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The basic structural framework of lamellarin alkaloids, 8,9-dihydro-6H-chromeno[4 ,3 :4,5]pyrrolo[2,1-a]-
isoquinoline derivatives, has been obtained in good yields via Grob reaction between 3-nitro-2-(trifluo-
romethyl)-2H-chromenes and 1,3,3-trimethyl-3,4-dihydroisoquinolines in refluxing isobutanol. When
the reaction was carried out in toluene at room temperature, only Michael adducts, as a mixture of
two diastereomers, were isolated.

� 2008 Elsevier Ltd. All rights reserved.
Recently, considerable interest has been devoted to the synthe-
sis of partially fluorinated heterocycles, many of which have found
use as agrochemicals and drugs.1 However, reports on the use of 2-
(trifluoromethyl)-2H-chromenes as substrates for organic synthe-
sis are very scarce, although 2H-chromene (2H-1-benzopyran)
and its derivatives belong to an important class of oxygen-contain-
ing heterocyclic compounds that are common in plants and exhibit
a wide spectrum of useful properties. Structures containing a
benzopyran framework have antitumor, antibacterial, and antiin-
flammatory activity and inhibit HIV-1 reverse transcriptase,
interleukin-1 production, and protein kinases and can cleave
DNA.2 In addition, they are also useful intermediates in the synthe-
sis of complex natural products, such as pterocarpans.3 In continu-
ation of our studies on the chemical properties of 3-nitro-2-
(trihalomethyl)-2H-chromenes (1, X = F, Cl),4 which turned out to
be highly reactive substrates in reactions with N-, S-, and C-nucleo-
philes,5 we decided to investigate their reaction with 1,3,3-tri-
methyl-3,4-dihydroisoquinolines 2, which are capable of reacting
with electrophilic substrates as C-nucleophiles or 1,3-C,N-dinucle-
ophiles via the enamine tautomeric form.6 3,4-Dihydroisoquino-
lines are another group of biologically interesting compounds,
which exhibit diverse biological properties including anticonvul-
ll rights reserved.
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sant, antimicrobiological, and antitumor activities.7 Although
much attention has been paid to the chemistry of 1,3,3-tri-
methyl-3,4-dihydroisoquinolines 2, mainly due to their use as
excellent building blocks for the preparation of a variety of com-
plex heterocyclic compounds,6 their reactions with 2H-chromenes
have not been described in the literature.

A reaction involving the addition of secondary enaminoesters to
nitroolefins followed by intramolecular displacement of the nitro
group by the amino group to yield pyrroles was disclosed by Grob
et al.8 This method makes use of easily prepared reagents and is
particularly suitable for a combinatorial approach to the synthesis
of substituted pyrroles.9 Since imines, which exist in equilibrium
with their enamines, have been shown to react with b-nitrostyrene
to give the corresponding pyrroles,10 it was expected that Michael
addition of enamines derived from 1,3,3-trimethyl-3,4-dihydroiso-
quinolines 2 to a powerful Michael acceptor, such as chromenes 1,
followed by ring closure and aromatization (Grob reaction) could
provide a direct route to 8,9-dihydro-6H-chromeno[40,30:4,5]pyr-
rolo[2,1-a]isoquinolines 3 (Fig. 1).

This heterocyclic system constitutes the basic structural frame-
work of the recently discovered lamellarin alkaloids 4,11 a class of
marine natural products, a few of which show cytotoxic and
immunomodulatory activity that may prove highly effective in
the treatment of multidrug resistant tumours.12 In addition, the
lamellarins represent a new and promising series of topoisomerase
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Table 1
Synthesis of compounds 3 and 5

R1 R2 Adduct Yield
(%)

Product
3

Yield (%) method
A

Yield (%)
method B

H H 5a 68 3a 58 48
H Me 5b 73 3b 67 60
H MeO 5c 81 3c 56 25
MeO MeO 5d 84 3d 77 42
Br Me 5e 39 3e 52 26
Br MeO 5f 86 3f 75 61
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I inhibitors.13 Therefore, the development of efficient new methods
leading to this heterocyclic framework is highly desirable.14 Very
recently, it was reported that the reaction of 3-nitrocoumarins
with 1-benzyldihydroisoquinolines gave the desired lamellarins
in only 5–6% yields.15 In this context, we anticipated that, if the
reaction occurred with chromenes 1, the pentacyclic lamellarin
ring system would be constructed successfully in one chemical
operation and a series of novel lamellarin derivatives would be
accessible. We now report our work in this area as a preliminary
communication.

