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Computed ab Initio and Experimental Data

Janet E. Del Bene,** S. Ajith Perera,* Rodney J. Bartlett,* Ibon Alkorta, $ and JoseElguero®

Department of Chemistry, Youngstown StateJdrsity, Youngstown, Ohio 44555, Quantum Theory Project,
University of Florida, Gainesille, Florida 32611, and Instituto de Qmica Malica, CSIC,
Juan de la Cierva 3, E-28006 Madrid, Spain

Receied: May 3, 2000; In Final Form: June 26, 2000

EOM-CCSD calculations have been performed to evaluaté'he’'P coupling constant{Js_p) across an
N—H*—N hydrogen bond in a model system. Computtdd_r values were obtained as a function of distance
and are in agreement with an experimentally measured value offhé'P coupling constant across an
N—H*—N hydrogen bond.

In recent years there has been significant interest andto compute*hJ(3!P—31P) across an NH—N hydrogen bond in
excitement about coupling constants acrosHA-B hydrogen the model cationic system, shown as struct?ire
bonds!~15> These couplings are designated as two-bond cou-
plings @"Ja—g) and four-bond couplings*Ux-.) if K and L
are bonded to A and B. Limbaéh? Grzesielké—7 Bax8° and
Witthrich!® almost simultaneously describetJ(15N—15N),
2h3(19F—19F), and?J(*5N—19F). Theoretical studies of coupling
constants have also been repotéd***including predictions
of their values for NNH—N, N—H—-0, and O-H—O proto-
types!? The interest in coupling constants across hydrogen

bonds lies in their potential usefulness for structure determina- 1
tion in biomolecules such as proteins and nucleic atfds’
In 1993, Laynez and co-workéfsmeasured for the first time It is not obvious whether the hydrogen bonds in compounds

the 3'P—31P coupling constartJ(3!P—31P) across a hydrogen 1 are symmetric or not. In simple cationic systems, it has been
bond in compound 1 (%= Br, PF). In the'3C NMR spectrum  observe#22that the proton may be symmetrically bonded, or
the signal due to the carbon atoms &d G and the two  that the symmetric structure is a transition structure for proton
phosphorus atoms appears as a quartetXXA pattern, with  transfer between two equivalent equilibrium structures of lower
the peripheral transitions being twice as intense as the centralsymmetry. In the latter case, the barrier to proton transfer may
ones. Analysis of this pattern yielded a coupling constant be below the zero-point vibrational energy, so that the symmetric
between the two phosphorus atomM@EP—3P)] of about 3 structure is effectively the equilibrium structure. For this reason
Hz. and for computational efficiency, we have optimized our model
The same investigatdfsalso determined the structures of structure2 at MBPT(2f3~26 with the 6-31-G(d,p) basis sét~3°
the two molecules of compouritdwhen X = Br (Cambridge under the constraint o€z, symmetry with the proton sym-
structural database JODZAD) and % PFs (JODZEH). In metrically bonded to the two nitrogens. The optimizeetN
addition, the structure of the related compound in which one distance in this model complex is 2.53 A, while the-IP
phenyl on each phosphorus is replaced by methyl and X is Br distance is 4.79 A. The EOM-CCSD coupling constants have
(JODZIL) has also been determin&dThe N—N distances in been computed using its Cl-like approximation with Ahlrich’s
these three compounds are 2.583, 2.604, and 2.535 A, respecdzp basis set on N and P, and qz2p on the hydrogen-bonded
tively, while the P-P distances are 5.156, 4.889, and 4.996 A, proton. The basis set used for the remaining hydrogens is

respectively. Dunnning’s cc-pVDZ basi&'32 The coupling constants were
Perera and Bartlett have recently developed the equation-of-computed using the ACESII progrdfnon the SGI Origin
motion coupled cluster singles and doubles (EOM-CG313) computer at the Ohio Supercomputer Center.

method to compute NMR coupling constants. With this tech- ~ Previous studies 6fJa-g coupling constants across-¥—
nique and Ahlrich’s (qzp,qz2p) basis 8&it has been possible N, N—H—0, and G-H—-0 hydrogen bonds have shown that
to compute from first principles NMR coupling constants which  the coupling constant is dominated by the Fermi-contact term,
are in excellent agreement with known experimental data. @nd that this term is a function of the-/8 distance'? In
Because of the uniqueness of the 4-bond coupling which wasaddition,”"Jo_p and*"Jp_p computed in several small hydrogen-

measured experimentally, we decided to apply these techniqued?onded systems are also dominated by the Fermi-contact term.
Therefore, we have computed only this term in order to estimate

