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ABSTRACT

A series of 1,2-diaza-1,3-butadienes with termi@&l-acetal function were obtained and reacted Wtmethyl- andN-phenylmaleimides. As a
result of the 1,3-dipolar cycloaddition, a rangenefv functionalized nonaromatic heterocyclic commtsuincluding: octahydroH-pyrrolo[3,4-
alindolizine, octahydropyrrolo[3',4":3,4]pyrrolo[}:&azepine, hexahydropyrrolo [3',4":3,4]pyrrolo[Z]{1,4]oxazine and -thiazine, were obtained
with good yields in mild conditions. Experimentaidatheoretic results allowed establishment of atie@iship between the structures of tag-
cycloalkylamine group and the activity of the aztimee ylides generated.
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1. Introduction

It is known that intramolecular [3+2]-cycloadditiasf azomethine ylides is a powerful tool to construatious nitrogen-
containing cyclic systems from relatively simpleeqursors. Among the heterocycles targeted by azomethine yidéoaddition
methods the most popular are substituted pyrradislidihydropyrroles and pyrrol&s?

To construct the heterocyclic systems with more daaged ring frameworks it is necessary to selegcprsors containing
various functional groups, and enriched with douiweds and cyclic fragmentsA direct strategy to achieve this purpose is the
employment of cyclic azomethine ylide moieties. Thest known and widely described examples of azometylides of this type
were generated from nitrogen-containing five-memibesaturated heterocycles, such as proline andhig3elidin-4-carboxylic
acid. Six-memberedert-cycloalkylamines most commonly utilized as sulissafor the formation of this type of 1,3-dipolesar
oxazin-2-one and 1,2,3,4-tetrahydroisoquinolineaoxylic acid. Piperidine-2-carboxylic acid ises$ applied reagent. However,
not every route available for generation of lineaomethine ylides is also suitable for their cyali@logues.

A traditional and widely spread method for the geti@naof azomethine ylides is the reaction of aldd#s/and ketones withrt-
cycloalkylamines, first proposed by R. Grigglectronwithdrawing groups usually are included into the cttiee of the starting
amines for the stabilization of the formed 1,3-dépsuch as: esters, carboxy- and carbonyl grotiffsea2-position of morpholine
and at the 2-position of pyrrolidirféThis approach to cycloaddition was characterizechbylerate yields and showed liteseo/endo
selectivity>**”® On the other hand, examples of the azomethine s/lidletained from unsubstituted pyrrolidine, piperai
morpholine and, especially, azepine and thiomoipkare more rare. The all abovementioned limitetiof the known method for
the formation of azomethine ylides prompted a efocnew sources and new methods to generate tlie epalogs. An important
reason to develop new convenient routes to azoneetflides, especially frortert-cycloalkyl amines, is the synthesis of nitrogen-
containing nonaromatic heterocycles, that compdsedkey core motif of natural alkaloiisNew synthetic strategies for the
construction of pyrrolizidines, indolizidines antheir structural analogous scaffolds are of impargario many areas of
pharmaceutical and biological research.

In this way, F. Laduron and H. G. Viehe have repdrtedthe generation of trifluoromethyl azomethinielg$ either by heating
a-trifluoromethyl thioaminals or by deprotonatingltroromethyl thioamidium salts.

An original method for the generation of the azormethylides, is based on simultaneous formation ofaic fragment and a
dipolar moiety® Nonstabilized azomethine ylides have been formeth f(2-azaallyl)stannanes and (2-azaallyl)silanesuigh an
intramolecular N-alkylation/demetallation cascade. The resultingdegd undergo intramolecular [3+2]-cycloaddition with
dipolarophiles to afford bicyclic or tricyclic pradts in good yield as 1:1 mixturese- andendo-diastereomeres.

O-Methylation of a-hydroxy lactams, followed by treatment with cesiulmofide in the presence of methyl acrylate gave a
bicyclic adduct intermediate in the synthesis gfrgtronecine and (+)-indicineHowever, other imidate ylide cycloadditions were
proved to be inconsistent, and exhibited low yiéfds.

In preliminary communication’s,we have shown that 1,2-diaza-1,4-butadiehesith alkylthio- andtert-aminogroups at the
terminal carbon atom are new convenient and availaghgents, that rather easily and in mild conattiare able to generate
azomethine ylides. As a result of [3+2]-cycloadditi@actions between these compounds mdethyl- andN-phenylmaleimides
2a,b we have synthesized a new tricyclic derivati8gbswhich can be considered as a synthetic analogueatofal alkaloids of the
pyrrolizidine type (Scheme 1).
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Scheme 1. Reaction of 3-alkylsulfanyl-2-arylazo-(3-pyrrolidiL-yl)-acrylonitrilesl with N-methyl- andN-phenylmaleimide&a,b.

The aim of the current work was to estimate the scapeé limitations of the transformation of 1,2-diglz8-butadienes,
containing a terminalSN-acetal function, to 1,3-dipoles, and to establisk relationship between the structure of the-
cycloalkylaminogroup (ring size and amount or natof the heteroatoms) and the reactivity of thevethine ylide formed.

2. Results and discussion
Interaction of 3-alkylsulfanyl-2-arylazoacrylonitriles with N-methyl- and N-phenylmaleimides

The required 3-alkylsulfanylarylazoacrylonitril@s9 were synthesized by th@alkylation of the arylhydrazonothioacetamides
according to a previously published methoth excellent yields (Scheme 2, Table 1). All compdsi7-9 were satisfactorily
characterized bjH NMR spectroscopy and EI-MS spectrometry (seeShpplementary data for synthetic details and fudllgtical
and spectroscopic characterization).
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5 X=CHy  Ar=4-NO,CgHs (a), 4-CICsHs (b), Ph (c), 4-MeOCgH, (d);
X=0 Ar = 4-NO,CgHj (e), 4-MeOCgH, (f), 3,5-(CF3),CeH3 (9);
X=(CHy), Ar=4-NO,CgHy (h), 4-CICgHy (i);
X=8 Ar = 4-NO,CgHj (j), 4-CF;CgHy (K), 4-CICgH,4 ()

6 R' =Me Hig =1 (a), R' = Allyl Hig = Br (b), R" = Propargyl Hig = Br (c)

Scheme 2. Synthesis of 3-methyl-, 3-allyl- and 3-proparg¥fianyl-2-arylazoacrylonitrile§-9.

Tablel

The yields of the methyl-, allyl-, propargylsulfdasylazoacrylonitriles’a-k, 8a-e and9a-d
Compd, Yield®

Entry N X Ar R 7.9, (%)
7a CH; 4-NO,CgH4 Me 66

2 8a CH; 4-NO,CgH4 Allyl 82

3 9a CH; 4-NO,CgH4 Propargyl 91

4 7b CH; 4-CIGH,4 Me 90

5 8b CH; 4-CICeH, Allyl 91

6 9% CH; 4-CICsH, Propargyl 84

7 7c CH; Ph Me 83

8 8c CH; Ph Allyl 89

9 9 CH; Ph Propargyl 72

10 7d CH; 4-MeOGH, Me 82

11 ad CH; 4-MeOGH, Allyl 74

12 ad CH; 4-MeOGH,4 Propargyl 67

13 7e (0] 4-NO,CeHy Me 64

14 7t (0] 4-MeOGH, Me 86

15 8e o 3,5-(CR)2CeHs Allyl 73

16 79 (CHy)2  4-NOCeHq Me 70

17 7h (CHy)2  4-CICeHq Me 92

18 7i S 4-NO,CgH4 Me 58

19 7 S 4-CICeH, Me 85

20 7K S 4-CRCeH4 Me 67

#The isolated yield.

The reaction of 3-alkylsulfanylarylazoacrylonitsl&@a-k, 8a-e and 9a-d with N-methyl- andN-phenylmaleimides?2a,b was
performed at reflux in dry benzene with excess &f dipolarophile2 (Scheme 3, Table 2). Compounti3a-k and 1la-j were
isolated by filtration and further purified by cahn liquid chromatography. The structures of tricygbroducts10-11 were
confirmed by elemental analysis, EI-MS, aftdl and *C NMR spectra as well as 2tH-*C HMQC, HMBC, 'H-'H NOESY
experiments and X-ray data. The molecular ionsahmoundslOa-k and 1la-j confirmed the addition of the reagents and the
elimination of methyl-, allyl- or propargylthiol.he IR spectra exhibited absorption bands of the hds withv wavenumber at
2800-3000 cm, the CN-bondv at 2200 crit and the two carbonyl bondsin the region 1700-1720 émThe'H NMR spectra of
cycloadductslOa-k and1la-j in DMSO-ds contain characteristic signals including: doubfetsthe H3a proton a 5.2-5.5 ppm,
doublets of triplets or multiplets &t4.2-4.6 ppm for H6 proton, and two doublet of dotgte triplets ab 3.7-4.1 ppmJ = 9.2-10.0
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andJ = 10.0-10.4 Hz) forH9b. A main feature of the NMR spectra of compouf@lsll were the downfield shift of theert-
cycloalkylamine group protons. Registered chenstdlt of the protons of this group and their muitijyy confirmed that they have
participated in the process. It should be mentiched"H and**C NMR spectra octahydroHkpyrrolo[3,4-a]indolizine 10 and 11a-
d, octahydropyrrolo[3',4":3,4]pyrrolo[1,8lazepinellh,i and11g,h and hexahydropyrrolo[3',4":3,4]pyrrolo[2¢)[1,4]thiazine 10j ,k
and11i,j, showed two sets of signals. Such spectral behavierabaerved earlier for hexahydropyrrolo[&}gyrrolizines3 and4
(Scheme 1). This fact demonstrates that a mixthite/@ stereoisomers for compounti3a-d,h-k and1la-d,g-j was obtained (Table
3). Only the'H, **C spectra of pyrrolo[3,5][1,4]oxazines10e-g and 11e-f, exhibited the presence of four isomers, althotigh
predominance for the one of isomers was also obderve

7 [3+2]-Cycloaddition [4+2]-Cycloaddition
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Scheme 3. 1,3-Dipolar cycloaddition o§N-acetals7a-k, 8a-e, and9a-d vs. hetero-Diels-Alder reaction of the 1,2-diaz8-thutadiene system.

