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A tandem imine addition-SNAr annulation reaction has been developed as a new approach to the synthesis
of 4-oxo-1,2,3,4-tetrahydroquinoline-3-carboxylic esters. A series of these structures has been generated by
reacting selected imines with tert-butyl 2-fluoro-5-nitrobenzoylacetate. Structural variations in the final
products are accomplished by changing the substituents on the imine and the alkyl group of the ester. The
title compounds are isolated as their enols in 55–97% yield without the need for added base or catalysts.
The synthesis of the starting materials as well as mechanistic studies and further synthetic conversions of
the products are presented.
J. Heterocyclic Chem., 50, 373 (2013).
INTRODUCTION

Our recent work has described two new approaches to
the synthesis of 4-oxo-1,2,3,4-tetrahydroquinoline-3-carboxylic
esters and related structures using tandem Michael-SNAr [1,2]
and Michael addition-elimination-SNAr processes [3,4]. In
the current study, it was envisioned that highly substituted
4-oxo-1,2,3,4-tetrahydroquinoline-3-carboxylic esters could
be prepared by reacting tert-butyl 2-fluoro-3-nitrobenzoyl
acetate (1) with a series of imines via a tandem imine
addition-SNAr reaction. These heterocycles have potential
as cannabinoid CB2 receptor ligands [5] and as glycogen
synthase kinase-3 (GSK-3) inhibitors [6]. The cannabinoid
CB2 receptors are believed to be important in the alleviation
of pain [7] and inflammation [8] as well as for treating certain
cancers [9]. GSK-3 inhibition has been investigated as a
possible treatment for Alzheimer’s disease [6].
Tandem reactions using imines are relatively rare in the

literature and, generally, require the use of catalysts to facilitate
the reaction. Additions to imines have been key steps in tandem
processes used to prepare chiral piperidinones [10], fused-ring
pyridines [11], 2-alkylidene-1,2,3,4-tetrahydropyrimidines [12],
and 2,3-disubstituted cyclopentanones [13]. The current
reaction proposes to utilize a selection of imines in a tandem
sequence to prepare (�)-1,2-dialkyl-4-oxo-1,2,3,4-tetrahydro-
quinoline-3-carboxylic esters.
A number of synthetic routes to 1-alkyl-4-oxo-1,4-

dihydroquinoline-3-carboxylic esters and 1,2-dialkyl-4-
oxo-1,4-dihydroquinoline-3-carboxylic esters have been
described [14–18], but approaches to 1,2-dialkyl-4-oxo-
1,2,3,4-tetrahydroquinoline-3-carboxylic esters have been
limited. To date, the latter structures have been the
subject of only one report involving addition of a
© 2013 HeteroC
cuprate to 1-alkyl-4-oxo-1,4-dihydroquinoline-3-carboxy-
lates, and this afforded the target heterocycles in 44–88%
yields [19]. The current procedure, involving a tandem
imine addition-SNAr sequence, represents a fundamen-
tally new approach to this important ring system.
RESULTS AND DISCUSSION

tert-Butyl 2-fluoro-5-nitrobenzoylacetate (1) was prepared
by modification of a previously reported method [17]. [Note:
The ethyl and methyl b-ketoesters were also prepared and
reacted, but the tert-butyl ester proved more synthetically
versatile for subsequent transformations.] As with other
tandem processes involving SNAr reactions [1,3], the
aromatic moiety of the b-ketoester required appropriate
substitution to activate it toward nucleophilic addition.
The method was envisioned to begin with the preparation
of the imine, followed immediately by reaction with the
b-ketoester, all in dry DMF solvent. The annulation
sequence would proceed by addition of the enol (without
base) or enolate (with base) of the b-ketoester to the imine
followed by capture of the resulting secondary amine in
an SNAr reaction.

The results of our cyclization study are summarized in
Figure 1. The reactions were performed by generating the
imine in DMF [20], adding b-ketoester 1, and stirring at
23�C for 6 h. Two entries (j and k) required heating for
complete conversion to the imine. In these cases, the amine
and the aldehyde were refluxed in benzene for 12 h, the
solvent was replaced by DMF, and the cyclization was
carried out using the standard protocol. Our exploratory
orporation
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Figure 1. Cyclizations by tandem imine addition-SNAr reaction.
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studies determined that neither base nor heat was necessary
for the annulation reaction. Isolation of products 2a–2k
from aromatic aldehydes was accomplished by extractive
work up followed by trituration of the crude product in ether.
Heterocycles 2l–2p, derived from aliphatic aldehydes,
required chromatography prior to trituration.
We began our study using the N-benzylimine of

benzaldehyde since this imine is stabilized by conjugation
[21]. Subsequent studies looked at a series of imines
derived from other aromatic aldehydes as well as acetalde-
hyde. Imines derived from aromatic aldehydes formed
readily in DMF at 23�C, whereas those prepared from
acetaldehyde required the addition of powdered 4-Å
molecular sieves to ensure complete conversion [22,23].
The annulation was successful for all of the aldimines
employed, but attempts to extend this process to the
N-benzylimine of acetone failed, even when the imine
was isolated and purified [24]. Presumably, steric
hindrance in the ketimine prevented the initial addition,
and the annulation could not occur. The only product
isolated from this reaction was the benzylamine addition
product 3 (keto form) in 84% yield (Scheme 1). This
product could arise from reversion of the ketimine back
to the starting materials and SNAr of the free amine with
the aromatic moiety of the ketoester. Although every
Journal of Heterocyclic Chemi
effort was made to maintain anhydrous conditions,
there was apparently sufficient water associated with the
b-ketoester to promote conversion of the imine back to
the starting materials.

The mechanism of the reaction was assumed to involve
attack of enol ester 1 on the imine followed by addition of
the resulting amine to the activated aromatic ring (Scheme 2),
but three other scenarios involving hydrolysis of the imine
and recombination by alternate sequences were also possible
(Scheme 3). In the first, benzaldehyde would undergo con-
densation with the ketoester to give 4, followed by sequential
O

O
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addition of the amine to the enone and the aromatic ring. This
possibility was discounted by considering that the aldol is
slow relative to addition of the amine to the doubly activated
aromatic ring and that the Michael-SNAr sequence typically
requires mild heating [1,2]. The remaining options were sim-
ilar to each other but differed in the sequence of events. In
one, addition of the amine to the aromatic ring and condensa-
tion of benzaldehyde with the ketoester would give 5, which
could then cyclize by an intramolecular conjugate addition to
the polarized double bond. In the second, benzaldehyde
would condense with the nitrogen of the amine-aromatic
addition product 3, and the enol of the ketoester would add
to the resulting iminium intermediate 6. Both of these routes
were ruled out by stirring 3 with benzaldehyde under the
standard conditions at 23�C. In each case, the reactants were
isolated unchanged from the reaction. Thus, the original for-
mulation for the reaction chronology appears to be correct.
To demonstrate the synthetic potential of this annulation,

several transformations of 2awere explored to elaborate the
initial cyclic enol product – alkylation, decarboxylation,
and double bond migration. Alkylation of 2a would be
expected to yield the product having a trans orientation
between the C3 alkyl and the C2 phenyl [25]. Subsequent
cleavage of the tert-butyl ester and decarboxylation under
acidic conditions would then generate the enol intermedi-
ate, which should undergo protonation trans to the C2
phenyl to yield the cis-2,3-disubstituted heterocycle.
Finally, double bond migration of the initial enol product
to give the conjugated ketone should also be possible
(Scheme 4).
The alkylation was carried out by dissolving 1 equivalent

