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Introduction

p-Nitroanilines have elicited broad interest and ap-
plication in the fields of materials and analytical sciences
on account of their solvatochromism1-7 and nonlinear-
optical (NLO) properties.8-13 The relevant structural
feature of these chemicals is their “push-pull” π-conju-
gated electron arrangement. A variety of substituted
p-nitroanilines act as solvent-sensitive (solvatochromic)
indicators. The solvent-dependent shifts of their UV/vis
spectral bands form the basis of several solvent polarity
scales.1-3 Newer, more hydrophobic forms of these indica-
tors are presently being developed as probes of the
polarity of solute binding environments and of perme-
ability in micelles, lipid bilayers, and biological mem-
branes.7,14-15 p-Nitroanilines also exhibit relatively large
first-order hyperpolarizabilities (â),8,10,13 the molecular
phenomenon associated with second-harmonic generation
(SHG), which refers to the doubling of the frequency of

transmitted light. The latter material property is a
potentially very useful NLO effect and is highly sought
as it can be exploited to create memory storage devices,
switches, and radiation-protective coatings.16

In this work, we focus on some new long-chain N,N-
dialkyl-p-nitroanilines: N,N-dipentyl-, N,N-dihexyl-, N,N-
dioctyl-, N,N-didecyl-, and N,N-didodecyl-p-nitroanilines
(Figure 1). Compounds 1c-g (Figure 1) constitute new
hydrophobic forms of the solvatochromic π* indicators of
solvent dipolarity/polarizability.1,4 These new dyes also
may be useful in furthering our understanding of the
potential utility of alkyl chain length as a strategy for
designing crystal lattices of p-nitroanilines with high
SHG activity. The n-alkyl-p-nitroanilines recently have
been investigated in this respect.13 Some practical ap-
proaches for the synthesis of 1a-g as well as a discussion
of crystallographic structures of the long-chain (N,N-
didecyl) vs short-chain (N,N-dipropyl) di-n-alkyl dyes are
addressed briefly here. A preliminary look at the solva-
tochromic properties of 1f and 1g in comparison to the
shorter chain homologues also is given.

Results and Discussion
Synthesis. The traditional method for preparing the

lower homologues (C1-C4) of the di-n-alkyl-p-nitroa-
nilines has involved the reaction of p-halonitrobenzene
(usually the chloro-substituted species) with the ap-
propriate di-n-alkylamine.17-19 Typically, these reactions
are carried out under high pressure,17-19 as the substitu-
tion of aromatic halides with bulky secondary and
tertiary amines reportedly is difficult to accomplish at
ambient pressures.19-21 While these conditions are severe
and the reaction times long, the approach is attractive
because the product is achieved in a single step and with
few side products and reactions. Other single-step meth-
ods such as n-alkylation of selected p-nitroanilines or
direct nitration of the N,N-dialkylaniline have limita-
tions. In the case of n-alkylation, the electron-withdraw-
ing NO2 moiety reduces the nucleophilicity of the anilino
nitrogen, thus diminishing the yield of the desired di-n-
alkylated product. Direct nitration of the aniline has been
shown to be practical in situations where the para-
substituted product is crystalline and easily separated
from its oil-phase meta isomer.7 In a previous paper, we
nitrated N,N-dipropylaniline in cooled solutions of NaNO3

and H2SO4 and successfully isolated the crystalline N,N-
dipropyl-p-nitroaniline.7 We found that the success of this
procedure, however, was directly related to the fact that
of all the species in the reaction mixture, only the desired
product was crystallized at room temperature. Analysis,
via GC-MS, of extracts of the reaction mixture revealed
the presence of several nitro- and dinitro-substituted
N,N-dipropylanilines that were not fully characterized.

* To whom correspondence should be addressed.
† Current address: Department of Chemistry, Cornell University,

Ithaca, NY.
(1) Kamlet, M. J.; Abboud, J. L.; Taft, R. W. J. Am. Chem. Soc. 1977,

99, 6027.
(2) Kamlet, M. J.; Taft, R. W. J. Am. Chem. Soc. 1976, 98, 377.
(3) Minesinger, R. R.; Kayser, E. G.; Kamlet, M. J. J. Org. Chem.

