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ABSTRACT

Synthesis of aromatic tetra-t-butyltetradehydro(22}annulene
(50) by the dehydroxylative aromatization of the polyenyne-glycol
was described. The identity of the diacetylene and hexapentaene

units incorporated in this dehydroannulene system has been proved,

Tetrasubstituted-didehydro[18]-»(71 and 74), didehydro (22}~ (83),
didehydro (26) - (84) and didehydro [30]annulene (91) have been
prepared Sy reductive dehydroxylation of cyclid glycols obtained
by the cyclic dimerization of polyene-ketones under the conditions
of the Favorskii reaction. The aromaticity and conformational
stability of these didehydroannulenes have been shown by their
n.m.r, spectra., It is stated that a diatropic thia(13]annulene
derivative (120) was synthesized.

Substituted-2,8-decadien-4,6~-diyndials (121, 122 and 123)
were synthesized by the oxidative coupling of corresponding
substituted pentenynals (127 and 41b) or acetals (4l4a and LUb).
It was found that these diaidehydes give readily dihydrofuranyl;
idene derivatives (140, 141, 129 and 131) by the addition of
‘'methanol followed bhy intramolecula; cyclirzation. The thermal
reaction of the dialdehydes afforded difuranylacetylene derivatives
(139, 128 and 136).

Dimerizgtion by Favorskili feaction of ethynylnaphthalene~
ketone (176) yielded the cyclic glycol (177). The glycol was
cohveftéd into dinaphtho-di-t-butyldidehydro(14)annulene (178) by
dehydroxylative aromatization at -20~-30°C. The formation of the
annulene could be confirmed on the basis of electronic and n.m.r,
spectroscopy, The annulene showed an apparent diatropic ring
ourrent, This is a first example of aromatic non-bridged neutral

annulene annelated with benzenoid nuclei,



I. INTRODUCTION
Through the thermal decomposition of whale 0il, benzene was.
first obtained in 1825 by Faraday, and recognized that the molecu~
lar formula is CgHg. Thereafter there had been much argument '
about the structure of benzerie. -In 1865 Kekul® published a paper

entitled Sur la constitution des substances aromatiquesl) in which

he suggested that the six atoms of carbon form a closed'chain. ;InA

- another paperz)'published in the same year he used a regular hexa-
gon formula in which the six carbon atoms were labelled by the
letters a~f. The familiar hexagon formula yith alternate single and

double bonds was first used in a paper published in 18693)-_

H H
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Benzene is considered to be an‘“aromatic" compound because its
cyclic conjugation leads to great stability, 'Aiomaticify" in this’-
sense of wofd thus means special stability due to cyclic¢ conjugation.

As early as 1925, Armit and Robinsonu)

suggested an idea of aromatio
sextet since the fact that all of the aromatio systems contain six
N-electrons, This idea would also explain why cyclobutadiene (2)

and cycloootatetraené ( 3 )‘are not aiomatio. Cyclobutadiene ( 2 )

(2) o (3)



and cyclooctatetraene ( 3 ) are not aromatic. ( 2 ) and ( 3 )
contain‘four and eight m-electrons respectively, so acco:dingité
bthé sextet'postulation it would not be expected to be aromatié¢.,
The requirément_of the sextet of electrons fof aromaticity
cannot be explained by valence boﬁd theory, ﬁowever, several
decades ago, Hﬁckel formulated his famous {(4n + 2) rule5), which;
states that monocyclic cdplanar systems of trigonally hybridise&
atoms which contain‘(hn + 2) ﬂ»electrons will possess relative
electronio.stability; His molecular orbital treatment yielded
tﬂe.conclusion that, if a mélecuie haS'oécupied antibonding or
nonbonding m-orbitals, ifs Stability\shéuld ¢onsiderab1y rgduéed;_
on the other 'hva’nd',‘vi'_f the éle’c:"firovris ‘_rili all of :the bonding orbit=
als, Stability'shog;d:be_éained; As hagjbéen §ointed out by |
‘Severai'authprs;-the greéﬁ'sfability sh9wnfby benzené (1 );-k
cyclopen£adieﬁide-anion ( u_)'andvﬁjciéﬁéptatrieniuﬁ_(tropyiinm)
cation ( 5 ) are anéisfgnt With'ﬁﬁdkei’s prediction being.nél
(Six.f;électron systém)." The physiéai evidenbes such as elgctron
diffraétions)’and‘x?ray diffrAction7) indicate that benzene has

. : _ o
a regular planar hexagonal structure of side 1.39 A,

Cyclopeﬁtadiénide.anidn vaclohgptatrienium cation
(%) S (5)



II. TEN ®-BLECTRON SYSTEMS
Considering the case where n=2, i.e., ten welectron systems,
it seems that one obvious possibility would be cyclodecapentaenes
( 6, 7, and 8 ). Recently two cyclodecapentaenes ( 6, 7 ) have

8). ; ',Hi‘s challenging oxperi.ments' showed

been synthesized by Masamune
that Kelectrons in the compound ( 6 )( a ten-membered ring with

five cis double bonds) do not delocalize to form an aromatio s}stem.

O Co

(6) S - (8)

The internal angles in ( 6;) would be 1#h° compared with the sp2
optimal angle of 120°; fhis.involvesfto§ much strain to be planar,
If one trans dohble bond is‘invélved,the Angle strain disappears,
but at the expensebof seféfe ﬁindrance-~#§ hydrogqn atom ihside

of the ring. --Therefore ( 7 ) is 1chpabie'of}taking a planar con-
formation, and not aromatic, The third'éyclodecapentaahe ( 8 )
having two trans doub1§ bonds would seem to'be most unstable, and the
systom has not yet (1974) been synthesized. Onvthc othar hand;utw0‘_
anionic ten T electron compounds are known (GYclooctatetraene

)9)

10)
dianion ( 9 and cyclononatetraenyl anion (120 ) ). Both -

compounds are apparently aromatic,

(99  (0)



Two "internal" hydrogen atoms in ( 8 ) would prevent the mo-
lecule from assuming a planar configuration, If these two hydrogen
atoms are replaced by a methano~ or hetero-bridge, very unique
systems result., Several such cémpounds hafe been synthesized by
Vogel, While these are not monocyclic, the Weaelectrons are re-~
str;cted'to the periphery of the éyétem, and the compounds ar§ ;
aromatic by Spectroséopic and chemical criteria, 1,6-Methano-f
cyclodecapentaene ( 11 ), for example, has been first prepared and

11). This compound was found to be stable and showed

investigated
the présence of an induced diamagnetic ring current, Aromatic
substitution reacﬁions,_ngl, bromination, acetylation and nitration,
have been found to give mono- and disubstituted products. The

n,m,r, spectrum shows the resonance o£ the ring protoﬁs At very

low field arid the stfong shielding of the CHg protons, which can

be considered as evidence for the pfesence of a’ring current.




III., THE ANNULENES

It was pointed out very early by Mislowlz) that all the cyclic
polyenes from C,oHyo to CggHgg presumably cannot be planar in view
of the steric interactions of the internal hydrogen atoms in the
planar molecules as is shown in the rough scale drawings of Fig. 1.
Finally the cyélic polyene with 30-membered ring ( 17 ) ocan adopt
a planar‘conformation and was expected to be aromatic.

Many advances in recent acetylenic chemistry haveenabled the
synthesis of macrocyclic conjugated polyenes and polyenynes (143.,
comﬁouhds with both double and triple bonds). Almost all of the

1 14)
work on the synthesis of higher c¢yclic polyenes (014H14 3), Ci6Hie ),

6) 17) 18)

CieHys )o CeoHao ®/, CagHgs '» CasHse and C3oHao 9)) has been

{10)Annulene [14)Annulene, [12]Annulene 4
i1z) <i3) ‘
[16}JAnndlens 05> [18]Annclene (16)  [30)Aanuless (17

! Eig.‘l. Scale drawing of some annulenes (bond length:

= 1,40 § all equal; R = 1,10 &; all valence angles

Reg CH
120°; hydrogen radii = 1,00 R)lz).



done by Sondheimer and his co-workers., These cyclic pPolyenes are
called annulenes according ﬁo the proposal by Sondheimer2°>. The
anhulenes are the cqmpletely conjugated monocyclic polyenes, the
ring size being indicated by a number in brackets, For instance,
benzene is (6lannulene, and ( 16 ) is tlSjannuleﬁe.v The com-
pletely conjugated monocyclic polyenynés aré.siﬁilarly called

21) 22)

dehydroannulenes. ( 18 ) and ( 19 ) are called tridehydro~-

{18)annulene and hexadehydro{18)annulene, respectively?,
- ' A\
,=!f'\& | P
4 /

/ \
Q'\_ | | (: b
\ =0 \ zp_ggd?

(18) (19)

As shown in Fig., 1, molecular models and scale drawings indi-
cate that the van der Wgals radii of_the six internal hydrogen
atoms overlap each other but that this overlap is not so extreme
as to exclude a reasonably plannar carbon skeleton., [18]Annulene

( 16 ) synthesized has been found to display relatively little

# In the trivial no;enclature originally proposed,ﬁy Sondheimer, .
( 18 ) is named tridehydro[18Jannulene, since it contains three
acetylenic bonds. In ano ther trivial nomencl#tufe sy;tem, oc~-
casionally used subsequently by other workerszg), ( 18 ) is named
hexadehydro(18Jannulene, since it contains six fewer protons than
(18)annulene. We use original nomenclature by Sondheimer to avoid

confusion in the literature.



aromatic character in the classical sence. On the other hand, the
physical evidence clearly indicates that [18)annulene ( 16 ) is
aromatic, X-ray analysis has established the fact that {[18]annu-
lene ( 16 ) poséesses a center of symmetry, and an essentially
planar moleculezu).

The h;m.r. Spectfum shows two broad bands at room temper-
ature, one at very low field (T 1,1) due to the outer protons and
one at very high field (T 11.8) due to the six internal proton#zu).
The areas under the two bands were found to be in the ratio 2 : 1,
These peaks become progressively sharper and exhibit fine structure
as the.solution is cooled. Heating a solution of (18]annulene
causes the bands at z 1.1 and T 11.8 to broaden, and at 40°C these
bands can no longer be recognized (2;§b coalescence)., At 110°C
the spectrum consists of a relatively sharp singlet at T h,55.

It is thought that the protons change posi£ion at such a rate that
an average value results fof the band locations, The mobility 6f
7M8Jlannulene is caused by overlapﬁing of its internal hydrogen
atoms, Similar behavior was found‘at'the n.m,r, spectra of [(14]-
annulene ( 13 ) and [22)annulene ( 20 ), Recently Oth showed

that in general the annulene indicates conformational and con-
figurational mobilities if the internal‘hydrogen_atoms overlap
each other to some extentzs).

