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Abstract Electron densities on the olefinic carbons of some dimethylene compounds are calculated by
semiempirical model PM3, and the values are compared with those of the corresponding
monomethylene compounds. A relationship is observed between the change of electron density A(C)
and the change of '*C NMR chemical shift A5. A correlation is aiso found between A(C) and A(O), i.c.
the carbon and oxygen atoms, of methylene-ketones. The electron density differences are induced by

three types of transannular interactions: electrostatic force, orbital interactions through bond (TB) and
orbital interactions through space (TS). Electrostatic force is the most prominent factor for ketones in

nonpolar mcthylene groups, orbital interactions can be lransmmed cither TS or TB more effectxvely
than electrostatic force. A conformational analysis, performed on a dimethylene compound 4e, confirms
the existence of TS interaction between the double bonds. © 1999 Elsevier Science Ltd. Al rights reserved.
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ones.? Compared with the corresponding carbons of monomethylene compound 1d, the chemical shift of
quaternary carbons of le shows an upfield movement on NMR spectra (A3 = -1.4 ppm), while that of the

terminal ones showed a downfield movement (AS = 1.3 ppm).’

This concept has been applied successfully on several cases, and the results are generally consistent with
other kinds of measurements."* There are two basic types of transannular interactions operating in these
systems, i.e. orbital interactions and field effect.’ The two 7 orbitals of 1e may interact with each other either
through space (TS) via direct overlapping of p-lobes or through bonds (TB) by mixing with & orbitals.®” Tt is
gradually realized that o bonds can perturb certain high lying & orbitals to a significant degree, and the effect is
especially noteworthy in polycyclic systems. Non-conjugated n and/or n orbitals combine more extensively
with o bonds in such systems due to more complicated connectivity.

¥ Contents of this article is abstracted from the thesis of L. -P. Li at National Chung Cheng University, 1994.
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Field effect becomes significant in the presence of high polar substituents such as carbonyl groups. For
example, the two C=0 groups of diketone 2a are located far away from each other, however, a significant
change of ®C NMR chemical shift of carbonyl carbons (A8 = -3.8 ppm) was observed when compared with
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monoketone Zb.” This phenomenon was believed to be electrostatic in nature according to an analysis on
solvent effect.
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addition to ketones {(a-c). Electron density data for selected methylene derivatives are calculated in this report,
which are compared with “C chemical shifts, in order to get a better understanding on long-range

nonconjugate orbital interactions.
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Results and Discussion
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There are various ways for defining the electron density, or charge, of an atom in a molecule,’ and the
choice of method generally relies on the suitability for the purpose of a specific analysis. The purpose of our
stuay ls to esumate the amount of eiectr()n density difference on carbon and oxygen atoms between
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and ketones 1b-10b. The calculated values of A(C) will then be compared with the xpenmental chemical s ﬁ
differences (A8) between each pair of compounds. In this study, the differences A(C) and A(QO) between each
air of data is more meaningful than the absolute values of the data. A methodology of choice should be able to
properly reflect the subtle change between each pair of monofunctional and bifunctional compounds.

On the selection of computational models, ab initio calculation with a large basis set will certainly
produced a more accurate result than semiempirical calculations. In our study the semiempirical method PM3 is
used in order to save computing time. The suitability of PM3 for such an analysis has to be examined before
getting into more detailed discussion on the results. A comparison between the data obtained from PM3 and ab
initio HF/6-31G*//3-21G" for five ketones (2b-6b) and diketones (2a-6a) is given in Table 1. The latter
method has been claimed to yield reliable data for this series of compounds. In our calculations, the geometries

are optlmlzed first by moiecuiar mechanics, foilowed by single point caiculations by PM3 (MOPAC 3)
obtain atomic cnarges As listed in Table 1, the L\\\, ) values calculated by both methods are reasonably
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consistent with the AS values, ie. the electron densities on the carbOnyl caroomn O
increased (negative values)

