
�

� �

�

34 1 The Palladium/Norbornene-Catalyzed Annulation Chemistry

15 Lautens, M., Paquin, J.F., Piguel, S., and Dahlmann, M. (2001).
Palladium-catalyzed sequential alkylation – alkenylation reactions and their
application to the synthesis of fused aromatic rings. J. Org. Chem. 66 (24):
8127–8314.

16 Lautens, M., Paquin, J.F., and Piguel, S. (2002). Palladium-catalyzed sequen-
tial alkylation-alkenylation reactions. Application to the synthesis of
2-substituted-4-benzoxepines and 2,5-disubstituted-4-benzoxepines. J. Org.
Chem. 67 (11): 3972–3974.

17 Alberico, D., Paquin, J.F., and Lautens, M. (2005). Palladium-catalyzed sequen-
tial alkylation-alkenylation reactions: Application towards the synthesis of poly-
functionalized fused aromatic rings. Tetrahedron 61 (26): 6283–6297.

18 Mitsudo, K., Thansandote, P., Wilhelm, T. et al. (2006). Selectively substituted
thiophenes and indoles by a tandem palladium-catalyzed multicomponent
reaction. Org. Lett. 8 (18): 3939–3942.

19 Shang, Y., Wu, C., Gao, Q. et al. (2021). Diversity-oriented functionalization of
2-pyridones and uracils. Nat. Commun. 12 (1): 2988.

20 Chen, S., Liu, X., Li, K. et al. (2022). Modular approach for diversity-oriented
synthesis of β-fluoroalkylated arenes via Pd/norbornene cooperative catalysis.
Chem. Asian J. 17: e202200858.

21 Gao, Q., Liu, Z.S., Hua, Y. et al. (2020). Alkyl tosylates as alkylating reagents in
the Catellani reaction. Synthesis (Germany) 52 (6): 834–846.

22 Cheng, H.G., Wu, C., Chen, H. et al. (2018). Epoxides as alkylating reagents for
the Catellani reaction. Angew. Chem. Int. Ed. 57 (13): 3444–3448.

23 Liu, Z.S., Qian, G., Gao, Q. et al. (2018). Palladium/norbornene cooperative
catalysis to access tetrahydronaphthalenes and indanes with a quaternary
center. ACS Catal. 8 (6): 4783–4788.

24 Liu, Z.S., Qian, G., Gao, Q. et al. (2019). 5-Norbornene-2-carboxylic acid:
another catalytic mediator for Catellani-type reactions. Tetrahedron 75 (12):
1774–1780.

25 Gao, S., Qian, G., Tang, H. et al. (2019). Three-step total synthesis of
Ramelteon via a Catellani strategy. ChemCatChem 11 (23): 5762–5765.

26 Wang, J., Dong, Z., Yang, C., and Dong, G. (2019). Modular and regioselective
synthesis of all-carbon tetrasubstituted olefins enabled by an alkenyl Catellani
reaction. Nat. Chem. 11 (12): 1106–1112.

27 Wang, J., Zhou, Y., Xu, X. et al. (2020). Entry to 1,2,3,4-tetrasubstituted arenes
through addressing the “meta constraint” in the palladium/norbornene cataly-
sis. J. Am. Chem. Soc. 142 (6): 3050–3059.

28 Bressy, C., Alberico, D., and Lautens, M. (2005). A route to annulated indoles
via a palladium-catalyzed tandem alkylation/direct arylation reaction. J. Am.
Chem. Soc. 127 (38): 13148–13149.

29 Blaszykowski, C., Aktoudianakis, E., Bressy, C. et al. (2006). Preparation of
annulated nitrogen-containing heterocycles via a one-pot palladium-catalyzed
alkylation/direct arylation sequence. Org. Lett. 8 (10): 2043–2045.

30 Martins, A., Alberico, D., and Lautens, M. (2006). Synthesis of polycyclic het-
erocycles via a one-pot ortho alkylation/direct heteroarylation sequence. Org.
Lett. 8 (21): 4827–4829.



�

� �

�

References 35

31 Blaszykowski, C., Aktoudianakis, E., Alberico, D. et al. (2008). A
palladium-catalyzed alkylation/direct arylation synthesis of nitrogen-containing
heterocycles. J. Org. Chem. 73 (5): 1888–1897.

32 Laleu, B. and Lautens, M. (2008). Synthesis of annulated 2H-indazoles and
1,2,3-and 1,2,4-triazoles via a one-pot palladium-catalyzed alkylation/direct
arylation reaction. J. Org. Chem. 73 (22): 9164–9167.

33 Martins, A. and Lautens, M. (2008). A palladium-catalyzed approach to poly-
cyclic sulfur heterocycles. J. Org. Chem. 73 (22): 8705–8710.

34 Jafarpour, F. and Ashtiani, P.T. (2009). A novel one-step synthesis of
imidazo[5,1-α]isoquinolines via a tandem Pd-catalyzed alkylation-direct ary-
lation sequence. J. Org. Chem. 74 (3): 1364–1366.

