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The Synthesis of Some Thiophenophanes and Attempted Cyclisations to

Polycyclic Thiophenium Salts

R. Morrin Acheson” and Gary C. M. Lee

Department of Biochemistry, University of Oxford, South Parks Road, Oxford OX71 3QU

5,10-Diphenylcyclotrideca-2,4,10,12-tetraene-6,8-diyn-1-one  (28), 5,6,7,8-tetrahydrodibenzo-
{a,g]cyclotridecen-15-one (21), and 13,14,16,17-tetrahydro-5,6,7,8-tetradehydrodibenzo[a,g]-
cyclotridecen-15-one (40) were synthesized. All attempts to add hydrogen sulphide across the
triple bonds of these compounds to give thiophenes failed. 13,14,16,17-Tetrahydro-5,8-
epithiodibenzo[a,g]lcyclotridecen-15-one (43), from which hydrogen sulphide was removed by
DDQ or chloroanil to give the ketone (40), was synthesized via the copper(n) acetate oxidation of
1,5-bis(2-ethynylphenyl)pentan-3-one (36). This ketone was obtained from 2-iodobenzaldehyde
which on successive treatment with acetone, and ethynyltrimethylsilane vyielded 1,5-bis(2-
trimethylsilylethynylphenyl)penta-1,4-dien-3-one (18). Tributyltin hydride reduced the vinyl double
bonds only in this ketone, and subsequent hydrolysis gave the ketone (36). Reduction of the cyclic
ketone (40) with sodium borohydride gave the alcohol (41), sodium sulphide converted the diyne
grouping into a thiophene ring giving the thiophene alcohol (42), and chromic acid now vyielded
the ketone (43). Attempts to convert this alcohol (42) and ketone (43) into pentacyclic
sulphonium salts or related compounds resulted in elimination of oxygen and the formation of

olefins.

Although [2.2.3]cyclazine (1) was synthesized ! over 20 years
ago the carbocyclic aromatic [ 10]Jannulene (2) has only recently
been obtained.? The charged sulphur analogue (3) might be
more umbrella shaped, because of the relatively long C-S bond,
and is not known. Very few of the many sulphonium salts
reported * possess a thiophenium type of sulphur atom [¢f. (3)]
and of these the only two possessing a bridgehead sulphur atom
are the salts (4)* and (5).> X-Ray crystal structure data for
1,2,3,5-tetramethylbenzo[ b]thiophenium tetrafluoroborate [cf.
(6)].° and for 1 H-thiophenium 1-(bismethoxycarbonyl)methyl-
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ide 7 shows that the sulphur atoms exhibit pyramidal bonding.
It seems likely under these circumstances that the lone pairs
formally associated with the sulphur atoms are not involved
with the aromatic systems to a significant extent and this is
consistent with the addition of bromine across the 2,3-positions

of (6),® '3C n.m.r. resonance positions® and an ab initio
calculation performed for the hypothetical 1-protothiophenium
cation which gave an energy maximum when the S-H atom was
coplanar with the ring.% It is extremely likely, therefore, that the
salt (4) has a structure resembling that of (6) and that the
carbocyclic rings of the thianthrene (5) are not coplanar as they
subtend 28° to each other in the parent molecule.® Some aryl
sulphonium salts can invert their configuration quite easily !° as
a flattening of an sp® sulphur atom might be possible at some
cost in energy. A structure such as the 10n system (3), although
thought !'! to be capable of existence on the basis of calculations
which ignored 3d orbital participation by sulphur, appeared to
be very strained, and so we made the 121 6a H-10b-thioniacyclo-
penta[e,/ Theptalene system (7), and the 14n aromatic ylide (8)
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theoretically obtainable by proton loss, our objectives, the
immediate aim being the 3,10-diphenyl- and the [d,k]-dibenzo
derivatives where synthetic problems appeared to be less.

There are many possible ways of building a molecule such as
(9), and the first routes envisaged involved the synthesis of a
symmetrically 2,5-disubstituted thiophene, adding on the
saturated carbon atom in (9) to the ends of the substituents
either as a one-carbon or three-carbon fragment to yield a
thiophenophane, followed by cyclisation. Very few thiopheno-
phanes are known and no general synthesis has been
developed.!?

2,5-Bis(2-formylphenyl)thiophene (10), described earlier,?
was treated with the bis-phosphorane (12), obtained from the
corresponding bis-phosphonium chloride!'* and 1,8-diaza-
bicyclo[5.4.0]Jundec-7-ene and which is known to react with
carbonyl compounds.!>'® Combination required boiling
tetrahydrofuran (THF) and gave a poor yield of the ketone (13).
Prolonged reaction times failed to cause cyclization which was
surprising in view of Biichi’s preparation®’ of macrocyclic
ketones by this sort of procedure. The dialdehyde (10) was now
converted by triphenylphosphonium methylide into the 2,5-
bis(2-styrylphenyl)thiophene (11). Concurrent attempts to
obtain this thiophene from 2-styrylphenylmagnesium bromide,
2,5-dibromothiophene, and dichloro[ 1,3-bis(diphenyl-
phosphino)propane]nickel(n) and Kumada’s conditions,'®
which we confirm give the reported yields of 2,5-diphenyl-
thiophene from phenylmagnesium bromide, gave a complex
mixture containing only 9% of the desired compound (11), 2,2’-
styrylbiphenyl, and other products. o-Tolylmagnesium bromide
gave a similar mixture, and although many successful examples
of the use of substituted phenylmagnesium bromides are
reported by Kumada none possessed a 2-substituent; steric
hindrance may interfere with the condensation. Attempts to
prepare (11), from 2,5-dilithiothiophene, generated from the
2,5-dibromo compound and butyl-lithium, 2-bromostyrene and
tetrakis(triphenylphosphine)palladium(0), used !® in a related
instance, gave only 2,5-dibutylthiophene, and t-butyl-lithium,
used to circumvent halogen exchange 2° which may have been
the cause of our results, was not successful. Styrene undergoes
hydroboration easily?! but the thiophene (11) was recovered
unchanged from treatment with thexylborane at high dilution 22
so the desired (14) could not be cyanoborated 23 to (43).

(14)

As the approaches had failed it was decided to build a
carbocyclic-1,3-diyne and form the thiophene ring by addition of
hydrogen sulphide to the diyne system at a late stage. Ojimi e al.
have described 2* the synthesis of 5,6,7 8-tetradehydrodibenzo-
[ag]cyclotridecen-15-one  (21) starting from 2-ethynyl-
benzaldehyde (15) which was obtained in eight steps from 2-(2-
aminoethyl)benzaldehyde.?* Recently Austin e al.® obtained 2-
ethynylbenzaldehyde by the more convenient process of a
palladium catalysed coupling of 2-bromobenzaldehyde with
pure ethynyltrimethylsilane followed by hydrolysis. In our
hands the literature preparations of ethynyltrimethylsilane
from chlorotrimethylsilane and sodium acetylide 2”7 or ethynyl-
magnesium bromide 2 did not give the reported 30% yield, and
a better synthesis was sought. Monolithium acetylide, prepared
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at —78 °C?° from butyl-lithium and acetylene in THF with
chlorotrimethylsilane, gave a solution containing 75—80%, of
the desired ethynyltrimethylsilane. This solution with 2-bromo-
benzaldehyde in the presence of palladium(i) acetate and
triethylamine, essentially under Austin’s conditions,?® gave a
91% yield of the trimethylsilylethynyl compound. The time-
consuming isolation and purification of the ethynyltrimethyl-
silane was therefore quite unnecessary for our reactions and this
may well be true in other cases. As noted by Austin ez al.?% the
source of the triethylamine used for the coupling was critical.
That from Fluka gave satisfactory and reproducible results, but
that from Aldrich or British Drug Houses did not; the reason
has not been investigated. Desilylation was effected initially by
anhydrous potassium carbonate in methanol as described.?¢ On
one occasion, however, an explosive decomposition took place.
This was probably due to the extreme sensitivity of 2-
ethynylbenzaldehyde to base, especially above 40 °C, and
perhaps all the potassium carbonate had not been completely
removed. Potassium fluoride in dimethylformamide (DMF)
proved equally effective as a desilylator and no explosive
decompositions followed its use.

Treating 2-ethynylbenzaldehyde (15) with 0.5 mol equiv. of
acetone and base gave 27% of the dienone (17); altering the
conditions or carrying out the reaction in two stages, via
compound (16) as described,*® gave much poorer results. An
alternative route to (17) was examined. Although 2-bromo-
benzaldehyde with acetone gave a high yield of the dienone (19),
the best yield of the bis-trimethylsilylethynyl derivative (18)
obtainable from this [(19)] under a variety of conditions with
trimethylsilylacetylene was only 59,. Oxidation of the diyne (17)
under the conditions of Sondheimer er al.3® gave the tricyclic
diyne (21) which had properties similar to those reported by
Qjima et al **

Concurrently with this work the diyne (28) was synthesized
via 3-phenylpent-2-en-4-ynal (23). This aldehyde was first
obtained, in only 9.7% overall yield, from benzoyl chloride
which, with acetylene and aluminium chloride, yielded 3! 2-
chlorovinyl phenyl ketone. The best conversion of this into 1-
chloro-3-phenylpent-1-en-4-yn-3-ol (22) was with lithium
acetylide prepared from butyl-lithium as described by
Midland,?® but despite very careful temperature control
explosive decomposition always took place towards the end of
every distillation; treatment of compound (22) with acid gave
the ynal (23). An alternative route, which proved much easier
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to carry out, required 3-bromo-3-phenylpropen-1-al (25)
which was obtained from DMF, acetophenone and phosphorus
tribromide as described by Arnold and Holy,32 but in half their
yield. Nevertheless, the reaction of compound (25) with
ethynyltrimethylsilane, in the presence of tetrakis(triphenyl-
phosphine)palladium and copper(1) iodide gave the hygroscopic
ethynyl derivative (24) which hydrolysed readily to the
acetylene (23). An aldol condensation with acetone under the
conditions of Nakagawa et al.>* gave almost twice the yield of
compound (26) as obtained using Sondheimer er al’s
procedure,®® but a further aldol reaction using Sondheimer’s
conditions 3° gave (27), converted by copper(il) acetate and
pyridine into 5,10-diphenyl-2,4,10,12-cyclotridecatetraene-6,8-
diyn-1-one (28). The 'H n.m.r. spectrum is similar to that
reported 3° for the corresponding 5,10-dimethyl analogue, but
the 3, 4, 11, and 12 protons are at slightly lower field.