Table2
The time of conversion of the starting materiald gields of cycloadduct®0 for the reactions of-9 with N-methyl- andN-phenylmaleimide®a,b

Entry Compound:7-9 Reaction witF2a (R=Me) Reaction with2b (R=Ph
No X Ar R! No Time of Yield No Time of Yield
conversion, (t 10a-m, (%) conversion, (r 11a-m, (%)

1 7a CH, 4-NO,CgH, Me 10a 25 90 11a 45 63
2 8a CH, 4-NO,C¢H4 Allyl 10a 1k 97 11a 2.C 66
3 9a CH, 4-NO,C¢H4 Propargy 10a 1.C 70 11a 1.C 70
4 7b CH, 4-CICqH,4 Me 10b 43 90 11b 12 90
5 8b CH, 4-CICgH,4 Allyl 10b 21 86 11b 8 97
6 9b CH; 4-CICH4 Propargyl 10b 21 83 11b 5 81
7 7c CH, Ph Me 10c 30 70 11c 16 89
8 8c CH, Ph Allyl 10c 10 71 11c 11 78
9 9c CH, Ph Propargyl 10c 6 83 11c 7 84
10 d CH, 4-MeOGH, Me 10d 40 91 11d 50 64
11 8d CH, 4-MeOGH,4 Allyl 10d 70 62 11d 50 68
12 od CH, 4-MeOGH, Propargyl 10d 20 44 11d 90 58
13 Te o 4-NO,CeHy Me 10e 9 61 1le 8 92
14 7t o 4-MeOGH, Me 10f 25 45 11f 20 67
15 8e (0] 3,5-(CR).CeHsz  Allyl 10g 20 60 - - -

16 79 (CHz)2  4-NO,CeH4 Me 10h 25 98 119 0.5 86
17 7h (CHy)2  4-CICgH, Me 10i - 75 11h 15 78
19 7 S 4-NO,CeHy Me 10j 46 45 11i 40 67
20 7j S 4-CICsH4 Me 10k 90 50 - - -

20 7k S 4-CRCgH4 Me - - - 11j 45 60

The stereochemistry of tricyclic compoun®8 was assigned in accordance'tb’H NOESY experiments. In the case of fhe
isomer there is a cross-peak for thetthio with H6 proton of tricyclic fragment (Scheme 4), leha strong NOESY cross-peak was
observed between brtho and H3a inE-isomer. Signal of the nodal proton H3a'ith NMR spectraZ-isomer compoundg-8 was
deshielded in comparison to the same sign&-isbmers

E-isomer Z-isomer
4.44 dt, J=3.6, 14.0 Hz
, 8 5.40, d, J=9.6 Hz
5.48, d, J=9.6 Hz‘H A A01m .o,

" 3991, J=10.4 Hz

“NC 4.04,t, J=10.4 Hz
L NC o ™
0 N=N 477m
; f P H o)
N NOE ! \‘8‘~457dt J=3.6, 14.0 H
7.83, d, J=8.8 Hz ON ' NOE D70 J=9.6,14.0 hz

7.67,d, J=8.8 Hz
Scheme 4. Selected NMR spectra data for compoud (in DMSO-ds)



Table3
The ratio ofZ- andE-isomers for compounds) and11a-d in DMSO-ds in according théH NMR data
Entry Compound, R! R = Me Compound, R =Pt
Ne E-isomer, % Z-isomer, % Ne E-isomer, ¢ Z-isomer, %
1 10a 4-NO,C¢H4 74 2€ 1la 74 26
2 10b 4-CICgH,4 7C 3C 11b - -
3 10c Pr 65 3E 11c 81 19
4 10d 4-MeOGH,4 60 40 11d 54 36

As can be concluded from the NMR spectral data fodpets7-8 (Scheme 4), th&-isomer is the major one in contrast to
hexahydropyrrolo[3,4]pyrrolizines™® where both stereoisomers are present in equal rliattempts to separa® andE-isomers
of compoundsl0-11 with column chromatography have failed. This mayeplained by the existence of dynamic equilibrium
between two stereo configurations generated frormdual H3a proton due to the influence of electrorhdiawing groug:! The
1,6-H shift to the nitrogen atom of the azo growgketo the formation of a tautomer A with a single@¥bond, then followed by
the rotation around this bond (Scheme 5).

R R
(\X (\X 0 N O N
NC NC,r N NC 3a (0] NG (Hi3a 0}
4)—<4 A - Ar 4 4 2Y—<1
N=N 7§ 32 N—-N 3 N-N N N=N N
/ H 9 / a o /
Ar A N H H k/ Ar
o” N o” N X X
R R
10-11 E-isomer A B 10-11  Z-isomer

Scheme 5 Proposed mechanism of dynamic equilibrium betwbei- andZ-isomers compoundk)-11

Single-crystal X-ray determination was performedcfetming the formation of thendo-adduct of the 1,3-dipolar cycloaddition
of the major stereocisomer — namé&lysomer hexahydropyrrolo[1,2]pyrrolo[3&f1,4]oxazinel0g (Fig. 1).

F2
Cc20
F3 F1
c7
R c3
c2
C4
\ c5 F4
WC _ cl F6
\(Ce c8

e

Fig. 1. Structure of hexahydropyrrolo[1,2]pyrrolo[3a81,4]oxazinel0g (X-ray data)

Mechanistic investigation

As discussed above, the 1,2-diaza-1,3-butadienemsysid not take part in a [4+2]-cycloaddition réactwith N-methyl- orN-
phenylmaleimide®a,b," instead the [3+2]-cycloaddition occurred (SchemeP8eviously we have elucidated that this is pdgsib
due to a 1,6-hydrogen shift that proceeds with inedatase. The nature of this 1,6-shift is a peticyeaction assisted by a secondary
orbital interaction rather than a pseudopericyolie. This was confirmed by NB®and ACID*® methods. The spatial distortion of
thern-system framework from planar geometry led to a weakelvement of the lone pair of electrons locatedN1 and a stronger
involvement of ther-electrons. The activation barrier for the respectransition state was higher than the activatiwergy for the
following cycloaddition. It is well known that relagily high activation barriers in pericyclic reactsoare arising from electron-
electron repulsiofi! while in the course of a pseudopericyclic reactibis factor is avoided because of planar geomeny a
favorable interaction between nucleophilic/electitipleenters located on thesystem'® By varying types oN-cycloalkyl groups in
the 1,2-diaza-1,3-butadiene system, one can achist®nger planarity of transition state and thios,mode of reaction mechanism
can be controlled. Moreover, the change in plapadin also lead to a change in delocalization withew-system and change the
energies of the frontier orbitals. Thus, indirecf#+2]- vs. [3+2]-cycloaddition can be controlle@ a change of the character of the
frontier orbitals.
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Scheme 6. Proposed mechanism of azomethine ylide generatidrcycloaddition ttN-methyl- andN-phenylmaleimidega,b

To address the unresolved question of “structurehaeism” relationship for this reaction we have perfed density
functionalcalculations at the B3LYP/6-31G** level ngiGaussian 09 RevC Yo connect the geometrical featuressii-acetals
with their reactivity. In the first step, we haveljubptimized substrateta,b and7a,d-g,i,I,m. The true character of the minima for

all structures was confirmed by calculation of thessi@n matrix. Geometric parameters of compouhdsd7 were collected in
Table 4.

Table4
Optimized geometry parameters of compoutalb and7a,d-g,i,|,m (B3LYP/6-31+G**)

Entry Compound Optimized geometry paramet
Ne Ar X rH7-C6, A IN1--H7, A tNIN2C3C4, ° tN2C3C4NS5, °© tC3C4N5CS, °

1 la 4-NO,CeHa CH, 1.096 2.186 6.2 42.6 16.7
2 1b 4-MeOGH,4 CH, 1.096 2.164 -10.1 -36.7 -20.2
3 7a 4-NO,C¢H4 (CH), 1.086 2.473 -3.6 40.4 31.6
4 d 4-MeOGH,4 (CHy), 1.097 2.483 -6.6 -34.4 -27.6
5 Te 4-NO,CeH4 (e} 1.089 2.523 -2.5 35.6 30.5
6 f 4-MeOGH,4 O 1.095 2.448 7.6 33.6 273
7 79 4-NO,CeH4 (CHy)s 1.086 2.386 -35 42.4 26.2
8 7 4-MeOGH,4 (CHy)s 1.087 2.426 -1.4 36.7 30.0
9 7 4-NO,CeH4 S 1.089 2577 11 38.3 27.0
10 m 4-MeOGH,4 S 1.094 2.590 15 33.4 321

In the second step, the obtained electron density avealyzed by means of the Natural Bond Orbitals (NBO&lization
schem& and Atoms in Molecules (AIM) analysi§Results of NBO and AIM analyses were listed in Table 5

Assuming that the transition state (TS) is a supstipn of the starting and final states for theqass, the TS for a 1,6-H transfer
in compound¥ is expected to have a non-planar geometry. A dangp atomic arrangement of thesystem of compounds (see
torsion angles’ values at Table 4) is consistent Wit assumption of a pericyclic mechanism. In i one can stipulate that the
shorter non-covalent interaction - should enhance reaction rates. The values of lgths, r(H-N) and r(CH), depend on the
type of tert-cycloalkylamino fragment and the nature of thessiibent in the aromatic ring. As it follows from tlmesults of
calculations (Table 4) the closest-N contact was observed for arylazoacrylonitriles amimg pyrrolidine {a,b), piperidine {a)
and azepine7g,h) residues. Thus, a higher probability should bpeeied for the 1,6-H shift to occur. Indeed, thesiitisn of an
azepine or piperidine fragment led to the acceatamaif the 1,3-cycloaddition reaction. Accordingeigperimentally observed values
of time vs. conversion (Table 2), the cycloadditgmes at a faster rate (2.5-4.5 h) for compoutedagainst 8-9 h for compounds
or 40-46 h for compoundd. To estimate the nature and the strength of thédNhteraction we have performed NBO and AIM
analysis to obtain the electron density. Accordinghte NBO data presented in the Table 5, a very weaklibg was registered
between N1 and H7, as a result of the overlappinghefr{N1-N2) or/and LP(N1) orbitals with the*(C6-H7) orbital. This
interaction was observed for the compoutd®,7f. Interestingly, these alkylsulfanylarylazoacrykoités exhibited higher rates of
conversion (Table 5). The stabilization energy galfor this interaction were between 0.6 and 2.8/l

The value of electron densip{BCPN--H) at the bond critical points, BCP (3,-1), can pdevinformation about the strength of
this interaction. Topological AIM analysis of elemrdensity for compoundssupported the existence of an interaction betvidkn
and H7 atoms in all compounds (exc&-acetalsrej,n), since N--H bond critical point was located. According to hydsndond
classification by AIM descriptorS the value of electron densify(BCPNH), which was calculated to be in range betweed021®*
a.u. and 3.500+19a.u. (Table 5), suggests that the M hydrogen bond is moderately strong.

The degree of electron density expansion from dlne Ipair of electrons on the N1 atom to the vae&f€6-H7) bond may be

guantitatively characterized by the covalence rigator ) for the formed N-H bond via equation (eq. 1), as previously introduce
by F. Weinhold and coworket3.
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whereRy andRy stand for the van der Waals radii andu ry for the covalent radii of the interacting atordg; is experimentally
determined (or calculated) contact.