35 Jafarpour, F. and Hazrati, H. (2010). Direct synthesis of dihy-
drobenzo[a]carbazoles via palladium-catalyzed domino annulation of indoles.
Adv. Synth. Catal. 352 (2–3): 363–367.

36 Jafarpour, F., Otaredi-Kashani, A., and Behpajooh, S. (2013). Domino
o-alkylation and heteroarylation of iodoarenes: one-pot synthesis of benzo-
cyclohepta[b]indoles. Synthesis (Stuttg). 45: 1094–1098.

37 Gericke, K.M., Chai, D.I., and Lautens, M. (2008). The versatile role of nor-
bornene in C-H functionalization processes: concise synthesis of tetracyclic
fused pyrroles via a threefold domino reaction. Tetrahedron 64 (26): 6002–6014.

38 Aureggi, V., Davoust, M., Gericke, K.M., and Lautens, M. (2009). A con-
venient synthesis of indolo- and pyrrolobenzazepines via a threefold
norbornene-mediated domino reaction. Synlett 2009: 1004–1008.

39 Liu, H., El-Salfiti, M., and Lautens, M. (2012). Expeditious synthesis of tetra-
substituted helical alkenes by a cascade of palladium-catalyzed C-H activations.
Angew. Chem. Int. Ed. 51 (39): 9846–9850.

40 Gericke, K.M., Chai, D.I., Bieler, N., and Lautens, M. (2009). The nor-
bornene shuttle: multicomponent domino synthesis of tetrasubstituted helical
alkenes through multiple C-H functionalization. Angew. Chem. Int. Ed. 48 (8):
1447–1451.

41 Liu, H., El-Salfiti, M., Chai, D.I. et al. (2012). Modular and stereoselective
synthesis of tetrasubstituted helical alkenes via a palladium-catalyzed domino
reaction. Org. Lett. 14 (14): 3648–3651.

42 Francis, J. (1968). Allylic strain in six-membered rings. Chem. Rev. 68 (4):
375–413.

43 Hoffmann, R.W. (1989). Allylic 1,3-strain as a controlling factor in stereoselec-
tive transformations. Chem. Rev. 89 (8): 1841–1860.

44 Bai, L., Liu, J., Hu, W. et al. (2018). Palladium/norbornene-catalyzed C−H alky-
lation/alkyne insertion/indole dearomatization domino reaction: assembly of
spiroindolenine-containing pentacyclic frameworks. Angew. Chem. Int. Ed. 57
(18): 5151–5155.

45 Nan, J., Yuan, Y., Bai, L. et al. (2018). Highly chemoselective con-
struction of spiro[4,5]decane-embedded polycyclic scaffolds by a
palladium/norbornene-catalyzed C–H activation/arene dearomatization reac-
tion. Org. Lett. 20 (23): 7731–7734.



�

� �

�

36 1 The Palladium/Norbornene-Catalyzed Annulation Chemistry

46 Zhang, B.S., Wang, F., Gou, X.Y. et al. (2021). Palladium-catalyzed synthesis of
tricyclic indoles via a N-S bond cleavage strategy. Org. Lett. 23 (19): 7518–7523.

47 Wu, X.X., Shen, Y., Chen, W.L. et al. (2015). Palladium-catalyzed dearomative
cyclization by a norbornene-mediated sequence: a route to spiroindolenine
derivatives. Chem. Commun. 51 (94): 16798–16801.

48 Lei, C., Cao, J., and Zhou, J.S. (2016). Palladium-catalyzed arylation of ketones
and acetonitrile with ortho alkylation of aryl rings: de novo synthesis of tetra-
lines and benzocycloheptenes. Org. Lett. 18 (23): 6120–6123.

49 Zhang, B.S., Hua, H.L., Gao, L.Y. et al. (2017). Palladium-catalyzed arene C–H
activation/ketone C-H functionalization reaction: route to spirodihydroinde-
nones. Org. Chem. Front. 4 (7): 1376–1379.

50 Ye, J. and Zhou, Q. (2022). Pd/NBE/chiral amino acid cooperative catalysis for
enantioselective construction of all-carbon brideged ring systems. Chinese J.
Org. Chem. 42 (1): 307.

51 Xie, X.Y., Jiang, W.T., and Xiao, B. (2021). Alkyl carbagermatrane enabled
synthesis of seven-membered carbocycle-fused aromatics through Catellani
strategy. Synthesis (Germany) 53 (16): 2819–2827.

52 Thansandote, P., Raemy, M., Rudolph, A., and Lautens, M. (2007). Synthesis of
benzannulated N-heterocycles by a palladium-catalyzed C-C/C-N coupling of
bromoalkylamines. Org. Lett. 9 (25): 5255–5258.

53 Rudolph, A., Rackelmann, N., Turcotte-Savard, M.O., and Lautens, M. (2009).
Application of secondary alkyl halides to a domino aryl alkylation reaction for
the synthesis of aromatic heterocycles. J. Org. Chem. 74 (1): 289–297.

