The structure of 3a was determined by X-ray structure
analysis (Fig. 1). 3a is the first example of a (Z)-diphos-
phene as a ligand of a mononuclear carbonylmetal com-
plex. It should be noted that P1, P2, Cr, and CI are copla-
nar, whereas the dihedral angle C1-P1—-P2—Cl0 is 12.1°,
The bond distance P1—Cr (2.354 A) is shorter than that for
pentacarbonyl(triphenylphosphane)chromium (2.422 A).

In the absence of these transition metals, the energy bar-
rier for the isomerization of diphosphene (HP=PH) is con-
siderable, the rotational transition state being preferred to
the inversion transition state (Fig. 2). On complexation,
however, the rotational barrier could be lowered both ster-
ically and electronically.

Received: October 9, 1984 {Z 1033 TE]
German version: Angew. Chem. 97 (1985) 230

CAS Registry numbers:
2a, 95342-12-4; 2b, 95342-13-5; 2¢, 95342-14-6; 3a, 95250-88-7; 3b, 95250-89-
8; 3¢, 95250-90-1.

[1] a) M. M. Olmstead, P. P. Power, J. Am. Chem. Soc. 106 (1984) 1495; b) H.
Vahrenkamp, D. Wolters, Angew. Chem. 95 (1983) 152; Angew. Chem. Int.
Ed. Engl. 22 (1983) 154.

[2] Selected physical data: 2a: m.p.=166°C, 6(P)=500.9, 4123 (AB,
J(PP)=517.6 Hz), UV (cyclohexane): A,,=460 nm; 3a: [36°C,
§=393.9, 384.9 (603.0 Hz), 473 nm; 2b: 163°C, §=486.3, 395.0 ppm
(518.8 Hz), 435 nm; 3b: 123°C, §=398.4, 359.0 (585.9 Hz), 456 nm; 2c:
177°C, §=461.9, 352.4 (528.8 Hz), 436 nm; 3c: 128°C, §=1393.1, 3224
(576.8 Hz), 459 nm. Note added in proof (March 22, 1985): We have mean-
while found a new synthesis of 2: M. Yoshifuji, T. Hashida, K. Shibaya-
ma, N. Inamoto, Chem. Lett., in press.

[3] a) M. Yoshifuji, I. Shima, N. Inamoto, K. Hirotsu, T. Higuchi, J. Am.
Chem. Soc. 103 (1981) 4587; 104 (1982) 6167; b) M. Yoshifuji, K. Shi-
bayama, N. Inamoto, T. Matsushita, K. Nishimoto, ibid. 105 (1983)
2495.

[4) A. M. Caminade, M. Verrier, C. Ades, N. Paillous, M. Koenig, J. Chem.
Soc. Chem. Commun. 1984, 875.

[S] H. J. Plastas, J. M. Stewart, S. O. Grim, J. Am. Chem. Soc. 91 (1969)
4326.

Synthesis and Dynamic Properties of
Chiral Heptalenes**

By Klaus Hafner*, Giinter L. Knaup, Hans Jérg Lindner,
and Hans-Christian Floter

Dedicated to Professor Giinther Wilke on the occasion
of his 60th birthday

Mono- and bicyclic non-benzenoid systems with a 4n
perimeter possess localized double bonds in the ground
state. Their antiaromatic structures'! with delocalized dou-
ble bonds are transition states on the potential surfaces
that connect the localized bond systens with one another.
The results of experimental investigations on the 4nn-elec-
tron systems tetra-tert-butylcyclobutadiene®, 1,3, 5-tri-terr-
butylpentalene®”, cyclooctatetraene®?, and heptalenel*¥
are in agreement with this.