1971, 36, 1342.
(4) Laurence, C.; Nicolet, P.; Tawfik-Dalati, M. J. Phys. Chem. 1994,

98, 5807.
(5) Boggetti, H.; Anunziata, J. D.; Cattana, R.; Silber, J. J. Spec-

trochim. Acta 1994, 4, 719.
(6) Obi-Egbedi, N.; Iweibo, I. Spectrochim. Acta 1992, 48A, 257.
(7) Helburn, R.; Ullah, N.; Mansour, G.; Maxka, J. J. Phys. Org.

Chem. 1997, 10, 42.
(8) Hurst, M.; Munn, R. W. In Organic Materials for Non-Linear

Optics, Proceedings of a Conference Organized by the Applied Solid
State Chemistry Group of the Dalton Division of the Royal Society of
Chemistry; Hahn, R. A., Bloor, D., Eds.; Royal Society of Chemistry:
London, 1989; pp 3-27.

(9) Albert, I. L.; Marks, T. J.; Ratner, M. A. In Nonlinear Optical
Materials Theory and Modeling; Karna, S. P., Yeates, A. T., Eds.; ACS
Symposium Series no. 628; American Chemical Society: Washington
DC, 1996; Chapter 6, pp 116-132.

(10) Ledoux, I.; Zyss, J. In Novel Optical Materials & Applications;
Khoo, I., Simoni, F., Umeton, C., Eds.; John Wiley & Sons: New York,
1997; Chapter 1, pp 1-48.

(11) Huyskens, F. L.; Huyskens, P. L.; Persoons, A. P. J. Chem. Phys.
1998, 108, 8161.

(12) Norman, P.; Luo, Y.; Jonsson, D.; Agren, H.; Sylvester-Hvid,
K. O.; Mikkelsen, K. V. J. Chem. Phys. 1997, 107, 9063.

(13) Gangopadhyay, P.; Venugopal-Rao, S.; Narayana-Rao, D.;
Radhakrishnan, T. P. J. Mater. Chem. 1999, 9, 1699.

(14) Helburn, R.; Dijiba, Y.; Mansour, G.; Maxka, J. Langmuir 1998,
14, 7147.

(15) Creedon, W. MS Thesis, Northern Arizona University, 1999.
(16) Wilson, E. K. Chem. Eng. News 1999, 77 (Science/Technology),

29.
(17) Ibata, T.; Isogami, Y.; Toyoda, J. Bull. Chem. Soc. Jpn. 1991,

64, 42.
(18) Behr, L. C.; Kirby, J. E.; MacDonald, R. N.; Todd, C. W. J. Am.

Chem. Soc. 1946, 68, 1296.
(19) Ibata, T.; Shang, M.; Demura, T. Chem. Lett. 1994, 359.
(20) Bunnett, J. F.; Zahler, R. Z. Chem. Rev. 1951, 49, 273.
(21) Matsumoto, K.; Sera, A.; Uchida, T. Synthesis. 1985, 1.

4050 J. Org. Chem. 2001, 66, 4050-4054

10.1021/jo0014764 CCC: $20.00 © 2001 American Chemical Society
Published on Web 05/10/2001



The latter approach to nitration would have marginal
use in the preparation of longer chain N,N-dialkyl-p-
nitroanilines since many of these new dyes (Figure 1,
Table 1) are oils at room temperature. Moreover, for the
very long chain products (e.g., 1e-g) which are crystal-
line at 25 °C, the reaction would be curtailed by the
increasingly limited solubility of the di-n-alkylanilines
in cold concentrated H2SO4. The lack of solvation of the
reactants (di-n-alkylaniline and nitronium cation NO2

+)
in the same solvent medium would limit their interaction
and resulting formation of a product.

In this work, the synthesis of 1a-g was accomplished
via nucleophilic substitution at ambient pressures. We
found the reaction, which involves 4-fluoronitrobenzene
and the corresponding di-n-alkylamine (Figure 2), to be
useful for the preparation of di-n-alkyl-p-nitroanilines
having a wide range of alkyl chain lengths. Reaction
times increased with increasing length of the chains.
Increasing the bulkiness of the di-n-alkyl moieties nega-
tively affected the reactivity of the species involved.

