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Synthesis and Properties of Two Annelated Annulenes
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Two annelated tridehydro[18]annulenes, trinaphtho[1,9,8,7-abc: 17,9,8",7'-ghi:1",9",8",7"-mno]- and tribenzo
[a,g,m]-5,11,17-tridehydro[18]annulenes (VI and VII), were synthesized by the Castro reaction of cuprous salts
of 1-ethynyl-7-iodonaphthalene (IX) and 4-[o-iodophenyl]-3-buten-1-yne (XIV), respectively. The UV spectra
of these annelated annulenes revealed an extended delocalization of z-electrons around the inner eighteen membered
ring. However, from the chemical shifts of the inner protons (H, and Hp) it is concluded that both VI and VII

are non-aromatic compounds.

The molecular orbital theory of cyclic conjugated
systems by Hiickel predicted that systems containing
(4n+2) n-electrons would display an aromatic character.
This rule has been substantially confirmed by many
investigations of various nonbenzenoid conjugated
systems, particularly by elegant works on annulenes
and dehydroannulenes.’? Thus it was thought to be of
interest to prepare annelated annulenes in order to
realize the effect of annelation on aromaticity of an-
nulene and dehydroannulene. Recently some planar
and non-planar annelated annulenes (I—V)? were
synthesized, but no direct evidence for the presence of
the aromatic character was found in the compounds
except for an anion of dibenzocyclononatetraene (IV)%
and derivatives (V)2 of [18]annulene containing het-
erocycles.

—{o=0)
:(nso)

I, n=2,4

o}

v V., x=0,8

We have attempted to get better understanding of

*  Present address: Fuji Photo Film Co., Minamiashigaramachi,
Kanagawa.
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the effect of annelation on aromaticity. The present
paper reports the results of a study of two planar an-
nelated derivatives of aromatic 1,7,13-tridehydro[18]-
annulene,® trinaphtho[1,9,8,7-ab¢: 1',9°,8",7"-ghi: 1'',9",
8",7"-mno]- and tribenzo[a,g,m]-5,11,17-tridehydro-
[18]annulenes (VI and VII), to which Kekulé type
structures of the inner eighteen membered ring systems
can be assigned. The chemical shift of the inner protons
(Ha and H;) can provide significant information with
regard to the diamagnetic ring current around the ring

systems, viz., the existence of aromatic character.
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Results and Discussion
Synthests 1-Acetyl-7-iodonaphthalene (VIII) was

obtained by the acetylation of f-iodonaphthalene ac-
cording to the Harnik method® in 18.59, yield. Ketone
VIII was treated with phosphorus pentachloride in
phosphorus oxychloride, followed by dehydrochlorina-
tion of the resulting chloride mixture with alcoholic
potassium hydroxide to give 499, yield of 1-ethynyl-7-
iodonaphthalene (IX). The Castro reaction® of dry
cuprous salt of IX in pyridine afforded a cyclic acetylene
compound in 8.0%, yield. This compound was found
to be fairly stable and can be kept without any change
for a long time. The structure of VI was assigned to
it based on the following. The lack of absorption
due to the terminal ethynyl group in the IR- and NMR-
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spectra suggests the cyclic structure of VI. Further-
more, the elemental analysis of VI and molecular
weight determination of its hydrogenated product (X)
which is satisfactorily soluble for vapour pressure osmo-
metry established the formation of VI by trimolecular
Castro reaction of IX.

