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Diaziridine ring expansion
in 6-aryl-1,5-diazabicyclo[3.1.0]hexanes upon reactions
with activated olefins in ionic liquids

Yu. S. Syroeshkina, L. L. Fershtat, V. V. Kachala, V. V. Kuznetsov, and N. N. Makhova*

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 119991 Moscow, Russian Federation.
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Reactions of 1,3-diphenylpropen-2-one and B-nitrostyrenes with azomethine imines,
generated from 6-aryl-1,5-diazabicyclo[3.1.0]Thexanes on catalysis with Et,O * BF; in ionic
liquids, were found to proceed with high regio- and stereoselectivity to afford the products of
the diaziridine ring expansion, viz., [ 3-aryl-2-phenyltetrahydro- 1 H,5 H-pyrazolo|[1,2-a]pyrazol-
1-yl](phenyl)methanones, 1,3-diaryl-2-nitrotetrahydro-1H,5H-pyrazolo[1,2-a]pyrazoles and
5-aryl-6-(3-nitrophenyl)-2,3-dihydro-1H-pyrazolo[1,2-a]pyrazolium tetrafluoroborates
(hexafluorophosphates). The reactions discovered are new, more simple methods for the syn-
thesis of bicyclic structures.

Key words: 6-aryl-1,5-diazabicyclo[3.1.0]hexanes, azomethine imines, B-nitrostyrenes,
1,3-diphenylpropen-2-one, ionic liquids, Et,O ¢ BF;, 1,3-diaryl-2-nitrotetrahydro-1H,5H-
pyrazolo[1,2-a]pyrazoles, 5-aryl-6-(3-nitrophenyl)-2,3-dihydro-1H-pyrazolo[1,2-a]pyrazolium
tetrafluoroborate (hexafluorophosphate), (3-aryl-2-phenyltetrahydro-1H,5 H-pyrazolo[1,2-a]-

pyrazol-1-yl)(phenyl)methanones.

In the last years, our research group has developed
new approaches to the synthesis of various nitrogen-con-
taining heterocycles, which are based on the transfor-
mation of diaziridine derivatives, including 1,2-di- and
1,2,3-trialkyldiaziridines 1 and 1,5-diazabicyclo[3.1.0]-
hexanes 2, upon the action of electrophilic reagents, in
particular, dipolarophiles. In these reactions, the diaziri-
dine ring is opened at the N—N or C—N bond to form
reactive dipolar intermediates, which have tendency to
cycloaddition reactions.'=® Aryl ketenes,'—* aroyliso-
cyanates and -isothiocyanates,>® carbon disulfide,’”
activated nitriles,® diethyl acetylenedicarboxylate® were
studied as the dipolarophiles. It was found that in com-
mon organic solvents, new heterocycles are formed only
upon the action of aryl ketenes and aroylisocyanates.
Other, less active reagents react with diaziridines 1 and 2
only in ionic liquids (IL), and in a number of cases the
reactions proceed unpredictably. For instance, the reac-
tion of aroylisothiocyanates and diethyl acetylenedicar-
boxylate with 1,2-dialkyldiaziridines 1 (R? = H) in IL
leads in one preparative step to the earlier unknown
derivatives of unfused 1,2,4,6-tetrazepane-5-thiones 3
(see Ref. 6) and 1,2,3,6-tetrahydropyrimidine 4 (see
Ref. 9), respectively. The reactions of 6-aryl-1,5-diaza-
bicyclo[3.1.0]hexanes 2 with carbon disulfide and acti-
vated nitriles in 1-butyl-3-methylimidazolium tetrafluoro-

borate or hexafluorophosphate ([bmim][BF,] or [bmim]-
[PFq]) in the presence of a BF; ¢ Et,O catalyst (Scheme 1)
proceed through the formation of azomethine imine
intermediates 7 with their subsequent cycloaddition to
dipolarophiles, leading to 3-(aryl)dihydro-5H-pyrazolo-
[1,2-c][1,3,4]thiadiazole-1-thiones 5 and 1-aryl-6,7-di-
hydro-1H,5H-pyrazolo[1,2-a][1,2,4]triazoles 6.7-8-10

Earlier,! azomethine imines 7, generated similarly
from 6-aryl-1,5-diazabicyclo[3.1.0]hexanes 2 in MeCN
in the presence of Lewis acids (Et,O « BF; or In(OTf),)
at 20 °C, were shown to undergo cycloaddition to
N-arylmaleimides, which are active dipolarophiles
with the cis-orientation of substituents at the double
bond. Azomethine imines 7 can be generated thermally
(110—140 °C)12=15 and involved into reactions with
other activated olefins. However, not all the dipolaro-
philes can be used at high temperature.

In the present work, we for the first time studied reac-
tions of azomethine imines 7, generated catalytically from
6-aryl-1,5-diazabicyclo[3.1.0]hexanes 2, under mild con-
ditions with such activated frans-olefins as 1,3-diphenyl-
propen-2-one (chalcone) 8 and B-nitrostyrenes 9.

It turned out that 6-aryl-1,5-diazabicyclo[3.1.0]-
hexanes 2 do not react with chalcone 8 in the presence of
BF; - Et,0 in MeCN without heating. The same result
was obtained in the attempted analogous reaction of
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emim stands for 1-ethyl-3-methylimidazolium

B-nitrostyrenes 9. Taking into account the data published
earlier,”%1% it could have been expected that the indicated
reactions can be carried out changing MeCN for IL.

As the IL, [bmim][BF,] and [bmim][PF,] were used.
It was found that 6-aryl-1,5-diazabicyclo[3.1.0]hexanes 2
do not give the reaction with chalcone 8 in the IL indi-
cated in the presence of Et,O * BF; at 20—40 °C. How-
ever, when the temperature was elevated to 50 °C the

reaction mixture turned its color from bright yellow to
yellowish orange and formation of two products was ob-
served (TLC monitoring, R; ~0.2 and 0.4, with n-hex-
ane—ethyl acetate (2: 1) as an eluent). The rate of the
reaction decreased in the order of compounds 2a > 2b >
2c. The products isolated by column chromatography have
proved diastereomers (3-aryl-2-phenyltetrahydro-1H,5H-
pyrazolo[1,2-a]pyrazol-1-yl)(phenyl)methanones 10 and

Scheme 2
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X = BF4~, PFg™; Ar = 4-MeOCgH, (a), 4-EtOCgH, (b), 4-PriOCgH, (c)
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10° with predominance of diastereomer 10. Therefore,
the reaction is diastereoselective and regiospecific to form
products of the anti-Michael type (Scheme 2). As it is
known, ¢ regioselectivity of the reactions of electron-
deficient alkenes with N-nucleophiles can either corre-
spond to the regioselectivity of the Michael reaction!”-18,
or differ from it depending on the structure of reacting
compounds.

