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Eight-membered-ring lactams were prepared by the Bi-cata-
lyzed reaction of 1,4-diketones with primary amines. These
lactams define a new type of non-planar molecular scaffold
with three points allowing for diversification, which were
evaluated as the basis for combinatorial library synthesis. For
this reason, reaction conditions were optimized, and the
scope and limitations were investigated. After the Bi-cata-
lyzed reaction, further diversification was achieved by ester

Introduction

In contrast to their congeners with a smaller ring size,
eight-membered-ring lactams (2-azocanones) are relatively
rare structural motifs in natural products.[1] Nevertheless,
these heterocycles are significant from a medicinal chemis-
try perspective. Tailored biologically active compounds of
this type are mostly benzo-annulated or fused with other
heterocycles.[2] With at least one endocyclic C–C double
bond (i.e. hexahydroazocinones), they adopt a conforma-
tion that makes them attractive peptide building blocks,
since they are known to mimic a dipeptide β-turn.[3]

Common routes to these medium-ring lactams either
start from acyclic compounds or utilize sigmatropic re-
arrangements[4] or C–C cleavage reactions in azabicy-
clo[3.3.0]octanone systems.[5] However, elaborated synthetic
precursors are generally required for all the syntheses pub-
lished so far. As a result of attempted syntheses of pyrrole-
derivatives from 1,4-diketones 1 and primary amines 2
(Paal–Knorr synthesis),[6] we have recently observed a new,
elegant and relatively simple route to unsaturated 2-azo-
canone derivatives 3 (1,4,5,6,7,8-hexahydroazocin-8-ones,
Scheme 1) by the transformation of readily available start-
ing materials 1 and 2.[7]
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saponification and subsequent amide formation with HATU
and another primary amine. Representative examples of a
model library showed sufficient stability in DMSO and solu-
bility in aqueous buffer, which are mandatory prerequisites
due to our in-house combinatorial chemistry criteria for li-
brary production.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Scheme 1. Eight-membered-ring lactams 3 as molecular scaffolds
for combinatorial chemistry.

Since hexahydroazocinones were reported to exist in a
folded conformation,[8] compounds 3 represent an attractive
molecular scaffold for combinatorial chemistry. In our con-
tinuing efforts to identify sophisticated structural motifs as
a basis for combinatorial library synthesis in drug discov-
ery, we are interested in such non-planar and easily access-
ible scaffolds, which provide several points of diversifica-
tion.[9] Such three-dimensional scaffolds open additional
possibilities for adapting the shape of drug molecules to
the requirements of binding sites on biological targets.[9a]

Herein, we wish to report on studies exploring scaffolds 3
as the basis of library synthesis. Two points of diversity in
structures 3 are the residues RA at N-1 and RB at C-2 origi-
nating from diketones 1 and primary amines 2, respectively.
As an additional site for further diversifying functionaliza-
tion (RC) we considered the carboxylate moiety at C-4,
which could be converted with another amine 2� to carbox-
amides after saponification (Scheme 1).
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Results and Discussion

Synthesis of Lactams

The starting point of this project was our interest in car-
bonyl compounds 1. We have recently developed a new
route to these 1,4-diketones by the oxidative coupling of β-
keto esters with styrene, applying a cerium catalyst.[10] The
key feature of this process is the use of molecular oxygen
to regenerate the catalytically active CeIV/CeIII redox sys-
tem. In order to prove the utility of our products 1, we have
aimed to convert them into highly substituted dihydropyr-
role derivatives bearing at least one quaternary C atom
within the five-membered ring. The most challenging aspect
of this work seemed to be the acid-catalyzed reaction of
primary amines, yielding N-substituted dihydropyrroles.
BuNH2 (2a) was chosen as a model amine to search for
suitable reaction conditions, and we have investigated its
reaction with some 1,4-diketones 1 (e.g. the six- and seven-
membered-ring congener of compound 1a). Unfortunately,
only the cyclopentanone starting material 1a gave a unique
product, which surprisingly, turned out not to be a pyrrole
derivative but a new eight-membered-ring lactam 4aa
(Scheme 2 and Table 1, Entry 1). All other diketone sub-
strates investigated led to hardly separable mixtures con-
sisting mostly of known compounds. After experimentation
with several Brønsted- or Lewis-acid catalysts to optimize
the reaction conditions leading to compound 4aa, we finally
worked out a protocol using THF as the solvent, an excess
of amine 2a (5 equiv.) and a substoichiometric amount of
Bi(NO3)3·5H2O as the catalyst, which has previously been
reported to be effective in Paal–Knorr pyrrole syntheses.[11]

With 5 mol-% of Bi catalyst, the mixture was kept for 2 d
at 70 °C in a tightly closed reaction flask. After work-up
and chromatographic purification on basic Al2O3 (decom-
position was observed on SiO2), 4aa was isolated in 61%
yield (Entry 1). Using more catalyst and higher tempera-
tures applying microwave irradiation did not improve the
results (Table 1, Entry 2 and Scheme 2).

Scheme 2. Synthesis of 8-oxo-1,4,5,6,7,8-hexahydroazocin-4-car-
boxylates 4 and structures of byproducts 3a and 5. For starting
materials, conditions and yields, see Table 1.

With the less sterically demanding methylamine (2b), the
yield of the reaction with ester 1a was significantly higher
(Entry 3). Under the same conditions, benzyl (2c), allyl (2d)
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and substituted benzylamine (2e) gave lower yields (e.g.
37% yield of 4ac, Table 1, Entry 4); however, an increase in
yield (57–71%) was achieved by applying an excess
(10 equiv.) of the amine (Table 1, Entries 5, 7, and 8). A
higher reaction temperature (100 °C, microwave irradiation,
Table 1, Entry 6) gave no further improvement. The method
turned out to be tolerant to a tert-butyl carboxylate group
like in β-alanine derivative 2f. However, the yield in this
case dropped somewhat (Table 1, Entry 9). The conversion
of diketone 1a with amines having a secondary α-carbon
like cyclohexylamine (2g), which required 100 °C, 4 d,
10 equiv. of amine and 10 mol-% of Bi catalyst to achieve a
40% yield, seemed to be particularly challenging (Table 1,
Entry 10). With 2-aminopentane or cyclopropylamine, no
positive result was obtained. Other amines investigated were
2-aminomethylthiazole, propargylamine, aniline, and 2,2,2-
trifluoroethylamine, the latter with reaction temperatures
up to 150 °C (45 min, microwave irradiation), but either no
conversion and/or unspecified decomposition was observed.

Next, we investigated the reaction of benzyl ester 1b (R
= Bn, RB = Ph) and 2-(methylthio)ethyl ester 1c (R = Mte,
RB = Ph) with amines 2c, 2d, and 2e (Table 1, Entries 11–
20). The yields were generally lower (up to 47% with
10 equiv. of amine and 10 mol-% of Bi salt), but a 72%
yield was reached with 20 mol-% catalyst (product 4bc,
Table 1, Entry 12). Thus, the variation of the ester moiety
did not result in an improved eight-membered-ring lactam
synthesis.

We were interested further in the variation of the benzoyl
moiety in starting materials 1. Therefore, electron-rich (RB

= 4-MeOC6H4, 1d, Table 1, Entries 21–23) and electron-
poor, sterically demanding (RB = 2-ClC6H4, 1e, Table 1,
Entries 24 and 25) phenyl groups, as well as electron-rich
(RB = 2-thiazolyl, 1f, Table 1, Entries 26–28) and electron-
poor (RB = 4-pyridyl, 1g, Table 1, Entry 29) heteroaromat-
ics were chosen. Yields were generally moderate, except for
the reaction with methylamine (2b, Table 1, Entries 22 and
26). Interestingly, 1f gave amidated product 3a with 5 equiv.
of the small amine 2b (Table 1, Entry 27). If a smaller excess
of 2b (2 equiv.) was used, the expected product 4fb was ob-
tained (Table 1, Entry 26). p-Methoxy derivative 1d did not
react with butylamine 2a at 70 °C, and the temperature had
to be raised to 100 °C (1 h, microwave irradiation) to yield
4da (21%). However, imine 5 was isolated as a byproduct
(22% yield) under these conditions (Table 1, Entry 21).
Product 4ga was obtained in moderate yield (45%, Table 1,
Entry 29) from pyridine derivative 1g and butylamine 2a,
and could not be completely purified by HPLC.

If aromatic residues RB were replaced in the starting ma-
terials by the tert-butyl (1h, RB = tBu) or methyl (1i, RB =
Me) groups, no conversion with benzylamine 2c was ob-
served in this aliphatic series, even at temperatures up to
150 °C (microwave irradiation).

In summary, eight-membered-ring lactams 4 are access-
ible from α-phenacyl-β-oxo esters 1 and primary alkyl, allyl
and benzylamines. For these amines, some functionalization
was tolerated as was shown for alkoxy- and ester-substi-
tuted derivatives. For α-branched primary amines like cy-
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Table 1. Starting materials, reaction conditions, and yields for products 4xy[a] [Mte = 2-(methylthio)ethyl].

Entry 1 R RB 2 (equiv.) RA Bi(NO3)3·5H2O [mol-%] Conditions Product 4 (yield)

1 1a Et Ph 2a (5) Bu 5 70 °C, 2 d 4aa (61%)
2 2a (5) 10 100 °C, 0.5 h[b] 4aa (30%)[b]

3 1a Et Ph 2b (5) Me 10 70 °C, 2 d 4ab (84%)
4 1a Et Ph 2c (5) Bn 5 70 °C, 2 d 4ac (37%)
5 2c (10) 5 70 °C, 3 d 4ac (67%)
6 2c (5) 10 100 °C, 6 h[b] 4ac (37%)
7 1a Et Ph 2d (10) allyl 5 70 °C, 3 d 4ad (71%)
8 1a Et Ph 2e (10) 4-MeOC6H4CH2 5 70 °C, 2 d 4ae (57%)
9 1a Et Ph 2f (5) tBuO2CCH2CH2 10 70 °C, 2 d 4af (41%)
10 1a Et Ph 2g (10) cHex 10 100 °C, 4 d 4ag (40%)
11 1b Bn Ph 2c (10) Bn 10 70 °C, 2 d 4bc (47%)
12 2c (5) 20 70 °C, 2 d 4bc (72%)
13 1b Bn Ph 2d (10) allyl 5 70 °C, 3 d 4bd (35%)
14 2d (10) 10 70 °C, 4 d 4bd (39%)
15 1b Bn Ph 2e (10) 4-MeOC6H4CH2 5 70 °C, 2 d 4be (10%)
16 2e (10) 10 70 °C, 3 d 4be (13%)
17 1c Mte Ph 2c (10) Bn 5 70 °C, 2 d 4cc (23%)
18 1c Mte Ph 2d (10) allyl 5 70 °C, 3 d 4cd (28%)
19 2d (10) 10 70 °C, 2 d 4cd (47%)
20 1c Mte Ph 2e (10) 4-MeOC6H4CH2 10 70 °C, 3 d 4ce (47%)
21 1d Et 4-MeOC6H4 2a (5) Bu 10 100 °C, 1 h[b] 4da (21%)[b,c]

22 1d Et 4-MeOC6H4 2b (5) Me 10 80 °C, 3 d 4db (51%)
23 1d Et 4-MeOC6H4 2c (5) Bn 10 70 °C, 3 d 4dc (32%)[d]

24 1e Et 2-ClC6H4 2b (5) Me 10 80 °C, 3 d 4eb (46%)
25 1e Et 2-ClC6H4 2c (5) Bn 10 70 °C, 3 d 4ec (49%)[e]

26 1f Et 2-thiazolyl 2b (2) Me 10 70 °C, 2 d 4fb (66%)
27 2b (5) 10 70 °C, 2 d 3a[f]

28 1f Et 2-thiazolyl 2c (5) Bn 10 70 °C, 3 d 4fc (25%)
29 1g Et 4-pyridyl 2a (5) Bu 10 70 °C, 4 d 4ga (45%)[e]

[a] Letter x indicates the 1,4-diketone 1x, letter y indicates the amine 2y. [b] Microwave irradiation. [c] Compound 5 (22% yield, 70%
purity by LCMS) was formed as a byproduct. [d] 95% pure by LCMS. [e] 90% pure by LCMS. This compound could not be further
purified by HPLC. [f] When 5 equiv. of amine 2b were employed, 3a (10% yield, purity 70% by LCMS) was isolated exclusively.

clohexylamine, higher reaction temperatures and larger
amounts of the catalyst were required, or they did not give
a single reaction product, as in the case for 2-aminopentane
and cyclopropylamine. Furthermore, the reaction seems to
be limited to amines of sufficient nucleophilicity since the
more electron-deficient and less nucleophilic amines like
propargylamine, aniline, and 2,2,2-trifluoroethylamine did
not lead to the desired products.

