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Abstract: The (E,Z,E)-1,3,5-hexa-

a subsequent retro-Diels—Alder reac-

for example from the 1,3,5-hexatrienes

trienes 1a, 2a,b and 3b undergo 6m-
electrocyclization ~ within ~ 15-30 min
upon heating to 200-215°C. While the
cyclohexene-annelated products 8a,b
were stable, the analogous cyclopen-
tene- and cycloheptene-annelated de-
rivatives 7a and 9b easily underwent
dehydrogenation to the corresponding
aromatic compounds 10a and 12b
during the work-up. The cyclohexa-
diene derivatives 8a,b were employed
in thermal Diels—Alder reactions with
4-phenyl-3H-1,2 4-triazoline-3,5-dione

tion to give the tetrahydronaphthalene
11b (47%). Under high pressure
(10 kbar), the cycloadduct 15a was
formed at room temperature and could
be isolated in 44% yield. TCNE and
N-phenylmaleimide with 8a under high
pressure also led to the [4+2] cycload-
ducts 14a and 16a in good yields (60
and 77%). The 6m-electrocyclization
and subsequent Diels—Alder reaction,
when performed as a one-pot domino
process, provided direct access to
Diels—Alder products of intermediately

1a,b, 2a,b, 3b and TCNE to the corre-
sponding tricyclic products 17a,b,
14a,b, 18b in moderate to good yields
(27-80%) depending on the nature of
the alkoxycarbonyl group. Such se-
quential reactions with N-phenylmalei-
mide, maleic anhydride, dimethyl male-
ate and fumarodinitrile, the latter two
under high pressure (10 kbar), worked
as well to yield 16b (70%), 19a,b (19,
32%) and 20b (39 %) and 21b (76 %),
respectively. With PTAD, however, the
hexatrienes 2a,b reacted at ambient

(PTAD) and  tetracyanoethylene
(TCNE) to give the expected [442] cy-
cloadducts 13a and 14a in good yields
(60 and 78 % ). The initially formed cy-
cloadduct of 8a and dimethyl acety-
lenedicarboxylate (DMAD) underwent

Introduction

Palladium-catalyzed cross-coupling reactions often proceed
in excellent yields, even when performed with oligohaloal-
kene and -arene derivatives.l"! Using this Heck methodology,
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temperature without 6m-electrocycliza-
tion to give the formal [442] cycload-
ducts 27a,b (48 and 46 % ), most proba-
via zwitterionic intermediates
23a,b and 25a,b.

cyclo-

alkenylations of appropriately 1,2-difunctionalized cycloal-
kenes give rise to 1,3,5-hexatrienes with a central cycloal-
kene moiety, which are valuable intermediates for the syn-
thesis of a broad spectrum of cyclic and bicyclic com-
pounds.”! Symmetrical (E,Z,E)-1,3,5-hexatrienes with two
identical substituents in the 1,6-position can be obtained by
twofold Heck reaction of 1,2-dibromocycloalkenes with vari-
ous alkenes. Some of these hexatrienes have been utilized to
prepare interesting bicyclic f-amino acids,” strained 1,6-
oxygen bridged cyclodeca-1,5-dienes®! as well as highly
functionalized cyclodecenones and cycloundecenones.” Un-
symmetrically 1,6-disubstituted 1,3,5-hexatrienes can be ob-
tained by a sequence of chemoselective Stille cross-coupling
of a 2-bromocycloalk-1-enyl triflate with an alkenylstannane
at the site of the triflate leaving group and a subsequent
Heck coupling on the resulting 2-bromo-1,3-butadiene."
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The symmetrical as well as the unsymmetrical 1,3,5-(E,Z,E)-
hexatrienes do undergo thermal 6m-electrocyclizations af-
fording ring-annelated cyclohexadienes.?*¢! These should be
adequate dienes for Diels-Alder reactions®! with suitable di-
enophiles which would lead to functionalized tri- and tetra-
cyclic compounds. We therefore set out to further optimize
conditions for the thermal 6;-electrocyclizations of symmet-
rically 1,6-disubstituted (E,Z,E)-hexatrienes 1-3 with five-
to seven-membered rings incorporated, and study Diels—
Alder reactions for the thus formed ring-annelated cyclo-
hexadienes with various dienophiles.

Results and Discussion

These cycloalkene derivatives 1-3 adopt s-trans,s-trans con-
formations as was disclosed by an X-ray crystal structure
analysis of the 1,6-bis(methoxycarbonyl)ethenyl-substituted
cyclohexene derivative 2b (Figure 1).9 Such 1,3,5-hexa-
trienes thus require elevated temperatures to undergo 67-
electrocyclization ¢!

Figure 1. Structure of dimethyl cyclohexene-1,2-bisacrylate (2b) in the
crystal. C;,H;30,, monoclinic crystals of space group P2(1)/n, Z=4, cell
dimensions a=7.7673(8), b=15.8849(14), c=11.1147(11) A, a=90, f=
108.609(8), y =90°, V=1299.6(2) A3

Upon heating the 1,6-bis(fert-butoxycarbonyl)-substituted
hexatriene 2a in deoxygenated decalin at 215°C for 1 h, the
monosubstituted tetrahydronaphthalene 5a instead of the
expected disubstituted hexahydronaphthalene 8a was
formed in 47 % yield (Scheme 1; Table 1, entry 1). With a
heating period of 30 min, the expected ring-annelated cyclo-
hexadiene 8a and the monosubstituted tetrahydronaphtha-
lene Sa could be isolated in 30 and 19% yield, respectively
(entry 2). By further shortening of the heating time to
15 min, the yield of 8a increased to 55%, and that of Sa
dropped to 14 %. In addition, a fraction consisting mainly of
the starting material 2a was obtained (entry 3). These obser-
vations indicate that Sa is a secondary product formed from
8a at the high temperature. As the primary product 8b from
the methoxycarbonyl-substituted cyclohexene-derived hexa-
triene 2b should be thermally more stable than 8a, 2b was
also heated at 215°C for 15 min, and indeed, the cyclization
product 8b was obtained in 50 % yield (entry 6). According
to the thin-layer chromatogram of the crude product, the
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Scheme 1. 6m-Electrocyclizations of symmetrically 1,6-dialkoxycarbonyl-
substituted hexatrienes. For details see Table 1.

Table 1. 6m-Electrocyclizations of symmetrically 1,6-dialkoxycarbonyl-
substituted hexatrienes.

Entry Hexatriene 7T t Yield (%)%
[°C] [min] Arene  Diene Arene
4 50r6 7,80r9 10 or 12
1 2a 215 60 47 - -
2 2a 215 30 19 30 -
3 2a 215 15 14 55 Pl
4 la 210 15 18 - 50
5 1a 180 75 - 30 -
6 2b 215 15 ~H 50 -
7 3b 210 30 38 32 (45:55)

[a] Isolated yields. [b] In addition, a fraction containing the hexatriene
2a, the cyclization product 8a and at least one more unidentified prod-
uct, was isolated. [c] Silica gel and solvents for chromatography were de-
gassed. [d] Not isolated. [e] Mixture containing 9b and 12b; The ratio is
given in brackets.

monosubstituted tetrahydronaphthalene 5b had also been
formed, but it was not isolated in this case. The cyclohexa-
diene derivatives 8a,b turned out to be reasonably insensi-
tive towards oxygen, as they aromatized only partly within
several days to the tetrahydronaphthalene derivatives 11a,b
when exposed to air at ambient temperature.

However, the five-membered ring-derived hexatriene 1a,
when heated in decalin at 210°C for 15 min, only gave the
indane-5,6-dicarboxylate (10a) in 50 % yield along with the
monosubstituted indane 4a (18 %, entry 4). Apparently, the
cyclization product 7a had completely aromatized during
work-up. When 1a was heated at 180°C for 75 min and the
products purified by chromatography on carefully degassed
silica gel eluting with degassed solvents, the primary cycliza-
tion product 7a could be isolated in 30% yield (entry5),
and proved to be very sensitive toward air-oxygen.

At last, when the methoxycarbonyl-substituted cyclohep-
tene-derived hexatriene 3b was heated in decalin at 210°C
for 30 min, 38 % of the monosubstituted aromatized product
6b and 32 % of an inseparable 45:55 mixture of the primary
cyclization product 9b and the disubstituted aromatized
product 12b were obtained (entry 7). The mixture complete-
ly aromatized to 12b when it was stirred in diethyl ether in
the presence of silica gel for 14 h.

Chem. Eur. J. 2005, 11, 6583 —6592
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To test, whether the ring-annelated cyclohexadienes 7-9
with their tetrasubstituted 1,3-diene units would be suited
for Diels—Alder reactions after all, a solution of the hexahy-
dronaphthalene (8a) in dichloromethane was treated at am-
bient temperature with a solution of one equivalent of 4-
phenyl-3H-1,2 4-triazoline-3,5-dione (PTAD) which is well
known as one of the most potent dienophiles.’! The prompt
disappearance of the deep-red color of PTAD was the first
indication that the reaction was successful, and indeed the
tetracyclic Diels—Alder adduct 13a was obtained in 60 %
yield (Scheme 2). The expected endo,syn-configuration of

CC[COZfBU
CO,Bu
8a
PTAD

CH,CI TCNE DMAD
212,
RT, 10 min /60% Cels: 78% 47%\ CsHe,
90°C, 20 h 90 °C. 17 h
CO,Me

ES P £ E CN
E NZN-pn E CN

N‘\\g N CO,Me

CN

13a 14a 11b

Scheme 2. Thermal Diels-Alder reactions of di-tert-butyl hexahydronaph-
thalenedicarboxylate (8a). E = CO,/Bu.

13a was assigned on the basis of its NMR data in compari-
son with those of an analogous adduct of 8b and N-phenyl-
maleimide, for which an X-ray crystal structure was ob-
tained at a later stage (see below, Figure 2). However, nei-
ther 8a nor 8b underwent a [4+42] cycloaddition with the di-
enophiles methyl acrylate, dimethyl fumarate and tetraethyl
ethenetetracarboxylate upon heating in benzene at 90—
110°C for 15 h. Either no conversion or decomposition of
the starting material was observed. This failure cannot be
due to steric hindrance since tetracyanoethylene (TCNE),
another highly reactive dienophile, upon heating together
with the hexahydronaphthalene 8a in benzene at 90°C after
20 h furnished the tricyclic adduct 14a in 78 % yield.

