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Enhancing a Neat Microwave-Assisted Transformation.
Diels—Alder Reaction of 2H-Pyran-2-ones toward
Fused Bicyclo[2.2.2]octenes
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An efficient, green access to polysubstituted and highly constrained bicyclo[2.2.2]octenes via a microwave-assisted
cycloaddition reaction is described. The double Diels—Alder reaction of a series of 2H-pyran-2-ones with N-substituted
maleimides was investigated under different reaction conditions: neat and in the presence of a minor amount of a liquid
additive. A comparison of the different conditions showed the advantage of the presence of a minor amount of butan-1-ol

2001

in the otherwise neat reaction mixture.

Dehydroamino acids and their derivatives play an important
role as the constituents of various natural products and biolog-
ically active compounds, as well as representing versatile
intermediates in organic syntheses.! Among them, SB-hetero-
aryl-o, 8-didehydroamino acid derivatives and compounds
containing amino acid moiety partly or completely incorporat-
ed in the heterocyclic ring are of current interest.?

Bicyclo[2.2.2]octenes and their fused derivatives have also
been shown to serve as useful building blocks in organic
syntheses.> Among them, bicyclo[2.2.2]oct-7-enes (bicyclo-
[2.2.2]oct-2-enes when unsubstituted) containing a free or
protected amino group at the bridgehead carbon atom are very
rare compounds,** although they can be found in the skeleton
of naturally occurring Kopsia alkaloids.*® As part of our recent
investigation of the transformations of 2H-pyran-2-ones and
fused pyran-2-ones, containing a dehydroamino acid moiety
in their structure, we have prepared a series of aminobi-
cyclo[2.2.2]oct-7-enes bearing fused heterocyclic rings, such
as a fused maleic anhydride moiety™® or a fused, substituted
succinimide moiety.’®¢

Over the past few years, investigations in chemistry have
been oriented toward adopting green methods and processes
that use less-toxic chemicals, produce smaller amounts of
by-products and consume less energy.® Microwave-assisted
reactions have attracted considerable attention and many
efficient, eco-friendly syntheses of a variety of organic prod-
ucts have been developed.” Of these reactions, neat reaction
conditions® are very useful for investigating specific micro-
wave effects.’®8¢

In our previous investigations of microwave-assisted reac-
tions, we have used water as a green solvent or carried out var-
ious reactions in the absence of any solvent, i.e., as a neat re-
action, without any support or catalyst.>**° We have shown
that reactions under microwave (MW) irradiation in a closed
system can be enhanced by adding a small amount of butan-
1-0l.%¢ Recently, we have also described an efficient, green
synthesis of sterically constrained prochiral dehydroamino
acid derivatives of type 5,3¢ containing a bicyclo[2.2.2]oct-7-

ene skeleton and two fused maleimide rings.

Diels—Alder reactions with 2H-pyran-2-ones can be con-
ducted either with alkynes, yielding benzene derivatives, or
with alkenes, producing different products, for example, bi-
cyclo[2.2.2]octenes (via double cycloaddition and CO; elimi-
nation).'® The synthesis of products 5°¢ is based on such a
double cycloaddition sequence of 2H-pyran-2-ones 1'' with
maleimides 2 as dienophiles. Though most of the previously
investigated transformations take place as microwave-assisted
reactions in aqueous conditions, for a few examples, neat reac-
tion conditions have been shown to be better. Here, we report
a detailed study of this transformation under neat conditions
in the presence of a minor amount of butan-1-ol, with the
emphasis on showing the advantages of this method (See
Scheme 1 and Table 1).

We decided to do a preliminary investigation on the effects
of various reaction conditions on the above conversion. All test
reactions were performed with 0.5 mmol of 2H-pyran-2-one 1
and 1.1 mmol of N-substituted maleimide 2 (the quantities of
the additives discussed later in the text correspond to these
amounts) (Table 2). First, we investigated the effect of the
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Scheme 1. Synthesis of bicyclo[2.2.2]octene systems 5.
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Diels—Alder Reaction of 2H-Pyran-2-ones

Table 1. Reaction Conditions and Yields for the Synthesis of §

Run Starting 1 Starting 2 Product t Yield

R! R? R3 R* 5 /min® /%
1 H H Me la Et 2a 5a 15 93
2 H H Ph 1b Et 2a 5b 45 85
3 H H Ph 1b Ph 2b 5c¢ 25 94
4 H H 2-furyl 1c Et 2a 5d 45 95
5 H H 2-furyl 1c Me 2c Se 45 93
6 H H 2-thienyl  1d Ph 2b 5f 40 98
7 Me H Ph le Et 2a 5¢g 90° 88
8 Me H Ph le Ph 2b 5h 50 97
9 Me H 2-thienyl 1f Et 2a 5i 60 96
10 Me H 2-thienyl  1f Ph 2b 5j 90 98
11 H 4-MeOCgHy Me 1g Et 2a 5k 15 86
12 H 3,4-(MeO),C¢H; Me 1h Et 2a 51 10 92

a) Microwave irradiation in a closed vessel (10 mL) at 150 °C with the addition of 100 mg of butan-
1-ol. b) Yield of isolated products. c) Temperature was set to 160 °C.

