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Multi-Mode Switching Based on Dihydroazulene/Vinylheptafulvene 
Photochromism : Synergism of Photochromism and Redox Switching 
in Heteroaryl-Functionalized Systems** 

Hubert Spreitzer and Jorg Daub* 

Abstract: The syntheses of the dihydro- 
azulenes (DHAs) DHA-a-DHA-f con- 
taining covalently linked heteroaromatic 
subunits derived from dibenzodioxin, thi- 
anthrene, phenoxathiine, N-methylphe- 
nothiazine, N-methylphenoxazine, and 
N,N'-dimethylphenazine groups are de- 
scribed, and their spectroscopic and ana- 
lytical data are reported. The dihydroazu- 
lene/vinyl heptafulvene (DHA/VHF) pho- 
tochromism (photochemical forward and 
thermal back reaction) depends with high 
sensitivity on the electronic properties of 

the functional groups. Whereas the 
dimethylphenazine derivative DHAf is 
photochemically inactive towards rear- 
rangement, all other DHAs (DHA-a- 
DHA-e) were found to isomerize to the 
corresponding vinylheptafulvene forms 

Introduction 

Optical and electrochemical switching is expected to become 
increasingly important in future information-processing sys- 

Therefore, the synergism of photochemical and electro- 
chemical processes must be studied intensively on the molecular 
and supramolecular level. Multifunctional compounds such as, 
for example, functional dyes with photochromic and elec- 
trochromic properties provide the basis for dual-mode photo- 
and electrochemical switching. The modification of the molecu- 
lar structure of the multifunctional compounds permits the tun- 
ing and optimization of the switching b e h a ~ i o r . [ ~ - ~ '  The 
present paper reports on investigations of light-sensitive elec- 
tron-transfer compounds composed of a photochromic dihy- 
droazulene/vinylheptafulvene subunit and heteroaromatic 
groups sited at the C-2' of the five-membered ring. They under- 
go facile oxidative redox switching and therefore enable pho- 
tochromic behavior to be frozen by electron-transfer-induced 
oxidation (Scheme l).I6] 

Previous studies dealt with acceptor-type functional groups 
that were reduced to form radical anions and whose multi-mode 
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under irradiation. Cyclic voltammetry re- 
vealed that the DHA and the VHF forms 
have significantly different oxidation and 
reduction waves. The products of the oxi- 
dative one-electron transfer are character- 
ized by UV/Vis/NIR spectroelectrochem- 
istry. Those DHAs having weaker donor 
substituents (DHA-a-DHA-c) undergo 
oxidative dimerization whereas DHAs 
with stronger donating heterocyclic sub- 
units (DHA-d-DHA-f) form stable radi- 
cal cations. 

switching was successfully studied by photomodulation amper- 
  me try.^^. 'I The present report is devoted to electron-rich het- 
eroaromatic subunits that are susceptible to reversible oxidative 
electron transfer (radical cation formation). 9,lO-Dihydroan- 
thracenoid heteroaromatic subunits such as 1-dibenzodioxinyl, 
1-thianthrenyl, 4-phenoxathiinyl, 3-phenothiazinyl, 3-phenox- 
azinyl, and 2-dimethylphenazinyl groups were selected for the 
model compounds with steadily decreasing oxidation potentials 
(Scheme 1).['* 91 The half-wave oxidation potentials of the 
parent heteroaromatic compounds [E,, ,  vs. ferrocene/ferroceni- 
um (FOC)] highlight the ease of oxidizability : dibenzodioxin 
( la) ,  +994 mV; thianthrene (lb), +834mV; phenoxathiine 
( lc) ,  +801 mV; N-methylphenothiazine (Id), +323 mV; N- 
methylphenoxazine (1 e), + 229 mV, and N,N'-dimethyl- 
phenazine (1 f), -245 mV (see also Table 1). The reductive and 
oxidative electron-transfer chemistry of the functionalized 
DHA-a-f/VHF-a-e systems was determined by cyclic voltam- 
metry and UV/Vis/NIR spectroelectrochemistry. 

Results and Discussion 

Synthesis: The DHAs (a-f) were synthesized following the pro- 
tocol already describedtlOl (Scheme 2): the heterocyclic car- 
baldehydes 2 were converted to the corresponding di- 
cyanovinylene compounds 3 by Knoevenagel condensation in 
high yields (70-93%). The [8+2] cycloaddition of 3 to 8- 
methoxyheptafulvene (8-MHF) 4" 11 gave the tetrahydroazule- 
nes (THAs) 5 rather slowly. As already found in previous stud- 
ies," 2l the time of reaction increases with increasing donor 

iiSo- 0 VCH Verlagsgesellschaji mbH. 0-69451 Wernheim. 1996 094?-6539/96l0209-llSO d 15.00-k ,2510 Chem. Eur. 1 1996.2. No. 9 



11 50-1 158 

t 

radical radical 
cation cation 

t oxidation 1 
hv 

AT 
- - 

I 1 reduction 

X = Y - 0  a 
X=Y-S: b 
x = 0. Y = s c 

R-A -A 

Z=S: d 
z - 0  e 
Z-N-Me:f 

1 -H 

2 -CEO 

3 - C H = C ( q  

Table 1. Half-wave potentials and peak potentials (in mV vs. FOC) attributed a) to 
the radical cation formation of the heterocyclic subunits [€,,,(bet-ox)]. b) to the 
irreversible wave of the oxidation of the DHA or VHF carbocyclic subunits 
[&(ring-ox), €,(ring-ox)]. and c) to the reduction of the DHA and VHF forms 
[€,(ring-red)]. Cyclic voltammetry in acetonitrile, 0.1 M tetrabutylammonium hexa- 
lluorophosphate (TBAHFP). ambient temperature, solvent: acetonitrile. 

€,,,(bet-ox) €,(ring-ox) €,(ringox) €,(ring-red) 

DHA-8 
VHF-8 

DHA-b 
VHF-b 

DHA-c 
VHF-c 

DHAd 
VHFd 

DHA-e 
VHF-e 

DHA-f 

18/38 
1 b/3b 
1 c/3c 
ld/3d 
1 e/3e 
I r/3r 

~~~ 

+ 1196 
+1199 

+ I034 
+ 1005 

+ 984 
+ 1014 

+ 362 
+ 391 

+ 286 
+ 329 

- 144 (b] 

+994/+ 1153 

+801/+951 
+ 323 [c]/ +495 
+ 2291 + 445 

+ a w +  1022 

- 245 [d]/ - 10 

~~~ ~~ 

+ 1034 - 232 
+ 753 

+ 990 - 220 
+ 765 

+ 926 - 229 
+751 

+965/+1054 [a] -290 
+ 978/ + 1 1  54 [a] 

+ 1485 - 350 

- 1942 
- 1315 

- 15671 - 2063 
- 13391- 1678 

-1918 
- 1330 

- 2000 
- 1400 

- 2000 
- 1350 

- 2035 

[a] Waves at + 1054 and + 1154 are tentatively assigned to the formation of dica- 
tions. [b] Reversible formation of the dication at + 547 mV. [c] Reversible forma- 
tion of the dication at +lOlOmV. [d] Reversible formation of the dication at 
+ 510 mV. 

derivatives Sf and DHA-f are extremely sensitive both to oxygen 
and acidic conditions. We were unable to purify DHA-f either by 
chromatography (SO, or A1,0,) or by recrystallization (see 
experimental part). 

The elimination of methanol from the THAs 5 by diphospho- 
rous pentoxide (p,O,) furnished the dihydroazulenes DHA-a-f. 
Again, the yields of these reactions vary depending on the sub- 
stituents :[' 31 DHAd-f are formed in lOW yields (approximately 

DHA-b (24%), and DHAc (36%). 

Scheme 1 .  Photochromic and redox behavior of the dihydroazulene/vinylheptaful- 
vene subunit, and the various heteroaromatic groups used as substituents at the C-2' 
of the five-membered ring. 

6 %) whereas higher yields are obtained of DHA-a (51 yo), 

n-BuLi, dmf Photochromism: The photochemical and thermal in- 
terconversions between the DHA and VHF forms 

~ x ~ - ~ x ~ c H o E = ~ ; ~  Y or P0Cl3, Y '  CH2(W2 were studied in acetonitrile. With exception of DHA-f 
all dihydroazulenes show photochromic behavior at 

46;/3(a-o NC ambient temperature. In Table 2 the long-wavelength 
absorptions of the DHA forms and of the correspond- 
ing VHF forms are listed, including spectral data of 
the phenyl derivatives DHA-W and VHF-Ph for com- 
parison.l'Obl The evolution of the absorption bands of 
VHF-c from DHA-c is illustrated in Figure 1. uxm '"'."'Qf& The long-wavelength absorption bands of the 

' ,, - A c , I  c DHAs are sensitive probes for the electronic and ster- Y 
NC NC ic effects of the functional groups. The dihydroazu- 

lene derivatives DHAd -f, which are less sterically 
hindered owing to a C-2'-C-3 linkage and in which 
therefore both chromophores may adopt a planar 
configuration, display a bathochromic shift with in- 

creasing donor strength of the heterocyclic subunit (cf. DHA- 
W: 354, DHAd: 410, and DHA-f: 471 nm). Those DHAs in 
which the heteroaromatic subunits are linked by C-2'-C-1(4) 
bonding absorb at shorter wavelength, as demonstrated, for 
example, by the thianthrene derivative DHA-b, which has the 

" CN \ \ 

1 (8-0 dmf f (a-0 

cH2"2 
r. t. 

