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Abstract: The 1,3-dipolar cycloaddition of 2-aryl-3-nitro-
chromenes with various azomethine ylides has been investigated.
The structure and stereochemistry of cycloadducts were studied in
detail by NMR spectroscopic methods.
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1,3-Dipolar cycloadditions of azomethine ylides represent
one of the most convergent approaches for the construc-
tion of pyrrolidine rings.1 The ease of generation of 1,3-
dipoles, the rapid accumulation of polyfunctionality in a
relatively small molecular framework coupled with the
highly regio- and stereoselective nature of their cycload-
dition reactions, has resulted in a number of syntheses
which utilize such a reaction as the key step.2 Recently,
we have demonstrated the usefulness of the intermolecu-
lar 1,3-dipolar cycloaddition of azomethine ylides in the
synthesis of aza-cephalotaxine analogues3 or alkaloid de-
rivatives with a spiro-indolenine framework.4 This meth-
od gives a rapid access to the pyrrolo[3,2-c]quinoline ring
system of martinellines5 and to pyrrolo[3,4-c]quinolines.6

The abundance of naturally occuring chromene and chro-
mane derivatives and their interesting physiological prop-
erties along with the known selective dopamine D3

receptor antagonist action of some benzopirano[3,4-c]-
pyrrolidine derivatives7 suggested the study of easily
available 2-aryl-3-nitrochromene derivatives (3) as 2p
components in 1,3-dipolar cycloadditions of azomethine
ylides.

The 3-nitrochromene derivatives (3a–e) were prepared by
modification of the method described by Yao8 from the
corresponding 2-aryl-nitroethylenes (2a–e)9 by the treat-
ment with salicylaldehyde, in the presence of DABCO,
without any solvent in a single step.

In the first set of experiments we used the most simple
non-stabilized azomethine ylides, which were generated
from paraformaldehyde and sarcosine or N-benzyl-gly-
cine using the decarboxylation method.10 The reaction of
3-nitrochromenes (3a–e) with these unstable intermedi-
ates in refluxing toluene proceeds smoothly to give the ex-

pected 3a-nitro-4-aryl-benzopirano[3,4-c]-pyrrolidines
(4a–j).

The results, summarized in Table 1, showed that dipolaro-
philes 2 with more electron-donating substituents on the
2-aryl group are less reactive than without or with elec-
tron-withdrawing substituents in accordance with our
earlier experiments with b-nitro-styrenes.

Scheme 1 Reagents and conditions: i. DABCO, 40 °C; ii.
CH3NHCH2CO2H (R = H) or BnNHCH2CO2H (R = Ph), (CH2O)n,
toluene, reflux

The structures of compounds 4 were elucidated by NMR
spectroscopy using 1H, 13C, 1H-1H COSY, 1H-13C HSQC,
1H-13C HMQC techniques. The relative stereochemistry
of these cycloadducts 4 was established on 4a and 4h
mostly by 1H{1H} NOE studies. The most important proof
of their stereochemistry were the NOE enhancements in-
dicated with arrows in Scheme 1.

Thermally generated dipoles from imines of glycine or
other a-amino acid esters undergo stereoselective cy-
cloadditions with highly activated cyclic dipolarophiles
such as maleimides leading to the exclusive formation of
endo-adducts of E,E-ylides.12 However, their cyclo-
additions with less reactive olefin dipolarophiles such as
maleates and fumarates were found to be no longer stereo-
selective.13 Activation with a wide range of metal salt/ter-
tiary amine combinations proved to be effective for
increasing the rate of cycloaddition of aryl imines to less
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reactive dipolarophiles, allowing the reaction to be run at
room temperature with excellent regio- and stereocon-
trol.14 The cycloaddition of 3a–e with the azomethine
ylides derived from the imines of ethyl glycinate or
phenylalanine ethylester in the presence of AgOAc and
Et3N occurred smoothly at room temperature giving pure
benzopirano[3,4-c]-pyrrolidine derivatives 5 in 60–77%
yield (Scheme 2, Table 2).15 Representative 1H NMR and
13C NMR data for compound 6c, which verify the
structure, are collected in Table 3. Assignments and
stereochemistry were confirmed as noted above in the
case of compounds 4.