T Younastown State Universit J. Moreover, since the optimized-#P distance in our model
*Univegrsity of Florida. v system is much shorter than the experimentaPRdistances
§ Instituto de Qmica Madica, CSIC. found in compoundd, we have computedJ(3P—31P) as a
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TABLE 1: N—N and P—P Distances (A) and Computed
Coupling Constants PhJ(31P—31P) (Hz)] in the Model
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a At all distances the NH—N angle was held constant at T7the
value in the optimized structure.
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Figure 1. 4"J(P—31P) (Hz) versus the PP distance (A) in the model
structure2.
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Given the difficulty both measuring experimentally and
computing “MJ(31P—31P), the agreement between theory and
experiment is gratifying, even though the computed coupling
constants suggest a longer P distance than measured experi-

mentally. There are three factors which might account at least
in part for the differences between theory and experiment. The

first is that the model structure has a symmetrically-bonded
proton. It has been shown that the-B coupling constants
across hydrogen bond®J,_g) in cationic complexes are lower
when the proton is not symmetrically bond&tk? The proton
position may also influence the value‘¥. The second factor

is the replacement of the phenyl groups in the real molecule

J. Chem. Info. Comput. Sc991 31, 187.

(17) Perera, S. A.; Sekino, H.; Bartlett, RJJChem. Physl1994 101,
2186

(18) Perera, S. A.; Nooijen, M.; Bartlett, R. J. Chem. Phys1996
104, 3290.

(19) Perera, S. A.; Bartlett, R. J. Am. Chem. Sod 995 117, 8476.

(20) Perera, S. A.; Bartlett, R. J. Am. Chem. Sod.996 118 7849.

(21) Schafer, A.; Horn, H.; Alhrichs, R. Chem. Physl992 97, 2571.

(22) Del Bene, J. E.; Perera, S. A,; Bartlett, R. J. to be submitted for
publication.

(23) Bartlett, R. J.; Silver, D. MJ. Chem. Physl975 62, 3258.

(24) Bartlett, R. J.; Purvis, G. Dnt. J. Quantum Chen1978 14, 561.

(25) Pople, J. A.; Binkley, J. S.; Seeger, Rt. J. Quantum Chem.
Quantum Chem. Symp976 10, 1.

(26) Krishnan, R.; Pople, J. Ant. J. Quantum Cheni978 14, 91.

(27) Hehre, W. J.; Ditchfield, R.; Pople, J. A.Chem. Physl972 56,
2257.

(28) Hariharan, P. C.; Pople, J. Aheor. Chim. Actal973 28, 213.

(29) Spitznagel, G. W.; Clark, T.; Chandrasekhar, J.; Schleyer, P. v. R.
J. Comput. Chenl982 3, 363.

(30) Clark, T.; Chandrasekhar, J.; Spitznagel, G. W.; Schleyer, P. v. R.

with hydrogens in the model cation. This should have some J- Comput Chem 1983 4, 294.

effect on the coupling constant, although it is not obvious
whetherd would increase or decrease. Finally, the experimental

(31) Dunning, T. H., JrJ. Chem Phys 1989 90, 1007.
(32) Woon, D. E.; Dunning, T. H., Jd. Chem Phys 1995 103 4572.
(33) ACESII is a program product of the Quantum Theory Project,

distances were determined in crystals, but the NMR data were University of Florida. Authors: Stanton, J. F.; Gauss, J.; Watts, J. D.;

obtained from solution studies. What effect the solvent might
have is uncertain.

Acknowledgment. This work has been supported by grants
from the National Science Foundation (CHE-9873815 to

Nooijen, M.; Oliphant, N.; Perera, S. A.; Szalay, P. G.; Lauderdale, W. J.;
Gwaltney, S. R.; Beck, S.; Balkova, A.; Bernholdt, D. E.; Baeck, K.-K.;
Tozyczko, P.; Sekino, H.; Huber, C.; Bartlett, R. J. Ingetral packages
included are VMOL (Almlof, J.; Taylor, P. R.); VPROPS (Taylor, P. R.);
ABACUS (Helgaker, T.; Jensen, H. J. Aa.; Jorgensen, P.; Olsen, J.; Taylor,
P.R)).