Finally, when dimethyl acetylenedicarboxylate (DMAD)
was heated with 8a in benzene at 90°C for 17 h, the tetrahy-
dronaphthalene 11b, apparently the product of a [4+2] cy-
cloaddition and subsequent retro-Diels—-Alder reaction,®
was isolated in 47 % yield. This is not surprising, as facile
retro-Diels—Alder reactions with formation of dimethyl
phthalate derivatives is often observed for bicyclo-
[2.2.2]octadienedicarboxylates formed by Diels—-Alder reac-
tion of DMAD with a cyclohexa-1,3-diene.*!

It is also well known that this cycloreversion can be pre-
vented by carrying out the Diels—Alder reaction under high
pressure at lower temperatures.”*# Indeed, when the reac-
tion of 8a with DMAD was performed under a pressure of
10 kbar in dichloromethane at ambient temperature, the ex-
pected cyclohexane-annelated bicyclo[2.2.2]octadiene 15a
was isolated after 40 h in 44 % yield (Scheme 3). Under high
pressure (10 kbar), the cycloadducts of TCNE and N-phe-
nylmaleimide (N-PM) to 8a, the bicyclo[2.2.2]octene deriva-
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tives 14a and 16a, were formed at ambient temperature in
60 and 77 % yield, respectively (Scheme 3).

OC[C0228u
CO,tBu
DMAD b
10 kbar, :g':: N-PM
CHCly, /4% CT‘“ 60% 10 kbar, \77%
RT, 40 h 2 CH,Cly,
RT,25h RT, 25h

E E CN E 0]
£ CO,Me E\%/CN E\%";N~Ph
CN
(0]
14a CN 16a

CO,Me
15a

Scheme 3. Diels—Alder reactions of di-tert-butyl hexahydronaphthalenedi-
carboxylate (8a) under high pressure. N-PM = N-Phenylmaleimide, E =
CO,/Bu.

However, the less reactive dienophiles dimethyl fumarate,
dimethyl maleate, tetraethyl ethenetetracarboxylate and fu-
marodinitrile did not react with 8a in dichloromethane
under a pressure of 10 kbar within 23.5-25 h, at least not at
ambient temperature (see below, Scheme 5).

Although successful for the cyclohexane-annelated cyclo-
hexadienes 8a,b, these [4+2] cycloadditions would hardly
be feasible for the cyclopentane- and cycloheptane-annelat-
ed cyclohexadienes 7 and 9 which so readily are oxidized to
the corresponding aromatic compounds upon isolation. The
most clever way to avoid exposure of such dienes to oxygen
would be to trap them by an added dienophile as they are
formed. This sequence of 6m-electrocyclization and [4+42] cy-
cloaddition would constitute a new variant of a domino re-
action, a class of transformations which has become increas-
ingly important in recent years.’! In spite of the foreseeable
possibility that an added dienophile might react with one of
the diene units in a 1,3,5-hexatriene before the latter would
undergo the 6m-electrocyclization, a test was run with the
hexatriene 2a and TCNE. After heating these components
in decalin at 190°C for 45 min, the known tricyclic product
14a was obtained in 55% yield (Scheme 4; Table 2, entry 2).
Thus, the electrocyclization of 2a must be significantly
faster than its direct reaction with TCNE, and the yield in
this 6m-electrocyclization Diels—Alder domino reaction was
significantly higher than the overall yield in the two-step

. )
il TCNE i
decalin E CN
190 °C, E CN
n—4 L 45 min CN
£ CN
1(n=5) 17 (n=5)
2(n=6) 14 (n = 6)
3(n=7) 18(n=7)

Scheme 4. 6:t-Electrocyclization of (E,Z,E)-1,3,5-hexatrienes and ensuing
Diels—Alder reaction with TCNE as a one pot-procedure. For details see
Table 2.
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Table 2. 6m-Electrocyclization of (E,Z,E)-1,3,5-hexatrienes and subse-
quent Diels—Alder reaction with TCNE as a one pot-procedure.

Entry Hexatriene Product Yield (%)%
1 la 17a 27
2 2a 14a 55
3 1b 17b 69
4 2b 14b 75
5 3b 18b 80
[a] Isolated yields.
e o o E 0
g A E
L =Ph I o
| MN-Ph [s]
16b (E = CO,Me) ?a%\ E y 19a (E = CO,1Bu) 19%
decalin™~9 r ‘decalin 19b (E = CO;Me) 32%
180 °C 210 °C
45 min 30 min

E
ZL‘E

N

EE toluene C\U‘

taluene 2 CN

180°C, :guﬁcba' 15h E

10 kbar, 24 h f CN
E E

E
E CN

20b (E = CO.Me) 39%

E
21b (E = CO,Me) 76%

Scheme 5. One-pot electrocyclization/Diels—Alder cascade of 2 with N-
phenylmaleimide, maleic anhydride, dimethyl maleate, and fumarodini-
trile.

procedure, which was 43 % at best. While this new domino
reaction performed with the cyclopentene-derived hexa-
triene 1a and TCNE gave the corresponding tricyclounde-
cene cycloadduct 17a in only 27 % yield (entry 1), all three
methoxycarbonyl-substituted hexatrienes 1b-3b with TCNE
formed the tricyclic products 17b, 14b and 18b in much
better yields (69-80 %) (entries 3-5).

The 6m-electrocyclization/Diels—Alder cascades of hexa-
trienes 2 with N-phenylmaleimide and maleic anhydride
were successful as well. Again the bis(methoxycarbonyl)-
substituted system 2b gave better yields (70 and 32%) for
16b and 19b, respectively. Recrystallization of 16b from
hexane/dichloromethane furnished crystals suitable for an
X-ray structure analysis, and this ultimately established the
relative configuration at C-9,10,11,12 as being 9,10-endo,
11,12-syn (Figure 2).1*" This conforms with the Alder endo
rule, and with the expectation that the steric bulk of the al-
koxycarbonyl groups on the cyclohexadienes 8 should direct
the dienophile to attack from the opposite side of the cis-
configured substituents.

The yields with maleic anhydride were consistently lower,
and with tetramethyl ethenetetracarboxylate as a dienophile
no cycloadduct, but only the hexahydronaphthalene 8a was
formed from 2a even with this cascade mode and at the
higher temperature of 190°C. The cycloadducts 20b and
21b were obtained in 39 and 76 % yield, respectively, by
heating 2b with dimethyl maleate and fumarodinitrile, re-
spectively, at 150°C, under a pressure of 10 kbar. Both struc-
tures were confirmed by X-ray crystallography (Figure 2).
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Figure 2. Structures of 16b, 20b, and 21b in the crystals. 16b: C,,H,sNOg,
monoclinic crystals of space group P2/c, Z=4, cell dimensions a=
13.0344(16), b=13.3520(13), c=13.1948(16) A, 0 =90, B=113.848(9), y =
90°, V=2100.3(4) A>M 20b: C,H,sOs, orthorhombic crystals of space
group Fdd2, Z=16, cell dimensions a=20.900(4), b=45.789(9), c=
8.0983(16) A, « =90, B=90, y =90°, V=2100.3(4) A>¥ 21b: CsH,N,Os,
monoclinic crystals of space group Cc, Z=4, cell dimensions a=
24227(5), b=15.323(3), c=8.9994(18) A, a=90, B=94.78(3), y=90°,
V=3329.2(12) A3

In an attempted reaction of the distyryl-substituted cyclo-
pentene 1¢ with TCNE by heating the components in deca-
lin for 45 min at 190°C, only decomposition of the hexa-
triene was observed. However, N-phenylmaleimide under
the same conditions gave the expected tetracyclic product
22 ¢ in 24 % yield along with 51 % of an inseparable 6:1 mix-
ture of the starting material 1¢ and the corresponding elec-
trocyclization product (Scheme 6; Table 3, entry 1). Evident-
ly, the 6m-electrocyclization of the 1,6-diphenyl-substituted
hexatriene 1c¢ proceeds more slowly than that of the di-
alkoxycarbonyl-substituted analogues. Consequently, upon

O
rPh ﬁiN—Ph
(6] Ph @]
decalin, Ph N-Ph
L conditions %

Ph

1c 22c

Scheme 6. 6m-Electrocyclization and Diels-Alder reaction as a one-pot
sequence with 1,2-distyrylcyclopentene (1¢) and N-phenylmaleimide. For
details see Table 3.
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Table 3. 6m-Electrocyclization and Diels—Alder reaction as a one-pot se-
quence with 1,2-distyrylcyclopentene (1¢) and N-phenylmaleimide.

Entry T t Yield"!
[°C] [h] 22¢ (%)
1 190 0.75 2411
2 210 4 61

[a] Isolated yields. [b] In addition, 51 % of a 6:1-mixture of the hexatriene
1c and the 6m-electrocyclization product 7¢ was isolated.

prolonged (4 h) heating at higher temperature (210°C), this
system gave the product 22¢ in 61 % yield (entry 2).

Since the extremely potent dienophile N-phenyltriazoline-
dione (PTAD) is not thermally stable enough, it cannot be
employed in the one-pot conversion of (E,Z,E)-hexatrienes
to Diels—Alder products of the thermally formed cyclohexa-
dienes. Nevertheless it was tested towards potential Diels—
Alder reactions with the hexatrienes 2a and 2b themselves.
Applied towards 2a,b in dichloromethane at ambient tem-
perature, the color of PTAD did not disappear instantane-
ously, but slowly upon stirring the solutions for 3.5 and 7d,
respectively. With addition of a second equivalent of PTAD
at an interval, the tricyclic products 27a and 27b were iso-
lated in 48 and 46% yield, respectively (Scheme 7). The

R R
r PTAD
CH,Cl,, RT
- 3.5-7d (2a,b)
L 15 min (1c)

R
2ab (n=2,
R = CO,{Bu, CO,Me)
1c (n=1,R=Ph)

J

2) |
S N
P
R O N

Ph
25a,b
26¢ 27a 2 CO,tBu 48
27b 2 CO,Me 46
28¢ 1 Ph 72

Scheme 7. Formal Diels—Alder reactions of (E,Z,E)-1,3,5-hexatrienes
2a,b and 1¢ with PTAD.

structure of 27b was rigorously proved by X-ray structure
analysis (Figure 3),[ ultimately establishing the configura-
tions at the stereogenic centers C-2 and C-9 which conform
with the theoretical expectations.

With 1,2-distyrylcyclopentene (1¢), PTAD in dichloro-
methane at ambient temperature reacted instantaneously,
and within 15 min gave the same type of tricyclic cycload-
duct 28¢ in 72 % isolated yield.

