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Enantioselective Ruthenium-Catalyzed Carbenoid N-H Insertion 
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It was found firstly that the cinchonine and BINOL -derived multifunctional ligands bearing silicon-based bulky group 

exhibited promising enantioselective induction in the ruthenium-catalysed carbenoid N-H insertion reaction, in which the 

Ru-L26 system with multiple stereogenic centers was proved to be an enzyme-like catalyst because it exhibited narrow 

substrate scope and size-sensitive discrimination in this reaction. 

Introduction 

Chiral ligands generally play critical role in numerous 

stereoselective or chemoselective transformations in 

asymmetric organometallic catalysis. Thus in the past decades, 

the catalytic asymmetric synthesis of chiral molecules with 

organometallic complex focused on extending the reach of 

chiral ligands to better control enantioselective induction in this 

field.1 Over the past years, our group has been interested in the 

design and preparation of multifunctional ligands with multiple 

stereogenic centers because of their powerful potentials in 

catalytic asymmetric application in organic transformations.2 

For example, our group recently reported a novel 

multifunctional N,O,P-ligand (HZNU-Phos) with multiple 

stereogenic centers that prepared from chiral binaphthol 

(BINOL) -derived aldehyde and primary amine bearing 

phosphine moiety for copper-catalyzed conjugate addition and 

palladium-catalyzed allylic alkylation,2a,b in which the novel 

ligand has been demonstrated as highly effective in these 

reactions. Inspired by previous work on catalytic carbenoid N-

H insertion reactions, we hypothesized that the concept of 

modular synthesis of multistereogenic ligands by combining 

axial chiral BINOL derivatives with sp3-carbon stereogenic 

amines would be applicable for the development of novel 

ruthenium catalyst system and corresponding enantioselective 

carbenoid N-H insertion reactions.  

Carbenoid N-H insertion reactions, one of  the most attractive 

carbon-nitrogen bond-forming transformations, have recently 

attracted considerable interest because they allow for synthesis 

of biologically active nitrogen-containing molecules, including 

-amino acids and its derivatives.3 In particular, the versatile 

products of N-H insertion reactions have been found for wide 

utility both as precursors in the synthesis of complex natural 

products, and the building blocks of proteins and peptides.4 

Therefore, the development of highly efficient and 

enantioselective methods for the construction of -amino acid 

or its derivatives by carbon-nitrogen bond-forming insertion 

reaction is a valuable and fundamental goal in organic 

synthesis.5 Since the early work of copper bronze catalyzed N-

H insertion reaction was reported in 1952 by Yates,6 transition-

metal-catalyzed carbenoid N-H insertion reactions by means of 

amines and diazocarbonys have proved to be an extremely 

simple approach for the synthesis of -amino esters in an 

efficient and atom-economical way.7 Especially since 1996, the 

investigation of catalytic asymmetric versions of the carbenoid 

N-H insertion reaction has attracted considerable attention.8 

However, whereas catalytic carbenoid insertion have been 

evolved into an extremely powerful tool in organic synthesis,9 

the enantioselective insertion of an -diazocarbonyl compounds 

into N-H bond is still in its infancy in comparison to catalytic 

asymmetric hydrogenation. For example, as two representative 

and seminal advances, chiral rhodium (II) carboxylates reported 

by McKervey8a and Chiral copper- and silver-based catalysts 

reported by Jørgensen8c only gave low to moderate 

enantioselectivities (up to 48% ee).  

Recently, other copper complexes have been found by Zhou 

and other groups to be highly enantioselective catalyst systems 

in this reaction,10,11 in which the catalytic enantioselective 

insertion of -diazoesters into N-H bonds by using the copper 

complexes of chiral spirobisoxazoline ligands as catalysts, is 

particularly impressive advances in this context. This work also 

further supported the highly important role of chiral ligands in 

the enantioselective metal-catalyzed transformations. In view of 

the synthetically useful N-H insertion reactions, further 

Page 1 of 8 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

mailto:liwenxu@hznu.edu.cn
mailto:licpxulw@yahoo.com


COMMUNICATION Journal Name 

2 | J. Name., 2012, 00, 1-3 This journal is ©  The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

investigation and breakthrough was made by the groups of Fu11, 

Feng12, and Zhou13 respectively in the past years, in which 

several interesting copper and rhodium complexes have been 

achieved successfully for such carbenoid N-H insertion 

reactions. Despite previous achievements in this field,14 there is 

no report on the ruthenium-catalyzed asymmetric carbenoid N-

H insertion reactions because of possibly different mechanistic 

procedure with chiral ruthenium chemistry. In addition, the 

effort to exploration of alternative approach with easily 

achieving ligands as well as the development of novel catalyst 

system and concept with high catalytic activity and perfect 

stereochemistry is also highly desirable.  
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Figure 1. General mechanism for metal-catalyzed carbenoid N-H insertion 

reactions: Steps A, B, and D were crucial for copper catalysis and Step B is 

the rate-determining step (RDS) for rhodium catalyst system.3c 

Meanwhile, previous studies on the general mechanism of 

metal-catalyzed carbenoid insertion reactions revealed that the 

rate-determining step (RDS) of copper catalysis was different 

from that of rhodium (II), according to theoretical calculations 

and experimental results steps A, B, and D were crucial for 

copper(I) catalysis (Figure 1).3c,15 And the mechanism of 

ruthenium catalysis in this N-H insertion reaction is unclear, 

therefore further experimental investigation are need to be 

carried out to clarify the mechanistic pathway. In addition, in 

comparison to copper and rhodium-based catalyst system, 

ruthenium catalyst, such as [RuCl2(p-cymene)]2, has also been 

found to highly reactive catalyst for carbenoid N-H insertion 

reactions.16 For example, Che and Xu16a has found that only 1 

mol% of [RuCl2(p-cymene)]2 was enough effective for the 

intermolecular carbenoid N-H insertion reaction of aniline 

within 30 mins. Unfortunately, to our knowledge, there is no 

successful report on the design and synthesis of chiral ligands 

for enantioselective ruthenium-catalyzed N-H insertion reaction 

to date.  