1,3-Dipolar cycloadditions of azomethine ylides derived
from isoquinolinium salt 8 by deprotonation have previ-
ously been studied in detail by us.16 Reaction with suitably
active dipolarophiles afford pyrrolo[2,1-a]isoquinoline
cycloadducts in practically quantitative yield as single
diastereoisomers. The cycloaddition of 3a–e with the

Table 1 Reaction Times and Yields of Compounds 4a–j11

Entry R1 R2 Nitrochromene R Product Time (h) Yield (%)

1 H H 3a Me 4a 3 93

2 H H 3a Bn 4b 5 72

3 H MeO 3b Me 4c 5 94

4 H MeO 3b Bn 4d 5 85

5 H Cl 3c Me 4e 5 89

6 H Cl 3c Bn 4f 5 83

7 MeO MeO 3d Me 4g 12 75

8 MeO MeO 3d Bn 4h 16 68

9 NO2 H 3e Me 4i 1 84

10 NO2 H 3e Bn 4j 1 79

Table 2 Reaction Times and Yields of Compounds 6a–j

Entry R1 R2 Nitrochromene R R3 Product Yield (%)

1 H H 3a Et H 6a 72

2 H H 3a Me PhCH2 6b 75

3 H MeO 3b Et H 6c 60

4 H MeO 3b Me PhCH2 6d 65

5 H Cl 3c Et H 6e 70

6 H Cl 3c Me PhCH2 6f 72

7 MeO MeO 3d Et H 6g 61

8 MeO MeO 3d Me PhCH2 6h 62

9 NO2 H 3e Et H 6i 77

10 NO2 H 3e Me PhCH2 6j 75

11 H H 3a Et H 6a 72

Scheme 2 Reagents and conditions: AgOAc, Et3N, toluene, r.t.
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azomethine ylide derived from isoquinolinium salt 7 at
ambient temperature with the exclusion of air gave rise to
the formation of cycloadducts 8a–c in virtually quantita-
tive yield as a single diastereoisomer (Scheme 3.
Table 4).17 However, as observed during the early experi-
ments the solution of 8, in the presence of oxygen, trans-
forms into pyrrole derivative 9 at room temperature in a
short period of time.

The structures of compounds 8 were elucidated again by
NMR spectroscopy: the 1H-1H NOE experiments proved

the all-cis relationships of 6-, 6b-, 14-, 14a-protons. The
strongly shielded aromatic H-7 proton, probably results as
a consequence of the anisotropy of the aromatic ring con-
nected at C-6 exhibiting a chemical shift of d = 6.10 ppm,
further corroborated the proposed structure. Selected
NMR data are collected in Table 5.

In summary, the use of 3-nitrochromene derivatives as 2p
components in 1,3-dipolar cycloadditions of azomethine
ylides allows the assembly of polysubstituted benzopira-
no[3,4-c]-pyrrolidines from simple precursors in one-pot
reaction. The further study of other reactive chromene de-
rivatives in these cycloadditions along with the possible
conversions of the formed cycloadducts is in progress.
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Table 4 Reaction Times and Yields of Compounds 8a,b,d

Entry R1 R2 Nitro-
chromene

Product Yield (%)

1 H H 3a 8a 92

2 H MeO 3b 8b 95

3 MeO MeO 3d 8d 93

Table 3 Selected 1H NMR and 13C NMR Chemical Shifts, H-H Couplings and Measured NOE and HMQC Connectivities for Compound 6c

dH
1H{1H} NOE connections dC HMQC correlations

1 4.12, br s H-9, H-4, H-3, H-9b, OCH2, H-3 68.3 H-9b

3 4.94, da H-4, H-1, Ar3-2¢and 6¢H 69.4 Ar3-2¢ and 6¢H, H-4

3a – – 96.6 H-3, H-4, H-9b

4 5.49, s Ar3-2¢and 6¢H, Ar4-2¢ and 6¢H, H-9b 75.2 Ar4-2¢ and 6¢H, H-9b

9b 4.79, db H-9, Ar3-2¢and 6¢H, Ar4-2¢and 6¢H, H-1 45.6 H-9, H-4, H-1

a J = 7.4 Hz.
b J = 3.8 Hz.