For comparison, the hexatriene 2a did not react with N-
phenylmaleimide at ambient temperature and not even
within 14 h at 130°C, a temperature at which the 6m-electro-
cyclization of the hexatriene is not fast enough to form sig-

Chem. Eur. J. 2005, 11, 6583 -6592
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Figure 3. Structure of 27b in the crystal. C,,H,;N;Oq, triclinic crystals of
space group P1, Z=2, cell dimensions a=8.1683(6), b=8.5521(6), c=
14.9543(11) A, a=80.583(6), B=89.993(6), y=84.631(6)°, V=
1025.93(13) A*1

nificant amounts of the cyclohexadiene 8a, which does react
with N-phenylmaleimide (see above). Since the hexatrienes
2a,b and 1c are s-trans,s-trans-oriented, this lack of reactivi-
ty is not surprising. Their successful reactions with PTAD,
however, must be rationalized in terms of a non-concerted
process. It is well known that PTAD does undergo cycload-
ditions via zwitterionic intermediates at ambient tempera-
ture or even below.'>" In fact, PTAD has been shown to
act as an electrophile and attack tetrasubstituted (nucleo-
philic) double bonds particularly well to form detectable
aziridiniumimides'? which, after ring opening, undergo fur-
ther transformations."” In the case of 2a,b and 1¢, electro-
philic attack of PTAD should be most favorable at the cen-
tral double bond to form the aziridiniumimides 23a,b, 24¢
and these, via the ring-opened zwitterions 25a,b, 26 ¢, would
close the more favorable six-membered ring to give, what
looks like Diels—Alder adducts, 27a,b, 28 c.

Conclusion

The one-pot transformation of (E,Z,E)-1,3,5-hexatrienes 1
and 2 to ring-annelated cyclohexa-1,3-dienes with ensuing
[442] cycloadditions of dienophiles found in this study, con-
stitutes a new domino process by which a remarkable in-
crease of molecular complexity is achieved. With this pro-
cess, by variation of the starting materials, a wide variety of
functionally substituted tricyclic skeletons should be accessi-
ble.

Experimental Section

General methods: '"H NMR: Bruker AM 250 (250 MHz). Chemical shifts
in CDCl; are reported as O values relative to chloroform (6 =7.26) as in-
ternal reference. *C NMR: Bruker AW 250 (62.9 MHz). Chemical shifts
in CDCl, are reported as O values relative to chloroform (0=77.0); the
multiplicity of the signals was determined by the DEPT (62.9 MHz) tech-
nique and quoted as (+) for CH; and CH groups, (—) for CH, groups
and (C,,,) for quaternary carbon atoms. IR spectra: Bruker IFS 66. Low-
resolution EI mass spectra: Finnigan MAT 95, ionizing voltage 70 eV.
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High-resolution mass spectra: Finnigan MAT 95; preselected ion peak
matching at R ~10000 to be within £2 ppm of the exact masses. The
high-pressure reactions were carried in an Andreas Hofer high pressure
press (max. 14 kbar). Elemental analyses: Mikroanalytisches Labor des
Instituts fiir Organische und Biomolekulare Chemie der Universitdt Got-
tingen, Germany. Melting points are uncorrected. Solvents for extraction
and chromatography were of technical grade and distilled before use. All
reactions were carried out under dry nitrogen in oven- and/or flame-
dried glassware. Benzene and decalin were distilled from sodium. Di-
chloromethane was distilled from CaH,.

(E,Z.E)-1,3,5-Hexatrienes 1a—¢,”! 2ab®! and 32 as well as PTAD!™
were prepared according to literature procedures.

General procedure for the 6mn-electrocyclization of (E,Z,E)-1,3,5-hexa-
trienes (GP 1): A thick-walled Pyrex bottle containing a magnetic stirring
bar, was charged with a solution of the respective hexatriene (1a, 2a, 2b
or 3b) in decalin, and the mixture was purged with nitrogen in an ultra-
sonic bath for 10 min. The bottle was sealed with a screw cap, and the so-
lution was stirred for the given time at the given temperature. The reac-
tion mixture was cooled down to room temperature and was separated as
such or after concentration in vacuo (50°C, 0.01 Torr) by column chroma-
tography (CC).

Reactions towards the 6mn-electrocyclization of tert-butyl (E)-3-{2-[(E)-2-
(tert-butoxycarbonyl)ethenyl]-1-cyclohexen-1-yl}jacrylate (2a)

a) According to GP 1, the hexatriene 2a (33 mg, 0.10 mmol) in decalin
(10 mL) after 60 min at 215°C was concentrated in vacuo at 50°C, CC of
the residue on silica gel (9 g, pentane/diethyl ether 20:1) afforded tert-
butyl 5,6,7,8-tetrahydronaphthalene-2-carboxylate (5a) as a colorless oil
(11 mg, 47%). R;=0.58.2"

b) According to GP 1, the hexatriene 2a (200 mg, 0.598 mmol) was
heated in decalin (10 mL) and after 30 min at 215°C was subjected to CC
on silica gel (48 g, hexane/diethyl ether 20:1) to afford fraction I: tetrahy-
dronaphthalene 5a as a colorless oil (26 mg, 19%). R;=0.50.

Fraction II: Di-tert-butyl 2,3,5,6,7,8-hexahydronaphthalene-cis-2,3-dicar-
boxylate (8a) as a colorless solid (60 mg, 30%). M.p. 61-63°C; R;=0.26;
'"HNMR (250 MHz, CDCly): 6=1.40 (s, 18 H, C(CH,),], 1.42-1.54 [m,
4H, 6(7)-H], 2.22 [m, 4H, 5(8)-H], 3.33 [m, 2H, 2(3)-H], 5.65 [m, 2H,
1(4)-H]; *CNMR (62.9 MHz, CDCl,, DEPT): 6 =24.46 [—, 2C, C-6(7)],
27.90 [+, 6C, C(CHs;);], 30.87 [—, 2C, C-5(8)], 42.07 [+, 2C, C-2(3)],
80.35 [Cquar 2C, C(CH3)5], 118.03 [+, 2C, C-1(4)], 135.50 [Cyyr 2C, C-
4a(8a)], 170.93 (Cyua» 2C, CO,); IR (KBr): v=3004 (C-H), 2973 (C-H),
2928, 2863, 2837, 1739 (C=0), 1479, 1456, 1436, 1395, 1369, 1338, 1312,
1283, 1250, 1219, 1156, 1135, 1039, 1005, 980, 943, 910, 876, 849, 823, 797,
750, 689, 579, 519 cm™'; MS (70 eV): m/z (%): 334 (3) [M*],278 (5) [M *
—C,H,], 261 (1) [M*—OC,Hg], 224 (2), 222 (23) [M *—-2C,Hy], 178 (26)
[M*+-CO,-2CHg], 159 (1), 133 (13) [M *—-2CO,—C,Hy—C,H;], 104 (4),
91 (9), 57 (100) [C,Hy*], 41 (2); HRMS: caled for Cy,H;0, (334.4):
334.2144 (correct mass).

¢) According to GP 1, the hexatriene 2a (200 mg, 0.598 mmol) was
heated in decalin (10 mL) and after 15 min at 215°C was subjected to CC
on silica gel (48 g, hexane/diethyl ether 20:1) to afford fraction I: tetrahy-
dronaphthalene 5a as a colorless oil (20 mg, 14 %). R;=0.50.

Fraction II: Hexahydronaphthalene 8a as a colorless solid (110 mg,
55%). Ry=0.26.

Fraction III: A mixture containing the hexatriene 2a, the cyclization
product 8a and at least one more product (33 mg). R;=0.18.

Reactions towards the 6mn-electrocyclization of tert-butyl (E)-3-{2-[(E)-2-
(tert-butoxycarbonyl)ethenyl]-1-cyclopent-1-yl}acrylate (1a):

a) According to GP 1, hexatriene 1a (100 mg, 0.312 mmol) in decalin
(5 mL) after 15 min at 210°C was subjected to CC on silica gel (53 g,
pentane/diethyl ether 20:1) to afford fraction I: fert-Butyl indane-5-car-
boxylate (4a) as a colorless solid (12 mg, 18 % ). M.p. 40-41°C; R;=0.53;
'"HNMR (250 MHz, CDCl;): 6=1.59 [s, 9H, C(CH,),], 2.10 (quin, J=
7.4 Hz, 2H, 2-H), 2.93 [t, J=7.4 Hz, 4H, 1(3)-H], 7.24 (d, J=8.1 Hz, 1H,
7-H), 7.79 (d, J=7.8Hz, 1H, 6-H), 7.83 (s, 1H, 4-H); "CNMR
(62.9 MHz, CDCl;, DEPT): 6=25.43 (—, C-2), 2821 [+, 3C, C(CHs);],
32.53 (=, C-1), 32.93 (-, C-3), 80.54 [Cyuur C(CH;)3], 123.96 (+, C-7),
125.27 (+, C-6), 127.67 (4, C-4), 130.04 (Cyyos C-5), 14429 (Cypry C-7a),
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149.32 (Cyua» C-32), 166.21 (Cypay CO,); IR (KBr): v=3004 (C-H), 2981
(C-H), 2959, 2843, 1705 (C=0), 1610, 1577, 1457, 1438, 1393, 1369, 1335,
1300, 1280, 1257, 1153, 1103, 1036, 908, 876, 850, 819, 767 cm™'; MS
(70eV): miz (%): 218 (2) [M*], 162 (2) [M*-CHg], 145 2) M+
—OC,H,], 117 (54) [M *—CO,C,H,], 115 (100), 89 (4), 77 (1), 57 (10)
[CHy*], 41 (1); HRMS: caled for C,H;50, (218.3): 218.1307 (correct
mass).