54 Blanchot, M., Candito, D.A., Larnaud, F., and Lautens, M. (2011). Formal
synthesis of nitidine and NK109 via palladium-catalyzed domino direct
arylation/N-arylation of aryl triflates. Org. Lett. 13 (6): 1486–1489.

55 Candito, D.A. and Lautens, M. (2009). Palladium-catalyzed domino direct
arylation/n-arylation: convenient synthesis of phenanthridines. Angew. Chem.
Int. Ed. 48 (36): 6713–6716.

56 Bin, Z.Y., Mariampillai, B., Candito, D.A. et al. (2009). Exploiting the divergent
reactivity of aryl-palladium intermediates for the rapid assembly of fluorene
and phenanthrene derivatives. Angew. Chem. Int. Ed. 48 (10): 1849–1852.

57 Elsayed, M.S.A., Griggs, B., and Cushman, M. (2018). Synthesis of
benzo[1,6]naphthyridinones using the Catellani reaction. Org. Lett. 20 (17):
5228–5232.

58 Ferraccioli, R., Carenzi, D., Rombolà, O., and Catellani, M. (2004). Syn-
thesis of 6-phenanthridinones and their heterocyclic analogues through
palladium-catalyzed sequential aryl-aryl and N-aryl coupling. Org. Lett. 6 (25):
4759–4762.

59 Della Ca’, N., Sassi, G., and Catellani, M. (2008). A direct palladium-catalyzed
route to selectively substituted carbazoles through sequential C-C and C-N
bond formation: synthesis of carbazomycin A. Adv. Synth. Catal. 350 (14–15):
2179–2182.



�

� �

�

References 37

60 Maestri, G., Larraufie, M.H., Derat, É. et al. (2010). Expeditious synthesis of
phenanthridines from benzylamines via dual palladium catalysis. Org. Lett. 12
(24): 5692–5695.

61 Tsukano, C., Muto, N., Enkhtaivan, I., and Takemoto, Y. (2014). Synthesis of
pyrrolophenanthridine alkaloids based on C(sp3)-H and C(sp2)-H functionaliza-
tion reactions. Chem. Asian J. 9 (9): 2628–2634.

62 Zhou, H., Chen, W., and Chen, Z. (2018). Pd/norbornene collaborative catalysis
on the divergent preparation of heterocyclic sulfoximine frameworks. Org. Lett.
20 (9): 2590–2594.

63 Chen, D.Z., Yang, B.J., He, X.L. et al. (2019). Design, synthesis and
structure-activity relationship optimization of phenanthridine derivatives as
new Wnt/β-catenin signalling pathway agonists. Bioorg. Chem. 84: 285–294.

64 Liu, Z.S., Xie, P.P., Hua, Y. et al. (2021). An axial-to-axial chirality transfer
strategy for atroposelective construction of C–N axial chirality. Chem 7 (7):
1917–1932.

65 Chen, D.Z., Fan, S.R., Yang, B.J. et al. (2021). Phenanthridine derivative host
heat shock cognate 70 down-regulators as porcine epidemic diarrhea virus
inhibitors. J. Nat. Prod. 84: 1175–1184.

66 Wang, Y.T., Long, X.Y., Ding, X. et al. (2022). Novel nucleocapsid
protein-targeting phenanthridine inhibitors of SARS-CoV-2. Eur. J. Med. Chem.
227: 113966.

67 Motti, E., Della, C.N., Xu, D. et al. (2012). A sequential
Pd/norbornene-catalyzed process generates o-biaryl carbaldehydes or ketones
via a redox reaction or 6 h-dibenzopyrans by C-O ring closure. Org. Lett. 14
(22): 5792–5795.

68 Motti, E., Della Ca, N., Xu, D. et al. (2013). Competitive pathways in
Pd-catalyzed synthesis of arylphenols. Tetrahedron 69 (22): 4421–4428.

69 Yamamoto, Y., Murayama, T., Jiang, J. et al. (2018). The vinylogous Catellani
reaction: a combined computational and experimental study. Chem. Sci. 9 (5):
1191–1199.

70 Hua, Y., Liu, Z.S., Xie, P.P. et al. (2021). Kinetic resolution of tertiary benzyl
alcohols via palladium/chiral norbornene cooperative catalysis. Angew. Chem.
Int. Ed. 60 (23): 12824–12828.

71 Liu, Z.S., Hua, Y., Gao, Q. et al. (2020). Construction of axial chirality via
palladium/chiral norbornene cooperative catalysis. Nat Catal. 3 (9): 727–733.

72 Fu, W.C. and Kwong, F.Y. (2020). A denitrogenative palladium-catalyzed cas-
cade for regioselective synthesis of fluorenes. Chem. Sci. 11 (5): 1411–1417.

73 Dong, Z., Wang, J., Ren, Z., and Dong, G. (2015). Ortho C-H acylation of aryl
iodides by palladium/norbornene catalysis. Angew. Chem. Int. Ed. 54 (43):
12664–12668.

