Accepted Manuscript

One-pot, three-component cascade synthesis of new tetrasubstituted pyrroles by
coupling reaction of 2-functionally substituted 2-alkenals, amines and nitroethane

Natalia A. Keiko, Nadezhda V. Vchislo, Ekaterina A. Verochkina, Ludmila I. Larina

PII: S0040-4020(14)01224-1
DOI: 10.1016/j.tet.2014.08.040
Reference: TET 25941

To appearin:  Tetrahedron

Received Date: 2 June 2014
Revised Date: 5 August 2014
Accepted Date: 18 August 2014

Please cite this article as: Keiko NA, Vchislo NV, Verochkina EA, Larina LI, One-pot, three-component
cascade synthesis of new tetrasubstituted pyrroles by coupling reaction of 2-functionally substituted 2-
alkenals, amines and nitroethane, Tetfrahedron (2014), doi: 10.1016/j.tet.2014.08.040.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2014.08.040

Graphical Abstract

One-pot, three-component cascade synthesis of new tetrasubstituted pyrroles by coupling
reaction of 2-functionally substituted 2-alkenals, amines and nitr oethane

Natalia A. Keiko, Nadezhda V. Vchislo, EkaterinaVerochkina, Ludmila I. Larina

EtNO,
b 55°C, solvent
>

XR XR ~XR = SAKk XR

RWO’L RENH, === RWNRZ —  EWNO, RL NHR?

¢ SiO, MWI

-
XR = SAlk
R = Et,n-Pr,n-Bu, n-Hept XR = SAlk O,N
NO. EtNO.
NAA @ 2 2 -
R'= Q\y Q\ ’ N >$NHOE'[
1 y 2
R SR

R? =n-Bu, PhCH,
R~
Z N0

|, 2
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Abstract

The reactivity of 2-alkylthio(2-alkoxy)-substitutegtaryl(hetaryl)propenals in a one-pot three-congmbrreaction with primary amines and
nitroethane has been studied. A method for thehegig of highly functionalized pyrroles (in 36-8@%lds) from 2-alkylthiopropenals has been
developed on the basis of this reaction. It is tbthrat the reaction proceeds via formation of tiiermediate imine of the starting enal, which
undergoes 1,2-addition by nitroethane to give kiadlyy controlled 2-alkylthio-3-alkylamino-1-aryl@taryl)-4-nitro-pentene. When left to stand,
upon heating or under microwave-assistance, thii@dcan be transformed into the thermodynamicedigtrolled 1,4-adduct. The latter
undergoes intramolecular cyclization to afford tagget pyrrole. A possibility of such isomerizatiohaddition products of nitroalkane to 2-
functionalizedu,B-unsaturated imines is revealed for the first ti®eope of the reaction depending upon its conditamwell as structure of the
starting substrates and amines has been studied.

Keywords: functionalized pyrroles, multicomponent protocalpstituted 2-enals (2-enimines) 1.2- vs 1.4-aoldliti

1. Introduction
The pyrrole core is a ubiquitous structural unit mény natural compounds including
hemoglobin, chlorophyll, vitamin 8, L-tryptophart; alkaloids? as well as numerous essential dfugs
and synthetic pharmacologically valuable substangessessing antibacterfal, antifungal®
antioxidant antitumor and anti-HIV activity®’ Each original substituent or new combination of
substituents in the pyrrole cycle endows the compeuwith new kind or even new spectrum of
biological activity?® Tetrasubstituted pyrroles are of paramount impoeaowing to their

Fa,ga-d
)

antibacteria antiviral, antitumot®™ and antioxidarif activities and ability of inhibiting the

cytokine-mediated diseas®s® In addition, pyrroles are employed as special pigis and dye¥.
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insecticides’ and versatile building blocks in organic synthesisl materials chemistry.Therefore,
nowadays great effort is invested into the develepiof efficient methods for the synthesis of
pyrroles® including tetrasubstituted ond<? As a consequence, a lot of amazing progress hers be
achieved in the elaboration of elegant synthetithoaologies allowing structurally diverse pyrrotes

be prepared.
Among numerous approaches to the synthesis of lpgirmulticomponent coupling reactions

arrest a special attention. Over the last decadeeat deal of publications has been devoted tesethe

S’L3f, 14c,14h,15

reaction Quite rare, but very successfultyp-unsaturated aldehydes are used in these

transformations as the starting reagéhtsshould be noted that before our works, to thst Ioé our
knowledge, 2-functionally substituted 2-alkenalséhamot been applied in the synthesis of pyrtdle.
Unlike 2-alkylalkenalg®®® 2-ethoxypropenal reacts with primary aliphatic aesi and nitroethane in
the presence of silica gel under microwave assistém furnish 2-ethoxy-4-nitropenten2sb in 85%

yield *H NMR) or 20-28% after distillation, instead of teepected pyrrole3.*’
OEt NO,
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Scheme 1
It is assumelf® that the first stage of the discussed three-compbmeaction involves

w n—=2

condensation of amine with,-unsaturated aldehyde (Scheme 2) to give an imewifg lower
positive charge on the,@Gtom as compared with a charge on carbonyl atotheostarting aldehyde.
Such redistribution of electron density in the emated imine system should promote the subsequen
successful attack of nitroalkane carbanion at the a@m of ambident electrophile (Michael
reaction)'® Generation of the intermediate aniars a key stage in the multistage cascade assembl,
of pyrroles. Further the intermediate add@atyclizes via the cascade of three reactions tvelelhe

target heterocycle (Scheme 2).
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The results obtained by us suggest that under dhdittons of Scheme 1, the intermediate
imine adds nitroethane across the imino group,nmitin the 1,4-position. Earlier, to gain a more
penetrating insight into the prospects of targetpdlication of 2-functionalized 2-alkenals, we have
calculated the distribution of electron densityhese molecules using density functional theoryTPF
at the B3LYP/6-311+G** and MO6/6-311+G** levels Witnatural bond orbital (NBO) analysEs.
The calculations have shown that in 2-alkylthiosiibed alkenals, unlike their alkoxy analogs,
changes in the direction of tlkie=C bond polarization towards carbaratom are observed that should
facilitate the attack of C-nucleophiles at fhearbon atom (via the Michael reaction).

The present work deals with experimental verifmatof conditions used for the synthesis of
tetrasubstituted pyrrol€s via the three-component reaction between 2-funatined 2-alkenalg of
different electrophilicity and steric bulk, primagmines and nitroethane (Table 1). The scope of the
reaction applicability have been experimentallydstd to confirm the conclusions made previously by

quantum-chemical calculatidnh.

2. Results and discussion

'H NMR monitoring of the reaction has shown that like 2eaypropenal¥ the three-
component reaction of 2-butylthiopropendisb both in THF at 50-60C (Table 1, entry 1) and with
the reagents impregnated on an inorganic supp@bt)8nder MWI assistance (entries 2, 3) proceeds
via quantitative formation ai,-unsaturated imine8 (reversible reaction on Scheme 3) that allows
such intermediates to be easily characterized u$inMR technique. In solvents, at 50-8Q this
condensation is complete after a short periodnoé ti< 0,5 h). Further (in 1-2 h), complete convanrsi
of enimines6 is observed and 1,2-adduc® @re formed (the directioh on Scheme 3). In thtH
NMR spectra, these compounds (usually mixtures of eli@esisomers) are readily detected by
characteristic chemical shifts @fHsCH (two doublets in the region 1.40-1.55 ppm)C*N (two
signals at 3.95-4.10 ppm) and HC*M@rotons (two multiplets at 5.1-5.2 ppm). When theese-
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component interaction is carried out under microsvassistance (direction on Scheme 3), 1,2-
adducts7 are formed in five minutes and represent the magaction products (70-75% in the
mixture,’H NMR).

Table 1. Screening reaction conditiofis

R XR?
RZ X R*X by NO
WWO + RNH, + EtNQ RH/K{*S"B + He /N\ !
s H  NHR® b
Ta-k 5a-k
Entry | Starting R* R*X R® [ MwI®, Time | T°C | Product | Yidd
4 SO (h) cd
solvent (%)
1 4a a\ n-BuS n-Bu THF 4 60 7a (98Y
o
2 da BN n-BuS n-Bu MWI 5min 60 7a (70)
[¢]
3 4b @\ n-BuS n-Bu MWI 5min 60 b (70)
S
4 4i Ph EtO n-Bu THF 7 55 8b°® 45
5 4j BN EtO n-Bu THF 9 55 8¢’ 36
o
6 4a ﬂ\ n-BuS n-Bu THF 9 55 5a 37
o
7 4c ﬂ\ n-PrS n-Bu MeOH 6 55 5c 53
[¢]
8 4b @\ n-BuS n-Bu THF 18 55 5b 42
S
9 4b @ n-BuS PhCH MeOH 10 55 5d 42
S
10 4d BN C/HisS n-Bu MeOH 7.5 55 5e 56
o
11 4d BN C/HisS n-Bu THI;:g/I;OH 10 55 5e 74
o L.
12 da BN n-BuS n-Bu i-PrOH 6.5 80 5a (72)
[¢]
13 da Q\ n-BuS n-Bu i-PrOH 8.5 55 5a (gf)f
14 da BN n-BuS n-Bu DMSO 1 150 5a (70Y
[¢]
15 da Q\ n-BuS n-Bu DMSO 12 55 5a (gg)f
16 4a BN n-BuS n-Bu Solvent-free 12d 25 7a2: Sf:
o .
17 da BN n-BuS n-Bu Solvent-free 4.5 55 7;\ 7 5a1:
o A
18 4a BN n-BuS n-Bu Solvent-free 8 55 5a (72)
(o]
19 4a ﬂ\ n-BuS n-Bu MeOH 8 55 5a 38
[¢]
20 da BN n-BuS PhCH MeOH 14.5 55 5f 36
[¢]




21 de N n-BuS ~ PhCH MeOH 13.5 55 59 59
N ~Z#
22 4f N n-PrS  n-Bu MeOH 5 55 5h 80
N Z#
23 de N n-BuS n-Bu THF 15 55 5i 80
N
24 49 @\ n-BuS n-Bu MeOH 14 55 5] 60
NO,
25 4h OZNO\ C/HisS n-Bu MeOH 14h 55 5k 67
26 da BN n-BuS n-Bu MWI 10 60 7a : 5a=
o min 1:1
27 da BN n-BuS n-Bu MWI 15 60 5a (70)
o min
28 da BN n-BuS n-Bu MWI 1min 200 5a (25)
o
29 4 BN EtO n-Bu MWI 5min 60 8c* (98)

o

3 Reaction conditiord : R’NH,: EtNO,= 1 (1-4 mmol) : 1 : 3-4 (eq), solvent 1-3 ml.

® Microwave irradiation of reaction mixture on SiO

¢ Isolated product after column chromatography.

