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The cycloaddition reaction of the morpholino enamines of N-methylpiperidone and N-methyl

tropinone with sulfonylazides was exploited, leading to a click-chemistry approach to uncommon
azacycloalkene monosulfonyl diamines in good yields. A computational model for the key step
decomposition of the triazoline intermediate was then realized by DFT calculations. The model
explains the observed reaction outcome and leads to a new interpretation of the decomposition

mechanism for 5-amino-1,2,3-triazolines.

Introduction

Vicinal diamines frequently appear as structural units in organic
molecules of biological and medicinal interest, as well as in
auxiliary groups or ligands for catalytic processes.! Moreover it
was demonstrated that monotosylated diamine complexes of
Ru(11) form highly enantioselective catalysts for ketone reduc-
tions.” In particular, our group is currently interested in synthetic
methodologies to achieve novel sulfonamide derivatives which
have been found useful as potential inhibitors of protein Racl.?

For those reasons, in this paper we describe a facile and
versatile synthetic method to obtain azacycloalkene-monosulfo-
nyl-diamines from accessible starting materials.

Our group studied for a long time cycloaddition reactions and
the subsequent rearrangement of the cycloadducts of aryl and
sulfonyl azides with enamines of various aldehydes and linear or
cyclic ketones.* In particular, when sulfonyl azides were used, the
primary unstable dihydrotriazole cycloadduct underwent a
spontaneous transformation and two main products were
obtained: 2-alkyl-sulfonylamidine 1 by nitrogen loss and C-5
substituent transposition and the sulfonylformamidine 2 by alkyl
diazomethane loss (Scheme 1).

The obtained amidines were extensively used as syntones in
heterocycle synthesis.” Aiming to obtain new synthetically useful
starting materials, a number of carbonylic compounds have been
used. It is known that the nature of the starting carbonyl
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reactant appears to rule the outcome of the reaction, and cyclic
ketones containing a nitrogen atom showed an unexpected
behaviour.® Consequently, one aim of this work was to
thoroughly investigate the behaviour of alkylpiperidones and
tropinones as the carbonylic reactant. Moreover, due to the
peculiar regiochemical results herein obtained, an in-depth
computational study of the reaction mechanism was performed.
The results were in perfect agreement with the experiments and
provided the evidence for a new interpretation of the mechanism
of 5-amino-1,2,3-triazoline decomposition and rearrangement.

Results and discussion

Chemistry

The reaction between morpholino enamine of 1-methyl-4-
piperidone 3 and tosyl azide 4a was initially investigated. By
performing the reaction at room temperature in methylene
dichloride as the solvent, we observed a rapid nitrogen
development, but any attempt to isolate the components of the

Ry Ry Ry
| R3SO5N3 N -N, Ry
RQ\N R1 N
! Ro—N Ra
R ‘ N7 N
2 R, SO2Rg | I
Ro SOsR3
1
- RyCH,N,
Ry
Rz\’TIJ;'TI
R, SO,R,

Scheme 1 General reaction scheme for the cycloaddition of enamines
with sulfonyl azides.
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complex crude mixture failed. Indeed, the crude changed during
the work-up procedures and subsequent chromatography
purification gave discouraging results. The main evidence was
the absence of expected amidine 1 or formamidine 2. Even by
working at lower temperature, comparable results were
obtained. However, starting from freshly distilled enamine in
appropriate conditions of solvent and temperature (i.e. diethyl or
diisopropyl ether, depending on the product’s solubility, and 5—
10 °C) the pure compound 5a precipitated from the solution and
was isolable in good yields. This compound was stable for
several days at room temperature and for several months at 0 °C.
The structure of tosylamide 5a was deduced from the reported
spectroscopic and spectrometric data. Indeed, the molecular
weight supplied by mass analysis showed the loss of nitrogen and
the '"H NMR showed the presence of the tosyl group and two
different multiplets corresponding to the morpholine moiety.
The exchangeable proton, two methyl groups and complex
multiplets in the aliphatic zone were also evident. '*C NMR
spectra showed the presence of three methylene signals and two
quaternary carbons at 129.0 and 126.0 ¢ in addition to the tosyl
and morpholine signals. "H NMR spectra in CDCl; also showed
a complex multiplet at 5.75-5.80 ¢ associated to enaminic CH of
tautomer D (see Scheme 3). However, this characteristic multi-
plet disappeared by changing the NMR solvent to DMSO,
suggesting a stabilization of the 5a form.

Encouraged by those interesting results, we drove to extend
this scheme to other starting materials to verify the reaction
trend and the repeatability of the results. The selected enamines
were the morpholino enamines of 4-methylpiperidone 3 and of
tropinone 6, while the chosen sulfonylazides were tosylazide 4a,
p-nitrosofolylazide 4b, styrylsulfonylazide 4¢, o-nitrosulfonyla-
zide 4d and phenylmethanesulfonylazide 4e (Scheme 2).