Table5
The data of the electron density analysis betweéhadd N--H atoms during 1,6-H shift by the NBO and AIM (B3R¥6-31+G**) methods and the X-ray
data

Entry Compd., N NBO (B3LYP/6-31+G**) AIM (B3LYP/6-31+G**) p(BCPN--H), p (BCPC-H), Covalence
E(2)n— o*, kcal/mol E(2) 1 — o*, kcal/mol *102%a.u *10t a.u ratio factorx

1 la 2.64 0.65 2.1198 2.8524 0.31

2 1b 2.80 0.65 2.1928 2.8506 0.32

3 7a - 0.74 1.2352 2.9162 0.14

4 7d - - 1.3733 2.8268 0.13

5 e - - - 2.7826 0.13

6 Vi 0.58 - 1.4882 2.7741 0.15

7 79 - 0.69 1.4846 2.8533 0.19

8 m - 0.53 1.3822 2.9143 0.16

9 7j - - - 2.8223 0.07

10 n - - - 2.7882 0.07

The covalence ratio for these compounds were ~7-&%this was decreasing in the series:
lb>la>7g>7m>7f>7a>7d=7e>7j=7n
The canonical orbital diagram (Fig. 2) constructeith the help of B3LYP/6-31G** level using the Gaussi@® RevC.0116

method suggests that the cycloaddition reactiahii@n by the interaction between the HOMO of the dip8JN-acetal7g) and the
LUMO located on the dipolarophiia.

S,N-acetal 79 [4+2]-Cycloaddition [3+2]-Cycloaddition Dipole A

H N(j\%gM
h e
N-\7o T4
Ar’q '\213 N®
75

)

' .| -2.80ev, +
\ -3.03eV v
i v 2a
L AE=2.54 eV, |
\ /AE=3.05 eV l
i NC
Ar’N NTS N
\ H H
! : 970
‘\\ Me
12 / 10h

-8.74 eV

Fig. 2. Orbital diagram for the two directions of tB@\-acetalsg reaction withN-methylmaleimide®a

We suggested that the cycloaddition could prockesligh two following reaction pathways:
(a) The first one includes reaction of dienoplilewith SN-acetal7 as the diene. This mechanism i.e. [4+2]-cycloaaldits

shown on the left side of the Fig. 2.
(b) The second one starts with a 1,6-shift yieldiifgple A. Then, the newly generated dipole reacts with dipgplaile 2a. This

process is depicted on the right half of the Fig. 2
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A comparison of the energy gap between the frontieitads for both pathways favors the [3+2]-cyclodmd. Its gapAE was
calculated to be 2.54 kcal/mole, while for [4+2]4oaddition (pathway a) the energy gap was 3.05 kadl/m
According to NBO calculations the HOMO of dipole g can be represented as a following combination of NBOs

qJHOMO(DipOIe A) = 0.481XLP(C7) " 0.383(7[(C4N6) ) 0.383)(“*( cane) 0.32%" (N2C3) _ 0_28:b(|_P (S5) +0_24:b(|_P ND 0.239("*('\‘2(:3) @)

Higher coefficients for NBOs localized on C7, N6 and @éms are in line with the involvement of the ligete in
cycloaddition rather than the involvement of thazdidiene system.

Conclusion

In this paper, we describe the reactivity of azdnmet ylides generated from alkylsulphanylarylazgkmwnitriles 7-9 toward
substituted maleimide®a,b, which led to a [3+2]-cycloaddition reaction in@eplent of the type offert-cycloalkylaminogroup,
substituents at the aromatic ring and thio fragm&ntariety ofN- cycloalkyl groups, such as piperidine, morphalitdomorpholine
and azepine, may be introduced in structure oflslifanylarylazoacrylonitriles without change in theaction outcome. Thus we
have extended the scope of this new method for ¢hergtion of azomethine ylides from available diteaes with terminafN-
acetal group.

A quantum chemistry study has shown that simultanégg$i shift occurs to generate reactive ylide ggeand this mechanism
distinguishes this method considerably from otheli-lwgown routes. Extended conjugation of the 1,2zdid,3-butadiene-system
linked with aromatic antert-cycloalkylamino groups in the terminal positiossaikey features in this approach.

Ylides lacking stabilizing groups in cycloalkylamifragment underwent cycloaddition wiltmethyl- andN-phenylmaleimides
resulting in non-aromatic heterocycéndo-adducts with high yields. The observed high stexleasivity of the reaction occurring in
mild conditions has allowed us to develop a facymtlsesis of functionalized - dioxohexahydrb-pyrrolo[3,4-a]indolizine,
hexahydropyrrolo[3',4':3,4]pyrrolo[2,d{1,4]oxazine, hexahydropyrrolo[3',4":3,4]pyrrole2c][1,4]thiazine and
octahydropyrrolo[3',4":3,4]pyrrolo[1,dfazepine. This protocol can be incorporated in neweas toward piperidine, or indolizidine
natural alkaloids and their analogs, since theserbeycles are the main cyclic fragments in theircture.

Experimental section

4.1. General

Melting points were determined with a Stuart SMP3asatus'H NMR and**C NMR spectra were recorded on a Bruker Avance
Il (400 MHz for 'H and 100.6 MHz for°C) spectrometer using DMS@-and CDC} as solvents. Chemical shifts) (have been
reported in parts per million (ppm) relative to TMS'H and**C spectra. Coupling constant® yalues given in Hertz. Mass spectra
were performed on aSHIMADZU GCMS-QP2010 Ultramass spectrometer using the electron impact idoizé¢chnique (40-
200°C, 70 eV). The IR data have been recorded on a Bidldha (NPVO, ZnSe) IR-Fur spectrometer. Elementalyses were
carried out using a CHNS/O analyzer Perkin-Elmer 286fles Il instrument. Single crystal X-ray diffriact analyses have been
performed on an Xcalibur S CCD area-detector diftnactter (Moku irradiation, m-scanning with step 1o, 295(2) K). Absorption
correction was not performed. Solution and refineneéstructures were accomplished with the SHELXTLgpamn packagé’

For 10g, the crystal system is triclinic, a = 8.289(2) A=18.6627(12) A, ¢ = 13.0570(14) &,= 94.191(12) B = 93.649(16)oy
= 99.640(16), space group P-1, Volume 919.1(3) A3, Z =2= 0.216 mril. Reflections collected/independent/with [I >
20(1)].038/5775/2453, R = 0.0315, completeness o= 26.00 98.5 %. S = 1.001, final R indices! R 0.0487, wR = 0.0806 [ >
25(1)], R = 0.1296, wR = 0.0888 (all data). Largest diff. peak and hold61 and —0.418A-3.

CCDC 902766 contains the supplementary crystalldgcagata for this paper. These data can be obtdirecdf charge from the
Cambridge Crystallographic Data Centre via link wwaa@cam.ac.uk/data_request/cif.

Chromatographic purification of compounti3-11 was done using silica gel (0.035-0.070, 60 A). ®aetions were monitored
on silica gel plates (Sorbfil UV-254) and visualiaatwas effected by short wavelength UV light (254 n8glvents were dried and
distilled according to the common procedure.

All calculations have been done with a help of GOQi2'8 Structures were initially optimized at the B3LYP/6G level of
theory. All located points had a minima characteoading to Hessian calculation. NBO analysis was peréar at the same level of
theory by using the appropriate module, implemerite609>* The obtained B3LYP/6-31G* wave functions were studigahe
AIM method with the help of AIMAIl softwaré-

Arylhydrazonoethanethioamid&sandSN-acetals7-9 were prepared by the procedure reported in ouiiguearticles™*

4.2. Reaction SN-acetals 7-9 with N-methyl- and N-phenylmaleimides 2a,b.

General procedure: A solution of 0.3 mmol o§N-acetals7-9 and 1.5 mmol dipolarophileza,b was heated at reflux in 10 ml of
benzene (TLC). Products were filtered and purifigdiduid column chromatography (eluent: chlorofoatetone 20:1)

42.1. 2-(2-Methyl-1,3-dioxo-6,7,8,9,9a,9b-hexahydro-3aH-pyrrol o] 3,4-a] indolizin-4-ylidene)-2-[ (4-nitrophenyl)azo] acetonitrile
(10a). From 7a and2a (0.105 g, 90%)8a and2a (0.114 g, 97%)9% and2a (0.083 g, 70%) as an orange solid, m.p. 269270
Mixture of isomers (1:3); [Found: C, 57.8; H, 4.4, 21.5. GgH1gNO, requires C, 57.86; H, 4.60; N, 21.3%;., 3100, 3030,
2950, 2860, 2200, 1720 €md, (400 MHz, DMSOd,) 8.28 and 7.84, 8.28 and 7.65 (4H, two AA'XX8.6 Hz, Ar), 5.22 and 4.72
(1H, two d,J 9.2 Hz, CH), 5.22 and 4.83 (1H, twoH12.2 Hz, CH), 4.29 {, dt,J 10.2, 2.6 Hz, CH), 3.83 and 3.78 (1HJ 9.7
Hz, CH), 3.41-3.33 (m, 1H, CH), 2.89 (3H, s, NMe), 21095 (1H, m, CH), 1.90-1.76 (2H, m, @H1.63-1.49 (2H, m, C§), 1.35-
1.19 (1H, m, CH)3, (100.6 MHz, DMSOQOdg) 174.5 (CO), 172.6 (CO), 160.5 (C), 146.2 (C), 12&#), 122.4 (CH), 117.1 (C),
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114.4 (C), 100.1 (C), 67.2 (CH), 53.8 (CH), 47.0 (£;#42.9 (CH), 29.1 (CH), 25.6 (NCH), 24.4 (CH), 23.2 (CH); m/z (I, %): 394
(25,M").

4.2.2. 2-[(4-Chlorophenyl)azo] -2-(2-methyl-1,3-dioxo-6,7,8,9,9a,9b-hexahydro-3aH-pyrrol o] 3,4-a] indolizin-4-

ylidene)acetonitrile (10b). From 7b and2a (0.103 g, 90%)8b and2a (0.100 g, 86%), fron®b and2a (0.98 g, 83%) as a yellow
solid, m.p. 273-274C; Mixture of isomers (1:2); [Found: C, 59.5; H, 4M, 18.1. GgH;sCINsO, requires C, 59.45; H, 4.73; N,
18.25%);vimax 1710, 2190, 2860, 2920, 2955 &nd,, (400 MHz, DMSOd,) 7.68 and 7.49, (4H, AA'XXYJ 8.8 Hz, Ar), 5.21 and 4.75
(1H, two d,J 9.2 Hz, CH) 5.20 and 4.64 (1H, #11.9 Hz, CH), 4.21 @, dt,J 10.0, 3.2 HzCH), 3.82 and 3.78 (1H, two dd,9.2,
10.4 Hz, CH)), 3.42-3.34 (1H, m, C}), 2.89 and 2.87 (3H, two s, NMe), 2.07-1.94 (1H, H)C1.90-1.72 (2H, m, C§), 1.59-1.45
(2H, m, CH), 1.27-1.12 (1H, m, C}}; . (100.6 MHz, DMSOdg) 174.8 (CO), 173.1 and 172.9 (C), 160.9 and 156)6152.1 and
151.7 (C), 132.9 and 132.4 (C), 129.8 and 129.4 (QR3.6 and 123.2 (CH), 115.9 and 115.0 (C), 1048 ¥01.4 (C), 66.8 and
66.3 (CH), 53.9 and 52.9 (CH), 49.3 and 46.5 {CHKi3.9 and 43.0 (CH), 29.2 and 29.0 (5F25.7 and 25.6 (NC}), 24.6 and 24.2
(CH,), 23.3 and 23.2 (CHt m/z (I, %): 383 (20M").