¢ In parentheses yield determined’ByNMR analysis of the crude reaction mixture is given

€ The alternative direction of conversion of 2-alkeupstituted adduct&¢,d) (Scheme 4)

"Yield of 7 or 5 were calculated byH NMR integration of protons, using GBir, as an internal standard.
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Scheme 3

An attempt to isolate adductsby distillation in vacuum or column chromatograpiry SiQ
results in their decomposition giving rise sigrafi¢ amounts of dibutyldisulfide (up to 50% in the
reaction mixture) and tar.

Similar formation of 1,2-adduct&c,d (like previously synthesized 1,2-addu@a,b'’) is
observed (Scheme 4) in the three-component reactibn3-phenyl(or furyl)-substituted 2-
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alkoxypropenals 4j,j) with amines and nitroethane (Table 1, entries).4Gompounds2a-d are
unstable to vacuum distillation or column chromaapdy (SiQ), and readily eliminate amine
(Scheme 4) to furnish the corresponding nitropeatas 8), isolated in low yields (28-36%) owing to
their proneness to polymerization. Therefore thelaiton of intermediate® as well as their
thioanalogs? is beyond the scope of the present work, neversseheiH NMR spectra are given in
the experimental part of the paper for all threeyponent reactions.

OEt EtNO, ) OEt NO, OEt
) .
lor 4 RENH, NHR? 8a-c i
2
1R=H Ri= H, R2= PhCH, (a) Ri=H (a), Pl (b)@\ ©)

4i R= Ph, XR = OEt Rl=H, R?=n-Bu (b)

4 ri={ )\, xR=OEt Re= {3 R=n-Bu(©)
R! = Ph, R = n-Bu (d)
Scheme 4

We have unexpectedly found that upon long stordgbeoreaction mixtures (>10 days at 25
°C), the sulfur-containing 1,2-adduct§a(b) are spontaneously and with complete conversion
transformed into substituted pyrrolém,b (Scheme 3), though a side-product, dibutyldiselfid
sometimes can be formed in noticeable amounts. éddancfollows that the synthesized 2-
butylthiosubstituted aminonitropentenés,b are kinetically controlled reaction products. Thegn
undergo the reverse reaction involving nitroethahmination to delivero,f-unsaturated imines,
which further are transformed into thermodynamicaditable 1,4-isomers via 1,4-addition of
nitroalkane. The latter, owing to the subsequetnaimolecular cyclization of intermediafe (Scheme
2) are converted to the stable pyrrabash. Previously, such an effective conversion of Id@ect of
nitroalkane with a,f-enimine into 1,4-adduct has not been observed xper@ments with 2-
alkylalkenals under the conditions of three-compmeaction of pyrrole synthesi&® Nevertheless,
it is knownthat 1,4-adducts of C-nucleophilesda@-enals and enones are usually thermodynamically
more stable than 1,2-adducts and therefore therlatin be transformed into 1,4-adducts, if the
reaction of 1,2-addition is reversibfe.

The reactivity ofa,pf-unsaturated enimines is similar to that of theirbonyl analogs. Like
alkenals, they represent ambident electrophilesgctwban participate in the reactions of 1,2- or-1,4
nucleophilic additiorf® But unlike the oxygen analogs, the conjugated tamdito o,B-unsaturated
imines is not still clearly understood, probablyedo the lower electrophilicity of these substrates
Usually, such control of the regioselectivity igher difficult and depends upon nucleophile and the
reaction conditions, often 1,2-addition being praifiée?

Thus, we face a challenging task to define the exmmtal conditions favoring preferable

formation of the thermodynamically controlled adiducThe issues of regioselective 1,2- or 1,4-



addition of C-nucleophiles ta,f-unsaturated aldehydes and ketones in the two-coempaeaction
were® and still remaifi the objects of careful research attention. Aceaydo the literature data, 1,4-
addition is usually promoted by higher reaction perature:* more polar solvent (or mixture of
solventsf* % and the specific catalyst, appropriate for acibratof both the reagent and
substrate "%

For better understanding of the reaction, we havdied the effect of solvent polarity on a rate
of separate stages of the process (Table 1). Tdatioa completion is determined by evaluating the
conversion of 1,2-adductg)(using*H NMR technique. It should be noted that the reactiaie
decreases with time. Therefore, to diminish the/melrization of 1,2-adduct and optimize the yield of
pyrrole 5, heating of the reaction mixture is sometimes [gopbefore reaching complete conversion.
For the comparative analysis of the reaction patarsethe interaction of 2-alkylthio-3-furylpropéna
4a with butyl amine and nitroethane (1 : 1 : 3-4 maktio, 1-4 mmol amounts, 58) in the presence
of a solvent (1-3 ml, proportional to the substrateounts) has been chosen as a typical experiment
As a rule, the reactions are carried out withoet aldditional catalyst. As is seen from Table 1, the
reactions in THF, low-polar(7.52) aprotic solvent ensuring low-solvating medliyproceed for 9-18
h (entries 6, 8 for structurally close substratesjnethanol £ 32.6), the same reactions are carried out
for 7-10 h (entries 7, 9-11).

Implementation of the reaction in 2-propanell8.3) allows the temperature of the reaction
mixture to be increased up to 80 (entry 12). According to th& NMR data (CHBr, as internal
standard), in 2 h, complete conversion of unsatdranine6a is observed; in 3.5 h, the yield of 1,2-
adduct {a) is 28%, and the yield of pyrroka reaches 33%. In 6.5 h, the target pyrrole becdaimes
major product of reaction mixture (72%). Unfortuglgt the admixture of dibutyldisulfide in the
mixture is 19%. When the reaction is carried oub%tC under nitrogen for the longer heating the
needed for complete conversion of compodad8.5 h), the yield of the above admixture decesas
to 4% (entry 13). However, after chromatographidason, the yield of pyrrol®&a is 38%.

In DMSO  46.68) at 150°C, the reaction proceeds even faster (entry 14)roRyba is
detected as a major product in the reaction mixtuteh, but the admixture of dibutyldisulfide atis
35%. When the reaction temperature decreases t€ ,58uite deep conversion of 1,2-adducta)(
occur for 12 h (entry 15). Meantime, the yield loé target produda after isolation reaches 46%, and
the yield of dibutyldisulfide is 35% 1 NMR).

The rate of the standard reaction between aldeAggdéutyl amine and nitroethane (1: 1: 3
molar ratio) can be raised considerably by perfagrtihe reaction under solvent-free conditions at
room temperature (entry 16). In this case, nitrae¢h¢ 28.1) taken in excess amount, acts as a
solvent. The'H NMR monitoring shows that in one day, imifie is converted completely into 1,2
adduct. In 5 day®%a : 7a ratio is 1 : 5, and in 12 days it becomes 2 : Houlgh the admixture of



dibutuldisulfide in this case is not high, this fm@ol can not be recommended because of slow
dynamics of the reaction: total conversion of Iddwcts is reached only in 14 days.

To accelerate the process, the above describetlordms been carried out at %5 in the
presence of 4.5-fold excess nitroethane (entry Alfgady in 1.5 h, the total disappearance of imine
6a is observed and the reaction mixture contains major products/a and5a in a 6 : 1 ratio,
admixture of the disulfide being not high (8%).4rd h, the ratiora : 5a is equal 1.7 : 1. At a longer
heating (8 h) in the absence of the solvent (eb&)y the ratio of productga and5a becomes 1: 2.6
(the yield of5a is 72%,'H NMR). However, the total rate of the process urtiese conditions is
comparable to rate of the reaction in methaoblgntries 18 and 19).

Further we have paid our attention to the aminepmomant. It is found that aliphatic amines
such as BuNKand PhCHNH; (entries 9, 20, 21), readily tolerate the reactiout the latter reacts
significantly slower ¢f. entries 21 and 22 or 19 and 20).

Since electrophilicity of enal is knowhi to be of crucial importance in the formation of
relative amounts of 1,2- and 1,4-adducts, a safediverse 3-aryl (hetaryl)-2-alkylthio-2-propenals
have been tested as the potential Michael acceptors

To successfully implement the synthesis of pyrfléhe initial substratd should possess the
ability of adding one nucleophile (RNHin the 1,2-position, and the formed enam@should add
another nucleophile (nitroalkane anion) in the dgéition. Quantum-chemical calculatidrand the
experiments have shown that the functional sulesttaiin the position 2 (OR and SR) have different
effect on polarization of the carbonyl group anditiple bond. Owing to strong p-conjugation, the
alkoxy moiety promotes a shift of electronic depsibward the carboi-atom. Formation of the
intermediate imine proceeds easily, but in its rodlke, the partial negative charge pratom only
increase¥ thus hindering nitroethane attack at faatom. On the contrary, its attack across the imino
group becomes preferable. For 2-alkylthio analogsgative charge generated @Ratom is
considerably less than in the case of alkoxy anaod nitroethane can attack further fhatom to
afford a product of 1,4-addition (intermediatein Scheme 2). This is the key intermediate product
ensuring the successful synthesis of pyrflépparently, it is a highly reactive compound ated
concentration in the mixture never reaches theesalwhich could be detected ty NMR technique
that has been done for the 1,4-addition reactigh®ficarbonyl C-anions to 2-butenal imfte.

Diverse electron-donating and electron-withdrawisigostituents in the 3 positionof the
substrate can decrease or increase electronictyeamsithe f-atom thus sometimes favoring the
conjugate addition. In our research, among aronaatit heteroaromatic substituents in the 3 position,
the pyridine cycle has been proved to exert theesged electronic promotion to the formation ofjlon
conjugated system. In this case, the reactionsepbéaster both in THF and MeOH, yields of the
products reaching 60-80% (entries 21-23). Eleciyatiee groups irortho- or para-positions of the

phenyl ring of compoundég,h augment electrophilicity of the substrate and state the conjugated
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addition (entries 24, 25). When the substratesatorthe furyl and thienyl moieties in the 3 positio
yields of the target pyrrolésa-d,f are often lower (37-42%) (entries 6-8, 13, 20puiih decrease of
the yields can be due to duration of the heating.