‘Insertion of acetyienicklinkage in an annuléne system in-
creases the conformational stability of the resulting dehydro;
annulene system owing to the linear feature of acetylenic bond.

This SItuation is reflected in the n.,m.r. spectrum of dehydroannulene;,

ie., the coalescence temperature of n,m.r. spectrum of a dehydro

annulene has been found to be much higher than that of corresponding

- 8 =



annulene itse1f27). Consequently, dehydroannulenes may be regarded

as suitable compounds for studies of aromaticity of macrocyclic
conjugated system, However, contribution of nondelocaligzed al~
ternate bond structure should increase in dehydroannulehe as com-
pared with that in annulene itself due to the perturbation of
acetylenic linkage. Thé fact that tridehydro(26)annulene ( 21 )
shows no diamagnetic ring currentzs),whqrpas monodehydro(263anndr
lene ( 22 ) ;s found to be'diatropiczg)‘indicates the effect of
the perturbation of acetylenic linkages.

We have been interested in a dehydroannulene system which
contains cumulenic and acetylenic liﬁkages in the oyclic.systems.
It can overcome the disadvantage»of dehydroanqulene (the increase
in_oontributioh of nondelooaliigd altérnate bond st:ucture), and |
possesses the oontormatiohal stability;- we'wiil discuss it at the

next chapters.

I

W
&

g

cz/)
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IV, DEHYDROANNULENES CONTAINING ACETYLENIC AND CUMULENIC

LINKAGES IN THE CYCLIC SYSTEM.

5)

Ignoring the Hilickel's (4n+2) welectron rule’’, SworskﬂBo) has

suggested that the compound ( 23 ) and ( 24 ) which may arise insert-

ing two or three acetylenic linkages into benzene nucleus should

possess a great stability and aromaticity. However, according to

the Hiickel's rule tridehydro [12)annulene ( 24 ) is nonaromatic (or
antiaromaticBI)) and in fact, recent synthesis of ( 24 ) has shown

2
its nonaromaticity3 ).

N N
,l @ —
@ - lu\) S
(23) (24)
Scheme I

Sondheimer obtained didehydrofli4lannulene ( 26 ) as by-product

through base treatment of the unconjugated l14-membered ring pie-

33)34)

cursor shown in scheme II.

= NN 7 N\
IS e i I -+ ~
= 3 \~| = 4
(26)
poor yield major product
Scheme 11

- 10 .-



~fidehydrol14]annulene ( 26 ) has been proved to be highly a.cwaiis
34)

“hs basis of n.m.r, spectroscopy and electrophilic subsiitutior

antion535). The n.m.r. spectrum and X-ray crystal structure analy-

6
sts of the didehydro[14)annulene ( 26 )3 )

have shown the symmetrical
structure of the molecule indicating the dehydroannulene (26) is the
resonance hybrid of the two Kekulé-type structures ( 26a and 26b).
In other words, the structure can be expressed more adequately by
the symmetrical formula ( 26c ). The aromaticity found in 1,8-
didehydro{14Jannulene ( 26 ) revealed that the sp-hybridized carbon
atoms of cumulenic linkage can participate in the formation of
aromatic system equivalent to the acetylenic carbon atoms, and the
symmetrical structure of ( 26 ) seems to render a particuler situ-
ation to the dehydroannulene ( 26 ) different from usual dehydro-
annulene in which any equilvalent Kekulé—type resonance structurs

cannot be drawn,

i I e i

|

epsmsonspenstany

Fig. 1

& .ray strycture of 1,8-bisdehydro[14]Jannulene



We have attempted a asynthesis of dehvdreans

~n38) " LL30) aq .
and 287/ ) proposed by Sworskii . However, all ateninis
' . ' , 37) . - \
to prepars 1,6-didehydro(i0lannulene ( 27 )7 and 1.0 8 10~
. 38) . .
tetradehydre [14] annulene ( 28 ) have been unsuccessiul,
Téﬁiﬁ f@@t seams to b@ ?hi{,f‘ih’«li-\lh-!.lj v = ‘Ztmﬂ',a‘;fplr\a(:ti@u of jeh

slectrons in the orbitals coplanar with the moleculer plans

The problem of MN-TNinteraction was overcome by inserting

a double bond to tetradehydro[l4Jannulene ( 28 ), Tetra-

methyl-tetradehydrof18Jannulene ( 3% ) was first synil

by Ojima and Nakagawa through stepwise route shown in Scheme

III“O).
5,9,14,18-Tetramethyl-1,3,10,12~tetradehydre [18] annulens

( 34 ) thus prepared was found to be rather unstable co

Exposure of the eyvstals of ( 2% ) to air and a diffused &
light at room temperature caused a complete decomposiiion
within a few hours., Because of its lowsolubility, the n.m.v.

spectrum was measured using time-average computer. The fact

that the cuter protons resonate at a low {ield and the in

protons exhibit signal at fairly high field clearly indic

%
H
ER)

the aromatic nature of the tetradehydre (18lannulens |



OH H
Me Me 0 Me

Me o~ M M N
M gy S em W
[ fl m oy -
0
Me»'V%J\Me Me)\/\/ésHMe Me‘\’\?.i;Me
(34) (33) (32)

Scheme IIIX

The framework of the tetradehydro[18lannulene ring is expected
to hold a high conformational stability owing‘to the presence of a
pair of straight rods of six carbon atoms in the cyclicAsystem. In
fact, the n.m,r, spectra of ( 34 ) exhibited essentially no tempra-
ture dependency in the region of -60° to +64°C., The measurement at
higher than 64°C could not be performed owing to the decomposition
of ( 34 ).

In this molecule, the outer protons appear atr 0,34 Ppm and the
inner protons att 15.23 ppm, thus suggesting a much more important
ring current than in ( 26 ), This has 5een shown to be due to a
much more effective qhgnching of the T-diamagnetic anisotropy by

bond-alternation in ( 26 ) than in ( 34 )hl).

Tetramethyltetradehydrol18Jannulene ( 34 ) is unexpectedly

unstable and hardly soluble in all organic solvents. Therefore,

- 1’3 -



we tried to synthesize more stable and soluble tetradehydrol18.1-
annulene than ( 3% ). Tetraphenyltetradehydrof18]lannulene ( 3% )

synthesized by Fukui and Nakagawaug)

found to be more stable, but
unfortunately it is extremely insoluble in organié solvents. The
synthesis of tetra—t-butyltetradehydro[18]annulene ( 36 ) performed by
Tomita and NakagawauB) gave a solution of this problem, i.e., ( 36 )
was found to be very stable and hore soluble than the other tetra-
substituted-tetradehydro[18lannulenes making easier the msasurement
of n.,m.,r, spectra¥*, Thus we found t-butyl group is the best sub-

stituent, and we began to attempt the synthesis of the different

ring-size dehydroannulenes,

R~ R |
moo (34), R
(35), R

|
i I
RWR (36), R

Me
Ph

t-Bu

* In early lnvestigation the measurement of n.m,r., spectra needs
good solubility. But quite recently, owing to the advance in the
technique of n.m,r, spectroscopy, it is possible to measure n.m,r.

spectra ef the compounds which have very poor solubility.



V. SYNTHETIC STUDIES OF TETRADEHYDROANNULENES

V-1, SYNTHESIS OF TBTRA-t;BUTYL-TETRADEHYDRO[22]ANNULE§5*uu)

In view of the conformational stability and the highly de-
localized Telectron system of the above-mentioned 5,9,14,18-tetra-
substituted-1,3,10,12-tetradehydroli8lannulenes ( 34, 35 and 36 ),
it was of interest to synthesize higher members of tetradehydro-
annulenes having analogous rigid molecular framework,

The synthesis of tetramethyltetradehydro(18Jannulene ( 34 )
has been mentioned previous chapter ( Scheme III ). The last
step of this synthesis was reductive dehydroxylation of 18~membered
cyoclic glycol ( 33 ). Reductive dehydroxylation of 2-butyn-1,4-
diols ( 37a ) or hexa-2,4-diyn-1,6-diols ( 37b ) to form buta-

trienes ( 38a ) or hexapentaenes ( 38b ) is a well-known reactionuj)

T S‘R Nescerey
(37) (38) p'ne '2
OH
-= =R — R-= =-R
H
(39) (40)

Scheme IV,

* These experiments were carried out in collabolation with

Hideakl Miyazaki,



Also reductive aromatization of cyclohexadiendiols ( 39 ) to give
disubstituted benzenoid compounds ( 40 ) has been reported in
several casesu6).

We expected that the reductive aromatization of gyalic polyenyne-
glycols should result in the formation of the dehydroannulenes
containing acetylenic and cumulenic linkages shown in Scheme IV.

The present investigation started from the synthesis of 22-memberdd
cyclic glycol ( 49 ), a key intermediate. 1In general, cyclic glycols

are good precursors for their stability and ease of purification

compared with corresponding annulenes.

R'IT\CHO N RWCH:N@ —, Ryeaacho
»* M

(41) 42) (43)
v /

NPNCHOED, — R g CHOER),

E

(44) (45) t t
a,R=Ph bR=t-Bu

W e) O

éUWV*?’H

1] {]]
W
1

2 1}




Firstly, we attempted the conversions of pentenynal ( 41 ) inte
heptadienynal ( 43 )., Phenylheptadienynal ( 43a: ) was prepared by

L2
different twe routes. Phenylpentenynal ( 41a ) )

was treated with
diethyl 2-(cyclohexylimino)ethylphosphonate carbanionu7) and the
product ( 42a ) was hydrolyzed to yield ( U43a ) in a yield of 51%.
Condensation of ethyl vinyl ether in the presence of borontrifluo-
rideus) with acetal ( 4l4a ) derived from ( 4la ) afforded ethoxy
acetal ( 45 ) which gave ( 43a ) of treatment with hydrochrolic acid
in tetrahydrofuran (61% based on ( ULba )).

Similarly, t-butylpentenynal (41b) was converted into diethyl
acetal ( 4Gb ). The condensation of ethyl vinyl ether with { Lkb )

in the presence of borontrifluorideus)

afforded ethoxyacetal ( 45b )
in a 90% yield which gave dienyne-aldehyde ( 43b ) in a yield of 70%
on treatment with 3N hydrochrolic acid in dioxane,

According to the fact that tetradehydro(18Jannulene is endowed
with higher stability and solubility by the introduction’of t-butyl
groups, the synthesis of tetra-t—butyltetradehydro[22}annu1ene (50)
has been carried out in the 1irst place.

