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Abstract: New heterocyclic betaines, 4-aryl-5-(alkoxycan®2-oxo-3-(pyridin-1-ium-1-yl)-
2,3-dihydro-H-pyrrol-3-ides, were synthesized in good vyields thg reaction of alkyl B-
azirine-2-carboxylates with 2-methoxy-2-oxo-1-(phni1-ium-1-yl)ethan-1-ides, generated
from the corresponding pyridinium salts. The betaiaxist as the NH-tautomers both in solution
and in the solid state. Two molecules of the betdmm a dimer by hydrogen bonds of the type
N-H---O in solid state. According to TD DFT caldidas the long-wave absorption band in
betainesmainly corresponds to the intramolecular chargesfer between the negatively
charged pyrrole unit and the positively chargeddwyium group. The blue shift of the long-
wave absorption in protic solvents was adequatebcdbed in terms of H-complex formation
with the nucleophilic centre of the molecular skefe
Keywords: heterocyclic betaines, azirines, pyridinium yBdsolvatochromism
1. Introduction

Heterocyclic betaines, whose unique propertiesniyaue to their dipolar character, are
of interest for both fundamental and practical oeas They are applied as starting materials for
heterocyclic synthesis and the development of naterials and drugs.In particular properties

of pyridinium N-phenolate betaine dyes, such as solvatochromidmrmbchromism,
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piezochromism, halochromism and perichromism aeel s study the properties of solvents and
solutions as well as their characterizatfio®ne more important recently recognized aspect of
betaine chemistry is the possibility of a tautomerquilibrium with N-heterocyclic carbenes
(NHC) and therefore some betaines can be usechéogeneration of NHE 3Although more
than a century has passed since the discoveryedfrgi heterocyclic betairfea great need still
remains to find new types of these zwitterionic @coles. The diversity of betaine structures
provides an opportunity to achieve practically usgfoperties, as well as gain a deeper insight
into the relationship between the properties andctire of zwitterionic compounds, which is
necessary for developing the principles for theiposeful design.

Pyridinium ylides are versatile building blocks freterocyclic synthesfs.Earlier we
discovered the reaction ofH2azirines with N-phenacylpyridinium ylides, which gave
1-(1H-pyrrol-3-yl)pyridinium salts® The reaction was successfully extendedNtphenacyl-
imidazoliunt®’and N-phenacyl-1,2,4-triazolium ylidé" affording the corresponding pyrrolyl-
imidazole/triazole dyads. With the intention of adening the scope of applicability of the
reaction, we decided to vary the type of a substitin the pyridinium ylide by changing it from
benzoyl to alkoxycarbonyl. This would provide a te@tfor the preparation of hardly accessible

derivatives of 2-alkoxypyrrole$ by the route shown in Scheme 1.
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Scheme 1Probable route for the synthesis of 2-alkoxypysdie
2. Results and discussion

Preliminary experiments revealed, however, thatefia (R = Me, R = H) does not react
with 3-phenyl-H-azirine at room temperature, and gives a complegumne of unidentified

products at higher temperatures. Similar ambiguessits were obtained when 2,3-diphenyl-
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2H-azirine was used. We suggested that the presdrae @lectron-acceptor substituent in the
azirine ring may improve the selectivity of the aan because of increased electrophilicity
toward nucleophile2 and due to stabilization of the pyrrole ring. Maectrophilic azirines
were, therefore, tested. The reaction of 1-(2-metiyoxoethyl)pyridin-1-ium chloridda with
methyl 3-phenyl-Bl-azirine-2-carboxylatea in the presence of triethylamine as a base (ca.l
equiv), leads, according ttH NMR and HRMS data, to the pyrrole-type prod&et (NH-
tautomer) or5’a (NH-tautomer) in 77% yield (Scheme 2). The use @ ar 3-fold excess of
triethylamine does not affect the yield. The isolatof the precipitated product consists simply
of filtering off and washing, making acetonitrileet solvent of choice due to the lower solubility

of the product in this solvent.
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Scheme 2Reaction of azirin@a with pyridinium saltla

An analysis of HSQCH->°N NMR spectra makes it possible to distinguish leemv
tautomersba and5’a (See the Supporting information). The pyrrole-tyteogen, with chemical
shift of 137.7 ppm, has an intensive cross-peak e proton at 9.67 ppm. Consequently this
proton is connected to the pyrrole-type nitrogercdkding to the DFT calculations at the
B3LYP/6-31G+(d,p) level with the PCM model for DMSD 298 K, the tautoméra in solution
in DMSO is much more stable than tautorb&r (by 12.2 kcal/mol).Thus, the reaction of 2-
methoxy-2-oxo-1-(pyridin-1-ium-1-yl)ethan-1-ide2a with methyl 3-phenyl-B-azirine-2-
carboxylate3a provides an access to the new type of betadinéo obtain more information
about the structure of the zwitterionic molecGkea single crystal was grown from CQQly

slow evaporation of the solvent and studied bylsicgystal X-ray analysis (Figure 1).
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Fig. 1. Molecular structure oba (a), and solid-state packing of H-bonded dimiey, Ehowing
H---O-contacts.

Compoundba crystallizes in a monoclinic space group/B2vith four molecules in the
unit cell. The solid-state structure Bd displays different types of short intermoleculantacts.
Two molecules of the compound form a dimer by hgérobonds of the type N-H--- O, to which
the CDC} molecules are bound by hydrogen bonds of the tygé --O. Experimental and
calculated selected bond lengths of molec&las5’a are listed in Table 1. Computed at the
B3LYP/6-31G+(d,p) level bond lengths of molecubedit well with the XRD bond lengths, and
especially good correspondence is found for theutatled values of the H-bonded dimerbaf
Meanwhile, there is a big discrepancy between tmeputed O1-ChndN1-C1lbond lengths of
moleculessa’ and the corresponding XRD bond lengths. Thus, thdyzt of the reaction of 2-
methoxy-2-oxo-1-(pyridin-1-ium-1-yl)ethan-1-ide2a with methyl 3-phenyl-RB-azirine-2-
carboxylate3a exists as the NH-tautomba both in solution and in the solid state.