In all cases the products were obtained in good yields in
accordance with the proposed scheme. An in-depth study of
NMR HSQC, COSY and NOESY spectra of 7d allowed us to
unequivocally confirm the proposed structure. All signals were
separable and identified in 'H and '*C NMR at 500 and
125 MHz, respectively. So the nOe effect between NCH-1 at
3.49 6 and morpholino CH,N at 2.55 ¢ confirmed the C2
position of morpholine. Another observation was useful to
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explain the reaction steps. When the '*C spectra of a concentrated
solution of 7d (50 mg of 7d in 1 mL of CDCl;) was recorded, the
first 50 scans only showed signals associated with the imino form
C (see Scheme 3). Instead the *C spectra recorded after 10 h of
sample preparation only showed signals associated with the
enamino form 7. This fact suggested the imino form C as the initial
reaction product, which subsequently tautomerizes (Scheme 3).

Computational investigation of the reaction mechanism

Save for a theoretical study for the proton-induced decomposi-
tion of 1,2,3-triazoline and 1-methyl-l,2,3-triazoline,7 to our
knowledge no detailed theoretical studies for the thermal
decomposition and rearrangement of 4- and 5-substituted
triazolines have been reported in the literature. A well
formulated mechanistic hypothesis, although not supported by
theoretical calculations, for the decomposition of bicyclic
triazolines obtained by the reaction of benzylazide with different
enones has been proposed by Aubé and coworkers.®

Although the reported mechanism concerned bicyclic triazo-
lines bearing an alkyl group at the 7a position, its generalization
to the 7-morpholino substituted triazolines herein described, as
depicted in Scheme 4, appears to be legitimate.

Indeed, the triazolines A, through an initial ring opening,
could provide a zwitterion intermediate B which could evolve by
either ring contraction (path a) or [1,2] shift of the morpholino
group (path b) and consequent nitrogen loss. The zwitterion
intermediate could exist in two different conformations, B1 and
B2: while conformer B1 leads to 1-2 bond migration onto the
leaving diazonium group in an antiperiplanar fashion, migration
of the morpholino group in B2 onto the axial diazonium species
results in formation of imine C which could tautomerize to 5 and
D (see Scheme 3).

Previously reported decompositions of triazolines obtained by
the reaction of tosylazide with 4-cyclohexenylmorpholine (X =
CH,),* only provided the ring contraction product 1 (path a).
On the other hand, the herein reported reactions (X = NCHs;)
only provided diamino products 5, 7 (or the corresponding C
and D tautomers) deriving from the migration of the morpholino
group (path b).
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Scheme 2 Reaction scheme for azacycloalkene-monosulfonyl-diamines 5 and 7. Reagents and contitions: (i) Et,O (iPr,O for 5b), 20 °C, 15 min.
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Scheme 3 Tautomeric forms of products 5, 7.

Starting from the results herein reported and considering our
interest in modeling reaction mechanisms,” we decided to
perform a computational mechanistic study by means of
Density Functional Theory (DFT). The mPW1B95 functional,'
coupled with the 6-31+G(d,p) basis set, was chosen for all
calculations as in precedent works of our group it proved to be
highly reliable when compared with other common functio-
nals.”*¢ All calculations have been performed in the gas phase
and in solution, where the solvent effect was considered for both
geometry optimizations and Intrinsic Reaction Coordinates
(IRCs) analyses by means of the conductor-like polarizable
continuum model (CPCM) for diethyl ether.!' Unless differently
specified, the following discussion is referred to solution phase
results.

The decomposition of triazolines Ay (from 1-methylpiperidin-
4-one, hereafter referred as the “aza” model) and Ac (from
cyclohexanone, hereafter referred as the “carbo’ model), where
Ar = Ph, were chosen as representative reaction models. The
following discussion, unless differently specified, refers to both
the “aza” and “carbo” models.

Starting from the mechanistic hypothesis of Scheme 4, we
initially evaluated the difference in stability between zwitterion
conformations B1 and B2 as their energy difference might be
responsible for the observed outcome. However, for both the
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Scheme 4 Stepwise mechanistic hypothesis for bicyclic 1,2,3 triazolines.
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“aza” and ‘“carbo” models, the Bl conformer was the most
favored, being 2.3 and 3.1 kcal mol ™! more stable, respectively.

This result suggests that the reaction outcome might be
controlled at the transition state level, then the relative stability
between transition states for paths « and b could rule the reaction
outcome. For this reason, structures corresponding to triazolines
A, zwitterions B and products 1 and C, were fully optimized.
Starting from the most stable conformation of triazolines A, the
location of the transition states (TSs) leading to zwitterions B
was attempted by slightly lengthening the NI1-N2 bond
distances.

