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Abstract—From the resonance interaction between different NR; substituents and the arylic #-system in mono-,
1,3-bis- and 1,3,5-tris(dialkylamino)benzenes, quantitative parameters are derived for the relative donor strength of
the pyrrolidino, dimethylamino, pcpendmo and morpbolmo group. Towards an uncharged »-system in the ground
state, the donor potential decreases in the series Pyr>N(CH;). > Pip>Mor. The same order, though with
somewhat different gradation, is observed for the aminobenzene/trinitrobenzene charge transfer complex ab-
sorptions, and for the polarographic oxidation potentials. The detailed analysis of the chemical shift/x-charge
density correlations for methoxy and dialkylamino benzenes also reveals that these substituents exert a significant
deshielding effect on protons in ortho-position. This additional downfield shift is probably due to steric interactions

and strongly increases from the pyrrolidino to the piperidino group.

INTRODUCTION

Dependence of enamine reactivity upon the nature of the
nitrogen substituents is a well established fact.* Thus, 1 -
N - pyrrolidino - cyclohexene reacts much more readily
with electrophiles than 1 - N - piperidino - cyclohexene.’
In view of the practically identical substrate structure,
the difference in reactivity must arise from unlike stabil-
ization of the positively charged transition state by the
nitrogen lone pair. Since for electrophilic attack the
transition state can be approximated by the cationic
reaction intermediate (1, 2), this means that the weight of
the immonium structure B is greater for the pyrrolidino 1
than for the piperidino compound 2.

In enamine chemistry, this experimental behaviour has
usually been rationalized in terms of H. C. Brown’s
generalization:* “Reactions which involve formation or
retention of an exo double bond in a 5-ring derivative
will be favoured over corresponding reactions which
involve the formation or retention of an exo double bond
in a 6-ring derivative.” When, however, the relative
stability of a number of isomer pairs with exo- and
endocyclic double bonds, respectively, were determined
by the hydrogenation method,” the endocyclic
modification was found to be more stable in each case,
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even for five-membered rings. EHT calculations® are in
agreement with the hydrogenation data but attempts at
correlating reactivity with thermodynamical stabilities
failed. In view of these discrepancies, the practicability
of Brown's generalization for the heterocyclic moieties
pyrrolidine and piperidine seems rather doubtful. The
widespread application of enamines in preparative
organic chemistry, on the other hand, makes it highly
desirable to have some measure for the resonance inter-
action between NR; groups and double bonds—and thus
for the reactivity of enamines.

The stronger donor potential for pyrrolidino vs
piperidino nitrogen, noted above for transition state and
cationic intermediate, must to some extent be reflected
already in the ground state; so, greater weight of the
dipolar structure B and thence higher Cg charge density
is expected for pyrrolidino enamines (3 vs 4).
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Gurowitz and Joseph® have indeed successfully used
the B-proton chemical shift, as indicator of C, electron
density, to rationalize the isomer distribution of B-alkyl-
ated cyclohexenyl enamines in terms of varying NR,
donorsmmh.Forsomcelecu'ophihcenammereamons
reactivity could likewise be correlated with to-12
Especially with enamines of cyclic ketones, it is ex-
tremely difficult, though, to correctly assess and allow
for steric and conformational effects on the chemical
shift.>'*'® Symmetrical 1, 3, § - tris (dialkylamino) ben-
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zenes,"” on the other hand, which we have repeatedly
used as model compounds for enamine reactions,'”"®
have a fixed (planar) geometry, and should thus be
ideally suited for a quantification of the donor potential
for the different NR, groups via the respective aryl
proton shifts.

