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无过渡金属及无碱参与的 N-苄基-N-叔丁基羰基酰胺的转酰胺化 

叶丹锋 a,b    陈  浩 b    刘志园 b    雷川虎*,b 
(a上海大学材料科学与工程学院  上海 200444) 

(b上海大学理学院化学系  超分子化学与催化研究中心  上海 200444) 

摘要  报道了一种无过渡金属和无碱条件下 N-苄基-N-叔丁基羰基酰胺发生转酰胺化的方法. 该反应从高活性的 N-叔
丁基羰基酰亚胺出发, 历经亲核取代机理, 可以中等到优良的收率得到一系列取代酰胺产物. 值得一提的是, 由于反

应体系无需添加额外的碱, 使得氨基酸衍生的手性亲核试剂及具有手性碳的酰胺在反应过程中其手性均能得到保持. 
此外, 应用该方法还合成得到一些前药及抗抑郁症药物吗氯贝胺, 展示了该方法在有机合成中的潜在应用. 
关键词  转酰胺化; N-苄基-N-叔丁基羰基酰胺; 无过渡金属; 无碱 

Transamidation of N-Benzyl-N-Boc-amides under Transition 
Metal-Free and Base-Free Conditions 

Ye, Danfenga,b    Chen, Haob    Liu, Zhiyuanb    Lei, Chuanhu*,b 
(a School of Materials Science and Engineering, Shanghai University, Shanghai 200444) 

(b Center for Supramolecular Chemistry & Catalysis and Department of Chemistry, College of Sciences,  
Shanghai University, Shanghai 200444) 

Abstract  A new protocol for the transamidation of N-benzyl-N-Boc-amides under transition metal-free and base-free condi-
tions is described. The reaction features high reactivity of N-Boc-imides via direct acyl nucleophilic substitution mechanism, 
and provides access to a diverse array of substituted amides in good to excellent yields. Notably, the base-free condition pre-
serves enantiopurity with respect to chiral amino-acid-derived nucleophiles, and N-Boc-amides bearing an epimerizable stere-
ocenter. The application of this method is also demonstrated through the synthesis of pro-drugs and antidepressant moclobe-
mide. 
Keywords  transamidation; N-benzyl-N-Boc-amides; transition metal-free; base-free 

 

1  Introduction 
Amide is one of the most fundamental functional groups 

found in a vast array of natural products, pharmaceuticals, 
fine chemicals, materials, and constitutes the basic linkage 
of proteins.[1] The preparation of amide and their further 
synthetic conversions have continuously attracted consid-
erable attention. Among many synthetic methods for amide 
transformations,[2] transamidation processes are attractive 
due to the ready availability of amides.[3] However, the 
chemical stability of amides, ascribed to C(O)—N amidic 
resonance, generally translates into reduced reactivity and 
constrained synthetic utility. Thus, tailor-made metal com-
plex,[4] harsh experimental conditions[5] or highly evolved 

enzymes[6] constitute the basis for transamidation reac-
tions. A breakthrough of the field was made by Garg and 
co-workers who demonstrated that nickel-catalyzed 
C(O)—N bond activation[7] could affect N-benzyl-N-Boc- 
amide tansamidation.[8] Nearly in the same time, Szostak et 
al.[9] reported that Pd/N-heterocyclic carbene complexes 
can be used to realize the transamidation of secondary 
carboxamides carrying N-tert-butoxycarbonyl (Boc) group 
(Scheme 1a). Despite these seminal advances, transition 
metal-free conditions are needed,[10] especially for drug 
manufacturing industry, where trace metal contaminants 
can be problematic. Within the cadre of this latter focus, 
important progress has been made by Szostak and cowork-
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ers.[11] By exploiting N-Boc/Ts activated amides or 
N-acyl-glutarimides as the electrophiles, they have realized 
transamidations under transition metal-free conditions, 
although stoichiometric quantities of base, e.g. Et3N or 
LiHMDS, were required to promote the reported transfor-
mations (Scheme 1b). In 2018, Zeng group reported 
CsF-catalyzed transamidation of N,N-diBoc-amides. The 
key step of this reaction involves formation of an acyl flu-
oride intermediate that proceeds at relatively high temper-
atures.[12] Meanwhile, Verho et al.[13] demonstrated that 
N-Boc-N-(8-quinolinyl)amides could be employed to ac-
complish metal-free transamidations in the absence of any 
additional reagents. Later on, Szostak[14] and Chandra-
sekaran[15] also achieved base-free transamidations by em-
ploying twisted N-Boc-N-phenyl-amides and N-benzyl-N- 
Ts-amides, respectively (Scheme 1c). Despite these pro-
gresses, challenges remain. For instance, the substrate 
scope in these transition-metal free transformations has yet 
to be expanded to include optically enriched materials. 
Moreover, the development of more general transami-
dation methods that proceed under base-free conditions is 
still in need.[16] 

(a) Garg and Szostak: transition metal-catalyzed transamidation[8-9]

(b) Szostak: transition metal-free transamidation in the presence of
base[11]

(c) Verho, Szostak and Chandrasekaran: Transition metal-free and
base-free transamidation[13-15]
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Scheme 1  Methods for the transamidation reaction 

Generally, aliphatic amines are better nucleophiles than 
alcohols. Inspired by the success of our recent esterifica-
tion of N-benzyl-N-Boc-amides promoted by catalytical 
quantities of Cs2CO3,[17] we envisioned that the transami-
dation of N-benzyl-N-Boc-amides with aliphatic amines 
might be feasible. Realization of this transformation would 
complement the existing transamidation protocols, and 
might expand the synthetic utility of N-benzyl-N-Boc- 

amides as a bench-stable, readily available acyl-transfer 
reagents in organic synthesis. Here we report a transami-
dation method using N-benzyl-N-Boc-amides under transi-
tion metal-free and base-free conditions. As detailed be-
low, this procedure could be applied to substrates bearing 
chiral stereocenters, with no detectable erosion of enanti-
opurity in most cases (Scheme 1d). 

2  Results and discussion 
We started our investigations by optimizing the trans-

amidation between N-benzyl-N-Boc-amide 1a and pyrroli-
dine 2a (Table 1). Following our previous studies involv-
ing the Cs2CO3-catalyzed esterification of N-activated am-
ides,[17] Cs2CO3 was initially selected as the putative cata-
lyst and DMF as the solvent. To our surprise, the yield 
increased as the loading of Cs2CO3 decreased. In fact, the 
reaction was found to occur in the absence of base, pro-
ducing the desired amide 3a in 81% yield. It was rational-
ized that possible formation of Cs＋-pyrrolidine Lewis ac-
id-base adduct reduces the nucleophilicity of amine (En-
tries 1～4).[18] Such a proposed adduct was expected to 
depend on the polarity of the medium. Therefore, a 
screening of solvents was carried out. It was found that 
toluene was the most effective medium (Entry 9). For ex-
ample, the yields for 3a were obtained in 91%, 83%, 78%, 
and 81% when the reaction was performed in toluene, 
THF, CH3CN and diethyl ether, respectively (Entries 5～
9). When the reaction was performed in toluene at 80 ℃, 
the yield was only 50% as determined by GC analysis. 
However, increasing temperature to reflux resulted in an 
almost quantitative GC yield corresponding to 90% isolat-
ed yield (Entry 11). When the stoichiometry of amine was 
reduced to 1.0 equiv., the yield decreased to 79%. Thus, 
the optimized conditions involved the use of 1.5 equiv. of 
amine in toluene at reflux in the absence of any other rea-
gents. 