of enol 2a in acetone, adding 6.6 equivalents of anhydrous
potassium carbonate followed by 4.4 equivalents of methyl
iodide, and stirring for 1.5 h. The only product observed
(in 99% yield) was the C3 alkylation product 7 with the
methyl group trans to the C2 substituent. Because the
alkylation site is quite hindered, other alkylating agents
(e.g., allyl bromide and benzyl bromide) yielded 10–20% of
the O-alkylated product as well. The O-alkylation products
were difficult to obtain in pure form, but were readily
identified by NMR analysis.
Once alkylated, exposure of ester 7 to trifluoroacetic

acid gave the corresponding carboxylic acid 8, which was
directly decarboxylated by heating at 80�C for 45min to
give a 5:1 mixture of 9 and 10. The overall yield for these
two steps was nearly 99%. As predicted, the major product 9,
isolated in 74% yield, had the cis orientation between the
C2 and C3 substituents, and this has been established by
X-ray analysis [26] (see Experimental section). The minor
product 10 was detected by 1H NMR, but could not be
isolated free from contamination by 9.
Finally, migration of the enol double bond in 2a to give

the enone 11 proved to be more challenging. Standard
methods, such as treatment with palladium(II) acetate
Journal of Heterocyclic Chemistry DOI 10.1002/jhet
[27], bromine followed by triethylamine [28], and 2,3-
dichloro-5,6-dicyano-p-benzoquinone [29] failed to give
more than a trace of the desired product. However,
treatment of the enol with a 10-fold excess (by weight) of
manganese(IV) oxide [20,31] in dichloromethane afforded
the enone product in 60% yield after 72 h. It was also found
that manganese(IV) oxide could be used to convert 9 to its
corresponding enone 12 as well, although we did not
explore the use of other reagents for this transformation.
CONCLUSION

We have developed a novel tandem imine addition-
SNAr annulation sequence for the production of highly
substituted 4-oxo-1,2,3,4-tetrahydroquinoline-3-carboxylic
esters starting from readily available starting materials. The
reaction involved pre-forming the imine and reacting it
directly with tert-butyl 2-fluoro-5-nitrobenzoylacetate in
DMF at 23�C. The annulation was successful with imines
derived from aromatic and aliphatic aldehydes, but failed
with imines derived from more hindered ketones. Variation
at N1 and C2 of the products was possible by altering the
imine substituents. Additionally, examination of several
alkyl esters revealed the tert-butyl ester to be the most
versatile for subsequent transformations. Finally, alkylation,
dealkoxycarbonylation, and double bond migration studies
using 2a were performed to demonstrate the synthetic
potential of the method. We are continuing our work to
expand the scope and utility of this reaction.
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EXPERIMENTAL

All reactions were run under N2 (unless otherwise stated) in
oven-dried glassware. Anhydrous solvents were used in all
reactions. Powdered 4-Å molecular sieves were dried at 300�C
under vacuum for 6 h and stored under dry N2. Flash column
chromatography [32] was performed on silica gel (DavisilW,
grade 62, 60–200 mesh) containing 2% UV-active phosphor
(Sorbent Technologies No. UV-05) packed into quartz columns.
Band elution was monitored using a hand-held UV lamp. Melting
points were uncorrected. IR spectra were run as thin films on
NaCl disks. 1H NMR and 13C NMR spectra were measured in
CDCl3 at 300 and 75MHz, respectively, using tetramethylsilane
as the internal standard; coupling constants (J) are given in Hertz.

tert-Butyl 2-fluoro-5-nitrobenzoylacetate (1). The general
procedure of Domagala [17] was modified. To a solution of 4.76 g
(25.7mmol) of 2-fluoro-5-nitrobenzoic acid in 100mL of
benzene was added 5.35 g (3.28mL, 45.0mmol) of thionyl
chloride dropwise over 45min, and the reaction was heated at
reflux under a drying tube for 12 h. The reaction was cooled and
concentrated under vacuum to give 5.20 g (99%) of the acid
chloride as light tan oil that crystallized when stored in the
freezer. This acid chloride was used directly in the next step.

A solution of 7.41 g (46.3mmol) of tert-butyl hydrogen
malonate and 25mg of 2,20-bipyridyl (indicator) in 250mL of
THF was cooled to �30�C using a dry ice-acetonitrile bath. At
this temperature, 20.5mL of 2.25M n-butyllithium in hexanes
(46.3mmol) was added dropwise by syringe over 30min.
Efficient stirring was required to prevent a solid mass from
forming. The reaction waswarmed to�10�C using an ice-salt water
bath and a second 20.5mL-portion of 2.25M n-butyllithium in
hexanes (46.3mmol) was added dropwise by syringe over 30min
until a red color persisted for 5min.

The reaction was cooled to �78�C using a dry ice-acetone
bath, and a solution of 5.20g (25.5mmol) of 2-fluoro-5-nitrobenzoyl
chloride in 25mL of THF was added to the reaction via
addition funnel over a 30-min period. The reaction was stirred at
�78�C for 30 min and then at �10�C for 30min. The reaction
was poured over approximately 200g of ice in a 1-L separatory fun-
nel and saturated NH4Cl was added. The aqueous layer was
extracted with dichloromethane (2� 200mL), and the combined
organic layers were washed once with 5% NaHCO3, once with sat-
urated NaCl, then dried (MgSO4), filtered, and concentrated under
vacuum to yield an orange solid. Flash column chromatography
on silica gel eluted with 1% ether in hexanes gave 6.84 g (94%) of
b-ketoester 1 in its enol form as a white solid, mp 79–81�C. IR:
1613, 1536, 1349 cm�1; 1H NMR: d 12.9 (br s, 1H), 8.78 (dd, 1H,
J=6.6, 2.9), 8.29 (dt, 1H, J=9.5, 3.2), 7.28 (t, 1H, J=9.5), 5.81 (s,
1H), 1.55 (s, 9H); 13C NMR: d 172.7, 163.6 (d, J=265.1), 162.8,
144.4, 127.0 (d, J=11.2), 125.4 (d, J=4.3), 123.5, 117.6 (d,
J=26.1), 95.7 (d, J=14.6), 82.2, 28.2. Anal. Calcd for C13H14FNO5:
C, 55.07; H, 4.98; N, 4.94. Found: C, 55.08; H, 4.99; N, 4.93.

Representative tandem imine addition-SNAr reaction with
an aromatic imine: tert-Butyl (�)-1-benzyl-6-nitro-4-oxo-2-
phenyl-1,2,3,4-tetrahydroquinoline-3-carboxylate (2a).

Method A. A solution of 0.59 g (0.60mL, 5.50mmol) of
benzylamine and 0.61 g (0.58mL, 5.75mmol) of benzaldehyde in
5mL of DMF was stirred at 23�C for 6 h. To the resulting mixture
was added 1.58 g (5.60mmol) of solid 1, resulting in an
instantaneous change from colorless to yellow. Stirring at 23�C
for an additional 6 h gave a yellow precipitate. The reaction was
Journal of Heterocyclic Chemi
added to 50mL of water, and the mixture was extracted with
dichloromethane (2� 15mL). The combined organic layers were
washed once with saturated NaCl, then dried (MgSO4), filtered, and
concentrated under vacuum to give a yellow solid. Trituration with
a minimum of ether gave 2.32g (92%) of 2a as a yellow powder,
mp 163–165�C. IR: 1655, 1634, 1505, 1320 cm�1; 1H NMR: d
12.6 (br s, 1H), 8.63 (d, 1H, J=2.6), 7.98 (dd, 1H, J=9.4, 2.6),
7.40–7.18 (complex m, 10H), 6.37 (d, 1H, J=9.4), 5.44 (s, 1H),
4.51 (ABd, 1H, J=16.9), 4.39 (ABd, 1H, J=16.9), 1.36 (s, 9H);
13C NMR: d 169.8, 160.3, 150.6, 142.0, 137.7, 135.2, 129.0,
128.6, 128.5, 128.4, 127.7, 126.9, 126.4, 121.9, 115.2, 110.9, 98.4,
82.9, 63.0, 52.3, 28.0. Anal. Calcd for C27H26N2O5: C, 70.71; H,
5.71; N, 6.11. Found: C, 70.81; H, 5.74; N, 6.08.