HMO »-ELECTRON DENSITY-CHEMICAL SHIFT CORRELATIONS

The direct proportionality relationship (1) between -
electron density and the chemical shift of aromatic and
olefinic protons has found widespread application for
analyzing, both qualitatively and quantitatively, the
changes in electronic structure upon introduction of a
substituent. '>*’

8"I=q.pcl' (')

The underlying assumption, i.c. that within a given
class of compounds, the chemical shift of a specific
proton is determined primarily by the » charge density at
the respective carbon, has for aromatic molecules been
established to hold to at least  first
approximation. '>?**’** Thus, Zweig et al. report good
linear correlation between aryl proton shifts and HMO
w-electron densities for the unsubstituted positions in a
number of sterically unhindered dimethylamino and
methoxy benzenes. %

The authors’ assumption that there is no sterical in-
teraction between two ortho-standing methoxyl
groups,22 is not tenable, though: veratrole, for in-
stance, gives only one narrow singlet in the 'H NMR for
the two sets of aryl protons. The following correlations
are therefore limited to those four benzene derivatives
for each substituent which bear no mutually ortho-
standing groups (5-8). Because of some (minor) dis-
crepancies between Zweig's and our measurements,>®
moreover, a new, internally consistent set of shift data
will be used (see Experimental).

Within such a series of meta-substituted benzenes, the
intramolecular ring current can be assumed as constant;
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intermolecular ring current and other medium effects
may be minimized by using equimolar solutions in a
common isotropic solvent. Of the other factors upon
which the position of a nuclear magnetic resonance
signal depends, anisotropic electrical and magnetic field
gradients due to the substituent itself have been consi-
deredasneghgiblcmthecaseofthemethoxyand
dimethylamino groups. Spiesecke and Schneider, in their
fundamental paper,™ had reported no significant aniso-
tropic contribution to the 'H shifts of trimethylamine and
dimethylether; thence, Zweig et al inferred that in
substituted benzenes protons ortho to a N(CH;); or
OCH; function likewise experience no additional aniso- °
tropic shift.?

In a detailed study of 'H and ">C shifts of slmplc
aliphatic enamines,'®*' this complete neglect of substi-
tuent anisotropy has since been demonstrated as un-
justified. Within the aminobenzene series, this is exem-
plified, for instance, by the identical aryl proton shift,
and consequently identical NR, donor strength, for the
tripiperidino and trimorpholino compounds (84, ¢) which
is incompatible with the gradation known from enamine
reactivity.!® The assumptions upon which straightfor-
ward correlations of 8y-values with w-electron densities
have hitherto been based, evidently represent only a
rough approximation of the actual chemical shift
behaviour, and thus hold only for comparisons between’
groups of widely different mesomeric potential, such as
between OR and NR,.Z* In the evaluation of smaller
chemical shift dlffercnces, the anisotropy factor may no
longer be neglected since it has about the same magm
tude as the differential shifts A8nx, between the in-
dividual dialkylamino groups and, even more crucially,
differs for each NR; function.

In view of the approximations inherent in assessing the
NR: substituent anisotropy (se¢ below), the basic HMO
formalism was used as an unsophisticated model for the
m-electron density calculations. With respect to the
choice of the parameters h and k which are needed to
characterize heteroatoms in the Hiickel formalism,
though, there is no consensus in the literature; rather,
values have been adapted in each case—more or less
arbitrarily—to guarantee optimum linearity for the
respective correlation. Heilbronner and Bock have justly
raised strong objections to this practice.** In compliance
with their recommendation, we have based our cor-
relation for the methoxy-benzenes on the parameters
ho=2.00 and kco=0.80 as onsmally proposed by
Streitwieser;®® for the dimethylamino nitrogen, Streit

s
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Fig. 1. Correlation diagram HMO w-electron density vs aryl pro-

ton chemical shift for the methoxy benzenes Sa-Sa: experimental
8-values (for the numbering of the correlation points, see Table 1).
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weiser's values (hg = 1.50, kc_n = 0.80) were likewise used
at the outset.

Methoxy benzenes. The HMO w-charge density/8y
correlation plot for the methoxy benzenes Sa-8a displays
considerable deviations from linearity in a close-up view
(Fig. 1). These divergencies are in fact systematic: the
two straight lines connecting points and @/®
(Table 1, representing aryl positions with one and two
ortho-OCH; groups, respectively) have identical slope,
with a parallel displacement of about 0.1 ppm. These aryl
proton shifts evidently are determined, apart from =-
electron density, by an additional ortho-effect, i.e. the
methoxyl group does indeed not behave magnetically
isotropic.