Table 2. Effects of Different Additives on Conversions for the Reactions between 1 and 2

Run Starting Heating t Additives Prod. Conv.
1 2 method¥ /min 5 /%>
1 la 2a MW 15 — 5a 95
2 la 2a MW 15 100-mg n-BuOH Sa 100
3 1c 2a MW 60 — 5d 87
4 1c 2a MW 45 100-mg n-BuOH 5d 100
5 1c 2a MW 45 50-mg n-BuOH 5d 94
6 1b 2b MW 15 100-mg n-BuOH 5c 80
7 1b 2b MW 15 100-mg toluene Sc 80
8 1f 2a MW 30 — 5i 80
9 1f 2a MW 10 100-mg n-BuOH 5i 67
10 1f 2a MW 20 100-mg n-BuOH 5i 90
11 1f 2a MW 30 100-mg n-BuOH 5i 95
12 1f 2a MW 30 100-mg toluene 5i 95
13 1f 2a MW 30 100-mg H,O 5i 78
14 1f 2a MW 30 0.5-mL n-BuOH Si 40
15 1f 2a MW 30 1.5-mL n-BuOH 5i 30
16 1f 2a MW 30 0.5-mL H,O 5i 60
17 1f 2a MW 30 1.5-mL H,O Si 51
18 1f 2a CH 30 — 5i 60
19 1f 2a CH 30 100-mg n-BuOH 5i 60
20 1b 2a CH 20 100-mg n-BuOH 5b 70
21 1b 2a MW 20 100-mg n-BuOH 5b 95
22 1f 2a MW 30 100-mg 1LY 5i 87

a) MW: microwave irradiation in closed 10 mL vessels at 150 °C with different additives; CH: conven-
tional heating in a round-bottomed flask equipped with reflux condenser and immersed in an oil bath
heated to 150°C with different additives. b) Conversions estimated from 'HNMR spectrum of crude
mixtures. ¢) Ionic liquid: 1-butyl-3-methylimidazolium tetrafluoroborate.

addition of a minor amount of a liquid additive on the conver-
sion rate. For this, we compared the reaction between 1a and
2a and found that under otherwise identical conditions, that
is, 15 min of MW irradiation at 150 °C, the conversion starting
from neat reagents was around 95% (estimated from the
'"HNMR spectrum of the crude reaction mixture) (Table 2,
Run 1), whereas the reaction with 100 mg of butan-1-ol added
was complete (Table 2, Run 2). Similar results were obtained
for the reaction between 1c¢ and 2a: the conversion after 1h of
MW irradiation at 150 °C without butan-1-ol was around 87%

(Table 2, Run 3), whereas the reaction with the addition of
100mg of butan-1-ol was complete after 45 min (Table 2,
Run 4). When we decreased the amount of butan-1-ol to
50 mg the conversion was 94% (Table 2, Run 5).

We were curious to find out if other liquids could be em-
ployed instead of butan-1-ol. When we compared the conver-
sion for the reaction between 1b and 2b (Table 2, Runs 6
and 7), we found that, after 15min of MW irradiation at
150°C, the conversion in the presence of 100 mg of butan-1-
ol was nearly the same as when 100 mg of toluene was added.
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A similar situation was observed for the case of the reaction
between 1f and 2a: without any additives, the conversion after
30 min of MW irradiation at 150 °C was around 80% (Table 2,
Run 8). However, when we added 100 mg of butan-1-ol, the
conversion increased to 95% (Table 2, Run 11), and with the
addition of 100 mg of toluene, it was nearly the same (Table 2,
Run 12). With the shorter reaction time (when 100 mg of bu-
tan-1-ol was added), the conversion was also smaller (Table 2,
Runs 9 and 10). On the other hand, with the addition of 100 mg
of water (Table 2, Run 13), the conversion also decreased and
was nearly the same as without any additives (around 78%).
However, when we repeated the same reaction under the same
conditions with the addition of 0.5mL of butan-1-ol as a
solvent, the result was dramatically different: the conversion
was only about 40% (Table 2, Run 14). With the addition of
a larger volume of butan-1-ol (1.5mL) and with the other
conditions being identical to those described above, the con-
version was still lower (=30%) (Table 2, Run 15). The con-
version was around 60% when 0.5 mL of water was added,
instead of butan-1-ol (Table 2, Run 16), which is somewhat
higher than that in the presence of 0.5 mL of butan-1-ol, but
still lower than that with just a minor amount of butan-1-ol.
The same reaction was also repeated under previously used
conditions™ (i.e., with 1.5 mL of water as a solvent), and the
conversion was found to be only 51% (Table 2, Run 17), thus
proving that neat reaction conditions (or with a minor amount
of liquid additive) are superior to those when a solvent is used.

