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The dioximes 4-6 and the dimethoximes 7-9, which contain
the functional groups in opposite positions of a six-, eight-, or
ten-membered ring, were synthesized. Their conformational
properties and transannular interactions were investigated
by spectroscopic (PE, *C NMR) and theoretical (MMX, AM1,
ab initio HF, and B3LYP) methods. While the cyclooctane

derivatives 5 and 8 have conformations favourable for
through-space interactions of the m(C=N) orbitals, in the
other compounds no such interactions can be ascertained.
Through-space orbital interactions in the molecules with an
eight-membered ring lead to a splitting of the n(C=N) MOs
of 0.4 eV.

1. Introduction

It has convincingly been shown that difunctional medium
rings can serve as models for bimolecular reactions.l'l The
intramolecular transannular interactions of the functional
groups are comparable to the infermolecular interactions
at distances close to the transition state of the analogous
monofunctional compounds in a reaction. Spectroscopic
methods like IR, NMR, and photoelectron (PE) spec-
troscopy are well suited to analyse the homoconjugative in-
teractions. For this purpose, the spectroscopic parameters
of the difunctional compound are compared with those of
the two monofunctional compounds of the same ring size
or skeleton structure. PE spectroscopy in combination with
quantum chemical calculations allows for the direct deter-
mination of through-space orbital interactions (OITS) be-
tween functional groups. We have so far investigated amino
ketones> 3! and aminoalkenes!? as models for nucleophilic
additions, and boraalkenes!®! and aminoboranes!”! as mod-
els for electrophilic additions. On the other hand, also inter-
actions of two functional groups of the same type in dike-
tones, #7111 dialkenes!®!>13] and diamines!!*~!¥! have been
studied with various techniques by several authors. We now
turn to functional groups with C=N double bonds, and in
this and the succeeding paper!!”! we report our results for
dioximes and dimethoximes. The bimolecular analogue of
this intramolecular interaction would be the thermally for-
bidden [2+2] cycloaddition of two oxime molecules. Oximes
are well-known compounds of synthetic use that can un-
dergo a number of unique reactions like the Beckmann re-
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arrangement and the Barton reaction.?~231 Many com-
pounds with C=N double bonds are of biological and
pharmacological interest, and N-oxidative transformations
of C=N groups are important as means of toxification and
detoxification in drug metabolism.4

Transannular interactions and reactions are characteristic
features of medium rings because puckering can lead to
conformers in which opposite ring atoms that are consti-
tutionally far apart approach each other to a rather short
distance.”>~ 281 Most frequently, transannular interactions
are found in saturated eight-membered rings!'l because the
prevailing CC and BC conformations (see below) presents
optimal conditions for the “contact” of substituents in the
positions 1 and 5. Often, although usually to a lesser extent,
such interactions are also found in ten-membered rings with
functional groups in the 1,6-positions. On the other hand,
the corresponding twelve-membered ring derivatives popu-
late no conformations that would allow for transannular
interactions.!!! In studying the influence of the ring size on
such effects, it is appropriate to include six-membered rings
for comparison.['l Transannular interactions in medium-
sized heterocycles can also be an important property in
drug design.*’! In this paper, we report on our investi-
gations on monocyclic dioximes and dimethoximes with
six-, eight-, and ten-membered rings, and in the next com-
munication!?! the results for bicyclic dioximes and dime-
thoximes are described in which the two functional groups
are in 1,5-positions of eight-membered rings.

2. Syntheses

Starting materials for the synthesis of the dioximes 4—6
and the dimethoximes 7—9 were the diketones 1—3. Cyclo-
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octane-1,5-dione (2) was obtained as described in the litera-
tureBIB1 starting from cycloocta-1,5-diene. Cyclodecane-
1,6-dione (3) was prepared according to the method of
House et al.’?l The diketones were treated with hy-
droxylamine hydrochloride or with O-methylhydroxylamine
hydrochloride to generate the dioximes 4—6 or the dime-
thoximes 7—9, respectively. The solid dioximes were recrys-
tallized from ethanol, and it was possible to enrich or iso-
late 4E, 5Z, 6F as single configurational isomers. Com-
pounds 7—9 were purified by distillation in vacuo, and in
all cases mixtures of (E) and (Z) isomers were obtained.
The geometrical isomers could not be separated by column
chromatography.['”! Prevailing isomers are 7E, 8E and 9E.
For the eight-membered ring compounds (5, 8), (E) and (Z)
isomers are easily identified by '*C-NMR spectroscopy. The
(Z) isomers are of lower symmetry than the (E) isomers and
therefore the former have more '3C signals than the latter.
For the other compounds (4, 6, 7, 9) a similar identification
of configurational isomers is not possible since both have
the same number of signals in the '3C-NMR spectra. In
these cases decisions are based on relative thermodynamic
stablities calculated by MMX and AMI1, and on spectral
analogies. The dioximes 4, 331134 5 351 and 6361 were synthe-
sized earlier. Both (E)- and (Z)-cyclohexane-1,4-dione
bis(O-methyloxime) (7E, 7Z) were prepared by Shatzmiller
and Lidor®” on a different way. To our knockledge, the
dimethoximes 8 and 9 have not been described previously

in the literature.
X
i X X
X X X

X O 1 2 3
NOH 4 5 6
NOCH; 7 8 9

X: NOH 10 11 12
NOCH; 13 14 15

Scheme 1. Formulas of compounds 1—15

The monoximes 10—12 and the monomethoximes 13—15
were synthesized in an analogous manner from the corre-
sponding cyclic ketones. The syntheses of 11—13 have been
reported in the literature. 38153

