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A computational study of 2-phosphinylphenol has been carried out to investigate intramolecular hydrog
bond formation and its consequences in the rest of the molecule. This is an extension of both our synth
work on organophosphorus derivatives of diphenyl ether and our experimental and computational struct
analyses of salicylaldehyde, 2-nitrophenol, and related molecules. Full optimization of the 2-phosphinylphe
geometries was carried out both at the HF/6-&F* level and, to include electron correlation, at the MP2/
6-31G* level. The stabilization energy of the intramolecular hydrogen bonding in 2-phosphinylphenol (28
kJ/mol by isodesmic calculation) is smaller than that of the intermolecular hydrogen bonding in the dimer
2-phosphinylphenol, also computed in this work to be 59.1 kJ/mol per hydrogen bond from the counterpo
interaction energy or 57.4 kJ/mol by BSSE-corrected isodesmic calculation. The closure of the six-membe
ring with the intramolecular hydrogen bond apparently introduces energy-costing constraints. The geometr
changes in 2-phosphinylphenol accompanying the formation of the hydrogen bond are similar to those obse
in 2-nitrophenol and salicylaldehyde, characterized as resonance-assisted hydrogen bonding. In additic
the lowest energy monomer with the hydrogen bond, two further stable minima of higher energy with 1
hydrogen bonding were found for 2-phosphinylphenol.

Introduction either in a dimeric molecufeor in a polymeric chaifin crystals.

h To see the possibility of this intermolecular hydrogen bond

d- formation and its stability compared with the intramolecular

| hydrogen bond, we also computed the geometry of a dimer of

2-phosphinylphenol.

Hydrogen bond formation is often the key interaction in bot
intramolecular and intermolecular interactions. Its understan
ing carries the potential of correlating structure with chemica
properties and of designing molecules with desired character-
istics.

Phosphine oxides are potential systems for hydrogen bond Computational Methods
formation. It was the unexpected formation of bis(2-hydrox-
yphenyl)phenylphosphine 10-oxide in the reaction of 10-phenyl-
10H-phenoxaphosphine 10-oxide with either sodium hydroxide
or potassiumtert-butoxide that prompted our interest in
studying intramolecular interactions between nearby hydroxy
and phosphoryl groups. TH8P NMR chemical shift of this
product, which is downfield from that of triphenylphosphine
oxide by 24 ppn# suggested to us hydrogen bonding between
the hydroxy and phosphoryl groups. As a first step, a model
compound, 2-phosphinylphenol, 2P{O)GH4OH, was chosen
to investigate the possibility of hydrogen bond formation by
guantum chemical calculation.

Intramolecular hydrogen bonding in simple ortho-substituted
derivatives of benzene, such as 2-nitroph¢aold salicylalde-

All calculations were carried out using the Gaussian 94
programé Since 2-phosphinylphenol may exist in different
conformations, the potential energy surface of the molecule was
scanned in order to find all stable minima. Five minimum
structures were found, all of which have been further explored.
Full geometry optimizations were carried out for all five
structures at the standard HF/6-31G* level using the Berny
optimization algorithm as implemented in Gaussian 94. These
structures together with their HF optimized geometrical param-
eters are shown in Figure 1. Harmonic vibrational frequencies
were calculated analytically for each of these optimized
structures in order to determine if any of them corresponded to
saddle points. Since all of these conformers except conformer
C refined to geometries with almost perfé&tsymmetry, this

hyde?® has been investigated recently. It seemed to be a natural
continuation of these studies to include phosphorus derivatives
in this series. In addition to detecting hydrogen bonding, we

found it of great interest to determine and understand the

symmetry was supposed for the frequency calculations for these
four structures.