Every attempt to add the elements of hydrogen sulphide
across the triple bond system of compound (21) either caused no
reaction, or using conditions successful in other cases for
making thiophenes,**3% or hydrogen sulphide and 1,8-
diazabicyclo[5.4.0Jundecene in methylene dichloride, caused
reaction but gave none of the desired (48). The i.r. spectrum of
the products, which could not be separated, showed that the
acetylenic absorption had disappeared and that the carbonyl
absorption had moved from 1660 cm™ into the saturated
region at 1710 cm™, and the 'H n.m.r. spectrum showed no
resonance in the region expected of hydrogen atoms at the 3,4-
positions of a thiophene. It was clear that the electrophilic
activity of the olefinic double bonds in (21) had to be suppressed
before the thiophene ring could be formed. Attempts to form the
diethyl acetal of (21) from triethyl orthoformate and
ammonium chloride®” gave a low conversion while long
reaction times caused decomposition. Reduction of the ketone
(21) by sodium borohydride as described *® did not give the
reported 919 yield of the corresponding alcohol, but gave a six
or more component mixture. The proportion of the desired
alcohol, detected by 300 MHz 'H n.m.r., could not be increased
by altering the reaction conditions. Reduction of the ketone (17)
by borohydride was now examined, and, again contrary to the
short communication,®® the reaction gave a high yield of the
corresponding alcohol with the described3® spectroscopic
properties. Oxidative cyclization by copper(i1) acetate unfortun-
ately also oxidized the alcohol group to give the ketone (21).

As the activated olefinic double bonds of (21) were the prime
cause of the difficulties a direct synthesis of the saturated
analogue (40) was undertaken, for a selective reduction of (21)
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did not seem possible with contemporary reagents.!? 2-
Iodobenzyl bromide with dilithium ethyl acetoacetate yielded
the expected product (29), which could not be purified by
distillation, but nevertheless, on further alkylation by the same
bromide, acid hydrolysis and concurrent decarboxylation
yielded a mixture of the desired ketone (30) and the further
alkylation product (31), the formation of which could not be
eliminated. An alternative synthesis of (30) began with 2-
iodobenzoyl chloride. It was reduced to the alcohol, oxidized to
the aldehyde, and converted into 2-iodostyrene with a Wittig
reagent. Hydroboration with thexyl borane,?? under standard
conditions,?® gave the trialkylborane [cf. (14)], and treatment
with sodium cyanide followed by trifluoroacetic anhydride and
hydrogen peroxide *° yielded mainly the ketone (32). This was
separated chromatographically from 2-(2-iodophenyl)ethanol
which arose from oxidation of 2-(2-iodophenyl)ethylthexyl-
borane. Although the ketone (32) had essentially the same
spectra as the sample obtained from the previous route it did
not solidify and could not be separated from what were thought
to be boron-containing impurities.

The conjugate reduction of the bromo dienone (19) with 2.2
mol equiv. of butyltin hydride and tetrakis(triphenylphosphine)-
palladium(0) under published conditions *® gave the saturated
ketone (33), the partially saturated ketone (37) also being
detected by n.m.r. in the reaction mixture before reduction was
complete. Under identical conditions the iodo compound (20)
lost an iodine atom yielding (34). House has reported*' the
direct displacement of iodine by butyltin hydride. Reducing the
amount of butyltin hydride to 2 mol equiv. gave a 1:1 molar
mixture of compounds (32) and (38).

The reaction of 1,5-bis(2-iodophenyl)pentan-3-one (32) with
ethynyltrimethylsilane in THF-hexane under our usual
conditions gave the bistrimethylsilylethynyl derivative (35),
which was desilylated by potassium fluoride in dimethyl-
formamide to the ketone (36).

Because it was so difficult to synthesize the ketone (32) in
quantity it was decided to try an alternative route and to insert
the ethynyl group at an earlier stage. The iodo ketone (20), in
contrast to the bromo compound (19), gave a 63% yield of the
bistrimethylsilylethynyl derivative (18) with ethynyltrimethyl-
silane, copper(1) iodide, tetrakis(triphenylphosphine)-
palladium(0), and triethylamine; the stepwise replacement of the
iodine atoms was strongly suggested by t.l.c. monitoring. The
same derivative (18) was obtained from the diacetylene (17) and
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chlorotrimethylsilane under Yamaguchi’s conditions 2 in much
poorer yield, while a bis-Wittig reaction between 2-trimethyl-
silylethynlbenzaldehyde and the phosphorane (13) gave un-
resolvable mixtures.

In 1964 Shakhovskoi et al.,*® and later others,** found that a
triple bond attached to a trimethylsilyl group was not reduced
by hydrogen and palladium. This could be due in part for steric
reasons, so the conjugate reduction of the diethynyl dienone
(18) with tributyltin hydride in the presence of tetrakis(tri-
phenylphosphine)palladium(0) and acetic acid was examined
under the general conditions reported.*® One equivalent of the
hydride caused reduction of one of the olefinic bonds giving 85%,
of the diethynyl enone (39), with a little (35), and further
reduction to the ketone (35) was achieved in very high yield by
more reagent. This highly effective protection of ethynyl groups
by trimethylsilylation to reduction by tributyltin hydride, a
reagent which can add to an unactivated alkyne,*> appears to be
the first example of such a selective reaction and may be a useful
procedure in other syntheses.

The intramolecular oxidative coupling of the ketone (36) by
copper(l1) acetate initially gave problems but cyclization to the
first example (40) of a partially saturated dibenzo[13]annulene
was effected in 78% yield using the precise conditions and
precautions suggested by Sondheimer *° for similar reactions.
The 'H and '3C n.m.r. spectra of (40) showed no unusual

(40) X
(41) X

Cc=0
CHOH

"

features but the carbonyl absorption at 1 695 cm™ was outside
the normal saturated ketone range and the triple bond appeared
at 2200 cm™. The u.v. spectrum showed more fine structure
than that of (21). The structure of the compound was confirmed
by X-ray diffraction studies*® which showed that the diyne
system was slightly bowed, and that the planar phenyl rings
subtended an angle of 27° to each other.

Refluxing the diyne (40) with sodium sulphide in methanol
failed to give a thiophene derivative but, instead, gave a
compound isomeric with the starting material which possessed
no normal carbonyl absorption in the i.r. region and has not
been identified. Reduction of the diynone (40) to the alcohol (41),
in order to protect the carbonyl and prevent the «-carbon atoms
reacting in an undesired fashion, was achieved with sodium
borohydride. The n.m.r. spectrum of the resulting alcohol (41)
confirmed its structure and now treatment with sodium
sulphide yielded the thiophenophane alcohol (42), which was
easily oxidized by chromic acid to the ketone (43). The best
synthesis of this ketone followed the route 2-iodobenzaldehyde—
(20)—(18)—(35)—(36)—(40)—(41)—(42)—(43).

Attempts to obtain suitable crystals of compounds (42) and
(43) for X-ray crystallography were unsuccessful,*® but the
structures of the compounds were clear from their 'H n.m.r.
spectra. The thiophene protons appeared in both compounds as
singlets at ca. 8 6.9, clearly differentiated from the benzenoid
protons at ca. 8 7.4. In the alcohol (42) the CHOH proton
appeared as a triple triplet due to coupling (9 + 2 Hz) with the
adjacent methylene groups. A model suggests the stereochemical
arrangement shown and the values of the coupling constants
suggest dihedral angles of ca. 160 and 60° which are consistent
with ‘axial-axial’ and ‘axial-equatorial’ coupling. The u.v.
spectrum of the alcohol (42), and that of the ketone (43), show
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small shifts to longer wavelengths compared with that of 2,5-
diphenylthiophene which indicates that the aromatic rings in
the compounds subtend different average angles to each other.
The mass spectrum of compound (42) showed the molecular ion
as the base peak, a very unusual feature for a secondary alcohol,
while the ion corresponding to the loss of water was less than
5%. Under similar conditions the molecular ion of 1,5-
diphenylpenta-4-ol was not observed and the [M — H,0]"
peak was ca. 209 of the base peak. The molecular ion for the
ketone (43) was the base peak and there was little fragmentation.

Attempts were now made to cyclise the alcohol (42) to the
thiophenium cation (44). Alkyl triflates are exceptionally
powerful alkylating agents*’ and so the alcohol was treated
with triflic anhydride and sodium carbonate using the general
conditions reported *” first at —40 °C and working up at room
temperature. Some of the alcohol was recovered, and an oil
which was identified as the olefin (45) from its 'H n.m.r. and
mass spectra was produced. In order to see whether
decomposition of the triflate of (42) took place during the work-
up, the reaction was monitored by observing the thiophene
proton resonances. The singlet observed for the alcohol (42) in
CDCl; at —40 °C remained after the addition of the anhydride,
it started to collapse at —20 °C, and had changed completely to
the double doublet characteristic of (45) as the temperature was
slowly increased to +20 °C over 20 min. As no base had been
added it is possible that electron donation by the sulphur, even
to the extent of forming (44), may be a factor in the rapid
elimination. The alcohol (42) was now converted into the iodide
by iodotrimethylsilane, but treatment of this in dichloromethane
with silver tetrafluoroborate, conditions which give 1-isopro-
pylation of benzothiophenes,® again only gave the olefin (45).

Since the trapping of a carbene by a sulphur lone pair is
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Table. 300 MHz n.m.r. spectra in 3 (J Hz)

Compound
Proton ‘ - N
assignment 45)° (46)° 47)°
6-H (or 7-H) 6.84d (3.75) 6.89¢ (3.75) 7.00d(3.75)
7-H (or 6-H) 6.95d (3.75) 6.99d (3.75) 7.06d (3.75)
13-H, 3.32dd (15 + 10) 3.20m* 6.35d (16.3)
13-Hg 3.20d° (15) 3.20m* —
14-H 492m 5.22m 5.22m
15-H or H, 492m 5.35m 1.82m
16-H, 1.65m 1.50m 1.50m
17-H, 2.92m 2.75m 2.75m

@ Aromatic protons 7.16—7.50m. ® Decoupling at § 3.20 converts 14-H
into a doublet (J 15) and 15-H toa dd (/ 10 + 3). € Decoupling at 8 3.20
converts 14-H into a d (J 10) and 15-H into dt (J 10 + 7.5 + 7.5).

known7-*® to give an ylide [cf. (8)] the ketone (43) was
converted into the toluene-p-sulphonylhydrazone and this was
treated with lithium di-isopropylamide.*® The product was a
mixture of the olefin (45), obtained previously, and compounds
(46) and (47) which were identified from their mass and 'H
n.m.r. spectra.

