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Abstract: Comparative studies have been described between X-ray analyses and molecular orbital
calculations of p-substituted (H, Me, and Ac) pyridinium dicyanomethylides. Generally, ab initio calculations
represent the geometry more well than semi-empirical methods.

The chemistry of cycloimmonium ylides has become extensive and numerous reactions have been
reported.® The concept of N-ylides is introduced to heterocyclic chemistry using common printed
representation: N*-C°. While this gives a sense of structure and charge separation the changes imply
that the nitrogen and carbon are bound by a single covalent bond with an open valence on carbon. The
experimentally derived solid phase N-C bond is found to have a bond length of 1.42 A, * being smaller
than that expected for a C,,-N,,, bond. Few heterocyclic texts and reviews delve mto the details of this
intriguing structure. Indeed a theoretxcal treatment of this moiety is still lackmg Previously, we have
investigated substituent effects on *C and >N-NMR chemical shifts of the ylidic carbons and nitrogens
of p-substituted pyridinium dicyanomethylides and bxs(methoxycarbonyl)methyhdes Furthermore,
sufficiently good correlations were found between the ¥C- and "*N-NMR chemical shifts and the partial
charges obtained by different computational methods (AM1, PM3, MNDO) of some p-substituted pyridinium
dicyanomethylides’ and bis(methoxycarbonyl)methylides.8 Therefore, our research efforts led us to
explore the best theoretical representation of several different aromatic N-ylides with the view to finding
the computationally inexpensive method that could be reasonably expected to afford correct geometrical
predictions. Thus we embarked to examine the case of pyridinium dicyanomethylides 1 as one of the
simplest prototypical members of this series for which experimental data in the solid p_hase were and
now are readlly available. The classical CNDO calculations on this ylide 1a with geometry determined by
X-ray analysis® is reported to d1verge In this paper, we describe bnefly the results of X-ray crystal
measurements of 1la-c and the successful molecular orbital calculations as well as the data derived from
both semi-empirical and ab initio molecular orbital calculations on the optimized geometry of 1la-c

X-ray crystal measurements of la-c were also successful in our hands.® Ab initio and semi- empmcal
molecular orbital calculations were performed employing the commercially available softwares.'® *® The
results are summarized in Tables 1~-3 along with the previously obtained values (X ray) for la.

First, we focussed our attention on the C-N bond length. Naturally, our bond length (1.424 A) is
almost exactly same as the previously obtained value of 1.420 A, though the bond lengths of N1-C2,
C2-C3, and C3-C4 were rather shorter than the previous ones. Previously it was found that substituents
like CN, PhCO, and MeCO, cause deshielding of the ylidic carbons (C,) while the N chemical shifts are
at hlgher fields. On the contrary, the alkyl- Subsntuted pyridmmm dicyanomethylides have more
upfield *C chemical shifts for C, and more downfield ' >N chemical shifts for N, as compared with the
unsubstituted pyridinium d1cyanomethyl1de la. Thus, when the substituents have a strong electron-
withdrawing effect the contribution of resonance structures analogous to lab becomes predominant
and, in these pyridine N-ylides, the nitrogen-carbon bonds possess substantial double-bond character. ™®
In agreement with this, 1b having methyl group at 4-position had slightly longer bond length (1.427A)
than that of the parent ylide 1a. whereas 1c having acetyl group had shorter bond length (1.415 A) than
la. Inspection of Tables 1~3 clearly shows that semi-empirical calculations fail to give accurate
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representations of the ylidic moiety ( N*-C", C7-N1) of pyridinium dicyanomethylides 1, while, in
general, ab nitio calculations represent more well this bond length, even if we use lower levels of ab initio
calculations such as STO-3G. In the case of 1¢, PM3 method (1.41 1A) reproduces this moiety as well as
ab initlo methods do.

Next, the geometry including bond lengths and bond angles was considered. In the case of the parent
ylide 1a, the 3-21G, 4-31G, 6-31G, and D-95 methods (standard deviations from X-ray data=0.005)
afforded best reproduction of bond lengths, while the 4-31G method gave the smallest standard deviation
(0.9) from X-ray data with respect to the bond angles. Thus, the 4-31G method seems to be best for
reproduction of total geometry of 1a. The analogous analyses regarding 1b  showed that the 3-21G
method had smaller standard deviations of 0.003 for bond lengths and 0.8 for bond angles, though the
D-95 method gave more smaller standard deviation (0.5) for bond angles but larger one (0.006) for bond
lengths. In contrast with 1a and 1b, 4-acetylpyridinium dicyanomethylide 1c¢ seems to need higher levels
of ab initio calculations to re represent the total geometry. Indeed, the smallest standard deviations (0.011,
0.012) for bond lengths were obtained by D95 and 6-31G respectively, while the deviations (0.7, 0.7, 0.8}
for bond angles were obtained by 6-311G*, 6-311G**, and 6-31G. Thus, the 6-31 level of calculation is
presumably appropriate for reasonable representation of the geometry of 1c.

In conclusion, semi-empirically derived values (MNDO, AM 1, PM3) show poor agreement with solid
phase derived bond lengths and angles, whereas ab initioc methods seems to provide better agreement
with experiment.

Further work on comparative studies of related ylides between X-ray data and molecular orbital
calculations specifically including Density Functional Theory Approach (DFT) Method is in progress and
will be subjects of further communications.
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