Method B. In some cases, the imine was not completely
formed in DMF at 23�C even in the presence of 4-Å molecular
sieves. In these cases, the imine was generated by refluxing a
solution of 1.00mmol of the amine with 1.10mmol of the
aldehyde in 15mL of benzene for 24 h using a Dean–Stark trap
to remove water. The reaction was cooled, and the solvent
evaporated under vacuum. The resulting imine was dissolved in
3mL of DMF, 0.75 equivalents of b-ketoester was added, and
the reaction was completed as describe for M Method A.

tert-Butyl (�)-1-hexyl-6-nitro-4-oxo-2-phenyl-1,2,3,4-
tetrahydroquinoline-3-carboxylate (2b). Using Method
A, 34mg (44.4mL, 0.34mmol) of hexylamine and 38mg
(36.3mL, 0.36mmol) of benzaldehyde were converted to the
imine, 82mg (0.29mmol) of 1 was added and the mixture was
stirred for 6 h. Work up and trituration gave 122mg (93%) of
ester 2b as a yellow solid, mp 151–152�C. IR: 1653, 1629, 1505,
1317 cm�1; 1H NMR: d 12.5 (br s, 1H), 8.59 (d, 1H, J=2.9), 8.11
(dd, 1H, J=9.3, 2.9), 7.27 (apparent s, 5H), 6.44 (d, 1H, J=9.3),
5.36 (s, 1H), 3.23 (m, 2H), 1.54 (m, 2H), 1.40 (s, 9H), 1.27 (m,
6H), 0.88 (distorted t, 3H, J=6.8); 13C NMR: d 169.7, 160.2,
150.2, 142.7, 136.8, 128.7, 128.4, 128.3, 126.8, 122.0, 114.4,
109.8, 98.0, 82.7, 63.2, 49.5, 31.3, 28.0, 26.4, 26.2, 22.4, 13.9.
Anal. Calcd for C26H32N2O5: C, 68.94; H, 7.13; N, 6.19. Found:
C, 69.07; H, 7.16; N, 6.14.

tert-Butyl (�)-1-isobutyl-6-nitro-4-oxo-2-phenyl-1,2,3,4-
tetrahydroquinoline-3-carboxylate (2c). Using Method A,
73mg (99mL, 1.00mmol) of isobutylamine and 111mg (106mL,
1.05mmol) of benzaldehyde were converted to the imine, 283mg
(1.00mmol) of 1 was added, and the mixture was stirred for 6 h.
Work up and trituration gave 402mg (95%) of ester 2c as a
yellow solid, mp 134–135�C. IR: 1652, 1628, 1506, 1321 cm�1;
1H NMR: d 12.5 (br s, 1H), 8.57 (d, 1H, J=2.9), 8.08 (dd, 1H,
J=9.3, 2.9), 7.26 (apparent s, 5H), 6.47 (d, 1H, J=9.3), 5.36 (s 1H),
3.29 (dd, 1H, J=14.6, 5.4), 2.79 (dd, 1H, J=14.6, 9.2), 2.10 (m,
1H), 1.43 (s, 9H), 1.06 (d, 3H, J=6.3), 0.94 (d, 3H, J=6.3); 13C
NMR: d 169.7, 160.4, 150.8, 142.0, 137.0, 128.5, 128.4, 128.2,
126.6, 122.1, 114.7, 110.4, 98.1, 82.8, 63.2, 56.1, 28.1, 26.3, 20.01,
19.96. Anal. Calcd for C24H28N2O5: C, 67.84; H, 6.65; N, 6.60.
Found: C, 68.01; H, 6.62; N, 6.64.

tert-Butyl (�)-1-cyclopropyl-6-nitro-4-oxo-2-phenyl-1,2,3,4-
tetrahydroquinoline-3-carboxylate (2d). Using Method A,
11mg (13mL, 0.180mmol) of cyclopropylamine and 20mg
(19mL, 0.190mmol) of benzaldehyde were converted to the
imine, 51mg (0.180mmol) of 1 was added and the reaction was
stirred for 6 h. Work up and trituration gave 59mg (80%) of ester
2d as a yellow solid, mp 175–176�C. IR: 1655, 1627, 1494,
1322 cm�1; 1H NMR: d 12.5 (br s, 1H), 8.58 (d, 1H, J=2.9), 8.11
(dd, 1H, J=9.3, 2.9), 7.26 (apparent s, 5H), 6.95 (d, 1H, J=9.3),
stry DOI 10.1002/jhet
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5.37 (s, 1H), 2.18 (m, 1H), 1.38 (s, 9H), 1.05 (m, 1H), 0.97 (m, 2H),
0.73 (m, 1H); 13C NMR: d 169.9, 160.3, 151.7, 140.8, 138.5, 128.4,
128.2, 128.0, 126.8, 121.3, 116.4, 112.7, 99.2, 82.6, 61.6, 29.8,
28.1, 10.9, 7.9. Anal. Calcd for C23H24N2O5: C, 67.57; H, 5.92;
N, 6.86. Found: C, 67.64; H, 5.93; N, 6.81.

tert-Butyl (�)-1-allyl-6-nitro-4-oxo-2-phenyl-1,2,3,4-
tetrahydroquinoline-3-carboxylate (2e). Using Method
A, 11mg (15mL, 0.180mmol) of allylamine and 20mg (19mL,
0.190mmol) of benzaldehyde were converted to the imine, 51mg
(0.180mmol) of 1 was added and the reaction was stirred for 6 h.
Work up and trituration gave 55mg (75%) of ester 2e as a yellow
solid, mp 155–156�C. IR: 1656, 1633, 1504, 1320 cm�1; 1H
NMR: d 12.6 (br s, 1H), 8.59 (d, 1H, J=2.4), 8.07 (dd, 1H,
J=9.3, 2.4), 7.27 (apparent s, 5H), 6.45 (d, 1H, J=9.3), 5.57 (ddt,
1H, J=15.6, 10.3, 5.4), 5.38 (s, 1H), 5.19 (d, 1H, J=15.6), 5.18
(d, 1H, J=10.3), 3.93 (ABdd, 1H, J=17.1, 4.9), 3.83 (ABdd, 1H,
J=17.1, 4.9), 1.39 (s, 9H); 13C NMR: d 169.7, 160.2, 150.3,
142.3, 137.5, 131.3, 128.6, 128.5, 128.4, 127.0, 121.9, 117.8,
114.7, 110.5, 98.2, 82.8, 63.0, 51.7, 28.1. Anal. Calcd for
C23H24N2O5: C, 67.57; H, 5.92; N, 6.86. Found: C, 67.72; H,
5.95; N, 6.79.