Herein, we want to report the first example of enantioselective 

ruthenium-catalyzed N-H insertion reaction of -diazoesters 

into N-H of aromatic amines in the presence of multifunctional 

N,N,O-ligand bearing silicon-based bulky group that obtained 

from chiral BINOL- and cinchona alkaloid-coupled backbone, 

providing the widely prospect of the concept of modular 

construction of novel multifunctional ligands with multiple 

stereogenic centers to mimic the catalytic model of artificial 

metalloenzymes. However, there are no general methods or 

concepts for the design and preparation of chiral ligands for 

ruthenium-catalyzed carbenoid N-H insertion reactions. We 

hypothesized that multifunctional N,N,O-ligands with different 

coordination points as well as tuneable cavity would be 

beneficial to the enantioselective activity of ruthenium-based 

chiral catalyst (Figure 2). In brief, we considered two design 

criteria on the basis of possible mechanism of ruthenium-

catalyzed carbenoid N-H insertion reactions proposed in 

previous work16 as well as that of copper and rhodium 

catalysis.15 One requirement was that the ligand should contain 

a Lewis basic nitrogen center (Schiff base or secondary amine) 

that, through ligand association, can increase the 

nucleophilicity of aromatic amine reagents. The other criterion, 

used previously in BINOL-based ligand development, involves 

the use of Brønsted acidic phenol moiety to form Ru-O bond, 

which would be an enough stable Ru-complex linked with 

chiral backbone during the carbenoid N-H insertion reaction. 
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Figure 2. The design of N,N,O-groups-containing multifunctional ligands for 

ruthenium-catalyzed N-H insertion reaction 
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Scheme 1. BINOL-derived chiral ligands L1-L11 used in this work 
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Scheme 2. The synthesis of multifunctional N,N,O-ligands based on Ar-

BINMOL-derived backbone 

Initially, on the basis of our hypothesis, a series of BINOL-

derived multifunctional ligands or phosphine ligands have been 

designed (Scheme 1 and Scheme 2, see Supporting Information).17,18 

These multifunctional ligands were prepared easily from chiral 

BINOL-derived aldehyde. As shown in Scheme 2, for the synthesis 

of the ligand L1 and L2, we developed an efficient approach to 

prepare Ar-BINMOL-derived aldehyde (SL-a) through the key step 

of neighbouring lithium-assisted [1,2]-Wittig rearrangement 

(NLAWR).17 And after the subsequent transformations of SL-a with 

classic condensation, reduction, and deprotection, we then furnished 

the introduction of trans-1,2-diaminocyclohexane and proline-

derived motifs to the molecule SL-a that led to the formation of 

multifunctional N,N,O-ligand L1 and L2.  

Table 1. The effect of various metal salts on the catalytic asymmetric N-H 

insertion reaction in the presence of multifunctional ligands L1. 

N2

O

O

NH2

+

MXn(1 mol%)
L1 (2 mol%)

DCM, rt, overnight

NH

O

O
1a 2a

3a  

Entry Metal Catalysta Yield (%)b Ee (%)c 

1 AgSbF6  <20 8 

2 Pd(dba)2  NR - 

3 Cu(CH3CN)4PF6 50 8 

4 Ru(NO)Cl3  <20 - 

5 [RuCl2(p-cymene)]2  >90 17 

6 Pd(OAc)2  <20 0 

Note: a Reaction conditions: 1 mol% metal catalyst, 2 mol% ligand (L1), 

substrate 1a (0.3 mmol), and substrate 2a (0.3 mmol), in THF, at room 
temperature. b Isolated yields. cThe ee value was determined by chiral HPLC.  

 

With the multifunctional ligand L1 in hand, we firstly 

investigated the catalytic activity of various transition metal catalysts 

in this reaction. In this study, the insertion of -diazo--

phenylacetate (1a) into N-H bond of aniline (2a) was initially 

performed in dichloromethane at room temperature. As shown in 

Table 1, comparison of these metal catalysts, including 

Cu(CH3CN)4PF6 and  Pd(OAc)2, clearly revealed that the 

multifunctional ligand L1 has a matched combination of activity 

with [RuCl2(p-cymene)]2 in term of enantioselectivity and 

conversion.  

