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The thermal reaction of I-[(E)-styryl]azulenes with dimethyl acetylenedicarboxylate (ADM) in decalin at 
190-200" does not lead to the formation of the corresponding heptalene-1,2-dicarboxylates (Scheme 2). Main 
products are the corresponding azulene-l,2-dicarboxylates (see 4 and 9), accompanied by the benzanellated 
azulenes rrans-lOa and trans-1 1, respectively. The latter compounds are formed by a Diels-Alder reaction of the 
starting azulenes and ADM, followed by an ene reaction with ADM (cf Scheme 3 ) .  The [RuH2(PPh3),]-catalyzed 
reaction of 4,6,8-trimethyl-l-[(E)-4-R-styryl]azulenes (R=H, MeO, CI; Scheme 4 )  with ADM in MeCN at 110' 
yields again the azulene-1,2-dicarboxylates as main products. However, in this case, the corresponding heptalene- 
1,2-dicarboxylates are also formed in small amounts (3-5 YO; Scheme 4 ) .  The benzanellated azulenes rmns-l0a and 
rrrms-lOb are also found in small amounts (2-3 %) in the reaction mixture. ADM Addition products at C(3) of the 
azulene ring as well as at C(2) of the styryl moiety are also observed in minor amounts (1-3%). Similar results are 
obtained in the [R~H~(PPh~)~]-catalyzed reaction of 3-[(E)-styryl]guaiazulene ( ( E ) - 8 ;  Scheme 5 )  with ADM in 
MeCN. However, in this case, no heptalene formation is observed, and the amount of the ADM-addition products 
at C(2) of the styryl group is remarkably increased (29%). That the substituent pattern at the seven-membered ring 
of ( E ) - 8  is not rcsponsible for the failure of heptalenc formation is demonstrated by the Ru-catalyzed reaction of 
7-isopropyl-4-methyl-I-[(E)-styryl]a~ulene ( (E)-23;  Scheme 11) with ADM in MeCN, yielding the corresponding 
heptalene-1,2-dicarboxylate (E)-26  (10%). Again, the main product is the corresponding azulene-1,2-dicarboxy- 
late 25 (20%). Reaction of 4,6,8-trimethyl-2-[(E)-styryl]azulene ( ( E ) - 2 7 ;  Scheme 12) and ADM yields the heptd- 
he-dicarboxylates (E)-JOA/B, purely thermally in decalin (28 %) as well as Ru-catalyzed in MeCN (40%). 
Whereas only small amounts of the azulene-1,2-dicarboxylate 8 (1 and 5%, respectively) are formed, the corre- 
sponding benzanellated azulene trans-29 ist found to be the second main product (21 and lo%, respectively) under 
both reaction conditions. The thermal reaction yields also the benzanellated azulene 28 which is not found in the 
catalyzed variant of the reaction. Heptalene-l,2-dicarboxylates arc also formed from 4-[(E)-styryl]azulenes (e.g.  
(E)-33 and (E)-34;  Scheme 14) and ADM at 180-190" in decalin and at I10"in MeCN by [RuH,(PPh3),] catalysis. 
The yields (30%) are much bctter in the catalyzed reaction. The formation of by-products (e.g. 3941; Scheme 14) 
in small amounts (0.5-5 %) in the Ru-catalyzed reactions allows to understand better the reactivity of zwitterions 
(e.g. 42) and their tricyclic follow-up products (e.g. 43) built from azulenes and ADM (qf :  Scheme 15).  

1. Introduction. ~ We have already shown that the reaction of azulenes with diinethyl 
acetylenedicarboxylate (ADM) to yield heptalene- I ,2-dicarboxylates can appreciably be 
improved as compared to the purely thermal reaction in apolar solvents (cf: [l-3]), when 
it is performed in the presence of catalytic amounts of [RuH,(PPh,),] in polar solvents 
such as MeCN [4]. The reaction can as well be catalyzed by [RhH(PPh,),], Rh' complexes 
of azulenes, and by other Rhl complexes such as [RhCl(cod)], (cod = (2,Z)-cycloocta- 
1,s-diene) [ 5 ] .  Also benz[a]azulenes and ADM can be transformed via expected tri- 
cyclic compounds into benzo[d]heptalene-6,7-dicarboxylates by catalytic amounts of 
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a) 180-208" in tetralin or decalin or looo in MeCN in the presence of2 mol-% of [RuH2(Ph3P),] (6). 
b) 180-208" in tetralin or decalin. 
c) 100" in MeCN. 

[RuH,(PPh,),] [6] as well as by [RhCl(cod)], [7]. The advantage of the catalyzed heptalene 
formation is the fact that azulenes and ADM already react at temperatures < 100" (cfi 
[4]), and that, at this temperatures, the retro-Diels-Alder reaction of the primarily formed 
tricyclic intermediates to yield azulene-l,2-dicarboxylates cannot compete, in general, 
with the polar rearrangement of the tricyclic intermediates into heptalene- 1,2-dicarboxy- 
lates (cf. [S]). An example is given in Scheme 1. 1,4,6,8-Tetramethylazulene (1) and ADM 
lead thermally at temperatures > 180" in apolar solvents such as tetralin or decalin to 
2 5 4 0  YO of the corresponding heptalene- 1,2-dicarboxylate 3 and up to 40% of the 
dimethyl azulene-1,2-dicarboxylate 4 (cf. [l] [9]). However, in the presence of 2 mol-YO of 
[RuH,(PPh,),] (6)  in MeCN, the reaction takes place already at loo", and 3 is formed in a 
yield of 90%. Instead of 4, small amounts of (E) -  and (Z)-5  are found [4]. For a study of 
the possible thermo- and photochromism of heptalenes [lo], we were interested in the 
synthesis of styryl-substituted heptalene-1 ,2-dicarboxylates which should be obtained by 
the reaction of ADM with the corresponding styryl-substituted azulenes [l I]. To find the 
best way to synthesize the styryl-substituted heptalenes, we compared the thermal with 
the Ru-catalyzed reaction of the corresponding azulenes with ADM. The results of these 
investigations are reported in this paper. 
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2.  Results and Discussion. - 2.1. l-Styryl-Substituted Azulenes. - The thermal reaction 
of 4,6,8-trimethyl- ((E)-7a) and 5-isopropyl-3,8-dimethyl-1-[(E)-styryl]azulene ( (E)-8)  
and ADM at 200" in decalin was disappointing, as no heptalene-dicarboxylate formation 
was observed (Scheme 2 ) .  Products that could be isolated and purified were the corre- 
sponding azulenedicarboxylates 4 and 9, respectively, accompanied by the benzanellated 
azulenes trans-l0a and trans-11, respectively. The formation of 4 and 9 shows that the 
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ADM was applied in 1.5 molar excess. 20% of(E)-7a were recovered after 4 h at 200". 
ADM was applied in 2.1 molar excess. 24% of (E)-8 werc recovered after 7 h at 190". 
Yields with respect to reacted starting materials. 

corresponding tricyclic intermediates of type 2 (cf. Scheme 1 )  had been formed. However, 
the tricyclic intermediates undergo in decalin the apolar retro-Diels-Alder reaction to 
yield 4 or 9 much more efficiently than the polar rearrangement into the corresponding 
heptalene-l,2-dicarboxylate (cf. [S]). The 'H-NMR spectra (CDC1,) of trans- 1Oa and 
trans- 1 1  indicated the presence of four MeOCO groups and the disappearance of the AB 
system of the styryl substituent as well as of the signal of H-C(2) of the starting azulenes. 
Instead, the signals of two H-atoms in allylic/benzylic position (4.95/5.00 and 4.59/4.56 
ppm')) with a small vicinal coupling constant (1.6/1.5 Hz) accompanied by the signal of a 
further H-atom at 5.05 and 5.10 ppm, respectively, were observed. 'H-NOE Measure- 
ments of trans-l0a revealed the spacial vicinity of Me-C(14) and the H-atom which 
appeared at 5.05 ppm and had to be assigned to a maleate or fumarate side chain. The 

2, First value for trans- 10a and the second one for trunu-11. 
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Fig. I .  Stereoscopic view ofthe X-ruj' crystat sfructure uftrans-11 

chemical shift of its H-atom suggested the (2)-configuration. To eliminate any uncer- 
tainty with respect to the configuration of the side chain as well as of the relative 
configuration at C(3) and C(4), the structure of trans-lla was established by an X-ray 
crystal-structure analysis (Fig. I ) .  Indeed, it confirmed the assigned configuration and the 
fact that the maleate substituent at C(3) and the Ph group at C(4) occupy nearly 
pseudo-axial positions (0 (C-C(3)-C(4)-C) = 159") in the crystal structure. That the 
conformation of trans-l0a and trans-11 must be similar in solution is indicated by the 
observed small 3J(H-C(3),H-C(4)) = 1.6/1.5 Hz (cf. [12]). The discussed configurational 
relations suggest that the formation of trans-l0a and of trans-11 is the result of two 
consecutive concerted reactions of the azulenes (E)-7a and (E)-8,  respectively, and ADM 
as shown in Scheme 3. A thermal Diels-Alder reaction in the first step will lead to the 
formation of the cis-configurated derivatives 12. A following ene reaction of these 
intermediates with ADM will yield - under re-establishment of the azulene system - the 
products with the observed trans- and (2)-configurations. 

") R'-R4 as defined in Scheme 2. 

Scheme 3') 

ADM trans-1Oa 
trans-1 1 ene 

Ph 

12 E = MeOCO 

reaction 

Since no heptalene-dicarboxylates were formed in the thermal reaction of (E)-6a and 
(E)-7 with ADM, we examined the [R~H,(PPh,)~]-catalyzed reaction. The results of the 
reaction of (E)-7a as well as of its 4-Me0 and 4-C1 derivatives, (E)-7b and (E)-7c, 
respectively, with ADM in MeCN at 110" are shown in Scheme 4. The corresponding 
reaction with (E)-8 and ADM is depicted in Scheme 5. Again, the azulene-1,2-dicarboxy- 
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") Yields are given with respect to isolated and purified materials. n.0.: not observed. All catalyzed reactions 
described in this and the following Schemes were performed under the given standard conditions. No 
optimization of the conditions with respect to the yield of heptalene-dicarboxylates was attempted. 
5 mol-% of the catalyst 6 were applied. The molar ratio of the azulenes and ADM was 1 :3. 
Two further products (both as green needles), presumably a pair of stereoisomers, were isolated in a yield of 
2.2 and 4.4% (see the text). 
A further product (green needles), presumably a compound comparable to those mentioned in Footnote c (see 
also the text), was isolated in a yield of 2 %. 
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lates 4 and 9, respectively, are the main products. Their presence demonstrates the ease 
with which the tricyclic intermediates of type 2 (cf. Scheme 1 )  undergo the retro-Diels- 
Alder reaction to yield 4 or 9, and (E)-ArCH=CH-CGCH. The latter compounds were 
not detected as such in the reaction mixtures (however, see later). On the other hand, the 
heptalene- 1,2-dicarboxylates (E)-lSa-c were isolated from the corresponding reaction 
mixtures. However, no heptalene formation at all was observed in the case of the reaction 
of (E)-8 with ADM. Instead, much higher amounts of the ADM adducts (E,E)- and 
(E,Z)-16 were found as compared with the reaction mixtures of 7a-c with ADM where 
the corresponding compounds (E,E)- and (E,Z)-14a as well as (E,Z)-14c were present 
only in minor amounts. Also the amount of the 'ene' adduct trans-11, which was also 
found in the purely thermal reaction of (E)-8 with ADM, was much higher than the 
amount of the corresponding products trans- 10a and trans-lob from the reaction of 
(E)-7a and (E)-7b, respectively, with ADM. A further product, 17, of a complex structure 
(see later), was only found in the reaction mixture of (E)-8 and ADM. On the other hand, 
the reaction mixtures of (E)-7a and (E)-7c, and ADM contained further products (cf. 
Footnotes c and din Scheme 4 ) ,  the analogous forms of which could not be detected in the 
reaction mixture of (E)-8 and ADM. 



1946 HELV~TICA CHIMICA ACTA - Vol. 77 (1994) 

The structures of the heptalene- 1,2-dicarboxylates 15a-c were mainly derived from 
their IH-NMR spectra (CDCI,). The position of the C=C bonds in the heptalene perime- 
ter was determined by the observed ‘J(H-C(3),H-C(4)) values of 6.3 to 6.4 Hz (cf. [13]). 
The preserved (E)-configuration of the styryl side chains at C(5) in the heptalene-1,2-di- 
carboxylates was secured by the observed vicinal coupling constants of 15.8 Hz. On 
irradiation with 366-nm light, 15a-c rearranged partially into the corresponding heptal- 
ene-4,5-dicarboxylates which still contained an (E)-configurated styryl side chain at C( 1) 

The isolation of trans- 10a and trans-lob as well as of trans- 11 shows that, also under 
catalytic conditions at 1 lo”, the Diels-Alder reaction, followed by the ene reaction with 
ADM (cf Scheme 3) ,  takes place. However, the formation of (E,E)- and (E,Z)-14a, and 
(E,E)- and (E,Z)-16 as well as of (E,Z)-14c in the Ru-catalyzed reactions in MeCN can 
be interpreted as a two-step mechanism of the initial Diels-Alder reaction (cf. Scheme 6). 

(4 UOl). 

+ ADM 

Scheme fia) 

6 
MeCN 

___) 

(€)-7a-c, (E  )-8 18 

12 (E E)-I(€,Z)-14a, -14c 

1 ADM 

(6 E)-/(f,Z)-16 

trans-l0a-b 
trans-11 

”) R’-R4 and Ar as defined in Schemes 3 and 4, respectively. 

The formation of the Diels-Alder adducts 12 as well as of (E,E)- and (E,Z)-14a, (E,E)- 
and (E,Z)-llc, and (E,E)- and (E,Z)-16 could arise from the common polar intermediate 
18. The structure of the (E,E)- and (E,Z)-isomers of 14a, 14c, and 16 were deduced from 
their ‘H-NMR spectra (CDCI,) and UV data (cf. Scheme 7). ‘H-NOE Measurements of 
(E,E)- and (E,Z)-16 revealed the spatial neighborhood of Me-C(8’) and H-C(4). The 
latter H-atom exhibited in both series of isomers an appreciable chemical-shift difference 
of > 1 ppm which is in agreement with the fact that the compounds are isomeric with 
respect to their C(3)=C(4) bond. That all compounds possess the (E)-configuration at 
their C( 1)=C(2) band can be deduced from the chemical shift of H-C(1) which is almost 
the same for all compounds and close to the 6 value of dimethyl (E)-l-(4,6&trimethyl- 
azulen-1 -yl)ethene-1 ,2-dicarboxylate (7.10 ppm) [14] and other compounds of this type 
[15]. A chemical-shift difference of > 0.4 ppm is also observed for H-C(2’) in the two sets 
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of isomers. The appearance of H-C(2') at higher field in the (E,Z)-isomers is in agree- 
ment with the shielding effect of the Ph substituent at C(3). The UV spectra (MeOH) of 
both series of geometric isomers are very similar. However, the longest-wavelength UV 
absorption at 410 to 429 nm is more pronounced for the (E,E)-isomers as compared to 
that of their (E,Z)-forms. As expected, the conjugation between the azulene moiety and 
the MeOCO-substituted butadienyl side chain should be less disturbed, on steric grounds, 
in the case of the (E,E)-isomers (cf. [I41 [15]). 