Consequently, an ortho increment AS, is derived via
linear regression analysis for the five aryl positions in
anisole, resorcinol di- and phloroglucinol trimethylether
@ @ - O and ® in Table 1/Fig. 1). The
~0.108 ppm per 0-OCHj by which the experimental 8y
values have to be corrected for best fit indicate that aryl
protons experience additional deshielding from ortho
methoxyl functions (caused either by anisotropic field
gradients or steric effects of the substituent). The cor-
relation for the corrected shift values is exceedingly
good (r=10.9999, Table 1; Fig. 2). Due to an intrinsic
deficiency of the HMO formalism, however, points
which represent aryl positions meta to a OCH; substi-
tuent (@, @ in Fig. 2) still lie far outside the linear
correlation.”

Inclusion of these meta-positions and the anisotropic
downfield shift, causally connected with increasing -
charge density at the high field end of the shift range,
thus combine to force a steeper slope for the simple
comrelation. Our final equation (2) therefore has a
significantly less steep slope than the relationship,
obtained for the uncorrected o/p-data, and than that
reported by Zweig et al.Z

[HMO -electron density] = —7.26 x 107%8] + 1.5238.
V)]

HMO w-electron density

70 ) 60 35
3, ppm
Fig. 2. Correlation diagram HMO m-electron density vs aryl
proton chemical shift for the methoxy benzenes 5a-8a: experi-
mental 8-values corrected by A3y —0.108 ppm (correlation line
for ofp-positions P, @-Q ;::ka; only—for the numbering,
see 1).

“These points (&, @ in Fig. 2) can be forced onto the HMO
correlation line for the o/p-positions only by an additional cor-
rective term, A3y, of +0.108s ppm per m—OCH, function. After
appropriate correction of the experimental 8-value, the point for
hydroquinone dimethylether ( in Fig. 2) also falls directly
onto the correlation line—a nice confirmation for the validity of
the corrective terms ASp and Adr,.
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Dimethylamino benzenes. In adapting the HMO
parameters for the N(CH,), group to the methoxy ben-
zene correlation (2), h- and k-values may no longer both
be chosen freely (contrary to the general practice in the
literature). To accede as far as possible to the recom-
mendation of Heilbronner and Bock,** we have retained
the hy-value of 1.50 for the N(CHs), nitrogen. In
conjunction with Streitwieser’s value of 0.80 for kc_n>
this gives a significantly smaller slope of the correlation
line for those five positions in the sterically unhindered
dimethylamino benzenes $b-8b which are cither ortho
and/or para to a N(CH,), substituent. With k = 0.84, on
the other hand, both slope and intercept (Table 2) are
identical with the values for the—uncorrected—methoxy
correlation (Table 1). The individual points for the
N(CHs). derivatives again show considerable scattering,
the deviations—significantly—corresponding in both
direction and relative magnitude to those found for the
methoxy benzenes (as shown in Fig. 1). For the five
olp-posiﬁpns in N,N-dimethylaniline and 1,3-bis- and
135 - tris (dimethylamino) - benzene (D, @ - O,
and @ in Table 2), therefore, that ortho-increment is
determined for 0.80 €kc_y<0.90, respectively, which
gives the same slope for the dimethylamino correlation
plot as in eqn (2). The correlation passes through an
optimum for kc.n = 0.84 (Fig. 3), with a corresponding
anisotropy correction of —0.150 ppm which is
significantly larger than for OCH..

As described, the HMO parameters for the OCH, and
N(CHs,), substituents have been adapted to best fit with
'H shifts. Since no additional assumptions have been
introduced and the internal consistency within the cor-
relation has been strictly preserved, however, it should
be possible now to also evaluate the finer nuances in
mesomeric interaction between the different cyclic NR,
moieties via a §;,/HMO charge density correlation.