To investigate the enantioselective induction of BINOL-derived 

multistereogenic ligands showed in Scheme 1, we then take the N-H 

insertion reaction of -diazo--phenylacetate (1a) with aniline (2a) 

as a model Ru-catalyzed carbenoid insertion reaction under the 

established reaction conditions (Table 1). As shown in Figure 3, 

when these multifunctional ligands L1-L11 were used in this 

reaction, the corresponding ee value was varied largely from 0 to 

33% ee. The examples in Figure 3 illustrated that Schiff base and 

phenol moiety on BINOL backbone were useful building block used 

to guarantee promising enantioselectivity. Notably, the presence of 

phosphine moiety on the multifunctional ligand leads to almost no 

reaction (L5, L9, and L10).17 And interestingly, the position of 

Schiff base moiety on the multifunctional ligand is also important 

for achieving enantioselective induction in this reaction. For 

example, the difference of L3 and L6 relayed on modulation of 

Schiff base, secondary amine, and Ar-BINMOL-based building 

block. As a result, L6 gave better enantioselectivity in comparison to 

that of L3 in this reaction. Although Ar-BINMOL-derived salan L7 

and salen L8 exhibited excellent enantioselectivity in copper-

catalyzed fluorination or cobalt-catalyzed Henry reaction 

respectively,18 these ligands were not effective in the 

enantioselective ruthenium-catalyzed carbenoid N-H insertion 

reaction. Then the solvent effects on Ru-catalyzed carbenoid N-H 

insertion was evaluated in the presence of ligand L6 (Table 2). Most 

of solvents, such as toluene, methanol, hexanes, and etc., exhibited 

negative effects on the catalytic asymmetric ruthenium-catalyzed 

insertion reaction. Thus it was found that higher enantioselectivity 

(57% ee) but with low yield (30%) could be obtained in THF. We 

hypothesized that the further modification of multifunctional ligand 

L6 would lead to the establishment of suitable ligand for the 

ruthenium-catalyzed N-H insertion reaction. 
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Figure 3. The enantioselective activity of ligands L1-L11 for the Ru-

catalyzed carbenoid N-H insertion reaction in DCM. The yields of the 

product 3a with L1-L11 used in this reaction respectively are: 90% (L1), 75% 

(L2), 91% (L3), 70% (L4), 0% (L5), 92% (L6), 80% (L7), 35% (L8), 0% 

(L9), 0% (L10), 93% (L11). 
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Table 2. The effect of solvents on the ruthenium-catalyzed N-H insertion in 

the presence of multifunctional ligand L6. 

N2

O

O

NH2

+

RuCl2(p-cymene)2]2
(1 mol%)
L6 (2 mol%)

Solvent, rt,  overnight

NH

O

O
1a 2a 3a  

Entry Solvent Isolated yield (%) Ee (%) 

1 Toluene 36 0 

2 THF 30 57 

3 MeOH NR - 

4 DCE 73 34 

5 DMF NR 0 

6 n-Hexane NR - 

7 TMSOTMS NR - 

8 PhOMe 48 0 

9 Et2O 52 32 

10 t-BuOMe 45 40 
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Scheme 3. BINOL- and chiral amine-derived multifunctional ligands L12-

L26. 

Encouraged by these results, we continued to modify and 

synthesize novel multifunctional ligands containing chiral BINOL-

derived backbone and amine-based group (See Supporting 

Information). As shown in Scheme 3 and Figure 4, ligands L12-L26 

played different catalytic activity in the enantioselective Ru-

catalyzed carbenoid N-H insertion reaction, providing 0-59% ee. The 

best result was achieved by ligand L26 that prepared from BINOL-

derived aldehyde and cinchonine-derived primary amine. Next, 

modularity of multifunctional ligand structures was exploited 

through the combinational linkage of cinchonine-derived primary 

amine with various aldehydes (Scheme 4). These studies indicated 

that it is very difficult to give excellent enantioselectivity in the Ru-

catalyzed carbenoid N-H insertion reactions. Besides, the 

phenomena of chirality matching or mismatching in this work has 

found to be very important for the ligand-assisted asymmetric Ru-

catalyzed N-H insertion reaction. For example, the ligand L25 

achieved from quinidine-derived primary amine almost resulted in 

no reaction. It may be arisen from the instability of such ruthenium 

complex. Further studies summarized in Figure 5 established that 

L26 bearing silicon-based bulky group was best multifunctional 

ligand in the enantioselective carbenoid N-H insertion reaction in 

term of enantioselectivity (59% ee) and yield (98%). Notably, the 

direct use of all the commercial available cinchona alkaloids and its 

primary amine derivatives gave no enantioselectivity in this reaction. 

With L26 as the optimal multifunctional ligand, a broad range 

of substituted anilines were examined with -diazo--

phenylacetate under the standard reaction conditions. As shown 

in Table 3, all of the N-H insertion reactions took place 

smoothly and afforded the desired products in good yields (up 

to 98%). Although varied enantioselectivities (up to 82.5:17.5 

er) were obtained for most of substrates (Table 3), the 

multifunctional ligand L26 still exhibited promising activity 

during the generation of ruthenium carbine intermediate. 

