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BONDING I N  ALKYLTRIARYLPHOSPHONIUM SALTS 

GURDIAL SINGH 
Pioneering Research Laboratory, T e x t i l e  F ibers Department, 
Experimental Stat ion,  E. I .  du Pont de Nemours dl Co., 
Wilmington, Delaware, U.S.A. 

Abstract 31P, 13C, and 'H NMR data o f  ( p X C  H 
where R = Me, Me CCH o r  Me S i C H  and X = H,6M$,30Me o r  
NMe are reportea an6 discussed ?n terms o f  hyperconjuga- 
t i v g  pn-dn bonding i nvo l v ing  the a C-H o r  C-S i  bonds and 
the d i r e c t  B atom (H o r  S i  1 w i t h  the 3d o r b i t a l  s o f  
phosphorus. 

6R I- 

- 

Although several NMR studies o f  phosphonium s a l t s  have been 
reported,' t h e i r  31P chemical s h i f t s  and coupl ing c.onstants 
'Jpt and *JPH have n o t  been f u l l y  explained i n  terms o f  bonding 

around phosphorus. G r i m  e t  a l .*  studied the e f f e c t  o f  a l k y l  
substi tuents on 31P chemical s h i f t s  o f  a l k y l  t r iphenyl -  
phosphonium s a l t s  and found t h a t  as s u b s t i t u t i o n  on t h e  a 

carbon increased: Me, E t ,  - i -Pr ,  and - t-Bu, the phosphorus 
shielding decreased which i s  opposite t o  what i s  expected from 
the a l ky l  induct ive e f f e c t .  But when s u b s t i t u t i o n  occurs a t  
the 13 carbon, R = E t ,  - n-Pr, - i-Bu, and - neo-Pent (TABLE I 1, 31P 
shielding increases w i t h  a l k y l  p o l a r  subst i tuent  constants. 

Hyperconjugative pn-dsr bonding i n  phosphonium s a l t s  
implies y l i d  as one o f  the con t r i bu t i ng  resonance s t ructures.  
Both phosphorus3 and a are general ly more shielded i n  

y l i d s  vs. those o f  t h e i r  phosphonium sal ts ,  which suggests t h a t  
hyperconjugation i n  phosphonium s a l t s  should a l so  prov ide 
shielding t o  phosphorus and a carbon. A p l o t  o f  the a carbon 

chemical s h i f t s  o f  alkylphosphonium s a l t s  vs. those o f  carbon 
d i r e c t l y  bonded i n  H-R alkanes6 i s  shown i n  FIGURE 1. 
1.0 slope o f  the c o r r e l a t i o n  shows t h a t  the deshielding e f f e c t  
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2stl G. SINGH 

o f  quaternary phosphorus on a carbon decreases w i t h  the 
branching o f  the a l k y l  groups presumably due t o  increase i n  
hyperconjugative p.rr-d.rr bonding w i th  more subs t i t u t i on  on a o r  6 
carbons. The isopropyl carbon i s  more shielded because i t s  
secondary s t ructure can form more e f fec t i ve  IT bonding w i t h  
phosphorus. The - t-buty l  carbon, on the other hand, i s  
deshielded e i the r  due t o  the absence o f  hyperconjugative 1~ 

bonding or the s t e r i c  hindrance as suggested by Schweizer and 
coworkers. 

Based on hyperconjugative .rr bonding alone, the 31P 
chemical s h i f t s  of phosphonium s a l t s  would be expected t o  f a l l ,  
a t  l eas t  roughly, i n  the same order as o f  t h e i r  y l i d s .  On the 
contrary, t h e i r  31P s h i f t s  diverge from those o f  t h e i r  y l i d s  as 
subst i tu t ion on a o r  B carbon  increase^.^ We a t t r i b u t e  i t  t o  
the d i r e c t  i n te rac t i on  o f  B H w i t h  the 3d - o r b i t a l s  o f  
phosphorus. Further, i t  may be noted tha t  phosphorus i s  very 
strongly deshielded i n  trimethylsilymethylphosphonium s a l t s  vs. 
neopentyl compounds (TABLE 11) i n  s p i t e  o f  the f a c t  t h a t  
Me3SiCH2 i s  more electron donating than Me3CCH2. 
probably due t o  B S i  i n te rac t i ng  w i t h  phosphorus. I n  other 
words, hyperconjugative IT bonding and d i r e c t  B atom (H o r  S i )  
i n te rac t i on  wi th  the 3d - o r b i t a l s  o f  P are occurring 
simultaneously . 
shielded w i th  electron donating substi tuents on the phenyl 
r ings:  NMe2>0Me>Me>H. However, the a l ky l  a carbon gets more 
deshielded ind i ca t i ng  the presence o f  i n c i p i e n t  y l  i d  whose 
contr ibut ion increases as X = H>Me>OMe>NMe2. With e lect ron 
donating substi tuents on the phenyl r ings, the - d o r b i t a l s  o f  
phosphorus become more d i f f use  and thus reduce hyperconjugative 
IT bonding. 
changing i t s  hybr id izat ion more toward sp vs. SJIJ and thus 