We note that a series of long-chain n-alkyl-p-nitroa-
nilines recently was synthesized at ambient pressures
via substitution of 4-fluoronitrobenzene (Gangopadhyay
et al.13). In that work, DMSO was used as the solvent
and the reaction times were reported to be 6 h, which is
shorter than our reaction times. The primary amines
used in that study, however, were less hindered than
secondary amines. Moreover, polar aprotic solvents with
strong HBA (hydrogen-bond-acceptor) character are more
conducive to increasing reaction rates where the nucleo-
phile is a primary amine. The reaction intermediate
(produced with a primary alkylamine) has significant
HBD (hydrogen-bond-donor) character and is solvated to
a greater extent in strong HBA solvents. Reactions
reported in this study involving secondary alkylamines
benefit less from such a polar aprotic system. The
reaction intermediate produced with a secondary alkyl-
amine is bulkier, more nonpolar, and is solvated to a
lesser extent in a polar solvent such as DMSO. This
phenomenon is especially true with the N,N-didecyl- and
N,N-didodecyl-p-nitroanilines synthesized in this work.

In reacting N,N-dialkylamines with 4-fluoronitroben-
zene, we used a neat system and attempted to drive the
reaction by applying an excess of at least 2:1 stoichiom-
etry of the amine to 4-fluoronitrobenzene and by remov-
ing HF as the corresponding dialkylamine hydrofluoride
salt. Substitution of triethylamine for the second equiva-
lent of the dialkylamine worked equally well (Figure 2).

The long-chain di-n-alkylamines are slightly more basic
than triethylamine,24 making them a better choice for
removing HF. Removal of HF occurred almost exclusively
with the use of homogeneously dissolved bases.25,26

An advantage of the neat system is that the reaction
temperature need not be kept below the boiling point of
the solvent. The mechanism in this case is one of base
catalysis where previous studies suggest that formation
of the product from the intermediate complex is the rate-
determining step.27-31 N,N-Didodecyl-p-nitroaniline, which
was the longest chain N,N-dialkyl-p-nitroaniline we
examined, formed in 95% yield.

Purification of the oil phase products (1b-d) was
carried out via aqueous acid extraction followed by
vacuum distillation and preparative chromatography
(TLC or HPLC). In each case, the concentration of strong
acid (i.e., HCl or H2SO4) in the extraction medium was
optimized such that any excess unreacted amine was
removed while the product remained in the nonpolar
organic layer. This extraction approach exploits the
weakly basic nature of p-nitroanilines as well as the
differing solubilities of the individual dyes (1b-d) in
aqueous solutions of varying HCl or H2SO4 concentration.
While values of pKBH+ have not been determined for the
long-chain products 1c-g, the aqueous-phase basicity of
these species should be at least as weak as that of 1b.
The low basicity of the longer alkyl chain species is due,
in part, to medium effects where the long alkyl chains
on the amine cause steric hindrance to solvation of the
protonated form.7,32-33

The concentrations of acid in the solutions used to
extract contaminants from reaction mixtures containing
1b, 1c, and 1d, respectively, are listed in Table 2. These
concentrations show that as the di-n-alkyl chains on the
product increase in length an increasingly acidic solution
can be used to remove contaminants with minimal
solubilization of the product. Thus, washing with acid
becomes more effective with increasing alkyl chain length
because a stronger acid can be used to more effectively
extract unwanted components from the organic layer
without removal of the product. Creating conditions that
minimize solubilization of the N,N-dialkyl-p-nitroaniline
(in the acid wash) also limits the extent of acid-catalyzed
hydrolysis of the dye and the resulting formation of the
contaminant p-nitrophenol. The latter species (where
formed) was removed in the final chromatography step.34

It should be noted that washing with acid was not needed
for purification of 1e-g since these products were
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Figure 1. N,N-Dialkyl-p-nitroanilines: (a) N,N-dipropyl-p-
nitroaniline; (b) N,N-dibutyl-p-nitroaniline; (c) N,N-dipentyl-
p-nitroaniline; (d) N,N-dihexyl-p-nitroaniline; (e) N,N-dioctyl-
p-nitroaniline; (f) N,N-didecyl-p-nitroaniline; (g) N,N-didodecyl-
p-nitroaniline.
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crystallized directly from the organic solution. A sum-
mary of general physical properties for nine N,N-dialkyl-
p-nitroanilines including the new compounds prepared
here is given in Table 1.