Fraction II: Di-tert-butyl indane-5,6-dicarboxylate (10a) as a colorless
solid (50 mg, 50%). M.p. 59°C; R;=0.22; 'H NMR (250 MHz, CDCL,):
0=1.57 [s, 18H, C(CH,);], 2.09 (quin, J=7.5 Hz, 2H, 2-H), 2.92 [t, J=
7.5 Hz, 4H, 1(3)-H], 7.46 [s, 2H, 4(7)-H]; "CNMR (50.3 MHz, CDCl,
APT): 6=25.37 (-, C-2), 28.07 [+, 6C, C(CH,)3], 32.66 [—, 2C, C-1(3)],
81.36 [—, 2C, C(CHs;);], 124.59 [+, 2C, C-4(7)], 132.22 [, 2C, C-5(6)],
146.88 [—, 2C, C-3a(7a)], 167.26 [—, 2C, CO,]; IR (KBr): v=2977 (C-H),
1718 (C=0), 1613 (C=C), 1569, 1456, 1367, 1288, 1257, 1169, 1119, 1011,
893, 849, 780 cm™'; MS (70 eV): miz (%): 318 (3) [M ], 263 (2), 207 (42),
189 (100) [M*-CHg—OC,H,], 162 (18), 117 (18), 57 (13) [CH,*];
HRMS: calcd for C;yH,40, (318.4): 318.1831 (correct mass).

b) According to GP 1, the hexatriene 1a (100 mg, 0.312 mmol) in decalin
(5mL) after 75 min at 180°C was subjected to CC on degassed silica gel
with degassed solvents (53 g, pentane/diethyl ether 20:1) to afford di-tert-
butyl 2,3,5,6-tetrahydro-1H-indene-cis-5,6-dicarboxylate (7a) as a color-
less oil (30 mg, 30 %), which was very sensitive to oxidative dehydrogena-
tion. R;=0.22; "H NMR (250 MHz, CDCL,): 6=1.43 [s, 18H, C(CH,);],
1.69 (quin, J=7.1 Hz, 2H, 2-H), 2.28-2.37 [m, 4H, 1(3)-H], 3.49 [m, 2H,
5(6)-H], 5.69 [m, 2H, 4(7)-H]; *C NMR (62.9 MHz, CDCl,, additional
DEPT): 0=25.00 (—, C-2), 27.94 [+, 6C, C(CH,);], 30.90 [—, 2C, C-
1(3)], 43.07 [+, 2C, C-5(6)], 80.46 [Cyuu» 2C, C(CH;)5], 113.49 [+, 2C,
C-4(7)], 14084 [Cyr 2C, C-3a(7a)], 171.22 (Cyay 2C, CO,); MS
(70eV): miz (%): 320 3) [M™*], 264 (3) [M*-CH;], 247 (1) [M*
—OC,Hy], 208 (8) [M+-2CHy], 191 (2) [M *—C,Hs—OC,H,], 189 (2),
164 (16) [M *—CO,-2C,Hy], 137 (4), 119 (9) [M *-2CO,—C,H,—C,Hg],
95 (4), 91 (6), 57 (100) [C,H,*], 41 (11); HRMS: caled for C,yHy0,
(320.4): 320.1988 (correct mass).

Dimethyl 2,3,5,6,7,8-hexahydronaphthalene-cis-2,3-dicarboxylate (8b):
According to GP 1, the hexatriene 2b (200 mg, 0.800 mmol) in decalin
(10 mL) after 15 min at 215°C was subjected to CC on silica gel (48 g,
pentane/diethyl ether 3:1) to afford hexahydronaphthalene 8b as a color-
less oil (100 mg, 50%). R;=0.50.1%!

Electrocyclization of methyl (E)-3-{2-[(E)-2-methoxycarbonylethenyl]cy-
clohept-1-enyl}acrylate (3b): According to GP 1, the hexatriene 3b
(62 mg, 0.23 mmol) in decalin (5 mL) after 30 min at 210°C was subjected
to CC on silica gel (35 g, pentane/diethyl ether 10:1 — 4:1) to afford frac-
tion I: methyl 6,7,8,9-tetrahydro-5H-benzocycloheptene-2-carboxylate
(6b) as a colorless solid (18 mg, 38%). M.p. 28-30°C; R;=0.69 (pentane/
diethyl ether 4:1); '"H NMR (250 MHz, CDCl;): 6 =1.65 [m, 4H, 6(8)-H],
1.83 (m, 2H, 7-H), 2.83 [m, 4H, 5(9)-H], 3.89 (s, 3H, CHs;), 7.15 (d, /=
76Hz, 1H, 4-H), 7.73-7.77 [m, 2H, 1(3)-H]; "CNMR (62.9 MHz,
CDCl,;, DEPT): 6=27.91 (—, C-6), 28.04 (—, C-8), 32.55 (—, C-7), 36.44
(=, C-5), 36.65 (—, C-9), 51.88 (+, CH;), 127.39 (+, C-4), 127.70 (Cyya»
C-2), 129.08 (4, C-3), 129.97 (4, C-1), 143.58 (Cy, C-4a), 149.06 (Cyyair
C-9a), 167.32 (Cyuur CO,); IR (KBr): v=2924 (C-H), 2852, 1722 (C=0),
1605, 1574, 1498, 1438, 1361, 1334, 1281, 1254, 1201, 1140, 1113, 984, 907,
864, 847, 831, 766, 740 cm™'; MS (70 eV): miz (%): 204 (100) [M *], 189
(3) [M*—CHy], 174 (7), 173 (52) [M *—OCHy], 162 (7), 145 (53) [M*
—CO,CHj;], 131 (8), 115 (10), 103 (4), 91 (9), 67 (5); HRMS: calcd for
Ci3H 40, (204.3): 204.1150 (correct mass).

Fraction II: A 45:55 mixture of dimethyl 2,3,6,7,8,9-hexahydro-5H-benzo-
cycloheptene-2,3-dicarboxylate (9b) and dimethyl 6,7,8,9-tetrahydro-5H-
benzocycloheptene-2,3-dicarboxylate (12b) as a colorless oil (20 mg,
32%). R;=0.33 (pentane/diethyl ether 4:1). Compound 9b: 'H NMR
(250 MHz, CDCly): 6=1.44-1.53 [m, 4H, 6(8)-H], 1.71-1.75 (m, 2H, 7-
H), 2.27 [m, 4H, 5(9)-H], 3.53 [m, 2H, 2(3)-H], 3.67 (s, 6H, CHj;), 5.78
[m, 2H, 1(4)-H].

The mixture containing 9b and 12b was dissolved in diethyl ether
(5 mL). A small amount of silica gel was added, and the mixture was stir-
red at ambient temperature for 14 h. The silica gel was filtered off, and
the solvent was removed in vacuo. The residue (19 mg) obtained was the
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completely aromatized product 12b as a colorless solid. M.p. 76-78°C;
"H NMR (250 MHz, CDCl;): 6 =1.49-1.65 [m, 4H, 6(8)-H], 1.79-1.84 (m,
2H, 7-H), 2.83 [m, 4H, 5(9)-H], 3.88 (s, 6H, CH;), 7.45 [s, 2H, 1(4)-H];
C NMR (62.9 MHz, CDCl;, DEPT): § =27.64 [, 2C, C-6(8)], 32.40 (—,
C-7), 36.33 [—, 2C, C-5(9)], 5248 (+, 2C, CH;), 12941 [Cy 2C, C-
2(3)], 129.45 [+, 2C, C-1(4)], 147.06 [Cyuas 2C, C-4a(9a)], 168.31 (Cquars
2C, CO,); IR (KBr): v=2998 (C-H), 2957, 2934, 2899, 2847, 1727 (C=0),
1608, 1561, 1453, 1433, 1405, 1342, 1301, 1241, 1224, 1203, 1133, 979, 932,
906, 886, 855, 830, 789, 764, 633, 584 cm™"; MS (70 eV): m/z (% ): 262 (36)
[M+], 248 (1), 231 (100) [M *—OCH;], 212 (3), 189 (4), 152 (4), 128 (2),
111 (4), 91 (2), 59 (1) [CO,CH;*], 43 (2); HRMS: calcd for CisHgO,
(262.3): 262.1205 (correct mass).

Di-tert-butyl 10,12-dioxo-11-phenyl-9,11,13-triazatetracyclo[6.5.2.0>".0°"]-
pentadec-2(7)-ene-14,15-dicarboxylate (13a): A solution of PTAD
(42 mg, 0.24 mmol) in dichloromethane (1 mL) was added dropwise
within 10 min under stirring to a solution of the hexahydronaphthalene
8a (83 mg, 0.25 mmol) in dichloromethane (1 mL). The solvent was re-
moved in vacuo, and the residue was purified by CC on silica gel (18 g,
pentane/diethyl ether 3:1) to yield 13a as a colorless solid (74 mg, 60 % ).
M.p. 147-148°C; R;=0.53; '"H NMR (250 MHz, CDCl;): 6=1.45 [s, 18H,
C(CHs;);], 1.49-1.70 [m, 4H, 4(5)-H], 2.09-2.30 [m, 4H, 3(6)-H], 3.43 [s,
2H, 14(15)-H], 4.88 [s, 2H, 1(8)-H], 7.33-7.44 (m, 5H, Ar-H); *C NMR
(62.9 MHz, CDCl;, DEPT): 0=22.15 [—, 2C, C-4(5)], 27.30 [, 2C, C-
3(6)], 27.99 [+, 6 C, C(CHs;);], 45.25 [+, 2C, C-14(15)], 56.41 [+, 2C, C-
1(8)], 81.74 [Cyua 2C, C(CH3)5], 125.39 (4, 2C, Ar-C), 128.30 (+, Ar-
C), 129.09 (+, 2C, Ar-C), 131.25 (Cyya» Ar-C), 132.69 [Cyuarr 2C, C-2(7)],
156.78 [Cyuas 2C, C-10(12)], 168.38 (Cyua» 2C, CO,); TR (KBr): v =3080
(C-H), 2985 (C-H), 2972 (C-H), 2933, 2836, 1775, 1740 (C=0), 1716 (C=
0), 1596, 1505, 1459, 1392, 1349, 1340, 1296, 1278, 1252, 1222, 1166, 1149,
1073, 1023, 1004, 982, 962, 909, 851, 836, 773, 733, 713, 689, 638, 546,
505 cm™'; MS (70 €V): m/z (%): 509 (17) [M *], 453 (9) [M *—C,Hy], 397
(15) [M*-2CHg], 380 (28) [M*-OCH,—CHg], 281 (100) [M*
—H,C,0,CCHCHCO,C,H,], 220 (33), 203 (61), 177 (62), 159 (9), 134
(36), 131 (12), 91 (17), 57 (93) [C,Ho*], 41 (12); HRMS: caled for
CysH3sN30, (509.6): 509.2526 (correct mass).