Conformers A, B, and C appeared to be true minima on the

structural consequences of hydrogen bond formation in the restPotential energy surface, and they were further investigated.

of the molecule.
There have been indications in the literature of the possibility
of intermolecularhydrogen bond formation in phosphine oxides,
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Their structures were also fully optimized at the HF/6+&3**

level. Further geometry optimizations were carried out at the
correlated level with the smaller basis set (MP2/6-31G*) in the

frozen core approximation. These MP2 geometries are shown
in Figure 2. Single-point calculations were carried out for the
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Figure 1. Numbering of atoms in conformer A and five minimum energy structures of 2-phosphinylphenol monomer with their HF/6-31G* optimiz
geometrical parameters. Conformers A, B, and C are true minima, while D and E are transition-state structures. Bond lengths (A) are indicat
boldface, bond angles (deg) in italics.

larger basis set (MP2/6-31G**//HF/6-31+G**). Finally, the see Table 1. The energy differences of the various conformers
geometry of the most stable conformer (A) was also optimized change somewhat with inclusion of electron correlation with
at the MP2/6-31+G** level. The ab initio absolute energies either basis set applied.

for these calculations are summarized in Table 1, with the energy  To interpret geometrical changes in conformer A compared
differences of all conformers compared to the most stable to its parent molecules, phenol and phenylphosphine oxide, their
conformer A. It appears that the inclusion of the extra geometries have also been fully optimized at all levels of
polarization and diffuse functions decreases somewhat thecalculation used here. The observed structural trends were the
energy differences between conformers A with B and C, same at all levels; therefore only the MP2/6-31G* results will
respectively. be given.

Two of the five conformers (D and E, see Figure 1) are  Since the possibility of intermolecular hydrogen bond forma-
transition structures with one imaginary frequency for each. tion in related 2-phosphorylated phenols has arisen béfore,
They were not optimized further at higher levels, but their the geometry of the dimer of 2-phosphinylphenol was also fully
energies were also calculated using second-order perturbatioroptimized at the HF/6-31G* level. The dimer's geometrical
theory based on the HF geometries (MP2/6-31G*//HF/6-31G*); parameters are given in Figure 3. The geometry converged to
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Figure 2. The MP2/6-31G* geometries of conformers A, B, and C of 2-phosphinylphenol. Bond lengths (A) in boldface; bond angles (deg)

italics.

TABLE 1: Ab Initio Absolute Energies (au) of Conformer A of 2-Phosphinylphenol and Energy Differences (kJ/mol) between

Other Forms and Conformer A at Different Levels of Calculation?

conformer HF/6-31G* HF/6-3tG** MP2//HF/6-31G* MP2/6-31G* MP2//HF/6-3£G** MP2/6-31+G**
A —721.73479 —721.76572 —722.952 70 —722.957 02 —723.043 25 —723.047 18
B 154 13.0 18.7 19.2 15.2

C 28.5 27.6 26.8 27.0 23.8

D 37.5 38.7

E 49.0 48.9

dimer —61.0 —88.2

aWithout zero point vibrational energy correctioisCompared to two molecules of A.

1391

1.394

Figure 3. Shape and geometrical parameters of dimeric 2-phosphi-
nylphenol computed at the HF-6-31G* level. Bond lengths are in
angstroms, bond angles in degrees. The moleculeChagmmetry.

a structure with almost perfe€& symmetry, and this symmetry
was assumed for the frequency calculation. Thisymmetry

calculated with single-point calculation at the correlated MP2/
6-31G*//HF/6-31G* level. We note that this may be only one
of the stable dimer structures since the full potential energy
surface was not scanned.

The electron density was calculated with Spartad 4tGhe
HF/6-31G* level for the previously optimized geometry of
conformer B for reasons to be discussed later. Slices of the
electron density were generated from it using Spartan’s graphical
interface.

Results and Discussion

Comparison of Different Conformers. Five conformations
of the monomeric form of 2-phosphinylphenol were found as
stationary points on the potential energy surface. Vibrational
analyses showed that conformers A, B, and C are minima, while
D and E are saddle points. The structure with an intramolecular
hydrogen bond, conformer A, is the global minimum. Itis lower
in energy than B and C by 18.7 and 26.8 kJ/mol, respectively,
and it is more stable than the transition-state structures D and
E by 38.7 and 48.9 kJ/mol. Here and hereafter the MP2/6-
31G*//HF/6-31G* energies are considered.

