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a b s t r a c t 

A simple synthetic method of triarylphosphine compounds by KOH-promoted P-Arylation reaction of aryl 

halides with diphenylphosphine is presented. Notably, this transformation could smoothly proceed with 

high yields under transition-metal-free and mild reaction conditions. In addition, this protocol is valu- 

able for industrial application due to the convenient operation and readily accessible aromatic halides. A 

possible explanation of the reaction mechanism was proposed based on the experimental data. 

© 2021 Elsevier B.V. All rights reserved. 
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Triarylphosphines are a type of chemical materials and fine 

hemicals with high added value. Because of their unique struc- 

ure, properties and extensive application, they are widely used 

n catalysis, flame retardant materials, optical materials and other 

elds. [1] At present, many methods can be used to synthesize tri- 

rylphosphines. The most frequently employed method for their 

reparations is treatment of electrophilic phosphorus reagents 

ith organometallic reagents, [2] which lacks tolerance for func- 

ional groups. In the 1980s, Hirao and co-workers described the 

rst example of aryl and vinyl halide couplings with dialkyl phos- 

hites under catalyst Pd(0). [3] Following this, remarkable progress 

n the development of Csp 

2 −P bond formation by cross-coupling 

as been reported in the past decades, containing various meth- 

ds via transition metal-catalyzed direct activation of the P-X 

X = halogen [4] , CN 

5 , B 

6 , Bi 7 , N 

8 , O 

9 , S 10 , Si 11 etc.) and P −H 

4a, [5-

1] (Si 4b ; Sn 

4c ) bond. These studies provide efficient synthetic 

outes for triarylphosphines, but toxic and expensive metal cat- 

lysts, such as palladium, nickel and gold, must be used. There- 

ore, developing novel and convenient synthetic methods for tri- 

rylphosphine compounds is still of great significance. To the best 

f our knowledge, constructions of C-P bond by transition-metal- 

ree coupling reaction are scarce, and highly-active intermediates 

r 2 P-M (M = Li, Na, K) needs to be prepared in advance, however,

his method lacks convenience [12] . 

In this paper, we report a novel approach of triarylphosphine by 

-arylation reactions of aryl halides and diphenylphosphine with 
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he participation of potassium hydroxide. The transition-metal-free 

ondition, simple technology, easy to get raw materials, and high 

ields are the advantages of this present method. 

C-P bond coupling reaction using transition-metal catalysts is 

n important method for the synthesis of arylphosphine com- 

ounds, and the catalysts play decisive role in such reactions. 

owever, it was unexpectedly found that (4-methoxyphenyl) 

iphenylphosphine 2e was successfully obtained from 4-methoxy 

odobenzene and diphenylphosphine (Ph 2 PH) using DMF as solvent 

ithout any other chemical reagents, and the product was charac- 

erized by NMR and HRMS. Although the yield of this reaction was 

ery low (13 %), it was a very interesting phenomenon because of 

he transition metal-free condition and worthy of further research. 

For this purpose, we optimized the conditions of the reaction, 

nd the reaction of 4-methoxybenzyl bromide and Ph 2 PH was used 

s a model reaction. The results were shown in Table 1 . Consider- 

ng that the removed small molecule hydrogen bromide may affect 

he reaction process, various bases were investigated. It was clear 

hat when KOH was used, the reaction yield was the highest and 

ould be reached 80 %. (entry 4) The reaction could also take place 

n the presence of other bases, and the yields of the target product 

ere 20 % ~ 35 %. (entries 1-3) 

Subsequently, different solvents were investigated. It was found 

hat the solvent had great influence on the reaction. DMSO and 

MF had no difference in yields, however, DMF was the better 

hoice because of the foul smell of heated DMSO. (entries 4-5) 

ther solvents, such as 1,4-dioxane and THF, could hardly promote 

he reaction. (entries 6-7) Other affecting factors including reactant 

ole ratio, reaction time and reaction temperature were investi- 
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http://www.ScienceDirect.com
http://www.elsevier.com/locate/jorganchem
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jorganchem.2021.121932&domain=pdf
mailto:chenjin715@163.com
https://doi.org/10.1016/j.jorganchem.2021.121932