tert-Butyl (�)-6-nitro-4-oxo-1,2-diphenyl-1,2,3,4-
tetrahydroquinoline-3-carboxylate (2f). Using Method A,
93mg (91mL, 1.00mmol) of aniline and 111mg (106mL,
1.05mmol) of benzaldehyde were converted to the imine, 283mg
(1.00mmol) of 1 was added and the reaction was stirred for 6 h.
Work up and trituration as earlier gave 162mg (74%) of ester 2f as
a yellow solid, mp 154–156�C. IR: 1652, 1631, 1494, 1319 cm�1;
1H NMR: d 12.6 (br s, 1H), 8.65 (d, 1H, J=2.9), 7.91 (dd, 1H,
J=9.3, 2.9), 7.36 (m, 3H), 7.25 (m, 3H), 7.16 (m, 2H), 6.93 (d, 2H,
J=6.8), 6.23 (d, 1H, J=9.3), 5.58 (s, 1H), 1.37 (s, 9H); 13C NMR:
d 169.7, 160.2, 150.6, 142.9, 142.7, 138.2, 130.1, 129.2, 128.4,
128.2, 127.8, 126.9, 126.5, 122.0, 115.1, 113.3, 98.3, 82.9, 64.5,
28.0. Anal. Calcd for C26H24N2O5: C, 70.19; H, 5.44; N, 6.30.
Found: C, 70.07; H, 5.42; N, 6.23.

tert-Butyl (�)-1-benzyl-2-(4-methoxyphenyl)-6-nitro-4-oxo-
1,2,3,4-tetrahydroquinoline-3-carboxylate (2g). Using Method A,
27mg (27mL, 0.25mmol) of benzylamine and 36mg (32mL,
0.26mmol) of 4-methoxybenzaldehyde were converted to the
imine, 71mg (0.25mmol) of 1 was added and the reaction
was stirred for 6 h. Work up and trituration gave 100mg (82%) of
ester 2g as a yellow solid, mp 161–164�C. IR: 2838, 1655,
1633, 1510, 1320 cm�1; 1H NMR: d 12.6 (br s, 1H), 8.61 (d, 1H,
J=2.6), 7.98 (dd, 1H, J=9.4, 2.6), 7.32 (d, 2H, J=8.5), 7.30
(m, 2H), 7.20 (m, 3H), 6.80 (d, 2H, J=8.5), 6.36 (d, 1H, J=9.4),
5.39 (s, 1H), 4.49 (ABd, 1H, J=16.9), 4.39 (ABd, 1H, J=16.9),
3.78 (s, 3H), 1.37 (s, 9H); 13C NMR: d 169.8, 160.1, 159.6, 150.5,
137.7, 135.3, 134.4, 128.9, 128.6, 128.2, 127.7, 126.4, 121.9,
115.1, 113.8, 110.9, 98.6, 82.8, 62.3, 55.3, 52.2, 28.1. Anal. Calcd
for C28H28N2O6: C, 68.78; H, 5.78; N, 5.73. Found: C, 68.88; H,
5.82; N, 5.64.

tert-Butyl (�)-1-benzyl-2-(4-fluorophenyl)-6-nitro-4-oxo-1,2,3,4-
tetrahydroquinoline-3-carboxylate (2h). Using Method A,
27mg (27mL, 0.25mmol) of benzylamine and 33mg (28mL,
0.26mmol) of 4-fluorobenzaldehyde were converted to the imine,
71mg (0.25mmol) of 1 was added and the reaction was
stirred for 6 h. Work up and trituration gave 115mg (97%) of ester
2h as a yellow solid, mp 165–166�C. IR: 1655, 1632, 1506,
1321 cm�1; 1H NMR: d 12.6 (br s, 1H), 8.63 (d, 1H, J=2.6),
8.00 (dd, 1H, J=9.4, 2.6), 7.42–7.16 (m, 7H), 6.97 (t, 2H,
J=8.5), 6.39 (d, 1H, J=9.4), 5.43 (s, 1H), 4.51 (ABd, 1H,
J=17.1), 4.37 (ABd, 1H, J=17.1), 1.36 (s, 9H); 13C NMR:
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d 169.9, 162.7 (d, J=247.9) 160.4, 150.4, 142.0, 138.0, 135.1,
129.0, 128.6 (d, J=7.7), 127.8, 127.0, 126.4, 122.0, 115.2
(d, J=16.6), 115.1, 111.0, 98.3, 83.0, 62.2, 52.4, 28.1. Anal.
Calcd for C27H25FN2O5: C, 67.99; H, 5.29; N, 5.88. Found: C,
68.07; H, 5.27; N, 5.79.

tert-Butyl (�)-1-benzyl-2-(4-trifluoromethylphenyl)-6-nitro-
4-oxo-1,2,3,4-tetrahydro-quinoline-3-carboxylate (2i). Using
Method A, 27mg (27mL, 0.25mmol) of benzylamine and 46mg
(36mL, 0.26mmol) of 4-(trifluoromethyl)benzaldehyde were
converted to the imine, 71mg (0.25mmol) of 1 was added, and
the reaction was stirred for 6 h. Work up and trituration gave
120mg (92%) of ester 2i as a yellow solid, mp 161–163�C. IR:
1659, 1629, 1506, 1321 cm�1; 1H NMR: d 12.6 (br s, 1H), 8.63
(d, 1H, J=2.4), 8.01 (dd, 1H, J=9.3, 2.4), 7.55 (d, 2H, J=8.3),
7.39 (d, 2H, J=8.3), 7.31 (m, 3H), 7.19 (d, 2H, J=6.8), 6.44 (d,
1H, J=9.3), 5.53 (s, 1H), 4.55 (ABd, 1H, J=17.1), 4.36 (ABd,
1H, J=17.1), 1.38 (s, 9H); 13C NMR: d 169.4, 160.7, 150.4,
145.7, 138.1, 134.5, 130.6 (q, J=32.6) 129.0, 128.8, 127.9,
127.2, 126.4, 125.6, 123.7 (q, J= 260.5), 122.0, 115.1, 111.1,
97.8, 83.3, 62.4, 52.7, 28.1. Anal. Calcd for C28H25F3N2O5: C,
63.82; H, 4.79; N, 5.32. Found: C, 63.97; H, 4.85; N, 5.25.

tert-Butyl (�)-1-benzyl-2-(3,4-methylenedioxyphenyl)-6-nitro-
4-oxo-1,2,3,4-tetrahydro-quinoline-3-carboxylate (2j). Using
Method B, 107mg (109mL, 1.00mmol) of benzylamine and
158mg (1.05mmol) of piperonal were converted to the imine and
reacted with 212mg (0.75mmol) of 1 for 8 h. Work up and
trituration gave 279mg (74%) of ester 2j as a yellow solid, mp
154–156�C. IR: 1658, 1633, 1504, 1321 cm�1; 1H NMR: d 12.6
(br s, 1H), 8.60 (d, 1H, J=2.4), 7.97 (dd, 1H, J=9.3, 2.4), 7.32
(m, 3H), 7.21 (d, 2H, J=6.8), 6.73 (m, 3H), 6.38 (d, 1H, J=9.3), 5.93
(s, 2H), 5.37 (s, 1H), 4.53 (ABd, 1H, J=17.1), 4.42 (ABd, 1H,
J=17.1), 1.39 (s, 9H); 13C NMR: d 169.7, 160.1, 150.4, 147.9,
147.6, 137.7, 136.0, 135.2, 128.9, 128.5, 127.7, 126.4, 121.9,
120.5, 115.0, 110.9, 107.7, 107.1, 101.2, 98.3, 82.9, 62.6, 52.1,
28.1. Anal. Calcd for C28H26N2O6: C, 66.86; H, 5.21; N, 5.57.
Found: C, 66.91; H, 5.22; N, 5.52.

