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无配体参与的铁催化分子内 C(sp3)—H 键胺化合成咪唑啉酮 

邬林洋    钟大猷    刘文博* 
(武汉大学化学与分子科学学院  索维奇国际分子科学研究中心   

有机硅化合物及材料教育部工程研究中心  武汉 430072) 

摘要  金属氮宾的分子内碳氢键插入反应是合成氮杂环最有效的方法之一. 以 2-叠氮基-N,N-二苄基乙酰胺为底物, 发
展了无配体、无外加氧化剂条件下的铁催化分子内 sp3-碳氢键胺化反应, 以中等到良好的收率合成了一系列咪唑啉酮

类化合物.  
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Ligand-Free Iron-Catalyzed Intramolecular Amination of C(sp3)—H 
Bond for the Synthesis of Imidazolinones 

Wu, Linyang    Zhong, Dayou    Liu, Wenbo* 
(Sauvage Center for Molecular Sciences, Engineering Research Center of Organosilicon Compounds & Materials, Ministry of 

Education, College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072) 

Abstract  Transition-metal-nitrenoids intramolecular C—H insertion is one of the most effective methods to synthesize ni-
trogen-containing heterocycles. Using 2-azido-N,N-dibenzylacetamides as substrates, an iron-catalyzed intramolecular 
C(sp3)—H bond amination reaction under ligand-free and external oxidant-free conditions has been developed. A series of 
imidazolinones were synthesized in moderate to good yields.  
Keywords  iron catalysis; nitrene insertion; imidazolinone; synthesis of N-containing heterocycles 

 

1  Introduction 
It is of great importance to construct C—N bond due to 

the wide existence of nitrogen-containing structures in 
natural products and drug molecules.[1-2] Conventionally, 
transition-metal catalyzed cross-coupling reaction was 
widely used for C—N bond formation albeit necessitating 
pre-functionalization of substrates (e.g. Buchwald-Hartwig 
coupling[3-4] and Ullmann-Ma coupling reaction[5-6]). In 
past few decades, iron-catalyzed C—H bond amination has 
been received much attention due to its high atom effi-
ciency (Scheme 1a).[7] Tremendously remarkable results 
were achieved with both activated and inert C(sp3)—H 
bond-containing substrates.[8-23] 

The first iron-catalyzed C—H nitrene insertion was re-
ported by Breslow in 1982 using [Fe(TPP)Cl] as a cata-
lyst.[24] After that, many heme-type and non-heme-type 
catalysts were developed, such as porphyrin-based iron 

complex,[22] phthalocyanine-based iron complex,[13] and 
iron-dipyrrinato complex,[25] greatly promoting the ad-
vances of the field. In addition, intra- and inter-molecular 
C—H aminations were also realized using iron salts as 
catalysts.[26-29] However, only limited examples were re-
leased to date.  

In another hand, sulfamates were among the most inves-
tigated substrates which were used as the nitrene precur-
sors in Fe-catalyzed C—H amination, but those reactions 
required stoichiometric external oxidants.[13,15,24] In com-
parison, readily available organoazides were superior 
nitrene precursors with N2 as the only by-product under 
oxidant-free conditions, as evidenced by significant achie-
vements made by a number of groups (Scheme 1b). For 
instance, Che group[30] successfully realized an aliphatic 
C—H amination reaction with [FeIII(F20TPP)Cl] as a cata-
lyst. Recently, Yu group also reported the C—H amination 
reactions of organoazides catalyzed by Fe(II)-diketi-  
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Scheme 1  Transition-metal mediated C—N bond formation 

minate complex[31] and Fe(II)-phosphine complex[32], re-
spectively. Besides azides, dioxazolones,[33] N-tosyloxycar-
bamates,[34] and N-benzoyloxyurea[35] were found capable 
of generating iron-nitrenoids and applicable in both aryl 
and aliphatic C—H aminations (Scheme 1b). Our group 
has strong interests in iron-catalyzed C—H amination re-
action and we have realized the nitrene insertion of C—H 
bonds to access 5- and 6-membered N-containing hetero-
cycles using sulfamates[36-38] and N-benzoyloxyureas[39] as 
substrates. Recently, we found a ligand-free iron-catalyzed 
intramolecular amination of C(sp3)—H using azide as the 
substrates for the synthesis of imidazolinones (Scheme 1c). 
Herein, we wish to report our studies toward this chemis-
try. 

