
Monatshefte fiir Chemie 125, 607-613 (1994) 
Monatshefte gir Chemie 
Chemical Monthly 
© Springer-Verlag 1994 
Printed in Austria 

Syntheses and Spectroscopic Studies 
of Diphenylphosphinato Derivatives of Boron 

O. P. Singh*, A. Chaturvedi, D. B. Saxena, R. K. Mehrotra, and G. Srivastava 

Department of Chemistry, University of Rajasthan, Jaipur-302004, India 

Summary. 2-Diphenylphosphinato-l,3,2-dioxaborolanes and -borinanes of the type OGOI3OP(O)Ph 2 
(where G =-CH2CHMe- ,  CH2CH2CH2-,-CH2CH2CHMe-,-CMe2CMe2-,-CMe2CH2CHMe-,  
-CH2CMezCH2-, -CH2CEt2CH2-, and - C 6 H 4 -  ) a re  obtained by the reaction of diphenylphosphinic 
acid with the corresponding 2,2'-oxo-bis-l,3,2-dioxaborolanes and -borinanes. The products are white 
crystalline solids, which have sharp melting points and are hydrolytically stable. They have been 
characterized by elemental analysis, IR and multinuctear NMR (1 ~ B, 3, p, and t ~ 9Sn) studies. The data 
suggest structures with monodentate phosphinato moieties and 3-coordinated boron atoms. 
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Synthesen und spektroskopische Untersuchungen yon Diphenylphosphinatoderivaten von Bor 

Zusammenfassung. 2-Diphenylphosphinato-l,3,2-dioxaborolane und -borinane des Typs 
OGOPOP(O)Ph 2 (mit G =  CH2CHMe,  CH2CHgCH2-, CH2CH2CHMe-, -CMe2CMe2- ,  J 
-CMe2CH2CHMe , CH2CMe2CH 2 , CH2CEteCH 2- und C6H4) erh/ilt man durch Reaktion von 
Diphenylphosphins~iure mit den entsprechenden 2,2'-Oxo-bis-l,3,2-dioxaborolanen und -borinanen. 
Die Produkte sind weiBe, kristalline, hydrolyseunempfindliche Festk6rper. Sie wurden mittels 
Elementaranalyse, IR-Spektroskopie und multinuklearer NMR-Spektroskopie (11 B, 31 p und 119Sn) 
charakterisiert. Die Resultate legen Strukturen mit monodentaten Phosphinatoeinheiten und dreifach 
koordinierten Boratomen nahe. 

Introduction 

A survey of the literature shows that dialkylphosphinato and -phosphonato 
derivatives of a number of metals and organometallic species, both from non- 
transition (A1, Ga, In, Sn) [1-4] as well as transition elements (Ti, Zr, Cr) [5-7] have 
been isolated and characterized in detail. In almost all of these cases the dialkyl 
phosphinato moieties behave as bridging bidentate ligands, thus giving rise to 
oligomeric or polymeric species. The reactivity of boron as an electrophilic centre in 
a variety of 1,3-dioxa-2-borins has been studied. It has been reported that 
1,3,2-dixoaborolanes and -borinanes behave in the same way as trialkoxy boranes 
[8-11]. However, phosphinato derivatives of boron have not been investigated 
so far. In view of their interesting coordination chemistry as well as the utility of 
such types of complexes (solvent extraction [12], biocidal activity [13], models in 
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a search for industrially useful coordination polymers [14]), it seemed worthwhile 
to synthesize the 2-diphenylphosphinato-1,3,2-dioxaborolanes and -borinanes and 
characterize them by various physico-chemical techniques. 

Experimental Part 

Two types of compounds (boron tris(diphenylphosphinate), B[OP(O)Ph2] 3, and 2-diphenylphosphin- 
ato-l,3,2-dioxaborolanes and -borinanes) have been synthesized during the present investigations. 

Boron tris(diphenylphosphinate) has been obtained by the reaction of boric acid with diphenyl- 
phospinic acid in 1:3 molar ratio in refluxing benzene with azeotropic removal of the liberated water 

B(OH)3 + 3Ph2P(O)OH--. B[OP(O)Ph/] 3 + 3H20. 

Boron tris(diphenylphosphinate) is a white solid, which melts at 178 e'C and is insoluble in common 
organic solvents but shows some solubility in hot benzene and methanol. Unlike the corresponding 
tris(dibutyl-) and (-diphenylphosphato) derivatives, it is resistant to atmospheric moisture. 