Y. Zhou, C. Liu, Z. Shen et al. Journal of Organometallic Chemistry 949 (2021) 121932 

Table 1 

Optimization of the Reaction Conditions a 

g

i

a

E

h  

a

t

s

>

h

c

t

t

b

a

e

r

t

t  

t

c

t

s

c

s

b

d

g

d

(

y

o

s

d

w

u

d
3

t  

S

p  

D

w

b

ated respectively. The results showed that the yields could not be 

mproved by increasing the mole ratio of base, prolonging the re- 

ction time and increasing the reaction temperature. (entries 8-10) 

ventually, we determined that the optimized condition was aryl 

alide (1 eq.), Ph 2 PH (1.05 eq.) and KOH (1.2 eq.) in solvent DMF

t 110 °C. Finally, under optimized conditions, we studied the reac- 

ivity of different halogenated aromatic compounds and the results 

howed that the reactivity of aryl halides followed the order I > Br 

 F > Cl. (entry 4 and entries 11-13) 

In order to study the scope of the reaction, a series of aryl 

alides with different substituent groups were investigated. Be- 

ause trivalent phosphorus was sensitive to air, the products were 

reated with oxidant, in order to reduce the influence of post- 

reatment on the reaction yields. In addition, the more available 

romoaromatics were used as the reaction substrate. The results 

re presented in Table 2 . In all cases, aryl bromide substituted with 

lectron-donating or electron-withdrawing groups underwent the 

eaction smoothly and gave products in high yields. It is clear that 

he efficiency of the reaction was rarely dependent on the elec- 

ronic nature of the substrates. ( 3a - 3h ) As for substrates 3i-3k , it

urned out that steric hindrance slightly affected the reaction effi- 

iency. 

The reaction of heteroaromatic bromides and Ph 2 PH under 

he optimized conditions was also explored. The results ( Table 3 ) 
2 
howed that the corresponding products were generated in ex- 

ellent yield using 2-bromopyridine and 2-bromobenzopyridine as 

tarting materials, but no target products were obtained when 2- 

romothiophene and 2-bromobenzothiophene were used. 

Product 8 can also be easily synthesized in this way. In or- 

er to demonstrate the practical application of this method, a 

ram-scale reaction was designed with 4-bromobenzoic acid un- 

er the standard conditions. The corresponding compound 4- 

diphenylphosphanyl) benzoic acid was obtained in an isolated 

ield of 82 % ( Scheme 1 ). 

According to the reported literature and all our knowledge in 

rganophosphorus chemistry, the reaction was most likely via a 

ubstituation process of nucleophile Ph 2 PK, 12 which was from the 

eprotonation of Ph 2 PH. In order to confirm this, Ph 2 PH reacting 

ith KOH was carried out, obviously, the reaction solution grad- 

ally changed from colorless to red, which was the color of the 

ilute solution of Ph 2 PK. In spite of no Ph 2 PK being detected by 
1 P NMR spectroscopy, it was probable that due to the concentra- 

ion was below the lowest limit of NMR detection. ( Scheme 2.1 , see

I) Moreover, another interesting result was discovered, the target 

roduct 2a could be obtained by the reaction of 1a and Ph 2 PH in

MF without adding KOH. ( Scheme 2.2 ) This showed that there 

as another reaction process in the reaction, it was quite possi- 

le that this path occured through the intermediate triarylphos- 
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Table 2 

Scope of reaction for bromoaromatics and diphenylphosphine a 

Table 3 

Scope of reaction for heteroaromatic bromides and diphenylphosphine a 

Scheme 1. Large-scale synthesis 

3 
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Scheme 2. Control experiments 
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honium bromide 9 . [13] Unfortunately, 9 was not be detected by 
1 P NMR spectroscopy because it readily decomposed in DMF so- 

ution. ( Scheme 2.3 ) It is possible that the generated HBr inhibited 

he further conversion of reactant. Another phenomenon was that 

hen 0.1 equivalent of TEMPO was added to the reaction system, 

he yield was only 12% after 12 hours. This showed that the prod- 

ct was mainly generated by free radical process, and other path- 

ays also contribute to the replacement reaction. 