2  Results and discussion 
2-Azido-N,N-dibenzylacetamide (1a) was chosen as a 

model substrate to optimize the reaction conditions and the 
results were summarized in Table 1. As shown in Table 1, 
a variety of commercial available iron salts were able to 
efficiently catalyze the reaction. Specifically, FeCl2, FeBr2, 
and Fe(ClO4)2 showed the similar efficiency, affording 2a 
in 58%～59% yields (Entries 1～3). In comparison, the 
reaction with Fe(OTf)2 gave a lower yield (Entry 4). Con-
trol experiments indicated that iron salts and Boc2O were 
essential for this transformation (Entries 5～6) and no re-
action occurred without addition of either of them. The 
possible reason is that the iron catalyst can be deactivated 
after coordinating with N-atom in the product in the ab-
sence of Boc2O. Slightly lowering in temperature did not 
affect the yield, however, the reaction was sluggish when 
carried out at 25 ℃ or 45 ℃ (Entries 8 and 9). After 
brief screening of solvents, including 1,2-dichloroethane 
(DCE), toluene, MeCN, methyl tert-butyl ether (MTBE) 

and tetrahydrofuran (THF), DCE was found superior albeit 
the reaction proceeded well in toluene (57%). 

Table 1  Condition optimizationa 

Ph N

Ph

N3

O FeX2 (5 mol%)
Boc2O (1.2 equiv.)

solvent (0.2 mol/L)
T °C, 1 h

N

NPh
Bn

O
Boc

1a 2a  

Entry FeX2 Solvent T/℃ Yieldb/% of 2 
1 FeCl2 DCE 85 58 
2 FeBr2 DCE 85 59 (54)c 
3 Fe(ClO4)2 DCE 85 59 
4 Fe(OTf)2 DCE 85 34 
5 — DCE 85 — 
6 FeBr2d DCE 85 — 
7 FeBr2 DCE 65 61 (59)c 
8 FeBr2 DCE 45 21 
9 FeBr2 DCE 25 8 

10 FeBr2 oluene 65 57 
11 FeBr2 MeCN 65 22 
12 FeBr2 MTBE 65 24 
13 FeBr2 THF 65 13 

a Reaction conditions: FeBr2 (5 mol%), 1 (0.4 mmol), Boc2O (0.48 mmol, 1.2 
equiv.), DCE (2 mL), 1 h. b Yield was determined by 1H NMR analysis with 
1,3,5-trimethoxybenzene as an internal standard. c Isolated yield. d Without 
Boc2O. 

With the optimal condition in hand, the substrates scope 
of this transformation was examined (Table 2). There was 
subtle influence on yield when applying 4-Me and 4-tBu 
substituted substrates (2b and 2c, 52% and 63% yields). 
Reactions with substrates bearing halogen atom such as F, 
Cl, Br at the para-position of the phenyl proceeded 
smoothly in 47%～60% yields (2d～2f). A substrate with 
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electron-donating group (OMe) delivered the amination 
product in 55% yield. However, an electron-withdrawing 
group (CF3)-containing substrate led to the formation of 
product 2h in higher yield (72%). Heteroaromatic sub-
strate, 2-azido-N,N-bis(thiophen-2-ylmethyl)acetamide, 
was also compatible by this protocol, delivering the corre-
sponding product 2i in 75% yield. For the substrate 1j 
bearing both electron-donating group (OMe) and electron- 
withdrawing group (NO2), a 1.6∶1 mixture of product 2j 
and 2j' was obtained in 60% yield with the electron-rich  
C—H bond slightly favored. This trend is consistent with 
Ru-catalyzed amination of aliphatic azide as reported by 
Meggers.[40] Surprisingly, the reaction was sensitive to the 
steric hindrance since no product was detected using 2- 
azido-N,N-dibenzyl-2-methylpropanamide (1k) as the sub-
strate. 