Moreover, two -diazoesters with Me- or Et-ester were also 

examined under the same reaction conditions. The desired -

amino esters were also obtained in high yields. Although 

present ruthenium-catalyzed N-H insertion reaction resulted in 

only moderate enantioselectivities in the presence of 

multifunctional N,N,O-ligand, to our knowledge, these are the 

best results for asymmetric ruthenium-catalyzed carbenoid N-H 

insertion in term of enantioselectivity. 
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Figure 4. The enantioselective activity of ligands L12-L26 for the Ru-

catalyzed carbenoid N-H insertion reaction in THF. The yields of the product 

3a with L12-L26 used in this reaction respectively are: 93% (L12), 93% 

(L13), 93% (L14), 93% (L15), 93% (L16), 92% (L17), 92% (L18), 90% 

(L19), 90% (L20), 70% (L21), 63% (L22), 80% (L23), 30% (L24), <10% 

(L25), 95% (L26). 
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Scheme 4. The combination of aromatic aldehydes with cinchonine-derived 

primary amine to in-situ form Schiff base ligands L27-L35. 
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Figure 5. The enantioselective activity of ligands L27-L35 for the Ru-

catalyzed carbenoid N-H insertion reaction in THF. The yields of the product 

3a with L27-L35 used in this reaction respectively are: <10% (L27a), <10% 

(L27b), 25% (L27c), 90% (L28), 90% (L29), 90% (L30), <10% (L31), 80% 

(L32), 93% (L33), <10% (L34), <10% (L35) 

It is well known that previously reported chiral copper complex 

or other transition metal catalysts (Rh or Ag) controlled by 

various chiral ligands were successfully used for various -

diazoesters in catalytic asymmetric N-H insertion reaction,8-13 

in which no obvious differences in reactivity of aromatic or 

aliphatic diazo-substrate in the presence of certain catalyst 

system. Especially for aromatic diazoesters, no obvious 

differences in reactivity and enantioselectivity between -

diazo--phenylacetate and other substituted diazoesters was 

observed.  Unfortunately and unexpectedly, we found that the 

utilization of the ligand L26 in the N-H insertion reaction of 

substituted diazoesters led to almost no reaction. Thus different 

from copper or rhodium catalysis, the nature of substituent on 

benzene ring of diazoesters significantly influenced the 

conversion and enantioselectivity of ruthenium-catalyzed N-H 

insertion reaction. As shown in Table 3, methoxy-, methyl-, and 

halide-substituted diazoesters resulted in poor or no conversion. 

These outcomes indicated that aromatic diazoesters bearing 

substituted groups at any position are unsuitable substrates. In 

addition, the catalytic N-H insertion reaction of aliphatic 

diazoesters was very sluggish, exhibited poor reactivity with 

almost no conversion after 24 hrs. This pronounced effect 

indicated that the ruthenium-L26 complex is substrate-sensitive 

because of narrow substrate scope, and it might be responsible 

for preferential activation and interaction of -diazo--

phenylacetate in this reaction. Also at that time, we believed 

that L26-Ru complex might form a cage-shaped metal complex 

for size-sensitive discrimination of -diazo--phenylacetate 

from various substituted diazoesters. 

Table 3. The Ru-catalyzed carbenoid N-H insertion reaction of various 

aromatic amines with -diazoesters in the presence of multifunctional ligand 

L26 

N2

O

O

R2

NH2

+

RuCl2(p-cymene)2]2
(1 mol%)

L26 (2 mol%)

THF, rt, overnight

NH

O

O

R2

1a: R1 = H, R2 = Me

1b: R1 = H, R2 = Et
2

3

R

R

R1

R1

N2
O

O1c

N2
O

O

Bn

1d  

Entry R/R1 Yield (%)b e.r.c ee (%)c 

1 H/H 3a: 95 79.5:20.5 59 

2 2-Me/H 3b: 85 66.5:33.5 33 

3 3-Me/H 3c: 87 75.5:24.5 51 

4 4-Me/H 3d: 80 70.5:29.5 41 

5 2-F/H 3e: 83 59.5:40.5 19 

6 3-F/H 3f: 82 82.5:17.5 65 

7 2-Cl/H 3g: 79 56:44 12 

8 3-Cl/H 3h: 85 76.5:23.5 53 

9 4-Cl/H 3i: 87 79:21 58 

10 2-Br/H 3j: 79 56.5:43.5 13 

11 3-Br/H 3k: 88 72.5:27.5 45 

12 4-Br/H 3l: 82 77:23 54 

13 3-I/H 3m: 84 79.5:20.5 59 

14 4-I/H 3n: 60 64.5:35.5 29 

15 2-OMe/H 3o: 65 70:30 40 

16 3-OMe/H 3p: 78 77:23 54 

17d H/1b 3q: 87 76.5:23.5 53 

18 H/3-Br 3r: 21 64.5:35.5 29 

19 H/2-Br 3s: <5 - - 

20 H/4-Me 3t: <5 - - 

21 H/2-Me 3u: <5 - - 

22 H/2-OMe 3v: <5 - - 

23 H/1c 3w: <5 - - 

24 H/1d 3x: <5 - - 

25e H/3-Br 3r: 37 62:38 24 

Note: a Reaction conditions: 1 mol% [RuCl2(p-cymene)]2, 2 mol% ligand 

(L26), substrate 1 (0.3 mmol), and substrate 2 (0.3 mmol), in THF, at 

room temperature. b Isolated yields. The ee value or e.r. was determined 
by chiral HPLC. d The R' is ethyl (1b). e The addition of 20 mol% of 1a as 

additive in this reaction. 
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Inspired by previous results on additive-accelerated organic 

reactions19 and the concept of springboard chemistry that high-

reactive substrate act as a "tractor" or “reactive springboard” to 

drive the catalytic reaction of low-reactive substrate (HDL 

catalysis),20 we hypothesized that high-reactive substrate might 

accelerate the ruthenium-catalyzed N-H insertion reaction of 

aromatic or aliphatic diazoesters with various substituents. 

