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A simple and efficient one-pot approach for assembling some fused spiro[4H-pyran-oxindole] hetero-
cycles by means of three-component reactions between isatins, malononitrile or ethyl cyano-acetate, and
1,3-dicarbonyl compounds is reported. The combinatorial syntheses were achieved for the first time
without applying extra activation energy at ambient temperature while making use of [BMIm]BF4 as an
ionic liquid catalyst. Good functional group tolerance and broad scope of usable substrates are other
prominent features of the present methodology.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Innovation of straight synthetic pathways and easy access to
more complex products are of the main incentives existing behind
the recent researches in organic synthesis. To meet these goals,
chemists have been attempting specially to develop multi-
component reactions (MCR).1 Since these reactions offer signifi-
cant advantages over conventional linear-type syntheses, as more
often are recognized cost-effective and comparatively fast routes
though generating less chemical waste.2 Consequently, they are
regarded as viable synthetic routes toward both economical and
environmental benefits of chemical transformations. In this view,
designing of MCRs without using toxic catalysts in solvent-free
conditions as well as in recyclable solvents, such as ionic liquids
is particularly worthwhile for complementing the significant
characters of MCRs, so as to satisfy the green chemistry principles.3

Recently, ionic liquids have received recognition as the new gen-
eration of solvents having unique chemical and physical properties
of nonvolatility, nonflammability, and thermal stability. Their dual
organic and ionic natures allows them to establish nearly all kinds
of interactions with reacting species including transition states, and
hence sometimes give rise to improved yields and rate enhance-
ments.4 Structural variation of ionic liquids gives more flexibility to
their applications due to the possibility of fine tunning their mis-
cibility to merit phase-separation from products. Moreover,
ail address: radmm@guilan.
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functionalized ionic liquids offer specific types for catalysis appli-
cations and were served as solution phase supports in combina-
torial syntheses.5 In contrast to solid-phase combinatorial
syntheses, the ionic liquid supports are taken into solution phase
with the reactants where the reactions are expected to show dis-
tinct selectivity and pronounced efficiencies in terms of reaction
times and yields. These interesting features would tend to popu-
larize ionic liquids as solution phase supports and solvent catalysts
for combinatorial synthesis of diverse molecules.6 To make a con-
tribution to these ongoing research fields connected with our in-
terest in the synthesis of spiro-oxindole compounds,7 and also in
performing reactions with the aid of ionic liquids,8 we report an
ionic liquid-assisted multi-component synthesis of spiro-oxindole
heterocycles containing fused 4H-pyran ring. The indole ring sys-
tem is probably the most well-known heterocycle, a common and
important feature of various natural products and medicinal
agents.9 It constitutes the core of spiro-oxindoles, a recurring
subclass of indole alkaloids in nature, which exhibit highly pro-
nounced biological activities so as deserve to occupy a unique place
among pharmacological agents.10 Gelsemine, pseudotabersonine,
morroniside, formosanine, isoformosanine, and mitraphylline are
representatives of the alkaloids, which incorporate spiro-oxindole
ring systems.11 Certain members of this class, possessing signifi-
cant bioactivities, have prompted many attempts toward synthesis
of structurally related mimetics in search for new drug-like lead
molecules.12 For example, spirotryprostatin A and B, two natural
alkaloids isolated from the fermentation broth of Aspergillus fumi-
gatus, have been identified as novel inhibitors of microtubule as-
sembly, while pteropodine and isopteropodine have been shown to
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modulate the function of muscarinic serotonin receptors.10a,13 On
the other hand, pyran-containing heterocycles have been found to
have various biological activities.14 For examples, zanthosimuline I
is active against multidrug resistant KB-VI cancer cells, while
huajiaosimuline II exhibits a selective cytotoxicity profile showing
the greatest activity with estrogen receptor-positive ZR-75-1 breast
cancer cells (Fig. 1).15
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Fig. 1. Representative pyran-containing compounds.
In view of these important profiles enlightened by the recog-
nition that molecules comprised of two or more heterocyclic nu-
cleuses often possess heightened pharmacological activities,16

remarkable attention has been aimed at synthesis of the spiro
[4H-pyran-oxindole] ring system. Interest in the synthesis of these
compounds was increased further by the fact that indoles spiro-
fused at the 3-position generally show intensive biological prop-
erties.17 The main synthetic avenue and direct method for assem-
bling of spiro[4H-pyran-oxindole] compounds is based on the
three-component condensations of two (usually different) 1,3-
dicarbonyl compounds, or alternatively their synthetic equiva-
lents, with isatin derivatives. These reactions are generally slow
processes by themselves at room temperature, so several methods
describing activation by heating and assistance in aqueous
media by using various catalysts, such as ammonium chloride,18

ethylenediamine diacetate,19 surfactant metal carboxylates,20

L-proline,21 triethylbenzyl ammonium (TEBA) salt,22 and b-cyclo-
dextrin23 were devised so far to facilitate the synthesis. Beside
traditional heating methods, microwave dielectric heating
employing InCl3 under solvent-free conditions has been similarly
used to shorten the reaction times significantly.24 Alternatively,
Et3N-catalyzed three-component condensations25 and piperidine
assisted two-component reactions were invoked to give spiro-
fused pyran-oxindole scaffold in refluxing ethanol solutions.26 All
the abovementionedmethods despite using catalysts need thermal
treatment to force the reactions to perform. Elinson and co-workers
undertook an electrolytic procedure to provide electrochemical
activation to the reactions whereby they were able to afford similar
syntheses at ambient temperature.27 Although each of the recent
methods has merit, some methods are weakened by at least one
limitation, such as low yields especially when bulky substituents on
substrates lead to low solubility in water, complicated workup
procedure, requiring large amounts of organic solvents for chro-
matographic separation, and technical intricacy.

Therefore the development of a simple and efficient method,
addressing the management of the above mentioned drawbacks,
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Scheme 1. The m
for synthesis of spiro-fused pyran-oxindole heterocycles would be
an interesting challenge.
2. Results and discussion

At the onset of study, an equimolar mixture of the model sub-
strates; isatin 1a, malononitrile 2a, and ethyl aceto-acetate 3a was
treated with the selected ionic liquids without any added catalyst
or solvent (Scheme 1).