4.2.3. 2-(2-Methyl-1,3-dioxo-6,7,8,9,9a,9b-hexahydro-3aH-pyrrol of 3,4-a] indolizin-4-ylidene)- 2-(phenyl azo)acetonitrile

(10c). From7c and2a (74 g, 70%), fronBc and2a (75 g, 71%), fronBc and2a (87 g, 83%) as a yellow solid, m.p. 286-2€7
Mixture of two isomers (4:7]Found: C, 65.2; H, 5.4; N, 20.1,41,0N5O, requires C, 65.32; H, 5.48; N, 20.04%],, 1710, 2200,
2860, 2920, 2960, 3000, 3030, 3060 ¢, (400 MHz, DMSOd,) 7.68 (1H, dJ 7.2 Hz, Ar), 7.55-7.18 (4H, m, Ar), 5.25 and 4.77
(1H, two d,J 12.6 Hz, CH), 5.20 and 4.63 (1H, twoJ#9.0 Hz, CH), 4.18 #, dt,J 12.6, 9.0 HzCH), 3.82 and 3.76 (1H, two J,
10.2 Hz, CH)), 3.43-3.18 (1H, m, C}), 2.92 and 2.90 (3H, two s, NMe), 2.16-1.98 (1H, Hy)C1.97-1.70 (2H, m, C}), 1.67-1.38
(2H, m, CH), 1.26-1.03 (1H, m, CH); 3. (100.6 MHz, DMSOQOd;) 173.6 (CO), 171.9 and 171.6 (CO), 160.0 and 153)6152.8
and 152.5 (C), 132.2 and 132.0 (C), 129.3 and 1@®0, 128.9 and 128.8 (CH), 121.4 and 121.1 (C),A&hd 114.8 (C), 103.7
and 101.0 (C), 66.5 and 65.9 (CH), 53.69 and 52H)(@8.7 and 46.0 (C}), 43.7 and 42.7 (CH), 28.9 and 28.6 ¢;+24.1 and
23.7 (CH), 23.0 and 22.8 (Cht m/z (I, %): 349 (25M").

424. 2-[(4-Methoxyphenyl)azo] -2-(2-methyl-1,3-dioxo-6,7,8,9,9a,9b-hexahydr o-3aH-pyrrol o[ 3,4-a] indolizin-4-
ylidene)acetonitrile (10d). From7d and2a (0.103 g, 91%), fron8d and2a (0.070 g, 62%), fromdd and2a (0.50 g, 44%) as a yellow
solid, m.p. 223-224C; Mixture of isomers (2:3); [Found: C, 63.2; H, 5N, 18.4. GH,;NsO; requires C, 63.31; H, 5.58; N,
18.46%);vmax 1710, 2190, 2850, 2920, 2960, 3070°¢iay (400 MHz, DMSOd,) 7.65, 7.49, 6.96, (4H, two AA'XXJ 9.0 Hz, Ar),
5.24 and 4.77 (1H, two d,11.6 Hz, CH), 5.14 and 4.57 (1H, twoX9.0 Hz, CH), 4.11 #, dt,J 11.6, 2.4 Hz, CH), 3.83 I8 s,
OMe), 3.80-3.72 (m, 1H, Chl 3.30-3.20 (1H, m, Ch), 2.93 and 2.92 (3H, two s, NMe), 2.06 (1H] 2.2 Hz, CH), 2.00-1.89 (1H,
m, CH,), 1.85-1.80 (1H, m, C}), 1.65-1.50 (2H, m, C}), 1.35-1.10 (1H, m, C}}; 3. (100.6 MHz, DMSOd¢) 175.0 (CO), 173.5
and 173.2 (CO), 160.2 and 154.2 (C), 159.8 and 1&9),7147.5 and 147.1 (C), 123.5 and 123.2 (CH),3a8d 115.4 (C), 115.0
and 114.6 (C), 103.9 and 101.0 (C), 66.2 and 685H),(55.9 and 55.8 (OG} 53.6 and 52.6 (CH), 49.1 and 46.3 GH4.0 and
43.0 (CH), 29.3 and 29.0 (GH 25.6 and 25.2 (NC}}, 24.6 and 24.3 (CH), 23.4 and 23.2 (CBt m/z (I, %): 379 (46M").

4.25. 2-(8-Methyl-7,9-dioxo-1,3,4,6a,9a,9b-hexahydropyrrolo[ 1,2] pyrrolo[ 3,5-a] [ 1,4] oxazin-6-ylidene)-2-[ (4-

nitrophenyl)azo] acetonitrile (10€). From 7e and 2a (0.072 g, 61%) as an orange solid, m.p. 326-327 Mixture of isomers
(2:12:1:6);[Found: C, 54.7; H, 4.1; N, 21.8,gH:¢N¢Os requires C, 54.55; H, 4.07; N, 21.20%},« 1710, 2200, 2855, 2950, 3090
cm; 3y (400 MHz, DMSO€) 8.30, 7.89, 7.83, 7.69 (4H, four AA'XX],9.2 Hz, Ar), 5.31, 5.19, 5.07, 4.98 (1H, fourd®.2 Hz,
CH), 4.77, 4.68, 4.65, 4.59 (1H, fourd8.8 Hz, CH), 4.36 (, dt,J 10.8, 3.6 HzCH), 4.11 (H, dt,J 12.0, 3.6 HzCH), 4.02-3.80
(2H, m, CH), 3.71-3.53 (B, m, CH,), 3.39-3.28 (1H, m, C}), 2.88 and 2.86 (3H, two Me); 5. (100.6 MHz, DMSOdg) 175.4 and
175.3 and 174.1 (CO), 173.7 and 172.6 and 172.3 (0&2).7 and 162.2 (C), 158.0 and 157.4 and 157.014%.5 and 146.4 (C),
125.4 and 125.2 (CH), 122.7 and 122.5 and 122.3 (CHj,3 and 115.0 and 114.4 (C), 106.1 and 103.3188d7 and 100.0 (C),
68.4 and 68.3 (C}), 64.8 and 64.3 (CH, 64.1 and 67.7 (CH), 54.0 and 53.2 (CH), 46.9 &8 {CH,), 41.9 and 41.1.6 (CH), 25.9
and 25.8 and 25.7 (NGH m/z (1, %): 396 (39M").

4.2.6. 2-[(4-Methoxyphenyl)azo] -2-(8-methyl-7,9-dioxo-1,3,4,6a,9a,9b-hexahydropyrrolof 1,2] pyrrolo[ 3,5-a] [ 1,4] oxazin-6-
ylidene)acetonitrile (10f). From 7f and2a (0.051 g, 45%) as a yellow solid, m.p. 280-28]1 Mixture of isomers (1:1); [Found: C,
60.0; H, 4.9; N, 18.4. gH;4NsO, requires C, 59.84; H, 5.02; N, 18.36%}, 1700, 2195, 2830, 2965, 2995 tnéy (400 MHz,
DMSO-dg) 7.70, 7.54, 7.03, 7.00 (4H, two AA'XX3,9.2 Hz, Ar), 5.11 and 4.56 (1H, two 38.9 Hz, CH), 4.88 and 4.46 (1H, two d,
J12.3 Hz, CH), 4.22 d, dt,J 12.3, 3.6 HzCH), 4.09 (H, dt,J 12.0, 3.2 HzCH), 3.91 (31, s,0Me), 3.93-3.75 (2H, m, C}),
3.63-3.45 (2H, m, C}), 2.87 and 2.73 (4H, m, NMe+CHy; (100.6 MHz, DMSCdg) 174.7 (CO), 173.4 and 172.8 (CO), 160.4 and
160.1 (C), 159.7 and 155.1 (C), 147.7 and 147.3128.8 and 123.6 (CH), 115.1 and 115.0 (C), 114d 4.6 (CH), 102.7 (C),
64.8 and 64.9 (Ch), 62.5 and 62.4 (Chi, 59.8 and 59.7 (CH), 55.9 and 55.6 (NMe), 52.6 3@ (CH), 49.4 and 45.6 (GH 4.3
and 40.7 (CH), 25.8 (OMeiwz (I, %): 381 (29M").

4.2.7. 2-[3,5-Bis(trifluoromethyl)phenyl] azo-2-(8-methyl-7,9-dioxo-1,3,4,6a,9a,9b-hexahydropyrrol o[ 1,2] pyrrolo[ 3,5-

a] [1,4] oxazin-6-ylidene)acetonitrile (10g). From 8e and2a (0.09 g, 60%) as a yellow solid, m.p. 225-226 Mixture of isomers
(12:3:2:2); [Found: C, 49.1; H, 2.9; N, 14.4,48,sFNsO; requires C, 49.29; H, 3.10; N, 14.37%)}; (400 MHz, DMSO#l) 6 8.29,
8.21, 8.16, 7.97, 7.95, 7.88, 7.82, 7.78, 7.3, @I s, Ar), 5.23, 5.11, 5.05 and 4.95 (1H, foud ®,6 Hz, CH), 4.75, 4.71, 4.68 and
4.63 (1H, four dJ 8.8 Hz, CH), 4.33 (1H, df] 10.8, 3.2 Hz, CH), 4.14 H{, dd,J 11.6, 3.2 Hz(CH,), 3.96-3.83 (A, m,CH,), 3.70-
3.53 (H, m,CH,), 3.34 (H, t,J 11.6 Hz,CH,), 2.92 and 2.91 @, two s, Me); m/z (I, %): 487 (404").

428. 2-(2-Methyl-1,3-dioxo-3a,6,7,8,9,10,10a,10b-octahydropyrrolof 1,2] pyrrolo[ 3,5-a] azepin-4-ylidene)-2-[ (4-
nitrophenyl)azo] acetonitrile (10h). From 7g and2a (0.120 g, 98%) as an orange solid, m.p. 205-ZD6Mixture of isomers (3:7);
[Found: C, 58.7; H, 4.9; N, 20.39,4,,NsO, requires C, 58.82; H, 4.94; N, 20.58%};,, 1720, 2195, 2850, 2925 C"mSH (400
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MHz, DMSO-dg) 8.28, 7.83, 7.65 (8.28, 7.83, 8.28 and 7.65 (&, AA'XX', J 9.2 Hz, Ar), 5.33 and 4.82 (1H, two 89.2 Hz,

CH), 4.77-4.62 (1H, m, CH), 4.46 and 4.33(%wo dt,J 5.2, 15.2 Hz, CH), 3.76-3.61 K1 m, CH), 3.45-3.32 @, m, CH), 2.88
(3H, s, NMe), 2.10-1.97 (1H, m,H3, 1.93-1.73 (3H, m, B,), 1.70-1.49 (3H, m, C}y), 1.35-1.23 (1H, m, CH)j. (100.6 MHz,

DMSO-dg) 175.1 (CO), 172.3 (C0O), 163.2 (C), 157.9 and 1%Z)5146.0 (C), 123.5 and 123.2 (CH), 116.3 and4.16), 115.0 and
114.6 (C), 103.9 and 101.0 (C), 66.2 and 65.7 (GH)9 and 55.8 (OC}), 53.6 and 52.6 (CH), 49.1 and 46.3 ¢;H4.0 and 43.0
(CH), 29.3 and 29.0 (CH 25.6 and 25.2 (NMe), 24.6 and 24.3 (;}23.4 and 23.2 (Cit m/z (1, %): 408 (11M").

