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Reactions of the bis(cyclohexene)-annelated bisdehydro{13Jannulenone 5 are described, which led to the penta-
tridecafulvalene 7, the tridecatridecafulvalene 12, and the vinylogous pentatridecafulvalene 19. The attempted

electrocyclization cf 19 to 22 did not succeed.

Bicyclic polyenes containing a cyclic cross-conjugated
m-electron system of the fulvalene type (1) have been exten-
sively investigated.? More recently, a number of vinylogous
fulvalenes (compounds of type 2) have been studied.? Nearly
all of these compounds contained three-, five-, or seven-
membered rings, the only macrocyclic fulvalene derivatives
prepared previcusly being the pentatridecafulvalene 34 and
the tridecatridecafulvalene 45 containing a cumulated triene
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between the two macrocyclic rings.? The convenient syntheses
of the bisdehydro[13]annulenones 57 and 6! in satisfactory
yield made it desirable to utilize these compounds for the
syntheses of other fulvalene derivatives of type 1 and 2, in
which one or both rings are 13 membered. We now describe
this objective, the derivatives prepared being the pentatri-
decafulvalene 7, the tridecatridecafulvalene 12, and . the
vinylogous pentatridecafulvalene 19.

The Pentatridecafulvalene 7. The pentatridecafulvalene
7 was prepared as red crystals in 16% yield by treatment of the
bisdehydro[13]annulenone 5 with a large excess of sodium
cyclopentadienide (prepared from cyclopentadiene and so-
dium methoxide). The structure® of 7 was established by
spectral means. As in other cases,*9 the cyclopentadiene ole-
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finic resonances in the TH-NMR spectrum of the fulvalene 7
resonated as a singlet ( 3.40), and there was no evidence for
a ring current. Comparison of the electronic spectrum of the
fulvalene 7 [main Apax 390 nm (e 16400)] with that of the tet-
radehydro derivative 34 [main Apmay 401 nm (¢ 43500)] indicates
that the conjugated 13-membered ring system in 7 is less
planar than that in 3.

A yellow oily by-product was obtained i1 the synthesis of
the pentatridecafulvalene 7, and this was the main product
when a smaller excess of sodium cyclopentadienids was used
in the reaction with 5. The spectral properties of this material
are consistent with a structure such as 8, arising from conju-
gate addition.

The Tridecatridecafulvalene 12. Afier several routes
designed to convert the bisdehydro{18]annulenone 5 to the
tridecatridecafulvalene 12 failed, the following sequence led
to success. Substance 5 was first convertec to the p-toluene-
sulfonylhydrazone 9 (92% yield), which was then transformed
to the potassium salt 10 by means of potassium fert-butoxide.
This type of species has been shown to be convertible to
products derived from the corresponding carbere (type 11,
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formed via the diazo compound), either bv pyrolysiséh-10 or
photolysis.11

In practice, pyrolysis of 10 under various conditions led to
no new conjugated macrocyclic products. On the other hand,
irradiation of 10 at 0°C with a Hanovia high-pressure lamp
gave the required tridecatridecafulvalene 12 relatively rapidly,
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although only in poor yield (1.3%). The deep red fulvalene 12
proved to be rather unstable and underwent considerable
decomposition on evaporation to dryness. Its structure was
confirmed by the H-NMR and electronic spectra given in the
Experimental Section. As expected, the TH-NMR spectrum
showed the compound to possess no appreciable ring current.
It is of interest that both types of olefinic protons in the 1H-
NMR spectrum of 12 appear as a singlet ( 2.87) and no sep-
aration could be observed by changing solvent. In the elec-
tronic spectrum of 12, the main maximum occurred at 446 nm,
the expansion of the 5-membered ring in 7 to a 13-membered
ring in 12 resulting in a bathochromic shift of 56 nm.

The molecular weight of the fulvalene 12 could not be de-
termined by the mass spectrum, in view of its involatility and
relative instability. It was therefore hydrogenated in acetic
acid over a platinum catalyst to the corresponding perhydro
derivative, the mass spectrum of which showed it to possess
the expected molecular formula.