It was now hoped that dehydrogenation of ketone (43) to the
unsaturated ketone (48) and cyclization to the dibenzo
derivative of (8) could be effected. Treatment with palladium(i)
chloride in t-butyl alcohol and hydrochloric acid >° caused no
dehydrogenation and benzeneselenic anhydride®! gave poly-
mers. Bromination could not be controlled in acetic acid, and
mass spectrometry showed that three hydrogen atoms had been
replaced by bromine. Dehydrogenation by 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone and by 34,56-tetrachloro-1,2-
benzoquinone was now examined and both removed the
elements of hydrogen sulphide from the thiophene to give back
the strained di-acetylene (40). The identity of this product, in
view of its very unexpected nature, was rigorously established
by the identity of its '"H n.m.r., mass, u.v., and i.r. spectra with
those of authentic material. This appears to be the first direct
conversion of a thiophene into a 1,3-diyne, and must be
associated with the particular properties of our ring system
because neither of the quinones reacted with 2,5-diphenyl-
thiophene of 2,5-bis(2-bromophenyl)thiophene.

The mass spectra of ketone (43) gave the molecular ion as the
base peak, and the loss of 33 m.u. gave the next most intense
peak. This corresponds to the loss of ‘HS, a fragment also
apparently lost from the molecular ion derived from the olefin
(45) to give in fact the base peak for this compound. The
successive loss of ‘HO’ and ‘HS’ from the molecular ion, which
is also the base peak, in the mass spectrum of the alcohol (42)
again indicates that the thiophene ring in these compounds is
being disrupted by the oxidative process of mass spectrometry.

Experimental

M.p.s were taken on a Kofler hot stage apparatus and are
uncorrected. Lr. spectra were recorded on a Perkin-Elmer
Model 257 spectrometer and are normally reported for the
3 350—1 000 region; fuller data are available.!? N.m.r. spectra
were measured in deuteriochloroform and are recorded in 8 (3
at 60 MHz and 3. at 75.5 MHz) (J in Hz) using internal
tetramethylsilane as standard; off resonance multiplicities for 8¢
resonances are noted. Low resolution mass spectra were
determined at 70 eV on a VG Micromass ZAB-16F spectro-
meter. Field ionization and chemical ionization mass spectra
were recorded on a VG Micromass ZAB-1F spectrometer.
Flash column chromatography was performed using a flash
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column technique *2 with silica (Merck Kieselgel 60 No. 9385)
or alumina (Merck Aluminium oxide 90 aktiv neutral 70—230
mesh) grade I or IIT having 1 or 4.7% water respectively. T.Lc.
was carried out using CamLab pre-coated plates, or for
preparative purposes using 1.25 mm thick Merck silica gel 60
GF 254 No. 7730. Anhydrous magnesium sulphate was used for
drying extracts and evaporation refers to removal of solvent on
a Biichi evaporator under reduced pressure. n- And t-butyl-
lithium were standardized by the method of Watson and
Eastham.’® THF was distilled from calcium hydride
immediately before use. Light petroleum was of b.p. 40—60 “C.

2-(2-Formylphenyl)-5-[2-(3-oxobut-1-enyl)phenyl]thiophene

(13)—Carbonyldimethylenebis(triphenylphosphonium)  di-
chloride (540 mg), 1.8-diazabicyclo[5.4.0Jundec-7-ene (250 mg)
and THF (30 ml) were refluxed under N, for 1 h after which 2,5-
bis(2-formylphenyl)thiophene (10) ' (240 mg) in THF (10 ml)
was added and refluxing continued for a further 20 h. The
mixture was poured into water, acidified (HCI aqueous 2M), and
extracted with ether; evaporation of the washed and dried
extracts afforded yellow crystals. Flash chromatography (silica)
and elution with ether (30%)-light petroleum gave 2,5-bis(2-
formylphenyl)thiophene (10) (Ry 0.33) (86.4 mg) and the title
compound (13) (R 0.14) (65 mg) as an oil; m/z 332 (M ™, 10),
317 (M* — 15, 2), 289 (M* — MeCO, 56), and 271 (100); &
232 (3 H, s, Me), 6.66 (1 H, d, J 15.3, vinyl H), 7.03 (2 H, s,
3.4-H), 6.90—7.70 (8 H, m, ArH), 7.90 (1 H, d, J 15.3, vinyl H),
and 10.31 (1 H, s, CHO). A longer reaction time (30 h) or
reaction at 90 °C with dimethyl sulphoxide (DMSO) as solvent
led to no improvement.

2,5-Bis(2-vinylphenyl)thiophene (11)—(i) Methyltriphenyl-
phosphonium bromide (1.83 g) was suspended in THF (20 ml)
and butyl-lithium in hexane (5.14 mmol) was added dropwise,
with stirring, under nitrogen at 0 °C. After 35 min at 0 °C, 2,5-
bis(2-formylphenyl)thiophene (10) (0.5 g) in THF (5 ml) was
added, stirring was continued (18 °C, 90 min) and water (25 ml),
methanol (25 ml), and ether (50 ml) were added. The organic
phase was washed (brine), dried, and the brown oil obtained on
solvent evaporation chromatographed (silica). Elution with
light petroleum containing ether (10%) gave the title compound
(11) which recrystallized from light petroleum (cooling to
—78 °C), as very pale yellow prisms (0.36 g, 74%), m.p. 48—
49 °C (Found: C, 82.2; H, 5.6. C,,H,4S-0.25H,0 requires C,
82.1; H, 5.6%); m/z 288 (M ™, 100), 273 (39), 141 (61), 128 (51),
and 115 (64); v,... (neat) 3 380 (H,0), 1 625, 1 595, 1 475, 1 465,
1440, and 1410 cm™; 3 5.20 (1 H, dd, J 11.3 + 1.3, vinyl H,),
5.63 (1 H,dd, J17.3 + 1.3, vinyl H,), 695 (2 H, s, 3,4-H), and
7.25 (10 H, m, ArH + vinyl H,).

(i1) 2-Styrylphenylmagnesium iodide [from 2-iodostyrene (10
g) magnesium (1.04 g)] in ether was added dropwise, with
stirring, under nitrogen, to 2,5-dibromothiophene (4.16 g) and
[Ni(dppp)Cl,] (30 mg) in ether (40 ml) at O °C. The mixture was
refluxed for 9 h after which it was poured into aqueous
hydrochloric acid (2M; 100 ml) and extracted with dichloro-
methane; the extract was washed (H,0), dried, and evaporated
to give a light brown oil, which was purified by preparative t.l.c.
using ether (10%) in light petroleum as eluant. Three major
bands appearing as purple, green, and yellow respectively
(under u.v. A 254) were isolated. The first band (Rg 0.63)
afforded yellow prisms (300 mg, 9.3%), with physical and
spectral properties identical with those of authentic 2,5-bis(2-
vinylphenyl)thiophene (11) prepared by an alternative route.
The second band (Rg 0.50) gave 2,2'-styrylbiphenyl as a yellow
oil (310 mg, 8.7%); m/z 206 (M ™, 21), 178 (M* — C,H,, 100),
152 (39), 103 (M */2,77); 8 5.24 (2 H,dd, J 11 + 1.3),5.65(2 H,
dd, J 18 + 1.3), and 6.90—7.60 (10 H, m, ArH). The third band
(R 0.38) recrystallized (from chloroform-light petroleum
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cooling to —78°C) as yellow prisms (280 mg, 4.3%),
provisionally identified as 2,2"-bis[ 5-(2-styryiphenyl)thiophene],
m.p. 105—106 °C (Found: C, 74.2; H, 4.5. C,,HS,+0.17CHClI,
requires C, 74.3; H, 4.7%,); m/z 370 (M *,92), 185 (M * /2, 46), and
152(39); 65.26(2H,dd,J10.7 + 1.3),5.68 (2H,dd,J 17 + 1.3),
727 (CHCl;), and 6.80—7.70 (14 H, m). Employing refluxing
THF (21 h) caused no improvement.

Ethynyltrimethylsilane in THF —Butyl-lithium (0.3 mol) in
hexane was added dropwise, with stirring, under N, at —78 °C
to THF (500 ml) saturated with acetylene (purified by passing
through a trap cooled to —78 °C, concentrated sulphuric acid
and soda-lime). The flow of acetylene was maintained
throughout the addition of the butyl-lithium and for 20 min
afterwards. Now chlorotrimethylsilane (0.306 mol) was added
and after stirring overnight (10 h), while the cooling bath
warmed slowly to room temperature, the mixture was allowed
to settle. The solution of ethynyltrimethylsilane was decanted
off carefully and was used directly in subsequent experiments.

2-Ethynylbenzaldehyde (15)—A deaerated solution of 2-
bromobenzaldehyde (18.5 g, 100 mmol), triphenylphosphine
(400 mg), and palladium(n) acetate (200 mg) in anhydrous
triethylamine (300 ml) was treated with ethynyltrimethylsilane
in THF-hexane (150 mmol) under nitrogen. The mixture was
rapidly heated and kept at 80—90 °C for 5 h. After being cooled,
the mixture was filtered and the filtrate concentrated, mixed
with water (100 ml), and extracted with dichloromethane.
Distillation of the dried extract gave 2-(trimethylsilyl)ethynyl-
benzaldehyde as a yellow oil (18.4 g, 91%), b.p. 98 °C at 0.2
mmHg (lit.,® 108 °C at 2 mmHg); 3 0.09 (9 H, s, SiMe;), 7.27 (3
H, m, ArH), 7.67 (1 H, m, 6-H), and 10.32 (1 H, s, CHO).