' 
Y \ 

D W  (a-9 5 (4 
Scheme 2. Synthesis of DHA-a-f. 

strength of the heterocyclic compounds; this parallels the lessen- 
ing of the oxidation potentials (Table 1). Dibenzodioxin deriva- 
tive 3a requires 16 h to react to completion at room tempera- 
ture. The cycloaddition of the dimethylphenazine derivative 3f 
is still incomplete after five months. The dimethylphenazine 
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Table 2. Characteristic absorption bands of DHA/VHF-a-f: im., [nm] (Igc). 

a b C d e f Pb 

1,. (DHA-) 353 (4.03) 322 (3.80) 352 (4.15) 410 (4.25) 434 (4.30) 471 (3.95) 354 [a] 

A). (b] 125 157 124 55 35 117 
Lax (VHF-) 478 (4.29) 479 (4.24) 476 (4.43) 465 (4.30) 469 (4.38) - 471 [a] 

[a] Ref. [lob]. [b] I,,,(VHF) - A,.,(DHA) in nm. 

R 
2 

i) z 
B - 
t a 

1 

n " .  
200 400 600 

wavelength [nm] 
Fig. 1. Appearance of the longwavelength absorption of VHFs upon irradiation 
of DHAs in CH,CN. 20". A,,: 260-390 nm. 

strongest hypsochromic shift and absorbs at A,,, = 322 nrn.lL4] 
Compared with those of the dihydroazulenes, the absorption 
spectra of the vinylheptafulvenes are less dependent on the sub- 
stituents at C-9. They absorb in the range of 465 to 479 nm, in 
agreement with previous results.1121 

The photochemical rearrangement DHA -+ VHF is also 
clearly demonstrated by "C and 'H NMR spectroscopy: the 
sp3 hybridized carbons of the DHA substructure C-1' (6 = 45- 
48) and C-8a' (6 = 51) are transformed into the sp2 hybridized 
carbons C-10 (6 =74-78) and C-6' (6 = 134) of VHF. A signif- 
icant shift is also observed for the proton resonances: DHA, 
8a'-H (6 = 3.8) and VHF, 6-H (6 = 5.7-6.2) (Table 3). It is also 
notable that the polarization of the 71 system of the "nonalter- 
nant" VHFs leads to a significant alternation of the 13C chem- 
ical shifts obtained by 13C NMR: C-10 (6 =74-78), C-9' 
(6 =163-168), C-8'(6 =119), and C-7'(6 =153-156).1'5' 

Table 3. Characteristic 'H and "C NMR data of the dihydroazulenes and their 
corresponding vinylheptafulvene forms. 

d of [he samples DHA-a DHA-b DHAs DHAd DHA-e 

DHA (C-1') 46.93 48.73 47.14 45.01 44.90 
VHF (C-10') 78.04 77.53 77.95 74.55 73.81 
DHA (C-8a') 51.16 50.67 50.88 51.12 51.17 
VHF (C'-6) 134.27 133.63 133.86 135.40 135.59 
DHA (8a'-H) 3.80 3.82 3.81 3.76 3.76 
VHF(6'-H) 6.18 5.71 5.97 6.05 6.15 

There are two possible reasons for the absence of pho- 
tochromism in DHA-I: either a fast thermal reverse 
or a competing photophysical process such as intersystem cross- 
ing or charge separation. Since even at -45" we were unable to 

detect the VHF-f form, a rapid thermal back-reaction must be 
excluded. Obviously the quantum yield of the photochemical 
reaction @DHA-r+VHF-r is low. Qualitatively, the rate constants 
of the photochemical transformations can be estimated from the 
half-lives of the photoreaction DHA + VHF. In Table 4 the 

Table 4. Trends in the quantum yields of the photochemical isomerization 
(ODHA-VHF) of the new compounds. aDHAdVHF values were taken from ref. (171 
(CH,CN; 24 "C). Half-lives time in which 50% of DHA is converted into the 
corresponding VHF under standard conditions [CH3CN; 5 "C; A(A-,) = 0.51. 

DHA p-NO, Ph p-OMe p-NH, a b c d e 

t l l ,  
ODHA-VHF 0.60 0.50 0.40 0.15 - - -  

- -  - 12min 45min 26min 9 6 h  9 3 h  
~ 

quantum yields" '1 and the experimentally determined half-lives 
are listed. It clearly follows that the photochemical pathway 
slows down with increasing donor strength of the substituents at 
C-2' (DHA-NO,,DHA-Ph,DHA-OMe,DHA-NH,). In this con- 
text it is interesting to note that the ferrocene derivative DHA-Fc 
is found to be photochemically inert The donor strength 
of the ferrocenyl group lies in between that of the dimethyl- 
phenazine and the phenoxazine groups. In summary, the occur- 
rence of DHA photoisomerization in solution is slight or even 
absent in compounds with strong donor as well as strong accep- 
tor sub~tituents."~~ 

R 

p-NO2-C6H4- DHA-NO2 

'SH5- DHA-Ph 

P C H ~ O - C ~ H ~ -  DHA-OCH3 

pH2N-C&- DHA-NH2 

DHA-FC d DHA-Np 

The rates of the thermal reverse reactions are within the scope 
of previously investigated vinylheptafulvenes and depend slight- 
ly on the electronic effects of the donor groups.131 From the 
numbers given in Table 5 we conclude that steric effects are 
more important. The ring-closure reactions of the vinylheptaful- 
venes VHF-a, VHF-b, VHF-c, and VHF-Np are slower than 
those of VHFd, VHF-e, and VHF-PL. We believe that this is a 
result of the "peri interaction" in the s-cis stereoisomer 
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Table 5. Kinetic data for the cyclization of the VHFs. i l i2  values are obtained by 
measuring the decrease of the long-wavelength absorption at the given i.,,, of the 
VHFs. AG* values are calculated from Eyring plots (solvent: acetonitrile). 

VHF form s b c d e P h  NP 

2,- (nm) 478 479 476 495 490 485 485 

AG&, (kJmol-') 100.5 104.8 100.9 97.5 97.5 98.1 108.0 
1 : p 2 ~ )  (min) 385 2074 443 118 121 77(35"C) 80(65"C) 

(Scheme 3). In addition, the rates of the cyclizations of the hep- 
tafulvenes VHF-a, VHF-b, and VHF-c indicate that the thi- 

anthrene derivative VHFc experiences 

0 a strong steric congestion caused by the 
sulfur atom. The 1-naphthyl derivative rn VHF-Np has by far the slowest rate of 

s M 5 - h  ring closure!'Zl 

CN Electrochemistrylspectroelectrochemis- 
try: In order to determine the redox 
properties and the redox chemistry of 
the dihydroazulenes and the vinylhep- 

Scheme 3. The in- tafulvenes we have examined DHA-a-f 
teraction in the s-cis ste- and VHF-a -e by means of cyclic 
reoisomer of V H W .  voltammetry and UV/Vis/NIR spec- 

troelectrochemistry. The complexity of 
the reduction/oxidation processes is clear from Figure 2, which 
features the cyclovoltammograms of the dibenzodioxin deriva- 
tive DHA-a before (solid trace) and after irradiation (broken 
line). The broken line is ascribed to the photoisomer VHF-a. In 
Table 1 the electrochemical data of DHA-a - f and VHF-a -e are 
listed. The oxidation potentials of the heterocyclic compounds 
1 and 3 are included as models for the substructures of the 
DHAs and of VHFs, respectively. 

CN 

s-cis-VHF-b 

-1OOd 

0- - 
a 
I - .-. 

Ep,lring-rcd) 

. I .  . I . ,  

* 20-00 1000 b -1000 -2000 
ElmV vs Ag/AgCl] 

Fig. 2. Cyclic voltammograms of DHA-a before (unbroken line) and after (dashed 
line) irradiation (IS min) with daylight. Solvent: acetonitrile; Y = 250 mVs-'.  

For all DHA/VHF couples we observe three sections of I / E  
(current/potential) response: i) the anodic waves [E,,,(het-ox)] 
for the oxidation of the heterocyclic substructures (reversible 
electrode process) of the DHA and VHF forms; ii) the waves 
[E,,(ring-ox)/E,,(ring-ox)], which imply the electrochemical ox- 
idation (quasireversible or irreversible electrode process) of the 
dihydroazulene and vinylheptafulvene subunits, respectively; 

iii) the irreversible cathodic waves [,!?,,(ring-red)], which we as- 
cribe to the reduction of the dihydroazulene or vinylheptaful- 
vene subunits. The assignments are further corroborated by 
more extended electrochemical and spectroelectrochemical 
measurements that will be described below. 

Figure 3 shows the thin-layer cyclovoltammogram of DHA-a, 
which depicts two independent oxidation processes: i) an irre- 
versible wave at E, = 1034 mV (vs. FOC) [E,, = - 232 mV (vs. 
FOC)] and ii) a reversible wave E,,,(het-ox), which corre- 
sponds to the formation of the radical cation of the dibenzodi- 
oxin subunit. The irreversible wave represents a two-step pro- 

-I0 F 

2000 1000 0 -lo00 
E (mV vs P W  

Fig. 3. Thin-layer cyclic voltammogram of DHA-a in CH,CN; v = 25 mVs-' 

cess pertaining to a one-electron oxidation of the dihydroazu- 
lene subunit followed by a chemical step (EC-type mechanism) 
that leads to a significant change of the molecular structure. 
Since polyenic radical cations have a preference for dimeriza- 
tion,[l8l we propose the formation of a dimeric dication species 
as illustrated in Scheme4. The chemical reversibility of this 
EC-type process is confirmed by multi-sweep thin-layer experi- 
ments. 

Scheme 4. Dimeric dication of DHA-a. 

Without exception, the heterocyclic subunits in the DHAs are 
oxidized at more positive potentials [E,,,(het-ox)] compared 
with the parent heterocyclic compounds 1. The largest gap exists 
for the dibenzodioxinyl and the thianthrenyl derivatives, where- 
as the potential differences of the phenothiazine Id and DHAd 
differ by less than 40mV (strong localization of the radical 
cation). 
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It is interesting to note that the oxidation potentials [E,,2(het- 
ox) and &(ring-ox)] show a crossover within the series of com- 
pounds DHA-a to DHA-f. The reversible oxidative waves 
[E,,,(het-ox)] of DHAd and DHA-f appear at less positive po- 
tential compared with the irreversible ring-oxidation wave 
,!?,(ring-ox), whereas DHA-a, DHA-b, and DHAe have a re- 
versed sequence of potentials [E,,,(het-ox) > E,(ring-ox)]. In 
summary, the regiochemistry of the electrochemical oxidation 
can be systematically predetermined by the functional groups 
appended to the dihydroazulenes. 