The structures of diastereomers 10 and 10~ were
established by 'H, '3C, and "N NMR spectroscopy using
the COSY, NOESY, {'H—"3C} HMBC, {'H—"3C} HSQC,
and {'H—""N} HMBC procedures. It turned out that in
diastereomers 10 (R; ~0.2) substituents in the ring have
the trans-trans orientation, whereas in diastereomers 10~
(R; ~0.4), the cis-trans. The ratios of diastereomers 10
and 10~ and the time needed for the starting compounds
2a—c to be completely converted are given in Table 1.

It is known!3—15 that activated frans-olefins react
stereoselectively with azomethine imines 7 generated in
common organic solvents at 110—140 °C to predomi-
nantly form the trans-trans adducts. In this case, a con-
certed cycloaddition is assumed. We think that the reac-
tion of chalcone 8 with azomethine imines 7 in our case

Table 1. The ratio of diastereomers 10 and 10" and the
reaction time

Starting Ratio Reaction
compound 2 10: 107 time/h
a 2.3:1 2

b 6.4:1 8

c 1.6:1 12

also occurs as a concerted process through the intermedi-
ate states 11 and 117, leading to the formation of diaste-
reomers 10 and 10~ (Scheme 3). The regio- and stereo-
selectivity of the process observed can be apparently
explained by the lower energies of the intermediate states
11 and 117 (especially 11), in which the anti-bonding
spatial interactions are minimized.

The method suggested for the generation of azo-
methine imine intermediates 7a—d in IL was also used in
the reactions of 6-aryl-1,5-diazabicyclo[3.1.0]hexanes
2a—d with trans-B-nitrostyrenes 9a—c. B-Nitrostyrene 9b
(Ar? = 3-NO,C¢H,) was studied first. In this case as well,
the reaction between the reagents begins only at elevated
temperature of 60 °C, and the reaction led to the forma-
tion of two cycloaddition products, one of which was
soluble in IL, whereas another insoluble.

Compounds soluble in IL are the Michael cycloaddi-
tion products of B-nitrostyrene 9b to azomethine imines
7a—d, viz., 1-aryl-2-nitro-3-(3-nitrophenyl)tetrahydro-
1H,5H-pyrazolo[1,2-a]pyrazoles 12a—d, in which sub-
stituents in the pyrazolidine ring have the frans-trans
orientation. Compounds insoluble in IL unexpectedly
have proved 5-aryl-6-(3-nitrophenyl)-2,3-dihydro-1H-
pyrazolo[1,2-a]pyrazolium salts 13a,b,d containing BF,~
or PF¢~ anions from the ionic liquids used (Scheme 4).
The ratios of compounds obtained and the reaction times
are given in Table 2.

Unlike compound 9b, B-nitrostyrenes 9a,c¢ containing
no electron-withdrawing substituents in the aromatic ring
react with azomethine imines 7a,b,d, generated under the
same conditions from bicyclic diaziridines 2a,b,d, com-
pletely regio- and stereoselectively to form compounds
12e—j alone. The structures of compounds 12 and 13

Scheme 3
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Compound Ar? Ar2 Compound Ar? Ar2 Compound Ar' Ar2 X
12a 4-MeOCGH4 3'N0206H4 12f 4-EtOCGH4 Ph 13a 4-MeOC5H4 3-N0206H4 BF4
12b 4-EtOCgH;  3-NO,CgH, 129 4-MeCgH, Ph 13a’ 4-MeOCgH, 3-NO,CgH,  PFq
12¢ 4-PriOCgH,  3-NO,CgHs 12h 4-MeOCgH,  3-MeCgHy 13b 4-EtOCgH,  3-NO,CgH, BF,
12d 4-MeC6H4 3-N0206H4 12i 4-EtOCGH4 3-MeC6H4 13d 4-MeC6H4 3-NO2C6H4 BF4
12e 4-MeOCGH4 Ph 12j 4-MeCGH4 3-MeCGH4

Table 2. The ratio of compounds 12 and 13 obtained by the
reaction of B-nitrostyrene 9b with azomethine imines 7a—d

Starting Ratio Reaction
compound 7 12:13 time/h

a 0.3:1 3(7%)
b 2.8:1 5

c 1.0:0 3

d 1.6:1 4x*

* The reaction was carried out in [bmim][PF].
** The reaction takes place similarly either in the presence
or in the absence of a Et,O * BF; catalyst.

obtained were confirmed by a combination of the IR,
mass, and 'H, 3C, and N NMR spectroscopic (using
the COSY, NOESY (Fig. 1), 'H-"3C HMBC, 'H-"3C
HSQC, and '"H—"N HMBC procedures) data, and the
structure of compound 13a was additionally confirmed by
X-ray diffraction.?

The stereospecificity of formation of compounds 12
allows us to suggest a concerted mechanism through the
intermediate state 14. Compounds 13 were apparently
formed by the anti-Michael addition of the intermediates
7a,b,d to B-nitrostyrene 9b through the intermediate state
14~ with subsequent aromatization of adducts 15 through

Fig. 1. Principal interactions of protons in the molecule of 12a
found using the NOESY method.

the elimination of HNO, and a hydride ion. By all ac-
counts, the air oxygen was an oxidant (see Scheme 4).

Interestingly that according to the data in the work,2?
addition of B-nitrostyrene 9a to azomethine imine 7e in
organic solvent has different stereochemistry. In this case,
stereoisomers with cis-trans and trans-cis orientation of
substituents in the pyrazolidine ring 12”7 and 12°"" in the
ratio 7 : 3 are the reaction products (Scheme 5).