In contrast to cyclobutadiene and pentalene, their higher
homologues cyclooctatetraene and heptalene are charac-
terized by a nonplanar structure. X-ray structure analysis®!
of heptalene derivatives confirms a C, geometry for the bi-

[*] Prof. Dr. K. Hafner, Dipl.-Ing. G. L. Knaup, Prof. Dr. H. J. Lindner,
Dipl.-Ing. H. C. Flster
Institut fiir Organische Chemie der Technischen Hochschule
Petersenstrasse 22, D-6100 Darmstadt (FRG)

[**] This work was supported by the Deutschen Forschungsgemeinschaft
and the Fonds der Chemischen Industrie. The results were reported on
October 10, 1983 at the 4th Gentner Symposium on Chemistry in Nof
Ginossar, Israel (K. H.).
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cyclic system with the two annelated seven-membered
rings in boat conformations. For heptalenes, according to
Oth et al™, four axially chiral isodynamic structures
should be in equilibrium with one another via two dy-
namic processes [bond shift (BS) and ring inversion (RI)].
A study of both processes should provide information on
their transition states and, therefore, also on the antiaro-
maticity of the delocalized heptalene system.

For the n-bond shift in heptalenes, Vogel et al.”*** deter-
mined an activation energy of 3.5 kcal-mol~' by "*C-
NMR spectroscopy; for its 1,6-dialdehyde and dimethyl
1,6-dicarboxylate, a free energy of activation of 9.9 and 14
kcal-mol~!, respectively. Kldrner™ found AG%.c=21.7
and 21.0 kcal mol ~! for the isomerization of the bond-shift
isomers of dimethyl 6,8,10-trimethyl-1,2-heptalenedicar-
boxylate, which can be separated by low-temperature
chromatography. The kinetic parameters for the ring inver-
sion of the heptalene system have not yet been deter-
mined.

We have succeeded for the first time in isolating in pure
form all four possible isomers, (M)-1, (P)-1, (M)-2, and
(P)-2, of a substituted heptalene, dimethyl 5,6,8,10-tetra-
methyl-1,2-heptalenedicarboxylate™, and in investigating
the kinetics of both dynamic processes for this heptalene
derivative.

Me Me Me Me
Me — Me
COyR COaR
2% copme™® 2% oMM
(M) -1 (M) -2
g e
Me Me Me Me
Me —— Me
COR COR
z COzMeMe 2 COQMGMQ
(P) -1 (P)-2

a,R=Me ; b,R=H

In analogy to the reaction” of azulene with dimethyl
acetylenedicarboxylate, the reaction of 1,4,6,8-tetramethyl-
azulene 3 with dimethyl acetylenedicarboxylate in boiling
tetralin affords both isomers of rac-heptalene 1a (yellow
crystals, m.p.=130°C) and 2a (orange crystals, m.p.=89—
91°C) in 38 and 4% yield, respectively; the two compounds
could be separated by chromatography on alumina at
room temperature!®,

Me0,C-C=C-C0yMe

c Me
Tetratin , 207°C

Me
3

rac - 1@ + rac- 2a

rac-1a and rac-2a differ characteristically in their elec-
tron and NMR spectra (Table 1). The position of the dou-
ble bonds is determined from the 'H-NMR spectra and the
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X-ray structure analyses''” (Fig. 1), which confirm the
double boat structure and thus the chirality of these com-
pounds.
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Fig. 1. Molecular structure of 1a and 2a with bond lengths [pm] (standard
deviation 1a: o,=0.6 pm, 2a: ¢,=1.0 pm) [10].

Table 1. Spectroscopic data for racemic heptalenes 1 and 2.

Table 2. Specific optical rotations of the heptalenes (+)-1 and (+)-2 (in

CHCls) [12].