Table 1. Experimental and calculated selected bond lermfthsoleculesha, 5'a.

Bond 5a(XRD) 5&7/A° 5'a%/A° H-bonded
dimer of5a%/A°

0O1-C1 1.274(3) 1.247/-0.027 1.368/0.094  1.269/-0.006
C1-C2 1.425(4) 1.459/0.034  1.426/0.001 1.445/0.020
C8-C2 1.421(4) 1.431/0.010  1.434/0.013  1.430/0.009
C8-C15 1.389(4) 1.392/0.003  1.404/0.015  1.392/0.003
N1-C15 1.399(3) 1.396/-0.003  1.390/-0.009  1.396/-0.003
N1-C1 1.368(4) 1.380/0.012  1.309/-0.059 1.368/0.000

#Bond lengths computed at the B3LYP/6-31G+(d,p)lleve
P A — difference between the XRD and computed bongtlken



To evaluate the scope of the reaction substitutey azirinecarboxylates3a-f were
reacted with  pyridinium  chlorides l1la-¢  4-(N,N-dimethylamino)-1-(2-methoxy-2-
oxoethyl)pyridin-1-ium chlorideld, and 1-(2-methoxy-2-oxoethyl)quinolin-1-iufre and 2-(2-
methoxy-2-oxoethyl)isoquinolin-1-iunif chlorides. However, we failed to isolate betaines
containingN,N-dimethylaminopyridine (fronid), quinoline (fromle) and isoquinoline (from
1f) moieties and changing the heterocycle from pgadio imidazole was also not successful.
Meanwhile betainessa-h with electron-donating (MeO), electron-withdrawil®O,) and
halogen (Br) substituents in the phenyl ring wereppred in good yieldsartho-Substituents,
both in the phenyl and the pyridine rings, do mffuence dramatically the yield of the products
(Table 1).

Table 1.Synthesis of betaindsa-h
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Having decided to evaluate the reactivity of aaswith the opposite location of the aryl
and methoxycarbonyl substituents, we synthesiz@thaZ3g and reacted it with salta under
the standard conditions. However, instead of thiibe productsi, the productt of formal
dimerization of carben@ was unexpectedly isolated in 18% yield (Schemeé\8¢ording to the
DFT calculations at the B3LYP/6-31G+(d,p) levellwihe PCM model for MeCN at 298 K, the

E-isomer of6 is more stable than the Z-isomer by 4.4 kcal/mol.
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Scheme 3.Reaction of pyridinium saltla with methyl 2-(4-chlorophenyl)+2-azirine-3-
carboxylate3g

The proposed mechanism of the formation of bet&améScheme 4) involves generation
of pyridinium ylide 2a, nucleophilic attack of the latter on the C=N baofdthe protonated
azirine Ba-H") with the formation of aziridine intermediaa followed by dehydrohalogenation
of 8a to aziridinyl-substituted pyridinium ylid®a. A rearrangement o9a to betainelOa

followed by an elimination of MeOH leads to betabtze
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Scheme 4Proposed mechanism of formation of betaibes



All new compounds were characterized'bly **C NMR and HRMS methods. Betaings
and dimer6 are non-hygroscopic, air-unstable high-meltingemsively colored crystalline
solids, which fade when kept in air for a long tirpeobably due to the formation of a carbonate
(vide infrg. Substanceda-h and 6 possess poor solubility in dichloromethane, mebdhan
dimethyl sulfoxide and very poor solubility in ageitrile and water. Betaindsare weak bases
and reaction with hydrochloric or hydrobromic acwdss accompanied by tarring of the reaction

mixture, but the reaction with aq HBFed quantitatively to hydroxypyrrolela (Scheme 5).

\ \
ph N-Z ph N-7
Me0,C™ N~ =0 it MeO,C~ >y~ ~OH
H H
5a 11a, 99%

Scheme 5.Synthesis of 1-(2-hydroxy-5-(methoxycarbonyl)-4epkl-1H-pyrrol-3-yl)pyridin-1-
ium tetrafluoroboratd 1la

Compoundlla was characterized by spectroscopic methdts ¥C, HSQCH-*°C,
HMBC 'H-*C NMR and HRMS). Its structure was also confirmed diygle crystal X-ray

analysis (Fig. 2).

Fig. 2 Molecular structure ofla(a), and solid-state packing dfLa (b), showing H---O- and
H---F-contacts.



Salt11a crystallizes in a monoclinic space group/@2vith four molecules in the unit
cell. The solid-state structure biadisplays different types of short intermoleculantacts. 1-
(2-Hydroxy-5-(methoxycarbonyl)-4-phenyHtpyrrol-3-yl)pyridin-1-ium ions interacting with
each other through hydrogen bonds of the N-H---& tgnd with water molecules (via a
hydrogen bond of thé-H- - - O type) form one of the layers that is interbgbloy the BF, layers
that have contact both with the pyridin-1-ium icarsd with water molecules through hydrogen
contacts of the type O-H---F.