Besides the amine part, the influence of the substituents
of the 1,4-dicarbonyl substrates has been investigated. Here,
different ester groups (R = Et, Bn or Mte) worked equally
well, resulting in comparable product yields in the lactam
formation. Furthermore, the reaction was tolerant to the
variation of the aryl residue RB, which could be phenyl,
p-methoxyphenyl, o-chlorophenyl, 2-thiazolyl or 4-pyridyl.
However, if RB was an alkyl group like Me or tBu, no prod-
uct was obtained.

Mechanistic Considerations

When reacted with aqueous ammonia at ambient or
higher temperatures, starting material 1a led to complex
product mixtures. When the reaction was performed at
–75 °C with an excess of liquid ammonia in the presence of
molecular sieves (4 Å), a single product was obtained. The
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constitution of the crystalline product 6 (Scheme 3) was
previously established by single-crystal X-ray crystallogra-
phy.[10b] Its 2-azabicyclo[3.3.0]octane skeleton provides
strong evidence for a mechanistic proposal of the formation
of eight-membered-ring lactams 4. The primary amine 2
seems to react with both ketone moieties of diketone 1a
and forms a bicyclic hemiaminal-enamine 7 as a reaction

Scheme 3. Mechanistic proposal for eight-membered-ring lactam
formation.



R. Pflantz, P. Tielmann, M. Rössle, C. Hoenke, J. ChristoffersFULL PAPER
intermediate with the C–C double bond in a fixed (Z) con-
figuration. A subsequent retro-Claisen reaction cleaves the
central bond (between C-1 and C-5) of bicyclic 7 and forms
a monocyclic eight-membered-ring product 4. Similar retro-
Claisen reactions of bicyclic intermediates were recently re-
ported for the formation of heterocyclic seven-membered
rings[12] (Scheme 3).

Derivatization of Lactams

In order to explore the third point of diversification
within this compound class, we submitted lactams 4aa (RA

= Bu and RB = Ph) and 4ac (RA = Bn and RB = Ph) to
ester saponification with LiOH under microwave irradiation
(Scheme 4, Table 2). Carboxylic acid 8a was obtained in
quantitative yield from ester 4aa. For compound 8b (from
ester 4ac) the yield was moderate (47%). Both carboxylic
acids were purified by HPLC. Amide formation was per-
formed with phenyl-substituted ethylamine 2h, ammonia
(2i), piperidine derivative 2j, and benzylamine (2c) using
HATU-DIPEA as the coupling reagents.[13] Yields of
amides 3b–3e after purification by HPLC were good (65–
99%, Scheme 4). A fifth compound, N-methylamide 3a,
was obtained earlier (Scheme 2, Table 1, Entry 27).

Scheme 4. Ester saponification and amide formation.

Stability and Solubility

Due to our in-house criteria for library production, we
investigated the solubility and stability of the small set of
synthesized library representatives. Since libraries of single
compounds are commonly used for activity screening in
physiological buffer and stored over a longer period of time
as solutions in frozen DMSO, the prerequisites of high sta-
bility in DMSO and sufficient solubility in water are man-
datory. We were therefore interested in the stability of our
lactams 4 in DMSO under ambient conditions in order to

Table 2. Results of ester saponification and amidation.

Entry Lactam 4 RA Acid 8 (yield) 2, RC (amine) Amide 3 (yield)

1 4aa Bu 8a (97%) 2h, 2-ClC6H4CH2CH2 3b (87%)
2i, H (ammonia) 3c (84%)
2j, cyclo-(CH2)5NCH2CH2 3d (65%)[a]

2 4ac Bn 8b (47%) 2c, Bn 3e (99%)

[a] Isolated as the TFA salt.
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simulate long-term storage in DMSO at –18 °C. For this
reason, we exposed wet DMSO solutions of compounds 4ac
and 4da (Scheme 5) for two weeks to air at 23 °C. In both
cases, no decomposition was detectable by LCMS. There-
fore, we conclude that lactams 4 fulfil our stability criteria
so that the corresponding DMSO solutions are well suited
for storage and handling during screening for biological ac-
tivity (Scheme 5).

Scheme 5. Compounds for stability and solubility tests.

Furthermore, the solubility of compounds under physio-
logical conditions should be an essential precondition for
studying biological activity in screening programs. To ob-
tain a good estimation about some general solubility issues
of a broad range of library members, we have chosen a hy-
drophilic (3c, neutral), basic (3d, protonated at pH7.4),
acidic (8a, deprotonated at this pH), and lipophilic candi-
date (3e) from our compounds. After dilution of a DMSO
stock solution with PBS buffer (pH7.4),[14] filtration or cen-
trifugation and reextraction into organic solvent, the recov-
ery was determined by LC. At concentrations of 10–6 and
10–5 moldm–3 the recovery of all four compounds was
quantitative within experimental error. At 10–4 moldm–3

only the lipophilic triphenyl-substituted derivative 3e was
not completely solubilized. Since this is, to our experience,
not a critical issue, we can conclude that all four com-
pounds show sufficient experimental solubility in order to
perform bioactivity studies in a buffered aqueous environ-
ment. Thus, no limitations have to be considered for the
selection of substituents in the final library of eight-mem-
bered-ring lactams.
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Synthesis of Starting Materials

As mentioned in the introduction, 1,4-diketone 1a can
be prepared by the cerium-catalyzed oxidative coupling of
β-oxo ester 9a with styrene.[10] Since this procedure is hardly
adopted to other styrene derivatives or vinyl-substituted
heteroaromatic compounds, we decided to access a series of
1,4-diketones 1a–1i by the SN2 reaction of β-oxo esters 9a–
9c with α-bromoacetophenones 10a–10c or their heteroaro-
matic analogues 10d and 10e (Scheme 6).[15] Moreover, we
used α-bromopinacolone 10f in order to prepare aliphatic
congener 1h. However, attempts to prepare compound 1i
(R = Et and RB = Me) by the reaction of β-oxo ester 9a
with α-bromoacetone resulted in low conversions. Thus, di-
ketone 1i was synthesized by a known[16] two-step sequence
consisting of the propargylation of β-oxo ester 9a and the
subsequent HgO-catalyzed addition of water to the C–C
triple bond.

Scheme 6. Alkylation of β-keto esters 9 with α-bromo ketones 10
to give 1,4-diketones 1. For conditions and yields, see Table 3.

Products 1a–1c were obtained by the reaction of β-oxo
esters 9a–9c with phenacyl bromide 10a with NaH (60% in
mineral oil) as the base in THF at 70 °C in 65–80% yield
after chromatographic purification. For the preparation of
1d–1g, we used NaH without oil (95%) and Et2O as the
solvent, and the reactions proceeded readily at 23 °C with
full conversion after 16 h. The same was true for compound
1h, which was prepared in DMF applying NaH (60% in
mineral oil) as the base. In three cases (1d, 1e, and 1g) prod-
ucts were isolated by extraction and used without further
purification. Compounds 1f and 1h were purified by pre-
parative HPLC and column chromatography, respectively
(Scheme 6).

Conclusions

The bismuth nitrate catalyzed reaction of 1-phenacyl-2-
oxocyclopentane-1-carboxylates 1 with primary amines 2
yielded eight-membered-ring lactams 4 with one enamide

Table 3. Phenacylation of β-keto esters 9 [Mte = 2-(methylthio)ethyl].

Entry β-Keto ester 9 Acyl bromide 10 Conditions Product 1 (yield)

1 9a (R = Et) 10a (RB = Ph) 70 °C, 16 h, THF[a] 1a (80%)[b]

2 9b (R = Bn) 10a (RB = Ph) 70 °C, 16 h, THF[a] 1b (71%)[b]

3 9c (R = Mte) 10a (RB = Ph) 70 °C, 16 h, THF[a] 1c (65%)[b]

4 9a (R = Et) 10b (RB = 4-MeOC6H4) 23 °C, 16 h, Et2O[c] 1d (99%)[d]

5 9a (R = Et) 10c (RB = 2-ClC6H4) 23 °C, 16 h, Et2O[c] 1e (99%)[d]

6 9a (R = Et) 10d (RB = 2-thiazolyl) 23 °C, 16 h, Et2O[c] 1f (55%)[e]

7 9a (R = Et) 10e (RB = 4-pyridyl) 23 °C, 16 h, Et2O[c] 1g (83%)[d]

8 9a (R = Et) 10f (RB = tBu) 23 °C, 16 h, DMF[a] 1h (58%)[b]

[a] NaH (60% in mineral oil) was used. [b] Purified by column chromatography. [c] NaH (95%) was used. [d] Used without further
purification. [e] Purified by preparative HPLC.
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moiety. These lactams 4 constitute a new type of non-
planar molecular scaffold and could be applied as a basis
for combinatorial library synthesis. Therefore, we optimized
the conditions and evaluated the scope and limitations of
this reaction. The amines 2, the aromatic ring and the ester
groups in the carbonyl compounds 1 have been varied. Op-
timum reaction conditions were determined to be 2–4 d,
70–100 °C, 5–10 equiv. of amine 2 and 0.05–0.1 equiv. of
the catalyst. Yields were highly dependent on the consti-
tution of the starting materials and were as large as 84%.
Performing the reactions under microwave irradiation did
not generally improve the results.

We identified three points of diversification, with one re-
sulting from the primary amines applied in the lactam for-
mation and the second arising from the aromatic residue
of the starting carbonyl compound. To diversify the third
position, we cleaved the ethyl ester group with LiOH and
coupled the resulting carboxylic acids 8 with HATU and
further primary amines to give amides 3.

Stability and solubility tests have been performed with
representative examples of our small model library. As a
result, compounds 3, 4 and 8 turned out to be suitable for
long-term storage as DMSO solutions and screening in
aqueous buffer. Thus, these compounds fulfil our precondi-
tions for library synthesis so that no limitations within the
final library design have to be considered. In summary, the
eight-membered-ring lactams proved to be well suited for
library production.