This compound (18.4 g) was treated with potassium fluoride
dihydrate (19 g) in DMF (60 ml) under nitrogen at room
temperature and then left overnight. It was then poured into
water and extracted with dichloromethane; work-up of the
extract and recrystallization of the product from light petroleum
(cooling to — 78 °C) gave 2-ethynylbenzaldehyde (15) (11.7 g,
99%/), m.p. 60—61 °C (lit.,>*> 60—60.5 °C); m/z 130 (M*, 28),
129 (6), 105 (7), and 102 (M* — CO, 100); v,p,, (Nujol) 3 230
(=CH), 2 840, 2 740, 2 090 (C=C), 1 680, 1 660, 1 590, 1 270, and
1200 cm™!; § 3.45 (1 H, s, =CH), 7.45 (3 H, m, ArH), 7.80 (1 H,
m, 6-H), and 10.43 (1 H, s, CHO).

4-(2-Ethynyl)phenylbut-3-en-2-one  (16)—A mixture of
aqueous sodium hydroxide (0.65M; 6.8 ml) and ethanol (6.8 ml)
was added over 10 min to an ice-cooled stirred solution of 2-
ethynylbenzaldehyde (15) (3.25 g) in acetone (13.5 ml). The
mixture was stirred for 4 h at 0 °C and then aqueous sulphuric
acid (2M; 2.65 ml) was added. Dilution with water (150 ml),
extraction with ether, and evaporation of the washed (saturated
aqueous sodium hydrogencarbonate) dried extracts gave an oil
which was chromatographed over alumina (grade III). Elution
with light petroleum containing ether (20%) afforded the ketone
(16) as a yellow oil (2.43 g, 57%) which could not be induced to
crystallize (lit.,>* m.p. 64.5 °C); m/z 170 (M ™, 32), 169 (11), 155
(61),and 127 (M* — MeCO, 85); V.. (film) 3 300 (=CH), 2 100
(C=C), 1 670, 1 620, 1 610, 1 590, 1 475, 1 360, and 1 260 cm™'; &
2.34(3H, s, Me), 3.40 (1 H,s,=CH), 6.67 (1 H,d, J 16.7, vinyl H),
7.35 (4 H, m, ArH), and 8.00 (1 H, d, J 16.7, vinyl H).

1,5- Bis(2-ethynylphenyl)penta-1,4-dien-3-one (17)—(i) Meth-
anolic potassium hydroxide (3.6M; 1.89 ml) was added to a
stirred solution of 4-(2-ethynyl)phenylbut-3-en-2-one (16) (2.42
g) and 2-ethynylbenzaldehyde (15) (1.85 g) in ether (60 ml,
previously passed through basic alumina and flushed with
nitrogen). After 4 h at room temperature, acetic acid (2.8 ml)
was added, the mixture stirred for 15 min and then diluted with
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water (100 ml). The combined ether extracts were washed
(saturated aqueous sodium hydrogencarbonate), dried, evapor-
ated and the residue chromatographed (alumina, grade III).
Elution with light petroleum containing ether (30%) gave the
ketone (17) as yellow crystals (0.85 g, 21%), m.p. 101—102 °C
(lit.,** m.p. 101.3—101.7 °C); m/z 155 (M* — C,,H,, 75), 127
(100), and 102 (30); v, (CH,Cl,) 3 300 (=CH), 2 250 (C=C),
1 650, 1 620, 1 600, 1 590, 1 470, and 1 090 cm™!; & 3.41 (2 H, s,
2 x =CH), 7.09 (2 H, d, J 16.0, 2,4-H), 7.30 (8 H, m, ArH), and
829 (2 H, d, J 16.0, 1,5-H).

(i1) 2-Ethynylbenzaldehyde (6.82 g) in ether [ 20 ml, purified as
in (i)] was added during 25 min, under nitrogen, to a solution of
acetone (1.92 ml) and methanolic potassium hydroxide (1.41m;
4.68 ml) in ether (30 ml) at room temperature (cf. Sondheimer et
al3%). After being stirred for 4 h, the mixture was worked up as
in (i). Recrystallization of the product from the column from
ethanol gave the ketone (15) (1.95 g) with the properties
described under (i).

1,5-Bis(2-bromophenyl)penta-1,4-dien-3-one (19).—2-Bromo-
benzaldehyde (41.4 g) in ethanol (20 ml) was added over 3 h at
room temperature, with stirring, to a solution of sodium
hydroxide (1.2 g) in acetone (10.67 ml), ethanol (340 ml) and
water (340 ml); yellow crystals soon separated. The mixture was
left in a refrigerator overnight after which the upper layer was
decanted from a heavy bright yellow oil; the latter was collected
with chloroform (150 ml), and the extract washed (H,O), dried,
and evaporated. Recrystallization (acetone) of the residue
afforded the title compound (19) as yellow prisms (14.7 g, 34%),
m.p. 126—127 °C (Found: C, 52.3; H, 3.1. C, ;H, ,Br,O requires
C, 52.1; H, 3.1%); m/z 394 + 392 (M*, 12 + 14), 313 + 311
(M* — Br, 67), and 211 (32); v,....(Nujol) 1 650, 1 590, 1 580,
and1190cm™;56.78 2 H,d, J16.7, 2,4-H), 7.09 (4 H, m, ArH),
7.55 (4 H, m, ArH), and 7.96 (2 H, d, J 16.7, 1,5-H).

Although treating this compound with triphenylphosphine,
palladium(i) acetate, triethylamine, and ethynyltrimethylsilane
using the general conditions reported,?® or adding xylene and
using 100 °C (23 h) failed to give compound (17), using dioxane
as co-solvent (13 h reflux) 59 of (18) was obtained.

1,5-Bis(2-ethylphenyl) pent-1,4-dien-3-ol—Powdered sodium
borohydride (0.27 g) was added to 1,5-bis(2-ethynylphenyl)-
penta-1,4-dien-3-one (17) (0.5 g) in methanol (25 ml) and the
mixture stirred at room temperature for 3 h. It was then poured
into water and the organic material collected with dichloro-
methane. Work-up of the extract and chromatography
(alumina, grade IIT) of the product with ether (30%) in light
petroleum as eluant gave the title compound as a yellow oil
(0.36 g, 72%) with spectra similar to those reported: *® m/z 267
(M* — OH, 2), 157 (18), 128 (100), and 127 (40); V,,., (film)
3400, 3 300, 2 100, 1645, 1 595, 1560, 1075, 1040, and 1 020
cm™!;8 2.6 (1 H, br, exchanged by D,0), 3.30 (2 H, s), 5.00 (1 H,
t, J6),633(2H,dd, J 16 + 6), and 7.20 (10 H, m).

5,6,7,8-Tetradehydrodibenzo[a,g]cyclotridecen-15-one (21).—
(i) 1,5-Bis(2-ethynylphenyl)penta-1,4-dien-3-one (17) (4.7 g) in
pyridine (200 ml) and dry ether (100 ml) was added dropwise
during 5 h to a stirred solution of anhydrous copper acetate >3
(21.4 g) in pyridine (525 ml) and dry ether (175 ml) at 60 °C
(bath) according to a published procedure.3® The solution was
stirred at 60 °C for a further 1.5 h and was then cooled. The
residue after solvent evaporation was taken up in aqueous
hydrochloric acid (0.1M) and extracted with dichloromethane
(3 x 150ml). The combined extracts were washed with saturated
aqueous sodium hydrogencarbonate, dried, and evaporated.
The residue on recrystallization from chloroform-light petro-
leum gave the annulenone (21) as yellow prisms (2.96 g, 62%),
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m.p. 196 °C (decomp.), [lit.,?* m.p. 194 °C (decomp.)]; m/z 280
(M*,7), 252 (M* — CO, 15), 154 (7), 126 (7); Vmax (CH,Cl,)
2180 (C=C), 1 660, 1640, 1620, 1 590, 1090, 1010, and 975
cm™;86.78 2 H,d, J 16.6, vinyl-H), 7.40 (8 H, m), and 8.48 (2 H,
d, J 16.6, vinyl-H). The elemental analysis was always low in
carbon as reported previously.?*

(i) Oxidation of 1,5-bis(2-ethynylphenyl)penta-1,4-dien-3-ol
(1.0 g) in pyridine and dry ether with copper(11) acetate (4.43 g)
exactly as above gave the ketone (21) (0.45 g) which had spectra
and m.p. identical with those described above.

This compound (21) (200 mg) in ether (5 ml) with sodium
borohydride (108 mg) in ethanol (30 ml) at room temperature as
described 32 afforded a brown oil, which was flash chromato-
graphed (silica) eluting with ethyl acetate-light petroleum (3:7
v/v). The product contained at least six components (t.l.c.),
showed a very complex 'H n.m.r. spectrum (300 MHz) but
resonances due to the expected alcohol were observed at 6 5.08
(1 H,t,J5.5)and 5.88 (2 H, dd, J 5.5 + 15). Similar results were
obtained using THF or methanol as reaction solvent and longer
times (16 h).

2-Chlorovinyl Phenyl Ketone—The procedure of Price and
Pappalardo 3! was modified. The benzoyl chloride was added
without cooling and then the mixture was refluxed on a water-
bath for S h. Work-up gave 2-chlorovinyl phenyl ketone as a
pale yellow oil (45%), b.p. 136—138 °C at 22 mmHg (lit.,*?
134—136 °C at 17 mmHg).

1-Chloro-3-phenylpent-1-en-4-yn-3-o0l  (22).—2-Chlorovinyl
phenyl ketone (42.65 g) in THF (50 ml) was added dropwise,
with stirring, under nitrogen to lithium acetylide (0.33 mol) in
THF 2° at —78 °C. Stirring was continued overnight while the
cooling bath attained room temperature. With cooling,
saturated aqueous ammonium chloride (200 ml) was added.
The mixture was extracted with Et,O and the extract worked up
to give a viscous brown oil, which was distilled (explosive
decomposition occurred towards the end) to give the title
compound (22) as a colourless oil (20.0 g,40%), b.p. 133—136 °C
at 0.8 mmHg (lit.,** 118—119 °C at 0.35 mmHg); v,,,, (film)
3460, 3 300, 3 060, 3 020,2 110, 1 670, 1 635, 1 600, 1 500, 1 490,
1450, and 1030 cm™; 8 2.74 (1 H, s, 5-H), 348 (1 H, s,
exchanged with D,0, OH), 6.07 (1 H, d, J 13, vinyl-H), 6.57 (1 H,
d, J 13, vinyl-H), and 7.45 (5 H, m, ArH).