The aldol condensation of pinacolone with ( 43b ) afforded

trienyne-ketone (46) as pale‘yellow crystals which was oxidatively
couplo& with ouﬁric acetate-pyridine-methanol to yield hexaendiyne-
diketone ( 47 ) as yellow cfjstéls iﬁ a yield of 83%. The reaction
of the diketone ( 47 ) in tetrahydrofuran with lithium acetylide-
ethylenediamine complexu9) gave diethynyl‘glycol ( 48 ) as colorless
orystals in a 97% yield. Intramolecular cyclization of ( 48 ) was
performed under a high dilution condition by means of cupric acetate-
pyridine-methanol ﬁsing ether as an entraining agent. Cyclic giycol

( 49 ) was obtained as yeilow crystals, m.p. 240°C (decom.), mass

- 17 -



spectrum M' 536 (Calcd., for CzgHgp02=536.8) in a yield of 78%. This
22-memberd cyclic glycol ( 49 ) is stable and can be stored without
decOmposlulon at 0°C for a year.

Dehydroxylative aromatization of cyclic glycol ( h9 ) was ac-

50)

complished at very low temperature Finely powdered stannous
chlolide dihydrate was added to a stirred solution of the cyclic
glycol ( 49 ) in ether saturated with hydrogen chloride at -60°C
under nitrogen atmosphere, resulting in a deep blue violet solutioen,
Chromatography on alumina at -20°C gave tetra-t—butyltetradehyd;o—
(22)annulene ( 50 ) as dark violet crystals in a 85% jield. The
tetradehydrof22lannulene { .50 ) was found to be rather unstable and
decomposed quickly at ca, 100°C to form colorless solid on attempted
melting point determination. ( 50 ) gave unsatisfactory elémentalm
analysis owing to the unstable nature, but was satisfactorily stored
at -78°C for saeveral days. Hydrogenation ef ( 50 ) in ethyl acetate-
acetic acid ( 1:1 ) over platinum catalyst followed by chromato-
graphy on alumina afforded tetra-t-butylcyclodocosane (mass spec;rum,
M' 532, caled. for C3gHss=532.9) as colorless crystals ih a 86%
yield, The n.m.r. spectra of ( 50 ) are summarized in Table 1, and
the spectrum measured aﬁ 30°C is illugtrated in Fig. 3. The fact
fhﬁt the outer protons (a” and HB) resonate at unusually low-field
and the inner protons (Hc) exhibit signals at fairly high-field
clearly demonstrates the existence of induced diamagnetic ring
current, indicating the aromatic nature of the tetradehydro[22]-
annulene ( 50 ), which can he expressed more suitéblj by the symmetri-
cal formula ( 50c ). Beocmuse the coalescence temperature of (22}-
0’651), the fact that

annulene ( 20 ) has been reported to be ca,

the n.m.r, spectra of the tetradehydro [22)annulene ( 50 ) measured

- 18 -



at 30°C and -40°C exhibit no essential change reflects the confor-
mational stability of the 22-membered ring containing diacetylene
and hexapentaene linkages. The coalescence could not be determined

owing to the thermal decomposition of ( 50 ) at 30°C.

Table 1, The 60 MHz N.m.y. Spectra of Tetra-t-butyl-tetradehydro-

[22]annulene ( 50 ) in CDC1,

Cc

Temp. H\ t-Bu H
-40°C -0.43, t 0.09, d 7.88, s 13.71, t
J=13 Hz J=13 Hz J=13 Hz
+30 °C -0,16, t 0.33, d 7.93, s 13.44, t
J=13 Hz J=13 Hz J=13 Hz

Fig. 3. The 60 MHz N.m,r., Spectra of (50) in CDCl; at 30°C,

Bu

Hg
Ha
He
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The electronic spectrum of ( 50 ) is illustrated in Fig. 4 together

with that of tetra-t-butyltetradehydrof18Jannulene ( 36 ),

log £

nm

y
g
&
g
&
g
8
g

Fig. 4. Electronic Spectra of tetradehydroannulenes
------ Tetra~t-butyl-tetradehydro {18 annulene.

(36)
Tetra~t-butyl-tetradehydro[22]lannulene.

(50)



The synthesis of 5,11,16,22-tetraphenyl-1,3,12,14%-tetradehydro-
(22]annulene ( 51 ) was carried out at the same time when ( 50 )
was synthesized. The annulene synthesized was very unstable as
well as ( 50 ). Additionally, it was extremely insoluble in all
organic solvents, Although tetraphenyl-tetradehydro [22]annulene
was expected to be aromatic, n.m.r. spectrum could not measured
because of its insolubility. Quite recently, n.m.,r. spectrum was
measured by means of Fourier-Transform n,m.r. Technique, and indi-

52)

cated a large induced diamagnetic ring current in the annulene

V-2, SYNTHETIC STUDIES OF DISUBSTITUTED TETRADEHYDRO[18]ANNULENES¥*

Mention has already been made of the>synthesis of 3,7,10,14~
tetr#substituted tetradehydroannulenes. Sondheimer reported that
1,8-didehydrol14lannulene was relatively stable and underwent electro-
philic substitution reactions at 3,7,10 and 1l4-carbons heighboring
acetylenic and cumulenic linkage. We have been interested in 3,7~
disubstituted-1,3,8,10-tetradehydrofl8]annulenes ( 55 and 60 ) in
order to examine the properties and reactivities at 5,9,14,18-
positions., Therefore, we first attempted the synthesis of 3,7-
diphenyltetradehydro[181annulene { 55 ) shown in Scheme VI.

Oxidative coupling of phenylheptadienynal ( 43a ) by Eglinton’s
method (cupric acetate-pyridine-methanol) yielded ( 51 ) in a high
yield. Ethynylation of ( 51 ) with ethynylemonogrignard bromide in

tetrahydrofuran gave mono-adduct ( 52 ) but di-adduct ( 53 ) couid

# These experiments were carried out in collaboration with

Hideaki Miyazaki,



not be obtained, The desired di-adduct { 53 ) was obtained in a
low yield by ethynylationusing lithium acetylide in liquid ammenia.
Oxidative coupling of ( 53 ) by means of cupric acetate-pyridine-

methanol afforded a small amount of products,

Phoan Ph .~~~ OH
Ph*f\’\ CHO 1! CHO m

| > | i
] 1 —_— J1

(43a) PhA"~CHO Ph~~"CHO
- (52)

(51) \\\\\\* -
h i OH Ph

Y

1 "o TR
i | |'n| m — '

" il
P~ Ph J*/\‘/LOH Phis~Loy
(55) (54) (53)

OH

Scheme VI

A solution of the preducts without purification in benzene was

treated with stannous chloride in concentrated hydrochloric acid
to result in a green solution., The u.v. spectrum of the soIuti®h
(2.322‘°"° 344, 416sh, 622, 778 nm) was found to be siﬁilar with

that of ( 35 ), except for a slight bathochromic shift. Unfortu-

nately, the coupling products was obtained in a very low yield under

every reaction conditions>3). Tor the green solution generated by

the dehydroxylative aromatization contained very small amounts of

matorials, we could not further examine the annulene-like material.
Introduction of the phenyl group to the annulene rings résults

in disadvantage of solubility but that of the t-butyl group leads to

- 22 -
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Scheme VII

good solubility and relatively high stability., Therefore we
attempted the synthesis of 3,7-di-t-butyl-1,3,8,10-tetradehydro[18]-
annulene ( 60 ) shown in Scheme VII, Oxydative coupling of f—butyl-
heptadienynal ( 43b ) by Eglinton’s method gave dialdehyde ( 56 ).
In the case of ( 56 ) it was thought difficult to carry out the
reactions ( 56 )>( 59 )->( 60 ). We attempted another route ( 43b )
—+( 58 )>( 59 )>( 60 ) to synthesize di-t-butyletetradehydro[18]-

The reaction of ( 43b ) with diacetylene bis-
54)

annulene ( 60 ).
Grignard reagent afforded mono-adduct ( 57 ) and di-adduct ( 58 ),
After separation of ( 57 ) and ( 58 ) by chromatography, ( 58 ) was
oxidatively coupled by Eglinton’s method and followed by treatment
with stannous chloride in concentrated hydrochloric acid. A red
solution obtained showed u.v. spectrum (7\3ggzene 372, 40Osh, 505,
520, 713 nm) which was closely related:tetrasubstituted tetradehydroe-
[18)annulenes. ’

We could noet decide whether the annulene-like products were @ho
desired dehydroannulenes ( 55 and 60 ) or not, Considering that u, v,
spectra showed more bathochromic shift than expected in both cases,

the ebtained compounds might be conjugated linear polymer.

- 23 -



VI. SYNTHETIC STUDIES OF DIDEHYDROANNULENES

VI-1l. 1,8-DIDEHYDRO (14] ANNULENES

Ve have stated 1,8-didehydro(14Jannulene ( 26 ) synthesized by
Sondheimer, The dehydroannulene g 26 ) bears the same molecular
geometry as our tetradehydroannulenes. The dienyne-ketones (61 and 63),
koyintermediatesin the synthesis of tetrasubstituted-tetradehydfo-
f18Jannulenes ( 36 and 35 ) appeared to be potential precursors of
the synthesis of tetrasubstituted-didehydro[l4Jannulenes provided
they can be transformed in 1l4-membered cyclic glycols, The'éyblic
dimerization of the dienyne-ketones ( 61 and 63 ) was an unknown
reaction and the most difficult problem in view of the facile conju-
gate addition to d,f-unsaturated ketone and the labilo nature of

carbonyl group to strong base such as sodium amide and sodium hydride.

—~~—R”~
?r\cHo Rm
<“):R=F/= ?&' .
¢62):R=BS , R'=Ph
G37:R =R"= Pl

, oH
EW\KK g R
n \ — Il (i)
: l 7, NG
R./L>/§§/J\.R R'OH R
- +
6® * R=Bu, R'=rh @&): R=B, R'=Ph
(69 R=R'=Ph (¢8): R=R’= Ph

Scheme VIII



After several experimentations, cyclic dimerization of the
ddenyn-ketone ( 61, 62 and 63 ) could be realized under conditions
of the Favorskii reactionjs) by.Fukui, Nomoto, Nakatsuji and
Nakagawa56). A diluted solution of dienyne-ketone { 61, 62 and 63 )
in tetrahydrofuran was added dropﬁise to a stirred suspension of
finely powdered potassium hydraxide in liquid ammonia and stirring
was cpntinued for several hours, The reaction mixture was worked
up by th; usual manner, For example, di-t-butyldienyne-ketone ( 61 )
afforded besides an unidentified by-product, the cyclic glycol ( 64 )
in crystalline state in a 69% yield which could be separétod en
chromatography on silica gel in diastereomeric ( 64a ), m.p. 220,0
~222,2°C (dec,) and ( 64b ), m.p. 230.9~232,4°C (dec.). The ecyclic
glyéol ( 6&,'65 and 66 ) in benzene or ether was treated with stannous
chlgride in concentrated hydrochloric acid. Chromatographic purifi-
cation of the reaction product afforded tetrasﬁbSt1tuted—d1dehydro-
[14Jannulenes ( 67, 68 and 69 ). The didehydroCL14]annulenes thus
prepared decomposed at over 200°C acéompanying color change on at-
fempted melting point determination,

Tetrasubstituted-didehydro14Jannulenes ( 67, 68 and 69 ) were
found to be stable and strongly afomatic."The dehydroeannulenes
proved to be one of the most aromatic monocyclic nonbpnzenoid s5ys-
tems known., We can now prepare thevdidehydro[lh]annulenes readily
because of a gqantitative conversion of ketones to 14-membered eycf;c

glycols in the Favorskii reaction.