Experimental Section
General Methods: Preparative column chromatography was carried
out using Merck SiO2 60 or basic Al2O3 with hexanes (PE, b.p. 40–
60 °C) and ethyl acetate (EA) as eluents. Preparative HPLC was
performed with an Agilent 1100 Series HPLC system (gradient elu-
tion with MeCN/H2O, 0.1% TFA) equipped with a Gilson 215 Li-
quid Handler and ESI-MS detection (Thermo Finnigan Surveyor
MSQ). 1H and 13C-NMR spectra were recorded on a Bruker Av-
ance 500, Avance 400 and Avance 300. Multiplicities were deter-
mined with DEPT experiments. MS and HRMS spectra with EI
and CI were obtained with a Finnigan MAT 95 spectrometer. IR
spectra (ATR) were recorded on a Bruker Tensor 27 spectrometer.
Elemental analyses were measured with an EA 1108 from Fisons
Instruments. A Biotage Initiator microwave reactor with autosam-
pler was used for heating with microwaves, Pmax = 400 W. Com-
pounds 1i,[16] 2f,[17] 9b,[18] 9c,[19] 10d,[20] and 10e[21] were prepared
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according to literature procedures. All other starting materials were
commercially available. MeNH2 (2b) was used as solution in THF
(2 mol dm–3), ammonia (2i) as solution in 1,4-dioxane
(0.5 mol dm–3). Spectra of compounds 1a,[10c] and 3aa[7] were in
accordance with the literature. Compound 1h appeared several
times in the literature before, but no experimental details were so
far published.[22] The preparation and data of compound 6 were
reported before.[7]

Ethyl 2-Oxo-1-(2-oxo-2-phenylethyl)cyclopentane-1-carboxylate
(1a). Typical Procedure: NaH (0.32 g, 7.7 mmol, 1.2 equiv., 60%
dispersion in mineral oil) was added to a solution of β-oxo ester
9a (1.0 g, 6.4 mmol) and phenacyl bromide 10a (1.53 g, 7.69 mmol,
1.2 equiv.) in abs. THF (15 mL). The resulting mixture was heated
to reflux for 16 h and then cooled to ambient temperature. Brine
(10 mL) was added, and the layers were separated. The aqueous
layer was extracted with EA (3�20 mL). The combined organic
layers were dried with MgSO4, filtered, and the solvent was evapo-
rated. The residue was purified by chromatography (SiO2, PE/EA,
3:1, Rf = 0.33) to give compound 1a (1.41 g, 5.14 mmol, 80%) as
a colorless solid, m.p. 31 °C. HRMS (EI, 70 eV): calcd. 274.1205
(for C16H18O4), found 274.1205 [M+]. C16H18O4 (274.31): calcd. C
70.06, H 6.61; found C 70.04, H 6.86.

Benzyl 2-Oxo-1-(2-oxo-2-phenylethyl)cyclopentane-1-carboxylate
(1b): According to the procedure reported for compound 1a, a mix-
ture of β-oxo ester 9b (2.0 g, 9.2 mmol), phenacyl bromide 10a
(2.19 g, 11.0 mmol, 1.2 equiv.) and NaH (0.44 g, 11.0 mmol,
1.2 equiv., 60% dispersion in mineral oil) in THF (20 mL) was con-
verted to give compound 1b (2.20 g, 6.54 mmol, 71%) as a colorless
solid after chromatography (SiO2, PE/EA, 3:1, Rf = 0.21), m.p.
68 °C. 1H NMR (CDCl3, 300 MHz): δ = 2.04–2.20 (m, 3 H), 2.51–
2.68 (m, 3 H), 3.50 (part A of an AB system, J = 18.5 Hz, 1 H),
3.86 (part B of an AB system, J = 18.5 Hz, 1 H), 4.77 (part A of
an AB system, J = 16.4 Hz, 1 H), 5.53 (part B of an AB system, J
= 16.4 Hz, 1 H), 7.26–7.36 (m, 5 H), 7.42–7.93 (m, 5 H) ppm.
13C{1H} NMR (CDCl3, 125 MHz): δ = 19.83 (CH2), 33.37 (CH2),
37.74 (CH2), 43.52 (CH2), 57.55 (C), 67.28 (CH2), 127.85 (2 CH),
128.04 (2 CH), 128.24 (CH), 128.55 (2 CH), 128.62 (2 CH), 133.45
(CH), 135.45 (C), 136.29 (C), 170.55 (C), 196.64 (C), 214.70 (C)
ppm. IR (ATR): ν̃ = 3029 (w), 2956 (w), 2920 (w), 1748 (s), 1715
(s), 1678 (s), 1595 (s), 1449 (s), 1352 (m), 1221 (m), 1180 (m), 1103
(s), 961 (s), 853 (s), 755 (vs), 696 (vs) cm–1. MS (EI, 70 eV: m/z (%)
= 336 (1) [M+], 245 (53), 227 (35), 202 (18), 185 (51), 105 (70), 91
(100), 77 (24). HRMS (EI, 70 eV): calcd. 336.1362 (for C21H20O4),
found 336.1362 [M+].

2-(Methylthio)ethyl 2-Oxo-1-(2-oxo-2-phenylethyl)cyclopentane-1-
carboxylate (1c): According to the procedure reported for com-
pound 1a, a mixture of β-oxo ester 9c (3.00 g, 14.8 mmol), phenacyl
bromide 10a (3.54 g, 17.8 mmol, 1.2 equiv.) and NaH (0.712 g,
17.8 mmol, 1.2 equiv., 60% dispersion in mineral oil) in THF
(30 mL) was converted to give compound 1c (3.08 g, 9.62 mmol,
65%) as a red oil after chromatography (SiO2, PE/EA, 3:1, Rf =
0.29). 1H NMR (CDCl3, 300 MHz): δ = 2.07–2.09 (m, 1 H), 2.12
(s, 3 H), 2.18–2.35 (m, 2 H), 2.54–2.74 (m, 5 H), 3.47 (part A of
an AB system, J = 18.5 Hz, 1 H), 3.85 (part B of an AB system, J
= 18.5 Hz, 1 H), 4.28 (t, J = 6.9 Hz, 2 H), 7.43–7.95 (m, 5 H) ppm.
13C{1H} NMR (CDCl3, 75 MHz): δ = 15.61 (CH3), 19.84 (CH2),
32.37 (CH2), 33.44 (CH2), 37.77 (CH2), 43.60 (CH2), 57.59 (C),
63.73 (CH2), 128.05 (2 CH), 128.60 (2 CH), 133.48 (CH), 136.34
(C), 170.47 (C), 196.61 (C), 214.59 (C) ppm. IR (ATR): ν̃ = 2961
(w), 2917 (w), 1750 (s), 1721 (vs), 1596 (s), 1448 (s), 1402 (m), 1353
(m), 1219 (s), 1150 (m), 1105 (m), 1001 (s), 854 (w), 753 (vs), 691
(vs) cm–1. MS (EI, 70 eV), m/z (%): 320 (1) [M+], 247 (6) 201 (4),
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173 (2), 105 (50), 74 (100). C17H20O4S (320.40): calcd. C 63.73, H
6.29; found C 64.02, H 6.42.

Ethyl 2-Oxo-1-[2-oxo-2-(4-methoxyphenyl)ethyl]cyclopentane-1-car-
boxylate (1d). Typical Procedure: NaH (702 mg, 27.8 mmol,
1.2 equiv., 95%) was added in small portions to a solution of β-
oxo ester 9a (3.78 g, 23.2 mmol) and phenacyl bromide 10b (6.70 g,
27.8 mmol, 1.2 equiv.) in abs. Et2O (80 mL). The resulting mixture
was stirred at 23 °C for 16 h. Brine (40 mL) and EA (40 mL) were
added and the resulting biphasic mixture slightly basified with
aqueous NaOH (1 moldm–3, controlled by pH paper). After phase
separation the aqueous layer was extracted with EA (2�40 mL).
The combined organic layers were dried with MgSO4, filtered, and
the solvent was evaporated. The crude compound 1d (7.0 g,
23.0 mmol, 99%, 90% purity by LCMS) was obtained as yellow
liquid and used without further purification. 1H NMR (CDCl3,
500 MHz): δ = 1.23 (t, J = 6.9 Hz, 3 H), 2.07–2.18 (m, 3 H), 2.49–
2.53 (m, 1 H), 2.59–2.63 (m, 2 H), 3.45 (part A of an AB system,
J = 18.3 Hz, 1 H), 3.80 (part B of an AB system, J = 18.3 Hz, 1
H), 3.87 (s, 3 H), 4.17 (q, J = 6.6 Hz, 2 H), 6.91–6.93 (m, 2 H),
7.91–7.93 (m, 2 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ =
14.01 (CH3), 19.86 (CH2), 33.46 (CH2), 37.79 (CH2), 43.20 (CH2),
55.50 (CH3), 57.52 (C), 61.61 (CH2), 113.77 (2 CH), 129.49 (C),
130.34 (2 CH), 163.74 (C), 170.85 (C), 195.19 (C), 215.22 (C) ppm.
IR (ATR): ν̃ = 2976 (m), 2841 (w), 1749 (vs), 1719 (s), 1675 (s),
1599 (vs), 1510 (s), 1463 (m), 1403 (m), 1352 (m), 1258 (s), 1222
(s), 1167 (vs), 1111 (m), 1027 (s), 987 (m) cm–1. MS (EI, 70 eV),
m/z (%): 304 (4) [M+], 259 (5), 231 (29), 203 (8), 150 (34), 135 (100),
92 (7), 77 (9). MS (ESI, positive mode), m/z: 305.2 [M + H+].
HRMS (EI, 70 eV): calcd. 304.1310 (for C17H20O5), found
304.1311 [M+].

Ethyl 2-Oxo-1-[2-oxo-2-(2-chlorophenyl)ethyl]cyclopentane-1-car-
boxylate (1e): According to the procedure reported for compound
1d, a mixture of β-oxo ester 9a (3.24 g, 19.8 mmol), phenacyl bro-
mide 10c (5.52 g, 23.7 mmol, 1.2 equiv.) and NaH (601 mg,
23.8 mmol, 1.2 equiv., 95%) in Et2O (80 mL) was converted to give
compound 1e (6.1 g, 19.8 mmol, 99%, 95% purity by LCMS) as a
yellow liquid which was used without further purification. 1H
NMR ([D6]DMSO, 400 MHz): δ = 1.13–1.16 (t, J = 7.1 Hz, 3 H),
1.97–2.07 (m, 3 H), 2.39–2.44 (m, 2 H), 2.58–2.64 (m, 1 H), 3.38
(part A of an AB system, J = 18.7 Hz, 1 H, partially hidden by
H2O peak), 3.60 (part B of an AB system, J = 18.7 Hz, 1 H), 4.07
(q, J = 7.0 Hz, 2 H), 7.42–7.67 (m, 4 H) ppm. MS (ESI, positive
mode), m/z: 309.1 [M + H+]. C16H17ClO4 (308.76).

Ethyl 2-Oxo-1-[2-oxo-2-(2-thiazolyl)ethyl]cyclopentane-1-carboxyl-
ate (1f): According to the procedure reported for compound 1d, a
mixture of β-oxo ester 9a (216 mg, 1.32 mmol), phenacyl bromide
10d (337 mg, 1.59 mmol, 1.2 equiv.) and NaH (40 mg, 1.59 mmol,
1.2 equiv., 95%) in Et2O (10 mL) was converted to give compound
1f (207 mg, 0.73 mmol, 55%) as a pale brown liquid after prepara-
tive HPLC. 1H NMR ([D6]DMSO, 400 MHz): δ = 1.11 (t, J =
7.3 Hz, 3 H), 1.95–2.15 (m, 3 H), 2.39–2.45 (m, 2 H), 2.55–2.61 (m,
1 H), 3.43 (part A of an AB system, J = 18.7 Hz, 1 H), 3.91 (part
B of an AB system, J = 18.7 Hz, 1 H), 4.06 (q, J = 7.3 Hz, 2 H),
8.16 (d, J = 3.1 Hz, 1 H), 8.24 (d, J = 3.1 Hz, 1 H) ppm. MS (ESI,
positive mode), m/z: 282.1 [M + H+]. C13H15NO4S (281.32).