Obviously the order of these energies is determined by the
relative orientation of the polar OH and PO groups. In the
highest energy structure E the oxygens are facing each other,
2.973 A apart (compared with 3.00 A, twice the van der Waals

dimer turned out to be a stable minimum. Its energy was also radius of oxygen). The other transition structure, D, has the
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TABLE 2: Geometrical Parameters of Conformer A at SCHEME 1
Different Levels of Calculation? o +

MP2/ ~H O\H

HF/6-31G* HF/6-31-G** MP2/6-31G* 6-31+G** 0 - P
p? _0

Cl-C2 1.397 1.398 1.410 1.411 e N N
c2-C3 1.401 1.402 1.405 1.407 H H H
C3-C4 1.372 1.374 1.390 1.392
C4-C5 1.397 1.398 1.401 1.402 heavy elements does not have an appreciable effect on the
C5-C6 1.372 1374 1.389 1391 parameters at either the HF or the correlated level. The
C1-C6 1.399 1.400 1.404 1.405 hydrogen bond lengthens somewhat from 1.857 to 1.867 A at
C1-07 1.332 1.332 1.356 1.359 he HE | | while i . iallv th 1.804
O7—Hs8 0.960 0.956 0.991 0.985 the evel, while it remains essentially the same, 1. VS
C2—P 1.794 1.797 1.795 1.799 1.803 A, at the MP2 level. Concerning the MP2 vs HF
P=0 1.478 1.481 1.513 1.518 geometries, the bond lengths show the usual lengthening in the
P-H 1.392 1.394 1411 1.403 MP2 structures compared to the HF ones. On the other hand,
8%9.'81% 125;275 125;277 12-5;%‘; 12%(%% the hydrogen bond gets appreciably shorter, by about-0.05
C1-Co-C3 119.3 119.2 119.7 119.7 0.06 A, as compared with the HF_caIcuIat|or_13.
C2—-C3-C4 1215 1215 120.9 120.9 Intramolecula_r Hydrogen Bonding. The mt_ragmolecular
C3—-C4-C5 118.6 118.6 119.1 119.1 hydrogen bond in conformer A, the absolute minimum, should
C2-C1-C6 119.1 119.2 118.9 119.1 be the decisive factor in stabilizing this form. Scheme 1
gl_gﬁ_gg 130-4 130-6‘ 138-6 128-5 suggests that a contribution of tbeguinonoid resonance form
Cg:ci:m izi'% izzllls i24'; 124'; should enhance this stabilizing effect. When comparing the
C1-0O7—-H8  111.8 112.4 109.1 109.6 geometry pf 2-p.hosph|nylphenol W!th phenol and with phe-
C1-C2—-P 120.7 120.8 120.1 120.2 nylphosphine oxide, all the geometrical changes are consistent
C2-P=0 113.1 112.9 113.3 112.9 with the importance of this-quinonoid form. The comparison
gi—op—;' 1gg-§ 1832 18;"1 1;35-81 with the two parent molecules shows a shortening of th€P
07-H8-010 150.8 156.0 oAt 1542 bond (0.014 A), a lengthening of the#® bond (0.011 A), and