Next, a number of disubstituted benzamides (imides) in-
cluding N-acylanilide, other N-Boc-amides, N-tosyl am-
ides, and N-glutarimide were tested. These substrates were 
chosen since the structural differences were expected to 
affect the stability of the amide bond, thereby influencing 
the reaction outcomes. As shown in Scheme 2, 
N-methyl-N-phenyl benzamide (1aa) proved completely 
unreactive. Amide 1ab bearing N-phenyl group displayed 
reactivity comparable to that of N-benzyl amide 1a. When 
benzyl group in 1a was replaced by methyl one, the yield 
of the reaction dramatically decreased to 66% (1ac). Intri-
guingly, moving from methyl to ethyl resulted in an in-
crease of yield by ca. 30% (1ac vs 1ad). In the case of 
N-tosyl amides (1af and 1ag), the yields decreased signifi-
cantly, presumably as the result involving N-tosyl cleav-
age. Additionally, it was observed that, N-glutarimide 
(1ah), a highly reactive substrate under transition met-
al-catalyzed N-C activation conditions,[19] led to a reduced 
yield. 
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Table 1  Optimization of the transamidation of N-benzyl-N- 
Boc-amide (1a) with pyrrolidine 2a 

 

Entry Cs2CO3/ 
equiv. Solvent T/℃ Conv./% 

of 1aa 
Yielda/% 

of 3a 
1 2.0 DMF 100 41 33 
2 1.0 DMF 100 70 48 
3 0.2 DMF 100 85 63 
4 0 DMF 100 84 81 
5 0 THF Reflux 97 83 
6 0 CH3CN Reflux 79 78 
7 0 Ether Reflux 93 81 
8 0 DCM Reflux 7 6 
9 0 Toluene 100 91 91 

10 0 Toluene 80 54 50 
11 0 Toluene Reflux 99 97 (90)b 
12c 0 Toluene Reflux 86 79 

a Conversion and yield were determined by GC using n-dodecane as an inter-
nal standard. b Yield in parenthesis refers to the isolated yield. c 1.0 equiv. of 
2a was used. 
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Scheme 2  Effect of N-substituents on amides 

Reaction conditions: amide (0.1 mmol), 2a (0.15 mmol), and toluene (0.5 
mL) were heated with stirring under reflux for 12 h. Yields of the trans-
amidation reaction were determined by GC analysis using an internal 
standard (yields in parentheses refer to N-activated amide starting materi-
al recovered from the reaction mixtures) 

Using the above optimized reaction conditions and pyr-
rolidine 2a as the model nucleophile, we set out to explore 
the reaction scope of acyl moiety, including evaluation of 
the effect of different substituents on the aryl rings 
(Scheme 3). Aryl amide bearing ortho-methyl substituents 
showed diminished reactivity as compared to analogous 
meta- and para-substrates (3b versus 3c and 3d). Such a 
finding leads us to infer that the present transamidation 
protocol is sensitive to steric effects. In contrast, it proved 
less susceptible to electronic effects in a diverse array of 
para-substituted N-benzyl-N-Boc-arylami- des, including 
those bearing ester, fluoro, chloro, bromo, iodo, trifluoro-
methyl, nitro, and cyano groups (3g～3n). The method 
also proved amenable for heterocycles. For instance, fu-

ran-, thiophene- and benzo-thiophene-based substrates 
underwent transamidation in good yields (3p～3r). Fur-
thermore, the present transamidation protocol was not re-
stricted to (hetero)aryl substrate; the cinnamyl pyrrolidine 
amide 3s was obtained in 82% yield. Alkyl amides such as 
phenylpropyl- and hexyl-amides furnished products 3t and 
3u in 77% and 39% yields, respectively. Moreover, pyr-
rolidine-based cyclohexyl-amide (3v) could be accessed, 
albeit in a poor yield. 
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Scheme 3  Amide products accessed via the transamidation of 
the corresponding N-benzyl-N-Boc-amides 
Reaction conditions: 1 (0.5 mmol), 2a (0.75 mmol), and toluene (2.5 mL) 
were heated with stirring under reflux for 12 h. Yields refer to isolated 
yields (the yields in parentheses refer to initial amides recovered in the 
reaction mixtures) 

Next, we sought to examine the generality of this trans-
formation by testing a variety of aliphatic amines using 
N-benzyl-N-Boc-amide (1a) as the substrate (Scheme 4). 
Reaction of various cyclic secondary aliphatic amines oc-
curred smoothly (3w～3ad). With azetidine as the nucleo-
phile, the reaction furnished 3w in 94% yield. This stands 
in contrast to its analogous azepane, where the large ring 
size severely diminished the yield (3x).[20] Piperidine bear-
ing α-methyl group was found much less effective, giving 
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3z in a low yield. It is of interest to note that the reaction is 
chemoselective. In the case of 4-hydroxypiperidine, where 
both N- and O-nucleophilic sites exist, the only N-acylated 
product 3ab was obtained, along with considerable recov-
ered starting amide. The low yield (33%) may reflect the 
detrimental effect of the alcohol moiety in 4-hydroxypipe- 
ridine on the reaction. In contrast to the cyclic secondary 
amines, acyclic N-methyl-4-methoxybenzylamine gave the 
transamidation product 3ae in 29% yield. This low yield is 
attributed to the relatively low basicity and nucleophilicity 
of acyclic secondary amines, since the pKa of protonated 
N-methyl-4-methoxybenzylamine was found to be 9.97.[21] 

 

Scheme 4  Products obtained when N-benzyl-N-Boc-amide (1a) 
was subject to the present procedure using a variety of amines 
Reaction conditions: 1a (0.5 mmol), 2 (0.75 mmol), and toluene (2.5 mL) 
were heated with stirring under reflux for 12 h. Yields refer to isolated 
yield (the yields in parentheses refer to the amide 1a recovered in the 
reaction mixtures) 

The substrate scope with respect to the primary aliphatic 
amine was also investigated. It was observed that various 

primary amines, including linear and branched ones were 
compatible with the standard reaction conditions allowing 
access to secondary amides in 50%～88% yields (Scheme 
4b). Unfortunately, attempts to transamidate using a steri-
cally hindered tert-butylamine, as well as less nucleophilic 
aromatic amines, e.g. aniline, p-anisidine, and indoline, 
were unsuccessful. In these cases, full recovery of the 
starting amides was observed. 

The potential application of the present transamidation 
procedure was showcased in the synthesis of antidepres-
sant moclobemide, the first reversible inhibitor of mono-
amine oxidase (MAO) marketed by Roche.[22] This 
one-step method delivered the desired amide 3ar in 79% 
yield (Scheme 5a). Furthermore, the post-transformation of 
commercial drugs, e.g. pregabalin[23] and amlodipine,[24] 
which were used in the treatment of peripheral neuropathic 
pain and high blood pressure, respectively, could likewise 
be achieved. The corresponding products 3as and 3at were 
obtained in good yields as pro-drugs to provide an in-
creased duration of active compound in the plasma 
(Schemes 5b and 5c).[25] 
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Scheme 5  Synthesis of moclobemide and post-transformation 
of drugs 

Yields refer to isolated yields after column chromatography 
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To the best of our knowledge, transamidation reactions 
that involve optically enriched substrates remain elusive.[8] 
A recurring issue in conventional amidation processes is 
the ease of racemization.[26] As a test of our methodology, 
the free amino-based amino esters 4a～4d were employed 
as nucleophiles. Pleasingly, all the reactions proceeded 
smoothly without erosion of the stereochemical fidelity, 
albeit in low yields. On the other hand, the yields based on 
the recovered starting materials (brsm) were excellent. As 
shown in Scheme 6, the yields gradually decreased when 
the side chain of amino ester was changed from ethyl to 
tert-butyl (products 5e～5g); presumably. This reflects 
steric effects on the nucleophilicity of amino acid deriva-
tives. 

To further explore the viability of the present approach 
with regard to stereochemical integrity, an amide 1w with 
an epimerizable stereocenter was treated with pyrrolidine 
2a under the standard reaction conditions. Only a slightly 
reduced enantioselectivity was observed for 5h (98% 
ee),[8b] while for the transamidation between 1w and 
2-methoxyethylamine (2m), no appreciable loss of enanti-
opurity occurred during the course of the reaction. 

Aryl esters are well-established as activating groups that 
can undergo O—C(acyl) cleavage under conditions of ei-
ther transition metal-mediated or transition metal-free 
amidation.[27,11b] A competition experiment was therefore 
performed to gauge selectivity, as shown in Scheme 7. 
Here, substrate 1x bearing N-benzyl-N-Boc-amide group 
and phenolic ester, was subjected to our typical reaction 
protocol. Under these conditions, products 3au and 3av 
were obtained in 57% and 9% yields, respectively. Such a 
finding is consistent with the canonical thinking that acti-
vated esters are more reactive than N-benzyl-N-Boc-ami- 
des. While beyond the scope of the present study, in prin-
ciple this distinction could be exploited to access to un-
symmetrical terephthalamides, a scaffold that was widely 
found in natural products.[28] For instance, when 3au was 
treated with n-hexyl amine 2k, the corresponding product 
3aw was obtained in 82% yield. 