An acetylenic alcohol (XII) was prepared by Re-
formatsky-type reaction of o-iodobenzaldehyde (XI)®
with propargyl bromide using aluminum? in an excel-
lent yield of around 809%,. The normal Reformatsky
reaction as well as the Grignard reaction afforded lower
yields of XII. Chloride XI1II, obtained by treatment
of XII with phosphorus oxychloride, was dehydro-
chlorinated with methanolic potassium hydroxide. Chro-
matography of the reaction product on alumina gave o-
iodophenylbutenyne (XIV) in an overall yield of 309,
based on XII. The Castro reaction of cuprous salt of
the butenyne XIV gave a cyclic trimer VII of fairly
stable and bright yellow needles in 13.0%, yield and a
small amount of cyclic tetramer XV. Structures of
trimer VII and tetramer XV were confirmed by elemen-
tal analysis, IR and NMR spectra and molecular weight
determination.
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Electronic Spectra The electronic spectra of VI
and VII as well as those of diphenylbutenyne (XVI)
and 1,7,13-tridehydro[18]annulene  (XVII)»  as
reference substances are shown in Fig. 1. The spectrum
of a cyclic trimer (I) of phenanthrene shows the maxima
at the same wavelengths as those of biphenanthryl and
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Fig. 1. The electronic spectra of VI, VII, XVI (in THF)
and XVII (in isooctane).

terphenanthryl, whereas the maxima at the longest
wavelength of VI and VII exhibit distinct red-shift as
compared with those of tetramer XV and XVI. The
absorption curve of VI is similar to that of XVII except
for the lack of the maximum at near 430 nm, whereas
VII shows broad and structureless absorption in contrast
to VI and XVII. Thus, a comparison of these spectra
suggests that both VI and VII are intermediates bet-
ween I and XVII in respect of the delocalization of z-
electrons. The fact that the by-product XV showed
broad absorption curve and hypsochromic and hypo-
chromic shifts of the maxima as compared with VII
indicates a nonplanar structure of XV in agreement
with a presumption from a skeletal molecular model.

TaBLE 1. CHEMICAL SHIFTS (7) AND COUPLING CONSTANTS
(J) oF INNER PROTONS OF VI, VII, aND XVII as
WELL AS THOSE OF OLEFINIC PROTONS OF
XV anp XVI v CDCI,

VI VII XV XVI XVII3)
T 1.51% 3.36 3.51 3.69 2.44
2.87 2.56 3.04 8.26

J 16.2 16.2 16.2 15.6 Hz

a) 1in AsCl; solution

NMR Spectra. The NMR spectra of VI, VII, and
XVTI are given in Table 1. The spectrum of VI shows
two peaks, a singlet at 7 1.51 and a multiplet at 7 1.85—
2.55, with an area ratio 1:5 and no other peak at a
higher field. The peak at = 1.51 is assigned to the
proton H, of naphthalene nuclei on account of its being
singlet and of its area ratio to the other aromatic protons
at 7 1.85—2.55. The position of the proton H, is at a



September, 1971}

lower field than that of a-proton (7 2.19)® of naphtha-
lene.

Two plausible elucidations may be given. First, the
effect of diamagnetically induced ring current around
the inner eighteen membered ring system is considered.
If the magnitude of the ring current were not large, it
would be overcome by the magnetic anisotropy of the
triple bonds and other two naphthalene nuclei. As a
result, the proton H, may be observed at a slightly
lower field than a-proton of naphthalene. Secondly,
such a small shift of the proton H, to the lower field
would be only caused by the magnetic anisotropy of the
triple bonds and naphthalene nuclei. In order to solve
this problem, the magnitude of the magnetic anisotropies
should be estimated. An estimate of the extent to which
the shift of the proton H, of VI is affected by both z-
electron systems was performed according to the fol-
lowing McConnell equation® by using the distances
and angles shown in Fig. 2.
n1 1
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For three triple bonds (4X¥=—11.8x10-%cm3/-
mol),10 the total shielding effect was calculated to be
—0.20 ppm from equation (1). The shielding effect
of two naphthalene nuclei, in which the shielding con-
tribution of each naphthalene was approximated as a
sum of ring currents of two benzene rings according to
theoretical predictions,') was calculated to be —0.71
ppm by use of Johnson-Bovey table.’® A total value
—0.91 ppm due to both shielding effects was consequent-
ly found to be in good agreement with the observed
shift, —0.68 ppm, from a-proton of naphthalene.®)
Similarly, the shift of proton Hp of VII from proton
Hp of XVI was calculated as in VI, and the whole ef-
fect, —0.50 ppm, of double bonds, triple bonds, and
benzene nuclei was found to be reasonable as compared
with the observed shift —O0.17 ppm. Table 1 also
shows the equal coupling constant of olefinic protons
in VII, XV, and XVIL.
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Consequently, a considerable delocalization of -
electrons in VI and VII was revealed in the electronic
absorption spectra as aforementioned. However, it
can be concluded that the results obtained from NMR
spectra support the second elucidation stated above and
provide no positive evidence for the presence of diamag-
netically induced ring current in the eighteen membered
ring systems of both VI and VII, and that both the
annelated annulenes are non-aromatic.

