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The electronic Fukui function is used to give qualitative electronic proof on the existence of back-bonding
from the carbon lone pair toward theg P—Y and P-O orbitals in phosphorus stabilized carbanions.
NBO analyses are used to investigate the energetic, electronic, and structural impacts of this negative
hyperconjugation interaction. The observed energetic stabilization can indeed be attributed to the electronic
delocalization of the lone pair toward the antibonding orbitals. This delocalization is furthermore responsible
for the shorter P-C bonds, longer PY (P—O) bonds, and wider *¥P—Y angles observed for the anionic
compounds compared to their neutral counterparts. From the electronic NBO analysis it becomes clear
that phosphorus containing functional groups are best describedlasorfr acceptors.

Introduction jugation (delocalization of the negative charge into low lying
o ) o* P—Y and P-O orbitals)!® and (iv) the high polarizability
Phosphorus containing functional groups of the >Rd of these elements.Due to the highly electropositive character
-POY; type have been known for many years to be highly of the third period atoms, the first of these ideas was long
effective at stabilizing adjacent carbanion centéftis has been  pelieved to explain the observed stabilization. However, as no
widely exploited in organic synthesis, to the extent that  stapjlization is observed for other compounds showing a similar
P-stabilized carbanions now rank among some of the most usefulps+_co- pattern such as lithiated carbani&$and the highly
reagents for a wide range of important organic transforr_nations, ionic unsaturated organophosphorus compodféthis idea
such as the Horner or Hornewadsworth-Emmons reactions,  pecame discarded. As for the participation of the phosphorus
which employ lithiated phosphine oxides and lithiated (thio)- 34 orhitals, various theoretical studies have shown that these
phosphonates/phosphonamides, respectively, for the olefination g o0 high in energy for efficient overlap with the lone pair
of carbonyl compound’:® orbital at the carbanion cent&!1.17.18The d orbitals merely
The ability of third row heteroatoms to stabilize an adjacent serve as polarization functions, increasing the flexibility of the

carbanion has been variously attributed to (i) electrostatic pasis sets used in these studies. The general consensus nowadays
interactions, (i) dz-prr interactions® (iii) negative hypercon-
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appears to be that carbanion stabilization by phosphorusbining the experimental data with multipole models and
containing functional groups is due to a combination of negative topological analysis of the electron density, they were able to

Leyssens and Peeters

hyperconjugation and polarization effeéfs.

The existence of ar-back-bonding interaction from the
carbanion lone pair to the* antibonding P-Y (P—O) orbitals

give some direct electronic evidence of negative hyperconju-
gation in these compounds. In this paper, we will tackle this
problem from another point of view by investigating variations

has been justified using indirect energetic as well as structuralin electron density using the electronic Fukui function, a tool
evidence, comparing the carbanions with their neutral counter- from conceptual chemistry. By doing so, we are the first to give
parts. The energetic stabilization of the methyl anion by clear-cut electronic evidence on the existence of negative

P-functional groups has been investigated through the use ofhyperconjugation in P-stabilized carbanions.

the isodesmic reaction GH + CHs;~™ — CHyX~ +CHy.
Calculations at the QCISD(T)/6-31G*//IMP2/6-31+G* level
including zero-point energy corrections show a stabilization of
21.3 kcal/mol for X= —PH,.1® A comparable resiit (23.1
kcal/mol) has been found at the MP2 level of theory using a
similar basis set. The-P(OH), —PO(OH)},?° and —PO-
(NHp),2-22functional groups yield an even stronger stabilization
energy of, respectively, 41.9, 46.4, and 39.9 kcal/mol. This
important stabilization of carbanions by third row functional

groups has been confirmed by an experimental electron pho-

todetachment study af-silyl carbaniong? showing a stabiliza-
tion of 20 kcal/mol. From a structural point of view, the shorter
P—C(carbanion), the longer P (P—0), and the wider
Y—P-Y angles of the anionic compounds compared to the
neutral hydrogenated compounds;18.24.25.26.27.28 gye been

In a second part of this paper, we use the Natural Bond Orbital
(NBO)*! method developed by Weinhold and co-workers to
estimate the energetic, structural, and electronic impact of the
back-bonding interaction. By doing so, we are able to determine
to what extent this interaction is responsible for the observed
energetic and structural differences between the anionic and
neutral compounds.