In both the “aza’ and “carbo’ models, the corresponding TS-
An1 and TS-Acl presented N1-N2 and C3a-N3 (dI and 42,
accordingly to Fig. 1), bond distances both increased with
respect to the corresponding distances in triazolines A (Adl =
1.066 A, Ad2 = 0.400 A and Adl = 1.043 A, Ad2 = 0.382 A for
the “aza” and “carbo” models, respectively), thus suggesting
that the nitrogen molecule might be eliminated in a concerted
manner.

To confirm or refuse this hypothesis, an IRC analysis,'> which
locates the lowest energy path connecting reactants to TSs and
TSs to products, was performed starting from TS-Ax1 and TS-
Acl. In both cases the IRC analyses confirmed the direct
transformation of triazolines A into the final products 1 without
the obtainment of any zwitterionic structure that could be
considered a stationary point along the potential energy surface
(PES) (Fig. 2).

This result gives weight to the hypothesis that triazolines
might decompose through a pericyclic mechanism, involving a
sigmatropic [1,2] shift of the alkyl (path a) or morpholino (path
b) groups accompanied by nitrogen loss. The two different paths
a and b would then originate from the conformations Al or A2
of the corresponding triazoline, accordingly to Scheme 5.

It should be noted that, analogously to what is observed for
the hypothesized zwitterion intermediates, conformation Al is
always preferred for triazolines also (AGa>—a; = 3.2 and 1.1 kcal
mol ™! for “aza” and “carbo” models, respectively) and so the
preference toward paths a or b should be exclusively determined
at the transition state level. This hypothesis could be confirmed
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Fig. 1 Geometries for the “aza” and “‘carbo” model TSs. Selected
distances are reported in A, Wiberg bond indices calculated from NBO
analysis are reported in parenthesis.
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Fig. 2 IRC analysis for the decomposition of triazoline Ac (“‘carbo’ model) following path a. Geometries for selected points along the reaction energy
path are also reported. Energies are calculated relatively to the most stable conformation of triazoline Ac.

by locating the TSs involved in path b for both the “aza” and
“carbo” models (TS-An2 and TS-Ac2, respectively). Activation
energies should then favor path b in the former and path a in the
latter model.

Both TS-An2 and TS-Ac2 were obtained from the corre-
sponding triazolines A2 by lengthening the NI1-N2 bond
distance and the evaluation of the corresponding activation free
energies (AAG*,_, = —1.1 and 2.2 kcal mol ™! for the “aza” and
“carbo” models, respectively, accordingly to Table 1) supported
our thesis. As expected, a successive IRC analysis (Fig. 3 and
Fig. S2, ESI}) confirmed that the located TSs directly connect
the triazoline reactants with the imino product C, providing
further evidence of a concerted decomposition.

To provide a complete description of the reaction, the
formation of triazolines Ax and Ac through the 1,3-dipolar
cycloaddition of azide 3 with enamines 4y and 4¢ (for “aza” and
“carbo” models, respectively) was initially modelled (see Fig. S3,
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Scheme 5 Proposed concerted reaction mechanism.

ESIi) and the complete reaction profiles are reported in
Scheme 6.

For both the “aza” and “carbo’ models, the reaction between
enamines 3 and azide 4 occurs with rather low activation free
energy barriers, with the reaction of 1-methyl-4-piperidone 3
being less favoured with respect to the carbocyclic analogue (9.1
and 7.3 kcal mol ™!, respectively) and leads to the corresponding
triazolines with a free energy difference, with respect to isolated
reagents, of —21.0 and —20.2 kcal mol ' for the “aza” and
“carbo” models, respectively, this path being slightly advanta-
gous over the reverse reaction in both cases. The reaction then
proceeds through the triazoline decomposition, taking different
routes for “‘carbo” and ‘“‘aza” models, as described above. In
both cases, quite large activation free energies are computed,
suggesting that the triazoline might not immediately decompose.
In the case of the herein reported compounds 5a-d and 7a—c.e,
this is supported by the experimental observation that nitrogen
starts to be released after about 2 min from the addition of the
azide, while the reaction reaches completion in about 10 min. In
both cases the triazoline decomposition is predicted to be quite
exothermic, with free energy differences of —63.5 and —57.0 kcal
mol ! for the “carbo” and “aza” models. For this latter reaction
path, the imino form C, directly obtained from TS-An2,
tautomerizes to the most stable enamino forms 5 (AGs_c =
—1.6 kcal mol™") and D (AGp_c = —1.2 kcal mol™!, see
Scheme 6). While in Et,O the enamino tautomer 5 prevails over
D (AGs_p = —0.4 kcal mol™"), and exactly the opposite is
predicted by performing the calculation in chloroform (AGp_s5 =
—0.4 kcal mol™"). These results suggest that both 5 and D
enamino forms coexist and their equilibrium can be shifted to
one or to the other depending on conditions.