Experimental

All melting points are uncorrected. The electronic spectra
were taken on a Hitachi EPS-3T, the infrared spectra on a
Jasco DS-402G, the NMR spectra on a Hitachi R-20, the
mass spectra on a Hitachi RMU-7 and the molecular weight
on a Knauer vapour pressure osmometer.

1-Ethynyl-7-iodonaphthalene (1X). A  mixture of 1I-
acetyl-7-iodonaphthalene® (10.0g, 33.8 mmol) and phosphorus
pentachloride (10.4 g, 50 mmol) in phosphorus oxychloride
(100 ml) was refluxed with stirring for 1hr. After the re-
action was over, phosphorus oxychloride was evaporated under
reduced pressure and the residue was dried in a desiccator
over potassium hydroxide overnight. To the crude chloride
thus obtained was added 40 g of powdered potassium hydrox-
ide and ethanol (100 m!). The mixture was stirred under
gentle reflux for 30 min. The residual solid obtained by
evaporation of ethanol in vacuum was triturated with ben-
zene. The benzene extract was washed with water and dried
over sodium sulfate. After the solvent was removed in vacuo,
the residue (14.02 g) was chromatographed on alumina (300
g) with benzene-petroleum ether (1:9) to give yellow oil of
IX, 4.60g (49.09% yield). NMR (CDCl,): 7 1.34 (s, proton
at Cg), 2.1-—2.9 (m, other arom. protons), 6.60 (s, =CH).

Mercuric Salt of IX: A solution of potassium mercuri-io-
dide'™ was obtained by adding 10% aq. sodium hydroxide
(0.6 ml) to a mixture of mercuric chloride (0.275g, 1.05
mmol) and potassium iodide (0.695 g, 4.2 mmol) in water
(0.7 m/). To this was added a solution of IX (0.292 g, 1.05
mmol) in 6 m/ of ethanol with stirring to yield white precipi-
tate of mercuric salt. After it had been filtered immediately
and washed with 509, aq. ethanol, the precipitate was re-
crystallized from benzene to afford 0.266 g (67.0%) of mer-
curic salt, colorless fine needles, mp 263.5—264.7°C (decomp.).

Found: C, 38.20; H, 1.63%. Calcd for C,H;,I,Hg: C,
38.19; H, 1.60%,.

Trinaphtho([1,9,8,7-abc: 17,9°,8’,7’-ghi: 17,9",8",7"-mno]-5,11,
17-tridehydro[ 18)annulene (VI). To a solution of Ilosvay’s
reagent!®) was added a solution of iodonaphthylacetylene (IX)
(4.60 g, 16.5 mmol) in 80 m/ of ethanol to give immediately
yellow precipitate of cuprous salt. The cuprous salt obtained
by filtration was washed with water, ethanol, and ether, suc-
cessively, and dried in vacuo at 40°C, 3.52 g (62.5%,).

The cuprous salt (1.73 g, 5.08 mmol) in dry pyridine (50
m/) was heated with stirring at 120°C under nitrogen for 8
hr. After cooling, the reaction mixture was poured into
water (150 m/) and extracted with ether. The extract was
washed with dil. hydrochloric acid, 5%, aq. sodium bicarbon-
ate, and water, successively, and dried over magnesium sulfate.
After the solvent had been evaporated, the residue was chro-

13) J. R. Johnson and W. L. McEwen, J. Amer. Chem. Soc., 48,
469 (1926); B. B. Elsner and P. F. M. Paul, J. Chem. Soc., 1951,
893.

