trum, which is temperature-independent up to 80°C, the
structure of the n-bond isomer 2A could be deduced on
the basis of the coupling constant J=35.8 Hz for the AB
system of 1 H and 2 H and the vicinal coupling constants of
3-H, 5-H, 6-H, and 9-H. In comparison to the spectrum of
the dihydro derivative 8, in the spectrum of 2 the signals
of the central methyl group and of the peripheral ring pro-
tons appear in the opposite sequence. The signals of the
perimeter protons exhibit a strong upfield shift of about
2 ppm in the range 6 =3.88-4.69, whereas the methyl group
singlet experiences a substantial downfield shift of about
4 ppm to 6 =4.75. The extremely high-field resonances of
the ring protons of 2 compared to the 'H-NMR shifts of
the perimeter protons of [12]Jannulene (§ =5.91), 1,7-metha-
no[l2jannulene (6=5.1-5.8) and 1,6-methano[12]annulene
(6=5.50-6.17) are consistent with a pronounced paramag-
netic ring current in the 12n-perimeter of 2.

The electronic spectrum of 2 (see Table 1), like those of
the mono- and bicyclic [12]annulenes and the dehy-
dro[12]annulenes,'* shows a strong absorption in the re-
gion of 260 nm and, in contrast to these, an additional
long-wave absorption at 567 nm. The absorption corre-
sponds to the singlet-electron transitions calculated by
Lindner"™ for the localized 12n-electron system 2A.

According to n-SCF force field calculations,’*® the
standard enthalpies of formation of 2A and 2B should be
about the same, and the activation enthalpies for the n-
bond shift should be more than 25 kcal-mol ~'. However,
contrary to expectations based on these calculations,
isomer 2B was not detected. Hence, the equilibrium may
lie further to the side of 2A than predicted by the calcula-
tions, or a higher barrier between 2A and 2B is involved.
At elevated temperatures a, presumably sigmatropic, me-
thyl-group shift takes place in 2— as is found in the case of
1 the 9a-methyl-9aH-benz|cdlazulene 9 (yellow oil) hav-
ing a benzenoid partial structure is formed. In contrast to
1, this isomerization already occurs at 80°C (in dimethyl
sulfoxide) in case of 2, and proceeds quantitatively within
15 min in boiling xylene.
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Synthesis and Dynamic Properties of
Substituted Cycloheptaleflheptalene**

By Klaus Hafner,* Giinter L. Knaup, and
Hans Jorg Lindner

As in the case of the mono- and bicyclic [4n]-n-electron
systems cyclobutadiene,!'V cyclooctatetraene,!'™ penta-
lenel’ and heptalene,'? which contain localized double
bonds in the ground state, a n-bond shift should also be
observed in polycyclic non-alternating [4n]-n-electron sys-
tems. However, all previously reported peri-annelated tri-
and tetracyclic compounds® with [4n]-n-electrons contain
either benzenoid or azulenoid partial structures, which im-
pede this dynamic process. The still unknown tricycles cy-

O e

clopentafcdlpentalene 1 and cycloheptafeflheptalene 2,1>4
on the other hand, do not have any aromatic structural el-
ements. In contrast to the mono- and bicyclic [4n}-n-sys-
tems, in the case of 1 and 2 three isodynamic structures
with localized double bonds should be in equilibrium with
each other. Furthermore, the seven-membered rings of cy-
cloheptaleflheptalene (pleiaheptalene) 2 should prefer a
boat conformation, so that a ring inversion also could oc-
cur as a further dynamic process in this tricycle, as in the
case of cyclooctatetraene!™ and heptalene.””) With the syn-
thesis of substituted cycloheptaleflheptalenes we have now

&
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succeeded for the first time in investigating the dynamic
processes of a tricyclic 16m-electron system.

Alkylation of the sodium 4-methyleneazulenides 3a and
3b™® with 3-chloropropionic acid N, N-dimethylamide (te-
trahydrofuran (THF), —70°C), subsequent intramolecular
Vilsmeier reaction with phosphoryl chloride (THF, 67°C)
and reduction of the keto group with NaBH,/BF;-OEt,
(1,2-dimethoxyethane, 0°C) afforded the tetrahydroace-