In the reaction mixture of (E)-7a and ADM, we found two further products (cf. 
Footnote c in Scheme 4 )  which both crystallized as green needdles (cf. Exper. Part). 
Analogous products were not observed in the reaction mixture of (E)-8 and ADM. 
However, at least one product, similar to those found in the reaction mixture of (E)-7a 
and ADM, was also isolated from the reaction mixture of (E)-7b and ADM. A proposal 
for the structure of these new products, based on the spectroscopic data of trans- 18a, is 
given below'). The 'H-NMR spectrum (CDC1,) of trans-18a shows the presence of two 
(E)-configurated styryl moieties with quite different chemical shifts and shift differences 
within the two A B  systems (7.76 and 6.73 ppm (.JAB = 16.0 Hz), and 6.98 and 6.63 ppm 
(JA8 = 16.3 Hz)). On the other hand, one can recognize a further AB system at 7.23 and 
5.94 ppm with an allylic Jvalue of 1.6 Hz. Three furthers at 7.64,6.93, and 6.90 ppm can 

,) All three new products crystallized as fine green needles from different solvents and solvent mixtures. These 
needles were not suitable for an X-ray crystal-structure analysis. 
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Ph Ar 

trans-18a cis-18a Ar = Ph 
cis-18b Ar = &Me0 - C,H, 

E = MeOCO 

be assigned to H-C(2’), H-C(5’), and H-C(7’), respectively. These assignments are 
supported by ‘H-NOE measurements. Irradiation of H-C(2’) causes strong signal- 
enhancement effects on H-C(5) at 7.23 ppm and on H-C(2”) at 6.73 ppm as well as a 
weak effect on H-C(3) at 5.94 ppm. The three Me groups at the azulene ring appear at 
3.15, 3.00, and 2.54 ppm. Again, corresponding ‘H-NOE measurements allow their 
assignment. Irradiation of the Me signal at 3.15 ppm causes strong signal-enhancement 
effects on H-C(3) at 5.94 ppm as well as on H-C(7’) at 6.93 ppm, k., the Me group, the 
resonance signal of which appears at 3.15 ppm, has to be placed at C(8’). In accordance 
with this assignment, the irradiation of the Me signal at 3.00 ppm causes strong enhance- 
ment effects on the signals of H-C(5’) at 6.90 ppm and of H-C(1”) at 7.76 ppm. 
Therefore, the signal at 3.00 ppm is due to Me-C(4’). As a consequence, the signal at 2.54 
ppm must be attributed to the Me group at C(6’). Indeed, when this signal was irradiated, 
the signals of the flanking H-atoms at C(5’) and C(7’) were strongly enhanced. Since the 
‘H-NMR spectrum of trans-18a showed the presence of four MeOCO groups, a molecu- 
lar formula of C,,H,,O, could be calculated. 

Indeed, the I3C-NMR spectrum (1 50 MHz, CDCI,) of trans- 18a allows to identify 39 
”C-signals which amounts to 43 C-atoms, taking into account the symmetric behavior of 
the two Ph rings. Of importance is the fact that, in addition to 14 signals of aromatic and 
olefinic CH groups, one finds a signal at 87.69 ppm of a quaternary C-atom (C(6)) and at 
43.31 ppm of a tertiary C-atom (C(3)), strongly supporting the proposed structure for 
trans- 18a. 

In accordance with the structure of trans-18a is also its UV spectrum (MeOH) which 
resembles very much the UV spectrum of (E)-7a (hexane) [l 11 (cf: A,,, 398 (398), 325 
(324), 257 (257), and 380 (374) and 280 (278) nm‘)). It shows that C(1’) of the azulene 
moiety must be linked to a saturated, i.e., an sp’-hybridized C-atom. Also of im- 
portance is the observation that it is very difficult to find the M+’ peak (El) or 
the [ M  + l]+ peak (CI) in the mass spectrum of trans-18a. The most prominent peak 
that is found in the mass spectrum (EI) of trans-18a is the peak at m / z  542 which 
corresponds to [M - ADMI+’. One would expect that a cyclohexa-1,4-diene moiety such 
as that of trans-18a would easily undergo a retro-Diets-Alder reaction, at least after 
ionization. 

,) I n  parentheses are the values of (E)-7a. 
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Table. Comparison of the ’H-NMR Data (CDCI,) qftrans-Ma, cis-l8a, and cis-18ba) 

H-Atom(s) Chemical shifts [ppmIb) 

trans- 18a cis- 18a cis- 18b 

H-C( 1”/2)  
H-C( 1 “ ‘ / 2 )  
H-C(3/5) 
H-C(2’) 
H-C(5’/7’) 
MeOCO 
Me-C(4) 
Me-C(6) 
Me-C(8’) 

7.7616.73 (16.0) 
6.98/6.63 (16.3) 
5.94/7.23 (1.6) 
7.64 
6.90/6.93 
3.77/3.69/3.57/3.11 
3.00 
2.54 
3.15 

7.8516.82 (16.3) 
6.78/6.54 (16.3) 
5.79/6.52 (1.8) 
7.75 
6.871639 
3.88/3.86/3.82/3.74 
2.97 
2.51 
3.03 

7.72/6.82 (15.9) 
7.7016.24 (16.3) 
5.70/5.63 (n.0.) 
7.97 
6.8916.95 
3.9313.7613.7313.69‘) 
2.97 
2.54 
3.05 

”) 
b, 

‘) 

The assignments for cis- 18a and cis-18b are tentative. 
In parentheses are the observed coupling constants; n.0. = not observed. 
The two Me0 groups give ones at 3.85 ppm. 

We assume that the other compound obtained in 2.2% yield from the reaction 
mixture of (E)-7a and ADM respresents the corresponding cis-configurated product 
cis-18a. It shows a very similar ‘H-NMR spectrum (CDCI,) as compared to that of 
trans-18a (cf. the Table). The largest chemical-shift difference is observed for H-C(5) in 
both structures. We assume that H-C(5) is shielded more by the azulene ring in the case 
of cis- 18a. Again, the mass spectrum of cis-18a shows the most prominent fragment ion 
at mjz  542 which corresponds to [M - ADMI+’. The UV spectrum of cis-18a (MeOH) is 
nearly identical with that of trans-18a as well as with that of (E)-7a (cf. [l I]). 

Since the ‘H-NMR spectrum (CDC1,) of the dimethoxy compound, isolated from the 
reaction mixture of (E)-7b and ADM, resembles more that of cis-18a than that of 
trans-l8a, we assume that it has also the cis-configuration (cis-18b). 

The assigned structures of trans- and cis-18a show that they can be built from (E)-7a, 
two molecules of ADM, and (E)-PhCH=CH-CECH. The latter molecule is expected to 
be formed in the retro-Diels-Alder reaction of the primary tricyclic intermediate of type 2 
(Scheme 1 ; (E)-PhCH=CH at C( 11) instead of Me) to yield the azulene- 1,2-dicarboxyIate 
4 (cf. Scheme 4 ) .  It seems that the (E)-styrylacetylene adds, in the presence of the Ru 
catalyst, to ADM to yield the (E)-  and (2)-isomers 19 (Scheme 8)’). Polar addition of 
these isomers to (E)-7 in the presence of the Ru catalyst will yield the (E)- and (2)-iso- 
mers of 206). Diels-Alder reaction of the latter isomers with ADM then gives the observed 
products trans- and cis-18a7). 

It should be noted that no compounds comparable to trans- and cis-18a were detected 
in the reaction mixture of (E)-8 and ADM (cf- Scheme 5 ) .  This finding is in accordance 

5, 

6,  

7, 

Transition-metal-catalyzed addition reactions of terminal acetylenes to disubstituted acetylenes in a ‘Michael 
sense’ are well known (see [I61 and lit. cit. there). 
The polar addition of ( E ) / ( Z ) -  19 to (E)-7 should occur in the same way as ADM reacts with azulenes in the 
presence of Lewis and Brsnstedt acids (cf. [14] [15] as well as [17]). 
In Scheme 8, only the @)-isomer with respect to the C(3)=C(4) bond is shown. It might be that also the 
(Z)-isomer is formed. However, this will give no new isomer in the Diels-Alder reaction with ADM. Therefore, 
it might be that the reaction of (E)-styrylacetylene with ADM yields only one geometric isomer of 19, and that 
the polar addition reaction of the latter with (E)-7 leads to the formation of both possible isomers (or vice versa 
as shown in Scheme 8). 
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Scheme 8 
E 

6 + ADM - 
+ 4 (2240%) (€)-/(2)-19 

(€j-/(z)-l9 + (4-7 A Ph Jp + ADM + 1 loo trans-/cis-18 

H ,  

E E  

(€)-/(Z)-20 E = MeOCO 

with the fact that both positions in (E)-8, prone to electrophilic attack, are occupied by 
substituents. However, careful examination of the reaction mixture of (E)-8 and ADM 
lead to the isolation of a new product, namely 17 (cf. Scheme 5), whose structure could 
not be completely elucidated by spectroscopic data. Its blue color and its 'H-NMR 
spectrum (CDCI,) showed that the azulene skeleton was still present, and that two 
molecules of ADM had been incorporated into the starting azulene (E)-8.  H-C(2) and 
the two H-atoms of the styryl moiety of the starting compound had been transformed 
into an ABM system which appeared in the range of 4.8 to 4.0 ppm with JAM = 5.5, 
JBM = 5.1, and JAB z 0 Hz. It showed that C(2) of the starting azulene was involved in the 
new structure, and its H-atom must have been migrated within the new skeleton. The final 
structure of 17 was established by an X-ray crystal-structure analysis (Fig. 2). 

Fig. 2. Stereoscopic view of the X-ray crystal structure of 17 
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As one can see, the basal structure of 17 represents a tricycl0[2.2.2.O~~~]octene system 
where a guaiazulene moiety is anellated with its 6 side to the C=C double bond of the 
tricycle. The substituents at C(3) and C(5) (Ph and MeOCO, respectively) occupy posi- 
tions which are in an anti,anti-relation to each other. The torsional angles in the ABM 
system (i.e., @(H-A-M-H) and @(H-B-M-H)) are nearly the same and amount to 
f 50” in good agreement with the observed ’J values of 5.1 and 5.5 Hz. 

One way to explain the formation of 17 is to assume that it has the same precursor as 
trans-11, i.e., the Diels-Alder adduct 12 (Scheme 3; R2 = R4 = H, R’ = Me, R’ = i-Pr). A 
homo-Dieb-Alder reaction of this compound instead of an ene reaction (+trans-11) 
would lead to the formation of the intermediate 21 (Scheme 9). The latter one can 
rearrange to yield the diradical 22. H Migration within this diradical will lead to the 
formation of the observed product 17*). 

Scheme 9 

f E‘ Y != 
t 

L 

trans-I 1 21 22 

E = MeOCO 

”) CJ Scheme 3. 17 

On grounds of comparison, we reacted 7-isopropyl-4-methyl-1-[(E)-styryl]azulene 
((E)-23), which carries no substituent at C(8), with ADM in the presence of 6 .  The results 
are shown in Scheme 10. In this case, we observed the formation of the corresponding 
heptalene derivative (E)-26 as well as of the expected azulene-1,2-carboxylate 25 (cf: [2]). 
The heptalene-l,2-dicarboxylate (E)-26 did not isomerize into its double-bond-shifted 
form, neither thermally nor photochemically (cf. [2] [IS]). As further products, we found 
small amounts of the products of electrophilic addition of ADM to (E)-23, namely (E,E)- 
and (Z,E)-24. In addition, in intermediate fractions of the chromatographic separation, 
we could identify traces ( < 1 YO) of an ‘ene’ product analogous to that of trans- 11 ( c f .  
Scheme 5 )  as well as of an ADM adduct of (E,E)-24 (cfi (E,E)-16 in Scheme 5)  by 
‘H-NMR spectroscopy. 

All experiments so far described show that, in the thermal as well as in the catalyzed 
reaction of the 1-(E)-styryl-substituted azulenes with ADM, the expected tricyclic inter- 

8, It might be that the H shift occurs in a concerted manner leading to a pseudo-axially arranged E group which 
flips finally into the energetically more favourable pseudo-equatorial position of 17 via enolization of the E 
group. 
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Scheme 10 

(13-23 E = MeOCO 25 (20%) 

Ph 

Ph EY% / 

+ 

Ph 

+ 
E &f 

(€,€)-24 (1%) (Z,f)-24 ( -  1 Yo) (€)-26 (10%) 

mediates of type 2 are formed. However, in the thermal reactions the retro-Diels-Alder 
process, to yield the corresponding azulene-l,2-dicarboxylates, is the only observable 
pathway. In the catalyzed reactions, the retro- Diels-Alder process is still the dominant 
pathway; however, the formation of the heptalene-l,2-dicarboxylates is also observed. 
This is valid for all instances where the tricyclic intermediates of type 2, which carry the 
(E)-styryl group at C(l I), possess a Me substituent at C(6), which, in general, favor the 
formation of the heptalene-1,2-dicarboxylates (cf. [3]). A special case represents the 
reaction of (E)-8 with ADM, since no heptalene formation is observed. However, in this 
case, also the formation of the corresponding azulene-l,2-dicarboxylate 9 is remarkably 
reduced as compared with all other catalyzed reactions. It seems that, as in other cases (cf. 
[3]), the formation of the tricyclic intermediate, which has to carry a Me substituent at 
C(8) (cJ: Scheme I ) ,  occurs less efficiently, and, on the other hand, the Me group at C(8) 
in the tricyclic intermediate favors the retro-Diels-Alder reaction (cf. the discussion in [3]). 
The longest C-C bonds in tricyclic intermediates of type 2 are the C( 1)-C( 10) and 
C( 1)-C( 1 1) bonds (qf [8] [ 154 [ 191 as well as [20]). They are, in average, 3 4  % longer 
than their parallel counterpart bonds C(8)-C(9) and C(8)-C( 12). It means that any 
substituent at C( 1 l), that will further weaken the C( 1)-C( 1 I )  bond due to steric conges- 
tion (e.g. t-Bu [4] [21]) or of conjugation as shown by (E)-styryl groups studied here as 
well as by aryl groups (rf. [lo]), will also foster the retro-Diels-Alder reaction which leads 
to the azulene- 1,2-dicarboxylates. Under these circumstances, it was of interest to study 
the thermal and catalyzed reaction of an azulene substituted with an (E)-styryl group at 
C(2) with ADM. 

2.2. 4,6,8-Trimethyl-2-( (E) -styryl]azulene ((E)-27). The result of the thermal reac- 
tion of (E)-27 in the presence of a 2.2-fold molar excess of ADM at 190" in decalin is 
shown in Scheme 11. The fact that only very small amounts of the corresponding 
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Scheme 1 I 

1953 

(€)-27') E = MeOCO 4 (1%) 

28 (12.5%) trans-29 (21 %) (€)-30A (28%0)~) 

(E)-30B 

") 
b, 

') 

(E)-27 was reacted with a 2.2-fold molar excess of ADM. After 2 h at 190°, 5.5% of (E)-27 were recovered. 
(E)-30 and (E)-30B are in thermal equilibrium at r.t. The equilibrium mixture consists of 77 % of (E)-30A and 

Formed only in the Ru-catalyzed reaction. 
23 % of (E) 308. 

azulene-1,2-dicarboxylate 4 are found attracts attention at once. It shows that a styryl 
group at C(12) in the tricyclic intermediate 32 does not favor the retro-Diels-Alder 
reaction to yield 4 (4: Scheme 12), in contrast to the thermal behavior of the tricyclic 
intermediates arising from 1 -styryl-substituted azulenes and ADM, which thermally react 
solely via the retro-Diels-Alder pathway (vide supra). As a consequence, no heptalene 
formation is observed in the thermal reaction of 1-styryl-substituted azulenes with ADM 
at 190" in decalin, whereas (E)-27 yields the corresponding heptalene- 1,2-dicarboxylates 
( E ) 3 0 A / B  to an extent of 28%. It can be assumed that the yield of (E)-30A/B would be 
much better, when the 'internal' Diels-Alder reaction of (E)-27 and ADM to yield 32 
(Scheme 12) would not be competed by an external Diels-Alder reaction of (E)-27 and 
ADM involving the (E)-styryl moiety to lead finally to 28 and trans-29 (in analogy to 
Scheme 3 ) .  There is no doubt that 28 is the energetically favored prototropic form of the 
primary Diels-Alder adduct, and trans-29 is its ene-trapping product with ADM. 