Di-tert-butyl 11,11,12,12-tetracyanotricyclo[6.2.2.0*"]dodec-2(7)-ene-9,10-
dicarboxylate (14a): A Pyrex tube equipped with a magnetic stirring bar
was charged with hexahydronaphthalene 8a (150 mg, 0.448 mmol),
TCNE (57 mg, 0.45 mmol) and benzene (1 mL), the mixture was purged
with nitrogen in an ultrasonic bath for 10 min, the tube sealed with a
screw cap, and the solution stirred at 90°C for 20 h. The mixture was
cooled down to ambient temperature and concentrated in vacuo. After
CC on silica gel (22 g, pentane/diethyl ether 5:1) 14a was obtained as a
colorless solid (162 mg, 78%). M.p. 188-189°C; R;=0.36; 'HNMR
(250 MHz, CDCly): =144 [s, 18 H, C(CH,);], 1.69 [m, 4H, 4(5)-H], 2.25
[m, 4H, 3(6)-H], 3.35 [s, 2H, 1(8)-H], 3.49 [s, 2H, 9(10)-H]; "C NMR
(62.9 MHz, CDCl;, DEPT): 6=21.68 [—, 2C, C-4(5)], 27.90 [+, 6C, C-
(CH;)4], 2872 [—, 2C, C-3(6)], 41.51 [+, 2C, C-1(8)], 43.01 [Cquar 2C, C-
11(12)], 46.20 [+, 2C, C-9(10)], 82.89 [Cyuus 2C, C(CH3)5], 110.90 (Cyuas
2C, CN), 110.97 (Cyuas 2C, CN), 134.89 [Cyuar 2C, C-2(7)], 167.29 (Cyaes
2C, CO,); IR (KBr): v=2977 (C-H), 2931, 2909, 2874, 2837, 2254 (C=N),
1748 (C=0), 1457, 1437, 1395, 1372, 1295, 1265, 1223, 1153, 992, 850, 835,
747 cm™'; MS (70 eV): miz (%): 462 (1) [M *], 406 (2) [M *—C,Hy], 350
9) [M*-2CHg, 332 (4) [M*+*-CH,OH-CHy], 222 (1), 175 (4), 131
(2), 115 (1), 91 (4), 57 (100) [C,Hy*], 41 (6); elemental analysis calcd
(%) for C,H;3N,O, (462.5): C 67.51, H 6.54, N 12.11; found C 67.47, H
6.23, N 11.89.

Reaction of hexahydronaphthalene 8a with dimethyl acetylenedicarboxy-
late: A Pyrex tube equipped with a magnetic stirring bar was charged
with hexahydronaphthalene 8a (78 mg, 0.23 mmol), dimethyl acetylenedi-
carboxylate (28 pL, 33 mg, 0.23 mmol) and benzene (1 mL), and the mix-
ture was purged with nitrogen in an ultrasonic bath for 10 min, the tube
sealed with a screw cap, and the solution stirred at 90°C for 17 h. The
mixture was cooled down to ambient temperature and concentrated in
vacuo. After CC on silica gel (26 g, pentane/diethyl ether 3:1) dimethyl
5,6,7,8-tetrahydronaphthalene-2,3-dicarboxylate  (11b) was obtained
(27 mg, 47%). R;=0.37.13-13
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General procedure for Diels—Alder reactions under high pressure (GP
2): A solution of hexahydronaphthalene 8a (80 mg, 0.24 mmol) and the
respective dienophile (0.24 mmol) in dichloromethane was sealed in a
Teflon tube, and the tube subjected to 10 kbar at ambient temperature
for the stated time. The solvent was removed in vacuo, and the residue
subjected to chromatography on silica gel.

11,12-Di-tert-butyl 9,10-dimethyl tricyclo[6.2.2.02’7]dodeca-2(7),9-diene-
9,10,11,12-tetracarboxylate (15a): According to GP 2, hexahydronaphtha-
lene 8a (80 mg, 0.24 mmol) and dimethyl acetylenedicarboxylate in di-
chloromethane (0.5 mL) after 40 h and subsequent CC on silica gel (19 g,
pentane/diethyl ether 3:1) gave 15a as a colorless solid (50 mg, 44 %).
M.p. 63-65°C; R;=0.42; '"HNMR (250 MHz, CDCL;): 6 =1.34-1.57 [m,
4H, 4(5)-H], 1.41 [s, 18H, C(CH,)3], 2.14 [m, 4H, 3(6)-H], 2.84 [s, 2H,
1(8)-H], 3.76 (s, 6H, CO,CH;), 3.83 [s, 2H, 11(12)-H]; "CNMR
(62.9 MHz, CDCl;, DEPT): 0=22.60 [—, 4C, 3(4,5,6)-C], 28.09 [+, 6C,
C(CHs);], 46.26 [+, 2C, C-1(8)*], 47.46 [+, 2 C, C-11(12)*], 52.22 (+,
2C, CO,CH;y), 80.65 [Cy» 2C, C(CH3)5], 135.71 [Cyuar 2C, C2(7)],
143.79 [Cguaer 2C, C-9(10)], 165.99 (Cyar» 2C, CO,), 170.24 (Cyuaes 2C,
CO,); IR (KBr): v=2981 (C-H), 2932, 1743 (C=0), 1638 (C=C), 1458,
1437, 1395, 1369, 1334, 1256, 1223, 1158, 1077, 952, 854, 822, 734 cm™;
MS (DCI, NH;, 200eV): m/z (%): 494 (30) [M+NH,*], 477 (100)
[M+H*].

Di-tert-butyl 11,11,12,12-Tetracyanotricyclo[6.2.2.0>"dodec-2(7)-ene-
9,10-dicarboxylate (14a): According to GP 2, hexahydronaphthalene 8a
(100 mg, 0.30 mmol) and TCNE (38 mg, 0.30 mmol) in dichloromethane
(1 mL) after 25h and CC on silica gel (19 g, pentane/diethyl ether 5:1)
gave 14a (83 mg, 60 % ).

Di-tert-butyl 10,12-dioxo-11-phenyl-11-azatetracyclo[6.5.2.0*".0>*]penta-
dec-2(7)-ene-14,15-dicarboxylate (16a): According to GP 2, hexahydro-
naphthalene 8a (80 mg, 0.24 mmol) and N-phenylmaleimide (41 mg,
0.24 mmol) in dichloromethane (1 mL) after 25h and CC on silica gel
(19 g, pentane/diethyl ether 1:1) gave 16a as a colorless solid (93 mg,
77%). M.p. 119-121°C; R;=0.44; '"H NMR (250 MHz, CDCL;): 6 =1.38-
1.59 [m, 2H, 4(5)-H], 1.43 [s, 18H, C(CH,);], 1.60-1.68 [m, 2H, 4(5)-H],
1.91-1.97 [m, 2H, 3(6)-H], 2.16-2.22 [m, 2H, 3(6)-H], 2.95 [s, 2H, 1(8)-
H], 3.02 [s, 2H, 9(13)-H], 3.28 [s, 2H, 14(15)-H], 7.15 (d, *J=7.0 Hz, 2H,
Ar-H), 7.34-7.48 (m, 3H, Ar-H); "C NMR (62.9 MHz, CDCl;, DEPT):
0=22.69 [—, 2C, C-4(5)], 28.05 [+, 6 C, C(CHs),], 28.55 [, 2C, C-3(6)],
39.72 [+, 2C, C-1(8)], 44.35 [+, 2C, C-9(13)], 46.63 [+, 2C, C-14(15)],
80.76 [Cyuay 2C, C(CHy)3], 12626 (+, 2C, Ar-C), 12861 (+, Ar-C),
12917 (+, 2C, Ar-C), 131.69 (Cyuay Ar-C), 132.88 [Cyuy» 2C, C-2(7)],
170.39 (Cyuar 2C, CO,), 176.78 [Cyya, 2C, C-10(12)]; IR (KBr): v=2979
(C-H), 2932, 1739 (C=0), 1709 (C=0), 1501, 1456, 1392, 1365, 1331,
1294, 1237, 1165, 1146, 1004, 850, 740, 695 cm™"; MS (70 eV): m/z (%):
507 (1) [M*], 451 (3) [M*—CHy], 395 (100) [M *-2C,H;], 377 (83)
[M*-OCH,—C,H,], 349 (18) [M *—CO,CH,—C,H,], 331 (1), 304 (9)
[M*—HCO,C,H,—CO,C,H,], 279 (2), 202 (2), 175 (33) [CH,CONPh-
COCH,*], 131 (19) [M*—CHCONPhCOCH-HCO,CH,—CO,CH,],
91 (11), 57 (52) [C,H,™], 41 (11); HRMS: caled for C3H3NO; (507.6):
507.2621 (correct mass).

General procedure for the 6rn-electrocyclization/Diels—Alder one-pot re-
action of (E,Z,E)-1,3,5-hexatrienes (GP 3): A Pyrex bottle equipped with
a magnetic stirring bar, a solution of the hexatriene (1, 2 or 3) and one
equivalent of the respective dienophile in decalin (10 mL) was purged
with nitrogen in an ultrasonic bath for 10 min. The bottle was sealed with
a screw cap, and the solution was stirred at the given temperature for the
given time. The reaction mixture was cooled down to ambient tempera-
ture, and worked up as described.

Di-tert-butyl 10,10,11,11-Tetracyanotricyclo[5.2.2.0>* Jundec-2(6)-ene-8,9-
dicarboxylate (17a): According to GP 3, the hexatriene 1la (176 mg,
0.549 mmol) and TCNE (70 mg, 0.55 mmol) after 45 min at 190°C was
subjected to chromatography on silica gel (22 g, pentane/diethyl ether
5:1) to yield 17a as a colorless solid (66 mg, 27 % ). M.p. 167-169°C; R;=
0.45; '"HNMR (250 MHz, CDCl;): 6=1.44 [s, 18H, C(CH,);], 2.11 (m,
2H, 4-H), 2.64 [m, 4H, 3(5)-H], 3.42 [s, 2H, 1(7)-H], 3.90 [s, 2H, 8(9)-
H]; B*CNMR (62.9 MHz, CDCl,, DEPT): §=23.25 (—, C-4), 27.91 [+,
6C, C(CH;)s], 34.36 [—, 2C, C-3(5)], 42.10 [+, 2C, C-1(7)], 43.36 [Cyuas>
2C, C-10(11)], 44.01 [+, 2C, C-8(9)], 83.10 [Cyuu» 2C, C(CH3;)s], 110.91
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(Cquas 4C, CN), 141.13 [Cyay 2C, C-2(6)], 167.29 (Cyua» 2C, CO,); IR
(KBr): v=2985 (C-H), 2852, 2253 (C=N), 1739 (C=0), 1725, 1473, 1457,
1394, 1371, 1352, 1331, 1297, 1259, 1232, 1217, 1146, 1113, 958, 842,
749 cm™'; MS (DCI, NH;, 200 eV): m/z (%): 914 (6) [2M+NH,*], 483
(32) [M+NH;+NH,*], 466 (100) [M+NH,*]; elemental analysis calcd
(%) for C,sHxN,O, (448.5): C 66.95, H 6.29, N 12.49; found C 67.27, H
6.00, N 12.31.

