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Constitution and Stereochemistry of 
the Diels-Alder Products from the 
Reaction of
1 - Methylpyrano[3,4- b ] indol-3-one 
with Cyclic Dienophiles
Ulf Pindur* and Houshang Erfanian-Abdoust

Abstract: From the Diels-Alder reactions of l-methylpyrano[3,4-è]indol-3-one (4) with 
A-phenylmaleimide or maleic anhydride, single and double [4 + 2]-cycloadducts have 
been isolated. The constitutions and relative configurations of the carbazole derivatives 
obtained have been analyzed for the first time by means of ID- and 2D-NMR spec­
troscopy.

Although the preparation and Diels- 
Alder reactivity of this class of com­
pounds 3 have been known for a long 
time12,10,111, only few systematic studies 
have been carried out with the objective

Indolo-2,3-quinodimethanes 1, gener­
ated in situ, are synthetically attractive 
An: -components for Diels-Alder reactions 
aimed at the construction of [&]anellated
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indole systems11“41 and pharmacologically 
active indole alkaloids151. Particular inter­
est has been focused on stable cyclic syn­
thetic equivalents of 1 containing anel- 
lated pyrrolo-, thieno-, selenolo-, and 
furo-moieties 21691. The pyrano[3,4-/>]- 
indol-3-ones 3 represent further stable 
and readily accessible members of the 
above series1210’"1. 3
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of probing the synthetic potential of these 
compounds with regard to carbon- and 
hetero-Diels-Alder reactions. Thus, a 
comprehensive knowledge of the regio- 
and stereochemistry of the reactions of 3 
with dienophiles is still lacking.

In the present communication, we re­
port first on new results concerning the 
product spectrum obtainable from the cy­
cloaddition reactions of 4 with N- 
phenylmaleimide and maleic anhydride. 
These reactions were first carried out by

Plieninger et al.1101. In addition to the 
constitutional analysis, we were able to 
clarify the stereochemistry of the double 
Diels-Alder adduct for the first time.

In dependence on the solvent, the reac­
tion temperature, and the reaction time,

a) Compounds 7 and 8 gave satisfactory elemental analyses. All compounds exhibited correct molecular ion peaks in their mass spectra. The structure of 10a was 
confirmed by FAB-mass spectrometry and by NMR spectroscopy.
b) As a mixture with product 7a; clearly separated signals are reported here.

Table 1. Cycloadducts 7, 8, and 10. NMR spectra: Bruker AC 300 and WM 400 (<5 scale); mass spectra (70 eV): Varian CH 7A; «flash»-chromatography: silica gel 
60, Merck, particle size 0.040-0.063 mm.

Product” m.p.
[°C]

Yield 
[%]

'H-NMR 13C-NMR

7a 297-298
(methanol)

4 DMSO-4,: 2.90 (s, 3H, CH3), 7.28 (t, V = 7.5 Hz, 1H, 6- or 
7-H), 7.45 (m, 3H, aromatic), 7.52 (m, 3H, aromatic), 7.61 (d, 
V = 8.2 Hz, 1H, 8-H), 8.34 (d, V = 7.9 Hz, 1H, 5-H), 12.12 
(s, 1H, NH), 8.62 (s, 1H. 4-H).

DMSO-A 12.10 (CH3), sp2-C: 111,83, 114.57, 120.17, 
121.46, 121.54, 121.86, 122.56, 124.38, 125.32, 127.26 (2'-C, 
6'-C or 3'-C, 5'-C), 127.38, 127.56, 128.62 (3'-C, 5'-C or 2'- 
C, 6'-C), 132.26, 141.04, 142.50, 167.13 (CO), 167.97 (CO)

8a 315f°l 
(acetone/ 
n -hexane)

80 acetone-«/,,: 2.27 (s, 3H, CH3), 3.47 (d, 3/10a 3a = Vp 12 = 8 Hz, 
2H, lOa-H, 11-H), 3.72 (dd, V3a.10a = 3J12 „ - 8 Hz, 3Jla,4 = 
V12 4 = 3.2 Hz, 2H, 3a-H, 12-H), 4.60 (t, V4 3a = V4 i2 = 3.2 
Hz,’lH, 4-H), 6.43 (m, 4H, 2',6'-phenyl-H), 7.04 (t, 3J = 7.1 
Hz, 3J = 7.9 Hz, 1H, 6-H or 7-H), 7.10 (t, 3J = 8.0 Hz, 
V = 7.1 Hz, 1H, 7-H or 6-H), 7.17 (m, 6H, 3',4',5'-phenyl-H), 
7.38 (d, 3J = 8.0 Hz, 1H, 8-H), 7.49 (d, V = 8.0 Hz, 1H, 5-H), 
10.7 (s, 1H, NH)