tert-Butyl (�)-1-benzyl-2-(2-phenylethenyl)-6-nitro-4-oxo-1,2,3,4-
tetrahydroquinoline-3-carboxylate (2k). Using Method B,
107mg (109mL, 1.00mmol) of benzylamine and 139mg (132mL,
1.05mmol) of cinnamaldehyde were converted to the imine and
reacted with 212mg (0.75mmol) of 1 for 8 h. Work up
and trituration gave 269mg (74%) of ester 2k as a yellow solid,
mp 167–168�C. IR: 1651, 1631, 1501, 1319 cm�1; 1H NMR: d
12.5 (br s, 1H), 8.58 (d, 1H, J=2.8), 8.01 (dd, 1H, J=9.1, 2.8),
7.42–7.24 (complex m, 10H), 6.46 (d, 1H, J=9.1), 6.42 (d, 1H,
J=15.5), 6.16 (dd, 1H, J=15.5, 8.3), 4.98 (d, 1H, J=8.3), 4.69
(ABd, 1H, J=16.6), 4.55 (ABd, 1H, J=16.6), 1.48 (s, 9H); 13C
NMR: d 172.2, 160.9, 150.6, 135.8, 135.5, 131.1, 129.0, 128.7,
128.4, 128.2, 127.8, 126.6, 126.5, 126.3, 122.0, 115.7, 111.4,
100.0, 96.5, 82.7, 61.4, 52.5, 28.3. Anal. Calcd for C29H28N2O5:
C, 71.82; H, 5.82; N, 5.78. Found: C, 71.91; H, 5.86; N, 5.65.

Representative tandem imine addition-SNAr reaction with
an aliphatic imine: tert-butyl (�)-1-benzyl-2-methyl-6-nitro-
4-oxo-1,2,3,4-tetrahydroquinoline-3-carboxylate (2l).

Method C. A solution of 107mg (109 mL, 1.00mmol) of
benzylamine and 53mg (68mL, 1.20mmol) of acetaldehyde in
3mL of DMF containing 25mg of 4-Å molecular sieves was
stirred at 23�C for 6 h. To the resulting mixture was added
283mg (1.00mmol) of solid 1, resulting in an instantaneous
change from colorless to orange. The reaction was stirred for
5min, the molecular sieves were removed by filtration through
a pad of CeliteW, the filtrate was added to 50mL of water, and
stry DOI 10.1002/jhet
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the mixture was extracted with dichloromethane (2� 15mL). The
combined organic layers were washed once with saturated NaCl,
then dried (MgSO4), filtered, and concentrated under vacuum to
give a yellow solid. Purification by flash column chromatography
on silica gel using 5–40% ether in hexanes afforded 364mg (92%)
of ester 2l as a yellow solid, mp 145–147�C. IR: 1655, 1627,
1505, 1317 cm�1; 1H NMR: d 12.4 (br s, 1H), 8.54 (d, 1H,
J=2.4), 7.98 (dd, 1H, J=9.3, 2.4), 7.40–7.22 (complex m, 5H),
6.41 (d, 1H, J=9.3), 4.71 (ABd, 1H, J=16.6), 4.56 (ABd, 1H,
J=16.6), 4.52 (q, 1H, J=6.3), 1.52 (s, 9H), 1.26 (d, 3H,
J=6.3); 13C NMR: d 169.6, 160.5, 150.3, 137.6, 135.7, 128.9,
128.0, 127.7, 126.4, 121.7, 115.7, 111.8, 99.1, 82.4, 55.0, 53.3,
28.2, 20.6. Anal. Calcd for C22H24N2O5: C, 66.59; H, 6.10; N,
7.06. Found: C, 66.67; H, 6.15; N, 7.02.

tert-Butyl (�)-1-hexyl-2-methyl-6-nitro-4-oxo-1,2,3,4-
tetrahydroquinoline-3-carboxylate (2m). Using Method C,
50.5mg (66mL, 1.00mmol) of hexylamine and 53mg (68mL,
1.20mmol) of acetaldehyde were converted to the imine and
reacted with 283mg (1.00mmol) of 1 for 5min. Work up and
purification gave 378mg (97%) of ester 2m as a yellow solid,
mp 86–87�C. IR: 1656, 1628, 1505, 1316 cm�1; 1H NMR: d
12.3 (br s, 1H), 8.50 (d, 1H, J=2.9), 8.08 (dd, 1H, J=9.3, 2.9),
6.49 (d, 1H, J=9.3), 4.43 (q, 1H, J=6.4), 3.53 (dt, 1H,
J=14.1, 6.5), 3.23 (dt, 1H, J=15.2, 7.3), 1.66 (m, 2H), 1.56
(s, 9H), 1.35 (m, 6H), 1.21 (d, 3H, J=6.4), 0.91 (distorted t, 3H,
J=6.8); 13C NMR: d 169.6, 160.6, 150.1, 136.9, 128.2, 122.0,
115.2, 110.7, 98.6, 82.3, 54.6, 49.6, 31.4, 28.3, 27.3, 26.5, 22.6,
20.8, 13.9. Anal. Calcd for C21H30N2O5: C, 64.53; H, 7.74; N,
7.17. Found: C, 64.67; H, 7.76; N, 7.05.

tert-Butyl (�)-1-isobutyl-2-methyl-6-nitro-4-oxo-
1,2,3,4-tetrahydroquinoline-3-carboxylate (2n). Using Method
C, 73mg (100mL, 1.00mmol) of isobutylamine and 53mg (68mL,
1.20mmol) of acetaldehyde were converted to the imine and
reacted with 283mg (1.00mmol) of 1 for 5min. Work up and
purification gave 292mg (81%) of ester 2n as a yellow solid, mp
135–136�C. IR: 1651, 1631, 1505, 1317cm�1; 1H NMR: d 12.3 (br s,
1H), 8.52 (d, 1H, J=2.9), 8.07 (dd, 1H, J=9.3, 2.9), 6.50 (d, 1H,
J=9.3), 4.38 (q, 1H, J=6.4), 3.54 (dd, 1H, J=14.4, 5.1), 2.85 (dd,
1H, J=14.4, 9.5), 2.03 (m, 1H), 1.55 (s, 9H), 1.18 (d, 3H, J=6.4),
1.01 (d, 3H, J=6.8), 0.98 (d, 3H, J=6.8); 13C NMR: d 169.6, 160.8,
150.4, 136.9, 128.1, 122.1, 115.4, 111.1, 98.6, 82.3, 56.6, 55.1, 28.3,
26.7, 20.1, 19.9. Anal. Calcd for C19H26N2O5: C, 62.91; H, 7.23; N,
7.73. Found: C, 63.07; H, 7.27; N, 7.60.