The results are shown in Table 1, implying the essential role of
ionic liquids to carry on the reaction in reasonable time even at
extended temperatures. This screening also covers a short range of
pH conditions associated with the selected ionic liquids to in-
vestigate the effect of acidity or basicity of these media on the re-
action performance. As can be seen from Table 1, excellent results in
terms of reaction time and yield were obtained in the neutral ionic
liquid, [BMIm]BF4, still at ambient temperature (entry 7). The
model reaction was similarly catalyzed in the neutral ionic liquid
medium of [BMIm]Br, however to less extent comparing with
[BMIm]BF4 but superior to those of acidic (entry 8) and basic gua-
nidinium ionic liquids (entries 3 and 5). These observations rea-
sonably lend support to the acceptance of the pure ionic nature of
the catalysis interactions and so would account for its dependence
on the entity of the ion constituents. The interesting evidence in
support of this hypothesis comes from the observation that sub-
stantial improvements in catalytic activity of TMGT and TMGTf
were gained by addition of either NH4Cl or NH4AcO to these ionic
liquids. In these improved ionic liquids, the model reaction takes
place efficiently at room temperature in contrast with aqueous
solutions of these ammonium salts in which the reaction becomes
feasible only above 80 �C. Notably, Table 1 shows that in the less
active ionic liquids the reaction stops at production of the two-
component product derived from isatin and malononitrile.

After detecting [BMIm]BF4 as the more efficient catalyst solvent,
we examined the method with a range of substrates to determine
the reaction specificity and scope. Consequently, various
substituted isatins 1aefwere used to react withmalononitrile 2a or
ethyl cyano-acetate 2b and six 1,3-dicarbonyl compounds 3aef
under the optimized conditions (Table 2). From the results shown
in Table 2, it is evident that both electron-deficient and electron-
rich isatins afford fairly high yields of the desired spiro-
condensates in reaction with malononitrile and a variety of 1,3-
dicarbonyl compounds in a few minutes at ambient temperature.
Moreover, employing ethyl cyano-acetate instead of malononitrile
furnished similar connective assembly of spiro-annulated pyran-
oxindole products. The general aspect of the present method par-
tially lies on the fact that amidic NeH group of isatins do not affect
the course of the reactions, as N-substituted and unsubstituted
isatins take part similarly in the reaction to give the corresponding
products. Although, Table 2 highlights a variety of structures ac-
cepted by the method to give fairly high yields of the desired
products, the scope of the method is expected to be evenwider due
to its mild conditions without applying extra activation energy,
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Table 2
Synthesis of spiro-oxindole derivatives 4 in the presence of [BMIm]BF4
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Entry Product R1 R2 X 1,3-Diketone Time (min) Yield (%)

1 4a H H CN 3a <1 95a

2 4b H H CN 3b 2 93
3 4c H H CN 3c 3 91b

4 4d H H CN 3d 3 94b

5 4e H H CN 3e 5 89c

6 4f H H CN 3f 5 90
7 4g Br H CN 3a <1 93d

8 4h Br H CN 3b 2 93
9 4i Cl H CN 3a <1 91d

10 4j Cl H CN 3b 2 92
11 4k NO2 H CN 3a <1 93
12 4l NO2 H CN 3b 2 92
13 4m OCH3 H CN 3a <1 94
14 4n OCH3 H CN 3b 2 92
15 4o H H CO2Et 3c 5 93e

16 4p H H CO2Et 3d 5 91e

17 4q H H CO2Et 3e 5 88
18 4r H H CO2Et 3f 5 90d

19 4s OCH3 H CN 3e 5 89
20 4t OCH3 H CO2Et 3f 5 90
21 4u NO2 H CN 3e 5 88
22 4v NO2 H CO2Et 3e 5 86
23 4w H Bn CN 3d 3 94f

a Ref. 20,21,27.
b Ref. 18,20,21.
c Ref. 28.
d Ref. 21.
e Ref. 18,21.
f Ref. 20.

Table 1
Optimization of reaction condition

Entry ILs T(�C) Time( min) Yielda (%)

1 d rt (25) 180 Trace
2 d 80 60 Trace
3 TMGT rt (25) 60 Intermediateb

4 TMGT 100 90 79
5 TMGTf rt (25) 30 20
6 TMGTf 100 30 83
7 [BMIm]BF4 rt (25) <1 95
8 [BMIm]Br rt (25) 20 72
9 [HMIm]/HSO4 rt (25) 100 Intermediateb

10 [HMIm]/HSO4 100 100 Intermediateb

a Isolated yields.
b Just intermediate 5 was formed. TMGT stands for N,N,N,N-tetramethyl guani-

dinium trifluoroacetate. TMGTf stands for N,N,N,N-tetramethyl guanidinium triflate.
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base, or acid catalysts. The products were collected by simple fil-
tration thus resulting in a very efficient and easy-going procedure.

All the reactions featured a strict selectivity toward synthesis of
the spiro-annulated 2-amino-4H-pyran compounds 4. A plausible
mechanism explaining the aforementioned results and the selec-
tivity is depicted in Scheme 2. The process represents a typical
cascade of Knoevenagel condensation, Michael addition, and
a Thorpe-Ziegler type cyclization,29 which might initiate via two
pathways, namely A and B (Scheme 2). Once the three components
are mixed, isatin 1a undergoes Knoevenagel condensation with
malononitrile 2a in the ionic liquid, [BMIm]BF4, to afford isatyli-
dene malononitrile 5, which is subsequently attacked by 3a to
furnish the central intermediate 7 (path A) Alternatively, in-
termediate 7 is likely formed from initial condensation of isatin 1a
with 3a to afford 6, followed by nucleophilic addition of malono-
nitrile 2 (path B). The two pathways go through polar transition
states TS1 wherefrom as a consequence of dipoleedipole
coulombic-type interactions with the ionic medium require less
activation energy to give 5 or 6. The ionic liquid is also considered to
facilitate the dehydration of the initially formed aldol-adducts.
Catalysis effect of the ionic liquid can also be foreseen when con-
sidering the following step where the cyclization of 7 occurs also
via a dipolar transition state TS2 amenable to establish favored
interactions with the ionic field. The intermediate 7 along with the
two other conceivable 3,3-disubstituted oxindoles, i.e., those de-
rived from addition of 2a onto 5 and addition of 3a onto 6, appar-
ently exist in a complex equilibrium, which reasonably is inclined
toward substitution of the weaker carbon-acid, i.e., malononitrile.
Presumably, among the 3,3-disubstituted oxindoles involved in the
equilibrium only the mixed substituted component 7 could un-
dergo cyclization to 8 and subsequently to the more stable
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Scheme 2. Possible mechanism for the formation of products 4a.
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tautomer 4a. The later transformations would bias the equilibrium
toward formation of 7 and give rise to selective synthesis of the
desired product 4a.