Based on the above experimental results and relevant litera- 

ure, a possible mechanism was proposed, as shown in Scheme 3 . 

here were probably two main reaction processes in this reaction. 

oute a. Ph 2 PK was generated by the reaction of Ph 2 PH and KOH.

he [ArBr] −• radical anion was first generated by a single electron 

ransfer (SET) reaction with Ph 2 PK, and then it breaks down into 

he radical Ar • and the anion Br −. Radical Ar • combines covalently 

ith nucleophile Ph 2 P 
− to form the radical anion [ArPPh 2 ] 

−•. It 

ransfers an electron to ArBr to afford the coupling product ArPPh 2 

nd regenerates the radical anion [ArBr] −•. Route b. First, nucle- 

phile Ph 2 PH added to aryl bromide to form zwitterionic interme- 

iate 10 . Then, bromine was eliminated to restore the aromaticity 

f the ring and furnished phosphonium salt. In both steps, DMF 

ay form hydrogen bond with bromide to facilitate the addition 

f Ph 2 PH and the elimination of bromide. Subsequently, the target 

roduct was generated via removing one molecule of HBr. 

In Han’s work, the yields of the coupling products using Ph 2 PNa 

nd aryl halides follow the increasing order of ArI < ArBr < 

rCl = ArF, 12a the result is very different from this method. This 

henomena is due to the presence of side product 12 (Ph 2 P) 2 
hrough the halogen −metal exchange reaction. It is possible that 

ow concentrations of Ph 2 PK is more favorable to the replacement 

eaction than this competing pathway. Scheme 4 . 

In conclusion, we have developed an economic and efficient 

ynthetic protocol of triarylphosphine compounds using halo- 

enated aromatic and diphenylphosphine with the assistance of 

(

4 
otassium hydroxide. The reaction proceeded smoothly to synthe- 

is of arylphosphine with easy operation and high efficiency. More- 

ver, possible mechanistic pathways were given for this new reac- 

ion. 
1 H, 13 C and 

31 P NMR spectra were recorded on Bruker 300M 

nd 400M spectrometer. Chemical shifts are expressed in ppm 

rom internal TMS ( 1 H and 

13 C). All coupling constants ( J val- 

es) are reported in Hertz (Hz). HRMS were obtained on an 

gilent 1290-6540 Q-Tof spectrometer by electrospray ionization 

ESI). All air- and moisture-sensitive manipulations were car- 

ied out under an inert atmosphere of nitrogen by using stan- 

ard Schlenk techniques and dry deoxygenated solvents. Dry N,N- 

imethylformamide (Purity: 99.9%) was purchased from Alfa Aesar; 

iphenylphosphine was purchased from Aladdin; Silica gel (200- 

00 mesh) purchased from Qingdao Hai Yang Chemical Industry 

o. Ltd. was used for chromatographic separations. Other chemi- 

als and solvents were purchased from commercial companies and 

sed as received. 