a lengthening of the ©H bond (0.017 A), all at the MP2/6-
aDi_stances. in angstroms, angles in degrees. For numbering of atoms31G* level. The changes of all the-& bond lengths of the
see Figure 1. benzene ring are also consistent with the shift toward the
) ] ) o-quinonoid form. Thus, 2-phosphinylphenol represents a
hydrogens of the polar groups facing each other. The imaginary peautiful example of what has become known as resonance-
frequency in each case represents a torsion of one of theseyssisted intramolecular hydrogen bonding.
groups, namely, that of the hydroxy group in D and the rotation  Tpjs effect has been observed previously in similar systems,
of the phosphinyl group in E. such as salicylaldehy@i@nd 2-nitrophenadl.It is of interest to
Conformers B and D differ only in the orientation of the compare their geometries and the amount of changes that
hydroxy group, so the energy difference between the two occurred in their structures with the relevant parent molecules.
conformers, 20.0 kJ/mol, can be taken as the rotational barrierFigure 4 shows these structures with the changes in their
of the OH group in 2-phosphinylphenol when the phosphinyl geometrical parameters compared to the respective parent
group is oriented with the oxygen anti to the hydroxy group. molecules, all at the MP2/6-31G* level. The hydrogen bond
Similarly, conformers B and E differ only in the orientation of distance in conformer A of 2-phosphinylphenol, 1.804 A, is
the phosphinyl group; thus, their energy difference, 30.2 kJ/ about the same as that in salicylaldehyde, 1.803 A, both being
mol, can be considered as the highest barrier on the rotationalsomewhat longer than the one in 2-nitrophenol, 1.766 A. Itis
potential curve of the phosphinyl group when the hydrogen of noteworthy that in 2-phosphinylphenol, with 3d- but not 3p-
the hydroxy group is anti to the phosphoryl group. The internal orbital availability forz bonding, all the effects observed in
rotation potential of the phosphinyl group is a more complicated molecules with first-row substituents still appear.
curve since there is an intermediate minimum corresponding  An often observe¥ indication of hydrogen bonding is the
to conformer C. decrease of the OH stretching frequency. Our frequency
The repulsion of the oxygens in E seems a likely cause for calculations show that while the OH stretching frequency is the
both its high energy and its large<@—-C, C-C—P, and same in conformers B and C (and even in the transition-state
C—P—0 bond angles relative to the corresponding angles in structure E, and only slightly higher in D), it decreases in
the parent molecules, phenol and phenylphosphine oxide, andconformer A by 254 cm! (at the HF/6-31G* level), in
also relative to the other conformers. Formation of conformer accordance with the weakening of the-@ bond due to
C from E through a 77 ®rotation around the €P bond appears  hydrogen bond formation, and is consistent with the appreciable
to relieve some of the oxygeroxygen repulsion. The arrange- lengthening of this bond.
ment of the polar groups seems favorable in conformer B, for  In our previous work isodesmic calculations have been helpful
which the calculated ©C—C and C-C—P bond angles are in evaluating the stabilization of molecules resulting from
within 1° of those in the parent molecules. The-B—H bond hydrogen bondindg12Consider the following isodesmic equa-
angles are increased by 0.Gr 0.#, and the CG-P—0O angle is tion:
decreased correspondingly by 1.dr 1.3 relative to phe-
nylphosphine oxide at the HF and MP2 level, respectively. C¢H:OH + C;H,P(O)H, — C;Hg + 2-H,P(O)GH,OH
Geometry of Conformer A. The geometrical parameters
of the most stablenonomericconformer of 2-phosphinylphenol,  From the MP2/6-31G*//HF/6-31G* energies of benzene, phenol,
A (Figure 1), at different levels of computation are shown in and phenylphosphine oxide we calculated the hypothetical
Table 2. The results show that inclusion of the extra polarization energy of 2-phosphinylphenol were there no effect of interac-
functions on all elements and of the diffuse function on the tions between the hydroxy and phosphinyl groups (zero energy
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Figure 4. Salicylaldehyde, 2-nitrophenol, and 2-phosphinylphenol geometries, MP2/6-31G* level. Geometrical changes (A) compared to the respe
parent molecules are indicated.

change for the isodesmic reaction). The energy of conformer 1185 P
A is 28.4 kJ/mol lower than the energy of this hypothetical
molecule. 118 ¢

To compare this hydrogen bond strength with similar systems,
we have carried out an HF/6-31G* calculation of the change in
energy on formation of a hydrogen-bonded complex between 1175 1