3. Results
3.1 Structures

The molecular structures of some simple oximes like for-
maldoxime, % (E)- and (Z)-acetaldoxime,[*1*?l (E)- and
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(Z2)-propionaldoxime,3~4¢! acetone oxime,” (E)- and (2)-
chloroacetaldoxime,8 3% and (Z)-acrylaldehyde oxime[>!
have been determined by gas-phase electron diffraction or
microwave spectroscopy in combination with ab initio cal-
culations. The conformational properties of medium rings
have been investigated by experimental and theoretical
methods.>>=28:521 For all molecules studied here, several
conformations have to be considered. For a first orientation
the corresponding diketones were used. Most simple are the
two six-membered ring compounds, cyclohexane-1,4-dione
dioxime (4) and cyclohexane-1,4-dione bis(O-methyloxime)
(7), for which only two low-energy conformations, chair (C)
and twist-boat (TB), are possible. For cyclohexane-1,4-di-
one (1) nonuniform results were obtained depending on
method and state of aggregation: In the crystalline state, the
molecules adopt an unsymmetrical TB conformation with a
dihedral angle of @ = 154° between the two carbonyl
groups, >3 whereas in solution a TB form with D, symmetry
(¢ = 180°) is present.> Based on dipole moment measure-
ments, the C conformation was deduced by Dowd et al.[>]
for the gas phase. Molecular mechanics studies indicated
that the energy of the C form is only 0.54 kJ mol~! above
that of the TB form, 21561 and all experimental data can be
interpreted in terms of a flexible, rapidly pseudorotating D,
TB form.

The conformational complexity grows rapidly with ring
size, and for the saturated eight-membered ring already ten
conformers have to be considered which belong either to
the boat-chair, the chair-chair, or to the boat-boat fam-
ily.52:37:381 In addition, for the functional groups different
positions on the ring atoms have to be distinguished. Cyclo-
octane and most of its simple derivatives populate primarily
the boat-chair (BC) and to a lesser extent the crown confor-
mation (CC = chair-chair). For cyclooctane-1,5-dione (2)
mainly two conformers (CC-3,7 and BC-3,7) seem to be fa-
voured. 34

The number of conformations possible for a saturated
ten-membered ring is so large that no systematic investi-
gation of all of them has been reported.[’?] The most stable
conformer is the boat-chair-boat (BCB) form that is a dis-
torted part of the diamond lattice.’*~°? For cyclodecane-
1,6-dione (3), the expected BCB-3,8 conformation was
found by X-ray analysis and by molecular mechanics in-
vestigations.[® On the other hand, NMR- and IR-spectro-
scopic as well as dipole measurements indicated that in
solution there is a mixture of several conformers in which
the crown-like, highly symmetrical twist-chair-chair-chair
(TCCC) form plays the main part. 413

The stereochemical problem of the dioximes 4—6 and the
dimethoximes 7—9 becomes even more complicated since
these compounds can adopt (E) and (Z) configura-
tions.PYI1 For each compound, there are three configura-
tional isomers, one (Z) and two (E) forms. These are shown,
as a representative example, for compound 4 in Scheme 2.
The latter two isomers are enantiomers and as such will not
differ in their electronic structures and their transannular
interactions. The (Z) and (E) isomers are stable and can —
at least in principle — be separated.
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Scheme 2. Configurational isomers of dioxime 4

We have investigated the structures of compounds 4—9
by various theoretical methods. The molecular mechanics
method MMXI[®4 was used to establish the main confor-
mational and configurational features. For the more stable
conformers, AMI1 calculations were performed, and
selected conformers were also investigated by ab initio cal-
culations (Hartree—Fock[®! [HF], B3LYP7~7%) with dif-
ferent basis sets. The results!”!! are far too manifold in order
to give a complete account in this paper where only those
which seem to be most important are presented. In particu-
lar, for the difunctional compounds this concerns the (E)/
(Z) isomers of which only the prevailing is considered.

As representative examples, the conformers of the dime-
thoximes 7—9 and their strain energies as calculated by the
MMX method are displayed in Figures 1—3. In Table 1,
the results of different methods for the two most important
conformers of the dioximes 4—6 and the dimethoximes 7—9
are summarized. In each case, the enthalpies of formation
or the total energies of the conformers are given together
with the transannular N=C-+-C=N distance that is the
most relevant parameter with respect to transannular inter-

action.
M e
874 C H,CO—N

854 1B Hsco\N___<w:N/OCH3

Figure 1. Conformers of dimethoxime 7 with MMX strain energies
[kJ mol™1]