. (4-methoxyphenyl)diphenylphosphine (2e); procedure 

In a 25 mL schlenk bottle was stirred a mixture of 1e (374 mg, 

 mmol), Ph 2 PH (391 mg, 2.1 mmol) in DMF (10 mL) under a ni-

rogen atmosphere at room temperature, then, KOH (135 mg, 2.4 

mol) was added and the mixture was warmed to 110 ◦C and kept 

tirring for 10 h. After cooling to room temperature, the mixture 

as diluted with water and extracted with CH 2 Cl 2 . The organic 

hase was washed with brine, dried over anhydrous sodium sul- 

ate, filtered and concentrated. After removing the solvents under 

he reduced pressure, the resulting solid was subjected to silica gel 

olumn chromatography (10:1 petroleum ether/CH 2 Cl 2 as an elu- 

nt). white solid (467 mg, 2.15 mmol, 80 % yield), 31 P{1H} NMR 

121 MHz, CDCl3) δ = -7.1; 1 H NMR (300 MHz, CDCl 3 ) δ = 3.83 

s, 3H), 6.90-6.94 (m, 2H), 7.27-7.37 (m, 12H); 13 C NMR (75 MHz, 



Y. Zhou, C. Liu, Z. Shen et al. Journal of Organometallic Chemistry 949 (2021) 121932 

Scheme 3. Proposed reaction mechanism 

Scheme 4. competing reaction 
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DCl 3 ) δ = 55.21 (s, CH 3 ), 114.26 (d, J CP = 8.3 Hz, 2CH), 127.62 (d,

 CP = 8.3 Hz, C), 128.44 (d, J CP = 6 Hz, 4CH), 133.44 (d, J CP = 18.7

z, 4CH), 135.64 (d, J CP = 21 Hz, 2CH), 137.90 (d, J CP = 9.7 Hz,

), 160.39 (s, C); HRMS: Calcd. for C 19 H 17 OP[M + H 

+ ] 293.1095,

ound: 293.1096. 

. Aryldiphenylphosphine oxide (3); general procedure 

In a 25 mL schlenk bottle was stirred a mixture of 1 (2 mmol), 

h 2 PH (391 mg, 2.1 mmol) in DMF (10 mL) under a nitrogen atmo- 

phere at room temperature, then, KOH (135 mg, 2.4 mmol) was 

dded and the mixture was warmed to 110 ◦C and kept stirring for 

bout 12 h until total consumption of the starting material 1 as 

onitored by gas chromatography. After cooling to room tempera- 

ure, then a 30 % H 2 O 2 aqueous solution (2 mL) was slowly added.

fter stirring for 10 min, the mixture was quenched with Na 2 S 2 O 3 

queous solution (20 ml). The mixture was diluted with water and 

xtracted with CH 2 Cl 2 . The organic phase was washed with brine, 

ried over anhydrous sodium sulfate, filtered and concentrated. Af- 

er removing the solvents under the reduced pressure, the target 

roduct was subjected to silica gel column chromatography (5:1 

H 2 Cl 2 /AcOEt as an eluent). 

. Triphenylphosphine oxide (3a) 

white solid (445 mg, 1.60 mmol, 80 % yield), 1 H NMR (400 

Hz, CDCl ) δ = 7.44-7.48 (m, 6H), 7.52-7.54 (m, 3H), 7.65-7.70 (m, 
3 

5 
H); 13 C NMR (100 MHz, CDCl 3 ) δ = 128.49 (d, J CP = 12 Hz, 6CH),

31.92 (d, J CP = 3 Hz, 3CH), 132.10 (d, J CP = 9 Hz, 6CH), 132.62 (d,

 CP = 103 Hz, 3C); HRMS: Calcd. for C 18 H 15 OP[M + H 

+ ] 279.0939,

ound: 279.0941. 

. Diphenyl(p-tolyl)phosphine oxide (3b) 

white solid (473 mg, 1.62 mmol, 81 % yield), 1 H NMR (400 

Hz, CDCl 3 ) δ = 2.39 (s, 3H), 7.25-7.29 (m, 2H), 7.41-7.46 (m, 5H), 

.49-7.58 (m, 5H), 7.64-7.69 (m, 5H); 13 C NMR (100 MHz, CDCl 3 ) 

= 21.58 (s, CH 3 ), 128.43 (d, J CP = 12 Hz, 4CH), 129.25 (d, J CP = 13

z, 2CH), 129.25 (d, J CP = 106 Hz, C), 131.78 (s, CH), 131.81 (s, CH),

32.06 (d, J CP = 9 Hz, 4CH), 132.07 (s, CH), 132.17 (s, CH), 132.91

d, J CP = 104 Hz, C), 142.42 (d, J CP = 2 Hz, C); HRMS: Calcd. for

 19 H 17 OP[M + H 

+ ] 293.1095, Found: 293.1093. 

