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Palladium-Catalyzed P(O)R2 Directed C-H 

Arylation to Synthesize Electron-rich 

Polyaromatic Monophosphorus Ligands 

Rong-Bin Hu,a Heng Zhang,a Xiao-Yu Zhanga and Shang-Dong Yang*a.b 

 

 

Palladium-catalyzed arylation of (diisopropylphosphoryl) 

biphenyl skeleton derivatives by the P(O)R2 directed C-H 

functionalization was reported. The related products were 

obtained in high regioselectivity and well functional groups 

tolerance. This reaction provided a new and efficient pathway 

for the synthesis of polyaromatic monophosphorus ligand. 

Transition-metal-catalyzed C-H functionalization of 

directing-group-containing substrates has emerged as a 

promising strategy in synthetic reactions.1 By assisting 

chelation and subsequently promoting further C-H 

functionalization, directing groups provide a whole new way 

for the valuable structural frameworks and the improvement of 

the overall synthetic efficiency and regioselectivity. Due to 

biphenyl derivatives are important structural units in numerous 

functional molecules relevant to medicinal chemistry and 

materials science,2 so many directing groups such as 

heterocycles,3 anilides,4 amides,5 oximes,6 benzylamines,7 

carboxylic acids8 and ketones9 have been successfully applied 

in transition metal-catalyzed direct C-H arylation of arenes to 

construct these skeletons. However, in spite of tremendous 

progress, the application of innovative directing groups with 

improved directing qualities, representing useful functional 

groups that are tunable and show increased levels of reactivity 

and selectivity should be beneficial. Our ongoing interest is 

focused on finding new organophosphorus transformations,10 

which also prompts us to examine the utilization of the 

phosphorus as the directing group for selective C−H 

functionalization reaction. Although phosphorous acid and 

phosphate ester have already been used as directing group to 

access C-H functionalization through a five- or six-membered 

cyclopalladium pretransition state.11 In very recently, our group 

have also developed the process of R2(O)P directed palladium-

catalyzed C-H olefination and hydroxylation.12 In particular, 

the R2(O)P is not only acting as directing group, but also the 

useful composition of product in our cases. Herein, we reported 

a R2(O)P directed palladium-catalyzed C-H arylation to 

synthesize a series of polyaromatic monophosphorus 

compounds, and this directing group can be easily reduced to 

trivalent phosphorus by trichlorosilane, which are useful 

ligands for transition-metal-catalyzed cross-coupling 

reactions.13 Moreover, instead of forming a five-membered 

cyclopalladium pretransition state, the reaction may go through 

a seven-membered cyclopalladium pretransition state, and 

shows highly regioselectivity ( Scheme 1 path b). 

 

Scheme 1. Regioselective C-H Activation by Different Cyclopalladium 

We began our optimization with [1,1'-biphenyl]-2-

yldiisopropylphosphine oxide(1a) and diphenyliodonium 

trifluoromethanesulphonate(2) as template substrates. After a 

series of screens, the optimized reaction condition was obtained 

in hand (Table S1, entry 32; see Supporting Information). 

Subsequently, various substrates which have been used to 

determine the scope and limitations under present methodology 

were investigated (Table 1). Firstly, different directing group 

were examined, when R is cyclohexyl or t-butyl, we could 

obtain the arylated product in moderate yields. As 2-

diphenylphosphino oxide was selected as the directing group, 
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3d and 3e could be obtained in moderate yields. When 

diisopropylphenyl phosphorous oxide (non-biphenyl skeleton) 

as a substrate, the product 3f wasn’t detected, this suggested 

that the five-membered cyclopalladium transition state was 

unfavourable. Next, the scope of different substituted 2-

(diisopropylphosphoryl)biphenyl derivatives have been 

evaluated. The arylation of diisopropylphosphoryl biphenyl 

substituted by electron-donating group, such as methyl or 

methoxy on the ortho-, meta- or para- position of aromatic ring 

Ar1 proceeded smoothly to give their corresponding products. 

Remarkably, the phenylnaphthalene skeleton was also further 

arylated and yielded 3l in 63% on standard conditions. For 

electron-deficient substrates, the chloride or trifluoromethyl 

substituent was also well tolerated, and gave 3m, 3n in yields 

63% and 55%. Substituted by methyl or methoxy on aromatic 

ring Ar2, the products were obtained in moderate yield. 