tert-Butyl (�)-1-cyclopropyl-2-methyl-6-nitro-4-oxo-1,2,3,4-
tetrahydroquinoline-3-carboxylate (2o). Using Method C,
57mg (69mL, 1.00mmol) of cyclopropylamine and 53mg
(68mL, 1.20mmol) of acetaldehyde were converted to the imine
and reacted with 283mg (1.00mmol) of 1 for 5min. Work up and
purification gave 260mg (75%) of ester 2o as a yellow solid, mp
142–143�C. IR: 1654, 1633, 1507, 1322 cm�1; 1H NMR: d 12.3
(br s, 1H), 8.49 (d, 1H, J=2.4), 8.13 (dd, 1H, J=9.3, 2.4), 7.02
(d, 1H, J=9.3), 4.48 (q, 1H, J=6.4), 2.62 (m, 1H), 1.56 (s, 9H),
1.24 (d, 3H, J=6.4), 1.09 (m, 1H), 0.97 (m, 1H), 0.78 (m, 1H),
0.63 (m, 1H); 13C NMR: d 169.6, 160.2, 151.9, 138.4, 127,7,
121.2, 116.5, 113.0, 100.2, 82.3, 53.3, 29.4, 28.3, 18.8, 10.5, 7.5.
Anal. Calcd for C18H22N2O5: C, 62.36; H, 6.40; N, 8.09; Found:
C, 62.32; H, 6.37; N, 8.10.

tert-Butyl (�)-1-allyl-2-methyl-6-nitro-4-oxo-1,2,3,4-
tetrahydroquinoline-3-carboxylate (2p). Using Method C,
57mg (74mL, 1.00mmol) of allylamine and 53mg (68mL, 1.20
mmol) of acetaldehyde were converted to the imine and reacted
with 283mg (1.00mmol) of 1 for 5min. Work up and
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purification gave 256mg (74%) of ester 2p as a yellow solid, mp
99–100�C. IR: 1656, 1631, 1505, 1321 cm�1; 1H NMR: d
12.3 (br s, 1H), 8.52 (d, 1H, J=2.4), 8.07 (dd, 1H, J=9.3, 2.4),
6.50 (d, 1H, J=9.3), 5.87 (ddt, 1H, J=17.1, 10.3, 5.1), 5.30
(d, 1H, J=17.1), 5.29 (d, 1H, J=10.3), 4.47 (q, 1H, J= 6.4), 4.09
(ABdd, 1H, J=17.1, 4.9), 3.97 (ABdd, 1H, J=17.1, 4.9), 1.55
(s, 9H), 1.23 (d, 3H, J=6.4); 13C NMR: d 169.6, 160.3, 150.2,
137.2, 132.2, 128.0, 121.6, 117.7, 115.2, 111.3, 98.9, 82.4,
54.8, 52.4, 28.2, 21.0. Anal. Calcd for C18H22N2O5: C, 62.36; H,
6.40; N, 8.09. Found: C, 62.47; H, 6.46; N, 7.98.

Attempted addition of N-benzylimine of acetone to 1. The
imine was prepared on a 10.0-mmol scale as described by Black
and Blackman [24], bp 64–67�C at 1.2mmHg (lit [24] bp 36�C
at 0.07mmHg). A solution of 88mg (0.60mmol) of the imine in
3mL of DMF was treated with 142mg (0.50mmol) of 1 at 23�C
and stirred for 12 h. The crude reaction mixture was added to
50mL of water and extracted with dichloromethane (2� 15mL).
The combined organic layers were washed once with saturated
NaCl, then dried (MgSO4), filtered, and concentrated under
vacuum to give 156mg (84%) of 5 as a yellow solid, mp 137–
138�C. IR: 3297, 1730, 1650, 1504, 1329 cm�1; 1H NMR: d
9.94 (br t, 1H, J=5.5), 8.71 (d, 1H, J=2.7), 8.16 (dd, 1H,
J=9.3, 2.7), 7.41–7.26 (complex m, 5H), 6.72 (d, 1H, J=9.3),
4.56 (d, 2H, J=5.5), 3.98 (s, 2H), 1.49 (s, 9H); 13C NMR: d
195.2, 166.4, 154.7, 136.4, 135.7, 130.2, 129.5, 129.0, 127.8,
127.0, 115.3, 112.3, 82.5, 48.0, 47.0, 27.9. Anal. Calcd for
C20H22N2O5: C, 64.86; H, 5.95; N, 7.57. Found: C, 64.82; H,
5.93; N; 7.61.

tert-Butyl (�)-1-benzyl-3-methyl-6-nitro-4-oxo-2-phenyl-1,2,3,4-
tetrahydroquinoline-3-carboxylate (7). In a 100-mL, one-
necked, round-bottomed flask, 1.00 g (2.18mmol) of 2a in 40mL
of acetone was stirred with 2.00 g (14.4mmol) of anhydrous
potassium carbonate and 1.36 g (0.6mL, 9.58mmol) of methyl
iodide at 23�C for 1.5 h. The crude reaction mixture was filtered
with dichloromethane through a pad of CeliteW, 100mL of water
was added to the filtrate, and the mixture was extracted with
dichloromethane (2� 50mL). The combined organic layers were
washed once with saturated NaCl, then dried (MgSO4), filtered, and
concentrated to yield 1.01 g (99%) of 7 as a yellow solid, mp 142–
144�C. IR: 1723, 1686, 1605, 1508, 1315 cm�1; 1H NMR: d 8.91
(d, 1H, J=3.0), 8.18 (dd, 1H, J=9.4, 3.0), 7.40–7.32 (m, 4H),
7.31–7.22 (m, 4H), 7.13 (d, 2H, J=7.5), 6.82 (d, 1H, J=9.4), 4.72
(ABd, 1H, J=16.2), 4.51 (s, 1H), 4.25 (ABd, 1H, J=16.2), 1.58 (s,
3H), 1.09 (s, 9H); 13C NMR: d 189.7, 168.1, 153.0, 138.5, 137.0,
135.3, 130.3, 129.0, 128.8, 128.10, 128.05, 126.9, 125.5, 116.9,
113.4, 82.2, 71.9, 58.5, 53.5, 27.2, 22.8 (one aromatic C
unresolved). Anal. Calcd for C28H28N2O5: C, 71.10; H, 5.97; N,
5.93. Found: C, 71.28; H, 6.02; N, 5.81.

(�)-1-Benzyl-3-methyl-6-nitro-4-oxo-2-phenyl-1,2,3,4-
tetrahydroquinoline-3-carboxylic acid (8). In a 50-mL,
one-necked, round-bottomed flask, 210mg (0.44mmol) of 7 was
stirred with 1mL of trifluoroacetic acid in dichloromethane at
23�C for 1.5 h. The reaction was added to water and extracted
with dichloromethane (2� 15mL). The organic layer was washed
once with saturated NaCl, then dried (MgSO4), filtered, and
concentrated to yield 183mg of 8 as a yellow solid, which was
used without purification in the next reaction, mp 78�C (dec). IR:
3500–2417, 1758, 1646, 1510, 1317 cm�1; 1H NMR: d 12.3 (br s
1H), 8.87 (d, 1H, J=2.6), 8.28 (dd, 1H, J= 9.4, 2.6), 7.39 (m
3H), 7.32–7.20 (complex m, 5H), 7.15 (d, 2H, J=7.3), 6.94 (d,
1H, J=9.4), 4.96 (s, 1H), 4.84 (ABd, 1H, J=16.4), 4.31 (ABd,
stry DOI 10.1002/jhet



Figure 2. Molecular structure of 9 with 30% probability ellipsoids. The
hydrogen atoms on two of the phenyl rings have been removed for clarity
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1H, J=16.4), 1.75 (s, 3H); 13C NMR: d 197.7, 170.5, 153.4, 138.5,
134.9, 134.7, 132.2, 129.6, 129.3, 128.6, 127.6, 126.9, 125.9,
114.7, 113.1, 69.3, 53.9, 53.8, 25.3 (one aromatic C unresolved).
Anal. Calcd for C24H20N2O5: C, 69.16; H, 4.84; N, 6.73. Found: C,
69.28; H, 4.86; N, 6.56.