In an effort to obtain insights into the underlying mech-
anism of the present protocol, we performed an intermo- 
lecular competition experiment using two representa-
tivealiphatic amines while monitoring the kinetics of ami- 
dation by GC (Figure 1). In accord with expectations, the 
secondary amine pyrrolidine 2a reacted rather quickly to 
afford 3a in ca. 90% yield within 6 h. In contrast, the less 
nucleophilic primary amine n-hexanamine 2k only pro-
vided a low yield (ca. 12%) of the corresponding product 
(3af) over the course of 12 hours. This finding, considered 
in concert with the lack of reactivity seen for less nucleo-
philic aromatic amines (vide supra), supports the conclu-
sion that the nucleophilicity of the amine substrates and the 
reactivity seen in the present transamidation protocol are 
closely correlated.[29] Furthermore, we determined the 
product yields when pyrrolidine 2a was allowed to react 
with three differently substituted aryl amides under our 
transamidation conditions. As can be seen from Figure 1, 
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Scheme 6  Transamidation of enantioenriched amino esters and 
N-activated amides 
Reaction conditions: 1 (0.5 mmol), amine 4 or 2 (0.75 mmol), and toluene 
(2.5 mL) were heated with stirring under reflux for 12 h. Yields refer to 
isolated yields (yields in parentheses are the original N-activated amides 
recovered in the reaction mixtures). The enantiomeric excess (ee) was 
determined by HPLC analysis using a stationary phase chiral column 

 

Scheme 7  Selectivity tests involving amide 1x that contains 
phenolic ester and an N-benzyl-N-Boc 
Reaction conditions: 1x (0.5 mmol), 2a (0.75 mmol), and toluene (2.5 
mL) were heated with stirring under reflux for 12 h. Yields refer to iso-
lated yields 
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Figure 1  Kinetic profile for test transamidations 

Reaction of 1a with pyrrolidine 2a (giving product 3a) and n-hexanamine 
2k (giving product 3af) under the standard conditions of the present study 
(top), and reaction of 1a (R＝H), 1d (R＝4-MeC6H4) and 1n (R＝

4-NCC6H4) with pyrrolidine 2a at 90 ℃ (bottom) 

which depicts the yield versus time for the transamidation, 
a higher reaction rate was seen for the electron-deficient 
4-cyano-benzamide 1n (giving product 3n) as compared to 
the corresponding electron-rich 4-methyl-benzamide 1d 
and non-substituted benzamide 1a (giving products 3d and 
3a, respectively). Taken together, the data lead us to pro-
pose a nucleophilic acyl substitution mechanism that in-
volves direct nucleophilic attack of amine on the 
N-activated amide.[30] Moreover, we rationalize that the 
driving force for the catalyst- and additive-free transami-
dation lies in the nucleophilic addition of amine to the 
weakened N-benzyl-N-Boc-amide bond, and the formation 
of thermodynamic more stable amide product.[31]  

3  Conclusions 
In summary, a protocol that permits the transamidation 

of N-benzyl-N-Boc-amides under transition metal-free and 
base-free conditions is presented. It provides access to a 
range of amides in moderate to good yields. An advantage 
of this method is that the chiral centers that are present in 
both amide and amine substrates are permitted. The readily 
availability of N-benzyl-N-Boc-amides coupled with the 

broad substrate scope and functional group tolerance of 
present transamidation protocol leads us to predict that it 
could emerge as a useful complement to related method-
ologies and could also be used to allow ready access to 
value-added amides. 

4  Experimental section 
4.1  General information 

All NMR spectra were acquired on a Bruker 600 MHz 
or a JEOL ECZ 400 MHz NMR spectrometer. 1H NMR 
chemical shifts were recorded relative to TMS (δ 0.00) or 
residual protonated solvents (CDCl3 δ 7.26). Proof of pu-
rity of new compounds is provided through the attached 
copies of 1H NMR, 13C NMR, and 19F NMR spectra. Mass 
spectrometric data consistent with the proposed structures 
were also obtained. 
4.2  General procedure for the transamdiation of N- 
benzyl-N-Boc-amides 

A 10-mL vial containing a magnetic stir bar was charged 
with N-activated amide (0.5 mmol), aliphatic amine (0.75 
mmol) and 2.5 mL of toluene. The reaction mixture was 
heated with stirring under reflux overnight (ca. 12 h). After 
cooling, the volatiles were evaporated off under reduced 
pressure and the residue purified by flash chromatography 
over silica gel using ethyl acetate/petroleum ether (V∶V＝ 
5∶1～1∶1) as eluent to give product. 

Phenyl(pyrrolidin-1-yl)methanone (3a):[11a] Colorless oil 
(79 mg, 90% yield). 1H NMR (400 MHz, CDCl3) δ: 7.53～
7.50 (m, 2H), 7.42～7.38 (m, 3H), 3.65 (t, J＝7.0 Hz, 2H), 
3.42 (t, J＝6.6 Hz, 2H), 2.00～1.95 (m, 2H), 1.90～1.84 
(m, 2H); 13C NMR (100 MHz, CDCl3) δ: 169.8, 137.3, 
129.9, 128.3, 127.2, 49.7, 46.3, 26.5, 24.6; GC-MS m/z: 
175.0. 

Pyrrolidin-1-yl(o-tolyl)methanone (3b):[32] Yellow oil 
(21 mg, 22% yield). 1H NMR (600 MHz, CDCl3) δ: 7.26～
7.24 (m, 1H), 7.21～7.19 (m, 3H), 3.66 (t, J＝7.0 Hz, 2H), 
3.13 (t, J＝6.8 Hz, 2H), 2.31 (s, 3H), 1.98～1.94 (m, 2H), 
1.89～1.84 (m, 2H); 13C NMR (150 MHz, CDCl3) δ: 
170.1, 138.0, 133.9, 130.5, 128.9, 126.0, 125.7, 48.5, 45.4, 
26.2, 24.8, 19.1; GC-MS m/z: 189.0. 

Pyrrolidin-1-yl(m-tolyl)methanone (3c):[32] Yellow oil 
(59 mg, 63% yield). 1H NMR (600 MHz, CDCl3) δ: 7.33 
(s, 1H), 7.29～7.26 (m, 2H), 7.22～7.21 (d, J＝4.8 Hz, 
1H), 3.64 (t, J＝6.9 Hz, 2H), 3.42 (t, J＝6.6 Hz, 2H), 2.37 
(s, 3H), 1.98～1.93 (m, 2H), 1.89～1.84 (m, 2H); 13C 
NMR (150 MHz, CDCl3) δ: 170.1, 138.2, 137.3, 130.5, 
128.2, 127.8, 124.1, 49.7, 46.2, 26.5, 24.6, 21.5; GC-MS 
m/z: 189.0. 

Pyrrolidin-1-yl(p-tolyl)methanone (3d):[32] Yellow solid 
(68 mg, 72% yield). m.p. 77～78 ℃ (Lit. 76～78 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 7.44～7.41 (m, 2H), 7.19 (d,  
J＝7.6 Hz, 2H), 3.64 (t, J＝7.0 Hz, 2H), 3.44 (t, J＝6.6 
Hz, 2H), 2.37 (s, 3H), 1.99～1.92 (m, 2H), 1.89～1.83 (m, 
2H); 13C NMR (100 MHz, CDCl3) δ: 169.9, 140.0, 134.4, 
128.9, 127.3, 49.8, 46.3, 26.5, 24.6, 21.5; GC-MS m/z: 
189.0. 



   
有机化学 研究论文  

 
1664      http://sioc-journal.cn/ © 2021 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2021, 41, 1658～1669 

(4-Methoxyphenyl)(pyrrolidin-1-yl)methanone (3e):[32] 
White solid (85 mg, 83% yield). m.p. 76～77 ℃ (Lit. 
74～76 ℃); 1H NMR (400 MHz, CDCl3) δ: 7.54～7.50 
(m, 2H), 6.92～6.88 (m, 2H), 3.83 (s, 3H), 3.63 (t, J＝6.8 
Hz, 2H), 3.48 (t, J＝6.4 Hz, 2H), 1.99～1.92 (m, 2H), 
1.90～1.84 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
169.5, 160.9, 129.3, 113.5, 55.4, 49.9, 46.4, 26.6, 24.6; 
GC-MS m/z: 205.0. 

(3,5-Dimethoxyphenyl)(pyrrolidin-1-yl)methanone (3f): 
Yellow oil (99 mg, 84% yield). 1H NMR (400 MHz, 
CDCl3) δ: 6.63 (d, J＝2.4 Hz, 2H), 6.49 (t, J＝2.2 Hz, 1H), 
3.80 (s, 6H), 3.63 (t, J＝7.0 Hz, 2H), 3.42 (t, J＝6.6 Hz, 
2H), 2.00～1.93 (m, 2H), 1.90～1.84 (m, 2H); 13C NMR 
(100 MHz, CDCl3) δ: 169.5, 160.8, 139.3, 105.1, 102.0, 
55.6, 49.7, 46.3, 26.5, 24.6; HRMS (ESI) calcd for 
C13H18NO3 [M＋H]＋: 236.1281, found 236.1281.  