In the next phase of study the viability of catalysis by the
recycled ionic liquid was evaluated. In this regard preparation of 4a
was chosen as the model. After completion of the reaction the ionic
liquid was washed using water, evaporated under reduced pressure
and then subjected to the next run with the same substrates and
the same reaction time. Table 3 displays similar high conversions
obtained after consecutive recycling of the ionic liquid (Table 3).
Table 3
Recyclability of [BMIm]BF4

Entry Cycle Yield (%)

1 Fresh 95
2 First recycle 94
3 Second recycle 92
4 Third recycle 90
5 Fourth recycle 90
3. Conclusion

In summary, an efficient method for the synthesis of the spiro-
annulated pyran-oxindole ring system by using simple and readily
available starting materials under catalysis of the ionic liquid,
[BMIm]BF4, was introduced here. The ionic liquid acts as a catalyst
solvent and can be recovered for reuse several times. Another ad-
vantage of the present method may be no requirement for metal
catalysts or additional solvent andproceedingwith similar ratewith
respect to the methods that gave the similar structure. We expect
this method will find extensive applications in the field of combi-
natorial chemistry, diversity-oriented synthesis, anddrugdiscovery.

4. Experimental section

4.1. Typical procedure for preparation of ethyl 20-amino-30-
cyano-60-methyl-2-oxo-spiro[indoline-3,40-pyran]-50-
carboxylate

A mixture of isatin 1a (0.147 g, 1 mmol), malononitrile 2a
(0.066 g, 1 mmol), and ethyl aceto-acetate 3a (0.13 mL, 1 mmol)
was added to a vial containing a magnetic stirring bar and the ionic
liquid ([BMIm]BF4, 5 drops). The reaction mixture was sealed and
stirred at room temperature until disappearance of the starting
materials (under 1 min). At this stage, the product due to poor
solubility in the ionic liquid appears as a precipitate. In order to
extract the ionic liquid, after completion of the reaction, the residue
was washed with 2�10 mL of either water or diethyl ether. Wash-
ing the solid residue with ethanol (10 mL, 95.5%) has given re-
markably pure powders of product 4a. The ionic liquid was
recovered from the aqueous or ethereal extracts by evaporating
under reduced pressure and reused in the next cycles.

4.1.1. Ethyl 20-amino-30-cyano-60-methyl-2-oxo-spiro[indoline-3,40-
pyran]-50-carboxylate (4a). White powder. Yield (0.31 g, 95%). Mp:
260e262 �C. IR (KBr), nmax: 3397, 3300, 3185, 2926, 2200, 1720,
1694, 1675, 1619, 1592 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d:
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0.78 (t, 3H, J 7.2 Hz, OeCH2CH3), 2.32 (s, 3H, 60-CH3), 3.70e3.84 (m,
2H, OeCH2CH3), 6.79 (d, 1H, J 7.6 Hz, 7-H), 6.93 (dt, 1H, J 7.2 and
0.8 Hz, 5-H), 7.06 (d, 1H, J 7.2 Hz, 4-H), 7.15 (s, 2H, NH2), 7.18 (dt, 1H,
J 7.6 and 1.2 Hz, 6-H), 10.41 (s, 1H, NH).

4.1.2. Ethyl 20-amino-30-cyano-60-propyl-2-oxo-spiro[indoline-3,40-
pyran]-50-carboxylate (4b). White powder. Yield (0.33 g, 93%). Mp:
198e200 �C. IR (KBr), nmax: 3400, 3294, 3180, 2960, 2197,1717,1695,
1617, 1592 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d: 0.79 (t, 3H, J
7.2 Hz, CH2CH2CH3), 0.95 (t, 3H, J 7.4 Hz, OCH2CH3), 1.63 (m, 2H,
CH2CH2CH3), 2.59e2.71 (m, 2H, CH2CH2CH3), 3.70e3.83 (m, 2H,
OCH2CH3), 6.79 (d, 1H, J 7.6 Hz, 7-H), 6.94 (t, 1H, J 7.4 Hz, 5-H), 7.02
(d,1H, J 7.2 Hz, 4-H), 7.15 (s, 2H, NH2), 7.18 (t, 1H, J 7.6 Hz, 6-H),10.40
(s, NH). 13C NMR (100.61 MHz, DMSO-d6) d: 13.4 (CH3), 13.7 (CH3),
20.6 (CH2CH2CH3), 33.3 (CH2CH2CH3), 49.5 (Cspiro), 56.7 (CeC^N),
60.7 (OeCH2CH3), 105.5 (CeCO2Et), 109.8 (C^N), 118.0 (C-3a),
122.3, 123.8, 129.0, 134.9, 142.6 (C-7a), 159.6, 161.5 (C-20 and C-60),
164.9 (C]O ester), 179.0 (C]O amide). MS (EI, 70 eV) m/z (%): 353
(Mþ, 13), 327 (14), 280 (100), 251 (11), 210 (21). Anal. Calcd for
C19H19N3O4: C, 64.58; H, 5.42; N,11.89%. Found: C, 64.52; H, 5.47; N,
12.03%.

4.1.3. 2-Amino-20,5-dioxo-5,6,7,8-tetrahydro-spiro[chromene-4,30-
indoline]-3-carbonitrile (4c). White powder. Yield (0.28 g, 91%).
Mp: 296e298 �C. IR (KBr), nmax: 3354, 3295, 3153, 2198, 1717, 1674,
1653, 1615, 1596 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d:
1.91e1.95 (m, 2H, 7-H), 2.18e2.27 (m, 2H, 8-H), 2.66 (t, 2H, J 6.4 Hz,
6-H), 6.78 (d, 1H, J 7.6 Hz, 70-H), 6.89 (dt, 1H, J 7.2 and 0.8 Hz, 50-H),
7.00 (d, 1H, J 6.8 Hz, 40-H), 7.14 (dt, 1H, J 7.6 and 1.2 Hz, 60-H), 7.22 (s,
2H, NH2), 10.40 (s, 1H, NH).