3-Phenylpent-2-en-4-ynal (23).—(i) This compound, prepared
from compound (22) as reported,*? formed yellow prisms (from
tetrachloromethane—cyclohexane, 2:1, v/v) (54% yield), m.p.
59.5—60 °C (lit.,** ca. 65 °C); 8 3.75 (1 H, s, 5-H), 6.80 (1 H,d, J
7.8,2-H),7.40 (3 H, m, ArH), 7.75 (2 H, m, ArH), and 10.28 (1 H,
d, J 7.8, 1-H).

(i1) 3-Bromo-3-phenylpropen-1-al (25). This was obtained as
described,?? but in 23% yield, as a yellow oil, b.p. 92 °C at 0.3
mmHg (lit.,>? 106—107 °C at 0.7 mmHg); 3 6.70 (1 H, d, 6.5,
2-H),7.40 3 H, m, ArH), 7.60 (2 H, m, ArH), and 10.02 (1 H,d, J
6.5, 1-H).

Modifying earlier procedures,>®*¢ a deaerated solution of
this aldehyde (25) (18.6 g, 88 mmol), copper(1) iodide (18 mg),
and tetrakis(triphenylphosphine)palladium(0) (0.2 g) in an-
hydrous triethylamine (200 ml) was treated with ethynyl-
trimethylsilane (132 mmol, in THF and hexane prepared as
described) under nitrogen. The mixture was rapidly heated to
ca. 90 °C and kept there for 18 h. After work-up ¢ distillation
gave 3-phenyl-5-trimethylsilylpent-2-en-4-ynal (24) as a yellow
oil (11.5 g, 57.3%), b.p. 130—134 °C at 1 mmHg; m/z 228 (M *,
1), 213 (16), 199 (6), and 73 (100); v, (film) 3 060, 2 960, 2 930,
2900, 2 830, 2 740, 2 140, 1 670, 1 580, 1 560, 1 495, 1 450, 1 325,
1250, 1 135, and 1 000 cm™; 8 0.20 (9 H, s), 6.55 (1 H, d, J 7.8),
7.25 (3 H, m), 7.55 (2 H, m), and 10.15 (1 H, d, J 7.8). The
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compound was extremely hygroscopic and hydrolysed to the
aldehyde (23) on exposure to air, as shown by the i.r. spectrum
and microanalysis. Compound (24) (11.5 g) and potassium
fluoride dihydrate (10.9 g) in DMF (60 ml) was stirred under
nitrogen at room temperature overnight. The mixture was then
poured into water and extracted with dichloromethane. Work-
up of the extract and recrystallization of the product gave 3-
phenylpent-2-en-4-ynal (23) (7.02 g, 90%) with the properties
described under (i).

6-Phenylocta-3,5-dien-T-yn-2-one (26)—Using a modified
procedure,>? sodium hydroxide in ethanol (4.4 ml) and water
(4.4 ml) was added over 20 min to a stirred solution of 3-
phenylpent-2-en-4-ynal (3.0 g) in acetone (31 ml) in an ice-bath.
After 2 h under these conditions the mixture was neutralized
with sulphuric acid (1m), diluted with water (200 ml), extracted
with ether, and the extracts washed with saturated aqueous
sodium hydrogen carbonate. The extracts were dried and
evaporated and the residue was chromatographed (alumina
grade IIT) with light petroleum containing ether (20%;) as eluant
to afford the ketone (26) as yellow crystals (2.50 g, 67%), m.p.
69—72 °C (lit.,,>® 70—72 °C); m/z 196 (M *, 59), 195 (21), 181
(24), 153 (100), and 127 (14); v, (Nujol) 3 240, 2 080, 1 700,
1 680, 1 650, 1 585, 1 495, 1 445, 1 360, 1 280, and 1250 cm™; &
(90 MHz), 2.28 (3 H, s, 1-H), 3.65 (1 H, s, 8-H), 6.28 (1 H, d, J 16,
3-H), 7.01 (1 H, d, J 11, 5-H), 7.40 (3 H, m, ArH), 7.65 (2 H, m,
ArH), and 7.75 (1 H, dd, J 16 + 11, 4-H).

3,11-Diphenyl-3,5,8,10-tridecatetraene-1,12-diyn-T-one (27).—
The ketone (26) and the aldehyde (23) were condensed using the
procedure of Sondheimer et a/.>° and the residue after solvent
evaporation was chromatographed (alumina grade III).
Fractions eluted with light petroleum—ether (1:1, v/v) yielded
the ketone (27) as a yellow solid from chloroform-hexane (20%;
yield), m.p. 113—114 °C (Found: C, 86.3; H, 5.0. C,sH,30O-
0.13 CHCl,; requires C, 86.3; H, 5.2%, the chloroform was not
removed at 100 °C under high vacuum); m/z 334 (M ™, 8), 181
(18), and 153 (15); V.. (dichloromethane) 3 300, 2 920, 2 840,
2090, 1 660, 1 640, 1 600, 1 590, 1 580, 1 570, 1 550, 1 345, and
1080 cm™; 8 3.66 (1 H,s, 1-H), 6.65 (1 H,d, J 15.3, 6-H), 7.10 (1
H, d, J 11.3, 4-H), 7.40 (3 H, m, ArH), 7.70 (2 H, m, ArH), and
7.98 (1 H, dd, J 15.3 + 11.3, 5-H); A, (EtOH) 247 (¢ 8. 546),
277 (10 268), 389 (31 600), and 396 nm (31 355); A,..... (EtOH +
1 drop HCIO,) 249 (g 9 142), 280 (10 600), 403 (31 490), and
410 nm (31 220).

5,10-Diphenylcyclotrideca-2,4,10,12-tetraene-6,8-diyn-1-one

(28).—The ketone (27) was oxidized using Sondheimer’s
procedure.®® Recrystallization of the ether-soluble material
from chloroform-hexane gave the annulenone (28) (65%, yield)
as a deep red solid, m.p. 192—193 °C (decomp.) (Found: C, 86.7;
H, 4.6. C,;H,40:0.15 CHCI; requires C, 86.8; H, 4.6%, the
chloroform was not removed at 100 °C under high vacuum),
mjz 332 (M*, 7), 303 (10), 185 (100), and 157 (22);
Vmax.(dichloromethane) 2 900, 2 850, 2 100, 2 160, 1 650, 1 620,
1 600, 1 100,and 1000 cm™; 5 6.10 (2 H, d, J 16.7, 2,13-H), 6.90
(2H,d, /9.8 4,12-H), 7.35 (10 H, m, ArH), and 9.84 (2 H, dd, J
16.7 + 9.8,3,12-H); u.v. (EtOH) 237 nm (g 11 462), 269 (9 635),
and 307 (7 973); Apax. (EtOH + 1 drop HCIO,) 236.5 nm (e
11 733) and 314 (7 844); both spectra showed tailing down to
700 nm.

2-Todobenzaldehyde —(i) 2-lodobenzoyl chloride (82.6 g) in
dioxane (ca. 100 ml) was added over 25 min to a well-stirred
suspension of sodium borohydride (23.4 g) in dioxane (200 ml)
cooled in an ice-bath using a reported procedure.®>” The mixture
was heated on a steam-bath for 1 h and cooled (ice-bath) while
water (50 ml) was added cautiously. 2-Iodobenzyl alcohol,
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collected with dichloromethane, was obtained as colourless
needles (71.1 g, 98%) and used in the next stage without further
purification. Lithium aluminium hydride as reductant >® gave
only benzyl alcohol.

2-lodobenzyl alcohol (71.1 g) in dichloromethane (200 ml)
was added to a well-stirred suspension of pyridinium
dichromate >° (174.9 g) (0.47 mol) in dichloromethane (500 ml).
After 3 h at room temperature, the mixture was diluted with
ether (200 ml), filtered (Celite), and distilled to give 2-
iodobenzaldehyde as a pale yellow oil (53.2 g, 76.4%, ), b.p. 98—
100 “C at 2.0 mmHg (1it.,*° 129 °C at 14 mmHg);  7.35 (3 H, m,
ArH), 7.85 (1 H, m, 6-H), and 10.04 (1 H, s, CHO).

(i1) 2-Iodobenzoyl chloride (39.98 g) in acetone (75 ml) was
added dropwise over 10 min to a stirred slurry of
bis(triphenylphosphine)copper(i) tetrahydroborate ! (90.47 g)
and triphenylphosphine (78.7 g) in acetone (250 ml). The
mixture became warm and after 1 h was filtered and the
precipitate washed with acetone (250 ml). Water (500 ml) and
methanol (500 ml) were added to the combined filtrate and
washings and the mixture was filtered; the filtrate was then
concentrated to 1.5 1 and extracted with ether. Distillation of the
washed (brine, 200 ml) and dried extracts under reduced
pressure gave 2-iodobenzaldehyde (13.9—17.2 g) as described
above.

2-Iodostyrene—In a modification of Harrison and Lythgoe’s
procedure ®> methyltriphenylphosphonium bromide (128.5 g,
0.359 mol) was suspended in THF (300 ml) and butyl-lithium in
hexane (0.359 mol) was added dropwise, with stirring, under
nitrogen at 0°C. After 30 min at 0°C 2-iodobenzaldehyde
(79.32 g, 0.342 mol) in THF (100 ml) was added, stirring was
continued at room temperature for 1 h and methanol (100 ml),
water (100 ml), and light petroleum (200 ml) were added. The
mixture was extracted with light petroleum and the extract
washed (H,0), dried, and evaporated to afford a light orange
oil, which was distilled in the presence of hydroquinone (500
mg) to give 2-iodostyrene (56.4 g) as a yellow oil, b.p. 69—70 °C
at 0.3 mmHg (lit.,*® 88—90 °C at 3 mmHg); 6 5.16 (1 H,dd, J
10.6 + 0.7, 2"-H), 5.46 (1 H, dd, J 17.3 + 0.7, 2’-H), 6.83 (1 H,
dd, J 17.3 + 10.6, 1"-H), and 7.00—7.80 (4 H, m, ArH).
Doubling the scale gave a 57% yield and only 44% was
obtained using methyltriphenylphosphonium iodide.®* No
reaction occured when sodium methyl sulphinyl carbanion %3
was used instead of butyl-lithium.