Methyl 4-(pyrrolidine-1-carbonyl)benzoate (3g):[33] 
White solid (112 mg, 96% yield). m.p. 103～104 ℃ (Lit. 
96～98 ℃); 1H NMR (400 MHz, CDCl3) δ: 8.09～8.06 
(m, 2H), 7.59～7.56 (m, 2H), 3.94 (s, 3H), 3.66 (t,   J＝
6.8 Hz, 2H), 3.39 (t, J＝6.6 Hz, 2H), 2.01～1.95 (m, 2H), 
1.93～1.86 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
168.8, 166.5, 141.5, 131.3, 129.7, 127.1, 52.4, 49.5, 46.3, 
26.5, 24.5; GC-MS m/z: 233.0. 

(4-Fluorophenyl)(pyrrolidin-1-yl)methanone (3h):[33] 
White solid (83 mg, 86% yield). m.p. 86～87 ℃ (Lit. 
87～90 ℃); 1H NMR (400 MHz, CDCl3) δ: 7.56～7.52 
(m, 2H), 7.10～7.05 (m, 2H), 3.64 (t, J＝7.0 Hz, 2H), 3.43 
(t, J＝6.6 Hz, 2H), 2.00～1.93 (m, 2H), 1.91～1.85 (m, 
2H); 13C NMR (100 MHz, CDCl3) δ: 168.8, 163.56 (d, J＝
249.7 Hz), 133.3, 129.54 (d, J＝8.6 Hz), 115.38 (d, J＝
21.7 Hz), 49.8, 46.4, 26.6, 24.6; 19F NMR (376 MHz, 
CDCl3) δ: －110.4; GC-MS m/z: 193.0. 

(4-Chlorophenyl)(pyrrolidin-1-yl)methanone (3i):[32] 
White solid (100 mg, 96% yield). m.p. 70～71 ℃ (Lit. 
68～70 ℃); 1H NMR (400 MHz, CDCl3) δ: 7.47 (d, J＝
5.6 Hz, 2H), 7.37 (d, J＝5.6 Hz, 2H), 3.64 (t, J＝4.6 Hz, 
2H), 3.42 (t, J＝4.4 Hz, 2H), 1.99～1.94 (m, 2H), 1.91～
1.86 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 168.7, 
136.0, 135.6, 128.8, 128.6, 49.7, 46.4, 26.6, 24.6; GC-MS 
m/z: 209.0. 

(4-Bromophenyl)(pyrrolidin-1-yl)methanon (3j):[32] 
White solid (101 mg, 80% yield). m.p. 76～77 ℃ (Lit. 
76～78 ℃); 1H NMR (600 MHz, CDCl3) δ: 7.54 (d, J＝
8.4 Hz, 2H), 7.40 (d, J＝8.4 Hz, 2H), 3.63 (t, J＝6.9 Hz, 
2H), 3.41 (t, J＝6.9 Hz, 2H), 1.99～1.94 (m, 2H), 1.91～
1.86 (m, 2H); 13C NMR (150 MHz, CDCl3) δ: 168.7, 
136.1, 131.6, 129.0, 124.2, 49.7, 46.4, 26.5, 24.5; GC-MS 
m/z: 253.0. 

(4-Iodophenyl)(pyrrolidin-1-yl)methanone (3k):[34] Yel-
low oil (138 mg, 92% yield). 1H NMR (600 MHz, CDCl3) 
δ: 7.76～7.73 (m, 2H), 7.28～7.27 (m, 1H), 7.26～7.25 
(m, 3H), 3.63 (t, J＝6.9 Hz, 2H), 3.41 (t, J＝6.6 Hz, 2H), 
2.00～1.85 (m, 4H); 13C NMR (150 MHz, CDCl3) δ: 168. 
9, 137.6, 136.7, 129.0, 96.3, 49.7, 46.4, 26.5, 24.6; GC-MS 
m/z: 301.0. 

Cyclopentyl(4-(trifluoromethyl)phenyl)methanone 

(3l):[32] Yellow oil (120 mg, 99% yield). 1H NMR (600 
MHz, CDCl3) δ: 7.67 (d, J＝8.1 Hz, 1H), 7.63 (d, J＝8.1 
Hz, 1H), 3.66 (t, J＝6.9 Hz, 2H), 3.39 (t, J＝6.6 Hz, 2H), 
2.01～1.96 (m, 2H), 1.92～1.88 (m, 2H); 13C NMR (150 
MHz, CDCl3) δ: 168.4, 140.8, 131.7 (q, J＝34.5 Hz), 
127.6, 125.5 (q, J＝3.8 Hz), 123.9 (q, J＝272.3 Hz), 49.6, 
46.4, 26.5, 24.5; 19F NMR (376 MHz, CDCl3) δ: －62.9; 
GC-MS m/z: 243.0. 

(4-Nitrophenyl)(pyrrolidin-1-yl)methanone (3m):[33] 
Yellow solid (93 mg, 84% yield). m.p. 83～84 ℃ (Lit. 
78～80 ℃); 1H NMR (400 MHz, CDCl3) δ: 8.29～8.28 
(m, 1H), 8.27～8.26 (m, 1H), 7.70～7.69 (m, 1H), 7.68～
7.67 (m, 1H), 3.67 (t, J＝7.0 Hz, 2H), 3.39 (t, J＝6.4 Hz, 
2H), 2.04～1.89 (m, 4H); 13C NMR (100 MHz, CDCl3) δ: 
167.5, 143.2, 128.3, 123.8, 49.6, 46.5, 26.5, 24.5; GC-MS 
m/z: 220.0. 

4-(Pyrrolidine-1-carbonyl)benzonitrile (3n):[32] White 
solid (99 mg, 99% yield). m.p. 85～86 ℃ (Lit. 87～
88 ℃); 1H NMR (400 MHz, CDCl3) δ: 7.73～7.70 (m, 
2H), 7.63～7.60 (m, 2H), 3.66 (t, J＝6.8 Hz, 2H), 3.38 (t,  
J＝6.6 Hz, 2H), 2.03～1.96 (m, 2H), 1.95～1.88 (m, 2H); 
13C NMR (100 MHz, CDCl3) δ: 167.8, 141.5, 132.4, 127.9, 
118.3, 113.7, 49.6, 46.5, 26.5, 24.5; GC-MS m/z: 200.0. 

Naphthalen-2-yl(pyrrolidin-1-yl)methanone (3o):[33] 
White solid (99 mg, 88% yield). m.p. 69～70 ℃ (Lit. 
76～77 ℃); 1H NMR (400 MHz, CDCl3) δ: 8.01 (s, 1H), 
7.88～7.85 (m, 3H), 7.62 (dd, J＝8.4, 1.6 Hz, 1H), 7.55～
7.50 (m, 2H), 3.71 (t, J＝7.2 Hz, 2H), 3.50 (t, J＝6.6 Hz, 
2H), 2.03～1.86 (m, 4H); 13C NMR (100 MHz, CDCl3) δ:  
169.9, 134.7, 133.9, 132.7, 128.6, 128.2, 127.9, 127.2, 
127.1, 126.7, 124.6, 49.9, 46.4, 26.6, 24.7; GC-MS m/z: 
225.0. 

Furan-2-yl(pyrrolidin-1-yl)methanone (3p):[32] Yellow 
oil (61 mg, 74% yield). 1H NMR (600 MHz, CDCl3) δ: 
7.51 (s, 1H), 7.06 (d, J＝3.6 Hz, 1H), 6.49～6.48 (m, 1H), 
3.83 (t, J＝6.6 Hz, 2H), 3.65 (t, J＝6.9 Hz, 2H), 2.01～
1.98 (m, 2H), 1.92～1.88 (m, 2H); 13C NMR (150 MHz, 
CDCl3) δ: 158.2, 148.8, 144.1, 115.7, 111.4, 47.9, 47.1, 
26.6, 23.8; GC-MS m/z: 165.0. 

Pyrrolidin-1-yl(thiophen-2-yl)methanone (3q):[32] White 
solid (54 mg, 60% yield). m.p. 71～72 ℃ (Lit. 72～
73 ℃); 1H NMR (600 MHz, CDCl3) δ: 7.52 (d, J＝3.6 Hz, 
1H), 7.47 (d, J＝5.4 Hz, 1H), 7.08～7.07 (m, 1H), 3.78～
3.77 (m, 2H), 3.69～3.67 (m, 2H), 2.02～1.99 (m, 2H), 
1.96～1.93(m, 2H); 13C NMR (150 MHz, CDCl3) δ: 161.9, 
139.6, 129.61, 129.60, 127.2, 49.0, 47.4, 26.8, 24.2; 
GC-MS m/z: 181.0. 