. (2, 5-Dimethylphenyl)diphenylphosphine oxide (3c) 

white solid (465 mg, 1.52 mmol, 76 % yield), 1 H NMR (400 

Hz, CDCl 3 ) δ = 2.20 (s, 3H), 2.37 (s, 3H), 6.87-6.91 (m, 1H), 7.14-

.17 (m, 1H), 7.21-7.24 (m, 1H), 7.44-7.48 (m, 4H), 7.51-7.56 (m, 

H), 7.63-7.69 (m, 4H); 13 C NMR (100 MHz, CDCl 3 ) δ = 20.97 (s, 

H 3 ), 21.21 (d, J CP = 5 Hz, CH 3 ), 128.50 (d, J CP = 12 Hz, 4CH),

30.44 (d, J CP = 102 Hz, C), 131.40(d, J CP = 3 Hz, 2CH), 131.86 (d,

 CP = 9 Hz, CH), 131.96 (d, J CP = 10 Hz, 4CH), 132.81 (d, J CP = 3

z, CH), 132.96 (d, J = 103 Hz, 2C), 133.95 (d, J = 12 Hz, CH),
CP CP 
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34.68 (d, J CP = 13 Hz, C), 140.02 ( J CP = 8 Hz, C); HRMS: Calcd. for

 20 H 19 OP[M + H 

+ ] 307.1252, Found: 307.1255. 

. (3, 5-Di-tert-butylphenyl)diphenylphosphine oxide (3d) 

white solid (507 mg, 1.30 mmol, 65 % yield), 1 H NMR (400 

Hz, CDCl 3 ) δ = 1.27 (s, 18H), 7.43-7.45 (m, 5H), 7.52-7.55 (m, 3H), 

.59-7.60 (m, 1H), 7.66-7.71 (m, 4H); 13 C NMR (100 MHz, CDCl 3 ) 

= 31.29 (s, CH 3 ), 35.02 (s, C), 126.06 (d, J CP = 3 Hz, CH), 126.38

d, J CP = 10 Hz, 2CH), 128.35 (d, J CP = 12 Hz, 4CH), 131.21 (d,

 CP = 100 Hz, C), 131.74 (s, 2CH), 132.09 (d, J CP = 10 Hz, 4CH),

33.12 (d, J CP = 102 Hz, 2C), 150.99 (d, J CP = 12 Hz, 2C); HRMS:

alcd. for C 26 H 31 OP[M + H 

+ ] 391.2191, Found: 391.2187. 

. (4-Methoxyphenyl)diphenylphosphine oxide (3e) 

white solid (480 mg, 1.56 mmol, 78 % yield), 1 H NMR (400 

Hz, CDCl 3 ) δ = 3.83 (s, 3H), 6.95-6.98 (m, 2H), 7.42-7.47 (m, 4H), 

.50-7.61 (m, 4H), 7.64-7.69 (m, 4H); 13 C NMR (100 MHz, CDCl 3 ) 

= 55.34 (s, CH 3 ), 114.12 (d, J CP = 13 Hz, 2CH), 123.58 (d, J CP = 110

z, C), 128.44 (d, J CP = 12 Hz, 4CH), 131.80 (d, J CP = 3 Hz, 2CH),

32.05 (d, J CP = 10 Hz, 4CH), 133.49 (d, J CP = 104 Hz, 2C), 133.97

d, J CP = 12 Hz, 2CH), 162.55 (d, J CP = 3 Hz, C); HRMS: Calcd. for

 19 H 17 O 2 P[M + H 

+ ] 309.1044, Found: 309.1046. 