The selective hydrogenation of the pyridinio-susnts in some cases allows them to be
considered as synthetic equivalents of the pyriroiidyl substituent§® We tried to carry out
this reaction for betainésunder heterogeneous hydrogenation conditionsrrietliout that they
can be hydrogenated in methanol at atmosphericsyresof H in the presence of Adams’

catalyst either to 1,3-dihydra-Bpyrrol-2-onesl 2, or to pyrrolidin-2-one4 3 (Scheme 6

R2 R?
H,, PtO,
MeOH. rt Meo N0
overnight o) H
12a, R'=R%=H, 69% 13a, R'=R2=H, 51%

12¢, R'=H, R?=4-OMe, 41% 13b, R'=H, R2=4-Br, 19%

Scheme 6Catalytic hydrogenation of betaings

In the case of betainga it was possible to obtain both reduction produdt8-dihydro-2-
pyrrol-2-one 12a and pyrrolidin-2-onel3a The second product was obtained by use of an
additional portion of catalyst and stirring for émer 24 h. Betain®b, however, was reduced
immediately to pyrrolidin-2-onéd3b. Betaine5c gave only the first step reduction prodae.
Nitro-substituted compoun8d gave a mixture of compound$2d and the amino-substituted
product by reduction of the nitro-group 12d (30:70 ratio, 33% overall yield). Betainég-g

gave unstable products which could not be obtaaseithdividual compounds. Betaibb after 5



days of stirring in an atmosphere of hydrogen ge8leand the product of hydrogenation of one
of the phenyl ring (68:32 ratio, 70% overall yield)nfortunately, we were unable to find
conditions for the chromatographic separation afséh mixtures. It has to be noted that
substancesl3a and 13b have 3 stereogenic centers, but they were obtaased single

diastereomer, which has all-cis-configuration. Thias confirmed by single crystal X-ray

analysis ofL3a(Fig. 3).

Fig. 3. Molecular structure af3a

The UV spectra of solutions of compouridare characterized by a long-wave absorption
band (Table 2), which is responsible for the cabithese compounds (from purple to dark-
brown). The position of this band is hardly affectey changing the solvent. Compouridsc,d
show a hypsochromic shift by about 30-40 nm on gimanthe solvent from polar aprotic
acetonitrile to a polar protic solvent such as watemethanol. To elucidate the nature of the
long-wave absorption band and the solvent effecthenband position, the geometry 54, c,d
was optimized at the B3LYP/6-31+g(d,p) level witB @ model for the corresponding solvent
and then single point calculations at the TD-DFTLBB/6-31+G(d,p)/PCM and SMD,
M062X/6-31+G(d,p)/PCM and SMD, CAM-B3LYP/6-31+G(¢/$MD level of theory were
performed (Table 2). For details of the computatieee Supporting information. The best fit
between the experimental and calculated wave lefgtlcompoundsba,c,d (the long-wave
band) is observed for the TD-DFT B3LYP/6-31+G(dgyel with SMD solvatiormodel A\12-

14 nm for MeCN,A10-63 nm for HO, A25 nm for MeOH; Table 2). The TD-DFT B3LYP/6-



31+G(d,p)/SMD calculation results demonstrate thattong-wave absorption of the compounds
5a,c mainly arises from HOMO to LUMO transitions (caeiént of the wave function >0.7)
(Fig. 4). For compoundéd the HOMO to LUMO transition has an oscillator stygh of only
0.03 and was not observed, whereas the observegwawme absorption correspond to the
HOMO to LUMO+1 transitionf(= 0.23, coefficient of the wave function >0.7).uBh the long-
wave absorption of compounds,c,d is mainly corresponding to the intramolecular clearg
transfer excitation between the negatively charggdole unit and the positively charged
pyridinium group. The second possibility for thengmound 5d charge transfer from the
negatively charged pyrrole unit (LUMO) to the pogty charged nitro-substituted phenyl group
(HOMO) has a too low intensity.

Table 2. Data of experimental absorption spectra aattulated by TD-DFT long

wavelengths and oscillator strengths of compodags,d

5 solvent absorbance, B3LYP/6- B3LYP/6- MO062X/6- M062X/6- CAM-B3LYP/6-
Amay NM €, 10°  31+G(d,p) 31+G(d,p) 31+G(d,p) 31+G(d,p) 31+G(d,p)
-Mtem™) PCM SMD PCM SMD SMD

A max (nm) f (HOMO—LUMO transition)

a MeCN 330(8.4),515 535/0.237 527/0.246  440/0.335 432/0.348 430/0.345
(8.9)

a H,0 288 (21.5), 359 533/0.233 493/0.246  437/0.330 403/0.369 401/0.367
(15.5), 475 (6.0)

¢ MeCN 329 (11.8),517 539/0.228 531/0.237  441/0.329434/0.340 432/0.338
(9.9)

¢ MeOH 318 (12.3),476 539/0.227 501/0.238  441/0.327 408/0.363 406/0.361
(5.5)

c HO 320 (14.7), 436 538/0.223 497/0.234  441/0.323404/0.361 402/0.359
(4.9)

d MeCN 320(17.8),513 722/0.035 741/0.034 447/0.291 447/0.224 445/0.232
(0-2) 533/0.22% 525/0.228 426/0.068 423/0.14%1 420/0.134

d H)O 355 (19.3), 482 723/0.034 721/0.034 446/0.276 430/0.172 428/0.177
1) 532/0.217 492/0.227 425/0.076 396/0.21% 395/0.209

*HOMO—LUMO+1.



J 5d HOMO 4

Fig. 4. Contour surface plots of the frontier orbitalcompound$a,c,d(isovalue is 0.02 a.u.)
Since the betaingsare of a basic naturgife suprd, we assumed that complexes with a
hydrogen bond can be formed in proton solvents€ryatethanol), and accepting this to be true
we can obtain a better agreement between the exgetal and calculated maxima of the long-
wave bands. Indeed, as can be seen from Tablee3¢daltulated data for such complexes
correspond better to the experimental spectra., thadormation of H-complexésHOR leads
to the blue shift of the calculated absorption.sTls mainly due to the higher ground state
stabilization upon H-complex formation comparedh® first exited state (Fig. 5).