We also decided to elucidate the differences between the
use of MW irradiation and heating using a traditional oil bath.
For the reaction between 1f and 2a conducted in an open flask,
equipped with a reflux condenser and heated in an oil bath at
150°C for 30 min, the conversion was found to be around
60%, irrespective of the addition of butan-1-ol (Table 2, Runs
18 and 19). Conversions for the same reaction, under otherwise
identical reaction conditions, carried out with MW irradiation
were found to be 95 and 80%, with and without the addition of
a minor amount of butan-1-ol, respectively (Table 2, Runs 11
and 8). Similar results were obtained in the case of the reaction
between 1b and 2a, which had a conversion for the reaction
conducted in an oil bath at 150°C after 20 min was around
70% (with the addition of 100mg of butan-1-ol) (Table 2,
Run 20), whereas under MW irradiation conditions (with
the other parameters unchanged), the conversion was around
95% (Table 2, Run 21).

We were also curious to find out what impact the addition of
an ionic liquid would have on the reaction progress. Therefore,
a mixture of 1f and 2a, as above, but with the addition of
100 mg of an ionic liquid (1-butyl-3-methylimidazolium tetra-
fluoroborate), instead of butan-1-ol, was irradiated with MW
at 150°C for 30 min. The conversion was found to be 87%
(Table 2, Run 22), showing that the addition of a small
amount of the ionic liquid facilitated the reaction; however,
the conversion was lower than that when butan-1-ol was add-
ed. After considering the costs of ionic liquids and the addi-
tional problems associated with the isolation of products, we
do not believe that the use of an ionic liquid in these cases
would be appropriate.

It is also important to mention that it is possible to conduct
these reactions on larger scales. Namely, a mixture of 1f
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(2mmol) and 2a (4.4 mmol) with 100 mg of butan-1-ol was
irradiated with MW at 150°C for 30 min, and the reaction
basically went to completion (96%), yielding 5i like in the case
when only 0.5 mmol of 1f was used. With this experiment, we
have shown that there is no need to scale the amount of liquid
additive; the amount appropriate for 0.5 mmol of 1 is sufficient
on the 2 mmol scale as well.

Based on all these data, we propose a simple explanation as
to why a minor amount of liquid additive can increase the
conversions of MW-irradiated reactions in closed systems.
Namely, when some of these reactions were tried without
any liquid additives, a thin layer of sublimated material was
observed on the upper (colder) parts of the reaction vessels,
and for the reaction between 1g and 2a, we have proven using
"HNMR spectroscopy that this sublimated material is indeed
N-substituted maleimide 2a. Since we do not employ a large
excess of the dienophile 2 it is understandable that the reac-
tions in this way cannot proceed to completion even after
prolonged MW irradiation times. For example, for the reaction
between 1f and 2a, the conversion without the addition of
butan-1-ol after 30 or 120 min of MW irradiation at 150°C
was estimated to be around 80% in both cases (see above).
In the presence of a minor amount of butan-1-ol, the reaction
was complete within 1h (Run 9).

The presented data shows that the small amount of butan-1-
ol not only enhances the contact between the reactants as one
might propose, but must have another, more important effect
(see below). This is also supported by the fact that a larger
amount of butan-1-ol (0.5 or 1.5 mL) tended to reduce the con-
version rate (see above). It seems that the reaction conditions
when 0.5 or 1.5 mL of butan-1-ol is added approach the condi-
tions under which the reactions are taking place in solutions,
where the concentrations in a homogeneous liquid phase are
important. When water (0.5 or 1.5mL) was added instead of
butan-1-ol, the conversions were higher than with the same
amounts of butan-1-ol. This fact might be explained in terms
of different parameters: (i) the special characteristics of water,
such as polarity, surface tension, cohesive pressure, etc.,'? (ii)
the low solubility of the reagents, which are, at least at room
temperature, practically insoluble in water, and (iii) the possi-
bility that the reactions take place in a separated melted phase
as a neat reaction. These parameters are more or less pro-
nounced in the individual cases, and as such, they control
the reaction speed. However, the reactions, in the presence
of a minor amount of liquid additive, most probably take place
predominantly in a melted phase, and so the main role of the
liquid additive is mostly just to rinse the sublimated reactants
from the upper (colder) parts of the reaction vessels. This is
evident from the fact that the conversion in the presence of
100 mg of butan-1-ol was greater than that in the presence of
100mg of water (where it was nearly the same as without
any additive). Because of high surface tension of water and
because of the lower solubility of the reagents in it, water
does not seem to be as efficient at rinsing as butan-1-ol is.
Additionally, butan-1-ol might also better enhance the contact
between the reactants than would water.