In conclusion, an approach suggested by us includes
the use of IL as the reaction medium in the study of the
diaziridine ring expansion reaction in 6-aryl-1,5-diaza-
bicyclo[3.1.0]hexanes during their reactions with activated
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Scheme 5 olefins and considerably complements already known?1-23

methods for the synthesis of tetrahydro-1H,5 H-pyrazolo-

“CH [1,2-a]pyrazole derivatives, whose structural analogs
\}\l exhibit various physiological activity. Compounds of the

Ph

9,
— type 12 are potential inhibitors of NO-synthase?* and can

+ -
—N
t
(0] be efficient in the malfunction of immunity.2* Compounds
7 of the type 13 are of interest as highly conducting organic
e plastic crystals?3, they are also patented as active herbi-
cides, fungicides, and antibacterial agents.26:27
O,N H H NO,
Ph%"‘ Ph>9§<"‘ Experimental
Ph Ph

H N—N * H N—N

U U IR spectra were recorded on a UR-20 spectrometer in KBr

pellets or for neat samples. 'H, 1*C, and '’N NMR spectra were
12" 127~ recorded on a Bruker AV-600 spectrometer (600.13, 150.90, and
7:3 60.81 MHz, respectively) for compounds 10, 10", and 12

Table 3. The yields and some physico-chemical characteristics of compounds isolated

Com- Yield M.p./°C R¢* Found () Molecular
pound (%) Calculated formula
C H N
10a 58 — 0.18 78.35 6.60 7.03 Cy6Hy6N,0,
78.36 6.58 7.03
107a 25 144.0—144.5 0.36 78.32 6.61 7.02 Cy6Hy6N>0O,
78.36 6.58 7.03
10b 64 89.0—98.0 0.16 78.64 6.81 6.77 C,7H5N,0,
(decomp.) 78.61 6.84 6.79
10c 47 74.0—86.5 0.17 78.85 7.14 6.56 Cy3H3¢N,0,
(decomp.) 78.84 7.09 6.57
10°c 29 — 0.42 7883 711  6.54 CygH3oN,0,
78.84 7.09 6.57
12a 75 Oil 0.56 67.25 6.21 12.36 Ci9H, N304
67.24 6.24 12.38
12b 78 101.0—101.5 0.58 67.94 6.58 11.84 CyoH»3N30;
67.97 6.56 11.89
12¢ 72 oil 0.54 7055  6.61  12.96 C oHyN;0,
70.57 6.55 12.99
12d 20 110.0—110.5 0.58 59.32 5.29 14.57 Ci9H,N4Os5
(decomp.) 59.37 5.24 14.58
12e 52 140.0—140.5 0.60 60.24 5.59 14.05 CyoHypN4O5
(decomp.) 60.29 5.57 14.06
12f 76 90.0—90.5 0.60 6113 590  13.55 C,;H4N,O5
(decomp.) 61.15 5.87 13.58
12g 55 104.5—105.0 0.57 61.92 5.50 15.24 Ci9H,)N4Oy
(decomp.) 61.95 5.47 15.21
12h 73 — 0.46 65.03 6.31 11.34 CyoHy3N304
65.03 6.28 11.37
12i 76 — 0.47 6575  6.59  10.98 Cy HysN;0y
65.78 6.57 10.96
12§ 65 84.0—84.5 0.46 67.92 6.60 11.92 CyoHy3N303
67.97 6.56 11.89
13a 65 195.5—196.0 — 53.90 4.32 9.90 Cy9H §BF4N;0;
53.93 4.29 9.93
13a° 65  216.0—216.5 — 4744 375 871 CoH gPFgN;05
47.41 3.77 8.73
13b 20 194.5—195.0 — 54.95 4.62 9.63 CyoHyoBF4N304
54.94 4.61 9.61
13d 35 212.5—213.0 — 56.00 4.51 10.38 Cy9H§BF4N;0,

56.05 4.46 10.32

* Hexane—ethyl acetate (2 : 1, v/v) was used as an eluent, visualization was made with diphenylamine
and under the UV light.
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Table 4. The IR and mass spectral data of compounds isolated
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Com- IR, MS,
pound v/em™1 m/z (I (%))
107a 640, 688, 708, 700, 736, 836, 1028, 1084, 398 [M] (5), 207 [chalcone] (24), 189 [diaziridine] (32),
1164, 1248, 1292, 1388, 1448, 1512, 1584, 159 [diaziridine — MeO] (29), 121 [MeOC4H,CH + H] (93),
1608, 1668, 2836, 2868, 2887, 3028, 3060 105 [PhCO] (52), 91 [C4H4O] (17), 77 [Ph] (100), 70 [pyrazolidine] (4)
10c 620, 660, 700, 840, 952, 1020, 1108, 1120, —
1256, 1300, 1332, 1376, 1448, 1464, 1488,
1508, 1576, 1600, 1668, 1732, 2856, 2928,
2980, 3012, 3032, 3064
107¢ 616, 660, 696, 840, 952, 1000, 1036, 1020, _
1036, 1108, 1120, 1256, 1300, 1332, 1376,
1384, 1448, 1508, 1576, 1600, 1664, 2856,
2928, 2980, 3012, 3032, 3064
12b 668, 772, 1044, 1188, 1248, 1264, 1300, —
1396, 1496, 1612, 1652, 1634, 2884, 2932,
2980, 3132
12¢ 668, 700, 812, 840, 1044, 1160, 1232, 174 [CH5C¢H4CHN,(CH,)5] (25), 160 [M — CH;C,H4CH —
1288, 1356, 1456, 1552, 1616, 1684, 1740, — NO,CH] (6), 149 [C¢H5(CH),NO,] (5), 111 [M — CqgH4CH; —
2852, 2924, 2960, 3028 ~ NO, — C¢Hs| (7), 105 [CH;CgH,CH] (100), 91 [CH;CqH,] (45),
77 [Ph] (40), 69 [N,(CH,); + H] (45), 43 [(CH,); — H] (60)
12d — 384 [M] (7), 308 [M — NO, — Me| (38), 277 [M — MeOCg4H,]
(12), 190 [MeOC4H,CHN,(CH,);] (40), 194 [NO,CH,(CH),NO,]
(24), 88 [C4H4C] (100), 76 [CcHyl (54)
12e 644, 688, 740, 808, 828, 916, 1036, 1180, 398 [M] (4), 322 [M — C¢Hy, M — NO, — Et] (45), 264
1252, 1344, 1456, 1488, 1524, 1608, 1652, [M — 2 NO, — EtO] (7), 231 [M — EtO — C¢H4 — NO,] (10), 204
1684, 2856, 2924, 2980, 3080 [ELOC,H,CHN,(CH,)3] (45), 194 [NO,C4H,4(CH),NO,] (38),
89 [C¢H,CH] (100), 76 [C¢H,] (67)
12¢ 646, 688, 745, 830, 914, 1040, 1182, 1253, —
1348, 1486, 1524, 1606, 1680, 2862, 2934,
2978, 3074
12i 624, 668, 696, 792, 832, 924, 1048, 1116, —
1156, 1176, 1248, 1288, 1304, 1364, 1392,
1456, 1464, 1488, 1512, 1548, 1584, 1612,
1684, 2836, 2888, 2928, 2980, 3064
13a 688, 736, 1084, 1188, 1252, 1307, 1344, 377 [M — NO,| (10), 324 [M — BF, — CH] (12), 308 [M — BF, —
1448, 1520, 1612, 2856, 2952, 3074, 3152 — MeO] (23), 295 [M — BF, — NO,] (7), 278 [M — BF, — NO, — CHj3]
(8), 190 [MeOCH,CHN,(CH,)5] (17), 121 [C4H,NO,] (7), 76
[CeHyl (35), 41 [(CHy); — H] (100)
137a 688, 736, 820, 1188, 1256, 1300, 1344, _
1448, 1520, 1612, 2888, 2952, 3088, 3136
13b 688, 738, 840, 1076, 1190, 1250, 1305, —
1346, 1442, 1522, 1614, 2876, 2964,
3080, 3146
13d 688, 748, 834, 852, 1052, 1192, 1348, 1524, —