Benzo[b]thiophen-2-yl(pyrrolidin-1-yl)methanone 
(3r):[35] White solid (52 mg, 45% yield). m.p. 90～91 ℃; 
1H NMR (400 MHz, CDCl3) δ: 7.87～7.81 (m, 2H), 7.70 
(d, J＝0.4 Hz, 1H), 7.43～7.36 (m, 2H), 3.84 (t, J＝6.4 
Hz, 2H), 3.71 (t, J＝6.6 Hz, 2H), 2.04～1.95 (m, 4H); 13C 
NMR (100 MHz, CDCl3) δ: 162.4, 140.7, 139.6, 139.2, 
126.09, 126.06, 124.99, 124.74, 122.5, 49.2, 47.6, 26.8, 
24.2; GC-MS m/z: 231.0. 

(E)-3-Phenyl-1-(pyrrolidin-1-yl)prop-2-en-1-one (3s):[36] 
Colorless oil (82 mg, 82% yield). m.p. 95～96 ℃ (Lit. 
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97～98 ℃); 1H NMR (400 MHz, CDCl3) δ: 7.69 (d, J＝
15.5 Hz, 1H), 7.55～7.52 (m, 2H), 7.40～7.34 (m, 3H), 
6.72 (d, J＝15.4 Hz, 1H), 3.66～3.58 (m, 4H), 2.05～1.98 
(m, 2H), 1.94～1.87 (m, 2H); 13C NMR (100 MHz, 
CDCl3) δ: 164.8, 141.8, 135.5, 129.7, 128.9, 128.0, 119.0, 
46.7, 46.2, 26.3, 24.5; GC-MS m/z: 201.0. 

3-Phenyl-1-(pyrrolidin-1-yl)propan-1-one (3t):[37] Col-
orless oil (78 mg, 77% yield). 1H NMR (600 MHz, CDCl3) 
δ: 7.30～7.27 (m, 2H), 7.24～7.18 (m, 3H), 3.47 (t, J＝6.8 
Hz, 2H), 3.29 (t, J＝6.8 Hz, 2H), 2.99 (t, J＝7.8 Hz 2H), 
2.56 (t, J＝7.8 Hz 2H), 1.91～1.86 (m, 2H), 1.84～1.80 
(m, 2H); 13C NMR (150 MHz, CDCl3) δ: 170.9, 141.7, 
128.60, 128.57, 126.2, 47.0, 46.0, 36.9, 31.4, 26.2, 24.5; 
GC-MS m/z: 203.0. 

1-(Pyrrolidin-1-yl)hexan-1-one (3u):[38] Colorless oil (33 
mg, 39% yield). 1H NMR (400 MHz, CDCl3) δ: 3.48～
3.39 (m, 4H), 2.27～2.23 (m, 2H), 1.98～1.91 (m, 2H), 
1.88～1.81 (m, 2H), 1.69～1.61 (m, 2H), 1.36～1.29 (m, 
4H), 0.90 (t, J＝6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 172.0, 46.7, 45.7, 34.9, 31.8, 26.2, 24.7, 24.5, 22.6, 14.1; 
GC-MS m/z: 169.0. 

Cyclohexyl(pyrrolidin-1-yl)methanone (3v):[39] Color-
less oil (12 mg, 13% yield). 1H NMR (400 MHz, CDCl3) δ: 
3.48～3.43 (m, 4H), 2.37～2.29 (m, 1H), 1.98～1.91 (m, 
2H), 1.87～1.66 (m, 8H), 1.58～1.48 (m, 2H), 1.32～1.19 
(m, 3H); 13C NMR (100 MHz, CDCl3) δ: 174.9, 46.4, 45.8, 
43.0, 29.0, 26.3, 26.0, 25.9, 24.4; GC-MS m/z: 181.0. 

Azetidin-1-yl(phenyl)methanone (3w):[11d] Colorless oil 
(75 mg, 94% yield). 1H NMR (400 MHz, CDCl3) δ: 7.64～
7.61 (m, 2H), 7.47～7.38 (m, 3H), 4.32～4.22 (m, 4H), 
2.38～2.30 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
170.4, 133.4, 131.0, 128.4, 127.9, 53.5, 49.0, 16.2; GC-MS 
m/z: 161.0. 

Azepan-1-yl(phenyl)methanone (3x):[40] Yellow oil (58 
mg, 57% yield). 1H NMR (400 MHz, CDCl3) δ: 7.41～
7.36 (m, 5H), 3.68 (t, J＝6.0 Hz, 2H), 3.36 (t, J＝5.4 Hz, 
2H), 1.87～1.85 (m, 2H), 1.68～1.60 (m, 6H); 13C NMR 
(100 MHz, CDCl3) δ: 171.7, 137.4, 129.1, 128.5, 126.5, 
49.8, 46.4, 29.6, 27.9, 27.4, 26.6; GC-MS m/z: 203.0. 

(4-Methoxypiperidin-1-yl)(phenyl)methanone (3y): 
Yellow oil (67 mg, 61% yield). 1H NMR (400 MHz, 
CDCl3) δ: 7.42～7.38 (m, 5H), 4.05 (s, 1H), 3.61～3.46 
(m, 3H), 3.37 (s, 3H), 3.21 (s, 1H), 1.98～1.68 (m, 4H); 
13C NMR (100 MHz, CDCl3) δ: 170.4, 136.1, 129.6, 128.5, 
126.8, 75.4, 55.8, 44.8, 39.4, 31.3, 30.2; HRMS (ESI) 
calcd for C13H18NO2: 220.1332, found 220.1331.  

(2-Methylpiperidin-1-yl)(phenyl)methanone (3z):[41] 
Colorless oil (25 mg, 25% yield). 1H NMR (400 MHz, 
DMSO-d6) δ: 7.43～7.38 (m, 3H), 7.33～7.28 (m, 2H), 
4.35 (s, 1H), 3.83 (d, J＝12.1 Hz, 1H), 2.99～2.92 (m, 
1H), 1.69～1.54 (m, 4H), 1.50～1.45 (m, 1H), 1.43～1.32 
(m, 1H), 1.17 (d, J＝6.9 Hz, 3H); 13C NMR (100 MHz, 
DMSO-d6) δ: 169.8, 137.9, 129.4, 128.8, 126.7, 47.2, 30.4, 
26.0, 19.0, 16.4; GC-MS m/z: 203.0. 

(4-Methylpiperidin-1-yl)(phenyl)methanone (3aa):[42] 
Yellow oil (69 mg, 68% yield). 1H NMR (400 MHz, 
CDCl3) δ: 7.42～7.38 (m, 5H), 4.22 (s, 1H), 4.00～3.94 

(m, 1H), 3.66 (s, 1H), 3.29 (d, J＝70.4 Hz, 2H), 2.05～
1.49 (m, 7H); 13C NMR (100 MHz, CDCl3) δ: 170.4, 
136.7, 129.5, 128.5, 126.9, 48.2, 42.6, 34.9, 34.0, 31.3, 
21.9; GC-MS m/z: 203.0. 

(4-Hydroxypiperidin-1-yl)(phenyl)methanone (3ab):[43] 
White solid (34 mg, 33% yield). m.p. 89～90 ℃ (Lit. 
84～86 ℃); 1H NMR (400 MHz, CDCl3) δ: 7.42～7.36 
(m, 5H), 4.20 (s, 1H), 3.96～7.90 (m, 1H), 3.64 (s, 1H), 
3.36～3.17 (m, 2H), 2.29 (s, 1H), 2.00～1.79 (m, 2H), 
1.61～1.43 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
170.6, 136.1, 129.7, 128.6, 126.7, 67.0, 45.0, 39.5, 34.7, 
34.0; GC-MS m/z: 205.0. 

Morpholino(phenyl)methanone (3ac):[44] Yellow oil (47 
mg, 49% yield);1H NMR (600 MHz, CDCl3) δ: 7.41～7.39 
(m, 5H), 3.78～3.46 (m, 8H); 13C NMR (150 MHz, 
CDCl3) δ: 170.6, 135.4, 130.0, 128.7, 127.2, 67.0, 48.3, 
42.6; GC-MS m/z: 191.0. 

(4-Methylpiperazin-1-yl)(phenyl)methanone (3ad):[44] 
Yellow oil (90 mg, 88% yield). 1H NMR (400 MHz, 
CDCl3) δ: 7.40 (s, 5H), 3.81 (s, 2H), 3.44 (s, 2H), 2.49 (s, 
2H), 2.35 (s, 2H), 2.32 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 170.4, 135.9, 129.8, 128.6, 127.2, 55.4, 54.9, 
47.8, 46.2, 42.2; GC-MS m/z: 204.0. 