Di-tert-butyl 11,11,12,12-tetracyanotricyclo[6.2.2.0>"]dodec-2(7)-ene-9,10-
dicarboxylate (14a): According to GP 3, the hexatriene 2a (201 mg,
0.600 mmol) and TCNE (77 mg, 0.60 mmol) after 45 min at 190°C and
chromatography on silica gel (53 g, pentane/diethyl ether 5:1) yielded
14a (154 mg, 55%).

Dimethyl 10,10,11,11-tetracyan0tricyclo[5.2.2.02‘“]undec-2(6)-ene-8,9-di-
carboxylate (17b): According to GP 3, the hexatriene 1b (200 mg,
0.846 mmol) and TCNE (108 mg, 0.843 mmol) after 45 min at 190°C and
chromatography on silica gel (31 g, pentane/diethyl ether 1:3) yielded
17b as a colorless solid (214 mg, 69%). M.p. 187-189°C; R;=0.45;
'"HNMR (250 MHz, CDCly): 6=2.05-2.17 (m, 2H, 4-H), 2.64-2.71 [m,
4H, 3(5)-H], 3.63 [s, 2H, 1(7)-H], 3.68 (s, 6 H, CH3), 3.96 (s, 2H, 8(9)-H];
BCNMR (62.9 MHz, CDCl;, DEPT): 6=23.10 (-, C-4), 34.28 [, 2C, C-
3(5)], 41.50 [+, 2C, C-1(7)], 43.17 [Cyuar 2C, C-10(11)], 43.56 [+, 2C,
C-8(9)], 52.79 (+, 2C, CO,CH;), 110.71 (Cyuas 2C, CN), 110.74 (Cyuaer
2C, CN), 141.40 [Cyu, 2C, C-2(6)], 168.94 (Cyuar 2C, CO,); IR (KBr):
v=2991 (C-H), 2959, 2913, 2854, 2256 (C=N), 1747 (C=0), 1668, 1443,
1373, 1354, 1328, 1276, 1227, 1202, 1156, 1105, 1039, 1020, 1007, 953, 943,
905, 837, 794, 633, 598 cm™"; MS (70 eV): m/z (%): 364 (3) [M*], 333
(44) [M*—OCH;], 236 (37) [M*—(CN),CC(CN),], 177 (72) [M*
—(CN),CC(CN),—CO,CH3], 176 (81) [M *—(CN),CC(CN),—HCO,CH;],
165 (2), 145 (9), 117 (100) [M *—(CN),CC(CN),—HCO,CH;—CO,CHj],
113 (20), 105 (16), 91 (8), 77 (2), 59 (19) [CO,CH;*], 41 (2); elemental
analysis caled (%) for C,yH;(N,O, (364.3): C 62.63, H 4.43, N 15.38;
found C 62.40, H 4.56, N 15.19.

Dimethyl 11,11,12,12-tetracyanotricyclo[6.2.2.0>"]dodec-2(7)-ene-9,10-di-
carboxylate (14b): According to GP 3, the hexatriene 2b (200 mg,
0.799 mmol) and TCNE (102 mg, 0.799 mmol) after 45 min at 190°C and
chromatography on silica gel (31g, pentane/diethyl ether 1:3) yielded
14b as a colorless solid (226 mg, 75%). M.p. 185-186°C; R;=0.56;
'"H NMR (250 MHz, CDCl,): 0=1.71 [m, 4H, 4(5)-H], 2.28 [m, 4 H, 3(6)-
H], 3.56 [s, 2H, 1(8)-H*], 3.58 [s, 2H, 9(10)-H*], 3.70 (s, 6H, CHs);
BC NMR (62.9 MHz, CDCl;, DEPT): 6 =21.64 [—, 2C, C-4(5)], 28.56 [,
2C, C-3(6)], 40.77 [+, 2C, C-1(8)], 42.61 [Cy» 2C, C-11(12)], 45.61 [+,
2C, C-9(10)], 52.66 (+, 2C, CO,CH;), 110.67 (Cyu» 2C, CN), 110.74
(Cquar» 2C, CN), 135.20 [Cyua» 2C, C-2(7)], 168.94 (Cyar 2C, CO,); IR
(KBr): v=2959 (C-H), 2836, 2252 (C=N), 1740 (C=0), 1437, 1349, 1297,
1258, 1224, 1198, 1167, 1131, 1102, 1043, 1006, 963, 908, 877, 817 cm™';
MS (70 eV): m/z (%): 378 (6) [M*], 347 (32) [M *—OCH;], 318 (1) [M *
—HCO,CH;], 291 (7), 259 (2) [M *—HCO,CH;—CO,CH;], 250 (22) [M *
—(CN),CC(CN),], 247 (3), 206 (4, 190 (92) [M*
—(CN),CC(CN),-HCO,CH;], 166 (1), 159 (3), 131 (100) [M*
—(CN),CC(CN),—HCO,CH;—CO,CH;], 113 (16), 105 (20), 91 (15), 77
(5), 59 (26) [CO,CH;%], 41 (3); elemental analysis caled (%) for
CyH;sN,O, (378.4): C 63.49, H 4.79, N 14.81; found C 63.55, H 4.57, N
14.74.

Dimethyl 12,12,13,13-tetracyanotricyclo[7.2.2.02’8]tridec-2(8)-ene-10,11-di-
carboxylate (18b): According to GP 3, the hexatriene 3b (110 mg,
0.416 mmol) and TCNE (54 mg, 0.42 mmol) after 45 min at 195°C and
chromatography on silica gel (31 g, pentane/diethyl ether 1:3) yielded
18b as a colorless solid (131 mg, 80%). M.p. 193-194°C; R;=0.49;
'HNMR (250 MHz, CDClLy): 6=1.58-1.84 [m, 6H, 4(5,6)-H], [m, 4H,
3(7)-H], 3.50 [s, 2H, 1(9)-H], 3.64 [s, 2H, 10(11)-H], 3.69 (s, 6H, CH,);
C NMR (62.9 MHz, CDCl,, DEPT): §=25.48 [—, 2C, C-4(6)], 29.44 (—,
C-5), 35.29 [, 2C, C-3(7)], 40.62 [+, 2C, C-1(9)], 42.47 [Cqua» 2C, C-
12(13)], 49.18 [+, 2C, C-10(11)], 52.75 (4, 2C, CO,CHy), 110.76 (Cyyas
2C, CN), 110.99 (Cyu» 2C, CN), 138.43 [Cypa, 2C, C-2(8)], 169.06 (Cyas
2C, CO,); IR (KBr): v=2930 (C-H), 2857, 2257 (C=N), 1740 (C=0),
1457, 1437, 1364, 1349, 1323, 1298, 1260, 1240, 1222, 1197, 1101, 1024,
1007, 966, 823, 806, 701, 668, 610 cm™'; MS (70 eV): m/z (%): 392 (4)
[M*], 361 (24) [M*—OCH;], 332 (2) [M *—HCO,CHj;], 305 (2), 273 (3)
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[M *HCO,CH,—CO,CH,], 264 (11) [M *—(CN),CC(CN),], 232 (6), 204
(100) [M*—(CN),CC(CN),~HCO,CH,], 173 (3), 146 (10) [M*
—(CN),CC(CN),—2CO,CHj5], 145 (86) M+
—(CN),CC(CN),—HCO,CH,—CO,CH,], 117 (10), 105 (16), 91 (11), 77
(3), 59 (17) [CO,CH;*], 41 (6); elemental analysis caled (%) for
CHyoN,O, (392.4): C 64.28, H 5.14, N 14.28; found C 64.00, H 525, N
14.03.

Dimethyl 10,12-dioxo-11-phenyl-11-azatetracyclo[6.5.2.0>7.0>"*]pentadec-
2(7)-ene-14,15-dicarboxylate (16b): According to GP 3, the hexatriene
2b (200 mg, 0.799 mmol) and N-phenylmaleimide (207 mg, 1.20 mmol) in
3 mL of decaline after 45 min at 190°C and chromatography on silica gel
(45 g, pentane/diethyl ether 1:2) yielded 16b as colorless crystals (237 mg,
70%). M.p. 138-140°C; R;=0.31; 'H NMR (250 MHz, CDCl;): 6 =1.45-
1.66 [m, 4H, 4(5)-H], 1.89-2.18 [m, 4H, 3(6)-H], 3.00 [s, 2H, 1(8)-H],
3.08 [s, 2H, 9(13)-H], 3.27 [s, 2H, 14(15)-H], 3.57 (s, 6H, OCH3), 7.12 (d,
J=6.7, 2H, Ar-H), 731-7.46 (m, 3H, Ar-H); "CNMR (62.9 MHz,
CDCl;, DEPT): 0=22.58 [—, 2C, C-4(5)], 2833 [—, 2C, C-3(6)], 39.29
[+,2C, C-1(8)], 43.82 [+, 2C, C-9(13)], 45.62 [+, 2C, C-14(15)], 51.70
(+, 2C, CO,CH3), 126.10 (4, 2C, Ar-C), 128.52 (4, Ar-C), 129.06 (+,
2C, Ar-C), 131.53 (Cyuuy Ar-C), 133.12 [Cypa, 2C, C-2(7)], 171.84 (Cypas
2C, CO,), 176.28 [Cyua, 2C, C-10(12)]; IR (KBr): v=2953 (C-H), 2919,
2855, 2833, 1760, 1740 (C=0), 1718 (C=0), 1700, 1494, 1457, 1434, 1386,
1362, 1331, 1298, 1237, 1192, 1164, 1041, 755, 702, 622, 603 cm™'; MS
(70 eV): miz (%): 423 (6) [M *], 391 (100) [M *—CH;0H], 363 (59) [M *
—HCO,CH;], 331 (5) [M*-HCO,CH;—CH,OH], 304 (21) [M*
—~HCO,CH;—-CO,CH;], 303 (10) [M *—2HCO,CH;], 254 (3), 218 (2),
217 (7) [M*—CH,CONPhCOCH,-OCH;], 190 (10), 175 (71)
[CH,CONPhCOCH,*], 156 (9), 132 (18), 131 (44), 113 (28), 104 (17), 91
(20), 59 (10) [CO,CH;*], 55 (1); elemental analysis caled (%) for
C,,H,sNOg (423.5): C 68.07, H 5.95, N 3.31; found C 67.81, H 5.72, N
3.26.