The structure of 28 and trans-29 follows clearly from their UVjVIS spectra (hexane 
and EtOH, respectively; see Exper. Part), which are nearly identical above 250 nm and 
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Scheme I 2  

E 
(0-27 + ADM --). 

Ph \ 
32 E = MeOCO 

(E)-NAIB (28%) 

") 1 % of 4 represents the lower limit of the formation of 4, since we have not verified, if 4 is stable in the presence 
ofADM at 190" (cf. [18] for the thermal reactivity of the azulene-1,2-dicarboxylates in the presence of ADM). 

resemble very much the UVjVIS spectrum of dimethyl (Z) -  1 -(4,6,8-trimethylazulene-l- 
yl)ethene-l,2-dicarboxylate {14], as well as from their 'H-NMR spectra, including 'H- 
NOE measurements. However, the trans-relation of the substituents at C(5) and C(6) in 
trans-29 could not be derived conclusively from these measurements (cf Exper. Part). 
Therefore, the structure of trans-29 was established by an X-ray crystal-structure analysis 
(cf Fig. 3 )  which showed as in the case of trans-lla (cf. Fig. 1 )  that, indeed, the Ph group 
at C(5) and the maleate substituent at C(6) are in a trans-relation and occupy 
pseudo-axial positions at the azulene-anellated benzo ring with 0 (C-C(5)-C(6)-C) 
= 158". This is in agreement with the finding that the vicinal coupling constant between 
H-C(5) and H-C(6) is < 1.9 Hz (C,D,). In the 'H-NMR spectrum (CDCl, and C,D,) of 
28, the H-atoms at C(5) and C(6) appear as an A B X  system with the X part at 4.10 ppm 
and 3JAx + 'JBX = 11.5 Hz (C,D,). AS, ,  amounts to < 1 (CDC1,)-5 Hz (C,D,). In C6D6, 
*JAB = 16.0 Hz and )JAX = 6.0 as well as 3J,y = 5.5 Hz is recognizable. 

The heptalene structure of (E)-30A and (E)-30b was deduced from their 'H-NMR 
spectra (CDC1,) and their interconvertibility at room temperature in CDC1,. From 

Fig. 3. Stereoscopic view ofthe X-ray crystal structure of trans-29 
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Et,O/hexane only (E)-30A crystallizes9). When these crystals are dissolved in CDC1, at 
- 20" and subjected to 'H-NMR analysis at this temperature, only the signals of ( E p A  
are recognizable (cf. Exper. Part). At room temperature, the thermal equilibrium mixture 
of 77% of (E)-30A and 23% of (E)-30B is rapidly established. Both isomers show 
'J(HC=CH) = 16.3 Hz for the styryl group. 

The Ru-catalyzed reaction of (E)-27 and ADM under standard conditions in MeCN 
(cf: Exper. Part)  proceeded smoothly and yielded besides 40% of (E)-30A/30B, 10% of 
trans-29, and 3% of 4 and also 3 YO of the fumarate derivative (E,E)-31 (cf. Scheme I1 ). 
The rearranged Diels-Alder adduct 28 was not observed in the catalyzed reaction. As 
expected, the amount of by-products is reduced, and the total amount of the heptalenes is 
increased in the catalytic version of the reaction of (E)-27. 

2.3. 4-Styryf-Substituted Azuleties. 7-Isopropyl-l-methyl-4-[(E)-styryI]azulene ((E)- 
33) as well as its 4-methoxystyryl derivative (E)-34 were reacted with ADM under 
thermal and catalytic conditions (Scheme 13). The thermal reactions proceeded quite 

Scheme 13 TADM - 2 2 L  6b), MeCN Eq 
\ E \  

Ar Ar Ar 

(€)-33 Ar = Ph (€)-35 (17 %In. 0.)') (€)-37 (6%130%) 
(€)-34 Ar = 4-Me0 - C,H, (€)-36 (20%/n. 0.) (€)-38 (8%/30%) 

39 (3%)d)  Ar = Ph 40 (5%)d)  n. 0. 

n.0. Ar = 4-Me0 - C,H, n.0. 41 (0.5%)d) 

E = MeOCO 

") 

b, 
') 
d, 

(E)-33 was reacted with 1.5 molar excess of ADM at 190" (4 h) and (E)-34 with 1.9 molar excess of ADM at 
180" ( 5  h) in decalin. 
CJ Scheme 4 and Footnotes a and b in Scheme 4 .  
In parentheses, yield of the thermal reaction/yield of the catalyzed reaction; n.0.: not observed. 
Observed only in the catalyzed reaction. 

9, For an X-ray crystal-structure analysis of (E)-30A, see [lo] 
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cleanly in a way that only the formation of the corresponding azulene- 1,2-dicarboxylates 
(CJ: (E)-35 and (E)-36) and heptalene-l,2-dicarboxylates (cf (E)-37 and (E)-38) was 
observed. However, the yields of the heptalene- 1,2-dicarboxylates were quite low (cf. 
Scheme 13). The formation of azulene- 1,2-dicarboxyIates was completely suppressed in 
the catalyzed reaction, and the yield of the heptalene-l,2-dicarboxylates increased to 
30% (Scheme 13). However, (E)-37 was accompanied in small amounts by the acenaph- 
thylene derivative 39 and the dihydroaceheptylene derivative 40. Analogous compounds 
were not found in the reaction mixture which contained (E)-38. Nevertheless, we could 
isolate and crystallize in very small amounts the tricyclic compound 41. The structure 
of the heptalene-1,2-dicarboxylates, which showed, as expected (cf. [ 18]), no tendency 
to rearrange thermally or photochemically into their double-bond-shifted isomers, 
was unequivocally derived from their 'H-NMR spectra (CDCI,). The observed 
'J(H-C(3),H-C(4)) = 6.3 Hz and 'J(H-C(S),H-C(9)) = 6.8 Hz is only in accordance 
with the structures (E)-37 and (E)-38 as shown in Scheme 13. All observed chemical shifts 
were close to those of the heptalene- 1,2-dicarboxyIate derived from guaiazulene and 
ADM [2] (see also [18]). . 

The 'H-NMR spectrum (CDCl,) of 39 showed the signals of an (E)-configurated 
styryl group with H-C(2) at 7.55 and H-C(1) at 6.90 ppm with 3J(H-C(1),H-C(2)) 
= 16.4 Hz. Other signals of the core H-atoms appeared in the region of aromatic 
H-atoms. One H-atom (6.99 ppm) exhibited an allylic coupling (J = 1.6-1.7 ppm) with 
the Me group (2.43 ppm), quite typical for acenaphthylene derivatives. The structure of 
an acenaphthylene for 39 was strongly supported by the UV spectrum (hexane) which 
showed the characteristic broad-structured absorption bands in the long-wavelength 
region (361 and 346 nm) and an additional intense absorption band in the short-wave- 
length region (258 nm) of acenaphthylenes (cf [22] [23]). Scheme 13 shows the most 
probable position of the substituents at the acenaphthalene skeleton according to its 
formation from (E)-37 and ADM (cf Scheme 14 and later)"). 

Compound 40 showed an UVjVIS spectrum (hexane) which highly resembled that of 
28 and trans-29 (cf. Scheme 11) in the long-wavelength region. The broad absorption 
band of 28 at 408 nm (hexane) is shifted to 424 nm, with a strong shoulder at 442 nm, in 
40. The weak 'azulene band' of 40 was very broad and appeared at ca. 600 nm (539 nm for 
28)"). Therefore, it had to be assumed that the original azulene skeleton of (E)-33 carried 
a maleate substituent at C(3). On the other hand, the 'H-NMR spectrum (CDC1,) of 40 
indicated that the structure of 40 was asymmetric, since the i-Pr substituent exhibited 
diastereotopic Me groups with d signals at 1.29 and 1.31 ppm. Moreover, the signals of 
the (E)-styryl had disappeared. Instead, an A B X  system was recognizable at 5.03 ppm 
with 3JAx = 6.3 and '.IJ,, = 2.1 Hz as well as at 3.63 and 3.53 ppm with JAB = 14.5 Hz. The 
chemical shift of H, was in agreement with a benzylic position next to the maleate 
structure. Therefore, the most probable structure for 40 is that shown in Scheme 13 which 
was definitely established by an X-ray crystal-structure analysis (Fig. 4 ) .  It yielded torsion 

I") 

'I) 

The definitivc structure of 39 was established by an X-ray crystal-structure analysis (c f :  Exper. Parr). 
The long-wavelength absorption bands of 28 at  408 nm (hexane) and of trans-29 at 414 nm (EtOH) are slightly 
asymmetric at the longer-wavelength flank, i.e. the pronounced shoulder in 40 may have a much less 
pronounced pendant in 28 as well as in truns-29 (cf: also'*)). 
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angles between H-C(7) and CH2(8) of -47 and 44" in perfect agreement with the 
observed vicinal coupling constants of 2.1 and 6.3 Hz, respectively, i .e.,  the H-atom with 
'J = 2.1 Hz is H, and the other with 3J = 6.3 Hz is H,. The torsional angles between the 
maleate substructure and the five-membered ring of the azulene skeleton amount to 15 
and - 161", respectively, which explains the strong conjugative interaction of these two 
chromophors as expressed in the strong absorption band at 424 nm (log E = 4.26) with a 
pronounced shoulder at 442 nm (log E = 4.19). A similar hyperchromic effect is observed 
for the longest-wavelength UV absorption band of trans-29 in EtOH which appears at 
414 nm (log F = 4.23). The torsional angles of the maleate substructure and the five-mem- 

Fig. 4. Stcreoscupic virn. Oj'the X-ra). c r y s t d  striiciure of40 
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bered ring of the azulene skeleton amount in this case, according to the X-ray crystal- 
structure analysis of trans-29, to 166 and - 23", respectively, i.e., they are quite close to 
those of 4012). 

The third compound 41, which we isolated only in small amounts from the reaction 
mixture of (E)-34 and ADM (L$ Scheme 14), showed in the 'H-NMR spectrum (CDCl,) 
the presence of an intact (E)-4-methoxystyryl group as well as an olefinic A B  system 
with 'JAB = 9.6 Hz and, in addition, a coupling constant of 6.2 Hz between an olefinic 
H-atom at 5.83 ppm and an H-atom in allylic surrounding at 3.40 ppm. The 3JAB value 
pointed to the fact that the seven-membered ring of the azulene skeleton had been 
rearranged, presumably to a cyclohexadiene ring (cf. [24]). The value of the other vicinal 
coupling constant can be interpreted in a way that the torsional angle between the two 
involved H-atoms must be in a range of 30-50". The final answer to the question 
of the structure of 41 gave an X-ray crystal-structure analysis (Fig.5) .  It showed 
that 41 represents a cyclopenteno-bridged spiro[6.5]undecatetraene system with 
O(H-C(8)-C(9)-H) = 36". It is most probably formed by a ring contraction of the 
seven-membered ring of the originally present azulene skeleton. A unified mechanistic 

Fig. 5. Stereoscopic v iew ofthe X-ray crystal structure of41 

") A closer inspection of the stereoscopic projection of thc X-ray crystal structure of 40 (Fig. 4 )  shows that the 
C=O group at C(6), which acts, with respect to the n-donating azulene ring, as a n-acceptor, is in an almost 
perfect s-cis-conformation with the C(S)=C(6) bond (O(O=C-C(6)-C(S)) = -9"). On the other hand, the 
X-ray crystal-structure analysis of trans-29 (cf. E-yper. Part) demonstrates that thecorresponding C=O group 
at C(4) is in a more or less s-trans-conformation with the C(3)=C(4) bond (O(O=C-C(4)-C(3)) = 148"; c/. 
Fig .3 ) .  Thcrefore, it might be that compounds such as 28, trans-29, and 40, where a given anellated ring fixes 
the maleate substructure at C(1) of an azulene in an s-cis- or s-traru-conformation with respect to C(2) of the 
azulene ring, show two more or less separated long-wavelength absorption bands above 400 nm, due to the 
fact that the n-acceptor C=O group at C(2)  of the maleate hubstructure may occupy an s-cis- as well as an 
s-trans-conformation with thc C(2')=C(I') bond of the maleate substructure. We will report on these effects in 
more detail vcry soon [15b]. 
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picture of the formation of 39-41 is shown in Scheme 15. The central intermediates seem 
to be the zwitterions 42 (Ar = Ph or 4-MeO-C6H,) which may be formed by heterolysis 
of the C( l)-C(lO) bond from the primary tricyclic compounds of type 2 (cf: Scheme I )  or 
directly by Lewis-acid-catalyzed addition of ADM to (E)-33 or (E)-34. Direct 1,7- 
cyclization of 42 (R = Ph) will yield the prototropic precursor of 40. On the other hand, 
1,5-cyclization of 42 (R = Ph or 4-MeO-C6H,) will lead to the formation of the tricyclic 
intermediates 43. These compounds may be in thermal equilibrium with their norcaradi- 
ene derivatives 44 (cf [25]). Cleavage of bond a in 44 (R = Ph) results in the formation of 
a corresponding dihydro precursor of 39, whereas cleavage of bond b in 44 (R = 4- 
MeO-C,H,) and a prototropic shift leads to 4113). Whereas the formation of acenaph- 
thylene derivatives has often been observed in thermal (cf [ 11 [25]; see also [ 1 Sa]) as well as 
in Ru-catalyzed reactions (cf [4] [21]) of azulenes with ADM, the generation of the 
(6,5,5)-ring system of 41 has never been observed to our knowledge. The formation of 41 
strongly supports the occurrence of structure types such as 44 as intermediates in the 
building of acenaphthylene derivatives. 
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Experimental Part 

General. See [3-51 [ I  I] [2b]. For 'H-NOE: s = strong, m = medium, and I+' = weak 

Thermal and (RuH*(PPh,), f -Catalyzed Reactions of Styryluzulenes with Dimethyl AcetyIenedicarboxy1aie.s 
( A D M ) .  For the synthesis of the styrylazulenes, see [ll]. The Ru catalyst 6 was prepared according to [27]. 

Thermal Reactions. The styrylazulenes were heated with an excess of ADM in decalin at 190-200°. Decalin and 
the excess of ADM were removed by distillation in vacuo in a rotary evaporator (RE). The residues were then 
subjected to CC (silica gel; hexane/Et,O 7:3). The products are given in the order of their elution. Where possible, 
they were further purified by crystallization. Yields are given for crystallized materials. 

Ru-Catalyzed Reactions. All were performed in the same way: 1.0 mmol of the styryl-azulene, 3.0 mmol of 
ADM, and 0.05 mmol of 6 (2 mol- %) were placed together with 5 ml of MeCN in a 25-ml Schlenk vessel. The vessel 
was stoppered and heated under Ar for 24 h at 110". The mixture was diluted with Et,O and washed with H,O 
(3 x 30 ml). After drying (MgSO,), the solvent was distilled off (RE) and subjected to CC (vide supra). 

1. 4,6,%-Trimethyl-I-[ (E)-2-phenylethenyl]azulene ((E)-7a) and Dimethyl Acetylenedicarbo.xylate ( A D M ) ,  
Thermal Addition; 0.665 g (2.44 mmol) of 7 a  and 0.520 g (3.66 mmol) of ADM were heated in decalin (10 ml) for 4 
h at 200O. CC yielded 0.130 g (20%) of (E)-7a, 0.240 g (35%) of 4.6.8-trimrthylarulene-1,2-dicarboxyluie ( 4 ;  violet 
crystals; [3]). and 0.140 g (10%) of trans-l0a (green crystals). 

Ru-Catalyzed Addition: The following products were eluted: 0.004 g (1 YO) of (E,E)-13a (brown crystals), 
0.012 g (3%) of (E,Z)-14a (green crystals), 0.008 g (2%) of (E,E)-14a (brown crystals), 0.021 g (5%) of (E)-15a 
(orange crystals), 0.129 g (45%) of 4 (violet crystals; [3]), 0.017 g (3 YO) of truns-l0a (green crystals), 0.030 g (4.4%) 
of cis-18a (green needles), and 0.015 g (2.2%) oftrans-18a (green needles). 

