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ABSTRACT: The crystal structures of 1-pyrrolidino-2,4-dinitrobenzene (3) and 1-morpholino-2,4-dinitrobenzene (4)
were determined by single-crystal x-ray diffraction and the structures in solution were investigated by UV–visible
spectrophotometry and13C and1H NMR spectrosccopy. Compound4 crystallizes in the monoclinic space groupP21/
n with one independent molecule per asymmetric unit and3 crystallizes in triclinicP-1 with three independent
molecules per asymmetric unit. Rotation of theo-nitro group and of the amino group out of the aromatic plane was
observed in both the solid state and in solution for both compounds. 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

Alkylamines have a pyramidal structure with C—N bond
lengths of ca 1.50 Å and bond angles centered on
nitrogen ofca 107.9°. The hybridization of nitrogen is
almost sp3 with a non-shared pair of electrons. Amines
having an aryl group bound to N are flatter, owing to the
interaction of the lone pair of electrons of N with thep
system of the aromatic ring.1

As a consequence of this interaction, amines of type1
are resistant to substitution of the amino group by a
nucleophile. It has been suggested that if this interaction
decreases, carbon-1 can be attacked as readily as when
substituted by other groups, and the amine is displaced.2

The interaction between the aromatic ring and the amine
decreases if the amine is rotated out of the aromatic
plane.

In enamines, the pyramidality of the N atom varies
depending on the amine bound to the C—C double bond
and the differences in chemical reactivity between
pyrrolidine enamines and piperidine or open-chain
enamines seem to reflect these structural differences.3

We have found that several aromatic amines of type2
(Z = H or NO2; Am = imidazole, pyrrolidine, piperidine
or morpholine) yield the corresponding substitution
product when they react with hydroxide ions or other
amines.4 When Am was pyrrolidine, piperidine or
morpholine, a mechanism involving the formation of
s complexes by addition of nucleophiles to the
unsubstituted positions of the aromatic ring was propo-
sed.2,4d,e This addition favors the displacement of the
amino group due to rotation of the amine from the mean
ring plane, reducing the interaction between the nitrogen
and the aromatic ring and increasing the C—N bond
length.4c

In the kinetic study of the hydrolysis reactions of 1-
pyrrolidino-2,4-dinitrobenzene (3), 1-morpholino-2,4-di-
nitrobenzene (4), and 1-piperidino-2,4-dinitrobenzene
(5), we found differences in the reactivities4e that could
be due to structural differences as was observed for the
corresponding 2,4,6-trinitrobenzene derivatives.4d,5,6

In order to explain the reactivity of compounds3, 4 and
5, we have undertaken an investigation of the structure in
solution and in the solid state of compounds3 and 4

JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 895–902 (1998)

*Correspondence to:E. I. Buján, Instituto de Investigaciones en
Fisicoquı́mica de Co´rdoba, INFIQC, Dpto. de Quı´mica Orgánica,
Facultad de Ciencias Quı´micas, Universidad Nacional de Co´rdoba,
C.C. 61 Agencia Postal 4, 5000 Co´rdoba, Argentina.
Email: elba@dqo.fcq.unc.edu.ar
Contract/grant sponsor:Consejo Nacional de Investigaciones Cientı´-
ficas y Técnicas (CONICET).
Contract/grant sponsor:Consejo Provincial de Investigaciones y
Tecnológicas (CONICOR).
Contract/grant sponsor:Secretarı´a de Ciencia y Te´cnica, Universidad
Nacional de Co´rdoba.

 1998 John Wiley & Sons, Ltd. CCC 0894–3230/98/120895–08 $17.50



which supportsresultsreportedpreviouslyfor 5.7 These
resultsarereportedhere.

EXPERIMENTAL

Compounds3 and 4 were preparedfrom 1-chloro-2,4-
dinitrobenzeneand the correspondingamine as pre-
viously described.4e. They were crystallized by slow
evaporationfrom acetoneuntil crystalssuitablefor x-ray
diffraction wereobtained.