2-Diphenylphosphinato-l,3,2-dioxaborolanes and -borinanes have been synthesized by the 
condensation of diphenylphosphinic acid with ~the corresponding 2,2'-oxo-bis-l,3,2-dioxaborolanes 
and -borinanes in a 2:1 molar ratio: " 

2PhzP(O)OH + ( G ~ ) 2 0  ---, 2Ph2P(O)OBOGO + H20 

G = -CH2CHMe-,  -CHzCH2CH2-,  -CH2CH2CHMe-,  -CMe2CMe2 

-CHzCMezCHz-,  - C H z C E t z C H  2 , -CMe2CH2CHMe-, - C 6 H 4 - .  

The above reactions were carried out in refluxing benzene in a Dean-Stark apparatus with 
continuous removal of water from the reaction mixture. The products are white crystalline solids which 
have sharp melting points and are quite stable towards atmospheric moisture. They are sparingly 
soluble in benzene, but insoluble in other organic solvents. 

Moisture was carefully excluded throughout the experimental manipulations. The IR spectra were 
recorded on a Perkin Elmer-577 spectrophotometer using KBr pellets. Multinuclear NMR spectra 
were recorded on a JEOL FX 90Q spectrophotometer using EtzO'BF 3 (for liB), H3PO 4 (for 31p) and 
Me,~Sn (for 1 ~ 9Sn ) as external references. 

Reaction of diphenylphosphinic acid with 2,2'-oxo-bis-( 4-methyl-1,3,2-dioxaborolane ) in 2:1 molar ratio 

A mixture of diphenylphosphinic acid (1.40 g) and 2,2'-oxo-bis-(4-methyl-1,3,2-dioxaborolane) (0.60 g) 
in benzene (ca. 40 ml) was refluxed in a Dean-Stark apparatus with simultaneous removal of water as 
the diphenylphosphinic acid dissolved slowly ca. 5 hrs.) and a clear solution as obtained after the 
completion of the reaction. On cooling the reaction mixture to room temperature, the product 
crystallized (1.70g, 87.6%) as a white solid. Anal= Found: C, 60.02; H, 5.38; B, 3.49%. Calcd. for 
CxsH16BO4P: C, 59.64; H, 5.34, B, 3.58%. 

The above procedures was utilized to prepare various other 2-diphenylphosphinato-l,3,2- 
dioxaborolanes and -borinanes as summarized in Table 1. 

Results and Discussion 

IR Spectra 

In the IR spectrum of tris(diphenylphosphinato)boron, the bands observed at 1320 
and 1215cm -t  have been assigned to vB_ o [15] and re= o [16] frequencies, 
respectively. A strong intensity band at 775 cm-~ has been assigned as vp_ o [16] 
absorption. 



Diphenylphosphinato Derivatives of Boron 609 

0 

8 

e~ 

e-, 

r ~  

m 

[,.. 

< 

g~ 

© 

.2 

% 
= 
t )  
0 

0 0 
o o 
0 0 

~o 

kP 
~7 

q~ 
0 

o 
0 

0 

0 0 
0 
0 

I 

, :£ 

kP 

I 

o 

c5 d 
o 

c5 



610 O . P .  Singh et al. 

e~ 

e- 

© 

© 
, .o 

0 

£ 

e ~  

t-N 

© 

2 

© 

0 

E 
o 

~g 
~ . ;  
o 

? 

? 

© 

Z 

© 

0 

0 Cq ~ 0 O4 C,O 
("4 Cq ¢~1 ("4 f'N 

O0 O0 O0 O0 O0 

© 

t ~ t x  © 0 
L ~ L ~  _~ 
0 0 0 O 0 0 
0 0 0 O 0 0 

2 ~ . E 2 . E ~  



Diphenylphosphinato Derivatives of Boron 611 

In the IR spectra of 2-diphenylphosphinato-l,3,2-dioxaborolanes and -borinanes, 
a medium intensity band is observed in the region between 1280-1256 cm-1 which 
may be assigned to %=o vibrations. The position of this band is indicative of the 
absence of a coordination between phosphoryl oxygen and boron atoms. 

N M R  Spectra 

Due to the insolubility in a suitable solvent, no ~H NMR spectra of the compounds 
could be recorded. 

The 11B NMR spectrum of tris(diphenylphosphinato)boron shows the chemical 
shift of 1 ~B at 19.5 ppm in C6H 6 which is comparable to the X lB chemical shift for 
B(OH)3 (18.0 ppm) in water and is indicative of tricoordinated boron. 