Table 2  Substrate scopea 

 

Entry R1 R2 R3 Time/h Yieldb/% of 
2 

1 Ph Ph H 1 59 (2a) 
2 4-MeC6H4 4-MeC6H4 H 6 52 (2b) 
3 4-tBuC6H4 4-tBuC6H4 H 6 63 (2c) 
4 4-FC6H4 4-FC6H4 H 5 47 (2d) 
5 4-ClC6H4 4-ClC6H4 H 5 60 (2e) 
6 4-BrC6H4 4-BrC6H4 H 5 60 (2f) 
7 4-MeOC6H4 4-MeOC6H4 H 4 55 (2g) 
8 4-CF3C6H4 4-CF3C6H4 H 2 72 (2h) 
9 2-Thienyl 2-Thienyl H 1 75 (2i) 

10c 4-MeOC6H4 4-O2NC6H4 H 2 39 (2j) 
4-O2NC6H4 4-MeOC6H4 H 21 (2j') 

11 Ph Ph Me 6 NR 
a Reaction conditions: FeBr2 (5 mol%), 1 (0.4 mmol), Boc2O (0.48 mmol, 1.2 
equiv.), DCE (2 mL), 1～6 h. b Isolated yield. c The reaction was carried out 
with substrate 1j and a 1.6∶1 mixture of 2j and 2j' were obtained. 

3  Conclusions 
In summary, an iron-catalyzed intramolecular amination 

of aliphatic azide for the synthesis of imidazolinones has 
been developed. A series of imidazolinones were synthe-
sized in moderate yields under ligand- and oxidant-free 
condition. This research provides a convenient method for 
the C(sp3)—H amination to deliver N-containing heterocy-
cles. 

4  Experimental section 

4.1  Instruments and reagents 
Reactions were monitored by thin-layer chromatography 

(TLC). TLC was performed using Huanghai (8±0.2) μm 
precoated glass plates (0.25 mm) and visualized by UV 
fluorescence quenching and KMnO4. Huanghai silica gel 

(particle size 200～300 mesh) was used for column chro-
matography. 1H NMR spectra were recorded at room tem-
perature on a Bruker ADVANCE III 400 MHz spectrometer 
and were reported relative to residual CDCl3 (δ 7.26). 13C 
NMR spectra were recorded on a Bruker ADVANCE III 
400 MHz spectrometer (100 MHz) and were reported rela-
tive to CDCl3 (δ 77.16). High resolution mass spectra 
(HRMS) were obtained by use of a Bruker Compact TOF 
mass spectrometer in electrospray ionization mode (ESI＋).  

Unless otherwise noted, all reagents were purchased 
commercially and used without further purification. Petro-
leum ester (PE, 60～90 ℃), ethyl acetate (EA) and di-
chloromethane (CH2Cl2) were used as eluent for silica gel 
chromatography. Dry solvents were purchased commer-
cially or were dried by passage through an activated alu-
mina column under argon. 
4.2  General procedure for iron-catalyzed intramo-
lecular amination of C(sp3)—H bond 

To an oven-dried 10 mL sealed tube equipped with a 
stirring bar were added FeBr2 (4.4 mg, 5 mol%), substrate 
1 (0.4 mmol, 1.0 equiv.), Boc2O (104.6 mg, 0.48 mmol, 
1.2 equiv.) and DCE (2 mL) under an argon atmosphere. 
The reaction mixture was stirred at 65 ℃ as monitored by 
TLC. After the completion of the reaction, the mixture was 
filtered. After removing the solvent, the crude mixture was 
purified by flash column chromatography (200～300 mesh 
SiO2) to give the desired product 2. 

tert-Butyl 3-benzyl-4-oxo-2-phenylimidazolidine-1-car-
boxylate (2a): White solid (83.1 mg, 59% yield). m.p. 
138～140 ℃  (Ref.[40] 136～138 ℃ ); 1H NMR (400 
MHz, CDCl3) δ: 7.43～7.37 (m, 2H), 7.35～7.31 (m, 3H), 
7.23～7.12 (m, 5H), 5.76～5.46 (m, 1H), 5.09 (d, J＝14.9 
Hz, 1H), 4.28～4.17 (m, 2H), 3.44～3.26 (m, 1H), 1.43～
1.09 (m, 9H). 

tert-Butyl 3-(4-methylbenzyl)-4-oxo-2-(p-tolyl)imidazo-
lidine-1-carboxylate (2b):[41] White solid (79.3 mg, 52% 
yield). m.p. 134～136 ℃; 1H NMR (400 MHz, CDCl3) δ: 
7.24～7.01 (m, 8H), 5.76～5.40 (m, 1H), 5.05 (d, J＝14.7 
Hz, 1H), 4.29～4.13 (m, 2H), 3.37～3.19 (m, 1H), 2.38 (s, 
3H), 2.35 (s, 3H), 1.44～1.09 (m, 9H). 