13)  At the moment, we accumulate evidences which demonstrate that the crucial intermediates in acenaphthylene 
formation from azulenes and ADM are not those of type 43 and 44 (Scheme 15) ,  but their prototropic isomers 
with the H-atom at C(4) linked to C(2). However, there is also evidence that the rearrangement to acenaph- 
thylene derivatives occurs more readily in polar solvents. Therefore, it might be that the rearrangement takes 
place in the deprotonated form of 44 or its prototropic isomers [7] [ 151. 
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Diniethyl ( E)-I- (4.6.8-Trinier/iyl-3-/( E)-2-phenylethenyl]azulen-l-yl~ethene-l,2-dicarboxyIatc ((E,E)-13a): 
M.p. 124.0-125.0' (Et20/hexane). R,  (hexane/Et,O 1:l) 0.48. 'H-NMR (300 MH2)14): 7.90 (d, J = 15.9, 
PhCH=CH); 7.61 (s, H-C(2')); 7.49 (d, J = 7.3,2 arom. H); 7.36 (1,  J = 7.4, 2 arom. H); 7.22 ( t ,  J = 7.3, 1 arom. 

MeOCO); 3.05 (s, Me-C(4)); 2.70 (s, Me-C(8')); 2.53 (s, Me-C(6')). CI-MS: 417 (9), 416 (28), 415 (100, 

I1  E,3 Z) -4- (4,6,8- Trimetliylaiulen-l-~il~ -3-phenylbuta- 1,3-diene-l ,d-dicurho.xylate ((E,Z)-14a) : 
M.p. 188.3-189.2" (Et20/hexdne). Rf(hexane/Et,O 1:l) 0.33. UV (MeOH): A,,, 414 (3.77), 325 (3.90), 282 (3.93, 
243 (4.15); 1,,, 374 (3.501, 314 (3.88), 274 (3.89). 'H-NMR (300 MHz)I4): 8.71 (s, H-C(4)); 7.93 (d, J = 4.4, 
H-C(2')); 7.3 (m,  5 arom. H); 7.20 (d, J = 4.4, H-C(3')); 7.09 (s, H-C(7')); 7.05 (s, H-C(5')); 6.92 (s, H-C(1)); 
3.83, 3.63 (2s. 2 MeOCO); 3.1 1 (s, Me-C(8')); 2.78 (s, Me-C(4)); 2.59 (s, Me-C(6')). CI-MS: 417 (29), 416 (31), 
415 (100, [ M  + I]+). 

Data of( E.E/ -14a: M.p. 145.0" (Et,O/hexane). R,(hexane/Et20 1 : I )  0.32. UV (MeOH): A,,, 410 (4.59), 331 
(4.62). 286 (4.59), 237 (4.77); A,,, 383 (4.33), 310 (4.56), 268 (4.48). IR (KBr): 1720s, 1580~1, 1450w, 1430~1, 1350w, 
1 3 4 0 ~ ,  1220s, 1210s, 1180m, 1150w, 1010m, 920~,8301v (br.), 780w, 740w, 720w, 6 8 0 ~ .  'H-NMR (300 MHz): 7.69 

3.69 (2s, 2 MeOCO); 3.04 (s, Me-C(8')); 2.83 (.e Me-C(4)); 2.59 (s, MeeC(6')). CI-MS: 417 (14), 416 (25), 415 
(100, [ M  + 1]+). Anal. calc. for C27H2h04 (414.50): C 78.24, H 6.32; found: C 77.92, H 6.05. 

Diniethyl6,0,10-Trini~~th~l-S-/(  E)-2-phenylethenyl]heptalene-I ,2-dicarboxylute ((E)-15a): M.p. 192.5 I 93.0O 
(Et20/hexane). Rf (hexane/Et,O 1 : I )  0.27. UV: see [lo]. 1R (KBr): 1720s, 1700s, 1550~1, 1520w, 1430m, 1300~1, 
1 2 8 0 ~  1260s, 1190~1, 1150w, 1 1  I O w ,  1080~1, 1050m,9801~~, 830w, 840w, 770w, 750w, 690u. 'H-NMR (300 MHz): 
7.69 (d, J = 6.3, H-C(3)); 7.4-7.25 ( m ,  5 arom. H); 6.95 (d, J = 15.8, PhCH=CH); 6.56 (d, J = 6.3, H-C(4)); 6.37 
(d,  J = 15.8, PhCH=CH); 6.24 (s, H-C(7)); 6.14 (s, H-C(9)); 3.75, 3.71 (2s, 2 MeOCO); 2.12 (d, J = 1.1, 
Mc-C(10)); 1.90 (d. J = 1.2, Me-C(8)); 1.65 (s, Me-C(6)). CI-MS (NH,): 434 (7), 433 (28), 432 (100, 
[ M  + I +NH3]+),415(39,[M + 1]+),414(8), 384(6), 383(31). EI-MS:415(23),414(100,M+'),399(10),383(13), 
382 (6), 368 (14), 367 (77), 356 (9). 355 (39), 354 (27), 352 (7), 351 (12), 350 (9, 349 (9), 340 (17). 339 (31), 325 (8), 
324 (24), 323 (loo), 322 (16), 297 (14), 296 (57), 295 (46), 294 ( IZ) ,  293 (12), 292 (9), 291 (35 ) ,  273 (9), 272 (29, 
[M - ADMI'), 271 (7), 267 (13), 266 (39), 265 (67), 264 (19). 262 (31). 

Dimethyl trans-3-/ ( Z)-l ,2-Bis(m~tho~x~eurbonyl~ethenyl l - lV~l2, l4- t~in~ethyl-4-~~henyl tr i~yrlo/7.S.V.~2~ '1- 
tetradera-1 (14),2( 7 j ,  5 8 ,  IO,IZ-hexnene-S,6-dicarho.x~~Iu~e (trans-IOa): M.p. 103.7-104.7". UVjVIS (hexane): I,,, 
612(2.47),580(2.46),414(3.77),394(3.80),326(4.40),319(sh,4.37),274(sh,4.07),263(sh,4.21),255(4.23);~.,,, 
591 (2.45), 504 (2.30), 405 (3.72), 366 (3.58), 283 (4.01), 272 (4.07). 'H-NMR (300 MHz): 7.33 (s, H-C(8)); 7.1 (m,  
5 arom. H); 6.99 (s, H-C( 11)); 6.87 (s, H-C( 13)); 5.05 (s, MeOCOCH); 4.95 (d, J = 1.6, H-C(3)); 4.59 (d ,  J = 1.7 
H-C(4)); 4.03, 3.98, 3.72, 3.60 (4,~. 4 MeOCO); 2.83 (s, Me-C(10)); 2.77 (s, Me-C(I4)); 2.52 (s, Me-C(12)). 
'H-NOE (CDCI,; 400 MHr): 2.52 (Me-C(12))+6.87 (s, H-C(I3)); 6.99 (s, H-C(l I ) ) ;  2.77 (Me-C(14))+4.95 
(m, H-C(3)): 5.05 (s. MeOCOCH), 6.87 (s, H-C(l3)); 2.83 (Me-C(10))+6.99 (s, H-C(l1)); 7.33 (s, H-C(8)). 
CI-MS: 558 ( I  I), 557 (36, [M + I]'), 556 (7), 527 (12), 526 ( IS) ,  525 (100, [ M  + 1 - MeOH]+), 524 (47), 523 (67), 

Tetrametli.vl cis-6- (46.8- Triniethyl-3-[ ( E) -2-phen~lethenyl]niulen- I-yl I-6-L ( E) -2-phenyl~~thrn~vl]ryelo~1~~~~u- 
1 , 4 - d i r n r - 1 , 2 , 3 , 4 - t e t r ~ l ~ ( ~ r ~ ~ ) . ~ y l u t e  (cis-l8a): M.p. 189.5-190.0" (Et20/hexane). R, (hexane/Et,O 1: 1) 0.10. UV 
(McOH): I,,, 400 (3.24), 323 (3.53), 266 (3.48); I,,, 374 (3.14), 286 (3.23). 1R (KBr): 2940~3, 1740.~ 1720s, 1640w', 
1620w, 15901v, 1580w, 14901v, 1440~17, 1430~1, 13401v, 1310s, 1270s (br.), 12001n, 1 I50w, 1120w, 1100w, 1050n,, 
1020n1, 1010ii,, 960~1, 8 3 0 ~ .  810w, 780w, 740ni, 6 9 0 ~ .  'H-NMR (300 MHz): 7.85 (d, J = 16.3, H-C(1")); 7.75 (s, 

H-C(2')); 7.52 (d, J = 7.2,2 arom. H); 7.36 (d, J = 8.0,2 arom. H);  7.25 (t-like, 1 arom. H); 6.89 (s, H-C(7')); 6.87 

J = 1.8, H-C(5)); 5.79 (d, J = I.% HpC(3)); 3.88, 3.86, 3.82, 3.74 (4s, 4 MeOCO); 3.03 (s, Me-C(8')); 2.97 (s, 

Me-C(4')); 2.51 (s, Me-C(6)). 'H-NMR (C,D,): 8.41 (s, 1 H); X.OO (d, J = 16.0, PhCH=CH); 7.39 (d, J = 7.7, 2 
arom. H): 7.18 (d, J = 7.7, 2 arom. H); 7.06 (m, 6 H); 6.83 (d ,  J = 16.2, PhCH=CH); 6.64 (s, 1 H); 6.60 (s, 1 H); 
6.40(s, 1 H); 3.93,3.68,3.47,3.41 (4 .~ ,4  MeOCO); 3.11 (s, Me);2.86(s,Me); 2.16(s, Me). El-MS: 684(<< I ,  M'.), 
544 (8 ) ,  543 (411.542 (100, [ M  - ADMI"), 484 (18), 483 (51, [ M  - ADM - MeOCO]+), 468 (10). 

IIntcr~ftrans-lSa: M.p. 187.~1X7.5°(Et20/hexane). X,(hexanc/Et,O 1 : I )  0.20. U V  (MeOH): I,,,, 398 (3.82), 
325 (4.20), 257 (4.21); i.,,,, 380 (3.78), 2x8 (3.93). IR (KBr): 1730s, 1720s, 1630ii,, 16101v, 1590a1, 15801~, 1 5 1 0 ~ .  

H); 7.10 (s, H-C(2)); 6.94 (s,  H-C(7')); 6.89 (s, H-C(5')); 6.80 (d, J = 15.9, PhCH=CH); 3.78, 3.57 (2s. 2 

[ M  + I]+). 
Dimethyl 

(s, H-C(4)); 7 52 (d, J = 4.3, HpC(2')); 7.19 (d, J = 4.3, H-C(3')); 7.05 (s, H-C(5',7')); 6.90 (s, H-C(1)); 3.76, 

522 ( 1  8). 

(.s. HpC(5')); 6.82 (d, J = 16.3, H-C(2")); 6.78 (d, J = 16.3, H-C(I"')); 6.54 (d, J = 16.3, H-C(2"')); 6.52 ((1, 

") For the sake of clarity, the locants of the arulenyl substituents are primed where necessary 
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1490w, 1440m, 1430m, 1370w, 1340w, 1300s(br.), 1240m, 1200w, 1170w, 1150w, 11 low, 1050w, IOOOlt,, 960m, 8 4 0 ~ ,  
830w, 770w, 740w, 6 9 0 ~ .  ‘H-NMR (300 and 600 MHz): 7.76 (d, J = 16.0, H-C(1”)); 7.64 (s, H-C(2‘)); 7.50 
(d-like, J = 7.5, 2 H ,  of Ph-C(2)); 7.45 (d-like, J = 7.6, 2 H, of Ph-C(2)); 7.35 (t-like, J = 7.5, 2 H,?, of 
Ph-C(2)); 7.33 (1-like, J = 7.5, H,M of Ph-C(2)); 7.29 (t-like, J = 7.7, Hp of Ph-C(2”)); 7.23 (d, J = 1.7, 
H-C(5)); 7.20 (t-like, J = 7.7, Hp ofPh-C(2”’)); 6.98 (d, J = 16.3, H-C(1”’)); 6.93 (s, H-C(7’)); 6.90 (s, H-C(5’)); 

MeOCO); 3.15 (s, Me-C(8’)); 3.00 (s, Me-C(4)); 2.54 (s, Me-C(6’)). ‘H-NOE (400 MHz; CDCl,): 7.64 
(H-C(2‘))+7.23 (s, H-C(5)), 6.73 (vs, H-C(2”)); 5.94 (w ,  H-C(3)); 3.15 (Me-C(8))+6.93 (s, H-C(7’)), 5.94 (vs, 
H-C(3)); 3.00 (Me-C(4‘))+7.76 (s, H-C(l”)), 6.90 (s, H-C(5‘)); 2.54 (Me-C(6))-+6.93 (s, H-C(7‘)), 6.90 (s, 
H-C(5’)). ‘,C-NMR (150 MHz; CDCI,; incl. ‘J(’H,I3C) correlation): 172.00 (MeOCO-C(3)); 164.84, 160.84, 
158.81 (3 MeOCO); 154.45; 146.84, 146.54; 146.09; 144.86; 138.78 (C(1) of Ph-C(2)); 137.49 (C(5)); 137.43 

6.73 (d, J = 16.0, H-C(2)); 6.63 (d, J = 16.3, H-C(2”‘)); 5.94 (d, J = 1.5, H-C(3)); 3.77, 3.69, 3.57, 3.11 (4s, 4 

(C(2’)); 137.38 (C(1) of Ph-C(2)); 135.92; 135.11; 134.99; 134.88 (C(1”’)); 130.48 (C(7‘)), 129.41 (C(5’)); 128.61 
(C(3,5) of PhkC(2)); 128.55 (C(3,5) of PhbC(2)); 128.36 (C(4) of Ph-C(Y)); 127.37 (C(2”)); 127.04 (C(1”)); 
126.84 (C(2,6) of PhbC(2)) ;  126.59 (C(4) of PhbC(2”’)); 126.02 (C(2,6) of Ph-C(2”)); 120.50 (C(2“‘)); 119.81 
((33’)); 115.33 (C(l’)); 87.79 (C(6)); 77.01 (CDCl,); 55.20 (3.57)”), 52.46 (3.77), 52.33 (3.69), 51.51 (3.11; 4 
MeOCO); 43.43 (C(3)); 29.86 (Me-C(8’)); 28.61 (Me-C(4));  28.06 (Me-C(6)). EI-MS: 674 (<< 1, M + ’ ) ,  544 
(lo), 543 (43), 542 (100, [M - ADM]“), 484 (18), 483 (55, [M - ADM - MeOCO]’), 468 (10). 

2. I-( ( Ej-2-(4-Methoxypheriyl)ethenyl]-4,6,8-trimethylazulene ((E)-7b) and ADM. Ru-Catalyzed Addition : 
The following products were eluted: 0.004 g ( I  %a) of (E,E)-13b (brown crystals), 0.022 g (5%) of (E)-15b (orange 
crystals), 0.129 g(45%) o f 4  (violet crystals; [3]), 0.012 g(2%) of trans-lob (green crystals), 0.015 g (2%”) of cis-lgb 
(green needles). 

( El-I- {3-[( E)-2- (4-MethoxyphenylethenJ..1]-4,6,8-trimethylazulen-l-yl~ethene- I ,2-dicarboxylate 
((E,E)-13b): M.p. 148.8--149.8” (EtzO/hexane). Rf(hexane/Et,O 1 :1) 0.36. IR (KBr): 1720s, 1 6 3 0 ~ ,  1600m. 1580m, 
15103, 1450m, 1430m (br.), 1410w, 1370w,, 1320w, 1300w, 1240s, 1200m, 11803, 1100w, 1070w, 1050w, 1030m. 
1010m, 970w, 850w, 820w. ‘H-NMR (300 MHz): 7.74 (d, J = 16.3, CH=CH-C(3’)); 7.58 (s, C(2’)); 7.43 (d, 
J = 9.8, 2 arom. H); 7.09 (s, H-C(2)); 6.92 (s, H-C(5’)); 6.90 (d, J = 9.8, 2 arom. H); 6.87 (s, H-C(7’)); 6.75 (d, 
J = 16.3,CH=CH-C(3’)); 3.84(s,MeO); 3.78, 3.56(2s, 2 MeOCO); 3.04(s, Me-C(4)); 2.69(s, Me-C(8’)); 2.52 
(s, Me-C(6)). CI-MS: 447 (12), 446 (30). 445 (100, [M + 1]+). 