1,5-Bis(2-iodophenyl)pentan-3-one (30)—(i) Following the
procedure of Pelter et al.*® diborane-THF (85 mmol, 1M) was
added dropwise to 2,3-dimethylbut-2-ene (7.15 g) in a flame-
dried nitrogen filled round-bottomed flask sealed with a rubber
septum and cooled in an ice-bath. The mixture was stirred for 1
h, after which the cooling bath was removed and stirring was
continued for a further 1 h. 2-Iodostyrene (38.9 g) was added
dropwise over 30 min and stirring was continued for 10 h (or
overnight). The solution was transferred, under nitrogen, to a
flame-dried flask equipped with a magnetic stirrer and sodium
cyanide (4.46 g, oven-dried at 100 °C at 20 mmHg for 6 h prior
to use). After being stirred overnight the solution was cooled to
—78 “C (dry ice—acetone bath) and trifluoroacetic anhydride
(13.0 ml) added dropwise over 20 min. The cooling bath was
removed and on warming to room temperature the solid
mixture became syrupy and yellow. After 2 h, the septum cap
was removed and methanol (47 ml) added followed by aqueous
sodium hydroxide (77.5 ml, 5M), with stirring. Finally hydrogen
peroxide (30%; 77.5 ml) was slowly added upon which there was
an exothermic reaction with much effervescence. After 3 h the
mixture was extracted with dichloromethane (3 x 200 ml).
Evaporation of the washed [aqueous sodium hydroxide (3m;
400 ml) followed by aqueous hydrochloric acid (3m; 400 ml) and
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water (500 ml)] and dried extract gave a viscous pale yellow oil,
which was chromatographed over silica. Elution with light
petroleum gave unchanged 2-iodostyrene (4.17 g) and light
petroleum containing ether (20%) gave 1,5-bis(2-iodophenyl)-
pentan-3-one (30) (20.7 g); subsequent elution with dichloro-
methane gave 2-(2-iodophenyl)ethanol (6.4 g). The ketone (30),
a pale yellow viscous oil, failed to crystallize; m/z 491 (M* + 1,
25),363 (39),231 (33),217 (100), 104 (46), and 91 (33); v,,,,, (film)
1710, 1 620, 1 585, 1 560, 1 465, 1432, and 1 010 cm™%; § 2.50—
320(8H,m,4 x CH,),6.70—7.30(6 H,m,ArH), 7.78 2 H,d,J
8.0, 3,3-H). The 24-dinitrophenylhydrazone, orange prisms
(from ethanol), had m.p. 128—129 °C (Found: C, 41.7; H, 3.0; N,
8.4. C,3H,0I,N,O, requires C, 41.2; H, 3.0; N, 8.4%). The 2-(2-
iodophenyl)ethanol was a yellow viscous oil, b.p. 138—140 °C
at 2.2 mmHg (lit.,¢ 100 °C at 0.5 mmHg); m/z 248 (M*, 38), 231
(10), 217 (53), 121 (86), and 81 (100); v, (film) 3 350, 1 630,
1585, 1560, 1465,1430,1050,and 1 010 cm™!; 3 2.40 (1 H, br,
exchanged by D,0, OH),2.90 2 H,t,/79,CH,),3.752H,t,J
7.9,CH,), 6.65—7.40 (3 H, m, ArH), and 7.79 (1 H,d, J 7.7, 3-H).

(i) Using a procedure described ®” butyl-lithium in hexane
(70 mmol) was added, with stirring, under nitrogen at 0 °C to
di-isopropylamine (6.81 g, 68 mmol, freshly distilled from
calcium hydride) in THF (200 ml). After 20 min, methyl
acetoacetate (3.91 g) was added slowly and after a further 20
min at 0 °C 2-iodobenzyl bromide (10 g) in THF (50 ml) was
added dropwise to the orange solution. The colour faded
gradually. After being stirred at room temperature for 10 h the
mixture was poured into aqueous hydrochloric acid (2M; 100
ml). Ether extraction, washing (saturated aqueous sodium
hydrogen carbonate, then water), drying, and evaporation gave
a viscous oil, which was chromatographed (silica). Fractions
eluted with light petroleum containing ether (30%) afforded
ethyl 5-(2-iodophenyl)-3-oxopentanoate (29) as a pale yellow
oil (8.46 g, 75%) which decomposed on attempted distillation
under reduced pressure; m/z 332 (M ™, 1), 259 (6), 231 (20), 217
(43), 205 (100), 173 (23), 163 (49), 145 (86), 131 (31), and 103
(33); Vimax.(Nujol) 3 400w, 1 745, 1 710, 1 650, 1 630, 1 560, 1 465,
1435,1405,1320,and 1010 cm™; 5 2.90 (4 H, s), 3.40 (2 H, s),
3.67 (3 H, s), 497 (1 H, s; vinyl proton of the enol form, ca. 8%
from integral), 6.70—7.20 (4 H, m), and 7.80 (1 H, d, J 8).

2-Iodobenzyl bromide (7.15 g) in acetone (100 ml) was added
to a well-stirred refluxing mixture of compound (29) (8.0 g),
anhydrous potassium carbonate (3.65 g), and acetone (100
ml),5% and after 11 h it was poured into water (200 ml). The
dichloromethane-soluble material, a viscious oil was refluxed
with aqueous sulphuric acid (150 ml, 20%) and acetic acid (150
ml) for 10 h, cooled and the organic phase separated. It was
dissolved in dichloromethane, washed with water, and dried; the
solvent was evaporated and the residue was taken up in the
minimum amount of chloroform. Addition of light petroleum
now precipitated 2-(2-iodobenzyl)-1,5-bis(2-iodopheny!) pentan-
3-one (31) (2.26 g) as colourless prisms, m.p. 159—160 °C
(Found: C, 41.0; H, 2.8. C,,H,,1,0 requires C, 40.8; H, 3.0%);
Vimax. 1 690, 1435, 1380, 1270, 1240, and 1012 cm™}; § 2.80—
3.20 (9 H, m), 6.50—7.30 (9 H, m), and 7.75 (3 H, d, J 7.3). On
cooling the mother liquor a solid precipitated and this on
recrystallization from dichloromethane—light petroleum yielded
1,5-bis(2-iodophenyl) pentan-3-one (30) as colourless prisms (2.9
g), m.p. 71—72 °C (Found: C, 41.3; H, 3.1. C,,H, 41,0 requires
C,41.6; H, 3.3%,), with spectra identical with those of the sample
described under (i).

1,5-Bis(2-bromophenyl!) pentan-3-one (33).—1,5-Bis(2-bromo-
phenyl)penta-1,4-dien-3-one (19) (0.5 g) was reduced by
tributyltin hydride (0.7 ml) in the presence of tetrakis(tri-
phenylphosphine)palladium(0) using the reported procedure.*®
After 40 min, the reaction mixture was chromatographed
(silica). Light petroleum containing ether (10%) eluted the ritle



J. CHEM. SOC. PERKIN TRANS. I 1987

compound (33) as colourless needles (0.32 g), m.p. 79—79.5 °C
(Found: C, 51.4; H,4.2. C,,H,¢(Br,0 requires C, 51.5; H, 4.0%);
m/z397T(M* + 1,36),396 (M™,5),395(21),316 (87),315 (100),
183 (295), 169 (56), and 91 (33); v,..x (Nujol) 3 060, 1 710, 1 565,
1290, 1 120,1 090, and 1 020 cm™*; § 2.50—3.20 (8 H, m), 6.90—
7.30 (6 H, m), and 7.50 (2 H, d, J 6.7, 3',3"-H). Work-up of the
reaction mixture after 10 min and isolation by t.lc. [silica,
developing with light petroleum containing ether (109,)] gave
1,5-bis(2-bromophenyl)pent-1-en-3-one (37) (Rg 0.1), & 3.05 (4
H, m,2 x CH,), 6.55(1 H, d, J 16.7, 2-H), 6.90—7.60 (8 H, m,
ArH), and 790 (1 H, d, J 16.7, 1-H).

1,5-Bis(2-iodophenyl)penta-1,4-dien-3-one  (20).—Replace-
ment of benzaldehyde, by 2-iodobenzaldehyde, in the synthesis
of dibenzylideneacetone,®® gave 1,5-bis(2-iodophenyl)penta-1,4-
dien-3-one (20) (75%) as yellow prisms (from ethyl acetate), m.p.
131—132 °C (Found: C, 42.1; H, 2.6. C,;H,,1,0 requires C,
420; H, 2.5%), m/z 359 (M* —1,7),232 (M* — 21, 100); &
6.95—8.05 (8 H,m, ArH), 7.20(2 H, d, J 16.7, 2,4-H), and 7.85(2
H, d, J 16.7, 1,5-H); A...(EtOH) 235 (¢ 5442) and 313 nm
(11 338).

This compound was reduced, as for the dibromo analogue
(19), by tributyltin hydride (2.4 mol equiv.) and work-up in the
same way afforded 1-(2-iodophenyl)-5-phenylpentan-3-one (34)
as a viscous yellow oil (0.21 g); m/z 364 (2), 363 (8), 237 (28), 133
(31), 105 (67), and 91 (100); v, (film) 1 710 (C=0O) and 1 600
cm™:32.50—3.10 (8 H, m,4 x CH,), 6.70—7.40 (8 H, m, ArH),
and 7.75 (1 H, d, J 7.9, 3’-H). Tributyltin hydride (1 mol equiv.)
gave (from 'Hn.m.r.)a 1: 1 mixture of compounds (32) and (38).