4.2.9. 2-[(4-Chlorophenyl)azo] -2-(2-methyl-1,3-dioxo-3a,6,7,8,9,10,10a,10b-octahydropyrrolo[ 1,2] pyrrolof 3,5-a] azepin-4-
ylidene)acetonitrile (10i). From 7h and 2a (0.09 g, 75%) as a yellow solid, m.p. 250-2&% Mixture of isomers (2:3)jFound: C,
60.5; H, 4.8; N, 17.3. £H,CIN:O, requires C, 60.38; H, 5.07; N, 17.60%]., 1700, 2200, 2860, 2920, 2955, 3050, 3080"aip
(400 MHz, DMSO#€) 7.65, 7.37, 7.48 and 7.38 (4H, two AA'X¥'8.8 Hz, Ar), 5.24 and 4.74 (1H, two 9.2 Hz, CH), 4.63-4.53
(1H, m, CH), 4.51 and 4.35K two dt,J 5.2, 14.8 HzCH), 3.85 and 3.79 {, two t,J 10.0 Hz, CH), 3.63-3.49 (H, m, CH,), 2.91
and 2.90 (3H, two s, Me), 2.08-1.95H(1m, CH), 1.94-1.76 (3H, m, C}), 1.71-1.52 (3H, m, C§), 1.37-1.19 (1H, m, Ch); 8¢
(100.6 MHz, DMSO¢dg) 175.3 (CO), 172.8 and 172.6 (CO), 161.8 and 156)2152.1 and 151.9 (C), 132.6 and 132.4 (C), 129.8
and 129.4 (CH), 123.6 and 123.2 (CH), 116.0 and 1(%5),1104.3 and 101.2 (C), 69.8 and 69.0 (CH), %& 53.5 (CH), 50.3 and
47.9 (CH), 44.1 and 43.4 (CH), 30.4 and 30.3 (&;}28.0 and 27.8 (CHi, 27.1 and 26.4 (CHi 25.6 and 25.5 (NC}), 24.0 and 23.6
(CHy); m/z (1, %): 397 (15M").

4.2.10. 2-(8-Methyl-7,9-dioxo-1,3,4,6a,9a,9b-hexahydropyrrolo[ 1,2] pyrrolo[ 3,5-a] [ 1,4] thiazin-6-ylidene)-2-[ (4-

nitrophenyl)azo] acetonitrile (10j). From 7i and2a (0.055 g, 45%) as an orange solid, m.p. 278-Z79Mixture of isomers (1:3);
[Found: C, 52.7; H, 3.6; N, 20.2,5H;eN¢O,S requires C, 52.42; H, 3.91; N, 20.38%Jy 1705, 2195, 2920, 2966"; &, (400
MHz, DMSO-d¢) 8.26, 7.86, 8.25 and 7.67 (4H, twa\'XX'", J 8.8 Hz, Ar), 5.60 and 5.19 {1l two dt,J 13.2, 2.8 HzCH), 5.22 and
4.73 (1H, two dJ 9.2 Hz, CH), 4.51-4.41 @4, m,CH), 3.96 and 3.90 {4, two t,J 10.0 Hz,CH,), 3.58 (H, t,J 11.6 Hz,CH,), 3.03-
2.95 (1H, m, CH), 2.92 and 2.91 3, two s,Me), 2.84-2.72 (2H, m, C§), 2.71-2.64 (1H, m, C§); 6. (100.6 MHz, DMSOdg) 174.2
(CO), 172.3 (CO), 163.2 (C), 157.4 (C), 146.3 (Ckh.B2and 125.2 (CH), 122.6 and 122.4 (CH), 115.3 artl61(C), 103.1 (C),
67.9 and 67.6 (CH), 53.7 and 52.7 (CH), 52.6 and 4®H), 44.4 and 43.5 (CH), 29.5 (GH25.8 (NCH), 25.7 and 25.6 (C}),
23.3 and 23.2 (CH; mz (I, %): 412 (30M").

4.2.11. 2-[(4-Chlorophenyl)azo] -2-(8-methyl-7,9-dioxo-1,3,4,6a,9a,9b-hexahydropyrrolof 1,2] pyrrolo[ 3,5-a] [ 1,4] thiazin-6-
ylidene)acetonitrile (10k). From 7j and2a (0.060g, 50%) as a yellow solid, m.p. 240-2€&] Mixture of isomers (3:5); [Found: C,
53.7; H, 4.1; N, 17.3C;gH6CINsO,S requires C, 53.80; H, 4.01; N, 17.43%j]; (400 MHz, DMSO¢g) 7.51, 7.40, 7.68 and 7.38
(4H, two AA'XX", J 8.4 Hz, Ar), 5.59 and 5.1511 two br. d,J 13.6 Hz,CH), 5.17 and 4.65 (1H, two d,9.2 Hz, CH), 4.38 (H, dt,
J11.2, 3.2 Hz(CH,), 3.93 and 3.86 {1, two t,J 10.0 Hz,CH,), 3.63-3.48 (1H, m, C}), 2.93 and 2.91 3, two s, NMe), 2.98-2.87
(1H, m, CH), 2.84-2.61 (3H, m, C§);. ¢ (100 MHz DMSO¢dg) 174.4 and 174.3 (CO), 172.7 and 172.5 (CO), 164d91%6.2 (C),
152.6 and 151.6 (C), 133.2 and 132.7 (C), 129.41&&I8 (CH), 123.7 and 123.4 (CH), 115.7 and 116)) 104.6 and 101.9 (C),
67.2 and 66.8 (CH), 53.2 and 52.2 (C), 51.9 and @®k®), 44.5 and 43.6 (CH), 29.8 and 28.5 (5+26.2 and 25.7 (C}), 25.8 and
25.7 (NMe);mvz (1, %): 401 (34M").

42.12. 2-(1,3-Dioxo-2-phenyl-6,7,8,9,9a,9b-hexahydro-3aH-pyrrol o 3,4-a] indolizin-4-ylidene)-2-[ (4-nitrophenyl)azo] acetonitrile
(11a). From7a and2b (0.086 g, 63%), fron8a and2b (0.090 g, 66%), fron®a and2b (0.095 g, 70%) as an orange solid, m.p. 259-
260°C; Mixture of isomers (1:3); [Found: C, 63.1; H, 4M, 18.4. GH,NsO, requires C, 63.15; H, 4.42; N, 18.41%, 1720,
2200, 2860, 2920, 2950, 3070 ¢ndy (400 MHz, DMSOd,) 8.24, 7.81, 8.24 and 7.66 (4H, two AA'XX'9.1 Hz, Ar), 7.59-7.38
(3H, m, Ar), 7.37-7.25 (&, m, Ar), 5.42 and 4.90 (1H, two d9.2 Hz, CH), 5.30 and 4.88 (1H, twoXl12.8 Hz, CH), 4.36 (, dt,
J12.2, 3.2 HzCH), 4.03 and 3.98 (1H, two §,10.0 Hz, CH), 3.53-3.34 (1H, m, C§), 2.22-2.09 (1H, m, C}), 2.05-1.82 (2H, m,
CH,), 1.81-1.56 (2H, m, C}), 1.54-1.10 (1H, m, CH; ¢ (100.6 MHz, DMSOds) 173.9 (CO), 171.9 and 171.7 (CO), 1620, (
157.6 (C), 154.5(), 146.3 and 146.1 (C), 132.7 and 132.5 (C), 1286 129.4 (CH), 129.3 and 129.2 (CH), 127.9 and 1@,
125.6 and 125.2 (CH), 122.4 and 122.2 (CH), 116.614dd7 (C), 102.8 and 91.1 (C), 68.0 and 67.4 (GB)7 (CH), 47.8 and 47.1
(CH,), 44.1 and 43.1 (CH), 29.1 (GKI24.2 and 23.38 and 23.4 (gHM/z (I, %): 456 (19M").

4.2.13. 2-[(4-Chlorophenyl)azo] -2-(1,3-dioxo-2-phenyl-6,7,8,9,9a,9b-hexahydro-3aH-pyrrol o[ 3,4-a] indolizin-4-

ylidene)acetonitrile (11b). From7b and2b (0.120 g, 90%)8b and2b (0.129 g, 97%)9a and2b (0.108 g, 81%) as an orange solid,
m.p. 279-280C; Mixture of isomers (3:7); [Found: C, 64.6; H, 4N, 15.7. G,H,.CINsO, requires C, 64.65; H, 4.52; N, 15.71%];
Vmax 1700, 2200, 2850, 2920, 29661"; 5,4 (400 MHz, DMSOd,) 7.64 (H, d,J 8.7 Hz, Ar), 7.58-7.23 (8H, m, Ar), 5.34 and 4.87
(1H, two d,J 9.2 Hz, CH), 5.29 and 4.80 (1H, two110.6 Hz, CH), 4.26 , dt,J 11.5, 3.2 HzCH), 4.07 and 3.94 (1H, dd,9.6,

9.2 Hz, CH), 3.50-3.29 (1H, m, C}), 2.22-2.06 (1H, m, C§), 2.01-1.78 (2H, m, CH, 1.75-1.33 (2H, m, C}), 1.27-1.02 (1H, m,
CH,); 8¢ (100.6 MHz, DMSQOdg) 173.5 (CO), 171.7 and 171.5 (CO), 160.2 and 1582)9151.6 and 151.2 (C), 132.4 and 132.2 (C),
132.0 and 131.9 (C), 129.3 and 129.0 (CH), 128.9 (@P3.8 and 128.7 (CH), 127.3 and 127.2 (CH), 128D122.7 (CH), 115.4
and 114.6 (C), 103.7 and 101.0 (CN), 66.7 and 66H),(53.8 and 52.7 (CH), 48.8 and 46.1 ;H3.6 and 42.7 (CH), 28.9 and
28.6 (CH), 24.1 and 23.7 (Chl 22.9 and 22.8 (CHt m/z (1, %): 445 (34M").