Di-tert-butyl  10,12-dioxo-11-oxatetracyclo[6.5.2.0>".0>*|pentadec-2(7)-
ene-14,15-dicarboxylate (19a): According to GP 3, hexatriene 2a
(200 mg, 0.598 mmol) was treated with maleic anhydride (59 mg,
0.60 mmol) at 210°C for 30 min. The reaction mixture was stored at
—15°C for 7d. During this time, colorless crystals precipitated at the
glass wall. After warming to ambient temperature, the solvent was care-
fully removed, and the precipitate was recrystallized from diethyl ether
yielding 19a (50 mg, 19%). 'H NMR (250 MHz, CDClL): 6=1.35-1.52
[m, 4H, 4(5)-H], 1.39 [s, 18 H, C(CHj);], 1.85-1.94 [m, 2H, 3(6)-H], 2.09-
2.19 [m, 2H, 3(6)-H], 2.86 [s, 2H, 1(8)-H], 3.15 [s, 2H, 9(13)-H], 3.17 [s,
2H, 14(15)-H]; "CNMR (62.9 MHz, CDCl;, DEPT): 6=22.31 [, 2C,
C-4(5)], 28.00 [+, 6C, C(CH,)3], 28.52 [—, 2C, C-3(6)], 39.27 [+, 2C, C-
1(8)], 44.89 [+, 2C, C-9(13)*], 4591 [+, 2C, C-14(15)*], 81.17 [Cyar»
2C, C(CHy);], 133.76 [Cyuar 2C, C-2(7)], 169.95 [Cyuay 2C, C-10(12)*],
171.63 (Cyuar 2C, CO,*); IR (KBr): v=2937 (C-H), 1866 (C=0), 1784
(C=0), 1734 (C=0), 1457, 1437, 1394, 1370, 1261, 1152, 1076, 948, 908,
845, 735cm™!; MS (70 eV): miz (%): 432 (1) [M*], 320 (100) [M™*
—-2CHg], 302 (96) [M*-OCH,—CH,], 274 (46) [M*
—CO,C,Hy—C,H,], 246 (15), 228 (8), 203 (12), 156 (13), 131 (42), 104
(14), 91 (13), 78 (2), 57 (93) [C,H,*], 41 (18).

Dimethyl 10,12-dioxo-11-oxatetracyclo[6.5.2.0>".0”"]pentadec-2(7)-ene-
14,15-dicarboxylate (19b): According to GP 3, the hexatriene 2b
(200 mg, 0.799 mmol) was treated with maleic anhydride (78 mg,
0.80 mmol) at 210°C for 30 min. After cooling to ambient temperature,
the reaction mixture was stored at —15°C for 2 d. During this time, color-
less crystals precipitated at the glass wall. After warming to ambient tem-
perature, the solvent was carefully removed, and the precipitate was
washed with diethyl ether (15mL) and dried in vacuo. The crystals
turned out to be pure 19b (90 mg, 32%). M.p. 165-168°C; 'H NMR
(250 MHz, CDCl;): 6=1.56 [m, 4H, 4(5)-H], 1.91-1.98 [m, 2H, 3(6)-H],
2.12-2.19 [m, 2H, 3(6)-H], 3.05 [s, 2H, 1(8)-H], 3.19 [s, 2H, 9(13)-H],
3.28 [s, 2H, 14(15)-H], 3.63 (s, 6H, OCH;); *C NMR (62.9 MHz, CDCl,,
DEPT): 6=22.32 [—, 2C, C-4(5)], 28.42 [—, 2C, C-3(6)], 38.94 [+, 2C,
C-1(8)], 44.58 [+, 2C, C-9(13)*], 45.12 [+, 2C, C-14(15)*], 51.96 (+,
2C, CO,CH;), 134.15 [Cyua, 2C, C-2(7)], 171.29 [Cyar 2C, C-10(12)*],
17142 (Cgyuar 2C, CO,*); IR (KBr): v=3002, 2952 (C-H), 2902, 2833,
1838 (C=0), 1781 (C=0), 1750 (C=0), 1731, 1433, 1370, 1320, 1239,
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1206, 1131, 1081, 1033, 1000, 976, 945, 907, 845, 814, 752, 722, 696, 671,
627, 595cm™; MS (70 eV): miz (%): 348 (25) [M™*], 316 (100) [M*
—H;OH], 288 (43) [M*-HCO,CH;], 260 (27), 229 (4) [M*
—HCO,CH;—-CO,CH;], 214 (9), 189 (14), 145 (9) [CH;CO,CH,CH-
CO,CH;"], 131 (19), 113 (22), 104 (9), 85 (2), 59 (4) [CO,CH;*].
Tetramethyl endo,syn-tricyclo[6.2.2.0]dodec-2(7)-ene-9,10,11,12-tetracar-
boxylate (20b): A solution of dimethyl cyclohex-1-ene-1,2-bis-(E)-acry-
late (2b; 400 mg, 1.60 mmol) and dimethyl maleate (1.21 g, 8.4 mmol) in
deoxygenated anhydrous toluene (2.00 mL) was sealed in a Teflon tube
and heated at 150°C under a pressure of 10 kbar for 15 h. After evapora-
tion of the solvent in vacuo, the residue was subjected to CC on 50 g of
silica gel (column 3.2x15 cm) eluting with pentane/diethyl ether 1:1 to
yield 20b (R;=0.35) as a colorless solid (2.00mL, 39%). M.p. 143—
145°C. Good quality crystals for X-ray diffraction were grown from pen-
tane/diethyl ether 1:1 by slow evaporation of solvents at 23°C. '"H NMR
(250 MHz, CDCl;): 6=1.55 [m, 4H, 4(5)-H], 2.07 [m, 4H, 3(6)-H], 3.00
[s, 4H, 9(10,11,12)], 3.04 [s, 2H, 1(8)-H], 3.60 [s, 12H, CH;]; "C NMR
(75.5 MHz, CDCl,, additional APT, HSQC): 0=22.70 [—, 2C, C-4(5)],
2835 [—, 2C, C-3(6)], 39.83 [+, 2C, C-1(8)], 4642 [+, 4C, C-9-
(10,11,12)], 51.61 [+, 4C, CO,CH;], 133.01 [Cyuar 2C, C-2(7)], 172.13
[Cqua 4C, C=0]; IR (KBr): v=2992 (C-H), 2950, 2925, 2840, 1735 (C=
0), 1559, 1436, 1362, 1339, 1316, 1275, 1250, 1207, 1174, 1161, 1127, 1109,
1067, 1038, 1012, 937, 920, 865, 845, 833, 819, 787, 732, 668, 649, 622, 592,
535cm™'; MS (70 eV): miz (%): 394 (29) [M *], 363 (50) [M *—CH,0],
334 (53) [M *—HCO,CH;], 302 (43), 274 (100), 243 (33), 215 (56), 189
(19), 145 (25), 131 (50), 113 (57), 91 (21), 85 (7), 59 (44) [CO,Me*].
Dimethyl  11,12-dicyanotricyclo[6.2.2.0>"]dodec-2(7)-en-9,10-dicarboxy-
late (21b): A solution of dimethylcyclohexene-1,2-bisacrylate (2b;
150 mg, 0.60 mmol) and fumarodinitrile (258 mg, 3.30 mmol) in deoxy-
genated anhydrous toluene (2.00mL) in a sealed Teflon tube were
heated at 150°C under a pressure of 10 kbar for 15 h. After removal of
the solvent under reduced pressure, the residue was purified by CC on
25 g of silica gel (column 3.2x 15 cm, diethyl ether/pentane 1:1) to yield
21b (149 mg, 76%) as a colorless solid. M.p. 132-134°C, R;=0.40;
'H NMR (250 MHz, CDCL,): 6 =1.57-1.66 [m, 4H, 4(5)-H], 2.02-2.18 [m,
4H, 3(6)-H], 2.65 [dd, J,=5.0Hz, J,=32Hz, 1H, 11-H], 2.96 [dd, J,=
5.0Hz, J,=2.5Hz, 1H, 12-H], 3.01 [dd, /,=3.1 Hz, /,=2.5Hz, 1H, 1-H],
3.05 [t, J=2.5Hz, 1H, 8-H], 3.10 [dd, J;,=10 Hz, J,=2.5 Hz, 1H, 9(10)-
H], 3.41 [dd, J;=10Hz, J,=2.5Hz, 1H, 10(9)-H], 3.61 [s, 6H, CH;];
BCNMR (75.5 MHz, additional APT, HSQC, CDCLy): §=22.27 [, C-
4(5)], 22.31 [—, C-5(4)], 2741 [—, C-3(6)], 28.50 [—, C-6(3)], 32.47 [+,
C-11], 33.39 [+, C-12], 39.21 [+, C-1], 39.88 [+, C-8], 41.95 [+, C-
9(10)], 44.99 [+, C-1009)], 52.09 [+, CO,CH;], 52.12 [+, CO,CH;],
118.77 [Cyuars CN], 118.84 [Cyyas CN], 134.09 [Cypas C-2(7)], 134.92 [Cypars
C-7(2)], 170.78 [Cquar C=0], 171.01 [Cys C=0]; IR (KBr): v=3007
(CN), 2947 (C-H), 2835, 2243 (CN), 1751 (C=0), 1676, 1436, 1356, 1338,
1318, 1289, 1262, 1203, 1166, 1131, 1091, 1031, 998, 962, 914, 838, 828,
764, 734, 649 cm™'; MS (70 eV): miz (%): 328 (15) [M *], 297 (50) [M *
—CH;0], 296 (100) [M *—CH;0H], 268 (14) [M *—HCO,CH;], 241 (10),
214 (4), 209 (16), 182 (16), 181 (18), 156 (4), 145 (6), 131 (41), 113 (60),
91 (17), 77 (5), 59 (24) [CO,Me*].

6n-Electrocyclization and subsequent Diels—Alder reaction of 1,2-distyr-
ylcyclopentene (1¢) with N-phenylmaleimide:

a) According to GP 3, the hexatriene 1¢ (200 mg, 0.734 mmol) was treat-
ed with N-phenylmaleimide (127 mg, 0.734 mmol) at 190°C for 45 min.
After concentration in vacuo at 50°C, CC on silica gel (30 g, pentane/di-
ethyl ether 3:1) afforded fraction I: a 6:1 mixture of the starting material
1c, and the 6m-electrocyclization product 7¢ as a yellow oil (103 mg,
52%). R;=0.92.