The Vinylogous Pentatridecafulvalene 19. A suitable
intermediate in the conversion of the bisdehydro[13]annule-
none 5 to the vinylogous pentatridecafulvalene 19 appeared
to be the a,8-unsaturated aldehyde 18. The transformation
of 5 to 18 at first presented some difficulty (e.g., 5 did not
undergo the normal Wittig reaction with carbethoxymethy-
lenetriphenylphosphorane!? to give the ester 14). After some
experimentation, the following route to 18 proved to be suc-
cessful.

Treatment of the bisdehydro[13]annulenone 5 with excess
lithium ethoxyacetylide led to the ethoxyacetylenic carbinol
13, which on direct rearrangement with aqueous sulfuric acid!?
vielded 75% (based on 5) of the «,8-unsaturated ester 14, mp
137-138 °C. Saponification of 14 with potassium carbonate
gave the corresponding acid 15, which was converted to the
imidazolide 16 with excess N,N’-carbonyldiimidazole in
boiling tetrahydrofuran. Reduction of 16 with excess lithium
tri-tert-butoxyaluminum hydride4 led to a mixture of the
alcohol 17 and the aldehyde 18, which was then treated with
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activated manganese dioxidel® in order to convert 17 to 18.
This procedure resulted in the aldehyde 18, mp ~135 °C, in
48% yield (based on the ester 14). Finally, reaction of 18 with
an excess of sodium cyclopentadienide (prepared from cy-
clopentadiene and sodium methoxide) gave 19% of the desired
vinylogous pentatridecafulvalene 19 as dark red crystals,
which decomposed on attempted melting point determina-
tion.

The structure of 19 follows from the mass, 'lH-NMR, and
electronic spectra, given in the Experimental Section. In the
TH-NMR spectrum the olefinic protons resonated in the re-
gion 7 2.15-4.05, showing the absence of a ring current. In the
electronic spectrum, the main maximum was at 416 nm; the
bathochromic shift of 26 nm compared with the main maxi-
mum of the pentatridecafulvalene 7 (390 nm) is due to the
extra double bond.

It has been shown by Sauter, Gallenkamp, and Prinzbach?
that the vinylogous pentapentafulvalene 20 readily undergoes
conrotatory electrocyclization to the trans dihydro-as-inda-
cene 21 at room temperature. By contrast, the vinylogous
pentatridecafulvalene 19 was stable in organic solvents at
room temperature. On boiling in solvents such as benzene or
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ethyl acetate, 19 gradually formed an insoluble polymer. It is
possible that this is derived from the cumulene 22 (the con-
rotatory electrocyclization product of 19), but all attempts to
isolate this compound failed.

Experimental Section

General Procedures. Melting points were determined on a Kofler
hot-stage apparatus and are uncorrected. Infrared spectra were
measured on a Unicam SP 200 spectrophotometer (s = strong, m =
medium, w = weak); only significant maximum are reported. Elec-
tronic spectra were determined on a Unicam SP 800 spectropho-
tometer (sh = shoulder). 1H-NMR spectra were recorded on a Varian
T-60 spectrometer, tetramethylsilane being used as internal standard.
Mass spectra were determined on an AEI MS8-902 spectrometer op-
erating at 70 eV. All reactions were carried out under prepurified ni-
trogen.