5
VI-2. DIDEHYDRO[18JANNULENES 7)

The cyclic dimerization of ethynylketones under the‘conditions
of the Favorskii reaction appeared to open a new route leading to
various unknown tetrasubstituted-didehydroannulenes.

The di-t-butyltrienyne-ketone ( 46 ) which has been prepared as
a key intermediate in the synthesis of tetra-t-butyltetradehydro[22]-

annulene ( 50 )hh)

was dissolved in tetrahydrofuran and added slowly.
to a stirred suspension of finely powdered potassium hydroxide in 1ig~-
uid ammonia at -34°C, After stirring for several hours, the reaction
mixture was worked up to give 18-membered cyclic glycol ( 70 ) as
colorless crystals in a 66% yield. The cyclic glycol ( 70 ) was

found to be a 1:1 mixture of diastereomers and could be separated on
chromatography on silica gel, yielding ( 70a ), m.p. 230,5~231,5°C,

M 488 and ( 70b ), m.p. 170.0~171.0°C, M* 488 (Calcd. for Cs.HesOs

=448,7). The diastereomers ( 70a and 70b ) gave identical electronic

t t;
BUNAANCHO — BUSNASANR
n : [l o)
‘ 4343 ) R = t-Bu,(1R=Ph
b (,a 1
H® 12 HP » |
tBU\/\/\é\,(R WR
m H® H' 65 e— nt
R ' B’.‘lt R OH But
(M:R=t- Bu, (M R=Ph (2): R=t-Bu, (i R=Ph

Scheme IX
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and n.m,r, spectra but slight difference was observed in their i.r.
spectra. A mixtrue of (70a) and (70b) was suspended in ether satu-
rated with hydrogen chloride, and finely powdered stannous chloride
dihydrate was added to the mixture at -60°C under stirring in nitrogen
atmosphere to afford a reddish br&wn solution., Chromatographic puri-
fication of the product on alumina gave 3,9,12,18-tetra-t-butyl-1,10-
didehydro [18lannulene (71) as dark reddish violet crystals, m.p. ca,
260°C (dec.), M' 45k (Calcd. for CauHeg= U54.6) in a yleld of 93%.

The didehydrol18J)-annulene (71) forms 1:1 7 -complex with 2,4,7~
trinitroflueorenone; the complex crystallized as deep violet needles,
m.p. ¢a. 260°C (dec.). Full hydrogenation of the didehydro[18]-
annulene (71) in acetic acid-ethyl acetate using platinum oxide as a
catalyst resulted in tetra-t-butylcyclooctadecane, m.p. 151.0~154,0°C,
M* 476 (caled. CsHsa=lt76.9).

Condensation of acetophenone with dienyne-aldehyde (h3b}uu)
yielded trienyne-ketone (72) as yellow crystals in a 76% yield. The
Favorskii reaction of (72) performed'ﬁnder the above-stated reaction
conditions afforded cyclic glycol (73) as a yellow soiia;@‘Theqcrude
g€lycol (73) was subjected to the dehydroxylative aromatization with-
oeut further purification to give a vio1et solution. After purification
di-t-butyldiphenyldidehydro [18]annulene (74%) was obtained as deep
violet crystals, m.p. 235°C (dec,) in a 33% yield based on the tri-
enyne-ketone (72), M* 494 (caled, for CaeHga *U9L. 7). (7“) élvo 1:1
7o ~ocomplex with tfinitrofluorenoue as deep violet needles, m.p. 250°C

(dec.).
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Fig. 5. The 60 MHz n.m.r spectrum of (71) im CDCl,.
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Fig. 6. The 60 NHz n.m.r, spectrum of (74) in CDC1l,.




The didehydro[18lannulenes(71 and 74) were found to be fairly
stable compounds and as illustrated in Fig. 5 and Fig. 6, they
exhibit %“aromatic" n.m.r. spectra indicating the presence of dia-
magnetic ring current. As recorded in Table 2, the n.m.,r, spectra
of (71) were found to be temperature-independent being essentially
unchanged up to 110°C. This fact reveals the high confomational
stability of 1,10-didehydro[18]annulene system. An aftempted measure-
ment of the n.m.r, spectrum at 150°C in CDBry resulted in ‘a rapid

decomposition of (71).

Table 2. The 60 MHz N.,m.r. Spectra of Tetra-t-butyl-

" didehydro[18]}annulene in CDBrgj.

Temp. Hy Hp t-Bu H

36 °C 0,18, ¢t 0.68, 4 8.09, s 13.64, ¢t
J=13 Hz J=13 Hz J=13 Hz

70 °C 0.30, ¢ 0.78, d 13.46, ¢t
J=13 Hz J=13 Hz J=13 Hz

110°C ‘0 Lk, t 0.81, d 13.28, t
J=13 Hz J=13 Hz

J=13 Hz

Table 3. The 6OMHz N.m,r. Spectra of Tetra-t-butyl-

didehydro[18) annulene in CDCl,

Temp, Hp Hy t-Bu He
36 °C 0.13, t 0.62, d 8.03, s C13.42,
J=13 Hz J=13 Hz J=13 Hz
20 °C 0.1k, t 0.63, d 8.06, s 13.23, ¢
J=13 Hz J=13 Hz J=13 Hz




Electronic spectra of the didehydro[18]annulenes (71 and 74)
are shown in Fig. 7.

The spectra exhibit regular bathochromic shift
according to the phenyl substitution in the same ways in didehydro-
(147 annulenes (

67, 68 and 69 ).

” Electronic Spectra
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Electronic Spectra of the Didehydro(18]=~
annulenes(71 and 74) in tetrahydrofuran.



)
VI-3. DIDEHYDROL22]ANNULENE C

The fairly stable nature and induction of strong diamagnetic
ring current observed in 1,10-didehydrol[18]annulenes (71 and 74)
provide a stimulus to further efforts to syrithesize higher members
of analogous dehydroannulenes.

For the purpose of the further extension of double bond by means
of Isler’s‘method (ethyl vinyl ether-borontrifluoride etherate),
first we converted t-butylheptadienyne-aldehyde (43b) into the
corresponding diethyl acetal (75). Contrary to our expectation,_‘
acetal (75) was not sufficiently stable., The comparison of (41lb)
and (43b) indicates that the stability of t-butylpolyene~-aldehyde
decreases with the increase of the length of conjugate system.

Taking this into consideration, dieneyne-aldehyde (43b) was converted
into trimethyl silyl derivative (78) to increase.the stability.

tBu14\é"cHo | *Buﬁf*cf\c»ﬂ(oiz)z

W —_—
43> <7872

5-t-Butyl-3-ethoxy-4-hepten-6-ynal diethyl acetal (45b) used
as an intermediate in the synthesis of tetra-t-butyltetradehydro-
{22} annulene (50) was treated with ethylmagnesium bromide in tetra-
hydrofuran and then with chiervotrimethylsilane, Distillation of the
reaction product afforded trimethylsilyl derivative (76) as a pale
yellow l1iquid in a 92% ylield. Hydrolysis of (76) with an aqueouéh
acetic acid containing sodium acetate gave trimethylsilyldienyne-
aldehyde (77) as a yellow liquid in a 89% yield. The aldehyde (77)
was converted into diethyl acetal (78) by the usual method. The

reaction of ethyl vinyl ether with (78) in benzene in the presence



48)

of borontrifluoride etherate vielded ethoxy-acetal (79), pale

yellow liquid, in a 86% yield. Trimethylsilyltrienyne-aldehyde (80)

t : 4
Bu
Bﬁ‘m cH(oEh)z Bu Wl:‘ 4 N mcﬁcoﬁz
!K SiMeg SiMes
: - <772
457, R=H <77, R=0
<T6> » R=-SiMes ¢7®> , R=COU)z l
v i3t~F¢\¢9\¢a\
T * .
BN N P P T e
1] o i
SiMe;
'€ 4P : 70>
P ,.¢~,9*¢>ﬂfaf , 9374¢ﬁ4\49\¢z\w,9§’
J Y
31,9\‘4\('\¢¢I: — ’©:£§y£:74§y<=;/L\EhP
%] = “ W
Bupy w»
(327 (?e)
Scheme X

was obtained as viscous yellow liquid in a 87% yield froﬁ (79) on
treatment with an aqueous acetic acid-sodium acetaté. In general,
trienyne-aldehyde seems to be unstable but trimethylsilyltrienyne-
aldehyde (80) was found to be relatively stable and could be isolated
by rapid distillation under nitrogen. Condensation of pinacolone
with the aldehyds (80) under an alkaline condition resulted in tetra-
enyne-ketone (81) as yellow crystals in a 60% yield accompanying

with the hAydrolysis of trimethylsilyl group. A diluted solution of
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the tetraenyne-ketone (81) in tetrahydrofuran was added slowly to

a stirred suspension of finely powdered potassium hydroxide in
liquid amméhia. The 22-membered cyclic glycol (82) was obtained as
a mixture 95 diastereomers which could be separatgd on alumina
chromatography in (82a), colorléss crystals, m.p. 252°C (dec.), 31%
yield, M+<ébb and (82b), colorless crystals, m.p. 220~ 221°, 58%
yield, M+!§§d (Caled. for CggHgg0z=540.8). The diastereomers (82a

and 82b) ve identical electronic and n.m.r. spectra, but slight

differenceﬁwés observed in their i.r. spectra. Finely powdered
stannous chloride dihydrate waas added to a stirred suspension of

the cyclicaglycol (SZa_b) in ether containing hydrogen chloride at
-60°C unde; nitrogen atmosphere, After chromatégraphy on aluminé,
3,11,14, 22;tetra-t-buty1-1,12-didehydrof22]annulene (83) was obtained
as dark violet crystals, m.p. ca. 230°C (dec.), Nt 506 (Caled. for
CseHgo=506.8) in a 94% yield., Hydrogenation of (83) in ethyl acetate-
acétic acid over platinum catalyst at -15~-20°C afforded crystalline
tetra—t—bqulcyclodocosane (84), colorless crystals, 92% yield, as

a mixture of stereoisomers, Recrystallization of the hydrocarbon
from ethyl écetate-methanol resulted in a crude separation of iso-
mers; (8ba); 104 ~112°C, M* 532 and (84b), mp 91~ 95°C, M* 532(calcd.

for CuH75 = 532.9)-
The didehydro(22]annulene (83) and 2,4,7-trinitrofluorenone

form 1:1 N -complex, dark violet crystals with metallic lustre, m.p.
260°C (dec.). As recorded in Fig. 8, the electronic spectrum of
(83) was found to be closely related with that of 1,6,12,17-tetra-

t-butyl-2,4,13,15-tetradehydro(22] annulene (50)hh).
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The n.,m.r, spectra of the didehydrol22lannulene (83), as summarized

in Table 3, clearly indicate

Table 4. The 60 MHz N.m.r. Spectra of Tetra-t-butyldi-~

dehydro[22]annulene (83) in CDCl,.