Computational Details

All structures are optimized at the MP2 as well as DFT (B3LYP)
level of theory using a 6-3t+G(d,p) basis set for all atoms. All
possible conformations have been investigated, and the most stable
conformer is retained in all cases. Optimized geometries are
provided in the Supporting Information. The energetic data have
been completed by MP4//MP2 single-point energies. All calcula-

used to justify the presence of negative hyperconjugation. Thesetions have been performed with the Gaussian series of programs.32
structural variations are indeed consistent with an increased The electronic properties have been studied at the B3LYP level

population of thes* P—Y and o* P—O orbitals.
Energetic and structural variations between neutral and

anionic compounds are due to changes in the total bonding

interaction, includingy, electrostatic, as well asinteractions’®

Although the structural and energetic observations mentioned

of theory using a Natural Population Analysis (NPA).
Second-order perturbative NBO analysis is used to estimate the
metat-ligand back-bonding interaction energyH). The overall
energyAEyy is obtained by summing up all second-order perturba-
tion interactions (E(2) terms) between the NBO metal donor orbital
(carbanion lone pair) and the relevamt P—Y and o* P—O

above are consistent with the idea of negative hyperconjugation, acceptor orbital.

they cannot be seen as direct proof of such, nor is it clear to

what extent this back-bonding interaction is responsible for the

The impact of the nature of the* P—Y orbital is studied by
considering a series of different functional groups€Y¥-H, —CHj,

observed variations. The goal of the present paper is therefore—NH,, —OH, —F) for the anionic CkHX~, C;H,X~, and allylic

not only to give straightforward evidence concerning the
existence ofr back-bonding in phosphorus stabilized carbanions
but also to investigate to what extent this interaction explains
the observed structural and energetic variations.

As negative hyperconjugation is nothing more than a form
of electronic displacement, the first of these goals can be
achieved by investigating the electronic density. To our
knowledge the only study doing so is a high-resolution X-ray
study of P-stabilized ylides by Yufit and co-workéfsCom-
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C3H X~ compounds.

Results and Discussion

Direct Evidence of Lone Pairb* Interaction Using Density
DifferencesA direct confirmation of the role of back-bonding
can be obtained by a bonding analysis. This latter can be done
in several ways, e.g. by analyzing the relevant molecular orbitals.
However, one can also consider the entire electron density and
its changes upon perturbation to analyze bonding properties.
One such function that is looking at changes in electron density
upon perturbation is the electronic Fukui functiGrmlthough,
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SCHEME 1. Isodesmic Reactions Used to Study the Total
Stabilization of Carbanions by Organophosphorus
Compounds

Isodesmic Reaction

1) CH3X+ CH:;-—) CHzx- + CH4

2) CH;X +C,Hs » CHX + CH,

3) CH3X + C3H5. s C3H4X. + CH4

TABLE 1. MP4//MP2 and B3LYP Isodesmic Reaction Energies
(kcal/mol) of the Reactions Presented in Scheme 1

1 2 3
MP4 B3LYP MP4 B3LYP MP4 B3LYP
PH, —22.34 —2316 —27.54 —27.40 —19.61 -—18.40
POH, —45.65 —44.37 —47.31 —4539 -32.09 —28.92
c) PHCH; —25.55 —25.18 -29.33 —27.80 —21.43 -19.31
) ) P(C —25.66 —24.52 —26.54 —24.88 —2150 -18.45
FIGURE 1. B3LYP Fukui function of the CkPH,™ (a), CHLPOH,~ PE)(;ﬁ)'i)Z 3891 -3630 -3987 —3638 -3004 —2644
(b), and CHNH27 (C) molecules (taken at iSOdenSity value of 0.005 PHNH, —-2867 —28.43 —-31.96 —30.74 —-23.27 —20.96
e.bohr?) B3LYP/6-31++G(d,p). P(NH), —30.91 —28.98 —30.29 —28.13 —22.10 —19.01
) L PO(NH), —41.66 —39.73 —43.19 —40.69 —32.56 —29.95
mostly used with respect to reactivity, it can also be used to pHoOH —39.82 —39.00 -43.66 —41.48 —31.53 —29.06
explore bonding, and more specifically back-bonding interac- P(OH) —41.31 —-39.50 —42.95 —40.52 —32.09 —28.92