We found that chromenes 1, as the nitroolefin components,
reacted with dihydroisoquinolines 2, as the enamine components,
in toluene at room temperature for 1 h to give Michael adducts
5a–f as a mixture of trans–cis and cis–trans-isomers (ca. 1:1) in
good to high combined yields (Scheme 1 and Table 1). The double
bond of 1 is so reactive that no catalyst was necessary. Notably, the
chroman products 5 contain three contiguous stereogenic centres,
but in all cases, only two diastereomers could be observed by 1H
NMR spectroscopy of the crude reaction mixtures. The structures
of 5 were characterized by 1H, 19F, 13C NMR and elemental analyses.
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The most diagnostic parameter for structural assignment was the
coupling constants between protons H-20 and H-30 and H-30 and
H-40. In the cis–trans-isomer (ct-isomer) 5 the coupling constants
J20 ,30 = J30 ,40 = 1.5 Hz are significantly smaller and typical of a gauche
conformation. The cis–trans configuration was verified by compar-
ison of spectral data obtained for ct-5 with those reported in the
literature. Earlier, J2,3 = J3,4 = 1.2–1.8 Hz values were reported for
cis–trans adducts formed in reactions of thiols and indoles with
chromenes 15a,b,e and J2,3 = J3,4 = 2.2 Hz for cis-trans-2-(4-chloro-
phenyl)-4-(indol-3-yl)-3-nitrochroman, whose structure was con-
firmed by X-ray diffraction analysis.16 Additional evidence for the
cis–trans configuration was obtained from the chemical shift in
the narrow range d 86.5–86.6 ppm (C6F6) and the coupling
constant of the doublet for the CF3 group (3JF,H = 5.7–5.9 Hz), which
agrees well with the literature data for cis–trans adducts of chro-
menes 1 with thiols5a,b and azoles.5e The trans–cis configuration
(tc-isomer) was also evident from the experimental coupling con-
stants J20 ,30 � J30 ,40 � 4.5 Hz, which correlate with the literature data
for trans–cis adducts of thiols with chromenes 1.5a,b A characteris-
tic difference between the two stereoisomers is based on the
chemical shift of the H-20 proton, which was shifted downfield
by 0.7–0.8 ppm in tc-isomer compared to ct-isomer. This is due
to the deshielding effect of the NO2 group, which is cis to H-20 in
the tc-isomer.17 Note that in some cases, the 1H NMR spectra of
the Michael adducts recorded at 298 K displayed broad signals
for the aliphatic and aromatic protons. This phenomenon may be
attributed to the restricted rotation of the dihydroisoquinoline
moiety about the C–C bond leading to rotamer formation.
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tc-5:ct-5 = 55:45 (CDCl3), tc-5:ct-5 = 15:85 (DMSO-d6);
tc-7:ct-7 = 85:15 (CDCl3), tc-7:ct-7 = 35:65 (DMSO-d6)
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When chromans 5a–f as a mixture of tc- and ct-diastereomers
were heated at reflux in isobutanol for 1 h, pentacycles 3a–f were
obtained in good yields (method A). The progress of the reaction
was monitored by TLC, and the results are summarized in Table
1. Among different solvents (alcohols, acetonitrile), isobutanol
appeared to give the best results. In accordance with the proposed
mechanism,8b the Michael adduct 5 undergoes intramolecular
displacement of the nitro group by the NH group, thus affording
lamellarin system 3 via elimination of water and hyponitrous acid.
It was also found that 1 and 2 could be employed directly under
these conditions to give 3a–f in 25–61% yields (method B), how-
ever, better yields and easier purification of compounds 3 were
achieved if the transformation was performed in a two-step
approach (method A). Thus, compounds 3 and 5 could be synthe-
sized from the same starting material simply by the choice of the
reaction conditions (Scheme 1).