X-ray Crystallography of 1a and 1f. Of the seven
N,N-dialkyl-p-nitroanilines synthesized in this work
(Figure 1, Table 1), 1a and 1e-g formed crystalline
products. The compounds with intermediate alkyl chain
length 1b-d formed oils at room temperature, which is
not surprising considering the absence of functional
groups capable of forming hydrogen bonds. X-ray diffrac-
tion data were collected on single crystals of 1a and 1f
and the crystal structures solved to characterize molec-
ular structure unambiguously and to examine how an
increase in the length of the alkyl chains affects crystal
packing.

The molecular structures of 1a and 1f in the solid state
are shown in Figure 3 and in an ORTEP drawing that is
included with the available X-ray crystallographic data
(Supporting Information). The nitro groups on 1a and 1f
are not coplanar with the benzene ring, but instead twist
out of the mean plane of the ring by 3° and 10°,
respectively. The di-n-alkyl groups on 1a and 1f also are
not coplanar with the benzene ring. The plane defined
by the nitrogen atom and the two bonded carbon atoms
of the alkyl groups is twisted out of the mean plane of
the ring by 5° and 7°, respectively, in 1a and 1f. The
anilino nitrogen atom appears to be fully sp2-hybridized
in both structures. The carbons in the propyl chains of
1a all reside in the anti-staggered conformation, as
expected. All but two of the carbons in the decyl chains
of 1f reside in the anti-staggered conformation as well.
The fourth and fifth carbon atoms in this chain adopt a
Gauche conformation that gives a torsion angle of 68°.
This conformation causes the decyl chains to bend in the
middle so that the ends of the chains align with the long
axis of the molecule. The molecules in 1a and 1f pack by
forming layers of molecules (Figure 3a,b) that build up

the crystal by stacking. A feature common to both
structures is that the molecules align in a head-to-tail
arrangement that forms chains. Analysis of intermolecu-
lar contacts shows that the oxygen atoms on the nitro
groups in both structures form short C-H‚‚‚O interac-
tions (1a, H‚‚‚O ) 2.59 Å, C‚‚‚O ) 3.32 Å, C-H‚‚‚O )
133.2°; 1f, H‚‚‚O ) 2.52 Å, C‚‚‚O ) 3.41 Å, C-H‚‚‚O )
151.1°) with the third carbon atom in the alkyl chains of
the di-n-alkyl groups. These contacts are less than the
sum of the van der Waals radii of oxygen (1.52 Å)35 and
hydrogen (1.20 Å).35 Taylor and Kennard have estab-
lished that C-H‚‚‚O interactions form commonly in
organic crystals when nitro groups are present.36 Desiraju
has demonstrated that C-H‚‚‚O interactions frequently
direct the assembly of molecules into chains and other

(35) Bondi, A. J. Phys. Chem. 1964, 68, 441.

Table 1. Some Physical Properties of Nine N,N-Dialkyl-p-nitroanilines

compd formula phase (25° C) MW (g mol-1) MP (°C) ref

N,N-dimethyl-p-nitroaniline C8H10N2O2 crystal 166 163-165, 159-161 1, 17, 18, 22
N,N-diethyl-p-nitroaniline C10H14N2O2 crystal 194 77-78, 72-73 1, 17, 18, 23
1a C12H18N2O2 crystal 222 62-63, 52-54 57-58 1, 7, 17, this work
1b C14H22N2O2 oil 250 1,7, 17, this work
1c C16H26N2O2 oil 278 this work
1d C18H30N2O2 oil 306 this work
1e C22H38N2O2 crystal 362 31 this work
1f C26H46N2O2 crystal 418 47-48 this work
1g C30H54N2O2 crystal 474 55-56 this work

Figure 2. Reaction of 4-fluoronitrobenzene with a long-chain
dialkylamine (a) or with dialkylamine plus the triethylamine
proton scavenger (b) to produce the N,N-dialkyl-p-nitroaniline.