The lower reaction free energy differences obtained for both
the path a products (Scheme 6) are not surprising, as the

This journal is © The Royal Society of Chemistry 2012
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Fig. 3 Intrinsic Reaction Coordinate analysis for the decomposition of triazolines obtained from the enamines of 4-piperidone (“‘aza’ model) or

cyclohexanone (“‘carbo’ model).

triazoline decomposition is not reversible and a thermodynamic
equilibrium between products is not possible. The outcome
might then only be ruled by the energy differences between
transition states, making the reaction proceed under exclusive
kinetic control.

A further remark should be given on the comparison of
activation and reaction free energies for paths @ and . While the
energy difference between TS-Acl (“carbo” path a) and TS-A2
(“carbo” path b; AGy_, = 2.2 kcal mol ') fully supports the
isolation of 1 as the only product, the difference between TS-An2
(“aza” path b) and TS-An1 (“aza” path a; AG,_, = 1.1 kcal mol )

appears to be too low to suggest the isolation of 5 as the only
product. Indeed, according to the Arrhenius equation, the ratio
between products 1y and Cy;, predicted from computed activation
free energies as [In]/[Cn] = eACHCTAGDRT s 16+ 84. Although
we did not expect to exactly reproduce the complex experimental
results by a computational method (the mean average errors of
some among the most accurate theoretical methods in predicting
activation energies for 1,3-dipolar cycloadditions spanned from
1.2 to 3.5 keal mol™! 13), it is true that 16% of compound 1y
should have been detected by NMR. However, it is also true that
for all the reported reactions the principal product precipitated in
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Scheme 6 Complete reaction profiles for “‘carbo” (black) path a and ““aza’ (blue) path b. Free energy differences are calculated in solution (Et,0) and
reported in kcal mol™!. Free energy differences for the unfavored “carbo” path b and “aza” path a are reported in parenthesis. Thermochemical
corrections were obtained from vibrational analyses performed at 298.15 K, 1 atm.

the reaction mixture and was isolated in about 80% yield, while
byproducts in the mother liquors were not isolable.

Finally, providing a rationale of the computed activation
barriers for “aza’ and “carbo” species has not been trivial. Our
investigation started from two hypotheses on the role of N9, that
is the stabilization of TS-An2 or the destabilization of TS-AnI.
Nevertheless, the visual inspection of TS geometries for paths a
and b of both models evidenced only minor differences,
suggesting that the observed outcome should not be ruled by
one main reason (such as an evident difference in steric
hindrance or the presence of hydrogen bonds at the TS level),
but by the combination of different minor effects. For instance,
Wiberg bond indices (BIs)'* were calculated via NBO' analysis
(see Fig. 1) for TS-Acn1.2. Indeed, the difference between Bls
(Apy) at the TS level can be taken as a measure of the
synchronicity degree, the lower is Ap; the higher is the
synchronicity.”* Such analysis showed that path b TSs were less
synchronous than path a TSs, but a higher variation in
synchronicity was observed when switching from TS-An1 (Ap;
=0.32) to TS-AN2 (A, = 0.53) than from TS-Acl (Ag; = 0.33) to
TS-Ac2 (Ap; = 0.45). This observation was also supported by the
analysis of NBO charges on the leaving N, group (see Fig. S4,
ESIf), showing a higher cationic character in TS-AN2 and TS-
Ac2 (N, charge = 0.219 and 0.176, respectively), than in TS-Ay1
and TS-Acl (N, charge = 0.140 and 0.146, respectively).

The above data help in defining the chemical-physical
variations induced by the replacement of the C5 with a nitrogen,
but a further indication came from an Atom In Molecules
(AIM)16 wavefunction analysis of TS-Anl, -An2, -Acl and
-Ac2, which by locating bond critical points (BCP) and
corresponding bond paths (BP) allows a rigorous identification
of those weak interactions that are otherwise difficult to evidence
(Fig. 4). Indeed, in recently published studies AIM analysis has

been found useful in characterizing TSs leading to competing
reaction paths.!”

As reported in Fig. 4, our analyses show that the replacement
of C5 with N5 induces both a destabilization of TS-Ayn1 with
respect to TS-Acl, where BCP1 defines an additional weak
attractive interaction between the SO, oxygen and the axial C6
hydrogen in the cyclohexane ring, as well as a stabilization of TS-
AN2, where BCP3 defines an additional weak attractive
interaction between the SO, oxygen and the axial C7 hydrogen.
Other differences can be observed between TS-An2 and TS-Ac2,
that are the presence of a BCP between SO, and the CH next to
the morpholine oxygen in TS-An2 (BCP2), not present in TS-
Ac2, which is however characterized by an additional BCP
between SO, and the equatorial C7 hydrogen in the cyclohexane
ring. The values of py, (Fig. 4), which are proportional to the
strength of the interaction,'® at the selected BCPs are in line with
values reported in previous work for an analogous weak
interaction,!” and confirm a clear stabilization effect in TS-
An2. As mentioned above, this analysis is intended to provide a
rationale of the observed experimental outcome, but we cannot
exclude that other reasons could concur in determining the
computed activation barriers.