Ethyl 2-Oxo-1-[2-oxo-2-(4-pyridyl)ethyl]cyclopentane-1-carboxylate
(1g): According to the procedure reported for compound 1d, a mix-
ture of β-oxo ester 9a (3.24 g, 19.8 mmol), phenacyl bromide 10e
(6.76 g, 23.8 mmol, 1.2 equiv., used as HBr-salt) and NaH (1.20 g,
47.6 mmol, 2.4 equiv., 95%) in Et2O (100 mL) was converted to
give compound 1e (4.79 g, 16.5 mmol, 83%, 95% purity by LCMS)
as a red liquid which was used without further purification. 1H
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NMR (CDCl3, 500 MHz): δ = 1.24 (t, J = 7.1 Hz, 3 H), 2.07–2.14
(m, 2 H), 2.17–2.25 (m, 1 H), 2.55–2.58 (m, 2 H), 2.63–2.70 (m, 1
H), 3.40 (part A of an AB system, J = 18.7 Hz, 1 H), 3.81 (part B
of an AB system, J = 18.7 Hz, 1 H), 4.18 (t, J = 7.1 Hz, 2 H), 7.71–
7.73 (m, 2 H), 8.81–8.83 (m, 2 H) ppm. 13C{1H} NMR (CDCl3,
125 MHz): δ = 13.95 (CH3), 19.79 (CH2), 33.34 (CH2), 37.57
(CH2), 43.39 (CH2), 57.38 (C), 61.83 (CH2), 120.90 (2 CH), 142.14
(C), 150.94 (2 CH), 170.33 (C), 196.43 (C), 214.46 (C) ppm. IR
(ATR): ν̃ = 2979 (m), 2909 (w), 2360 (w), 1751 (s), 1721 (vs), 1699
(s) 1557 (w), 1407 (m), 1224 (s), 1107 (m), 812 (m) cm–1. HRMS
(CI, isobutane): calcd. 276.1236 (for C15H18NO4), found 276.1236
(100) [M + H+]. C15H17NO4 (275.30).

Ethyl 1-(3,3-Dimethyl-2-oxobutyl)-2-oxocyclopentane-1-carboxylate
(1h): NaH (4.0 g, 100 mmol, 1 equiv., 60% dispersion in mineral
oil) was portionwise added to a solution of β-oxo ester 9a (15.6 g,
100 mol) in abs. DMF (200 mL) at 0 °C. After stirring for 15 min
at this temperature α-bromo ketone 10f was added dropwise and
the resulting mixture was warmed to ambient temperature over-
night. After removal of the solvent in vacuo the residue was agi-
tated in water at 0 °C. Then, the resulting aqueous layer was three-
fold extracted with chloroform. The combined organic layers were
dried (Na2SO4), filtered, and the solvent was evaporated. The resi-
due was purified by chromatography (SiO2, PE/EA, 5:2, Rf = 0.48)
to give compound 1h (14.8 g, 58.2 mmol, 58%) as a colorless liquid.
1H NMR (CDCl3, 500 MHz): δ = 1.14 (s, 9 H), 1.23 (t, J = 7.0 Hz,
3 H), 1.89–1.95 (m, 1 H), 2.00–2.02 (m, 1 H), 2.07–2.15 (m, 1 H),
2.43–2.59 (m, 3 H), 2.82 (part A of an AB system, J = 18.6 Hz, 1
H), 3.51 (part B of an AB system, J = 18.6 Hz, 1 H), 4.14 (q, J =
7.0 Hz, 2 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ = 14.43
(CH3), 20.20 (CH2), 26.85 (3 CH3), 33.74 (CH2), 38.08 (CH2), 42.42
(CH2), 44.34 (C), 57.75 (C), 61.98 (CH2), 171.15 (C), 213.46 (C),
215.51 (C) ppm. IR (ATR): ν̃ = 2967 (m), 2873 (w), 1751 (s), 1721
(vs), 1465 (m), 1366 (m), 1280 (m), 1225 (m), 1145 (m), 1111 (s),
1065 (s), 1002 (m), 865 (m) cm–1. MS (EI, 70 eV), m/z (%): 254 (3)
[M+], 197 (58), 169 (42), 147 (5), 141 (17), 123 (31), 97 (26), 67
(19), 57 (100), 41 (56). HRMS (CI, isobutane): calcd. 255.1596 (for
C14H23O4), found 255.1596 (100) [M + H+]. C14H22O4 (254.32).

N,1-Dimethyl-8-oxo-2-(2-thiazolyl)-1,4,5,6,7,8-hexahydroazocine-4-
carboxamide (3a): With the same procedure given for compound
4fb, but using 5 equiv. of amine 2b, no product 4fb could be ob-
tained, but only compound 3a was isolated (49 mg, 123 µmol, 10%,
70 % purity by LCMS). 1H NMR ([D6]DMSO, 400 MHz): δ =
1.41–1.63 (m, 2 H), 1.82–1.95 (m, 2 H), 2.27–2.30 (m, 2 H), 2.58
(d, J = 4.5 Hz, 3 H), 2.86 (t, J = 10.1 Hz, 1 H), 2.98 (s, 3 H), 6.58
(d, J = 9.6 Hz, 1 H), 7.79 (d, J = 3.0 Hz, 1 H), 7.88 (d, J = 3.0 Hz,
1 H), 7.97 (br. q, J = 4.6 Hz, 1 H) ppm. MS (ESI, positive mode),
m/z: 280.1 [M + H+]. C13H17N3O2S (279.36).

1-Butyl-N-[2-(2-chlorophenyl)ethyl]-8-oxo-2-phenyl-1,4,5,6,7,8-hexa-
hydroazocine-4-carboxamide (3b). Typical Procedure: DIPEA
(40 µL, 29 mg, 0.22 mmol, 2 equiv.) and HATU (43 mg, 0.11 mmol,
1 equiv.) were added to a solution of carboxylic acid 8a (34 mg,
0.11 mmol) in DMF (2 mL). After stirring the resulting mixture for
5 min at 23 °C the amine 2h (17 mg, 0.11 mmol, 1 equiv.) was
added followed by continued stirring for 16 h. Preparative
chromatography using HPLC gave compound 3b (43 mg, 97 µmol,
87%) as a brownish oil. 1H NMR ([D6]DMSO, 400 MHz): δ = 0.76
(t, J = 7.1 Hz, 3 H), 1.09–1.48 (m, 5 H), 1.54–1.62 (m, 1 H), 1.78–
1.90 (m, 2 H), 2.24–2.34 (m, 2 H), 2.53–2.59 (m, 1 H), 2.76 (t, J =
10.3 Hz, 1 H), 2.80–2.93 (m, 2 H), 3.30–3.39 (m, 2 H), 3.85–3.93
(m, 1 H), 6.04 (d, J = 9.4 Hz, 1 H), 7.24–7.27 (m, 2 H), 7.29–7.33
(m, 3 H), 7.35–7.44 (m, 4 H), 8.03 (t, J = 5.5 Hz, 1 H) ppm. MS
(ESI, positive mode), m/z: 439.2 [M + H+]. C26H31ClN2O2 (439.00).
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1-Butyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-carboxamide
(3c): According to the procedure given for compound 3b a mixture
of acid 8a (30 mg, 0.10 mmol), DIPEA (35 µL, 26 mg, 0.20 mol,
2 equiv.), HATU (38 mg, 0.10 mmol, 1 equiv.) and ammonia 2i
(5.0 mg, 0.30 mol, 3 equiv., 0.6 mL of a solution in 1,4-dioxane,
c = 0.5 moldm–3) in DMF (2 mL) was stirred for 16 h at 23 °C.
Preparative chromatography using HPLC gave compound 3c
(32 mg, 75 µmol, 84%) as a colorless solid. 1H NMR ([D6]DMSO,
400 MHz): δ = 0.77 (t, J = 7.3 Hz, 3 H), 1.11–1.47 (m, 5 H), 1.58–
1.67 (m, 1 H) 1.88–1.91 (m, 2 H), 2.26–2.35 (m, 2 H), 2.54–2.59
(m, 1 H), 2.80 (t, J = 10.8 Hz, 1 H), 3.89–3.96 (m, 1 H, hidden by
H2O peak), 6.09 (d, J = 9.2 Hz, 1 H), 6.87 (br. s, 2 H), 7.33–7.44
(m, 5 H) ppm. 13C{1H} NMR ([D6]DMSO, 100 MHz): δ = 13.6
(CH3), 19.7 (CH2), 23.7 (CH2), 28.8 (CH2), 30.8 (CH2), 33.1 (CH),
43.6 (CH2), 43.9 (CH2), 125.8 (2 CH), 126.0 (CH), 128.6 (CH),
128.9 (2 CH), 135.9 (C), 138.5 (C), 172.7 (C), 174.9 (C) ppm. IR
(ATR): ν̃ = 3423 (w), 3315 (w), 3198 (w), 2951 (w), 2875 (w), 1775
(w), 1665 (vs), 1631 (s), 1447 (m), 1407 (m), 1206 (s), 1152 (vs),
1082 (m), 1026 (m), 960 (m), 864 (w), 815 (m), 768 (vs), 695 (s),
628 (s) cm–1. HRMS (ESI, positive mode): calcd. 301.1916 (for
C18H25N2O2), found 301.1919 [M + H+]. C18H24N2O2 (300.40).

1-Butyl-8-oxo-2-phenyl-N-[2-(1-piperidyl)ethyl]-1,4,5,6,7,8-hexahy-
droazocine-4-carboxamide, Trifluoroacetate (3d·TFA): According to
the procedure given for compound 3b a mixture of acid 8a (30 mg,
0.10 mmol), DIPEA (35 µL, 26 mg, 0.20 mol, 2 equiv.), HATU
(38 mg, 0.10 mmol, 1 equiv.) and amine 2j (12.8 mg, 0.10 mol,
1 equiv.) in DMF (2 mL) was stirred for 16 h at 23 °C. Preparative
chromatography using HPLC gave compound (3d·TFA) (34 mg,
64 µmol, 65%) as a brown oil. 1H NMR ([D6]DMSO, 400 MHz):
δ = 0.78 (t, J = 7.1 Hz, 3 H), 1.10–1.20 (m, 2 H), 1.22–1.49 (m, 4
H), 1.59–1.71 (m, 4 H), 1.88–1.93 (m, 4 H), 2.27–2.37 (m, 2 H),
2.55–2.62 (m, 1 H), 2.81 (t, J = 10.0 Hz, 1 H), 2.90–2.95 (m, 2 H),
3.10–3.15 (m, 2 H), 3.38–3.49 (m, 4 H), 3.85–3.93 (m, 1 H), 6.06
(d, J = 9.4 Hz, 1 H), 7.33–7.36 (m, 2 H), 7.39–7.46 (m, 3 H), 8.22
(t, J = 5.7 Hz, 1 H), 9.15 (br. s, 1 H) ppm. 13C{1H} NMR ([D6]-
DMSO, 100 MHz): δ = 13.5 (CH3), 19.7 (CH2), 21.1 (CH2), 22.5
(2 CH2), 23.6 (CH2), 28.8 (CH2), 30.5 (CH2), 33.1 (CH), 33.8
(CH2), 43.8 (CH2), 44.1 (CH2), 52.3 (2 CH2), 54.7 (CH2), 116.0
(CF3), 125.1 (CH), 125.9 (2 CH), 128.7 (CH), 128.9 (2 CH), 135.7
(C), 139.0 (C), 158.2 (C), 172.6 (C), 173.4 (C) ppm. IR (ATR): ν̃
= 3282 (w) 3057 (w), 3028 (w), 2937 (m), 2864 (w), 1666 (s), 1546
(w), 1446 (m), 1405 (m), 1198 (vs), 1175 (s), 1128 (vs), 885 (w), 830
(m), 798 (m), 771 (m), 719 (s), 698 (m) cm–1. HRMS (ESI, positive
mode): calcd. 412.2964 (for C25H38N3O2), found 412.2955 [M +
H+]. C25H37N3O2 (411.59). C27H38F3N3O4 (525.61).