H,O and HPO. The MP2/6-31G*//HF/6-31G* value was S

calculated to be-38.7 kJ/mol. Since there is a danger of S 117 4

introducing basis set superposition error (BSSE) in such o)

comparisond?14 we carried out counterpoise calculations in g .
order to remove this possible error and obtained an interaction < 1165 1

energy of—23.2 kJ/mol. Thus the hydrogen bond seems to be
a little stronger in conformer A than in the water/phosphine
oxide complex, as expected on different counts. Phenols are
more acidic than water, and replacement of a hydrogen in a
phosphine oxide by a phenyl group results in a more basic, that 11565 1
is, better hydrogen bonding phosphoryl gréd@pFurthermore,
the resonance effect described above should enhance the
intramolecular hydrogen bond. At the same time, the closure
: . . . 0 20 40 60 80 100

of the six-membered ring with the intramolecular hydrogen bond
introduces energy-costing geometrical changes. The hydrogen D(C-C-P-O, deg)
bond length is in accordance with this in being shorter in Figure 5. Variation of the C-P—0 angle of phenylphosphine oxide
conformer A than in the complex (1.86 vs 2.05 A). Note that with the G-C—P—0 dihedral angle at the HF/6-31G* level.
the P-O—H and the G-H—0O angles of 99 and 15% in
conformer A are not far from those in the complex (1@@d operate between solvent molecules and the transition-state
142). structure in the reaction of McEwen et #.and in fact their

Conformer B. Conformer B is of interest to us because it detailed kinetic studies show that a less negative entropy of
relates to the experimental observation of a rate acceleration inactivation is the main cause of the enhanced rate of reaction of

the reaction of arylphosphines with alkyl halides when the aryl the 2-methoxyphenylphosphines. Apparently fewer solvent

-

-

o
)

115 f — - t

groups have methoxy groups ortho to the phosph#tus. molecules are involved in the transition-state complex of this
reaction because the methoxy group takes the place of one ol
OCH, OCH; . more solvent molecules.
PPh, PRPh, X Conformer C. Unlike the parent phenylphosphine oxide and
_RX_ the other four conformers, which have the phosphoryl group in

the plane of the ring, conformer C has the PO group out of the
plane by 78. It also has a larger €P—0 bond angle, which

This rate enhancement suggests an energy-lowering interactiormay appear to result from repulsion between the two oxygens;
between the oxygen and the phosphorus in the transition statéhowever, this angle increases even in phenylphosphine oxide
of this reaction. when the phosphoryl is rotated out of the plane of the ring. We

Conformer B, which we view as a model for this transition have carried out a series of calculations on phenylphosphine
state, is only 18.7 kJ/mol higher in energy than A, even though oxide with a series of fixed dihedral angles and have obtained
B lacks the hydrogen bond. Since the bond angles and bondthe results shown in Figure 5. They confirm the suspected effect
distances in B are very similar to those of the parent molecules, on the C-P—O angle, which we attribute to repulsion between
phenol and phenylphosphine oxide, there is no indication of thex electrons of one side of the ring and the phosphoryl group
resonance interaction between the hydroxy and phosphinylwhen it is rotated out of the plane of the ring. There is a similar
groups. The isodesmic calculation shows a stabilization of 9.7 effect on the G-P—H angle, except that this angle decreases
kJ/mol for this molecule and this is attributed to either a somewhat when the-€P—0O angle increases.
favorable through-space effect resulting from the relative  The isodesmic calculation does not indicate much interaction
orientation of the polar OH and PO groups or to a long-range between the groups in conformer C. There is only 1.6 kJ/mol
overlap of orbitals on the hydroxy oxygen and the phosphorus, of stabilization.
as suggested by McEwen et!él.Since we have examined the Dimer. Since experimental results on 2-diphenylphosphi-
electron density distribution using Spartan®aad we find little nylphenol and related molecules indicate that in the solid state
evidence of a long-range bond, we conclude that the through-and in solution there are intermolecular hydrogen bédg,
space effect is the stabilizing factor. A similar effect should we thought it important to check the stability of the dimeric
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form of 2-phosphinylphenol. The geometry found is shown in in 2-phosphinylphenol phosphorus 3d orbitals may be playing
Figure 3 together with its parameters from an HF/6-31G* level a similar role to that of the carbon and nitrogen 2p orbitals in

calculation. The geometry of the dimer was fully optimized the other two systems in the hydrogen bonding.