The Pentatridecafulvalene 7. Freshly distilled cyclopentadiene
(150 mL) was added during 10 min to an ice-cooled solution of sodium
methoxide [from sodium (4.0 g)] in methanol (250 mL) under nitrogen,
and the solution was stirred at 0 °C for a further 10 min. A solution
of the [13]annulenone 57 (480 mg) in dry ether (150 mL) was then
added at 0 °C during 10 min, and the mixture was stirred at this
temperature for a further 3 h. Water (500 mL) was added, and the
organic layer was separated. The aqueous layer was washed with ether
(2 X 500 mL) and the combined organic extracts were washed with
brine and dried over magnesium sulfate. The solvent was evaporated
and the residue was chromatographed on silica gel. Elution with pe-
troleum ether (49:1) and crystallization from ether gave the fulvalene
7 (90 mg, 16%) as red crystals, which decomposed at ~150 °C on at-
tempted melting point determination: MS m/e 336.1871 (M*, caled
336.1877); UV (Et20) Amax 260 nm (e 14700), 274 (13800), 318 (14900),
390 (16400); IR (KBr) 2170 w (C=C), 970 cm~! m (trans-HC=CH);
H NMR (60 MHz, CDCly) 7 2.08 (d, J = 16 Hz, 2 H, olefinic H), 3.15
(d,J = 16 Hz, 2 H, olefinic H), 3.40 (s, 4 H, cyclopentadiene H), 7.4-8.0
(m, 8 H, allylic CHy), 8.05-8.55 {m, 8 H, nonallylic CHj).
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Further elution with ether gave a yellow oily material: MS m/e 354;
UV (Et20) main Apay 269, 281 nm; IR (CCly) 1670 cm™1! (s, C=C-
C=0); 'H NMR (60 MHz, CCly, olefinic:aliphatic H = 6:20). This
material, which may have structure 8, was the main product when a
much smaller excess of sodium cyclopentadienide was used in the
reaction with 5.

The Tridecatridecafulvalene 12. A solution of the [13]annule-
none 5 (500 mg, 1.74 mmoles) in benzene (100 mL) and ethanol (100
mL) was treated with p-toluenesulfonylhydrazide (330 mg, 1.77
mmol) and then with 5 drops of concentrated hydrochloric acid at
room temperature. The resulting insoluble p-toluenesulfonylhy-
drazone 9 (733 mg, 92%) formed orange crystals, mp >230 °C dec: UV
Amax (CHCljg, qualitative) ~270 (sh), 295, ~350 nm (sh); IR (KBr) 2170
(w, C=C), 1345 (m), 1165 cm~! (s, SO,). Substance 9 was too insoluble
in the usual solvents for a TH-NMR specisum to be obtained. The
yield of 9 was only 64% when the reaction was carried out in boiling
ethanol for 3 h.

A solution of potassium tert-butoxide (300 mg, 2.68 mmol) in tet-
rahydrofuran (150 mL) was added during 10 min to the p-toluene-
sulfonylhydrazone 9 (1.00 g, 2.19 mmol) in tetrahydrofuran (400 mL)
at 0 °C under nitrogen. The resulting potassium salt 10 (deep red
solution) was then irradiated at 0 °C under N with a Hanovia high-
pressure lamp. Aliquots were removed at intervals and analyzed by
TLC (silica plates). The reaction was found to be complete after 30
min, and irradiation was terminated (irradiation for 90-120 min was
found to result in a reduced yield of 12). The photolysate was poured
intoice (~500 g), and benzene (500 mL) was added. The organic layer
was separated, and the aqueous layer was extracted with ether (2 X
500 mL). The combined organic extracts were dried over magnesium
sulfate.

Que-half of the extract was concentrated to ~5 mL (external tem-
perature not greater than 40 °C), carbon tetrachloride (250 mL) was
added, and the solution was again concentrated to ~5 mL. The con-
centrate was chromatographed on silicic acid (50 g, Mallinckrodt),
with carbon tetrachloride as eluent. The same procedure was em-
ployed with the other half of the extract, giving a total of 8 mg (1.3%)
of the fulvalene 12 as a deep red solution, which underwent substantial
decomposition on evaporation to dryness: UV Apax (Et20) 253 (e
36600),16 ~265 (sh, e 32800), ~295 (sh, ¢ 25700), ~340 (sh, ¢ 13600),
446 nm (11300); IR (CCly) 2180 (w, C=C), 975 ecm™! (m, trans-
HC=CH); 'H NMR (60 MHz, CCl,)  2.87 (s, 8 H, olefinic H), 7.5-8.0
(m, 16 H, allylic CHy), 8.1--8.5 (m, 16 H, nonallylic CHs); the olefinic
protons remained as a singlet in acetone-dg or in benzene-dg. No mass
spectrum could be obtained at probe temperatures up to 215 °C,
presumably due to the involatility and relative instability of 12.