Pyrrolidino, piperidino, and morpholino benzenes. The
difference in overlap between a sp,-carbon p. orbital
and the nitrogen lone pair of the various NR, groups
could in principle be due to varying hybridization or
different electronegativity of the N atom. Since our
'H/"C investigations of enamines have clearly demon-
strated that, within the series of dialkylamino functions,

3, ppm

Fig. 3. Correlation diagram HMO w-clectron density vs. aryl
proton chemical shift for the dimethylamino benzencs 5b-8b:
experimental 8-values corrected by A8, —0.150 ppm (correlation
line for ofp-positions (D, D~ and ® only-for the numbering, see
Table 2); also entered are the correlation points for the ofp-
positions in the pyrrolidino benzenes Sc-8¢ (@, numbering
analogous to dimethylamino benzenes).
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the electronegativity of the heteroatom does not vary
significantly,'® the N(CH,), h-value of 1.50 for the cou-
lomb integral perturbation parameter was retained also
for the cyclic dialkylamino functions.

In the pyrrolidino benzenes—this becomes evident
from the aryl proton spectra already by inspection—the
ortho-protons experience only a small additional
deshielding effect. Nevertheless, the same optimization
procedure as for the N(CH;). derivatives is applied to
the data pairs representing the five o/p-positions in 5S¢, 6¢
and 8c. The regression analysis yields k =0.90 for the
Pyr substituent, together with a small ortho-increment of
—0.056 ppm/o-Pyr group. When, after appropriate cor-
rection, the five correlation points for the o/p-positions
in mono-, 1,3-di- and 1,3,5-tripyrrolidinobenzene are
entered into the correlation plot for the dimethylamino

compounds (@, Fig. 3), the mutual compatibility of the

two data sets, and thence of the respective overlap
integrals (k-values), is immediately apparent.

By the same procedure, a k-value of 0.79 can be
derived for the piperidino substituent. As indicated al-
ready by the enamine data, "** the fit for this NR; group
requires a very large corrective term, A8, —0.243 ppm.
Since, furthermore, the numerical evaluation of the 'H
spectra of piperidinobenzene Sd and 1,3-di-piperidino-
benzene 6d is none too good,> ke, is a priori not as
reliable in its relative magnitude as the values for
N(CH;); and Pyr.

The difference in NR, donor strength becomes espe-
cially manifest in the barriers of rotation around the

2 NO partial double bond in the 1,3,5-tris(dialkyl-
amino)-2-nitrosobenzenes 9. We shall use these
quantities, therefore, to derive k-values also for the
piperidino and morpholino substituents.

The energy of activation for this rotational process is
facilely simulated in the HMO formalism. In conjunction
with the experimental AG}-values determined by
dynamic 'H NMR spectroscopy*® (Table 3), the HMO-
AE..-values for tris(dimethylamino)- and tripyrrolidino -
nitrosobenzene (9b, ¢) set up a new correlation line
(AGE/AE..-plot, Fig. 4). With this relationship, AG¢ for
the piperidino and morpholino compound (94, ¢)* can be
correlated with the respective AE,-values (Fig. 4/Table
3) which in turn determine a specific overlap integra! for
each of the two NR. functions. The k-values thus
obtained are 0.775 for the piperidino and 0.74 for the

F. EFFENBERGER et al.
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Fig. 4. Barriers of rotation around the C-NO partial double bond

in 1,3 5-tris(dialkylamino)-2-nitrosobenzenes 9: correlation

diagram for AG¢-values (determined by temperature-dependent 'H

NMR) vs activation barriers simulated by HMO calculations (see
text, Table 4).

morpholino group. For a cross-check, AE, (HMO)
activation barriers are calculated for three further
triaminonitrosobenzenes with different NR, functions
(91-h, Table 3) and compared with the experimental
AG&-values;* the points fit perfectly onto the correlation
line in Fig. 4.

CONCLUSIONS
Even though in a rather roundabout manner, we have
thus successfully derived quantitative parameters for the
mesomeric potential of the different NR, substituents.