Datacollectionwascarriedout on a SiemensP4four-
circle diffractometerwith graphitemonocromatizedMo
Ka radiation.Crystal dataand experimentaldetailsare
summarizedin Table1. Owing to thenegligibleeffectof
absorption,no suchcorrectionwasappliedto thedata.

Structureswere primarily solved by direct methods
andcompletedthroughdifferenceFouriermaps.Refine-
ment was performedby full matrix least-squareson F2

usingthewholedataset.H atomswereincludedat their
expectedpositionsand allowed to ride on to their host
atomswith fixed isotropictemperatureparameters.Non-
H atomswereanisotropicallyrefineduntil convergence
wasreached.Final R indicesandrelatedparametersare
alsogiven in Table1. Table2 lists selectedinteratomic
bond lengths,bondanglesand torsion angles.Relevant
featuresregarding the descriptionof the rings in the
structuresaregiven later in Table3.

All the calculations were performed using the
programsSHELXS868 and SHELXL93.9 PARST95,10

XP11 and CIFTAB9 were usedto preparematerial for
publication.

UV–visible spectrain methanol(HPLC grade)were
recordedon a ShimadzuUV 2101spectrophotometer.

13C and1H NMR spectrain Cl3CD wereobtainedona
Bruker ACE 200 spectrometerand chemicalshifts are
referredto TMS.

RESULTS AND DISCUSSION

Molecular structure in the solid state

Figures1 and2 showschematicviews of the molecules
with the atomic labeling used.For the sakeof clarity,
only oneindependentmoiety of 3 (seebelow) is shown.

Figures 3 and 4 provide a view of the packing
arrangementsin thesolid.

Compound 4 crystallizes in the monoclinic space
groupP21/n, with one independentmoleculeper asym-
metric unit. Compound3, in contrast, crystallizes in
triclinic P-1 with threeindependentmolecules(hereafter
labeleda, b andc) perasymmetricunit. It canbeseenby
inspectionof the list of torsion anglesin Table 2 that
theseindependentunits are very similar to eachother.
This initially suggestedthe existenceof an extrahidden
symmetry,missedby both thediffractometerandby the
preliminary precessionphotographstaken, which only

Table 1. Crystal data and structure re®nement details for 1-
pyrrolidino-2,4-dinitrobenzene (3) and 1-morpholino-2,4-
dinitrobenzene (4)a

Parameter 3 4

Compound C10H11N3O4 C10H11N3O5
Formulaweight 237.22 253.22
Crystalsystem Triclinic Monoclinic
Spacegroup P-1 (no 2) P21/n (no 14)
Crystalsize(mm) 0.40� 0.20� 0.15 0.50� 0.15� 0.15
Color Colorless Colorless
Shape Needles Needles
a (Å) 7.273(2) 11.204(2)
b (Å) 15.286(4) 9.763(1)
c (Å) 15.472(4) 11.271(1)
a (°) 95.96(1) 90
b (°) 91.65(1) 113.05
g (°) 103.43(1) 90
V (Å3) 1661.5(8) 1134.4(3)
Z 6 4
Dc (g cmÿ3) 1.42 1.48
m (mmÿ1) 0.11 0.12
Temperature(K) 295(2) 295(2)
WavelengthMo Ka (Å) 0.71073 0.71073
� range(°) None 2.17to 22.55
Index ranges ÿ7� h� 0 0� h� 12

ÿ16� k� 16 0� k� 10
ÿ16� l � 16 ÿ12� l � 11

Absorptioncorrection None None
F (000) 744 528
Numberof reflections

Collected 4762 1574
Independent,Rint 4348,0.033 1487,0.013
Observed[I > 2s(I)] 2021 1167