[e]32 [] ¥
(+)1a +1930 (c=1.028) + 1460 {c= 1.028)
(+)-1b +2550 (c=1.004) +1910 (c = 1.004)
(+)-2a + 1860 (¢=0.921) + 1310 (¢=0.921)
(+)-2b +2140 (¢=0.514) +1430 (c=1.029)

The kinetic parameters for the bond shift, starting from
rac-2a, were determined by '"H-NMR speciroscopy in [D),}-
diglyme at temperatures between 50 and 80°C. The rate
constants for the reverse reactions were calculated from
the equilibrium constants, which were determined in the
temperature range of 50 to 170°C, since the equilibrium ra-
tio rac-1a :rac-2a is about 10 : 1 and therefore the measure-
ments starting from rac-1a afford only very inaccurate data
(Table 3).

Table 3. Kinetic parameters for the bond shift (BS) and ring inversion (R]) of
the heptalenes 1a and 2a [13].

rac-1a: 300-MHz 'H-NMR (CDCls): §=1.74 (s, 3H, 6-Me), 1.96 (d, J=1.2
Hz, 3H, 10-Me), 2.00 (dd, J= 1.4, 1.0 Hz, 3H, 5-Me), 2.04 (d, /=1.2 Hz, 3H,
8-Me), 3.69, 3.70 (25, each 3H, 2CO;Me), 6.01 (quint., J=1.1 Hz, 1 H, 9-H),
6.14 (s, 1 H, 7-H), 6.27 (dq, J=6.9, 1.4 Hz, 1 H, 4-H), 7.53 (dq, J=6.9, 1.0 Hz,
1H, 3-H); UV (n-hexane): dn..(lge)=211 (4.38), 264 (4.21), 322 sh (3.46)
nm.

rac-1b: 300-MHz 'H-NMR (CDCl): §=1.73 (s, 3H, 6-Me), 1.95 (d, J=1.1
Hz, 3H, 10-Me), 2.00 (br. 5, 3H, 5-Me), 2.03 (d, J=1.2 Hz, 3H, 8-Me), 3.67 (s,
3H, 1-CO:Me), 6.01 (s, 1H, 9-H), 6.14 (s, 1 H, 7-H), 6.28 (dq, J=5.9, 1.4 Hz,
{H, 4-H), 7.61 (dg, /=59, 1.1 Hz, 1 H, 3-H), 11.10 (s, 1H, 2-CO,H); UV
(dioxane): A .. (1g€) =265 (4.20), 318 sh (3.50), 369 sh (2.92) nm.

rac-2a: 300-MHz '"H-NMR (CDCls): §=1.68 (s, 3H, 10-Me), 1.77 (s, 3H, 5-
Me), 1.99 (d, J=1.2 Hz, 3H, 8-Me), 2.02 (d, /= 1.3 Hz, 3 H, 6-Me), 3.71, 3.82
(25, 3H each, 2CO, Me), 6.01 (s, 1 H, 9-H), 6.10 (s, 1 H, 7-H), 6.55 (d, /=118
Hz, 1H, 3-H), 6.59 (d, J=11.8 Hz, 1 H, 4-H); UV (n-hexane): A, (1g£)=210
(4.34), 230 sh (4.21), 270 (4.31), 308 sh (3.54), 378 (2.74) nm.

rac-2b: 300-MHz '"H-NMR {CDCl;): §=1.72 (s, 3H, 10-Me), 1.77 (s, 3H, 5-
Me), 1.99 (d, J=1.0 Hz, 3H, 8-Me), 2.03 (d, J=1.2 Hz, 3H, 6-Me), 3.73 (s,
3H, 1-CO:Me), 6.01 (s, 1H, 9-H), 6.10 (s, 1 H, 7-H), 6 §7 (d, J=11.8 Hz, 1H,
3-H), 6.70 (d, J=11.8 Hz, 1 H, 4-H), 11.00 (s, 1 H, 2-CO,H). UV (dioxane):
Amax (12€)=231 sh (4.21), 271 (4.30), 309 sh (3.56), 381 (2.75) nm.