1,5-Bis(2-trimethylsilylethynylphenyl) penta-1,4-dien-3-one
(18).—(i) 1,5-Bis(2-iodophenyl)penta-1,4-dien-3-one (20) (30 g),
tetrakis(triphenylphosphine)palladium(0) (0.5 g), copper(1)
iodide (36 mg), triethylamine (250 ml), and xylene (200 ml,
sodium dried) were placed in a 3-necked flask with a nitrogen
gas inlet, a dry-cold condenser, and a stopper. The mixture was
deaerated for 5 min after which ethynyltrimethylsilane (186
mmol, in THF-hexane) was added. The mixture was warmed to
ca. 85 °C slowly on an oil-bath and maintained at 85 “Cfor 11 h.
After being cooled, the solution was filtered; the filtrate was
concentrated, ether (200 ml) was added, and the solution
washed successively with aqueous hydrochloric acid (5%),
saturated aqueous sodium hydrogen carbonate (200 ml), and
water (200 ml), and dried. The solution was concentrated,
filtered through a silica column (5 x 8 c¢m) and the organic
materials washed through with ether and light petroleum. The
solvents were evaporated and the residue diluted with an equal
volume of light petroleum and cooled at —78°C. This
precipitated 1,5-bis(2-trimethylsilylethynylphenyl) penta-1,4-
dien-3-one (18) as bright yellow prisms (16.7 g, 63.0%) (from
light petroleum), m.p. 102—103 °C (Found: C, 76.0; H, 7.1.
C,,H;,0Si, requires C, 76.1; H, 7.0%); m/z 426 (M *, 4),411 (3),
227 (7), and 73 (100); v..x.(Nujol) 2 160, 2 070, 1 660, 1 620,
1600, 1 590, 1 275, 1 250, 1 185, and 1 090 cm™*; § 0.30 (18 H, s,
6 x Me), 7.15 2 H. d, J 16.7, 2,4-H,), 7.45 (8 H, m, ArH), and
827 (2 H, d, J 16.7, 1,5-H); A, (EtOH) 225 (¢ 31030), 251
(29 640), and 325 nm (19 590).

(ii) 1,5-Bis(2-ethynylphenyl)penta-1,4-dien-3-one (17) (0.5 g)
and 1,8-diazabicyclo[5.4.0Jundec-7-ene (0.65 g) were succes-
sively added to a stirred suspension of silver nitrate (30 mg) in
dichloromethane (2 ml) and the mixture heated at 40 °C;
chlorotrimethylsilane (0.46 g) was then added as in a similar
case.*? After being stirred for 30 h at 40 °C, the mixture was
cooled and silica (2 g) was added. After evaporation to dryness,
the residue was chromatographed (silica). Elution with light
petroleum containing ether (309;) gave the dienone (18) (297
mg) identical with the analysed specimen.
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1,5-Bis(2-ethynylphenyl) pentane-3-one (36).—(i) A deaerated
solution of 1,5-bis(2-iodophenyl)pentan-3-one (19.6 g), copper(1)
iodide (36 mg), and tetrakis(triphenylphosphine)palladium(0)
(0.5 g) in anhydrous triethylamine (300 ml) was treated with
ethynyltrimethylsilane (11.76 g, in THF-hexane) under
nitrogen, and rapidly heated to 90 °C for 16 h. The mixture was
worked up as for compound (18) but the product was chromato-
graphed (silica). Elution with light petroleum containing ether
(10%;) afforded 1,5-bis(2-trimethylsilylethynylphenyl)pentan-3-
one (35) (9.97 g, 58%); m/z 430 (M ™, 2), 357 (3), 284 (7), 128 (2),
and 73 (100); v,,., (film) 3 060, 2 960, 2 900, 2 860, 2 150, 2 110,
1720, 1 600, 1 480, 1450, 1410, 1 250, 1 070, and 1 040 cm™; &
0.23 (18 H, s, 6 x Me), 2.50—3.20 (8 H, m, 4 x CH,), and
7.00—7.50 (8 H, m, ArH).

Unpurified compound (35) was treated with potassium
fluoride dihydrate (5.8 g) in DMF (60 ml) under nitrogen at
room temperature for 1 h and poured into water (100 ml). The
organic material, extracted with dichloromethane, was
chromatographed (silica) with light petroleum containing ether
(20%;) as eluant to afford 1,5-bis(2-ethynylphenyl)pentan-3-one
(36) as a pale brown oil (88—92%); m/z 294 (M *, 1), 269 (7), 129
(70), and 115 (100); v,., (film) 3 300, 3 060, 2 100, 1 710, 1 600,
1485, 1450, 1370, and 1080 cm™; & 2.50—3.15 (8 H, m,
4 x CH,),3.15(2 H,s,=CH), and 6.95—7.50 (8 H, m, ArH). The
2,4-dinitrophenylhydrazone derivative, orange prisms (from
acetone), had m.p. 114—115 °C (Found: C, 57.3: H,4.3: N, 10.1.
C,,H;,N,0,-H,SO, requires C, 57.4; H, 4.3; N, 9.9%).

(ii) Tributyltin hydride (19.7 ml) was added dropwise at room
temperature over 10 min to a stirred deaerated solution of 1,5-
bis(2-trimethylsilylethynylphenyl)penta-1,4-dien-3-one (18) (13
g), acetic acid (3.67 ml), and tetrakis(triphenylphosphine)-
palladium(0) (0.7 g) in benzene (120 ml). After 20 min, the
solvent was removed and the residue chromatographed
(alumina grade I). Fractions eluted with light petroleum
containing ether (40%) afforded 1,5-bis(2-trimethylsilylethynyl-
phenyl)pentan-3-one (35) which, when desilylated with
potassium fluoride as in (i), gave 1,5-bis(2-ethynylphenyl)-
pentan-3-one (36) (6.1 g, 70%).

Reduction of the penta-1,4-dien-3-one (18) with equimolar
quantities of tributyltin hydride gave 1,5-bis(2-trimethylsilyl-
ethynylphenyl) pent-1-en-3-one (39) (85%), prisms (from light
petroleum), m.p. 72—73°C (Found: C, 757, H, 74.
C,,H;,0Si, requires C, 75.7; H, 7.5%); m/z 428 (M ", 1), 413 (7),
355 (15), 227 (5), and 73 (100); V.. (Nujol) 2160, 1 665,
1620, 1590, 1300, 1250, and 1172 cm™; & 0.2 (18 H, s,
6 x Me), 3.10 (4 H, m, 2 x CH,), 6.72 (1 H, d, J 16.7, 2-H),
7.05—7.70 (8 H, m, ArH), and 8.10 (1 H, d, J 16.7, 1-H),
Amax (EtOH) 243 nm (g 5 465), 249 (13 940), and 292 (5 440).

Further reduction of this compound (39) with butyltin
hydride (1.2 equiv.) under our usual conditions, gave the pentan-
3-one (35) (809 yield).

13,14,16,17-Tetrahydro-5,6,7,8-tetradehydrodibenzo[ a,g]-
crclotridecen-15-one  (40).—1,5-Bis(2-ethynylphenyl)pentan-3-
one (36) (1 g) in pyridine (52.5 ml, freshly distilled from calcium
hydride) and dry ether (17.5 ml) was added dropwise during 3 h
to a stirred suspension of anhydrous copper acetate °° (4.4 g) in
pyridine (127.5 ml) and dry ether (42.5 ml) at 50 °C (oil bath);
stirring was continued at 50 °C for 30 min after which the
mixture was cooled. The residue, after solvent removal, was
chromatographed (silica). Elution with light petroleum
containing ether (40%) gave the title compound (40) (761 mg,
76.8%) as yellow rods (from ether), m.p. 175—176 °C (decomp.)
(Found: C, 89.0; H, 5.2. C,H, O requires C, 88.7; H, 5.6%,); m/z
284 (M ™, 100), 255 (30), and 128 (24); v, (Nujol) 2 200, 1 695,
1 160, 1 100, and 1 035 cm™'; (300 MHz) 2.92 (4 H, m), 3.08 (4
H, m), 7.17—7.38 (8 H, m); 8. (75.5 MHz) 32.3 (t), 42.3 (t), 80.8
(s), 88.9 (s), 122.3 (s), 126.7 (d), 129.7—129.8 (3 x sp>-CH),
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145.9 (s), and 211.8 (s); A.x (EtOH) 200 (€ 22 460), 220 (15 700),
277 (4 040), 288 (6 430), 296 (8 280), 310 (9 871), 317 (11 590),
332 (9 080), and 339 nm (9 210); addition of 1 drop of HCIO,
shifted the whole spectrum by 2 nm to longer wavelengths.
Longer reaction times or wet solvents caused a dramatic
decrease in yield.

This compound (40) (200 mg), sodium sulphide nonahydrate
(680 mg), and methanol (10 ml) were refluxed for 5.5 h. Most of
the solvent was evaporated and water (20 ml) was added.
Evaporation of the washed (water) and dried ethyl acetate
extract gave an oil, which was chromatographed (silica) eluting
with dichloromethane. A yellow eluate yielded a compound (25
mg), off-white needles (from dichloromethane—light petroleum,
cooled to —78°C), m.p. 215—216 °C (decomp.) (Found: C,
88.5; H, 5.8. C,,H, 4O requires C, 88.7; H, 5.6%); m/z 284 (M ™,
72), 256 (M™ — CO, 16), 156 (M* — C,,Hg, 100), and 128
(C,oHg", 100); v,... (Nujol) 1 602, 1 585, and 1 570 cm™; 5 3.11
(4H,brs),3.83(4 H,brs),and 7.00—7.70 (8 H, m); A,,,, (EtOH)
233 (£ 9 320), 315 (7 370), and 370 (17 200) nm.

13,14,16,17-Tetrahydro-5,6,7,8-tetradehydrodibenzo[ a,g]-
cyclotridecen-15-0l (41).—Powdered sodium borohydride (182
mg) was added to compound (40) (343 mg) in ethanol (25 ml).
The reduction was complete after 10 min (t.l.c.). Most of the
solvent was removed and water (30 ml) was added. The mixture
was extracted with dichloromethane (3 x 10 ml) and the
extract dried and evaporated to give the title compound (41) as
colourless needles from chloroform—light petroleum (cooling to
—78 °C) (321 mg, 93.6%), m.p. 146—147 °C (Found: C, 88.0; H,
6.6. C,;H, 5O requires C, 88.1; H, 6.3%); m/z 287 (M* + 1, 36),
286 (M ™, 100), 285 (21), 269 (77), 141 (50), 128 (50), and 115
(31); v, (Nujol) 3360 (OH), 3 060, 2200, 1375, 1180, and
1050 cm™!; & (300 MHz) 1.58 (1 H, d, exchanged with D,0O,
OH), 1.83 2 H, m), 2.17 (2 H, m), 2.87 (4 H, m), 4.07 (1 H, m),
and 7.13—7.38 (8 H, m, ArH).

