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Abstract: Microwave irradiation and post-Ugi reactions own their respective advantages in com-
parison with other strategies. The combination of microwave irradiation and post-Ugi reactions
shows paramount importance in the construction of polycycles. This minireview outlines the recent
developments of microwave-assisted post-Ugi reactions for the synthesis of polycycles. Through
transition metal-catalyzed or transition metal-free transformations, diverse polycycles are prepared
in an efficient, rapid, and step-economical manner.
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1. Introduction

Since the emergence of mono-mode reactors, microwave-assisted chemistry has been
increasingly utilized in organic synthesis over the years [1–3]. For mono-mode reactors,
the electromagnetic irradiation is centralized directly via an accurately programmed wave
guide onto the reaction tube, which is fixed at a designed distance from the radiation source.
Mono-mode reactors could provide designed and accurate microwave irradiation, avoiding
undesired and useless waves. As alternative heating source, microwave irradiation has
obtained more attention because of high efficiency and reproducibility [1–3]. Microwave
heating shortens reaction time from hours to minutes or seconds, offering a more rapid
method through uniform and efficient heating than conventional heating. This is generally
accompanied with significant decrease of energy consumption, promoting the efficiency
and yield of the desired products, and reducing the level of side products [4–6].

The Ugi four-component reaction (Ugi-4CR) was discovered by Ugi in 1959 and assem-
bles an amine, an acid, an aldehyde or a ketone, and an isocyanide into α-acylaminoamides
through a one-pot reaction [7]. The Ugi-4CR has become one of the highly explored re-
actions for forming multifunctional adducts, due to the mild reaction conditions, wide
scope, and high variability [8–10]. Notably, the Ugi-4CR gives a chance for a variety
of post-transformations by modifying the four components, usually in two operational
steps [11–13]. The post-Ugi reactions are well suited for the construction of important
heterocycles, macrocycles, polymers, and other compounds in drug discovery and natural
product synthesis.

As microwave irradiation and post-Ugi reactions possess their respective advantages
over other protocols, merging strategies show high value in synthetic chemistry. Through
the combination of microwave irradiation and post-Ugi reactions, various polycycles have
been efficiently and sustainably synthesized. In this minireview, we wish to highlight the
recent advances of microwave-assisted post-Ugi reactions for the synthesis of polycycles
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(Scheme 1). For the sake of clarity, we have divided this minireview into the following
sections: (a) copper catalysis, (b) palladium catalysis, (c) other transition metal catalysis,
and (d) transition metal-free catalysis.
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Scheme 1. Synthesis of polycycles through microwave-assisted post-Ugi reactions.

2. Copper Catalysis

In 2013, Liu and co-workers developed a copper-catalyzed intramolecular arylation of
Ugi-adducts [14]. Under microwave heating, diverse tetracyclic benzo[e][1,4]diazepines
were synthesized within 40 min in high yields and with excellent chemoselectivities
(Scheme 2). Then they changed the amine and acid components, giving a series of new
Ugi-adducts [15]. By using the same conditions in 30 min, the Ugi-adducts were per-
formed to deliver various 5,6-dihydroindolo[1,2-a]quinoxalines with excellent yields and
chemoselectivities (Scheme 3).
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Van der Eycken’s group reported a post-Ugi copper-catalyzed intramolecular Ull-
mann coupling in 2014 (Scheme 4). Microwave assistance promoted the diversity-oriented
formation of 4H-benzo[f ]imidazo[1,4]diazepin-6-ones with high yields, in 30 min [16]. Ugi-
adducts derived from imidazole-4-carbaldehyde and imidazole-2-carbaldehyde reacted
smoothly to give the corresponding products. Notably, substrates derived from C-2 or C-5
substituted imidazole-4-carbaldehyde failed to deliver the corresponding products due to
the decomposition of the starting materials.
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In 2016, a microwave-assisted intramolecular Ullmann etherification was established
by Dai and co-workers for the efficient construction of dibenz[b,f ][1,4]oxazepine scaffold.
When optimizing the reaction conditions, it was found that conventional heating gave 75%
yield after 48 h, while microwave irradiation delivered 64% yield in 30 min, dramatically
speeding up the reaction (Scheme 5). Under the optimal reaction conditions of microwave ir-
radiation, they explored the substrate limitation (Scheme 6). By using 2-bromobenzoic acids
or 2-bromobenzaldehydes, the diverse 6/7/6-fused tricyclic heterocycles were synthesized
from Ugi-adducts via copper-catalyzed Ullmann coupling in 30 min [17]. In contrast with
their previous report through copper-catalyzed Goldberg amidation of Ugi-adducts [18],
this reaction exhibited excellent chemoselectivity to undergo Ullmann etherification under
microwave assistance.
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3. Palladium Catalysis