. (2, 5-Dimethoxyphenyl)diphenylphosphine oxide (3f) 

white solid (534 mg, 1.58 mmol, 79 % yield), 1 H NMR (400 

Hz, CDCl 3 ) δ = 3.45 (s, 3H), 3.79 (s, 3H), 6.84-6.87 (m, 1H), 7.05-

.08 (m, 1H), 7.40-7.44 (m, 7H), 7.69-7.74 (m, 4H); 13 C NMR (100 

Hz, CDCl 3 ) δ = 55.79 (s, CH 3 ), 55.94 (s, CH 3 ), 113.18 (d, J CP = 8

z, CH), 118.87 (d, J CP = 4 Hz, CH), 120.35 (d, J CP = 2 Hz, CH),

21.20 (d, J CP = 102 Hz, C), 128.09 (d, J CP = 12 Hz, 4CH), 131.50 (d,

 CP = 3 Hz, 2CH), 131.85 (d, J CP = 10 Hz, 4CH), 133.66 (d, J CP = 107

z, 2C), 153.90 (d, J CP = 14 Hz, C), 154.75 (d, J CP = 3 Hz, C); HRMS:

alcd. for C 20 H 19 O 3 P[M + H 

+ ] 339.1150, Found: 339.1150. 

0. Benzo[d][1,3]dioxol-5-yldiphenylphosphine oxide (3g) 

white solid (548 mg, 1.70 mmol, 85 % yield), 1 H NMR (400 

Hz, CDCl 3 ): δ = 6.00 (s, 2H), 6.85-6.89 (m, 1H), 7.06-7.09 (m, 

H), 7.15-7.21 (m, 1H), 7.43-7.47 (m, 4H), 7.51-7.55 (m, 2H), 7.64- 

.69 (m, 4H); 13 C NMR (100 MHz, CDCl3): δ = 101.62 (s, CH 2 ), 

08.64 (d, J CP = 16 Hz, CH), 111.56 (d, J CP = 12 Hz, CH), 125.73

d, J CP = 107 Hz, C), 127.59 (d, J CP = 10 Hz, CH), 128.48 (d, J CP = 11

z, 4CH), 131.89 (d, J CP = 3 Hz, 2CH), 132.05 (d, J CP = 10 Hz, 4CH),

32.76 (d, J CP = 104 Hz, 2C), 148.00 (d, J CP = 18 Hz, C), 150.87 (d,

 CP = 3 Hz, C); HRMS Calcd. for C 19 H 15 O 3 P [M + H 

+ ] 323.0837,

ound: 323.0839. 

1. (4-Fluorophenyl)diphenylphosphine oxide (3h) 

white solid (509 mg, 1.72 mmol, 86 % yield), 1 H NMR (400 

Hz, CDCl 3 ) δ = 7.12-7.17 (m, 2H), 7.44-7.49 (m, 4H), 7.52-7.57 

m, 2H), 7.63-7.71 (m, 6H); 13 C NMR (100 MHz, CDCl 3 ) δ = 115.88 

dd, J 1 = 21 Hz, J 1 = 3 Hz, 2CH), 128.58 (d, J CP = 12 Hz, 4CH),

28.65 (dd, J CP = 106 Hz, J CF = 3 Hz, C) 132.0 (d, J CP = 10 Hz,

CH), 132.07 (d, J CP = 4 Hz, 2CH), 132.37 (d, J CP = 104 Hz, 2C),

34.57 (dd, J 1 = 11 Hz, J 1 = 9 Hz, 2CH), 165.06 (dd, J CF = 252

z, J CP = 3 Hz, C); HRMS: Calcd. for C 18 H 14 FOP[M + H 

+ ] 297.0845,

ound: 297.0848. 