In conclusion, we presented a green method for the prepara-
tion of a variety of fused bicyclo[2.2.2]oct-7-enes. With the
addition of a minor amount of butan-1-ol, we shortened the
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reaction times, eliminated the need for large excesses of
maleimides 2 (a 5% excess of maleimides was sufficient in
all examples) and reduced the consumption of solvents to a
minimal amount (100mg). Very high conversions (above
98%) and in general very good yields of isolated products
(85-98%) render this synthesis environmentally benign, and
as such, we believe it can be applied to the preparation of
other types of products as well. Moreover, it is important to
mention that this method is more convenient (with significant-
ly shortened reaction times) for the preparation of the above
products than the procedure previously used for the synthesis
of related compounds in aqueous conditions.>® It might also
be used as an expedient way toward some structure directing
agent molecules (SDAs) that could be applied to template
the structure of zeolites, while compensating for all of the
negative charges generated.'® For the isolation, no extraction
and/or chromatography is required; just the addition of a small
amount of water and an alcohol followed by the filtration of
the solid product.

Experimental

Instruments. Melting points were determined on a Kofler
micro hot stage and are uncorrected. 'HNMR spectra were
recorded with a Bruker Avance DPX 300 spectrometer at 29 °C
(unless otherwise stated) and 300 MHz, using TMS as an internal
standard. '*C NMR spectra were recorded on the same instrument
at 75.5 MHz and are referenced against the central line of the sol-
vent signal (DMSO-dg septet at § = 39.5 ppm or CDCl; triplet at
6 = 77.0ppm). The coupling constants (J) are given in Hz. IR
spectra were obtained with a Bio-Rad FTS 3000MX (KBr pellets
for all products). MS spectra were recorded with a VG-Analytical
AutoSpec Q instrument. Elemental analyses (C, H, N) were per-
formed with a Perkin-Elmer 2400 Series II CHNS/O Analyzer.
TLC was carried out on Fluka silica-gel TLC-cards. MW reactions
were conducted in air using a focused MW unit (Discover by
CEM Corporation, Matthews, NC). The machine consists of a
continuous, focused-microwave power-delivery system with an
operator-selectable power output from 0 to 300 W. Reactions were
performed in glass vessels (capacity 10 mL) sealed with a septum.
The pressure was controlled by a load cell connected to the vessel
via the septum. The temperature of the contents of the vessel was
monitored using a calibrated infrared temperature controller
mounted under the reaction vessel. All of the mixtures were stirred
with a Teflon-coated magnetic stir bar in the vessel. Temperature,
pressure, and power profiles were recorded using commercially
available software provided by the manufacturer of the MW unit.

Materials.  Starting compounds 1 were prepared according
to the published procedures: 1a-1d,''* 1e and 1f,''™® and 1g and
1h.''c All other reagents and solvents were used as received from
commercial suppliers.

General Procedure for Microwave-Assisted Preparation of
5a-51 (Chart 1). A mixture of 2H-pyran-2-one derivative 1
(0.5mmol or 1mmol), appropriate N-substituted maleimide 2
(1.1 or 2.2mmol) and 100 mg of butan-1-ol was irradiated in a
closed vessel in the focused MW equipment. The power was set
to 100 W, and the temperature was set to 150 °C (except for the
synthesis of 5g, where it was set to 160 °C). The ramp time was
set to 5 min. Thereafter, the reaction mixture was cooled; for esti-
mating the conversion values (Table 2), the crude mixture was
analyzed by '"HNMR, whereas for isolation, the solid was dis-
persed in 2mL of a mixture of distilled water and methanol

Diels—Alder Reaction of 2H-Pyran-2-ones
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(1:1), filtered off and washed with the same mixture (3—5mL).
For typical temperature, pressure and power profiles, see Fig. 1.

General Procedure for Oil Bath Heating Experiments. A
mixture of 2H-pyran-2-one derivative 1 (0.5 mmol), appropriate
N-substituted maleimide 2 (1.1 mmol) and 100 mg of butan-1-ol
(or alternatively without butan-1-ol) was stirred in a small round-
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Fig. 1. Typical temperature (red), power (violet), and pres-

sure (blue) profiles in the microwave irradiated synthesis
of 5b.

bottomed flask equipped with reflux condenser, which was
immersed in an oil bath heated on 150 °C. Thereafter, the reaction
mixture was cooled, and the crude mixture was analyzed by
'"HNMR.