Catalytic Hydrogenation of the Tridecatridecafulvalene 12
to the Perhydro Derivative. The fulvalene 12 (~4 mg) in glacial
acetic acid (5 mL) was stirred under hydrogen in the presence of a
prereduced platinum catalyst (from ~10 mg of PtO3) until uptake of
hydrogen had ceased. The mixture was diluted with ether (100 mL),
filtered, and washed well with sodium bicarbonate solution. The ether
solution was dried over magnesium sulfate and evaporated to give the
perhydro derivative of 12 as a colorless oil. The mass spectrum showed
a base peak at 578.5771 (M™, caled 578.5787).

The a,8-Unsaturated Ester 14. A solution of methyllithium (2.2
mmol) in ether was added to a stirred solution of ethoxyacetylene (250
mg, 3.5 mmol) in ether (20 mL) at ~78 °C under nitrogen. The mix-
ture was stirred at this ternperature for 10 min, and a solution of the
[13]annulenone § (100 mg, 0.35 mmol) in ether (25 mL) was then
added. The cooling bath was removed, and the mixture was stirred
for a further 15 min. Saturated aqueous sodium chloride was then
added; the organic layer was washed with water and was dried over
magnesium sulfate. Removal of solvent yielded the crude alcohol 13,
which was used directly for the next step.

The crude aleohol 13 was dissolved in ether (25 mL) and ethanol
(3 mL) and shaken vigorously with 10% aqueous sulfuric acid (25 mL)
at room temperature for 10 h. The organic layer became deep orange
during this time. The organic layer was washed with water, dried over
magnesium sulfate, and evaporated. Chromatography on silica gel
and elution with pentane—ether (19:1) yielded the «,3-unsaturated
ester 14 (60 mg, 48% based on 5) as orange crystals: mp 137-138 °C;
MS m/e 358.1924 (M, caled 358.1933); UV (EtgO) Amax 255 (e 15200),
268 (sh, « 18000), 297 (27800), 343 nm (sh, ¢ 14800); IR (KBr) 2190 (w,
C=C), 1705 (s, ester), 975 cm™! (s, trans-HC=CH); 'H NMR (60
MHz, CDCl;) 7 1.78 (d, J = 16 Hz, 1 H, ring olefinic H), 2.18 (d,J =
16 Hz, 1 H, ring olefinic H), 2.53 (d, J = 16 Hz, 1 H, ring olefinic H),
3.73 (d, J = 16 Hz, 1 H, ring olefinic H), 4.12 (s, 1 H, a-olefinic H), 5.81
(q,J = 7Hz, 2 H, CH:CHj), 7.4-8.05 (m, 8 H, allylic CHy), 8.1-8.55
{m, 8 H, nonallylic CHy), 8.73 (t, / = 7 Hz, 3 H, CH,CH3).

Subsequently it was found that the yield of 14 from 5 could be im-
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proved to 75%, and the transformation of 13 to 14 could be completed
in 2-3 h, by increasing the amount of ethanol used for the conversion
of 13 to 14.

The a,8-Unsaturated Acid 15. The ester 14 (75 mg) in methanol
(50 mL) was saponified by being boiled under reflux with a solution
of potassium carbonate (2 g) in water (10 mL) and methanol (50 mL)
for 4 h. The solution was cooled, acidified with 10% sulfuric acid, and
thoroughly extracted with ether. The organic extracts were washed
with brine, dried over magnesium sulfate, and evaporated. Purifica-
tion of the residue by preparative LC on silica gave the acid 15 (60 mg,
87%) as an orange solid: mp >300 °C: MS m/e 330.1612 (M*, caled
330.1620); UV (Et20, qualitative) Amex 255 (sh), 268 (sh), 296, ~340
nm (sh); IR (KBr) 3400-2400 (b, COOH), 2190 (w, C==C), 1665 (s,
COOH), 975 cm™! (s, trans-HC=CH); 'H NMR (60 MHz, THF) 1.85
(d,J = 17 Hz, 1 H, ring olefinic H), 2.20 (d, J = 16 Hz, 1 H, ring olefinic
H), 2.41 (d, J = 17 Hz, 1 H, ring olefinic H), 3.67 (d,J = 16 Hz, 1 H,
ring olefinic H), 4.06 (s, 1 H, a-olefinic H).