The saponification of rac-1a and rac-2a with CH,OH/
KOH affords the vrac-acids 1b (yellow crystals,
m.p.=150—155°C (decomp.)) and 2b (yellow crystals,
m.p. 156—157°C (decomp.)), respectively, which could be
reconverted quantitatively into rac-diester 1a and 2a, re-
spectively, with diazomethane. The resolution of 1b is
achieved by fractional crystallization of the cinchonine
and (+)-o-phenylethylamine salts followed by liberation
of the acids with 2N sulfuric acid; that of 2b in a corre-
sponding way with (+)- and (—)-ephedrine!'",

The enantiomeric purity of the heptalenes so obtained,
(+)- and (—)-1b, and (+)- and (—)-2b, is greater than
98%, as shown on the basis of the signals of the methoxy
group in the "H-NMR spectra of the ephedrine salts. The
enantiomerically pure acids, (+)- and (—)-1b, and (+)-
and (—)-2b, and the enantiomerically pure esters obtained
from these with diazomethane, (+)- and (—)-1a and (+)-
and (—)-2a, have the high specific optical rotations typical
for molecules with chiral chromophores (Table 2).
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AH Fec ASFec:
[kcal-mol '] [cal-mol '-K™1]
BS 2a—1a 22.8x+0.6 —11L.1£2.0
BS la—2a 257406 — 78x17

RI (—)-[1a = 2a]—rac-[1a = 2a] 28.3+04 —11.6+09

The rates of racemization were determined on the basis
of the decrease in optical rotation of solutions of optically
active heptalenes 1a and 2a in diglyme at 130 to 150°C.
Since the same rate constants are obtained starting from la
and 2a, the bond shift may occur in a preceding equili-
brium. )

The kinetic data for the dynamic processes of the heptal-
enes la and 2a are not in accord with a planar transition
state for the bond shift. For the bond shift, which proceeds
with retention of configuration, a helical chiral transition
state with a delocalized n-electron system must be as-
sumed. In the case of planar transition states, like those as-
sumed by Paquerte!" for the analogous processes of sub-
stituted cyclooctatetraenes, the energy barrier for the bond
shift should be higher than that for ring inversion by the
amount of energy required for the delocalization of the
anti-aromatic n-electron system.

According to n-SCF force-field calculations!'™ for the
dynamics of both processes of 1,5,6,10-tetramethylhepta-
lene, which are in agreement with experimental results, the
bond shift should proceed via a helical, delocalized transi-
tion state (AH *: 30 kcal-mol ~'); the ring inversion, on the
other hand, should occur via an only partly planar and lo-
calized transition state (AH™*: ca. 31 kcal-mol~"). In con-
trast to this, the corresponding processes with planar tran-
sition states require activation enthalpies of more than 50
kcal-mol ~ 1.
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The Homothiopyrylium Ion; Generation and
Characterization

By Kagetoshi Yamamoto, Shoko Yamazaki, and
Ichiro Murata*

Recently we succeeded in identifying several homothio-
pyrylium ions generated by protonation of 2,7-di-tert-bu-
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tylthiepines!!! and 1-benzothiepine!?. We describe now the
parent homothiopyrylium ion 7. Since the use of the pro-
tonation sequence to generate 7 requires the hitherto un-
known unsubstituted thiepine, which is expected to be an
extremely unstable compoundm, we have considered the
ionization route for the preparation of 7 and synthesized
the precursor 4,5-dihydrothiepin-4-0l 6 using a double
Pummerer reaction.