0
R 1. CICH,CH,CZ R
NMe,
2. POCL
a ’ l
R
O 3. NaBH,/BF 5 - OFt, O
Na® ©:cH .
3 4
E-C=C-E
207 °C

5 6

a: R =H; b: R = Me; E = CO,Me

heptylenes 4a'” (blue platelets, m.p. 66°C; yield 39%) and
4b (blue crystals, m.p. 52°C; yield 40%), respectively,
whose reactions with dimethyl acetylenedicarboxylate (te-
tralin, 207°C) lead to the heptalene derivatives Sa (yellow
platelets; m.p. 128-129°C; yield 35%) and 6a (yellow crys-
tals, m.p. 133°C; yield 53%) as well as 5b (yellow rhombs,
m.p. 158°C; yield 23%) and 6b (yellow crystals, m.p.
135°C; yield 1%), respectively. Since dehydrogenation of
Sa and 5b with chloroanil or 2,3-dicyano-5,6-dichloro-p-
benzoquinone proved unsuccessful, the missing double
bonds were successively introduced by oxidation with sele-
nium dioxide (dioxane, 90°C) to give the hydroxy com-
pounds and subsequent elimination of water (TosOH/
C¢He/80°C).® The completely unsaturated tricycles 7a
(orange-red platelets, m.p. 173-175°C; yield 18%) and 7b
(red crystals, m.p. 147-148°C; yield 7%) are stable towards
heat and atmospheric oxygen.

| DIBAH I

1. Se0,
2. H® /- Hy0 G
R —> R
3. Se0,
4. H®/- HO [ E R HO R
HOC
7 8

a: R =H; b: R = Me; E = CO,Me

As shown by the result of the X-ray structure analysis™™
of 7a (Fig. 1), the achiral tricycle 2 has €, symmetry and
alternating bond lengths. Due to the puckering of the sev-
en-membered rings, the molecule adopts a saddle shaped
conformation.
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Table 1. Spectral data of compounds 4-8. '"H-NMR (300 MHz): 4a, 4b, Sa,
5b, 6a, 6b in CDCI;, 7TaA, 7ThA, 8bA, 8bB in [D,JDMSO; UV: 4a, 4b, 5a, 6a
in n-hexane, 5b, 6b, 7aA, 7bA, 8bA in dioxane.

da: 'H-NMR: §=1.98-2.20 (m; 4H, 4,4'5,5-H), 3.26 (m: 4H, 3,3'.,6,6’-H),
6.81(dd, J=10.2,9.5 Hz; 1 H, 9-H), 6.82 (d, /=10.1 Hz; 1 H, 7-H), 7.16-7.22
(br. s; 1H, 1-H), 7.26 (td, J=10.1, 1.0 Hz: 1 H, 8-H), 7.56 (br. s; 1 H, 2-H),
8.09(dd, J=9.5, 1.3 Hz; 1 H, 10-H); UV: 1. (lg£) =245 (4.30), 269 sh (4.27),
274 sh (4.47), 279 sh (4.58), 283 (4.66), 288 sh (4.64), 293 sh (4.45), 302 (4.02),
322 sh (3.25), 327 sh (3.36), 335 (3.53), 347 sh (3.64), 350 (3.70), 363 (3.22), 393
sh (1.18), 502 sh (1.94), 520 sh (2.14), 540 sh (2.30), 563 sh (2.44), 582 (2.52),
604 (2.60), 631 (2.54), 660 (2.56), 693 (2.22), 732 (2.19) nm

4b: 'H-NMR: §=194-2.14 (m; 4 H, 4,4',5,5H), 2.51 (s; 3H, 10-Me), 2.76 (s;
3H, 8-Me), 3.21 (m; 4 H, 3,3,6,6’-H), 6.77, 6.80 (2s; each 1 H, 7,9-H), 7.18 (d,
J=3.8 He; 1H, 1-H), 7.38 (d, J=3.8 Hz; 1H, 2-H); UV: A,.(Ig&)=216
(4.09), 247 (4.40), 290 (4.69), 295 (4.67), 307 sh (4.08), 327 sh (3.33), 341 (3.57),
351 sh (3.62), 357 (3.71), 368 sh (3.00), 522 sh (2.37), 545 sh (2.52), 567 sh
(2.61), 582 (2.65), 603 (2.61), 631 (2.58), 663 sh (2.30), 695 (2.14y nm