The interpretation that the irreversible oxidation wave 
[&(ring-ox)] is caused by the formation of a dimeric dication 
species is further supported by spectroelectrochemical (SEC) 
measurements (Fig. 4, Fig. 5, Table 6 ) .  Figures 4 and 5 display 
the spectroelectrograms for the first oxidation waves of DHA-a 
and DHAs. As expected from the significantly different oxida- 
tion potentials, the features of the spectra are also completely 
different, indicating varying regiochemistry of the oxidation 
processes. On electrochemical oxidation of DHA-a the absorp- 

0.4 , I 

200 400 600 
wavelength [nm] 

Fig. 4. Spectroelectrogram obtained by the oxidation of DHA-a to the dimeric 
dication (solvent: acetonitrile). 

e O3 

c 
9 
0 

0.1 

0.0 

Fig. 5 .  Spectroelectrogram obtained by the oxidation of DHA-e to the radical 
cation DHA-e" (solvent: CH,CN). 

tion of the neutral form at 1 = 353 nm decreases while a strong 
band at 1 = 438 nm appears (Fig. 4). The evolving absorption is 
shifted too far into the short-wave region for a dibenzodioxinyl 
radical cation (cf. 1 a'+ 660 nm, 3a" 662 nm), whereas the for- 
mation of a closed-shell dimeric dication species (DHA-a):' is 
well supported. Compounds DHA-b and DHAc exhibit the 
same spectral characteristic. On the other hand, the spectral 
feature shown in Figure 5 is in agreement with the formation of 
the radical cation DHA-e" owing to the long-wavelength ab- 
sorptions at 1 = 860 and 545 nm. The possibility that DHA-e" 
represents predominantly a localized N-methylphenoxazine 
radical cation is further supported by a comparison with the 
parent radical cation le'+, which has two absorption bands at 
660 and 523 nm. The N,N'-dimethylphenazine derivative DHA- 
f and the phenothiazine derivative DHA-d behave accordingly. 
The long-wavelength absorption bands that appear during the 
electrochemical oxidation of DHA-a-f are summarized in 
Table 6. 

Table 6. Absorption spectra obtained by spectroelectrochemistry. 1 (nm), w: weak, 
m: medium, s: strong absorption, sh: shoulder; solvent: acetonitrile. 

DHA-a DHA-b DHA-c D H A d  DHA+ DHA- I  

- DHA'+ - 964 (sh. m), 860 (m), 764 (w). 
732 (sh. m), 545 (s) 590 (sh, m). 
563 (s) 534 (s) 

(DHA,)" 438 (s) 426(m). 44O(s) ~ 

DHA" - 741 6). 
424 (s) 

- ~ 

343 (m) 
- - - - 

The reductive part of the cyclic voltammogram (Fig. 2) is 
even more complex. The DHA forms undergo an irreversible 
reduction at about -2  V vs. FOC. Conversion of DHA to VHF 
leads to a cathodic peak at less negative potential (- 1400 mV 
vs. FOC).[3b1 It is also surprising to note that the irreversible 
waves for the oxidation of the VHF forms (VHF-a-VHFc) 
appear at less positive potentials than the DHA isomers. This is 
obviously due to the fact that the heptafulvene substructure has 
strong electron-donor characteristics leading to a radical cation 
with tropylium ion-type substructure.[' 

Conclusions 

The dihydroazulene/vinylheptafulvene photochromism satisfies 
the requirements for model systems for information storage and 
handling (write, read, and lock modes, Scheme 5) on the molec- 
ular level, since its structure can be efficiently modified in order 
to display multi-mode switching. In the present study we have 
shown that donor-substituted dihydroazulenes can be electro- 
chemically transformed into oxidized species (radical cation or 
dication species) that suppress the photochromic switching. We 
have also proved that the original dihydroazulenes can be re- 
gained by reduction. The complete reaction sequence is re- 
versible. 

It has also been demonstrated that the functional groups 
at C - 2  of the DHA form control the chemoselectivity of 
the formation of the oxidation products. Either the forma- 
tion of radical cations or the formation of dimeric species is 
favored by adjustment of the donor strength of the functional 
groups. 
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1 

a a 
ET ET 

a, 
u u uu 

photochemical -1 MZld 1- 
Scheme 5 .  Information storage in the dihydroazulenelvinylheptafulvene system. 

Experimental Section 

Methods: Melting points: uncorrected, Biichi SMP2O and Reichert Thermovar. 
UVIVis: Perkin-Elmer Lambda 9 spectrophotometer. IR: Beckman Acculab 1. 
ElMS (70eV): Varian CH-5. NMR: Bruker AC250 (24°C) and ARX400 (21 "C) 
spectrometers at 2501400 and 631101 MHz for 'H and 13C. respectively. Chemical 
shifts 6 against TMS ('H) or CDCI, ("C) as internal standard. Kinetic measure- 
ments: the kinetic parameters were obtained by measuring the decrease of the VHF 
forms at the indicated wavelengths (Table 5) .  A spectrophotometer equipped with 
a spectrophotometrical cell kept at constant temperature was used. 

Elertrofheniatry : A one-compartment cell (three-electrode configuration) was used 
with a platinum disc as working electrode. a platinum wire as counter electrode, and 
a pseudo-Ag/AgCI reference electrode. The electrochemical measurements were 
carried out under computer control. The potentiostatlgalvanostat and the function 
generator were purchased from Amel (Milano, Italy) (19,211, The reversible oxida- 
tion signal of ferrocene/ferrocenium (FOC) was used as internal reference. The 
solvents and the electrolyte (tetrabutylammoniumhexafluorophosphate. TBAHFP) 
were purified according to standard procedures [20]. All measurements were carried 
out under a nitrogen atmosphere and with the exclusion of light. 

Speetroelectmfhemmtry: The solutions of the CV experiments were transferred by 
syringe to the spectroelectrochemical cell described previously (211. The spectra 
were recorded with a Perkin-Elmer Lambda 9 spectrophotometer. 

Synthesis: Solvents and reagents were used as purchased without further purifica- 
tion unless stated otherwise: THF was dried and stored over Na and benzophenone 
under N,. DMF and CH,CI, were dried over P,O,; dioxane. EtOH, benzene, and 
Et,O were dried with Na. The completion of the reactions was monitored by TLC. 

10-Methyl40 H-pbenoth*zine-3-carboxaldehyde (2d). Qpbeooxstbiiaearboxalde- 
hyde (2c) and 10-metbyl-lOH-pbewxozine-ksrboxsldebyde (2e): see ref. [22]. 

5 , 1 0 - D i h y d r o - 5 , l ~ e t h y l - 2 - p h e o s a i w c l r b b y d e  (21) [23]: A solution of 
5.10-dihydro-5.10-dimethylphenazine (1 f )  [24] (16.0 g. 76 mmol), freshly distilled 
POCI, (1 1.7 g. 75 mmol). and DMF (25 mL, ca. 4 equiv) in 230 mL dioxane (abs) 
was stirred at RT. The solution turned red and solidified after a while. Afterwards 
the reaction mixture was treated with 200 mL of a solution of NaOAc in water (20% 
w/w) and stirred overnight. The solvent was evaporated, the residue was treated 
with water and extracted several times with CH,CI,. Purification by CC (column 
chromatography; SO, ,  solvent: CH,CI,) afforded 2 f  as cubic red crystals (12.1 g, 
66%). M.p. 104°C; IR (KBr): i = 3070. 2970. 2900. 2820 (C-H). 1670 (C=O), 
1600cm.' (Ar); UV (CH,CN): A,, (1g.c) = 432 (3.75). 354 (3.70). 287 (4.42). 238 
(4.38). 215 nm (4.14); 'H NMR (400 MHz. CDCI,): 6 = 3.03 (s. 3 H, N-CH,-10). 
3.08 (s. 3H. N-CH3-5), 6.38 (d. J1,, 8.0Hz. 1H. 4-H). 6.41 (dd. J9, ,  =1.5. 
J9,,=7.6Hz. 1H. 9-H). 6.45 (dd, J,,,=7.6. J6,=1.5Hz.  1H. 6-H). 6.74(dt. 
J,,6 = J,,8 =7.6, J,,9 =1.5Hz, 1 H,7-H),6.78(d, J1,, =1.7 Hz, 1 H, l-H),6.79(dt, 
J,,n = 1.5, J . , ,  = =7.6 Hz, 1 H, 8-H). 7.18 (dd. J,, I = 1.7, J,,4 = 8.0 Hz. 1 H. 
3-H), 9.66 (s. 1 H. CHO); "C NMR (100.6 MHz. CDCI,): 6 =190.5 (CHO). 32.4. 
32.0 (ZCH,), 145.2 (quat). 139.0 (quat). 137.8 (qual), 136.6 (quat), 130.5 (quat). 
129.1 (tert). 122.8 (tert). 121.5 (tert), 111.7 (tert). 111.3 (tert). 110.6 (tert). 107.4 
(tert). Cl,H14N,0(238.3): calcd. C 75.61, H 5.92, N 11.76; foundC 75.62. H 5.91. 
N 11.68; MS: m/z  (%) = 238 (86) [ M I ] ,  223 (100) [ M t  - CH,]. 

CClKcrl procedure for the synthais of dibeluo(b~]~l,4]dioxibls.rbox.ldehyde (2a) 
and 1-thiaolhredxaldebyde (2b) (251: A solution of 1 a or 1 b (1 equiv) in dry 
THF under N, was treated with nBuLi (1 equiv in n-hexane) and stirred at 25 "C for 
one day. Afterwards the solution was cooled to -78°C and treated with DMF 
(1 equiv). After four hours (temperature increased to 2S"C) the reaction mixture 
was poured into ice/water/2w HCI and extracted several times with CH,CI,. The 
combined organic phases were evaporated and the residue was purified. 