without any constraint and it has; symmetry. Comparison 3. The contributions of the quinonoid resonance form and

with the monomer conformers reveals that it has two monomeric the intramolecular hydrogen bonding seem to be reinforcing each
units with geometries closely resembling that of conformer C, other in 2-phosphinylphenol, just as in salicylaldehyde and

since each unit has the PO group rotated 68t of the plane  2-nitrophenol, and for all three the description “resonance-

of the adjacent benzene ring. The dimer has a shorter gssisted hydrogen bonding” seems appropriate.

intermolecular hydrogen bond, 1.765 A, compared to the 4 The dimer of 2-phosphinylphenol has two strong hydrogen
intramolecular hydrogen bond in conformer A of 1.857 A (HF/ bonds, the energy of each being 59.1 kJ/mol at the MP2/6-31G*/
6-31G* level for both), which may be taken as an indication of ;4F/6.31G* level by the counterpoise method or 57.4 kd/mol
a stronger bond. A further indication of the stronger intermo- , BSSE_corrected isodesmic calculation. Itis found to be 58.1
lecular hydrogen bond ?n the dimer cor_npared with the intramo- | 3ymol lower in energy than 2 mol of the intramolecular
lecular hydrogen bond in conformer A is the 125¢rdecrease  hydrogen bonded conformer after subtraction of 30.2 kJ/mol

of the OH stretching frequency. _ _of BSSE. The intermolecular hydrogen bond formation is
According to an isodesmic calculation of the dimer formation, geometrically less confined in the dimer than in the monomer.
it is 145.0 kJ/mol more stable than 2 mol of the hypothetical

monomer, or 72.5 kJ/mol per hydrogen bond. Since the two
units of the dimer are very similar in their geometry to
conformer C, it is worthwhile to compare their energies. This
gives a 141.7 kJ/mol stabilization energy for the dimer compared
with 2 mol of C, or 70.8 kJ/mol per hydrogen bond, a value
which is similar to the results of the isodesmic calculation. By
the counterpoise method the dimer interaction energy is 118.2
kJ/mol, or 59.1 kJ/mol per hydrogen ban@hus, the dimer
has two very strong hydrogen bonds per molecule, much
stronger than in the watephosphine oxide complex, as
expected.

To determine the amount of BSSE in comparisons of the
dimer energy with the energies of other monomer conformers, 1y (a) university of North Carolina at Wilmington. (b) “Eds
we performed an MP2/6-31G*//HF/6-31G* computation on the University. (c) Budapest Technical University.
monomer with the geometry of half the dimer using only the (2) Levy, J. B.; Sutton, S. B. unpublished results, Cleavage of the Ring
monomer basis set. The energy of this form of the monomer System of 10-Phenyl-10H-phenoxaphosphine 10-Oxidtst UNCW Mini-
was found to be 15.1 kJ/mol greater than that of half the dimer, %”mlpgos;lf?O%iférg;n;@tggf'OChem'Cal Structure and Funclionjary
computed as in the counterpoise metho_d with the_ full dimer (3) Dhawan, B.: Redmore, 0. Chem. Res. (S99 184-185.
b_aS|s set. The BSSE to be subtracted in comparisons of the (4) Borisenko, K. B.. Bock, C. W.: Hargittai, . Phys. Chem994
dimer with 2 mol of various monomer conformers is thus 30.2 gg 1442.
kJ/mol. For example, the above isodesmic calculation of the (5) Borisenko, K. B.; Bock, C. W.; Hargittai, 0. Phys. Cheml996
dimer formation can be corrected to 145%0.2= 114.8, or 100, 7426.