4.1.4. 2-Amino-7,7-dimethyl-20,5-dioxo-5,6,7,8-tetrahydro-spiro
[chromene-4,30-indoline]-3-carbonitrile (4d). White powder. Yield
(0.30 g, 94%). Mp: 290e292 �C. IR (KBr), nmax: 3364, 3300, 3145,
2198, 1718, 1700, 1648, 1559 cm�1. 1H NMR (400.13 MHz, DMSO-d6)
d: 1.00 (s, 3H, CH3),1.04 (s, 3H, CH3), 2.10 (d,1H, J 16.0 Hz, 8-HB), 2.18
(d, 1H, J 16.0 Hz, 8-HA), 2.53 (d, 1H, J 16.0 Hz, 6-HB), 2.59 (d, 1H, J
16.0 Hz, 6-HA) 6.79 (d, 1H, J 7.6 Hz, 70-H), 6.89 (dt, 1H, J 7.6 and
0.8 Hz, 50-H), 6.98 (d, 1H, J 6.8 Hz, 40-H), 7.14 (dt, 1H, J 7.6 and 1.2 Hz,
60-H), 7.23 (s, 2H, NH2), 10.40 (s, 1H, NH).

4.1.5. 2-Amino-20,5-dioxo-5,6-dihydro-spiro[pyrano[3,2-c]quinoline-
4,30-indoline]-3-carbonitrile (4e). White powder. Yield (0.32 g,
89%). Mp >300 �C. IR (KBr), nmax: 3370, 3250, 3200, 2200, 1724,
1674, 1618, 1585 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d: 6.83 (d,
1H, J 7.6 Hz, 70-H), 6.88 (dt, 1H, J 7.6 and 0.9 Hz, 50-H), 7.03 (d, 1H, J
7.2 Hz, 40-H), 7.18 (dt, 1H, J 7.6 and 1.2 Hz, 60-H), 7.33 (t, 1H, J 8.0 Hz,
9-H), 7.35 (d, 1H, J 8.4 Hz, 7-H), 7.45 (s, 2H, NH2), 7.62 (dt, 1H, J 7.8
and 1.2 Hz, 8-H), 7.95 (dd, 1H, J 8.2 and 1.2 Hz, 10-H), 10.52 (s, 1H,
NH), 11.73 (s, 1H, NH).

4.1.6. 2-Amino-6-methyl-20,5-dioxo-5,6-dihydro-spiro[pyrano[3,2-c]
quinoline-4,30-indoline]-3-carbonitrile (4f). Pale yellow powder.
Yield (0.33 g, 90%). Mp >300 �C. IR (KBr), nmax: 3420, 3220, 3230,
2199, 1721, 1675, 1620, 1589 cm�1. 1H NMR (400.13 MHz, DMSO-d6)
d: 3.47 (s, 3H, CH3), 6.84 (d, 1H, J 7.6 Hz, 70-H), 6.87 (t, 1H, J 7.6 and
0.8 Hz, 50-H), 7.02 (d, 1H, J 7.2 Hz, 40-H), 7.17 (dt, 1H, J 7.6 and 1.2 Hz,
60-H), 7.43 (dt, 1H, J 7.2 and 0.8 Hz, 9-H), 7.49 (s, 2H, NH2), 7.57 (d,
1H, J 8.4 Hz, 7-H), 7.74 (dt, 1H, J 8.0 and 1.6 Hz, 8-H), 8.06 (dd, 1H, J
8.0 and 1.6 Hz, 10-H), 10.56 (s, 1H, NH). 13C NMR (100.61 MHz,
DMSO-d6) d: 29.7 (CH3), 48.6 (Cspiro), 57.7 (CeC^N), 106.9 (C-4a),
109.7 (C^N), 112.7 (C-10a), 115.5, 118.0, 122.2, 122.8, 122.9, 123.9,
128.8, 132.7, 134.7, 139.1 (C-6a), 143.0 (C-70a), 152.0 (C-10b), 159.2,
159.4 (C-2 and C]O), 178.3 (oxindole C]O). MS (EI) m/z (%): 370
(Mþ, 71), 344 (58), 327 (33), 316 (60), 195 (94), 175 (100). Anal.
Calcd for C21H14 N4O3: C, 68.10; H, 3.81; N, 15.13%. Found: C, 68.17;
H, 3.79; N, 15.09%.

4.1.7. Ethyl 20-amino-5-bromo-30-cyano-60-methyl-2-oxo-spiro[indoline-
3,40-pyran]-50-carboxylate (4g). White powder. Yield (0.37 g, 93%).
Mp: 262e264 �C. IR (KBr), nmax: 3397, 3300, 3200, 3185, 2200,1708,
1665, 1612, 1584 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d: 0.83
(t, 3H, J 6.4 Hz, OeCH2CH3), 2.33 (s, 3H, 60-CH3), 3.81 (m, 2H,
OeCH2CH3), 6.77 (d, 1H, J 7.8 Hz, 7-H), 7.24 (s, 2H, NH2), 7.29 (s, 1H,
4-H), 7.36 (d, 1H, J 7.8 Hz, 6-H), 10.56 (s, 1H, NH).

4.1.8. Ethyl 20-amino-5-bromo-30-cyano-60-propyl-2-oxo-spiro[indo-
line-3,40-pyran]-50-carboxylate (4h). White powder. Yield (0.40 g
93%). Mp: 240 �C decomp. IR (KBr), nmax: 3455, 3260, 3125, 3000,
2200,1723,1671,1617,1586 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d:
0.84 (t, 3H, J 7.2 Hz, CH2CH2CH3), 0.94 (t, 3H, J 7.4 Hz, OeCH2CH3),1.63
(br sextet, 2H, CH2CH2CH3), 2.67 (m, 2H, CH2CH2CH3), 3.82 (m, 2H,
OeCH2CH3), 6.77 (d, 1H, J 7.6 Hz, 7-H), 7.22 (s, 1H, 4-H), 7.24 (s, 2H,
NH2), 7.37 (d,1H, J7.6 Hz,6-H),10.57 (s,1H,NH).13CNMR(100.61 MHz,
DMSO-d6) d: 13.5 (CH3), 13.8 (CH3), 20.6 (CH2CH2CH3), 33.4
(CH2CH2CH3), 49.8 (Cspiro), 56.2 (CeC^N), 60.9 (OeCH2CH3), 104.6
(CeCO2Et), 111.8 (C^N), 113.9 (CeBr), 117.8 (C-3a), 126.5, 131.8, 137.5
(3CH), 142.0 (C-7a), 159.6, 162.5 (C-20 and C-60), 164.7 (C]O ester),
178.0 (C]Oamide).MS(EI, 70eV)m/z (%): 433 (Mþ, 81Br, 20), 431 (Mþ,
79Br, 21), 405 (17), 360 (100), 331 (16). Anal. Calcd for C19H18BrN3O4: C,
52.79; H, 4.20; N, 9.72%. Found: C, 52.73; H, 4.29; N, 9.70%.