N,1-Dibenzyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-car-
boxamide (3e): According to the procedure given for compound 3b
a mixture of acid 8b (30 mg, 89 µmol), DIPEA (31.5 µL, 23.1 mg,
178 µmol, 2 equiv.), HATU (34 mg, 89 µmol, 1 equiv.) and amine
2c (9.5 mg, 89 µmol, 1 equiv.) in DMF (2 mL) was stirred for 16 h
at 23 °C. Preparative chromatography using HPLC gave compound
3c (29 mg, 89 µmol, 99 %) as a colorless solid. 1H NMR ([D6]-
DMSO, 400 MHz): δ = 1.24–1.36 (m, 1 H), 1.60–1.71 (m, 1 H),
1.83 (dd, J = 5.1 Hz, J = 13.6 Hz, 1 H), 1.88–1.93 (m, 1 H), 2.32–
2.49 (m, 3 H), 3.65 (part A of an AB system, J = 14.4 Hz, 1 H),
4.11 (dd, J = 5.7 Hz, J = 15.2 Hz, 1 H), 4.22 (dd, J = 6.0 Hz, J =
15.2 Hz, 1 H), 5.29 (part B of an AB system, J = 14.1 Hz, 1 H),
6.00 (d, J = 9.4 Hz, 1 H), 7.05–7.07 (m, 2 H), 7.09–7.17 (m, 5 H),
7.22–7.47 (m, 8 H), 7.66 (t, J = 5.7 Hz, 1 H) ppm. 13C{1H} NMR
([D6]DMSO, 100 MHz): δ = 23.7 (CH2), 30.6 (CH2), 33.2 (CH),
42.0 (CH2), 43.7 (CH2), 47.1 (CH2), 126.0 (2 CH), 126.2 (CH),
126.68 (CH), 126.71 (CH), 127.1 (2 CH), 128.1 (2 CH), 128.2 (2
CH), 128.6 (CH), 128.7 (2 CH), 128.9 (2 CH), 135.7 (C), 136.5 (C),



R. Pflantz, P. Tielmann, M. Rössle, C. Hoenke, J. ChristoffersFULL PAPER
138.0 (C), 139.2 (C), 172.3 (C), 172.9 (C) ppm. IR (ATR): ν̃ = 3252
(w), 3076 (w), 3029 (w), 2935 (w), 1778 (w), 1653 (s), 1638 (m),
1568 (m) 1435 (w), 1395 (w), 1208 (w), 1197 (m), 1155 (m), 1070
(w), 1027 (w), 970 (w), 772 (w), 752 (m), 698 (vs) cm–1. HRMS
(ESI, positive mode): calcd. 425.2229 (for C28H29N2O2), found
425.2232 [M + H+]. C28H28N2O2 (424.54).

Ethyl 1-Butyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-car-
boxylate (4aa). Typical Procedure: A suspension of ester 1a
(100 mg, 365 µmol), n-BuNH2 2a (133 mg, 1.83 mmol, 5 equiv.),
and Bi(NO3)3·5H2O (9 mg, 18 µmol, 0.05 equiv.) in THF (1.0 mL)
was stirred in a closed reaction vial for 2 d at 70 °C. After cooling
to ambient temperature, the reaction mixture was chromato-
graphed on basic Al2O3 [PE/EA, 2:1, Rf(SiO2) = 0.32] to give the
lactam 4aa (74 mg, 223 µmol, 61%) as a yellowish oil. C20H27NO3

(329.44): calcd. C 72.92, H 8.26, N 4.25; found C 73.07, H 8.35, N
4.31. All spectroscopic data are in accordance with the literature.[7]

Ethyl 1-Methyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-car-
boxylate (4ab): According to the procedure given for compound
4aa a mixture of ester 1a (100 mg, 346 µmol), amine 2b (54 mg,
1.73 mmol, 5 equiv., 870 µL of a solution in THF, c = 2 moldm–3),
and Bi(NO3)3·5H2O (16.8 mg, 35.0 µmol, 0.1 equiv.) in THF
(1.5 mL) was stirred for 2 d at 70 °C. Preparative chromatography
using HPLC gave compound 4ab (84 mg, 290 µmol, 84%) as a yel-
lowish oil. 1H NMR ([D6]DMSO, 400 MHz): δ = 1.23 (t, J =
7.1 Hz, 3 H), 1.37–1.47 (m, 1 H), 1.52–1.63 (m, 1 H), 1.92–1.98 (m,
1 H), 2.08 (dd, J = 5.0 Hz, J = 13.8 Hz, 1 H), 2.28–2.38 (m, 2 H),
2.79 (s, 3 H), 2.84 (t, J = 10.0 Hz, 1 H), 4.12–4.16 (m, 2 H), 5.98
(d, J = 9.4 Hz, 1 H), 7.36–7.47 (m, 5 H) ppm. MS (ESI, positive
mode), m/z: 288.1 [M + H+]. C17H21NO3 (287.35).

Ethyl 1-Benzyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-car-
boxylate (4ac): According to the procedure given for compound
4aa a mixture of ester 1a (200 mg, 730 µmol), amine 2c (781 mg,
7.30 mmol, 10 equiv.), and Bi(NO3)3·5H2O (18 mg, 36 µmol,
0.05 equiv.) in THF (1.5 mL) was stirred for 3 d at 70 °C.
Chromatography on basic Al2O3 [PE/EA, 2:1, Rf(SiO2) = 0.43] gave
compound 4ac (165 mg, 486 µmol, 67 %) as a yellowish oil. 1H
NMR (CDCl3, 300 MHz): δ = 1.19 (t, J = 7.1 Hz, 3 H), 1.23–1.39
(m, 1 H), 1.66–1.81 (m, 1 H), 1.98 (dd, J = 12.8 Hz, J = 4.5 Hz, 2
H), 2.31 (dd, J = 10.4 Hz, J = 9.8 Hz, 1 H), 2.42–2.55 (m, 2 H),
3.63 (part A of an AB system, J = 13.7 Hz, 1 H), 3.94–4.07 (m, 2
H), 5.48 (part B of an AB system, J = 13.7 Hz, 1 H), 5.96 (d, J =
9.5 Hz, 1 H), 7.18–7.25 (m, 5 H), 7.38–7.45 (m, 5 H) ppm. 13C{1H}
NMR (CDCl3, 75 MHz): δ = 14.15 (CH3), 24.24 (CH2), 29.46
(CH2), 33.51 (CH2), 43.21 (CH), 47.82 (CH2), 60.58 (CH2), 125.42
(CH), 126.39 (2 CH), 127.39 (CH), 128.18 (2 CH), 128.94 (3 CH),
129.49 (2 CH), 135.61 (C), 136.24 (C), 139.17 (C), 173.44 (C),
173.53 (C) ppm. IR (ATR): ν̃ = 3030 (w), 2963 (m), 2861 (w), 1729
(vs), 1650 (vs), 1444 (m), 1395 (s), 1305 (s), 1180 (s), 1028 (s), 759
(vs), 699 (vs) cm–1. MS (EI, 70 eV), m/z (%): 363 (71) [M+], 290
(20), 262 (19), 244 (46), 220 (6), 91 (100). C23H25NO3 (363.45):
calcd. C 76.01, H 6.93, N 3.85; found C 76.04, H 7.17, N 3.68.

Ethyl 1-Allyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-car-
boxylate (4ad): According to the procedure given for compound
4aa a mixture of ester 1a (200 mg, 730 µmol), amine 2d (416 mg,
7.30 mmol, 10 equiv.), and Bi(NO3)3·5H2O (18 mg, 36 µmol,
0.05 equiv.) in THF (1.5 mL) was stirred for 3 d at 70 °C.
Chromatography on basic Al2O3 [PE/EA, 2:1, Rf(SiO2) = 0.28] gave
compound 4ad (163 mg, 520 µmol, 71 %) as a yellowish oil. 1H
NMR (CDCl3, 500 MHz): δ = 1.30 (t, J = 7.1 Hz, 3 H), 1.41–1.50
(m, 1 H), 1.77–1.86 (m, 1 H), 1.99–2.05 (m, 1 H), 2.15 (dd, J = 4.8,
J = 13.9 Hz, 1 H), 2.44–2.53 (m, 2 H), 2.98 (t, J = 10.3 Hz, 1 H),
3.25 (dd, J = 14.2 Hz, J = 8.0 Hz, 1 H), 4.20 (q, J = 7.1 Hz, 2 H),
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4.73 (dd, J = 14.2 Hz, J = 5.7 Hz, 1 H), 4.95 (d, J = 17.1 Hz, 1 H),
5.07 (d, J = 10.0 Hz, 1 H), 5.79 (dddd, J = 17.2 Hz, J = 9.8 Hz, J
= 8.0 Hz, J = 6.1 Hz, 1 H), 6.07 (d, J = 9.5 Hz, 1 H), 7.36–7.38
(m, 5 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ = 14.13 (CH3),
24.14 (CH2), 29.62 (CH2), 33.46 (CH2), 43.71 (CH), 47.48 (CH2),
60.9 (CH2), 119.06 (CH2), 124.68 (CH), 126.27 (CH), 128.78 (2
CH), 128.91 (2 CH), 131.7 (CH), 135.61 (C), 139.71 (C), 173.65
(C), 173.71 (C) ppm. IR (ATR): ν̃ = 2975 (w), 2909 (w), 2876 (w),
1735 (s), 1646 (s), 1441 (m), 1393 (s), 1229 (vs), 1174 (s), 1032 (s),
926 (s), 863 (s), 780 (vs), 704 (vs) cm–1. MS (EI, 70 eV), m/z (%):
313 (100) [M+], 284 (33), 244 (69), 212 (67), 184 (18), 157 (34), 144
(60), 91 (17), 77 (11), 55 (12), 41 (52). C19H23NO3 (313.38): calcd.
C 72.82, H 7.40, N 4.47; found C 72.58, H 7.51, N 4.69.

Ethyl 1-(4-Methoxybenzyl)-8-oxo-2-phenyl-1,4,5,6,7,8-hexahy-
droazocine-4-carboxylate (4ae): According to the procedure given
for compound 4aa a mixture of ester 1a (200 mg, 730 µmol), amine
2e (1.0 g, 7.3 mmol, 10 equiv.), and Bi(NO3)3·5H2O (18 mg,
36 µmol, 0.05 equiv.) in THF (1.5 mL) was stirred for 2 d at 70 °C.
Chromatography on basic Al2O3 [PE–EA, 3:1, Rf(SiO2) = 0.15]
gave compound 4ae (163 mg, 420 µmol, 57%) as a yellowish oil.
1H NMR (CDCl3, 500 MHz): δ = 1.18 (t, J = 7.1 Hz, 3 H), 1.37–
1.45 (m, 2 H), 1.67–1.81 (m, 1 H), 1.97 (dd, J = 4.9 Hz, J = 13.6 Hz,
1 H), 2.28 (t, J = 10.3 Hz, 1 H), 2.40–2.55 (m, 2 H), 3.57 (part A
of an AB system, J = 13.8 Hz, 1 H), 3.74 (s, 3 H), 3.97–4.05 (m, 2
H), 5.42 (part B of an AB system, J = 13.8 Hz, 1 H), 5.99 (d, J =
9.4 Hz, 1 H), 6.73–7.15 (m, 4 H), 7.42–7.44 (m, 5 H) ppm. 13C{1H}
NMR (CDCl3, 125 MHz): δ = 14.01 (CH3), 24.26 (CH2), 29.47
(CH2), 33.53 (CH2), 43.18 (CH), 47.16 (CH2), 55.03 (CH3), 60.56
(CH2), 113.52 (2 CH), 125.44 (CH), 126.39 (2 CH), 128.52 (C),
128.94 (3 CH), 130.72 (2 CH), 135.66 (C), 139.14 (C), 158.92 (C),
173.46 (C), 173.53 (C) ppm. IR (ATR): ν̃ = 2936 (m), 2861 (w),
1729 (vs), 1650 (vs), 1511 (vs), 1444 (s), 1396 (s), 1302 (vs), 1245
(s), 1176 (s), 1032 (m), 848 (s), 772 (vs), 699 (vs) cm–1. MS (EI,
70 eV), m/z (%): 393 (17) [M+], 365 (3), 320 (2), 279 (4), 244 (2),
167 (6), 149 (16), 121 (100). C24H27NO4 (393.19): calcd. C 73.26,
H 6.92, N 3.56; found C 73.08, H 7.09, N 3.30.