Analytical and Spectroscopic Data of Products. N-[2,6-Di-
ethyl-2,3,3a,4a,5,6,7,7a,8,8a-decahydro-8-methyl-1,3,5,7-tetra-
ox0-4,8-ethenobenzo[1,2-c:4,5-c’]dipyrrol-4(1H)-yl]benzamide
(5a): Mp 255-257°C (EtOH); IR (KBr) 1764, 1699 br, 1645,
1545 cm~"; 'THNMR (300 MHz, DMSO-dg) 8 0.94 (t, J = 7.2 Hz,
6H, 2 x CH,CH3), 1.76 (s, 3H, Me), 3.02 (d, / = 8.2 Hz, 2H, 7a-
H, 8a-H), 3.27 (q, / = 7.2Hz, 4H, 2 x CH,CH3), 4.25 (d, J =
8.2Hz, 2H, 3a-H, 4a-H), 5.86 (d, J/ = 8.7Hz, 1H), 6.34 (d, J =
8.7Hz, 1H, 9-H, 10-H), 7.53 (m, 3H, Ph), 7.88 (m, 2H, Ph),
8.69 (s, 1H, NH); *CNMR (75.5MHz, CDCl3) § 12.9, 19.2,
33.6, 40.1, 43.5, 48.8, 57.6, 127.2, 128.6, 130.9, 131.6, 135.2,
135.3,169.3, 174.5, 174.9; MS (m/z, %) 435 (M, 11), 105 (100).
Anal. Calcd for C,4H,5N305: C, 66.19; H, 5.79; N, 9.65%. Found:
C, 65.89; H, 5.92; N, 9.45%.

N-[2,6-Diethyl-2,3,3a,4a,5,6,7,7a,8,8a-decahydro-1,3,5,7-tetra-
oxo-8-phenyl-4,8-ethenobenzo[1,2-c:4,5-c’dipyrrol-4(1H)-yl]-
benzamide (5b): Mp 295-297 °C (EtOH); IR (KBr) 1770, 1699
br, 1638, 1549 cm~!; 'HNMR (300 MHz, DMSO-ds) § 0.88 (t,
J =7.1Hz, 6H, 2 x CH,CH3), 3.17 (q, J =7.1Hz, 4H, 2 x
CH,CH3), 3.77 (d, J = 8.3Hz, 2H, 7a-H, 8a-H), 4.39 d, J =
8.3Hz, 2H, 3a-H, 4a-H), 6.54 (d, J = 9.0Hz, 2H), 6.83 (d, J =
9.0Hz, 2H, 9-H, 10-H), 7.28 (m, 2H), 7.40 (m, 2H), 7.53 (m, 3H),
7.79 (m, 1H), 7.91 (m, 2H, 2 x Ph), 8.78 (s, 1H, NH); '*CNMR
(75.5 MHz, DMSO-dq) § 12.6, 32.5, 43.4, 45.7, 48.8, 58.1, 126.2,
127.2, 127.37, 127.43, 127.6, 127.9, 128.0, 129.3, 130.9, 131.4,
135.8, 138.7, 168.0, 174.2, 174.3 (For 8-Ph 6 signals were ob-
served); MS (m/z, %) 497 (M™*, 7), 105 (100). Anal. Calcd for
C29H27N305-H201 C, 6756, H, 567, N, 8.15%. Found: C, 6767,
H, 5.87; N, 8.14%.

