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Scheme 1. Structure and Design of Fused PPDs 
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Scheme 2. A Simple Retrosynthetic Analysis for
the Fused PPDs 
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Figure 1. Synthesis of benzoins 2a–2e. TIPS:
triisopropylsilyl; LDA: lithium diisopropylamide;
DMF: N,N-dimethylformamide; DBU: 1,8-diaza-
bicyclo[5.4.0]undec-7-ene. 
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Table 1. Double Carbonylative Cyclization of 2e 
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3e2e
(0.10 mmol)

3 mol % Pd2(dba)3·CHCl3
6 mol % ligand
2.0 equiv base

toluene (0.2 M)
110 °C, 14 h
CO (1 atm, closed)
Si = TIPS

H
+ 3e'

entry ligand base yield (%)a 3e/3e b

1 Xantphos Cs2CO3 42 >95/5 

2 Xantphos CsOAc 88 85/15 

3 Xantphos KOAc 95 87/13 

4 Xantphos NaOAc 49 >95/5 

5 DPEphos KOAc 65 60/40 

6 rac-BINAP KOAc 20 25/75 

7c Xantphos KOAc 76 88/12 

8c Xantphos KOAcd 92 85/15 

a Combined yields of 3e and 3e  determined by 1H NMR using 
1,3,5-trimethoxybenzene an internal standard.  b Determined 
by 1H NMR.  c PdCl2(PhCN)2 (6 mol %) was used instead of 
Pd2(dba)3·CHCl3.  d KOAc (3.0 equiv) was used. 
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Table 2. Fused PPDs Synthesized by Double 
Carbonylative Cyclization of Benzoins 2a–2ea 

entry 2 products 
isolated yield (%)

3 3  
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a Conditions: 2 (0.2 or 0.1 mmol), Pd2(dba)3·CHCl3 (3 
mol %), Xantphos (6 mol %), KOAc (2.0 equiv) in toluene 
(0.2 M) under CO (1 atm, closed) at 110 °C.  b at 90 °C.
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Figure 2. Absorption (black broken line) and
emission (gray solid line) spectrum of 3e (top) and
3b (bottom) in CH2Cl2. Fluorescence quantum
yield Φf were calculated relative to quinine sulfate.
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