N-(4-Methoxybenzyl)-N-methylbenzamide (3ae):[45] 
Colorless oil (37 mg, 29% yield). 1H NMR (400 MHz, 
CDCl3) δ: 7.46～7.37 (m, 5H), 7.30 (d, J＝8.2 Hz, 1H), 
7.08 (d, J＝8.0 Hz, 1H), 6.89 (d, J＝7.7 Hz, 2H), 4.69 (s, 
1H), 4.44 (s, 1H), 3.81 (s, 3H), 3.01～2.84 (m, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 159.2, 136.5, 129.7, 128.55, 
128.50, 128.2, 127.1, 126.9, 114.2, 55.4, 54.7, 50.3, 36.9, 
33.1; GC-MS m/z: 255.0. 

N-Hexylbenzamide (3af):[16e] White solid (87 mg, 85% 
yield). m.p. 42～43 ℃ (Lit. 43～44 ℃); 1H NMR (400 
MHz, CDCl3) δ: 7.78～7.75 (m, 2H), 7.51～7.40 (m, 3H), 
6.21 (s, 1H), 3.47～3.42 (m, 2H), 1.65～1.57 (m, 2H), 
1.42～1.29 (m, 6H), 0.91～0.88 (m, 3H); 13C NMR (100 
MHz, CDCl3) δ: 167.7, 135.0, 131.4, 128.6, 127.0, 40.2, 
31.6, 29.8, 26.8, 22.7, 14.1; GC-MS m/z: 205.0. 

N-Neopentylbenzamide (3ag):[46] White solid (72 mg, 
75% yield). m.p. 112～113 ℃ (Lit. 113～114 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 7.78～7.76 (m, 2H), 7.52～
7.48 (m, 1H), 7.46～7.42 (m, 2H), 6.23 (s, 1H), 3.28 (d,  
J＝6.4 Hz, 2H), 0.99 (s, 9H); 13C NMR (100 MHz, CDCl3) 
δ: 167.8, 135.2, 131.5, 128.8, 127.0, 51.1, 32.3, 27.4; 
GC-MS m/z: 191.0. 

N-(2-Methoxyethyl)benzamide (3ah):[47] Colorless oil 
(78 mg, 88% yield). 1H NMR (400 MHz, CDCl3) δ: 7.80～
7.77 (m, 2H), 7.52～7.41 (m, 3H), 6.58 (s, 1H), 3.68～
3.64 (m, 2H), 3.58～3.56 (m, 2H), 3.39 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 167.6, 134.6, 131.6, 128.7, 127.1, 
71.3, 59.0, 39.8; GC-MS m/z: 179.0. 

N-(But-3-en-1-yl)benzamide (3ai):[32] Yellow oil (53 
mg, 61% yield). 1H NMR (400 MHz, CDCl3) δ: 7.77～
7.74 (m, 2H), 7.51～7.46 (m, 1H), 7.43～7.38 (m, 2H), 
6.47 (s, 1H), 5.88～5.77 (m, 1H), 5.17～5.09 (m, 2H), 
3.54～3.49 (m, 2H), 2.40～2.34 (m, 2H); 13C NMR (100 
MHz, CDCl3) δ: 167.7, 135.4, 134.8, 131.4, 128.6, 126.9, 
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117.4, 38.9, 33.8; GC-MS m/z: 175.0. 
t-Butyl 4-benzamidobutanoate (3aj): White solid (67 

mg, 51% yield). m.p. 49～50 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.81～7.78 (m, 2H), 7.51～7.47 (m, 1H), 
7.45～7.40 (m, 2H), 6.69 (s, 1H), 3.52～3.48 (m, 2H), 
2.37 (t, J＝6.9 Hz, 2H), 1.96～1.89 (m, 2H), 1.44 (s, 9H); 
13C NMR (100 MHz, CDCl3) δ: 173.5, 167.6, 134.6, 131.5, 
128.6, 127.0, 80.9, 40.0, 33.4, 28.2, 24.4; HRMS (ESI) 
calcd for C15H21NO3 [M＋H]＋: 286.1414, found 286.1420. 

N-(4-Methoxybenzyl)benzamide (3ak):[3e] Yellow solid 
(74 mg, 61% yield). m.p. 95～96 ℃ (Lit. 98～99 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 7.79～7.76 (m, 2H), 7.51～
7.47 (m, 1H), 7.44～7.39 (m, 2H), 7.30～7.27 (m, 2H), 
6.90～6.86 (m, 2H), 6.40 (s, 1H), 4.58～4.57 (m, 2H), 
3.80 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 167.4, 159.3, 
134.6, 131.6, 130.4, 129.5, 128.7, 127.1, 114.3, 55.5, 43.8; 
GC-MS m/z: 241.0. 

N-Cyclobutylbenzamide (3al):[48] Yellow solid (55 mg, 
63% yield). m.p. 116～117 ℃ (Lit. 119～121 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 7.77～7.74 (m, 2H), 7.51～
7.40 (m, 3H), 6.25 (s, 1H), 4.63～4.57 (m, 1H), 2.48～
2.41 (m, 2H), 1.99～1.94 (m, 2H), 1.81～1.77 (m, 2H); 
13C NMR (100 MHz, CDCl3) δ: 166.7, 134.8, 131.5, 128.7, 
127.0, 45.3, 31.5, 15.3; GC-MS m/z: 175.0. 

N-Cyclopentylbenzamide (3am):[49] White solid (54 mg, 
57% yield). m.p. 161～162 ℃ (Lit. 158～160 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 7.76～7.73 (m, 2H), 7.51～
7.47 (m, 1H), 7.45～7.40 (m, 2H), 6.06 (s, 1H), 4.44～
4.38 (m, 1H), 2.14～2.05 (m, 2H), 1.76～1.64 (m, 2H), 
1.54～1.46 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
167.3, 135.1, 131.4, 128.7, 1276.9, 77.5, 51.8, 33.4, 23.9; 
GC-MS m/z: 189.0. 

N-Cyclohexylbenzamide (3an):[49] White solid (65 mg, 
64% yield). m.p. 147～149 ℃ (Lit. 145～147 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 7.77～7.74 (m, 2H), 7.51～
7.47 (m, 1H), 7.49～7.40 (m, 2H), 5.96 (s, 1H), 4.03～
3.94 (m, 1H), 2.07～2.00 (m, 2H), 1.79～1.73 (m, 2H), 
1.69～1.63 (m, 1H), 1.49～1.38 (m, 2H), 1.29～1.18 (m, 
3H); 13C NMR (100 MHz, CDCl3) δ: 166.8, 135.3, 131.4, 
128.7, 127.0, 48.8, 33.4, 25.7, 25.0; GC-MS m/z: 203.0. 

N-(4-Methylcyclohexyl)benzamide (3ao):[50] Yellow oil 
(66 mg, 61% yield). 1H NMR (400 MHz, CDCl3) δ: 7.76～
7.73 (m, 2H), 7.51～7.46 (m, 1H), 7.45～7.40 (m, 2H), 
5.89 (s, 1H), 3.96～3.87 (m, 1H), 2.10～2.06 (m, 2H), 
1.78～1.74 (m, 2H), 1.60～1.58 (m, 1H), 1.42～1.06 (m, 
6H), 0.92 (d, J＝6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 166.9, 135.2, 131.4, 128.7, 126.9, 49.1, 34.0, 33.4, 32.2, 
22.3; GC-MS m/z: 217.0. 

N-Cycloheptylbenzamide (3ap):[49] White solid (56 mg, 
52% yield). m.p. 125～126 ℃ (Lit. 127～128 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 7.76～7.73 (m, 2H), 7.51～
7.46 (m, 1H), 7.44～7.40 (m, 2H), 6.03 (s, 1H), 4.21～
4.13 (m, 1H), 2.07～2.01 (m, 2H), 1.71～1.63 (m, 4H), 
1.61～1.51 (m, 6H); 13C NMR (100 MHz, CDCl3) δ: 
166.5, 135.3, 131.4, 128.7, 126.9, 51.0, 35.3, 28.2, 24.3; 
GC-MS m/z: 217.0. 

N-Cyclooctylbenzamide (3aq):[49] White solid (58 mg, 

50% yield). m.p. 104～105 ℃ (Lit. 102～104 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 7.76～7.73 (m, 2H), 7.50～
7.46 (m, 1H), 7.44～7.40 (m, 2H), 6.06 (s, 1H), 4.24～
4.16 (m, 1H), 1.97～1.89 (m, 2H), 1.72～1.60 (m, 12H); 
13C NMR (100 MHz, CDCl3) δ: 166.4, 135.3, 131.3, 128.7, 
126.9, 50.0, 32.5, 27.3, 25.6, 23.9; GC-MS m/z: 231.0. 