Dimethyl 5-(( E/-2-(4-Methoxyphenyl)ethenyl]-6.8,IO-trimethylheptalene-I,2-dicarboxylate (( E)-ISb): M.p. 
174.&175.0° (Et,O/hexane). Rf(hexane/Et20 1 : I )  0.2314). IR (KBr): 3000w, 2940w’, 2900w, 1710s, 1640w, 1600m, 
1550w, 1510m, 1450w, 1430m, 1390w, 1320w, 1300m, 1270s, 1260s, 1250s, 1200w, 1190w, 1170m, 1150w, 111Ow, 
1090m, 1050m, 1030m, 9901v, 960w, 950w, 920w, 860w, 840w, 820w, 800w, 770w, 760~,710w, 650w. ‘H-NMR (300 
MHz): 7.68 (d, J = 6.4, H-C(3)); 7.34 (d, J = 8.9, 2 arom. H); 6.85 (4 J = 8.8, 2 arom. H); 6.82 (d, J = 15.8, 

3.82 (s, MeO); 3.74, 3.71 (2s, 2 MeOCO); 2.12 (d, J = 1.0, Me-C(I0)); 1.89 (d, J = 1.1, MeC(8)) ;  1.65 (s, 
Me-C(6)). CI-MS (NH,): 464 (7). 463 (31), 462 (100, [M + 1 + NH,]’), 446 (9,445 (18, [ M  + I]’), 414 (17), 413 
(61). Anal. calc. for C2,H2,0j (444.53): C 75.66, H 6.35; found: C 75.43, H 6.09. 

Dimethyl trans-3-[(Zj-l,2-Bis(methoxycarbonyl)ethenyl]-lO.12,14-trimethyl-4-(4-methoxyphenyl)tricyclo- 
[7.5.0.0” 7(tetradera-l (14j.217) ,5,8.IO,12-hexaene-5,6-dicurboxylnte (trans- lob): M.p. 85.8-86.4” (Et20/hex- 
ane). Rr (hexane/Et,O I :1) 0.05. UVjVIS (hexane): A,,, 593 (2.54), 414 (3.77), 395 (3.80), 320 (4.44), 254 (sh, 4.28); 
i,,, 508 (2.43), 406 (3.72). 379 (3.66), 278 (4.12). ‘H-NMR (300 MHz): 7.32 (s, H-C(8)); 7.00 (s, H-C(1 I)) ;  6.92 
(dd, J =8.8,2.1,2arom.H);6.87(s,H-C(13));6.66(dd,J=8.8,2.1,2arom.H);5.02(t-like,MeOCOCH);4.94 
(d, J = 1.5, H-C(3)); 4.54 (br. s, H-C(4)); 4.02, 3.97 (2s, 2 MeOCO); 3.83 (s, MeO); 3.73, 3.60 (2s, 2 MeOCO); 
2.83 (s, Me-C(10)); 2.78 (s. Me-C(14)); 2.53 (s, Me-C(12)). EI-MS: 588 (9), 587 (38), 586 (81, M+‘), 585 (25), 584 
(68),570(11),569(22), 555(13), 554(16), 553(34),552(37),537(14), 527(16),526(20),525(13),496(14),495(32), 
494(8),493 (16),479(11),468 (18),467(18),444(10),443(38),442(100),436(8),435(16),412(13),411 (37), 396 
(12),395(22),385(8),384(17),379(13), 363(12), 337(8),323(8),289(8),277(14),276(11),263(10). 192(26), 177 
(12), 169(8), 161 (8), 151 (17), 149(9), 138(10), 135(11), 121 (15),77(10). 

cis-6-( ( E)-2-(4-Methozryphenyl)ethenyl]-fi- (3-[ ( Ej-2-(4-methoxyphenyl)ethenyl]-4.6,8-tri- 
methyluzulen-1-yl)c~~clohexa-l,4-diene-l,2,3,4-tetracarhoxylate (cis-18b): M.p. 21 8.5-21 9.0” (Et20/hexane). UV 
(MeOH): imax 350(sh,4.02), 327 (4.10), 278 (3.94), 240(3.63);1,,, 288(3.91), 254(3.51), 213 (3.47). ‘H-NMR(300 
MHr): 7.97 (s, H-C(2’)); 7.72 (d, J = 15.9, H-C(1”)); 7.70 (d, J = 16.3, H-C(1“‘)); 7.46 (d, J = 8.7, 2 arom. H); 
7.16 (d, J = 8.8, 2 arom. H); 6.95 (s, H-C(7’)); 6.92 (d, J = 8.8, 2 arom. H); 6.89 (s, H-C(5’)); 6.82 (d, J = 16.3, 

Dimethyl 

CH=CH-C(5)); 6.50 (d, J = 6.4, H-C(4)); 6.32 (d ,J  = 15.8, CH=CH-C(5)); 6.23 (s, H-C(7)); 6.13 (s, H-C(9)); 

Tetramethyl 

‘j) In parentheses b(H) of the correlating MeOCO 
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H-C(2)); 6.67 (d, J = 8.8, 2 arom. H); 6.24 (d, J = 16.3, H-C(2)); 5.70 (s, H-C(3)); 5.63 (s, H-C(5)); 3.85 
(s, 2 MeO); 3.93, 3.76, 3.73, 3.69 (4s, 4 MeOCO); 3.05 (s, Me-C(X')); 2.97 (s, Me-C(4)); 2.54 (s, Me-C(6')). 
EI-MS: 744 ( M + ,  not detectable), 374 (lo), 373 (27), 372 (100, M 2 + ) ,  341 (lo), 340 (29), 313 (IX), 307 (26), 299 (7). 

3. I - [ (  E)-2- (I-Chlorophenyl)etheny1]-4,6.8-trimethylazulene ((E)-lc) and ADM. Ru-Catalyzed Addition : The 
following products were eluted: 0.009 g (2%) of (E,E)-14c (brown crystals), 0.013 g (3%) of (E)-15c (yellow 
crystals), and 0.066 g (23%) of 4 (violet crystals; [3]). 

Dimeth.vl ( I  E,3 E) -3- (4-Ch~orophcn)~~) -4- (4,6,8-trimethylazulen-I-y1) buta-l,3-diene- I ,2-dicarboxylate ( (E,E)-  
14c): M.p. 148.6-149.5" (Et,O/hexane). Rr (hexane/Et,O 1 : I )  0.36. IR (KBr): 1730s, 1710s, 1580m, 1520w, 1480w, 
1430w, 1340m, 1250m, 1200m (br.), 1140m, IIOOw, lOXOw, IOOOm, 890w, 870w, 840w, 830w, 8 1 0 ~ .  78010, 760w, 
7 2 0 ~ .  'H-NMR (300 MH2)14): 7.69 (s, H-C(4)); 7.57 (d, J = 4.8, H-C(2')); 7.30 (d, J = 4.8, H-C(3')); 7.06 (s, 

H-C(5',7')); 6.90 (s, H-C(1)); 3.77, 3.69 (2s, 2 MeOCO); 3.04 (s, Me-C(8')); 2.83 (s, MeeC(4')); 2.60 (s, 
Me-C(6)). CI-MS: 469 (7), 468 (16), 466 (8, [M + 1 + NH,]'), 465 (24), 453 (lo), 452 (13), 451 (41), 450 (32), 449 
(100, [M + 1]+), 448 (39), 447 (98). 

Dimethyl S-((E)-2-(4-Chlorophenyl)ethenyl]-6,8-1O-trimethylheptulene-I,2-dicarboxylate ((E)-15c): M.p. 
203.&204.0" (Et,O/hexane). Rf (hexane/Et,O 1 :1) 0.30. UV: see [lo]. IR (KBr): ~ O O O W ,  29501~. 2900w, 17103, 
1640w, 1610w, 1550w, 1520w, 1490m, 1430m, 1390w, 1 3 7 0 ~ .  1300m, 1280s, 1250s, 1200m, 1190m, 1180rn, 1150m, 
IOYOm, 1050m, lOIOw, 960m, 840m, 810m, 770m. 'H-NMR (CDCI,): 7.68 (d, J = 6.3, H-C(3)); 7.31 (d, J = 8.8,2 
arom. H); 7.28 (d, J = 8.8, 2 arom. H); 6.90 (d, J = 15.8, CH=CH-C(5)); 6.56 (d, J = 6.3, H-C(4)); 6.30 (d, 
J = 15.8, CH=CH-C(5)); 6.23 (s, H-C(7)); 6.13 (s, H-C(9)); 3.74,3.71 (2s, 2 MeOCO); 2.12 (3. Me-C(I0)); 1.89 
(s, MeeC(8)); 1.64 (s ,  MeeC(6)). EI-MS: 450 (33), 449 (27), 448 (100, M'.). 403 (22), 402 (16). 401 (71), 390 (21), 
389 (43), 388 (361,374 (20), 373 (26), 359 (22), 358 (21), 357 (54), 332 (19), 331 (27). 330 (60), 329 (35), 323 (29), 316 
(16), 315 (30), 314 (30), 313 (18), 306 (34, [M - ADMI+'), 300 (15), 299 (19), 294 (22), 293 (IS), 292 (17), 291 (44), 
290 (16). 

4. 7-lsopropyl-l.4-dimethyI-3-j( E)-2-phenylrthenyI]azulcne ( = 3-(2-Phenylethcn~il~uuiazulc~ie ; (E)-8) and 
ADM. Thermal Addition; 0.150 g (0.50 mmol) of (E)-8 and 0.168 g (1.18 mmol) of ADM were heated in decalin 
(2 ml) for 7 h at 190". CC (silica gel; hexane/Et,O 4.1) yielded 0.036 g (24%) of (E)-8, 0.024 g (15%) of 9 (blue 
crystals; [IX]), and 0.039 g (13%) of trans-11. 

Ru-Catalyzed Addition : The following products were eluted: 0.026 g (23%) of (E,Z)- l6  (brown oil), 0.102 g 
(23%) of(E,E)-16 (olivecolored oil), 0.028 g (9%) of9  (bluecrystals; [IS]), 0.064 g (0.6%) of 17 (bluecrystals), and 
0.035 g (1 I %) of trans-11 (blue crystals). 

Dimethyl (I E,32)-4- (5-Isopropyl-3.8-dimethylazulen-l-yl)-3-ph~nylbuta-l,3-diene-l,2-dicarboxylate ((E,Z)- 
16): UV (MeOH): Amax 427 (4.17), 328 (sh, 4.49, 313 (4.49), 296 (4.51), 246 (4.53); A,,, 376 (3.93), 274 (4.43). 
'H-NMR (300 MH2)l4): 8.75 (s, H-C(4)); 8.00 (d, J = 2.1, H-C(4)); 7.92 (s, H-C(2')); 7.25 (m, 5 arom. H); 7.34 
(dd, J = 10.8, 1.9, H-C(6)); 7.05 (d, J = IO.X, H-C(7')); 6.91 (s, H-C(1)); 3.82, 3.67 (2s. 2 MeOCO); 3.09 (s, 
Me-C(8')); 3.02 (sept., J = 6.9, Me,CH); 2.48 (s, Me-C(3')); 1.33 (d, J = 6.9, Me,CH). 'H-NOE (400 MHz, 
CDCI,): 2.48 (Me-C(3'))+8.00 (s, H-C(4)); 7.92 (s, H-C(2')); 3.09 (Me-C(8))+8.75 (s, H-C(4)); 7.05 (s, 

Data of (E,E) -16. UV (MeOH): I,,, 429 (4.44), 328 (4.41), 286 (4.44), 232 (4.42), 224 (4,42); I,,, 373 (4.06), 

H-C(2')); 7.27 (d, J = 10.8, H-C(6')); 7.25 (m. 5 arom. H); 6.94 (d, J = 10.8, H-C(7')), 6.81 (s, H-C(1)); 3.69, 
3.65 (2.7, 2 MeOCO); 2.98 (sept., J = 6.9, Me,CH); 2.94 (s, MeeC(8')); 2.51 (s, MeeC(3')); 1.28 (d, J = 6.9, 
MqCH). 'H-NOE (400 MHz, CDCI,): 2.51 (Me-C(3))+8.00 (s, H-C(4)), 7.50 (s, H-C(2')); 2.94 
(Me-C(8'))-*7.67 (s, H-C(4)), 6.94 (s, H-C(7')). CI-MS: 445 (Y), 444 (26). 443 (100, [ M  + I]'). 

Dimethyl trans-3-((Z)-1.2-Bi.s(~1ethoxycarbonyl)ethenyl]-ll-is~propyl-8,l4-dimethyl-4-phenyltricyclo- 
/7.S.O.O2, 7]tetrudeca-l (14).2(7).5.X.10,I2-hexue~te-S,6-dicarb~~ylate (truns-11). M.p. 164-165' (Et,O/hexane). 
Rf(hexane/Et20 1:l) 0.09. UVjVrS (hexane): Aman 697 (2.89), 651 (sh, 2.87), 412 (4.03), 394 (4.04), 327 (4.79), 261 
(4.40); A,,, 472 (2.411, 402 (3.97), 282 (3.99), 240 (4.18). IR (KBr): 2925m, 17403, 1730s, 1715s, 1640m, 1600m, 
1 5 5 0 ~ .  1520w, 1490m,1460m, 1450m, 143Os, 1 3 9 0 ~ ,  1370w, 1360w, 1340~1, 1300 (sh), 1260 (sh), 1220s, 119O.s, 1170 
(sh), I I  IOm, 1085m, 1075m. 1100m, 1030m, 995~1,  960w, 910w,885w, 860w, 830w, XIOW, 790w, 770w, 750w, 690~1,  
660w, 6 3 0 ~ .  'H-NMR (300 MHz): 8.14 (d, J = 1.9, H-C(10)); 7.22 (dd, J = 10.6,2.0, H-C(12)); 7.12 (m, 5 arom. 
H);  6.78 (4 J = 10.6, H-C(13)); 5.10 (t-like, J = 1.4, MeOCO-CH); 5.00 (d, J = 1.6, H-C(3)): 4.56 (d, J = 1.4, 
H-C(4)); 4.02, 3.95, 3.73, 3.61 (4s, 4 MeOCO); 2.98 (sept., J = 6.9, Me,CH); 2.74 (s, MeeC(14)); 2.59 (s, 
Me-C(X)); 1.32 (d, J = 6.9, Me,CH). CI-MS (NH,): 604 (13), 603 (29), 602 (86, [ M  + I + NH,]+), 587 (16). 586 
(36), 585 (100. [ M  + I]+), 584(12). Anal. calc. for C,,H,,O, (584.67): C 71.90, H 6.21; found: C 71.62, H 6.03. 

H-C(7')). CI-MS: 444 (33), 443 (100, [ M  + 1]+), 41 1 (8). 