Table 2. Concentrations of H2SO4 and HCl (M) Used in
the Workup of the Oil-Phase Products 1b-d

product H2SO4 HCl

1b 3.5 7
1c 4.6 9.2
1d 5 10

Figure 3. Views of molecular packing within a single layer
of the compounds 1a (a) and 1f (b).
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supramolecular motifs during crystallization in the ab-
sence of more traditional strong O-H‚‚‚O and N-H‚‚‚O
hydrogen-bonding interactions.37 In the case of 1a and
1f, it is likely that the C-H‚‚‚O interactions are the
primary organizational force responsible for directing the
molecules to assemble into chains. In the absence of
additional hydrogen-bonding interactions, control over
the alignment and orientation of the chains within the
layers is most likely determined by maximizing van der
Waals contacts between alkyl groups at the periphery of
the chains. The chains can be oriented either in a parallel
or an antiparallel fashion. For example, the chains are
oriented in a parallel arrangement in 1a such that the
molecules are all oriented in the same direction within a
given layer. One consequence of this arrangement is that
the layers in 1a lack a center of symmetry and are polar.
This polarity is preserved during the stacking of the
layers to form a bulk crystal that also is polar. Since bulk
polarity of a crystal is one of the requirements for second-
harmonic generation, crystals of 1a may show NLO
behavior. The chains in 1f are oriented in an antiparallel
arrangement, which gives layers that contain a center
of symmetry and that are nonpolar.

Solvatochromic Properties. The new dyes (1f,g)
also were investigated with respect to their performance
as solvent-sensitive indicators. A chief goal with regard
to this property has been to obtain a homologous series
of π* indicators1,2,7 whose solvatochromic properties are
very similar but whose hydrophobic surface binding
properties vary. Such a series of indicators would allow
the specific polarity-related properties of a wider variety
of solute binding environments in micelles and lipid
bilayers to be probed. Indicators with di-n-alkyl-p-nitro-
aniline structure have been found to be useful for this
effort.14,38-41

Some UV/vis spectral shifting properties of N,N-
didodecyl-p-nitroaniline (1g) are illustrated in Figure 4.
The individual spectra of 1g in cyclohexane, benzene, and
DMSO are shown. Estimates of ε at λmax obtained
previously for other new dyes in the series, in cyclohexane

and DMSO, have shown ε to be relatively high (e.g.,
21000-25000 L mol-1 cm-1) and independent of increas-
ing length of the alkyl chains.14,42 Cyclohexane and
DMSO are the reference solvents for the π* scale of
solvent dipolarity/polarizability developed by Kamlet,
Abboud, and Taft, where π* ) 0.00 for cyclohexane and
1.00 for DMSO.1,2 The π* value for benzene has been
reported to be 0.59.1 Values of solvent π* are normalized
transition energies calculated from the frequencies of
maximum absorption obtained from the spectra of one
(or another) indicator in the solvents of interest.1-2,43 The
magnitude of spectral shift over a range of known solvent
polarities (e.g., π*) determines the extent to which a
particular indicator can resolve small differences in
polarity associated with different solvation environments.
In designing indicators to probe micelles and bilayers,
such capability is important.

UV/vis spectra of 1g (Figure 4) and 1f (not shown) in
cyclohexane and DMSO show shifts in peak maxima
(between these two reference solvents) of 46.0 and 46.4
nm, respectively. These spectral positions and shifts are
consistent with those obtained for other shorter chain
N,N-dialkyl-p-nitroanilines in the series whose solvato-
chromic properties have been previously characterized.44

The N,N-dialkyl-p-nitroanilines are known to be more
strongly solvatochromic than other π* indicators.1,44 Now,
there is the added benefit of having a series of these
particular nitroanilines (Figure 1) in which there is
similarity in solvatochromic behavior across a range of
homologues. Such similarity will allow direct comparisons
to be made among the spectral data and polarity param-
eters obtained from these different dyes. A rigorous
relative measure of the spectral shifting capability44 of
the new π* indicators is currently underway.