Table 1. Highly Regioselective Monophenylation of Various 
Biphenyl Skeletona,b 

 

a 
Reaction conditions:1a-1p (0.2 mmol), 2 (2.5 equiv), PdCl2 (10 mol%), Ag2CO3 

(0.2 equiv), PivOH (2.0 equiv), DMF (4.0 mL), air atmosphere, 80℃, 36 h. 
b 

Isolated yields. 
c
 PdCl2 (20 mol%), Ag2CO3 (0.4 equiv) was used. 

Next, different of hypervalent iodines as arylation reagent14 

were evaluated in this transformation (Table 2), this kind of 

skeleton was also further functionalized. Ortho-position 

substituted aryl iodine reagent was ineffective in this system. 

The substrate which was substituented by fluoride, chlorine and 

bromine was successfully arylated in moderate to good yields, 

which also provided the possibility for further functional 

transformation. 

The polyaromatic monophosphorus ligand may be a class 

great important ligand in transition-metal-catalyzed cross-

coupling reactions, so we used the classical reduction system on 

our arylated product, and obtained the reduction product by 

flash chromatography in (Scheme 2).15 Therefore, our report 

provided a new and efficient pathway for the synthesis of 

polyaromatic monophosphorus ligand. 

Table 2. Arylation of Biphenyl Skeleton With MesArIOTf a,b 

 

a 
Reaction conditions:1 (0.2 mmol), 2 (2.5 equiv), PdCl2 (20 mol%), Ag2CO3 (0.4 

equiv), PivOH (2.0 equiv), DMF (4.0 mL), air atmosphere, 80
o
C, 36 h. 

b
Isolated 

yields of products. 

 

 

Scheme 2. Reductive of phosphorous oxides to monophosphorus ligands 

According to the previously reported literatures16 and the 

preliminary mechanism studies, we proposed the catalytic cycle 

as scheme 3; Firstly, PdCl2 combined with PivOH and Ag2CO3 

generated the higher activity Pd(PivO)2 A as a pre-activated 

step. Then P=O-directed C-H activation occurred and generated 

the seven-membered cyclopalladium intermediate B; Next, 

subsequent oxidative addition of the Pd(II) complex to a Pd(IV) 

intermediate C by Ph2IOTf was occurred. Finally, the desired 

product 3a was formed by reductive elimination and released  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Scheme 3. Plausible Mechanism of Pd(II)-Catalyzed C-H Arylation 
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the Pd(II), which was  regenerated the species A. Furthermore, the 

Pd(0) also could prompt this reaction, so we couldn’t exclude the 

cycling of Pd(0)-Pd(II)-Pd(0). 

In conclusions, we have developed a synthesis approach of the 

terphenyl electron-rich phosphorus compounds by palladium-

catalyzed P(O)R2 directed C-H arylation. It’s noteworthy that the 

terphenyl products were obtained in high regioselectivity and well 

functional groups tolerance. These products can be reduced easily to 

monophosphorus ligands. In addition, a seven-membered 

cyclopalladium intermediate may be contained in this transformation. 

The detailed mechanism is underway in our laboratory. 

Acknowledgement 

We are grateful for the NSFC (Nos. 21272100), Program for 

Changjiang Scholars and Innovative Research Team in University 

(PCSIRT: IRT1138) and Research Fund for the Doctoral Program of 

Higher Education of China (Nos. 20100211120014) financial 

support.  

 
aState Key Laboratory of Applied Organic Chemistry, Lanzhou 
University, Lanzhou 730000, P. R. China. E-mail: yangshd@lzu.edu.cn; 
Fax: +86-931-8912859; Tel: +86-931-8912859 
bState Key Laboratory for Oxo Synthesis and Selective Oxidation, 
Lanzhou Institute  of Chemical Physics, Lanzhou 730000, P. R. China 

†  Electronic supplementary information (ESI) available. See DOI: 

10.1039/ c3cc 

Notes and references 

1 For selected reviews on C–H activation, see: (a) G. Dyker, Handbook 

of C-H Transformation; Wiley-VCH: (b) T. W. Lyons and M. S. 

Sanford, Chem. Rev., 2010, 110, 1147; (c) P. B. Arockiam, C. 

Bruneau, and P. H. Dixneuf, Chem. Rev., 2012, 112, 5879; (d) J. 