3 a diketones 2a-6a are
ith respect to those of monoketones 2b-6b, while their corresponding chemical
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shifts move toward upfield (negative values). Within the limit of uncertainty, it seems that the fitness of PM3 to
A3 is comparable to that of HF/6-31G*. The A(C) and A(O) values obtaind by PM3 agree nicely with those
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monomethylenes 2d-6d are shown in Table 2. The quaternary carbons of the methylene groups of 2¢-6¢ show
an increase in electron density (A(C) < 0) with respect to those of monomethylenes 2d-6d, while the terminal
carbons of the methylene groups of 2¢-6¢ show an opposite effect. Both PM3 and HF/6-31G* methods yielded
results consistent with each other. Some of A(C) values in Table 2 do not comply with the signs (upfield or
downfield) of A3, for eample, the A(>C=) value of 2¢ and the A(C) of C=0 groups of 3¢ and 4c. The
irregularity may be ascribed to the strong field effect of C=0 group, which overshadows the weak TB and TS
orbital interactions. Calculated results for several other structures, i.e. I¢ and 7¢-10¢, are listed in Table 3. In
this Table it is clear that A(C) and A values agree well with each other. All atoms with an upfield chemical
shift show an increase in e]ectron densxty, and vice versa. It is apparent that a relationship exists between A(C)
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etween 10 dimethylene compounds and mono-methylene compounds are
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 former as mentioned earlier. Despite of smaller magnitudes,
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Table 1. A comparison of HF/6-31G* and PM3 results on the calculations of A(C) and A(O). Chemical shift
differences A5 are obtained between diketones 2a-6a and monoketones 2b-6b.

diketone A(C) A(O)
- ketone A8 _—

6-31G** PM3 6-31G** PM3
2a-2b -3.8¢ -0.6 -0.4 72 7.0
3a-3b 9.5° -150 201 26.8 24.2
4a - 4b 39° 173 -111 325 20.6
Sa-5b 5.8° 7.5 -8.0 15.5 147
6a - 6b -49° 45 -2.8 99 10.4

* Negative sign indicates upficld shift, unit in ppm. ® Atomic charge differences in me.
® Data from ref, 8. ¢ Data from ref. 3.° Data from ref. Ic.
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Tabie 2. A comparison of HF/6-31G* and PM3 resuits on the calculations of A(C) and A(O). Chemicai shift
differences AS are obtained among methylene-ketones 2¢-6¢, ketones 2b-6b and methylenes 2b-6b.

mothvlone Ekotnne methvleone (24-.64) = mathviene.kotone Lotone (Yho6hY = meothvlena_katnne
methylene-ketone methylene (2d-6d) - methylene-ketone  ketone (2b-6b) > methylene-ketone
ACY A(C) Y(0)}
A8 A8
6-31G*° PM3 6-31G* PM3  6-31G** PM3*
2 C= -1.1° -06 -0.1 2.0 1
= 0.7° 0.2 -4.9
=CH, 1.7 5.9 8.2
3c Cc=0 4.1 2.9 0.9 8.3 3
>C= S 2070 375
=CH, ry 342 29.2
4c Cc=0 320 62 0.5 2.5 6
>C= -84° 406 -282 --
=CH, 6.9 48.8 32.7
Sc C=0 - -150 0 20 0.3 3.9 2
>C= 63" 2156 -184
=CH, 3.5° 16.4 19.6
6c C=0 .14 09 -1.4 2.2 2
>C= 48 99 9.9
=CH, 2.9 10.6 13.2

a . .. e i s xem - b . N 5ean . € — . s o drt ge s ¢ x
" Negative sign indicates upficld shift, unit in ppm. =~ Atomic charge differences in me. ~ Data from ref. 8. © Only one digit 1s taken
~ 22 L P, ™ L - f“‘AA Y SR s P

101 the data. ° patamom r¢i. 3. alairom réi. 1C.
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Table 3. Comparison of A5, A(C) and A(O) among methylene-ketones (c), ketones (b) and methylenes (d).

methylene-ketone (¢)  methylene (d) = methylene-ketone (¢) ketone (b) = methylene-ketone (c)

AS* A(C)* AS* A(C)®  A(OY

1c =0 — — 254 0.1 4
>C= 40" 278
=CH, 5.2¢ 30.0

e C= -19° -1 2
>C= -53° 230
=CH, 5.6° 22.5

8c C=0 27 08 8
>C= 4.5 -427
=CH, 5.5 47.3

9¢ Cc=0 2108 -13 1
>C= -41° 93
=CH; 2.9° 2.5

10¢ C=0 -13° -14 2
C= -5.0° -106
=CH, 3.7 14.8

* Negative sign indicates upfield shift, unit in ppm. ® Atomic charge differences in me.° Only one digit is taken for the data.
4 Data from ref. 3. ° Data from ref. lc.