With regard to the relative stabilities of the conformers,
only the results for compounds 6 and 9 are uniform so that
a single prevailing conformer can be assumed. For the other
compounds, at least one method favours the other of the
two conformers. If, however, we give less confidence to the
AM1 results than to those of the other methods, then also
for 4 and 7 the same conformers become probable. Finally,
for 5 and 8 the HF and B3LYP results are at variance with
those of MMX and AMI so that no decision is possible.
For the eight-membered ring compounds 5 and 8 transan-
nular distances d of less than 300 pm were computed
(MMX) for both conformers indicating that sizeable OITS
is possible. On the other hand, rather large d values were
found for the most stable conformers of 6 and 9 that can
be expected to be too large for detectable transannular in-
teractions of the functional groups.!!
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Figure 2. Conformers of dimethoxime 8 with MMX strain energies
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Figure 3. Conformers of dimethoxime 9 with MMX strain energies
[kJ mol™1]

3.2 Electronic Structures

The electronic structure of the simplest oxime, formal-
doxime,[’2774 has been investigated meticulously by quan-
tum chemical methods. Such calculations have also been
performed for some other oximes and dioximes in connec-
tion with the interpretation of their PE spectra (see sec-
tion 3.3).

The electronic structure of the oxime functional group is
characterized by the C=N double bond and three electron
lone-pairs, one on the N atom and two on the O atom. In
a planar arrangement of the >C=N—OH unit, the n(O)
orbital will interact with the n(C=N) orbital leading to two
n-type MOs that are spread over these three atoms. On the
other hand, the interaction of the ny(O) with the n(N) or-
bital will lead to two o-type MOs. For simplicity reasons,
these four oxime MOs will be termed according to their
origin and their prevailing characteristics as ©(C=N), n(N),
n.(0), and ny(O). The given sequence corresponds to their
relative energy. Dioximes and dimethoximes have two sets
of such MOs, that can pairwise be described as symmetric
and antisymmetric combinations of the basic MOs of the
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Table 1. Enthalpies of formation AH; [kJ mol™!], total energies E [au] and transannular N=C-+C=N distances d [pm] of cyclohexane-
1,4-dione dioxime (4), cyclohexane-1,4-dione bis(O-methyloxime) (7), cyclooctane-1,5-dione dioxime (5), cyclooctane-1,5-dione bis(O-
methyloxime) (8), cyclodecane-1,6-dione dioxime (6), cyclodecane-1,6-dione bis(O-methyloxime) (9)

MMX AMI1 HF/6-31+G* B3LYP/6-31+G*
AH; d AH; d E d E d

4E C 56.1 285.8 —81.8 287.9 —491.5428464  287.3 —494.520947 287.8
TB 54.4 293.8 —-81.3 294.6 —491.5432791  288.0 —494.5212511  288.3
Al2l —-1.7 0.5 —-1.14 —0.80

TE C 57.9 286.0 —11.1 287.8 —569.599602 287.5 —573.136864 288.1
TB 55.9 292.6 —-10.7 295.2 —569.600107 288.1 —573.137237 288.5
Al2] -2.0 0.4 —-1.32 -0.98

57 CC-3,7 —-7.2 299.8 —-117.1 3243 —569.601883 321.2 —573.141527 322.2
BC-3,7 -2.8 201.1 —112.7 291.0 —569.604931 304.4 —573.144309 304.5
Al2l 4.4 4.4 —8.00 -7.30

S8E CC-3,7 -10.3 293.5 —46.2 332.7 —647.659387 328.2 —651.7580931 3284
BC-3,7 —-3.8 287.1 —42.1 289.6 —647.660056 311.4 —651.758834 312.8
Al2] 6.5 4.1 —-1.75 —1.94

(Y2 BCB-3,8 -32.9 347.5 —150.3 357.6 —647.663705 3559 —651.764146 355.6
BCB-1,6 —26.1 424 4 —146.9 423.1 —647.661840 434.7 —651.763156 435.5
Al2] 6.8 34 4.89 2.60

9E BCB-3, —-33.9 347.0 —78.8 358.5 —725.720185 356.9 —730.379571 357.2
BCB-1,6 —-27.2 424.1 —-75.8 424.0 —725.718419 4348 —730.378853 436.0
Al2] 6.7 3.0 4.63 1.88

[l kJ mol~".

monofunctional molecules, and their energy separation de-
pends on the interaction of the functional groups.

The electronic structures of dioximes 4—6 and dimethox-
imes 7—9 as well as that of the corresponding monoximes
10—12 and the monomethoximes 13—15 have been investi-
gated by quantum chemical methods. The results for the
most important conformer of the molecules are summar-
ized in Table 2. For the difunctional compounds only one
(E)I(Z) isomer is considered. We will restrict the data to the
two highest occupied oxime MOs, ©(C=N) and n(N), that
are of greatest relevance for the interpretation of the PE
spectra (see below). In the difunctional compounds, the
MOs are named ©~ (C=N), n7(C=N), n"(N), and n™(N).
These MOs are plotted in Figure 4 for compound 8E.

The data in Table 2 indicate that the orbital sequence for
the cyclohexane derivatives, dioxime 4 and dimethoxime 7,
is t"(C=N) > 1= (C=N) > n"(N) > n~(N). The two n(C=
N) and the two n(N) orbitals are separated by 0.1—0.5eV
(depending on the method of calculation) which can be at-

tributed to through-bond interactions. While — according
to the AMI results — the higher t(C=N) and the higher
n(N) orbital have nearly the same energy as that calculated
for the monofunctional compounds 10 and 13, the lower
n(C=N) and n(N) orbitals are stabilized by the above given
energy values. The centres of the m(C=N) and the n(N)
MOs of the difunctional compounds are thus stabilized
relative to the monofunctional molecules which can be as-
cribed to their mutual inductive interaction.