Experimental Section
1H NMR spectra were measured at 200 and 500 MHz on

Varian FT-NMR instrumentation. Chemical shifts were refer-
enced to tetramethylsilane (TMS). CDCl3 was used as the
supporting solvent (in all NMR measurements). Melting points
were obtained via the capillary tube method using a Hoover
melting point apparatus. All separations were carried out using
thin-layer chromatography (TLC) and gas chromatography with
mass spectrometric detection (GC/MS). Diagnostic TLC was
performed using Whatman 250 µm silica gel plates. GC/MS data
were collected on an HP Model 5890 chromatograph with an HP
Model 5971 mass selective detector. Molecular weights were
taken from the mass spectral data. Preparative liquid chroma-
tography was carried out using a Varian Dynamax SD-300
HPLC system with UV/vis detector and a 41.1 mm × 250 mm
C18 (reversed-phase) column (8 µm particles with 100 Å pores).
Elemental analysis of the final products was obtained from

(36) Taylor, R.; Kennard, O. J. Am. Chem. Soc. 1982, 104, 5063.
(37) Desiraju, G. R. In Crystal Engineering: The Design of Organic

Solids; Elsevier: New York, 1989; Chapter 5, pp 142-167.
(38) Vitha, M. F.; Weckwerth, J. D.; Odland, K.; Dema, V.; Carr, P.

W. J. Phys. Chem. 1996, 100, 18823.
(39) Vitha, M. F.; Carr, P. W. J. Phys. Chem. 1998, 102, 1888.
(40) Shin, D. M.; Whitten, D. G. J. Phys. Chem. 1988, 92, 2945.
(41) Shin, D. M.; Schanze, K. S.; Otruba, J. P.; Brown, P. E.;

Whitten, D. G. Isr. J. Chem. 1987, 28, 37.

(42) In a previous study,14 plots of A at λmax vs concentration (M)
were carried out for 1e and 1f in cyclohexane and DMSO for several
estimated values of λmax. The purpose of the study was to demonstrate
the lack of a concentration dependence in λmax. The study showed that
values of ε for the two dyes (estimated from the slopes of the linear
plots) were within each other’s margin of error. Estimates of ε (at λmax)
for 1e and 1f in cyclohexane were 21 000 and 21 500 (L mol-1 cm-1),
respectively. For DMSO, the values were 24 500 and 23 100 (L mol-1

cm-1), respectively. An uncalibrated 1 cm path length cuvette was used
for these measurements.

(43) Kamlet, M. J.; Abboud, J. L.; Abraham, M. H.; Taft, R. W. J.
Org. Chem. 1983, 48, 2877.

(44) The relative (solvent-dependent) spectral shifting capability of
an individual π* indicator (i.e., indicator of solvent dipolarity/polar-
izability)1,2 can be expressed as -s, from the linear solvation energy
relationship (LSER) υmax ) υ° + sπ*, where υmax) the frequency of
maximum absorption of the dye in a solvent of interest (in 103 cm-1),
υ° ) the frequency of maximum absorption of the dye in cyclohexane,
π* is the unitless polarity parameter, s ) the slope of the linear plot
of υmax vs π,* expressing the change in experimental υmax over a range
of known π*.1,2

Figure 4. UV/vis spectra of 1g in cyclohexane (left spectrum),
benzene (middle spectrum), and DMSO (right spectrum): υmax

)27.26 (kK or 103 cm-1) for cyclohexane, 25.82 for benzene,
and 24.20 for DMSO (see ref 44).
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Huffman Laboratories (Golden, CO). All commercially obtained
reagents were used without further purification.

General Procedure for Synthesis. Compounds 1a-g were
prepared and isolated using the following general procedure. The
procedure is illustrated using 1a as an example. Modifications
to the purification step for the oil phase 1b-d and to the reaction
and purification steps for synthesis and isolation of the longer
chain (crystalline) 1f,g are given in parentheses and in the
following sections.

An excess of di-n-propylamine, 8.035 g (0.0796 mol), was
mixed with 5.5081 g (0.0391 mol) of 4-fluoronitrobenzene and
heated at a gentle boil for 1-3 days (longer reaction times are
required for the longer alkyl chain amines). These reactions
could be carried out using ground glass reaction vessels.
However, we found that the yield was not much changed when
the reactions occurred in open glassware, such as in a 100 mL
Erlenmeyer flask. The completion of the reactions was monitored
by TLC.