2. Naphthalen-1-yldiphenylphosphine oxide (3i) 

white solid (492 mg, 1.50 mmol, 75 % yield), 1 H NMR (400 

Hz, CDCl ): δ = 7.27-7.56 (m, 10H), 7.66-7.71 (m, 4H), 7.87-7.90 
3 

6 
m, 1H), 8.00-8.02 (m, 1H), 8.58-8.60 (m, 1H); 13 C NMR (100 MHz, 

DCl3): δ = 124.14 (d, J CP = 14 Hz, CH), 126.51 (s, CH), 127.35 (s, 

H), 127.66 (d, J CP = 6 Hz, CH), 128.59 (d, J CP = 12 Hz, 4CH), 128.77

s, CH), 128.99 (d, J CP = 102 Hz, C), 131.89 (d, J CP = 3 Hz, 2CH),

32.11 (d, J CP = 10 Hz, 4CH), 132.92 (d, J CP = 103 Hz, 2C), 133.28 (d,

 CP = 3 Hz, CH), 133.76 (d, J CP = 11 Hz, CH), 133.78 (d, J CP = 6 Hz,

), 133.94 (d, J CP = 9 Hz, C); HRMS Calcd. for C 22 H 17 OP [M + H 

+ ]
29.1095, Found: 329.1092. 

3. Naphthalen-2-yldiphenylphosphine oxide (3j) 

white solid (453 mg, 1.38 mmol, 69 % yield), 1 H NMR (400 

Hz, CDCl 3 ) δ = 7.44-7.74 (m, 13H), 7.85-7.91 (m, 3H), 8.27 (d, 

 HH = 16 Hz, 1H); 13 C NMR (100 MHz, CDCl 3 ) δ = 126.84 (d,

 CP = 10 Hz, CH), 126.99 (s, CH), 127.85 (s, CH), 128.30 (s, CH), 

26.36 (d, J CP = 11 Hz, CH), 128.58 (d, J CP = 12 Hz, 4CH), 128.99

s, CH), 129.52 (d, J CP = 105 Hz, C), 132.01 (d, J CP = 4 Hz, 2CH),

32.16 (d, J CP = 10 Hz, 4CH), 132.45 (d, J CP = 13 Hz, C), 132.51 (d,

 CP = 103 Hz, 2C), 134.04 (d, J CP = 9 Hz, CH), 134.75 (d, J CP = 2

z, C); HRMS: Calcd. for C 22 H 17 OP[M + H 

+ ] 329.1095, Found: 

29.1092. 

4. Phenanthren-9-yldiphenylphosphine oxide (3k) 

white solid (582 mg, 1.54 mmol, 77 % yield), 1 H NMR (400 

Hz, CDCl 3 ) δ = 7.42-7.49 (m, 5H), 7.51-7.56 (m, 3H), 7.58-7.77 (m, 

H), 8.64-8.69 (m, 3H); 13 C NMR (100 MHz, CDCl 3 ) δ = 122.66 (s, 

H), 123.06 (s, CH), 127.04 (s, CH), 127.21 (d, J CP = 5 Hz, 2CH), 

27.92 (d, J CP = 101 Hz, C), 128.67 (d, J CP = 12 Hz, 4CH), 128.76 (d,

 CP = 6 Hz, CH), 129.15 (s, CH), 130.06 (s, CH), 130.19 (d, J CP = 110

z, C), 130.19 (d, J CP = 103 Hz, C), 130.51 (d, J CP = 8 Hz, C), 131.99

s, CH), 132.02 (s, CH), 132.18 (d, J CP = 9 Hz, CH), 132.17 (d, J CP = 9

z, 4CH), 133.25 (s, C), 136.80 (s, C), 136.92 (s, C); HRMS: Calcd. 

or C 26 H 19 OP[M + H 

+ ] 379.1252, Found: 379.1253. 