4.1.9. Ethyl 20-amino-5-chloro-30-cyano-60-methyl-2-oxo-spiro[indo-
line-3,40-pyran]-50-carboxylate (4i). White powder. Yield (0.33 g,
91%). Mp: 255e257 �C. IR (KBr), nmax: 3396, 3292, 3185, 2200, 1715,
1700, 1618, 1588 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d: 0.84
(t, 3H, J 6.8 Hz, OeCH2CH3), 2.34 (s, 3H, CH3), 3.77e3.87 (m, 2H,
OeCH2CH3), 6.81 (d, 1H, J 8.4 Hz, 7-H), 7.19 (d, 1H, J 2.2 Hz, 4-H),
7.23 (dd, 1H, J 8.4 and 2.2 Hz, 6-H), 7.24 (s, 2H, NH2), 10.55
(s, 1H, NH).

4.1.10. Ethyl 20-amino-5-chloro-30-cyano-60-propyl-2-oxo-spiro[indo-
line-3,40-pyran]-50-carboxylate (4j). White powder. Yield (0.36 g,
92%). Mp: 218e220 �C. IR (KBr), nmax: 3400, 3303, 3196, 2950, 2200,
1718, 1684, 1600 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d: 0.84
(t, 3H, J 7.2 Hz, CH3), 0.95 (t, 3H, J 7.2 Hz, CH3), 1.59e1.67 (m, 2H,
CH2CH2CH3), 2.63e2.72 (m, 2H, CH2CH2CH3), 3.77e3.87 (m, 2H,
OeCH2CH3), 6.82 (d,1H, J 8.0 Hz, 7-H), 7.11 (d,1H, J 2.0 Hz, 4-H), 7.25
(dd,1H, J 8.0 and 2.0 Hz, 6-H), 7.24 (s, 2H, NH2),10.56 (s,1H, NH). 13C
NMR (100.61 MHz, DMSO-d6) d: 13.5 (CH3), 13.8 (CH3), 20.6
(CH2CH2CH3), 33.4 (CH2CH2CH3), 49.8 (Cspiro), 56.2 (CeC^N), 60.9
(OeCH2CH3), 104.6 (CeCO2Et), 111.3 (C^N), 117.8 (C-3a), 123.9,
126.2, 128.9 (3CH), 137.1 (C-5), 141.5 (C-7a), 159.6, 162.5 (C-20 and
C-60), 164.7 (C]O ester), 178.8 (C]O amide). MS (EI, 70 eV)m/z (%):
387 (Mþ, 8), 361 (5), 314 (25), 252 (9), 43 (100). Anal. Calcd for
C19H18ClN3O4: C, 58.84; H, 4.68; N, 10.84%. Found: C, 58.82; H, 4.71;
N, 10.89%.

4.1.11. Ethyl 20-amino-5-nitro-30-cyano-60-methyl-2-oxo-spiro[indo-
line-3,40-pyran]-50-carboxylate (4k). Pale yellow powder. Yield
(0.34 g, 93%). Mp: 270e272 �C. IR (KBr), nmax: 3400, 3300, 3182,
2200, 1719, 1704, 1622, 1584, 1520, 1337 cm�1. 1H NMR
(400.13 MHz, DMSO-d6) d: 0.85 (t, 3H, J 7.2 Hz, OCH2CH3), 2.38 (s,
3H, 60-CH3), 3.78e3.87 (m, 2H, OCH2CH3), 7.03 (d, 1H, J 8.6 Hz, 7-H),
7.36 (s, 2H, NH2), 8.04 (d, 1H, J 2.4 Hz, 4-H), 8.19 (dd, 1H, J 8.6 and
2.4 Hz, 6-H), 11.18 (s, 1H, NH). 13C NMR (100.61 MHz, DMSO-d6) d:
13.5 (OeCH2CH3), 19.4 (60-CH3), 49.6 (Cspiro), 55.7 (CeC^N), 61.1
(OCH2CH3), 103.5 (CeCO2Et), 110.0 (C^N), 117.6 (C-3a), 119.6, 126.5,
136.4 (3CH), 142.9 (C-7a), 149.0 (C-5), 159.5, 161.0 (C-20 and C-60),
164.7 (C]O ester), 179.6 (C]O amide). MS (EI, 70 eV) m/z (%): 325



K. Rad-Moghadam, L. Youseftabar-Miri / Tetrahedron 67 (2011) 5693e56995698
(37), 295 (17), 71 (47), 43 (100). Anal. Calcd for C17H14N4O6: C,
55.14; H, 3.81; N, 15.13%. Found: C, 55.10; H, 3.86; N, 15.17%.

4.1.12. Ethyl 20-amino-5-nitro-30-cyano-60-propyl-2-oxo-spiro[indo-
line-3,40-pyran]-50-carboxylate (4l). White powder. Yield (0.36 g,
92%). Mp: 238e240 �C. IR (KBr), nmax: 3392, 3303, 3200, 2992, 2200,
1722, 1675, 1620, 1595, 1521, 1338 cm�1. 1H NMR (400.13 MHz,
DMSO-d6) d: 0.85 (t, 3H, J 7.2 Hz, CH3), 0.96 (t, 3H, J 7.2 Hz, CH3), 1.63
(br sextet, 2H, CH2CH2CH3), 2.65e2.80 (m, 2H, CH2CH2CH3),
3.79e3.87 (m, 2H, OeCH2CH3), 7.04 (d,1H, J 8.6 Hz, 7-H), 7.38 (s, 2H,
NH2), 7.96 (d, 1H, J 2.4 Hz, 4-H), 8.20 (dd, 1H, J 8.6 and 2.4 Hz, 6-H),
11.20 (s,1H, NH). 13CNMR (100.61 MHz, DMSO-d6) d: 13.5 (CH3),13.8
(CH3), 20.6 (CH2CH2CH3), 33.6 (CH2CH2CH3), 49.7 (Cspiro), 55.4
(CeC^N), 61.1 (OeCH2CH3), 103.9 (CeCO2Et), 110.1 (C^N), 117.6 (C-
3a), 119.3, 126.6, 136.2 (3CH), 142.9 (C-7a), 149.1 (C-5), 159.7, 163.5,
164.5 (C]O ester), 179.5 (C]O amide). MS (EI, 70 eV) m/z (%): 400
(Mþ, 80), 295 (37),105 (100). Anal. Calcd for C19H18N4O6: C, 57.28; H,
4.55; N, 14.06%. Found: C, 57.25; H, 4.59; N, 14.17%.

