760

The Synthesis of 2,8,10,16-Tetradehydro[17])annulenone.
The Demonstration of a Paramagnetic Ring Current

in a [4n 4+ 1]Annulenone Derivative!

Sir:

Planar monocyclic conjugated ketones (annulenones)?
are expected to be aromatic if they contain a (4n + 3)-
membered ring and nonaromatic if they contain a
(4n + 1)-membered ring.? The most convenient
method for studying aromaticity in the annulene series
involves measurement of the nmr spectra, the aromatic
{4n + 2)annulenes exhibiting a diamagnetic ring
current and the nonaromatic [4n]annulenes a para-
magnetic ring current.* There is already evidence
for a diamagnetic ring current in the [4n + 3]an-
nulenones cyclopropenone® and tropone.* We now re-
port the synthesis of 2,8,10,16-tetradehydro[l7]an-
nulenone (4,6,12,14-cycloheptadecatetraene-2,8,10,16-
tetrayn-1-one) (5), the nmr spectrum of which for the
first time clearly shows the existence of a paramagnetic
ring current in a {[4n -+ 1Jannulenone derivative. A
similar effect could not be observed definitely in the case
of the previously prepared substituted [13)annulenone
derivative 6,2 also made up of a (4n + 1)-membered
ring, since the molecule contains no protons bound
directly to the conjugated ring.?

Treatment of trans-4-octene-1,7-diyne (1)* with 1
molar equiv of ethylmagnesium bromide and then with
0.5 molar equiv of ethyl formate in tetrahydrofuran at
room temperature yielded 609, of trans,irans-4,13-
heptadecadiene-1,7,10,16-tetrayn-9-ol (2),° mp 46-48°,
This alcohol was coupled with oxygen, cuprous
chloride, and ammonium chloride in aqueous ethanol
and benzene at 60°. The resulting 17-membered ring
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cyclic alcohol 3,%1 isolated in 409 yield by chro-
matography on silica gel, showed mp 123.5-125.5°;
AERE 927 mu (e 340), 240 (350), and 253 (200); mass
spectrum, molecular ion mfe 234. Oxidation of 3
with chromium trioxide (Jones reagent) led to over
9097 of the rather unstable ketone 4 as pale yellow
crystals, which decomposed on attempted melting point
determination; A-29% 233 mu (e 9300) and 250 sh (7600);
pCECL 1625 (s) cm™! (C==0); mass spectrum, molecular
ion m/fe 232.

The ketone 4 in undistilled tetrahydrofuran [reagent
grade (stabilized with 0.1% of hydroquinone), dried
over sodium] was treated with a saturated solution of
potassium z-butoxide in #-butyl alcohol at —70 to —20°
for 30 min. The only colored product, isolated in ca.
597 yield by chromatography on silica gel, proved to be
the tetradehydro[l7]annulenonc 5. Compound 5 was
a very unstable dark red crystalline substance, which
decomposed rapidly in the solid state: A.iY 304 mu

(10) The conversion of 1 to 3 is based on analogous syntheses ca_rried
out previously with 1,5-hexadiyne (C. C. Leznoff and F. Sondheimer,
ibid., 90, 731 (1968)) and 1,2-diethynylcycloliexene.?
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Figure 1. Nmr spectrum at 35° of 2,8,10,16-tetradehydro[17]-
annulenone (5), measured in deuteriochloroform at 100 MHz.

(e 48,000), 461 (710), ca. 500 sh (640), and ca. 550 sh
(250):1 wiil" (em™1) 2190 (s) (C=C), 1628 (s) (C==0),
1585 (m) (C=C), and 980 (m) (frans C==C); mass
spectrum, molecular ion m/e 228, base peak m/e 200
(M — CO). Catalytic hydrogenation of 5 in ethanol
over 10% palladium-charcoal led to cyclohep-
tadecanone (identified by mass spectral comparison
with an authentic sample), showing the compound to
be monocyclic.

The nmr spectrum of 5 at 35°12 (Figure 1) confirms
the structure, The 2H double doublet at 7 —0.31 is
assigned to the inner H? protons (J;y = 16 Hz, J.3 =
12 Hz), the 2H incompletely resolved double doublet at
7 3.88 to the outer H?® protons (J;» = 12 Hz, J5, =
10 Hz), the 2H doublet at 7 4.87 to the outer H! protons
(/12 = 16 Hz), and the 2H doublet at 7 4.95 to the outer
H* protons (Js,3 = 10 Hz). The assignments were
confirmed by frequency-swept double-irradiation experi-
ments. The low-field position of the inner protons and
the high-field position of the outer protons resemble
those of the similarly placed protons in 1,9-bisdehydro-
{16Jannulene (7) at —80° (inner protons, 7 0.2; outer
protons, 7 3.92-4.55)'% and clearly indicate the existence
of a magnetically induced paramagnetic ring current in
the annulenone 5.

Dehydroannulenes have been prepared previously by
isomerization of certain cyclic polyacetylenes with
potassium #-butoxide in z-butyl alcohol, and this
procedure usually yielded small amounts of dehydro-
annulenes containing two fewer protons than the
precursors as by-products.!* By comparison, the
presently observed formation of 5 (containing four
fewer protons than the precursor 4) as sole product is
unusual. However, treatment of 4 in freshly distilled
tetrahydrofuran with potassium z-butoxide in z-butyl
alcohol at —70 to —20° yielded two new unstable red
substances (probably also dehydro[l7]annulenones),
and no 5. Unfortunately, these compounds decom-
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posed on attempted determination of the mass spectra,
and the structures are still unknown.
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A Dimeric Iron(IIT) Complex Containing Two Ethyl
Mercaptide and Two Ethyl Thioxanthate Groups as
Bridging Ligands

Sir:

Recently we have been investigating the coordination
chemistry of iron-sulfur complexes of possible relevance
to certain nonheme iron protein (NHIP) systems,!?
Since sulfur-bridged iron(IIl) dimers and higher oligo-
mers have been postulated for the NHIP,** one ob-
jective of our research has been to prepare and char-
acterize inorganic analogs of similar structure. The
reaction shown in eq 1 (R = C¢H;CH.) was discovered

THF
Fe(S,CSR); ———> [Fe(S;CSRX(SR)): + 2CS;, ¢))
C:Hs;0H

by one of us® during the course of a systematic investiga-
tion of trithiocarbonate ester complexes of nickel.®
The product was originally formulated as a u-benzyl-
thio-bis(benzyltrithiocarbonato)iron(III) dimer (isomer
II below) by analogy to the nickel complexes, although
no physical measurements were reported at that time.
Since the reaction shown in eq 1 provides an interesting
route to possible NHIP analogs, we decided to study it
and the products more carefully. The present com-
munication reports the solid-state and solution struc-
tural characterization of the compound, [Fe(S:CSC,-
H;)(SC:Hy)l.

The ethyl complex was prepared according to eq 17
and recrystallized from carbon disuifide-pentane.
Anal. Caled for CsHy;S:Fe: C, 24.5; H, 3.86.
Found: C, 24.4; H, 391. Dark red-brown prisms
suitable for X-ray diffraction studies were obtained.
Preliminary Weissenberg and precession photographs
revealed the Laue symmetry, 2/m, with lattice constants
a = 1219 = 001l A, b = 8.47 4+ 001 A, ¢ = 19.82
+ 0.01 A, B = 130.1 £ 0.1°, and space group P2;/c.
The measured density, p = 1.64 g/cc, i1s in good agree-
ment with the value calculated for four formula units of
CsH5S:Fe per unit cell, 1.66 g/cc. Intensity data were
collected on a Picker full-circle automated diffractom-
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