N-[2,3,3a,4a,5,6,7,7a,8,8a-Decahydro-1,3,5,7-tetraoxo-2,6,8-
triphenyl-4,8-ethenobenzo[1,2-c:4,5-c’dipyrrol-4(1H)-yl]benz-
amide (5¢): Mp 289-291 °C (EtOH); IR (KBr) 1773, 1717, 1656,
1528, 1497 cm™'; 'THNMR (300 MHz, DMSO-ds) 8§ 4.04 (d, J =
8.1Hz, 2H, 7a-H, 8a-H), 4.64 (d, J = 8.1 Hz, 2H, 3a-H, 4a-H),
6.80 (d, J = 9.1Hz, 1H, 9-H or 10-H), 7.07 (m, 4H of Ph), 7.14
(d, J =9.1Hz, 1H, 10-H or 9-H), 7.22-7.58 (m, 13H, 4 x Ph),
7.88 (m, 3H of Ph), 8.87 (s, 1H, NH); >*CNMR (75.5 MHz,
DMSO-ds) § 43.8, 46.2, 49.1, 58.4, 126.3, 126.8, 127.3, 127.5,
127.6, 127.9, 128.0, 128.3, 128.7, 129.9, 131.0, 131.8, 132.1,
135.7, 138.7, 168.2, 173.6, 173.8 (For 8-Ph 5 signals were ob-
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served); MS (m/z, %) 594 (M + 1)*, 55), 105 (86), 55 (100).
Anal. Calcd for C37H,7N305: C, 74.86; H, 4.58; N, 7.08%. Found:
C, 74.79; H, 4.48; N, 6.73%.
N-[2,6-Diethyl-8-(2-furyl)-2,3,3a,4a,5,6,7,7a,8,8a-decahydro-
1,3,5,7-tetraoxo-4,8-ethenobenzo[1,2-c:4,5-c’]dipyrrol-4(1H)-
yllbenzamide (5d): Mp 256-258°C (EtOH); IR (KBr) 1768,
1703 br, 1647, 1551 cm™!'; "THNMR (300 MHz, DMSO-ds) § 0.91
(t, J =7.0Hz, 6H, 2 x CH,CH3), 3.22 (q, J = 7.2Hz, 4H, 2 x
CH,CH3), 3.61 (d, J = 8.3Hz, 2H, 7a-H, 8a-H), 442 (d, J =
8.3Hz, 2H, 3a-H, 4a-H), 6.42-6.57 (m, 4H), 7.56 (m, 3H), 7.68
(m, 1H), 7.92 (m, 2H, Ph, furyl, 9-H, 10-H), 8.79 (s, 1H, NH);
IBCNMR (75.5MHz, DMSO-dg) § 12.6, 32.6, 42.5, 43.1, 47.6,
57.9, 107.8, 110.3, 127.6, 128.0, 128.9, 131.0, 131.8, 135.7,
142.0, 151.8, 168.0, 173.8, 174.3; MS (m/z, %) 487 (M™, 3), 105
(100). Anal. Calcd for Cy7Hp5N30¢-1/4H,0: C, 65.91; H, 5.22;
N, 8.54%. Found: C, 65.92; H, 5.36; N, 8.52%.
N-[8-(2-Furyl)-2,3,3a,4a,5,6,7,7a,8,8a-decahydro-2,6-di-
methyl-1,3,5,7-tetraoxo-4,8-ethenobenzo[1,2-c:4,5-¢’]dipyrrol-
4(1H)-yl]benzamide (5e¢): Mp 280-283°C (EtOH); IR (KBr)
1772, 1703 br, 1656, 1537 cm~'; "THNMR (300 MHz, DMSO-dg)
8 2.65 (s, 6H, 2 x Me), 3.63 (d, J = 8.3Hz, 2H, 7a-H, 8a-H),
4.43 (d, J = 8.3 Hz, 2H, 3a-H, 4a-H), 6.43 (m, 2H), 6.52 (m, 2H),
7.55 (m, 3H), 7.68 (m, 1H), 7.91 (m, 2H, Ph, 9-H, 10-H, furyl),
8.77 (s, 1H, NH); >*CNMR (75.5 MHz, DMSO-d) 8 24.2, 42.5,
433, 47.8, 57.9, 107.8, 110.3, 127.6, 128.0, 129.3, 131.0, 132.1,
135.6, 142.0, 151.7, 167.9, 174.1, 174.6; MS (m/z, %) 459 (M™,
3), 105 (100). Anal. Calcd for C,5H,1N3Og: C, 65.35; H, 4.61; N,
9.15%. Found: C, 65.06; H, 4.67; N, 9.22%.
N-[2,3,3a,4a,5,6,7,7a,8,8a-Decahydro-1,3,5,7-tetraoxo-2,6-
diphenyl-8-(2-thienyl)-4,8-ethenobenzo[1,2-c:4,5-c’]dipyrrol-
4(1H)-yl]benzamide (5f): Mp 280-282°C (EtOH); IR (KBr)
1775, 1716, 1661, 1528, 1495cm~'; 'THNMR (300 MHz, DMSO-
dg) 6 3.87 (br, 2H, 7a-H, 8a-H), 4.65 (d, J = 8.3 Hz, 2H, 3a-H,
4a-H), 6.75-7.14 (m, 7H), 7.48 (m, 11H), 7.87 (m, 2H, 3 x Ph,