4.1.13. Ethyl 20-amino-5-methoxy-30-cyano-60-methyl-2-oxo-spiro
[indoline-3,40-pyran]-50-carboxylate (4m). White powder. Yield
(0.33 g, 94%).Mp:214e216 �C. IR (KBr), nmax: 3445, 3296, 3172, 2200,
1716, 1700, 1681, 1621, 1600, 1494 cm�1. 1H NMR (400.13 MHz,
DMSO-d6) d: 0.81 (t, 3H, J 7.0 Hz, OCH2CH3), 2.32 (s, 3H, 60-CH3), 3.68
(s, 3H, OCH3), 3.74e3.84 (m, 2H, OeCH2CH3), 6.68 (d,1H, J 2.4 Hz, 4-
H), 6.71 (d,1H, J 8.4 Hz, 7-H), 6.75 (dd,1H, J 8.4 and 2.4 Hz, 6-H), 7.14
(s, 2H, NH2), 10.22 (s, 1H, NH). 13C NMR (100.61 MHz, DMSO-d6) d:
13.5 (OeCH2CH3), 19.1 (60-CH3), 49.9 (Cspiro), 55.9 (OCH3), 57.1
(CeC^N), 60.7 (OeCH2CH3), 105.0 (CeCO2Et), 110.2, 110.7, 113.6,
118.0 (C-3a),135.9,136.3,155.5,159.1,159.4,165.0 (C]Oester),179.0
(C]Oamide).MS (EI, 70eV)m/z (%): 355 (Mþ,13), 282 (28), 225 (33),
210 (41), 177 (54), 149 (85), 106 (100). Anal. Calcd for C18H17N3O5: C,
60.84; H, 4.82; N, 11.83%. Found: C, 60.83; H, 4.89; N, 11.75%.

4.1.14. Ethyl 20-amino-5-methoxy-30-cyano-60-propyl-2-oxo-spiro[indo-
line-3,40-pyran]-50-carboxylate (4n). White powder. Yield (0.35 g,
92%). Mp: 230e232 �C. IR (KBr), nmax: 3400, 3300, 3200, 2960,
2200,1722,1668,1600,1485 cm�1. 1H NMR (400.13 MHz, DMSO-d6)
d: 0.82 (t, 3H, J 7.2 Hz, CH3), 0.95 (t, 3H, J 7.2 Hz, CH3), 1.63 (br sextet,
2H, CH2CH2CH3), 2.61e2.71 (m, 2H, CH2CH2CH3), 3.68 (s, 3H, OCH3),
3.74e3.83 (m, 2H, OCH2CH3), 6.61 (d,1H, J 2.4 Hz, 4-H), 6.71 (d,1H, J
8.4 Hz, 7-H), 6.76 (dd, 1H, J 8.4 and 2.4 Hz, 6-H), 7.14 (s, 2H, NH2),
10.22 (s, 1H, NH). 13C NMR (100.61 MHz, DMSO-d6) d: 13.5 (CH3),
13.7 (CH3), 20.6 (CH2CH2CH3), 33.3 (CH2CH2CH3), 49.9 (Cspiro), 55.9
(OCH3), 56.9 (CeCN), 60.7 (OeCH2CH3), 105.5 (CeCO2Et), 110.2,
110.7, 113.5, 118.0 (C-3a), 135.9, 136.2, 155.5 (C-5), 159.6, 161.6 (C-20

and C-60), 164.9 (C]O ester), 178.9 (C]O amide). MS (EI, 70 eV)m/z
(%): 383 (Mþ, 16), 328 (14), 310 (32), 57 (58), 43 (100). Anal. Calcd
for C20H21N3O5: C, 62.65; H, 5.52; N, 10.96%. Found: C, 62.60; H,
5.58; N, 10.87%.

4.1.15. Ethyl 2-amino-20,5-dioxo-5,6,7,8-tetrahydro-spiro[chromene-
4,30-indoline]-3-carboxylate (4o). White powder. Yield (0.31 g,
93%). Mp: 252e254 �C. IR (KBr), nmax: 3374, 3230, 3180, 1718, 1708,
1685, 1650, 1618, 1590 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d:
0.79 (t, 3H, J 7.2 Hz, OCH2CH3), 1.80e1.92 (m, 2H, CH2), 2.10e2.26
(m, 2H, CH2), 2.64 (t, 2H, J 6.4 Hz, CH2), 3.64e3.75 (m, 2H,
OCH2CH3), 6.66 (d, 1H, J 7.6 Hz, 70-H), 6.76 (dt, 1H, J 7.2 and 0.8 Hz,
50-H), 6.85 (d, 1H, J 6.8 Hz, 40-H), 7.04 (dt, 1H, J 7.6 and 1.2 Hz, 60-H),
7.85 (s, 2H, NH2), 10.14 (s, 1H, NH).

4.1.16. Ethyl 2-amino-7,7-dimethyl-20,5-dioxo-5,6,7,8-tetrahydro-spiro
[chromene-4,30-indoline]-3-carboxylate (4p). White powder. Yield
(0.35 g, 91%). Mp: 255e257 �C. IR (KBr), nmax: 3360, 3230, 3190, 1713,
1682, 1664, 1610, 1520 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d: 0.80
(t, 3H, J 7.2 Hz, OCH2CH3), 0.95 (s, 3H, 7-CH3), 1.02 (s, 3H, 7-CH3), 2.01
(d,1H, J 16 Hz, 8-HB), 2.15 (d,1H, J16 Hz, 8-HA), 2.48 (d,1H, J 17.6 Hz, 6-
HB), 2.58 (d,1H, J 17.6 Hz, 6-HA), 3.69e3.72 (m, 2H, OCH2CH3), 6.67 (d,
1H, J 7.6 Hz, 70-H), 6.76 (t,1H, J 7.2 Hz, 50-H), 6.83 (d,1H, J 7.2 Hz, 40-H),
7.04 (t, 1H, J 7.2 Hz, 60-H), 7.86 (s, 2H, NH2), 10.14 (s, 1H, NH).