(�)-1-Benzyl-3-methyl-6-nitro-4-oxo-2-phenyl-1,2,3,4-
tetrahydroquinoline (9). In a 100-mL, one-necked, round-
bottomed flask, 183mg (0.44mmol) of acid 8 was heated as a
solid at 80�C (oil bath) for 45min until gas evolution ceased to
yield 162mg (99% for two steps) of a 5:1 mixture of 9 and 10 as
a yellow solid. The major product was purified by crystallization
from ether-dichloromethane to give 120mg (74%) of 9 as a
yellow solid, mp 159–161�C. IR: 1690, 1509, 1320 cm�1; 1H
NMR: d 8.74 (d, 1H, J=3.0), 8.13 (dd, 1H, J=9.4, 3.0), 7.44–
7.22 (complex m, 8H), 7.07 (d, 2H, J=7.3), 6.67 (d, 1H, J=9.4),
4.75 (ABd, 1H, J= 17.1), 4.69 (d, 1H, J=6.8), 4.36 (ABd, 1H,
J=17.1), 3.52 (quintet, 1H, J=6.8), 1.05 (d, 3H, J= 6.4); 13C
NMR: d 193.1, 153.8, 137.7, 135.7, 130.3, 129.2, 129.0, 128.9,
128.0, 127.4, 126.2, 126.0, 124.2, 118.1, 112.2, 68.5, 53.6, 45.2,
10.8. Anal. Calcd for C23H20N2O3: C, 74.11; H, 5.41; N, 7.52.
Found: C, 74.42; H, 5.49; N, 7.24. Efforts to purify 10 free from
9 were unsuccessful.

X-ray structure elucidation of (�)-1-benzyl-3-methyl-6-
nitro-4-oxo-2-phenyl-1,2,3,4-tetrahydroquinoline (9). Crystals of
9 were obtained as yellow square rods by vapor diffusion of ether
into a dichloromethane solution of the compound. A specimen
measuring 0.72� 0.13� 0.11mm was mounted on a nylon loop.
X-ray intensity data were measured at 296K on a Bruker SMART
APEX II diffractometer (Billerica, MA, 01821 USA). Graphite-
monochromated Mo-K(a) radiation (l=0.71073Å, fine-focus
sealed tube) was used with the CCD detector placed at 6.0 cm.
Data frames were collected in a series of f and o scans with 0.5o

sweeps and 90 s exposure times. Data integration employed the
Bruker SAINT software package [26]. Data were corrected for
absorption effects using the SADABS multi-scan technique. The
structure was solved by direct methods and refined by full-matrix
least squares on F2 using the Bruker SHELXTL software suite. The
H atoms were placed in calculated positions and allowed to ride
on their carrier atoms with C–H=0.93–0.96Å and with
Uiso = 1.2Ueq(C) for CH and CH2. Refined formula: C23H20N2O3,
Mr=372.41, monoclinic, space group P21/c, a=10.2874(13)Å,
b=14.522(2)Å, c=13.423(2)Å, a=90o, b=107.823(5)o, g=90o,
V=1909.1(4)Å3, Z=4, Dcalcd=1.296Mgm�3, m=0.09mm�1,
T = 296K, 29590 total reflections, 4738 independent reflections
(Rint = 0.044), 3154 reflections with I> 2s(I); Final R
[F2> 2s(F2)] = 0.043, wR(F2) = 0.123. The ORTEP diagram
for 9 is shown in Figure 2. CCDC835949 contains the
supplementary crystallographic data for this paper. These data can
be obtained free of charge from the Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

tert-Butyl 1-benzyl-6-nitro-4-oxo-2-phenyl-1,4-dihydroquinoline-
3-carboxylate (11). In a 100-mL, one-necked, round-bottomed
flask, 298mg (0.65mmol) of 2a was dissolved in 40mL of
dichloromethane. To this was added 3.00 g of manganese(IV)
oxide [30], and the reaction was stirred at 23�C for 72h. The
reaction was worked up by filtration through a pad of CeliteW,
removal of the solvent under vacuum, and flash column
chromatography using 30% ether in hexanes to afford 178mg
(60%) of 11 as a yellow powder, mp 89–91�C. IR: 1725, 1630,
1612, 1525, 1343 cm�1; 1H NMR: d 9.33 (d, 1H, J=2.9), 8.30
(dd, 1H, J=9.3, 2.9), 7.53–7.26 (complex m, 10H), 6.98 (d, 1H,
J=9.3), 5.25 (s, 2H), 1.19 (s, 9H); 13C NMR: d 173.3, 164.0,
Journal of Heterocyclic Chemistry DOI 10.1002/jhet
.

152.6, 143.8, 143.6, 134.7, 132.0, 130.3, 129.2, 128.7, 128.5,
128.1, 126.8, 126.6, 125.3, 123.5, 122.2, 118.8, 82.1, 52.5, 27.5.
Anal. Calcd for C27H24N2O5: C, 70.97; H, 5.30; N, 6.13. Found:
C, 70.88; H, 5.28; N, 6.05.

1-Benzyl-3-methyl-6-nitro-2-phenylquinolin-4(1H)-one (12).
In a 100-mL, one-necked, round-bottomed flask, 100mg
(0.27mmol) of 9 was dissolved in 40mL of dichloromethane. To
this was added 1.00 g of manganese(IV) oxide [30], and the
reaction was stirred at 23�C for 72 h. The reaction was worked up
by filtration through a pad of CeliteW, removal of the solvent
under vacuum, and flash column chromatography on silica gel
using 30% ether in hexanes to afford 52mg (52%) of 12 as a
yellow solid, mp 160–162�C. IR: 1735, 1626, 1608, 1520,
1339 cm�1; 1H NMR: d 9.36 (d, 1H, J = 2.7), 8.26 (dd, 1H,
J = 9.3, 2.7), 7.49–7.25 (complex m, 10H), 6.91 (d, 1H,
J = 9.3), 5.22 (s, 2H), 1.87 (s, 3H); 13C NMR: d 177.0, 152.3,
143.6, 143.0, 135.3, 134.1, 129.7, 129.3, 129.1, 127.9, 127.8,
125.9, 125.2, 124.6, 123.8, 120.7, 118.2, 52.8, 30.3. Anal.
Calcd for C23H18N2O3: C, 74.57; H, 4.90; N, 7.57. Found: C,
74.58; H, 4.93; N, 7.52.

Acknowledgments. J.E.S. wishes to thank the Department of
Chemistry at Oklahoma State University for a teaching
assistantship. The authors gratefully acknowledge Dr. LeGrande
M. Slaughter and Dr. Stacy D. Benson for assistance with the
X-ray crystal structure. Funding for the 300MHz NMR
spectrometer of the Oklahoma Statewide Shared NMR Facility
was provided by NSF (BIR-9512269), the Oklahoma State
Regents for Higher Education, the W. M. Keck Foundation, and
Conoco, Inc. Finally, we also wish to thank the OSU College of
Arts and Sciences for funds to upgrade our departmental FTIR
instruments.
REFERENCES AND NOTES

[1] Bunce, R. A.; Nago, T. J Heterocycl Chem 2009, 46, 623.
[2] Bunce, R. A.; Squires, S. T.; Nammalwar, B. J Org Chem

2012, in press doi: 10.1021/jo3018632.
[3] Bunce, R. A.; Lee, E. J.; Grant, M. T. J Heterocycl Chem 2011,

48, 620.

http://www.ccdc.cam.ac.uk/data_request/cif


380 R. A. Bunce, J. E. Schammerhorn, and J. Sigle Vol 50
[4] Bunce, R. A.; Nammalwar, B. J Heterocycl Chem 2011, 48, 613.
[5] Stern, E.; Muccioli, G. G.; Bosier, B.; Hamitaux, L.; Millet, R.;

Poupaert, J. H.; Hénichart, J.-P.; Depreux, P.; Goossens, J.-F.; Lambert, D.
J Med Chem 2007, 50, 5471.