1552, 1580, 1616, 2984, 3072, 3092, 3144

in CDCl; and for compounds 13 in DMSO-d4. Nitromethane
(815y = 0.0) was used as an external standard for recording
5N NMR spectra. Assignment of signals in the NMR spectra
was performed using {{H—'H}gNOESY, {{H—'3C}HMBC,
{'H—N}HMBC, and {'H—'3C}HSQC techniques. All the
2D-spectra were recorded using standard procedures (Bruker)
with the Z-gradient at 30 °C. Melting points were determined on
a Gallenkamp apparatus (Sanyo). Mass spectra were recorded
on a Finnigan MAT INCOS-50 instrument. Reaction progress
was monitored by TLC on Silufol UV-254 plates. The Ry values
were determined in the n-hexane—ethyl acetate (2: 1, v/v)

system. Yields and some physico-chemical characteristics of
reaction products isolated are given in Table 3, the IR spectro-
scopic and mass spectrometric data, in Table 4, NMR spectroscopic
data, in Table 5.

Synthesis of (3-aryl-2-phenyltetrahydro-1H,5H-pyrazolo-
[1,2-a]pyrazol-1-yl)(phenyl)methanones 10 and 10~ (general
procedure). Boron trifluoride diethyl etherate (2 drops, 0.1 mmol)
was added to a mixture of 6-aryl-1,5-diazabicyclo[3.1.0]hexane
2a—c (0.5 mmol) and 1,3-diphenylpropen-2-one (chalcone) 8
(0.1 g, 0.5 mmol) in IL ([bmim][BF,] or [bmim][PF¢]) (0.4 g)
with stirring, and the mixture was heated to 50 °C and stirred
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Table 5. The NMR spectral data of compounds isolated

Com- NMR (CDCl,), & (J/Hz)

pound I 13C

10a 2.08, 2.37 (both m, 2 H, NCH,CH,, 3J = 9.60, Av = 58 Hz); 2.63, 50.59 (NCH,CH,); 50.95
2.91 (both m, 2 H, 4-MeOC¢H,CHNCH,, 3/ = 9.60, Av = 56 Hz); (4-MeOC¢HCHNCH,); 55.03 (C¢H,OCH3);
3.24 (m, 2 H, PhACOCHNCH,, 3/ = 7.41); 3.89 (s, 3 H, OCH3); 59.77 (PhCOCHNCH,); 68.91 (PhCH); 71.48
4.34 (d, 1 H, 4-MeOCgH,CH, 3J = 5.92); 4.36 (t, 1 H, PhCH, (4-MeOC¢H,CH); 71.57 (PhCOCH); 113.82,
37=5.92,37=17.41); 4.51 (d, | H, PhnCOCH, 3J = 7.41); 6.76, 7.32 127.21, 128.16, 128.48, 128.66, 133.16, 133.83,
(both d, 4 H, 4-MeOC¢H,, 3J = 6.67); 6.79, 7.22, 7.42 (t, t, d, 136.44, 142.36 (Ar); 158.83 (CO)
5 H, Ph, 3J=7.50); 6.89, 7.22, 7.42 (t, t, d, 5 H, PhCO, 3J = 9.00)

10°a 2.26, 2.29 (both m, 2 H, NCH,CH,, 3/ = 5.25, Av = 15 Hz); 47.39 (NCH,CH,, 4-MeOC¢H,CHNCH,);
2.53,2.61 (q, m, 2 H, 4-MeOC4H,CHNCH,, 3J = 9.25, 48.39 (PhCOCHNCH,); 55.13 (C¢H4OCH};);
Av = 40 Hz); 2.92, 3.06 (both qd, 2 H, PhCOCHNCH,, 3J = 7.00, 67.27 (4-MeOC¢H,CH, PhCH); 69.20
2J=3.50, Av = 70 Hz); 3.65 (s, 3 H, OMe); 4.31 (d, 1 H, (PhCOCH); 113.24, 114.14, 127.51, 127.84,
4-MeOC¢H,CH, 3/ = 10.87); 4.77 (t, 1 H, PhCH, 3J = 10.87, 128.09, 128.22, 128.57, 129.77, 130.35, 132.51,
3J=9.54);5.08 (d, 1 H, PACOCH, 3J = 9.54); 6.56, 7.12 (both d, 138.04 (Ar); 159.00 (CO)
4 H, 4-MeOC¢Hy,, 3J = 8.50); 6.87, 7.31, 7.51 (t, t, d, 5 H, Ph,
37=17.50);7.22,7.47,7.96 (t, d, t, 5 H, PhCO, 3J = 10.00) 50.66 (NCH,CH,); 51.02

10b 1.31 (t, 3 H, CH3CH,0, 3J = 8.95); 1.94, 2.22 (both br.m, 2 H, (4-EtOC4H,CHNCH,); 59.86
NCH,CH,, 3J =17.16, 2] = 4.48, Av = 166 Hz); 3.05, 3.12 (dt, 2 H, (PhCOCHNCH,); 63.32 (C¢H4OCH,); 68.91
4-EtOC4H,CHNCH,, 3J = 8.95, Av = 42 Hz); 3.17 (m, 2 H, (PhCH); 71.66 (4-EtOC¢H,CH, PhCOCH);
PhCOCHNCH,, 3J = 8.95, 2/ = 6.25); 3.92 (q, 2 H, CH;CH,O0, 114.54, 127.25, 128.20, 128.53, 128.72, 133.16,
3J=8.95); 4.23 (d, | H, 4-EtOC¢H,CH, 3J = 8.95); 4.25 (t, | H, 133.72, 136.61, 142.41 (Ar); 158.28 (CO)
PhCH, 3J = 8.95); 4.37 (d, 1 H, PhCOCH, 3J = 8.95); 6.76, 7.26
(both d, 4 H, 4-EtOC¢Hy,, 3/ = 8.95); 7.11, 7.19, 7.37 (t, t, d, 5 H,
Ph, 3J=8.95); 7.13, 7.19, 7.38 (t, t, d, 5 H, PhCO, 3J = 8.95) 22.05 ((CH5),CHO), 50.84 (NCH,CH,,