Ethyl 1-[2-(tert-Butyloxycarbonyl)ethyl]-8-oxo-2-phenyl-1,4,5,6,7,8-
hexahydroazocine-4-carboxylate (4af): According to the procedure
given for compound 4aa a mixture of ester 1a (500 mg, 1.81 mmol),
amine 2f (1.31 g, 9.03 mmol, 5 equiv.), and Bi(NO3)3·5H2O (88 mg,
0.18 mmol, 0.1 equiv.) in THF (4 mL) was stirred for 2 d at 70 °C.
Preparative chromatography using HPLC gave compound 4af
(298 mg, 735 µmol, 41%) as a yellowish oil. 1H NMR ([D6]DMSO,
400 MHz): δ = 1.23 (t, J = 7.1 Hz, 3 H), 1.33 (s, 9 H), 1.36–1.44
(m, 1 H), 1.48–1.61 (m, 1 H), 1.82–1.91 (m, 1 H), 2.08 (dd, J =
4.1 Hz, J = 13.7 Hz, 1 H), 2.21–2.41 (m, 4 H), 2.79–2.86 (m, 1 H),
2.91 (t, J = 9.9 Hz, 1 H), 4.13 (m, 3 H), 6.03 (d, J = 9.7 Hz, 1 H),
7.36–7.52 (m, 5 H) ppm. MS (ESI, positive mode), m/z: 402.0 [M
+ H+], 346.3 [M – tBu + H+]. C23H31NO5 (401.50).

Ethyl 1-Cyclohexyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-
carboxylate (4ag): According to the procedure given for compound
4aa a mixture of ester 1a (500 mg, 1.84 mmol), amine 2g (1.82 g,
18.4 mmol, 10 equiv.), and Bi(NO3)3·5H2O (89 mg, 0.18 mmol,
0 .1 equiv. ) in THF (3 mL) was st ir red for 4 d at 100 °C.
Chromatography on basic Al2O3 [PE/EA, 5:1, Rf(SiO2) = 0.12] gave
compound 4ag (259 mg, 731 µmol, 40 %) as a yellowish oil. 1H
NMR (CDCl3, 500 MHz): δ = 1.02–1.09 (m, 1 H), 1.16–1.26 (m, 3
H), 1.29 (t, J = 7.2 Hz, 3 H), 1.39–1.51 (m, 3 H), 1.57 (d, J =
13.2 Hz, 1 H), 1.66–1.75 (m, 3 H), 1.78–1.87 (m, 1 H), 1.97–2.00
(m, 1 H), 2.13 (dd, J = 13.8 Hz, J = 5.5 Hz, 1 H), 2.42–2.51 (m, 2
H), 3.07 (t, J = 10.5 Hz, 1 H), 4.09–4.15 (m, 1 H), 4.17–4.22 (m, 2
H), 5.96 (d, J = 9.6 Hz, 1 H), 7.35–7.38 (m, 5 H) ppm. 13C{1H}
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NMR (CDCl3, 125 MHz): δ = 14.15 (CH3), 24.40 (CH2), 25.33
(CH2), 25.98 (CH2), 26.02 (CH2), 29.52 (CH2), 30.08 (CH2), 31.60
(CH2), 34.09 (CH2), 43.78 (CH), 55.84 (CH), 60.94 (CH2), 126.33
(2 CH), 127.04 (CH), 128.43 (2 CH), 128.63 (CH), 138.52 (C),
139.78 (C), 173.64 (C), 173.70 (C) ppm. IR (ATR): ν̃ = 2931 (m),
2856 (w), 1731 (vs), 1645 (vs), 1445 (s), 1366 (s), 1176 (s), 1027 (m),
881 (m), 698 (s) cm–1. MS (EI, 70 eV), m/z (%): 355 (13) [M+], 326
(8), 282 (18), 273 (100), 227 (9), 200 (39), 172 (14), 157 (11), 104
(23). C22H29NO3 (355.48): calcd. C 74.33, H 8.22, N 3.94; found C
74.08, H 8.61, N 3.69.

Benzyl 1-Benzyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-car-
boxylate (4bc): According to the procedure given for compound
4aa a mixture of ester 1b (200 mg, 594 µmol), amine 2c (319 mg,
2.97 mmol, 5 equiv.), and Bi(NO3)3·5H2O (60 mg, 120 µmol,
0.2 equiv.) in THF (2 mL) was stirred for 2 d at 70 °C. Chromatog-
raphy on basic Al2O3 [PE/EA, 3:1, Rf(SiO2) = 0.26] gave compound
4bc (182 mg, 427 µmol, 72%) as a yellowish oil. 1H NMR (CDCl3,
500 MHz): δ = 1.29–1.38 (m, 1 H), 1.63 (dq, J = 13.5 Hz, J =
5.9 Hz, 1 H), 1.94–2.02 (m, 2 H), 2.38 (t, J = 10.3 Hz, 1 H), 2.46
(t, J = 12.0 Hz, 1 H), 2.53–2.57 (m, 1 H), 3.61 (part A of an AB
system, J = 13.8 Hz, 1 H), 4.94 (part A of an AB system, J =
12.3 Hz, 1 H), 5.04 (part B of an AB system, J = 12.3 Hz, 1 H),
5.51 (part B of an AB system, J = 13.8 Hz, 1 H), 5.97 (d, J =
9.4 Hz, 1 H), 7.04–7.10 (m, 3 H), 7.16–7.17 (m, 2 H), 7.26–7.27 (m,
3 H), 7.35–7.42 (m, 7 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz):
δ = 24.22 (CH2), 29.47 (CH2), 33.52 (CH2), 43.21 (CH), 47.87
(CH2), 66.40 (CH2), 125.14 (CH), 126.45 (2 CH), 127.44 (CH),
128.15 (2 CH), 128.22 (2 CH), 128.29 (CH), 128.51 (2 CH), 128.99
(2 CH), 129.05 (CH), 129.42 (2 CH), 135.58 (C), 135.76 (C), 136.18
(C), 139.43 (C), 173.30 (C), 173.54 (C) ppm. IR (ATR): ν̃ = 3032
(w), 2938 (m), 2863 (w), 1723 (s), 1651 (s), 1496 (s), 1447 (m), 1397
(s), 1282 (w), 1171 (m), 1077 (m), 760 (s), 699 (s) cm–1. MS (EI,
70 eV), m/z (%): 425 (36) [M+], 396 (8), 334 (10), 306 (26), 262
(9), 91 (100). HRMS (EI, 70 eV): calcd. 425.1991 (for C28H27NO3),
found 425.1991 [M+]. C28H27NO3 (425.52): calcd. C 79.03, H 6.40,
N 3.29; found C 78.58, H 6.24, N 3.28.

Benzyl 1-Allyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-car-
boxylate (4bd): According to the procedure given for compound
4aa a mixture of ester 1b (200 mg, 594 µmol), amine 2d (339 mg,
5.94 mmol, 10 equiv.), and Bi(NO3)3·5H2O (30 mg, 60 µmol,
0.1 equiv.) in THF (1 mL) was stirred for 4 d at 70 °C. Chromatog-
raphy on basic Al2O3 [PE/EA, 2:1, Rf(SiO2) = 0.28] gave compound
4bd (86 mg, 230 µmol, 39%) as a yellowish oil. 1H NMR (CDCl3,
300 MHz): δ = 1.39–1.53 (m, 1 H), 1.72–1.88 (m, 1 H), 1.96–2.06
(m, 1 H), 2.17 (dd, J = 5.1 Hz, J = 13.9 Hz, 1 H), 2.41–2.57 (m, 2
H), 3.05 (t, J = 10.3 Hz, 1 H), 3.23 (dd, J = 8.1 Hz, J = 14.2 Hz,
1 H), 4.73 (dd, J = 5.7 Hz, J = 14.1 Hz, 1 H), 4.93–5.01 (m, 2 H),
5.18 (s, 2 H), 5.77 (dddd, J = 5.8 Hz, J = 8.0 Hz, J = 10.1 Hz, J =
16.9 Hz, 1 H), 6.05 (d, J = 9.5 Hz, 1 H), 7.32–7.41 (m, 10 H) ppm.
13C{1H} NMR (CDCl3, 75 MHz): δ = 24.11 (CH2), 29.47 (CH2),
33.48 (CH2), 43.74 (CH), 47.49 (CH2), 66.65 (CH2), 119.23 (CH2),
124.47 (CH), 126.35 (2 CH), 127.91 (2 CH), 128.30 (CH), 128.59
(2 CH), 128.86 (2 CH), 129.02 (CH), 131.68 (CH), 135.56 (C),
135.58 (C), 139.95 (C), 173.54 (C), 173.67 (C) ppm. IR (ATR): ν̃
= 3032 (w), 2931 (m), 2861 (w), 1733 (s), 1650 (s), 1445 (s), 1394
(s), 1307 (m), 1258 (m), 1171 (s), 1151 (s), 1080 (m), 996 (m), 923
(m) cm–1. MS (EI, 70 eV), m/z (%): 375 (80) [M+], 346 (15), 306
(31), 240 (35), 212 (31), 157 (21), 144 (33), 91 (100), 41 (30).
C24H25NO3 (375.47): calcd. C 76.77, H 6.71, N 3.73; found C
76.43, H 6.97, N 4.02.

Benzyl 1-(4-Methoxybenzyl)-8-oxo-2-phenyl-1,4,5,6,7,8-hexahy-
droazocine-4-carboxylate (4be): According to the procedure given
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for compound 4aa a mixture of ester 1b (200 mg, 594 µmol), amine
2e (803 mg, 5.94 mmol, 10 equiv.), and Bi(NO3)3·5H2O (30 mg,
60 µmol, 0.1 equiv.) in THF (2 mL) was stirred for 3 d at 70 °C.
Chromatography on basic Al2O3 [PE/EA, 3:1, Rf(SiO2) = 0.13] gave
compound 4be (31 mg, 79 µmol, 13%) as a yellowish oil. 1H NMR
(CDCl3, 300 MHz): δ = 1.26–1.40 (m, 1 H), 1.64–1.80 (m, 1 H),
1.91–2.03 (m, 1 H), 2.37–2.57 (m, 2 H), 3.58 (part A of an AB
system, J = 13.8 Hz, 1 H), 3.66 (s, 3 H), 3.72–3.81 (m, 2 H), 5.01
(s, 2 H), 5.40 (part B of an AB system, J = 13.8 Hz, 1 H), 5.98 (d,
J = 9.4 Hz, 1 H), 6.67–6.70 (m, 2 H), 7.10–7.14 (m, 2 H), 7.25–
7.43 (m, 10 H) ppm. 13C{1H} NMR (CDCl3, 75 MHz): δ = 24.22
(CH2), 29.44 (CH2), 33.55 (CH2), 43.20 (CH), 47.32 (CH2), 55.09
(CH3), 66.40 (CH2), 113.59 (2 CH), 125.08 (CH), 126.44 (2 CH),
127.85 (2 CH), 128.22 (CH), 128.57 (2 CH), 128.92 (CH), 128.96
(2 CH), 129.49 (C), 130.37 (C), 130.71 (2 CH), 135.63 (C), 139.49
(C), 158.95 (C), 173.38 (C), 173.52 (C) ppm. IR (ATR): ν̃ = 2935
(m), 1733 (s), 1650 (s), 1511 (vs), 1445 (m), 1396 (m), 1301 (s), 1244
(s), 1173 (s), 1031 (m), 915 (w), 821 (w), 734 (m), 697 (s) cm–1. MS
(EI, 70 eV), m/z (%): 455 (13) [M+], 427 (2), 121 (100) [C8H9O+],
91 (6). C29H29NO4 (455.55): calcd. C 76.46, H 6.42, N 3.07; found
C 76.45, H 6.61, N 3.23.