In the difunctional compounds with an eight-membered
ring (5, 8), the natural sequence of the © orbitals is found,
ie, 17 (C=N) > 1" (C=N). Compound 5 shows the in-
verted sequence for the n orbitals, n*(N) > n~(N), because
of the (Z) configuration, while in 8 also these orbitals ap-
pear in the natural sequence in accord with the (£) configu-
ration. The n(C=N) as well as the n(N) orbitals are split
approximately symmetrically relative to the values calcu-
lated for the monofunctional compounds 11 and 14. These
findings indicate that orbital interactions in the difunctional

Table 2. Negative orbital energies [eV] of the most important conformers of dioximes 4—6, dimethoximes 7—9, monoximes 10—12 and
monomethoximes 13—15 (AM1, HF/6-31+G* and B3LYP/6-31+G* results)

1" (C=N) n (C=N) n*(N) n (N)
AMI1 HF B3LYP AMI1 HF B3LYP AMI HF B3LYP AMI HF B3LYP
4E C 9.90 10.23 6.93 10.31 10.74 7.29 10.73 11.42 7.63 11.13 11.69 7.72
1E C 9.66 9.92 6.58 10.02  10.36 6.88 10.57 11.24 7.45 10.89 11.48 7.53
10 C 9.89lal 10.66°1
13 C 9.6712 10.54[01
5Z BC-3,7 10.08 10.57 7.12 9.62  9.81 6.60 10.53 11.16 7.54 10.87 11.53 7.39
8E BC-3,7 9.83 10.17 6.70 9.41 9.62 6.36 10.61 11.32 7.38 10.43 11.02 7.24
11 BC-3 9.76lal 10.62"1
14 BC-3 9.571a 10.51M01
6E  BCB-3.8 9.94 10.33 6.95 9.71  10.06 6.75 10.58 11.10 7.33 10.76 11.33 7.48
9E BCB-3.8 9.70 10.02 6.87 9.51 9.79 6.52 10.44 10.95 7.26 10.61 11.16 7.28
12 BCB-3 9.75lal 10.6111
15 BCB-3 9.571a1 10.48M01

[ f(C=N). — [ n(N).
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1 (N)

Figure 4. ©(C=N) and n(N) MOs of dimethoxime 8E (AM1 re-
sults); hydrogen atoms are omitted for clarity reasons

compounds occur predominantely by the through-space
mechanism.

In the cyclodecane derivatives 6 and 9, the n(C=N) or-
bitals again have the natural sequence, but for the n(N) or-
bitals the inverted order is found with considerably smaller
splittings than in the other ring systems. Comparison with
the results for the monofunctional compounds 12 and 15
(AM1 results only) indicates again that the splitting is un-
symmetrical. These results can be explained by weak
through-bond interactions of the orbitals.

3.3 Photoelectron Spectra

The PE spectra of some oximes and methoximes have
already been studied.[’>~831 In particular, the spectrum of
formaldoxime was analysed by several authors.[’>77-78l
Stunnenberg et al. have investigated the PE spectra of
3,3,4,4-tetramethyl-1,2-bis(methoxyimino)cyclobutane [8%
and of 3,3,5,5-tetramethyl-1,2-bis(methoxyimino)cyclopen-
tanel””! which have vicinal functional groups. They found
that the three geometric isomers of the compounds differ
only in a limited way in the ionization potentials of the
various 7 levels but that there is a significant effect on the
order of the n* and n~ levels. The variations are discussed
in terms of through-bond and through-space interactions.

We have measured the PE spectra of the dioximes 4—6,
the dimethoximes 7—9, the monoximes 10—12 and the

Eur. J. Org. Chem. 1999, 1601 —1609

monomethoximes 13—15. The spectra of the dimethoximes
and the monomethoximes are depicted in Figures 5—7. The
observed ionization potentials are listed in Table 3. The
spectra of 7—9 were recorded from mixtures of (E)/(Z) iso-
mers since these could not be separated. It is assumed that
the relevant IPs are not significantly dependant on the con-
figuration. The spectra of the dioximes and dimethoximes
were inspected for splittings of the characteristic ionization
bands, and for this purpose the spectra of the monoximes
and monomethoximes were used for comparison. The ion-
ization potentials were assigned to MOs making use of the
Koopmans theorem,® [P, = —¢5CF, which relates vertical
ionization potentials IP; with orbital energies &5“F obtained
by SCF MO calculations.

OCH

y-OCH
13

1 T T T L v T 7 T v T v 1

8 10 12 14 16 18 20

1P [eV]

Figure 5. PE spectra of cyclohexane-1,4-dione bis(O-methyloxime)
(7) and cyclohexanone O-methyloxime (13)

T ¥ T T T T T 4 1 T 1
10 12 14 16 18 20
IP [eV]

o -

Figure 6. PE spectra of cyclooctane-1,5-dione bis(O-methyloxime)
(8) and cyclooctanone O-methyloxime (14)
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1P [eV]
Figure 7. PE spectra of cyclodecane-1,6-dione bis(O-methyloxime)
(9) and cyclodecanone O-methyloxime (15)

Table 3. Vertical ionization potentials [eV] of dioximes 4—6, di-
methoximes 7—9, monoximes 10—12, and monomethoximes

13—-15
1 (C=N) =*(C=N) n~(N) n*(N)

4E 9.72 10.20
7ial 9.18 9.97
10 9.40M! 9.95f

13 8.92[b1 9.74[l

57 9.23 9.60 9.96
8lal 8.61 9.07 9.71
11 9.26/% 9.89kl

14 8.830 9.70k!