Gracias and co-workers described a microwave-assisted intramolecular Heck cycliza-
tion of Ugi-adducts in 2004 [19]. Through palladium catalysis, highly functionalized
N-heterocyclic scaffolds were synthesized with excellent yields in 2 h (Scheme 7).
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Scheme 7. Microwave-assisted intramolecular Heck cyclization of Ugi-adducts.

In 2007, Judd’s group reported a sequenced RCM/Heck reaction of diverse Ugi-
adducts [20]. Under the assistance of microwave heating, various bridged bicyclic lactams
were prepared with high yields and diastereoselectivities in 40 min (Scheme 8). Compared
to the homogeneous palladium catalyst Pd(Ph3P)2Cl2, the immobilized palladium catalyst
FibreCat 1032 showed similar performance for all cases. This method could also give
[4.3.2] the bicycloundecane scaffold in high yield and diastereoselectivity, leading to a
mixture of the alkene regioisomers (Scheme 8b). The more constrained indole RCM product
afforded the bridged indole scaffold with excellent selectivity (Scheme 8c). Interestingly, by
using microwave heating, the indole RCM product delivered the saturated bridged bicyclic
lactam with high diastereoselectivity using FibreCat 1032 and sodium formate (Scheme 8d).

Under microwave irradiation, palladium and copper catalysts showed distinctly
different catalytic properties [14,15]. Highly selective C3-arylation of Ugi-adducts was
achieved by Liu’s group in 2013 [14]. Under microwave-assisted palladium catalysis,
various benzo[5,6]azepino[3,4-b]indoles were constructed with high yields in 1 h (Scheme 9).
Subsequently, the same group employed this strategy using the Ugi-adducts derived from
2-halogenated anilines instead of 2-halogenated benzoic acids [15]. With the assistance
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of microwave irradiation, diverse indole-fused 6,7-dihydroindolo[2,3-c]quinolines were
obtained with high yields in 2 h (Scheme 10).
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4. Other Transition Metal Catalysis

In 2018, Sieburth and Al-Tel discovered a zinc-catalyzed microwave-assisted post-
Ugi cascade transformation (Scheme 11). Based on a build/couple/pair strategy, the
diastereoselective synthesis of various chromenopyrroles was performed in a one-pot
fashion in 50 min [21]. By using amino acids as chiral auxiliary, this method provided
access to enantiopure chromenopyrroles. The polycyclic product was subjected to similar
conditions, resulting in pyrrole formation in 62% yield through C-O bond cleavage and
isomerization (Scheme 12a). By using 3,4,5-trimethoxy- and 4,5-dimethoxyphenylacetic
acids, pentacyclic products were produced via additional intramolecular Friedel–Crafts
acylation (Scheme 12b). As proposed, the Ugi-adduct first coordinates with Zn2+, giving
intermediate A (Scheme 13). This is followed by nucleophilic addition of the tertiary amide
and deprotonation, generating the azomethine ylide C. Sequential intramolecular [3 + 2]
cyclization produces the strained intermediate D, which undergoes the expulsion of CO2
to give the desired chromenopyrrole product.
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Van der Eycken and co-workers developed a microwave-assisted rhodium(III)-catalyzed
intramolecular annulation of Ugi-adducts in 2019. It was observed that microwave heating
(100 W) afforded the annulation product in 78% yield, while conventional heating only
gave 36% yield in the same reaction time (Scheme 14). Through chemoselective C(sp2)-H
activation (Scheme 15), without installing a directing group, modification of peptidomimet-
ics and oligopeptides was accomplished in a rapid and step-economical fashion, delivering
various indolizinone and quinolizinone scaffolds in 1 h (Scheme 16). Furthermore, this
method was compatible with water and specifically added N-protected amino acids [22].
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In 2019, Van der Eycken’s group reported a gold-triggered dearomative spirocarbocyclization/
Diels–Alder reaction of Ugi-adducts. When optimizing the reaction conditions, it was
observed that microwave irradiation could not only accelerate the reaction and enhance
the yield, but also significantly improve the diastereomeric ratio (Scheme 17). By using
microwave heating (Scheme 18), the diversity-oriented synthesis of complex bridged
polycyclic N-heterocycles was achieved with excellent chemo- and diastereoselectivity, in
10 min [23]. According to the mechanism, the triple bond of the Ugi-adducts is activated by
the in situ generated cationic gold(I) species, giving intermediate A (Scheme 19). This is
followed by dearomatization, generating intermediate B in a 5-endo-dig fashion. The final
products are formed by sequential [4 + 2] intramolecular cycloaddition.
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5. Transition Metal-Free Catalysis

