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This paper described a mild and efficient direct amidation of non-activated car-

boxylic acid and amine derivatives catalyzed by TiCp2Cl2. Arylacetic acid

derivatives reacted with different amines to afford the corresponding amides in

good to excellent yield except of aniline. Aryl formic acids failed to react with

aniline but smoothly reacted with aliphatic amines and benzylamine in moder-

ate to good yield, fatty acids reacting with benzyl and aliphatic amines give

amides in good to excellent yield. Chiral amino acids derivatives were trans-

formed into amides without racemization in moderate yield. The possible

mechanism of direct amidation catalyzed by TiCp2Cl2 was discussed. This cata-

lytic method is very suitable for the amidation of low sterically hindered

arylacetic acid, fatty acids with different low sterically hindered amines except

aniline, as well as the amidation of aryl formic acid with benzyl and aliphatic

amines.
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1 | INTRODUCTION

Amide bonds, which form proteins and polypeptides of
the cornerstone of life, exist widely in natural and syn-
thetic compounds such as drugs,[1–3] agrochemicals, bio-
macromolecules and food additives.[4–8] The high
stability of amide bonds has led to their extensive applica-
tions in materials such as nylon and artificial silk.[9,10]

Therefore, the formation of amide bonds is one of the
most important reactions for organic synthesis. Although
there are many different ways to obtain amides, most of
them suffer from complicated purification process and
poor atom economy. The formation of amides with high
atom economy process was ranked as the most challeng-
ing task in organic chemistry by the ACS Green Chemis-
try Institute.[11] Catalytic direct amidation of carboxylic
acid and amine is highly attractive as it would lead to

cost-effective and atom economy processes with water as
the only by-product.

In the past 10 years, catalytic direct amidations by
organo-boron derivatives have emerged.[12–29] However,
the acquisition of organo-boron compounds often
requires long reaction steps, harsh reaction conditions
and tedious purification.[12,14,15,17,19,21–28] Direct ami-
dation catalyzed by Group IV metal or early transition
metal complexes have received increasing attention in
recent years. In 2015, Adolfsson et al. reported the direct
amidation of acids and amines at room temperature with
good to excellent yields by using expensive HfCp2Cl2 as
catalyst.[30] In 2012, Adolfsson et al. reported the direct
amidation by using 2–10 mol% moisture sensitive ZrCl4
with good yields and elucidated the possible mechanism
in 2017.[31,32] These methods are novel, however, zirco-
nium and hafnium are both rare metals and coexist in
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nature, which result in difficulties in separation. Their
high cost and sensitivity to humidity and air limited their
application in large scale. Using titanium compounds as
amidation catalyst is more attractive since it is cheap and
abundant in nature. Nordahl and Carlson[33] reported the
direct amidation of benzoic acid with different amines in
toluene with reflux by using a catalytic amount of TiCl4
(30 mol%). In the same year, Mader and Helquist[34]

reported that 50 mol% of Ti (Oi-Pr)4 can mediate
lactamisations of amino acids in 1,2-dichloroethane at
reflux with good yields. Adolfsson et al. reported that cat-
alytic direct amidation of non-activated carboxylic acids
with amines in good yield by using 10 mol% of Ti (Oi-
Pr)4 as catalyst.

[35] However, these titanium salts or com-
plex are sensitive to moisture or air (smoke under the air)
and hard to handle in lab or industry. Developing stable
Ti complex as direct amidation's catalyst becomes critical
and meaningful. As our program to develop amidation
catalysts continues,[36] here we present a more stable
catalyst-TiCp2Cl2 which can efficiently carry out direct
amidation of non-active carboxylic acids and amines. To
the best of our knowledge, this is the first report of using
TiCp2Cl2 as catalyst for direct amidation.