5. Diphenyl(pyridin-2-yl)phosphine oxide (6a) 

white solid (502 g, 1.80 mmol, 90 % yield), 1 H NMR (400 MHz, 

DCl 3 ) δ = 7.35-7.53 (m, 7H), 7.81-7.91 (m, 5H), 8.29-8.32 (m, 1H), 

.77 (d, J HH = 4 Hz, 1H); 13 C NMR (100 MHz, CDCl 3 ) δ = 125.28 (d,

 CP = 3 Hz, CH), 128.35 (d, J CP = 12 Hz, 4CH), 128.37 (d, J CP = 19

z, CH), 131.90 (d, J CP = 2 Hz, 2CH), 132.16 (d, J CP = 9 Hz, 4CH),

32.18 (d, J CP = 104 Hz, 2C), 136.21 (d, J CP = 9 Hz, CH), 150.13 (d,

 CP = 19 Hz, CH), 156.39 (d, J CP = 131 Hz, C); HRMS: Calcd. for

 17 H 14 NOP[M + H 

+ ] 280.0891, Found: 280.0895. 

6. Diphenyl(quinolin-2-yl)phosphine oxide (6b) 

white solid (573 g, 1.74 mmol, 87 % yield), 1 H NMR (400 MHz, 

DCl 3 ) δ = 7.41-7.51 (m, 6H), 7.56-7.60 (m, 1H), 7.70-7.74 (m, 1H), 

.82-7.84 (m, 1H), 7.97-8.03 (m, 4H), 8.14-8.16 (m, 1H), 8.27-8.31 

m, 1H), 8.35-8.37 (m, 1H); 13 C NMR (100 MHz, CDCl 3 ) δ = 123.37 

d, J CP = 22 Hz, CH), 127.89 (s, CH), 128.17 (s, CH), 128.32 (d, 

 CP = 12 Hz, 4CH), 130.05 (s, CH), 130.32 (s, CH), 131.81 (d, J CP = 3

z, 2CH), 132.23 (d, J CP = 9 Hz, 4CH), 132.56 (d, J CP = 103 Hz, 2C),

36.17 (d, J CP = 9 Hz, CH), 148.04 (s, C), 148.25 (s, C), 157.20 (d,

 CP = 129 Hz, C); HRMS: Calcd. for C 21 H 16 NOP[M + H 

+ ] 330.1048,

ound: 330.1043. 

7. 4-(Diphenylphosphino)benzoic acid (8); Procedure 

In a 250 mL schlenk bottle was stirred a mixture of 7 (4.02 g, 

0 mmol), 2 (3.91 g, 21 mmol) in DMF (150 mL) under a nitrogen 

tmosphere at room temperature, then, KOH (1.35 g, 24 mmol) was 

dded and the mixture was warmed to 110 °C and keep stirring 
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or 24 h. After cooling to room temperature, the mixture was acid- 

fied with a 2 M HCl aqueous solution (until pH = 2-3). Then, the 

ixture was diluted with water and extracted with CH 2 Cl 2 . The or- 

anic phase was washed with brine, dried over anhydrous sodium 

ulfate, filtered and concentrated. After removing the solvents un- 

er the reduced pressure, the resulting solid was subjected to silica 

el column chromatography (AcOEt as an eluent). white solid (499 

, 1.64 mmol, 82 % yield), 1 H NMR (400 MHz, CDCl 3 ): δ = 7.34-7.38

m, 1H), 8.02-8.04 (m, 2H); 13 C NMR (100 MHz, CDCl3): δ = 128.74 

d, J CP = 8 Hz, 4CH), 129.09 (s, C), 129.24 (s, 2CH), 129.87 (d, 

 CP = 6 Hz, 2CH), 133.19 (d, J CP = 18 Hz, 2CH), 134.04 (d, J CP = 20

z, 4CH), 136.04 (d, J CP = 10 Hz, 2C), 150.53 (d, J CP = 15 Hz, C),

71.95 (s, COOH); HRMS Calcd. for C 19 H 15 O 2 P [M + H 

+ ] 305.0888,

ound: 305.0891. 
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