Scheme 3 Reagents and conditions: i. Et3N, EtOH, r.t.; ii. O2, CDCl3, r.t.
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dimethoxy-(2-methoxycarbonylmethyl)-3,4-dihydro-
isoquinolinium bromide (0.29 g, 0.85 mmol) was dissolved 
in dry MeOH (10 mL) and Et3N (0.14 mL, 0.10 g, 1.00 
mmol) was added under argon atmosphere. The reaction 
mixture was stirred at r.t. for 24 h. The solvent was removed 
in vacuo, the residue was suspended in Et2O (20 mL). The 
ethereal solution was washed with H2O (10 mL) and brine (5 
mL), dried over MgSO4 and evaporated in vacuo to yield a 
white solid, which was recrystallized from EtOH to give 
8a,b,d. The reaction times and yields are summarized in 
Table 4. Selected data for representative example:
Methyl 8,9-dimethoxy-6a-nitro-6-(4-methoxyphenyl)-
6a,6b,11,12,14,14a-hexahydro-6H-
chromeno[3¢,4¢:3,4]pyrrolidino[2,1-a]isoquinoline-14-
carboxylate (8b): 1H NMR (500 MHz, CDCl3): d = 7.18 (1 
H, t, J = 7.5 Hz, H-3), 7.06 (1 H, d, J = 7.5 Hz, H-1), 6.93 (1 
H, d, J = 7.5 Hz, H-4), 6.90 (1 H, t, J = 7.5 Hz, H-2), 6.85 (2 
H, d, J = 8.2 Hz, Ar6-2¢ and 6¢H), 6.51 (1 H, s, H-10), 6.46 (2 
H, d, J = 8.2 Hz, Ar6-3¢ and 5¢H), 6.10 (1 H, s, H-7), 5.77 (1 
H, s, H-6), 4.86 (1 H, s, H-6b), 4.12 (1 H, d, J = 11.3 Hz, H-
14a), 4.11 (1 H, d, J = 11.3 Hz, H-14), 3.83 (3 H, s, OMe), 
3.70 (3 H, s, OMe), 3.36 (3 H, s, OMe), 3.32 (3 H, s, OMe), 
3.18 (1 H, m, H-11), 3.01 (1 H, m, H-12), 2.70 (1 H, m, H-
12), 2.62 (1 H, m, H-11). 13C NMR (125 MHz, CDCl3): d = 
170.4 (q, C=O), 159.6 (q, Ar6-4¢C), 153.6 (q, C-4a), 147.8 
(q, C-9), 146.7 (q, C-8), 129.9 (2 × CH, Ar6-2¢ and 6¢C), 
129.4 (CH, C-1), 128.8 (CH, C-3), 128.0 (q, Ar6-1¢C), 127.5 
(q, C-10a), 127.4 (C-14b), 123.4 (C-6c), 120.5 (CH, C-2), 
116.2 (CH, C-4), 113.2 (C-10), 112.9 (2 × CH, Ar6-3¢ and 
5¢C), 109.8 (CH, C-7), 90.4 (q, C-6a), 75.8 (CH, C-6), 67.7 
(CH, C-14), 65.7 (C-6b), 55.8 (OMe), 55.2 (OMe), 54.6 
(OMe), 51.7 (OMe), 47.2 (CH, C-14a), 46.8 (C-12), 29.7 (C-
11). IR (KBr): 2990, 2945, 2913, 2835, 1749, 1612, 1585, 
1552, 1519, 1490, 1459, 1437, 1353, 1249, 1212, 1193, 
1150, 1117, 1076, 1042, 1021 cm–1.
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