2 | RESULTS AND DISCUSSION

Phenylacetic acid and benzylamine were selected as
model compounds to investigate the performance of the
different catalysts including Ti (Oi-Pr)4, TiCl4 and
TiCp2Cl2. To verify the role of these catalysts, control
experiment was performed in the absence of the
catalysts. Adolfsson's Ti (Oi-Pr)4 catalyzed direct ami-
dation protocol[35] was used to investigate the perfor-
mance of the different catalysts. The reaction was
monitored by Gas Chromatography-Mass Spectrometer
(GC–MS). As showed in Figure 1, only one by-product
peak was found in the reaction catalyzed by
TiCl4, whereas three by-products peaks, two of which
was identified as 1,3-diphenylpropan-2-one, N-
benzylidene-1-phenylmethan amine and one unknown
product were found in the reaction catalyzed by Ti (Oi-
Pr)4. The structures of the by-products were identified by
matching mass spectrometry libraries and confirmed by
comparing their retention time and mass spectral data
with those of standards under the same GC–MS experi-
mental conditions. Interestingly, almost no any by-
product peak was observed in the reaction of amidation
catalyzed by TiCp2Cl2. The yield of the target amide was
showed in Figure 2. The target product can be obtained

in 11% yield without catalyst which is similar to the result
reported by Adolfsson et al.[35] When TiCl4 was used as
catalyst, the isolated yield of the amide was 84%, the com-
petition reaction is the condensation of the phenylacetic
acid affording 1,3-diphenylpropan-2-on. The isolated
yield of the amidation reaction catalyzed by TiCp2Cl2 was
up to 96% which is higher than the reaction catalyzed by
Ti (Oi-Pr)4 (81% yield) and TiCl4. The results show that
titanium salt or complex can truly catalyze the formation
of amide bond and TiCp2Cl2 is the best among the three
catalysts.

Peak 1: phenylacetic acid. Peak 2: N-
benzylidene-1-phenyl-methanamine. Peak 3:
1,3-diphenylpropan-2-one. Peak 4: target

FIGURE 1 The GC of amide reaction catalyzed by TiCl4, Ti

(Oi-Pr)4 and TiCp2Cl2

FIGURE 2 The yield of amidation of phenylacetic acid with

benzylamine catalyzed by Ti complex
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amide. Peak 5: unknown by-product. Reac-
tion condition: phenylacetic acid (1.2 mmol),
benzyl-amine (1.0 mmol), cat. (10 mol%), sol-
vent (10 mL), 0.75 g 4 Å MS.

In our catalytic amidation procedure, the reactants,
molecule sieves, catalyst and solvent together under Ar
were mixed in a sealed tube and heated for 24, 36 or
48 hr. This procedure is simpler than that reported by
Adolfsson using Ti (Oi-Pr)4 as catalyst.

[35]

Table 1 showed the amidation yield by TiCp2Cl2 in
different solvents such as DCM, THF, toluene,
1,4-dioxane, MeCN and DMSO. In DCM under 40 �C,
the yield was 50% for 36 hours and 60% for 48 hr
(Table 1, entry 1 and 2). When the temperature was
increased to 70 �C, the yield increased to 95% and 94%
for 24 hr (Table 1, entry 3 and 4). However, when tolu-
ene, 1,4-dioxane, MeCN was used as the solvent, the
yield decreased (88%, 89% and 63%, respectively,
Table 1, entry 7, 8, 9), especially DMSO, the yield
decreased dramatically (32%, Table 1, entry 10). The
best yield by TiCp2Cl2 was obtained in THF at 24 hours
in 96% with a slight excess of the amine (Table 1, entry
5). Furthermore, the reaction was rather insensitive to
the stoichiometry of reactants because equally good
results were obtained by using either a slight excess of
the acid or of the amine and the use of an excess of the
amine was beneficial due to the yield of product
(Table 1, entries 3–4, 5–6) and the excess of the acid
may lead to the formation of a small amount of

by-product 1,3-diphenylpropan-2-one, which increases
the difficulty of product purification.