2s: Starting material was dibenzo[b,e][l,4]dioxin (1 a) [26]. Purification by CC 
[SiO,, solvents: i) petroleum ether to recover duct .  ii) petroleum ether/CH,CI,, 
I :  11 and recrystallization from n-hexane afforded the product as almost colorless 
needles(68%).M.p. 119"C;IR(KBr):i = 3060.3040,2960(C-H),1680(C=O), 
1620cm-' (Ar); UV (CH,CN): 1, (1g.c) = 353 (3.50). 292 (sh, 3.24). 257 (4.03). 
218 nm(4.54); 'HNMR(400 MHz.CDCI,):d = 6.84-6.97(m.4H.6-H.7-H,8-H. 
9-H),6.95(t, J 3 , ,  = J3,4 =7.9 Hz,lH,3-H),7,04(dd, J4, ,  =1.7, J,,,  = 8.0Hz. 1H. 
4-H),7.41(dd.J~,~=7.8,J~,4=1.7H~,1H,2-H),10.41(~,1H,CHO)~13CNMR 
(100.6 MHz. CDCI,): 6 =187.5 (CHO). 124.0 (C-1). 144.9 (qu t ) ,  142.5 (qu t ) ,  
141.6 (quat). 141.0 (quat), 124.7 (tert). 124.2 (tert), 123.4 (tert). 122.3 (tert), 121.8 
(tert), 116.53 (tert), 116.51 (tert). C,,H,O, (212.2): calcd. C 73.58, H 3.80; found 
C 73.54. H 3.79; MS: m/z  (%) = 212 (100) [M'], 211 (29) [M' - HI. 

2b: Starting material: thianthrene (1 b). Purification by CC (SO,. petroleum ether/ 
CH,CI,. 1 : 1) and recrystallization from n-hexane afforded the product as a pale 
yellow microcrystalline powder (57%). M.p. 87-89°C; IR (KBr): S = 3060, 2860 
(C-H), 1680 (C=O), 1570cm-' (Ar); UV (CH,CN): I,, (Igc) = 339 (3.17), 288 
(3.68). 261 (sh. 4.18). 248 nm (4.43); 'HNMR (400 MHz. CDCI,): 6 =7.27-7.33 
(m.2H.7-H.8-H),7.38(t.J,,,=J,,,=7.7Hz,lH.3-H).7.49-7.57(m.2H.6-H. 

J2.4 = 1.4 Hz. 1 H, 2-H), 10.57 (s, 1 H, CHO); "C NMR (100.6 MHz, CDCI,): 
6 = 190.0 (CHO), 140.0 (C-lOa), 137.7 (C-5a). 135.6, 134.0 (C-5b. C-lob), 134.8 
(C-1). 133.7 (tert). 129.2 (tert), 128.9 (tert). 128.8 (tert), 128.4 (tert). 128.1 (tert), 
127.4 (tert); C,,H,OS, (244.3): calcd. C 63.91. H 3.30; found C 63.77. H 3.25; MS: 
tnlr ( O h )  = 244 (100) [M']. 216 (27) [M' - Cot,  215 (13) (M' - CHO]. 

General procedure for the synthesis for the dieyawvinyl derivatives: The appropriate 
heterocyclic carbaldehyde was dissolved in hot EtOH (abs) and treated with an 
equivalent amount of malonodinitrile and about 10 drops of piperidine. Immediate- 
ly, the color of the solution deepened (in the case of the phenothiazine derivative 
from yellow to red) and after a few minutes the product began to precipitate. 
Precipitation was completed by cooling of the solution to - 15 "C for about 1 h. The 
sample was used without further purification. 

l - D i b e n z o ( b , e l [ 1 , 4 l d i o x i n m e t h y k ~ p r o p ~ ~ e  (3s): Yield 88 %. yellow needles. 
M.p.  144-146°C; IR (KBr): i = 3060. 3020 (C-H), 2220 (CN). 1580cm-' 
(C=C); UV (CH,CN): A,, (IgE) = 407 (3.45). 317 (4.24). 222 nm (4.54); 'HNMR 
(250MHz. CDCI,): 6 = 6.87-7.01 (m. 4H. 6-H, 7-H, 8-H, 9-H), 7.03 (1. 
J, , ,  = =7.7 Hz. 1 H. 3-H), 7.08 (dd, J4.z = 2.0, J4., = 8.1 Hz, 1 H, 4-H), 7.80 
~dd.J,,,=7.5.J,.4=2.0Hz.lH.2-H~.8.18(s,1H,vinylH);C,,H,N,O,(260.3): 
calcd. C 73.84, H 3.10, N 10.76; found C 73.81, H 3.09, N 10.75. 

l-Tbianlbrenemethyknpmpadtrile (3b): Obtained in 79% yield as yellow mi- 
crocrystalline powder. M.p. 176-178°C; IR (KBr): i = 3060. 3025 (C-H). 2240 
(CN), 1590cm-' (C=C); UV(CH,CN): I , , ( l g ~ )  = 400(sh, 3.28). 328(4.14). 284 
(sh. 4.11). 255 (4.58), 235 nm (sh, 4.19); 'HNMR (400 MHz, CIXI,): 6 =7.30- 
7.36(m. 2H. 7-H, 8-H). 7.43 (1. J , , ,  = J, . ,  =7.9 Hz, 1 H, 3-H). 7.51-7.56(m. 2H. 

Jz,4 = 1.2 Hz. 1 H, 2-H). 8.50 (s, 1 H, vinyl H); C,,H,N,S, (292.4): calcd. C 65.73. 
H 2.76. N 9.58; found C 65.63, H 2.98. N 9.66. 

QPbeooxslbiunmetbylenepropanediitrile ( 3 4 :  Yield 87%. orange needles. M.p. 
144-146°C; IR (KBr): 3 = 3050 (C-H). 2235 (CN). 1580cm-' (C=C); UV 
(CH,CN): A,, (Igc) = 402 (3.23), 319 (4.20), 232 nm (4.37); 'H NMR (400 MHz. 
CDCI,): 6 =7.09-7.18 (m. 4H. 2-H. 6-H, 8-H, 9-H), 7.21 (ddd. J,,6 =7.6, 

8.03 (dd. J,. = 1.4, J, , ,  = 8.0 Hz. 1 H. 3-H), 8.37 (s. 1 H, vinyl H); C,,H,N,OS 
(276.3): calcd. C 69.55, H 2.92, N 10.14; found C 69.43. H 3.11, N 10.18. 

~ l0 -Methy l - lOH-pbeaoth i . t iwpetby iewpro~t r i le  (3d): Yield 93 %, red 
microcrystalline powder. M.p. 202 "C; IR (KBr): i = 3100,2980,2830(C-H), 2220 
(CN), 1600 (C=C). 1560cm'' (Ar); UV (CHJN): A,,, (lea) =455 (4.14). 315 
(4.29.243 nm(4.16); 'HNMR(250 MHz,CDCI,): 6 = 3.45(s,3H,N-CH3),6.82 

9-H), 7.71 (dd, J4.,=1.4, J4,,=7.7Hz, l H ,  4-H). 7.83 (dd, 1,,,=7.7. 

6-H, 9-H), 7.72 (dd, J4,,=1.2, 14,,=7.7Hz, l H ,  4-H), 8.03 (dd. J,,,=7.9, 

J,,,=7.0. J7,,=2.3Hz, lH,7-H).7.34(dd, J1,,=7.8,J,,,=1.4Hz. l H ,  1-H), 

(d. J1.Z = 8.7 Hz, 1 H. 1-H), 6.86 (dd, J q , ,  = 1.2. Jq,8 = 8.2 Hz, 1 H. 9-H), 7.01 (dt. 
h ,s=J, , ,=7.5.  J7.9=1.0Hz. lH.7-H).7,12(dd, J6,,=7.7, J6,,=1.7Hz, 1H. 

H), 7.60 (d. J4.Z = 2.2 Hz, 1 H, 4-H), 7.76 (dd, J,, I = 8.7, J, , ,  = 2.3 Hz, 1 H, 2-H); 
6-H). 7.21 (ddd, J8.6 =1.7, J, . ,  =7.3, J..9 = 8.1 Hz, 1H. 8-H), 7.50 (s, 1H. vinyl 

Cl,HllN,S (289.4): calcd. C 70.57. H 3.83, N 14.52; found C 70.55, H 3.98, N 
14.56; MS: mlz (%) = 289 (100) [M']. 274 (27) [M' - CH,]. 

~ l O - M e t b y i - I O H - p h e o o x o z ~ ) ~ t b y l w e p r o p . o e d  (3e): Yield 70%. green 
needles. M.p. 215°C; IR (KBr): i = 3060,2920 (C-H), 2220 (CN), 1620 (C=C), 
1570 cm-' (Ar); UV (CHJN): A,.. (Igt) = 486 (4.37). 305 (4.25). 276 (sh, 4.13). 
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228(4.30).211 nm(4.35); 'HNMR(250 MHz.CDC13):6 = 3.15(s,3H,N-CH3). 
6.52(d,J,,,=9.1Hz,1H,1-H),6.62(dd.Jp,,=1.6.J9.a=7.8H~.1H~9-H),6.73 
(dd. Jb.7 e7.7. J6 .n  ~ 1 . 8  Hz. 1 H, 6-H), 6.82 (dt, J , , ,  = J7,e =7.6. J7 ,9  = 1.6 Hz, 
1H.7-H).6.90~ddd.J,,,=1.7,J,.,=7.5.J,,,=7.7Hz.1H.8-H).7.29-7.33(m. 
2H. 2-H. 4-HI. 7.39 (s. 1 H. vinyl HI; C,,H,,N,O (273.3): calcd. C 74.71, H 4.06. 
N 15.38; found C 74.73. H 3.95. N 15.44; MS: m/r (%) = 273 (75) [M']. 258 (100) 
[M' - CH,]. 