thienyl, 9-H, 10-H), 8.86 (s, 1H, NH); *CNMR (75.5MHz,
DMSO-ds, 69°C) 8§ 43.7, 44.5, 50.7, 58.1, 124.1, 125.2, 126.2,
126.5, 127.2, 127.6, 127.9, 128.4, 130.6, 130.7, 131.9, 132.0,
135.6, 143.5, 167.9, 172.7, 172.9; MS (m/z, %) 599 (MT, 5), 426
(100), 105 (100). Anal. Calcd for C35H,sN30sS: C, 70.10; H,
4.20; N, 7.01%. Found: C, 70.12; H, 4.10; N, 6.87%.
N-[2,6-Diethyl-2,3,3a,4a,5,6,7,7a,8,8a-decahydro-10-methyl-
1,3,5,7-tetraoxo-8-phenyl-4,8-ethenobenzo[1,2-c:4,5-c']dipyr-
rol-4(1H)-yl]benzamide (5g): Mp 286-288°C (EtOH); IR
(KBr) 1767, 1703, 1644, 1528 cm~!; "THNMR (300 MHz, DMSO-
dg) § 0.87 (t, J = 7.1Hz, 6H, 2 x CH,CH3), 1.93 (s, 3H, Me),
3.17 (q, J = 7.1Hz, 4H, 2 x CH,CHj3), 3.74 (d, J = 8.1 Hz, 2H,
7a-H, 8a-H), 4.47 (d, J = 8.1 Hz, 2H, 3a-H, 4a-H), 6.54 (s, 1H,
9-H), 7.33 (m, 4H), 7.55 (m, 4H), 7.80 (m, 1H), 7.87 (m, 2H,
2 x Ph, NH); *CNMR (75.5 MHz, DMSO-ds) § 12.6, 18.0, 32.5,
43.2, 45.8, 48.9, 59.8, 123.2, 126.2, 127.2, 127.3, 127.5, 127.7,
127.8, 128.2, 131.3, 135.7, 138.0, 138.8, 168.0, 174.3, 174.4 (For
8-Ph 6 signals were observed); MS (m/z, %) 511 (M*, 4), 105
(100). Anal. Calcd for C30H9N30s: C, 70.44; H, 5.71; N, 8.21%.
Found: C, 70.49; H, 5.87; N, 8.03%.
N-[2,3,3a,4a,5,6,7,7a,8,8a-Decahydro-10-methyl-1,3,5,7-tetra-
0x0-2,6,8-triphenyl-4,8-ethenobenzo[1,2-c:4,5-c¢’]dipyrrol-
4(1H)-yl]benzamide (5h): Mp 288-289°C (EtOH); IR (KBr)
1773, 1716, 1663, 1525, 1501 cm~'; "THNMR (300 MHz, DMSO-
de) 8 2.13 (s, 3H, Me), 4.02 (d, J = 8.2 Hz, 2H, 7a-H, 8a-H), 4.73
(d, J = 8.2 Hz, 2H, 3a-H, 4a-H), 6.84 (s, 1H, 9-H), 7.05 (m, 4H),
7.24 (m, 2H), 7.32-7.62 (m, 11H), 7.68 (s, 1H), 7.86 (m, 3H) (4 x
Ph, NH); 3CNMR (75.5MHz, DMSO-ds) § 18.1, 43.6, 46.2,
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49.2, 60.1, 123.7, 126.2, 126.8, 127.2, 127.3, 127.6, 127.7, 127.9,
128.2, 128.3, 128.8, 131.3, 132.0, 135.6, 138.6, 138.7, 168.2,
173.79, 173.82 (For 8-Ph 6 signals were observed); MS (m/z,
%) 607 (MT, 2), 105 (100). Anal. Caled for C3gHy9N3Os: C,
75.11; H, 4.81; N, 6.92%. Found: C, 75.33; H, 4.73; N, 6.70%.
N-[2,6-Diethyl-2,3,3a,4a,5,6,7,7a,8,8a-decahydro-10-methyl-
1,3,5,7-tetraoxo-8-(2-thienyl)-4,8-ethenobenzo[1,2-c:4,5-¢']di-
pyrrol-4(1H)-yl]benzamide (5i): Mp 273-275°C (EtOH); IR
(KBr) 1768, 1703, 1646, 1526 cm™!'; "HNMR (300 MHz, DMSO-
ds, 70°C) § 0.93 (t, J = 6.8 Hz, 6H, 2 x CH,CH3), 1.92 (s, 3H,
Me), 3.24 (q, J = 6.8Hz, 4H, 2 x CH,CHj3), 3.59 (d, J = 8.1
Hz, 2H, 7a-H, 8a-H), 4.51 (d, J = 8.1 Hz, 2H, 3a-H, 4a-H), 6.28
(s, 1H, 9-H), 7.03 (m, 1H), 7.17 (m, 1H), 7.32 (m, 1H), 7.45
(m, 1H), 7.56 (m, 3H), 7.90 (m, 2H, Ph, thienyl, NH); *CNMR
(75.5MHz, DMSO-ds, 60°C) § 12.1, 17.2, 32.3, 43.1, 44.2, 50.4,
59.4,123.8,124.1, 124.8, 126.1, 127.1, 128.0, 130.9, 135.4, 138.1,
143.6, 167.5, 173.2, 173.8; MS (m/z, %) 517 (M*, 5), 105 (100).