tions34 The Fukui function was introduced in the context of PO(OH) ~ —47.14 —45.69 -48.81 —46.78 -36.77 —33.57

density functional theory by Parr and Yang in 1984 and :gggg :gg'gg :gg'gi :gg'gg :ﬁgg :ﬂ';g

corresponds to the derivative of the electron density with respect pgp, —60.68 —60.30 —6241 —6160 —4909 —47.22

to the number of electrons. In practice, this function usually

needs to be approximated as finite-difference terms correspond-

ing to removing (f) or adding (fr, not considered here) a  with the fact that significant back-bonding occurs toward the

whole electron. —PY,and—POY; functional groups but that no such interaction
is found with the nitrogen containing groups. By using the Fukui

3(p(r))
oN

- - po _ - 0 1) function, we are able for the first time to give direct confirmation
= po=p of the existence of negative hyperconjugation between the

f ()= [
(r) 0 S N2 N | | _
) . . carbanion lone pair and the acceptP—Y and P-O orbitals
In a frozen orbital ansatz, these Fukui functions correspond of grganophosphorus carbanions.

to the density of the HOMO (or, for, of the LUMO), thereby Energetic Impact of the C Lone Pairk* Back-Bonding

showing their close relation to Fuku’s original ideas about Interaction. With the existence of the back-bonding interaction

frontier MO reactivity. Howev_er_, the fr(_)zen orbital approach IS having been established, we now investigate the impact of this
by no means necessary, and it is possible to compute the densit

it hile taking | id ion th | . £ all ¥ype of interaction. The total stabilization of an adjacent
Ifference while taking into consideration the relaxation of all - coanion can be estimated studying the isodesmic reactions
orbitals upon ionization. By including the latter effect, the Fukui

function d ibes bondi letely than fronti bital presented in Scheme 1.
unction describes bonding more completely than Trontier oroltal = 5,0 1 shows the MP4//MP2 and B3LYP reaction energies
densities, which are only one of its components. In addition,

- . . . X of the reactions presented above. As shown by this table, both
the finite difference Fukui function is a physical observable, . . -
. . . methods lead to reaction energies that are of the same size and
whereas frontier orbitals are only mathematical constructs. L . . 2 .
. . . Z similar to those found in the earlier survelys?? Isodesmic
Figure 1 shows the Fukui function for the @PH,~ and . . .
Z _ reactions of the same type have been used to investigate neutral
CH,POH,™ as well as for the CENH,~ molecules. As expected, S ; .
- . . . organophosphorus compounds, showing little to no interaction
red zones corresponding to a loss in electron density predomi- . .
o T between the phosphorus containing functional group and the
nate. These zones indicate that ionization formally occurs out neutral oraanic backboréds The important stabilization ob
of the carbon lone pair. However, some regions of increased 9 : P

electron density are also found. These regions, shown in blue,served in Table 1 is therefore clearly linked to the presence of

. ; the adjacent carbanion.
are mostly located along the internuclear axis and can be A ioned ab h isod . . .
attributed to the polarization along taebonds. s mentioned above, these isodesmic reaction energies

