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Weston Thatcher Borden (Department of Chemistry, University of Washington,
Seattle, WA 98195, U. S. A.)
1. The object of this research was to locate and define the nature of the lowest

energy C2h species on the potential surface for the Cope rearrangement, thus
establishing whether this reaction proceeds via a metastable diradical interme-

diate or by a concerted pericyclic transition state.

2. In the portion of this research that was carried out at IMS a series of
constrained geometry optimizations was performed with a two-configuration (TC)
SCF wavefunction. The analytical gradient TCSCF program written by Kato and

Morokuma in IMSPAC was used.

3. Subsequent MCSCF calculations at the optimized geometries showed that a TCSCF
wavefunction is biased toward finding a diradical intermediate. The MCSCF wave-
function in which all six "active'" electrons are correlated predicts that the

Cope rearrangement proceeds via a concerted pericyclic transition state.

4. A manuscript describing this work has been accepted for publication as a

Communication: Y. Osamura, S. Kato, K. Morokuma, D. Feller, E. R. Davidson,

and W. T. Borden, J. Am. Chem. Soc., 1984, 106, in press..
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1. Research Objectives

Presented results concern formamide which is one of the simplest molecules of
biological interest. Its force field and dipole-moment derivatives have recently been
studied in our laboratory by the method of ab initio SCF MO calculations. In the
present study we havé extended the ab initio calculations to the cyclic dimer of
formamide. This dimer is the simplest model of the system of hydrogen bonds found
in nucleic-acid bases /like self-associated uracil, thymine and their derivatives/.
Our current study of the vibrational spectra of the crystals of these bases shows
that some of the low-frequency modes can be assigned to nearly isolated hydrogen-

bonded dimers.

2. Research Methods and Programs Used

In the present study the ab initio SCF MO method with the 4-31G split-valence
basis set with standart parameters was used. The nergy gradient technique was em-
ployed for geometry optimization and calculation of force constants. We used the
IMSPACK program containing GAUSSIAN 70, HONDO and our own derivative and optimization
routines, Force constants and dipole derivatives were obtained by numerical diffe-
rentiation of analytically calculated energy gradients and dipole moments, respec-
tively, in the cartesian coordinate system. We used a standart shift of 0.01 au
for each cartesian coordinate of each atom. WNormal coordinates were calculated
Using Shimanouchi ‘s programs and also independently by direct diagonalization of

mass-weighted force-constant matrices.

3. Research Results

The calculated structural parameters for the dimer are listed in table 1 to-
gether with the calculated results for the monomer and the X-ray data for the crystal.
As expected changes in the monomer geometry brought about by the hydrogen bonding
are largest for atoms participating in the bonds. The calculated hydrogen-bond
length is 2.878 R which is close to the values found in uracil and 1-methylthymine.
The hydrogen bond is not linear, the HN..0 angle being 7.1°.



Table 1

Monom, Dimer Cryét.

ron/2/ 1,347 1,328 1.30
reo/2/ 1,216 1.230  1.255
roy/8/ 1.081  1.080
LY, 0.990  0.990
LY 0.993  1.007
[NCO/deg/ 124.9  125.1  121.5
/NCH/deg/ 113.8  115.1
[HCO/deg/ 121.3 119.8
/[CNHn/deg/ 121.8 121.0
[CNHb/deg/ 119.6  120.3
[HNH/deg/ 118.6  118.7
ryo/R/ 2.878  2.935
[CNO/deg/ 113.2 118.5
/[CON/deg/ 121.6 120
/HoNO/deg/ 7.1
Hn=nonbonded hydrogen
Hb=bonded hydrogen
Table 2 cont.
Wavenumb., Intens. Assignement
231 0464 b,

195 R a,

145 R a;

243 R by

175 0.26 a,

82 0430 a,

b Jj

Figure 1

and three out-of-plane.

4. Publication

Table 2

Wavenumb, Intens, Assignement
3922 R VMHn

3922 1.46

3631 6.28 VNHb

3591 R

3257 R yCH

3253 1.41

1912 R NH. sc. +
1895 6.09 V06 + ven
1845 0.68 +icH

1804 R

1553 R Jcu

1552 0.75

1471 i NH, ro. +
1459 1.97 YCN + §NCO
1229 R + JCH

1222 0.004

682 0.21 SHCO +

662 R NH, ro.
1205 0.005 CH 0.p. +
1201 R twist.
1085 5414

1027 R NH2 wagg. +
665 1642 twist.

660 R

R=Raman active, Intens.=(é#/aQ)Z[b/gamu1/2J2

They are shown in fig. 1.

The calculated normal
frequencies of the dimer
are listed in table 2
along with the calculated
~ relative intensities of
the infrared transitions
and assignements of the
vibrations. There are

six intermolecular vib-

rations, three in-plane

M.J, Wéjcik, A.Y. Hirakawa, M. Tsuboi, S. Kato and K. Morokuma, Chem. Phys. Lett.

1983, 100, 523.
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. Fig. 2 Pair interaction distribution functions, solid line;
Q 1 urea-water, dashed line; water-water in solution, chain
r/A dotted line; urea-urea, dctted line; pure water,
Fig.

1 Radial distribution functions for water in

q 3
solution of urea at 298.15 K, solid line; water in cisH-cist cisH-0
solution, dashed line; pure water.
TABLE 1. Thermodynamic properties of agueous solution 2
of urea, Ty Uy UK' and Uu are temperature, total,
water, urea potential energy, respectively. T is in 1
Kelvin and others are in kI mol™'.
System T Ut UH uu 0
T 2 4 6 8 .0 2 4 6 8
Urea soln. 298.03 =-38.21 -37.02 -52.16 r/A
pure water 298,88 -35.75 -35.75 Fig. 3 Radial distribution functions for urea.
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