AverageI/s(I) 5.6 7.8
Data,parameters 4348,471 1487,165
Goodness-of-fiton F2 1.058 1.025
R1, wR2 [I > 2s(I)] 0.066,0.117 0.037,0.094
R1, wR2 (all data) 0.169,0.162 0.051,0.107
Max.,min. Dr (e Åÿ3) 0.18,ÿ0.18 0.14,ÿ0.13

a Data collection was carried out on a SiemensP4 four-circle
diffractometerwith graphitemonocromatizedMo Ka radiation,using
the !/2� scan mode. Structureswere primarily solved by direct
methodsusingSHELXS86,8 andcompletedthroughdifferenceFourier
maps.Refinementwas performedby full matrix least-squareson F2

with SHELXL93.9 The weighting scheme used was w = 1/
[s2(Fo

2)� (aP)2� bP], whereP = (Fo
2� 2Fc

2)/3 and a = 0.0524/0.0,
b = 0.0572/0.26for 3/4. PARST95,10 XP11 andCIFTAB9 wereusedto
preparematerialfor publication.
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displayedP-1 symmetry.Carefulchecksperformedwith
PARST9510 on the fully refined model revealed the
existenceof threepseudocentersof inversionat (0.18,
0.18,ÿ0.15),(ÿ0.18,ÿ0.18,ÿ0.35)and(ÿ0.36,ÿ0.36,
ÿ0.20)astheonly possibleextrasymmetryelements,not
consistentwith the eventualexistenceof any lattice of
highersymmetry.Similar negativeresultswereobtained
throughouttheuseof MYSSYM.12

All theinformationregardingthearomaticring system
is given in Table 3(a). The structure of the 2,4-
dinitrobenzenecore is similar in both compounds,with
theplanararomaticring exhibitingmaximumdeviations
from the least-squaresplane of 0.009(6), 0.016(6),
0.022(5)and0.021(2)Å for molecules3a, 3b, 3c and4,
respectively.In 5, thearomaticring presentsaslightboat
distortionwith a maximumdeviationof 0.085(1)Å.7

Thenitro groupsdisplaysimilarorientationsin thetwo
compounds.The one boundto C(4) is almostcoplanar
with the aromatic plane, while the other at C(2) is

considerablytwisted around the C—N bond, so as to
minimize stericinteractionswith thesubstituentat C(1).
This effect is accompaniedby a significantout-of-the-
planeanglesubtendedby the C(2)—N(1) bond, which
amountsto 6.0(4),6.8(4),10.0(3)and7.0(1)° for 3a, 3b,
3c and 4, respectively.Theseresultsare in agreement
with thosereportedfor the homologoustrinitro struc-
tures6 andfor compound5.7 On the otherhand,thereis
notawell definedrelationshipbetweentherotationangle
of theo-nitro groupandthesizeof thesubstituentin C(1)
for compounds3 and4.

In 2,4-dinitroaniline and 2,4,6-trinitroaniline, the
amino group is coplanarwith the aromatic ring while
rotationof the o-nitro groupsis found in the compound
with two o-nitro groups.13 Rotationof theaminogroupis
observedin compoundswhereN is substitutedwith alkyl
groups due to steric hindrance.14 A similar effect is
observedin the structuresof 2,4-dinitroanisoleand2,6-
dinitroanisole,where the presenceof a secondo-nitro

Table 2. Selected bond lengths (AÊ ), angles (°) and torsion angles (°) for 1-pyrrolidino-2,4-dinitrobenzene (3) and 1-morpholino-
2,4-dinitrobenzene (4).