Seeking for an ultimate proof on the reliability of our
theoretical findings, several attempts for locating transition
states for a stepwise mechanism were also made by evaluating
different levels of theory. However, in every case, TSs from
zwitterions B1 and B2 to products 1 and C were actually located
(TS-Bncl and TS-Bn .2, respectively, see ESIf) but no TSs
connecting triazoline A to zwitterion B were found.

In should be finally considered that the proposed mechanism
is only possible if, at the reaction conditions, an equilibrium
between conformations Al and A2 might be established.
Moreover, the required energy for the conversion between

This journal is © The Royal Society of Chemistry 2012
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Fig. 4 AIM analyses, molecular graphs and bond critical points (BCP) for TSs of path a (TS-An1 and TS-Acl) and path b (TS-AN2 and TS-Ac2).
Bond paths are denoted by solid lines, BCPs are denoted by small red balls on the bond path. Weak interactions which differentiate “aza’ and “carbo”
models are evidenced by a black arrow. The values of py, for selected BCP are reported in a.u.: BCP1, 0.0080; BCP2, 0.0076; BCP3, 0.0129; BCP4,

0.0109.

triazolines Al and A2 should be lower than the reaction
activation energy. In order to prove this, we realized a simple
computational model based on the main scaffold of triazoline A,
accordingly to Scheme 7. The activation energy for the
conformational change between the most stable chair conforma-
tion and the boat intermediate was then calculated by locating
the corresponding TSs (AG* = 6.6 and 6.9 kcal mol™! for the
chair 1 to boat transition and 7.5 and 5.0 kcal mol ™! for the boat
to chair 2 transition in the ‘“aza” and ‘“carbo” models,
respectively), and was far below the activation energy required
for the reaction to proceed via either path a or b (AG* = 28.9 and
27.8 kcal mol ™!, respectively, for the “aza” model), confirming
that an equilibrium between the two triazoline conformations is
possible in the reaction conditions.

Conclusion

A series of new azacycloalkene monosulfonyl diamines 5 and 7
has been efficiently prepared trough a click-chemistry approach
affording the desired products in good yields.

X NH,
m/NHZ TScip TSpe2
N N NH, NH
< NH W X I

N N—NH N=N
chair1 boat chair2

AGT o1 AGcqp AG"peo  AGerco
X=NH 6.6 1.0 7.5 0.9
X=CH, 6.9 1.2 5.0 05

Scheme 7 Chair—twisted boat-reversed chair equilibrium. Activation
and reaction free energy differences are calculated in solution and
reported in kcal mol ™.

The key reaction step, consisting of the decomposition and
rearrangement of the 1,2,3-triazoline intermediate, has been
modeled and compared to the parent carbocyclic derivative,
which only leads to the amidine product through the ring
contraction mechanism. Contrarily to what is expected, the
triazoline decomposition occurs in both cases in a concerted
manner, directly leading to the final products. The reaction is
predicted to be under kinetic control and the selectivity toward
the diamino derivatives can be due to stabilising weak interac-
tions at the TS level, as evidenced by AIM analyses.

Experimental
Theoretical calculations

Reactants 3y, 3¢, 4, An1, An2, Acl, Ac2, zwitterions By1, By2,
Bcl, Be2 and products 1y, 1¢, Cn, Cc, Sy and Dy were obtained
from a conformational search performed in vacuum at the
molecular mechanic level using the MMFF94x force field
implemented in MOE," and subsequently optimized at the
mPW1B95/6-31+G(d,p) level of theory.'® Transition states TS-
3+4n.0, TS-An1, An2, Acl and -Ac2 were then constructed and
fully optimized at the same level of theory. Vibrational
frequencies were computed at the same level of theory in order
to define optimized geometries as minima (no imaginary
frequencies) or TSs (a unique imaginary frequency correspond-
ing to the vibrational stretching of the forming/breaking bonds)
and to calculate zero-point and thermochemical corrections to
electronic energies (1 atm, 298.15 K, unscaled frequencies). In
order to verify that no other minima or TSs were present over the
reaction path, IRC analyses'? were performed at the mPW1B95/
6-31+G(d,p) level starting from TS-An1,An2,Acl and -Ac2,
and requesting the localization of 30 points along each direction
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of the reaction path (forward and reverse) with a step size of 0.2
amu'’? bohr. All calculations were performed in both the gas
phase and in solution, using the CPCM solvent model for diethyl
ether (and chloroform, for tautomeric forms Cy;, 5y and Dy),'! as
implemented in the Gaussian09 software package.’® AIM
analyses'®!® were performed on the wavefunctions obtained from
the CPCM-mPW1B95/6-31+G(d,p) optimized TS-An1,An2,Ac]
and -Ac2 geometries using the AIM2000 software.”!