The catalyst loading was evaluated by using
phenylacetic acid and benzylamine as substrates. When
the amount of catalyst was 10 mol%, the yield of ami-
dation was 96% (Table 2, entry 2). Reducing the catalyst
loading to 5 mol%, the isolated yield was significantly
reduced to 58% (Table 2, entry 1), increasing the catalyst
loading to 20 mol%, the yield is 95% (Table 2, entry 3).
The results showed that 10 mol% catalysts loading are
enough for the direct amidation.

The results also revealed that water played an impor-
tant role in the process of catalytic direct amidation, as
showed in Figure 3, the isolated yield of amide was
strictly dependent on the amounts of 4 Å powdered
molecular sieves when all other parameters are equal.
When the amount of molecular sieve was increased to
0.75 g/mmol substrate, the best yield of amide was
obtained; an increase in the amount of 4 Å powdered
molecular sieves resulted in the lower product yield. This
finding indicated the dual role of water in the reaction
which was first proposed by Adolfsson.[19,30]

As shown Table 3, Table 4 and Table 5, different non-
activated carboxylic acids including aryl acetic acid, aryl
formic acid, fatty acid and amine derivatives were used to

TABLE 1 The effects of different solvents on the direct

amidation of phenylacetic acid with benzylamine catalyzed by

TiCp2Cl2

Entry Solventa Time Temp. (�C)a Yield (%)b

1 DCMa 36 40 50

2 DCMa 48 40 60

3 DCMa 24 70 95

4 DCMc 24 70 94

5 THFa 24 70 96

6 THFc 24 70 94

7 Toluenea 24 70 88

8 1,4-dioxanea 24 70 89

9 MeCNa 24 70 63

10 DMSOa 24 70 32

aReaction condition: phenylacetic acid (2 mmol), benzylamine (2.4 mmol),
cat. (10 mol%), solvent (20 mL), 1.5 g 4 Å MS.
bIsolated yields.
cPhenylacetic acid (2.4 mmol), benzylamine (2.0 mmol), cat. (10 mol%),

solvent (20 mL), 1.5 g 4 Å MS.

TABLE 2 Effect of the amount of catalyst on the reaction

Entry TiCp2Cl2 (mol%) Yield (%)

1 5 58

2 10 96

3 20 95

FIGURE 3 Effect of the amount of molecular sieve in the

reaction mixture on the amide yield
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TABLE 3 Synthesis of amide derivatives from different substituents of phenylacetic acids and amines using TiCp2Cl2 as catalyst

aReaction condition: acid (1 mmol), amine (1.2 mmol), cat. (10 mol%), 075 g 4 Å MS, dry THF (10 mL), at 70 �C in a sealed tube under Ar, 24 hr.
bcat. (20 mol%), acid (1 mmol), amine (2.0 mmol), 80 �C, 36 hr.
ccat. (20 mol%), 80 �C, 48 hr, determined by GC–MS.
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investigate the efficiency of the TiCp2Cl2-catalyzed direct
amidation.

According to the results in Table 3, the substitute
groups on the aromatic ring of the phenylacetic acid
derivatives played crucial roles for the direct amidation
with benzylamine. The yield was affected by the steric
and electronic effect of the substitute groups on the aro-
matic ring and the steric effect was more important. With
the same substitute on the different positions of the aro-
matic ring, the order of the amidation yield was
para>meta>ortho (Table 3, 3ab-3ad, 3ae-3ag, 3ah-3aj,
3ak-3am). The ortho substitution has strong steric bulk
effect, resulting in significantly decreased yield (Table 3,
3ab, 3ae, 3ah, 3ak). The amidation yield of the acid sub-
strate with electron-donating group (s) on the aromatic
ring is generally higher than that of the substrate with
electron-withdrawing group (s) (Table 3, 3aa-3 am). The
substitute groups on the aromatic ring of the benzyl
amine derivatives affected the amidation yield and the
electron-withdrawing group on the aromatic rings was
favorable for the reaction (Table 3, 3an-3aw). The