74 Wang, J., Zhang, L., Dong, Z., and Dong, G. (2016). Reagent-enabled
ortho-alkoxycarbonylation of aryl iodides via palladium/norbornene catalysis.
Chem 1 (4): 581–591.



�

� �

�

38 1 The Palladium/Norbornene-Catalyzed Annulation Chemistry

75 Xu, S., Jiang, J., Ding, L. et al. (2018). Palladium/norbornene-catalyzed ortho
aliphatic acylation with mixed anhydride: selectivity and reactivity. Org. Lett. 20
(2): 325–328.

76 Wu, Z. and Dong, G. (2022). Rapid access to multisubstituted acrylamides from
cyclic ketones via palladium/norbornene cooperative catalysis. Angew. Chem.
Int. Ed. 61 (17): e202201239.

77 Li, X., Pan, J., Song, S., and Jiao, N. (2016). Pd-catalyzed dehydrogenative
annulation approach for the efficient synthesis of phenanthridinones. Chem.
Sci. 7 (8): 5384–5389.

78 Wang, J., Qin, C., Lumb, J.P., and Luan, X. (2020). Regioselective synthesis
of polyfunctional arenes by a 4-component Catellani reaction. Chem 6 (8):
2097–2109.

79 Wang, Z., Li, T., Zhao, J. et al. (2018). Expeditious synthesis of
6-fluoroalkyl-phenanthridines via palladium-catalyzed norbornene-mediated
dehydrogenative annulation. Org. Lett. 20 (21): 6640–6645.

80 Dong, Z. and Dong, G. (2013). Ortho vs ipso: site-selective Pd and
norbornene-catalyzed arene C–H amination using aryl halides. J. Am. Chem.
Soc. 135 (49): 18350–18353.

81 Gao, Q., Liu, Z.S., Hua, Y. et al. (2019). A palladium/norbornene cooperative
catalysis to access N-containing bridged scaffolds. Chem. Commun. 55 (60):
8816–8819.

82 Li, J., Yang, Y., Liu, Y. et al. (2021). Palladium/norbornene catalyzed ortho
amination/cyclization of aryl iodide: process to 3-methyl-indole derivates and
controllable reductive elimination against the second amination. Org. Lett. 23
(8): 2988–2993.

83 Rago, A.J. and Dong, G. (2021). Synthesis of C3,C4-disubstituted indoles via
the palladium/norbornene-catalyzed ortho-amination/ipso-heck cyclization. Org.
Lett. 23 (9): 3755–3760.

84 Liu, J., Lin, H., Jiang, H., and Huang, L. (2022). Polysubstituted indole synthe-
sis via palladium/norbornene cooperative catalysis of oxime esters. Org. Lett. 24
(2): 484–489.

85 Chen, S., Liu, Z.S., Yang, T. et al. (2018). The discovery of a
palladium(II)-initiated Borono-Catellani reaction. Angew. Chem. Int. Ed. 57
(24): 7161–7165.

86 Wang, P., Chen, S., Zhou, Z. et al. (2019). Chemoselective Borono-Catellani
arylation for unsymmetrical biaryls synthesis. Org. Lett. 21 (9): 3323–3327.

87 Gao, Y., Li, J., Bai, S. et al. (2020). Direct synthesis of annulated indoles
through palladium-catalyzed double alkylations. Org. Chem. Front. 7 (9):
1149–1157.

88 Jiao, L. and Bach, T. (2011). Palladium-catalyzed direct 2-alkylation of indoles
by norbornene-mediated regioselective cascade C–H activation. J. Am. Chem.
Soc. 133 (33): 12990–12993.

89 Martins, A., Marquardt, U., Kasravi, N. et al. (2006). Synthesis of substituted
benzoxacycles via a domino ortho-alkylation/heck coupling sequence. J. Org.
Chem. 71 (13): 4937–4942.



�

� �

�

References 39

90 Zhang, Z., Zhang, B.S., Li, K.L. et al. (2020). Palladium-catalyzed amina-
tion/dearomatization reaction of indoles and benzofurans. J. Org. Chem. 85
(12): 7817–7839.

91 Jiang, W.T., Xu, M.Y., Yang, S. et al. (2020). Alkylation-terminated Catel-
lani reactions using alkyl carbagermatranes. Angew. Chem. Int. Ed. 59 (46):
20450–20454.

92 Thansandote, P., Chong, E., Feldmann, K.O., and Lautens, M. (2010).
Palladium-catalyzed domino C-C/C-N coupling using a norbornene template:
synthesis of substituted benzomorpholines, phenoxazines, and dihydrodiben-
zoxazepines. J. Org. Chem. 75 (10): 3495–3498.

93 Sui, X., Zhu, R., Li, G. et al. (2013). Pd-catalyzed chemoselective Catellani
ortho-arylation of iodopyrroles: rapid total synthesis of rhazinal. J. Am. Chem.
Soc. 135 (25): 9318–9321.