In 2012, a simultaneous deprotection and cyclization process of Ugi-azide adducts
was developed by Hulme (Scheme 20). By using ethyl glyoxylate or phenylglyoxaldehydes,
tricyclic tetrazolo-fused benzodiazepines and benzodiazepinones were prepared [24]. This
microwave-assisted transformation could be completed in 10 min.

Molecules 2022, 27, x FOR PEER REVIEW 9 of 13 
 

 

 
Scheme 18. Gold-triggered dearomative spirocarbocyclization/Diels–Alder reaction. 

 
Scheme 19. Proposed mechanism for gold-catalyzed post-Ugi transformation. 

5. Transition Metal-Free Catalysis 
In 2012, a simultaneous deprotection and cyclization process of Ugi-azide adducts 

was developed by Hulme (Scheme 20). By using ethyl glyoxylate or phenylglyoxalde-
hydes, tricyclic tetrazolo-fused benzodiazepines and benzodiazepinones were prepared 
[24]. This microwave-assisted transformation could be completed in 10 min. 

TMSN3
NC

NHBoc
R3

O

O

OEt
H

R1

H
N

R2

+

TFE

r.t, 24 h N

NHBoc
R3

N
N

N

N

O

EtO
R2R1

MW, 10 min, 120 C

10% TFA/DCE R3

N

H
N

O

N
R2

R1

N N
N

28-63%

TMSN3
NC

NHBoc
R3

O

O
H

R1

H
N

R2

+

MeOH

r.t, 24 h N

NHBoc
R3

N
N

N

N

O

R2R1

MW, 10 min, 80 C

10% TFA/DCE

R3

N

H
N

N
R2

R1

N N
N

44-62%

R4

R4

R4

R3

N

N
N

R2

R1

N N
N

R4

or

23-59%  
Scheme 20. Microwave-assisted deprotection and cyclization process. 

Later on, Gámez-Montaño synthesized the xanthates through one-pot sequential 
Ugi-azide/N-acylation/SN2 reaction (Scheme 21). Under free radical conditions, intramo-
lecular cyclization of xanthates delivered 3-tetrazolylmethyl-azepino[4,5-b]indol4-ones in 
good yields. Compared to conventional heating requiring 280 min, microwave irradiation 

Scheme 20. Microwave-assisted deprotection and cyclization process.

Later on, Gámez-Montaño synthesized the xanthates through one-pot sequential Ugi-
azide/N-acylation/SN2 reaction (Scheme 21). Under free radical conditions, intramolecular
cyclization of xanthates delivered 3-tetrazolylmethyl-azepino[4,5-b]indol4-ones in good yields.
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Compared to conventional heating requiring 280 min, microwave irradiation could shorten
the reaction time to 70 min [25]. Notably, based on a docking study, the final products showed
the potential to inhibit 5-Ht6 protein.
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Scheme 21. Intramolecular cyclization of xanthates through radical process.

In 2014, El Kaim and Gámez-Montaño reported an efficient Pictet–Spengler reaction
of Ugi-azide adducts and formaldehyde (Scheme 22). Under microwave heating, a series
of 2-tetrazolylmethyl-2,3,4,9-tetrahydro1H-β-carbolines was synthesized in 73–83% yield
in 5 h, while conventional heating gave 74–86% yield in 72 h, indicating that microwave
irradiation remarkably shortens the reaction time of this transition metal-free process [26].
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Scheme 22. Microwave-assisted Pictet–Spengler reaction of Ugi-azide adducts.