10c 1.28 (t, 6 H, (CH5),CHO, 3J = 8.90); 2.02, 2.29 (both br.m, 2 H, 4-PriOC¢H,CHNCH,); 51.15
NCH,CH,, 3J = 7.20, 2J = 4.55, Av = 162 Hz); 3.12, 3.17 (dt, 2 H, (PhCOCHNCH,); 69.12 (PhCH,
4-Pr'OC4,H4CHNCH,, 3/ = 8.90, Av = 30 Hz); 3.23 (m, 2 H, 4-Pr'OC4H4CH); 69.94 (CcH,OCH(CH>),);
PhCOCHNCH,, 3J = 8.90); 4.27 (d, 1 H, 4-Pr'OC¢H,CH, 71.71 (PhCOCH); 116.14, 127.45, 128.36,
3J=18.90); 4.28 (t, 1 H, PhCH, 3J = 8.90); 4.44 (d, 1 H, PhCOCH, 128.55, 128.72, 128.94, 133.37, 133.92, 136.82,
3] =8.90); 4.48 (m, 1 H, (CH;),CHO, 3J = 8.90); 6.78, 7.28 (both d,  142.76 (Ar); 157.38 (CO)
4 H, 4-PriOC¢H,, 3/ = 8.90); 7.13, 7.22, 7.29 (t, t, d, 5 H, Ph,
37=8.90); 7.13,7.37, 7.45 (t, t, d, 5 H, PhCO, 3J = 8.90) 21.96 ((CH5),CHO); 47.46 (NCH,CH,,

107¢c 1.32 (d, 6 H, (CH3),CHO, 3J = 6.34); 2.28 (m, 2 H, NCH,CH,, 4-PriOC¢H4CHNCH,); 48.42,
3J=4.44); 2.69 (m, 2 H, 4-Pr'OC4,H,CHNCH,, 3/ = 7.62, (PhCOCHNCH,); 62.32 ((CH;),CHO);
2] =2.54); 2.91, 3.07 (both qd, 2 H, PhCOCHNCH,, 3J = 4.44, 67.12 (4-Pr'OC¢H,CH, PhCH); 69.20
2] =1.90, Av = 32 Hz); 4.38 (d, 1 H, 4-Pri'OC4H,CH, 3J = 7.62); (PhCOCH); 115.35, 127.47, 127.81, 127.99,
4.49 (m, 1 H, OCH(CHj),, 3J = 6.34); 4.78 (t, | H, PhCH, 128.16, 128.36, 128.53, 129.72, 130.27,
37=17.62,37=9.52);5.06 (d, 1 H, PhnCOCH, 3J = 9.52); 6.53, 7.09 132.40, 138.01 (Ar); 157.23 (CO)
(both d, 4 H, 4-PriOC¢Hy,, 3J = 7.62); 6.87, 7.31, 7.51 (t,t, d, 5 H,
Ph, 3J =7.62); 7.25,7.48,7.95 (t, d, t, 5 H, PhCO, 3J = 9.54) 23.99 (NCH,CH,); 50.74 (CH3;ArCNCH,);

12a 2.14,2.40 (both m, 2 H, CH,CH,CH,, 3/ = 5.87, Av = 77.03 Hz); 51.13 (ArCHNCH,); 55.32 (CH;OC¢H,);
3.25 (m, 4 H, NCH,, 3J = 5.87); 3.81 (s, 3 H, C4H,OCHy); 4.68 71.76 (CH;0C4H,C); 71.87 (PhCH); 103.51
(d, 1 H, MeOC¢H,CH, 3J = 5.87); 4.77 (d, 1 H, ArCH, 3J = 5.87); (NO,CH); 114.36, 127.20, 131.15, 159.63
5.06 (t, 1 H, NO,CH, 3J = 5.87); 6.90, 7.38 (both d, 4 H, MeOC¢H,, (CH30C¢H,); 128.20, 128.55, 128.96,
3] =8.80); 7.35, 7.50 (both m, 5 H, Ph, 3J = 7.34) 139.82 (Ph)

12b 1.42 (t, 3 H, CH;CH,0, 3/ = 6.83); 2.13, 2.37 (both m, 2 H, 14.84 (CH;CH,0Ar); 23.97 (NCH,CH,);

CH,CH,CH,, Av = 48.84 Hz); 3.27 (m, 4 H, NCH,); 4.35 (q, 2 H,
CH;CH,0, 37 =7.32); 4.68 (d, 1 H, EtOC¢H,CH, 3J = 6.35);

4.77 (d, 1 H, PhCH, 3/ = 5.37); 5.07 (t, 1 H, NO,CH, 3J = 6.35);
6.90, 7.37 (both d, 4 H, EtOC¢H,4, 3/ = 8.3); 7.37, 7.52 (both m, 5 H,
Ph, 3J = 6.35)

50.71 (CH;0C4H,CNCH,); 51.13 (PhCNCH,);
63.50 (CH;CH,0C¢H,); 71.78
(CH;0C4H,CH); 71.86 (ArCH); 103.53
(NO,CH); 114.89, 127.22, 130.94, 158.92
(EtOC4H,); 128.20, 128.55, 128.97, 139.87 (Ph)

(fo be continued)
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Table 5 (continued)

Com- NMR (CDCly), & (J/Hz)

pound I e

12¢ 2.16, 2.38 (both m, 2 H, CH,CH,CH,, Av =41.42 Hz); 2.36 (s, 3H,  21.19 (CH;C¢Hy); 23.97 (NCH,CH,); 50.84
CH;CgHy); 3.24, 3.34 (both m, 4 H, NCH,, 3J = 5.38, Av = 20.02 Hz); (CH;C¢H4,CHNCH,); 51.10 (PhCHNCH,);
4.71(d, 1 H, MeC(H4CH, 3J=6.35); 477 (d, 1 H, PhCH, 3/ =5.86); 71.94 (CH5;C¢H4CH u PhCH); 103.44
5.08 (t, 1 H, NO,CH, 3J = 5.86); 7.19, 7.37 (both d, 4 H, MeCg¢H,, (NO,CH); 127.25, 129.64, 136.13, 138.14
3J=17.81);7.37,7.50 (both m, 5 H, Ph) (CH;Cg¢Hy); 127.25, 128.26, 128.97, 139.66 (Ph)