4.2.14. 2-(1,3-Dioxo-2-phenyl-6,7,8,9,9a,9b-hexahydro-3aH-pyrrol o] 3,4-a] indolizin-4-ylidene)-2-(phenylazo)acetonitrile  (11c).
From7c and2b (0.110 g, 89%)8c and2b (0.096 g, 78%)9c and2b (0.103 g, 84%) as a yellow solid, m.p. 227-228 Mixture of
isomers (2:3); [Found: C, 69.9; H, 5.1; N, 16.8%H,,NsO, requires C, 70.1; H, 5.1; N, 17.0%},., 1720, 2195, 2860, 2930, 2950,
3020, 306@&m™; &, (400 MHz, DMSOd) 7.62 (1H, dJ 9.1 Hz, Ar), 7.58-7.17 (9H, m, Ar), 5.34 and 4.87 (1Wo td,J 13.2 Hz,
CH), 5.35 and 4.80 (1H, two d9.8 Hz, CH), 4.24 (#, t, J 10.4 Hz,CH), 3.98 and 3.92 (1H, d§,10.2 Hz, CH), 3.46-3.24 (1H, m,
CH,), 2.10-1.92 (1H, m, C}), 1.90-1.68 (2H, m, C}), 1.67-1.35 (2H, m, C§), 1.22-1.02 (1H, m, C}}; 6¢ (100.6 MHz, DMSCOd)
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173.6 (CO), 171.9 and 171.6 (CO), 160.0 and 154.61&2.8 and 152.5 (C), 132.2 and 132.0 (C), 1288129.0 (CH), 128.9 and
128.8 (CH), 128.7 and 128.6 (CH), 128.3 and 127.8 (@P}J.3 and 127.2 (CH), 121.4 and 121.1 (CH), 116c5144.8 (C), 103.7
and 101.0 (CN), 66.5 and 65.9 (CH), 53.7 and 52.6 (@Bl and 46.0 (CB, 43.7 and 42.7 (CH), 28.9 and 28.6 (4.1 and

23.7 (CH), 23.0 and 22.8 (CHt mVz (I, %): 411 (34M™).

4.2.15. 2-(1,3-Dioxo-2-phenyl-6,7,8,9,9a,9b-hexahydro-3aH-pyrrol o[ 3,4-a] indolizin-4-ylidene)- 2-[ (4-methoxyphenyl )azo]

acetonitrile (11d). From7d and2b (0.085 g, 64%), frondd and2b (0.090 g, 68%), fro@d and2b (0.075 g, 58%) as a yellow solid,
m.p. 264-265C; Mixture of isomers (2:3); [Found: C, 67.9; H, 5)\2, 15.8. GsH,»3NsO; requires C, 68.01; H, 5.25; N, 15.90%).
1720, 2200, 2840, 2860, 2930, 2960, 3660 5, (400 MHz, DMSOds) 7.61 (1H, dJ 9.0 Hz, Ar), 7.53-7.48 (4H, m, Ar), 7.37-
7.32 (2H, m, Ar), 7.02 and 6.97 (2H, twoX®.0 Hz, Ar), 5.34 and 4.77 (1H, two 312.8 Hz, CH), 5.26 and 4.78 (1H, twoJ®.2
Hz, CH), 4.24 (H, t,J 10.3 Hz, CH), 3.99 and 3.93 (1H, two dd9.3, 10.6 Hz, Ch), 3.80 and 3.78 {3, two s, OMe), 3.40-3.30
(1H, m, CH), 2.07-1.98 (1H, m, C}), 1.94-1.85 (1H, m, C}), 1.84-1.76 (1H, m, Ch), 1.68-1.50 (2H, m, C}), 1.42-1.30 (1H, m,
CH,); 8¢ (100.6 MHz, DMSQdg) 173.5 (CO), 172.0 and 171.6 (CO), 159.3 and 189)1159.8 and 153.5 (C), 147.1 and 146.7 (C),
132.3 (C) and 132.1, 128.9 and 128.8 (CH), 128.71&8&16 (CH), 127.2 and 127.1 (CH), 122.9 and 122H)(Q15.7 and 114.8
(C), 114.5 and 114.1 (CH), 103.6 and 100.9 (C), @6d 65.6 (CH), 55.4 and 55.3 (OMe), 53.4 and 52t3)(&8.7 and 45.9 (CH
43.7 and 42.8 (CH), 28.9 and 28.6 ({1F24.1 and 23.8 (C}}, 23.0 and 22.9 (CHt mVz (I, %): 441 (42M").

4.2.16. 2-(7,9-Dioxo-8-phenyl-1,3,4,6a,9a,9b-hexahydropyrrolof 1,2] pyrrolo[ 3,5-a] [ 1,4] oxazin-6-ylidene)-2-[ (4-

nitrophenyl)azo] acetonitrile (11€). From7e and2b (0.125 g, 92%) as an orange solid, m.p. 306°8)7The mixture of four isomers
in ratio 10:4:2:1; [Found: C, 60.3; H, 4.0; N, 1823H,gN¢Os requires C, 60.26; H, 3.96; N, 18.33%},,, 1720, 2200, 2850, 2920,
2960, 307@m’™; &, (400 MHz DMSO¢) 8.23, 7.87, 8.23, 7.82, 8.23, 7.70, 8.23 and {4l four AA'XX', J 8.7 Hz, Ar), 7.55-7.25
(5H, m, Ar), 5.42 and 5.31 and 5.16 and 5.06 (fourH,J19.3 Hz, CH), 4.93 and 4.85 and 4.76 and 4.70 (1H, dod©.0 Hz, CH),
4.43 (H, dt,J 9.5, 4.3 HzCH), 4.27-4.11 (1H, m, C}), 4.10-3.88 (2H, m, C}), 3.82-3.56 (2H, m, C}), 3.55-3.39 (m, 1H, C});

3¢ (100.6 MHz, DMSQdg) 174.3 (CO), 172.6 and 171.9 (CO), 161.4 and 156H),(152.0 and 151.6 (CH), 132.8 (C), 132.6 and
132.6 (C), 132.4 and 132.3 (C), 129.8 and 129.6 {(@RY.5 and 129.4 (CH), 129.3 and 129.2 (CH), 12/ 7.5 (CH), 123.5
and 123.3 (CH), 116.1 and 115.2 (C), 104.5 and 1(1)570.1 and 69.3 (Cij{ 54.8 and 53.7 (CH} 50.4 and 48.0 (CH), 44.4 and
43.7 (CH), 30.6 and 30.5 (GH28.2 and 28.0 (CH)wz (I, %): 458 (40M").

4.2.17. 2-(7,9-Dioxo-8-phenyl-1,3,4,6a,9a,9b-hexahydropyrrol o] 1,2] pyrrolo[ 3,5-a] [ 1,4] oxazin-6-ylidene)-2-[ (4-methoxyphenyl)
azo] acetonitrile (11f). From7f and2b (0.89 g, 67%as a yellow solid, m.p. 249-25Q; Mixture of isomers (7:3); [Found: C, 65.1;
H, 4.8; N, 15.6. &H>;NsO, requires C, 65.00; H, 4.77; N, 15.79%)}; (400 MHz, DMSOsdg) 7.70-7.57, 7.55-7.45 and 7.20-7.10
(9H, three m, Ar), 5.20 and 4.87 (1H, twoJ®.8 Hz, CH), 4.56 and 4.00 (1H, twoH11.4 Hz, CH), 4.28 (, dt,J 11.2, 3.2 Hz,
CH), 4.17-4.09 (1H, m, C§), 3.94-3.86 (2H, m, C}), 3.80 (31, s,OMe), 3.64-3.50 (2H, m, C}), 3.35-3.28 (1H, m, CH; m/z (I,
%): 443 (30M").

4.2.18. 2-(1,3-Dioxo-2-phenyl-3a,6,7,8,9,10,10a,10b-octahydropyrrolof 1,2] pyrrolo[ 3,5-a] azepin-4-ylidene)-2-[ (4-

nitrophenyl)azo] acetonitrile (11g). From7g and2b (0.120 g, 86%) as an orange solid, mp 258-Z5Mixture of two isomers (1:2);
[Found: C, 63.6; H, 4.5; N, 18.1,4£1,,NsO, requires C, 63.82; H, 4.71; N, 17.86%}, 1720, 2200, 2850, 2910, 29Z0"; 5, (400
MHz DMSO-d) 8.27, 7.67, 8.25 and 7.83 (4H, two AA'XX'8.8 Hz, Ar), 7.54-7.40 @, m, Ar), 7.33-7.26 (&, m, Ar), 5.48 and
5.00 (1H, two dJ 9.6 Hz, CH), 4.83-4.71 (1H, m, CH), 4.57 and 4.44,(fwo dt,J 3.6, 14.0 HzCH), 4.04 and 3.99 {, two t,J
10.4 Hz,CH), 3.77-3.64 (H, m, CH,), 2.19-2.09 (H, m, CH), 2.08-1.85 (B, m, CH,), 1.81-1.62 (3H, m, C}), 1.55-1.34 (1H, m,
CHy); 3. (100.6 MHz, DMSQdg) 173.8 (CO), 171.2 and 171.0 (CO), 162.6 and 152)3 157.0 and 156.9 (C), 145.7 and 145.6
(C),132.9 and 132.1 (C), 129.1 and 129.0 (CH), 128128.8 (CH), 127.1 and 127.0 (CH), 127.1 and8l@aH), 121.7 and 122.0
(CH), 115.1 and 114.2 (C), 105.3 and 102.3 (C), @@ 69.5 (CH), 54.7 and 53.5 (CH), 50.4 and 47.9,JC438.7 and 43.0 (CH),
29.7 and 29.5 (CH, 27.7 and 27.5 (C}), 26.6 and 25.9 (CH, 23.8 and 23.5 (CHt mvz (I, %): 470 (12M").

4.2.19. 2-[(4-Chlorophenyl)azo] -2-(1,3-dioxo-2-phenyl-3a,6,7,8,9,10,10a,10b-octahydropyrrol o 1,2] pyrrol o[ 3,5-a] azepin-4-
ylidene)acetonitrile (11h). From7h and2b (0.107 g, 78%) as a yellow solid, m.p. 166-£67 Mixture of isomers (2:3); [Found: C,
65.0; H, 4.8; N, 15.4C,sH,,CINsO, requires C, 65.29; H, 4.82; N, 15.23%}, 1720, 2200, 2850, 2920n"; & (400 MHz, DMSO-
dg) 7.65-7.16, 7.56-7.42, 7.32-7.27 (9H, m, Ar), 5.4d 4.94 (1H, two dJ 9.6 Hz, CH), 4.76-4.66 (1H, m, CH), 4.51 and 4.34,(1
two dt,J 4.4, 13.6 HzCH), 4.08-3.85 (H, m, CH,), 3.70-3.57 (H, m, CH), 2.10-2.07 (H, m, CH,), 2.00-1.77 (3H, m, C§), 1.72-
1.55 (3H, m, CH), 1.45-1.22 (1H, m, C}); éc (100.6 MHz, DMSOds) 174.4 (CO), 172.0 and 171.8 (CO), 161.7 and 156)1 (
152.1 and 151.9 (C), 132.7 and 132.6 (C), 132.41&2d3 (C), 129.8 and 129.6 (CH), 129.5 and 129H)(@29.3 and 129.2 (CH),
127.6 and 127.5 (CH), 123.5 and 123.2 (CH), 116.11d%d2 (CN), 104.5 and 101.4 (C), 70.0 and 69.3 (GH)8 and 53.7 (CH),
50.4 and 48.0 (C§), 44.4 and 43.7 (CH), 30.5 and 30.4 (5t28.2 and 28.0 (Cj) 27.1 and 26.4 (CH), 24.4 and 24.0 (Cht m/z (,
%): 459 (13M").