Table 4. Changes of chemical shift AS and electron density between the carbon
atoms of dimethylenes (1e-10e) and methylenes (1d-10d).

dimethylene ~ A3* AGC=) AS® A(=CH,)® interaction type
ie 1.4 34 1.3° 75 TB + TS
2e 0.3¢ -1.0 0.4° 1.4 TB
3e -100 27 034 63 TB + TS
4e 500 a4 3.1¢ 10.0 TB + TS
Se -1.9¢ 221 1.3¢ 28 TB
6e -1.3¢4 -2.6 0.8¢ 2.3 TB
Te -1.9¢ 3.5 1.1¢ 42 TB+ TS
8e 168 82 0.7° 14.5 TB + TS
9e -2t .02 0.6¢ i.5 TB
i0e -18 29 1.2¢ 2.9 TB
* Negative sign indicates upficld shift, unit in ppm > Atomic charge differences in me. “ Data
from ref. 3. “ Data from ref. Ic



(=)

[$%]

T. J. Chow, L.-P. Li / Tetrahedron 55 (1999) 6067-6074

vV, L.-47, £ LCLTERESTON

decrease in electron density. Although the values of A3 and A(C) are not directly proportional to each other,
the observed trend is still meaningful in a quantitative sense. For the data in Table 4, only two minor
mismatches are observed, i.e. the values of A3 vs. A(C) of 2e (0.3 vs. -1.0) and 3e (-0.3 vs. 6.3). It could be
ascribed to solvent effect or due to uncertainties in our modeling. Such irregular data appeared occationally for
memytene-xexones too, as shown in Table 2.
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of electron densities can also be i_n.c_iuced by long rang

regarding the magmtude of AS values. The admantandiene derivatives 6e, 9e, and 10e are regarded as
possessing only TB interactions, so that their AS and A(C) values are comparable to each other. The slight
variations in A3 and A(C) among them are caused mainly by the differences on their geometries. For
cyclooctandiene derivatives 4e, 7e and 8e, both TB and TS interactions are operating together. In Table 4 the
estimated A(C) values of 4e (-4.4 and 10.0) and 8e (-8.2 and 14.5) are slightly larger than those of 7e (-3.5 and
4.2), where the former are considered having a higher degree of TB interactions than the latter. Although the
AS values observed in these three compounds do not show clear differences.

Conformation analysis on TS interactions

atoms. In compour or , th 1 n ce
between quatemary carbons becomes shorter then 3.4 A The conformatlon of 4e is adjustable S0 that the two
fused cyclohexane moieties may be either in boat or in chair form. Force field calculations indicates that a
double-chair form is more stable than a boat-chair form. Even in a double-chair conformation, the distance
between double bonds is still flexible. A plot of the heat of formation (HF) of 4e versus the distance between
the double bonds is shown in Figure 1. In a range of 2.8-3.3 A, the HF values change about 1 kcal/mol. Yet in
the same range, a substantial difference may occur on the extent of orbital overlapping.

Electron densities calculated for the quaternary carbons and terminal ones of 4e are plotted in Figure 2.

201
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kcal/mol \
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Figure 1: Heats of formation of 4e at different distances between double
bonds (quaternary carbons).
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Figure 2: Chargzs on the quaternary (top) and terminal carbons (bottom) of
4e at different distances between double bonds (quaternary carbons).

Just as predicted, a steady increase of electron density for the quaternary carbon appears in the range of 3.4-
3.0 A, while a steady decrease appears for the terminal ones. The changes level off at distance 3.0 A, about
where the minimun values of HF is estimated At distances shorter than 304, e]ectrostatic repulsion among
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no apparent change of electron density appear.
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