The slowest stage of the studied reaction sequence retro 1,2-addition (see reversion
reactionsb,c on Scheme 3). Heating (entry 14) or microwaveséasce are applied for successful
implementation of this reaction. As is seen fronbl€al (entry 2), when the typical reaction is cadri
out on reagents-impregnated silica gel under miax@activation conditions, 1,2-adddet is formed
at 60°C for 5 min. Noteworthy, the rate of this reactidage is 18-25 times higher than that of the
reactions performed in a solvent at 55°60 The reaction mixture is exposed in MWI reactar 0
min at 60°C to afford the target pyrrol&a, which is in equal ratio with addu@g, a significant
amount of dibutyldisulfide admixture (20 mol%) bgialso formed (entry 26). In 15 min, thé NMR
spectrum of the reaction mixture shows the incredslee admixture content up to 25 mol%, while the
yield of the target produda also rises to 70% (entry 27). An attempt to de@dhse reaction time to
1 min at 200°C results in the formation of pyrroka in 25% yield along with dibutyldisulfide in 74%
yield (entry 28), while the intermediate 1,2-addu(ta) is not observed at all. These experiments
confirm that the high temperature and silica gadnpote a decoupling RS-groups of the target
products.

Unlike 2-alkylthiopropenal 4a), its oxygen analog, 2-ethoxy-3-(2-furyl)-propenéd)),
participates in microwave-initiated coupling reaatiwith nitroethane and butylamine for 5 min €0
(entry 29) to quantitatively furnish 2-ethoxy-14{&yl)-4-nitropentadiene8().

3. Conclusions

B Yield of 5, %

801
70+

60-
50-
40-

N\

30+

20+
10+

0

da 4b 4c 4d 4e 4f 4g 4h 4i 4

Fig. 1. Reactivity profile of 2-alkylthio(2-alkoxygubstituted 3-aryl(hetaryl)propenadsdepending on the
structures of them in three-component casaa@etionwith primary amines and nitroethane in synthesis
pyrrolesb.



- A method for the synthesis of densely functionaizgyrroles5 with hitherto unknown
combination of substituents has been developed.nfétbod comprises the three-component cascade
reaction of 3-aryl(hetaryl) 2-alkylthiosubstitutegB-unsaturated aldehydes with primary amines and
nitroethane (without additional promoters), thedseof the target products varying from moderated t
high (Fig. 1).

- To the best of our knowledge, it has been foundHerfirst time that the reactions involve the
formation of kinetically controlled 1,2-adduct atroalkane too,-enimine, which can be transformed
into the substituted pyrrole under the conditioevedoped (temperature 20-14Q, solvents THF,
MeOH, i-PrOH, DMSO or MWI promotor). Taking into accounteamanistic aspects of the pyrrole
synthesis® we believe that such transformation is triggergdisomerization of the kinetically
controlled 1,2-adduct3 into the thermodynamically controlled 1,4-addu&).(The latter undergoes
further intramolecular cyclization via the knowrgaence of domino reactions.

- The study of the protocol scope has revealed thalike 2-alkylthiopropenals, 2-alkoxy
analogs regioselectively (up to 85% yieftH NMR) give 1,2-adducts2} of nitroethane to the
intermediate imine, which are not capable of furBemerizing to pyrroles. Among the characteristic
features of these adducts is an ability to readliyninate the amine moiety upon distillation in
vacuum, chromatographic isolation on silica gel MWI activation thus transforming into 1-
aryl(hetaryl)-2-alkoxy-4-nitro-pentadien8s active monomers. Apparently, this feature isoralized

by the prevailing electron-donating effect of thikeoay group inducing high partial negative charge o
the carborp-atom of the conjugated chain of both the substatkan intermediaten,-unsaturated

imine.

4. Experimental section

4.1. General

'H, **C and™N NMR spectra were recorded on Bruker DPX 400 ake4@0 spectrometers (400.13,
100.61 and 40.56 MHz, accordingly), using CP& a solvent, and HMDS as an internal standard.
Nuclear Overhauser effect (NOESY), homonucléat/'H) correlation spectroscopy (COSY) and
inverse gradient heteronucledH(**C) correlation spectroscopy (HSQC and HMBC) wer&inied
using the standard Bruker pulse sequence for stalcassignment of NMR spectra. GC-MS analysis
was performed using Hewlett-Packard 5971A massededetector (electron impact, 70 eV) coupled
with an HP 5890 gas chromatograph (Ultra-2 colurf® of phenylmethyl silicone; injector
temperature 250C% oven temperature 70 to 280;°at rate of 20 € min). IR spectra were recorded
as a thin film on a Bruker Vertex 70 spectromeldemental analysis were carried out in a Thermo
Finnigan automatic analyzer 1112 ser. Column chtography was carried out over silica gel 60 (70-
200 mesh; Merck). A microwave reactor Anton Paaofigwave 300" was used.
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The starting 2-functional substituted 2-alkenalsevebtained by known metho8isCharacterisation
of 2-alkenals which were synthesized for the firsie are given in section 4.4.

In 'H NMR spectra of the intermediate produ@sk the doubling of all signals is present, which
corresponds to the existence of diastereomersd8ggshe additional doubling of proton signals of
some groups (EH, HC*NHR, HC*NGQO,) is observed that provides evidence for the peseaf two
geometrical isomers.

4.2. Synthesis of 2-ethoxy-4-nitropentadienes 8a-c

4.2.1. 2-Ethoxy-4-nitropentadiene (8a). 3-Amino-2-ethoxy-4-nitropentene2q) (1.7 g, 10.8 mmol)
synthesized according to prototolvas chromatogrpaphed on silica gel (elution witkdne : ether 98
. 2) to give2-ethoxy-4-nitropentadiene 8a as a clear dark-brown liquid, 0.47 g, 30% yieldpyRd:C,
53.20; H, 6.87; N, 8.91.C;H1:NO; requiresC, 53.50;H, 7.01; N, 8.91%]vmax (film) cm™: 1727
(C=CNQ,), 1686 (C=C-OEt); d4 (400 MHz, CDC}) 7.32 (1H, s, CH=), 4.58 (H, s, CH=), 3.85 (2
H, q,J 7.0 Hz, CH (Et)) 2.47 (3H, s, CH), 1.37 (3H, t,J 7.0 Hz, CH (Et)); d¢c (100.6 MHz, CDC))
159.7 (=C(OEt)), 151.9 (=C), 121.2 (CH=), 96.1 (EH 64.2 (OCH), 15.2 (CH), 13.4 (CH (EY));
GC-MS:m/z (%) 157 (22, M), 111 (29), 83 (16), 65 (14), 53 (8), 43 (100).
4.2.2. 2-Ethoxy-4-nitro-1-phenylpentadiene (8b). A solution of )-2-ethoxy-3-(2-phenyl)-propenal
(4i) (0.25 g, 1.42 mmol), butylamine (0.1 g, 1.42 myasid nitroethane (0.32 g, 4.26 mmol) in THF
(1.5 mL) was stirred at 5% for 7.5 h. After evaporation of the solvent undeduced pressure, the
residue was purified by column chromatography ¢inasgel (elution with CHG)) to give compound
8b as a yellow oil 0.15 g, 45% vyield; [Found; 66.6;H, 6.5; N, 6.1C;3H;5sNO3 requiresC, 66.95;H,
6.4; N, 6.0%];vmax (film) cm™: 1727 C=CNGQ,), 1517, 1310, 1251, 1056; (400 MHz, CDC}) 7.69
(1 H, s, CH=CN®), 7.35 (2H, t,J 7.8 Hz,m-H), 7.27 (14, t,J 7.8 Hz,p-H), 7.17 (24, d,J 7.8 Hz,0-
H), 6.23 (1 H, s, =CH), 3.99 (2 H, 36.9 Hz, OCH), 2.51 (3H, s, Ch), 1.45 (3 H, tJ 6.9 Hz, CH
(Et)); ¢ (100.6 MHz, CDGJ) 149.7 (=C-0O), 130.9 (C-N 129.6 (¢), 129.4 (G), 128.7 (G), 127.4
(Cp), 125.8 (HC=CNGQ), 113.7 (=CH), 63.8 (OC}), 14.7 (CH), 14.6 (CH (Et)); GC-MS:m/z (%)
233 (58, M), 186 (9), 157 (36), 129 (100), 115 (79), 91 (7),34), 29 (25, Et).
4.2.3. 2-Ethoxy-1-furyl-4-nitropentadiene (8c).
a) A solution of g)-2-ethoxy-3-(2-furyl)-propenal4{) (0.4 g, 2.4 mmol) and butylamine (0.146 g, 2
mmol) in THF (2 mL) was stirred at 5& for 1 h, and then nitroethane (0.6 g, 8 mmol) a@dded and
the mixture was stirred at the same temperatur® forAfter evaporation of the solvent under rediuce
pressure, compourft was isolated by column chromatography on silida(gi@tion with CHC}) as
an orange solid, mp 8, 0.16 g, 36% vyield; [Found, 59.43,H, 5.79; N, 6.25C11H;sNO, requires
C, 59.18; H, 5.87; N, 6.28%.]vmax (KBr) cm*: 1715 C=CNOy), 1636, 1557, 1509, 1378, 130%;
(400 MHz, CDCH4) 8.25 (1 H, s, CH=CNg), 7.45 (1H, d,J 1.8 Hz, H-5), 6.42 (1 H, dd,3.3, 1.8 Hz,
H-4), 6.24 (1 H, d,J 3.3 Hz, H-3), 5.95 (1 H, s, =CH), 3.92 (2 H,Jj7.0 Hz, OCH), 2.51 (3 H, s,
CHs), 1.43 (3 H, tJ 7.0 Hz, CH (Et)); d¢c (100.6 MHz, CDG) 150.2 C-OEt), 146.2 (CNQ), 143.0
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(C-5), 129.6 (CH=CNg), 125.6 (C-2), 116.3 (CH=), 113.0 (C-3), 112.64);67.3 (OCH), 15.3 (Me

in OEt), 13.6 (CH); GC-MS:m/z (%) 223 (100, M), 176 (16), 162 (14), 148 (39), 138 (30), 131 (10)
119 (44), 108 (52), 97 (79), 91 (76), 77 (52), 61)( 52 (56), 39 (36), 29 (38, Et). On storing the
crystalline sample slowly is transformed into lidgeometrical isomey (400 MHz, CDCY) 7.52 (1