Chemistry

Mps were determined by a Biichi 510 (capillary) apparatus. IR
was performed with Perkin—Elmer FT-IR ‘Spectrum One’ (KBr),
NMR spectra, performed at 25 °C, were obtained with Bruker
Advance 300, Bruker Advance 500 and Varian Gemini 200
spectrometers in CDCl;. Low-resolution MS spectra were
recorded with a Thermo-Finnigan LCQ ADVANTAGE AP
electrospray/ion trap equipped instrument using a syringe pump
device for the direct injection of sample solutions.

The synthesis of enamine 3a*> and 6> was previously
described.

Synthesis of tosylamides 5 and 7

General Procedure: Enamine 3a and 6 (3 mmol) were dissolved in
20 mL of diethyl ether. The solution was cooled with a cold bath
(5-10 °C) and azide 4a—e (3 mmol) was added. A plentiful
extrication of gas was observed after 2 min. from the addition of
azide and the reaction was ended in 10 min. (TLC ethyl acetate-
cyclohexane 1 : 1). The abundant precipitate was filtered and
dried in vacuum.

4-Methyl-NV-(1-methyl-5-morpholino-1,2,3,6-tetrahydro-pyridin-4-
yl)-benzensulfonamide (5a)

Yield 78%; white solid; mp 109-110 °C (from Et;0). vya/em !
3435 and 3207 (NH). 6y (200 MHz; CDCl;, Me,Si): = 2.24-2.31
(m, 5H, 2CH, + NH), 2.32 (s, 3H, CH5-N), 2.39 (s, 3H, CH3Ph),
2.45-2.49 (m, 4H, CH,-N), 2.82-2.86 (m, 2H, CH»-2), 5.62-5.68
(m, 1H, CH), 7.27 (d, J = 7.0 Hz, 2H, Ar-H), 7.70 (d, 7.0Hz, 2H,
Ar-H) ppm. éc (50 MHz; CDCl;) = 21.7(CH3), 26.2(CH,),
46.0(CH3), 49.9(CH,), 50.4(CH,), 51.8(CH,), 67.4(CH,),126.0
(O), 127.1(CH), 129.0(C), 129.9(C), 137.4(C), 143(C). ml/z 352
(M™). Found: C, 57.9; H, 7.3; N 11.8 calcd. for C;7H,sN;03S C,
58.1; H,7.2; N, 11.9.

4-Nitro-/N-(1-methyl-5-morpholino-1,2,3,6-tetrahydro-pyridin-4-
yl)-benzensolfonamide (5b)

Yield 85%; pale yellow solid; mp 103-104 °C (from iPr,O). v/
cm” ! 3436 and 3283 (NH). oy (200 MHz; CDCl5) = 2.24 (s, 3H,
CH3-N), 2.25-2.38 (m, 6H, 3CH,.s5+p), 2.40-3.08 (m, 3H, CH,-
2-5 + CH,-2p + CHp), 3.58-3.82 (m, 4H, 2CH,0), 5.76-5.81 (m,
1H, CH-5p), 8.06 (d, J = 7.0 Hz, 2H, Ar-H), 8.33 (d, J = 7.0 Hz,
2H, Ar-H) ppm. oy (200 MHz; DMSO) = 2.11 (s, CH3-N),
2.10-2.38 (m, 5H, 2CH,N + CH-3), 3.02-3.09 (m, 1H, CH-3),
3.25-3.63 (m, 8H, 2CH,-O + 2CH,-N), 8.06 (d, J = 7.0 Hz, 2H,
Ar-H), 8.33 (d, J = 7.0 Hz, 2H, Ar-H), 8.68 (sb, 1H, NH) ppm.
dc (50 MHz; CDCls, MeySi) = 26.0 (CH,.5), 45.6 (CH;.p), 45.7
(CHs.s), 49.1 (CH,.5), 50.0 (CH,.5), 50.5 (CH,.p), 51.6 (CH,.5)
56.4 (CH,.p), 57.6 (CH,.p), 61.1 (CH-p), 67.3 (CH,.5+p), 110.7