Of most interest in the present context are the losses in Measure the total stabilization energy, including changes in

electron density due to a decrease in back-bonding. These losse$: and elect_rostatic bonding. .TO specifically quantify the effect
are clearly seen in the region corresponding tostreecepting of the negative hyperconjugation, NBO analyses were performed
o* P—H and P-O orbitals. However, in Figure 1c, no such on the optimized compounds. This allows for a detailed analysis

change is seen in the region of the-N o* bonds. This remains ~ ©' the contributing orbitals. _ _
true even upon plotting the Fukui function with a lower NBO analysis is based on a method for optimally expressing

isodensity value. This marked difference is entirely consistent @ given wave function into a localized form. The overall density
matrix is transformed to give localized natural bonding orbitals

(34) Leyssens, T.; Peeters, D.; Orpen, A. G.; Harvey, Néw J. Chem. (OI' NBO?) which are centered on one atom (“core” or “lone
2005 29, 1424-1430. pair” orbitals), two atoms (“bond” orbitals), or three atoms
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TABLE 2. B3LYP NBO Second-order Perturbative Estimate of
the Total Lone Pair/o* Back-Bonding Interaction AEp, (kcal/mol) in
the Anionic CH2X~, CoH4X ™, and CsH.X~ Compounds

X/R CH,~ CoHs CsHs X/R CH,~ CoHs CsH4
PH, 21.66 2252 15.62 PHOH 36.65 45.98 32.67
POH, 29.91 30.70 25.12 P(OH) 34.38 35.06 27.64
PHCH; 2241 2252 17.10 PO(OH) 40.01 36.03 31.32
P(CHs), 23.70 2542 17.82 PHF 50.58 58.49 43.04
PO(CH), 24.60 29.34 2481 RF 41.87 45.26 35.65
PHNH, 30.97 3558 23.71 PQF 47.48 47.77 40.20
P(NH), 39.48 33.88 23.20
PO(NH), 39.46 39.44 30.60

(“delocalized bond over three centers” or “3C-bond” orbitals).
The density matrix is first used to define a minimum basis of
atomic orbitals, the natural atomic orbitals (or NAOs), and the

Leyssens and Peeters

FIGURE 2. B3LYP Fukui function of the gH,PF,~ molecule (taken
at isodensity value of 0.005 e.bofy.

Tables 1 and 2 show the total back-bonding interaction to be
influenced by the nature, as well as the formal oxidation state
of the P-functional group. Comparing, e.g., the PHY functional
groups, we observe an increased stabilization for the more

NBOs are expressed as an expansion of these orbitals. The NBCFlectronegative Y groups (in increasing ordel < —CHz <
orbitals are chosen in such a way as to maximize occupancy, "NHz < —OH < —F). The_lncreasid back-bonding for the latter
so that delocalization effects appear as weak departures from'S consistent with the idea ob* back-bonding. A very

the idealized localized Lewis structure in which all NBOs have
occupancies of exactly 2, 1, or 0. The Natural Bond Orbital
(NBO)*! method developed by Weinhold and co-workers

electronegative Y group implies a highly polarizee Y bond
and energetically low* orbital, favoring back-bonding. The
more important stabilization by the B¥ompared to the PHY

provides an estimate of the energy impact of secondary bonding@nd the P(V) compared to the P(1ll) groups is explained by back-

interactions which act as small perturbations to the total bonding. Ponding interactions toward twe* P—Y orbitals for the P¥
The energy contribution is derived from interactions between 9roup and a supplementary back-bonding interaction toward the

donor and acceptor orbitaid Back-bonding energy contribu-

o* P—O orbital for the POY group. The less important

tions are obtained from the NBO estimates of the stabilization Stabilization of the allylic anions (about 10 kcal/mol less
interactions associated with partial electron donation from the important compared to the stabilization of the methyl and ethy

localized NBOs (carbanion lone pair) of the idealized Lewis
structure into the empty non-Lewis orbitats*(P—Y and P-O
orbitals), that is, with partial departure from the idealized Lewis

anions) can be explained by a lone pair that is delocalized over
the three carbon centers and therefore less available for back-
bonding toward the P-containing functional group. The non-

structure description. As these interactions are only small Negligible participation of they carbon atom to the Fukui
departures from the idealized Lewis structure they can be function of the GH.PR— molecule, as shown in Figure 2,

estimated within the NBO method using perturbation theory.
The stabilization energh(2) associated with delocalization from
a donor orbital to an acceptor orbitglis given asE(2) = AE;

=g x F(i,j)?(¢f — «). In this expressiony; is the donor orbital
occupancye; ande; are the respective orbital energies, &)

confirms this three center delocalization.