H, s, CH=CNQ), 7.42 (1H, d,J 1.6 Hz, H-5), 6.86 (1 H, d] 3.3 Hz, H-3), 6.48 (1 H, dd}, 3.3, 1.6
Hz, H-4), 6.28 (1L H, s, =CH), 3.86 (2 H, 7.1 Hz, OCH), 2.50 (3 H, s, Ch), 1.40 (3 H, tJ 7.1 Hz,
CHs (Et)); 6c (100.6 MHz, CD() 148.0 C-OEt), 146.7 (CNQ), 142.0 (C-5), 129.2 (CH=CNQ
124.6 (C-2), 111.9 (C-3), 108.4 (C-4), 102.9 (CH5),0 (OCH), 14.7 (Me in OEt), 14.5 (Ci

b) Silica gel (1 g) was added to a solution @j-2-ethoxy-3-(2-furyl)-propenal4{) (0.08 g, 0.48
mmol), butylamine (0.035 g, 0.48 mmol), and nith@ete (0.11 g, 1.44 mmol) in dichloromethane (1
ml), and the reaction mixture was stirred at roeemperature for 5-10 min. The solvent was
completely removed and the reaction mixture wasquanto a 10 ml vessel. After pressurization the
reaction mixture was irradiated in single-mode micave reactor at 6@ for 5 min to give compound
8¢ in 80% yield (NMR'H). *H NMR spectra correspond to that described above.
3-Butylamino-2-ethoxy-1-(2-furyl)-4-nitro-2-pentene (2c). oy (400 MHz, CDCY) 7.33 (1H, d,J 1.6
Hz, H-5), 6.86 (1 H, d) 3.5 Hz, H-3), 6.57 (1 H, dd, 3.5, 1.6 Hz, H-4), 6.28 and 6.27 (major), 6.26
and 6.25 (minor) (1 H, s, =CH), 5.11 (major) an@dés(minor) (1 H, m, HC*NG®), 4.78 (major) and
4.72 (minor) (1 H, m, NH), 4.06 and 4.04 (minor))2 and 4.00 (major) (1 H, s, HiKHBU), 3.82 (2

H, m, OCH), 3.52 (2 H, m, NCh), 1.43 (3 H, dJ 6.3 Hz, CH), 1.38-1.19 (7 H, m, (Chh in NBu,
CHs in OEt), 0.89 (3 H, tJ 7.2 Hz, CH (NBuU)).

4.3. General synthesisof pyrroles 5a-k

Method A:

A solution of butylamine (1 mmol) angp-unsaturated aldehydes (1 mmol) in solvent (1 mhy w
stirred at 55 °C for 30 min, and then nitroetha®& (nmol) was added to the solution and the mixture
was stirred at that temperature for 5-18 h. Afemoval of the solvent under reduced pressure,
products were isolated by column chromatographigésgel, eluent CkCl, or CHCE).

Method B:

A solution of butylamine (1 mmol) and,p-unsaturated aldehydes (1 mmol) and nitroethané (3-
mmol) in solvent (1 mL) was stirred at 55-150 °CQ #0618 h. After removal of the solvent under
reduced pressure, products were isolated by colanmomatography (silica gel, eluent &H, or
CHCI).

Method C:

Silica gel (2 g) was added to a solution of butyl@n(1 mmol),a,f-unsaturated aldehydes (1 mmol)
and nitroethane (3-4 mmol) in dichloromethane, dhd reaction mixture was stirred at room

temperature for 5-10 min. The solvent was completemoved and the reaction mixture was placed
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into a 10 ml vessel. After pressurization the nesciixture was irradiated in single-mode microwave
reactor at 60C for 1-15 min.

4.3.1. 1-Butyl-4-butylthio-3-(2-furyl)-2-methyl pyrrole (5a)

a) Method B: (2)-2-butylthio-3-(2-furyl)propenal (0.15 g, 0.71 mipobutylamine (0.052 g, 0.71
mmol) and nitroethane (0.16 g, 2.14 mmol)-lArOH (0.7 mL). The solution was stirred at 55 € f
8.5 h. Yield of5a 64% (H NMR); isolated yield ofsa 38% (0.078 g)'H, *C NMR spectra of
compoundba correspond to those previously reporte(Entry 13).

b) Method B: (2)-2-butylthio-3-(2-furyl)propenal (0.23 g, 1.09 mijdutylamine (0.08 g, 1.09 mmol)
and nitroethane (0.246 g, 3.3 mmol) in MeOH (1 mChe solution was stirred at 55 °C for 8 h.
Isolated yield oba 38% (0.12 g) (Entry 19).

c) Method B: (2)-2-butylthio-3-(2-furyl)propenal (0.236 g, 1.12 rofy butylamine (0.082 g, 1.12
mmol) and nitroethane (0.25 g, 3.37 mmol) in DMS3QnL). The solution was stirred at 150 °C for 1
h. Yield of5a 70% ¢H NMR) (Entry 14).

d) Method C: (2)-2-butylthio-3-(2-furyl)propenal (0.127 g, 0.6 mijdoutylamine (0.044 g, 0.6 mmol)
and nitroethane (0.136 g, 1.8 mmol). The vessel iwadiated by microwave at 60 °C for 15 min.
Yield of 5a 70% (H NMR) (Entry 27).

3-Butylamino-2-butylthio-1-(2-furyl)-4-nitro-2-pentene (7a) was obtained by method C (MWI for 5
min) from (2)-2-butylthio-3-(2-furyl)propenal (0.317 g, 1.5 midoutylamine (0.11 g, 1.5 mmol) and
nitroethane (0.34 g, 4.5 mmol). 1,2-Adddeét is a mixture of diastereomers in 1.5:1 ratig.(400
MHz, CDCk) 7.32 (major) and 7.25 (minor) (1 H,d,1.8 Hz, H-5%, 6.51 and 6.48 (major), 6.37 and
6.34 (minor) (1 H, s, CH=), 6.30 (minor) and 6.24afor) (1 H, ddJ 3.2, 1.8 Hz, H-4"), 6.16 (major)
and 6.14 (minor) (1 H, dJ 3.2 Hz, H-3'), 5.18 (minor) and 5.10 (major) (1 id, HC*NG,), 4.60
(major) and 4.53 (minor) (1 H, m, NH), 3.96 and3@ H, s, HCNHBu), 3.07 (major)and 3.0
(minor) (2 H, m, NCH), 2.12 and 2.05 (2 H, m, SGK 1.53 (minor) and 1.43 (major) (3 H, #,6.6
Hz, CH;), 1.38-1.21 (8 H, m, (Chk in SBu and NBu), 0.92 (3 H,3,7.3 Hz, CH (SBu)), 0.82 (3 H, t,

J 7.2 Hz, CH (NBU)).

4.3.2. 1-Butyl-4-butylthio2-methyl-3-(2-thienyl)-pyrrole (5b) was obtained by method A'H and**C
NMR spectra correspond to those previously repdrted
3-Butylamino-2-butylthio-4-nitro-1-(2-thienyl )pentene (7b) was obtained analogously Ta by method

C (MWI for 5 min)from (2)-2-butylthio-3-(2-thienyl)propenal (0.2 g, 0.884mul), butylamine (0.06
g, 0.884 mmol) and nitroethane (0.2 g, 2.65 mmhB-Adduct7b is a mixture of diastereomers in
1.5:1 ratio.dy (400 MHz, CDCY}) 7.16 (major) and 7.12 (minor) (1 H, 84.7 Hz, H-5"), 6.94 (major)
and 6.92 (minor) (H, d,J 3.6 Hz, H-3"), 6.90 (major) and 6.83 (minor) (1dd,J 4.7 Hz,J 3.6 Hz,
H-4"), 6.49 and 6.46 (minor), 6.38 and 6.35 (majdr)H, s, CH=), 5.13 (1 H, m, HC*NQ 4.53
(minor) and 4.48 (major) (1 H, m, NH), 4.11 and %.0@najor), 4.10 and 4.07 (minor) (1 H, s,
HC NHBuU), 3.07 (minor) and 3.0 (major) (2 H, m, N§H2.10 (2 H, m, SCh), 1.52 (minor) and 1.41
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(major) (3 H, dJ 6.6 Hz, CH),1.39-1.25 (8 H, m, (Ch),in SBu and NBu), 0.92 (3 H, §,7.4 Hz,
CHs (SBu)), 0.82 (3 H, t) 7.2 Hz, CH (NBuU)).

4.3.3. 1-Butyl-3-(2-furyl)-2-methyl-4-propylthio-pyrrole (5¢c) was obtained bynethod A from 3-furyl-
2-propylthiopropenal4c) (0.217 g, 1.1 mmol), butylamine (0.08 g, 1.1 myrasid nitroethane (0.25 g,
3.3 mmol) in MeOH (1 mL). The solution was stirr@d55 °C for 6 h. Compourst was isolated by
column chromatography on silica gel (elution witHALI,) as a brown oil 0.16 g, 53% vyield; [Found:
C, 69.3; H, 8.1; N, 5.3; S, 11.4%;,4H,350SN requires C, 69.3; H, 8.4; N, 5.05; S, 11.694}«(film)
3334, 3115, 2960, 2872, 1551, 1456, 1417, 13780,18836, 1292, 1235, 1145, 1010, 730" &y
(400 MHz, CDC}) 7.42 (1 H, ddJ 1.8, 0.8 Hz, H-5", 6.67 (1 H, s, H-5), 6.64 (1dd,J 3.3, 0.8 Hz,
H-3), 6.45 (1 H, ddJ 3.3, 1.8 Hz, H-4"), 3.78 (2 H,1,7.2 Hz, NCH), 2.53 (2 H, tJ 7.2 Hz, SCH),
2.37 (3 H, s, Me), 1.67 (2 H, m, NGEH,), 1.55 (2 H, m, NChCH,CH,), 1.34 (2 H, m, SCKCHy),
0.97 (3 H,tJ 7.2 Hz, CH (SPr)), 0.93 (3 H, tJ 7.2 Hz, CH (NBuU)); 8¢ (100.6 MHz, CD() 151.6
(C-2, 140.1 (C-5"), 127.7 (C-3), 125.4 (C-2), I2RKC-5), 114.5 (C-4), 110.8 (C-3"), 105.6 (C-49,7
(NCH,), 38.5 (SCH), 33.1 (NCHCH,), 22.6 (SCHCH,), 19.9 (NCHCH,CH,), 13.7 (CH (NBu)),
13.3 (CH (SPr)), 11.2 (CRC-2); 8y (40.56 MHz, CDGJ) -215.4; GC-MSmz (%) 277 (100, M),
249 (3, M-(CH),), 235 (61, M-(CH)3), 192 (36), 160 (18), 29 (4).

Butylimine of (Z)-3-(2-furyl)-2-propylthiopropenal (6c), intermediate in the synthesis of pyrrole 5¢. oy
(400 MHz, CDC}) 7.90 (1H, s, HC=N), 7.45 (1 H, d] 1.8 Hz, H-5'), 7.32 (1 H, dd, 3.5 Hz, H-3"),
7.04 (1 H,s, CH),6.51 (1 H,dda3.5, 1.8 Hz, H-4"), 3.54 (2 H,3,7.3 Hz, NCH), 2.90 (2 H, tJ 7.3
Hz, SCH), 1.63 (2 H, m, NCEKCHy), 1.55 (2 H, m, NCKCH,CH), 1.33 (2 H, m, SCHCHy), 0.94 (3
H, t,J7.2 Hz, CH (SPr)), 0.91 (3 H, t] 7.2 Hz, CH (NBuU)).