12d¢ 2.13, 2.41 (both m, 2 H, CH,CH,CH,); 3.08, 3.27 (both m, 2 H, 23.90 (NCH,CH,); 50.23
MeOC¢H,CNCH,, 27 =10.0,37=4.8); 3.28, 3.40 (m, td, 2 H, (CH3;0C¢H4CHNCH,); 51.26
NO,ArCNCH,, 2/ = 10.1, 3J = 4.8); 3.78 (s, 3 H, CH;0C¢Hy,); (NO,C¢H4CHNCH,); 55.22 (CH;30C4Hy);
4.67 (d, 1 H, MeOC¢H,4CH, 37=6.8);4.92 (d, 1 H, NO,C¢H4CH, 70.43 (NO,C¢H4CH); 71.53 (CH;0ArCH);
3J=152);4.98 (t, 1 H, NO,CH, 3J =5.8); 6.87, 7.33 (both d, 4 H, 102.79 (NO,CH); 114.36, 128.57, 129.70,
MeOC¢H,, 37=8.4);7.55(t, 1 H, C(5)H in NO,C¢Hy,, 37=18.0); 159.82 (CH3;0CGHy), 122.21, 122.95, 129.84,
7.83(d, 1 H, C(4)H in NO,Cg¢Hy, 3/ = 8.0); 8.16 (d, 1 H, C(6)H 133.10, 142.72, 148.65 (NO,C4Hy)
in NO,C¢Hy, 37=18.0); 8.45(s, 1 H, C(2)H in NO,C¢Hy)

12¢? 1.40 (t, 3 H, CH;CH,0); 2.17, 2.41 (both m, 2 H, CH,CH,CH,); 22.10 (CH;3CH,0C¢H,); 23.93 (NCH,CH,);
3.07, 3.28 (td, m, 2 H, EtOC4H,CNCH,, 2J=19.6,3J=4.6); 50.23 (EtOC¢H,CHNCH,);
3.28, 3.40 (m, td, 2 H, NO,C¢cH,4CNCH,, 2/ = 9.8, 3/ = 4.7); 51.28 (NO,C¢H4,CHNCH,);
4.02 (q, 2 H, CH3CH,0); 4.66 (d, 1 H, EtOC¢H4CH, 37=16.8); 63.47 (CH3CH,0C¢Hy,);
4.91 (d, 1 H, NO,C¢H,CH, 3/ = 5.0); 4.98 (t, 1 H, NO,CH, 70.48 (NO,C¢H,CH); 71.58 (EtOC¢H,4CH);
37=5.7); 6.87,7.31 (both d, 4 H, EtOC4Hy, 37=128.5);7.56 (t, 1 H, 102.85 (NO,CH); 114.70, 128.36, 129.53,
C(5)H in NO,Cg¢Hy, 37 = 8.0); 7.84 (d, 1 H, C(4)H in NO,C¢H,, 159.21 (EtOC¢Hy); 122.23, 122.95, 129.84,
3J=18.0);8.17 (d, 1 H, C(6)H in NO,C¢Hy, 37=18.0); 8.45(s, 1 H, 133.09, 142.78, 148.69 (NO,C4Hy)
C(2)H in NO,C4Hy)

12f¢ 1.30 (d, 6 H, (CH3),CHO); 2.15, 2.40 (both m, 2 H, CH,CH,CH,); 21.90 ((CH3),CHOCgHy); 23.89 (NCH,CH,);
3.08, 3.28 (td, m, 2 H, Pr'OC¢H,CNCH,, 2/ = 9.8, 3J = 5.6); 3.28, 50.23 (Pr'OC¢H,CHNCH,); 51.23
3.39 (m, td, 2 H, NO,C¢H,CNCH,, 2J=9.8,3J=4.8); 4.51 (m, (NO,C4¢H4CHNCH,); 69.86
1 H, (CH;3),CHO, 3J = 6.1); 4.66 (d, 1 H, PrilOC4H,CH, 3J = 6.8); ((CH3),CHOC¢Hy); 70.44 (NO,ArCH);
4.90 (d, 1 H, NO,C¢H,CH, 37=5.2);4.98 (t,1H, NO,CH, 71.53 (PriOArCH); 102.79 (NO,CH);
3] =5.0); 6.84, 7.28 (both d, 4 H in Pri'OC¢H,, 3/ = 8.5); 7.55 (t, 1 H, 116.14, 128.56, 129.40, 158.16 (Pr'OC¢H,);
C(5)H in NO,C¢Hy, 37=8.0); 7.84 (d, 1 H, C(4)H in NO,C¢Hy, 122.20, 122.92, 129.82, 133.11, 142.76,
3J=28.0); 8.15(d, 1 H, C(6)H in NO,C¢Hy, 3J = 8.0); 8.44 (s, 1 H, 148.63 (NO,C4Hy)
C(2)H in NO,C4Hy)

12g9 2.18, 2.42 (both m, 2 H, CH,CH,CH,); 2.34 (s, 3 H, ArCH3;), 3.10, 20.95 (CH;3C¢Hy); 23.96 (NCH,CH,); 50.36
3.28 (td, m, 2 H, MeC(H4,CNCH,, 2J=9.8,3J=4.7); 3.29, 3.41 (CH5;C¢H4CHNCH,); 51.27
(m, td, 2 H, NO,CcH,CNCH,, 2/ =9.9, 3/ =4.8); 4.70 (d, 1 H, (NO,C4¢H4,CHNCH,); 70.60 (NO,C4H,CH);
MeC¢H4CH, 37=6.7);4.91 (d, 1 H, NO,C¢H4CH, 3] =5.0); 5.00 71.75 (CH;C¢H4CH); 102.86 (NO,CH);
(t, 1 H, NO,CH, 3/ =5.8); 7.17, 7.29 (both d, 4 H, H in MeC¢H,4, 127.27, 129.68, 134.78, 138.42 (CH3C4Hy);
37=17.8);7.55(t, 1 H, C(5H in NO,C¢Hy, 37=18.0); 7.84 (d, 1 H, 122.28, 123.02, 129.86, 133.12, 142.56,
C(4)H in NO,C¢Hy, 37 = 8.0); 8.18 (d, 1 H, C(6)H in NO,C¢H,, 148.63 (NO,C4Hy)
37=8.0); 8.46 (s, 1 H, C(2)H in NO,C¢Hy)