Bond 3a 3b 3c 4

C(1)—N(3) 1.358(6) 1.355(6) 1.343(5) 1.373(3)
C(1)—C(2) 1.417(6) 1.408(6) 1.416(6) 1.414(3)
C(1)—C(6) 1.419(6) 1.413(6) 1.423(6) 1.407(3)
C(2)—C(3) 1.381(6) 1.378(6) 1.377(6) 1.377(3)
C(2)—N(1) 1.457(6) 1.469(6) 1.478(6) 1.463(3)
C(3)—C(4) 1.369(6) 1.376(6) 1.370(6) 1.375(3)
C(4)—C(5) 1.382(6) 1.382(6) 1.392(7) 1.374(3)
C(4)—N(2) 1.456(6) 1.456(7) 1.451(6) 1.459(3)
C(5)—C(6) 1.362(6) 1.363(6) 1.362(6) 1.370(3)
N(3)—C(1)—C(2) 125.8(5) 125.1(5) 125.8(5) 123.4(2)
N(3)—C(1)—C(6) 118.9(5) 119.9(5) 119.2(5) 121.6(2)
C(2)—C(1)—C(6) 115.3(5) 115.0(5) 114.8(5) 115.0(2)
C(3)—C(2)—C(1) 121.9(4) 122.8(5) 123.0(5) 123.1(2)
C(3)—C(2)—N(1) 114.1(5) 113.7(5) 114.2(4) 114.8(2)
C(4)—C(3)—C(2) 119.8(5) 119.2(5) 119.6(5) 118.7(2)
C(3)—C(4)—C(5) 120.6(5) 120.4(5) 119.7(5) 120.8(2)
C(5)—C(4)—N(2) 119.5(5) 119.8(6) 120.5(6) 120.2(2)
C(6)—C(5)—C(4) 119.8(5) 119.8(5) 120.8(5) 120.1(2)
C(5)—C(6)—C(1) 122.5(5) 122.7(5) 121.8(5) 122.2(2)
O(1)—N(1)—C(2) 117.9(6) 117.0(6) 116.6(5) 118.0(2)
C(1)—N(3)—C(10) 127.1(4) 126.0(5) 122.1(4) 121.0(2)
C(1)—N(3)—C(7) 121.3(4) 121.6(5) 125.9(4) 119.5(2)
C(10)—N(3)—C(7) 109.7(4) 110.9(5) 110.1(4) 109.8(2)
N(3)—C(1)—C(2)—C(3) 175.8(5) 175.7(5) 171.7(5) ÿ177.7(2)
C(6)—C(1)—C(2)—C(3) ÿ2.1(8) ÿ3.2(8) ÿ4.5(8) 3.7(3)
C(1)—C(2)—C(3)—C(4) 1.7(8) 1.8(9) 2.8(8) ÿ1.3(3)
C(2)—C(3)—C(4)—C(5) ÿ0.8(8) 0.3(9) 0.6(8) ÿ1.9(3)
C(3)—C(4)—C(5)—C(6) 0.3(9) ÿ0.9(9) ÿ2.1(9) 2.3(3)
C(4)—C(5)—C(6)—C(1) ÿ0.8(9) ÿ0.7(9) 0.3(9) 0.4(3)
C(2)—C(1)—C(6)—C(5) 1.6(6) 2.6(8) 2.9(8) ÿ3.2(3)
C(3)—C(2)—N(1)—O(1) 135.6(6) 126.3(8) 131.5(5) ÿ132.4(2)
C(3)—C(2)—N(1)—O(2) ÿ40.3(7) ÿ57.9(6) ÿ45.1(7) 45.2(3)
C(3)—C(4)—N(2)—O(4) 177.1(6) ÿ179.0(6) ÿ178.4(5) ÿ170.1(2)
C(3)—C(4)—N(2)—O(3) ÿ2.1(8) 1.2(9) 2.4(8) 8.7(3)
C(6)—C(1)—N(3)—C(10) 158.7(5) 163.8(5) 159.7(5) ÿ131.8(2)
C(6)—C(1)—N(3)—C(7) ÿ3.8(8) ÿ0.9(8) ÿ3.1(8) 10.8(3)
C(8)—C(7)—N(3)—C(1) 176.5(6) ÿ177.9(5) ÿ151.8(5) 158.6(2)
C(9)—C(10)—N(3)—C(1) ÿ150.1(6) ÿ156.1(5) 178.4(5) ÿ158.8(2)
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groupin the latter causestherotationof both theo-nitro
groupsandthesubstituenton C(1).15

Conformational details of non-aromatic rings are
summarized in Table 3(b), where the displacement
deformationparameters16 and the correspondingpuck-
ering parameters,17 as calculatedby PARST95,10 are
shown. Analysis of the pyrrolidine group in 3 yields
valuesmainly compatiblewith a twofold axis through
N(3), thusdefiningaconformationalstatebiasedtowards
a twist. Similar results can be attained when the

puckering parametersare inspected.In turn, the six-
memberedmorpholinering in 4 showsan unambiguous
chair conformation,evidencedby a clearD3h character.
Again, theseresults are in fair agreementwith those
found in thehomologoustrinitro compounds.6