The a,8-Unsaturated Aldehyde 18. A solution of the acid 15 (60
mg, 0.19 mmol) in dry tetrahydrofuran (10 mL) was treated with a
solution of N,N’-carbonyldiimidazole (200 mg, 1.23 mmol) in tetra-
hydrofuran (100 mL), and the solution was boiled under reflux for 4
h, moisture being excluded. The solvent was evaporated; the residue
was dissolved in the minimum amount of chloroform and chromato-
graphed on silica gel. Elution with chloroform yielded the imidazolide
16 (65 mg, 91%) as a red solid, which was used directly in the next
step.

A slurry of lithium tri-tert-butoxyaluminum hydride (prepared
by the addition of 3 molar equiv of tert-butyl alcohol to lithium alu-
minum hydride in ether) in ether was added in small portions to a
stirred solution of the imidazolide 16 (65 mg) in tetrahydrofuran (10
mL) at room temperature, until no 16 could be detected by TLC.
Water and ether were added; the organic layer was washed with water,
dried over magnesium sulfate, and evaporated. TLC examination of
the residue indicated it to consist of the alcohol 17 and the aldehyde
18. The residue in ether (10 mL) was therefore shaken with activated
manganese dioxidel (1 g) for 10 min, when oxidation of 17 to 18 ap-
peared to be complete (TLC). The solid was removed by filtration and
washed well with ether, and the combined filtrates were evaporated.
Preparative LC of the residue on silica (elution with 50% ether—pen-

.tane) yielded the o,8-unsaturated aldehyde 18 (35 mg, 61%) as a red

solid, mp 135 °C dec (rapid heating): MS m/e 314.1665 (M*, caled
314.1671); UV (Et20) Amax 263 (¢ 16300), ~ 280 (sh, 18000), 302 (e
21300), ~345 nm (sh, €11800); IR (KBr) 2180 (w, C=C), 1660 (s, un-
saturated CHO), 965 ecm™! (s, trans- HC=CH); !H NMR (60 MHz,
CDCl;) 70.03 (d, J = 7.5 Hz, 1 H, CHO), 2.05 (d, J = 16 Hz, 1 H, ring
olefinic H), 2.57 (d, J = 16 Hz, 1 H, ring olefinic H), 3.20 (d,J = 16 Hz,
1 H, ring olefinic H), 3.65 (d, J = 16 Hz, 1 H, ring olefinic H), 3.98 (d,
J = 7.5 Hz, 1 H, a-olefinic H), 7.5-8.0 (m, 8 H, allylic CH,), 8.1-8.5
(m, 8 H, nonallylic CHs).

The Vinylogous Pentatridecafulvalene 19. Freshly distilled
cyclopentadiene (10 g) was added during 5 min to an ice-cooled so-
lution of sodium methoxide [from sodium (0.23 g)] in methanol (50
mL) under nitrogen, and the solution was stirred at 0 °C for a further
10 min. A solution of the aldehyde 18 (50 mg) in dry ether (50 mL) was
added, and the resulting deep orange mixture was stirred at 0 °C
under N for 15 min (TLC examination at this stage showed the re-
action to be terminated). Water (100 mL) was added, and the organic
layer was separated. The aqueous layer was washed with ether (2 X
100 mL); the combined organic extracts were washed with brine and
dried over magnesium sulfate. The solvent was evaporated and the
residue was subjected to preparative L.C on silica. Elution with 5%
ether-pentane yielded the vinylogous fulvalene 19 (11 mg, 19%) as
dark red crystals, which decomposed on attempted melting point
determination: MS m/e 362.2025 (M*, caled 362.2034); UV Apax 274
(e 26100), 334 (e 24600), 416 (e 47800), ~435 nm (sh, ¢ 42700); IR (KBr)
2180 (m, C=C), 975 cm™! (s, trans-HC=CH); 'H NMR (60 MHz,
CCly) 72.15-4.05 (m, 10 H, olefinic H), 7.4-8.0 (m, 8 H, allylic CHy),
8.1-8.5 (m, 8 H, nonallylic CHy).
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Rate Acceleration of the Intramolecular Ene Reactions of 1,6- and
1,7-Enynes by Electron-Withdrawing Substituents
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The irtramolecular ene reactions of 1,6- and 1,7-enynes containing a hydrogen, methyl, or carbomethoxy substit-
uent of the acetylene have been investigated. Since the acetylene is acting as the enophile, the methyl substituent
retards the reaction while the carbomethoxy group significantly accelerates it. A terminal 1,6-enyne, 1, cyclizes at
210 °C while the carbomethoxy enyne 2 cyclizes at 135 °C. The cyclization of 1,7-enynes has been shown to be slow,
tvpically requiring temperatures 100 °C higher than the corresponding 1,6-enyne. The acetylene 10 activated by
both ketone and a carbomethoxy group cyclizes cleanly at 90 °C.