Electronic Impact of the Carbon Lone pair/o* Back-
Bonding Interaction. The NBO analyses also allow for an
estimation of the electronic impact of the negative hypercon-
jugation. This is achieved by deleting specific off-diagonal NBO

is the off-diagonal Fock matrix element expressed in the NBO Fock matrix elements and rediagonalizing this matrix, hereby

basis.

obtaining a new energi(del) as well as new density matrix

problems, yielding chemically satisfying models accounting for changes in NBO orbital occupation can be directly related to
effects such as the small energy difference between cis and tranghe deleted interaction. Deletion of the L& P—Y and P-O

difluoroethene®® the torsion barrier to rotation in ethafethe
relative stability of the isomers of the HOH,O complexes?é
the properties of XH bonds in X-H+:-Y hydrogen bond¥

for a wide range of X and Y groups, and the impact of negative

hyperconjugation on the reactivity of complex heterocyclic
systemg?
Table 2 shows the totalE,, LP/ 0* back-bonding interaction

interactions measures the electronic impact of the latter. Table
3 shows the most important changes in occupation number of
the NBO orbitals after deletion of these interactions.

As expected deletion of the back-bonding interactions leads
to an electronic shift from the* orbitals to the carbanion lone
pair (or the carbon lone pair amdt C—C orbital for the allylic
compounds).

energy for the compounds studied. These values are comparable The analysis shows the back-bonding interaction to be
to those found for the isodesmic reactions (Table 1), clearly responsible for an electronic shift of between 0.12 and 042 e
showing that the negative hyperconjugation is responsible for (between 0.11 and 0.3@efor the allylic compounds). This
the major part of the observed stabilization, by accounting for analysis furthermore confirms the less important back-bonding

50 to 100% of the total interactions.

(35) (&) Kwon, O.; Sevin, F.; Mckee, M. L1. Phys. Chem. 2001
105 913-922. (b) Can, H.; Zhan, D.; Balci, M.; Brickmann, Bur. J.
Org. Chem.2003 68, 1111-1117. (c) Monajjemi, M.; Chahkandi, B.
THEOCHEM2005 714, 43-60.

(36) See, e.g., http://www.chem.wisc.egubo5/tut_del.htm.

(37) Weinhold, FAngew. Chem., Int. EQ2003 42, 4188 — 4194.

(38) Sun, Q.; Li, Z,; Zeng, X.; Ge, M.; Wang, THEOCHEM2005
724, 155-161.

(39) Sosa, G. L.; Peruchena, M.; Contreras, R. H.; Castro, E. A.
THEOCHEM2002 577, 219-228.
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interaction observed for the allylic compounds. For the latter,
part of the electronic population lost in the orbitals upon
deletion of the back-bonding interaction is recovered inthe
C—C orbital, again showing the delocalization of the lone pair
over the three carbon centers.

The important electronic shift associated with the back-
bonding interaction leads to slightly negatively (positively for
the allylic carbanions) charged functional groups, contrary to