4.1.17. Ethyl 2-amino-20,5-dioxo-5,6-dihydro-spiro[pyrano[3,2-c]qui-
noline-4,30-indoline]-3-carboxylate (4q). Yellow powder. Yield
(0.35 g, 88%).Mp>300 �C. IR (KBr), nmax: 3300, 3200, 2950,1720,1690,
1670,1620,1365 cm�1.1HNMR(400.13 MHz,DMSO-d6) d: 0.84 (t, 3H, J
7.2 Hz,OCH2CH3), 3.70e3.82 (m, 2H,OCH2CH3), 6.71 (d,1H, J7.6 Hz, 70-
H), 6.75 (t, 1H, J 7.2 Hz, 50-H), 6.87 (d, 1H, J 7.2 Hz, 40-H), 7.07 (t, 1H, J
7.6 Hz,60-H), 7.30 (t,1H, J7.2 Hz,9-H),7.31 (d,1H, J8.0 Hz,7-H),7.59(dt,
1H, J 7.8 and 1.4 Hz, 8-H), 8.02 (d, 1H, J 7.6 Hz, 10-H), 8.05 (s, 2H, NH2),
10.27 (s,1H, NH),11.53 (s,1H, NH). 13CNMR (100.61 MHz, DMSO-d6) d:
13.6 (CH3), 48.2 (Cspiro), 59.4 (OeCH2), 76.4 (C-4a), 108.6, 110.0, 112.0,
115.5, 121.0, 122.4, 122.6, 123.2, 127.8, 132.0, 136.1, 138.1, 145.0, 151.6,
159.7, 159.8, 168.1 (C]O), 180.1 (C]O). MS (EI) m/z (%): 403 (Mþ, 3),
381 (100), 330 (Mþ�CO2Et,14), 253 (45).Anal.Calcd forC22H17N3O5:C,
65.50; H, 4.25; N, 10.42%. Found: C, 65.51; H, 4.33; N, 10.37%.

4.1.18. Ethyl 2-amino-6-methyl-20,5-dioxo-5,6-dihydro-spiro[pyrano
[3,2-c]quinoline-4,30-indoline]-3-carboxylate (4r). White powder.
Yield (0.37 g, 90%). Mp >300 �C. IR (KBr), nmax: 3305, 3197, 2996,
1715, 1685, 1623, 1524, 1465, 1360, 1287 cm�1. 1H NMR
(400.13 MHz, DMSO-d6) d: 0.87 (t, 3H, J 7.2 Hz, OCH2CH3), 3.45 (s,
3H, 6-CH3), 3.71e3.83 (m, 2H, OCH2CH3), 6.72 (d, 1H, J 7.6 Hz, 70-H),
6.74 (t, 1H, J 7.6 Hz, 50-H), 3.86 (d, 1H, J 6.8 Hz, 40-H), 7.07 (dt, 1H, J
7.6 and 1.2 Hz, 60-H), 7.41 (t,1H, J 7.4 Hz, 9-H), 7.53 (d,1H, J 8.4 Hz, 7-
H), 7.71 (dt, 1H, J 8.0 and 1.2 Hz, 8-H), 8.08 (s, 2H, NH2), 8.15 (dd, 1H,
J 8.0 and 1.2 Hz, 10-H), 10.29 (s, 1H, NH).

4.1.19. 2-Amino-50-methoxy-20,5-dioxo-5,6-dihydro-spiro[pyrano
[3,2-c]quinoline-4,30-indoline]-3-carbonitrile (4s). Yellow powder.
Yield (0.34 g, 89%). Mp >300 �C. IR (KBr), nmax: 3530, 3402, 3300,
3155, 2198, 1707, 1670, 1620, 1588, 1486, 1360 cm�1. 1H NMR
(400.13 MHz,DMSO-d6) d: 3.63 (s, 3H,OCH3), 6.69 (br s,1H, 40-H), 6.74
(m, 2H, 60-Hand70-H), 7.33 (t,1H, J 7.6 Hz, 9-H), 7.36 (d,1H, J 7.6 Hz, 7-
H), 7.45 (s, 2H,NH2),7.62 (dt,1H, J7.6and1.4 Hz), 7.95 (dd,1H, J8.0and
1.2 Hz, 10-H), 10.35 (s, 1H, NH), 11.72 (s, 1H, NH). 13C NMR
(100.61 MHz, DMSO-d6) d: 48.7 (Cspiro), 55.8 (OCH3), 57.7 (CeC^N),
107.4, 110.0, 110.7, 112.1, 113.6, 115.8, 118.0, 122.5, 122.6, 132.2, 136.0,
136.2,138.3,152.9 (C-50),155.5 (C-4b),159.4,159.9 (C-2andC-5),178.3
(C]Ooxindoline).MS (EI)m/z (%): 381 (Mþ�NH2, 4), 370 (6), 368 (5),
342 (18), 305 (100), 277 (57), 250 (39). Anal. Calcd for C21H14N4O4: C,
65.28; H, 3.65; N, 14.50%. Found: C, 65.25; H, 3.65; 14.61%.