In 2018, Zhu’s group presented a one pot post-Ugi cyclization through nucleophilic
substitution/deprotection/imine formation cascade (Scheme 23). By using microwave irra-
diation, different kinds of 2-azetidinones were rapidly synthesized in moderate yields [27].
The 2-azetidinones were screened against diverse cancer cell lines, showing good antitumor
activities. Based on this method, the same group reported a similar microwave-assisted post-
Ugi cyclization [28]. Through tandem deprotection/nucleophilic addition/nucleophilic
substitution process, diverse benzimidazopyrazinones were prepared in a one-pot fashion
with high yields (Scheme 24). Under the assistance of microwave heating, this transition
metal-free protocol required only one purification procedure after three steps.
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6. Conclusions

In conclusion, microwave-assisted post-Ugi reactions have been employed for the
synthesis of diverse polycycles. From commercially available starting materials, transition
metal-catalyzed or transition metal-free transformations are performed in an efficient,
rapid, and step-economical manner. With the help of microwave irradiation, linear Ugi-
adducts are converted into more complex drug-like polycycles with high chemo-, regio-,
and stereoselectivity, exhibiting the robustness and potential of this strategy and unfolding
a large window for organic synthesis. We anticipate that this minireview, which focuses
on the integration of microwave irradiation and post-Ugi transformations, would provide
deep understanding of microwave-assisted post-Ugi reactions and hidden opportunity for
the construction of various polycycles.

Author Contributions: Conceptualization, L.S. and E.V.V.d.E.; writing—original draft preparation,
L.S. and L.C.; writing—review and editing, E.V.V.d.E. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by FWO [Fund for Scientific Research-Flanders (Belgium)], the
Research Council of the KU Leuven and “RUDN University Strategic Academic Leadership Program”.

Institutional Review Board Statement: Not applicable.



Molecules 2022, 27, 3105 12 of 13

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We acknowledge the FWO [Fund for Scientific Research-Flanders (Belgium)]
for financial support (recipient EVVdE) and the Research Council of the KU Leuven (recipient
EVVdE). This paper has been prepared with the support of the “RUDN University Strategic Academic
Leadership Program” (recipient EVVdE, supervision and writing).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Kuhnert, N. Microwave-assisted reactions in organic synthesis—Are there any nonthermal microwave effects? Angew. Chem.

Int. Ed. 2002, 41, 1863–1866. [CrossRef]
2. Kappe, C.O. Controlled microwave heating in modern organic synthesis. Angew. Chem. Int. Ed. 2004, 43, 6250–6284. [CrossRef]

[PubMed]
3. De la Hoz, A.; Loupy, A. Microwaves in Organic Synthesis, 3rd ed.; Wiley-VCH Verlag GmbH & Co. KGaA: Weinheim, Germany, 2013.
4. Gawande, M.B.; Shelke, S.N.; Zboril, R.; Varma, R.S. Microwave-assisted chemistry: Synthetic applications for rapid assembly of

nanomaterials and organics. Acc. Chem. Res. 2014, 47, 1338–1348. [CrossRef] [PubMed]
5. Zhao, Y.; Sharma, N.; Sharma, U.K.; Li, Z.; Song, G.; Van der Eycken, E.V. Microwave-assisted copper-catalyzed oxidative

cyclization of acrylamides with non-activated ketones. Chem. Eur. J. 2016, 22, 5878–5882. [CrossRef]
6. Kappe, C.O. My twenty years in microwave chemistry: From kitchen ovens to microwaves that aren’t microwaves. Chem. Rec.

2019, 19, 15–39. [CrossRef]
7. Ugi, I.; Meyr, R.; Fetzer, U.; Steinbrückner, C. Versuche mit isonitrilen. Angew. Chem. 1959, 71, 386.
8. Ruijter, E.; Scheffelaar, R.; Orru, R.V.A. Multicomponent reaction design in the quest for molecular complexity and diversity.

Angew. Chem. Int. Ed. 2011, 50, 6234–6246. [CrossRef]
9. Dömling, A.; Wang, W.; Wang, K. Chemistry and biology of multicomponent reactions. Chem. Rev. 2012, 112, 3083–3135.