2-(5,lO-Dihydro-S,lO-dimethylphenazine)methylenepropPnedinie (3f): Yield 
78%. blue microcrystalline powder. M.p. 213°C: IR (KBr): C = 3100, 2900. 2830 
(C-H). 2220 (CN), 1610 (C=C). 1570 cm- ' (Ar); UV (CH,CN): A,, (lga) = 557 
(4.16). 336 (4.43). 284 (sh. 3.95). 242 nm (4.43); IH NMR (400 MHz. CDCI,): 
6~3.04(~,3H,N-CH~-10~.3.12(~.3H,N-CH~-5).6.31(d.J,,~~8.4H~.1H. 
4-H), 6.44 (dd. J9,,=1.4, J9, ,=7.8H~.  l H ,  9-H), 6.49 (dd, J 6 , , = 7 . 8 ,  J 6 , , =  
1.4H2, 1H. 6-H), 6.75 (dt. J 7 , 6 = J 7 , 8 = 7 . 7 .  J,,,=1,4Hz. 1H. 7-H), 6.83 (dt, 
5 8 . 6  =1.4. Ja.7 = Ja.9 ~ 7 . 6  Hz, 1 H. 8-H), 7.00 (dd, .IJ,, = 2.0. J3,& = 8.5 Hz, 1 H. 
3-H). 7.09 (d, J 1 . ,  = 2.1 Hz, 1 H. 1-H), 7.34 (s. 1 H. vinyl H); C,,H,,N, (286.3): 
calcd. C 75.50, H 4.92. N 19.57: found C 75.48. H 5.00. N 19.46. 

I8+2l Cycloadditions with 8-methoxyheptafulvene (8-MHF) (4) 1271: A solution of 
the dicyanovinyl compound 3 (1 equiv). 8-MHF 4 (about 1.2-1.5equiv) and a 
small amount of hydroquinone in an appropriate volume of dry CH,CI, was stirred 
under N, at RT until completion of the reaction (TLC monitoring). The solvent was 
subsequently evaporated and the crude product purified by CC. 

2-(l-Dibenzolb,elll,44ldioxinyl)- l,2,3,8a-tetrahydro-3-methoxy-l, I -azulenedicar- 
bonitrile (5a): Reaction time: 16 h. CC was carried out twice (SiO,; solvent: 
CH,Cl,/petroleum ether, 1 : I )  to afford the product (two diastereomers) as a color- 
less foamy powder (36%). M.p. 153-172°C; 1R (KBr): := 2940. 2840 (C-H), 
1600cm-' (Ar); UV (CH,CN): I.,, (Igc) = 284 (3.74). 223 (4.59). 209nm (sh, 
4.51); 'H NMR (only the data for the main diastereomer are given, 400 MHz, 
CDCI,): 6 = 3.46 (5, 3H. OMe). 3.51 (ddd, Ja..,,. = 2.0, Jan.,, = 2.0, 
Ja...a. = 4.0 Hz, 1 H. Sa'-H). 4.37 (d. J,., , .  = 9.7 Hz, 1 H. 2'-H). 4.76 (ddd. 
J3.,,.=9.7. J3..,=2.0. J3.,,,-=2.0Hz. 1H. 3'-H), 5.47 (dd. J,.,,.=lO.O, 
J,.,,,.=3.9Hz,1H,8-H).6.26(m,lH,7'-H),6.42(m,lH,4-H),6.57-6.64(m, 
2H. 5'-H, 6-H). 6.85-6.97 (m. SH. 4-H, 6-H. 7-H. 8-H. 9-H). 6.99 (1. 

C,,Hl,N,0,(394.4):calcd.C76.12,H4.60.N7.10;foundC75.94.H4.55.N6.99. 

2-(l-Thianthrenyl)-1,2,3,8a-te~ydm-3-methoxy-l.l-azulewdicarbonitrile (5b): 
Reaction time: 16 h. CC (SO,; solvent: CH,Cl,/petroleum ether. 1:l) yielded a 
yellow foamy powder (67%). which was used without further purification. 

2-(QPhenoxatbiinyl)-1,2.3,8a-tetr.hydro-fmetboxy-l,l-azulenedicorbonle (5c): 
Reaction time: 16 h. CC (SO,; solvent: CH,Cl,/petroleum ether. 1 : l )  afforded a 
brown foamy powder (yield 67%). which was used without further purification. 

2-l3-(10-Methyl-10 H-pheaothiuinyl)~-l,2J,8a-tetrahydro-3-metboxy-I,l-azulwe- 
diearbonitrile (5d): Reaction time: 21 d. CC (SiO,; solvent: CH,CI,) and crystal- 
lization from CH,Cl,/petroleum ether (1 :1) afforded 5d (one diastereoisomer) as 
colorlessneedles(63%). M.p. 188-190°C: IR(KBr):  i = 3030,2930.2830(C-H), 
1600cm-' (Ar): UV (CH,CN): I.,, (Ig&) = 303 (3.83). 253 nm (4.61); 'H NMR 

8a'-H),3.17(~.3H.OMe), 3.40(s,3H,N-CH3),3.60(d,4.,,. = 3.8 Hz, 1 H.2'-H), 

J , , , = J ] . , = ~ . ~ H z ,  l H ,  3-H). 7.12 (dd, JL,,=7.8. J2,,=1.5Hz, IH ,  2-H); 

(400 MHz, CDCI,): 6 = 3.14 (ddd, Js. ,, = 2.0, J8,..7 = 2.0, J,.., I)' = 4.0 Hz, 1 H, 

4.29(d,J3~,~~=3.7H~.1H,3'-H).5.67(dd,J,.~,.=9.7,J,.,a,.=4.2H~,1H,8'-H), 
6.29(ddd,J,.,,=5.7,J,.,..=9.8,J,.,a..=1.8Hz,lH,7'-H),6.32(dd,J,.,,.=5.5. 
J , , . , .=~.~HZ. lH,4-H),6.59(dd,J,, ,  =11.3 ,J , . , , .=5 .9Hz, lH,6 ' -H) ,6 .70  

J 1 , ,  = 8.3 Hz, 1 H, 1-H), 6.94 (dI, J7 , ,  = J7,a =7.4, J,,* = 0.8 Hz, 1 H, 7-H). 7.14 
(dd. J6,,=7.6, J6,,=1.5Hz, 1H. 6-H), 7.18 (ddd, Ja,,=1.5, Ja,,=7.4, 
J,,9=8.1Hz,lH,8-H),7.52(d,J4,,=2.1Hz,1H,4-H),7.60(dd,Jz,,=8.5, 
J,,,  = 2.1 Hz. 1 H, 2-H); C,,H,,N,OS (423.5): calcd. C 73.73, H 5.00, N 9.92; 
found C 73.32. H 5.03. N 9.87; MS: m/z (%) = 423 (91) [M'], 289 (64) [M' - (8- 

(dd, J , . , , . = 5 . 8 ,  J,.,,.=11.3Hz, 1H. 5'-H). 6.83 (m, l H ,  9-H). 6.84 (d, 

MHF)], 274 (36) [ M i  - (8-MHF) - CH,], 134 (100) [8-MHF]. 

2-~3-(IO-Metbyl-lOH-pbenoxazinyl)l-l,2,3,8 n-tetrahydro-3-Retboxy-I.I-uulewdi- 
carbonitrile (5e): Reaction time: 35 d. CC (SO,; solvent: CH,CI,) and precipita- 
tion from CH,Cl,/petroleum ether (1: 1) yielded 5e (one diastereoisomer) as color- 
less powder (58%). M.p. 138-140°C; IR (KBr): + = 3020, 2960, 2880 (C-H), 
1620cm-' (Ar); UV (CH,CN): A,, (Iga) = 321 (4.04), 237 (4.63). 2lOnm (sh. 
4.48); 'HNMR (400 MHz. CDCI,): 6 = 3.06 (s, 3H, N-CH,), 3.13 (ddd, 
J ,.., . .=2 .0 ,Ja . . , , .=2 .O.J8 . . , , .=4 .0Hz.  l H . 8 a ' - H ) . 3 . 1 8 ( ~ . 3 H . O M e ) , 3 . 5 3 ( d ,  
J,.. , .  = 3.8 Hz. 1 H. 2'-H). 4.29 (d. J,., , .  = 3.8 Hz. 1 H. 3'-H), 5.67 (dd, J,..,. = 9.7, 
J,.,,..=4.lH~.lH,8'-H).6.29(ddd.J,.,,.=5,8,J,.,, =9.8.J,. , , . .=1,9H~.lH. 
7'-H). 6.32 (dd, J,.. ,. = 6.4, J,..ar. = 1.8 Hz. 1 H. 4'-H), 6.53 (m, 1 H. 9-H), 6.53 (d. 
J1,z = 8.3 Hz, 1 H, 1-H). 6.59 (dd. J,., , .  = 11.3, J,.,,. = 5.9 Hz. 1 H. 6-H). 6.68- 
6.73 (m. 3H. 5'-H, 6-H. 7-H). 6.84 (ddd. J, , ,  =1.1. J , , ,  =7.5. Js,9 = 8.2 Hz, 1 H, 
8-H).7. l6(ds  J4,,=2.1Hz. 1Hq4-H).7.21 (dd. J2, ,=8.6.  J2,,=2.1Hz. 1H. 
2-H); C,,H,,N,Oz (407.5): calcd. C 76.64. H 5.19. N 10.31; found C 76.11, H 5.24, 
N 9.67; MS: m/-. (%) = 407 (26) [ M ' ] .  273 (94) [M' - (8-MHF)], 258 (60) 
[ M i  - (8-MHF) ~ CHJ, 134 (94) [8-MHF]. 119 (100) [(8-MHF) - CHJ. 