The intramolecular ene reaction of 1,6-enynes (eq 1) has
recently been shown to be a useful method for the synthesis
of complex molecules,! including chiral acetic acid!P and
prostaglandins.! For terminal acetylenes this reaction typi-
cally takes place in 1-5 h at 220 °C. In this intramolecular ene
reaction the triple bond is functioning as the enophile so that
electron-withdrawing substituents on the acetylene should

_ CH,

1 H A
(/\%9 = _CH; 1)

accelerate the rate of the ene reaction while electron-donating
or bulky substituents on the acetylene should retard the re-
action. We were interested in examining the magnitude of
these effects and the extension of this ene reaction to 1,7- and
1,8-enynes. We report here that the addition of electron-
withdrawing substituents to 1,6- and 1,7-enynes drastically
lowers the temperature required for the intramolecular ene
reaction and makes it a mild, general route for the formation
of both five- and six-membered rings.

Enynes 1-3 were chosen for initial study because of their
accessibility from the noraldehyde using the procedure of

R
CH. CH, H
S’ Ry
1,R=H 4, R=H
2,R = CO,CH, 5, R = CO,CH,
3,R=CH, 6, R = CH,
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Corey and Fuchs.2 Reaction of 2,6-dimethyl-5-heptenal3 with
dibromomethylenetriphenylphosphorane affords 1,1-di-
bromo-3,7-dimethyl-1,6-octadiene. Treatment of this dibro-
mide with 2 equiv of butyllithium yields the lithium salt of
3,7-dimethyl-6-octen-1-yne.2 Addition of water, methyl
chloroformate, or methyl iodide yields 1,4 2, or 3, respectively.
Pyrolysis of 1 in toluene for 62 h at 210 °C gives the ene adduct
4 in greater than 95% yield as a ca. 1;1 mixture of diastereo-
mers. These conditions are similar to those reported for similar
systems.] Adduct 4 contains the skeleton of the iridoid
monoterpenes with appropriate functionality for conversion
to a variety of iridodiols.5 Enyne 3, a methyl acetylene, cyclizes
more slowly than 1. Pyrolysis of 3 for 48 h at 225 °C gives 15%
conversion to 6. At higher temperatures or longer reaction
times a variety of unidentified products are formed. A previ-
ous study has shown that trans-6-octen-1-yne (7) cyclizes 5.7
times faster than the homologous methylacetylene, trans-
7-nonen-2-yne (8), at 382 °C in the vapor phase.l?1¢ While
these results are not strictly comparable to our solution
studies, they are consistent with our results. Huntsman found
that the terminal acetylene 7 cyclizes cleanly to the expected
ene adduct, while the methyl acetylene 8 gives two products.
The expected ene adduct is obtained in 80% yield and 2-
ethyl-1-vinylidenecyclopentane (9) is formed in 10% yield. The
allene 9 is derived from the double bond functioning as the
enophile. cis-7-Nonen-2-yne gives only 9 and recovered
starting material.1b-cc

Substitution of the terminal hydrogen of 1 with a carbo-
methoxy group was expected to lower the temperature re-
quired for the ene reaction. Pyrolysis of the alkenynoate 2 for
24 h at 135 °C results in conversion to the ene adduct 5 in
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