Sa: 'H-NMR: §=1.10-2.78 (m; 8H, ~(CH,)s—), 3.66, 3.70 (2s; each 3 H,
2CO;Me), 6.07 (dm, J=10.6 Hz; 1H, 12-H), 6.29 (d, /=5.8 Hz; 1 H, 4-H),
6.30 (ddd, J=10.6, 5.6, 1.5 Hz; 1H, 11-H), 6.47 (ddd, J=11.3, 5.6, 0.8 Hz;
1H, 10-H), 6.54 (dm, J=11.3 He; 1 H, 9-H), 748 (d, J=5.8 Hz; 1H, 3-H):
UV: Lo (I8 €) = 214 (4.35), 272 (4.32), 329 (3.56) nm

Sb: '"H-NMR: 6=1.11-2.70 (m; 8 H, —(CH).—), 1.95 (d, J=1.2 Hz; 3H, 12-
Me), 2.04 (d, J=1.2 Hz; 3H, 10-Me), 3.69, 3.70 (2s; each 3H, 2CO,Me), 5.99
{quint, J=0.9 Hz; 1H, 11-H), 6.13 (br. s; 1 H, 9-H), 6.30 (d, J=6.1 Hz; 1 H,
4-H), 7.52 (d, J=6.1 Hz; 1 H, 3-H); UV: A...(Ig£)=274 (4.24), 324 sh (3.56),
386 sh (2.91) nm

6a: 'H-NMR: §=1.18-2.80 (m; 8 H, —(CHy)s—), 3.76, 3.78 (2s: each 3H,
2CO;Me), 5.76 (dm, J=6.5 Hz; 1 H, 12-H), 6.27 (d, J=6.2 Hz; 1 H, 9-H), 6.34
(dd, J=11.2, 6.2 Hz; 1H, 10-H), 6.45 (dd, J=11.2, 6.5 Hz; 1H, 11-H), 6.66
(br. s; 1H, 1-H), 7.45 (br. s; 1 H, 4-H); UV: A (Ig€)=253 sh (4.23), 266
(4.29), 341 (3.79) nm

6b: 'H-NMR: 5= 1.18-2.70 (m; 8 H, —(CH,)s—), 1.80 (d, J=1.0 Hz; 3H, 10-
Me), 1.98 (s; 3H, 12-Me), 3.75, 3.77 (2s: each 3H, 2CO,;Me), 6.03 (s; 1H,
11-H), 6.12 (s; tH, 9-H), 668 (s; 1H, I-H), 741 (s; [H, 4-H); UV:
Amax{186)=225 sh (4.27), 239 sh (4.42), 275 (4.30), 340 (3.80), 404 sh (3.01)
nm

7aA: 'H-NMR: §=3.57, 3.64 (2s; each 3H, 2CO:Me), 5.73 (dd, J=6.3, 1.1
Hz; 1H, 4-H), 6.10-6.35 (m; 5H, 5,6,7,9,10-H), 6.42 (ddd, J=11.5, 5.5, 1.0
Hz; 1 H, 11-H), 6.56 (d, J=10.5 Hz; [ H, 8-H), 6.59 (d, /J=11.5 Hz; 1 H, 12-
H), 7.49 (d, J=6.3 Hz; [H, 3-H); UV: A (1g£) =233 (4.44), 257 sh (4.25),
308 (4.09), 372 sh (3.35) nm

7bA: '"H-NMR: §=191 (d, J=1.1 Hz; 3H, Me), 1.93 (d, J=0.9 Hz; 3H,
Me), 3.59, 3.64 (2s; each 3H, 2CO-Me), 5.73 (dd, J=6.6, 1.1 Hz; 1H, 4-H),
5.95 (br. s; 1 H, 11-H), 6.10-6.20 (m: 2H, 6,7-H), 6.21 (br. s; 1H, 9-H), 6.31
(dm, J=10.7 Hz; 1H, 8-H), 6.55 (dd, J=10.6, 1.2 Hz; 1H, 5-H), 7.51 (d,
J=6.6 Hz; | H, 3-H); UV: 3., (Igg) = 222 (4.43), 233 (4.44), 260 sh (4.26), 318
(3.94) nm

8bA: 'H-NMR: §= (.85 (d, J=0.9 Hz; 3H, 12-Me), 2.09 (d, J=1.1 Hz; 3 H,
10-Me), 3.98-4.01 (m; 2 H, 1-CH,0), 4.10 (dd, J=13.3, 2.4 Hz; { H, 2-CH,0),
4.33 (ddd, J=13.3, 5.2, 0.7 Hz; 1 H, 2-CH,0), 4.65 {t, J=4.5 Hz; 1H, 1-OH),
4.93 (dd, J=6.2, 5.2 Hz; 1H, 2-OH), 5.46 (d, J=¢6.6 Hz; 1 H, 4-H), 5.89, 5.99
(2br. 5; each 1H, 9,11-H), 5.94-6.07 (m; 3H, 6,7,8-H), 6.35 (d, J=11.4 Hz,
1H, 5-H), 6.46 (d, J=6.6 Hz, 1H, 3-H); UV: A, (Ige)=240 (4.48), 258 sh
(4.29), 287 sh (3.94), 318 sh (3.67), 363 sh (3.34) nm