94 Zhao, K., Xu, S., Pan, C. et al. (2016). Catalytically asymmetric Pd/norbornene
catalysis: enantioselective synthesis of (+)-rhazinal, (+)-rhazinilam, and
(+)-kopsiyunnanine C1-3. Org. Lett. 18 (15): 3782–3785.

95 Ye, J., Li, L., You, Y. et al. (2023). Enantioselective assembly of ferrocenes with
axial and planar chiralities via palladium/chiral norbornene cooperative cataly-
sis. JACS Au. 3 (2): 384–390.

96 An, Y., Zhang, X.Y., Ding, Y.N. et al. (2022). Enantioselective synthesis of both
axially and planar chiral ferrocenes via axial-to-planar diastereoinduction. Org.
Lett. 24: 7294–7299.

97 Zuo, Z., Wang, H., Fan, L. et al. (2017). Modular assembly of spirocarbocyclic
scaffolds through Pd0-catalyzed intermolecular dearomatizing [2+2+1] annu-
lation of bromonaphthols with aryl iodides and alkynes. Angew. Chem. Int. Ed.
56 (10): 2767–2771.

98 Whyte, A., Olson, M.E., and Lautens, M. (2018). Palladium-catalyzed,
norbornene-mediated, ortho-amination ipso-amidation: sequential C-N bond
formation. Org. Lett. 20 (2): 345–348.

99 An, Y., Zhang, B.S., Zhang, Z. et al. (2020). A carboxylate-assisted amina-
tion/unactivated C(sp2)-H arylation reaction via a palladium/norbornene
cooperative catalysis. Chem. Commun. 56: 5933–5936.

100 Abel-Snape, X., Whyte, A., and Lautens, M. (2020). Synthesis of aminated
phenanthridinones via palladium/norbornene catalysis. Org. Lett. 22 (20):
7920–7925.

101 Zhao, S., Han, S., Du, G. et al. (2021). Acid-promoted expeditious syntheses of
aminated dibenzosultams via palladium/norbornene cooperatively catalysed
C−H amination/arylation. Adv. Synth. Catal. 363 (8): 2078–2083.

102 Zhang, B.S., Jia, W.Y., Gou, X.Y. et al. (2022). synthesis of c8-aminated
pyrrolo-phenanthridines or-indoles via series C(sp2 or sp3)-H activation and
fluorescence study. Org. Lett. 24 (11): 2104–2109.

103 Zhang, B.S., Zhao, S.Y., Li, S.X. et al. (2023). Synthesis of C4-aminated car-
bazoles and their derivatives via Pd/NBE chemistry. J. Org. Chem. 88 (3):
1786–1795.



�

� �

�

40 1 The Palladium/Norbornene-Catalyzed Annulation Chemistry

104 Zhang, B.S., Li, Y., An, Y. et al. (2018). Carboxylate ligand-exchanged
amination/C(sp3)-H arylation reaction via Pd/norbornene cooperative catalysis.
ACS Catal. 8 (12): 11827–11833.

105 Pache, S. and Lautens, M. (2003). Palladium-catalyzed sequential
alkylation-alkenylation reactions: new three-component coupling leading to
oxacycles. Org. Lett. 5 (25): 4827–4830.

106 Jafarpour, F. and Lautens, M. (2006). Direct, one-step synthesis of condensed
heterocycles: a palladium-catalyzed coupling approach. Org. Lett. 8 (16):
3601–3604.

107 Alberico, D. and Lautens, M. (2006). Palladium-catalyzed
alkylation-alkenylation reactions: rapid access to tricyclic mescaline analogues.
Synlett 18: 2969–2972.

108 Rudolph, A., Rackelmann, N., and Lautens, M. (2007). Stereochemical and
mechanistic investigations of a palladium-catalyzed annulation of secondary
alkyl iodides. Angew. Chem. Int. Ed. 46 (9): 1485–1488.

109 Alberico, D., Rudolph, A., and Lautens, M. (2007). Synthesis of tricyclic hetero-
cycles via a tandem aryl alkylation/Heck coupling sequence. J. Org. Chem. 72
(3): 775–781.

110 Thansandote, P., Gouliaras, C., Turcotte-Savard, M.O., and Lautens, M. (2009).
A rapid approach to the synthesis of highly functionalized tetrahydroisoquino-
lines. J. Org. Chem. 74 (4): 1791–1793.

111 Wang, J., Wang, H., Wang, Z. et al. (2021). Trifunctionalization of aryl iodides
with two distinct nitrogen and carbon electrophiles by palladium/norbornene
catalysis. Chin. J. Chem. 39 (10): 2659–2667.

112 Shen, Y., Wu, X.X., Chen, S. et al. (2018). Synthesis of
polyfluoroarene-substituted benzofuran derivatives: Via cooperative Pd/Cu
catalysis. Chem. Commun. 54 (18): 2256–2259.

113 Mariampillai, B., Alberico, D., Bidau, V., and Lautens, M. (2006). Synthesis of
polycyclic benzonitriles via a one-pot aryl alkylation/cyanation reaction. J. Am.
Chem. Soc. 128 (45): 14436–14437.