4-Chloro-N-(2-morpholinoethyl)benzamide (3ar):[32] 
White solid (106 mg, 79% yield). m.p. 137～138 ℃ (Lit. 
135～137 ℃); 1H NMR (600 MHz, CDCl3) δ: 7.73～7.71 
(m, 2H), 7.43～7.42 (m, 2H), 6.66 (s, 1H), 3.74～3.73 (m, 
4H), 3.57～3.54 (m, 2H), 2.62～2.60 (m, 2H), 2.52～2.51 
(m, 4H); 13C NMR (150 MHz, CDCl3) δ: 166.5, 137.8, 
133.1, 129.0, 128.5, 67.1, 57.0, 53.5, 36.2; HRMS (ESI) 
calcd for C13H18ClN2O2 [M ＋ H] ＋ : 269.1051, found 
269.1054. 

Methyl (S)-3-(benzamidomethyl)-5-methylhexanoate 
(3as): Colorless oil (48 mg, 35% yield). 1H NMR (600 
MHz, CDCl3): 7.79 (d, J＝7.3 Hz, 2H), 7.49 (t, J＝7.1 Hz, 
1H), 7.43 (t, J＝7.3 Hz, 2H), 6.78 (s, 1H), 3.63 (s, 3H), 
3.56～3.52 (m, 1H), 3.36～3.32 (m, 1H), 2.44～2.40 (m, 
1H), 2.36～2.32 (m, 1H), 1.73～1.68 (m, 1H), 1.28～1.24 
(m, 2H), 1.21～1.17 (m, 1H), 0.92 (dd, J＝16.2, 6.3 Hz, 
6H); 13C NMR (150 MHz, CDCl3) δ: 174.5, 167.5, 134.5, 
131.5, 128.7, 127.0, 51.9, 44.4, 42.1, 38.0, 33.3, 25.4, 22.8, 
22.7; HRMS (ESI) calcd for C16H24NO3 [M ＋ H] ＋ : 
278.1751, found 278.1759. 

3-Ethyl-methyl 2-((2-benzamidoethoxy)methyl)-4-(2- 
chlorophenyl)-6-methyl-1,4-dihydropyridine-3,5-dicar- 
boxylate (3at): White solid (192 mg, 75% yield). m.p. 
189～190 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.82～7.79 
(m, 2H), 7.56～7.51 (m, 1H), 7.48～7.44 (m, 2H), 7.36 
(dd, J＝7.7, 1.7 Hz, 1H), 7.25 (s, 1H), 7.22 (dd, J＝7.9, 1.4 
Hz, 1H), 7.14～7.08 (m, 1H), 7.06～7.00 (m, 1H), 6.45 (s, 
1H), 5.39 (s, 1H), 4.81～4.68 (m, 2H), 4.10～3.98 (m, 
2H), 3.82～3.70 (m, 4H), 3.61 (s, 3H), 2.32 (s, 3H), 1.18 
(t, J＝7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 168.2, 
168.1, 167.2, 145.8, 145.1, 144.6, 134.2, 132.2, 131.6, 
131.4, 129.1, 128.5, 127.4, 127.0, 126.9, 103.6, 101.6, 
70.5, 67.9, 59.8, 50.7, 39. 7, 37.0, 19.1, 14.2; HRMS (ESI) 
calcd for C27H29ClN2NaO6 [M＋Na]＋: 535.1606, found 
535.1608. 

Ethyl benzoyl-L-valinate (5a): White solid (43 mg, 35% 
yield, 99% ee). m.p. 61～62 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.83～7.80 (m, 2H), 7.55～7.50 (m, 1H), 
7.48～7.43 (m, 2H), 6.65 (d, J＝8.7 Hz, 1H), 4.80～4.76 
(m, 1H), 4.30～4.19 (m, 2H), 2.34～2.24 (m, 1H), 1.31(t,  
J＝7.1 Hz, 3H), 1.01～0.99 (m, 6H); 13C NMR (100 MHz, 
CDCl3) δ: 172.3, 167.4, 134.4 131.9, 128.8, 127.2, 61.6, 
57.5, 31.9, 19.1, 18.0, 14.4; HRMS (ESI) calcd for 
C14H20NO3 [M＋H]＋: 250.1438, found 250.1439; HPLC 
(Daicel CHIRALPAK IB, V(hexane)∶V(isopropanol)＝
90∶10, Flow rate＝1 mL/min, λ＝225 nm): tR＝11.369 
min (minor enantiomer), tR＝12.265 min (major enantio-
mer). 

Ethyl (4-chlorobenzoyl)-L-valinate (5b): White solid (56 
mg, 40% yield, 99% ee). m.p. 67～68 ℃; 1H NMR (600 
MHz, CDCl3) δ: 7.77～7.73 (m, 2H), 7.44～7.41 (m, 2H), 
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6.61～6.59 (m, 1H), 4.76～4.74 (m, 1H), 4.29～4.20 (m, 
2H), 2.31～2.26 (m, 1H), 1.33～1.30 (m, 3H), 1.02～0.92 
(m, 6H); 13C NMR (150 MHz, CDCl3) δ: 172.3, 166.4, 
138.1, 132.7, 129.0, 128.6, 61.6, 57.6, 31.8, 19.1, 18.1, 
14.4; HRMS (ESI) calcd for C14H19ClNO3 [M＋H]＋ : 
284.1048, found 284.1049; HPLC (Daicel CHIRALPAK 
IB, V(hexane)∶V(2-propanol)＝90∶10, Flow rate＝0.5 
mL/min, λ＝206 nm): tR＝10.236 min (minor enantiomer), 
tR＝12.793 min (major enantiomer). 

Ethyl (4-bromobenzoyl)-L-valinate (5c): White solid (64 
mg, 39% yield, 99% ee). m.p. 69～70 ℃; 1H NMR (600 
MHz, CDCl3) δ: 7.69～7.67 (m, 2H), 7.60～7.58 (m, 2H), 
6.60 (d, J＝8.6 Hz, 1H), 4.75～4.74 (m, 1H), 4.29～4.20 
(m, 2H), 2.31～2.26 (m, 1H), 1.31 (t, J＝7.1 Hz, 3H), 
1.02～0.98 (m, 6H); 13C NMR (150 MHz, CDCl3) δ: 
172.2, 166.4, 133.2, 132.0, 128.8, 126.6, 61.6, 57.6, 31.8, 
19.1, 18.1, 14.4; HRMS (ESI) calcd for C14H19BrNO3   
[M＋H] ＋ : 328.0543, found 328.0550; HPLC (Daicel 
CHIRALPAK IB, V(hexane)∶V(2-propanol)＝90∶10, 
Flow rate＝0.5 mL/min, λ＝240 nm): tR＝10.496 min 
(minor enantiomer), tR＝13.098 min (major enantiomer). 

Ethyl (4-cyanobenzoyl)-L-valinate (5d): White solid (57 
mg, 42% yield, 99% ee). m.p. 87～88 ℃; 1H NMR (600 
MHz, CDCl3) δ: 7.92～7.89 (m, 2H), 7.77～7.73 (m, 2H), 
6.75～6.69 (m, 1H), 4.76～4.73 (m, 1H), 4.30～4.21 (m, 
2H), 2.32～2.26 (m, 1H), 1.33～1.28 (m, 3H), 1.03～0.98 
(m, 6H); 13C NMR (150 MHz, CDCl3) δ: 172.0, 165.7, 
138.3, 132.6, 127.9, 118.1, 115.4, 61.8, 57.8, 31.8, 19.1, 
18.0, 14.4; HRMS (ESI) calcd for C15H19N2O3 [M＋H]＋: 
275.1390, found 275.1399; HPLC (Daicel CHIRALPAK 
IB, V(hexane)∶V(2-propanol)＝80∶20, Flow rate＝1 
mL/min,  λ＝205 nm): tR＝6.299 min (minor enantio-
mer), tR＝8.978 min (major enantiomer). 