3-Butylamino-1-(2-furyl)-4-nitr o-2-propylthiopentene (7c), intermediate in the synthesis of pyrrole 5c.
1,2-Adduct7c is a mixture of diastereomers in 1:1 ratig.(400 MHz, CDC§) 7.32 and 7.25 (1 H, 4,
2.6 Hz, H-5"), 6.51 and 6.48, 6.38 and 6.35 (1,K;H=), 6.31 and 6.25 (1 H, dd, 3.0, 2.6 Hz, H-4"),
6.16 and 6.13 (1 H, d,3.0 Hz, H-3"), 5.21 and 5.11 (1 H, m, HC*)(4.60 and 4.51 (1 H, m, NH),
3.97 and 3.95 (1 H, s, HEHBuU), 3.05 and 3.00 (2 H, m, NGH2.12 and 2.02 (2 H, m, SGH1.53
and 1.43 (3 H, dJ 6.6 Hz, CH), 1.38 (6 H, m, (CH), in SPr and NBu), 0.92 (3 H,,7.7 Hz, CH
(SPr)), 0.82 (3 H, 1) 7.6 Hz, CH (NBuU)).

4.3.4. 1-Benzyl-4-butylthio-2-methyl-3-(2-thienyl)pyrrole (5d) was obtained analogously & by
method A from (2)-2-butylthio-3-(2-thienyl)propenald) (0.4 g, 1.76 mmol), benzylamine (0.19 g,
1.76 mmol) and nitroethane (0.39 g, 5.3 mmol) in¥e(3 mL). The solution was stirred at 55 °C for
10 h. Compoundd was isolated by column chromatography on silida(glation with CHCI,) as a
brown oil, 0.25 g, 42% vyield; [Found C, 70.5; H76N, 4.3; S, 18.4. £H>3NS; requires C, 70.4; H,
6.7; N, 4.1; S, 18.8%}pmaxfilm) 3066, 2958, 2872, 1606, 1552, 1497, 1454413222, 909, 734 cm
1 84 (400 MHz, CDCYJ) 7.34-7.24 (4 H, mm-H, p-H, H-5"), 7.04 (4 H, mg-H, H-3', H-4"), 6.75 (1 H,
s, H-5), 5.02 (2 H, s, NC} 2.47 (2 H, tJ 7.2 Hz, SCH)), 2.20 (3 H, s, Me), 1.42 (2 H, m, SEEH,),
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1.30 (2 H, m, SCbCH,CH,), 0.81 (3 H, tJ 7.3 Hz, CH (SBuU)); éc (100.6 MHz, CDGJ) 138 (-2),
137.6 (G), 130.5 C-2"), 128.5 (Q), 128.3 (G), 127.3 C-4'), 127.1 (G), 126.3 C-3'), 126.1 (C-5),
124.7 (C-5", 118.6 (C-3), 112.0 (C-4), 51.5 (NgHB6.9 (SCH), 32.0 CH2Et), 22.3 CH,CHs), 14.3
(CHz (Bu)), 11.6 (CH-C-2); GC-MS:m/z (%) 341 (83, M), 285 (52, M-(CH)4), 252 (22, M-SBu),
194 (24), 91 (100, CHPh), 77 (13).

Benzylimine of (Z)-2-butylthio-3-(2-thienyl)propenal (6d). 64 (400 MHz, CDC}) 8.08 (1 H, s, CH=N),
7.50 (1 H, s, CH), 7.47 (1 H, 5.0, H-5'), 7.20-7.37 (5 H, no;H, m-H, p-H), 7.06 (2 H, m, H-3', H-
4", 4.76 (2 H, s, NC}), 2.84 (2 H, tJ 7.3 Hz, SCH), 1.51 (2 H, m, SCCH,), 1.17 (2 H, m,
SCH,CH,CHy), 0.80 (3 H, tJ 7.1 Hz, CH (SBu)).
3-Benzylamino-2-butylthio-4-nitro-1-(2-thienyl )pentene (7d), intermediate in the synthesis of pyrrole
5d. 1,2-Adduct7d is a mixture of diastereomers in 1.5:1 rafig. (400 MHz, CDC}) 7.31 (6 H, mp-
H, mH, p-H, H-5), 7.13 (major) and 7.08 (minor) (1 H, dd,5.0, 3.5 Hz, H-4"), 6.94 (major) and
6.86 (minor) (1 H, ddJ 3.5, 1.6 Hz, H-3"), 6.59 and 6.56 (minor), 6.5d &7 (major) (1 H, LH=),
5.16 (1 H, m, HC*NGQ), 4.98 (major) and 4.87 (minor) (1 H, m, NH), 4&7d 4.25 (major), 4.14 and
4.11 (minor) (1 H, s, HONH), 4.20 (2 H, m, NCh), 2.11 (2 H, m, SCh, 1.49 (minor) and 1.41
(major) (3 H, dJ 6.6 Hz, CH), 1.25 (4 H, m, (CH), in SBu), 0.90 (3 H, t) 7.5 Hz, CH (SBu)).

4.3.5. 1-Butyl-3-(2-furyl)-4-heptylthio-2-methyl pyrrole (5€) was obtained bynethod A from (2)-3-
(2-furyl)-2-heptylthiopropenakd) (0.45 g, 1.8 mmol), butylamine (0.13 g, 1.8 mmahd nitroethane
(0.4 g, 5.3 mmol) in MeOH (3 mL). The solution wstgred at 55 °C for 7.5 h. Compoubd was
isolated by column chromatography on silica gelitieh with CHCI,) as a brown oil, 0.34 g, 56%
yield; [Found: C, 72.0; H, 9.15; N, 4.1; S, 9.603:0SN requires C, 72.2; H, 9.1; N, 4.2; S, 9.6%)];
vmafilm) 3384, 3116, 2956, 2926, 2855, 1552, 14587141361, 1336, 1300, 1148, 1011, 24";
8y (400 MHz, CDC}) 7.40 (1 H, dJ 2.0 Hz, H-5'), 6.63 (1 H, s, H-5), 6.61 (1 H,Jd3.2 Hz, H-3"),
6.41 (1 H, dd,J 3.2, 2.0 Hz, H-4"), 3.77 (2 H,3,7.2 Hz, NCH), 2.52 (2 H, tJ 7.2 Hz, SCH), 2.36 (3
H, s, Me), 1.33-1.12 (14 H, m, (GH (SHept, NBu)), 0.88 (3 H, § 7.2 Hz, CH (SHept)), 0.86 (3 H,
t,J 7.5 Hz, CH (NBu)); 8¢ (100.6 MHz, CDGJ) 143.2 (C-2'), 140.0 (C-5"), 127.5 (C-2), 125.15
114.5 (C-3), 110.8 (C-4), 109.4 (C-3'), 105.8 (546.6 (NCH), 36.4 (SCH), 33.1 (NCHCH,), 31.5
(SCH.CH,), 30.3 (NCHCH,CH,), 29.0 (4C, SChCHy(CH,),), 13.7 (2C, CH (SHept, NBu)), 11.2
(CHs-C-2); GC-MS: m/z (%) 333 (100, W 235 (90, M-(CH)7), 202 (17, M-SHept), 192 (20), 29
(5).

Butylimine of (2)-3-(2-furyl)-2-heptylthiopropenal (6€). 6y (400 MHz, CDC4) 7.90 (1 H, s, CH=N),
7.47 (1H, d,J 1.8 Hz, H-5"), 7.31 (1 H, d 3.5 Hz, H-3"), 7.04 (1 H, s, =CH), 6.50 (1 H, d&.5, 1.8
Hz, H-4"), 3.55 (2 H, tJ 7.0 Hz, NCH), 2.90 (2 H, tJ 7.4 Hz, SCH)), 1.62 (2 H, m, NChKCH,), 1.51
(2 H, m, SCHCH,), 1.37-1.25 (10 H, m, (CHsMe (SHept, NBu)), 0.87 (3 H, § 7.1 Hz, CH (NBuU)),
0.84 (3 H, tJ 7.2 Hz, CH (SHept)).

15



3-Butylamino-1-(2-furyl)-2-hepylthio-4-nitropentene (7€). 1,2-Adduct7e is a mixture of diastereomers
in 1.5:1 ratio.dy (400 MHz, CDCY) 7.32 (major) and 7.25 (minor) (1 H, #,1.8 Hz, H-5'), 6.52 and
6.49 (minor), 6.38 and 6.35 (major) (1 H, s, CH&B80 (minor) and 6.24 (major) (1 H, d#i3.2, 1.8
Hz, H-4"), 6.16 (major) and 6.14 (minor) (1 H,Jd3.2 Hz, H-3"), 5.19 (minor) and 5.10 (major) (1 H,
m, HC*NO,), 4.61 (major) and 4.54 (minor) (1 H, m, NH), 3.86d 3.94 (1 H, s, HBIH), 3.07
(major)and 3.0 (minor) (2 H, m, NCHji 2.12 and 2.00 (2 H, m, SGK 1.50 (minor) and 1.44 (major)
(3 H, d,J 6.6 Hz, CH), 1.38-1.11 (14 H, m, (CH} in SHept and NBu), 0.93 (3 H,1,7.7 Hz, CH
(SHept)), 0.83 (3 H, 1] 7.6 Hz, CH (NBuU)).

4.3.6. 1-Benzyl-4-butylthio-3-(2-furyl)-2-methyl pyrrole (5f) was obtained analogously e by
method A from (2)-2-butylthio-3-(2-furyl)propenal4a) (1 g, 4.76 mmol), benzylamine (0.42 g, 4
mmol) and nitroethane (0.89 g, 12 mmol) in MeOH(B). The solution was stirred at 55 °C for 14.5
h. Compoundsf was isolated by column chromatography on silich(gkition with CHCI,) as a
brown oil, 0.46 g, 36% yield; [Found: C, 73.6; H96N, 4.5; S, 10.1. £H>30SN requires C, 73.8; H,
7.1; N, 4.3; S, 9.85%Nmaxfilm) 3114, 2957, 2872, 1607, 1554, 1497, 14541614385, 1355, 1332,
1300, 1145, 1010, 736« 8y (400 MHz, CDCJ) 7.40 (1 H, dJ 1.9 Hz, H-5), 7.25 (3 H, nm-H, p-
H), 7.01 (2 H, dJ 7.3 Hz,0-H), 6.71 (1 H, s, H-5), 6.67 (1 H, d3.2 Hz, H-3"), 6.43 (1 H, dd,3.2,
1.9 Hz, H-4"), 5.01 (2 H, s, NG} 2.57 (2 H, tJ 7.2 Hz, SCH), 2.30 (3 H, s, Me), 1.50-1.26 (4 H, 2
m, CHMe (SBu)), 0.83 (3 H, tJ 7.4 Hz, CH (SBu);éc (100.6 MHz, CD{) 150.8 (C-2"), 140.2 (C-
5", 137.5 (@, 129.0(G), 128.2 (C-2), 127.2 (£, 126.5 (G), 125.1 (C-5), 115.0 (C-3), 110.5 (C-3),
110.2 (C-4), 106.1 (C-4"), 50.7 (NGH 36.0 (SCH), 31.5 CH,Et), 21.9 CH,CHj3), 13.8 (CH (Bu)),
11.4 (CH-C-2); GC-MS:mVz (%) 325 (100, M), 269 (57, M-(CH)4), 236 (20, M-SBu), 178 (24), 91
(94, CHPh).