Unfortunately, the enhancement of low-reactive diazoesters 

with HDL catalysis was not satisfied in yields and 

enantioselectivity (Table 3, entry 25).21  

 

 
Figure 6. Views of the optimized structure of Ru-L26 complex (up, top view; 

down, side view): Geometry of Ru catalyst optimized at HF/LANL2DZ (Ru), 

3-21G (C, H, O, N, Si) level of theory.25 r(Ru…O)= 2.040 Å; 

r(Ru…Nsp2)= 2.048 Å; r(Ru…Nsp3)= 2.215 Å. 

On the basis of the aforementioned experiments and precious 

reports22-24, we proposed a preliminary carbenoid N-H insertion 

reaction mechanism shown in Scheme 5. In the initial step, the 

reaction of [RuCl2(p-cymene)]2 with multifunctional ligand L26 

resulted in the formation of a Ru-L26 complex that determined 

by ESI-MS analysis (See Figure S1 of Supporting Information). 

And then the treatment with -diazoester led to the generation 

of a chiral Ru-carbene intermediate (I),22 which reacted quickly 

with aniline to give a possible chiral metal ylide (II) similarly to 

Cu or Rh catalyst system.13,23 In the key step, the trace HCl 

generated from the catalyst system would possibly assist proton 

transfer and hydrogen transfer to form the desired N-H 

insertion product, in which the Ru-L26 complex and the 

Brønsted acid are simultaneously regenerated for the next 

catalytic cycle. Notably, as shown in the schematic drawing of 

Figure 6,25 the Ru-L26 complex could have an unexpected cage 

structure that could discriminate different aromatic -

diazoesters if these bear bulky and branched groups on 

aromatic rings. Accordingly, the outcomes of enantioselective 

transformations of aromatic or aliphatic -diazoesters provide 

direct evidence and information involving the possible 

molecular interaction between substrates and Ru-L26 complex. 

According to this proposed mechanism, the addition of Lewis 

base or Brønsted base could inhibit the formation of the desired 

product. As expected, we have found that almost no N-H 

insertion product was obtained in the presence of base additive 

(See Table S2 of Supporting Information). And in addition, the 

use of catalytic amount of Brønsted acid, such as PhCOOH and 

CF3COOH, the carbenoid N-H insertion reaction was carried 

out smoothly with the same level of enantioselectivity. 

Similarly to the copper catalysis, we found that the most of 

multifunctional ligands evaluated in this work could slow or 

even halt ruthenium catalysis.16,26 Although more detailed 

investigations were needed to be carried out to get direct 

evidence for the elucidation of precise reaction mechanism, the 

new model established with multifunctional ligand for 

ruthenium catalysis will help the further design and synthesis of 

novel and powerful ligands for enantioselective Ru-catalyzed 

organic reactions.  
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Scheme 5. The proposed mechanism for asymmetric ruthenium-L26 

complex catalysed carbenoid N-H insertion reaction. 

Experimental 

Typical procedure for the ruthenium-catalyzed N-H 

insertion reaction: 

RuCl2(p-cymene)2]2 (1.8 mg, 0.003 mmol, 1 mol%), L26 (50 

mg, 0.06 mmol, 2 mol%) were introduced into an oven-dried 

Schlenk tube in argon-filled glove box. After fresh THF (1 mL) 

was injected into the Schlenk tube, the solution was stirred at 
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room temperature under the argon atmosphere for 1 h. A 

solution of aniline 2a (27 mg, 0.3 mmol) and methyl 2-diazo-2-

phenylacetate 1a (52.8 mg, 0.3 mmol) in 2 mL THF was 

injected into the reaction mixture at room temperature. The 

resulting mixture was stirred at room temperature for overnight. 

After filtrating and removing solvent in vacuum, the product 

was isolated by flash chromatography (petroleum ether/ethyl 

acetate = 50:1, v/v) as a colorless solid. All the products are 

known and confirmed by GC-MS, NMR, IR, HRMS (see 

Supporting Information). For example, 3a: Rf = 0.30 (PE/EA = 

10:1, v/v, PE = petroleum ether, EA = ethyl acetate), 89% yield; 

HPLC analysis with Chiralcel AD-H column (hexane/i-PrOH = 

95:5 v/v, 1 mL/min, 254nm); tR = 10.6 min, tR = 11.8. 1H NMR 

(400 MHz, CDCl3 ) δ: 7.49 (d, J = 7.7 Hz, 2H), 7.11 (t, J = 7.5 

Hz, 2H), 6.69 (t, J = 7.3 Hz, 1H), 6.55 (d, J = 7.9 Hz, 2H), 7.31 

(td, J = 13.8, 7.3 Hz, 3H), 5.06 (d, J = 12.8 Hz, 1H), 3.72 (d, J 

= 11.4 Hz, 3H) ppm. 13C NMR (101 MHz, CDCl3) δ: 172.3 , 

145.9, 137.6, 129.3, 128.9, 128.4, 127.3, 118.3, 113.5, 60.8, 

52.8 ppm. HRMS (ESI) Calcd for [C15H16NO2, M+H]+: 

242.1176; Found: 242.1177. 