12h 2.12, 2.39 (both m, 2 H, NCH,CH,, 2/ = 8.81, 3J = 3.67, 23.98 (NCH,CH,); 50.72
Av =76 Hz); 3.15, 3.27 (both m, 2 H, 4-MeOC¢H,CHNCH,, (4-MeOC¢H,CHNCH,); 51.16
27=10.43,3J=4.91, Av = 36 Hz); 3.33 (both m, 2 H, (3-MeOC¢H,CHNCH,); 55.25
3-MeOC¢H,CHNCH,, 2J=9.89 Hz, 3/ =6.14); 3.80 (s, 3 H, (4-CH;3;0CgHy); 55.30 (3-CH3;0C4Hy,);
4-CH;0C¢H,); 3.81 (s, 3 H, 3-CH30C¢H,); 4.66 (d, 1 H, 71.74 (4-MeOCcH,CH, 3-MeOC4H,CH);
4-MeOC¢H,4CH, 3J=5.52); 474 (d, 1 H, 3-MeOCzH,CH, 103.40 (NO,CH); 112.72, 113.66, 119.44,
3J=6.75); 5.05 (t, 1 H, NO,CH, 3J = 5.52, 3J = 6.75); 6.90, 7.39 129.97, 141.44, 159.67 (3-MeOC4¢H,);
(both d, 4 H, 4-MeOC¢H,, 3] =8.14); 6.85, 7.05, 7.09, 7.28 114.33, 128.54, 131.09, 160.11 (4-MeOC¢H,)
(d,d,s, t,4 H, 3-MeOC4Hy, 3/ = 7.32)

12i 1.38 (t, 3 H, CH;CH,0, 3] =6.16); 2.12, 2.36 (both m, 2 H, 14.75 (CH;3;CH,0); 23.89 (NCH,CH,);

NCH,CH,, 3/ = 6.25, Av = 48 Hz); 3.24 (m, 4 H, NCH,); 3.78
(s, 3 H, CH;0); 4.01 (q, 2 H, CH3CH,0, 3/ = 6.16); 4.63 (d, 1 H,
4-EtOC¢H,CH, 3/ = 5.62); 4.71 (d, 1 H, 3-MeOC4H,CH,
3J=6.25); 5.05 (t, 1 H, NO,CH, 3/ = 5.62, 3/ = 6.25); 6.86, 7.36
(both d, 4 H, 4-EtOC4H,, 3/ = 7.15); 6.83, 7.07, 7.09, 7.28

(d,d, s, t, 4 H, 3-MeOCgH,, 3/ = 6.28)

50.65 (4-EtOCgH,CHNCH,); 51.10
(3-MeOC4H,CHNCH,); 55.19 (CH;0);
63.43 (CH;CH,0); 71.67 (4-EtOC4H,CH,
3-MeOC4H,CH); 103.34 (NO,CH); 112.63,
113.58, 119.38, 129.93, 141.40, 158.96
(3-MeOCgH,); 114.79, 128.47, 130.81,
160.02 (4-EtOC4H,)

(to be continued)
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Table 5 (continued)

Com- NMR (CDCly), 8 (J/Hz)

pound I 13C

12§ 2.16, 2.39 (both m, 2 H, NCH,CH,, 27=10.25,37=5.79, 21.16 (4-CH3CgHy); 23.99 (NCH,CH,);

Av =46 Hz); 2.35 (s, 3 H, 4-CH3C4Hy); 3.19, 3.32 (both m, 2 H, 50.83 (4-MeCcH4,CHNCH,); 51.14
4-MeC¢H4,CHNCH,, 2J=9.80, 3J = 4.46, Av = 25 Hz); 3.32 (3-MeOCcH4,CHNCH,); 55.27 (CH;0);
(m, 2 H, 3-MeOCcH,CHNCH,, 27=19.80, 3/ =5.35); 3.82 (s, 71.84 (4-MeCcH4CH); 71.94

3 H, 3-CH;0C¢Hy); 4.68 (d, 1 H, 4-MeC¢H,CH, 37=5.78); (3-MeOC¢H,4CH); 103.36 (NO,CH);
4.73 (d, 1 H, 3-MeOC4H4CH, 37=6.39); 5.06 (t, 1 H, NO,CH, 112.72, 113.71, 119.49, 129.98, 141.35,
37=5.78,37=6.36); 7.18, 7.36 (both d, 4 H, 4-MeC¢Hy, 37=17.63); 160.12 (3-MeOCgHy); 127.24, 129.62,
6.86, 7.05,7.08, 7.27 (d, d, s, t, 4 H, 3-MeOC¢Hy,, 37=28.02) 136.15, 138.17 (4-MeC4Hy)

13a¢ 2.90 (m, 2 H, CH,CH,CH,); 3.84 (s, 3 H, CdH4OCH,); 4.54 (t, 26.21 (NCH,CH,); 48.19
2 H, MeC(H,CNCH,, 37=6.9); 4.68 (t, 2 H, NO,C¢H4,CNCH,, (CH;0C¢H,CNCH,); 49.22 (CHNCH,);
37=17.1);7.15, 7.48 (both d, 4 H, H in MeOC¢Hy,, 37=1.9);7.70 55.46 (CH;0C4Hy); 122.39 (NO,CcH,4C);
(m, 2 H, C(5)H, C(6)H in NO,C¢Hy,, 37=8.0);8.14 (s, 1 H, CQ)H 130.04 (CH,NCH); 139.58 (CH3;0C¢H4C);
in NO,C¢Hy); 8.23 (d, 1 H, C(4)H in NO,C4Hy,, 37=18.0); 8.99 115.09, 116.64, 130.80, 161.25 (CH30C¢H,);
(s, 1 H, NO,CcH4CH) 122.48, 123.04, 130.68, 130.96, 134.31,

148.09 (NO,C4Hy)