332 (4.35), 265 (4.34), 224 (4.41). 'H-NMR (300 MHz) '~) :  8.00 (d, J = 2.0, H-C(4));  7.67 (3, H-C(4)); 7.50 (s, 



HELVETICA CHIMICA ACTA - Vol. 77 (1994) 1963 

The structure of trans-11 was confirmed by an X-ray crystal-structure analysis (cf: Fig. I ) .  Crystal dam: 
space group and cell dimensions: monoclinic P2,lc with a = 1130.0, b = 909.0, c = 3084.5 pm, and 

= 96.74"; D,,,,: 1.234 Mg m-3, 2 = 4; fi  (CuK,) = 6.750 cm-'; measured reflections (23 & 1'): 5335, observed 
3800; R = 0.047. Selected torsion angles I"]: C(l)-C(2)-C(3)-C(MeOCO)=CHCOOMe, -88.8(3); 

MeOCOCH=(MeOCO)C-C(3)-C(4)-Ph, 158.8(2); C(3)-C(4)-C(5)-C(6), -35.4(3); C(4)-C(5)-C(6)-C(7), 
2.0(3.0), O=C-C(5)-C(6), 3.9(4); MeO-C-C(5)-C6), -177.5(2); C(S)-C(6)-C(7)-C(Z), 15.3(3); 
C(5)-C(6)-C7)-C(8), -164.2(2); O=C-C(6)-C(5), -101.7(3); MeO-C-C(6)-C(5), 81.7(3); 

Tetramethyl (IRS,I2RS,13RS,I4RS,l5RS,16RS)-6-lsopropy~-3,9-dimeth~l-l6-pheny~entac~~clo[~O.2.2. 
02, ''.04. 'O.0 14, 'S]hexadeca-2,4.6,8. 10-pentaene-l~ 13,14.15-tetrararboxylute (1 7): M.p. 190.0- 190.5O (Et20/hex- 
ane). Rf(hexane/Et20 I:1) 0.05. 'H-NMR (300 MHz): 8.08 (d, J = 2.0, H-C(5); 7.16 (dd, J = 10.6,2.0, H-C(7)); 
6.89(m,3arom.H);6.81(m,2arom.H);6.67(d,J=10.6,H-C(8));4.79(t,J=5.4,H-C(12));4.18(d,J=5.1, 
H-C(13));4.03(d,J= 5.5,H-C(16));4.03,3.83,3.66,3.19(4s,4MeOCO);2.98(sept.,J=7.0,Me2CH);2.62(s, 
Me-C(9)); 2.57 (s, Me-C(3)); 1.30 (d, J = 7.0, Me2CH). CI-MS: 587 (9), 586 (29), 585.1 (100, [M + I]+). EI-MS: 
586 (8), 585 (32), 584 (100, Mt); 525 (1 I), 524 (27); 494 (9), 493 (28); 466 (8), 465 (19), 422 (19), 391 (23). 

The structure of 17 was confirmed by an X-ray crystal-structure analysis (cf: Fig. 2). Crystal data : space group 
and cell dimensions: triclinic P1  with MeCN (one molecule per two molecules of 17 assumed), a = 1159.9, 
h = 1517.1, c = 1018.2 pm, r i  =98.24,p =96.31, y = 75.12O; D,,,, (with one MeCN per two molecules of 17): 
1.176 Mg m-', 2 = 2; ~ ( C U K , )  = 6.415 cm-'; measured reflections (23 i lo): 5392, observed 3878; R = 0.073. 
Selected torsion angles ["I: MeOOC-C(l)-C(2)-C(3), -8.3(6); C(I)-C(2)-C(l l)-C(12), 4.7(4); 

C(lI)-C(12)-C(13)-COOMe, -53.0(4); C(1 I)-C(12)-C(16)-Ph, 55.8(4); MeOOC-C(13)-C(I2)-C( 16), 

C(l)-C(2)-C(3)-C(4), 148.2(2); C(2)-C(3)-C(4)-Ph, -78.2(2); C(2)-C(3)-C(4)-C(5), 51.0(2); 

C(6)-C(7)-C(8)-C(9), 178.9(2); H-C(3)-C(4)-H, - 75.8(3). 

C( 10)-C( 1 1)-C( 12)-C( 13), 129.7(4); C( lO)-C( I l)-C( 12)-C16), - 120.2(4) ; C( 10)-C( 1 1)-C(2)-C( I) ,  179.4(3); 

- 167.0(3); Ph-C( 16)-C( 12)-C( 13), 170.2(3); C( 12(-C( 13)-C( 14)-C( I) ,  -37.7(4); C( 12)-C( 13)-C( 14)- 
C( 15), 26.3(3); C( 12)-C( 16)-C( 15)-C( I), 40.4(4); C( 12)-C( 16)-C( 15)-C( 14), -25.1(3); C( 13)-C(14)- 
C(I)-C(2), -9.9(4); C(16)-C(15)-C(l)-C(2), 11.3(4); MeOOC-C(13)-C(14)-C(l), 86.9(4); MeOOC- 
C( 13)-C( l4)-C( 15), 151.0(3); Ph-C( 16)-C(I 5)-C(l), -84.4(4); Ph-C( l6)-C( l5)-C( l4), -149.9(3). 
H-C(3)-C(4)-H, -48(1), H-C(4)-C(16)-H, 49(1). 

5. 7-lsopropyl-4-methyl-l-[(E)-2-phenylethenyl]azuleiie ( (E)-23)  and ADM. Ru-Catalyzed Addition: The 
following products were eluted: 0.005 g (1%) of (E,E)-24 (brown crystals)16), 0.040 g (10%) of (E)-26 (yellow 
crystals), 0.060 g (20%) of 25 (blue-violet crystals; [2] ) .  

Dimethyl (E)-I-(5-Isopropyl-8-methyI-3-((E)-2-phenyIethyI]a~~Ien-I-~I~e1hene-I,2-dicarboxylate ( (E,E)-  
24): Ri(hexanelEt20 1:l) 0.49. UV (hexane +5% i-PrOH; qual.): A,,, 400 (sh, 0.57, 385 (sh, 0.61), 360 (sh, 0.71), 
346 (0.73), 319 (loo), 255 (0.95); I,,, 338 (0.73), 280 (0.45), 228 (0.73). 'H-NMR (300 MHz)14): 8.45 (d, J = 2.1, 
H-C(4)); 7.90 (s, H-C(2')); 7.68 (d, J =  15.8, PhCH=CH); 7.58 (d, J = 7.4, 2 arom. H); 7.40 (d, J = 10.9, 
H-C(6')); 7.38 (/-like, J = 7.2, 2 arom. H); 7.22 (d, J = 7.3, 1 arom. H); 7.17 (s, H-C(2)); 7.10 (d,  J = 15.8, 
PhCH=CH); 6.98 (d, J = 10.9, H-C(7')); 3.78, 3.56 (2s, 2 MeOCO); 3.11 (sept., J = 7.0, Me,CH); 2.72 (s, 
MeeC(8)); 1.38 (d, J = 6.9, Me2CH). CI-MS (NH3); 430 (31), 429 (100, [ M  + I]+), 428 (1 I). 

Data of (2,E) -24: UV (hexane + 5 %  i-PrOH; qual.): A,,, 422 (sh, 0.31), 381 (sh, 0.64), 360 (sh, 0.84), 342 
(0.93), 319 (1.00), 256 (0.81); A,,, 333 (0.92), 272 (0.48), 230 (0.58). 'H-NMR (300 MHz) '~) :  8.48 (br. s, H-C(4)); 
8.18(s,H-C(2'));7.64(d,J= 16.1,PhCH=CH);7.58(d,J=7.4,2arom.H);7.50(dd,J= 10.8,ra.2,H-C(6')); 
7.38 (t-like, J = 7.6, 2 arom. H); 7.25 (l-like (partly covered by the signal of CHC13), J = 7.4, 1 arom. H); 7.15 (d, 
J = 16.2, PhCH=CH); 7.14(d,J = 10.7, H-C(7')); 5.80(s, H-C(2)); 3.92, 3.81 (2s, MeOCO); 3.13 (sept., J = 6.8, 
Me2CH); 2.89 (s, Me-C(8')); 1.39 (d,J  = 6.9, Me2CH). 

Dimethyl 7-1sopropyl-lO-methy1-5-[ (E)-2-phenylethenyl]heptalene-I.2-dicarboxylate ( (E)-26):  Ri (hexanel 
EtzO 1 : I )  0.36. UV: see [lo]. 'H-NMR (300 MHz): 7.65 (d, J = 6.6, H-C(3)); 7.37 (d, J = 7.8, 2 arom. H); 7.31 
(r-like, J = 7.2, 2 arom. H); 7.24 (1-like, J = 7.2, 1 arom. H); 6.97 (d, J = 15.8, PhCH=CH); 6.57 (d, J = 15.8, 

3.73, 3.72 (2s,2 MeOCO); 2.52 (srpf., J = 6.8, Me,CH); 1.96 (3, Me-C(I0)); 1.09, 1.06 (24 J = 7.1, Me2CH). 
Isomer (Z)-26. When a 3:2 mixture of (E) -  and (2)-23 (cf: [lo]; especially Table 1 in [lo]) was reacted with 

ADM under the usual [RUH,(PP~A)~] catalysis, isolated 26 represented also a 3:2 mixture of its (E)-  and 

PhCHzCH); 6.42 (d, J = 6.6, H-C(4)); 6.38 (d, J = 6.6, H-C(9)); 6.29 (d, J = 6.7, H-C(8)); 5.91 (s, H-C(6)); 

16) HPLC (Spherzrorb CN column; hexane + 4% i-PrOH) of mixed fractions from CC allowed to isolate ca. 1 YO 
of pure (Z,E)-24. 

80 
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(Z)-isomer, respectively. 'H-NMR (300 MHz: recognizable signals for (2)-26 were taken from the 3 :2  mixture): 
7.38 (d, J = 7.2, H-C(3)); 7.20 (m. 5 arom. H); 6.59 (d, J = 12.4, PhCH=CH): 6.40 (d, J = 7.2, H-C(4)); 6.24 (d, 

2 MeOCO); 2.46 (sept., J = 6.7, Me2CH); 2.05 (s, Me-C(I0)); 1.05 (d,  J = 7.0, MqCH). 
J=6.6,H-C(9)):6.12(dd,J =6.6, 1.3,H-C(8));5.96(d,J= 12.4,PhCH=CH);5.90(s,H-C(6));3.73,3.72(2~, 

6.4,6,8- Trimethyl-2-[( E)-2-~~henylethenyl]azulene ((E)-27) und ADM. Thermal Addition : 0.143 g (0.53 mmol) 
of (E)-27 and 0.168 g (1.18 mmol) of ADM were heated in decalin (2.5 ml) at 190" for 2 h. CC yielded 0.008 g (6%) 
of(E)-27,0.0014 g (1 YO) of 4 (violet crystals; [3]), 0.061 g (28%) of (E)-30A/30B (red crystals), 0.027 g (12.5%) of 
28 (brown oil), and 0.067 g of trans-29 (dark-red crystals). 

Ru-Catalyzed Addition : The following products were eluted: 0.012 g (3 %) of(E,E)-31 (brown crystals); 0.008 
g (3%) of 4 (violet crystals: [3]), 0.166 g (40%) of (E)-30A/30B (red crystals), and 0.056 g (10%) of trans-29 
(dark-red crystals). 

Dimethyl ( E)-I- (4,6,8-Trimeth.yl-2-[ (Ej-2-phenyleth~nyl]uzlrlen-l-yl}ethene-l.2-dicurhoxyla~e ((E,E))-31). 
M.p. 162.3-163.1" (EtzO/hexane). 'H-NMR (300 MHz) '~) :  7.63 (s, H-C(3')); 7.52 (d, J = 7.7,2 arom. H); 7.38 (d, 
J = 6.9, 2 arom. H); 7.36 (d, J = 16.2, PhCH=CH); 7.34 (s, H-C(2)); 7.27 (m, 1 arom. H); 7.11 (d, J =  16.2, 
PhCH=CH);7.02(.s, H-C(5')); 6.96(s, H-C(7')): 3.76, 3.48(2s, MeOCO); 2.88 (s,Me-C(4'));2.74(3, Me-C(8)); 
2.57 (s: Me-C(6)). CI-MS (NH,): 417 (12); 416 (34): 415 (100, [ M  + I]+). EI-MS: 414 ( M + ' ) ,  355 
( [M - COOMe]'), 323 ( [ M  - COOMe - MeOH]+), 296 ( [ M  - 2 COOMe]'), 265 ( [ M  - 2 COOMe - MeO]+). 

Dimethyl 6,8,10-Trimethyl-4-[ (E)-2-phenylethenyl]heptalene-l,2-dicarboxylate ((E)-30A): M.p. 189.1- 
190.0" (Et,O/hexane). Rf  (hexane/Et,O I : ] )  0.28. UV: See [lo]. IR (KBr): 2940w, 1740s, 1720s, 1640w, 1590w, 
1580w, 1560w, 1490w, 1440m, 1430m, 1400~1, 1370m, 1340w, 1300~1, 12703, 12603, 1240s, 1210m, 1200m, 1170~1, 
1125s, 1080w, 1060m, 1030w, 1000m, 980m, 920w, 890w, 87019, 840m, 785m, 760m, 700m, 660w, 620w. 'H-NMR 
(300 MHz; -20"): 7.97 (s, H-C(3)); 7.50 (d, J = 7.3, 2 arom. H), 7.38 ( f ,  J = 7.7, 2 aroni. H): 7.29 ( I ,  J = 7.2, 1 
arom. H); 6.98 (d, J = 16.3, PhCH=CH); 6.75 (d, J = 16.3, PhCH=CH); 6.17 (8, H-C(5)); 6.16 (s, H-C(7)); 5.97 
(s, H-C(9)); 3.78, 3.71 (23, 2 MeOCO); 2.03 (s. Me-C(8)); 2.00 (s, Me-C(10)); 1.82 (s, Me-C(6)). CI-MS (NH,): 
433(12);432(55,[M + 1 + NH,]);417(7);416(22);415(100, [ M  + 11'); 383(6). EI-MS: 4l5(20),414(l00, M " ) ,  
367 (lo), 356 (X), 355 (17, [ M  - COOMe]+), 354 (8), 323 (15), 295 (10, [M - 2 COOMe]+), 296 (9), 272 (10, 
[M + I + NH,). Anal. caic. for C27H2604 (414.51): C 78.24, H 6.32; found: C 78.30, H 6.43. 

Dimethyl 6.8,IO- Trimethyl-2- f ( E) -2-phenylethenyl]heptalene-4,5-dicurho~ylute ((E)-30B). When the crystals 
of (E)-30A were dissolved at r.t. in CDCI,, or the soh.  of (E)-30A at -20" was warmed up to r.t., the presence of 
23- 25 % of (E)-30B could be detected by 'H-NMR. 'H-NMR (600 MHz; CHC1, at 7.260 ppm; 75% (E)-30A and 
25% (Z)-30B): 7.93 (s, H-C(3) of A): 7.47 (d, J = 7.6,2 H, of Ph in A); 7.42 (4 J = 7.6, 2 H, of Ph in B); 7.35 ( t ,  
J = 7.8,2 H, of Ph in A); 7.32 (1, J = 7.5,2 H,, of Ph in B); 7.26 (t, partly covered by CHCl,, Hp of Ph in A); 7.25 
(I, partly covered by CHCI,, Hp of Ph in B); 6.93, 6.77 (AB,  JAB = 16.3, PhCH=CH of A); 6.80 ( A B ,  AS  < 1, 

6.1 1 (s, H-C(l) ofB); 5.96 (s, H-C(9) ofA and B); 3.85,3.73 (2s, 2 MeOCO ofB); 3.77, 3.70 (2s, 2 MeOCO ofA); 
2.19 (s, Me-C(I0) ofB); 2.04 (br. s, Me-C(10) ofA); 2.00 (s, Me-C(8) ofA and B): 1.81 (s, Me-C(6) ofA); 1.67 
(s, Me-C(6) of 9). 'H-NMR (300 MHz; 75% (E)-30A and 25% (E)-30B in C6D,; C,D,H at 7.160): 8.27 (3, 

H-C(3) of A); 7.10-7.00 (arom. H of A and B); 6.84 (s, H-C(3) of B); 6.77 ( A  R ,  A S , ,  < 1, JAB = 16.8, PhCH=CH 

(s, H-C(7) of A); 6.00 (s, H-C(7) of B); 5.89 (.s, H-C(9) of A); 5.77 (s, H-C(9) of B): 3.56 (s, MeOCO of B); 3.45 
(s, MeCOO of A); 3.40 (s, MeOCO of B); 3.29 (s, MeOCO of A); 2.08 (br. s, Me-C(8) of A); 2.07 (br. s, Me-C(8) 
of B); 1.80 (br. s, Me-C(10) of A); 1.74 (br. s, Me-C(1O) of B); 1.73 (.F, Me-C(6) of B); 1.68 (9, Me-C(6) of A). 