The interactions providing the cohesion of the
structuresare purely of the van der Waals type, in
contrastwith what hasbeenobservedin 5 wheresome
C—H���O distancesareshorterthan the sumof the van
derWaalsradii of the involvedatoms.7

It can be seenfrom Table 3(a3) that bendingof the
amino group out of the aromatic plane prevails over

Figure 1. Schematic diagram of one of the independent
moieties of 3, showing the numbering scheme used.
Ellipsoids drawn at 50% level

Figure 2. Schematic diagram of 4 showing the numbering
scheme used. Ellipsoids drawn at 50% level

Figure 3. Packing diagram of 3, viewed along c. H atoms not
shown

Figure 4. Packing diagram of 4, viewed along b.
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Table 3. Analysis of the ring systems in 1-pyrrolidino-2,4-dinitrobenzene (3) and 1-morpholino-2,4-dinitrobenzene (4).

(a) Aromatic rings

(a1) Deviations, d (AÊ ), from weighted least-squares plane through the aromatic ringa

Atom 3a 3b 3c 4

C(1) ÿ0.009(6) ÿ0.016(6) ÿ0.022(5) ÿ0.021(2)
C(2) 0.009(6) 0.014(6) 0.021(5) 0.014(2)
C(3) ÿ0.004(6) ÿ0.001(6) ÿ0.004(5) 0.003(2)
C(4) ÿ0.001(6) ÿ0.009(6) ÿ0.014(6) ÿ0.018(2)
C(5) 0.000(6) 0.005(6) 0.014(6) 0.009(2)
C(6) 0.005(6) 0.008(6) 0.008(6) 0.012(2)

(a2) Lifting of the CÐN bonds (°) out of the aromatic plane

Bond 3a 3b 3c 4

N(3)—C(1) 2.9(3) 3.0(3) 5.9(3) 1.5(1)
N(1)—C(2) ÿ6.0(4) ÿ6.9(4) ÿ10.0(3) ÿ7.0(1)
N(2)—C(4) ÿ1.0(3) ÿ0.3(4) 0.2(3) 1.5(1)

(a3) Angular deviations (°) of the amino and nitro groups out of the aromatic core

Compound Group1 Group2 Total angleb Rotationc Bendingd

3a C(6)—C(1)—C(2) C(10)—N(3)—C(7) 17.74 10.67 14.23
3b C(6)—C(1)—C(2) C(10)—N(3)—C(7) 14.26 7.36 12.24
3c C(6)—C(1)—C(2) C(10)—N(3)—C(7) 18.16 9.33 15.62
4 C(6)—C(1)—C(2) C(10)—N(3)—C(7) 39.52 29.57 ÿ27.69
3a O(1)—N(1)—O(2) C(3)—C(2)—C(1) 41.12 40.26 8.57
3b O(1)—N(1)—O(2) C(3)—C(2)—C(1) 54.33 53.65 0.84
3c O(1)—N(1)—O(2) C(3)—C(2)—C(1) 44.80 43.67 10.37
4 O(1)—N(1)—O(2) C(3)—C(2)—C(1) 44.64 44.10 ÿ7.22
3a O(3)—N(2)—O(4) C(5)—C(4)—C(3) 3.01 3.01 0.09
3b O(3)—N(2)—O(4) C(5)—C(4)—C(3) 1.08 0.45 0.99
3c O(3)—N(2)—O(4) C(5)—C(4)—C(3) 1.35 1.19 0.64
4 O(3)—N(2)—O(4) C(5)—C(4)—C(3) 9.70 9.69 0.51

(b) Non-aromatic rings

(b1) Asymmetry parameters for the non-aromatic ringse

Parameter 3a (C4H8N—) 3b (C4H8N—) 3c (C4H8N—) 4 (C4H8ON—)

