

To recognize the formation of 2-benzazepines in this process, 

various control experiments were subjected, as shown in 

Scheme 2. Firstly, treatment of 8a with 2a provided our de-

sired product 3a in 65% yield (Scheme 2, eq. 1). However, 

secondary benzylamines 8b–8d were coupled with 2a to fur-

nish N-allylated compounds 9b–9d in good yields, and no 

formation of 2-benzazepine adducts 10b–10d was detected 

(Scheme 2, eq. 2). Based on the result for the reaction of N-

allylated benzylamine 8d with 2a, we suggest that N-allylated 

secondary benzylamine 8a containing an ester functionality on 

the vinylic position is highly desirable intermediate for the 

formation of 2-benzazepine. This result can be rationalized by 

the theoretical study between 8a and 8d (see Figure S1 in 

Supporting Information for details). To further confirm wheth-

er N,N’-diallylated tertiary benzylamine 8e is a crucial inter-

mediate in this process, we performed the intramolecular cy-

clization reaction of 8e in the absence of 2a (Scheme 2, eq. 3). 

Interestingly, the formation of 3a was observed in 16% yield. 

This observation can be explained by the deallylation of 8e to 

afford secondary benzylamine 8a, which can undergo the 

C(sp
2
)–H activation and subsequent intramolecular olefin in-

sertion followed by N-allylation reaction. The deallylation 

reaction can be further confirmed by the reaction of 8a in the 

absence of 2a under the standard reaction conditions, resulting 

in the formation of 3a in 20% yield (Scheme 2, eq. 4). Unfor-

tunately, free-(NH)-2-benzazepine 11a could not be detected 

presumably due to the rapid N-allylation reaction of 11a with 

8a as an internal allyl source. Finally, the cross-over experi-

ment of 8a with 2b suggests that this transformation proved to 

be competitive between deallylation and intramolecular cy-

clization of secondary N-allylated intermediates (Scheme 2, eq. 

5). 
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R
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N

CO2Me
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12a, 30%

+ (5)

 

Scheme 2. Mechanistic Investigation 

Based on the above mechanistic investigation and preceding 

literatures on the Rh(III)-catalyzed alkenylation reactions us-

ing olefins,
11

 a plausible reaction mechanism is outlined in 

Scheme 3. Initially, benzylamine (1a) reacts with MBH adduct 

2a through the SN2’ pathway to afford secondary benzylamine 

8a, which can undergo C–H activation process with a cationic 

Rh(III) species, generating a rhodacycle intermediate I. Sub-

sequently, olefin coordination and migratory insertion take 

place to give seven-membered Rh(III) complex II, which un-

dergoes β-H–elimination to deliver the intermediate 11a and 

Rh(III) catalyst. Finally, the N-allylation of 11a can furnish 

our desired product 3a. 
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Scheme 3. Plausible Reaction Mechanism 

 

To gain more insight into the reaction mechanism, DFT calcu-

lations were performed with the B3LYP
12

 and M06
13

 hybrid 

functional to get a detailed overview of Gibbs free energy at 

383.15 K (See the Supporting Information for computational 

details). The intermediate A1 undergoes C–H bond activation 

via A1-TS, in which the acetate ligand deprotonates an ortho 

proton to afford the transient intermediate A2 at a relative 

energy of 12.0 kcal/mol (Figure 2). This concerted metalation-

deprotonation (CMD) step is the most energy demanding with 

a kinetic barrier of 20.1 kcal/mol, which suggests that the rate 

determining step should be the CMD reaction. Consecutively, 

the 5-membered rhodacycle A2 loses AcOH, providing a va-

cant binding site on Rh(III) for the olefin coordination. The 

resulting intermediate A3 is located at -6.4 kcal/mol and ready 

for migratory insertion. In the most favorable pathway, our 

computed transition state structures illustrate that the 

rhodacycle A3 adds to the endo face of the olefin,
14

 and the 
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Figure 2. Energy profiles of proposed reaction mechanism  

Page 4 of 6

ACS Paragon Plus Environment

ACS Catalysis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

 

transition state for the migratory insertion step A3-TS is locat-

ed at 10.6 kcal/mol with a barrier of 17.0 kcal/mol, forming 

seven-membered Rh(III) complex A4 (located at -11.8 

kcal/mol). Next, A4 undergoes β-H–elimination to deliver the 

intermediate A5 with a small barrier of 6.7 kcal/mol. 

In conclusion, we described the first rhodium(III)-catalyzed 

cross-coupling reaction between benzylamines and Morita–

Baylis–Hillman (MBH) adducts to afford a variety of 2-

benzazepine derivatives. This protocol has been applied to a 

wide range of substrates, and typically proceeds with excellent 

levels of chemoselectivity as well as with high functional 

group tolerance. Additionally, the reaction pathway of this 

process was recognized by experimental and theoretical inves-

tigations. The biological evaluation of synthetic 2-

benzazepines is underway and will be reported in due course. 
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