2-(Methylthio)ethyl 1-Benzyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahy-
droazocine-4-carboxylate (4cc): According to the procedure given
for compound 4aa a mixture of ester 1c (200 mg, 624 µmol), amine
2c (669 mg, 6.24 mmol, 10 equiv.), and Bi(NO3)3·5H2O (15 mg,
30 µmol, 0.05 equiv.) in THF (1.5 mL) was stirred for 2 d at 70 °C.
Chromatography on basic Al2O3 [PE/EA, 2:1, Rf(SiO2) = 0.23] gave
compound 4cc (56 mg, 140 µmol, 23%) as a yellowish oil. 1H NMR
(CDCl3, 500 MHz): δ = 1.26–1.40 (m, 1 H), 1.58–1.82 (m, 1 H),
1.94–2.04 (m, 2 H), 2.14 (s, 3 H), 2.34 (t, J = 10.2 Hz, 1 H), 2.42–
2.55 (m, 2 H), 2.59–2.64 (m, 2 H), 3.62 (part A of an AB system,
J = 13.7 Hz, 1 H), 4.08–4.14 (m, 2 H), 5.48 (part B of an AB
system, J = 13.7 Hz, 1 H), 5.96 (d, J = 9.5 Hz, 1 H), 7.21–7.43 (m,
10 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ = 15.72 (CH3),
24.25 (CH2), 29.44 (CH2), 32.44 (CH2), 33.53 (CH2), 43.20 (CH),
47.86 (CH2), 62.90 (CH2), 125.12 (CH), 126.46 (2 CH), 127.41
(CH), 128.26 (2 CH), 129.00 (2 CH), 129.07 (CH), 129.57 (2 CH),
135.56 (C), 136.31 (C), 139.38 (C), 173.26 (C), 173.56 (C) ppm. IR
(ATR): ν̃ = 3029 (w), 2936 (m), 2861 (w), 1731 (vs), 1650 (vs), 1493
(vs), 1445 (s), 1396 (s), 1305 (m), 1172 (s), 1001 (m), 930 (w), 759
(vs), 699 (vs), 631 (s) cm–1. MS (EI, 70 eV), m/z (%): 409 (7) [M+],
335 (15), 318 (21), 290 (13), 91 (100). HRMS (EI, 70 eV): calcd.
409.1712 (for C24H27NO3S), found 409.1712 [M+].

2-(Methylthio)ethyl 1-Allyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahy-
droazocine-4-carboxylate (4cd): According to the procedure given
for compound 4aa a mixture of ester 1c (200 mg, 624 µmol), amine
2d (356 mg, 6.24 mmol, 10 equiv.), and Bi(NO3)3·5H2O (30 mg,
60 µmol, 0.1 equiv.) in THF (1.5 mL) was stirred for 2 d at 70 °C.
Chromatography on basic Al2O3 [PE/EA, 2:1, Rf(SiO2) = 0.25] gave
compound 4cd (106 mg, 295 µmol, 47 %) as a yellowish oil. 1H
NMR (CDCl3, 300 MHz): δ = 1.39–1.54 (m, 1 H), 1.73–1.89 (m, 2
H), 1.98–2.03 (m, 1 H), 2.17 (s, 3 H), 2.41–2.53 (m, 2 H), 2.73–2.78
(m, 2 H), 3.00 (t, J = 9.7 Hz, 1 H), 3.25 (dd, J = 7.9 Hz, J =
14.5 Hz, 1 H), 4.29–4.34 (m, 2 H), 4.73 (dd, J = 5.8 Hz, J =
14.2 Hz, 1 H), 5.03 (dd, J = 17.1 Hz, J = 10.0 Hz, 2 H), 5.78 (dddd,
J = 17.0 Hz, J = 10.1 Hz, J = 7.9 Hz, J = 6.1 Hz, 1 H), 6.06 (d, J
= 9.4 Hz, 1 H), 7.38 (s, 5 H) ppm. 13C{1H} NMR (CDCl3,
75 MHz): δ = 15.78 (CH3), 24.15 (CH2), 29.67 (CH2), 32.67 (CH2),
33.49 (CH2), 43.73 (CH), 47.54 (CH2), 63.29 (CH2), 119.19 (CH2),
124.41 (CH), 126.36 (2 CH), 128.85 (2 CH), 129.01 (CH), 131.74
(CH), 135.59 (C), 139.94 (C), 173.56 (C), 173.64 (C) ppm. IR
(ATR): ν̃ = 3029 (w), 2936 (m), 2861 (w), 1731 (vs), 1650 (vs), 1493
(s), 1445 (s), 1396 (s), 1305 (m), 1172 (s), 1074 (m), 1001 (w), 877
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(w), 759 (vs), 699 (vs) cm–1. MS (EI, 70 eV), m/z (%): 359 (7) [M+],
330 (8), 312 (10), 285 (21), 256 (6), 240 (22), 212 (23), 157 (12), 144
(28), 75 (100). C20H25NO3S (359.48): calcd. C 66.82, H 7.01, N
3.90; found C 66.49, H 7.02, N 3.90.

2-(Methylthio)ethyl 1-(4-Methoxybenzyl)-8-oxo-2-phenyl-
1,4,5,6,7,8-hexahydroazocine-4-carboxylate (4ce): According to the
procedure given for compound 4aa a mixture of ester 1c (200 mg,
624 µmol), amine 2e (856 mg, 6.24 mmol, 10 equiv.), and Bi(NO3)3·
5H2O (30 mg, 60 µmol, 0.1 equiv.) in THF (2 mL) was stirred for
3 d at 70 °C. Chromatography on basic Al2O3 [PE/EA, 5:1,
Rf(SiO2) = 0.09] gave compound 4ce (129 mg, 293 µmol, 47%) as
a yellowish oil. 1H NMR (CDCl3, 500 MHz): δ = 1.29–1.37 (m, 1
H), 1.69–1.78 (m, 1 H), 1.95–2.02 (m, 2 H), 2.14 (s, 3 H), 2.31 (t,
J = 10.3 Hz, 1 H), 2.42–2.47 (m, 1 H), 2.52–2.55 (m, 1 H), 2.62 (t,
J = 7.1 Hz, 2 H), 3.57 (part A of an AB system, J = 13.8 Hz, 1 H),
3.76 (s, 3 H), 4.09–4.16 (m, 2 H), 5.43 (part B of an AB system, J
= 13.8 Hz, 1 H), 5.97 (d, J = 9.4 Hz, 1 H), 6.74–7.14 (m, 4 H),
7.41–7.44 (m, 5 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ =
15.64 (CH3), 24.22 (CH2), 29.40 (CH2), 32.25 (CH2), 33.51 (CH2),
43.13 (CH), 47.15 (CH2), 55.11 (CH3), 62.90 (CH2), 113.56 (2 CH),
125.14 (CH), 126.42 (2 CH), 128.53 (C), 128.96 (2 CH), 129.02
(CH), 130.77 (2 CH), 135.56 (C), 139.27 (C), 158.89 (C), 173.32
(C), 173.48 (C) ppm. IR (ATR): ν̃ = 2934 (m), 2835 (w), 1731 (vs),
1649 (s), 1511 (vs), 1444 (s), 1396 (s), 1302 (s), 1244 (s), 1173 (s),
1032 (s), 974 (m), 918 (m), 771 (vs), 699 (vs) cm–1. MS (EI, 70 eV),
m/z (%): 439 (12) [M+], 368 (4), 318 (3), 121 (100), 91 (2).
C25H29NO4S (439.61): calcd. C 68.30, H 6.65, N 3.18; found C
68.57, H 6.73, N 3.29.

Ethyl 1-Butyl-2-(4-methoxyphenyl)-8-oxo-1,4,5,6,7,8-hexahydroazo-
cine-4-carboxylate (4da): According to the procedure given for
compound 4aa a mixture of ester 1d (117 mg, 365 µmol), amine 2a
(133 mg, 1.83 mmol, 5 equiv.), and Bi(NO3)3·5H2O (8.9 mg,
18 µmol, 0.05 equiv.) in THF (1 mL) was stirred for 1 h at 100 °C in
a microwave oven. Preparative chromatography using HPLC gave
compound 4da (28 mg, 77 µmol, 21%) as a colorless oil. 1H NMR
([D6]DMSO, 400 MHz): δ = 0.78 (t, J = 7.3 Hz, 3 H), 1.12–1.60
(m, 9 H), 1.91–1.95 (m, 1 H), 2.05 (dd, J = 4.5 Hz, J = 13.5 Hz, 1
H), 2.30–2.33 (m, 2 H), 2.53–2.59 (m, 1 H), 2.84 (t, J = 10.1 Hz, 1
H), 3.78 (s, 3 H), 3.91–3.98 (m, 1 H), 4.13 (q, J = 7.0 Hz, 2 H),
5.82 (d, J = 9.6 Hz, 1 H), 6.96–7.00 (m, 2 H), 7.27–7.31 (m, 2 H)
ppm. MS (ESI, positive mode), m/z: 360.2 [M + H+]. C21H29NO4

(359.46). In a second fraction, the byproduct 5 was isolated (42 mg,
82 µmol, 22%, 70% purity) as an impure material. 1H NMR ([D6]
DMSO, 400 MHz): δ = 0.89 (t, J = 7.2 Hz, 3 H), 1.12 (t, J = 7.7 Hz,
3 H), 1.27–1.37 (m, 3 H), 1.45–1.57 (m, 3 H), 1.94–2.01 (m, 3 H),
2.39–2.46 (m, 2 H), 2.57–2.60 (m, 1 H), 2.74–2.82 (m, 2 H), 3.84
(s, 3 H), 4.13 (q, J = 7.1 Hz, 2 H), 7.01–7.04 (m, 2 H), 7.89–7.92
(m, 2 H) ppm. MS (ESI, positive mode), m/z: 360.2 [M + H+].
C21H29NO4 (359.46).

Ethyl 1-Methyl-2-(4-methoxyphenyl)-8-oxo-1,4,5,6,7,8-hexahy-
droazocine-4-carboxylate (4db): According to the procedure given
for compound 4aa a mixture of ester 1d (750 mg, 2.34 mmol),
amine 2b (364 mg, 11.7 mmol, 5 equiv., 5.85 mL of a solution in
THF, c = 2 mol dm–3), and Bi(NO3)3·5H2O (114 mg, 234 µmol,
0.1 equiv.) was stirred for 3 d at 80 °C. Preparative chromatography
using HPLC gave compound 4db (379 mg, 1.18 mmol, 51%) as a
green solid. 1H NMR ([D6]DMSO, 400 MHz): δ = 1.22 (t, J =
7.2 Hz, 3 H), 1.35–1.45 (m, 1 H), 1.50–1.62 (m, 1 H), 1.92–1.97 (m,
1 H), 2.06 (dd, J = 4.7 Hz, J = 13.6 Hz, 1 H), 2.31–2.34 (m, 2 H),
2.78 (s, 3 H), 2.80 (t, J = 10.5 Hz, 1 H), 3.78 (s, 3 H), 4.13–4.15
(m, 2 H), 5.84 (d, J = 9.8 Hz, 1 H), 6.97–7.00 (m, 2 H), 7.28–7.32
(m, 2 H) ppm. MS (ESI, positive mode), m/z: 318.2 [M + H+].
C18H23NO4 (317.38).
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Ethyl 1-Benzyl-2-(4-methoxyphenyl)-8-oxo-1,4,5,6,7,8-hexahy-
droazocine-4-carboxylate (4dc): According to the procedure given
for compound 4aa a mixture of ester 1d (750 mg, 2.34 mmol),
amine 2c (1.25 g, 11.7 mmol, 5 equiv.), and Bi(NO3)3·5H2O
(114 mg, 234 µmol, 0.1 equiv.) in THF (5 mL) was stirred for 3 d
at 70 °C. Preparative chromatography using HPLC gave compound
4dc (314 mg, 758 µmol, 32%) as a brownish oil. 1H NMR ([D6]-
DMSO, 400 MHz): δ = 1.14 (t, J = 7.1 Hz, 3 H), 1.23–1.33 (m, 1
H), 1.44–1.52 (m, 1 H), 1.81–1.92 (m, 1 H), 2.16 (t, J = 11.0 Hz, 1
H), 2.30–2.40 (m, 2 H), 3.55 (part A of an AB system, J = 13.9 Hz,
1 H), 3.74–3.85 (m, 1 H), 3.80 (s, 3 H), 3.87–4.00 (m, 2 H), 5.27
(part B of an AB system, J = 14.2 Hz, 1 H), 5.77 (d, J = 9.3 Hz, 1
H), 7.03 (d, J = 8.9 Hz, 2 H), 7.10–7.12 (m, 2 H), 7.21–7.26 (m, 3
H), 7.33 (d, J = 8.9 Hz, 2 H) ppm. MS (ESI, positive mode), m/z:
394.2 [M + H+]. C24H27NO4 (393.48).