reaction of sterically hindered 1-phenylethanamine with
phenylacetic acid afforded the amide in 28% yield
(Table 3, 3az). The amidation reaction of heteroaryl
methylamine or heteroaryl acetic acid derivatives carried
out smoothly and the corresponding amides were
obtained in good yield (Table 3, 3bi-3bm). The reaction
of more complex anti-inflammatory drug indomethacin
with benzylamine produced the corresponding amide
successfully in the yield of 85% (Table 3, 3bn).
1-Naphthaleneacetic acid reacted with benzylamine to
afford the amide in 70% yield (Table 3, 3ax). The reaction
of phenylacetic acid with aliphatic amines required
20 mol% catalyst loading, two equivalent amine and lon-
ger reaction time in order to reach good yields (Table 3,
3bd-3bh). Aniline (weak basicity) failed to react with
phenylacetic acid but p-methoxyaniline afforded the
amide in 10% yield (Table 3, 3ba-3bb), however, the yield
of 3bb was increased to 50% and the yield of 3ba was
trace under the optimized reaction condition.

Under TiCp2Cl2-catalyzed direct amidation condition,
examining the aryl formic acid's reactivity is similarly
intriguing. Benzoic acid, 2-furancarboxylic acid and
2-thiophenecarboxylic acid failed to react with aniline
even using 20 mol% TiCp2Cl2 (Table 4, 4aa-4ac). The
reaction of benzoic acid with aliphatic amines and benzyl
amine derivatives required 20 mol% catalyst loading, two

TABLE 4 Synthesis of amide derivatives from aryl formic acids and amines using TiCp2Cl2 as catalyst

aReaction condition:acid (1 mmol), amine (1.2 mmol), cat. (10 mol%), 075 g 4 Å MS, dry THF (10 mL), at 70 �C in a sealed tube under Ar, 24 hr.
bcat. (20 mol%), acid (1 mmol), amine (2 mmol), 80 �C, 36 hr.
cacid (1 mmol), amine (1.2 mmol), cat. (10 mol%), yield was determined by GC–MS.
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equivalent amine and longer reaction time to reach good
yields and benzylamine derivatives afforded the amides
in higher yield (Table 4, 4ad-4ap). 4-nitrobenzoic acid
with strong electron-withdrawing nitro group reacted
with benzylamine to afford the corresponding amide in
55% yield (Table 4, 4ak), 2-furancarboxylic acid reacted
with benzylamine in 45% yield (Table 4, 4al). The results
indicated that benzylamine derivatives possess higher
reactivity to aryl formic acids and this enhanced
reactivity of benzylamine- “benzylic effect” have been
also observed by Andrew Whiting[37] and André
Loupy[38] in the uncatalyzed direct amide formation
reaction.

When fatty acids with different chain lengths and
benzylamine were used as substrates, the amidation yield
was moderate to good. Moreover, the yield of amidation
increased with the increasement of the length of carbon
chains (Table 5, 5aa-5ad, 62–82%). When the acid is
dichloroacetic acid or trifluoroacetic acid with strong
acidity, the yield was over 99% in 8 hours (Table 5, 5ae-
5af). Fatty acids reacted with aliphatic amines to afford
the corresponding amides in 81–95% yield by using
20 mol% catalyst and two equivalent amine (Table 5, 5ai-
5ak). However, trifluoroacetic acid reacted with

dodecylamine to afford the amide in excellent yield with
10 mol% catalyst loading and 1.2 equivalent amine
(Table 5, 5al, >99%). Ether and thioether groups on the ɑ
position of acetic acid were unaffected by the amidation
reaction and very favorable for the amidation yields
(Table 5, 5ag >99%, 5ah 92%).

When the chiral starting materials such as L-
phenylalanine methyl ester, Boc-L-alanine, Boc-L-proline
and Boc-L-leucine were used as the substrate, the target
amides were obtained in the yield of 54%, 56%, 60% and
51%, without racemization (Table 5, 5am-5aq). By using
5 am as the example, the enantiomeric excess of the tar-
get amide was determined by comparison of chiral HPLC
of target amide with the racemic amide compound
(Figure 4, (a) and (b), 5 am).