Fraction II: 9,11-Dioxo-10,13,14-triphenyl-10-azatetracyclo[5.5.2.0%%.0%'%]-
tetradec-2(6)-ene (22¢) as a colorless solid (78 mg, 24%). M.p. 216—
218°C; R;=0.08; 'HNMR (250 MHz, CDCl;): §=2.01-2.16 (m, 2H, 4-
H), 2.41-2.68 [m, 4H, 3(5)-H], 3.42 (s, 2H, 1(7)-H], 3.76 (s, 2H, 13(14)-
H*], 3.81 (s, 2H, 8(12)-H*], 6.74-6.78 (m, 4H, Ar-H), 6.96-7.01 (m, 6H,
Ar-H), 7.09-7.19 (m, 2H, Ar-H), 7.35-7.51 (m, 3H, Ar-H); "C NMR
(62.9 MHz, CDCl;, DEPT): 6=23.44 (—, C-4), 3491 [, 2C, C-3(5)],
4031 [+, 2C, C-1(7)], 46.37 [+, 2C, C-13(14)*], 49.80 [+, 2C, C-
8(12)*], 125.51 (+, 2C, Ar-C), 126.18 (+, 2C, Ar-C), 127.30 (+, 4C, Ar-
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C), 12850 (4, Ar-C), 128.84 (+, 4C, Ar-C), 12913 (+, 2C, Ar-C),
131.81 (Cquay Ar-C), 140.90 (Cyur 2C, Ar-C), 141.63 [Cyua, 2C, C-2(6)],
177.02 [Cquer 2C, C-9(11)]; IR (KBr): »=3080 (C-H), 3059 (C-H), 3024,
2978 (C-H), 2947, 2913, 2847, 1774, 1716 (C=0), 1597, 1497, 1451, 1381,
1300, 1184, 1074, 1029, 793, 766, 754, 699, 691, 617, 560 cm™'; MS
(70 eVY: miz (%): 445 (2) [M~*], 341 (2), 271 (9) [M*—CH,CONPh-
COCH], 270 (10) [M*—-CH,CONPhCOCH,], 243 (2), 194 (3) [M*
—CH,CONPhCOCH-C,Hj], 180 (100) [PhCHCHPh*], 165 (7), 118 (7)
[M+*+CHCONPhCOCH-2C¢Hs], 91 (2), 55 (1); elemental analysis
caled (%) for C;H,;NO, (445.6): C 83.57, H 6.11, N 3.14; found C 83.71,
H 6.11, N 3.24.

b) According to GP 3, the hexatriene 1¢ (200 mg, 0.734 mmol) was treat-
ed with N-phenylmaleimide (127 mg, 0.734 mmol) at 210°C for 4 h. After
concentration in vacuo at 50°C, CC on silica gel (30 g, pentane/diethyl
ether 3:1 — 1:1) afforded 22¢ (198 mg, 61 % ).

tert-Butyl  (2R*,95%)-9-[(E)-2'-tert-butoxycarbonylethenyl]-11,13-dioxo-
12-phenyl-1,10,12-triazatricyclo[8.3.0.0*°]tridec-3-ene-2-carboxylate
(27a): A solution of hexatriene 2a (100 mg, 0.299 mmol) and PTAD
(52 mg, 0.30 mmol) in dichloromethane (2 mL) was stirred at ambient
temperature. After 1d, another portion of PTAD (52 mg, 0.30 mmol)
was added. After a total of 3.5 d, the solvent was removed in vacuo, and
the residue subjected to chromatography on silica gel (22 g, hexane/ethyl
acetate 3:1) to yield 27a as a colorless solid (73 mg, 48%). M.p. 145-
146°C; R;=0.65; 'HNMR (250 MHz, CDCl;): 6=1.33-1.62 [m, 2H,
6(7)-H], 1.45 [s, 9H, C(CHa;);], 1.47 [s, 9H, C(CH,);], 1.70-1.91 [m, 3H,
5(6,7)-H], 2.08-2.19 (m, 1H, 8-H), 2.33-2.38 (m, 1H, 8H), 3.30-3.35 (m,
1H, 5-H), 4.94 (dd, J=2.7, J=5.3 Hz, 1H, 2-H), 5.81-5.88 [m, 2H, 3(2')-
H], 6.92 (d, /=162 Hz, 1H, 1-H), 7.31-7.52 (m, 5H, Ar-H); *C NMR
(62.9 MHz, CDCl;, DEPT): 0=21.86 (—, C-7), 26.95 (—, C-6), 27.95 [+,
3C, C(CH,);], 28.01 [+, 3C, C(CH3);], 3221 (-, C-8), 36.50 (—, C-5),
5578 (4, C-2), 63.59 (Cyuar C-9), 81.15 [Cyuur C(CH)s], 83.48 [Cyass
C(CH,);], 114.09 (4, C-3), 12558 (+, 2C, Ar-C), 12742 (+, C-2'),
128.02 (+, Ar-C), 12896 (+, 2C, Ar-C), 131.14 (Cyyo» Ar-C), 139.29
(Cquar C-4), 142.02 (+, C-1'), 152.04 (Cyypr C-11%), 152.85 (Cyyrr C-13%),
164.71 (Cguas CO,), 16591 (Cyuarr CO,); IR (KBr): v=3071 (C-H), 3003
(C-H), 2979 (C-H), 2944, 2874, 2853, 1783, 1715 (C=0), 1652 (C=C),
1507, 1460, 1419, 1369, 1299, 1276, 1252, 1146, 986, 946, 843, 769, 750,
730, 706, 688 cm™'; MS (70 eV): m/z (%): 509 (7) [M *], 408 (100) [M*
—CO,C,Hy], 380 (5), 352 (39) [M*—-CO,C,Hy—C,Hg], 334 (4) M+
—CO,C,Hy,—C,H,OH], 233 (2), 177 (5), 159 (3), 131 (4), 91 (4) [NCHs*],
57 (31) [C,Hy*], 41 (5).

Methyl (2R*,95%)-9-[ (E)-2'-methoxycarbonylethenyl]-11,13-dioxo-12-
phenyl-1,10,12-triazatricyclo[8.3.0.04‘9]tridec-3-ene-2-carb0xylate (27b): A
solution of hexatriene 2b (100 mg, 0.400 mmol) and PTAD (70 mg,
0.40 mmol) in dichloromethane (2 mL) was stirred at ambient tempera-
ture. After 2 d another portion of PTAD (70 mg, 0.40 mmol) was added.
After a total of 7d the solvent was removed in vacuo, and the residue
subjected to chromatography on silica gel (27 g, pentane/diethyl ether
1:3) to yield 27b as colorless crystals (78 mg, 46%). M.p. 163-165°C;
R;=0.44; 'TH NMR (250 MHz, CDCly): 6=1.39-1.49 [m, 2H, 6(7)-H],
1.80-1.92 [m, 3H, 5(6,7)-H], 2.03-2.19 (m, 1H, 8-H), 2.35-2.40 (m, 1H,
8H), 3.29-3.35 (m, 1H, 5-H), 3.76 (s, 3H, CH,), 3.81 (s, 3H, CH,), 5.07
(dd, J=2.7, /=52 Hz, 1H, 2-H), 5.90-5.99 [m, 2H, 3(2')-H], 7.03 (d, J=
158 Hz, 1H, 1-H), 7.34-7.53 (m, 5H, Ar-H); "CNMR (62.9 MHz,
CDCl,;, DEPT): 6=21.82 (—, C-7), 26.62 (—, C-6), 32.19 (—, C-8), 36.09
(=, C-5), 51.88 (4, CHy), 53.02 (4, CH;), 55.21 (4, C-2), 63.74 (Cyyar C-
9), 113.63 (+, C-3), 125.61 (+, C-2'), 125.82 (+, 2C, Ar-C), 128.28 (+,
Ar-C), 129.04 (+, 2C, Ar-C), 130.90 (Cyyo» Ar-C), 139.63 (Cypor» C-4),
143.41 (+, C-1'), 152.24 (Cyuur C-11%), 152,95 (Cyr» C-13%), 165.85 (Cyars
CO,), 167.37 (Cquar CO,); IR (KBr): v=2956 (C-H), 2945, 2849, 1778,
1754 (C=0), 1734, 1714 (C=0), 1648 (C=C), 1494, 1411, 1310, 1277, 1239,
1200, 1176, 1141, 1088, 1064, 977, 852, 776, 760, 741, 690, 644 cm™'; MS
(70 eV): miz (%): 425 (7) [M *], 394 (2) [M *—OCH;], 366 (100) [M*
—CO,CHj;], 334 (3) [M*—HCO,CH;—OCH;], 247 (2), 215 (4), 187 (7),
176 (4), 131 (6), 119 (9) [CONCH;"], 91 (12) [NC¢H5*], 77 (3) [CeHs*],
59 (7) [CO,CH;%], 41 (2).
2,11-Diphenyl-8-(2’-phenylethenyl)-1,9,11,triazatricyclo[7.3.0.04'8]d0dec-3-
ene-10,12-dione (28c¢): 1,2-Distyrylcyclopent-1-ene (202 mg, 0.74 mmol)
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was added to a solution of phenyltriazolindione (195 mg, 1.11 mmol) in
CH,CI, (4 mL). The color of the solution changed spontaneously from
violet to brown. After evaporation of the solvent, the product 28¢
(240 mg, 72%) was isolated by CC on 15¢g of silica gel (column 1.0x
10 cm, pentane/diethyl ether 3:1) as a colorless solid: M.p. 184°C; R;=
0.35; '"H NMR (250 MHz, CDCl;): 6=1.80-1.97 (m, 1H, CH,), 2.00-2.14
(m, 1H, CH,), 2.30-2.39 (m, 1H, CH,), 2.50-2.61 (m, 2H, CH,), 2.85-
295 (m, 1H, CH,), 5.62 (d, J=2.7 Hz,), 5.61 (d, J=2.7 Hz, CH), 5.81(d,
J=2.7Hz, =CH), 6.39 (d, J=15.8 Hz, 1H, =CH), 6.60 (d, /=162 Hz,
1H, =CH), 7.26-7.40 (m, 15H, Ph-CH); C NMR (62.9 MHz, CDCl,):
0=20.68 (-, CH,), 27.17 (-, CH,), 37.29 (—, CH,), 56.73 (+, CH), 67.59
(Cqua)» 117.76 (4, =CH), 12491 (+, =CH*), 12520 (+, 2xPh-CH),
126.89 (4, 2xPh-CH), 127. 79 (+, Ph-CH*), 127.93 (4, 2xPh-CH),
128.36 (+, Ph-CH*), 128.61 (+, 2xPh-CH¥*), 128.68 (+, 3xPh-CH),
128.82 (+, 2xPh-CH), 131.12 (Ph-C,*), 134.71 (+, =CH*), 135.64 (Ph-
Cquat™)s 137.25 (Ph-Cyp®), 141.46 (Cyuu®), 207.40 (C=0), 207.41 (C=0);
IR (KBr): v=3032 (C-H), 2979 (C-H), 2917, 1769 (C=0), 1711 (C=0),
1495, 1420, 1246, 1144, 1083, 983, 869, 750, 701, 573 cm .
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