Table 3 Data of experimental absorption spectra aaculated by TD-DFT B3LYP/6-

31+G(d,p)/PCM and SMD

‘ 5d LUMO+1

compound  solvent exp.Amax MM calcd, Amae, NM
(PCM/SMD)
somo RO WO e
someon MEOH 476 Dlig,
siro MO %2 Sl

@ Geometry of5a,c,d was optimised at the B3LYP/6-31+g(d,p) level witBN® model for the

corresponding solvent
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Fig. 5. Energies of frontier MO dda,c,dand their complexes with ROH
Titration of an aprotic acetonitrile solution &6¢ with water (Fig. 6) shows clear cut
isosbestic points in the absorption spectra thatdicative of a chemical equilibrium between

the solvated (with water) and unsolvated formScof

H,0, *10° mol
0
—0.11
—0.22
0.33
——0.44
——0.56
——0.67
——0.78
——0.89
1.00
—11
122
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6,0x10° -

3
4,0x10 133
1.44
—1.56
1.67
—1.78
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2.00
21
222
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0,0 T : I r T T
300 400 500 600 700
Wavelength, nm

Fig. 6. Titration of the solution dc in MeCN (1.54-1F mol/l) with water at rt

3. Conclusion

New heterocyclic betaines, 4-aryl-5-(alkoxycarbg+BAoxo-3-(pyridin-1-ium-1-yl)-2,3-
dihydro-1H-pyrrol-3-ides, were synthesized in good yieldsrbgction of alkyl B-azirine-2-
carboxylates with 2-methoxy-2-oxo-1-(pyridin-1-iutryl)ethan-1-ides, generated from the

corresponding pyridinium salts. The betaines exssthe NH-tautomers both in solution and in
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the solid state. In the solid state two moleculethe betaine form the dimer by hydrogen bonds
of the type N-H---O. Catalytic reduction of betaisein methanol in H at the atmospheric
pressure in the presence of Adams’ catalyst gitieeeil,3-dihydro-Bi-pyrrol-2-ones12 or
pyrrolidin-2-onesl3. The long-wave absorption of the betainesresponds, according to the TD
DFT calculations, to the intramolecular charge dfan excitation between the negatively
charged pyrrole unit and the positively chargeddwyium group. The blue shift of the long-
wave absorption in protic solvents was adequatebcdbed in terms of H-complex formation

with the nucleophilic centre of the molecular skee

4. Experimental section
4.1. General Information and Methods

Melting points were determined on a capillary nmg/tpoint apparatus Stuart® SMP30.
'H (400 MHz) and'®C (100 MHz) NMR spectra were recorded in CRADMSO-d; or
methanole-gl with Bruker AVANCE Il 400 spectrometer. Chemicgtifts @) are reported in
parts per million downfield from tetramethylsila@MS & 0.00). '"H NMR spectra were
calibrated according to the residual peak of CHQ@.26 ppm), DMSO-¢ (2.50 ppm) or
methanole-¢ (3.31 ppm)1°C{*H} and **C DEPT-135 were calibrated according to the peak of
CDCl; (77.00 ppm), DMSO+(39.51 ppm) or methanolezdViass spectra were recorded on a
Bruker maXis HRMS-ESI-QTOF, electrospray ionizatiompositive mode. Thin-layer
chromatography (TLC) was conducted on aluminum tsheeh 0.2 mm silica gel (fluorescent
indicator, Macherey-Nagel) and Macherey-Nagel &ili60 M was used for column
chromatography. Suitable crystals5a 11a 13awere selected and studied on an Xcalibur, Eos
diffractometer, SuperNova, Single source at offset/ HyPix3000 diffractometer and
SuperNova, Dual, Cu at zero, Atlas diffractometdre crystal was kept at 100(2) K during data
collection. Using Olex3, the structure was solved with the Supetfifpstructure solution

programme using Charge Flipping (f6a and 133 or with the ShelX& structure solution

13



program using Direct Methods (f@fLa) and refined with the ShelXLrefinement package using
Least Squares minimisation. Crystallographic daia dtructuresba, 11a 13a have been
deposited with the Cambridge Crystallographic Dé&antre (CCDC 1819078, 1816088,
1586949, respectively). Compountia-c? and 3a-d,***3e**P and 3¢**° were prepared by the
reported procedures.
4.2. Calculation details

All calculations were performed by using the Gaaissli6 suite of quantum chemical
programme¥ at Resource Centre "Computer Centre of Saint §tmiey State University".
Geometry optimizations of molecules were perfornveith the B3LYP density functional
method® and 6-31+G(d,p) basis set using PCM solvent md8tationary points on the
respective potential-energy surfaces were charaeteat the same level of theory by evaluating
the corresponding Hessian indices. The absorppectsa were investigated for the optimized
DFT/B3LYP/6-31+G(d,p)/PCM geometry with time depent density function theory (TD-
DFT)!’ using B3LYP®, CAM-B3LYP'® and M062X° functionals and 6-31+G(d,p) basis set
with PCM'® or SMD*® solvent models.
4.3. 3-(2,4-Dimethoxyphenyl)isoxazol-5(4H)-one

Hydroxylamine hydrochloride (827 mg, 1.19 mmol, 3ui) was added to a
heterogeneous mixture of ethyl 3-(2,4-dimethoxypheB-oxopropanoate (1 g, 3.97 mmol, 1
equiv) and 10 mL of water and the resulting mixtwas kept at 100C for 5 min. Then
approximately 20 mL of ethanol (till homogenizajiamas added and the solution was heated at
reflux for 1 h, cooled, the precipitate formed widktered off, washed with cold mixture of
ethanol and water (1:1) and dried to obtain pudpct. Colorless solid, 470 mg (54%), mp
158-160 €. Product (in DMSO) is a mixture of tautomers: 3#A{@imethoxyphenyl)isoxazol-
5(4H)-one and 3-(2,4-dimethoxyphenyl)isoxazol-5-ol & fatio.'H NMR (DMSO-a): 6 3.84
(s, 6H), 3.89 (s, 3H), 4.19 (s, 1H), 5.55 (s, 16{51-6.83 (M, 3H), 7.41-7.61 (m, 1H), 7.62-7.74

(m, 0.5H), 12.27 (s, 1H)**C NMR (DMSO-d): 6 37.2 (CH), 55.6 (CH), 55.8 (CH), 55.9
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(CHs), 84.2 (CH), 98.8 (CH), 106.2 (CH), 106.4 (CH)71®(C), 109.1 (C), 129.1 (CH), 129.6
(CH), 158.9 (C), 159.3 (C), 161.4 (C), 162.6 (Y38 (C), 163.5 (C), 172.0 (C), 176.7 (C).
HRMS (ESI) m/z: 222.0761 calcd forEl1-NO," [M + H]", found 222.0764.
4.4. 3-(2,4-Dimethoxyphenyl)-5-methoxyisoxazole