2-1245.1 O-Dihydro-5,lOdimethylphenazinyl)j- 1 J2.8 a-tetrahydro-fmethox y-1,l- 
azulenedicarbonitrile (51): Reaction time: 150 d. (Further equivalents of 8-MHF 
were added after 45 and 100 d; the reaction was not complete even after 150 d). It 
was rather diflicult to purify the crude product because of fast decomposition 
during CC (either on SiO, or on A1,0,). The substance is unstable in solution in the 
presence of traces of acid or of oxygen [28]. Yield: 60% of a brown and foamy 
powder (only one diastereoisomer). M.p. 88-97 "C; IR (KBr): i = 3020.2950.2920 
(C-H). 1595 cm-l (Ar); UV (CH,CN): A,, (Ige) = 338 (3.95). 248 nm (4.66); 
'HNMR(400 MHz,C,D,): 6 = 2.45(~,3H,N-CH,-10).2.77(~.3H,N-CH,-5). 
2.79(sq3H.0Me),2.92(ddd. Jan.,, = 2.0. Ja ...,. = 2.0. J a,.,8. = 4.0 Hz, 1 H, 8a'-H), 
2.94 ( 4  J z . . ) .  = 3.9 Hz, 1 H. 2'-H), 3.69 (d. J,.,Z. = 4.0 Hz. 1 H. 3'-H), 5.62 (dd. 
Ja..7. = 9.8. Ja.,a.. = 3.9 Hz. 1 H. 8'-H), 5.66 (dd. J, , ,. = 5.9, J,., = 1.5 Hz. 1 H. 
4-H). 5.78 (ddd, J7.6. = 5.8, J,.,s. = 9.8. J 7 . , s r .  =1.9 Hz. 1 H. 7'-H). 6.06 (d. 
J , . ,=8.1H~,lH.4-H).6.11 (dd.J,.,,.=5.9. J 5 . , , - = 1 1 . 4 H z . 1 H . 5 ' - H ) , 6 . 1 4 -  
6.16 (m, 2H. 6-H, 9-H), 6.23 (dd, J,, 3. = 11.2. J,., ,. = 5.8 Hz. 1 H, 6-H), 6.71 -6.73 
~m,2H,7-H.8-H),6.94(d,Jl,,=1.5Hz,1H.l-H),7.06(brd,J,,,=7.9Hz.1H, 
3-H); C,,H,,N,O (420.5): calcd. C 77.12, H 5.75, N 13.32; found C 76.54. H 5.87, 
N 10.48; MS: m/z  (YO) = 420 (9) [M']. 286 (70) [M I  - (8-MHF)I. 271 (100) 
[M' - (8-MHF) - CHJ. 134 (16) [I-MHF]. 

MeOH elimination-syntbesii of the DHAs: All operations were carried out under 
the exclusion of light. A solution of the THA 5 (1 - 3 g). ca. 10 g of P,05 and 3 g of 
K,CO, in dry benzene (ca. 200 mL) was refluxed until the reaction was complete. 
The hot reaction mixture was then filtered over silica gel, and the precipitate was 
washed several times with CH,CI,. The solvent was removed from the combined 
organic phases. The crude product was purified by CC. 

2-(l-Dibemlb,ell1,4ldioxinyl)-l,8 adihydro-l,l-azulendndirnrboaiBile (DHA-a): Re- 
action time: 3 h. CC (SiO,; solvent: CH,CI,) and recrystallization from methylcy- 
clohexane afforded the product as pale yellow needles (yield 51%). M.p. 127- 
130°C; IR (KBr): i = 3070. 3030 (C-H). 1590cm-' (Ar); UV (CH,CN): A,,, 
(Iga) = 353 (4.03), 264 (4.10). 213 nm (4.43); 'H NMR (400 MHz. CDCI,; [a], [b], 
and [cl = tentative assignment): 6 = 3.80 (ddd, Ja..., = 2.0. J ,,.., 7. = 2.0, J I)' = 
4.0 Hz. 1 H. 8a'-H). 5.79 (dd, JI)'.,. = 10.2, Ja..s.. = 3.8 Hz, 1 H. 8'-H). 6.31 (ddd, 
J,.,c=6.1. J,.,,.=10.2. Jr,, , .=2.2Ht. l H ,  7'-H), 6.39 (dd. J,,,.=6.3, 
J~,a,~=2.0H~,1H,4'-H),6.49(dd,J~,~.=11.2,J~.~,.=6.1H~,1H,6'-H),6.59 

7.00 (dd, 4 . 7  = 2.0, 4 . 8  =7.3 Hz, I H. 9-H), 7.00 (t. J3,, = J1,, = 8.0 Hz, 1 H, 
3-H), 7.13 (s, 1H. Y-H), 7.30 (dd, JZ.3  = 8.0. J , , ,  =1.5 Hz, 1H. 2-H); I3C NMR 

(dd, J5..c = 6.3. J,.. ,  = 11.3 Hz, 1 H, 5'-H). 6.87-6.96(m. 4H. 4-H. 6-H. 7-H. 8-H). 

(100.6 MHz. CDCI,): 6 =142.96 [a] (C-Sa), 141.74 [a] (C-Sb). 141.29 [a] (C-lOa), 
140.84 [a] (C-lob). 138.69 (C-4a'). 137.1 7 (C-3'). 135.40 (C-2'). 130.93 (C-6'). 130.89 
(C-5'). 127.57 (C-7'). 124.67 [b] (C-7). 124.09 [b] (C-8). 123.78 (C-3). 122.93 (C-2). 
121.49 (C-4'). 119.91 (C-8). 119.50 (C-1), 117.89 (C-4). 116.49 [c] (C-6). 116.35 [c] 
(C-9). 115.58, 112.92 (2CN). 51.16 (C-8a'). 46.93 (C-1'); C,,H,,N,O, (362.4): 
calcd. C 79.55, H 3.89, N 7.73; found C 79.37. H 4.24. N 7.98; MS: mlr(%) = 362 
(100) [M+], 335 (49) [M* - HCN]. 

VHF-a: UV (CH,CN): A,, (Iga) = 478 (4.29). 278 (sh, 3.89). 210 nm (4.45); 
'HNMR (400 MHz. CDCI,): 6 = 6.03 (tdd, J , . , .  = J5., = 1.0, J, . , ,  =7.6, 
J,..s. =12.1 Hz,1H,5'-H),6.18(brdd,Jc,, = 2.0, Jc.,. =12.1 Hz,lH,6-H),6.27 
(m. IH. 4'-H). 6.38 (m. 1H. 3'-H), 6.38 (s, 1H. 8-H). 6.41 (ddd. J2 ..,. =11.2. 
J,.,,.=7.8. J,..,=1.8Hz. 1H. 2'-H), 6.70(m, 1H. l'-H), 6.77 (dd, J,,,=7.1, 
JZ. .  = 2.2 Hz. 1 H, 2-H), 6.85 (m. 2H. 6-H, 9-H), 6.90 (m, 2H. 7-H, 8-H), 6.97 (dd. 
J4.2 = 2.2, Ja.3 = 8.1 Hz, 1 H, 4-H), 7.00 (dd, =7.1, J,.. = 8.1 Hz, 1 H, 3-H); 
"CNMR (100.6 MHz. CDCI,): 6 =162.90(C-9). 156.60(C-7'). 143.20[a](C-Sa), 
142.26 (C-l'), 141.61 [a] (C-5b). 141.48 [a] (C-lOa), 139.08 [a] (C-lob). 135.73 
(C-3'). 135.19 (C-4'), 134.60 (C-2'). 134.38 (C-5'). 134.27 (C-6'). 124.80 (C-3). 
124.45 [b] (C-7). 124.28 [b] (C-8). 123.42 (C-l), 123.24 (C-2). 118.95 (C-8'). 118.63 
(C-4). 116.73 [c] (C-6), 116.34 [c] (C-9). 114.71. 114.32 (2CN). 78.04 (C-10). 

2~l -~ irrotb~yl ) - l .8adihydro- l , l -pzulenedicarboni~~ (DHA-b): Reaction time: 
4 h. CC (SiO,; solvent: CH,Cl,/petroleum ether, 1 : l )  afforded DHA-b as a pale 
yellow powder (24%). M.p. 140-142°C; IR (KBr): i =  3070. 3040 (C-H), 
1550cm-' (Ar); UV (CH,CN): A,,, (Igo) = 322 (3.80). 253 nm (4.40); IHNMR 

8a'-H), 5.85 (dd, Jw.,. =10.2. = 3.8Hz. 1H. 8-H), 6.36 (ddd, h.,, = 5.4. 
(400 MHz. CDCI,): 6 = 3.82 (ddd, Ja.... = 2.0. = 4.0 Hz, 1 H, 

J7..8, = 10.2. J,,,a.. = 2.2 Hz. 1 H, T-H), 6.41 (dd, J4., , = 6.2, Ja.. = 0.7 Hz, 1 H, 
4'-H). 6.55 (dd, &,,.=11.2. J c , , . = 6 . 0 H ~ ,  lH ,  6'-H), 6.63 (dd, J,.,,=6.2, 
J,..,. =11.3Hz, 1H. 5'-H). 6.67 (s, l H ,  3'-H), 7.27 (m, 2H. 7-H, 8-H). 7.35 (t, 
Jl,,=J3,.=7.7Hz, l H ,  3-H), 7.48 (m. 2H. 6-H. 9-H). 7.53 (dd. J,,,=1.3. 

(100.6 MHz. CDCI,): 6 = 139.86 (C-3'), 137.93 (C-4a'). 137.41 [a](C-Sa). 137.20 [a] 
(C-2'). 137.05[a](C-Sb). 136.09[a](C-lOa), 135.07 [a](C-lob). 131.66 (C-1). 131.28 

= 2.0, Ja.., 

h . 3  =7.7 HZ, 1 H. 4-H), 7.61 (dd, J 2 . 3  =7.8, 52.4 =1.3 Hz, 1 H, 2-H); "C NMR 

('2-6'). 130.79 (C-S'), 130.32 (C-2)- 129.21 [b] ((2-6). 128.58 [b] (C-9). 128.16 [c] 
(C-7). 128.08 [b] (C-4). 127.98 [c] (C-8). 127.64 (C-3). 127.64 (C-7'). 121.48 (C-4'). 
119.76 (C-8). 114.40. 112.08 (2CN). 50.67 (C-8a'). 48.73 (C-1'); C,,H,,N,S, 
(394.5): calcd. C 73.07, H 3.58, N 7.10; found C 73.17, H 3.84, N 6.88; MS: m/: 
(%) = 394 (100) [MI], 367 (28) [M' - HCN]. 