After the mixture was cooled to room temperature, ap-
proximately 35 mL of diethyl ether (dry reagent) was added (50
mL for the synthesis of 1e, 1f, and 1g). The mixture was warmed
lightly until all the solid was dissolved. The flask was stoppered,
and the solution was left to allow slow crystallization. Fifteen
milliliters of hexane was added (40 mL for the synthesis of 1e,
1f, and 1g), and the white crystals of N,N-dipropylamine
hydrofluoride precipitated. The amine hydrofluoride salts were
removed by vacuum filtration and rinsed with cold hexane, and
the wash was combined with the filtrate. The solvents were
removed (from the combined filtrate) under reduced pressure
and the residue taken up in hot methanol and transferred to a
crystallizing flask, stoppered, and cooled on ice. Scratching of
the flask wall was required to initiate crystallization of the
product. Crystals of the yellow N,N-dipropyl-p-nitroaniline were
rinsed in cold methanol and recrystallized once from methanol.

Procedure for Isolation of 1b-d. Following removal of the
di-n-alkylamine hydrofluoride (see general procedure), the re-
maining solution was cooled on ice in a stoppered flask and then
transferred to a separatory funnel. Initially, all solutions were
washed with 100 mL of 3 M HCl. The acid layer was washed
with 50 mL of diethyl ether. The combined ether extracts were
saved. The ether extract was then washed with 100 mL of a
second solution of H2SO4 (or HCl) and then again with 5%
NaHCO3. The concentrations of acid in the second solution (for
successive syntheses) are given in Table 2. The ether extract
was dried over anhydrous CaCl2 and filtered. The ether was
removed under reduced pressure. The residue was taken up in
40 mL of hot methanol and transferred to a crystallizing flask.
The flask was stoppered and placed on ice. The oil was allowed
to settle and coalesce, and the overlying solution was decanted
and drawn off. The oil was dissolved into another 40 mL of hot
methanol. The flask was stoppered and placed on ice. Again,
the orange oil was allowed to settle and the supernatant solution
was decanted and drawn off. This procedure was repeated one
more time. The orange oil was dried by heating under N2.
Afterward, the oil was purified by preparative normal-phase
(SiO2) TLC using toluene as the mobile phase. Alternatively, we
were able to purify the compounds by preparative reversed-phase
(C18 on SiO2) HPLC using a gradient elution mobile phase
(solvent A ) 0.1 M aqueous trifluoroacetic acid; solvent B ) 0.1
M trifluoroacetic acid in 90/10 CH3CN/H2O). The fractions were
neutralized with NaHCO3 and extracted into chloroform. The
chloroform was removed under reduced pressure. Vacuum
distillation proved difficult for the higher molecular weight oils
and led to decomposition of a large amount of the product.

Modifications for 1e-g. Synthesis of 1e-g followed the
general reaction for 1a. However, equal molar quantities of the
dialkylamine and 4-fluoronitrobenzene were mixed, along with
an additional molar quantity of triethylamine. For these reac-
tions, crystals of the triethylamine hydrofluoride were isolated
by addition of cold hexane (see general procedure for 1a).
Following removal of the crystalline triethylamine hydrofluoride,
the solvent was removed under reduced pressure from the
remaining solution, and the residue was taken up in hot
methanol and transferred to a crystallizing flask. The super-
saturated solution required seed crystals and/or scratching of
the flask wall to initiate crystallization of the product. Crystal-
lization took place at a reduced ambient temperature of e19 °C.

The yellow product crystals were filtered and rinsed with cold
methanol. The product was recrystallized twice from methanol
and again rinsed with cold methanol.

N,N-Dipropyl-p-nitroaniline (1a): yield 8.51 g (98%); mp
55-56 °C; 1H NMR (CDCl3) δ 0.93 (t 6H, CH3), 1.64 (h 4H, CH2),
3.32 (t 4H, CH2), 6.80 (d 2H, Ar), 8.22 (d 2H, Ar); GCMS m/z
222, calcd m/z for C12H18N2O2 222. Anal. Calcd for C12H18N2O2:
C, 64.82; H, 8.17; N, 12.60; O, 14.41. Found: C, 64.83; H, 8.35;
N, 12.52; O, 14.30.

N,N-Dibutyl-p-nitroaniline (1b). An 11.05 g (0.0857 mol)
portion of dibutylamine was mixed with 6.02 g (0.0427 mol) of
4-fluoronitrobenzene: yield 7.48 g (70%); 1H NMR (CDCl3) δ 0.95
(t, 6H, CH3), 1.6 (m, 8H, CH2), 3.34 (t, 4H, CH2), 6.53 (d, 2H,
ArH), 8.07 (d, 2H, ArH); GCMS m/z 250, calcd. m/z for C14H22N2O2
250; TLC Rf 0.7 (toluene). Anal. Calcd for C14H22N2O2: C, 67.15;
H, 8.86; N, 11.9; O, 12.79. Found: C, 67.18; H, 9.25; N, 11.00;
O, 12.57.