A suspension of 3-(2,4-dimethoxyphenyl)isoxazolt3606 g, 2.71 mmol, 1 equiv) in 10
mL of diethyl ether was cooled with ice bath angblution of diazomethane (obtained from 0.84
g of 1-methyl-1-nitrosourea and 1.52 g of potasshydroxide) in 30 mL of diethyl ether was
added dropwise. The resulting mixture was stirred ér 1 h and quenched with acetic acid.
The homogeneous solution was concentrated in vandagpurified by column chromatography
(hexane:ethyl acetate, 1.5:1). Colorless solid, B8§2(49%), mp 56-58C. *H NMR (CDCLk): ¢
3.84 (s, 3H), 3.87 (s, 3H), 5.69 (s, 1H), 6.50-6(&0 2H), 7.78 (d, 1HJ = 8.5 Hz)."*C NMR
(CDCly): 6 55.6 (CH), 55.7 (CH), 58.8 (CH), 78.7 (CH), 99.0 (CH), 105.2 (CH), 111.6 (C),
130.0 (CH), 158.7 (C), 161.8 (C), 162.4 (C), 1783. HRMS (ESI) m/z: 236.0917 calcd for
C1H14NO4" [M + H]*, found 236.0928.
4.5. Methyl 3-(2,4-dimethoxyphenyl)-2H-azirine-2braylate3f

Iron(Il) chloride tetrahydrate (24 mg, 0.12 mmol inol%) was added to a stirred
solution of 3-(2,4-dimethoxyphenyl)-5-methoxyisogbe (280 mg, 1.19 mmol) in 8 mL of dry
acetonitrile under inert atmosphere and the regptiixture was stirred for 2 h at rt (monitoring
by TLC, hexane:ethyl acetate, 2:1). After completaf the reaction the solution was filtered
through celite, concentrated in vacuo and purifieg flash column chromatography
(hexane:ethyl acetate, 1:1). Colorless solid, 280(h00%), mp 70-72C. *H NMR (CDCk): ¢
2.64 (s, 1H), 3.70 (s, 3H), 3.88 (s, 3H), 3.934), 6.46-6.56 (m, 1H), 6.60 (dd~ 8.5, 2.2 Hz,
1H), 7.53 (d,J = 8.5 Hz, 1H).»*C NMR (CDCk): § 27.2 (CH), 52.2 (Ch), 55.9 (CH), 56.1
(CHs), 98.7 (CH), 104.3 (C), 105.8 (CH), 134.8 (CH)31%(C), 162.0 (C), 166.1 (C), 173.0 (C).

HRMS (ESI) m/z: 258.0737 calcd for4E;s-NNaQ;" [M + Na]’, found 258.0746.
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4.6. Typical procedure for the preparation of bats5a-h

Triethylamine (26 mg, 0.26 mmol, 1.05 equiv) wasled to a suspension of 1-(2-
methoxy-2-oxoethyl)pyridin-1-ium chloride (50 mg,26 mmol) and methyl 3-phenyH2
azirine-2-carboxylate (65 mg, 0.37 mmol, 1.5 equivl mL of dry acetonitrile and the reaction
mixture was stirred at rt for 12 h. Then the preatpe formed was filtered off, washed with 1 mL
of dry acetonitrile and dried to obtain pure praduc
4.6.1. 5-(Methoxycarbonyl)-2-oxo-4-phenyl-3-(pymidi-ium-1-yl)-2,3-dihydro-1H-pyrrol-3-ide
(5a)

Compoundsa (56 mg, 77%) was prepared from 1-(2-methoxy-2-txggoyridin-1-ium
chloride 1a (50 mg, 0.25 mmol), methyl 3-phenyH2azirine-2-carboxylate8a (65 mg, 0.37
mmol) and triethylamine (26 mg, 0.26 mmol) accogdin the typical procedure. Dark brown
solid, mp 211-213C.'H NMR (DMSO-d): § 3.46 (s, 3H), 7.18-7.35 (m, 5H), 7.67-7.81 (m,
2H), 7.90-8.06 (m, 1H), 8.44-8.64 (m, 2H), 9.67 Xkl). °*C NMR (DMSO-d): 6 49.9 (CH),
102.9 (C), 108.6 (C), 124.2 (C), 126.5 (CH), 12(0M), 128.0 (CH), 129.8 (CH), 132.9 (C),
137.8 (CH), 140.2 (CH), 155.8 (C), 160.0 (C). HRMBESI) m/z: 295.1077 calcd for
Ci7H1sN,05" [M + H]*, found 295.1064. IR (KBr, ci): v 1132, 1428, 1482, 1588, 1618, 1680.
4.6.2. 4-(4-Bromophenyl)-5-(methoxycarbonyl)-2-8xyridin-1-ium-1-yl)-2,3-dihydro-1H-
pyrrol-3-ide 6b)

Compoundsb (87 mg, 93%) was prepared from 1-(2-methoxy-2-txggoyridin-1-ium
chloride 1a (50 mg, 0.25 mmol), methyl 3-(4-bromophenyH-2azirine-2-carboxylate8b (95
mg, 0.37 mmol) and triethylamine (26 mg, 0.26 mnaaigording to the general procedure. Dark
violet solid, mp 196-198C. *H NMR (methanol-g): 6 3.64 (s, 3H), 7.13-7.20 (m, 2H), 7.42-
7.47 (m, 2H), 7.82-7.89 (m, 2H), 8.18-8.28 (m, 18153-8.60 (m, 2H)**C NMR (methanol-g):

5 51.1 (CH), 105.4 (C), 110.9 (C), 122.7 (C), 125.8 (C), I26CH), 132.5 (CH), 132.7 (C),
133.1 (CH), 142.6 (CH), 145.2 (CH), 155.3 (C), I6&). HRMS (ESI) m/z: 373.0182 calcd for

C;|_7H;|_4BI'N203+ [M + H]+, found 373.0618.