VHF-b: UV (CH,CN): A,, (Iga) = 479 (4.24). 254 nm (4.42); 'H NMR (400 MHz. 
CDCI,): 6=5.66 (tdd. J~ . , , .=J , .= l .O ,  J,.,,.=7.4. J5.,,.=12.1Hz. 1H. 5'-H). 
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5.71 (brdd. J6. . , .=I .0 ,  J6..,.=12.1Hz. IH.  6'-H). 6.13 (brddd. J.,,.=l.O, 
J1..,. = 10.7. J'.,. =7.4 Hz. 1 H. 4'-H). 6.37 (m. 1 H, 3'-H), 6.42 (s. I H. 8'-H). 6.44 
(ddd,J,..,.=11.6,J,..,=7.9.J,.,~=l.2Hz.lH,2'-H).6.74(brdd,Jl.,,.=1l.0, 
J1.. ,, = 1.4 Hz. 1 H. 1'-H). 7.19 (dd, J,, I = 1.3. J,, , = 7.6 Hz. 1 H. 4-H). 7.24 (m. 2H. 
7-H. 8-H), 7.38 (m. 2H. 3-H, 9-H). 7.48 (m. I H ,  6-H). 7.61 (dd, J,,, =7.8. 

(C-7'). 142.35(C-l'), 138.42 [a](C-l), 135.82(C-3'), 135.69 [a](C-Sa). 135.45(C-4'). 
135.20 [a] (C-5b), 134.89 (C-2'). 134.59 (C-5'). 134.37 [a] (C-IOa), 133.96 [a] (C- 

J2.4 ~ 1 . 3  Hz. 1 H. 2-H): "C NMR (100.6 MHz. CDCI,): 6 = 165.82 (C-9'). 153.52 

lob). 133.63 (C-6). 130.38 (C-2). 129.14 [b] (C-9). 128.58 [b] (C-6). 128.51 (C-3). 
128.09 [~l(C-7).  127.98 [c](C-8). 127.24(C-4). 118.63 (C-8'). 114.47. 114.24(2CN). 
77.53 (C-10). 

2-(4- Phenoxrthiiny1)- 1,En-dihydro- 1.1-nzulenedicarbonitrile (DHAs):  Reaction 
time: 2 h. CC (SO,; solvent: CH,Cl,/petroleum ether, 1 : I )  and recrystallization 
from methylcyclohexane furnished D H A s  as a yellow powder (35%). M.p. 132- 
133°C: IR (KBr): i = 3060. 3020 (C-H), 1570cm-' (Ar); UV (CH,CN): 1,. 
(Igd = 352 (4.15), 265 (4.20). 230 nm (4.51); 'H NMR (400 MHz, CDCI,): 
6 = 3.81 (ddd, J8...l. = 2.0, J = 2.0. Jn ..,8. = 4.0Hz. 1 H. 8a'-H), 5.81 (dd. 
J8.,,.=10.2. JW.w=3.8Hz. IH.  8-H). 6.32 (ddd, J,,,.=6.1. J,.,,.=10.2. 
A,,... = 2.2 Hz, 1 H. 7-H). 6.43 (dd. J,.,,. = 5.6, J4.,na. = 2.0 Hz, 1 H. 4'-H). 6.51 
(dd. J,.,,. ~ 1 1 . 2 ,  .I,.,,. = 6.1 Hz. 1 H. 6-H),  6.61 (dd. J,.,, = 6.3, J,.,6 =11.3 Hz. 

J~,~=1.8Ht,IH,I-H),7.32(~,IH,3'-H),7.58(dd,J,,, =1.8,J, , ,=7.6Ht,IH. 
IH.  5'-H). 7.04-7.17 (m. 5H. 2-H, 6-H. 7-H. 8-H. 9-H), 7.18 (dd. J l , I  =7.8, 

3-H); I3C NMR (100.6MHz. CDCI,): 6 =151.56. 150.72 (C-5a. C-5b). 138.97 
(C-4a'), 138.08 (C-3'). 135.11 (C-2). 131.04 ( C - 6 ) .  130.87 (C-5'). 128.30 (C-I), 
127.88 (C-9). 127.68 (C-7'). 126.84 (C-7). 126.82 (C-3). 125.35 [a] (C-2). 124.54 [a] 
(C-8). 122.09 [b] (C-4). 121.57 (C-4'). 120.88 [b]. 120.22 [b] (C-IOa. C-lob), 119.82 
(C-8'). 117.98 (C-6). 115.36, 112.82 (2CN). 50.88 (C-8a'). 47.14 (C-1'); 
C,,H,,N,OS (378.5): calcd. C 76.17. H 3.73. N 7.40; found C 75.60. H 4.09, N 7.78; 
MS: mlz (%) = 378 (100) [M']. 351 (32) [ M i  - HCN]. 

VHFs:  UV (CH,CN): A,, (Iga) = 476 (4.43). 283 (sh, 4.02). 232 nm (4.52); 

J J . , b .  = 12.1 Hz. 1 H. 5'-H). 5.97 (brdd. J6.,& =1.7, J6., ,. =12.1 Hz. 1 H. 6-H). 6.11 
(brddd. J4..,. = 1 .O. JC.,. = 10.6. J, . , .  = 7.8 Ht. 1 H. 4'-H). 6.32 (brddd, J,, ,. = 1.0. 

J,.,,.=I.IHz. I H ,  2'-H), 6.45 (s. l H ,  8'-H), 6.70 (brdd, J , . , , .=II .O.  

'HNMR (400MHz. CDCI,): 6=5 .85  (tdd. J , . , l . = J s , I . = l . O .  JJ.,1.=7.7. 

J,.,,.=8.0, J , . ,c=10.8H~.  IH.  3'-H), 6.40 (ddd, J,.,,~=11.5. Jz.,,.=7.9. 

J~~,~~~1.7HZ.1H,l'-H),6.91(dd.Jb,~=8.3.J,,n=1.3H~,1H.6-H),7.01(ddd. 
J~,~=1.4.J~,,=7.2.J~,~=7.8H~,1H.8-H).7.05(dd,J,,,=1.6.J,,,=7.6H~, 

J1.1 ~ 7 . 7 .  J,,, =1.6Hz. IH ,  I-H); "C NMR (100.6 MHt, CDCI,): 6 =164.01 

135.17(C-4'), 134.45(C-2'), 134.27(C-5'), 133.86(C-6). 129.07(C-1), 128.19(C-9), 

1H,3-H~,7.09(m,2H.7-H.9-H),7.15(1.J1,, =J2, ,=7 .7Hz.1H.2-H) ,7 .25(dd,  

(C-91, 153.34 (C-7'). 151.62. 148.24 (C-5a. C-5b). 141.92 (C-1'). 135.62 (C-3'). 

127.29 (C-3). 126.63 (C-7). 125.48 (C-2). 125.01 [a] (C-4). 124.99 (C-8), 122.95 [a]. 
119.27 la] (C-lOa. C-lob). 119.09 (C-8'). 117.96 (C-6). 114.69. 114.32 (2CN). 77.95 
(C-10). 

2 - (3-(10- Methyl - 1OH - pbenothiszinyl)[ - I.8m -dibydro - 1,l- uuknedicarboaitrile 
(DHAd): Reaction time: 12 h. CC (SiO,; solvent: CHJI,) and precipitation from 
CH,Cl,/petroleum ether (1:l) afforded DHAd as an orange powder (6%). M.p. 
143-144°C; 1R (KBr): i=3060,  2960, 2880 (C-H), 1590cm-' (Ar); UV 
(CHJN): 1, (lga) = 410 (4.25). 333 (sh. 3.99), 280 (4.25). 246 nm (4.29); 
'HNMR (400MHz. CDCI,): 6 = 3.42 (s. 3H. N-CH,). 3.76 (ddd. J. .., =1.9, 
Jn.., ,. = 1.9. Jn... = 3.9 Hz. 1 H. 8a'-H). 5.80 (dd. Jn., ,, = 10.0. J8., = 3.9 Hz. I H, 
8-H),  6.30 (m, 2 H. 4'-H, 7'-H). 6.44 (dd. J,., ,. = 11.4, Jw,,. = 6.4 Hz. 1 H, 6-H),  
6.55 (dd. Is-.. = 6.3, J,..w =11.4Hz. 1H.  5'-H). 6.75 (s. 1H. 3'-H). 6.84 (dd. 
J q , , = l . I ,  JQ,n=8.3Hz. IH. 9-H), 6.87 (d. J l , 1 = 8 . 7 H ~ ,  IH.  I-H). 6.97 (dt. 
J , , ~ = J , , ~ = ~ . ~ . J , , , = I . Z H Z ,  1 H . 7 - H ) . 7 . 1 4 ( d d , J , , , = 7 . 7 . J , , , = l . 4 H z , l H ,  
6-H). 7.19 (ddd. J8.,=1.5, J8.,=7.4. J8, ,=8.1Hz. I H ,  8-H), 7.43 (d, 
J,,, = 2.3 HI. 1 H. 4-H). 7.58 (dd, J2,1 = 8.5. J 2 , ,  = 2.3 Hz, 1 H. 2-H); "C NMR 
(100.6 MHz. CDCI,): 6 = 147.16. 144.60 (C-lOa. C-lob). 139.13 (C-2). 138.83 (C- 
4a'). 130.95 (C-5'). 130.39 (C-6). 130.35 (C-3'), 127.72 (C-8). 127.62 (C-7'). 127.24 
(C-6). 125.55 (C-2). 124.70 (C-4). 124.70, 124.59 (C-Sd, C-5b). 123.09 (C-7). 122.34 
(C-3). 120.17 (C-4'). 119.26 (C-8'). 115.16 [a] (CN-I). 114.42 (C-9). 114.09 (C-1). 
112.74 [a] (CN-2). 51.12 (C-8a'). 45.01 (C-l'), 35.46 (C-Me); C,,H,,N,S (391.5): 
calcd. C 76.70, H 4.38. N 10.73; found C 76.68. H 4.43. N 10.69; MS: mi:(%) = 391 
(100) [M+] ,  376 (17) [ M i  - CH,]. 