(40) Lill, S. O. N.; Rauhut, G.; Anders, Ehem—Eur. J.2003 9, 3143.
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TABLE 3. Change in Occupation Number of the NBO Orbitals o+ er ﬁ
(Lone Pair, ¢* P—Y and P—O Orbitals, and * & C—C Orbital) after H ~ / 8- X\ 5-
Deletion of the Lone Pairk* Orbital Interactions (B3LYP) Hal X CH CH
S } }
CHy~ CoHy™ CsH4™ 5- CH; CH
XIR o P o P o LP mC-C s CHy gy
PH, -0.21 0.23 —-0.22 0.21 —-0.15 0.07 0.08 L .
PHCH; —021 024 —-022 022 -0.15 0.08 0.09 as increasedt) or decreased¥—) charge of the CH, Ck and CH
P(CHb)2 —0.20 0.22 —-022 022 —-0.15 0.07 0.09 parts of the CHX~, C;HsX~, and GH4X~ anions with respect to the
PO(CH), -0.12 010 —0.15 013 —0.11 001 0.1 reference molecules (X —H).
PHNH, —-0.24 0.28 —-0.29 0.30 —-0.17 0.07 0.13
P(NH)2 —0.26 0.26 —0.27 0.28 —0.17 0.08 0.11 H
PO(NH), —-0.17 0.19 —-0.20 0.21 -0.14 0.04 0.12 (0] OH
PHOH —-0.28 0.27 —-0.36 0.38 —0.26 0.13 0.14
P(OH) —0.27 0.30 —0.30 0.30 —-0.21 o0.11 0.13
PO(OH» —-0.15 0.21 -0.20 0.21 -0.12 0.06 0.11 H
PHF —-0.37 0.39 —-042 040 -0.30 0.15 0.16
PR -0.32 038 -035 0.37 —0.27 014 0.16 OH
POR —-0.17 0.26 —0.18 0.24 -0.15 0.08 0.12

FIGURE 4. Newman projection of the CiPO(OH)}~ molecule.

TABLE 4. B3LYP NBO Charge of the Functional Group for the
Neutral CH3X and Anionic CH2X~, CoHaX ™, and CgHaX~

Compounds. as well as the NBO* Charge of the Anionic a carbon lone pair eclipsing one of the-¥ or P—0O bonds, as

Compounds Obtained after Deletion of Allo* P—Y/LP and All ¢* shown in the Newman projection for the @PO(OH)
P—OJ/LP Back-Bonding Interactions molecule (Figure 4).
NBO NBO NBO* Most striking are the differences in structure with respect to

the corresponding neutral compounds. Table 5 shows shorter
XIR_ CHs CHy GhHs GHa CH: GHiso GeHa P—C bonds of at least 0.1 A for the anionic compounds as well

PH, 023 -008 -007 005 013 015 0.20 as longer P-Y (P—0O) bond lengths and wider-YP—Y angles.

PO 026 -0.06 —0.04 005 012 016 019 Back-bonding from the lone pair to the orbitals is thought
PHCH, 025 -010 —009 003 011 013 018 to be at the origin of these structural changes, as they can be
P(CHs)2 0.26 —0.06 —0.06 0.05 0.14 0.16 0.20 o - .
PHNH, 027 -0.12 -013 001 012 016 0.18 tion 4344

P(NH), 028 -0.06 -0.06 0.06 020 0.21 0.23 In order to show that these structural changes are indeed a
PO(NH), 029 -003 -002 008 014 018 022 consequence of the back-bonding interaction, we qualitatively
PHOH 026 -011 -015 -003 017 021 023 determine what the optimal geometry would be in the absence

P(OH, 027 -007 -007 005 020 023 026 o . . . L
POOHp 026 -003 —002 006 012 018 018 of this interaction. This can be achieved by reoptimizing the

PHF 027 -0.18 -018 —-006 019 024 024 geometry with theo*/lone pair interaction deleted. In other
PR 030 -0.13 -0.13 -0.01 019 022 0.26 words, one looks for an equilibrium structure on the NBO E(del)
POR 0.26 —-006 —-0.05 003 011 013 0.18 surface, which differs from th&(full) surface by deletion of

all lone pairb* P—Y and P-O interactions. This type of analysis

N o ) has recently been used to show the decrease -+ @nd

the positive polarization of these groups in the neutral com- jcrease in metalligand bond length for metalolefin com-
pounds (Table 4). As shown by Table 4, after deletion of the plexes upon deletion of the metelz* C—C back-bonding
back-bonding interaction, the functional groups in the anionic jnteraction?® The results obtained using this analysis are also
compounds recover a positive charge comparable to thatghown in Table 5 for the RPYand RPOY compounds.
observed for the neutral compounds and consistent with @ As shown in this table, the optimal geometries in the absence
donating effect of about 0.2/0.3-ein agreement with the highly  of the back-bonding interaction are characterized by longet P
electropositive character of these grodp® From this analysis bonds, shorter PY bonds, and sharper~YP—Y angles for the