In 2011, Whiting et al. proposed the possible mecha-
nism of uncatalyzed direct amidation through
hydrogen-bonded dimeric carboxylic acid,[37] in 2017,
Adolfsson et al. elucidated the mechanism of
zirconium-catalyzed direct amidation through a din-
uclear zirconium species.[32] The normal Lewis acid
mechanism of Ti (OBu)4-catalyzed esterification of acid
and alcohol was proposed by Bonora et al. in 1985.[39]

As showed in Figure 5, when the phenylacetic acid was

TABLE 5 Synthesis of amide derivatives from fatty acids and amino acids with amines using TiCp2Cl2 as catalyst

aReaction condition: acid (1 mmol), amine (1.2 mmol), cat. (10 mol%), 075 g 4 Å MS, dry THF (10 mL), at 70 �C in a sealed tube under Ar, 24 hr.
b8 h.
ccat. (20 mol%), acid (1 mmol), amine (2 mmol), 80 �C, 36 hr.
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heated in THF under 70 �C in the presence of 10 mol%
catalyst and 4 Å molecule sieves to afford a small
amount of the anhydride of phenylacetic acid after
10 hr. The result suggested that the TiCp2Cl2-catalyzed
direct amidation is possibly through anhydride interme-
diate (thermal amidation) and Lewis acid-catalyzed
mechanism simultaneously. The titanium atom in the
complex easily coordinated with oxygen atom and the
crystal structure of the adduct of titanium complex and

ester formed from ethyl lactate and acrylic acid has
been solved.[40] The possible mechanism of amidation
catalyzed by TiCp2Cl2 was proposed based on the
results mentioned above, in our Lewis acid-catalyzed
reaction, the acid reacts with catalyst TiCp2Cl2 to afford
the six member ring intermediate,[39,40] then the carbon
of carbonyl group of the acid becomes electropositive
enough in the intermediate for subsequent attack by
the amine to afford the target amide and water
(Figure 6).

Reaction condition: phenylacetic acid (1
mmol), cat. (10 mol%), 0.75 g 4Å MS, dry
THF (10 mL), at 70 �C in a sealed tube under
Ar, 10 hr.

FIGURE 4 Chiral HPLC of compound

5 am (b) and racemic compound 5 am (a)

FIGURE 5 The GC of reaction of phenylacetic acid catalyzed

by TiCp2Cl2 and of phenylacetic acid anhydride

FIGURE 6 The possible mechanism of the direct amidation

catalyzed by TiCp2Cl2
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3 | EXPERIMENTAL

Flame-dried 4 Å MS (0.75 g), acid derivative (1 mmol),
amine derivative (1.2 mmol), TiCp2Cl2 (10 mol% of the
acid) and dry THF (10 mL) was placed in an oven-dried
vial equipped with a stirring bar and sealed with a crimp-
on cap. The atmosphere was exchanged for Ar. The
resulting mixture was stirred at 70 �C for 24 hr, after that,
the mixture was cooled to room temperature, filtered, the
filter cake was washed with dichloromethane (3 × 5 mL),
the filtrate was combined and evaporated to dryness, the
residue was purified by flash column to gain the pure
amide.

The characterization data of amides as well as the 1H,
13CNMR and mass spectrum are given in the supporting
information.