[CrossRef]
10. Reguera, L.; Méndez, Y.; Humpierre, A.R.; Valdés, O.; Rivera, D.G. Multicomponent reactions in ligation and bioconjugation

chemistry. Acc. Chem. Res. 2018, 51, 1475–1486. [CrossRef]
11. Sharma, U.K.; Sharma, N.; Vachhani, D.D.; Van der Eycken, E.V. Metal-mediated post-Ugi transformations for the construction of

diverse heterocyclic scaffolds. Chem. Soc. Rev. 2015, 44, 1836–1860. [CrossRef]
12. Li, Z.; Song, L.; Meervelt, L.V.; Tian, G.; Van der Eycken, E.V. Cationic gold (I)-catalyzed cascade bicyclizations for divergent

synthesis of (spiro) polyheterocycles. ACS Catal. 2018, 8, 6388–6393. [CrossRef]
13. Liu, C.; Song, L.; Van Meervelt, L.; Peshkov, V.A.; Li, Z.; Van der Eycken, E.V. Palladium-catalyzed arylative dearomatization and

subsequent aromatization/dearomatization/aza-Michael addition: Access to Zephycarinatine and Zephygranditine skeletons.
Org. Lett. 2021, 23, 5065–5070. [CrossRef]

14. Zhang, L.; Zhao, F.; Zheng, M.; Zhai, Y.; Liu, H. Rapid and selective access to three distinct sets of indole-based heterocycles from
a single set of Ugi-adducts under microwave heating. Chem. Commun. 2013, 49, 2894–2896. [CrossRef]

15. Zhang, L.; Zhao, F.; Zheng, M.; Zhai, Y.; Wang, J.; Liu, H. Selective synthesis of 5,6-dihydroindolo[1,2-a]quinoxalines and
6,7-dihydroindolo[2,3-c]quinolines by orthogonal copper and palladium catalysis. Eur. J. Org. Chem. 2013, 5710–5715. [CrossRef]

16. Li, Z.; Legras, L.; Kumar, A.; Vachhani, D.D.; Sharma, S.K.; Parmar, V.S.; Van der Eycken, E.V. Microwave-assisted synthesis of
4H-benzo[f ]imidazo[1,4]diazepin-6-ones via a post-Ugi copper-catalyzed intramolecular Ullmann coupling. Tetrahedron Lett.
2014, 55, 2070–2074. [CrossRef]

17. Shi, J.; Wu, J.; Cui, C.; Dai, W. Microwave-assisted intramolecular Ullmann diaryl etherification as the post-Ugi annulation for
generation of dibenz[b,f][1,4]oxazepine scaffold. J. Org. Chem. 2016, 81, 10392–10403. [CrossRef]

18. Feng, G.; Wu, J.; Dai, W. Isolation and characterization of 2-alkylaminobenzo[b]furans. Evidence for competing O-arylation in
Cu-catalyzed intramolecular amidation. Tetrahedron Lett. 2007, 48, 401–404. [CrossRef]

19. Gracias, V.; Moore, J.D.; Djuric, S.W. Sequential Ugi/Heck cyclization strategies for the facile construction of highly functionalized
N-heterocyclic scaffolds. Tetrahedron Lett. 2004, 45, 417–420. [CrossRef]

20. Ribelin, T.P.; Judd, A.S.; Akritopoulou-Zanze, I.; Henry, R.F.; Cross, J.L.; Whittern, D.N.; Djuric, S.W. Concise construction of
novel bridged bicyclic lactams by sequenced Ugi/RCM/Heck reactions. Org. Lett. 2007, 9, 5119–5122. [CrossRef]

21. Srinivasulu, V.; McN Sieburth, S.; El-Awady, R.; Kariem, N.M.; Tarazi, H.; O’Connor, M.J.; Al-Tel, T.H. Post-Ugi cascade
transformations for accessing diverse chromenopyrrole collections. Org. Lett. 2018, 20, 836–839. [CrossRef]