4.1.20. Ethyl 2-amino-50-methoxy-6-methyl-20,5-dioxo-5,6-dihydro-
spiro[pyrano[3,2-c]quinoline-4,3 0-indoline]-3-carboxylate
(4t). Yellow powder. Yield (0.40 g, 90%). Mp>300 �C. IR (KBr), nmax:
3350, 3280, 2965, 1705, 1685, 1645, 1593, 1484, 1358, 1282 cm�1. 1H
NMR (400.13 MHz, DMSO-d6) d: 0.88 (t, 3H, J 6.8 Hz, OCH2CH3), 3.46
(s, 3H, NeCH3), 3.58 (s, 3H, OeCH3), 3.78 (m, 2H, OCH2CH3), 6.50 (d,
1H, J 2.2 Hz, 40-H), 6.62 (d, 1H, J 8.0 Hz, 70-H), 6.65 (dd, 1H, J 8.4 and
2.2 Hz, 60-H), 7.40 (t, 1H, J 8.0 Hz, 9-H), 7.53 (d, 1H, J 8.4 Hz, 7-H),
7.72 (dt, 1H, J 7.8 and 1.6 Hz, 8-H), 8.07 (s, 2H, NH2), 8.15 (dd, 1H, J
8.0 and 1.2 Hz, 10-H), 10.12 (s, 1H, NH). 13C NMR (100.61 MHz,
DMSO-d6) d: 13.6 (OCH2CH3), 29.6 (NeCH3), 49.0 (Cspiro), 55.7
(OCH3), 59.4 (OCH2CH3), 76.5 (CeC^N), 108.6, 109.4, 110.5, 112.1,
112.7, 115.2, 122.6, 123.1, 132.4, 137.3, 138.8, 139.0, 150.8 (C-50), 154.8
(C-4b), 159.1, 159.6 (C-2 and C-5), 168.1 (C]O ester), 179.9 (C]O
oxindoline). MS (EI)m/z (%): 447 (Mþ, 26), 374 (Mþ�CO2Et, 59), 317
(100), 249 (84). Anal. Calcd for C24H21N3O6: C, 64.42; H, 4.73; N,
9.39%. Found: C, 64.37; H, 4.77; N, 9.43%.

4.1.21. 2-Amino-50-nitro-20,5-dioxo-5,6-dihydro-spiro[pyrano[3,2-c]
quinoline-4,30-indoline]-3-carbonitrile (4u). Yellow powder. Yield
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(0.35 g, 88%). Mp >300 �C. IR (KBr), nmax: 3400, 3332, 3250, 3204,
2200, 1734, 1670, 1616, 1520, 1339 cm�1. 1H NMR (400.13 MHz,
DMSO-d6) d: 7.07 (d, 1H, J 8.8 Hz, 70-H), 7.35 (t, 1H, J 7.6 Hz, 9-H),
7.37 (d, 1H, J 8.4 Hz, 7-H), 7.64 (t, 1H, J 8.0 Hz, 8-H), 7.66 (s, 2H, NH2),
7.97 (d, 1H, J 7.6 Hz, 10-H), 8.13 (d, 1H, J 2.4 Hz, 40-H), 8.19 (dd, 1H, J
8.8 and 2.4 Hz, 60-H), 11.30 (s, 1H, NH), 11.83 (s, 1H, NH). 13C NMR
(100.61 MHz, DMSO-d6) d: 48.4 (Cspiro), 56.1 (CeC^N), 106.2, 109.8,
112.2,116.0,117.8,120.0,122.6,122.8,126.3,132.4,135.8,138.4,143.0
(C-50), 149.4 (C-70a), 153.5 (C-4b), 159.8 (C-2), 160.0 (C]O), 179.0
(C]O oxindoline). MS (EI) m/z (%): 400 (Mþ�1, 3), 381 (37), 225
(70), 216 (100). Anal. Calcd for C20H11N5O5: C, 59.85; H, 2.76; N,
17.45%. Found: C, 59.79; H, 2.80; N, 17.51%.

4.1.22. Ethyl 2-amino-50-nitro-20,5-dioxo-5,6-dihydro-spiro[pyrano
[3,2-c]quinoline-4,30-indoline]-3-carboxylate (4v). Yellow powder.
Yield (0.38 g, 86%). Mp >300 �C. IR (KBr), nmax: 3480, 3360, 3300,
3150, 1720, 1686, 1675, 1507, 1480, 1362, 1337 cm�1. 1H NMR
(400.13 MHz, DMSO-d6) d: 0.86 (t, 3H, J 7.0 Hz, CH3), 3.79 (q, 2H,
OCH2), 6.93 (d, 1H, J 8.8 Hz, 7-H), 7.32 (d, 1H, J 8.4 Hz, 70-H), 7.33 (t,
1H, J 7.2 Hz, 9-H), 7.61 (t,1H, J 7.6 Hz, 8-H), 7.87 (d,1H, J 2.4 Hz, 40-H),
8.05 (d,1H, J 7.2 Hz,10-H), 8.12 (dd,1H, J 8.4 and2.4 Hz, 60-H), 8.20 (s,
2H, NH2), 11.09 (s, 1H, NH), 11.64 (s, 1H, NH). 13C NMR (100.61 MHz,
DMSO-d6) d: 13.7 (CH3), 48.0 (Cspiro), 59.6 (OCH2), 75.14 (CeC^N),
108.50, 108.54, 112.0, 115.6, 118.9, 122.6, 122.8, 125.7, 132.3, 137.3,
138.2,142.1 (C-70a),151.7 (C-4b),152.3 (C-5),160.0 (C-2),167.6 (C]O
ester),180.8 (C]Ooxindoline).MS (EI)m/z (%): 448 (M,12), 431 (31),
375 (37), 313 (25), 57 (100). Anal. Calcd for C22H16N4O7: C, 58.93; H,
3.60; N, 12.50%. Found: C, 58.88; H, 3.66; N, 12.53%.

4.1.23. 2-Amino-1 0-benzyl-7,7-dimethyl-2 0,5-dioxo-5,6,7,8-
tetrahydro-spiro[chromene-4,3 0- indol ine]-3-carbonitr i le
(4w). White powder. Yield (0.39 g, 94%). Mp: 265e268 �C. IR (KBr),
nmax: 3396, 3304, 3200, 2200 (C^N), 1717, 1678, 1655, 1596,
1347 cm�1. 1H NMR (400.13 MHz, DMSO-d6) d: 1.02 (s, 3H, CH3),
1.05 (s, 3H, CH3), 2.13 (d, 1H, J 16.0 Hz, 8-HB), 2.22 (d, 1H, J 16.0 Hz,
8-HA), 2.58 (d, 1H, J 17.6 Hz, 6-HB), 2.64 (d, 1H, J 17.6 Hz, 6-HA), 4.88
(d,1H, J 16.4 Hz, BneHB), 4.94 (d,1H, J 16.4 Hz, BneHA), 6.69 (d,1H, J
8.0 Hz, 70-H), 6.96 (t, 1H, J 7.4 Hz, 50-H), 7.09 (d, 1H, J 7.2 Hz, 40-H),
7.13 (t, 1H, J 7.6 Hz, 60-H), 7.26 (t, 1H, J 7.2 Hz, Ph), 7.31 (t, 2H, J 7.6 Hz,
Ph), 7.34 (s, 2H, NH2), 7.49 (d, 2H, J 7.2 Hz, Ph).
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