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ABSTRACT

We theoretically confirmed that hypercoordination results from the delocalization of lone pair electrons on the first-row atom Y to the σ bond
between the second-row atom E and X. We designed gauche conformers of EXnCH2CH2Y (EXn ) PR2, SiR3; Y ) OR, NR2) that are stable
relative to the anti conformers, due to the hypercoordination.

The anti conformers of saturated organic molecules are
usually the more stable conformer. However, some molecules
favor gauche conformers. The gauche effect1 (Figure 1a) and

anomeric effect2 (Figure 1b) can be interpreted in terms of
the stabilization of the gauche conformers by the donor-
acceptor interaction between the vicinal bonds (including

lone pairs as donors) in the antiperiplanar relation. The
destabilization of the anti conformer was recently proposed
as an alternative interpretation of the gauche effect.3 Here
we theoretically design relatively stable gauche conformers
of EXnCH2CH2Y (EXn ) PR2, SiR3; Y ) OR, NR2) by a
1,4-nonbonded attraction between the saturated atoms or by
1,4-hypercoordination.4

We employed PH2CH2CH2OH (1a) as a model molecule
to investigate the 1,4-hypercoordination. The geometries of
all possible conformers were optimized by ab initio molecular
orbital calculations at the RHF/6-31G* level with the
Gaussian 94 program.5 We investigated the bond interaction6
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Figure 1. The antiperiplanar donor-acceptor bond interaction in
the (a) gauche and (b) anomeric effects.
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in the most stable gauche conformer. The interbond energy7

(IBE ) -7.31 kcal/mol) (Table 1) showed that the significant

attractive interaction occurs between the lone pair of O atom
(nO

1) directed toward P and the PH1 bond antiperiplanar to
the CC bond. The hypercoordination was shown by the
separation of the lone pair-bond interaction into the interac-
tions of the n orbital with the bonding and antibonding
orbitals of the PH bond to result from the delocalization of
the lone pair electrons on the O atom to the PHσ bond. The
stabilizing delocalization from nO1 to σ*PH1 [IBE(n,σ*) ) -9.04
kcal/mol] overcomes the repulsion between nO

1 and σPH1

[IBE(n,σ) ) 1.73 kcal/mol] (Table 2).

The hypercoordination suggests the possibility that a
gauche conformer of some derivatives of1ashould be more
stable than the anti conformers. Replacement of the hydrogen
atoms on the P atom by electron-withdrawing groups (X)
lowers theσ*PX energy and enhances the hypercoordination
to result in the relatively stable gauche conformers. We
optimized the geometries of all conformations of the chloro-
substituted molecules ClPHCH2CH2OH (1b) and Cl2PCH2-
CH2OH (1c). The most stable gauche conformers of1b and

1c were found to be more stable than the most stable anti
conformers by 1.04 and 1.50 kcal/mol, respectively while
there is no preference for the gauche conformer1a (Table
3). In the most stable gauche conformers, a lone pair of the

O atom is directed toward the backside of the PCl bond
antiperiplanar to the CC bond. For example, see Figure 2
for 1c.

The nO
1-PX bond interaction stabilizes both1a and1b

(Table 1). The stabilization increases (∆IBE) -7.04 kcal/
mol) on going from1a to 1b, showing the significance of
the hypercoordination. The vicinal CP-CH4 bond interac-
tions destabilize1a and 1b. The destabilization decreases
(∆IBE ) -5.56 kcal/mol) and contributes to the increase in
the relative stability of the gauche conformer1b. However,
the contribution is smaller than that from hypercoordination.
The CO-CH3 bond interaction destabilizes1a and1b. The
destabilization is greater in1b (∆IBE ) 0.19 kcal/mol).
These results suggest that the stabilization of the gauche
conformers should be more significantly controlled by the
hypercoordination rather than the antiperiplanar donor-
acceptor interaction.8
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Table 1. The IBEa and∆IBEb Values (in kcal/mol) of the
Gauche Conformers of1a and1b

IBE

X ) H1 X ) Cl ∆IBE

(P-X)-(nO
1) -7.31 -14.35 -7.04

(C-P)-(C-H4) 26.93 21.37 -5.56
(C-H3)-(C-O) 5.87 6.06 0.19

a Reference 7.b ∆IBE ) IBECl - IBEH1.

Table 2. IBE Values (in kcal/mol) between the Orbitals

IBE

nO
1-σPH1 1.73

nO
1-σ*PH1 -9.04

Table 3. Relative Energies∆Ea (in kcal/mol) of the Gauche
Conformers of EXnCH2CH2Y

EXn Y ∆E

1a PH2 OH 0.22
1b PHCl OH -1.04
1c PCl2 OH -1.50
2a PH2 NH2 0.24
2b PHCl NH2 -1.63
2c PCl2 NH2 -1.31
3a SiH3 OH -0.53
3b SiH2Cl OH -1.62
3c SiHCl2 OH -1.96
3d SiCl3 OH -0.43
4a SiH3 NH2 -0.73
4b SiH2Cl NH2 -2.42
4c SiHCl2 NH2 -2.13
4d SiCl3 NH2 -0.69

a ∆E ) Egauche- Eanti. EgaucheandEanti denote the most stable gauche
and anti conformers, respectively, and include zero point energies.

Figure 2. The most stable gauch conformer of1c.
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The hypercoordination can also be expected for saturated
silicon and nitrogen atoms in place of the phosphorus and
oxygen atoms, respectively. In fact, the gauche conformers
of most of the molecules examined (2-4) were calculated
to be more stable than the anti conformers (Table 3). Full
substitution of the silicon atom by chlorine atoms diminishes
the relative stabilities of the gauche conformers compared
to those of the parent molecules, possibly due to the

repulsions of the lone pairs between the first-row atoms and
the Cl atom close to each other.

In summary, we theoretically investigated the bond
interactions in EXnCH2CH2Y (EXn ) PR2, SiR3; Y ) OR,
NR2) to show that the hypercoordination results from the
delocalization of the lone pair electrons on the first-row atom
Y to the σ bond between the second-row atom E and X.
The gauche conformers were predicted to be stable relative
to the anti conformers, due to the hypercoordination.9
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(8) The stabilities of gauche conformers of NH2CH2CH2OH (5a) and
ClNHCH2CH2OH (5b) corresponding to the most stable conformers of1a
and1b were also found to be more stable by-0.87 and-1.90 kcal/mol
than the anti conformations, respectively. The greater relative stabilities of
the gauche conformer of5b are suggested by the analysis of the bond
interaction to be more significantly controlled by the antiperiplanar donor-
acceptor interaction, in contrast to1a and 1b. There is no appreciable
difference (∆IBE) 0.12 kcal/mol) in the stabilization due to the nO

1-NX
bond interaction between5a and 5b, showing little significance of the
hypercoordination. The stabilization due to the antiperiplanar CN-CH4 bond
interactions increases to a great extent (∆IBE ) -13.77 kcal/mol) on going
from 5a to 5b. The antiperiplanar interaction is most responsible for the
gauche effect. The antiperiplanar CO-CH3 bond interaction gives no
considerable difference (∆IBE) 1.49 kcal/mol).
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(calculated: 54.1°for 1c) and atomic distance P‚‚‚O ) 2.97 Å (calculated:
3.03 Å for 1c). The couplings between OH (OCH3) and P (δH 3.11 (d,JHP
) 3.7 Hz),δC 50.5 (d,JCP ) 3.0 Hz)) observed in the1H and 13C NMR
spectra (in CDCl3) of the phosphine and its dimethyl ether, respectively,
are consistent with those of the gauche conformers.
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