it is clear that the phosphorus containing functional groups anjonic compounds. The variations between the geometries
studied in this paper should be described a®norfr acceptor optimized on theE(full) surface and those optimized on the

functional groups. e N E(dell) surface are comparable to the variations found between
As for the neutral compound$;™® the important positive  the neutral and anionic compounds. Although the structural
charge on the phosphorus atom polarizesyal—H, o C-C, features of compounds optimized on felel) surface resemble

and 7 C—C bonds of the organic backbone toward the those of the neutral molecule, no perfect agreement can be

substituted carbon atom, leading to a total polarization as expected due to the presence of an additional hydrogen for the

presented in Figure 3. ) latter. From this analysis it becomes clear that the back-bonding
Structural Consequences of the Carbon Lone Paitf* interaction is indeed responsible for the major structural

Back-Bonding Interaction. The optimized structural charac- gifferences observed between the neutral and anionic organo-
teristics of the studied anionic compounds are in agreement with phosphorus compounds.

those of the earlier surveys. All structures are characterized by

(43) Orpen, A. G.; Connelly, N. Gl. Chem. Soc., Chem. Comm(885

(41) Leyssens, T.; Geerlings, P.; Peeters).0?hys. Chem. 2005 109, 1310.
9882-9889. (44) Orpen, A. G.; Connelly, N. @rganometallics199Q 9, 1206.
(42) Leyssens, T.; Geerlings, P.; Peeters]).Rhys. Chem. 2006 110, (45) Kim, K. C.; Lee, K. A;; Kim, C. K,; Lee, B. S.; Lee, H. WChem.
8872-8879. Phys. Lett2004 391, 321—324.
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TABLE 5. Optimal P—C and P—Y2 Bond Lengths (A) and Y—P—Y Valence Angle (deg) of the RPY¥ and RPOY, Compound® (R = —CH»—,
—CHp3), as well as These Elements for the Equilibrium Structure of CHX™ on the E(del) Surface

P-C P-Y Y—P-Y
X/R CHs CH,~ CHy* CHa CH,~ CH,* CH3 CH;~ CH,™*

PH, 1.88 1.76 1.94 1.42 1.49 1.44 93.4 89.1 104.3
POH, 1.82 173 1.84 1.42 1.43 1.43 101.0 100.4 105.1
P(CHy): 1.87 1.74 1.87 1.87 1.92 1.87 99.4 93.4 98.1
PO(CHy); 1.83 1.74 1.87 1.83 1.86 1.82 104.8 102.8 104.8
P(NH,)2 1.85 173 1.85 173 1.83 175 1105 88.2 108.7
PO(NH), 1.83 171 1.88 1.69 1.78 171 99.2 93.8 97.6
P(OH) 1.84 172 1.81 1.68 1.75 1.70 103.2 88.5 1033
PR 1.84 1.69 1.82 1.64 173 1.65 98.1 86.8 97.7
POR, 1.80 1.67 170 159 1.66 1.62 98.4 90.3 99.6

aThe data is given for the-PY bond eclipsing the lone paifThe very flat potential energy surfaces observed fo=X%-PO(OH), due to the rotation
of the —OH bonds make it difficult to locate a minimum for this case.

Conclusion fore be seen as donorfr acceptor groups. In a final NBO

. . . L . analysis, we reoptimized the anions without taking the back-

Compelling electronic evidence is given on the existence of S A . -
bonding interaction into account, clearly showing for the first

alone pairé* P~ (P—0) back-donating interaction. This has time that this interaction is indeed responsible for the observed
been achieved by the analysis of the calculated electron OIenSitystructural differences between the an‘i)onic and neutral organo-
and of the changes in density upon ionization, the finite 9

difference Fukui function. phosphorus compounds.

The qualitative as well as quantitative energetic, electronic, o .
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