6lal 9.44 9.92
9lal 8.84 9.68
12 9.26/%! 9.85ll

15 8.80M! 9.59k

[l Mixture of (£) and (Z) isomers. — I t(C=N). — [T n(N).

The first two IPs of formaldoxime are found at 10.59 and
11.12 eVl and are assigned to ionizations from the n(C=
N) and the n(N) MO, respectively. In acetone oxime and
acetone O-methyloxime, the corresponding ionization ener-
gies are 9.67, 10.46 eV,["> and 9.16, 9.95 eV,"! respectively.

The IP values of the monoximes 10—12 and the mono-
methoximes 13—15 (Table 3) are 0.3—0.6 ¢V smaller than
those of the two acetone derivatives owing to their larger
skeletons. The spectra of the dioxime 5 and the dimethox-
ime 8 display three ionization bands in the low energy sec-
tion (< 11eV) instead of two bands of the monoxime 11
and the monomethoxime 14. In these difunctional com-
pounds, the first two IPs are assigned to mt~(C=N) and
n"(C=N) that are split by about 0.4 eV. In the case of di-
methoxime 8, the splitting is almost exactly symmetric to
the value of IP[n(C=N)] found for monomethoxime 14 in-
dicating through-space interaction of the orbitals. For the
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pair of compounds 5 and 11, the splitting is less symmetric
but also here prevailing through-space interaction is active.
For the other dioximes and dimethoximes, i.e. those with
six- and ten-membered rings, no indication of two different
n(C=N) ionizations can be found in the PE spectra. The IP
values of the difunctional compounds with a six-membered
ring (4, 7) are about 0.3 eV higher than in the correspond-
ing monofunctional compounds (10, 13). In compounds 6
and 9 with ten-membered rings, this stabilization is smaller
(0.04—0.18 ¢V) because of the greater separation of the
functional groups.

In the spectra of all difunctional compounds there is no
indication of splitted n(N) ionizations, which are, however,
slightly higher (0.01—0.08 eV in eight- and ten-membered
rings, 0.25 eV in six-membered rings) than in the monox-
imes because of inductive stabilization of the orbitals by the
second electronegative oxime group.

The PE spectra of the dioximes and dimethoximes stud-
ied here, indicate sizeable OITS effects for the eight-mem-
bered ring compounds 5 and 8. The BC conformation has
a short transannular distance and allows for effective over-
lap of the n(C=N) orbitals which is not possible in the six-
membered ring and the preferred BCB conformation of the
ten-membered ring. The PE-spectroscopic findings confirm
the results of the quantum chemical calculations outlined
in the preceding section.

3.4 13C-NMR Spectra

Several investigations have demonstrated that intramo-
lecular interactions, including transannular effects, can
be studied by '3C-NMR spectroscopy. Nakashima and
Maciel®! realized transannular interactions in heterocy-
clooctan-5-ones. In 11-methyl-11-azabicyclo[5.3.1Jundecan-
4-one, the signal of the carbonyl carbon atom is shifted
high-field by 12 ppm relative to that of cyclooctanone, and
this is attributed to transannular interaction of the two
functional groups. Spanka et al.™ have proved such interac-
tions in cyclic amino ketones and aminoalkenes by !3C
NMR. Senda et al.['3] have investigated 3,7-disubstituted
bicyclo[3.3.1]nonanes, and Bishop®1l3®l has studied disub-
stituted bicyclo[3.3.3]decanes, 1,5-disubstituted cyclo-
octanes, and related compounds. Furthermore, homoconju-
gation has been investigated by this method in cyclic and
bicyclic diketones including 1—3.10111]

In Table 4, the 3C-NMR § values of the oxime carbon
atoms of dimethoximes 7—9 and methoximes 13—15 are
summarized. Again, the six-membered ring compounds (7,
13) are included for comparison. In addition, A values are
given for the investigated systems which are obtained as the
differences of & of the mono- and the difunctional com-
pounds, AS = d(monofunctional) — d&(difunctional), and
transannular distances d. In all cases, there is a high-field
shift in the difunctional compounds as compared to the
monofunctional, and the size of Ad is dependant on the
distance d of the chromophores indicating strong trans-
annular interactions in compound 8 and much smaller in 9.

Eur. J. Org. Chem. 1999, 1601—1609
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Table 4. *C-NMR § values of the oxime carbon atoms of dimeth-
oximes 7—9 and methoximes 13—15 (in CDCl;) and transannular
distances d [pm]

3(C=N) d@ 3(C=N) Ad
70! 157.64 292.6 13 160.11 2.47
(! 160.32 287.1 14 163.65 3.33
9i®l 160.80 347.0 15 161.10 0.30

2l MMX results (from Table 1). — P! Mixture of (E) and (Z) iso-
mers.