114 Mariampillai, B., Alliot, J., Li, M., and Lautens, M. (2007). A convergent
synthesis of polysubstituted aromatic nitriles via palladium-catalyzed C-H
functionalization. J. Am. Chem. Soc. 129 (49): 15372–15379.

115 Wu, X.X., Zhou, P.X., Wang, L.J. et al. (2014). Synthesis of poly-
cyclic substituted vinylarenes via a one–pot intramolecular aryl
alkylation–N–tosylhydrazone insertion reaction. Chem. Commun. 50 (29):
3882–3884.

116 Stille, J.K. (1985). Oxidative addition and reductive elimination. In: The
Metal—Carbon Bond (1985), 625–787. (PATAI’S Chemistry of Functional
Groups).

117 Milstein, D. and K. Stille J. (1979). Mechanism of reductive elimination. Reac-
tion of alkylpalladium(II) complexes with tetraorganotin, organolithium, and
Grignard reagents. Evidence for palladium(IV) intermediacy. J. Am. Chem. Soc.
101 (17): 4981–4991.



�

� �

�

References 41

118 Milstein, D. and K. Stille J. (1979). Palladium-catalyzed coupling of tetraorgan-
otin compounds with aryl and benzyl halides. Synthetic utility and mechanism.
J. Am. Chem. Soc. 101 (17): 4992–4998.

119 Catellani, M., Motti, E., and Baratta, S. (2001). A novel palladium-catalyzed
synthesis of phenanthrenes from ortho-substituted aryl iodides and diphenyl-or
alkylphenylacetylenes. Org. Lett. 3 (23): 3611–3614.

120 Zhao, Q., Fu, W.C., and Kwong, F.Y. (2018). Palladium-catalyzed regioselec-
tive aromatic extension of internal alkynes through a norbornene-controlled
reaction sequence. Angew. Chem. Int. Ed. 57 (13): 3381–3385.

121 Yang, Y., Zhou, B., Zhu, X. et al. (2018). Palladium-catalyzed synthesis of triph-
enylenes via sequential C-H activation and decarboxylation. Org. Lett. 20 (17):
5402–5405.

122 Zhang, B.S., Wang, F., Yang, Y.H. et al. (2020). Synthesis of C4-substituted
indoles via a Catellani and C-N bond activation strategy. Org. Lett. 22 (21):
8267–8271.

123 Candito, D.A. and Lautens, M. (2010). Exploiting the chemistry of strained
rings: Synthesis of indoles via domino reaction of aryl iodides with 2H-azirines.
Org. Lett. 12 (15): 3312–3315.

124 Hassner, A., Bunnell, C.A., and Haltiwanger, K. (1978). Chemistry of small
rings. 23. Synthesis and structure of stable metal-coordinated 1-azirines. J. Org.
Chem. 43 (1): 57–61.

125 Izumi, T. and Alper, H. (1982). Metal-catalyzed reactions of allylazirines.
Organometallics 1 (2): 322–325.

126 Alper, H., Perera, C.P., and Ahmed, F.R. (1981). A novel synthesis of
.beta.-lactams. J. Am. Chem. Soc. 103 (5): 1289–1291.

127 Alper, H. and Wollowitz, S. (1975). Group 6 metal carbonyl induced dimeriza-
tion of azirines. J. Am. Chem. Soc. 97 (12): 3541–3543.

128 Isomura, K., Uto, K., and Taniguchi, H. (1977). Palladium(II)-catalysed forma-
tion of indoles from 2,2-diphenyl-2H-azirines. J. Chem. Soc. Chem. Commun.
19: 664–665.

129 Inada, A. and Hefmgartner, H. (1982). Übergangsmetall-katalysierte addition-
sreaktionen von 3-phenyl-2H-azirinen und acetylencarbonsäureestern. Helv.
Chim. Acta 65 (5): 1489–1498.

130 Liu, C., Liang, Y., Zheng, N. et al. (2018). Synthesis of indolines: via a
palladium/norbornene-catalyzed reaction of aziridines with aryl iodides. Chem.
Commun. 54 (27): 3407–3410.

131 Li, R. and Dong, G. (2018). Direct annulation between aryl iodides and epox-
ides through palladium/norbornene cooperative catalysis. Angew. Chem. Int.
Ed. 57 (6): 1697–1701.

132 Wu, C., Cheng, H.G., Chen, R. et al. (2018). Convergent syntheses of
2,3-dihydrobenzofurans: via a Catellani strategy. Org. Chem. Front. 5 (17):
2533–2536.

133 Li, R., Liu, F., and Dong, G. (2018). Palladium-catalyzed asymmetric annu-
lation between aryl iodides and racemic epoxides using a chiral norbornene
cocatalyst. Org. Chem. Front. 5 (21): 3108–3112.