Benzylimine of (Z)-2-butylthio-3-(2-furyl)propenal (6f). 6y (400 MHz, CDC4) 8.02 (1 H, s, CH=N),
7.47 (1 H, dJ 1.6, H-5, 7.37-7.28 (5H, no-H, m-H, p-H), 7.09 (1 H, s, HC=), 6.51 (1 H, dd 3.2,
1.6 Hz, H-4"), 6.30 (1 H, dJ 3.2 Hz, H-3"), 4.76 (2 H, s, NGH 2.78 (2 H, tJ 7.4 Hz, SCH), 1.30-
1.18 (4 H, m, SChCH,CH,), 0.80 (3 H, tJ 7.4 Hz, CH (SBu)).
3-Benzylamino-2-butylthio-4-nitro-1-(2-furyl)pentene (7f). 1,2-Adduct7f is a mixture of diastereomers
in 1:1 ratio.éy (400 MHz, CDCYJ) 7.38-7.21 (6 H, mo-H, m-H, p-H, H-5), 6.59 and 6.56, 6.49 and
6.46 (1L H, s, HC=), 6.31 and 6.25 (1 H, d&.2, 1.5 Hz, H-4"), 6.20 and 6.16 (1 HJ®&.2 Hz, H-3"),
5.22 and 5.10 (1 H, m, HC*NQ 4.97 and 4.88 (1 H, m, NH), 4.26 and 4.25, 4848 4.19 (1 H, s,
HC*NH), 3.99 (2 H, m, NCH), 2.13 and 2.05 (2 H, m, SGK 1.46 and 1.43 (3 H, d] 6.6 Hz,
CHMe), 1.40-1.18 (4 H, m, SGBH,CH,), 0.80 (3 H, tJ 7.4 Hz, CH (SBuU)).

4.3.7. 1-Benzyl-4-butylthio-2-methyl-3-(3-pyridyl)pyrrole (5g) was obtained analogously tf by
method A from benzylamine (0.145 g, 1.4mmol¥){2-butylthio-3-(3-pyridyl)propenalde) (0.3 g, 1.4
mmol) and nitroethane (0.59 g, 7.9 mmol) in Me@b(mL). The solution was stirred at 55 °C for

13.5 h. Compoun8g was isolated by column chromatography on silida(gjetion with CHCl,) as a
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yellow oil, 0.26 g, 59% vyield; [Found: C, 75.0; H4; N, 8.5; S, 9.65. £H24N>S requires C, 74.95; H,
7.2; N, 8.3; S, 9.5%}vmaxfilm) 3063, 3031, 2958, 2872, 1551, 1498, 1454841385, 1355, 1226,
1028, 911, 715m™%; 84 (400 MHz, CDC}) 8.60 (1H, d,J 1.5 Hz, H-2"), 8.48 (H, dd,J 4.9, 1.6 Hz,
H-6", 7.81 (1H, ddd,J 7.8, 1.6, 1.5 Hz, H-4"), 7.31 (3 H, m:H, p-H), 7.28 (1H, dd,J 7.8, 4.9 Hz,
H-5Y, 7.04 (2 H, dJ 7.1 Hz,0-H), 6.79 (1 H, s, H-5), 5.04 (2 H, s, N@H2.34 (2 H, tJ 7.0 Hz,
SCH), 2.13 (3 H, s, Me), 1.35 (2 H, m, SEEH,), 1.24 (2 H, m, SCKCH,CH,), 0.78 (3 H,tJ 7.0
Hz, CH; (SBu));dc (100.6 MHz, CDGJ) 150.6 (C-6"), 146.8 (C-2), 137.9 (C-4"), 13743, 131.8
(C), 129.0 (GQ), 127.9 (G), 126.6 (G), 125.8 (C-5'), 123.0 (C-5), 121.5 (C-2), 116.33¢111.1 (C-
4), 51.0 (NCH), 36.7 (SCH)), 31.4 (SCHCH,), 21.7 (SCHCH,CH,), 13.8 (CH (SBu)), 10.9 (CHt
C-2); 6n (40.56 MHz, CDQ) -218.9, -74.3; GC-MSm/z (%) 336 (85, M), 280 (47, M-(CH),), 247
(33, M-SBu), 189 (19), 94 (100, GPh).

Benzylimine of (2)-2-butylthio-3-(3-pyridyl)propenal (6g). on (400 MHz, CDC}) 8.78 (1H, d,J 1.7
Hz, H-2", 8.43 (1H, dd,J 4.9, 1.6 Hz, H-6", 8.33 (1 H, ddd,7.8, 1.7, 1.6 Hz, H-4"), 8.12 (1 H, s,
CH=N), 7.38-7.23 (6H, my-H, p-H, mH, H-5"), 7.19 (1L H, s, CH), 4.80 (2 H, s, N§H2.83 (2 H, t,]
7.3 Hz, SCH), 1.40 (2 H, m, SCKCH,), 1.22 (2 H, m, SCCH,CH,), 0.77 (3 H, tJ 7.3 Hz, CH
(SBu)).

3-Benzylamino-2-butylthio-4-nitro-1-(3-pyridyl)pentene  (7g). 1,2-Adduct 7g is a mixture of
diastereomers in 2:1 ratiéy (400 MHz, CDC}) 8.50 (1 H, dJ 1.6 Hz, H-2"), 8.43 (major) and 8.39
(minor) (1 H, ddJ 4.8, 1.7 Hz, H-6"), 7.77 (minor) and 7.70 (majdrH, dd,J 8.0, 1.7, 1.6 Hz, H-4),
7.31-7.25 (6H, mo-H, p-H, mH, H-5'), 6.65 and 6.62 (minor), 6.55 and 6.53joma(1 H, s, CH=),
5.26 (1 H, m, HC*NQ), 5.05 (minor) and 4.87 (major) (1 H, m, NH), 428 4.26 (1 H, s, HC*NH),
4.21 (2 H, m, NCh), 2.11 and 1.92 (2 H, m, SGK11.41 (minor) and 1.37 (major) (3 H, #6.6 Hz,
CHMe), 1.31-1.18 (4 H, m, SGBH,CH,), 0.77 (3 H, 2 t) 7.2 Hz, CH(SBu)).

4.3.8. 1-Butyl-2-methyl-4-propylthio-3-(3-pyridyl)pyrrole (5h) was obtained bynethod A from (2)-2-
propylthio-3-(3-pyridyl)propenal 4f) (0.55 g, 2.6 mmol) butylamine (0.19 g, 2.6 mmaind
nitroethane (0.59 g, 7.9 mmol) in MeOH (2.5 mL).eTholution was stirred at 55 °C for 5 h.
Compoundbh was isolated by column chromatography on silida(getion with CHCl,) as a brown
oil, 0.61 g, 80% yield; [Found: C, 70.5; H, 8.35;™N9; S, 11.35. GH»4N,S requires C, 70.8; H, 8.4,
N, 9.7; S, 11.1%]vmaxXfilm) 3080, 3030, 2959, 2872, 1552, 1461, 13629221225, 1143, 1105,
1026, 715m™; 84 (400 MHz, CDCY) 8.55 (1H, d,*J 1.6 Hz, H-2"), 8.47 (H, dd,3J 4.9,%J 1.6 Hz,
H-6"), 7.77 (1H, ddd,317.8,%34.9,3 1.6 Hz, H-4"), 7.30 (1 H, dd) 7.8,3) 4.9 Hz, H-5"), 6.74 (1 H,
s, H-5), 3.80 (2 H, t) 7.3 Hz, NCH), 2.30 (2 H, tJ 7.2 Hz, SCH), 2.21 (3 H, s, Me), 1.72 (2 H, m,
NCH,CH,), 1.38 (4 H, m, CkMe (SPr, NBu)), 0.97 (3 H, t] 7.3 Hz, CH (SPr)), 0.80 (3 H, tJ 7.5
Hz, CH; (NBuU)); 6¢c (100.6 MHz, CDGJ) 151.0 (C-6"), 147.0 (C-2"), 137.7 (C-4), 1323173), 126.8
(C-2), 125.1 (C-5), 123.0 (C-5), 121.1 (C-3), MQC-4), 47.0 (NCH), 39.2 (SCH), 33.4
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(NCHyCHy), 22.6 (SCHCH,), 20.2 (NCHCH,CH5), 13.9 (CH in SPr), 13.5 (Ckl(NBu)), 10.9 (CH-
C-2); GC-MS:m/z (%) 288 (100, M), 246 (59, M-(CH)3), 213 (23, M-SPr), 171 (28), 148 (6).
Butylimine of (Z2)-2-propylthio-3-(3-pyridyl)propenal (6h). 6y (400 MHz, CDC}) 8.78 (1H, s, H-2",
8.45 (1H, dd,J 4.6, 1.6 Hz, H-6"), 8.31 (&, dd,3J 8.0,%J 1.6 Hz, H-4"), 7.98 (1 H, s, CH=N), 7.32 (1
H, dd,J 8.0, 4.6 Hz, H-5"), 7.14 (1 H, s, HC=), 3.58 (2tHl] 7.3 Hz, NCH (NBuU)), 2.83 (2 H, t) 7.3
Hz, SCH (SPr)), 1.69 (2 H, m, SGEH,Me), 1.47 (2 H, m, NCH,CH,), 1.32 (2 H, m,
NCH,CH,CH,), 0.94 (3 H,tJ 7.2 Hz, CHin SPr), 0.86 (3 H, 1 7.3 Hz, CH in NBu).
3-Butylamino-4-nitro-2-propylthio-1-(3-pyridyl )pentene (7h). 1,2-Adduct 7h is a mixture of
diastereomers in 5:2 ratidy (400 MHz, CDC4) 8.50 (1 H, s, H-2"), 8.45 (major) and 8.39 (m)ndr
H, d,J 4.8 Hz, H-6"), 7.78 (minor) and 7.71 (major) (1d{J 8.1 Hz, H-4"), 7.30 (major) and 7.22
(minor) (1 H, ddJ 8.1, 4.8 Hz, H-5"), 6.57 and 6.53 (minor), 6.44 &1 (major) (1 H, s, =CH), 5.25
(1 H, m, HC*NQ), 4.61 (minor) and 4.51 (major) (1 H, m, NH), 3&4%d 3.82 (major), 3.84 and 3.81
(minor) (1 H, s, HC*NH), 3.12 (minor) and 3.05 (mgj (2 H, m, NCH), 2.04 and 1.90 (2 H, m,
SCH,), 1.52 (6 H, m, (Chs (SPr, NBu)), 1.39 (major) and 1.33 (minor) (3 HJd7.0 Hz, CHMe),
0.91 (3 H, tJ 7.2 Hz, Me in SPr), 0.82 (3 H,4,7.3 Hz, Me in NBuU).