Anal. Calcd for C,gH»7N305S: C, 64.97; H, 5.26; N, 8.12%.
Found: C, 65.05; H, 5.45; N, 7.92%.
N-[2,3,3a,4a,5,6,7,7a,8,8a-Decahydro-10-methyl-1,3,5,7-tetra-
0x0-2,6-diphenyl-8-(2-thienyl)-4,8-ethenobenzo[1,2-c:4,5-¢’]di-
pyrrol-4(1H)-yl]benzamide (5j): Mp 284-287°C (EtOH); IR
(KBr) 1773, 1715, 1666, 1532, 1497 cm™!; '"HNMR (300 MHz,
DMSO-dg, 70°C) & 2.09 (s, 3H, Me), 3.85 (d, J = 7.9 Hz, 2H,
7a-H, 8a-H), 4.75 (d, J/ = 7.9 Hz, 2H, 3a-H, 4a-H), 6.57 (m, 1H),
6.99 (m, 1H), 7.08 (m, 4H), 7.24 (m, 1H), 7.42 (m, 11H), 7.86 (m,
2H, 3 x Ph, thienyl, 9-H, NH); *CNMR (75.5 MHz, DMSO-dj,
80°C) § 17.2, 43.5, 44.6, 50.7, 59.6, 123.9, 124.6, 125.0, 126.1,
126.3, 127.0, 127.9, 128.3, 130.8, 131.8, 135.3, 138.8, 143.4,
167.7, 172.5, 173.1 (1 signal hidden); MS (m/z, %) 613 (M*, 1),
105 (100). Anal. Calcd for C36H,7N305S: C, 70.46; H, 4.43; N,
6.85%. Found: C, 70.29; H, 4.64; N, 6.81%.
N-[2,6-Diethyl-2,3,3a,4a,5,6,7,7a,8,8a-decahydro-9-(4-meth-
oxyphenyl)-8-methyl-1,3,5,7-tetraoxo-4,8-ethenobenzo[1,2-c:
4,5-c'1dipyrrol-4(1H)-yl]lbenzamide (5Kk): Mp 335-337°C
(EtOH); IR (KBr) 1766, 1699, 1641, 1606, 1553, 1510cm™!;
THNMR (300 MHz, DMSO-dg) 8 0.95 (t, J = 7.2Hz, 6H, 2 x
CH,CHs), 1.74 (s, 3H, Me), 3.17 (d, J = 8.3 Hz, 2H, 7a-H, 8a-H),
3.30 (m, 4H, 2 x CH,CH3), 3.73 (s, 3H, OMe), 4.30 (d, J = 8.3
Hz, 2H, 3a-H, 4a-H), 6.20 (s, 1H, 10-H), 6.78 and 6.89 (AA’XX’,
J =9.0Hz, 4H, C¢H,), 7.53 (m, 3H, Ph), 7.89 (m, 2H, Ph), 8.67
(s, 1H, NH); BCNMR (75.5 MHz, DMSO-ds) § 12.9, 18.7, 32.8,
42.3, 434, 489, 55.0, 58.0, 113.6, 126.9, 127.6, 128.0, 128.7,
129.6, 130.9, 135.8, 144.9, 158.8, 167.9, 174.5, 176.1; MS (m/z,
%) 541 (M™, 13), 105 (100). Anal. Calcd for C3;H3;N;30¢: C,
68.75; H, 5.77; N, 7.76%. Found: C, 68.92; H, 6.03; N, 7.62%.
N-[2,6-Diethyl-2,3,3a,4a,5,6,7,7a,8,8a-decahydro-9-(3,4-di-
methoxyphenyl)-8-methyl-1,3,5,7-tetraoxo-4,8-ethenobenzo-
[1,2-c:4,5-c']dipyrrol-4(1H)-yl]benzamide (51): Mp 264-266
°C (MeOH/H,0); IR (KBr) 1765, 1699, 1668, 1537, 1515cm™";
'HNMR (300 MHz, DMSO-dg) 8 0.96 (t, J = 7.2Hz, 6H, 2 x
CH,CH3), 1.77 (s, 3H, Me), 3.18 (d, J = 8.3 Hz, 2H, 7a-H, 8a-
H), 3.30 (q, J = 7.2Hz, 4H, 2 x CH,CHj3;), 3.68 (s, 3H, OMe),
3.74 (s, 3H, OMe), 4.31 (d, J = 8.3Hz, 2H, 3a-H, 4a-H), 6.22
(s, 1H, 10-H), 6.41 (m, 2H, Cg¢H3), 6.91 (m, 1H, C¢H3), 7.52
(m, 3H, Ph), 7.89 (m, 2H, Ph), 8.67 (s, 1H, NH); *CNMR
(75.5 MHz, DMSO-dg) § 12.9, 18.8, 32.8, 42.3, 43.4, 48.9, 55.3,
55.4, 58.0, 111.2, 111.5, 120.0, 126.8, 127.6, 128.0, 129.8,
131.0, 135.8, 145.0, 147.9, 148.4, 167.9, 174.5, 176.2; MS (m/z,
%) 571 (M*, 26), 105 (100). Anal. Calcd for C3,H33N307-1/
2H,0: C, 66.19; H, 5.90; N, 7.24%. Found: C, 66.49; H, 5.93;
N, 7.13%.

Diels—Alder Reaction of 2H-Pyran-2-ones
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