16



4.6.3. 5-(Methoxycarbonyl)-4-(4-methoxyphenyl)-2-8x(pyridin-1-ium-1-yl)-2,3-dihydro-1H-
pyrrol-3-ide 6c¢)

Compoundsc (65 mg, 81%) was prepared from 1-(2-methoxy-2-txggpyridin-1-ium
chloride 1a (50 mg, 0.25 mmol), methyl 3-(4-methoxypheny-azirine-2-carboxylat&c (76
mg, 0.37 mmol) and triethylamine (26 mg, 0.26 mmatrording to the general procedure.
Purple solid, mp 218-219C°'H NMR (DMSO-d): J 3.48 (s, 3H), 3.76 (s, 3H), 6.83-6.92 (m,
2H), 7.10-7.20 (m, 2H), 7.72-7.81 (m, 2H), 7.9538(tn, 1H), 8.51-8.60 (m, 2H), 9.57 (s, 1H).
13C NMR (methanol-g): 6 51.1 (CH), 55.7 (CH), 105.3 (C), 111.2 (C), 114.8 (CH), 125.4 (C),
127.2 (C), 128.2 (CH), 132.3 (CH), 142.2 (CH), 146CH), 155.2 (C), 160.7 (C), 163.0 (C) .
HRMS (ESI) m/z: 325.1183 calcd forgE1;N-O," [M + H]*, found 325.1180.

4.6.4. 5-(Methoxycarbonyl)-4-(4-nitrophenyl)-2-03gpyridin-1-ium-1-yl)-2,3-dihydro-1H-
pyrrol-3-ide 6d)

Compound5d (158 mg, 94%) was prepared from 1-(2-methoxy-2ebtkg)pyridin-1-
ium chloride1la (100 mg, 0.50 mmol), methyl 3-(4-nitrophenyhlazirine-2-carboxylate3d
(165 mg, 0.74 mmol) and triethylamine (53 mg, On&@ol) according to the general procedure.
Dark brown solid, mp >370C.*H NMR (DMSO-d): 6 3.50 (s, 3H), 7.46-7.56 (m, 2H), 7.76-
7.82 (m, 2H), 8.02-8.09 (m, 1H), 8.12-8.20 (m, 28{50-8.59 (m, 2H), 9.99 (s, 1H}C NMR
(methanol-@): § 51.3(CHs), 105.9 (), 124.3 (CH), 124.7 (C), 128.6 (CH), 132.5 (CH}0B
(C), 142.8 (CH), 145.3 (CH), 148.5 (C), 155.5 (1§2.5 (C). HRMS (ESI) m/z: 340.0928 calcd
for C;7H14N30s" [M + H]", found 340.0939.

4.6.5. 4-(2-Bromophenyl)-5-(tert-butoxycarbonylp2s-3-(pyridin-1-ium-1-yl)-2,3-dihydro-1H-
pyrrol-3-ide Ge)

Compoundse (94 mg, 76%) was prepared from 1-(2-methoxy-2-txggpyridin-1-ium
chloridela (60 mg, 0.30 mmol), tert-butyl 3-(2-bromophenyH-2zirine-2-carboxylat&e (132
mg, 0.45 mmol) and triethylamine (32 mg, 0.32 mnaaigording to the general procedure. Dark

violet solid, mp 198-200C. *H NMR (DMSO-d): § 1.13 (s, 9H), 7.23-7.30 (m, 1H), 7.36-7.40
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(m, 2H), 7.60-7.66 (m, 1H), 7.70-7.76 (m, 2H), 7895 (m, 1H), 8.58-8.67 (m, 2H), 9.71 (s,
1H). 13C NMR (methanol-g): § 28.5 (CH;), 80.7 (C), 108.0 (C), 110.5 (C), 124.3 (C), 1263,
128.4 (CH), 128.6 (CH), 130.5 (CH), 133.6 (CH), IB4CH), 136.1 (C), 141.9 (CH), 144.0
(CH), 154.8 (C), 162.2 (C). HRMS (ESI) m/z: 415.06&alcd for GoHo0BrN,Os" [M + H]",
found 415.0664.

4.6.6. 4-(2,4-Dimethoxyphenyl)-5-(methoxycarbo@ydxo-3-(pyridin-1-ium-1-yl)-2,3-dihydro-
1H-pyrrol-3-ide 6f)

Compoundbf (225 mg, 82%) was prepared from 1-(2-methoxy-2etkg)pyridin-1-ium
chloridela (156 mg, 0.77 mmol), methyl 3-(2,4-dimethoxyphe+Hi-azirine-2-carboxylat@f
(236 mg, 1.00 mmol, 1.5 equiv) and triethylamin2 (8g, 0.81 mmol, 1.05 equiv) according to
the general procedure. Dark violet solid, mp 228223'H NMR (DMSO-d;): § 3.30 (s, 3H),
3.45 (s, 3H), 3.78 (s, 3H), 6.41-6.49 (m, 1H), 666328 (m, 1H), 7.15-7.29 (m, 1H), 7.71-7.79
(m, 2H), 7.90-8.02 (m, 1H), 8.51-8.66 (m, 2H), 9651 1H).**C NMR (methanol-g): § 51.0
(CHs), 55.6 (CH), 55.8 (CH), 99.1 (CH), 105.2 (C), 106.3 (CH), 112.0 (C), 1114C), 123.9
(C), 128.1 (CH), 134.7 (CH), 142.0 (CH), 144.4 (CH54.7 (C), 158.8 (C), 162.7 (C), 163.0
(C). HRMS (ESI) m/z: 355.3695 calcd fordE1gN,Os" [M + H], found 355.1304.