4.3.9. 1-Butyl-4-butylthio-2-methyl-3-(3-pyridyl)pyrrole (5i) was obtained analogously téh by
method A from butylamine (0.083 g, 1.1 mmol)x)¢2-butylthio-3-(3-pyridyl)propenalde) (0.25 g, 1.1
mmol) and nitroethane (0.25 g, 3.4 mmol) in THR(IL). The solution was stirred at 55 °C for 15 h.
Compoundbi was isolated by column chromatography on silida(gi@tion with CHCl,) as a brown
oil, 0.27 g, 80% vyield; [Found: C, 71.4; H, 8.5; !]15; S, 10.9. H26N>S requires C, 71.5; H, 8.7; N,
9.3; S, 10.6%]vma(film) 3082, 3032, 2958, 2872, 1554, 1464, 13594111026, 714m™; 54 (400
MHz, CDCk) 8.56 (1H, d,*J 1.4 Hz, H-2"), 8.47 (H, dd,3] 4.9,%3 1.6 Hz, H-6"), 7.78 (H, ddd,>J
7.8,%31.6,31.4 Hz, H-4), 7.29 (1 H, dd) 7.8, 4.9 Hz, H-5'), 6.72 (1 H, s, H-5), 3.81 (2tH] 7.3
Hz, NCH,), 2.31 (2 H, tJ 7.1 Hz, SCH), 2.21 (3 H, s, Me), 1.73 (2 H, m, S&EH,), 1.42-1.19 (6 H,
m, CH:Me (SBu, NBu)), 0.98 (3 H, tJ 7.3 Hz, CH (BuS)), 0.76 (3 H, tJ 7.3 Hz, CH (BuN)); é¢c
(100.6 MHz, CD@) 151.0 (C-6", 150.3 (C-2Y), 146.2 (C-4"), 13183, 126.5 (C-2), 124.9 (C-5),
122.2 (C-5"), 120.7 (C-3), 110.3 (C-4), 46.6_(NLH37.2 (SCH), 33.3 (NCHCHEt), 31.6
(SCH.CH;EY), 21.2 (NCHCH,CH,CHg), 18.9 (SCHCH,CH,CHz), 13.4 (CH (NBu)), 13.3 (CH in
SBu), 11.0 (CHC-2); 8y (40.56 MHz, CDGJ) -72.6, -215.2; GC-MSm/z (%) 302 (100, M), 246
(53, M-(CH,)4), 213 (22, M-SBu), 171 (31), 148 (7).

Butylimine of (2)-2-butylthio-3-(3-pyridyl)propenal (6i). 64 (400 MHz, CDC}) 8.79 (1H, d,J 1.6 Hz,
H-2Y), 8.49 (1H, dd,31 4.8,%3 1.7 Hz, H-6"), 8.29 (H, ddd,318.0,%3 1.7,%3 1.6 Hz, H-4'), 7.98 (1 H,
HC=N), 7.30 (1 H, dd®18.0,%34.8 Hz, H-5), 7.12 (1 H, s, CH), 3.59 (2 H) 6.8 Hz, NCH), 2.84 (2
H, t,J 7.3 Hz, SCH), 1.67 (2 H, m, NCkKCH), 1.53-1.35 (6 H, m, (Chk (SBu, NBu)), 0.96 (3 H, t]
7.2 Hz, CH (SBu)), 0.84 (3 H, t) 7.3 Hz, CH (BuUN)).
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3-Butylamino-2-butylthio-4-nitro-1-(3-pyridyl)pentene  (7i). 1,2-Adduct 7i is a mixture of
diastereomers in 1.5:1 ratiéy (400 MHz, CDCY4) 8.53 (1H, d,J 1.6 Hz, H-2"), 8.48 (major) and 8.43
(minor) (1H, dd,3J 4.8 Hz,*J 1.7 Hz, H-6"), 7.72 (minor) and 7.66 (major){1ddd,338.0,%31.7,%J
1.6 Hz, H-4"), 7.24 (major) and 7.19 (minor) (1 dd, 3J 8.0 Hz,3J 4.8 Hz, H-5, 6.56 and 6.53
(minor), 6.44 and 6.41 (major) (1 H, s, HC=), 5(23H, m, HC*NQ), 4.61 (minor) and 4.51 (major)
(2 H, m, NH), 3.83 and 3.80 (1 H, s, HC*NH), 3.01irfor) and 3.02 (major) (2 H, m, NGK 2.05
and 1.91 (2 H, m, SCH 1.49 (minor) and 1.41 (major) (3 H, d,6.6 Hz, CH), 1.47-1.21 (8 H,
(CHy)4 (SBu, NBu)), 0.90 (3 H, t] 7.2 Hz, Me in SBu), 0.86 (3 H,1,7.3 Hz, Me in NBu).

4.3.10. 1-Butyl-4-butylthio-2-methyl-3-(2-nitrophenyl)pyrrole (5j) was obtained bynethod B from
butylamine (0.095 g, 1.3 mmol)2)-2-butylthio-3-(2-nitrophenyl)propenallg) (0.346 g, 1.3 mmol)
and nitroethane (0.29 mg, 3.9 mmol) in MeOH (1 nife solution was stirred at 55 °C for 14 h.
Compoundsj was isolated by column chromatography on silica(gition with CHCI,) as brown
oil, 0.34 g, 60% vyield; [Found: C, 65.8; H, 7.3; N95; S, 9.4. ©H»sN,OS requires C, 65.9; H, 7.6;
N, 8.1; S, 9.25%]yma((film) 2931, 2872, 1554, 1525, 1456, 1353, 111%,85%0cm™; 51 (400 MHz,
CDCls) 7.82 (1H, d,J 8.2 Hz, H-3"), 7.52 (H, dd,J 7.8, 7.5 Hz, H-5"), 7.38 (H, d,J 7.8 Hz, H-6"),
7.36 (1 H, ddJ 8.2, 7.5 Hz, H-4"), 6.67 (1 H, s, H-5), 3.74 (2tH) 7.3 Hz, NCH), 2.24 (2 H, m,
SCH,), 2.00 (3 H, s, Me), 1.69-1.22 (8 H, 2m, ke (SBu, NBu)), 0.92 (3 H, tJ 7.6 Hz, CH
(BuN)), 0.72 (3 H, tJ 6.8 Hz, CH (SBu)); 8¢ (100.6 MHz, CDGJ) 150.6 (C-1'), 134.5 (C-4"), 131.7
(C-5", 130.7 (C-2Y), 127.4 (C-6"), 127.0 (C-2)5¥2(C-5), 123.9 (C-3"), 120.2 (C-3), 110.2 (C4H,9
(NCH,), 36.5 (SCH), 33.1 (NCHCHy,), 31.4 (SCHCH,), 21.6 (NCHCH,CH5), 19.9 (SCHCH,CH,),
13.8 (CH (NBu)), 13.6 (CH (SBu)), 10.6 (CHC-2); GC-MS: m/z (%) 346 (100, | 257 (7, M-
SBu), 200 (28).

In spectrd®N NMR the cross peak (-215.6 ppm) of the pyrrofgniitrogen atom with the protons of
CHs-group, NCH fragment and the proton H-5 is observed. Alsodtuss peak (-2.6 ppm) of the
NO,-group nitrogen atom and the proton H-3 'of theryheing is seen.
3-Butylamino-2-butylthio-4-nitro-1-(2-nitrophenyl)pentene  (7j). 1,2-Adduct 7} is a mixture of
diastereomers in 15:1 ratiéy (400 MHz, CDC4) 7.78 (1H, d,J 8.2 Hz, H-3'), 7.65 (H, d,J 7.7 Hz,
H-6", 7.55 (1 H, tJ 7.7 Hz, H-5"), 7.38 (1 H, 11 8.2 Hz, H-4"), 6.44 and 6.41 (1 H, s, CH=), 5.27H(
m, HC*NQ,), 4.62 (1 H, m, NH), 4.57 and 4.55 (1 H, s, HC*NB)03 (2 H, m, NCh), 2.00 (2 H, m,
SCH), 1.43 (3 H, dJ 6.6 Hz, CH), 1.32-1.21 (8 H, m, (Chk (SBu, NBu)), 0.90 (3 H, t) 7.2 Hz,
Me in SBu), 0.79 (3 H, t] 7.3 Hz, Me in NBu).

4.3.11. 1-Butyl-4-hepthylthio-2-methyl-3-(4-nitrophenyl)pyrrole (5k) was obtained bynethod B from
butylamine (0.071 g, 0.98 mmol)}7)(2-butylthio-3-(4-nitrophenyl)propena#iti) (0.3 g, 0.98 mmol)
and nitroethane (220 mg, 2.93 mmol) in MeOH (1 nmiIl)e solution was stirred at 55 °C for 14 h.
Compoundbk was isolated by column chromatography on silida(getion with CHCl,) as a brown
oil, 0.25 g, 67% vyield; [Found: C, 68.1; H, 8.1; N2; S, 8.2. &H3,N,OS requires C, 68.0; H, 8.3; N,
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7.2; S, 8.25%.];vmadfilm) 2927, 2855, 1595, 1551, 1516, 1457, 13840,3.109, 854, 702u™; &y
(400 MHz, CDC}) 8.23 (2H, d, J 8.3 Hz, H-3',5"), 7.58 (H, d,J 8.3 Hz, H-2',6"), 6.75 (L H, s, H-5),
3.82 (2 H, tJ 7.2 Hz, NCH), 2.35 (2 H, tJ 7.3 Hz, SCH), 2.24 (3 H, s, Me), 1.72-1.13 (14 H, 2m,
CH, (SHept, NBu)), 0.97 (3 H, § 7.3 Hz, CH (NBu)), 0.84 (3 H, tJ 7.1 Hz, CH (SHept);5c (100.6
MHz, CDCk) 145.7 (C-1, 143.3 (C-4"), 130.5 (C-2', 6'), ®{C-2), 125.3 (C-5), 123.3 (C-3', 5,
122.5 (C-3), 110.3 (C-4), 46.9 (NGH 37.1 (SCH), 33.1 (NCHCH,), 31.7 (SCHCH,), 29.2
(SCHCH,CHy), 28.9 (SCHCH,CH,CH,), 28.5 (S(CH),.CH,), 22.6 (NCHCH,CH,), 20.0
(S(CHy)sCH,), 14.0 (CH (SHept), 13.8 (CK(NBuU)), 11.0 (CH-C-2); GC-MS:m/z (%) 388 (91, M),
290 (100, M-(CH);), 257 (28, M-SHept), 233 (4), 200 (23).