8bB: 'H-NMR: 5=1.57 (s; 3H, 12-Me), 1.90 (d, J= 1.1 Hz; 3 H, 10-Me), 3.92
(dd, J=12.9, 6.0 Hz; 1H, CH,0), 3.98-4.19 (m; 2H, CH,0), 4.30-4.38 (m;
1H, CH;0), 4.71 (dd, J=5.9, 5.0 Hz; 1H, OH), 4.81 (t, /J=5.6 Hz; 1 H, OH),
5.30 (br.s; 1 H,9-H), 5.87 (d, J=11.1 Hz; 1 H, 8-H), 5.94-6.07 (m; 3 H, 6,7,11-
H), 6.23 (d, /=118 Hz; 1 H, 3-H), 6.35 (dd, J=8.4, 3.0 Hz; [ H, 5-H}, 6.36 (d,
J=11.8 Hz, 1H, 4-H)

X-ray analysis of 7a and low temperature 'H-NMR
spectra of solutions of 7a and 7b, prepared at low temper-
atures, indicate that, as in 5 and 6, only the n-bond-shift
isomers with a single bond between the ester-substituted
positions exist in solution and in the crystalline state. On
the other hand, at room temperature there are signals of
other isomers in the '"H-NMR spectra with ratios of 9:2:1
in 7a and 12:1 in 7b. The complexity of the spectra as
well as the unfavorable isomer distribution have so far
thwarted any unequivocal structural assignments of the ad-
ditional isomers formed at room temperature.

Reduction of the diester 7b with diisobutylaluminum
hydride (DIBAH) (THF, 0°C) affords the pure m-bond-

Angew. Chem. Int. Ed. Engl. 25 (1986) No. 7



i 133.7
(6 )
/ | H>\A
133.3 he L
N 10 Y1929

v

4 )
Q/ “1332

Fig. |. Structure of 7a in the crystal; bond lengths in pm (standard devia-
tions: ¢,=9.4 pm) [8].

shift isomer A of the diol 8b (orange crystals, m.p. 178~
179°C); in solution at room temperature an equilibrium is
slowly established with the n-bond-shift isomer B (Table
1). Even at 150°C only the valence isomers 8bA and 8bB
(1:1) are detectable in the '"H-NMR spectrum. The free
activation enthalpy for the isomerization 8bA —8bB was
found to be 24.1 kcal-mol ' in [D¢]DMSO at 33°C.

(L e

) .

1
RY R Me R' R Me

8b: R' = CH,OH, RZ = Me; 9: R' = Me, RZ = H

These experimental results are consistent with n-SCF
force field calculations!"® for the dynamics of the 1,2,12-
trimethylcycloheptaleflheptalene 9. Accordingly, the 7-
bond-shift isomer 9C, in which the central double bond
causes a partial planarization of the substituent-bearing
carbon atoms, has an enthalpy of formation ca. 5
kcal-mol ~' higher than the other two isomers. Whereas
the direct conversion of 9A into 9B should require an ac-
tivation enthalpy of 38 kcal-mol ', the value for the isom-
erization of 9A to 9C is only 28 kcal-mol ~' and for the
isomerization of 9C to 9B only 18 kcal-mol ~'. Hence, the
observed conversion of 8bA into 8bB seems to proceed via
the thermodynamtcally unstable isomer 8bC. On the other
hand, for a planarization of the tricycle 9, i.e. for the tran-
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sition state of the ring inversion, activation energies of ca.
70 kcal -mol ~' have been calculated. Consequently, a ring
inversion in case of 7b and 8b may require temperatures at
which these compounds are presumably no longer stable.
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A Stable Monocyclic 1,4-Thiazepine:

Synthesis and Characterization of
2,7-Di-tert-butyl-5-methoxy-1,4-thiazepine

By Kagetoshi Yamamoto, Shoko Yamazaki, Hiroki Osedo,
and Ichiro Murata*

Currently, there is a great deal of interest in seven-mem-
bered heterocycles such as oxepins, azepines, and thie-
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