(CH-p), 124.5 (CH-54p), 125.1 (C-5), 128.4 (CH-s+p), 129.2
(C-p), 129.9 (C-5), 146.4 (C-s54p), 150.4 (C-s54p). m/z 383 (M™).
Found: C, 50.0; H, 5.9; N 14.5 calcd. for C;4H»,N4O5S C, 50.2;
H.5.8; N, 14.6

N-(1-Methyl-5-morpholino-1,2,5,6-tetrahydro-pyridin-4-yl)-2-
phenylethenesolfonamide (S5c)

Yield 83%; white solid; mp 108-109 °C (from Et;O). vimax/cm !
3238 (NH). éy (200 MHz; CDCls, MeySi) = 2.34 (s, 3H, CH3N),
2.24-2.78 (m, 6H, 3CH,N), 2.82-3.05 (m, 2H, CH,N), 3.24-3.38
(m, 1H, CH-3), 3.62-3.78 (m, 4H, CH,0), 5.74-5.79 (m, 1H,
CH-5), 7.82 (d, J = 15.63 Hz, 1H, CHSO,), 7.38-7.50 (m, 4H,
Ar-H), 7.53 (d, J = 15.63 Hz, 1H, CHPh) ppm. Jc (50 MHz;
CDCl;, MesSi) = 45.5 (CHj), 49.1 (CH,), 50.2 (CH,), 53.6
(CH,), 61.1 (CH), 63.4 (CH,), 67.5 (CH,), 108.4 (CH), 124.0
(CH), 128.5 (CH), 129.3 (CH), 129.6 (C), 123.7 (C), 131.1 (CH),
132.7 (C), 142.6(CH). m/z 364 (M™"). Found: C, 59.2; N, 7.0; N,
11.3 caled. for CgH,5sN3;O3S C, 59.5; H, 6.9; N,11.6.

2-Nitro-/N-(1-methyl-5-morpholino-1,2,3,6-tetrahydro-pyridin-4-
yl)-benzensolfonamide (5d)

Yield 87%; pale yellow solid; mp 95-97 °C (from Et;0). vipay/
cm” ! 3396 and 3215 (NH). dy (200 MHz; CDCls, Me,Si) = 2.47
(s, 3H, CH3Np4+¢), 2.33-2.65 (m, 6H, 3CH,Ns4¢), 2.72-3.10 (m,
3H, CH,-2-5 + CH,-2p + CHg), 3.65-3.80 (m, 4H, 2CH,0),
5.89-5.96 (m, 1H, CH-5p), 7.63-8.25 (m, 4H, ArH) ppm. Jc
(50 MHz; CDCls) = 26.3 (CH,.5), 45.6 (CH3.p), 45.5 (CH;.5),
49.1 (CH,.5), 50.2 (CH,s), 50.3 (CH,.p), 51.7 (CH,.s), 56.0
(CH,.p), 57.6 (CH,.p), 61.3 (CH-p), 67.0 (CH»-5), 67.3 (CH,.p),
112.2 (CH-p), 125.2 (CH-s4p), 129.4 (C-5), 129.9, 131.1, 131.9,
132.7, 133.4, 134.4 (CH-s4p), 133.0 (C-p), 129.9 (C-5), 136.4
(C-54p), 148.3 (C-s4p). m/z 383 (M"*). Found: C, 50.1; H, 6.0;
N 14.4 calcd. for C;¢H»,N4OsS C, 50.2; H,5.8; N, 14.6

4-Methyl- N-(8-methyl-2-morpholino-8-aza-bicyclo[3,2,1]oct-2-en-
3-yl)benzensulfonamide (7a)

Yield 88%; white solid; mp 85-86 °C (from Et,O). Vmalem !
3435 (NH). oy (200 MHz; CDCl3, Me,Si) = 1.75-2.79 (m, 10H,
5CH,), 2.27 (s, 3H, CH3N), 2.47 (s, 3H, CH3Ph), 3.24-3.55 (m,
2H, 2CHN), 3.61-3.71 (m, 4H, 2CH,0), 7.28-732 (m, 2H, ArH),
7.69-7.87 (m, 2H, ArH) ppm. *C NMR of mixture of imino C
and enamino 7 forms (see discussion) dc (50 MHz; CDCl;,
Me,Si) = 21.6 (CHjsse), 24.8 (CHy;), 27.6 (CHa), 30.2 (CHa,),
30.7 (CHye), 35.3 (CH3Ni+e), 35.2 (CHaye), 38.0 (CH;), 50.5
(CH,Nj), 51.1 (CH,N,), 55.5 (CHj), 57.0 (CH,), 62.8 (CH,), 64.3
(CH;), 67.2 (CH,05), 67.3 (CH,0,), 123.9 (C,), 127.0 (CH,),
127.2 (CH;), 129.5 (CH,), 129.7 (CHj), 134.0 (C,), 137.5 (C_e4i),
143.5 (C,), 143.9 (Cy), 187.2 (C=Ny). mz 378(M"). Found: C,
60.3; H, 7.5; N, 11.0 caled. for C9H,7N305S C,60.4; H, 7.2; N,
11.1.