The ~IBNMR spectra of 2-diphenylphosphinato-l,3,2-dioxaborolanes and 
-borinanes show chemical shift values in the range of 18.0 23.2 ppm, which is clearly 
indicative of tricoordinated boron. As expected, there is a small but noticeable 
difference between the chemical shift values of 5-membered borolane and 6- 
membered borinane derivatives. The latter have resonances between 18.5-20.0 ppm, 
while the former show F-values of ca. 23 ppm. 

The 3aPNMR spectrum of tris(diphenylphosphinato)boron shows only one 
resonance signal at 33.7 ppm, which is indicative ofmonodentate  diphenylphosphin- 
ato moieties. 

In the 31PNMR spectra of 2-diphenylphosphinato-l,3,2-dioxaborolanes and 
-borinanes, only one resonance signal in each case was observed in the region of 
32.0-33.6 ppm. The chemical shifts of these products are almost the same as those 
for alkyl diphenylphosphinates (e.g. PhzP(O)OEt: 63~p = 31.7 ppm) and are indicative 
of monodentate  ligands. 

The molecular weights of the diphenylphosphinato derivatives of boron could 
not be determined due to the insolubility in suitable solvents. The spectroscopic 
data, however, show that the boron atoms are tricoordinate and the diphenyl- 
phosphinato moieties are unidentate in all cases. The compounds are therefore 
assumed to be monomeric and to have simple structure resembling those of boric 

acid esters and 0 ~ G ~ o R .  
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Miscellaneous Reactions 

(i) Diphenylphosphinoxy groups can be conveniently transferred from boron to 
tin as indicated by the insertion reaction of dibutyltin oxide with 2-diphenyl- 
phosphinato-5-5'-dimethyl-l,3,2-dioxaborinane in 1"1 molar ratio. 

~CHzCMezCH2OI~O(O)PPh2 + Bu2SnO --+ 

0CH2CMe2CH2OI~OSnBu20(O)PPh 2. 
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Table 3. 11B and 31p NMR data for 2-(diphenylphosphinato)- 
1,3,2-dioxaborolanes and -borinanes in benzene (3, ppm) 

Compound 11 B 31p 

1 PhzP(O)OI~OCHzCHMe6 - 32.4 

2 Ph2P(O)OI~OCH/CHzCHz6 18.6 32.4 

3 Ph/P(O)Ot~OCHzCH2CHMed 19.2 33.6 

4 Ph2P(O)OI}OCM%CMez(~ 23.2 33.6 

5 Ph2P(O)OI~OCMezCH2CHMe~) 18.5 33.6 

6 Ph2P(O)OI~OCH2CMe2CH2d 18.7 33.0 

7 PhzP(O)Ot~OCH2CEt2CH2~) 19.9 32.0 

8 P h 2 P ( O ) O ~  18.5 33.6 

O. P. Singh et al. 

The completion of the above reaction, carried out in refluxing benzene, is 
indicated by the complete dissolution of dibutyltin oxide. The 31p chemical shift of 
the product is 20.7 ppm, which is 9.3 ppm upfield from that of the starting boron 
compound. The x 19Sn chemical shift of the above dibutyltin phosphinato derivative 
is - 250.9 ppm, which is indicative of pentacoordinate tin. 

Ph 
I 

Ph- P=O~SInBu2(OFI ) 
0 0 
I I 

(RO)Bu2Sn*O= P- Ph 

Ph 

(ii) The insertion reaction of dibutyltin oxide with 2-diphenylphosphinato-5-5'- 
dimethyl-l,3,2-dioxaborlnane proceeds in a 2:1 molar ratio and yields a tetrabutyl 
distannoxane derivative. 

~CH/CMe2CH2OI~O(O)PPh/+  2Bu2SnO ----* 

0CH2CM%CH2Ot~OSnBu2OSnBu20(O)PPh/ .  

The I I9SnNMR spectrum of the product shows two peaks at -215.5 and 
- 2 1 9 . 0 p p m  (along with a law intensity peak at - 2 5 0 p p m  for the 1:1 derivative) 
in the pentacoordinate tin region. These values suggests an oligomeric structure: 

OR 
Ph Bu 2 ( Bu 2 

I 0 , Sn',~ 
Ph- P ~ "Sn- O" 0 

II ~ ,~ II 
0 , .O-Sn . .P -  Ph 

~Sn I ' O  L 
RO I Bu 2 Ph 

Bu 2 

R= 
--B ° <cHa 

b _ /  CH 3 
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