Wencel-Delord, T. D. Roge, F. Liu, and F. Glorius, Chem. Soc. Rev., 

2011, 40, 4740; (e) N. Kuhl, M. N. Hopkinson, J. Wencel-Delord, 

and F. Glorius, Angew. Chem. Int. Ed., 2012, 51, 10236; (f) J. 

Wencel-Delord and F. Glorius, Nat. Chem., 2013, 5, 369; (g) K. M. 

Engle, T.-S. Mei, S. Wasa and J.-Q. Yu, Acc. Chem. Res., 2012, 45, 

788; (h) X. Chen, K. M. Engle, D.-H. Wang, and J.-Q. Yu, Angew. 

Chem. Int. Ed., 2009, 48, 5094; (i) C.-L. Sun, B.-J. Li, and Z.-J. Shi, 

Chem. Commun., 2010, 46, 677. 

2 For selected reviews of C-H arylation, see: (a) O. Daugulis, H.-Q. Do, 

and D. Shabashov, Acc. Chem. Res., 2009, 42, 1074; (b) L. 

Ackermann, R. Vicente, and A. R. Kapdi, Angew. Chem. Int. Ed., 

2009, 48, 9792; (c) D. Alberico, M. E. Scott, and M. Lautens, Chem. 

Rev., 2007, 107, 174; (d) J. Hassan, M. Sevignon, C. Gozzi, E. 

Schulz, and M. Lemaire, Chem. Rev., 2002, 102, 1359. 

3 (a) D. Kalyani, N. R. Deprez, L. V. Desai, and Me. S. Sanford, J. Am. 

Chem. Soc., 2005, 127, 7330; (b) J. Kwak, M. Kim, and S. Chang, J. 

Am. Chem. Soc., 2011, 133, 3780; (c) J. Norinder, A. Matsumoto, 

N.Yoshikai, and E. Nakamura, J. Am. Chem. Soc., 2008, 130, 5858; 

(d) S. Oi, S. Fukita, N. Hirata, N. Watanuki, S. Miyano,and Y. Inoue, 

Org. Lett., 2001, 3, 2579; (e) H.-M. Guo, L.-L. Jiang, H.-Y. Niu, 

W.-H. Rao, L. Liang, R.-Z. Mao, D.-Y. Li, and G.-R. Qu, Org. Lett., 

2008, 13, 2008. 

4 (a) S.-D. Y, B.-J. Li, X.-B. Wan, and Z.-J. Shi, J. Am. Chem. Soc., 

2007, 129, 6066; (b) O. Daugulis and V. G. Zaitsev, Angew. Chem. 

Int. Ed., 2005, 44, 4046; (c) Z.-J. Liang, R.-K. Feng, H. Yin, and Y.-

H. Zhang, Org. Lett., 2013, 15, 4544. 

5 (a) D. Shabashov and O. Daugulis, Org. Lett., 2006, 8, 4947; (b) X.-

D. Zhao, C. S. Yeung, and V. M. Dong,  J. Am. Chem. Soc., 2010, 

132, 5837; (c) F. Péron, C. Fossey, T. Cailly, and F. Fabis, Org. 

Lett., 2012, 14, 1827. 

6 (a) C.-L. Sun, N. Liu, B.-J. Li, D.-G. Yu, Y. Wang, and Z.-J. Shi, Org. 

Lett., 2010, 12, 184. 

7  A. Lazareva and O. Daugulis, Org. Lett., 2006, 8, 5211. 

8 (a) H. A. Chiong, Q.-N. Pham, and O. Daugulis, J. Am. Chem. Soc., 

2007, 129, 9879; (b) R. Giri, N. Maugel, J.-J. Li, D.-H. Wang, S. P. 

Breazzano, L. B. Saunders, and J.-Q. Yu, J. Am. Chem. Soc., 2007, 

129, 3510; (c) J. Cornella, M. Righi, and I. Larrosa, Angew. Chem. 

Int. Ed., 2011, 50, 9249; (d) D.-H. Wang, T.-S. Mei and J.-Q. Yu, J. 

Am. Chem. Soc., 2008, 130, 17676.  

9 (a) S. Hiroshima, D. Matsumura, T. Kochi, and F. Kakiuchi, Org. 