Dimethyl 10,12,I4-Trinietliyl-5-phenyItricl.clo(7.5.0.O2~ 7]tetradeca-l (14) I 2( 7j, 3,8.10,IZ-hexaene-3,4-dicur- 
hoxylute (28): UVjVIS (hexane): I,,, 539 (2.76), 408 (4.15), 336 (4.41), 310 (4.40), 244 (4.32); lmi, 477 (2.60), 378 
(3.90), 322 (4.36), 274 (3.841, 224 (4.24). 1R (CHCI,): 3015m, 2952m, 2360m, 2340m, 1719s, 1580m, 1434~1, 1259s, 
1105m, 1013m. 'H-NMR (300 MHz): 7.34 (d, J =7.4, 2 arom. H); 7.20 (t-like, J = 2  arom. H): 7.14 (t-like, 
J = 7.0, I arom. H); 7.02 (s, H-C(l l,13)); 6.98 (s, H-C(8)); 4.1 1 ( I ,  X of A E X ,  JAx z JBx = 6.0, H-C(5)); 3.82, 
3.66(2s, 2MeOCO); 3 . 3 6 ( A B o f A B X , A f i  i I ,  J A B  = 17,2H-C(6));2.75(.7, Me-C(14)):2.70(s,Me-C(10)):2.54 
(s, Me-C(l2)). 'H-NMR (300 MHz; C,D,): 7.46 (d, J = 7.6,2 arom. H); 7.07 ( I ,  J = 7.6,2 arom. H); 6.95 ([/-like, 
J = 7.4, ca. 1, 1 arom. H): 6.81 (s, H-C(8)); 6.67 ( 3 ,  H-C(13)); 6.63 (s, H-C(l1)); 4.10 (t, X of A E X ,  
J,, z Jon = 5.7, H-C(5)); 3.57, 3.42 (2s, 2 MeOCO); 3.15 ( A B  of ABX, A S , ,  z 5 Hz, JAB = 16.8, JAx = 6.0, 

4.11 (H-C(5))+7.34 (s, 2 arom. H), 3.36 (s, 2 H-C(6)); 3.36 (2 H-C(h))-t7.34 (s, 2 arom. H), 6.98 (s, H-C(8)), 

JAB z 16.6, PhCH=CHof B); 6.57 (s, H-C(3) OfB); 6.16 (.Y, H-C(7) of A): 6.15 (s, H-C(5) of A, H-C(7) of B): 

ofA);6.64, 6.61 ( A B , A S A B = ~ . ~ , J A , =  16.3,PhCH=CHoTB);6.21 (~,H-C(I)ofB);6.07(s,H-C(5)ofA);6.02 

J B ,  = 5.4,2 H-C(6)); 2.71 (s, Me-C(14)); 2.41 (s, Me-C(10)); 2.1 1 (s, Me-C(12)). 'H-NOE (400 MHz: CDCl3): 

4.1 I (s ,  H-C(5)). EI-MS: 415 (26), 414 (100, M " ) ,  383 (E), 355 (33), 324 (13), 323 ( l l ) ,  296 (22). 
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Dimethyl trans-fi-[(Z/-1,2-Bis(methoxycarhonyl)ethen~d]-l0,12,14-/rimethyl-5-phenyltri~yclo[7.5.0.0'~7]- 
tefrudecu-l(14), 2(7),3,8,10,12-hexaene-3,4-dirarboxyIate (trans-29): M.p. 188.9-189.1" (Et20/hexane). R, (hex- 
ane/Et20 1:I) 0.05. UVjVIS (EtOH): A,,, 534 (3.07), 414 (4.23), 340 (4.38), 312 (4.42), 232 (4.40); A,,, 488 (3.00), 
379 (3.91). 326 (4.34), 236 (4.40), 224 (4.39). IR (KBr): 2940w, 1730s, 1700s, 1640w, 1580w, 1560w, 1510w, 1490w, 
1450w, 1430m, 1390w, 1360m, 1330iv, 13101~, 1250s, 1200~1, 1160~1, 1140m, I l O O r n ,  IOXSw~, 1040w>, 1020w, 990w, 
930w, 840w, 750w, 690w. 'H-NMR (300 MHz): 7.32 (d, J = 7.1, 2 arom. H); 7.16 (f, J = 7.6, 2 arom. H); 7.12 ( r ,  
J = 7.5, 1 arom. H); 7.06 (3, H-C(I 1,13)); 6.96 (s, H-C(8)); 5.41 (d, J = 1.4, MeOCOCH); 4.34 (3, H-C(5,6)); 
3.86, 3.83, 3.71, 3.63 (4s, 4 MeOCO); 2.74 (s, Me-C(14)); 2.73 (s, Me-C(l0)); 2.54 (s, Me-C(12)). 'H-NMR (300 
MHz; C,D,): 7.65 (d, J = 7.6, 2 arom. H); 7.04 ( t ,  J = 7.5, 2 arom. H); 6.90 (1,  J = 7.3, 1 arom. H); 6.80 (s, 
H-C(8)); 6.63 (s, H-C(13)); 6.53 (s, H-C(l1)); 5.75 (d, J = 1.3, MeOCOCH); 4.87 (d, J = 1.9, H-C(5)); 4.65 (s,  
H-C(6)); 3.64, 3.55, 3.39, 3.04 (4s,4 MeOCO); 2.71 (s, Me-C(14)); 2.23 (s, Me-C(1O)); 2.23 (s, Me-C(I0)); 2.05 
(s, Me-C(12)). 'H-NOE (400 MHz, C,D6): 2.05 (Me-C(12))+6.63 (s, H-C(13)). 6.53 (s, H-C(l1)); 2.23 
(Me-C(10))-.6.53 (s, H-C(ll)), 6.80 (s, H-C(8)); 2.71 (Me-C(14))+6.63 (s, H-C(13)); 6.80 (H-C(8))+5.75 (s, 
MeOCOCH), 4.65 (s, H-C(6)), 2.23 (e Me-C(10)); 7.65 (H,, of Ph-C(5))+7.04 (s, H, of Ph-C(S)), 4.86 (s ,  

[M + I]'), 556 (7), 526 (1% 525 (45, [M + 1 - MeOH]+). EI-MS: 557 (23), 556 (70, M"),  525 (13), 524 ( S ) ,  510 (7), 
509 (23,497 (13), 494 (lo), 493 (281,465 (9), 464 (9), 438 (7), 437 (8) ,  433 (1 l), 405 (8), 391 (1 I), 377 (X), 373 (9), 320 
(6), 319 (9). Anal. calc. for C33H&, (556.62): C 71.21, H 5.79; found: C 70.99, H 6.00. 

The structure of trans-29 was confirmed by an X-ray crystai-structure anaiysis (cf: Fig. 3). Crystal data : space 
group and cell dimensions: monoclinic C2/c with a = 2781.1, b = 1533.6, c = 1486.8 pm, andb = 113.40"; Dcalc: 
1.270 Mg m-,, Z = 8 ; p  (MoKJ = 0.850 cm-'; measured reflections (-100 + lo): 8943, observed 5929, R = 0.040. 
Selected torsion angles ["I: C(l)-C(2)-C(3)-C(4), -166.3(1); C(Z)-C(3)-C(4)-C(5), 8.0(2); O=C-C(3)-C(4), 
- 123.7(2); MeO-C-C(3)-C(4), 56.1(2); C(3)-C(4)-C(5)-Ph, 8 0 4 2 ) ;  C(3)-C(4)-C(S)-C(6), -46.0(2); 

MeO-C-C(4)-C(3), 35.1(2); Ph-C(5)-C(6)-C(COOMe)=CHCOOMe, 158.4(1); PhbC(5)-C(6)-C(7), 
-75.3(1); MeOCOCH=C(COOMe)-C(6)-C(7)-C(X), -81.6(2), C(6)-C(7)-C(8)-C(9), -178.4(1); 
C(Xa)-C(l)-C(2)-C(2a), 0.1(3), H-C(5)-C(6)-H, -74(1). 

H-C(S)), 4.65 (s,  H-C(6)). CI-MS (NH,): 575 (20), 574 (56, [M + 1 + NH,]+), 559 (9). 558 (37), 557 (100, 

C(3)-C(2)-C(I)-C(14), 24.W); C(4)-C(5)-C(6)-C(7), 52.2(2); O=O-C(4)-C(3), -148.2(2); 

7. 7-lsopropyl-l-methyl-4-[( E)-2-phenylethenyl]nrulene ( (E)-33)  and A D M .  Thermal Addition : 1.15 g (4.0 
mmol) of (E)-33  and 0.850 g (6.0 mmol) of ADM were heated in decalin (I0 nil) at 190" for 4 h. CC yielded 0.103 g 
(6%) of (E)-37 (orange crystals) and 0.264 g (17%) of (E) -35  (green-black crystals). 

(30%)) of (E)-37 (orange crystals), and 0.021 g ( 5 % )  of40 (green crystals). 

175.5" (Et20/hexane). R,(hexane/Et20 1: 1) 0.36. U V  (MeOH): I,,, 355 (sh), 306, 259,242; I.,,, 340,275,247 (see 
also [lo]). IR (KBr): 2940w, 1740s, 17153, 1640~1, 1600w, 1570~1, 1550w, 1460w, 1450m, 1430m, 1390w, 13801~, 
1360u, 1270.s, 1 2 3 0 ~  1190m, 1160m, 114Ow, 1090m, 1050m, 1040w, 985m,980m, @Ow, 850w, 820~3, 790~1, 770iv, 
750m, 700m. 'H-NMR (300 MHz): 7.60 (d,  J = 6.3, H-C(3)); 7.35 (d-like, J = 7.1, 2 arom. H); 7.25 (d-like, 
J = 7.0, 2 arom. H); 7.20 (f-like, J = 7.2, 1 arom. H); 6.88 (d, J = 16.2, PhCH=CH); 6.56 (d, J = 16.2, 

3.73, 3.50 (2s, 2 MeOCO); 2.54 (sept., J = 6.9, Me2CH); 2.08 (s, Me-C(5)); 1.13, 1.09 (Zd, J = 6.9, 6.8, Me2CH). 
'H-NOE (400 MHz; CDCI,): 1.10 (Me2CH)+6.44 (m, H-C(8)), 5.94 (s, H-C(6)); 2.08 (Mc-C(5))+6.34 (s, 
H-C(4)), 5.94 (s, H-C(6)); 2.54 (Me2CH)+5.94 (m, H-C(6)), 6.44 (m, H-C(8)); 6.42 (H-C(9))+6.88 (s, 

133.53 (s); 131.86 (s); 130.21 (s); 130.03 (d);  128.75 (d ) ;  128.50 (d, 2 arom. C); 127.59 (d);  127.42 (d) ;  126.45 (d, 2 
arom. C); 126.06 (d);  125.72 (d);  52.08,51.97 (2q, 2 MeOCO); 36.05 (d, Me2CH); 25.06 (q, MebC(5)); 23.01,22.43 
(24, Me2CH). EI-MS: 428 (43, M+') ,  396 ( l3) ,  370 (24), 369 (100, [ M  - COOMe]+), 368 (24), 355 (13), 338 ( l3) ,  337 
(58 ) ,  326 ( l l ) ,  310 (52, [M - 2 COOMe]+), 309 (16), 295 (19), 279 (11). 268 (11). 267 (21), 266 (21), 265 (18), 253 
(12), 252 (24), 239 (14). Anal. calc. for C2,H2,0, (428.53): C 78.48, H 6.59; found: C 78.34, H 6.40. 

Dimethyl 7-lsopropyl-4-[( E/-2-pkenylethen~~l]azulene-l,2-dicarboxylate ( (E)-35):  M.p. 1 25.0-126.0° (Et20/ 
hexane). Rr(hexane/Et20 1 :1) 0.36. UV (MeOH): I.,,, 586 (3.38), 365 (4.55), 307 (4.80). 251 (4.54). 220 (4.51); I.,,, 
400 (2.90). 346 (4.56), 272 (4.38), 232 (4.47). IR (KBr): 2960iv, 1720.s, 1690.~, 1630ir, 145O.s, 1390.s, 1340n7, 1230s, 
1200s,I 15Om, 1 I I O w ,  1060n., 1020w~,780~, 7 5 0 ~ .  74011.. 'H-NMR (300 MHz): 9.48 (s, H-C(8)); 7.98 (d, J = 16.1, 
PhCH=CH); 7.82 (m, 1 aroni. H); 7.79 (dd, J = 11.2, 1.8, H-C(6)); 7.68 (s, H-C(3)); 7.66(m, 2 aroni. H); 7.38 (m, 
2 arom. H); 7.45 (d, J = 16.1, PhCH=CH); 7.44 (d, J = 11.2, H-C(5)); 3.99, 3.96 (2.7, 2 MeOCO); 3.21 (sepr., 

Ru-Cataljwd Addition: The following products were eluted: 0.013 g ( 3 % )  of 39 (orange crystals), 0.129 

Dimethyl 7-Isopropyl-5-methyl-10-[(E)-2-pheiiyle1henyl]heptalene-I,2-dicarbo.~ylut~ ( (E)-37):  M.p. 174.8 

PhCH=CHj; 6.44 (d, J = 6.8, H-C(8)); 6.42 (d, J = 6.8, H-C(9)); 6.34 (d, J = 6.4, H-C(4)); 5.94 (s ,  HpC(6)); 

PhCH=CH). ',C-NMR (SO MHz): 167.68 (s); 167.23 (s); 150.24 (s); 144.15 (3); 140.35 (d); 137.2 (s); 136.80 (s); 
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J = 6.9, Me2CH); 1.42 (d, J = 6.9, Me2CH). I3C-NMR (SO MHz): 165.65 (s); 147.91 (s, 2 C); 146.92 (s); 140.13 
(s); 139.72(s); 138.83(d); 138.77(d); 136.81 (d);  136.42(s); 129.17(d); 128.93(d,2arom.C); 128.23(d); 127.36(d, 
2 arom. C ) ;  125.61 (d ) ;  115.18 (s); 113.83 (d);  52.27, 51.57 (2q, 2 MeOCO); 38.60 (d, Me,CH); 24.43 (4, Me,CH). 
ELMS: 389 (13), 388 (100, M + ' ) ,  357 (1 I ) ,  329 (38, [ M  - COOMe]'), 297 (lo), 270 (16, [ M  - 2 COOMe]+). Anal. 
calc. for C25H2404 (388.47): C 77.30, H 6.23; found: C 77.37, H 5.95. 

Dimethyl 7-Isopropyl-l-methyl-5-[ (E)-2-phenylethenylJucenaphthylene-3,4-dicurboxyIute (39): M.p. 129.0- 
129.5" (Et,O/hexane). Rf(hexane/Et20 1:l) 0.40. UV (hexane): A,,, 361 (4.01), 346 (4.04). 258 (4.61), ca. 290 (sh, 
4.26); A,,, 353 (4.01), 318 (3.85), 228 (4.41). IR (KBr): 2950m, 1730s, 1710s, 1590w, ISSOW, 1490w, 1460m, 1440s, 
1330m, 1370m, 1320w, 1300x,, 1270s, 1240m,1210m, 1190m,1160s, 11 low, 1060~1, 1000w, 980m, 940w, 870w, 860w, 
830w, 800w, 7 5 0 ~ .  700w, 690w, 6701v, 650w, 6 3 0 ~ .  'H-NMR (300 MHz): 7.79 (s, H-C(6)); 7.58 (d, J = 7.5,2 arom. 
H);7.55(d,J= 16.4,PhCH=CH);7.54(.s,H-C(8));7.42(t,J=7.6,1 arom.H);7.35(d,J=7.1,2arom.H);6.99 
(d, J = 1.6, H-C(2)); 6.90 (d, J = 16.4, PhCH=CH); 3.99,3.9 I (2s, 2 MeOCO); 3.12 (sept., J = 6.9, Me,CH); 2.43 

(24, [ M  + I]'), 426 (20), 397 (14), 396 (30), 395 (100, M'). ELMS: 427 (24), 426 (100, M") ,  395 (14), 394 (9), 379 
(29), 366 (lo), 351 (16), 337 (12), 336 (lo), 335 (14), 308 (12, [ M  - 2 COOMe]'), 293 (1 1). Anal. calc. for C2XH2604 
(426.52): C 78.85, H 6.14; found: C 78.58, H 5.94. 