DMSO-A: 15.85 (CH3), 33.07 (4-C), 40.68 (10-C), 45.06 and 
49.03 (3a-C, lOa-C, 11-C, 12-C), 111.52, 117.09, 119.30, 
120.73 (5-C, 6-C, 7-C, 8-C), 126.30. 128.50 (2'-C, 3'-C, 5'-C, 
6'-C), 128.08 (4'-C), 131.74 (I'-C), 107.19, 124.68, 135,89, 
136.73 (4a-C, 5a-C, 8a-C, 9a-C), 175.03, 175.96 (2 x CO)

10ab) - - DMSO-</„: 2.11 (s, 3H, CH3), 3.18 (dd, 3J = 7,3 Hz, 3J = 3.8 
Hz, 2H, 3a-H, 12-H), 3.25 (d, 3J = 7.6 Hz, 2H 10a-H, 11-H), 
4.38 (t, 3J ~ 3.25 Hz, 1H, 4-H), 6.14 (d, 3J = 7.6 Hz, 2H, 2,6- 
phenyl-H), 11.5 (s, 1H, NH)

DMSO-P6: 16.22 (CH3), 32.42 (4-C),40.00, 43.19, 46.75, 
47.00, 50.14, (10-C, 3a-c, 10a-C, 11-C, 12-Ç), 174.96, 
175.49, 175.89, 176,22 (CO)

7b 318 4 DMSO-<4: 2.49 (s, 3H, CH3), 7.31 (t, 3J - 7.3 Hz, 3J = 7.2 
Hz, 1H, 6-H or 7-H), 7.57 (t, 3J = 7.6 Hz, 3J - 7.2 Hz, 1H, 
7-H or 6-H), 7.63 (d, 3 J = 8.1 Hz, 1H, 8-H), 8.37 (d,3J = 7.84 
Hz, 1H, 5-H), 8.73 (s, 1H, 4-H), 12.31 (s, 1H, NH)

8b 317 1101 
(THF/ 
t?-hexane)

41 DMSO-d6: 2.05 (s, 3H, CH3), 3.63 (d, 3J,Oa 3a = Vp 12 = 8.4 
Hz, 2H, lOa-H, 11-H), 3.88 (dd, 3J3a 4 = 3/2 4 = 3.2 Hz, 
3Ar io = 3j12 ii = 8.4 Hz, 2H, 3a-H, 12-H), 4.32 (t, 3J4a 3 = 
3J4 ;2 = 3.2 Hz, 1H, 4-H), 7.02 (t, 3J = 7.1 Hz, 3J = 7.7 Hz, 
1H, 6-H or 7-H), 7.09 (t, 3J = 7.3 Hz, 3J = 7.4 Hz, 1 H, 7-H 
or 6-H), 7.35 (d, 3J = 8.0 Hz, 1H, 8-H), 7.40 (d, 3J = 7.8 Hz, 
1H, 5-H), 11.6 (s, 1H, NH)

DMSO-A: 14.75 (CH3), 25.01 (4-C), 32.24 (10-C), 46.13, 
49.46 (3a-C, lOa-C, 11-C, 12-C), 111.99, 117.19, 119.75, 
121.34 (5-C, 6-C, 7-C, 8-C), 107.24, 124.12, 135.83 and 
136.14 (8a-C and 4b-C), 170.50, 171.59 (CO)
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differing product ratios can be recognized 
on monitoring the course of the reaction 
by time-dependent, thin-layer chromato­
graphy. Thus, in tetrahydrofuran at room 
temperature for 25 h, 4 reacts with N- 
phenylmaleimide to furnish preferentially 
the double Diels-Alder product 8a (80% 
yield), the simultaneously formed 
[ijanellated carbazole derivative 7a is a 
minor product (2%, by TLC analysis). 
When, in contrast, the reaction of 4 with 
A-phenylmaleimide is performed in bro­
mobenzene at 150°C for 13 h under an 
inert gas atmosphere, 8a is again formed 
as the major product; however, 7a can be 
isolated from this reaction in 4% yield by 
a single, flash-chromatographic separa­
tion of the product mixture. The 400 
MHz 'H- and 13C-NMR spectra (/-modu­
lated spin-echo 13C-NMR spectrum) 
show, however, that the carbazole 7a iso­