4. Discussion

It was the main purpose of this investigation to study the
conformational properties of cyclic dioximes and dimethox-
imes in which the two functional groups are in opposite
positions in a six-, eight-, or ten-membered ring and to find
out how the conformations are related with the electronic
structures. Depending on their relative geometric orien-
tation, transannular orbital interactions between the m and
n MOs are possible. This has been studied by quantum
chemical calculations and by PE spectroscopy. In addition,
BC-NMR spectroscopy was used.

The conformational properties have been analysed exten-
sively by molecular mechanics (MMX) and by semiempir-
ical quantum chemical AMI1 calculations. For the most im-
portant conformers also ab initio HF and B3LYP calcu-
lations were performed. In most cases, the HF results are
in better accordance with those of the MMX than those of
the AM1 method. It was, however, unimportant to include
electron correlation, i.e. the B3LYP results were rather the
same as the HF.

The electronic structures were analysed by semiempirical,
ab initio (HF and B3LYP) calculations as well as by PE
spectroscopy. The natural sequence of the highest occupied
MOs, t (C=N) > n*(C=N), was found for the cyclooctane
derivatives 5 and 8 and for the cyclodecane derivatives 6
and 9. However, the calculated splitting of the orbitals is
much smaller for the latter than for the former pair of com-
pounds. Only for 5 and 8 significant transannular interac-
tions could be established unequivocally by PE spec-
troscopy. The spectra of the difunctional compounds com-
prise an additional ©(C=N) ionization band as compared
to the corresponding monofunctional compounds 11 and
14. The observed effects are ascribed to through-space or-
bital interactions (OITS) caused by favourable geometric
orientations of the functional groups in BC-3,7 or CC-3,7
conformations. On the other hand, no indications for such
interactions were found in the PE spectra of compounds 4,
6, 7, and 9 that have the functional groups in 1,4- or 1,6-
positions of a six- or a ten-membered ring. Calculations
indicated splittings of the ©(C=N) orbitals resulting in an
inverted sequence, 1*(C=N) >t~ (C=N), for 4 and 7. All
these findings are in accord with the results of the quantum
chemical calculations that indicate unfavourable confor-
mations for the latter molecules 6 and 9. Their prevailing
conformer is the BCB-3,8 form in which the functional
groups are far separated. Saturated ten-membered rings al-
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low for conformers puckered in such a way that OITS might
be effective, and such effects have been observed for other
ten-membered rings. !

In the quantum chemical calculations, splittings of the
n(N) orbitals of up to 0.4 eV were obtained for all difunc-
tional compounds (4—9) (Table 2), but in no case could this
be confirmed by PE spectroscopy. The natural sequence,
n-(N) > n*(N), was calculated only for compound 8E,
whereas for all other compounds, 4E, 5Z, 6E, 7E, and 9E,
the inverted sequence, n™(N) > n™(N), was found.

Finally, it can be mentioned that for the interpretation of
the PE spectra the MO energies calculated by the AM1 and
the B3LYP method are superior to those of the HF method,
indicating that inclusion of electron correlation is advan-
tageous.

The results of our '*C-NMR-spectroscopic analyses con-
firm the findings of the other methods. The *C-NMR &
values of the oxime carbon atoms (Table 4) give evidence
for transannular interactions in the dimethoxime 8 with an
eight-membered ring and no such or much smaller effects
in the ten-membered homologue 9. However, one has to be
rather careful in the interpretation of the Ad values since
also inductive through-bond interactions as in the case of
the cyclohexane derivative 7 contribute to it.

Experimental Section

General: Melting points (uncorrected) were determined with a
Biichi 510 apparatus. — The 'H-, and '*C-NMR spectra were re-
corded with a Varian XL-200 or a Bruker AMX 300 spectrometer.
The following frequencies were used: 200 or 300 MHz ('H), and
50.3 or 75.5 MHz ('3C). The spectra were measured as solutions
in a 5-mm tube at room temperature with the solvents CDCl; or
[Dg]DMSO. The chemical shifts are reported in units of parts per
million (8) relative to tetramethylsilane (‘H, '3C) as internal stand-
ard. Coupling constants J are given in Hz. — Infrared (IR) spectra
were recorded with a Perkin—Elmer 1600 instrument. Only the
most significant absorptions are given. — Electron impact mass
spectra (MS) were obtained with a Hewlett Packard HP 5971A
MSD instrument (70 eV). For GC/MS analyses this instrument was
coupled with a Hewlett-Packard HP 5890 Ser.Il gas chromato-
graph. The intensities are reported as a percentage relative to the
base peak after the corresponding mi/z value. For high resolution
measurements the instrument Fisons VG Prospec 3000 (70 eV) was
used. — Elemental analyses were performed with a Carlo Erba 1106
instrument. — PE spectra were recorded with a UPG200 spec-
trometer of Leybold-Heraeus equipped with an He(I) radiation
source (21.21 eV). The energy scale was calibrated with the lines of
xenon at 12.130 and 13.436 and of argon at 15.759 and 15.937 eV.
The accuracy of the measurements was approximately + 0.03 eV
for ionization energies, for broad and overlapping signals it was
only £ 0.1eV. — Semiempirical AM1[% calculations were per-
formed with the MOPAC93® program package, ab initio HF 0]
and Becke3LYP7~ 7% calculations with the program GAUSSIAN
94.1871 Geometries were fully optimized at the respective levels of
theory. MOs were plotted by using the program PERVAL. ]