14) The reagent is obtained from cupric sulfate, aq. ammonia
and hydroxylamine hydrochloride.
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matographed on alumina with benzene. The residual solid
(0.18 g) obtained from 4—6th fractions was recrystallized
from benzene to afford 61 mg (8.0%, yield) of VI, pale yellow
needles, decomp. over 360°C.

Found: C, 95.72; H, 4.08%. Calcd for CysH,g; C, 95.97;
H, 4.03%. IR (KBr disk): 1610, 1585, 888, 831, 827 cm-'.
UV (in THF); Ad..x (), 254 (59100), 266* (50200), 279
(78200), 290 (65600), 327 (69000), 342 (122000), 360 (25400),
365 (29000), 380 (33800), 396* nm (3410) (* inflection).

Reduction of VI. The acetylenic compound VI (40.3
mg, 9.0x 10-2 mmol) and 10% palladium-on-charcoal (143
mg) in benzene (70 ml) were shaken with hydrogen at 50°C
for 10 hr. After cease of hydrogen absorption, the catalyst
was filtered and the solvent was evaporated under reduced
pressure. The residue was recrystallized from petroleum
ether to yield colorless needles of reduction product (X), mp
286—286.5°C, 38.8 mg (93.5%,).

Found: C, 92.92; H, 6.54%,. Calcd for C;H;,: C, 93.46;
H, 6.549%. Mol wt: Found; 477 (vapour pressure osmo-
metry), 462 (mass spectrum). Caled for CgeHg,; 462.6. IR
(KBr disk): 830 (s), 748 (s) cm-t. UV (in THF): A, (¢),
228 (193000), 278 (20600), 287 (22600), 316* (1580), 323 nm
(1540) (* inflection).

o-Iodophenyl Propargyl Carbinol (XII). To aluminum
metal plate (1.1 g, 40.7 mg atom), activated on heating with
small pieces of mercuric chloride and iodine, was added a
solution of propargyl bromide (7.2 g, 60 mmol) in dry tetra-
hydrofuran (10 m!) with stirring at room temperature. After
consumption of aluminum metal, o-iodobenzaldehyde® (XI)
(13.9 g, 60 mmol) in dry tetrahydrofuran (20 ml) was added
dropwise to the solution at —60°C with stirring and the mix-
ture was stirred at 0°C for 1 hr. After addition of saturated
aqueous ammonium chloride (50 m/), the aqueous layer was
separated and extracted twice with ether. The combined
organic solution was washed, dried over magnesium sulfate
and the solvent was removed under reduced pressure. A
solution of the residue (15.64 g) in benzene - petroleum ether
(1:1) was passed through a short column of alumina (30 g)
and eluted with the same solvent. The effluent was concent-
rated to yield reddish brown oil of crude carbinol XII, 12.84
g (78.8%).

NMR (CDCl,): 7 2.1—3.3 (m, 4H, arom.), 5.02 (quart., 1H,
tert.), 6.96 (broad s, 1H, OH), 7.0—7.9 (m, 2H, —-CH,-),
7.95 (t, 1H, =CH).

4-[o-Todophenyl]-3-buten-1-yne (XIV). To a cold solution
of the carbinol XII (6.8 g, 25 mmol) in dry pyridine (30 m/)
was added dropwise a mixture of dry pyridine (20 m/) and
phosphorus oxychloride (20 m/) with stirring. The mixture
was stirred below 5°C for 20 min, then carefully poured onto
300 g of ice and extracted with benzene. The extract was
washed with water, dried and concentrated in vacuo. The
oily residue was passed through a short column of alumina
(15 g) with benzene - petroleum ether (1:1). The effluent was
evaporated under reduced pressure to yield reddish brown oil
of o-iodophenyl propargyl chloride (XIII), 3.26 g.