Methyl (S)-2-(4-cyanobenzamido)butanoate (5e): White 
solid (55 mg, 45% yield, 99% ee). m.p. 134～135 ℃; 1H 
NMR (600 MHz, CDCl3) δ: 7.93～7.90 (m, 2H), 7.77～
7.75 (m, 2H), 6.75 (d, J＝7.7 Hz, 1H), 4.81～4.77 (m, 
1H), 3.81 (s, 3H), 2.08～2.01 (m, 1H), 1.90～1.83 (m, 
1H), 0.97 (t, J＝7.5 Hz, 3H); 13C NMR (150 MHz, CDCl3) 
δ: 172.9, 165.4, 138.0 132.6, 127.9, 118.1, 115.5, 54.0, 
52.8, 25.8, 9.6; HRMS (ESI) calcd for C13H15N2O3 [M＋
H] ＋ : 247.1077, found 247.1080; HPLC (Daicel CHI-
RALPAK IB, V(hexane)∶V(2-propanol)＝90∶10, Flow 
rate＝1 mL/min, λ＝237 nm): tR＝17.056 min (minor en-
antiomer), tR＝23.356 min (major enantiomer). 

Methyl (S)-2-(4-cyanobenzamido)-2-cyclohexylacetate 
(5f): Yellow oil (60 mg, 40% yield, 99% ee). 1H NMR 
(400 MHz, CDCl3) δ: 7.93～7.90 (m, 2H), 7.77～7.74 (m, 
2H), 6.71 (d, J＝8.6 Hz, 1H), 4.77～4.74 (m, 1H), 3.79 (s, 
3H), 1.96～1.87 (m, 1H), 1.81～1.74 (m, 3H), 1.70～1.66 
(m, 2H), 1.32～1.07 (m, 5H); 13C NMR (100 MHz, 
CDCl3) δ: 172.5, 165.5, 138.1, 132.6, 127.9, 118.1, 115.4, 
57.5, 52.6, 41.4, 29.7, 28.5, 26.0; HRMS (ESI) calcd for 
C17H21N2O3 [M＋H]＋: 301.1547, found 301.1548; HPLC 
(Daicel CHIRALPAK IB, V(hexane)∶V(2-propanol)＝
80∶20, Flow rate＝1 mL/min, λ＝237 nm): tR＝7.519 
min (minor enantiomer), tR＝11.591 min (major enantio-

mer). 
Methyl (S)-2-(4-cyanobenzamido)-3,3-dimethylbutano- 

ate (5g): Colorless oil (35 mg, 25% yield, 99% ee). 1H 
NMR (600 MHz, CDCl3) δ: 7.91～7.89 (m, 2H), 7.77～
7.76 (m, 2H), 6.67 (d, J＝9.3 Hz, 1H), 4.69 (d, J＝9.3 Hz, 
1H), 3.78 (s, 3H), 1.06 (s, 9H); 13C NMR (150 MHz, 
CDCl3) δ: 172.0, 165.4, 138.1, 132.6, 127.8, 117.9, 115.4, 
60.5, 52.1, 35.3, 26.7; HRMS (ESI) calcd for C15H19N2O3 

[M＋H] ＋ : 275.1390, found 275.1393; HPLC (Daicel 
CHIRALPAK IB, V(hexane)∶V(2-propanol)＝90∶10, 
Flow  rate＝1 mL/min, λ＝236 nm): tR＝11.040 min 
(minor enantiomer), tR＝15.379 min (major enantiomer). 

(S)-Cyclohex-3-en-1-yl(pyrrolidin-1-yl)methanone (5h): 
White solid (31 mg, 34% yield, 98% ee). m.p. 64～65 ℃; 
1H NMR (600 MHz, CDCl3) δ: 5.75～5.66 (m, 2H), 
3.51～3.46 (m, 4H), 2.63～2.56 (m, 1H), 2.40～2.31 (m, 
1H), 2.19～2.03 (m, 3H), 2.00～1.93 (m, 2H), 1.89～1.72 
(m, 4H); 13C NMR (150 MHz, CDCl3) δ: 174.7, 126.5, 
126.1, 46.5, 45.9, 38.9, 27.7, 26.3, 25.5, 25.2, 24.4; HRMS 
(ESI) calcd for C11H18NO [M＋H]＋ : 180.1383, found 
180.1386; HPLC (Daicel CHIRALPAK IC, V(hexane)∶
V(2-propanol)＝90∶10, Flow rate＝1 mL/min, λ＝208 
nm): tR＝37.545 min (minor enantiomer), tR＝38.937 min 
(major enantiomer). 

(S)-N-(2-Methoxyethyl)cyclohex-3-ene-1-carboxamide 
(5i): Colorless oil (30 mg, 33% yield, 99% ee). 1H NMR 
(400 MHz, CDCl3) δ: 5.94 (s, 1H), 5.70 (d, J＝2.2 Hz, 
2H), 3.47～3.45 (m, 4H), 3.36 (s, 3H), 2.40～2.30 (m, 
1H), 2.27～2.21 (m, 1H), 2.13～2.07 (m, 2H), 1.95～1.89 
(m, 1H), 1.77～1.67 (m, 2H); 13C NMR (100 MHz, 
CDCl3) δ: 176.0, 126.9, 125.5, 71.4, 58.9, 41.4, 39.2, 28.2, 
25.9, 24.8; HRMS (ESI) calcd for C10H18NO2 [M＋H]＋: 
184.1332, found 184.1339; HPLC (Daicel CHIRALPAK 
OJ, V(hexane)∶V(2-propanol)＝95:5, Flow rate＝0.5 
mL/min,  λ＝205 nm): tR＝15.959 min (minor enantio-
mer), tR＝16.814 min (major enantiomer). 

t-Butyl benzyl(4-(pyrrolidine-1-carbonyl)benzoyl)car- 
bamate (3au): White solid (117 mg, 57% yield). m.p. 
132～133 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.544～
7.543 (m, 4H), 7.44～7.41 (m, 2H), 7.36～7.32 (m, 2H), 
7.29～7.27 (m, 1H), 4.99 (s, 2H), 3.65 (t, J＝6.9 Hz, 2H), 
3.39 (t, J＝6.6 Hz, 2H), 2.00～1.93 (m, 2H), 1.92～1.85 
(m, 2H), 1.15 (s, 9H); 13C NMR (100 MHz, CDCl3) δ: 
172.5, 168.7, 153.3, 139.7, 139.0, 137.8, 128.6, 128.3, 
127.6, 127.5, 127.1, 83.7, 49.7, 49.0, 46.4, 27.5, 26.6, 24.5; 
HRMS (ESI) calcd for C24H29N2O4 [M＋H]＋: 409.2122, 
found 409.2120. 

Phenyl 4-(pyrrolidine-1-carbonyl)benzoate (3av): White 
solid (13 mg, 9% yield). m.p. 130～131 ℃; 1H NMR (400 
MHz, CDCl3) δ: 8.26～8.23 (m, 2H), 7.66～7.63 (m, 2H), 
7.47～7.42 (m, 2H), 7.31～7.27 (m, 1H), 7.24～7.21 (m, 
2H), 3.68 (t, J＝6.9 Hz, 2H), 3.41 (t, J＝6.6 Hz, 2H), 
2.03～1.96 (m, 2H), 1.95～1.88 (m, 2H); 13C NMR (100 
MHz, CDCl3) δ: 168.7, 164.7, 150.9, 142.2, 130.7, 130.4, 
129.7, 127.4, 126.2, 121.8, 49.6, 46.4, 26.5, 24.6; HRMS 
(ESI) calcd for C18H18NO3 [M＋H]＋: 296.1281, found 
296.1288. 
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N-hexyl-4-(pyrrolidine-1-carbonyl)benzamide (3aw): 
Yellow solid (49 mg, 82% yield). m.p. 123～124 ℃; 1H 
NMR (600 MHz, CDCl3) δ: 7.78 (d, J＝8.2 Hz, 2H), 7.48 
(d, J＝8.2 Hz, 2H), 6.74 (t, J＝5.7 Hz, 1H), 3.63 (t, J＝7.0 
Hz, 2H), 3.48～3.41 (m, 2H), 3.37 (t, J＝6.7 Hz, 2H), 
2.00～1.95 (m, 2H), 1.91～1.86 (m, 2H), 1.64～1.59 (m, 
2H), 1.40～1.35 (m, 2H), 1.34～1.30 (m, 4H), 0.89 (t, J＝
3.5 Hz, 3H); 13C NMR (150 MHz, CDCl3) δ: 169.0, 167.0, 
139.7, 136.2, 127.2, 127.1, 49.6, 46.3, 40.3, 31.6, 29.6, 
26.8, 26.4, 24.5, 22.7, 14.1; HRMS (ESI) calcd for 
C18H27N2O2 [M＋H]＋: 303.2067; found303.2068. 

 
Supporting Information  1H NMR, 13C NMR and 
HRMS spectra for compounds synthesized in the manu-
script. The Supporting Information is available free of 
charge via the Internet at http://sioc-journal.cn/ 
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