22. Song, L.; Tian, G.; Blanpain, A.; Van Meervelt, L.; Van der Eycken, E.V. Diversification of peptidomimetics and oligopeptides
through microwave-assisted rhodium (III)-catalyzed intramolecular annulation. Adv. Synth. Catal. 2019, 361, 4442–4447.
[CrossRef]

http://doi.org/10.1002/1521-3773(20020603)41:11&lt;1863::AID-ANIE1863&gt;3.0.CO;2-L
http://doi.org/10.1002/anie.200400655
http://www.ncbi.nlm.nih.gov/pubmed/15558676
http://doi.org/10.1021/ar400309b
http://www.ncbi.nlm.nih.gov/pubmed/24666323
http://doi.org/10.1002/chem.201504776
http://doi.org/10.1002/tcr.201800045
http://doi.org/10.1002/anie.201006515
http://doi.org/10.1021/cr100233r
http://doi.org/10.1021/acs.accounts.8b00126
http://doi.org/10.1039/C4CS00253A
http://doi.org/10.1021/acscatal.8b01789
http://doi.org/10.1021/acs.orglett.1c01590
http://doi.org/10.1039/c3cc00111c
http://doi.org/10.1002/ejoc.201300667
http://doi.org/10.1016/j.tetlet.2014.02.023
http://doi.org/10.1021/acs.joc.6b01398
http://doi.org/10.1016/j.tetlet.2006.11.084
http://doi.org/10.1016/j.tetlet.2003.10.147
http://doi.org/10.1021/ol7023373
http://doi.org/10.1021/acs.orglett.7b03986
http://doi.org/10.1002/adsc.201900550


Molecules 2022, 27, 3105 13 of 13

23. He, Y.; Narmon, T.; Wu, D.; Li, Z.; Van Meerveltc, L.; Van der Eycken, E.V. A gold-triggered dearomative spirocarbocyclization/
Diels-Alder reaction cascade towards diverse bridged N-heterocycles. Org. Biomol. Chem. 2019, 17, 9529–9536. [CrossRef]

24. Gunawan, S.; Ayaz, M.; De Moliner, F.; Frett, B.; Kaiser, C.; Patrick, N.; Xu, Z.; Hulme, C. Synthesis of tetrazolo-fused benzodi-
azepines and benzodiazepinones by a two-step protocol using an Ugi-azide reaction for initial diversity generation. Tetrahedron
2012, 68, 5606–5611. [CrossRef]

25. Gordillo-Cruz, R.E.; Rentería-Gómez, A.; Islas-Jácome, A.; Cortes-García, C.J.; Díaz-Cervantes, E.; Robles, J.; Gámez-Montaño, R.
Synthesis of 3-tetrazolylmethyl-azepino[4,5-b]indol-4-ones in two reaction steps: (Ugi-azide/N-acylation/SN2)/free radical
cyclization and docking studies to a 5-Ht6 model. Org. Biomol. Chem. 2013, 11, 6470–6476. [CrossRef]

26. Cárdenas-Galindo, L.E.; Islas-Jácome, A.; Alvarez-Rodríguez, N.V.; El Kaim, L.; Gámez-Montaño, R. Synthesis of 2-
Tetrazolylmethyl-2,3,4,9-tetrahydro-1H-β-carbolines by a One-Pot Ugi-Azide/Pictet–Spengler Process. Synthesis 2014, 46,
0049–0056. [CrossRef]

27. Li, Y.; He, L.; Xu, J.; Ding, Y.; Xu, Z.; Lei, J.; Meng, J.; Zhu, J. Microwave-assisted facile synthesis of 2-azetidinone derivatives and
evaluation of their antitumor activities. Sci. Sin. Chim. 2018, 48, 751–758. [CrossRef]

28. Song, G.; Li, Y.; Xu, J.; Xu, Z.; Ding, Y.; Lei, J.; McConnell, N.; Zhu, J.; Chen, Z. Microwave-assisted facile construction of
quinoxalinone and benzimidazopyrazinone derivatives via two paths of post-Ugi cascade reaction. Mol. Divers. 2019, 23, 137–145.
[CrossRef]

http://doi.org/10.1039/C9OB01967G
http://doi.org/10.1016/j.tet.2012.04.068
http://doi.org/10.1039/c3ob41349g
http://doi.org/10.1002/chin.201425145
http://doi.org/10.1360/N032017-00223
http://doi.org/10.1007/s11030-018-9855-y

	Introduction 
	Copper Catalysis 
	Palladium Catalysis 
	Other Transition Metal Catalysis 
	Transition Metal-Free Catalysis 
	Conclusions 
	References