Pyrrolidino
k 0.90

N(CHs). Piperidino
0.84 0.775

Morpholino
0.74

Since they are calibrated against 'H chemical shift
data, i.c. against a ground state property, these
parameters of course mirror only the relative donor
strength of the NR, substituents towards an acceptor
w-system in its (uncharged) ground state. They take no
account of the “sleeping” potential of each dialkylamino
group for stabilization of a partial or full positive charge
which would be necessary, though, to allow exact pre-
dictions on the influence of the individual NR, moieties
upon enamine reactivity.

co0
CNO

9-syn

*The AGé-values are used because they are derived from
exactly determinable experimental data; a correlation based on
AHY, calcnlated from AGE with the AS*-value for the C'-NO
rotation in 4-dimethylaminonitrosobenzene,” yields identical
results.

[ 9]

9—anti

Better than by ground state w-electron densities, the .
charged transition state of an electrophilic attack is ap-
proximated by the charge transfer complex with a strong
electron acceptor or by the radical cation formed upon
one-electron oxidation of an aminobenzene. In Table 4,
the (HMO) m-energy of the highest occupied molecular
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Table 3. Activation barriers for rotation around the C*-NO partial double bond inthe 1,3, 5 - tris(dialkylamino) - 2 -
nitrosobenzenes 9-h

1 3 5 ta b
NR2 882 NR2 AGC AE“_m“o
[kea1/mol) [8]

fc Pyr Pyr " pyr 17.2 0.4289
8b N(CH,), N(CHy),  NICH,), 15,1 0.4169
Sd P1p Pip P1p 13.0, 0.4047
Se Mor Nor mor 12.0 ©.3983
gt N(CH,), Pip Pip 13.7, 0.40%0
] Mor Pip nicn,), 13.4 0.4062
Sh Mor pip Pip 12.6, ©.4024

* Determined by temperature-dependent IH NMR 1in CDC13.37

bCalculct:ea as detailed in the text; for the nitroso function, the
following hetarcatom paramsters were used: hﬁ 0. 50, hé 1.00,
34
ku—o 1.00, kC’-N ©.80 and 0.00, respectively.

Table 4. Mono-, 1, 3bis- and 1, 3, S-tris(dialkylamino)benzenes: energies of highest occupied molecular orbital [B1,

trinitrobenzene CT complex band encrgies (only longest mn\;lekn;th CT band), and polarographic halfwave oxidation
potentials
~benzene Tyouo (B1* oy [0 '] g7, WI°

{TNB complex) (vs. 39/1\90)

1-pyrrolidino 5 -~ o.7012 19500
1-dimethylanino Sb -~ 0.7266 20700 0.45
1-piperidinc 5d - 0.754% 21500
{-morpholino S5¢ - 0.76% 23600
1,3~dipyrrolidino 8¢ - 0.6357 0.11
: a 18100
- 0.7937
1,3-bis{dimethylasino} 8b - 0.6635
a 20000
- 0,8148
1,3~dipiperidino 8d - 0.6944 0.25
a 21000
- 0.8376
1,3,5-tripyrrolidino 8 - 0.6357° 16000 0.01
1,3,5~tris(dimethylamino) BB~ 0.6635° 17500 0.13
1,3.5-tripiperidino 8d - 0.6944° 18900 0.18
1,3, 5~trimorpholino 88 - o0.7114° 20600 0.35

2 por the heterocatom parameters, the h- and k-values were used as de~

scribed in the text. b In cﬁzclz {UVASOL Merck), deteruwined from equi-

molar solutions of aminc- and trinitrobenzene at several different con-

centrations {range 1- Sx 10 >m), rounded to the nearest 100cm .

3CN against Aqth’

(lo'zm in CB3CN) as reference, supporting electrolyte lo-1n mczo4.
4 Second highest occupied molecular orbital. e Doubly degenerate HOMO'S.

© Measured at a rotating platinum electrode in CH
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Fig. 5. Correlation diagram CT band energy of dialkylaminobenzene/trinitrobenzene charge transfer complexes (in
CH:Cl,, only longest wavelength CT absorption included) vs energy of highest occupied molecular orbital (in 8).

orbital as model parameter is contrasted with the charge
transfer band energy of CT complexes between trinitro-
benzene (see Experimental) and all the aminobenzenes;*
some polarogm hic halfwave oxidation potcntmls
(determined in CHsCN vs Ag/Ag®™) are likewise in-
cluded.