4 | CONCLUSION

Due to its mild and environmentally friendly features,
catalytic direct amidation using cheap, eco-friendly and
stable catalyst is of great interest in the industry and lab
scale synthesis of amide. The method presented herein is
the first report of TiCp2Cl2-catalyzed protocol for the
direct amidation of non-activated carboxylic acid deriva-
tives with amines. The method afforded amides in mod-
erate to excellent yields depending on the type of
substrate acids and amines, and the enantiomeric purity
of the asymmetric starting materials was retained. The
reaction yield was significantly affected by the steric and
electronic nature of the phenylacetic acid substrates,
types of the acids and amines as well as the amount of
4 Å molecular sieves. The reaction conditions tolerate a
significant number of structurally different acid
substrates including heteroaromatic, aliphatic, α-
halogenerate and α-substituted carboxylic acids, as well
as aminoacids. The possible mechanism of the catalytic
direct amidation by TiCp2Cl2 is possibly through simulta-
neous thermal amidation and Lewis acid-catalysis.

NOTES
The authors declare no competing financial interest.

ACKNOWLEDGMENTS
We gratefully acknowledge the Shandong Province
Higher Educational Science and Technology Program
(No.J16LC13) for financial support.

SUPPORTING INFORMATION AVAILABLE
Experimental procedures, compound characterization
data and original NMR and HRMS spectrum.

FUNDING INFORMATION
Shandong Province Higher Educational Science and
Technology Program, Grant/Award Number: J16LC13.

ORCID
Longjiang Huang https://orcid.org/0000-0002-8691-
8896

REFERENCES
[1] M. Funabashi, Z. Yang, K. Nonaka, M. Hosobuchi,

Y. Fujita, T. Shibata, X. Chi, S. G. L. Van, Nat. Chem. Biol.
2010, 6, 581.

[2] S. D. Roughley, A. M. Jordan, J. Med. Chem. 2011, 54, 3451.
[3] D. D. Baker, M. Chu, U. Oza, V. Rajgarhia, Nat. Prod. Rep.

2007, 24, 1225.
[4] M. Simonovi�c, T.A. Steitz, Biochim. Biophys. Acta 2009,

1789,612.
[5] G. Benz, Synthesis of amides and related compounds, in Com-

prehensive Organic Syntheses, (Eds: B. M. Trost, I. Fleming)
Vol. 6, Pergamon, Oxford 1991 381.

[6] M. Walter, H. Besendorf, O. Schnider, Helv. Chim. Acta 1961,
44, 1546.

[7] A. Rahman, M. O. Farocq, Sci. Nat. 1954, 41, 15.
[8] J. S. Carey, D. Laffan, C. Thomson, M. T. Williams, Org. Bio-

mol. Chem. 2006, 4, 2337.
[9] A. K. Ghose, V. N. Viswanadhan, J. J. Wendoloski, J. Comb.

Chem. 1999, 1, 55.
[10] L. J. Goossen, D. M. Ohlmann, P. P. Lange, Synthesis 2009,

1, 160.
[11] D. J. C. Constable, P. J. Dunn, J. D. Hayler, G. R. Humphrey,

J. L. Leazer, R. J. Linderman, K. Lorenz, J. Manley,
B. A. Pearlman, A. Wells, A. Zaks, T. Y. Zhang, Green Chem.
2007, 9, 411.

[12] T. Maki, K. Ishihara, H. Yamamoto, Org. Lett. 2005, 7, 5043.
[13] K. Arnold, B. Davies, R. L. Giles, C. Grosjean, G. E. Smith,

A. Whiting, Adv. Synth. Catal. 2006, 348, 813.
[14] K. Ishihara, S. Ohara, H. Yamamoto, J. Org. Chem. 1996, 61,

4196.
[15] T. Maki, K. Ishihara, H. Yamamoto, Tetrahedron 2007, 63,

8645.
[16] K. Arnold, A. S. Batsanov, B. Davies, A. Whiting, Green Chem.

2008, 10, 124.
[17] I. Georgiou, G. Ilyashenko, A. Whiting, Acc. Chem. Res. 2009,

42, 756.
[18] H. Charville, D. Jackson, G. Hodges, A. Whiting, Chem.

Commun. 2010, 46, 1813.
[19] N. Gernigon, R. M. Al-Zoubi, D. G. Hall, J. Org. Chem. 2012,

77, 8386.
[20] S. Liu, Y. Yang, X. Liu, A. S. Batsanov, A. Whiting, Eur. J. Org.