Conclusions 

In summary, it can be seen from this work and previous efforts 

that the development of ruthenium-catalyzed carbenoid N-H 

insertion reaction is not an easy task at present. On the basis of 

this high-throughput screening of multifunctional ligands that 

combined with BINOL-derived aldehydes and chiral primary 

amines, we have tried to demonstrate firstly that the catalyst 

system of [RuCl2(p-cymene)]2 with multifunctional ligand L26 

bearing silicon-based bulky group could be worked as an 

efficient catalyst in the catalytic asymmetric carbenoid N-H 

insertion reaction. The major findings in this work including: a) 

The single phenol group of the chiral BINOL-based backbone 

was important to the enantioselective induction of Ru-L26 

complex. b) The cinchonine-derived primary amine that was 

used to form Schiff base moiety was proved to be crucial 

building block in the construction of the multifunctional ligands 

with promising enantioselectivity in this reaction. The 

experimental results supported that the chirality matching of 

(S)-BINOL-derived aldehyde and cinchonine-derived primary 

amine would be beneficial to the formation of stable ruthenium 

complex from [RuCl2(p-cymene)]2. Although the final results 

achieved in this work are not perfect, to our knowledge, it is a 

first example of ruthenium-catalyzed carbenoid N-H insertion 

reaction with the aid of multifunctional N,N,O-ligands, which is 

a complementary to copper- or rhodium-catalyzed synthesis of 

amino esters through intermolecular carbon-nitrogen bond-

forming reaction of -diazoesters with amines. The new 

chemistry on the asymmetric ruthenium-catalyzed N-H 

insertion reaction will possibly inspire researcher to explore 

more effective ligand in this field. 

Acknowledgements 

Financial support by the National Natural Science Foundation 

of China (NSFC Grant No. 21173064, 51203037, and 21472031), 

Fundamental Research Funds for the Central Universities 

(GK201501005), and Zhejiang Provincial Natural Science 

Foundation of China (LR14B030001) is appreciated.  

Notes and references 

‡ Footnotes relating to the main text should appear here. These 
might include comments relevant to but not central to the 
matter under discussion, limited experimental and spectral data, 
and crystallographic data. 
 
1   For recent reviews and books: a) W. Tang, X. Zhang,  Chem. Rev. 2003, 

103, 3029-3069; b) L. W. Xu, C. G. Xia, W. Sun, F. W. Li, H. W. 

Wang, Chin. J. Org. Chem. 2003, 23, 919; c) Q. L. Zhou, Ed., 

Privileged Chiral Ligands and Catalysts, Wiley-VCH, Singapore, 2011. 

2  (a) F. Ye, Z. J. Zheng, W. H. Deng, L. S. Zheng, Y. Deng, C. G. Xia, L. 

W. Xu, Chem. Asian J. 2013, 8, 2242; (b) W. H. Deng, F. Ye, X. F. Bai, 

Z. J. Zheng, Y. M. Cui, L. W. Xu, ChemCatChem 2015, 7, 75. 

3   For representative reviews of the preparation of optically pure -amino 

acids, see: (a) R. M. Williams, In Synthesis of Optically Active -

amino acids; Baldwin, J. E., Ed.; Organic Chemistry Series; Pergamon 

Press: Oxford, U.K., 1989; (b) C. Nájera, J. M. Sansano, Chem. Rev. 

2007, 107, 4584, and references therein; (c) D. Gillingham, N. Fei, 

Chem. Soc. Rev. 2013, 42, 4918. 

4   For selected book, see: (a) D. J. Voet, J. G. Voet, Biochemistry, 3rd ed., 

Wiley, New York, 2004. For selected examples, see: (b) R. T. Buck, P. 

A. Clarke, D. M. Coe, M. J. Drysdale, L. Ferris, D. Haigh, C. J. Moody, 

N. D. Pearson, E. Swann, Chem. Eur. J. 2000, 6, 2160; (c) D. J. Bentley, 

C. J. Moody, Org. Bimol. Chem. 2004, 2, 3545. 

5    (a) For selected reviews, see: (a) M. P. Doyle, M. A. McKervey, T. Ye, 

Modern Catalytic Methods for Organic Synthesis with Diazo 

Compounds;Wiley: New York, 1998; Chapter 8. (b) C. J. Moody, 

Angew. Chem., Int.Ed. 2007, 46, 9148. (c) Z.-H. Zhang, J.-B. Wang, 

Tetrahedron 2008, 64, 6577. (d) Y. Zhang, J. B. Wang, Chem. Commun. 

2009, 5350. 

6    P. Yates, J. Am. Chem. Soc. 1952, 74, 5376. 

7    (a) T. Saegusa, S. Ito, S. Kobayashi, K. Hirota, T. Shimizu, 

Tetrahedron Lett. 1966, 7, 6131; (b) J. F. Nicoud, H. B. Kagan, 

Tetrahedron Lett. 1971, 12, 2065; (c) R. Paulissen, E. Hayez, A. J.  

Hubert, P. Teyssie, Tetrahedron Lett. 1974, 15, 607; (d) E. Aller, R. T. 

Buck, M. J. Drysdale, L. Ferris, D. Haigh, C. J. Moody, N. D. Pearson, 

J. B. Sanghera, J. CHem. Soc. Perkin Trans. 1, 1996, 2879; (e) L. Ferris, 

D. Haigh, C. J. Moody, J. Chem. Soc. Perkin Trans. 1 1996, 2885; (f) 

M. R. Fructos, T. R. Belderrain, P. Frémont, N. M.  Scott, S. P. Nolan, 

M. M. Díaz-Requejo, P. J. Pérez, Angew. Chem. Int. Ed. 2005, 44, 5284; 

(g) I. Aviv, Z. Gross, Chem. Commun. 2006, 4477; (h) I. Aviv, Z. Gross, 

Chem. Eur. J. 2008, 14, 3995; (i) J. H. Hansen, H. M. L. Davies, Chem. 