Temp. HA HB t~Bu HC s HD

36'C 0079) t 1.2“, d 8.18’ 8 10.82’ m
J=13 Hz J=13 Hz

70 °C 0.81, t 1.26, d 8.21, s 10,68, m
J=13 Hz J=13 Hez




the aromatic nature and conformational stability of 1,12-didehydro-~

{22)annulene system,

H, H
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Bu ' Btu p Bu
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.
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Fig. 9. The 60 MHz N.m.r. Spectrum of (83) in CDClj.

The n.m.r, spectrum measured in CDBrg (36°C and 7050) showed
the same tendency as in CDClg. An attempted measurement of the n.m.r,

spectrum at 80°C in CDBry resulted in a rapid decomposition of (83).



VI-4. DIDEHYDROL26]ANNULENE"® )
Didehydroannulenes described above, may be represented by the
following general formula shown in Scheme XI. Didehydro{l4Jannulene
(N=1), didehydro[18lannulene (N=2) and didehydro{22]annulene (N=3)
have essentially the same moleculér geometry, ihese didehydro-

annulenes show a strong diamagnetic ring current in the n.m.r.

spectra,
N=1, (14)Jannulene

R’ a:R:R':Btu

R\¢9\<¢*m/ ‘RefeBu
RM " 5 NONG PR il
RW R N=2, (1I8Jannulene

N .
‘ RMR a:R:R':Btu

RWR b: R=Bia,&=Ph

Didehydro-

én+2annulene N=3, (22)annulene
NN
R||l ||R R:Rléu
R/\NWR

Scheme XI

The question of the exact 1limit for “aromaticity” in [4n+2]-
annulenes is an interesting one., It has been calculated that the
limit lies between the 22- and the 26-membered rings6o)61062). In
agreement with this presumption C22)annulene and monedehydrol22] -
annulene synthesized by Sondheimer show a diamagnetic ring current

in the n.m.r. spectra, but tridehydrol26lannulene (21) synthesized
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by Sondheimerzs)

shows no ring current. However, the fact that
monodehydrof26)annulene (22) prepared recently by Sondheimer?29)
was found to be diatropic indicates the limit for “arematicity” in
(hn+2?annulene ought to lie above 26-membered ring, It is thought
that the lack of a diamagnetic ring current in tridghydrot26)a;nulqno
(21) is due to the perturbation of the three acetylenic linkngés;
which causes the nondelopalizog alternate bond structure to be
energetically preferred to the delocalized system. This perturbation
is likely to become of less importance in rings of monedehydreo[26]-~
annulene (22), since the difference in energy betweeq the two forms
(22e>22") is predicted to be small, |

This result has spurred us up to Synthgsize didehydro[26] -
annulene (84), which can be written in the fwo equivalent Kekulé-
type structures (84 <»84"), Because the difference in energy between
the two forms (84«>84’) is nething, it is contemplated that di-
dehydrol26Jannulene shows more definite induction of diamagnetic

ring current in n.m,r, spectrdm.
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Trimethylsilyltrienyne-aldehyde (80), the key intermediate
in the synthesis of didehydrort22)annulene (83), was converted into
diethyl acetal (85). The diethyl acetal (85) obtained as a viscous
yellow liquid was treated with ethyi vinyl ether in the presence of
boron trifluoride etherateus) in benzene to afford ethoxy trienyne-
acetal (86) as a viscous yellew liquid. Trimethylsilyl tetraenyqb-
aldehyde (87), a viscous orange yellow liquid, was prepared on
treatment of (86) with an aqueous acetic acid containing sodium

acetate, Condensation of pinacolone with (87) under an alkaline

t -
Bu \'/\N\CHR EWNOE‘)Z

l{l — i Ot
SiMe SiMe
3 50 Re0 3 (&6 |
¢ &> R=(0Et);
But
Bd - o CHO
! -
2e> SiMey (87>

- (P9 ; / <90)

H ® H B
B‘-} \‘/\/\/\MB‘}
m HOH OHY H

NP NNy

CP<)
Scheme XII

- 38 -



condition afforded pentaenyne-ketone (88) as orange crystals, m.p.
92-94°C in a yield of 41% based on (85). A solution of the
pentaenyne-ketone (88) in tetrahydrofuran was added over a period of
12 hours to a stirred suspension of powdered potassium hydroxide in
1iquid ammonia at the boiling point of ammonia and stirring was cen-
tinued for further 8 hours, Crude 26-membered cyclic glycel (90)
obtained as yellow crystals was chromatographed on alumina to result
in a separation of diastereomers, (90a), pale yellow crystals, m.p.
277°C (decom,), 33% yield and (90b), lemon yellow crystals, m;p.
236,0-236,5°C, 60% yield. The mass spectra of (90a) and (90b) gave
molecular ion peaks at 592 (Calcd. for C, poHgs04=592.9). It was
found that a slow addition of a diluted solution of pentaenyne-ketene
(88) is essential to obtain the cyclic glycol in a high yield (93%).
This fact seems to indicate that the cyclic dimerization of (88)
under the condition of the Favorskii reac?ion proceeds through two
steps. As the chain lengith of the ethynyl ketone (88) increases,
more diluted conditions may be required to predominate the intra-
molecular ring closure of the initially formed ketoalcohél (89).
Ether saturated with hydrogen chloride was added to a suspension of
26-membered cyclic glycol (90a) in ether maintained at -75°C, ;nd
then finely powdered stannous chloride dihydrate was added at the
same temperature to result in a deep green solution., The reaction
product was chromatographed en alumina at -15°C, Elution with
methylene chloride-n-pentane yielded 3;13,16,26-tetra~t—buty1-1,1ﬁ~
didehydro(26)annulene (84) as black violet crystals in a 89% yield.
Similar treatment of (90b) afforded (84) in a yield of 86%. The mass
spectrum of the tetra-t-butyldidehydrol26]annulene (84) showed molecu-

lar ion peak (M') at 558 along with a strong peak at 501 (M - 57)

- 39 -



being 57 (t—Bu+) as base peak (Calcd., for C,pH5.,=558.9). The di-
dehydro [26] annulene (8&) was found to be rather unstable and decom-
rosed on attempted melting point determination. TFull hydrogenation
of (84) in ethyl acetate-acetic acid over platinum catalyst afforded
tetra-t-butylcyclohexacosane, m.p} 111-113°cC, M+ 588 (calcd. for
C,eH,4=589,1) in a 91% yield. As illustrated in Fig; 10, the electro-

nic spectra of didehydroannulenes show a striking difference of the

&
o

log €

1 T T T T T T T T
200 300 400 500 600 700 . 800 900 w00 M

Fig. 10. The Electronic Spectra of Tetra-t-butyl-

didehydro[4n + 2Jannulenes in Tetrahydrofuran.

mmm (67), =me-- (71), =--=--- (83),

Aabsorption curves between didehydro[22]annulene (83) and didehydro-
[26)annulene (84). The electronic spectrum of (84) exhibits a broad
absorption curve, but in contrast with it the spectra of the lower

members of didehydroannulenes (67, 71 and 83) display sharp curves.
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The difference may be due to an increase in flexibility of the di-
dehydroannulenes, even though the conformation is maintained in the
didehydro(26)annulene, However, £ha.posgibmxtty.qf presence of
some sort of discontintous change bestween (84) and (83) cannot be
ruled out in view of the marked difference of electronic spectra
between (84) and (83), because the difference of electrenic speotra

63)

between [18lannulene and [30]annulsne can be attributed un~

doubtedly to the dif‘ferenovo of degres of delocarizatién of Tc-electrons.
Fig. 11 shows the n.m.r. spectrum of the didehydro[26Jannulene

(84), The spectrum gave signals of outer protens at *1.75 (poorly

resolved double triplets, HB,. Hs) andz2.05 (d, J=13 He, Hl). Un~-

Fig. 11. The 60 MHz n.m.r. spectrum of tetra-~
t-butyldidehydrol26lannulene(84) in CDCi,.

fortunately, the signals of inner protons (H and Hh) seemed to be
submerged in the low-tield tall of the signal of t'-butyl. protons

(8.39), This d:lffiqulty could be overcome by the double resonance

nu.l -



technique of n.m.r, spectrum measurment. As shown in Fig. 12, marked
change of the shape of signals of outer protons on irradiation at

T 8.20~8,16 region indicates that the signals of inner protons may
exist in this region¥, The fact that the signals of outer protons
was observed at fairly low-field indicates the presence df diamag-
netic ring current in the didehydro[26)annulene (84).

The difference of chemical shifts between inner protons and
outer protons of didehydro[26]annulene (84) was found to be 4=6.45,
whereas no diamagnetic ring current could be detected in tridehydro-z
{26Jannulene (21) and the difference of monodehydro [26] annulene (22)
is estimated A=3.9/v0;7 (inner protons = 5.0~ 6.0), outer prbtons
+ 2.1~ 4,5), being much smaller than that of (84)., Comparison of
n.m.r. spectra of three dehydrol26]lannulenes (21,22 .and 84) indicates
that the delocalization of t-electrons in the dehydroannulenes is
suppressed by the .introduction of acetylenic linkage and enhanced
by the presence of both of acetylenic and cumulenic linkages reflect-

ing the contribution of equivalent-Kekuls—type resonance structures,

(b)

(a),

N P TN P T

15 20 T

Fig. 12, The 100 MHz n.,m.r, spectra of outer
protons of didehydro[26])annulene(8%) in CDClg.