1 

It i s  

Phosphorus and d i r e c t l y  bonded aromatic carbon are more 

It also reduces the B atom in te rac t i on  wi th  P 
3 3 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
4
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



BONDING IN ALKYLTRIARYLPHOSPHONIUN SALTS 281 

'A1 k !:A1 k P P  

&3lP ' 
R ppm 
CH3 22.7' 11.5 57.4 
CH2CH3 26.7' 17.0' 51.6' 
CH(CH3): 30.9' 21.5' 47.0' 
C(CH3)3 34.7' 35.3' 42.5' 
CH2CH2CH3 24.1' 24.17 48.2 
CH2CH(CH312 23.5 30.83 46.5 
CH2C(CH3)3 20.0 35.6 44.5 

"ran re f  2. bPhosphoniun branide. 
'Frm re f  1. 

FIGURE 1 

Table 11. 31P, 'H, and 13C IM data of  (pXC6H,)> I- 

CH3 o r  CH2 

6 6 6 
'ALK lJPC 'Ar lJPC 

Ppn Ppn H t  P P  Hz 
31P 6H 

R X ppn 
22.10 3.16 13.2 11.52 57.4 118.69 88.5 
20.85 3.01 13.2 11.69 58.3 115.66 90.8 
19.37 2.92 13.1 12.34 59.6 109.78 97.0 
16.49 2.54 13.0 12.27 62.0 102.96 101.3 
19.95 3.82 12.9 35.56 44.5 120.25 84.5 
18.95 3.63 12.9 35.44 46.6 116.28 86.6 
17.67 3.50 12.8 36.01 49.5 110.02 91.3 
15.12 3.02 12.8 36.64 52.7 102.70 97.6 
24.85 3.14 18.4 10.15 44.7 120.86 86.4 
23.68 2.97 18.2 10.46 44.6 117.86 90.1 
22.11 2.88 18.1 11.27 47.6 111.82 95.2 
19.17 2.37 17.7 11.71 50.0 104.80 100.5 
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2a2 G. SINGH 

1 exp la in  the  increase i n  Jpc w i t h  more e lec t ron  donating 
subs t i tuents  on the  phenyl r ings .  

The B H i n t e r a c t i o n  w i t h  phosphorus would provide a dual 
pathway f o r  t h e i r  coup1 ing,  2JpH. Presumably, t he  two-bond 
P-C-H coupl ing i s  negative and the P-H coup l ing  i s  pos i t i ve ,  8 

which w i l l  r e s u l t  i n  reducing the  a c t u a l l y  observed coupling. 
The JpH i n  t r ime thy l  s i  l y l  methyl phosphonium sal  t s  i s much 
l a r g e r  (- 18 Hz) than i n  the  neopentyl compounds ( -  12.8 Hz). 
Actual ly,  they are the l a r g e s t  couplings observed fo r  any 
phosphonium s a l t  o f  Ph3kH2R structure. '  It cou ld  be due t o  
the S i  being involved i n  the d i r e c t  i n t e r a c t i o n  w i t h  phosphorus 
leav ing  the  geminal coup l ing  t o  occur e s s e n t i a l l y  v i a  the  P-C-H 
bonding system. 

REFERENCES 

2 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

8. 

9. 

T. A. A lb r igh t ,  W. J. Freeman, and E. E. Schweiter, 
J. Am. Chem. SOC., - 97, 2942 (1975 1; and references 
therein.  
S. 0. G r i m ,  W. McFarlane, E. F. Davidoff,  T. F. Marks, 
J Ph s Chem 70, 581 (1966). 
&' McTarlane, and T. F. Marks, Chem. Commun., 
1191 (1967). 
H. Schmidbaur, W. Buckner, and D. Scheutzow, Chem. Ber., 
106. 1251 (19731. 
r A .  Gray, J. h. Chem. SOC., 95, 7736 (1973). 
J .  B. Stothers, Carbon-13 NPN SFctroscopy (Academic 

A. W. Johnson, S. Y. Lee, R. A. Swor, and L. D. Royer, 
J. Am. Chem. SOC., 88, 1953 (1966). 
s. L. Manatt, G. L . Juv ina l1 ,  R. I .  Wagner, and D. D. 
Elleman, J. Am. Chem. SOC., 88, 2689 (1966). 
For a review o f  geminal phos3orus-proton coupling, see 
M. J. Gallagher, Aust. J. Chem., - 21, 1197 (1968). 

Press, New Y o r k , p )  1 P. 56. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
4
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