4.6.7. 5-(Methoxycarbonyl)-2-oxo0-4-phenyl-3-(4-pfipyridin-1-ium-1-yl)-2,3-dihydro-1H-
pyrrol-3-ide 69)

Compound 5g (86 mg, 90%) was prepared from 1-(2-methoxy-2-txge4-
phenylpyridin-1-ium bromidelb (80 mg, 0.26 mmol), methyl 3-phenyHzazirine-2-
carboxylate3a (68 mg, 0.39 mmol) and triethylamine (28 mg, Orimol) according to the
general procedure. Dark blue solid, mp 215-207' NMR (DMSO-a): § 3.47 (s, 3H), 7.25-
7.37 (m, 5H), 7.89-7.97 (m, 3H), 7.89-7.97 (m, 28{)9-8.15 (m, 2H), 8.50-8.60 (m, 2H), 9.74
(s, 1H).**C NMR (methanol-g): 6 51.1 (CH;), 105.4 (C), 110.7 (C), 124.8 (CH), 127.3 (C),

128.69 (CH), 128.74 (CH), 129.4 (CH), 130.8 (CH312 (CH), 132.8 (CH), 133.7 (C), 135.6
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(C), 144.6 (CH), 153.3 (C), 155.4 (C), 162.9 (C)RMS (ESI) m/z; 371.1390 calcd for
CasH1oN205" [M + H]*, found 371.1408.

4.6.8. 5-(Methoxycarbonyl)-3-(2-methylpyridin-1-kinyl)-2-oxo-4-phenyl-2,3-dihydro-1H-
pyrrol-3-ide 6h)

Compound 5h (108 mg, 72%) was prepared from 1-(2-methoxy-2ebkgl)-2-
methylpyridin-1-ium bromidelc (120 mg, 0.49 mmol), methyl 3-phenyHzazirine-2-
carboxylate3a (128 mg, 0.73 mmol, 1.5 equiv) and triethylami®2 (ng, 0.51 mmol, 1.05
equiv) according to the general procedure. Darlevisolid, mp 219-221C.*H NMR (DMSO-
de): 0 2.78 (s, 3H), 3.47 (s, 3H), 7.00-7.12 (m, 2H)277124 (m, 3H), 7.51-7.61 (m, 1H), 7.92-
8.04 (m, 1H), 8.07-8.30 (m, 2H), 9.45 (s, 1H)C NMR (methanol-g): § 21.0 (CH), 51.0
(CHs), 104.6 (C), 109.44 (C), 125.8 (CH), 128.5 (CH91L (CH), 129.3 (C), 130.2 (CH), 130.8
(CH), 133.9 (C), 145.3 (CH), 149.6 (CH), 154.6 (€39.6 (C), 163.0 (C). HRMS (ESI) m/z:
309.1234 calcd for gH17N>Os" [M + H]*, found 309.1248.

4.7. Dimethyl 5,5'-bis(4-chlorophenyl)-2,2'-diox@']12,2'-tetrahydro-[3,3'-bipyrrolylidene]-
4,4'-dicarboxylatg6)

Compound6 (22 mg, 18%) was prepared from 1-(2-methoxy-2-txggoyridin-1-ium
chloride 1a (100 mg, 0.50 mmol), methyl 2-(4-chlorophenyl-2zirine-3-carboxylat&g (156
mg, 0.74 mmol) and triethylamine (53 mg, 0.52 mnaaigording to the general procedure. Dark
blue solid, mp 335-337C2 *H NMR (DMSO-d): § 3.62 (s, 3H), 7.50-7.65 (m, 2H), 7.65-7.77
(m, 2H), 11.25 (s, 1HY*C NMR (DMSO-d): 6 51.4 (CH), 108.5 (C), 127.2 (C), 128.4 (C),
128.6 (CH), 130.6 (CH), 136.1 (C), 151.1 (C), 1643, 167.9 (C). HRMS (ESI) m/z: 499.0458
calcd for G4H17CIoN-Og" [M + H]*, found 499.0476.

4.8. 1-(2-Hydroxy-5-(methoxycarbonyl)-4-phenyl-1¥+pl-3-yl)pyridin-1-ium
tetrafluoroborate {1a)

An excess of tetrafluoroboric acid was added taspension of 5-(methoxycarbonyl)-2-

0Xx0-4-phenyl-3-(pyridin-1-ium-1-yl)-2,3-dihydrokEpyrrol-3-ide 5a (51 mg, 0.17 mmol) in 3
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mL of methanol till the complete change of the cdtom dark red to bright yellow. Then the
solvent was evaporated and the residue treated dugttnyl ether, filtered off, washed with
additional amount of ether and dried. Bright yellsalid, 65 mg (98%), mp 129-13T°'H
NMR (DMSO-d): § 3.60 (s, 3H), 7.10-7.19 (m, 2H), 7.20-7.31 (m, 3AP8-8.19 (m, 2H),
8.47-8.70 (m, 1H), 8.81-8.98 (m, 2H), 11.68 (s,aot00.35H, OH), 12.23 (s, 1H’C NMR
(DMSO-d): 6 51.0 (CH), 107.3 (C), 109.8 (C), 125.6 (C), 127.8 (CH), B2(CTH), 128.0 (CH),
129.7 (CH), 130.6 (C), 143.0 (C), 146.2 (CH), 147CH), 160.3 (C). HRMS (ESI) m/z:
295.1077 calcd for GH1sNoOs" [M — BF4]*, found 295.1066. IR (KBr, cm): v 1058, 1300,
1473, 1693, 3253, 3547.
4.9. Typical procedure for catalytic hydrogenatwinpyrrolidesb

A suspension of 5-(methoxycarbonyl)-2-oxo-4-pheBypyridin-1-ium-1-yl)-2,3-
dihydro-1H-pyrrol-3-ide 5a (89 mg, 0.30 mmol) and Pid7 mg, 10 mol %) was stirred in
hydrogen atmosphere overnight (completion of thactten was indicated by TLC and
disappearance of red color). The resulting colsrigution was filtered from POconcentrated
in vacuo and purified by silica gel column chrongaaphy on silica
(dichloromethane/methanol).
4.9.1. Methyl 5-oxo-3-phenyl-4-(piperidin-1-yl)-48ydro-1H-pyrrole-2-carboxylatelpa)