(a): normal spectrum, (b): irradiated at 8,20,

* The author is grateful to Dr. Kazuo Tori of Shionogi Research
Laboratory, Shionogi & Co., Ltd. for the double resonance

measurement.,
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6
VI-5. DIEHYDROI[30] ANNULENE 4)

Unlike the various annulenes, the didehydroannulenes expressed
by the gengral formula (p.30) have essentially the same geometry owing
to the presence of acetylene and butatriene linkages in the cyclic
systems having high conformational stability. The dehydroannulenes.
have beén shown to sustain a faifly large diamagnetic ring currént.
The geometrical similarity of the dehydroannulenes makes it possiblq
to study the effect of increasing the value of n in aromatic Thn + 27
7 -electron systems, keeping the geometry largely unchanged. Thq
n.m.r. spectral data indicate that the diamagnetic ring current
becomes progressively less as the value of n 1s increased, aithougn?
the ring ocurrent is still evident in the 26-membered compbund. In
view of this fact, the higher member of this series of didehydro-
annulenes can be regarded as an adequate model compound to test the
validity 1limit of Hilckecl’s rule for aromaticity. Therefore, we
attempted the synthesis of 3,15,18,30-tetra-t-butyl-1,16~-didehydro(301-
annulene (91). |

Vhen we began to synthesize the dehydr&annulene, three 30~
membéred annulenes had been known, i.e., pentadehydroIBOJannuieno

(9g>65) 66) 19)

, tridehydro [30] annulene (93) and (30]annulen§ (17).
These annulenes have not shdin an induction of the diamagnetic ring
current in the n.m.r. speétra, and was found to be nonaromatic

(Qr atropio*)ZS)}

# Annulenes and Dehydroannulenes showing no ring current’weré

8)

6
named atropic by Sondheimer .
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We have so0 far synthesized didehydrofin+2lannulenes s%opwisg
extension of double bonds so.as to put one bildingﬁblock’on,anpthor
by means ef Isler’s method [ethyl vinyl ether-/ boron trifluoride
etherate]. Because this method proceeded readily and in a geed
yield, stepwise extension of double bonds could be performed with-
eut too great digficulty. However, if didehydrode)annulone (91)
is planned'to syﬂthééiz; gtdp by step using this method, we. should
carry_jutffeiproparo thé/é;y intermediate, pentaényne—aldohydo (9#};
by th; use of a very loﬂg path shown in Scheme XIII. 1In additieg
to-thdvdiiadéantago, intermediates containing long chain conjugateéd
groups ;ri unstable and indistillable 1liquids, and it may be diffi-
cult to doul‘vith these compounds. We, thefefore, attomptod t6“'
convirt the _starting aldehyde or acetal into a potential ﬁentaon~

yne-aldehyde in one step.



67)68
First, we employed the methyoxybutadiene (96) 768) to extend

the double bonds. Dimethylacetal (95) derived from aldehyde (L41b)
was allowed to react with methoxybutadieﬁe (96) (0.4 eq.) in the
presence of borontrifluoride etherate as catalyst69)7°). The reactien
mixture was separated by fractiena1~distillation fo give mene-adduct

(97), di-adduct (98) and tri-adduct (99). The di-adduct (98) lwux

W;ﬁ’\ CHCOMe/, . M—m:‘\&\ CHCoMe),
iy oMe
<% —ee B <?72
+ -
OHx= CH- CH=CcH DMe ﬁ\(W\é\/\/\ Oﬂ(’“t);
1% i oMe oMe
<992
P
i WD v
cH(OMe),
M
> oMe
L 1)
LoD o e g o)
13 ' m 0
¢100), g=H Crof), k= SiMez crez?
Scheme XIV

considered to be aApoten%ia; pentaenyne-aldehyde, hydrolyzed with

aquecus acetic acid te giyé dimothoxyaldehyde (100). Condensation

of the aldohydd:(loo) with Pinacolone afforded hexaenyne~ketene

(102) in a very poor yield together with un-identified oily coupqﬁnds;

Tfim.éﬁylsiliiation of the acetal (98) followed the hydrolysis with'
aqueous acetic acid gave trimotnylsnylamehyde (101), The tri-

methylsilylaldehyde (101) reacted with pinﬁcolono to afford the

hoxadhinoﬁkotono (102) also in a very low yield. One of the majer
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problems might be active methylene group of the aldehydes (100 and
101), which could cause the self-condensation of the aldehyds.

We attempted to convert the methoxyaldehyde (101) into pentaerwyne-
aldehyde (94). This reaction was carried out by means of sodium
acetate in acetic acid-Hy0 at 60°C for 2 hours, but the starting
material was recovered. Taking into account the instability of ﬁhc
pentaen yne--aldehyde (94), the plan has been suspended.

This difficulty could be removed by the use of the following
route (Scheme XV). Dimethylacetal (95) was converted into Grig-
nard derivative and treated with trimethylchlorosilane. The prod:
was hydrolyzed with aqueous acetic acid to give trimethylsilylated
aldehyde (103) in a yield of 92.9%. To a mixture of (103), acetic
acid, ethanol and piperidine was added gradually a solution of
freshly distilled crotonaldehyde (0.5 eq.) in ethanol under carbon
dioxide atmqsphere71). The reaction products were chromatographed
on silica gel to give mainly trienyne-aldehyde (80) except for the
recovered starting material (41b). ‘However, using excess croton-

| 'B"Y\cnv tB“\(‘/‘f"mﬁ tB“\(~¢\/~/\4\cm

0l — i + W +
X SiMe, SiMe,

41b): X=H, Y=0
€95):X=H, Y=(OMe) (fo? (M
(/93):X=SiMe,, Y=0 l

Scheme XV
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aldehyde (2.5 eq.) in the same reaction followed the chromatographic
separation on silica gel (eluted with n- hexane-benzene) afforded

the desired pentaenyne-aldehyde (94) in a yield of 25% together

with trienyne-aldehyde (80) in a 11% yield and heptaenyne-aldehyde
(104) in a 3.4% yield. Condensation of (94) with pinacolone éave
ethynylhexaene-ketone (102) as unstable orange yellow crystals (35%§.
Elemental analyses indigate that (102) is gradually oxidized by
atmospheric oxygen, A solution of (102) in tetrahydrofuran was added
over a period of 10 hours to a suspension of finely powdered po-
tassium hydroxide in 1liquid ammonia at —3&°C,»and the mixture ﬁhs
stirred for further 6 hours. Crude crystals obtained by working up
the reaction mixture by the usual manner were chromatographed on
alumina, Elution with tétrahydrofuran—benzene (1:9-2:8) afforded

a diastereomer of 30-membered glycol (105a, yellow crystals, m.p.

ca, 270°C (dec.), M 644) in a 34% yield. Another diastereomer
(105b, yellow crystals, m.p. 260.0-260,5°C (dec.), M 644) (Galcd.
CesHs002=644.9) could be obtained by elution with tetrahydrofuran<
benzene (1:1). Both stereoisomers (105a and 105b) showed almost
superimposable electronic spectra., However, difference was observed
in the region of OH strthing vibration in their i.r, spectra.

A suspension of stannous chloride dihydrgte in ether saturated
with hydrogen chloride was.slowly added to a solution of (105a) in
ether-tetrahydrofuran (1:1) at -78°C resulting in a deep greén
solution, Affer being worked up rapidly at a low temﬁerature, the
product was ohromatographed on alumina and elﬁted with n-pentane-
dichloromethane (1:1) at -20°C., Tetra-t-butyldidehydro[30]annulene
(91) was obtained as unstable black violet crystals, M+ 610 (Calcd.

for C,gHge™610.97). The mass spectral pattern of (91) was found te
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be closely related with those of lower members of tetra-t-butyl-
annulenes of this series, It is difficult to rule out a possibility
that the mass spectrum may not show that of the dehydroannuleéene (91)
itself. Taking into consideration that mass spectrum was measured
at 200°C in a vacuum system, thefspectrum may show the secondary
product which thermally arised from (91). The other stereoisomg}
(105b) also gave (91) under analogous reaction conditions. N; sat-
isfactory elemental analyses could be obtained owing to the unstable
nature of (91)., Full hydrogenation of (91) in ethyl acetate-acetc
acid over platinum oxide catalyst at ~15~~20°C (6 hours) and then .
at room temperature (2 hours) followed chromatography on alumina gave
colorless crystals (57% based on (105a)), m.p. 77~ 87°C, M 64l
(Caled. for CogHyp=645.24). The electronic spectrum of (91) shown

in Fig. 13 was obtained using a solution prepareé by dissolving
fresh (91) which was derived from (105b). The & -value were éstimatod
assuming quantitative conversion of (105b) into (91) witﬁout decompe-
sition or formation of by-products.: In contrast to the absorptien
curves of the lower members of this series of dehydroannﬁlenos,
which show distinct vibrational fine structures in the electronis
spectra, (91) displays a broad anﬂ structureless feature of the
absorption curves like that of didehydro[26Jannulene(84). It seems
to reflect an increasing*flexibility of dehydroannulene skelettn ~
along with an increase in ring size, | A .
Owing to the poor solubility and instability of dmehydromd]-

annulene(91), n.m.r. spectral measurement was difficult to accomp-

1ish.(about 5 mg of the dehydroannulene could be dissolved in 5ml
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Fig. 13. Electronic Spectrum of Tetra-t-butyldidehydro-

[30) annulene(91) in Tetrahydrofuran at -78°C.

of deuteriochloroform). The compound was less soluble in methylene-
chloride, benzene and ether., Tetrahydrofuran was dissolved the
dehydroannulene(91) better, but could not be used as n.m.,r. solvent
since it shows the signal near T 6.50 in n.m,r. spectrum. Conse-
quently, the n.m.r., spectrum of (91) was measured indeuteriochloro-
form at -60°C using Fodrier Transform technique (Fig. 14). The

signals at © 2,10~2.90 (center, T 2.50 ca. 12H), T 6.10~ 7,00 (center,
T 6.50, ca. 10H) and T 8.56 could be assigned to outer protons, inner
protons and t-butyl protons, respectively. No essential change was

observed in n.m.r. spectra measured at -40°C and -20°C, but (91) was
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Fig. 14, 100 MHz FT-n.m.r, spectrum of tetra-t-butyl-

didehydro [30J annulene(91).

[y

decomposed relatively fast at -20°C. The fact that inner
protons'exhibit signal at higher field than that of outer.
proﬁons demonstrates the existence of a diamagnetic ring current,
To our knowledge, this is the firét instance of diatropic 30 U~
electron system. This result indicates that the upper limit of
aromaticity of [4n + 2]annu1ene should lie above 30-membered ring
Broadening 6f the signals‘of outer and inner_protons of the.
dehydroannulene (91) seems to be.attributablé to a decrease of
rigidity of perimeter of the didehydro [30}annulene (91) as is

reflected in the elec¢tronic spectrum,



The didehydro{4n+2]annulenes possess the same symmetry and
approximately the same degree of planality, If we assume the differ-
ence of chemical shifts between inner and outer protons is an indéx’
of the magnitude of the ring currenf73), the series of tetra—t-butyl-
didehydrolln+2)annulenes (67, 71; 83, 84 and 91) furnishes a perti-~
nent data on the effect of ring size on the magnitude of dianagnhtﬁn

ring current (Table 5).