13,14,16,17-Tetrahydro-5,8-epithiodibenzo[ a,g]cyclotridecen-
15-0/(42).—Compound (41) (1 g), sodium sulphide nonahydrate
(3.36 g), and methanol (60 ml) were refluxed for 17 h as
described 3¢ in other cases. After most of the solvent had been
removed, the residue was treated with water and extracted with
ethyl acetate. Evaporation of the washed (water) and dried
extract gave a brown viscous oil which was chromatographed
(silica). Elution with light petroleum containing ethyl acetate
(30%) gave a yellow foamy solid which on recrystallization from
ether-light petroleum (cooling to — 78 °C) gave the tridecen-15-
ol (42) (333 mg, 29.8%) as yellow prisms, m.p. 92—93°C
(Found: C, 78.3; H, 5.9; S, 10.2. C,,H,,0S requires C, 78.7; H,
6.2; S, 10.0%); m/z 321 (M™* + 1, 85), 320 (M, 100), 303 (57),
269 (25), and 115 (28); v,,..,.(Nujol) 3 340, 3 080, 1620, 1 595,
1370, 1 365, 1 050, and 1 035 cm™!; §,;, (300 MHz) 1.42 (1 H, br,
exchanged by D,0, OH), 1.58 (2 H, m, 14,16-H), 1.82 (2 H, m,
14,16-H), 2.60 (4 H, m, 13,17-H,), 3.78 1 H, tt, J9 + 9 + 2 +
12, 15-H), 693 (2 H, s, 6,7-H), 7.28 (6 H, m, ArH), 7.55 (2 H, m,
ArH); assignment of 14,16-H, was made from the results
obtained by adding [Eu(fod);]; 3¢ (75.5 MHz) 30.13 (t, CH,),
32.95(t, CH,), 71.44 (d, 15-C), 126.20 (d), 126.90 (d), 128.55 (d),
128.89 (d), 130.37 (d), 134.17 (s), 142.02 (s), and 142.93 (s);
Amax (EtOH) 196 nm (g 25 600), 277 (10 470), and 332 (2 440);
Apar. (EtOH + 1 drop HCIO,) 190.5 (e 25 610),270 (9 350), and
328 nm (1 120).

Reaction between 13,14,16,17-Tetrahydro-5,8-epithiodibenzo-
[a,g]cyclotridecen-15-0l (42) and Trifluoromethanesuiphonic
Anhydride —Trifluoromethanesulphonic anhydride (180 mg)
and dichloromethane (5 ml, distilled over P,O) were placed in
a 2-necked flame-dried flask, with a nitrogen inlet and a pressure
equalizing funnel. The reaction mixture was cooled to —40 °C
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and solid sodium carbonate (36 mg, dried in vacuo at 200 °C
overnight) was added, followed by a solution of the alcohol (42)
(161 mg) in dichloromethane (10 ml) over 20 min at the same
temperature. After 2 h, the cooling bath was removed and 1 h
later the dark brown solution was poured into water. The
dichloromethane extract was washed (water), dried, and
evaporated to leave an oil, which was chromatographed (silica).
Elution with light petroleum containing ethyl acetate (10%)
afforded the E-olefin (45) (60 mg, 48.5%) as an oil which
decomposed on attempted distillation in high vacuum; m/z 302
(M™, 34), 269 (M* — SH, 100), and 115 (30); V.., (film) 3 060,
3020, 2930, 2 860, 1600, 1 480, 1450, 1218, and 1 105cm™; &
'H n.m.r. see the Table. Elution with light petroleum containing
ethyl acetate (40%) gave back compound (42) (30 mg).

15-Todo-13,14,16,17-tetrahydro-5,8-epithiodibenzo[a,g]-
cyclotridecene—lodotrimethylsilane (223 mg) in dichlor-
omethane (1 ml) was added to the cyclotridecen-15-ol (42) (179
mg) in dichloromethane under nitrogen at room temperature.’®
After 2 h, the mixture was washed with aqueous sodium
metabisulphite and water, dried, and the solvent evaporated.
Chromatography (silica) and elution with dichloromethane
afforded the 15-iodocyclotridecene (163.5 mg) as very pale
yellow prisms (from light petroleum, cooled to —78 °C), m.p.
78—79 °C. The last traces of solvent were not removed in high
vacuum and satisfactory analytical data could not be obtained;
m/z 430 (M, 11), 302 (100), 269 (80), 146 (46), 128 (56), and 115
43); V... (Nujol) 3060, 1262, 1180, 1140, 1040, and 1 030
cm™!; & (300 MHz), 2.00 (4 H, m, 2 x CH,), 2.65 (4 H, m,
2 x CH,), 4.44 (1 H, m, 15-H), 6.94 (2 H, s, 6,7-H), and 7.00—
7.62 (8 H, m, ArH).

The iodo compound (48 mg) in 1,2-dichloroethane (2 ml,
distilled over P,0O;) was added to silver tetrafluoroborate (21.7
mg) suspended in the same solvent (2 ml). After 15 min, a yellow
solid began to precipitate out. After 75 min, the mixture was
filtered through Celite and evaporation of the solvent under
reduced pressure at 20 °C afforded the olefin (45) as a brown oil
(26.8 mg), identified from its 'H n.m.r. (300 MHz) spectrum
(Table).

13,14,16,17-Tetrahydro-5,8-epithiodibenzo[ a,g]cyclotridecen-
15-one (43).—A chromium trioxide solution [0.5 ml of a mixture
of chromium trioxide (2.67 g), concentrated sulphuric acid (2.3
ml) and water (7.7 ml)] was added to a stirred solution of the
cyclotridecen-15-ol (42) (150 mg) in acetone (6 ml) at room
temperature. After 1 h, saturated aqueous sodium metabisul-
phite (5 ml) was added. The mixture was extracted with
dichloromethane and the extract, washed (H,O), dried, and
evaporated to afford a yellow oil, which was dissolved in
dichloromethane and filtered through a small silica column.
After evaporation the residue was recrystallized from dichloro-
methane-light petroleum (cooling to —78 °C) to give the
tridecen-15-one (43) (186.3 mg) as colourless prisms, m.p. 132—
133 °C (Found: C, 78.7; H, 5.7; S, 10.3. C,,H, 3OS requires C,
79.2; H, 5.7; S, 10.1%), m/z 318 (M ™*, 100), 290 (3), 185 (14), and
228 (9); Vinax (Nujol) 3058, 1 715, 1415, 1 380, and 1 080 cm™!; 3
248 (4 H, m), 2.92 (4 H, m), 6.86 (2 H, s), and 7.30 (8 H, m);
Amax (EtOH) 206 (g 55250), 215 (33 930), 293 (13 600), 299
(16 270), 313 (18 510), 320 (21 310), 334 (16 550), and 342 nm
(16 410); ... (EtOH + 1 drop HCIO,) 216 (¢ 54 410), 224
(32 810), 292 (13 180), 298 (15990), 312 (18 230), 319 (21 030),
33 (15990), and 341 nm (15 990).

The ketone (43) (174 mg), toluene-p-sulphonylhydrazide (102
mg), concentrated aqueous hydrochloric acid (4 drops), and
ethanol (15 ml, 95%) were refluxed for 30 min. Filtration and
thorough washing with light petroleum gave the p-tosylhydra-
zone (228 mg) as shiny, colourless prisms, m.p. 231—232 °C
(Found: C, 69.2; H, 5.3; N, 5.9. C,3H,¢N,0,S, requires C, 69.1;
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H, 5.4; N, 5.8%); m/z 487 (M* + 1, 36), 333 (56), 318 (26), and
303 (100); v,,,, (Nujol) 3200, 3 060, 1 598, 1490, 1375, 1 340,
1170, 1 150, 1 085, and 1 030 cm™; 3[(CD3),SO] 1.90—2.95 (8
H,m),2.35(3 H,s),3.12(1 H,s), 693 (2 H,s), 7.35 (10 H, m), and
7.78 2 H, d, J 8).

Reaction of Tosylhydrazone of (43) and Lithium Di-isopropyl-
amide—A solution of 13,14,16,17-tetrahydro-5,8-epithiodiben-
zola,g]cyclotridecen-15-one tosylhydrazone (200 mg, 0.41
mmol) in tetrahydrofuran (15 ml) was added to lithium di-
isopropylamide (4.1 mmol, prepared as described previously) at
78 °C over S min. A pale yellow colour developed. After 15 min
at —78 °C, the temperature was allowed to rise slowly to 0 °C
and was kept there for 2 h. The mixture was poured into
saturated aqueous ammonium chloride (50 ml) and extracted
with dichloromethane. The extracts were washed (H,0), dried,
and evaporated to give a brown oil which was flash
chromatographed oversilica using ethyl acetate-light petroleum
(3:7, v/v) as eluant. A mixture of the alkenes (45), (46), and (47)
was obtained as a pale brown oil (68 mg); m/z 302 (M ™, 55), 269
(M* — SH, 100), 268 (M* — H,S, 21), 253 (18), 239 (15), 215
(13), 141 (28), 128 (27), and 115 (41). The alkenes were identified
from their 'H n.m.r. spectra (Table).

Conversion of 13,14,16,17-Tetrahydro-5,8-epithiodibenzo-
[a,glcyclotridecen-15-one  (43) into 13,14,16,17-tetrahydro-
5,6,7.8-tetradehydrodibenzola,g]cyclotridecen-15-one  (40).—(i)
The tridecen-15-one (43) (91.7 mg), 2,3-dichloro-4,5-dicyano-
1,4-benzoquinone (327 mg) and dioxane (10 ml) were refluxed
for 23 h. The solvent was evaporated and the residue was
chromatographed (alumina, grade I). Fractions eluted with
ethyl acetate-light petroleum (1:1, v/v) afforded yellow crystals
(27.8 mg) which were identical with an authentic sample of the
title compound (40) in m.p., mass, and 'H n.m.r. spectra.

(i) A mixture of compound (43) (50 mg, 0.16 mmol) and
3,4,5,6-tetrachloro-1,2-benzoquinone (120 mg) was refluxed in
ether ! for 3 h. Work-up as above afforded compound (40) (30
mg) identified as in (i). The ketone (43) was unchanged by
palladium(11) chloride in hydrochloric acid in t-butyl alcohol.°
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