lated from this reaction is contaminated 
with about 25% of the cycloadduct 10a. 
The latter is isomeric with 8a. The 13C- 
NMR data are of decisive diagnostic 
value for analysis of the constitution and 
configuration of 10a1121. Thus, as a conse­
quence of the Cj symmetry, four signals 
at 174.96, 175.49, 175.89, and 176.22 ppm 
are observed for the CO groups of 10a. In 
addition, 21 other structurally significant 
resonances for sp2- and sp3-hybridized 
carbon atoms are present and are clearly 
different from the corresponding 13C- 
NMR chemical shifts of the Cs symmet­
rical double Diels-Alder product 8a (Ta­
ble 1). By means of further flash-chrom­
atographic separations, compounds 7a 
from 10a can be completely separated 
and the structurally relevant NMR spec­
troscopic assignments thus confirmed 
(Table 1).

CHIMIA 42 (1988) Nr. 5 (Mai)

In principle, all three cycloadducts 8a, 
9a, and 10a should be expected from the 
double Diels-Alder reaction (reaction 
route 4^8, 9,10) since, according to con­
siderations of Buchi-Dreiding models (ap­
proach of reactants to transition state), 
they should be formed with about the 
same probabilities. Since the ’H- and 13C- 
NMR spectra reflect Cs symmetry for the 
pure, isolated double Diels-Alder major 
product, the two diastereoisomeric alter­
natives 8a and 9a are feasible. In addition 
to the analysis of the /-modulated spin­
echo 13C-NMR spectrum, the decision in 
favor of the exo-cisoid-exo 8a product 
was based mainly on 'Hj'Hj-NOED mea­
surements which were performed as ID 
and 2D experiments (Fig. 1), this being 
the most informative NMR technique. 
Among others, the positive NOE’s a-e 
that are of high diagnostic value for clari-

Fig. 1. 'H^Hj-NOESY spectrum of compound 8a in [D6] dimethyl sulfoxide) [ D6] acetone. The normal spectrum is visualized along the 
diagonal (bottom left to top right) and off-diagonal peaks (cross-peaks) indicate NOE’s and therefore reflect the spatial proximities of 
the ‘H nuclei.
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I : ‘H{'H}-NOED

fication of the configuration are shown in 
the structural formula I. These are also in 
agreement with the H,H distances esti­
mated in the Dreiding model. An additio­
nally measured 'H,‘H-COSY spectrum of 
8a supports the assignments of the pro­
tons of the bicyclic moiety.

The compound 6a shown as an inter­
mediate in the reaction scheme can be de­
tected by thin-layer chromatography 
(subsequent oxidation to 7a with chlor­
anil) but could not be isolated on account 
of the small amount formed and its insuf­
ficient stability (lability to oxidation).

In the reaction of 4 with maleic anhy­
dride, the analogous product spectrum 
could be identified. In addition to the pre­
viously only constitutionally known dou­
ble Diels-Alder adduct 8b[10], product 7b 
was also isolated. In spite of several at­
tempts under varying experimental condi­
tions, thin-layer chromatographic anal­
yses indicated that the cycloaddition of 4 
with maleic anhydride produced only ex­
tremely small amounts of 10b and 6b. The 
assignments of the NMR signals of 7b 
and 8b were made in analogy to those of 
the confirmed structures from the reaction 
of 4 with A-phenylmaleimide (Table 1).

Further experiments have shown that 
other pyranoindolones of the type 3 such 
as, for example, the previously not re­
ported 1-phenyl derivative and the known 
1,4-dimethyl derivative gave rise to a 
related product spectrum in analogy to 
the reaction with 4. Work is in progress in 
our laboratory to extend the synthetic 
scope of this reaction principle, in partic­
ular by use of heterodienophiles and by 
clarification of regiochemistry.

Reaction Conditions and Work-up:

7a, 10a: 4 +WPhMI (1:2), BrPh, N2, reflux, 13 h; FC 
(acetone/CHCl3 1:12).

8a: 4 + APhMI (1:2), THF, RT, 25 h.
7b: 4 + MA (1:1), BrPh, N2, reflux, 18 h; FC (petrol 
ether/ethyl acetate 6:4).
8b: 4 + MA (1:2), THF, N2, reflux, 3 h; RT, 24 h.
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