The structure of 39 was confirmed by an X-ray crystal-structure analysis (cf .  Scheme 13). Crystal data : space 
group and cell dimensions: monoclinic P2Jn with a = 1263.1, b = 759.8, c = 2497.7 pm, andp = 101.81"; D,,,,: 
1.212 Mg t C 3 ,  Z = 4; p (CuK,) = 6.070 cm-'; measured reflections (23 * lo): 3998, observed 2939; R = 0.042. 
Selected torsion angles ["I: C(2)-C(2a)-C(3)-COOMe, 1.7(4); O=C-C(3)-C(2a), -45.7(3); O=C-C(3)-C(4), 
136.4(3); MeO-C-C(3)-C(2a), 138.8(2); MeO-C-C(3)-C(4), -46.2(3); MeOCC-C(3)-C(4)-COOMe, 
-6.8(3); C(3)-C(4)-C=O, -51.8(3); C(3)-C(4)-C-OMe, 127.2(2); O=C-C(4)-C(S), 124.3(2); 
MeO-C-C(4)-C(5), -56.7(3); MeOCC-C(4)-C(5)-CH=CHPh, 3.5(3); C(4)-C(S)-CH=CHPh, 138.4(2); 
C(5a)-C(5)-CH=CH-Ph, -44.3(3); C(5)-CH=CH-Ph, -177.0(3); CH=CH-C,-X,, 1.3(4) (ip = ipso); 

12-lsoprop~d-2-methyl-7-phenyltricyclo[7.4.1.04~'4]t~tradt.cu-l (I.?), 2.4(14) ,5,9(10), 11-hexaene- 
5,6-drcarboxyfate (40): M.p. 141 .@142.0" (Et,O/hexane). R, (hexane/Et,O 1:l) 0.27. UV/VIS (hexane): I,,, ca. 
600 (2.8), 442 (sh, 4.19), 424 (4.26), 339 (4.25), 250 (4.42), 234 (sh, 4.39); E.,,, 495 (2.6), 370 (357), 304 (3.98), 222 
(4.48). IR (KBr): 2940w, 1720s, 1700w, 1580s, 1550w, 1530m, 1490w, 1450~1, 1430~1, 1410s, 1330w, 1300w, 1270s, 
12603, 1230s (br.), 1190m, 1 1 8 0 ~  1130~1, 1120s, 1080m, 1060m, 1010w, 980w, 900~3, 830w, 780w, 750w, 690w, 
6 5 0 ~ ,  6 3 0 ~ .  'H-NMR (300 MHz): 8.10(d, J = 2.0, H-C(13)); 7.58 (s, H-C(3)); 7.34 (dd, J = 10.7, 1.9, H-C(11)); 
7.02 (m, 5 arom. H); 6.84 (d, J = 10.7, H-C(10)); 5.03 (dd, J = 6.3, 2.1, H-C(7)); 4.07, 3.73 (2s, 2 MeOCO); 3.63 
(dd, J = 14.4, 2.1, H-C(8)); 3.53 (dd, J = 14.6, 6.5, H-C(8)); 3.02 (sept.. J = 6.9, Me,CH); 2.56 (s, Me-C(2)); 
1.31, 1.29 (2d, J = 6.9, Me,CH). CI-MS: 430 (22), 429 (100, [ M  + I]+), 398 (12), 397 (43). El-MS: 429 (28), 428 
(100, M " ) ,  397 (9), 370 (18). 369 (71, [ M  - COOMe]+), 368 (I l ) ,  353 (24), 337 (12), 310 (12, [M - 2 COOMe]'), 
309 (13), 307 (23), 295 (I?), 293 ( l l ) ,  279 (21), 278 (lo), 277 (lo), 267 (12), 266 (13), 265 (17), 253 ( l l ) ,  252 (17). 
Anal. calc. for C,,H,,O, (428.53): C 78.48, H 6.58; found: C 78.28, H 6.43. 

The structure of 40 was confirmed by an X-ray crystal-structure analysis (cf Fig. 4). Crystal data : space group 
and cell dimensions: orthorhombic P212i21 with a = 1127.7, b = 2209.4, and c = 91 1.9 pm; Dcalc: 1.253 Mg m-', 
2 = 4; p (CuKJ = 6.240 cm-'; measured reflections (23 + lo): 3083, observed 2361, R = 0.034. Selected torsion 
angles ["I: C(3)-C(4)-C(s)-COOMe, 20.2(3); C(3)-C(4)-C(S)-C(6), -161.3(3); C(4)-C(S)-C(6)-C(7), 
-3.9(4); O=C-C(5)-C(6). -90.5(3); MeO-C-C(S)-C(6), 95.6(3); C(S)-C(6)-C(7)-Ph, 86.5(3); 
O=C-C(6)-C(5), -9.3(5); MeO-C-C(6)-C(5), 170.6(3), C(5)-C(6)-C(7)-C(8), -43.7(3); 

C(8)-C(Y)-C(14)-C(4), 5.6(4); C(S)-C(14)-C(4)-C(S), 6.3(4); C(14)-C(4)-C(5)-COOMe, -163.7(3); 

8. 7-lsopropyl-l-methyl-4-[ ( E )-2-(4-methonyphenyljethenylJazulene ((E)-34) and ADM. Thermal Addition : 
1.77 g (5.6 mmol) of (E)-34 and 1.53 g (10.8 mmol) of ADM were heated in decalin (10 ml) at 180" for 5 h. CC 
yielded 0.205 g (8 %) of (E)-38 (orange crystals) and 0.469 g (20%) of (E)-36 (green crystals). 

Ru-Catalyzed Addition : The following products were eluted: 0.002 g (0.5 %) of 41 (orange crystals), and 0.138 
g (30%) of (E)-38 (orange crystals). 

Dimeihyf 7-lsopropyf-5-methyflIO-[(E)-2-(4-methoxy~henyl~ethenylJheptcalene-l,2-dicarl,ox~lat~ ((E)-38): 
M.p. 197.8-199.0"(Et20/hexane). Rf(hexane/Et20 1:l) 0.20. UV (MeOH): A,,, 312,260,242, 232; i,,, 280,245, 
235 (see also [lo]). 1R (KBr): 2950w, 1730.7, 1710s, 1610w, 1510m, 1435w, 1270s, 1250s, 1 2 2 5 ~ ,  1190w, 1175m. 
1 l601v, 105010, 1030w, 9851v, 8 3 0 ~ .  'H-NMR (300 MHz): 7.59 (d, J = 6.3, H-C(3)); 7.29 (d, J = 8.7, 2 arom. H); 

(4 J = 1.7, Mc-C(I)); 1.35 (d, J = 7.0, MeZCH). CI-MS (NH,): 445 (S), 444 (33, [M + 1 + NH3]'), 428 (7), 427 

CH=CH-C,-C,,, 179.2(3). 
Dimethyl 

Ph-C(7)-C(8)-C(9), -50.8(3); C(7)-C(S)-C(Y)-C(lO), 126.8(3); C(7)-C(S)-C(9)-C(14), -55.4(3); 

C( 14)-C(4)-C(5)-C(6), 14.8(5), H-C(3)-C(4)-H,, 73.7(3); H-C(3)-C(4)-HS - 43.9(3). 
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6.83 (d, J = 8.7, 2 arom. H); 6.75 (d, J = 16.1, CH=CH-C(10)); 6.51 (d,  J = 16.1, CH=CH-C(10)); 6.43 (d,  

2 MeOCO); 3.50 (s, MeO); 2.53 (sept., J = 6.8, Me2CH); 2.07 (s, Me-C(5)); 1.13, 1.09 (2d, J = 6.8, Me2CH). 

131.87 (3): 130.49 (s); 130.05 (s); 129.08 (d); 127.69 (d, 2 arom. C); 127.25 (d) ;  126.69 ( d ) ;  126.44 ( d ) ;  126.02 (d) ;  
125.82 (d);  125.66 (s); 114.02 (d, 2 arom. C); 55.28 (q, Me); 52.07, 51.95 (2q, 2 MeOCO); 36.04 (d ,  Me2CH); 25.08 
( q ,  Me-C(5)); 23.05, 22.45 (2q. Me2CH). EI-MS: 459 (7), 458 (26, M") ,  426 (7), 400 (25), 399 (100, 
[M - COOMe]+), 398 (15), 368 (12), 367 (47), 341 (14), 340 (50, [ M  - 2COOCH,]+), 339 (14), 335 (23), 325 (20), 
324 (6), 297 (15), 296 (8). Anal. calc. for C,,H?oO, (458.56): C 75.96, H 6.59; found: C 76.03, H 6.68. 

Dimetlzyl 7-Isopropyl-4-[ (Ej-2-(4-methoxyphenyl)elhen~~l]azulenc-l,2-dicurboxylate ((E)-36): R,  (hexanel 
Et2O 1: l )  0.20. UVjVIS (MeOH): A,,, 580, 406, 310, 255; lmi, 490, 355, 277. IR (KBr): 2960w, 1730s, 1690s, 
1610m, 1580w, 1520m, 1450m, 1390m, 1340w, 1250s, 1230s, 1200s, 1175s. 1140w, 1110w, 1060w, 1030w, 960w, 
9 3 0 ~ ,  8301U,  7 8 0 ~ .  'H-NMR (300 MHz): 9.42 (d, J = 1.8, H-C(8)); 7.83 (d, J = 16.1, CH=CH-C(4)); 7.82 (d, 
J = 11.2, H-C(5)); 7.74 (dd, J = 11.2, 1.9, H-C(6)); 7.67 (s, H-C(3)); 7.57 (d,  J = 8.8, 2 arom. H); 7.40 (d, 
J = 16.0, CH=CH-C(4)); 6.96 (d, J = 8.8, 2 arom. H); 3.99, 3.96 (2s, 2 MeOCO); 3.86 (s, MeO); 3.18 (sep'pt., 
J = 6.8, Me2CH); 1.40 (d, J = 6.9, Me,CH). ',C-NMR (50 MHz); 165.72 (s); 160.59 (s); 147.52 (s); 147.37 (s); 
139.93 (s); 139.21 (s); 138.67 (d); 138.48 (d) ;  136.55 ( d ) ;  129.19 (s); 128.85 (d, 2 arom. C); 128.03 (s); 125.80 ( d ) ;  
125.35 (4; 114.37 (d, 2 arom. C); 113.82 ( d ) ;  113.57 ( s ) ;  55.34 (y. MeO); 52.21, 51.51 (2q, 2 MeOCO); 38.52 (d, 
Me2CH); 24.39 (q,  Me2CH). EI-MS: 419 (26), 418 (100, M"),  388 (9), 387 (29), 386 (lo), 360 (13), 359 (56, 
[ M  - COOMe]+), 358 (10). 328 (8), 327 (lo), 301 (7). 300 (25, [M - 2COOMe]+), 299 (7). Anal. calc. for C26H2605 
(418.49): C 74.62, H 6.26: found: C 74.82, H 6.47. 

~0-lsopropj~~-7-methy~-2-[ ( E j-2-(4-m~thoxyyhenyl)ethenyi]1ricy~lo[6.4.0.0'~~/dodecu-2.4,6,Y. I I -  
pentaene-3,4-dicurhoxylute (41): M.p. 168.0-169.0° (Et,O/hexane). 'H-NMR (300 MHz): 7.32 (d, J = 8.8, 2 arom. 
H); 7.07 (d, J = 16.2, CH=CH-C(2)); 6.85 (d,  J = 8.8, 2 arom. H); 6.66 (d ,  J = 16.2, CH=CH-C(2)); 6.57 (s, 

MeOCO); 3.80 (s, MeO); 3.40 (d,  J = 6.2, H-C(8)); 2.46 (sept., J = 6.8, Me2CH); 1.97 (s, Me-C(7)); 1.16, 1.14 
(2d, J = 6.8, Me,CH). EI-MS: 459 (21), 458 (74, M + ) ,  426 (14), 399 (22, [M - COOMe]'), 398 (23), 383 (21), 368 
(lo), 367 (32), 352 (12), 351 (36), 340 (12, [M - 2 COOMe]+), 339 (19). 

The structure of 41 was confirmed by an X-ray crystal-structure analysis (cfi Fig. 5 ) .  Crystal data : space group 
and cell dimensions: triclinic PI with a = 1128.4, h = 1158.8, c = 1108.6 pm, and a = 107.12, p = 1 1  1.83, 
y = 71.21'; Dcalc: 1.220 Mg m-3, Z = 2; p (CuK,) = 6.290 cm-I; measured reflection (23 & I"): 3937, observed 
3301 ; R = 0.044. Selected torsion angles ["I: C( I)-C(2)-C(3)-C(4), -10.7(2); C(1)-C(2)-CH=CHC6H,0Me, 
10.5: C(l)-C(5)-C(6)-C(7), -13.9(2); MeOC6H,CH=CH-C(2)-C(3), -178.3(2); C,-C,-CH=CH, -4.7(4), 
(ip = ipso); C,-C,-CH=CH. 174.2(2); CH-C(2)-C(3)-COOMe, -7.8(3); C(2)-C(3)-C=O, 58.5(4); 
C(2)-C(3)-C-OMe, -1 19.0(2); C(2)-C(3)-C(4)-COOMe, - 170.1(2); MeOCC-C(3)-C(4)-COOMe, 14.6(3); 
C(3)-C(4)-C(5)-C(l), 9.2(2); MeOCC-C(3)-C(4)-C(5), -174.2(2); O=C-C(4)-C(5), -165.6(2); 
MeO-C-C(4)-C(5), 13.7(2); MeOOC-C(4)-C(S)-C(l), -179.8(2); MeOOC-C(4)-C(5)-C(6), 17.5(4); 

J = 6 . 8 ,  H-C(8)); 6.36 (d, J = 6.8, H-C(9)); 6.34 (d, J = 6.3, H-C(4)): 5.93 (s, H-C(6)); 3.80, 3.73 (2.7, 

13 C-NMR (50 MHz): 167.75 ( s ) ;  167.28 (s); 159.25 (s); 149.79 (s); 144.23 ( s ) ;  140.34 ( d ) ;  137.04 (s); 133.37 (3); 

Dimethyl 

H-C(6)); 6.01 (d,  J = 9.6, H-C(ll)); 5.83 (d, J = 6.2, H-C(9)); 5.08 (d ,  J ~ 9 . 6 ,  H-C(12)); 3.91, 3.82 (2.7, 2 

C(4)-C(5)-C(6)-C(7), 148.9(3); C(5)-C(6)-C(7)-C(8), 1.7(2); C(6)-C(7)-C(X)-C(9), 135.7(2); 
C(7)-C(S)-C(9)-C(lO), -95.2(2); C(S)-C(9)-C( 10)-C(1 I), -3.2(3); C(9)-C(lO)-C(I l)-C(l2), -8.7(3); 
C( 10)-C( 1 l)-C( 12)-C(l), 0.4(3); C( 1 I)-C( 12)-C( l)-C(2), - I23.5(2); C( 1 I)-C( 12)-C( l)-C(8), 17.2(3); 
H-C(8)-C(9)-H, -35.5(3). 
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