N,N-Dipentyl-p-nitroaniline (1c). A 7.331 g (0.0467 mol)
portion of dipentylamine was mixed with 3.290 g (0.0234 mol)
of 4-fluoronitrobenzene: yield 6.49 g (56%); 1H NMR (CDCl3) δ
0.89 (t, 6H, CH3), 1.32 (m, 8H, CH2 γ to N), 1.61 (p, 4H, CH2 â
to N), 3.32 (t, 4H, CH2 R to N), 6.51 (d, 2H, ArH), 8.02 (d, 2H,
ArH); GCMS m/z 278, calcd m/z for C16H26N2O2 278; TLC Rf 0.74
(toluene).

N,N-Dihexyl-p-nitroaniline (1d). A 8.114 g (0.0438 mol)
portion of dihexylamine was mixed with 3.035 g (0.0215 mol) of
4-fluoronitrobenzene: yield 3.045 g (46%); 1H NMR (CDCl3) δ
0.88 (t, 6H, CH3), 1.30 (m, 12 H, CH2 γ, δ and ε to N), 1.58 (p,
4H, CH2 â to N), 3.32 (t, 4H, CH2 R to N), 6.50 (d, 2H, ArH),
8.05 (d, 2H, ArH); GCMS m/z 306, calcd m/z for C18H30N2O2 306;
TLC Rf 0.76 (toluene); nD 1.5939/23 °C.

N,N-Dioctyl-p-nitroaniline (1e). A 12.834 g (0.0532 mol)
portion of dioctylamine was mixed with 5.379 g (0.0532 mol) of
triethylamine and 7.500 g (0.0532 mol) of 4-fluoronitrobenzene:
yield 17.92 g (93%); mp 31 °C; 1H NMR (CDCl3) δ 0.875 (t, 6H,
CH3), 1.295 (m, 20H, CH2), 1.596 (p, 4H, CH2), 3.332 (t, 4H, CH2),
6.52 (d, 2H, ArH), 8.07 (d, 2H, ArH); GCMS m/z 362, calcd m/z
for C20H34N2O2 362; TLC Rf 0.84 (toluene). Anal. Calcd for
C22H38N2O2: C, 72.87; H, 10.57; N, 7.73; O, 8.83. Found: C,
73.15; H, 10.57; N, 7.60; O, 8.68.

N,N-Didecyl-p-nitroaniline (1f). A 15.817 g (0.0532 mol)
portion of didecylamine was mixed with 5.379 g (0.0532 mol) of
triethylamine and 7.500 g (0.0532 mol) of 4-fluoronitrobenzene:
yield 21.820 g (98%); mp 48-50 °C; 1H NMR (CDCl3) δ 0.93 (t,
6H, CH3), 1.64 (m, 32H, CH2) 3.32 (t, 4H), CH2), 6.80 (d, 2H,
ArH), 8.22 (d, 2H, ArH); TLC Rf 0.87 (toluene). Anal. Calcd for
C26H46N2O2: C, 74.58; H, 11.08; N, 6.69; O, 7.65. Found: C,
74.57; H, 11.08; N, 6.70; O,7.65.

N,N-Didodecyl-p-nitroaniline (1g). An 18.799 g (0.0532
mol) portion of didodecylamine was mixed with 5.379 g (0.0532
mol) of triethylamine and 7.500 g (0.0532 mol) of 4-fluoroni-
trobenzene: yield 23.99 g (95%); mp 56-57 °C; 1H NMR (CDCl3)
δ 0.93 (t, 6H, CH3), 1.64 (m, 40H, CH2), 3.32 (t, 4H, CH2), 6.80
(d, 2H, ArH), 8.22 (d, 2H, ArH); TLC Rf 0.90 (toluene). Anal.
Calcd for C30H52N2O2: C, 76.20; H, 11.10; N, 5.93; O, 6.77.
Found: C, 75.92; H, 11.12; N, 6.05; O,6.91.
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