Pnb-0O Pnb-0O RO
O=-0-0
X X S

1,%X=5S 3, X=5 5, R = Pnb

2,X =80 4, X = SO 6, R=1H

Pnb = OzN@co-

Oxidation of p-nitrobenzoyl-protected hexahydro-4-thie-
pinol 1 (prepared from hexahydro-4-thiepinol®) with so-
dium periodate in aqueous methanol afforded the sulfox-
ide 2" quantitatively. Interestingly, 2, on treatment with
acetic anhydride, afforded the protected tetrahydro-4-thie-
pinol 3 as the sole isolable product™, The structure of 3
was determined by 'H-NMR (Table 1). After oxidation of
3 with sodium periodate in aqueous methanol or m-chlo-
roperbenzoic acid in dichloromethane to the sulfoxide 4™,
the second double bond was introduced by a modified
Pummerer reaction'®. When 4 was treated with diisopro-
pylethylamine in dichloromethane followed by addition of
freshly distilled trimethylsilyl iodide under nitrogen, pro-
tected 4,5-dihydro-4-thiepinol 5 was obtained. Finally, the
alcohol 6 was smoothly liberated from 5 by hydrolysis
with KOH in aqueous fert-butyl alcohol.

Table 1. Some physical data for the new compounds. In order to facilitate
comparison, the atoms in 3 and 6 are numbered as in 7.

1, colorless crystals, m.p. =85.0—-85.5°C

3, m.p.=79.5-80.5°C, 37% yield based on 1. 'H-NMR (100 MHz, CDCl):
§=15.36(dddd, /=9.0,7.5,4.5, 3.0 Hz, H-5); 6.05 (ddd, J=9.5,7.5, 6.0 Hz, H-
3): 6.42 (d, J=9.5 Hz, H-2); 8.26 (AA'BB’, 4 Aryl-H): 2.14—2.56 (m, 2H-6);
2.60-3.14 (m, 2H-4, 2H-7)

5, yellow crystals, m.p.=107—108°C, 56% yield based on 3.

6, colorless crystals, m.p.=42—43°C (hexane/ether). 'H-NMR (360 MHz,
CDCl;3): §=2.20 (bs, OH); 2.66 (dddd, J(4a,4b)=13.6, J(4a,5)=8.7,
J(42,3)=6.2, J(4a,6)=13 Hz, H-da): 273 (dddd, J(4a,4b)=13.6,
J(db,3)="7.8, J(4b,5) = 3.0, J(4b,2) = 1.4 Hz, H-4b}: 4.43 (dddd, J(5,4a)=8.7,
J(5,6)=3.2, J(5,4b)=3.0, J(5,7)=1.5 Hz, H-5); 598 (ddd, J(7.6)=11.2,
J(7,2)=1.6, J(7,5)=1.5 Hz, H-7); 6.01 (ddd, J(3,2)=9.6, J(3,4b)=7.38,
J(3,4a)=6.2 Hz, H-3); 6.05 (ddd, J(6,7)=11.2, J(6,5)=3.2, J(6,4a)=1.3 Hz,
H-6); 6.24 (ddd, J(2,3)=9.6, J(2,7)= 1.6, J(2,4b)= [.4 Hz, H-2). IR (KBr):
VWOH)=3175 cm~'. MS (70 eV): M, m/z 128 (100%)

7, 'H-NMR (100 MHz, CD,Cl,+ SO;+HFSO:, —80°C, standard Me,Si
with Scnpei(MeSiy=530); =799 (d, J(2,3)=7.5 Hz, H-2); 6.32 (dt,
J(2,3)=J(3,4a) =J(3,4b) = 7.5 Hz, H-3); 1.16 (m, H-4a); 4.44 (m, H-4b); 7.15
(dt, J(5,6)=J(5,4a)=X5,4b)=7.9 Hz, H-5); 7.99 (m, H-6); 10.04 (d,
J(7,6)=6.1 Hz, H-7). *C-NMR (22.5 MHz, CD,Cl,+ SO, + HFSO,, —-70°C,
standard MesSi with Scp,cn(Me Si)=353.8): 6 =131.2(C-2 or C-6): 133.4 (C-2
or C-6); 129.7 (C-3): 33.76 (C-4); 150.5 (C-5): 178.9 (C-7)
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The hydroxy group of 6 can be cleaved off as follows:
i0 mg 6 in 0.2 mL CD,Cl, was mixed with 0.2 mL SO,,
containing three drops of fluorosulfuric acid, in an NMR
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