In spectrd®N NMR the cross peak (-214.2 ppm) of the pyrroleleyitrogen atom with the protons of
CHs-group, NCH fragment and the proton H-5 is observed. Besidestoss peak (-8.3 ppm) of the
NO,-group nitrogen atom and the phenyl cycle protor Bhd H-5' is seen.
3-Butylamino-2-hepthylthio-4-nitro-1-(4-nitrophenyl ) pentene (7k). 1,2-Adduct 7k is a mixture of
diastereomers in 2:1 ratiéy (400 MHz, CDC}) 8.16 (major) and 8.11 (minor) {2, d,J 8.7 Hz, H-
3,5, 7.51 (minor) and 7.47 (major) k2 d,J 8.7 Hz, H-2',6"), 6.57 and 6.54 (minor), 6.46 ardi36
(major) (1 H, s, CH=), 5.25 (1 H, m, HC*ND 4.62 (1 H, m, NH), 3.91 and 3.88 (major), 3.8id a
3.85 (minor) (1 H, s, HC*NH), 3.10 (minor) and 3.0#ajor) (2 H, m, NCH), 2.06 and 1.91 (2 H, m,
SCH,), 1.37 (minor) and 1.34 (major) (3 H,36.6 Hz, CH), 1.31-1.16 (14 H, (CH; (SHept, NBu)),
0.92 (3H,tJ 7.2 Hz, Me in SHept), 0.86 (3 H,X,7.3 Hz, Me in NBu).

4.4. General synthesisof 3-aryl(hetaryl)-2-substituted enals 4c, d, f-h

4.4.1. (Z)-2-Propylthio-3-(2-furyl)propenal (4c) was obtained by a known meth@dClear dark-orange
liquid, 1.1 g, 63% vyield, after column chromatqgrgt on silica gel (elution with hexane / ether13;:
[Found:C, 61.1;H, 6.3; S, 16.1. GH1,0,S requiresC, 61.2;H, 6.2; S, 16.3%]vmax (film) 2961,
2927, 2872, 2854, 1686 (C=0), 1586 (C=C), 1466,7119.15, 1020, 941, 885, 751 ¢nby (400
MHz, CDCk) 9.48 (1 H, s, CHO), 7.61 (1 H, d1.2 Hz, H-5), 7.51 (1 H, d, 3.5 Hz, H-3), 7.42 (1 H,
s, =CH), 6.59 (1 H, ddJ 3.5, 1.2 Hz, H-4), 3.00 (2 H,1,7.3 Hz, SCH), 1.57 (2 H, m, Ck), 0.95 (3
H, t,J 7.3 Hz, CH); éc (100.6 MHz, CDCJ) 190.1 (CHO), 151.0 (C-2), 145.4 (C-5), 137.5 (3CH
132.5 (=C-S), 118.2 (C-3), 113.2 (C-4), 34.0 (SK123.7 (CH), 13.3 (CH); GC-MS: m/z (%) 196
(100, M), 167 (20, M-CHO), 125 (35), 97 (52).

4.4.2. (Z)-2-Heptylthio-3-(2-furyl)propenal (4d) was obtained by a known methdd.

Clear brown liquid, 1.06 g, 59% vyield, after coluriiromatography on silica gel (elution with hexane
/ ether 3 :1); [FoundZ, 66.9;H, 8.15; S, 13.1. GH»00,S requiresC, 66.6;H, 8.0; S, 12.7%)]ymax
(film) 2929, 2857, 1684 (C=0), 1587 (C=C), 14679911116, 1021, 908, 789, 763, 734 @), (400
MHz, CDCk) 9.48 (1 H, s, CHO), 7.61 (1 H, 1.4 Hz, H-5), 7.50 (1 H, &, 3.5 Hz, H-3), 7.42 (1 H,

20



s, =CH), 6.59 (1 H, ddJ 3.5, 1.4 Hz, H-4), 3.00 (2 H,J,7.3 Hz, SCH), 1.54 (2 H, m, Ch), 1.24 (8
H, m, (CH)4), 0.86 (3 H, tJ 7.0 Hz, CH); 6c (100.6 MHz, CD() 190.1 (CHO), 151.0 (C-2), 145.3
(C-5), 137.4 (=CH), 136.1 (=C-S), 118.2 (C-3), 218C-4), 32.1 (SCh), 31.7 (CH), 29.7 (CH),
29.3 (CH), 28.8 (CH), 22.6 (CH), 14.1 (CH); GC-MS:m/z (%) 252 (100, M), 223 (6, M-CHO),
167 (12, M-CHO-(CH)4), 154 (39), 122 (39), 97 (44), 81 (30), 66 (9), @5), 41 (24), 29 (11,
CHO).

4.4.3. (Z)-2-Propylthio-3-(3-pyridyl)propenal (4f) was obtained by a known meth@dClear dark-
orange liquid, 1.96 g, 45% yield, after column cheatography on silica gel (elution with hexane /
ether / acetone 2 : 1: 1); [Four; 63.7;H, 6.3; N, 6.55; S, 15.7.,¢H13NOS require<, 63.8;H, 6.3;

N, 6.7; S, 15.5%]ymax (film) 2962, 2931, 2871, 1692 (C=0), 1590 (C=Cj61, 1461, 1417, 1115,
1024, 803, 704 cih 84 (400 MHz, CDC}) 9.60 (1 H, s, CHO), 8.93 , d,J 1.6 Hz, H-2), 8.60 (1
H, dd,J 4.9, 1.6 Hz, H-6), 8.46 (H, d,J 8.0 Hz, H-4), 7.53 (1 H, s, =CH), 7.39 (1 H, d&.0, 4.9
Hz, H-5), 2.96 (2 H, tJ 7.3 Hz, SCH), 1.55 (2 H, m, Ch), 0.92 (3 H, tJ 7.3 Hz, CH); 6c (100.6
MHz, CDCk) 190.7 (CHO), 152.1 (C-6), 150.7 (C-2), 146.7 (C#38.7 (=C-S), 137.1 (C-5), 130.3
(C-3), 123.2 (=CH), 34.4 (overlapping of chemidhaifts SCH- and CH- groups), 23.4 (SCh, 13.1
(CHz); GC-MS:m/z (%) 221 (53) [M], 188 (27), 174 (10), 164 (59), 148 (15), 136 (100

4.4.4. (Z)-2-Butylthio-3-(2-nitrophenyl )propenal (4g) was obtained by a known methtd:lear brown
liquid, 0.88 g, 38% vyield, after column chromatqgrg on silica gel (elution with hexane / ether 2 :
1); [Found: C, 58.64; H, 5.51; N, 5.00; S, 12.33HGsNOsS requires C, 58.87; H, 5.66; N, 5.28; S,
12.07%]; vnax (film) 2959, 2930, 1695 (C=0), 1568 (C=C), 134319, 864, 754 cifi 5, (400 MHz,
CDCl;) 9.68 (1 H, s, CHO), 8.19 (1 H, d8.1 Hz,H-3), 7.98 (1 H, s, €H), 7.70 (1 H, ddJ 8.4, 7.4
Hz, H-5), 7.62 (1 H, dJ 7.4 Hz, H-6), 7.57 (1 H, dd,8.4, 8.1 Hz, H-4), 2.80 (2 H,3,7.5 Hz, SCH),
1.39 (2 H, m, CH), 1.24 (H, m, CH), 0.81 (3 H, tJ 7.5 Hz, CH); 3¢ (100.6 MHz, CDCJ) 190.6
(CHO), 147.5 (=CH), 147.3 (C-2), 139.4 (=C-S), B3gC-5), 131.7 (C-6), 130.4 (C-1), 130.2 (C-4),
125.0 (C-3), 32.0 (SCH, 31.9 (CH), 21.7 (CH), 13.6 (CH); GC-MS:mVz (%) 265 (1, M), 248 (3),
236 (13, M-CHO), 220 (7), 208 (35), 176 (26), 164 (24), 132)( 132 (32), 120 (69), 104 (15), 92
(100), 77 (28), 65 (30), 57 (22), 41 (40), 29 (€6{0).

4.4.5. (2)-2-Heptylthio-3-(4-nitrophenyl)propenal (4h) was obtained by a known methddClear
brown liquid, 2.93 g, 89% vyield; [Found:, 62.22;H, 6.81; N, 4.50; S, 10.33.:6H21:NOsS requires
C, 62.54;H, 6.84; N, 4.56; S, 10.42%:max (film) 2955, 2927, 2855, 1695 (C=0), 1602, 152:Q7,
1345, 1124, 1105, 863, 853, 750, 687 "¢y (400 MHz, CDCY) 9.62 (1 H, s, CHO), 8.26 (2 H, d,
9.1 Hz, H-3,5), 8.01 (2 H, d,9.1 Hz,H-2,6), 7.57 (1 H, s,EH), 2.99 (2 H, tJ 7.5 Hz, SCH), 1.53

(2 H, m, CH), 1.42-1.15 (&1, m, CH,), 0.86 (3 H, tJ 6.8 Hz, CH); ¢ (100.6 MHz, CDCJ) 190.9
(CHO), 147.9 (), 146.5 (=CH), 140.5 (C-N£, 140.3 (=C-S), 131.5 (C-2,6), 123.8 (C-3,5), 32.5
(SCH,), 31.6 (CH), 30.2 (CH), 28.7 (CH), 28.5 (CH), 22.5 (CH), 14.0 (CH); GC-MS: m/z (%)
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307 (100 M), 290 (30), 277 (10), 260 (11), 236 (8), 222 (HDS (23), 192 (76), 176 (30), 162 (44),
147 (23), 134 (48), 115 (11), 89 (47), 57 (64)(7Q), 27 (14).
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