Ethyl 2-(2-Chlorophenyl)-1-methyl-8-oxo-1,4,5,6,7,8-hexahydroazo-
cine-4-carboxylate (4eb): According to the procedure given for
compound 4aa a mixture of ester 1e (700 mg, 2.15 mmol), amine
2b (334 mg, 10.8 mmol, 5 equiv., 5.4 mL of a solution in THF, c =
2 mol dm–3), and Bi(NO3)3·5H2O (105 mg, 215 µmol, 0.1 equiv.)
was stirred for 3 d at 80 °C. Preparative chromatography using
HPLC gave compound 4eb (319 mg, 981 µmol, 46%) as a greenish
oil. 1H NMR ([D6]DMSO, 400 MHz): δ = 1.22 (t, J = 7.2 Hz, 3
H), 1.37–1.47 (m, 1 H), 1.50–1.61 (m, 1 H), 1.95–2.02 (m, 1 H),
2.08 (dd, J = 4.1 Hz, J = 14.0 Hz, 1 H), 2.38–2.43 (m, 1 H), 2.63–
2.68 (m, 4 H), 2.86 (t, J = 9.9 Hz, 1 H), 4.13 (d, J = 7.1 Hz, 2 H),
5.80 (d, J = 9.3 Hz, 1 H), 7.35–7.46 (m, 3 H), 7.49–7.53 (m, 1 H)
ppm. MS (ESI, positive mode), m/z: 322.1 [M + H+]. C17H20ClNO3

(321.80).

Ethyl 1-Benzyl-2-(2-chlorophenyl)-8-oxo-1,4,5,6,7,8-hexahydroazoc-
ine-4-carboxylate (4ec): According to the procedure given for com-
pound 4aa a mixture of ester 1e (700 mg, 2.15 mmol), amine 2c
(1.15 g, 11.7 mmol, 5 equiv.), and Bi(NO3)3·5H2O (104 mg,
215 µmol, 0.1 equiv.) in THF (5 mL) was stirred for 3 d at 70 °C.
Preparative chromatography using HPLC gave compound 4ec
(467 mg, 1.06 mmol, 49%, 90% purity by LCMS) as a brownish
oil. 1H NMR ([D6]DMSO, 400 MHz): δ = 1.13 (t, J = 7.0 Hz, 3
H), 1.28–1.39 (m, 1 H), 1.46–1.57 (m, 1 H), 1.89–1.97 (m, 2 H),
2.37–2.50 (m, 1 H), 2.68 (t, J = 11.9 Hz, 1 H), 3.46 (part A of an
AB system, J = 13.9 Hz, 1 H), 3.93–4.09 (m, 3 H), 5.15 (part B of
an AB system, J = 14.2 Hz, 1 H), 5.77 (d, J = 9.2 Hz, 1 H), 7.10–
7.55 (m, 9 H) ppm. MS (ESI, positive mode), m/z: 398.1 [M + H+].
C23H24ClNO3 (397.90).

Ethyl 1-Methyl-8-oxo-2-(2-thiazolyl)-1,4,5,6,7,8-hexahydroazocine-
4-carboxylate (4fb): According to the procedure given for com-
pound 4aa a mixture of ester 1f (350 mg, 1.23 mmol), amine 2b
(76 mg, 2.46 mmol, 2 equiv., 1.2 mL of a solution in THF, c =
2 moldm–3), and Bi(NO3)3·5H2O (60 mg, 123 µmol, 0.1 equiv.) in
THF (2.5 mL) was stirred for 2 d at 70 °C. Preparative chromatog-
raphy using HPLC gave compound 4fb (242 mg, 814 µmol, 66%)
as a brownish oil. 1H NMR ([D6]DMSO, 400 MHz): δ = 1.22 (t, J
= 7.3 Hz, 3 H), 1.43–1.64 (m, 2 H), 1.94–1.99 (m, 1 H), 2.09–2.13
(m, 1 H), 2.28–2.35 (m, 2 H), 2.92 (t, J = 10.0 Hz, 1 H), 2.97 (s, 3
H), 4.14 (dq, J = 7.2 Hz, J = 2.3 Hz, 2 H), 6.57 (d, J = 9.7 Hz, 1
H), 7.82 (d, J = 3.2 Hz, 1 H), 7.91 (d, J = 3.2 Hz, 1 H) ppm. MS
(ESI, positive mode), m/z: 295.2 [M + H+]. C14H18N2O3S (294.36).

Ethyl 1-Benzyl-8-oxo-2-(2-thiazolyl)-1,4,5,6,7,8-hexahydroazocine-
4-carboxylate (4fc): According to the procedure given for com-
pound 4aa a mixture of ester 1f (400 mg, 1.41 mmol), amine 2c
(754 mg, 7.04 mmol, 5 equiv.), and Bi(NO3)3·5H2O (68 mg,
141 µmol, 0.1 equiv.) in THF (4.5 mL) was stirred for 3 d at 70 °C.
Preparative chromatography using HPLC gave compound 4fc
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(129 mg, 345 µmol, 25%) as a yellowish oil. 1H NMR ([D6]DMSO,
400 MHz): δ = 1.11 (t, J = 7.1 Hz, 3 H), 1.95–2.15 (m, 3 H), 2.39–
2.45 (m, 2 H), 2.54–2.61 (m, 1 H), 3.43 (part A of an AB system,
J = 18.7 Hz, 1 H), 3.91 (part B of an AB system, J = 18.8 Hz, 1
H), 4.04–4.09 (m, 4 H), 7.36–7.47 (m, 5 H), 8.15 (d, J = 3.1 Hz, 1
H), 8.23 (d, J = 3.1 Hz, 1 H) ppm. MS (ESI, positive mode), m/z:
371.3 [M + H]. C20H22N2O3S (370.46).

Ethyl 1-Butyl-8-oxo-2-(4-pyridyl)-1,4,5,6,7,8-hexahydroazocine-4-
carboxylate (4ga): According to the procedure given for compound
4aa a mixture of ester 1g (100 mg, 360 µmol), amine 2a (132 mg,
1.80 mmol, 5 equiv.), and Bi(NO3)3·5H2O (17 mg, 36 µmol,
0.1 equiv.) in THF (1 mL) was stirred for 4 d at 70 °C. Preparative
chromatography using HPLC gave compound 4ga (59 mg,
161 µmol, 45%, 90% purity by LCMS) as a brownish oil. 1H NMR
([D6]DMSO, 400 MHz): δ = 0.84 (t, J = 7.3 Hz, 3 H), 1.10–1.62
(m, 9 H), 1.91–1.97 (m, 1 H), 2.06–2.13 (m, 1 H), 2.17–2.25 (m, 1
H), 2.32–2.37 (m, 1 H), 2.53–2.58 (m, 1 H), 2.93 (t, J = 10.1 Hz, 1
H), 3.91–3.98 (m, 1 H), 4.15 (q, J = 7.0 Hz, 2 H), 6.43 (d, J =
9.7 Hz, 1 H), 7.60 (d, J = 6.4 Hz, 2 H), 8.70 (d, J = 6.3 Hz, 2 H)
ppm. MS (ESI, positive mode), m/z: 331.2 [M + H+]. C19H26N2O3

(330.42).

1-Butyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-carboxylic
Acid (8a): An aqueous LiOH solution (1 mL, c = 2 moldm–3) was
added to a solution of 4aa (50 mg, 144 µmol) in ethanol (1 mL)
and the resulting mixture was stirred for 30 min at 70 °C in a micro-
wave oven. Preparative chromatography using HPLC gave com-
pound 8a (42 mg, 140 µmol, 97%) as a colorless solid. 1H NMR
([D6]DMSO, 400 MHz): δ = 0.77 (t, J = 7.5 Hz, 3 H), 1.10–1.44
(m, 5 H), 1.51–1.61 (m, 1 H), 1.91–1.97 (m, 1 H), 2.07 (dd, J =
4.8 Hz, J = 13.9 Hz, 1 H), 2.27–2.36 (m, 2 H), 2.51–2.58 (m, 1 H),
2.80 (t, J = 10.0 Hz, 1 H), 3.91–3.98 (m, 1 H), 5.99 (d, J = 9.3 Hz,
1 H), 7.35–7.45 (m, 5 H), 12.5 (br. s, 1 H) ppm. 13C{1H} NMR
([D6]DMSO, 100 MHz): δ = 13.6 (CH3), 19.7 (CH2), 23.8 (CH2),
28.9 (CH2), 29.1 (CH2), 33.0 (CH), 43.3 (CH2), 43.6 (CH2), 124.7
(CH), 125.9 (2 CH), 128.8 (CH), 128.9 (2 CH), 135.5 (C), 139.3
(C), 172.7 (C), 174.5 (C) ppm. IR (ATR): ν̃ = 3100 (w, very broad),
2933 (m), 2863 (w), 1724 (s), 1643 (vs), 1601 (vs), 1446 (m), 1401
(m), 1383 (m), 1175 (vs), 1155 (vs), 1083 (w), 960 (w), 866 (w), 771
(s), 698 (vs), 669 (m) cm–1. MS (ESI, negative mode), m/z: 300.1
[M – H+]. HRMS (ESI, positive mode): calcd. 302.1756 (for
C18H24NO3), found 302.1754 [M + H+]. C18H23NO3 (301.38).

1-Benzyl-8-oxo-2-phenyl-1,4,5,6,7,8-hexahydroazocine-4-carboxylic
Acid (8b): An aqueous LiOH solution (3 mL, c = 3 moldm–3) was
added to a solution of 4ac (525 mg, 1.43 mmol) in ethanol (2 mL)
and the resulting mixture was stirred for 30 min at 70 °C in a micro-
wave oven. Preparative chromatography using HPLC gave com-
pound 8b (238 mg, 674 µmol, 47%) as a colorless solid. 1H NMR
([D6]DMSO, 400 MHz): δ = 1.23–1.34 (m, 1 H), 1.46–1.62 (m, 1
H), 1.91–1.94 (m, 2 H), 2.21 (d, J = 10.1 Hz, 1 H), 2.31–2.43 (m,
2 H), 3.58 (part A of an AB system, J = 14.0 Hz, 1 H), 5.24 (part
B of an AB system, J = 13.9 Hz, 1 H), 5.94 (d, J = 9.6 Hz, 1 H),
7.10–7.12 (m, 2 H), 7.18–7.25 (m, 3 H), 7.38–7.49 (m, 5 H), 12.20
(br. s, 1 H) ppm. 13C{1H} NMR ([D6]DMSO, 100 MHz): δ = 24.0
(CH2), 29.2 (CH2), 33.0 (CH), 42.8 (CH2), 47.4 (CH2), 125.5 (CH),
126.1 (2 CH), 127.3 (CH), 128.1 (2 CH), 128.6 (2 CH), 128.82 (2
CH), 128.85 (CH), 135.4 (C), 136.4 (C), 138.4 (C), 172.7 (C), 174.1
(C) ppm. IR (ATR): ν̃ = 3100 (w, very broad), 3056 (w), 3030 (w),
2937 (w), 2857 (w), 1723 (m), 1648 (m), 1601 (m), 1446 (m), 1389
(w), 1175 (s), 1153 (s), 1099 (w), 1076 (w), 978 (w), 866 (w), 758
(s), 697 (vs) cm–1. MS (ESI, negative mode), m/z: 334.2 [M – H+].
HRMS (ESI, positive mode): calcd. 336.1600 (for C21H22NO3),
found 336.1599 [M + H+]. C21H21NO3 (335.40).
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