Cyclohexane-1,4-dione Dioxime (4): To a solution of 1,4-cyclohexa-
nedione (4.00 g, 35.7 mmol) in methanol (80 mL) a solution of hy-
droxylamine hydrochloride (8.00 g, 0.12 mol) and sodium acetate
(10.00 g, 0.12 mol) in water (48 mL) was added. After the addition
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was completed, the mixture was heated to reflux for 13 h and then
cooled to room temperature. Evaporation of the solvent afforded a
colourless precipitate. The solid was filtered off and washed with
water. Recrystallization from ethanol gave colourless crystals of 4E.
Yield 3.69 g (73%), m.p. 196°C (ref.B?4 191°C). — 'H NMR
([Dg]DMSO): 6 = 2.42 (m, 8 H, CH,), 10.36 (s, 2 H, =NOH). —
I3C NMR ([D¢]DMSO): § = 23.37 (CH,), 26.43 (CH,), 156.14 (C=
N). — IR (KBr): ¥ = 3200 (vo—p), 2862 (vc—p), 1658 (ve=n), 1487,
1433,1420 (Scpa), 1324, 1276 (86-p), 1175, 1001, 953 cm ™~ 1. — MS
(70 eV, EX); m/z (%): 142 (44) [M™*], 125 (9) [M* — OH], 124 (33),
94 (100), 67 (88).

Cyclooctane-1,5-dione Dioxime (5): Compound 5Z was synthesized
from dione 2 (5.00 g, 35.7 mmol) and hydroxylamine hydrochloride
(7.44 g, 0.11 mol) according to the literature procedure.*3 Yield
431 g (71%), m.p. 178°C (ref.33 176—179 °C). — 'H NMR
([Dg]DMSO): 6 = 1.90 (m, 4 H, CH,), 2.15—-2.28 (m, 8 H, CH,C=
N), 10.09 (s, 2 H, =NOH). — 3C NMR ([D4]DMSO): § = 20.67
(CH,), 21.36 (CH,), 26.23 (CH,C=N), 33.66 (CH,C=N), 158.10
(C=N). — IR (KBr): V = 3183 (vo_p), 2893 (vc_p), 1662 (ve=n),
1490, 1464, 1433 (8¢pn), 1334, 1219 (36_n), 1079, 975 cm 1. — MS
(70 eV, EX); m/z (%):170 (20) [M*], 153 (17) [M* — OH], 122 (66),
95 (64), 79 (100), 67 (60), 41 (95) [CoH3N*]. — CgH 4N,0, (170.2):
caled. C 56.45, H 8.29, N 16.46; found C 56.33, H 8.19, N 16.40.

Cyclodecane-1,6-dione Dioxime (6): The same procedure as for di-
oxime 4 was applied to dione 3 (8.00 g, 47.6 mmol) and hy-
droxylamine hydrochloride (16.00 g, 0.23 mol). Yield 6.90 g (73%),
m.p. 231°C (ref.[¥1 231°C). — '"H NMR ([D¢]DMSO) (mixture of
6F and 6Z): 6 = 1.64 (m, 8 H, CH,), 2.13—2.36 (m, 8 H, CH,C=
N), 10.29 (s, 1 H, =NOH), 10.39 (s, 1 H, =NOH). — *C NMR
([Dg]DMSO) (two isomers): & = 21.82 (CH,), 23.28 (CH,), 23.83
(CH,), 24.89 (CH,), 26.74 (CH,C=N), 26.89 (CH,C=N), 30.24
(CH,C=N), 33.11 (CH,C=N), 158.17 (C=N), 158.45 (C=N). —
IR (KBr): ¥ = 3222 (vo_pn), 2959, 2916 (Vve—n), 1648 (ve-n), 1483,
1424 (Scma), 1329, 1279 (80-_n), 962, 908 cm ™!,

Cyclohexane-1,4-dione Bis(O-methyloxime) (7): In a flask fitted
with stirrer and reflux condenser 1,4-cyclohexanedione (2.00 g,
17.8 mmol),  O-methylhydroxylamine hydrochloride (3.34 g,
40.0 mmol) and sodium acetate (10.00 g, 0.12 mol) were dissolved
in a mixture of water (12 mL) and methanol (6 mL). The reaction
mixture was stirred at 60—70°C for 14 h. Then the resulting solu-
tion was neutralized with a solution of sodium hydrogen carbonate
in water and extracted with diethyl ether (3 X 100 mL). The ex-
tracts were dried with sodium sulfate, concentrated and then dis-
tilled to yield the product as colourless, wax-like crystals. Yield
1.68 g (56%), m.p. 54°C, b.p. 61°C/0.20 hPa (ref.37: 75—-85°C/0.3
Torr). — GC/MS analysis indicates a mixture of (E)/(Z) isomers,
7E/TZ =~ 3:1. — '"H NMR (CDCl,): § = 2.53 (d/t, J = 6.2/19.4 Hz,
8 H, CH,), 3.84 (s, 6 H, =NOCHj3). — 3*C NMR (CDCls) (7E,
major isomer): 6 = 24.01 (CH,), 26.94 (CH,), 61.36 (=NOCH3),
157.64 (C=N). — IR (KBr): ¥ = 2937, 2817 (vc—_p), 1637 (ve=n),
1439 (8¢ppn), 1048 (ve_o), 980 cm™!. — HR MS: CgH 4,N,0,, M*:
calcd. 170.1055; found 170.1042. — The same procedure was used
for the synthesis of methoximes 8, 9, 14, and 15.