4.2.20. 2-(7,9-Dioxo-8-phenyl-1,3,4,6a,9a,9b-hexahydropyrrolo[ 1,2] pyrrolo[ 3,5-a] [ 1,4] thiazin-6-ylidene)-2-[ (4-

nitrophenyl)azo] acetonitrile (11i). From7i and2b (0.095 g, 67%) as an orange solid, m.p. 299-800Mixture of isomers (3:7);
[Found: C, 58.3; H, 3.7; N, 17.5,81:N:O,S requires C, 58.22; H, 3.82; N, 17.71%]}:. 1715, 2200, 2916m"; &, (400 MHz,
DMSO-dg) 8.26, 8.23, 7.83 and 7.69 (4H, twa\'XX', J 8.8 Hz, Ar), 7.51-7.33 8, m, Ar), 5.57 (H, dt,J 10.8, 2.8 HzCH), 5.65
and 5.26 (H, two dt,J 3.2, 13.6 HzCH), 5.40 and 4.92 (1H, two d,9.2 Hz, CH), 4.12 and 4.06H1 two t,J 10.0 Hz,CH,), 3.63
(14, t, J 12.8 Hz,CH,), 3.18-3.06 (1H, m, C}), 3.00 (1H, tJ 12.0 Hz, CH), 2.90-2.83 (1H, m, C}), 2.76-2.66 (1H, m, CH; 5.
(100.6 MHz, DMSO¢dg) 174.2 (CO), 172.7 and 172.6 (CO), 161.9 and 156)2 152.0 and 151.6 (C), 133.2 and 132.7 (C), 129.4
and 129.3 (CH), 128.1 (CH), 127.9 and 127.8 (CH),@2nd 126.9 (CH), 126.7 and 126.6 (CH), 122.5 and21@2H), 114.9 (C),
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105.0 and 102.5 (C), 67.2 and 66.8 (CH), 53.2 and B2H), 49.2 and 43.6 (G} 40.7 and 40.5 (CH), 29.8 and 29.5 ({5+25.7
and 25.6 (CH)Wz (I, %): 474 (41M").

4.2.21. 2-(7,9-Dioxo-8-phenyl-1,3,4,6a,9a,9b-hexahydropyrrolo[ 1,2] pyrrol o 3,5-a] [ 1,4] thiazin-6-ylidene)-2-[ 4-
(trifluoromethyl)phenylazo] acetonitrile (11j). From7k and2b (0.090 g, 60%) as a yellow solid; mp 272-2Z3 Mixture of isomers
(7:3); [Found: C, 58.0; H, 3.5; N, 14.1,,8,4FNs0,S requires C, 57.94; H, 3.65; N, 14.08%];(400 MHz DMSO#d;) 8.50-7.64
(4H, m, Ar), 7.53-7.35 (5H, m, Ar), 5.68 and 5.23 (1Wotdt,J 2.0, 12.4 HzCH), 5.37 and 4.88 (1H, two d,9.6 Hz, CH), 4.53
(1H, dt,J 10.6, 2.8 HzCH), 4.10 and 4.04 (1H, two §,10.4 Hz,CH,), 3.60 (1H, tJ 12.8 Hz,CH,), 3.18-3.06 (1H, m, C}}, 3.02-
2.92 (1H, m, CH), 2.88-2.81 (1H, m,C}), 2.75-2.65 (1H, m, C}}; &, (100.6 MHz, DMSOd;) 173.5 (CO), 171.6 and 171.4 (CO),
162.4 and 157.0 (C), 155.8 (C),132.8 and 129.2129,4 and 129.3 (CH), 128.1 (CH), 127.9 and 1278)(Q27.0 and 126.9 (CH),
126.7 and 126.6 (CH), 122.5 and 122.2 (CH), 114.9105.0 and 102.5 (C), 68.1 and 67.6 (CH), 53.8%hd (CH), 52.1 and 49.5
(CHy), 44.7 and 43.9 (CH), 29.8 and 29.6 (4+26.1 and 25.6 (CHJ}r (100 MHz, DMSO-¢): -61.80 and -61.65 (two s, 3F, gF
MS m/z (I, %): 497 M", 35).
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General

Melting points were determined with a Stuart SMppaaatus'H NMR and**C NMR spectra were recorded on
a Bruker Avance Il (400 MHz fotH and 100.6 MHz forC) spectrometer using DMS@-and CDC} as
solvents. Chemical shift$) have been reported in parts per million (ppmatie to TMS in'H and**C spectra.
Coupling constants]) values given in Hertz. Mass spectra were perfdrioe a «<SHIMADZU GCMS-QP2010
Ultra» mass spectrometer using the electron imjmmazation technique (40-20%C, 70 eV). The IR data have
been recorded on a Bruker Alpha (NPVO, ZnSe) IRdpactrometer. Elemental analyses were carriedsng a
CHNS/O analyzer Perkin-Elmer 2400 Series Il ins&om

SN-acetals/-9 were prepared by the procedure reported in owique articles-*

3-Methyl sulfanyl-2-[ (4-nitrophenyl )azo] -3-(1-piperidyl)prop-2-enenitrile (7a). Red solid (218 mg, 66%), m.p.
147-148 °C; [FoundC, 54.53,H, 5.31, N, 20.9. gH;/NsO,S requiresC, 54.37,H, 5.17, N, 21.13%]py (400
MHz, CDCk) 8.28 and 7.69 (4H, AXX', J 9.2 Hz, Ar), 3.99-3.81 (4H, m, G} 2.60 (3H, s, SMe), 1.81-1.59
(6H, m, CH); m/z (I, %): 331 (6M").

3-Allylsulfanyl-2-[ (4-nitrophenyl)azo] -3-(1-pi peridyl)prop-2-enenitrile (8a). Red solid (293 mg, 82%), m.p. 141-
142 °C; [FoundC, 57.11,H, 5.12, N, 19.41. GH;14NsO,S require<, 57.13 H, 5.36, N, 19.59%]5, (400 MHz,
CDCl;) 8.29 and 7.70 (4H, AXX', J 9.0 Hz, Ar), 5.95-5.82 (1H, m, CH), 5.21 (1H,Jd6.8 Hz, CHCH), 5.16
(1H, d,J 9.2 Hz, CHCH), 3.99-3.91 (4H, m, C}), 3.74 (2H, dJ 7.2 Hz, £H,), 1.81-1.69 (6H, m, Chi, m/z (I,
%): 357 (3M").
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2-[ (4-Nitrophenyl)azo] -3-(1-piperidyl)-3-prop-2-ynyl sulfanyl-prop-2-enenitrile (9a). Red solid (323 mg, 91%),
m.p. 140-141 °C; [Found, 57.33,H, 4.75, N, 19.55. GH;/NsO,S require<, 57.45H, 4.82, N, 19.70%]64

(400 MHz, CDC}) 8.29 and 7.71 (4H, AXX', J9.2 Hz, Ar), 3.96 (H, d,J 2.5 Hz, £H,), 3.94-3.81 (4H, m,
CH,), 3.44 (1H, tJ 2.8 Hz, CH), 1.84-1.65 (6H, m, GHm/z (I, %): 355 (17M").

2-[ (4-Chlorophenyl)azo] -3-methyl sulfanyl-3-(1-piperidyl)prop-2-enenitrile (7b). Yellow solid (288 mg, 90%),
m.p. 141-142 °C; [FoundZ, 56.00,H, 5.15, N, 17.65. H;;CIN,S requiresC, 56.15,H, 5.34, N, 17.46%]py
(400 MHz, CDC}) 7.55 and 7.49 (4H, AXX', J 8.9 Hz, Ar), 3.89-3.80 (4H, m, GH 2.55 (3H, s, SMe), 1.80-
1.65 (6H, m, CH); m/z (I, %): 320 (17M").

3-Allylsulfanyl-2-[ (4-chlorophenyl)azo] -3-(1-piperidyl ) prop-2-enenitrile (8b). Orange solid (315 mg, 91%), m.p.
126-127 °C; [FoundC, 58.61,H, 5.34, N, 16.11. GH;4CIN,S require<C, 58.86, H, 5.52, N, 16.15%5y (400
MHz, CDCLk) 7.55 and 7.50 (4H, ABB', J 8.8 Hz, Ar), 5.95-5.79 (1H, m, CH), 5.19 (1H,Jd16.8 Hz, CHCH),
5.15 (1H, dJ 10.0 Hz, CHCH), 3.93-3.81 (4H, m, C}), 3.68 (2H, dJ 7.2 Hz, £H,), 1.82-1.67 (6H, m, C});
m/z (1, %): 346 (10M").

2-[ (4-Chlorophenyl)azo] -3-(1-pi peridyl)-3-prop-2-ynyl sul fanyl-prop-2-enenitrile (9b). Orange solid (289 mg,
84%), m.p. 125-126 °C; [Foun@; 59.15H, 5.11, N, 16.29. GH;,CIN,S requiresC, 59.21 H, 4.97, N, 16.25%];
dy (400 MHz, CDC}) 7.53 and 7.49 (4H, ABB',J 8.9 Hz, Ar), 3.82 (A, d,J 2.7 Hz, £H,), 3.81-3.72 (4H, m,
CH,), 3.27 (1H, tJ 2.7 Hz, CH), 1.79-1.63 (6H, m, GHim/z (I, %): 344 (8M").

3-Methyl sulfanyl-2-(phenylazo)-3-(1-piperidyl)prop-2-enenitrile (7c). Yellow solid (237 mg, 83%), m.p. 123-124
o °C; [Found:C, 62.78,H, 6.53, N, 19.66. (gH1gN,S require<, 62.91 H, 6.33, N, 19.56%]64 (400
& MHz, CDCk) 7.56 (21, d,J 7.2 Hz, Ph), 7.45 @, t,J 7.6 Hz, Ph), 7.34 (1H, §,7.6 Hz, Ph), 4.00-

0 385 (4H, m, Ch), 2.63 (3H, s, SMe), 1.85-1.59 (6H, m, §Hn/z (I, %): 286 (9M").

3-Allylsulfanyl-2-(phenylazo)-3-(1-piperidyl )prop-2-enenitrile (8c). Orange solid (278 mg, 89%), m.p. 124-125 ©;
[Found:C, 65.23 H, 6.57, N, 18.02. GH,oN,S requirexC, 65.35H, 6.45, N, 17.93%]5, (400 MHz, CDC}) 7.56
(2H, d,J 7.2 Hz, Ph), 7.45 @,t,J 7.6 , Ph), 7.34 (1H, § 7.6 Hz, Ph), 5.96-5.80 (1H, m, CH), 5.21 (1HJd6.7
Hz, CHCH), 5.15 (1H, dJ 10.0 Hz, CHCH), 3.95-3.78 (4H, m, C}), 3.67 (2H, dJ 7.2 Hz, £H,), 1.85-1.65
(6H, m, CH); m/z (I, %): 312 (9M").