Sci. 2011, 2, 457; (j) X. Xu, P. Y. Zavalij, M. P. Doyle, Angew. Chem. 

Int. Ed. 2012, 51, 9829; (k) Z. Wang, X. Bi, P. Liao, X. Liu, D. Dong, 

Chem. Commun., 2013, 49, 1309; (l) Z. J. Wang, N. E. Peck, H. Renata, 

F. H. Arnold, Chem. Sci. 2014, 5, 598. 

8   For early examples, see: (a) C. F. Garcia, M. A. McKervey, T. Ye, 

Chem. Commun. 1996, 1465; (b) R. T. Buck, C. J. Moody, A. G. 

Pepper, Arkivoc 2002, 16; (c) S. Bachmann, D. Fielenbach, K. A. 

Jørgensen, Org. Biomol. Chem. 2004, 2, 3044. 

9   For recent examples, see: (a) S. H. Lee, K. Yoshida, H. Matsushita, B. 

Clapham, G. Koch, J. Zimmermann, K. D. Janda, J. Org. Chem. 2004, 

69, 8829; (b) M. A. Honey, A. J. Blake, I. B. Campbell, B. D. Judkins, 

C. J. Moody, Tetrahedron 2009, 65, 8995; (c) B. Shi, A. J. Blake, W. 

Lewis, I. B. Campbell, B. D. Judkins, C. J. Moody, J. Org. Chem. 2010, 

75, 152; (d) S. S. So, A. E. Mattson, J. Am. Chem. Soc. 2012, 134, 8798; 

(e) T. Yang, H. Zhuang, X. Lin, J. N. Xiang, J. D.  Elliott, L. Liu, F. 

Ren, Tetrahedron Lett. 2013, 54, 4159. 

10   B. Liu, S. F. Zhu, W. Zhang, C. Chen, Q. L. Zhou, J. Am. Chem. Soc. 

2007, 129, 5834. 

11   E. C. Lee, G. C. Fu, J. Am. Chem. Soc. 2007, 129, 12066. 

Page 7 of 8 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

javascript:showMsgDetail('ProductSynonyms.aspx?CBNumber=CB7169544&postData3=CN&SYMBOL_Type=A');


COMMUNICATION Journal Name 

8 | J. Name., 2012, 00, 1-3 This journal is ©  The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

12   Z. Hou, J. Wang, P. He, J. Wang, B. Qin, X. H. Liu, L. Lin, X. Feng, 

Angew. Chem. Int. Ed. 2010, 49, 4763. 

13   (a) B. Xu, S. F. Zhu, X. L. Xie, J. J. Shen, Q. L. Zhou, Angew. Chem. 

Int. Ed. 2011, 50, 11483; (b) S. F. Zhu, B. Xu, G. P. Wang, Q. L. Zhou, 

J. Am. Chem. Soc. 2012, 134, 436. 

14   For recent review, see: S. F. Zhu, Q. L. Zhou, Acc. Chem. Res. 2012, 45, 

1365.    

15   Mechanistic stuides on X-H insertion (X = N, O, etc)  reactions: (a) J. 

M. Fraile, J. I. Garcia, V. Martínez-Merino, J. A. Mayoral, L. Salvatella, 

J. Am. Chem. Soc. 2001, 123, 7616; (b) Y. Liang, H. Zhou, Z. X. Yu, J. 

Am. Chem. Soc. 2009, 131, 17783; (c) M. R. Fructos, T. R. Belderrain, 

M. C. Nicasio, S. P. Nolan, H. Kaur, M. M. Díaz-Requejo, P. J. Pérez, J. 

Am. Chem. Soc. 2004, 126, 10846; (d) I. V. Shishkov, F. Rominger, P. 

Hofmann, Organometallics, 2009, 28, 1049; (e) Z. Z. Xie, W. J. Liao, J. 

Cao, L. P. Guo, F. Verpoort, W. Fang, Organometallics 2014, 33, 2448; 

(f) X. C. Wang, X. S. Song, L. P. Guo, D. Qu, Z. Z. Xie, F. Verpoort, J. 

Cao, Organometallics 2014, 33, 4042; (g) H. K. Kisan, R. B. Sunoj, J. 

Org. Chem. 2015, 80, 2192; and references cited therein.  

16   (a) Q. H. Deng, H. W. Xu, A. W. H. Yuen, Z. J. Xu, C. M. Che, Org. 

Lett. 2008, 10, 1529. (b) A. D. Zotto, W. Baratta, P. Rigo, J. Chem. Soc., 

Perkin Trans. 1 1999, 3079. (c) E. Galardon, P. L. Maux, G. 

Simonneaux, Tetrahedron Lett. 2000, 56, 615. (d) E. Galardon, P. L. 

Maux, G. Simonneaux, J. Chem. Soc., Perkin Trans. 1 1997, 2455. 

17   (a) T. Song, L. Li, W. Zhou, Z. J. Zheng, Y. Deng, Z. Xu, L. W. Xu, 

Chem. Eur. J. 2015, 21, 554; (b) T. Song, L. S. Zheng, F. Ye, W. H. 