57.4 kJ/mol per hydrogen bond, a value near that of the (6) Samuel, G; Weiss, Rietrahedron Lett1969 No. 33, 2803; No.
counterpoise interaction energy of 59.1 kJ/mol. We note that 40: 3529
half the dimer with only the monomer basis set is 3.3 kJ/mol __ (/) Popov, I. D.; Shcherbakov, I. N.; Shvets, A. A.; Kogan, V. A;

. . . Rebrova, O. NRuss. J. Gen. Cheml994 64, 211.
higher in energy than conformer C, even though the difference (8) Frisch, M. J.: Trucks, G. W.: Schlegel, H. B.: Gill, P. M. W.:

in their geometries may seem negligible. Apparently, With jopnson, B. G.; Robb, M. A.: Cheeseman, J. R; Keith, T.; Petersson, G.
relatively large molecules small geometrical changes may bring A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,
about significant energy differences. V. G.; Ortiz, J. V.; Foresman, J. B. Cioslowski, J.; Stefanov, B. B;

: - . Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen, W.;
After BSSE subtraction, the dimer is found to be 58.1 kJ/ Wong, M. W.; Andres, J. L.: Replogle, E. S.; Gomperts, R.. Martin, R. L.

mol more stable than 2 mol of the intramolecularly hydrogen Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart, J. P.; Head-

bonded conformer A. Comparison of the bond distances in the Gordon, M.; Gonzalez, C.; Pople, J. Baussian 94Revision E.1; Gaussian,

dimer and in conformer A reveals less contribution of a ¢ Pitisburgh, PA, 1995. .

quinonoid resonance form in the dimer than in A. We note #3789)I Spartan,ersion 4.0; Wavefunction, Inc.: 18401 Von Karman Ave.,
L . . . , Irvine, CA 92715, 1995.

that the hydrogen bond formation in the dimer |slless restricted (10) Gould, 1. R.: Hillier, I. H.J. Mol. Struct. (THEOCHEM)1994

than theintramolecular hydrogen bond formation, and we 314 1

observe that the ©H:--O—P atoms are not in one plane as  (11) varnali, T.; Hargittai, 1J. Mol. Struct. (THEOCHEM).996 388

they are in A. The HO—P angle is 24.5larger in the dimer 315.

Acknowledgment. This work was initiated during the 1996/
97 academic year at UNCW, where M.H. was a Visiting
Scientist and I.H. a Distinguished Visiting Professor in the
Department of Chemistry. A grant from the North Carolina
Supercomputing Center for time on its Cray T90 supercomputer
is gratefully acknowledged. We appreciate the assistance of
Noah W. Allen, our departmental system manager. Partial
support was provided by the Hungarian Scientific Research
Foundation (OTKA, No. T014945).

References and Notes

than in A, and the hydrogen bond is more linear, thetd--O (12) Borisenko, K. B.; Hargittai, lJ. Mol. Struct. (THEOCHEM)996
angle being 169%3in the dimer compared to 150.8 A. 388 107.

(13) van Duijneveldt, F. B.; van Duijneveldt-van de Rijdt, J. G. C. M.;
Conclusions van Lenthe, J. HChem. Re. (Washington, D.C.1994 94, 1873.

1. Medium strength intramolecular hydrogen bonding occurs ~ (14) Boys, S. F.. Bernardi, Mol. Phys 1970 19, 553.
(15) Taft, R. W.; Shuely, W. J.; Doherty, R. M.; Kamlet, M.11.0Org.

in 2-phosphinylphenol, accompanied by appreciable structural Chem. 1988 53, 1737
hanges in the rest of the molecule as compared with the parent em.1988 53, :
¢ . . (16) McEwen, W. E.; Shiau, W.; Yeh, Y.; Schulz, D. N.; Pagilagan, R.
phenol and p_henylp_hospr_nne oxide. ) U.; Levy, J. B.; Symmes, C., Jr.; Nelson, G. O.; Granottd, IAm. Chem.
2. Comparison with salicylaldehyde and 2-nitrophenol shows Soc.1975 97, 1787.
similarity in the hydrogen bonding in all three systems. Thus  (17) Henning V. H.-G.; Wild, W.J. Prakt. Chem1976 318 69.