Chem. 2013, 25, 5692.
[21] E. Dimitrijevic, M. S. Taylor, ACS Catal. 2013, 3, 945.
[22] L. Gu, J. Lim, J. L. Cheong, S. S. Lee, Chem. Commun. 2014,

50, 7017.
[23] E. K. W. Tam, L. Y. L. Rita, A. Chen, Eur. J. Org. Chem. 2015,

5, 1100.
[24] M. E. D. Tharwat, E. William, B. Yohann, R. Jacques,

B. Jérôme, J. Org. Chem. 2015, 80, 4532.

8 of 9 WANG ET AL.

https://orcid.org/0000-0002-8691-8896
https://orcid.org/0000-0002-8691-8896
https://orcid.org/0000-0002-8691-8896


[25] R. Yamashita, A. Sakakura, K. Ishihara, Org. Lett. 2013, 15,
3654.

[26] K. Arnold, B. Davies, D. Herault, A. Whiting, Angew. Chem.
Int. Ed. 2008, 47, 2673.

[27] R. M. Al-Zoubi, O. Marion, D. G. Hall, Angew. Chem. Int. Ed.
2008, 47, 2876.

[28] M. E. D. Tharwat, R. Jacques, B. Jérôme, Chem. Commun.
2015, 51, 16084.

[29] S. Arkhipenko, A. Batsanov, M. Sabatini, M. T. Sabatini,
A. S. Batsanov, V. Karaluka, T. D. Sheppard, H. S. Rzepad,
A. Whiting, Chem. Sci. 2018, 9, 1058.

[30] H. Lundberg, H. Adolfsson, ACS Catal. 2015, 5, 3271.
[31] H. Lundberg, F. Tinnis, H. Adolfsson, Chem. A Eur. J. 2012,

18, 3822.
[32] H. Lundberg, F. Tinnis, J. Zhang, A. G. Algarra, F. Himo,

H. Adolfsson, J. Am. Chem. Soc. 2017, 139, 2286.
[33] A. Nordahl, R. Carlson, ChemInform 1988, 19, 28.
[34] M. Mader, P. Helquist, Tetrahedron Lett. 1988, 29, 3049.
[35] H. Lundberg, F. Tinnis, H. Adolfsson, Synlett 2012, 23, 2201.
[36] L. D. Cheng, X. P. Ge, L. J. Huang, R. Soc. Open Sci. 2018, 5,

171870.
[37] H. Charville, D. A. Jackson, G. Hodges, A. Whiting,

M. R. Wilson, Eur. J. Org. Chem. 2011, 2011, 5981.

[38] L. Perreux, A. Loupy, F. Volatron, Tetrahedron 2002, 58, 2155.
[39] F. Pilati, A. Munari, P. Manaresi, V. Bonora, Polymer 1985, 26,

1745.
[40] T. Poll, J. O. Melter, G. Helmchen, Angew. Chem. Int. Ed. Engl.

1985, 24, 112.

SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Wang H, Dong W,
Hou Z, Cheng L, Li X, Huang L. Direct amidation
of non-activated carboxylic acid and amine
derivatives catalyzed by TiCp2Cl2. Appl
Organometal Chem. 2020;e5568. https://doi.org/10.
1002/aoc.5568

DIRECT AMIDATION OF ACID AND AMINE DERIVATIVES CATALYZED BY TICP2CL2 9 of 9

https://doi.org/10.1002/aoc.5568
https://doi.org/10.1002/aoc.5568

	Direct amidation of non-activated carboxylic acid and amine derivatives catalyzed by TiCp2Cl2
	1  INTRODUCTION
	2  RESULTS AND DISCUSSION
	3  EXPERIMENTAL
	4  CONCLUSION
	  NOTES
	ACKNOWLEDGMENTS
	  SUPPORTING INFORMATION AVAILABLE
	  FUNDING INFORMATION
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


