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Abstract—Tetrahydropyrrolo[3,2-c ]pyridines (THPP) upon the reaction with DMAD in acetonitrile or DMSO at rt underwent
ring expansion, affording tetrahydropyrrolo[2,3-d ]azocines; these latter compounds have not previously been reported in the
literature. The crystal structure and conformation of these derivatives was established by X-ray crystallography. © 2002 Published
by Elsevier Science Ltd.

The only example of the pyrrolo[2,3-d ]azocine system
described in the literature is a tricyclic pyrrolo[3,2-f ]-
morphan 1 (Scheme 1), synthesized via acid-induced
intramolecular cyclization of a 2-(2-pyrrolylmethyl)-
tetrahydropyridine.1 Meanwhile, pyrrole-containing
macrocyclic compounds are of great interest not only
from a theoretical viewpoint (synthesis, reactivity, stereo-
chemistry, etc.), but also for their biological activity.2,3

We have recently reported an unusual cleavage process
of tetrahydropyrrolo[3,2-c ]pyridine (THPP) derivatives
2–4 under the action of the dimethyl acetylene
dicarboxylate (DMAD) in anhydrous THF at rt leading
to �-vinylpyrroles in moderate yields.4 Taking into
account the lack of availability of these compounds and
their possible use in the synthesis of more elaborate
substrates, we have undertaken further efforts aimed at
the optimization of the reaction conditions.

The reaction of the THPP derivatives 2–4 with DMAD
in anhydrous acetonitrile or DMSO in both cases led to
the formation of the expected 3-vinylpyrroles 5–7 in
15–25% yields. In all cases, the second products isolated
were the corresponding tetrahydropyrrolo[2,3-d ]azo-
cines 8–10 (20–35% yields). We presume that the
reaction proceeds via the intermediate zwitterion A,
resulting from the Michael addition of the tertiary
nitrogen to DMAD (Scheme 2). Intramolecular attack
of the resulting anion on the 4-CH3 group (pathway a)
leads to the corresponding vinylpyrroles, while the
alternative nucleophilic attack on the C-4 position
(pathway b) results in pyrrolo[2,3-d ]azocine formation.
In order to determine whether this reaction is general
for all THPP derivatives, we have applied the synthetic
protocol5 to the THPP 11, having an unsubstituted
piperidine ring. The corresponding pyrrolo[2,3-d ]-
azocine 12 was isolated in 42% yield (Scheme 3).

Proton and 13C NMR spectra of compounds 8,6 9,7 108

and 129 in CDCl3 showed the presence of only one
isomer. However, it was difficult to determine the rela-
tive positions of the methyl groups for compounds 8–10
due to the absence of the standard NMR information
for this class of compound.

In order to gain more information about the structure,
compound 9 was studied by X-ray diffraction of a
suitable monocrystal which was obtained by recrystal-
lization from ethyl acetate by slow evaporation at room

Scheme 1.
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Scheme 2.

collection in � at 0.3° scan width with 606, 435 and 230
frames (�=0, 90 and 180°) at a detector distance of 4.0
cm. A total of 5823 reflections (1.5<�<30.0°) were
collected of which 3094 were unique (Rint=0.0239). The
structure was solved with the program SHELXS-9711

and refined using SHELXL-9712 to R1=0.055 and
wR(F2)=0.1293 for 2104 reflections with I>2�(I);
max.�min. residual electron density 0.237 and −0.211 e
A� −3. All non-hydrogen atoms were refined with
anisotropic thermal parameters. The hydrogen atoms
bonded to carbon were included in geometrical posi-
tions and gave thermal parameters equivalent to 1.2
times those of the atom to which they were attached.

The refined X-ray crystal structure of 9 is shown in Fig.
1. Crystallographic data (excluding structure factors)
for compound 9 have been deposited with the Cam-
bridge Crystallographic Data Centre as supplementary
publication number CCDC 185997. The conformation
of the eight-membered ring is a twisted bath, in which
the C(3), C(4), N(2) and C(7) atoms are almost copla-
nar, whilst the C(5), C(6), C(8) and C(9) atoms are
located in the same direction from this plane within
0.69, 1.09, 0.45 and 0.79 A� , respectively. The N(2)�C(7)
bond is shorter, than the N(2)�C(6) bond (1.370 and
1.444 A� , respectively), denoting the presence of conju-
gation in the enamine (N(2)�C(7)�C(8)) fragment.
Molecules in the crystal are oriented by means of
hydrogen bonds N(1)�H···O(1), forming chains along
direction (101).

The 4-CH3 and 9-CH3 groups are in cis-positions,
whilst the starting THPP 3 has been shown to have
trans-di-equatorial methyl groups.13 This observation is
consistent with the proposed reaction mechanism.

In conclusion, we have demonstrated the synthesis of
tetrahydropyrrolo[2,3-d ]azocines via a one-step reaction
from readily available THPP derivatives.14 This reac-
tion, upon optimization, could be regarded as a prepar-
ative method for the synthesis of this new heterocyclic
system. Work aimed at optimization of the reaction
conditions and new cleaving reagents is underway.

Scheme 3.

temperature. Crystal structure analysis for 9:
C18H21F3N2O5, Mr=402.37 g mol−1, monoclinic, space
group P21/n, a=7.300(4), b=23.760(12), c=11.633(6)
A� , �=104.62(1)°, V=1952(2) A� 3, Z=4, �=1.369 g
cm−3, �=0.118 cm−1, F(000)=840, crystal size: 0.25×
0.15×0.08 mm3. Crystal data was collected on a Bruker
AXS SMART 1000 area detector diffractometer10

(three-circle goniometer with 1K CCD detector, MoK
radiation, graphite monochromator; hemisphere data

Figure 1. X-Ray crystal structure of 9.
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