A mixture of the crude chloride XIII (3.26 g) and powdered
potassium hydroxide (1.68 g, 30 mmol) in methanol (7 m!)
was stirred at 50°C for 40 min. The reaction mixture was

Katsusuke Enpo, Yoshiteru SAkATA, and Soichi Misumt

[Vol. 44, No. 9

poured into 140 m/ of water and extracted with benzene.
The extract was washed with water, dried over magnesium
sulfate and concentrated in vacuo. The residue (2.10 g) was
dissolved in benzene-petroleum ether (3:17) and passed
through a short column of alumina. The effluent was evapo-
rated under reduced pressure to give unstable XIV as pale
yellow oil, 1.77 g, 28.0% vyield based on the carbinol XII
(34.39%, yield in the other run).

NMR (CDCL,): 7 2.1—3.4 (m, 4H, arom.), 2.84 (d, 1H,
olefin. H, at C,), 4.10 (double d, 1H, olefin. H, at C;), 6.94
(d, 1H, =CH), Jyq,,n,=15.6 Hz.

Mercuric Salt of XIV: Mercuric salt of XIV was obtained
according to the same method as IX and recrystallized from
benzene, colorless needles, mp 227—232°C (decomp.).

Found: C, 34.06; H, 1.75%. Calcd for C,)H,,I,Hg: C,
33.99; H, 1.719%,.

Tribenzo[a,g,m]-5,11,17-tridehydro[ 18)annulene (VII).  Well
dried cuprous salt (10.0 g, 31.5 mmol) of XIV, obtained in
a yield of 779, according to the same method as for IX, was
heated in dry pyridine (350 m!) with stirring under nitrogen.
The mixture was heated up to 120°C and the stirring at this
temperature was continued for 8 hr. After cooling, the mix-
ture was poured into 1.5/ of water and extracted with ben-
zene. The extract was washed with dil. hydrochloric acid,
5%, aq. sodium bicarbonate and water, successively, and dried
over magnesium sulfate. The solvent was removed in vacuo
to give 3.81 g of residue. The residue was chromatographed
on alumina (250 g) with benzene - petroleum ether (1:1). The
column was eluted with benzene - petroleum ether |(the ratios
1:1 for 20 fractions and 7:3 for the successive 10 fractions of
each 50 m/). The solid, obtained from 5—8th fractions, was
recrystallized from benzene to give colorless prisms of the
cyclic tetramer XV, 0.124 g (2.49, yield), decomp. over
260°C.

Found: G, 95.00; H, 4.93%. Calcd for CyHy,: C, 95.21;
H, 4.79%. Mol wt: Found; 509 (vapour pressure osmo-
metry). Caled for CyuH,,; 504.6. IR (KBr disk): 950 (s),
750 (s), 675 (s), 526 (m), 503 (m), 485 cm=! (m). UV (in
THEF) : Ay (€), 252 (36200), 292.5 (71700), 312.5 nm (70900).

The combined effluent of 14—30th fractions was evaporated
in vacuo and the residue was recrystallized from benzene to
afford yellow needles of the cyclic trimer VII, 0.527 g (13.0%
yield), decomp. over 275°C.

Found: G, 95.37; H, 4.599%,. Calcd for C3;H,4: G, 95.21;
H, 4.79%. Mol wt: Found; 372 (vapour pressure osmo-
metry). Calcd for CgH,q; 378.5. IR (KBr disk): 950 (s),
750 (s), 745 (s), 515 (m), 498 cm-! (m). UV in (THF):
Auax (), 241.5 (12300), 251* (12000), 287* (45500), 297.7
(58900), 325 (103000), 337 (114000), 366 (19800), 384 nm
(15800) (* inflection).

1,4-Diphenylbutenyne (XVI). Butenyne XVI was pre-
pared by the Castro reaction of the cuprous salt of 4-phenyl-
3-buten-1-yne, obtained according to Eiter,” with iodoben-
zene, mp 96.7—97.8°C. (lit,'® mp 95°C).

15) V. Grignard and Tcheoufaki, C. R. Acad. Sci., Paris, 188,
1533 (1929); Rec. Trav. Chim. Pay-Bas, 48, 903 (1929).