Table. 5. The Magnitude of Ring Current of Tetra-t- butyf;

didehydro [4n+2)annulenes

Inner protons Outer protoﬁs Ring Current
[4n+2)] (vry) (Ty) (Ty-T,5)
(67) rim 14,4k 0.68 13.76
(71) 11813 13.42 0.62 : 12,80
(83) L2213 | 10,82 1.24 9.58
(84) [C262 8.2 2.05 6.15
(91) €30) 6.5 2.5 4.0

TTE——

A saturated solution of (91) in deuteriochleroform decempesed
fairly rapidly even at -40°C resﬁlting a black violet solid with
less solubility. The rate of decomposition is decreased markedly
on dilution of the solution suggesting an 1ntefmolecu1§r uaddMOf
dgoomposition reaction, The n.m,r. spectrum of debﬁﬁp@sifion
‘product exhibits signals at = 3.40~4,00(m) and & 4,05 ~4.60(m),

The electronic spectrum of decomposition product showed hypsechromic
shift and hypochfomism as compared with that of (91). The n;ture

of dooomp&iition product is not clear.
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VI-(f ATTEMTED SYNTHESIS OF DISUBSTITUTED DIDEHYDRO-
C14) ANNULENE® AND DICARBOXYhIDEHYDRO[lH]ANNULENE**.

We have synthiusiied n series of didehydro4n+2lannulenes using
dimerization of ketones by Favorskii reaction followed by dehydro-
xylative aromatization, EaVorskii reaction is scafcely employed
in acetylenic chemistry, and application of the reaction has been
often faced with the problem achieving the dimerization in a gobd
yield., It is said that “the method is of limited application for
the conversion of aldehydes and not at all for o, # ~unsaturated

19l ) '
carbonyl compounds .

Howeief, our dimerization reaction ofd,
Prunsaturated ketonoes have developed the new utility of Favérakii
re@ction. In this chapter, we wili state some attempts applying
Favorskii reaction to various carbonyl compounds.

We have interasted in 3,10-disubstituted-1,8-didehydro[1l] -~
annulene in order to examiné the properties and reactivities at
7, lb-positions. Attemptod synthesis of (107) was done by the route
shown in Scheme XVI, We expected that Favorskii reaction should

proceed more r%ﬂily, but against our expectation the starting ma-

terial (43b) was recovered in many reactions, in which corresponding

Scheme XVI
. #These experiments were carried out in colaboration with
Hideaki Miyazaki,
#These experimsnts were done in colaboration with'

Sin’ichi Nakatsuji. 52



kotones was converted into glyecols,

This result may be attributed to the reversibility of Favorskii
reaction75).

Electronic properties and reactivities of benzene and substi-
tuted benzenes have been intensively investigated iﬁ the field of
benzenoid aromatic chemistry., Phenyl group acts both as electron
with-drawihg and &3 olectron attracting group, and ¢~value of
Hammetﬁ’s equation is plus, In order to examine a resemblance or
a difference betwaan Eenzone and didehydro[l&)annulene system. We
have attempted the synthesis of didehydro []4Jannuleno carboxylig
acid (110a). It may bglpossible to determirie the properties by
detecting the diff? ence of pKa-valus betwocen annulcne-carboxylie
acid (110a) and its precursor, glycol (109a),

First,we prepared ketocarboxylic acid derivatives (108a-c)
by the condensation of the aldehyds (41b) with pyruvic acid., Keto-
carboxylic acid (indistillable liquid, 108a), its ammonium salt (108b)
and its ethyl ester (108c) were attempted to converted into glycol

(109a-c)., All these attempts were unsuccessful under conditions of

' t
B+ : By R 0, R=cocooH
&“, o0 - m o b2, R = cocooNtie
C4lbd | cro®> o), R= Il

’(0‘7 Rscoa"=‘NOH

- Cﬂa?
DMMR p'f‘ °Hg \cr.r= f
e 1 ;“

R/‘%/\\.J\ By R~

<Ied o
‘4, R= cooH
e, R=~f-

/ ‘gbcﬂs
)

Scheme XVII
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Favorskii reaction because of the lability of ketone (108a-c) and
glycol (109a-~c) in basic media. In almost all cases, the reactions
afforded nothing without decomposition products which did not show
@he signal in n.m.r. spectra,

Sedondly, ketoxime derivative (108d) prepared from the conden-
sation of the aldehyde (41b) with 1sonitrosoacetone76) was
subjected to diﬁerization unc¢er Favorskili reaction condltion., 1In
th;s case, the ketoxime (108d) was completely recovered,

Thirdly, we planned éhe synthosis of diacetyldidehydro (147~
annulene diethyleneketal (110e), which might be transformed to (110a).

Biacethyl monoethyleneketal (113) was prepared by following reaction,

- - -~ - - - -l -
LHa=CH =< -cdy CHy - cH S ety o, CH3=f O,\ ~ &ty
<o ' cnzy D)

Condensation of aldehyde (L41b) with (113) yielded dienyne-k@tone
(108e), PFavorskii reaction of the xeton@ (108e) was very slow and
needed a long time and an extreme dilution, The obtained mixtrue
of glycols confaining (109e) and polymers was treated with stannéus
chloride dihydrate in ether containing hydrogen ‘chloride to give
a yellow solution. The solution showed u.v. spectrum (A.g??b®n° 343,
L5ksh, 480, 616.and 646 nm) like.that of_did@hydro?l&]annulenws.
Although the desired dehydro[l&jaﬁnulene (1109) might be pmesenteﬂ in
this solution, the soiution obtained waaz too Iittle.to moagure nN.,m,r.
spaotrum,

Racently the electronic properties are investigated bassd cn

other compounds, and will become mcre apparent through these

researches,



VII. SYNTHESIS OF DIDEHYDROTHIA [13JANNULENE
All the nonbenzenoid aromatic systems discussed hitherto have

been carbocyclic. I would now like to mention didehidrothia(13]-

annulene(120) only brieflj. Condenqation of benzil with thiodi-~

glycolate gave thiopheno dorivatiyo(llkﬂ”.

Pﬁ~w—-%"rh Ph Ph
° > 87 CooH
» | HooC °
ooC S\ - ‘
R ~\DH{’ \Cﬁ;lcoog

Cr14)

In a similar manrner as abowe we synthésizod didehydrothia~
f13]annulene(120) shown in Scheme XVIII. Stobbe condensation 6t
enyne- aldehyde(hlb) with dimethyl diglycolata(115)7 ).yielded mono-
adduct(116) and di-adduct(117), Mixture of (116) and (117) was
converted to esters by means of mefhanol~hydrogen chloride, which
was chromatographed on silica gel to give (118) and (119), Oxid~

ative ocoupling of the desired di-adduct dioltor(119) by Eglinton:»s

o erizooMe ; LI COOH HooC S wWoH
93\(\6“0 s< u-;aooonc - Metoty T/ R
W cmE? | -t - o
> gkl T gk’ = % B
C4\bd . b .
MeosCye ™), cooMe  MR00L Sy Coolre
RN Me0DE - S/ H
- = t D e cny) . )e/_“ B
gis =T =Py oo -+ piix @

Schere XVIII
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method( cupric acetate-pyridine) gave brown solid, Didehydrothia-'
[13)annulene(120) was isolated by short column chromatography on
silica gel, The dehydrothiall3Jannulene was found to be rather-
unstable, and decomposed on standihg at room temperature for
several days. DidehydrotﬁiafiB]annﬁlene(120) began to decompose
by adsorption on T,L.C., plates prepared from silica gel,

Table, 6, shows the n.m.r. data of (119) and (120), Didehydro-
thial13)annulene(120) thus synthsiqu'is‘diatropic, (according to
the nomenclature.proposed by Sondheimﬁr), but only shows very
small ring current compared with other annulenes described above,

In this case we cannot say anything definite about its " aromaticity",
since delocalization of xt~electrons is considered too small to
detect, Taking inéo accoﬁnt the aromaticity and the stability

of thiophene, it seems strange that the annulene(120) shows very
3ma11 ring current, even though thé effectAmay be dﬁe the steric

hinderance between inner hydrogens,

Table, 6. The N.m,r. Data of (119) and (120) in CDC1,4

at 36.00
Ha Hb ~0OMe C=CH t-Bu
(119) 2+00, & 2H 2,93, d 2H  6.28, = 6.45, = 8.84, ‘s
J= 13Hg J= 13Hsz 30 | 2H - 18m
2,02, d 2H 2.81, d 2H 6.23, s 8.7, s
(120) J= 134z J= 13He 3H — "~ 1BH




VIII. SYNTHESES OF DECADIENDIYNDIALS AND FACILE INTRA-

MOLECULAR CYCLIZATION OF THE ALDEHYDES*BO).

During the course of studies on the syntheses of dehydro [kn+2]
annulenes containing acetylenic and Cumulehic 1linkage, we.hava
investigated the syntheses of substituted deéad.iehdiynd_ials(IZI,'
122 and 123), These diendiynq-dialdahydes Sqemed to be potential
precursors of tetradehydro [14]annulene .system; It was found that
the dialdehydés(121, 122 and 133) gave readily difuranylacetylene
dorivatives(lj?, 128 and 136) by thermal reaction, and dihydro-
furanilidene derivatives(lho 141, 129 and 131) by nucleophilio

addition of methanol followed by intramolecular cyclization,

z/
Rﬁ“‘)\ct—w <Rl D g=R'= "(CH')&_"
¢/22) : R=Ph , R"=H

|
th
gAY cHe ¢/a3): R=Bu , REH

R'