tert-Butyl 3-(4-(tert-butyl)benzyl)-2-(4-(tert-butyl)phen-
yl)-4-oxoimidazolidine-1-carboxylate (2c): White solid 
(117.7 mg, 63% yield). m.p. 136～138 ℃; 1H NMR (400 
MHz, CDCl3) δ: 7.40 (d, J＝7.5 Hz, 2H), 7.37～7.30 (m, 
2H), 7.24～7.06 (m, 4H), 5.79～5.49 (m, 1H), 5.08～4.97 
(m, 1H), 4.31～4.10 (m, 2H), 3.43～3.30 (m, 1H), 1.33 (s, 
9H), 1.32 (s, 9H), 1.39～1.15 (m, 9H); 13C NMR (100 
MHz, CDCl3) δ: 167.7/167.5, 152.8/152.5, 151.1, 135.1, 
134.4, 132.5/132.3, 128.6/128.4, 127.3/127.1, 126.0, 
125.8/125.6, 81.2, 74.6/74.2, 49.1/48.5, 43.1, 34.9/ 34.7, 
31.5/31.4, 28.4/28.1; HRMS (ESI＋) calcd for C29H41N2O3 
[M＋H]＋ 465.3112, found 465.3119.  

tert-Butyl 3-(4-fluorobenzyl)-2-(4-fluorophenyl)-4- 
oxoimidazolidine-1-carboxylate (2d):[41] White solid (73.5 
mg, 47% yield). m.p. 134～136 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.31～6.92 (m, 8H), 5.73～5.44 (m, 1H), 4.99 
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(m, 1H), 4.29～4.12 (m, 2H), 3.48～3.31 (m, 1H), 1.43～
1.11 (m, 9H). 

tert-Butyl 3-(4-chlorobenzyl)-2-(4-chlorophenyl)-4-  
oxoimidazolidine-1-carboxylate (2e):[41] White solid (100.7 
mg, 60% yield). m.p. 110～112 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.37 (d, J＝8.4 Hz, 2H), 7.34～7.09 (m, 4H), 
7.06 (d, J＝8.2 Hz, 2H), 5.71～5.41 (m, 1H), 5.00 (d, J＝
15.0 Hz, 1H), 4.32～4.10 (m, 2H), 3.45～3.29 (m, 1H), 
1.43～1.10 (m, 9H). 

tert-Butyl 3-(4-bromobenzyl)-2-(4-bromophenyl)-4-oxo- 
imidazolidine-1-carboxylate (2f): White solid (122.4 mg, 
60% yield). m.p. 128～130 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.53 (d, J＝8.3 Hz, 2H), 7.49～7.42 (m, 2H), 
7.17～7.02 (m, 2H), 6.99 (d, J＝8.2 Hz, 2H), 5.68～5.37 
(m, 1H), 4.98 (d, J＝15.0 Hz, 1H), 4.29～4.10 (m, 2H), 
3.47～3.25 (m, 1H), 1.47～1.12 (m, 9H); 13C NMR (100 
MHz, CDCl3) δ: 167.7/167.4, 152.6/152.1, 136.9, 136.2, 
134.0/133.9, 132.2/132.1, 130.2/130.1, 129.0, 123.7, 
122.2, 81.8/81.6, 74.1/73.9, 48.7/48.2, 42.9, 28.2/28.1; 
HRMS (ESI ＋ ) calcd for C21H23Br2N2O3 [M ＋ H] ＋ 
511.0051, found 511.0069.  

tert-Butyl 3-(4-methoxybenzyl)-2-(4-methoxyphenyl)- 
4-oxoimidazolidine-1-carboxylate (2g):[41] White solid 
(88.7 mg, 55% yield). m.p. 76～78 ℃; 1H NMR (400 
MHz, CDCl3) δ: 7.23～7.09 (m, 2H), 7.07 (d, J＝8.3 Hz, 
2H), 6.91 (d, J＝8.4 Hz, 2H), 6.88～6.81 (m, 2H), 5.77～
5.38 (m, 1H), 5.02 (d, J＝14.8 Hz, 1H), 4.24～4.13 (m, 
2H), 3.84 (s, 3H), 3.81 (s, 3H), 3.42～3.19 (m, 1H), 1.43～
1.11 (m, 9H). 

