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BONDING IN ALKYLTRIARYLPHOSPHONIUM SALTS

GURDIAL SINGH

Pioneering Research Laboratory, Textile Fibers Department,
Experimental Station, E. I. du Pont de Nemours & Co.,
Wilmington, Delaware, U.S.A.

mstract 3'p, 13c, and 1n NMR data of (p-XCgH,)oPR 1°
where R = Me, Me.CCH, or Me,SiCH, and X = H, oM&, 30Me or
NMe, are reported an discugsed ;n terms of hyperconjuga-
tivg pr-dm bonding involving the o C-H or C-Si bonds and
the direct B atom (H or Si) with the 3d orbitals of
phosphorus. -

Although several NMR studies of phosphonium salts have been
reported,1 their 31P chemical shifts and coupling constants
1JPc and ZJPH have not been fu];y explained in terms of bonding
around phosphorus. Grim et al.” studied the effect of alkyl
substituents on 31P chemical shifts of alkyltriphenyl-
phosphonium salts and found that as substitution on the o
carbon increased: Me, Et, i-Pr, and t-Bu, the phosphorus
shielding decreased which is opposite to what is expected from
the alkyl inductive effect. But when substitution occurs at
the B carbon, R = Et, n-Pr, i-Bu, and neo-Pent (TABLE I), 31P
shielding increases with alkyl polar substituent constants.
Hyperconjugative pn-dw bonding in phosphonium salts
implies ylid as one of the contributing resonance structures.
Both phosphorus3 and o carbon4’5 are generally more shielded in
ylids vs. those of their phosphonium salts, which suggests that
hyperconjugation in phosphonium salts should also provide
shielding to phosphorus and a carbon. A plot of the « carbon
chemical shifts of alkylphosphonium salts vs. those of carbon
directly bonded in H-R a]kanes6 is shown in FIGURE 1. The <
1.0 slope of the correlation shows that the deshielding effect
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of quaternary phosphorus on o carbon decreases with the
branching of the alkyl groups presumably due to increase in
hyperconjugative pm-dm bonding with more substitution on a or 8
carbons. The isopropyl carbon is more shielded because its
secondary structure can form more effective m bonding with
phosphorus. The t-butyl carbon, on the other hand, is
deshielded either due to the absence of hyperconjugative 7
bonding or the steric hindrance as suggested by Schweizer and
coworkers.1

Based on hyperconjugative m bonding alone, the ~°P
chemical shifts of phosphonium salts would be expected to fall,
at least roughly, in the same order as of their ylids. On the
contrary, their 31P shifts diverge from those of their ylids as
substitution on a or 8 carbon 1ncreases.3 We attribute it to
the direct interaction of B H with the 3d orbitals of
phosphorus. Further, it may be noted that phosphorus is very
strongly deshielded in trimethylsilymethylphosphonium salts vs.
neopentyl compounds (TABLE II) in spite of the fact that
Me351CH2 is more electron donating than Me3CCH2. It is
probably due to B Si interacting with phosphorus. In other
words, hyperconjugative = bonding and direct 8 atom (H or Si)
interaction with the 3d orbitals of P are occurring
simultaneously.

Phosphorus and directly bonded aromatic carbon are more
shielded with electron donating substituents on the phenyl
rings: NMe2>0Me>Me>H. However, the alkyl a carbon gets more
deshielded indicating the presence of incipient ylid whose
contribution increases as X = H>Me>0Me>NMe2. With electron
donating substituents on the phenyl rings, the d orbitals of
phosphorus become more diffuse and thus reduce hyperconjugative
m bonding. It also reduces the B atom interaction with P

changing its hybridization more toward ggi vS. sg3d and thus
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TABLE I NWR data of (c6H5)3$R I
é [ 1
Mo Oy "Pcm
R ppm_ ppm M2
CHy 2. 1.5 5.4 i
CHyCH 26.77  17.0° 516 o
CHiCHy),®  30.9% 215 anc £
CiCHy)3 AT L T 5
CH,CH,CH 4.1 .17 48.2 ©
CHCH(CHy), 235  30.83  46.5
CHC(CHy)y 200 35.6 4.5
3crom ref 2. bPhosphom‘un bromide.
cFrm ref 1, 10 L — I s L L
-5 0 10 20 30 38
3"0 of N-R, ppm
FIGURE 1
Tavte 11. 3lp, 4, and 1% W data of (p-acgh,) R 17
CH3 or CH2
§ § 1 s 1
31p Sy ) Cak ¢ Car pc
R X ppm ppm MY pm W2 pm e
CHy H 22.10 3.16  13.2  11.52 57.4 118.69 88.5
CHy 20.85 3.01 13.2  11.69 58.3 115.66 90.8
ocH 19.37 292 131  12.3 59.6 109.78 97.0
N(CHy), 16.49 2.54  13.0 12,27 62.0 102.98 101.3
CHC(CHy)y  H 19.95 3.82 129 35.56 44.5 120.25 84.5
CHy 18.95 3.63 129 35.44 46.6 116.28 86.6
0CH, 17.67 3.50  12.8  36.01 49.5 110.02 91.3
N(CHy), 15.12 3.02 128 36.64 527 102.70 97.6
CHySi(CHy)y  H 24.85 .14 18.4  10.15 447 120.85 86.4
CHy 23.68 2.97 182  10.46 44.6 117.86  90.1
0CH, 22.11 2.88  18.1 11.27 47.6 111.82 95.2
N(CH3), 19.17 2.37 177 1171 50.0 104.80 100.5
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explain the increase in 1JPc with more electron donating

substituents on the phenyl rings.

The B H interaction with phosphorus would provide a dual
pathway for their coupling, 2JPH. Presumably, the two-bond
P-C-H coupling is negative and the P-H coupling is positive,
which will result in reducing the actually observed coupling.
The 2JPH in trimethylsilylmethylphosphonium salts is much
larger (~ 18 Hz) than in the neopentyl compounds (~ 12.8 Hz).
Actually, they are the largest couplings observed for any
phosphonium salt of Ph3$CH2R structure.9 It could be due to
the Si being involved in the direct interaction with phosphorus
leaving the geminal coupling to occur essentially via the P-C-H
bonding system.
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