N-(8-Methyl-2-morpholino-8-aza-bicyclo|3,2,1]oct-2-en-3-yl)-4-
nitrobenzensulfonamide (7b)

Yield 85%; pale yellow solid; mp 130-131 °C (from Et,0). vpay/
cm” ! 3436.0 (NH). dy (200 MHz; CDCls, Me,Si) = 1.75-2.82
(m, 10H, 5CH2), 2.23 (s, 3H, CH;N), 3.22-3.79 (m, 6H, 2CH +
2CH20), 8.02-8.43 (m, 4H, ArH) ppm. ¢ (75 MHz; CDCls;,
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Me,Si) = 30.0 (CH,), 30.9 (CH,), 35.0 (CH,), 35.6 (CH3), 50.6
(CH,), 55.8 (CH), 57.2 (CH), 67.2 (CH,), 122,8 (C), 124.4 (CH),
128.4 (CH), 134.8 (C), 146.5 (C), 150.4 (C). m/z 409(M ™). Found:
C, 52.7; H, 6.1; N, 13.6 calcd. for C;3H,4N4O5S C, 52.9; H, 5.9;
N, 13.7.

N-(8-Methyl-2-morpholino-8-aza-bicyclo[3,2,1]oct-2-en-3-yl)-
phenylethenesulfonamide (7c)

Yield 78%; white solid; mp 98-99 °C (from Et,0). Vimax/em ™!
3435.4 (NH). oy (200 MHz; CDCl3, Me,Si) = 2.16-2.25 (m, 2H,
CH,), 2.44 (s, 3H, CH3N), 2.61-2.65 (m, 4H, 2CH,N), 3.01-3.10
(m, 2H, CH,), 3.45-3.68 (m, 2H, 2CH), 3.68-3.73 (m, 4H,
2CH,0), 3.80-3.84 (m, 2H, CH,), 6.96 (d, J = 15.1 Hz, 1H,
CHPh), 7.38-7.54 (m, 6H, CH + ArH) ppm. éc (50 MHz;
CDCl;, MeySi) = 29.6 (CH,), 31.1 (CH,), 34.6 (CH,), 35.8
(CHs;), 44.9 (CH,), 56.4 (CH), 57.9 (CH), 67.2 (CH), 123.6 (C),
126.6 (CH), 128 (CH), 129.4 (CH), 131.2 (CH), 132.6 (C), 141.7
(CH). m/z 390(M™). Found: C, 61.5; H, 7.1; N, 10.6 calcd. for
C,0H»7N505S C, 61.7; H, 67.0, N, 10.79.

N-(8-Methyl-2-morpholino-8-aza-bicyclo|3,2,1]oct-2-en-3-yl)-
(phenyl)-methansulfonamide (7d)

Yield 80%; white solid; mp 95-97 °C (from Et,0). Vmax/em !
3437.5 (NH). 6y (500 MHz; CDCl3, Me,Si) = 1.48-1.57 (m, 1H,
H-6), 1.79-1.87 (m, 1H, H-7), 1.96-2.04 (m, 1H, H-4), 2.13-2.25
(m, 2H, H-6 and H-7), 2.37 (s, 3H, CH3N), 2.52-2.60 (m, 4H,
2CH,N), 2.72-2.80 (m, 1H, H-4), 3.31-3.37 (m, 1H, H-5), 3.47-
3.51 (m, 1H, H-8), 3.57-3.63 (m, 4H, 2CH,0), 4.36 (dd, AB
system J = 14.2 Hz, 2H, CH,Ph), 7.34-7.43 (m, SH, ArH) ppm.
13C NMR for the imino form C: d¢ (125 MHz; CDCl;, Me,Si)
24.8 (CH,), 27.4 (CH,), 37.8 (CH3), 51.0 (CH,»), 61.0 (CH»), 62.8
(CH), 64.1 (CH), 67.5 (CH,»), 70.3 (CH), 128.6 (CH), 131.2 (CH),
188.6 (C=N); 3C NMR for the enamino form 7: d¢ (125 MHz;
CDCl;, MeySi) 28.9 (CH,), 29.5 (CH,), 33.9 (CH,), 34.8 (CHj),
44.9 (CH,), 49.2 (CH,), 55.8 (CH), 57.3 (CH), 60.8 (CH.»), 67.2
(CH,), 122.8 (C), 128.1 (CH), 128.3 (C), 130.0 (CH). mz
378(M™). Found: C, 60.2; H, 7.4; N, 11.1 caled. for
C;9H»7N505S C, 60.4; H, 7.2; N, 11.1.
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