[6] Cociorva, O.; Li, B.; Szardenings, K.; Fukuda, Y.; Nomura,
M.; Seto, S.; Yumoto, K.; Okada, K.; Nakamura, A. World Patent WO
2007106537, 2007; Chem Abstr 2007, 147, 385853. [b] Goñi-Oliver, P.;
Avila, J.; Hernandez, F. J Alzheimers Dis 2009, 18, 843. [c] Mines, M.
A.; Beurel, E.; Jope, R. S. Int J Alzheimers Disease 2011, doi: 10.4061/
2011/861072.

[7] Malan, T. P., Jr.; Ibrahim, M. M.; Deng, H.; Liu, Q.; Mata, H.
P.; Vanderah, T.; Porreca, F.; Makriyannis, A. Pain, 2001, 93, 239. [b]
Ibrahim, M. M.; Deng, H.; Zvonok, A.; Cockayne, D. A.; Kwan, J.; Mata,
H. P.; Vanderah, T. W.; Lai, J.; Porreca, F.; Makriyannis, A.; Malan, T. P.,
Jr. Proc Nat Acad Sci USA 2003, 100, 10529.

[8] Clayton, N.; Marshall, F. H.; Bountra, C.; O’Shaughnessy, C. T.
Pain 2002, 96, 253. [b] Nackley, A. G.; Makriyannis, A.; Hohmann, A. G.
Neuroscience 2003, 119, 747.

[9] Sanchez, C.; De Ceballos, M. L.; Goméz del Pulgar, T.;
Rueda, D.; Corbacho, C.; Velasco, G.; Galve-Roperh, I.; Huffman, J. W.;
Cajal, S. R.; Guzmán, M. Cancer Res 2001, 61, 5784. [b] McKallip, R. J.;
Lombard, C.; Fisher, M.; Martin, B. R.; Ryu, S.; Grant, S.; Nagarkatti, P. S.;
Nagarkatti, M. Blood 2002, 100, 627.

[10] Badorrey, R.; Cativiela, C.; Díaz-de-Villegas, M. D.; Gálvez,
J. A. Tetrahedron 1999, 55, 7601.

[11] Raw, S. A.; Taylor, R. J. K. Chem Commun 2004, 508.
[12] Lu, W.; Song,W.; Hong, D.; Lu, P.; Wang, Y. Adv Synth Catal

2009, 351, 1768.
[13] Jaber, N.; Assié, M.; Fiaud, J. C.; Collin, J. Tetrahedron 2004,

60, 3075.
[14] Agui, H.; Mitani, T.; Izawa, A.; Komatsu, T.; Nakagome, T. J

Med Chem 1977, 20, 791.
[15] Mitscher, L. A.; Gracey, H. E.; Clark, G. W., III; Suzuki, T. J

Med Chem 1978, 21, 485.
[16] Grohe, K.; Heitzer, H. Liebigs Ann Chem 1987, 29.
[17] Domagala, J. M.; Bridges, A. J.; Culbertson, T. P.; Gambino,

L.; Hagen, S. E.; Karrick, G.; Porter, K.; Sanchez, J. P.; Sesnie, J. A. J
Med Chem 1991, 34, 1142.

[18] Bunce, R. A.; Lee, E. J.; Grant, M. T. J Heterocycl Chem 2011,
48, 620.
Journal of Heterocyclic Chemi
[19] Kiely, J. S.; Huang, S.; Lesheski, L. E. J Heterocycl Chem
1989, 26, 1675.

[20] A slight excess of the aldehyde (1.05 equivalents) was used in
forming the imine to prevent the possibility of unreacted base adding to
the activated aromatic ring.

[21] Crugeiras, J.; Rios, A.; Riveiros, E.; Richard, J. P. J Am Chem
Soc 2009, 131, 15815.

[22] See for example, [a] Taguchi, K.; Westheimer, F. H. J Org
Chem 1971, 36, 1570. [b] Baghbanzadeh, M.; Kappe, C. O. Aust J Chem
2009, 62, 244. [c] Sunderhaus, J. D.; Dockendorff, C.; Martin, S. F.
Tetrahedron 2009, 65, 6454.

[23] Unwashed powdered 4-Å molecular sieves are slightly basic
when suspended in water, pH 9-10 to pH paper. It is not known if this
impacts the cyclization process for the aliphatic imines; however, sieves
were not present in reactions with aromatic imines and these reactions also
proceeded to high conversion.

[24] Black, D. S. C.; Blackman, N. A. Aust J Chem 1975, 28, 2547.
[25] Zimmerman, H. E. Acc Chem Res 1987, 20, 263. [b] Bunce,

R. A.; Harris, C. R. J Org Chem 1992, 57, 6981 and references cited
therein.

[26] Westrip, S. P. J Appl Cryst 2010, 43, 920. [b] Sheldrick, G. M.
Acta Cryst 2008, A64, 112. [c] Macrae, C. F.; Edgington, P. R.; McCabe,
P.; Pidcock, E.; Shields, G. P.; Taylor, R.; Towler, M.; van de Streek, J. J
Appl Cryst 2006, 39, 453. [d] Farrugia, L. J. J Appl Cryst 1997, 30, 565.
[e] Bruker. APEX2 and SAINT-Plus. Bruker AXS Inc., Madison, WI,
USA, 2008. [f] Bruker. SADABS. Bruker AXS Inc., Madison, WI,
USA, 2001.

[27] Tsuji, J.; Minami, I.; Shimizu, I.; Kataoka, H. Chem Lett 1984,
1133. [b] Ito, Y.; Hirao, T.; Saegusa, T. J Org Chem 1978, 43, 1011.

[28] Black, D. S. C.; Kumar, N.; Mitchell, P. S. R. J Org Chem
2002, 67, 2464. [b] Asahina, Y.; Araya, I.; Iwase, K.; Iinuma, F.; Hosaka,
M.; Ishizaki, T. J Med Chem 2005, 48, 3443.

[29] Huang, T.-S.; Yale, T. J.;Martin, A. R. JMedChem1969, 12, 705.
[30] Attenburrow, J.; Cameron, A. F. B.; Chapman, J. H.; Evans, R.M.;

Hems, B. A.; Jansen, A. B. A.; Walker, T. J Chem Soc 1952, 1094.
[31] Kondo, H.; Sakamoto, F.; Kawakami, K.; Tsukamoto, G. J

Med Chem 1988, 31, 221. [b] Miyamoto, H.; Yamashita, H.; Tominaga,
M.; Yabuuchi, Y. European Patent EP 364943, 1990; Chem Abstr 1990,
113, 152466. [c] See ref 6a.

[32] Still, W. C.; Kahn, M.; Mitra, A. J Org Chem 1978, 43, 2923.
stry DOI 10.1002/jhet