DS[N(3)] 0.316(4) 0.315(3) 0.323(3) 0.001(1)
DS[C(7)] 0.262(2) 0.242(3) 0.260(3) 0.008(1)
DS[C(8)] 0.109(4) 0.077(3) 0.098(3) 0.008(1)
DS[C(9)] 0.086(4) 0.117(3) 0.101(3)
DS[C(10)] 0.248(4) 0.267(3) 0.262(3)
D2[N(3)] 0.008(3) 0.015(2) 0.001(3) 0.260(1)
D2[C(7)] 0.128(3) 0.147(3) 0.140(3) 0.260(1)
D2[C(8)] 0.216(3) 0.223(3) 0.224(3) 0.259(1)
D2[C(9)] 0.221(3) 0.213(3) 0.224(3)
D2[C(10)] 0.143(3) 0.123(3) 0.138(3)
DS[O(5)—C(9)] 0.329(1)
DS[C(8)—O(5)] 0.329(1)
DS[C(7)—C(8)] 0.328(1)
D2[O(5)—C(9)] 0.004(1)
D2[C(8)—O(5)] 0.004(1)
D2[C(7)—C(8)] 0.007(1)
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rotation in compound3, as observedin 1-pyrrolidino-
2,4,6-trinitrobenzene (6)6 and 1-pyrrolidino-2,4-dinitro-
naphthalene(7).18 In compound 4, rotation of the
morpholino group out of the aromatic plane prevails
over bendingandboth bendingandrotationaregreater
than in 3. In addition, rotation of the p-nitro group is
greaterin 4 thanin 3 while rotationof theo-nitro groupis
similar in both compounds.This phenomenonpermits
larger stabilization by resonanceinteraction for com-
poundswith pyrrolidine in C(1) asshownin 8 than for
compoundswith morpholineor piperidine.

Molecular structure in solution

UV spectra. In orderto establishthestructurein solution
of compounds3 and4, andto determinewhetherthereare
any conformationalchangesbetweenthe solid stateand
solution, we analyzed their UV–visible spectra in
methanol.Table4 summarizesthe spectraldatafor 3, 4
and5.

The spectrumof 2,4-dinitroaniline (9) in methanol

shows two charge-transferUV bands,one at 336nm
(e = 14450)andtheotherat390nm(sh,e = 6460).These
bandscorrespondto the electronictransitionsfrom the
aminogroupto thep-nitro (band1) ando-nitro (band2)
groups,respectively.19N-Monoalkylationof 9 producesa
bathochromicdisplacementof band 1 as a result of
electronicandhydrogen-bondingfactors.19 N,N-Dialky-
lation of 9 inducesa bathochromicdisplacementand
steric enhancementof the resonanceof band 1, while
steric inhibition of band2 is observed.19 Theseresults
indicatethat the electron-withdrawingortho substituent
is rotatedout of thephenylring in solution.19 In orderto
minimize the steric interactions,the rotation of the o-
nitro group is accompaniedby rotation of the amino
group.19,20 This is evidencedby a reduction in the
intensityof band1.19

Thesebathochromicdisplacementsarea consequence
of destabilizationof thegroundstateof themoleculedue
to rotation around the C(1)—N bond,21 or to steric
enhancementof resonancecausedby rotationaroundthe
C(2)—N, or by a combinationof both factors.19,20

In compounds3 and4, aswell asin 5, we found that
band 1 showeda bathochromicdisplacementas com-
pared with 9 while band 2 disappearedcompletely,
pointing to the rotation of the o-nitro group out of the
aromaticplane.The rotation of the aminogroupout of
thisplanein 3 and4 is inferredby comparingthevalueof
e of band1 with that in 9.

NMR spectra. NMR data can be very helpful in
obtaining information about the conformationof mole-
cules in solution.14,15,18,20 Therefore, the 13C NMR
spectraof 3 and 4 were measuredand the data are
reportedin Table 5 togetherwith data for the related
compoundsN,N-diisopropyl-2,4-dinitroaniline (10) and
N,N-diethyl-2,4-dinitroaniline (11).