2-(Phenylazo)-3-(1-piperidyl)-3-prop-2-ynylsulfanyl - prop-2-enenitrile (9c). Orange solid (223 mg, 72%), m.p.
124-125 °C; [FoundC, 65.62 H, 5.75, N, 18.14. GHgN,S require<C, 65.78 H, 5.84, N, 18.05%]5y (400 MHz,
CDCl) 7.57 (H, d,J8.8 Hz, Ar), 7.47 (A, t,J 7.2 Hz, Ph), 7.37 (1H, §,7.2 Hz, Ph), 3.90 {2, d,J 2.6 Hz,
SCH,), 3.88-3.81 (4H, m, C}), 3.41 (1H, tJ 2.6 Hz, CH), 1.81-1.68 (6H, m, G}::im/z (I, %): 310 (13M").

2-[ (4-Methoxyphenyl)azo] -3-methyl sulfanyl-3-(1-piperidyl)prop-2-enenitrile (7d). Yellow solid (259 mg, 82%),
m.p. 125-126 °C; [Found:, 60.48,H, 6.34, N, 17.59. (gH,,N,OS requires, 60.73 H, 6.37, N, 17.71%[54
(400 MHz, CDC}) 7.54 and 7.01 (4H, AXX', J 9.2 Hz, Ar), 3.80 (3H, s, Me), 3.81-3.74 (4H, mCH,), 2.52
(3H, s, SMe), 1.77-1.66 (6H, m, Gim/z (I, %): 316 (12M").

3-Allylsulfanyl-2-[ (4-methoxyphenyl)azo] -3-(1-piperidyl) prop-2-enenitrile (8d). Orange solid (253 mg, 74%), m.p.
106-107 °C; [FoundC, 63.05,H, 6.65, N, 16.39. ¢H,,N,OS requiresC, 63.13,H, 6.48, N, 16.36%]p, (400
MHz, CDCL) 7.54 and 7.02 (4H, AXX', J 8.9 Hz, Ar), 5.94-5.80 (1H, m, CH), 5.21 (1H,Jd16.6 Hz, CHCH)),
5.15 (1H, dJ 10.0 Hz, CHCH), 3.80 (3H, s, ®¢), 3.79-3.76 (4H, mCH,), 3.64 (2H, dJ 7.1 Hz, £H,), 1.77-
1.65 (6H, m, CH); m/z (1, %): 342 (TM").

(2-[ (4-Methoxyphenyl)azo] -3-(1-piperidyl )-3-prop-2-ynyl sulfanyl-prop-2-enenitrile (9d). Orange solid (229 mg,
67%), m.p. 106-107 °C; [Found; 63.36,H, 6.02, N, 16.58. (gH,N,OS requirex, 63.50,H, 5.92, N, 16.46%];
dn (400 MHz, CDCJ) 7.56 and 7.02 (4H, AXX', J 8.8 Hz, Ar), 3.81 (2H, d]) 2.5 Hz, £Hy), 3.79-3.76 (4H, m,
CHy), 3.64 (1H, tJ 2.5 Hz, CH), 1.79-1.67 (6H, m, Gim/z (I, %): 340 (5M").
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3-Methyl sulfanyl-3-mor pholino-2-[ (4-nitrophenyl)azo] prop-2-enenitrile (7€). Red solid (213 mg, 64%), m.p. 202-
203 °C; [Found: C, 50.65, H, 4.27, N, 21.224H;:Ns0sS requires C, 50.44, H, 4.54, N 21.01%];(400 MHz,
CDCl) 8.25 and 7.71 @, AA'XX', J 9.2 Hz, Ar), 3.98-3.91 (4H, ngH,), 3.86-3.79 (4H, mCH,), 2.62 (3H, s,
SMe); m/z (I, %): 333 (14\1°).

(2-[ (4-Methoxyphenyl)azo] -3-methyl sul fanyl-3-mor pholino-prop-2-enenitrile (7f). Yellow solid (273 mg, 86%),
m.p. 118-119 °C; [Found: C, 56.76, H, 5.84, N, 07@&sH;gN,O,S requires C, 56.59, H, 5.70, N, 17.60%];
(400 MHz, CDC}) 7.54 and 6.94 @&, AA'XX', J8.8 Hz, Ar), 3.82 (3H, s, OMe), 3.90-3.73{8m, CH,), 2.53
(3H, s, $e); m/z (I, %): 318 (23M").

3-Allylsulfanyl-2-[ (3,5-dimethyl phenyl)azo] -3-mor pholino-prop-2-enenitrile (8¢€). Orange solid (329 mg, 73%),
m.p. 115-116 °C; [Found: C, 48.11, H, 3.39, N, 62@GsH1sFsN4OS requires C, 48.00, H, 3.58, N, 12.448p|;
(400 MHz, CDC}) 8.05 (H, s, Ar), 7.70 (H, s, Ar), 7.30 (H, s, Ar), 5.95-5.85 (#, m,CH), 5.27 (1H, ddJ
16.2, 1.6 , CHCH), 5.20 (1H, dJ 9.6 Hz, CHCH), 4.28-4.20 (4H, mCH), 3.90-3.82 (#, m,CH,), 3.78 (2H, d,
J 7.2 Hz, £H,); m/z (1, %): 450 (23M").

(3-(Azepan-1-yl)-3-methyl sulfanyl -2-[ (4-nitrophenyl)azo] prop-2-enenitrile (7g). Red solid (242 mg, 70%), m.p.
160-161 °C; [Found: 55.58, H, 5.71, N, 20.02HzsNsO,S requires C, 55.64, H, 5.54, N, 20.27%],(400 MHz,
CDCl) 8.26 and 7.68 @, AA'XX', J9.2 Hz, Ar), 3.99-3.89 @, m,CH,), 2.61 (31, s, SMe), 1.90-1.82 & m,
CH,), 1.61-1.54 (4H, mCH,); m/z (1, %): 345 (2M").

3-(Azepan-1-yl)-2-[ (4-chlorophenyl)azo] -3-methyl sulfanyl -prop-2-enenitrile (7h). Yellow solid (301 mg, 92%),
m.p. 108-109 °C; [Found: C, 57.27, H, 5.81, N,16G3H;,CIN,S requires C, 57.39, H, 5.72, N, 16.73%](400
MHz, CDCk) 7.52 and 7.48 @4, AA'BB', J 8.8 Hz, Ar), 3.92-3.87 @4, m,CH,), 2.57 (31, s, SMe), 1.90-1.80
(4H, m,CHy), 1.62-1.50 (4H, mCH,); m/z (I, %): 334 (2M").

3-Methylthio-2-(4-nitrophenylazo)- 3-thiomor pholinoacrylonitrile (7i). Red solid (202 mg, 58%), m.p. 177-178 °C;
[Found: C, 47.97, H, 4.12, N, 19.75,,8:5Ns0.S, requires C, 48.12, H, 4.33, N, 20.04%];(400 MHz, CDC))
8.26 and 7.70 @, AA'’XX', J 9.0 Hz, Ar), 4.20-4.15 @, m, CH,), 2.90-2.80 (#, m, CH,), 2.61 (3H, s, SMe);
m/z (1, %): 349 (4M").

3-Methylsulfanyl-2-[ (4-nitrophenyl)azo] -3-thiomor pholino-prop-2-enenitrile (7j). Yellow solid (287 mg, 85%),
m.p. 166-167 °C; [Found: C, 49.43, H, 4.57, N, I6G4H1sCIN4S, requires C, 49.62, H, 4.46, N, 16.53%];
(400 MHz, CDC}) 7.57 and 7.51 @, AA'BB', J 8.8 Hz, Ar), 4.09-4.05 4, m,CH,), 2.87-2.82 (#, m,CH,),
2.56 (3H, s, SMe); m/z (1, %): 338 (41°).

3-Methyl sulfanyl-2-[ p-tolylazo] -3-thiomor pholino-prop-2-enenitrile (7k). Yellow solid (249 mg, 67%), m.p. 95-96
°C; [Found: C, 48.11, H, 4.15, N, 14.83:l&:5F3N,S; requires C, 48.38, H, 4.06, N, 15.04%];(400 MHz,

CDCly) 7.71 (4, s, Ar), 4.18-4.11 &, m,CH,), 2.91-2.83 (8, m,CH,), 2.59 (3H, s, SMe); m/z (I, %): 372 (10,
M.
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Fig. S1. SpectruntH NMR 3-methylsulfanyl-2-[(4-nitrophenyl)azo]-3-(ligeridyl)prop-2-enenitrilg7a) (CDCL)
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Fig S33. SpectruntH NMR 2-[(4-methoxyphenyl)azo]-2-(8-methyl-7,9-dwA ,3,4,6,9a,9b-hexahydropyrrolo[1,2]pyrrolo[3,5}[1,4]oxazin-6-

ylidene)acetonitrilg(10f) (DMSO-ds)
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Fig S34. Spectrunt®C NMR 2-[(4-methoxyphenyl)azo]-2-(8-methyl-7,9-dw4 ,3,4,&,9a,9-hexahydropyrrolo[1,2]pyrrolo[3,5][1,4]oxazin-6-
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Fig S39. Spectrumt®C NMR 2-[(4-chlorophenyl)azo]-2-(2-methyl-1,3-dio8a,6,7,8,9,10, 181 0b-octahydropyrrolo[1,2]pyrrolo[3,3azepin-4-ylidene)acetonitrile
(10i) (DMSO-ds)



S43

9LLLE

sEIRZ
SN__.NW
0zre’z
I
ngd%
st
ﬁsEW
2919°c
0982°t
_m__;.nﬁ
0986'E—

co96°s
LGIY T

L188F°F
<005 ¥
EEISY
CLESF

LIS

rmm—..m.»lf
8975 —F
_._...wm.m\\
CLESS—F
_.E_.m,m\ﬁ

BLIEL—
8919°L

._..nmu.._..u..r.
[ B
ﬂ_...wa.._...\.

MBLZ 8~
0Log's—"

—o02 |

=660

ool

=860

=zL£o

Sgo|

Lo
g0

ego |

Figl

~L6L |

90 85 8.0 7.9 70 65 6.0 55 50 485 40 35 3.0 25 20 15 10 05 0.0

9.5

1 (ma)

Fig S40. SpectrumtH NMR 2-(8-methyl-7,9-dioxo-1,3,469,9b-hexahydropyrrolo[1,2]pyrrolo[3,5}[1,4]thiazin-6-ylidene)-2-[(4-

nitrophenyl)azolacetonitrilelQj) (DMSO-de)



S44

= w = o= W m w
8 B 8 3 REREE B g g 32 gRgEanEax
: s ] B3 B addnad
] 28 B ¢ gu9gdd = g r Hg dedesamuny
'T'T - - - ﬂv—!Tv—\-v—- i — w I.I"!Q'(II:-L JT_FJ!’I"(INL"I\I
| [ | S | | [ ] S Y

T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10 0
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