�

� �

�

42 1 The Palladium/Norbornene-Catalyzed Annulation Chemistry

134 Larraufie, M.H., Maestri, G., Beaume, A. et al. (2011). Exception to the ortho
effect in palladium/norbornene catalysis. Angew. Chem. Int. Ed. 50 (51):
12253–12256.

135 Della Ca’, N., Maestri, G., Malacria, M. et al. (2011). Palladium-catalyzed reac-
tion of aryl iodides with ortho-bromoanilines and norbornene/norbornadiene:
unexpected formation of dibenzoazepine derivatives. Angew. Chem. Int. Ed. 50
(51): 12257–12261.

136 Casnati, A., Fontana, M., Coruzzi, G. et al. (2018). Enhancing reactivity and
selectivity of aryl bromides: a complementary approach to dibenzo[b,f]azepine
derivatives. ChemCatChem 10 (19): 4346–4352.

137 Zheng, H., Zhu, Y., and Shi, Y. (2014). Palladium(0)-catalyzed heck
reaction/C-H activation/amination sequence with diaziridinone: a facile
approach to indolines. Angew. Chem. Int. Ed. 53 (42): 11280–11284.

138 Jafarpour, F., Jalalimanesh, N., Teimouri, M., and Shamsianpour, M. (2015).
Palladium/norbornene chemistry: an unexpected route to methanocarbazole
derivatives via three Csp3-Csp2/Csp3-N/Csp2-N bond formations in a single
synthetic sequence. Chem. Commun. 51 (1): 225–228.

139 Hao, T.T., Liang, H.R., Ou-Yang, Y.H. et al. (2018). Palladium-catalyzed domino
reaction for stereoselective synthesis of multisubstituted olefins: construction of
blue luminogens. J. Org. Chem. 83 (8): 4441–4454.

140 Wu, F., Wang, H., and Chen, W. (2019). Synthesis and characterization of
palladium amido complexes containing pincer CNO ligands through nitrene
insertion. Appl. Organomet. Chem. 33 (3): e4775.

141 Ji, X., Gu, Y., Cheng, C. et al. (2020). Palladium-catalyzed three-component
reactions for the synthesis of norbornane-fused indanes. Adv. Synth. Catal. 362
(7): 1496–1501.

142 Zhu, W.Q., Zhang, Z.W., Han, W.Y. et al. (2021). Aziridine used as a vinylidene
unit in palladium-catalyzed [2 + 2 + 1] domino annulation. Org. Chem. Front.
8 (13): 3413–3420.

143 Zhu, W.Q., Fang, Y.C., Han, W.Y. et al. (2021). Palladium-catalyzed [2 + 2 + 1]
annulation: access to chromone fused cyclopentanones with cyclopropenone as
the CO source. Org. Chem. Front. 8 (12): 3082–3090.

144 Li, F., Li, H.M., Xiu, R.F. et al. (2022). Palladium-catalyzed domino reaction for
the assembly of norbornane-containing chromones with dimethyl squarate as
the solid C1 source. Org. Lett. 24: 9392–9397.

145 Jiao, L., Herdtweck, E., and Bach, T. (2012). Pd(II)-catalyzed regioselective
2-alkylation of indoles via a norbornene-mediated C-H activation: Mechanism
and applications. J. Am. Chem. Soc. 134 (35): 14563–14572.

146 Yin, L., Guan, T., Cheng, J. et al. (2022). Manipulations of phenylnorbornyl
palladium species for multicomponent construction of a bridged polycyclic
privileged scaffold. Commun. Chem. 5 (1): 140.

147 Huang, X.H., Yang, C.Y., Liu, F.L. et al. (2023). Palladium/norbornene
cooperative-catalyzed cascade decarboxylative cyclization of
4-iodoisoquinolin-1(2H)-ones with o-bromobenzoic acids: access to diverse



�

� �

�

References 43

fused phenanthridinones and hepta[1,2-c]isoquinolinones. J. Org. Chem. 88
(13): 8329–8344.

148 Vaughan Williams, R., Colvin, M.E., Tran, N. et al. (2000). Exceptionally
pyramidalized olefins: a theoretical study of the cyclopropenyl fused tri-
cycles tricyclo[3.2.1.02,4]oct-2(4)-ene, tricyclo[3.2.1.02,4]octa-2(4),6-diene,
tricyclo[3.2.2.02,4]non-2(4)-ene, and tricyclo[3.2.2.02,4]nona-2(4),6-diene. J. Org.
Chem. 65 (2): 562–567.

149 Fan, L., Liu, J., Bai, L. et al. (2017). Rapid assembly of diversely functional-
ized spiroindenes by a three-component palladium-catalyzed C−H amina-
tion/phenol dearomatization domino reaction. Angew. Chem. Int. Ed. 56 (45):
14257–14261.

150 Thansandote, P., Hulcoop, D.G., Langer, M., and Lautens, M. (2009).
Palladium-catalyzed annulation of haloanilines and halobenzamides using
norbornadiene as an acetylene synthon: a route to functionalized indolines,
isoquinolinones, and indoles. J. Org. Chem. 74 (4): 1673–1678.