VHFd:  UV (CHJN): A,,, (Iga) = 465 (4.30). 304 (4.10), 255 nm (4.44); 'H NMR 
(400MH~. CDCI,. 5°C): 6 = 3.41 (s. 3H. CH,), 6.01 (dd, JJ.,4. = 6.7. .IJ,,. = 
12.1Hz.1H,5'-H).6.05(brd,Jw,,.=12.1Hz,1H,6-H),6.22(s,1H,8-H),6.30 
(m. 1 H.4'-H),6.38 (m, 1 H. Y-H), 6.39(dd, J, . . , .  =13.2. J,.,,. =7.8 Hz, 1 H, 2-H). 
6.67 (m. IH,  I ' W ,  6.84 (d, J l . ,=8.5Hz.  IH ,  I-H). 6.85 (dd, J,,,=I.O, 
59.8 = 8.2 Hz. 1 H, 9-H). 6.99 (dt. J,,s = J,,8 =7.5, J,,y = 1.1 Hz. 1 H. 7-H), 7.12 
(dd, .I6,, ~ 7 . 6 .  J6,n = I S  Hz, 1 H.6-H). 7.16(d, = 2.1 Hz, 1 H.4-H),7.21 (ddd, 
J8.6 =1.5, J8.7 =7.4, J8.9 = 8.1 Hz. 1 H, 8-H), 7.29 (dd, Jz, I = 8.4. J I , 4  = 2.1 Hz, 
1 H. 2-H); 'T NMR (100.6 MHz, CDCI,. 5°C): 6 =167.67 (C-9'). 154.03 (C-7'). 

(C-4'), 134.29 (C-2'). 133.60(C-5'), 128.36 (C-2). 128.13 (C-3). 127.76(C-8), 127.23 
148.55. 144.38 (C-lOa. C-lob). 142.17 (C-1'). 135.40 ( C - 6 ) .  135.34 (C-3'). 134.99 

(C-6). 126.78 (C-4). 124.60[aJ(C-Sa), 123.26(C-7). 122.20[a] (C-5b). 118.61 (C-8'). 
115.60, 115.02 (ZCN), 114.51 (C-9). 114.42 (C-I). 74.55 (C-IO), 35.55 (C-Me). 

2 - [ ~ 1 0 - M e t h y l - l O H - p b e n o x n z h y l ) ~ 1 , 8 a d i b y d r o - l , 1 - ~  * arbonitrile (DHA- 
e): Reaction time: 4 h. CC (SiO,; solvent: CH,CI,) and precipitation from CH,CI,/ 
petroleum ether (1 : l )  afforded DHA-e as orange-red powder (5%) .  M.p. 140°C 
(decomp.); IR (KBr): i = 3080, 3020, 2930. 2860 (C-H). 1625cm-' (Ar); UV 
(CH,CN): A,,, (Iga) = 434 (4.30). 324 (3.93). 258 (4.26). 213 nm (4.45): IH NMR 

J8...8 = 3.9 Ht, 1 H, 8a'-H), 5.80 (dd, Je.,,. = 10.3, J 8.,8., = 3.8 Hz, 1 H, 8-H),  6.27 
(m,1H.4'-H).6.29(ddd.J,.,,.=6.1,J,.,,.=10.2.J,.,,,.=2.2Hz,1H.7'-H),6.43 

(400MHt.CDCI~)~6=3.10(~,3H,N-CH~).3.76(ddd.J~,.~,.=1.9.J81,..,,.=1.9, 

(dd. J , ,  ,. =11.1.  J,., , .  = 6.1 Hz. 1 H, 6-H),  6.55 (dd, J ,.,,. = 6.5, J,.,6. = 11.3 Hz. 
1H. 5'-H). 6.56(d.J,,, = 8.5 Hz. 1 H. I-H). 6.57(dd. J9,, =1.3. J9,8 =7.9 Hz. 1 H. 
9-H). 6.68 (s. I H, 3'-H), 6.71 (dd. J6.7 ~ 7 . 8 .  J6.8 =1.7 Hz. 1 H. 6-H). 6.75 (dt, 
J,.,=JT,8=7.5. J,,9=1.4Hz. I H ,  7-H). 6.87 (ddd, J8,,=1.8. Jn,,=7.2. 
58.9 =7.9 Hz, 1 H, 8-H), 6.98 (d. J4,, = 2.2 Hz. 1 H. 4-H). 7.28 (dd, Jl ,  = 8.4. 
51.4 = 2.3 Hz. 1 H. 2-H); "C NMR (100.6 MHz. CDCI,): 6 =145.71, 144,96(C-%d. 

130.12(C-6). 129.53(C-3'), 127.61 (C-7'). 124.01 (C-8). 123.07(C-3), 122.43(C-2). 
121.85 (C-7). 119.74 (C-4'). 119.22 (C-8'). 115.49 (C-6), 115.27, 112.85 (2CN). 

C-5b). 139.31 (C-2'). 139.08 (C-4a'). 136.58, 133.42 (C-lOa, C-lob). 131.00 (C-5'). 

112.57(C-4). 111.85 (C-9). lll.34(C-l). 51.17(C-8a'), 44.90(C-l'). 30.98 (C-Me); 
C,,H,,N,O (375.4): calcd. C 79.98, H 4.56, N 11.19; found C 79.57, H 4.90. N 
10.74; MS: mlz (%)=375  (100) [M'], 360 (31) [ M +  -CHI]. 348 (12) 
[M + - HCN], 333 (20) [ M i  - HCN - CHJ. 

VHF-e: UV (CH,CN): 1,. (Iga) = 469 (4.38). 307 (4.15). 240 nm (4.53); 'H NMR 
(400MHz. CDCI,. 5'C): 6 = 3.09 (s, 3H, CH,). 6.07 (dd. Jy,. =7.4, J5.,w = 
12.1 Hz. IH.  5'-H),6.15(dd, J6.,,.=2.2. J6.,, =12 .0H~,  lH .6 -H) .6 .19 (~ .  IH.  
8'-H). 6.30 (m. 1 H, 4'-H), 6.36 (m, 2H, 2'.3'-H), 6.54 (d. Jl.2 = 8.2 Hz. 1 H, I-H). 
6.58 (dd. J9,, = 1.2, J9.8 = 8.0Hz. 1 H, 9-H). 6.65 (m. 1 H, 1'-H). 6.68 (dd, 
J6., =7.8. J6.. =1.5Hz. IH. 6-H). 6.71 (d, J4., = 2.1 Hz. l H ,  4-H), 6.76 (dt, 
J7.6 = 5 7 . 8  =7.7. 57.9 ~ 1 . 3  Hz, IH ,  7-H). 6.88 (dt, J8,6 =1.5, J s , ,  = J8,9 =7.7 Hz. 
1 H. 8-HI. 7.01 (dd. J2, = 8.3. J2,& = 2.1 Hz, 1 H. 2-H); NMR (100.6 MHz. 
CDCI,, 5°C): 6 = 167.72 (C-9'). 153.85 (C-7'). 145.87, 144.85 (C-5a. C-5b). 142.03 
(C-1'). 138.05 [a] (C-lOa). 135.59 (C-6'). 135.12 (C-3'). 134.85 (C-4'). 134.01 (C-2). 
133.31 (C-5'). 133.19 [a] (C-lob), 126.43 (C-3). 125.32 (C-2), 124.10 (C-8). 122.09 

(C-4). 111.93 (C-9). 111.72 (C-1). 73.81 (C-10). 31.01 (C-Me). 

242<5,10-Dihydro-5, lOdiithylpheMzinyl)]-l,8 ndihydro-l,l-azulenedicarboni- 
trile (DHA-I): Reaction time: 6 h. Dihydroazulene (DHA-I) is sensitive to acid and 
air. Fast filtration over SiO, and precipitation from CH,Cl,/petroleum ether (1 : 1) 
gavethe product asadark redpowder(6%)(28]. M.p. llS"C(decomp.); IR(KBr): 
i = 3020. 2960. 2900 (C-H). I6lOcrn-' (Ar); UV (CHJN): A,. (lgc) = 471 
(3.95). 346 (4.19). 289 (4.12). 245 nm (4.49); 'HNMR (400 MHz, C6D,): 6 = 2.36 

J. ...,.= 3.6Hz,1H.8a'-H),5.75(dd.J9,,=1.3.J9,,=6.5Hz.1H.9-H).5.82(m. 

3'-H), 6.10 (m, 2H. 4-H. &H), 6.15 (dd, J,..& = 6.5. J,..w = 11.3 Hz. 1 H. 5'-H), 6.33 
(d. Jl.,=2.1Hz. 1H. I-H), 6.72 (m. 2H. 7-H, 8-H). 7.21 (dd, J , , l=2.1,  
J3.1 = 8.2 Hz. 1 H. 3-H); C2,H,,N, (388.5): calcd. C 80.39, H 5.19. N 14.42; found 
C 79.46, H 6.16. N 12.97: MS: m/z  (%) = 388 (100) [M'], 373 (80) [M' - CH,], 

(C-7), 118.70 (C-8'). 115.79 [b] (CN-I). 115.48 (C-6). 115.23 [b] (CN-2). 115.00 

(S. 3H. N-CH,-lO), 2.50 (s, 3H, N-CH3-5). 3.62 (ddd. J8, ... =1.8, 

3H.4'-H,7'-H,8'-H),5.99(dd,J6,,.=11.2.J,.,,.=5.8Hz.1H.6-H),6.07(~,1H, 

=1.8. 

346 (25) [ M i  - HCN -CHI], 331 (10) [M' - HCN - 2CH,]. 
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