Lett., 2010, 12, 5318; (b) P. Gandeepan, K. Parthasarathy, and C.-H. 

Cheng, J. Am. Chem. Soc., 2010, 132, 8569; (c) F. Kakiuchi, S. Kan, 

Kimitaka Igi, N. Chatani, and S. Murai, J. Am. Chem. Soc., 2003, 

125, 1698. 

10 (a) Y.-M. Li, M. Sun, H.-L. Wang, Q.-P. Tian, S.-D. Yang, Angew. 

Chem. Int. Ed. 2013, 52, 3972; (b) Y.-M. Li, S.-D. Yang, Synlett 

2013, 24, 1739; (c) B. Yang, T.-T. Yang, X.-A. Li, J.-J. Wang, S.-D. 

Yang, Org. Lett. 2013, 15, 5024. 

11  (a) B. C. Chary, S. Kim, Y. Park, J. Kim, and P. H. Lee, Org. Lett., 

2013, 15, 2692; (b) L.Y. Chan; L.L. Cheong; S. Kim. Org. Lett. 

2013, 15, 2186; (c) W. H. Jeon, T. S. Lee, E. J. Kim, B.J. Moon, J. 

Kang, Tetrahedron, 2013, 69, 5152; (d) L. Y. Chan, S. Kim, T. 

Ryub and P. H. Lee, Chem. Commun., 2013, 49, 4682; (e) S. Park, B. 

Seo, S. Shin, J.-Y. Son and P. H. Lee, Chem. Commun., 2013, 49, 

8671; (f) J. Mo, S. Lim, S. Park, T. Ryu, S. Kim, and P. H. Lee, RSC 

Adv., 2013, 3, 18296; (g) D. B. Zhao, C. Nimphius, M. Lindale, and 

F. Glorius, Org. Lett., 2013, 15, 4504; (h) Y. Unoh, Y. Hashimoto, 

D. Takeda, K. Hirano, T. Satoh, and M. Miura, Org. Lett., 2013, 15, 

3258; (i) M. Itoh, Y. Hashimoto, K. Hirano, T. Satoh, and M. Miura, 

J. Org. Chem., 2013, 78, 8098; (j) X.-J. Meng and S. Kim, J. Org. 

Chem., 2013, 78, 11247; (k) L. Y. Chan, X. J. Meng and S. Kim, J. 

Org. Chem., 2013, 78, 8826. 

12 (a) H.-L. Wang, R.-B. Hu, H. Zhang, A.-X. Zhou and S.-D. Yang, 

Org. Lett., 15, 5302; (b) H.-Y. Zhang, H.-M. Yi, G.-W. Wang, B. 

Yang, and S.-D. Yang, Org. Lett., DOI:10.1021/ol403028a.  

13 (a) K. E. Torraca, X. H. Huang, C. A. Parrish, and S. L. Buchwald, J. 

Am. Chem. Soc., 2001, 123, 10770; (b) M. G. Andreu, A. Zapf, and 

M. Beller, Chem. Commun., 2000, 2475; (c) J. L. Rutherford, M. P. 

Rainka, and S. L. Buchwald, J. Am. Chem. Soc., 2002, 124, 15168.  

14  (a) V. V. Zhdankin, and P. J. Stang, Chem. Rev., 2008, 108, 5299; (b) 

T. Wirth, Hypervalent Iodine Chemistry: Modern Developments in 

Organic Synthesis; Topics in Current Chemistry; Springer-Verlag: 

Heidelberg, 2010; (c) R. J. Phipps and M. J. Gaunt, Science, 2009, 

323, 1593.  

15 M. Shi, L.-H. Chen and C.-Q. Li, J. Am. Chem. Soc., 2005, 127, 3790. 

16 (a) E. A. Merritt and B. Olofsson, Angew. Chem. Int. Ed., 2009, 48, 

9052; (b) A. J. Canty, J. Patel, T. Rodemann, J. H. Ryan, B. W. 

Skelton, and A. H. White, Organometallics 2004, 23, 3466; (c) Y. 

Li, Y.-J. Ding, J.-Y. Wang, Y.-M. Su, and X.-S. Wang, Org. Lett., 

2013, 15, 254. 

Page 3 of 3 ChemComm

C
h

em
ic

al
 C

o
m

m
u

n
ic

at
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t

mailto:yangshd@lzu.edu.cn

