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1) Rhodium-carbene Mediated Heterocycles Synthesis

Rh is one of the most popular catalysts

for cycloaddidtion, Pauson-Khand

reaction and C–H activation

Parr, B. T.; Green, S. A.; Davies, H. M. L. J. Am. Chem. Soc. 2013, 135, 4716-4718.
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Intramolecular annulation of pyrroles and indoles (This work)
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Path b

High chemoselectivity (path b only)!
Easy-to-handle functional groups!
Wide azepine ring flexibility (N, O, C)!

Versatile for further
transformations

Yang, J.-M.; Zhu, C.-Z.; Tang, X.-Y.*; Shi, M.* Angew. Chem. Int. Ed. 2014, 53, 5142-5146.
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entrya Rh(II)-cat. solvent yield (%)b

1 Rh2(Oct)4 DCE 86

2 Rh2(Piv)4 DCE 80

3 Rh2(esp)2 DCE 77

4 Rh2(OAc)4 DCE 78

5 Rh2(Adc)4 DCE 80

6

Rh2(S-NTTL)4 DCE 707

Rh2(tfa)4 DCE 0

8 Rh2(Oct)4 toluene 78

9 Rh2(Oct)4 cyclohexane -c

10 Rh2(Oct)4 -c

a Reaction conditions: 0.1 mmol of V-1a; 5 mol% of cat.; 1.0 mL of

dry solvent. b Isolated yields. c undetermined. DCE =1,2-

dichloroethane.
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Gold catalysis

Gold catalysis

Mild conditions

Air and moisture stable

High efficiency

High selectivety
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Gold(I)-Catalyzed Highly Stereoselective Synthesis of Polycyclic Indolines



X -Ray

Optimization of the reaction conditions



DCE, RT
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Yields are those of the isolated yields. [b] 2.5 mol% of [(IPr)Au(CH3CN)][SbF6] was used as the
catalyst.
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solvent, H2O (1.0 equiv)

1a

catalyst (x mol%)

entry[a]
solvent yield (%)[b]

time

1 DCE 1 h

catalyst (x mol%)

[L1AuCl] (5)/AgSbF6 (5)

[L2Au2Cl2] (5)/AgOPNB (5) DCE

5

[a] All reactions were carried out using 1a (0.1 mmol) in the presence of catalyst (x mol%)
in various solvents (1.0 mL) unless otherwise specified. [b] Yield of isolated product. [c]
Determined by HPLC on a chiral stationary phase. [d] Not determined.
OPNB = p-nitrobenzoate, OONB = o-nitrobenzoate

74

2 d trace2

[L2Au2Cl2] (5)/AgSbF6 (5) DCE 2 h 72
[L3Au(CH3CN)][SbF6] (5) DCE 3 h 85
[L4Au2(CH3CN)2][(SbF6)2] (5) DCE 3 d 67

3
4
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11 [L5AuCl] (5)/AgBF4 (5) DCE 45 min 3165

9 [L5Au(CH3CN)][SbF6] (5) DCM 1 h 6787
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RT
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10 [L5Au(CH3CN)][SbF6] (5) CHCl3 5 h 5085RT

18 [L9AuCl] (5)/AgNTf2 (5) DCE 4 h -1778RT

19 [L10AuCl] (5)/AgNTf2 (5) DCE 22 h 4377RT

23 [L5AuCl] (5)/AgNTf2 (5) DCE 16 h 77720

20 [L11AuCl] (5)/AgNTf2 (5) DCE 2 h 5284RT
21 [L12AuCl] (5)/AgNTf2 (5) DCE 18 h -4669RT

22 [L13AuCl] (5)/AgNTf2 (5) DCE 1.5 h 2772RT

12 [L5AuCl] (5)/AgSbF6 (5) DCE 4 h 1477RT
13 [L5AuCl] (5)/AgOTf (5) DCE 4 h -[d]traceRT

8 [L5AuCl] (5)/AgNTf2 (5) Toluene 4 h 4723RT
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The control experiments
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A plausible mechanism



Gold(I)-catalyzed intramolecular cycloisomerization of –yne furans
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Yang, J.-M.; Tang, X.-Y.*; Shi, M.* Chem. – Eur. J. 2015, 21, 4534-4540.
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Polynuclear Gold Clusters Synthesis
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Ligand synthesis

[Aux] clusters



Ligand synthesis

(a) Ziessel, R. Tetrahedron Lett. 1989, 30, 463-466. (b) Catalano, V. J.; Kar, H. M.; Bennett, B. L. Inorg. 

Chem. 2000, 39, 121-127.

[Aux] clusters
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Polynucler gold clusters synthesis
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(4 contiguous stereocenters)!
Easy-to-handle functional groups!
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skeletons (X=N, O, C)!
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