To the best of our knowledge, pentacycles 3 represent the first
lamellarin derivatives reported to date bearing a CF3 substituent
instead of a carbonyl group. The structures of 3a–f were confirmed
with the help of spectral and analytical data.18 For example, the 1H
NMR spectrum of compound 3b in CDCl3 showed two AX doublets
(JAX = 15.4 Hz) at d 2.70 and 3.13 ppm for the CH2 group and a quar-
tet at d 6.14 ppm (3JH,F = 6.1 Hz) due to the H-6 proton. The pyrrole
ring proton resonated at d 6.77 ppm. In the 19F NMR spectrum the
CF3 group of 3b appeared as a doublet with 3JF,H = 6.1 Hz at
86.43 ppm (C6F6). The 13C NMR spectrum of 3b exhibited a quartet
(1JC,F = 288.0 Hz) at 123.60 ppm for the carbon of the CF3 group and
a quartet (2JC,F = 32.6 Hz) at 71.22 ppm for the C–CF3 atom. This
confirmed that the CF3 group is bonded to the sp3 hybridized car-
bon atom. In addition, another feature of interest was the appear-
ance of a quartet (6JC,F = 2.4 Hz) at 26.43 ppm due to one of the
Me-8 groups, indicating that the Me-8 and CF3 groups were
spatially close to each other.

We next investigated the reaction of 3-nitro-2-(trichloro-
methyl)-2H-chromenes 6 with dihydroisoquinolines 2 in order to
prepare CCl3-containing pentacycles of type 3. When 2-CCl3-
chromenes 6 were reacted in toluene at room temperature for
1 h, the reaction proceeded smoothly to give, both prior to and
after recrystallization, an unequal mixture of trans–cis and cis–
trans chromans 7a–e substantially favouring the trans–cis isomer
(85:15). This result shows that the isomer ratio depends on the
steric effects of the trihalomethyl group (Scheme 2).

The structures of compounds 7 compared well with the results
of elemental analysis, 1H, 13C NMR and IR spectroscopy. The diaste-
reomeric ratio was determined by 1H NMR spectroscopic analysis.
In this case, the coupling constants for the tc-isomers are J20 ,30 �
J30 ,40 � 5.0 Hz and those for the ct-isomers are J20 ,30 = J30 ,40 = 1.5 Hz.
It should be noted that on dissolution in DMSO-d6, the ratio of
the isomers changed to tc-7:ct-7 = 35:65 (for compounds 5 in
DMSO-d6 it was tc-5:ct-5 = 15:85). Isomerization to this extent is
evident immediately on dissolution (after 1–2 min), and at con-
stant temperature there was no subsequent change in the percent-
age isomerization. This is associated with epimerization at the C-3
atom and indicates the higher thermodynamic stability of the cis–
trans isomer of 2-CX3-chromans 5 and 7, especially for 5 (X = F). Of
the four possible diastereomers (trans–trans, cis–cis, trans–cis, and
cis–trans), the dihydroisoquinoline fragment and trihalomethyl
substituent are trans to each other only in the last two isomers,
which probably control the stereochemistry of the Michael addi-
tion (Scheme 3).

Unfortunately, attempts to cyclise trichloromethylated Michael
adducts 7 in the usual manner (methods A and B) gave only tarry
multicomponent reaction mixtures from which no fused pyrroles
3 could be isolated. Thus, the reaction turned out to be very sensi-
tive to the nature of the CX3 substituent and afforded pyrroles 3
only when the 2-CF3-chromenes 1 were used. This is probably a
result of the equilibrium between the nitro and aci forms of the
Michael adduct. It seems that the CF3 group, due to its powerful
electron-withdrawing character, favours a preponderance of the
latter form A (Scheme 1), from which the pyrroles 3 are derived.
Another reason may be a weak C(40)–CH2 linkage in 7, since partial
decomposition in DMSO-d6 took place and starting materials 2 and
6 were observed in the 1H NMR spectra. It should be noted that the
reaction of 3-nitro-2-phenyl-2H-chromene with 2 (R2 = MeO) also
stops at the Michael addition stage and all our attempts to synthe-
size the corresponding lamellarin derivative failed.