The lack of coplanaritybetweentheo-nitro groupand
the aromaticring in a seriesof N,N-dialkyl-substituted
dinitroanilinescanbeinferredfrom 13C NMR data.20 The
rotationof theo-nitro groupinducesshieldingin the ipso
[C(2)] andthepara [C(5)] carbonsanddeshieldingin the
ortho carbon[C(3)]. On the other hand,rotation of the

Table 3 (cont.)

(b2) Puckering parameters for the non-aromatic ringsf

Parameter 3a (C4H8N—) 3b (C4H8N—) 3c (C4H8N—) 4 (C4H8ON—)

Q 0.394(9) 0.395(7) 0.405(6) 0.566(3)
�2 0.8 (2)
f2 ÿ88 (1) ÿ93.6(8) ÿ90.1(8) ÿ1 (2)

a Following Ref. 23.
b Angle betweenplanesdefinedby the threeatomsof Group1 andGroup2.
c Rotationcomponentof total anglearoundC—N bondbetweenGroup1 andGroup2.
d Bendingcomponentof total anglein a directionperpendicularto C—N bondbetweenGroup1 andGroup2.
e Following Ref. 16.
f Following Ref. 17.

Table 4. UV±visible data for 1-pyrrolidino-2,4-dinitroben-
zene (3), 1-morpholino-2,4-dinitrobenzene (4) and 1-piper-
idino-2,4-dinitrobenzene (5)

Compound �max (nm) e (dm3 molÿ1 cmÿ1)

3a 370.2 7080
4a 375.4 12800
5b 374.8 11500

a This work.
b Ref. 7.
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aminogroupproducesdeshieldingin theortho [C(2) and
C(6)] and para [C(4)] carbons.20 Differencesobserved
betweenexperimentalandcalculatedchemicalshifts for
C(2)andC(3)in 11areattributedto rotationof theo-nitro
group.

If we comparethechemicalshiftsof C(4) andC(6) in
10 and11, it canbe inferred that in 10 both the o-nitro
group and the amino group are rotated in order to
minimize stericstrain.Further,the shift of the signalof
C(5)in 10 to higherfieldsindicatesthattherotationof the
o-nitro groupin this compoundis greaterthanthat in 11.
Valuesof thechemicalshiftsof thearomaticcarbonsin 3
and4 rangebetweenthoseof 11and10exceptfor thatof
C(1). The valuesfor 4 and 5 are closeto thosefor 10
while the valuesfor 3 are closeto thosefor 11, so we
estimatethat the rotationof theaminogroupin 3 is less
significantthanin 4 and5.

Wecanusethechemicalshift of themethyleneprotons
a to N to confirm the rotation of the amino group.We
calculatedthechemicalshift of thea-methyleneprotons
in 3 or 4 as 3.6ppm using the argumentsdescribed
previouslyfor 5.7 Thedifferencebetweenthis valueand
the observedvalues(� = 3.34and3.27ppm for 3 and4,
respectively) shows a shielding of the protons in
pyrrolidine and morpholinethat could be attributedto
thering currentproducedby benzeneelectrons.22 Hence
theaminemoietymustberotatedwith respectto themain
planeof thearomaticring.

CONCLUSIONS

Resultsobtainedin thesolid statearein goodagreement
with thoseobtainedin solution.In compounds3, 4 and5,
rotationoutof thearomaticplaneof theo-nitro andof the
aminogroupsis observed.It seemsthat in solution,3 is
more planar than 4 and 5, as observedfor trinitroben-
zenes6 and naphthalenes15,18 substitutedwith the same
amines.

Thereactivityof 3 with hydroxideion is lessthanthat
of 4 or 5,4e and this is a consequenceof a greater

stabilizationof thegroundstateof 3 by interactionof the
lonepair of electronsof thenitrogenin theaminogroup
with thep systemof thearomaticring dueto thegreater
planarityof this substrate.A similar argumentwasused
to explain the differencein reactivity of 2,4- and 2,6-
dinitroanisolein aminolysisreactions.15
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