Cyclooctane-1,5-dione Bis(O-methyloxime) (8): Dione 2 (3.00 g,
21.4 mmol) and O-methylhydroxylamine hydrochloride (4.18 g,
50.0 mmol) afforded 3.16 g of 8 (75%), b.p. 70°C/0.20 hPa. — GC/
MS analysis indicates a mixture of (E)/(Z) isomers, 8E/8Z =~ 1.5:1.
— 'THNMR (CDCl3): § = 1.86—2.08 (m, 4 H, CH,), 2.21-2.44
(m, 8 H, CH,C=N), 3.80 (s, 6 H, =NOCH3). — 1*C NMR (CDCl5)
(two isomers): 8 = 20.81 (CH,), 21.18 (CH,), 23.40 (CH,), 27.37
(CH,C=N), 27.57 (CH,C=N), 33.04 (CH,C=N), 34.32 (CH,C=
N), 61.16 (=NOCH3), 160.32 (C=N), 160.57 (C=N). — IR (liquid
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film): v = 2938, 2813 (vc_p), 1624 (ve=n), 1458, 1438 (8cmn), 1052
(Ve—o), 908 cm™!. — HR MS: C,;(H3N,0,, M*: caled. 198.1368;
found 198.1390.

Cyclodecane-1,6-dione Bis(O-methyloxime) (9): Dione 3 (1.18 g,
7.0 mmol) and O-methylhydroxylamine hydrochloride (1.50 g,
18.0 mmol) afforded 1.12 g of 9 (71%), m.p. 57°C, b.p. 97°C/0.27
hPa. — GC/MS analysis indicates a mixture of (E)/(Z) isomers, 9E/
9Z ~ 1.3:1. — '"H NMR (CDCls) (two isomers): 6 = 1.72 (m, 8 H,
CH,), 2.21-2.45 (m, 8 H, CH,C=N), 3.82 (s, 3 H, =NOCH3),
3.84 (s, 3 H, =NOCH3). — BC NMR (CDCl,): § = 22.49 (CH,),
23.22 (CH,), 24.46 (CH,), 24.71 (CH,), 27.84 (CH,C=N), 27.93
(CH,C=N), 31.64 (CH,C=N), 33.81 (CH,C=N), 61.17 (=
NOCH3;), 160.80 (C=N), 161.06 (C=N). — IR (KBr): v = 2942,
2816 (ve—n), 1618 (ven), 1466, 1439 (Scma), 104 (ve—o), 948
cm~!. — HR MS: C;,H5N,0,, M™: caled. 226.1681; found
226.1686. — C1,H2,N,0, (226.2): caled. C 63.69, H 9.80, N 12.38;
found C 63.18, H 10.46, N 11.95.

Cyclooctanone  O-Methyloxime (14): Cyclooctanone (2.00 g,
15.8 mmol) and O-methylhydroxylamine hydrochloride (1.67 g,
20.0 mmol) afforded 1.04 g of 14 (42%), b.p. 29—30°C/ 0.05 hPa.
— "H NMR (CDCls): 8 = 1.48 (m, 6 H, CH,), 1.72 (m, 4 H, CH,),
2.28 (t, J = 6.4Hz, 2 H, CH,C=N), 2.38 (t, / = 6.4 Hz 2 H,
CH,C=N), 3.82 (s, 3 H, =NOCH3). — 3C NMR (CDCly): § =
24.56 (CH,), 24.87 (CH,), 25.53 (CH,), 26.51 (CH,), 27.31
(CH,C=N), 33.32 (CH,C=N), 61.05 (=NOCH3;), 163.65 (C=N).
— IR (liquid film): ¥ = 2911, 2800 (vc—p), 1622 (veon), 1450
(Bc_n), 1055 (ve_o), 883 cm~ 1. — HR MS: CoH;NO, M™: calcd.
155.1310; found 155.1322.

Cyclodecanone O-Methyloxime (15): Cyclodecanone (2.00 g,
13.0 mmol) and O-methylhydroxylamine hydrochloride (1.40 g,
16.8 mmol) afforded 1.27 g of 15 (53%), b.p. 85°C/2 hPa. —
'"H NMR (CDCls): § = 1.42 (m, 10 H, CH,), 1.76 (m, 4 H, CH,),
2.29-2.37 (m, 4 H, CH,C=N), 3.82 (s, 3 H, =NOCH;). —
I3BC NMR (CDCls): § = 23.40 (CH,), 23.98 (CH,), 24.24 (CH,),
24.54 (CH,), 24.79 (CH,), 25.53 (CH,), 25.65 (CH,), 28.72
(CH,C=N), 33.85 (CH,C=N), 61.10 (=NOCH3), 161.10 (C=N).
— IR (liquid film): ¥ = 2925, 2824 (vc_p), 1626 (veon), 1458
(Bc—n), 1052 (ve—o), 916, 879 cm~!. — HR MS: C;;H, NO, M*:
caled. 183.1623; found 183.1618.
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