13a” 2.90 (m, 2 H, CH,CH,CH,); 3.84 (s, 3 H, CdH4OCH,); 4.54 (t, 26.21 (NCH,CH,); 48.19
2 H, MeCcH,CNCH,, 37=6.9); 4.68 (t, 2 H, NO,C¢H4CNCH,, (CH;0C4H,CNCH,); 49.22 (CHNCH,);
37=17.1);7.15, 7.48 (both d, 4 H, H in MeOC¢Hy, 37=1.9);7.70 55.46 (CH;0C4Hy,); 122.39 (NO,CcH,4C);
(m, 2 H, C(5)H, C(6)H in NO,C¢Hy,, 37=28.0);8.14 (s, 1 H, CQ)H 130.04 (NCH); 139.58 (CH;0ArC); 115.09,
in NO,C¢Hy); 8.23 (d, 1 H, C(4)H in NO,C4Hy, 37=18.0); 8.99 116.64, 130.80, 161.25 (CH;0C4Hy,); 122.48,
(s, 1 H, NO,CcH,CH) 123.04, 130.68, 130.96, 134.31, 148.09

(NO,CH,)

130 1.46 (t, 3 H, C¢H,OCH,CHj3); 2.90 (m, 2 H, CH,CH,CH,); 14.41 (CH;CH,0C4Hy,); 26.20 (NCH,CH,);
4.11 (q, 2 H, C¢H4,OCH,CHj3); 4.53 (t, 2 H, MeC¢gH,CNCH,, 48.18 (CH;0C4H4CNCH,); 49.19 (CHNCH,);
37=17.2);4.67 (t, 2 H, NO,C¢H4,CNCH,, 37=17.2);7.12,7.45 63.46 (CH;CH,0OC¢Hy); 122.29
(both d, 4 H, H in EtOC4Hy,, 3J=28.6); 7.69 (m, 2 H, C(5)H, (NO,C¢H4CH); 130.05 (NCH); 139.54
C(6)H in NO,C4Hy); 8.13 (s, | H, C(2)H in NO,CcHy); 8.22 (CH;30C¢H4C); 115.44, 116.40, 130.75, 160.50
(d, 1 H, C(4)H in NO,C¢H,4, 37=17.1);9.00 (s, 1 H, NO,C¢H,CH) (EtOC¢Hy); 122.42, 123.01, 130.65, 130.91,

134.24, 148.06 (NO,C¢H,)
13d¢ 2.40 (s, 3 H, C¢H4CH3); 2.92 (m, 2 H, CH,CH,CH,); 4.54 20.99 (CH;C¢Hy); 26.25 (NCH,CH,);

(t, 2 H, MeC¢H,CNCH,, 3J = 7.2); 4.68 (t, 2 H, NO,ArCNCH,,
3J=17.2); 7.41, 7.44 (both m, 4 H, H in MeC4Hy, 3J = 8.0); 7.68
(d, 1 H, C(6)H in NO,C¢Hy, 3/ =8.0); 7.70 (t, 1 H, C(5)H

in NO,C¢H,, 3/ = 8.0); 8.14 (s, 1 H, C(2)H in NO,C¢H,); 8.22

(d, 1 H, C(4)H in NO,C¢H,, 3J = 8.0); 9.01 (s, 1 H, NO,CcH,CH)

48.33 (CH;C¢H,CNCH,); 49.31 (CHNCH,);
122.56 (NO,C4H,C); 130.11 (NCH); 139.64
(CH;,C4H,C); 121.88, 129.04, 130.14, 141.26
(CH;,C4Hy); 122.52, 123.09, 130.67, 130.84,
134.31, 148.09 (NO,C4H,)

4 15N NMR spectrum, §:
b 15N NMR spectrum, §:
¢ 15N NMR spectrum, &
415N NMR spectrum, &:

¢ SN NMR spectrum, & —10.3 (NO,Ar); —167.7 (CH;ArCN); —168.6 (CHN).

SI5SN NMR spectrum, &:

+5.6 (NO,CH); —10.4 (NO,CgH,); —247.3 (CH;0C4H,CN); —250.1 (NO,C¢H,CN).
+6.8 (NO,CH), —9.7 (NO,CgH,), —249.29 (CH;0C4H,CHN), —251.55 (NO,CgH,CHN).
+6.8 (NO,CH); —9.7 (NO,CgH,); —247.1 (CH;0C4H,CHN); —249.6 (NO,C¢H,CHN).
+6.1 (NO,CH); —10.6 (NO,CgH,); —247.9 (CH;C¢H,CHN); —249.7 (NO,C¢H,CHN).

—8.7 (NO,CgH,); —166.5 (CH;CgH,CN); —168.6 (CHN).

& 15N NMR spectrum, §: —11.3 (NO,C4Hy); —167.3 (CH;3C¢H4CN); —168.3 (CHN).

until the reaction was completed (TLC monitoring, hexane—
ethyl acetate (2 : 1)). To extract the products obtained from the
reaction mixture, CH,Cl, (0.5 mL) was added first, followed by
stirring (a homogeneous solution was obtained), then, diethyl
ether (2.5 mL) was added and stirred, the IL precipitated, the
upper organic layer was decanted; repeating the procedure
2—3 times (TLC monitoring) until the extraction was completed.
The solvent was evaporated on a rotary evaporator without
heating, the final products were isolated by column chromato-
graphy on SiO, using the same eluting system.

Reaction of 6-aryl-1,5-diazabicyclo[3.1.0]hexanes 2 with
B-nitrostyrenes 9a—c (general procedure). Boron trifluoride
diethyl etherate (2 drops, 0.1 mmol) was added to a mixture
of 6-aryl-1,5-diazabicyclo[3.1.0]hexane 2a—d (0.5 mmol)
and B-nitrostyrene 9a—c (0.5 mmol) in IL ([bmim][BF,] or
[bmim][PF¢]) (0.4 g) with stirring, and the mixture was heated
to 60 °C and stirred until complete conversion of compound 2
(TLC-monitoring, hexane—ethyl acetate (3:1)). To isolate
the products obtained, CH,Cl, (0.5 mL) was added first to the
reaction mixture and it was stirred (to obtain a homogeneous
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solution), then, diethyl ether (2.5 mL) was added and stirred,
the IL precipitated, the upper organic layer was decanted,
repeating the procedure 4 times (TLC monitoring until the
extraction was completed). The solvent was evaporated on a
rotary evaporator without heating, the final products 12 were
purified by flash-chromatography on SiO, using the same eluting
system. In the reaction with B-nitrostyrene 9b, the IL obtained
after extraction of compounds 12 was dissolved in the ethyl
acetate—dichloromethane—diethyl ether (2 : 4 : 0.5, v/v) solvent
mixture. The dissolved IL was separated by decantation, a
precipitate of compounds 13 was washed with ethyl acetate
(3x3 mL), dried in air for 1 day and analyzed. The solvent
mixture was evaporated on a rotary evaporator, and the residual
IL was used repeatedly in the same reactions.
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