In conclusion, the reaction of 3-nitro-2-(trifluoromethyl)-2H-
chromenes 1 with 1,3,3-trimethyl-3,4-dihydroisoquinolines 2
provides a simple and convenient preparative procedure for
8,9-dihydro-6H-chromeno[40,30:4,5]pyrrolo[2,1-a]isoquinolines 3,
which may be considered as new pentacyclic lamellarin deriva-
tives. The resulting products are of considerable interest as precur-
sors in the synthesis of other biologically and medicinally
important organic materials. Further studies on the synthetic
application of this reaction are currently in progress in our group
and will be published elsewhere.
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H-80 , J = 8.3, 1.2 Hz), 7.08 (td, 1H, H-60 , J = 7.5, 1.2 Hz), 7.25 (ddd, 1H, H-70 ,
J = 8.3, 7.3, 1.5 Hz), 7.35 (s, 1H, H-8), 7.46 (bd, 1H, H-50 , J = 7.0 Hz); 19F NMR
(376 MHz, DMSO-d6) (ct, 84%) d 88.12 (d, CF3, J = 6.3 Hz), (tc, 16%) d 87.78 (d,
CF3, J = 7.0 Hz); 13C NMR (100 MHz, CDCl3) (tc + ct) d 19.60, 19.64, 19.78, 19.80,
27.65, 27.71, 28.05, 28.19, 32.01, 33.62, 35.73, 38.24, 38.26, 41.53, 53.91, 54.17,
70.58 (q, C–CF3, 2JC,F = 34.1 Hz), 73.53 (q, C–CF3, 2JC,F = 32.5 Hz), 78.51, 80.88,
117.03, 117.17, 122.13 (q, CF3, 1JC,F = 280.9 Hz), 122.31, 122.88, 122.95, 123.03,
123.04 (q, CF3, 1JC,F = 283.0 Hz), 125.11, 125.12, 125.28, 125.77, 126.50, 128.33,
128.79, 128.92, 129.75, 130.11, 133.96, 134.25, 134.84, 135.00, 139.71, 140.28,
151.96, 152.10, 158.82, 158.96. Anal. Calcd for C24H25F3N2O3: C, 64.57; H, 5.64;
N, 6.27. Found: C, 64.53; H, 5.70; N, 6.24.

18. 8,8,11,12-Tetramethyl-6-(trifluoromethyl)-8,9-dihydro-6H-chromeno[40 ,30:4,5]-
pyrrolo[2,1-a]isoquinoline3b: Yield 67%, mp 178–179 �C; IR (KBr) 1635, 1616,
1592, 1560, 1532, 1498 cm�1; 1H NMR (400 MHz, CDCl3) d 1.34, 1.78, 2.27,
2.30 (all s, 3H, Me), 2.70 (d, 1H, CHH, J = 15.4 Hz), 3.13 (d, 1H, CHH,
J = 15.4 Hz), 6.14 (q, 1H, H-6, J = 6.1 Hz), 6.77 (s, 1H, H-14), 6.93 (s, 1H, H-10),
7.00 (dd, 1H, H-4, J = 7.8, 1.3 Hz), 7.02 (td, 1H, H-2, J = 7.4, 1.3 Hz), 7.10 (td,
1H, H-3, J = 7.6, 1.7 Hz), 7.38 (s, 1H, H-13), 7.45 (dd, 1H, H-1, J = 7.4, 1.7 Hz);
19F NMR (376 MHz, CDCl3) d 86.43 (d, CF3, J = 6.1 Hz); 13C NMR (100 MHz,
CDCl3) d 19.59, 19.63, 26.43 (q, Me-8, 6JC,F = 2.4 Hz), 27.98, 44.87, 58.32,
71.22 (q, C–CF3, 2JC,F = 32.6 Hz), 98.55, 115.68, 115.89, 118.94, 120.81,
122.31, 122.53, 123.60 (q, CF3, 1JC,F = 288.0 Hz), 123.91, 126.12, 126.79,
127.47, 129.15, 134.54, 135.30, 135.38, 149.43; MS (EI): m/z 397 [M]+ (16),
328 [M�CF3]+ (100), 285 (24), 157 (20), 149 (12), 142 (11). Anal. Calcd for
C24H22F3NO: C, 72.53; H, 5.58; N, 3.52. Found: C, 72.62; H, 5.67; N, 3.50.
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