tert-Butyl 4-oxo-3-(4-(trifluoromethyl)benzyl)-2-(4-(tri- 
fluoromethyl)phenyl)imidazolidine-1-carboxylate (2h):[41] 
White solid (139.8 mg, 72% yield). m.p. 72～74 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.64 (d, J＝8.1 Hz, 2H), 7.57 
(d, J＝8.0 Hz, 2H), 7.40～7.27 (m, 2H), 7.23 (d, J＝8.0 
Hz, 2H), 5.79～5.55 (m, 1H), 5.05～4.95 (m, 1H), 4.33～
4.17 (m, 2H), 3.58 (d, J＝15.2 Hz, 1H), 1.43～1.11 (m, 
9H). 

tert-Butyl 4-oxo-2-(thiophen-2-yl)-3-(thiophen-2-ylme- 
thyl)imidazolidine-1-carboxylate (2i):[41] Yellow solid 
(109.0 mg, 75% yield). m.p. 90～92 ℃; 1H NMR (400 
MHz, CDCl3) δ: 7.38 (d, J＝4.6 Hz, 1H), 7.31～7.25 (m, 
1H), 7.23～7.07 (m, 1H), 7.02 (dd, J＝5.0, 3.5 Hz, 1H), 
6.99～6.89 (m, 2H), 6.24～5.90 (m, 1H), 5.19 (d, J＝15.5 
Hz, 1H), 4.20～4.04 (m, 2H), 3.90～3.77 (m, 1H), 1.49～
1.20 (m, 9H). 

tert-Butyl 2-(4-methoxyphenyl)-3-(4-nitrobenzyl)-4- 
oxoimidazolidine-1-carboxylate (2j): White solid (66.5 
mg, 39% yield). m.p. 38～40 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.17 (d, J＝8.4 Hz, 2H), 7.33～7.26 (m, 2H), 
7.20～7.03 (m, 2H), 6.92～6.86 (m, 2H), 5.73～5.42 (m, 
1H), 4.99 (d, J＝15.3 Hz, 1H), 4.32～4.16 (m, 2H), 3.83 
(s, 3H), 3.68～3.60 (m, 1H), 1.44～1.14 (m, 9H); 13C 
NMR (100 MHz, CDCl3) δ: 167.9, 160.7, 152.3, 147.8, 
142.9, 129.3, 128.7, 124.2, 114.5, 114.3, 81.6, 74.9/74.6, 
55.5, 48.8/48.3, 43.1, 28.4/28.2; HRMS (ESI＋) calcd for 
C22H26N3O6 [M＋H]＋ 428.1816, found 428.1816. 

tert-Butyl 3-(4-methoxybenzyl)-2-(4-nitrophenyl)-4- 

oxoimidazolidine-1-carboxylate (2j'): White solid (35.7 
mg, 21% yield). m.p. 54～56 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.25 (d, J＝8.6 Hz, 2H), 7.51～7.30 (m, 2H), 
7.05～6.99 (m, 2H), 6.87～6.83 (m, 2H), 5.81～5.57 (m, 
1H), 5.02 (d, J＝15.0 Hz, 1H), 4.30～4.12 (m, 2H), 3.81 
(s, 3H), 3.45～3.25 (m, 1H), 1.43～1.08 (m, 9H); 13C 
NMR (100 MHz, CDCl3) δ: 167.7/167.4, 159.7, 152.7/ 
152.0, 148.7, 145.4/144.6, 130.0/129.9, 128.6, 126.6/ 
126.5, 124.3/124.1, 114.5, 82.2/82.0, 73.7/73.4, 55.5, 
49.0/48.5, 43.3, 28.4/28.2; HRMS (ESI ＋ ) calcd for 
C22H26N3O6 [M＋H]＋ 428.1816, found 428.1819.  

 
Supporting Information  Synthetic information of sub-
strates 1, and 1H NMR, 13C NMR spectra of compound 1c, 
1f, 1j, 2c, 2f, 2j and 2j'. The Supporting Information is 
available free of charge via the Internet at http://sioc- 
journal.cn/. 
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