When the trinitrobenzene vcr-values (Table 4) for
mono- and 1,3,5-trisubstituted benzene derivatives® of
Pyr, N(CH,). and Pip are plotted against the HMO
m-energy of the highest occupied MO of the aminoben-
zene, a good linear correlation is obtained (Fig. 5). The
divergencies in each case are within the experimental
error limit of *5nm for the CT maximum; the two
morpholino derivatives, Se and 8e, on the other hand, lie
definitely outside the correlation. This could be due
cither to a slightly different CT complex configuration
(perhaps an effect of the y-oxygen atoms), or to the
k-value for the morpholino group being too large (a good
fit would require ko == 0.70).

For the triaminobenzene EfTh-values (Table 4), the
trend Pyr> N(CH,), > Pip> Mor is likewise observed,
but again one point (this time for the piperidino
compound) falls definitely outside the linear correlation.
Also, the oxidation potential of the diamino derivatives 6
in each case is higher than that of the corresponding
triaminobenzenes 8—contrary to the predictions from
HOMO energies (see Table 4). Clearly, for such finer
differentiations, both the simple, straightforward cor-
relation technique and the HMO formalism are strained
too much.

If one keeps this reservation in mind, though, the
k-parameters derived above nevertheless represent a
useful tool also for energy and reactivity correlations.

EXPERIMENTAL
All compounds (available commercially or prepared according
to the literature'’*®) were redistilled or recrystallized, respec-
tively, from light petrol ether before the NMR measurements.

‘For the diamino compounds, which have two close-lying
HOMO's (see Tabie 4), the comresponding two CT absorptions
are not Superposition of both bands in the actual

spectrum produces an extremely broad absorption, with an ap-
patent)«,..mtumedmebetweenthemevﬂuesfortheﬁm:nd
second CT maximum; these vcr-data are therefore excluded
from the correlation.

The NMR spectra were taken of 0.5 molar CCl, solutions at
30°C; the chemical shifts are given in 8 [ppm] relative to TMS as
imternal standard. The spectra were run either on a Varian A60 in
CW sweep mode or on a Bruker HX90E in Pulse-Fourier-
Transform technique (with (CD):CO as *D-lock in the inner tube
of a coaxial cell unit); 16k interferograms were utilized with a
spectral width of 8928571 Hz (comresponding to 0.1090 Hz 2
0.001 ppm per address). In the case of those compounds which
give only singlet aryl proton signals, the listed chemical shifts are
the average of three sweeps in each direction or of five separate
FT spectra, respectively. For the complex 'H spectra of anisole
and N,N-dimeth , an exact computational analysis by
Castellano et al. uavaihble the spectra of the comresponding
two meta-disubstituted derivatives, resorcinol dimethylether 6a
and  N,N,N',N'-tetramethyl-m-phenylenediamine “. were
re-measured and numerically evaluated by ourselves.®® For the
numerical analysis and the HMO calculations, standard programs
were used.

The charge transfer complex spectra were measured on a
Beckman ACTA M VI UV/VIS spectrophotometer in tandem cell
cuvettes (HELLMA, Milheim/Baden) with an overall path-
length of 0.877cm.® Of the CT acceptors commonly used,
chioranil and even more so tetracyanocthylene undergo rapid
chemmlmcuonwnhmnobenunes in the case of TCNE and

tripyrrolidinobenzene, for instance, the CT complex is extremely
transient, the o-complex intermediate of aromatic electrophilic
substitution being formed almost immediately.™ Even if the CT
bands can be observed by rapidly scanning after mixing the
components, a correct evaluation of Am.x is not possible. Trini-
trobenzene, on the other hand, gives well-defined, perfectly
reproducible CT bands for mono-, bis- and tris(dialkyl-
amino)benzenes.

For details of the triamino-nitrosobenzene rotation barrier
determinations and the polarographic oxidation potential
measurements, see the respective references.
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