Compoundl2a (63 mg, 69%) was prepared from 5-(methoxycarbe2ydxo-4-phenyl-
3-(pyridin-1-ium-1-yl)-2,3-dihydro-#H-pyrrol-3-ide 5a (89 mg, 0.30 mmol) and P1@7 mg, 10
mol%) according to the general procedure. Pale oyellsolid, mp 184-186 C
(dichloromethane/diethyl ether)s RL% methanol in dichloromethane) 0.43 NMR (DMSO-
de): 5 1.35-1.50 (M, 6H), 2.67-2.81 (m, 2H), 3.06-3.18 BH), 3.45 (s, 3H), 4.96 (d,= 1.2 Hz,
1H), 7.23-7.31 (m, 3H), 7.32-7.39 (m, 2H), 8.691kl). °C NMR (DMSO-d): § 23.7 (CH),
25.7 (CH), 49.7 (CH), 52.0 (CH), 59.1 (CH), 123.9 (C), 127.6 (CH), 127.7 (CH)BE(CH),
133.6 (C), 139.3 (C), 170.3 (C), 170.4 (C). HRMSS(Em/z: 301.1547 calcd for@H»N,Os"

[M + H]*, found 301.1557.
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4.9.2. Methyl (2RS,3RS,4RS)-5-0x0-3-phenyl-4-(gijmel -yl) pyrrolidine-2-carboxylate13a)

Compoundl3a (46 mg, 50%) was prepared from obtained from Stmeycarbonyl)-2-
0xo0-4-phenyl-3-(pyridin-1-ium-1-yl)-2,3-dihydroHtpyrrol-3-ide 5a (89 mg, 0.30 mmol) and
PtO, (14 mg, 20 mol%) according to the general procedexcept from that the reaction
mixture was stired 48 h instead of overnight. Whitsolid, mp 179-181 C
(dichloromethane/diethyl ether); 2% methanole in dichloromethane) 0.28 NMR (DMSO-
de): 5 1.12-1.33 (M, 6H), 2.19-2.32 (m, 2H), 2.56-2.76 BH), 3.27 (s, 1H), 3.35 (d,= 7.0 Hz,
1H), 3.94 (tJ = 6.6 Hz, 1H), 4.53 (d] = 6.1 Hz, 1H), 7.18-7.25 (m, 5H), 8.17 (s, 1HC NMR
(DMSO-d): 6 24.0 (CH), 25.4 (CH), 47.6 (CH), 51.3 (CH), 51.5 (CH), 56.9 (CH), 67.5 (CH),
127.1 (CH), 127.3 (CH), 129.2 (CH), 136.1 (C), ¥69C), 174.5 (C). HRMS (ESI) m/z:
303.1703 calcd for GH23N>Os" [M + H]*, found 303.1713.

4.9.3. Methyl (2RS,3RS,4RS)-3-(4-bromophenyl)-54efmperidin-1-yl)pyrrolidine-2-
carboxylate {3b)

Compound 13b (21 mg, 19%) was prepared from 4-(4-bromophenyl)-5
(methoxycarbonyl)-2-o0xo-3-(pyridin-1-ium-1-yl)-2 @hydro-1H-pyrrol-3-ide 3b (106 mg, 0.28
mmol) and Pt@ (6 mg, 10 mol%) according to the general procedéhite solid, mp 175-177
°C (dichloromethane/diethyl ether). R1% methanole in dichloromethane) 0.4#. NMR
(DMSO-d): § 1.17-1.30 (m, 6H), 2.17-2.24 (m, 2H), 2.65-2.75 BH), 3.30-3.35 (m, 4H, here
is an overlapping of the 4@ residual peak, signal of methyl group and dub&bnging to one
of the pyrrolidine ring protons), 3.96 &= 6.5 Hz, 1H), 4.54 (d,) = 6.1 Hz, 1H), 7.13-7.18 (m,
2H), 7.42-7.48 (m, 2H), 8.23 (s, 1H)*C NMR (DMSO-d): 6 24.0 (CH), 25.3 (CH), 46.9
(CH), 51.4 (CH), 51.6 (CH), 56.7 (CH), 67.0 (CH), 120.3 (C), 130.3 (CH), 8{CH), 135.5
(C), 169.3 (C), 174.3 (C). HRMS (ESI) m/z: 381.08@8cd for G/H2:BrN,Os" [M + H]*, found
381.0819.

4.9.4. Methyl 3-(4-methoxyphenyl)-5-oxo-4-(piperidiyl)-4,5-dihydro-1H-pyrrole-2-

carboxylate 1{2c)
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Compound 12c¢ (40 mg, 41%) was prepared from 5-(methoxycarbeayl}-
methoxyphenyl)-2-oxo-3-(pyridin-1-ium-1-yl)-2,3-diiro-1H-pyrrol-3-ide 5¢ (100 mg, 0.31
mmol) and PtQ(7 mg, 10 mol%) according to the general proced@a¢e yellow solid, mp 129-
131 T (dichloromethane/diethyl ether); R.% methanole in dichloromethane) 0.19. NMR
(DMSO-a): 6 1.36-1.51 (m, 6H), 2.69-2.82 (m, 2H), 3.04-3.18 @hl), 3.46 (s, 3H), 3.76 (s,
3H), 4.95 (d,J = 1 Hz, 1H), 6.88-6.95 (m, 2H), 7.22-7.29 (m, 218)60 (s, 1H).**C NMR
(DMSO-dy): 6 23.7 (CH), 25.7 (CH), 49.7 (CH), 52.0 (CH), 55.0 (CH), 59.1 (CH), 113.2
(CH), 125.2 (C), 125.5 (C), 130.0 (CH), 138.7 ({§8.7 (C), 170.3 (C), 170.7 (C). HRMS (ESI)

m/z: 331.1652 calcd for€H23N-O4" [M + H]*, found 331.1662.
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