151 Zhang, B.S., Li, Y., Zhang, Z. et al. (2019). Synthesis of C4-aminated indoles
via a Catellani and retro-Diels-Alder strategy. J. Am. Chem. Soc. 141 (24):
9731–9738.

152 An, Y., Zhang, B.S., Ding, Y.N. et al. (2021). Palladium-catalyzed C-H gly-
cosylation and retro Diels-Alder tandem reaction via structurally modified
norbornadienes (smNBDs). Chem. Sci. 12 (39): 13144–13150.

153 An, Y., Li, Y., Zhang, X.Y. et al. (2021). Palladium-catalyzed C-H amination/
[2 + 3] or [2 + 4] cyclization via C(sp3 or sp2)-H activation. Org. Lett. 23 (20):
7961–7965.

154 Sun, M., Chen, X., Feng, Z. et al. (2021). A Catellani and: retro-Diels-Alder
strategy to access 1-amino phenanthrenes via ortho – and interannular C-H
activation of 2-iodobiphenyls. Org. Chem. Front. 8 (23): 6535–6540.

155 Fu, W.C., Wang, Z., Chan, W.T.K. et al. (2017). Regioselective synthesis of
polycyclic and heptagon-embedded aromatic compounds through a versatile
π-extension of aryl halides. Angew. Chem. Int. Ed. 56 (25): 7166–7170.

156 Ferraccioli, R., Carenzi, D., and Catellani, M. (2004). Synthesis of
1,2,3,4-tetrahydroisoquinolines and 2,3,4,5-tetrahydro-1H-2- benzazepines
combining sequential palladium-catalysed ortho alkylation/ vinylation with
aza-Michael addition reactions. Tetrahedron Lett. 45 (37): 6903–6907.

157 Ferraccioli, R., Giannini, C., and Molteni, G. (2007). Stereoselective synthe-
sis of 1,3-substituted tetrahydroisoquinolines through palladium-catalyzed
three-component reaction. Tetrahedron: Asymmetry 18 (12): 1475–1480.

158 Ferraccioli, R. and Forni, A. (2009). Selective synthesis of isoquinolin-3-one
derivatives combining Pd-catalysed aromatic alkylation/vinylation with addition
reactions: the beneficial effect of water. Eur. J. Org. Chem. 19: 3161–3166.

159 Qian, G., Bai, M., Gao, S. et al. (2018). Modular one-step three-component syn-
thesis of tetrahydroisoquinolines using a Catellani strategy. Angew. Chem. Int.
Ed. 57 (34): 10980–10984.



�

� �

�

44 1 The Palladium/Norbornene-Catalyzed Annulation Chemistry

160 Zhang, X., Wei, H., Wei, Q. et al. (2023). Modular one-step three-component
assembly of isochromans via palladium/norbornene cooperative catalysis. Asian
J. Org. Chem. 12: e202200642.

161 Faccini, F., Motti, E., and Catellani, M. (2004). A new reaction sequence
involving palladium-catalyzed unsymmetrical aryl coupling. J. Am. Chem.
Soc. 126 (1): 78–79.

162 Motti, E., Faccini, F., Ferrari, I. et al. (2006). Sequential unsymmetrical aryl
coupling of o-substituted aryl iodides with o-bromophenols and reaction with
olefins: palladium-catalyzed synthesis of 6H-dibenzopyran derivatives. Org. Lett.
8 (18): 3967–3970.

163 Della Ca’, N., Motti, E., and Catellani, M. (2008). Palladium-catalyzed synthesis
of selectively substituted phenanthridine derivatives. Adv. Synth. Catal. 350
(16): 2513–2516.

164 Narbonne, V., Retailleau, P., Maestri, G., and Malacria, M. (2014). Diastere-
oselective synthesis of dibenzoazepines through chelation on palladium(IV)
intermediates. Org. Lett. 16 (2): 628–631.

165 Xu, D., Dai, L., Catellani, M. et al. (2015). A novel enantioselective synthesis of
6H-dibenzopyran derivatives by combined palladium/norbornene and cinchona
alkaloid catalysis. Org. Biomol. Chem. 13 (8): 2260–2263.

166 Della Ca, N., Motti, E., Mega, A., and Catellani, M. (2010). One-pot
palladium-catalyzed synthesis of selectively substituted phenanthridines by
sequential aryl-aryl and heck couplings, aza-Michael and retro-Mannich reac-
tions. Adv. Synth. Catal. 352 (9): 1451–1454.

167 Yang, S.Y., Han, W.Y., He, C. et al. (2019). 2,2-bifunctionalization of nor-
bornene in palladium-catalyzed domino annulation. Org. Lett. 21 (21):
8857–8860.

168 Li, M.Z., Tong, Q., Han, W.Y. et al. (2020). Synthesis of chromone-containing
polycyclic compounds: via palladium-catalyzed [2 + 2 + 1] annulation. Org.
Biomol. Chem. 18 (6): 1112–1116.