Deng, Y. L. Wei, K. Z. Jiang, L. W. Xu, Adv. Synth. Catal. 2014, 356, 

1708; (c) G. Gao, F. L. Gu, J. X. Jiang, K. Jiang, C. Q. Sheng, G. Q. Lai, 

L. W. Xu, Chem. Eur. J. 2011, 17, 2698. (d) L. S. Zheng, T. Song, L. W. 

Xu, Chin. J. Org. Chem. 2014, 34, 1255, and references cited therein. 

18   (a) F. Li, Z. J. Zheng, J. Y. Shang, K. Z. Jiang, G. Q. Lai, J. X. Jiang, L. 

W. Xu, Chem. Asian J. 2012, 7, 2008; (b) Y. L. Wei, K. F. Yang, F. Li, 

Z. J. Zheng, Z. Xu, L. W. Xu, RSC Adv. 2014, 4, 37859; (c) L. S. Zheng, 

Y. L. Wei, K. Z. Jiang, Y. Deng, Z. J. Zheng, L. W. Xu, Adv. Synth. 

Catal. 2014, 356, 3769; (d) Y. L. Wei, W. S. Huang, Y. M. Cui, K. F. 

Yang, Z. Xu, L. W. Xu, RSC Adv. 2015, 5, 3098. 

19  For recent examples, see: a) M. E. Oinen, R. T. Yu, T. Rovis, Org. Lett. 

2009, 11, 4934; b) B. M. Trost, D. A. Thaisrivonge, J. Am. Chem. Soc. 

2009, 131, 12056; c) M. Kim, J. Lee, H. Y. Lee, S. Chang, Adv. Synth. 

Catal. 2009, 351, 1807; d) N. Abermil, G. Masson, J. Zhu, Org. Lett. 

2009, 11, 4648; e) N. Zotova, A. Moran, A. Armstrong, D. G. 

Blackmond, Adv. Synth. Catal. 2009, 351, 2765; f) E. Hevia, R. E. 

Mulvey, Angew. Chem. Int. Ed. 2011, 50, 6448; g) T. Nagano, A. 

Iimuro, R. Schwenk, T. Ohshima, Y. Kita, A. Togni, K. Mashima, 

Chem. Eur. J. 2012, 18, 11578; h) M. J. Spallek, S. Stockinger, R. 

Goddard, O. Trapp, Adv. Synth. Catal. 2012, 354, 1466; i) C. N. 

Slattery, L. A. Clarke, A. Ford, A. R. Maguire, Tetrahedron 2013, 69, 

1297; j) A. Bellomo, J. Zhang, N. Trongsiriwat, P. J. Walsh, Chem. Sci. 

2013, 4, 849; k) Y. Schramm, F. Barrios-Landeros, A. Pfaltz, Chem. Sci. 

2013, 4, 2760. 

20   a) X. F. Bai, L. W. Xu, L. S. Zheng, J. X. Jiang, G. Q. Lai, J. Y. Shang, 

Chem. Eur. J. 2012, 18, 8174; b) F. Li, Z. J. Zheng, J. Y. Shang, K. Z. 

Jiang, G. Q. Lai, J. X. Jiang, L. W. Xu, Chem. Asian J. 2012, 7, 2008; c) 

H. Wang, K. F. Yang, L. Li, Y. Bai, Z. J. Zheng, W. Q. Zhang, Z. W. 

Gao, L. W. Xu, ChemCatChem 2014, 6, 580; d) Y. L. Wei, K. F. Yang, 

F. Li, Z. J. Zheng, Z. Xu, L. W. Xu, RSC Adv. 2014, 4, 37859. 

21   For most of unreactive diazoesters (Entries 19-24 of Table 3), the 

ultilization of  -diazo--phenylacetate as additive improved slightly 

the conversions of these diazoesters in this reaction. However, the 

desired products 3r-x were difficult to be achieved by flash column 

chromatography because of the similarity of 3a in polarity. 

22   For the formation of possible ruthenium-carbene intermediate, see 

recent examples:(a) W. W. Chan, S. H. Yeung, Z. Y. Zhou, A. S. C. 

Chan, W. Y. Yu, Org. Lett. 2010, 12, 604; (b) L. K. Xia, Y. R. Lee, Eur. 

J. Org. Chem. 2014, 3430; (c) K. H. Chan, X. Guan, V. K. Y. Lo, C. M. 

Che, Angew. Chem. Int. Ed. 2014, 53, 2982; (d) J. Jiang, X. Ma, C. Ji, Z. 

Guo, T. Shi, S. Liu, W. Hu, Chem. Eur. J. 2014, 20, 1505.. 

23   X. C. Wang, X. S. Song, L. P. Guo, D. Qu, Z. Z. Xie, F. Verpoort, J. 

Cao, Organometallics 2014, 33, 4042. 

24   (a) C. Qin, H. M. L. Davies, J. Am. Chem. Soc. 2014, 136, 9792; (b) S. 

F. Zhu, C. Chen, Y. Cai, Q. L. Zhou, Angew. Chem. Int. Ed. 2008, 47, 

932. 

25   M. J. Frisch, et al. J. Gaussian 09, Revision C. 01. (Gaussian, 

Wallingford, 2010). 

26   As shown in Figure 3-5, the use of several ligands resulted in almost no 

reaction. And the reaction rate of Ru-L26 –catalyzed N-H insertion 

reaction was slower than that of ligand-free reaction conditions (see 

Re.16a). 

 

Page 8 of 8RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t