Sinthesis Bis-tetramethylene derivative(121) could be obtained

by two routes‘outlined in Scheme XIX. ©One route was performed by

o g HO 1 = M
/34> </ _ wok @’ cHo /27
a:r=-Lo) /24> {20

p: R = caloris),
Scheme XIX

1"L’I‘heau!g experiments were carried out in colabolation with

Takayoshi Kashitani,
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Muneyuki, Morimoto and Tanaka in our group., Acetylenic alcohol
(i25) obtained by ethynylation eof 2-a1koxymethylenecyciohexanone
(12&)81) was treated with cupric acetate in pyridine(the Eglinton’s
ﬁethod) to yield hexadiyndiol(126), Hydrolysis of (126) afforded
dialdehyde(121). Another route was carried out to obtain (121)
more conveniently and in better yield, (121) could be also prepared
by the Eglinton’s oxidative coupling of lfethyny1~2-formyloycio~

hexene(127)82)

in the presence and absence of methanol, However,
the oxidative coﬁpling of 3-phenyl-2-pentene-4-ynal(4la) in the

presenbe of methanol resulted in the formation of bis(j-pbenyl-zf

Ph~> cho ”"C’ ﬂtroﬂo

Mo  —— ‘“\ —t

. -
{4lad ?h«éo Fh {;o
' H oMe

¢ 128> <27

furanyl)acetylene(128, 13%) and dihydrofuranylidene derivative(129,
41%). In the absence of methanol, (128).was obtained 16 a yleld
of 30,.5%. Phenylpentenynal(4la) was converted into diothjl acetal
(44a)., Hydrolysis of bis-diethyl acetal(130) obtained by the oxi-
dative coupling of (4la) yielded extremely unstable dialdehfde(lzz)
in a yield of 74%, Formation of appreciable amount of (128) was
observed when (122) was allowed to.stand for 2-daysyat room tempe-
rature; The Eglinton’s reaction of t-butylpontenyﬁai(hlb) in th;

absence of methanol at a low temperature(15°-20°C) afforded dialdehyde

in a 80% yield., However, the reaction performed in the presence

of methanol gave a mixture of (123) and dihydrofuranylidene deri¥-
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ative(131). 'N.m.r. spectroscopy reveal that the mixture consist of
50% of (123) and 16-15% of (131)., Di-t-butyldialdehyde(123) could
be obtained by the hydrolysis of bis-diethyl ace'ta1(132_) which was
prepared by the oxidative coupling of the diethyl acetal(l4lb),
Dialdehyde(ljj) could not. be obtained by the Eglinton’s reaction
of methylpentenynal(}29) in the presence of methanol, buf the u,v,
spectrum of the praduct(AEYM 247 285, 357 nm) was found to be

similar with that of (141 and 142), Attempts to prepare (133) from

- Meero m;r\ ¢HO.
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diacetylenic glycol(135) obtained by the Glaser reaction of (13b)83)
gave fruitless results owing to sluggish acid-~catalyzed allylic

rearrangementsu).

Thermal Cyclization of gialdehydes(121, 122 and 123). Formation
of bis(2-furenyl)acetylene derivatives(128, 136 and 167) was
observed on heating solutions of the dialdehydes(122, 123 and 121)
in 6rganic solvents., The results are summarized in Table 7. This
results indicate that the formation of (128) in the oxidative
coupling of phenylpentenynal(bla) is attributable to a secondary
reaction of initially formed dialdehyde(lBZ). The possibility of
catalytic action of cupric acetate in pyridine for cyclization

reaction could be excluded by the experiments performed in benzene

or ether containing cupric acetate and pyridine(see Experimental).
Intramolecular cyclirzation of acetylenic compounds contaning the

85). However, the formation

oxygen functions has been well known
of difuranylacetylene derivatives(}zs, 136 and 137) from dialdshydes

(122, 123 and 121) seems to be symmotry-allowed thermal process.

Table 7. Formation of Difuranylacetylenes

Dialdehyde 301Ven£ Temparature Rgacticn periled Yiald
| (°c) ( br) (%)
(121) xylene 120 | 5 (137) 57
(122) benzene 50 8 (123) 86
(123) benzene 60 20 (136) 82

(123) pyridine 60 6.5 (136) 562)

a) Low yleld of (136) can be attributed to gradual decomposi-

tion of (123) in pyridine.
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It is to be noted that the mass spectral patterns of (121),
(122) and (123) were found to be similar to those of (137), (128)
and (136) respectively,lindiéating facile formation of difuranyl-
acetylene derivatives from (121), (122) and (123) pridr to the

fragmentations,

Formation of Dihydrofuranylidene Derivatives(129, 131, 140 and

;g;lA The formation of dihydrofursanylidene derivatives(129
and 131) by theEgiintonosoxidatife coupling of pentenynals(4la
aﬁd 41b) in the presence of methanol can be regarded as a result
of secondary reaction of initially formed dialdehydes(122 and
123) respectively, i.e., addition of methanol to carbonyl carboﬁ_
of dialdehyde forms-hemiacetal(lBB), and nuoleophilic attack of

oxygen atom of hemiacetal(138) to acatylenio carbon atom gives

R~ cro R cno

sSoH :
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rise to dihydrofuranylidene compaﬁnd(139). Because the cyclization
reaction did not proceed without pyridine, it is evident that
pyridine has. a role of proton acceptor,

In the case of diaidehyde(lzl)g no cyclization took place by
pyridine-methanol. However, treatment of (121) in ether with
sodium methoxide~methanol at 0°C afforded dihydrofuranylidene

derivatives(140 and 141). The dihydrofuranylidene compounds 00“14

be separated into cis-isomer(140) an&gtrans-isomer(lul) on chro-

matography on silica gel,

It is noted that acetylenic compounds with analogous dihydro-
furanylidene system(142, 143 and 145) have been found in naturally

ocourring poly-yneaes).

An intramplocular~cyclization of keto~
alcohol(14L4) in bipgenétic path way to form (145) has been postu-

lated by Bohlmann and Florenzs7).
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Facile intramolecular cyclization observed in decadiendiyndiala
(121, 122 aﬁd 123)'can be attributed to the proximate position of
oxygen atom of formyl group to acetylenic carbon atom ta#érgble for
the f&rmation of stable five-membered ring which'is caused by the

cis-configuration of ethylenic linkage with respect to acetylene

and formyl functions, We have mentionéd to prepare diphenyl-(51)

and di-t-butyltetradecatetraéndiyndipls(56) 12 previous chapter
(p. 22 ). Bxpectedly, intramolecular cyclirzation could not have
been obserfed in such a case. Quite recently the preparation of
4,5 10,11~-bis(tetramethylene )~2,4,10,12-tetradecatetraen-6,8-diyn~
dial(146), a vinylog of (121), was reported by Sondheimef and

Yamamotoas).
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IX. SYNTHESIS OF DINAPHTHO-DI%&BUTYL-DIDEHYDROII“]ANNULENB

AN AROMATIC ANNELATED ANNULENE® 89)

The properties of [4n + 2]annulenes annel@ted with benzenoid
nuclei are of considerable interest with regard to the participa-
tion of benzenold 7 -electrons to the macrocyoclioc systems, Some
planar and non-planar annelated annulenes have been recently

synthesizedgo)v91):92).93)

with a view to examine the peripheral

conjugation of afomatic character on the central ring systems

containing [4n + 2]%-electrons. _ |
Mono-trans-l,zzj,b:7,8-tr1benzo[10)annu1.ne(1b6) was syﬁthe-

91). The benzo(ld]annulene can be

sized by Grohmann and Sondheimer
written for a Kekuld strucfure inporporatiog'tho cyclodocapéntaene
system. However, it-appears.thét the ten-mémbered.ring in (146)is
non-planar and does not represent a delbcalized tenﬂr-electron
system, A reason for the greatly increased stability of (146),
as compared with [10]annuiene(7) itself, is presumably that the
isomerization to the 9,lo-didehyd}onaphthalene‘derivattve(lh?) in

this case involves disruption of cyclic delocalization of a

benzene ring.

<7

# These experiments were carried out in colaboration with

Masakazu Morigaki,



A planar annelated derivative of aromatic 1,7,13-tridehydro-~
[183;nnulene(18)'was synthesized by Endo, Sakata and'ﬁisumi, Aég:,‘
tribenzotridehydroflS]annuleno(1u8)92). The shift of the inner
protons toward higher field du; to induced dilamagnetic ring current
cannot be observed on the spectrum of (148) in contrast with that
of tridehydro([18Jannulene(18), Th@se'ihnor protons are found to
rosongto at rather low field owing to shielding qffoct ef other
unsaturated bonds.and aromatio nuclei, The olofini nature of
18-membered ring in (148) 1is due to the strong perturbation of
the three bonzon§ nuclei, which causes the completely nondeloecal-
ized alternate bond structure to be energetically prefered to the
dolooalizod.system*. Delocaligzation in aromatic system is depend-
ent on the extent of contribution of another resonance hybrid in
this molecule, Taking into oonsid&ration that resonance energy
of benzene is 36 kecal/mol, it is actuaily impossibl;‘to 23gume
the contribution of the structure(149) in tribonzotridehydroflS]—

annulene(148),

CHID <495 </P>

#The empirical resonance energy of [18Jannulene(16) was de termined
from the heat of combustion, and found to be 100 + 6 kcal/mol.
Recently the other detailed study was reportod93?, and showed that

the resonance energy in this aromatic molecule cannot be greater

than 19 kocal/mol,



1,8~-Didehydroll{] annulenes seem to be an appropriate system
for the examination of the effect of fused henzenoid nuclei, because
the didehydroannulenes have been found to be highly stable, entirely
Planar and strongly aromatie, _

1,3,10,12-Tetradehydro[18]annulenes as described previously
are analogue of the didehydroll4Jannulenes, and an approacﬁ to
dibenzotetradehydro{18lannulene was done by Ojima, Yokomachi and
Yokoyama (shown in Scheme xx1)9“). The reductive dehydroxylation
of cyclic glycol(158) thus prepared was effected by use of stahnous
chloride in concentrated hydrochloric acid to give a very unstable
compound., The substance could be kept at room temperature only in
relatively diluted solution for less than half an hour. Unfortu-
nately, because of its extreme instabililty, the n.m.r. spectrum

of the product could not be measured,
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The resonance ensrgles of naphthalone and 1,2-dihydronaphtha-
lene have been estimated to be 61 kcal/mol and 40 kcal/mol, re-
spective1y95). Thergforo,-destruction of one benzene system in
haphthalene huoleus to form 1,2-naphthequinone type structure
may require about 21 kcal/mol( 61-&0 = 21 kcal/mol). This energy
should be much less as compar&d with the energy of transformation
of benzens into o-quinoid structure( gg. 36 koal/mol ), Taking
this into oconsideration, we have carxied out the synthesisg of di-
dehydro[14] annulene annelated with two naphthalene nuclei.

1—Ethyny1-2-naphtha1dehyde(173), a koy intermediate in this
synthesis, was unknown and diffiocult to derive from other naphtha-
lene derivatives by conversion of subsituent or by introduction |
of groups into napﬁthalene nucleus, Therefore, we attempted to
synthesize dihydronaphthalene-aldehyde(164), which might be converted
into naphthaleonaldehyde(173). Additionally, bis(dihydronaphtho )~
didehydrotthannulene(le) c§u1d be easily obtained by trahsform-

ation of the aldehyde{164) in the usual way.
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Scheme XXIII

Condensation of tetralone(160) with ethyl formate gave 2-
hydroxymethylenetetralone(161) in a 88,6 % yield, 2-Isopropoxy-
methylenetetralone(162) was prepared by the reaction of isopfopyl
iodide with (161),'and ethynylated with lithium acetylide-ethyl-
enediamine complex to give ethynyl alcohol(163). (163) was treated
without purification with dilute sulfuric acid to give brown oily
products, Isolation of (163) wvas ca;riod out by column chromato-
graphy on silica gel to give (164) in a poor yield. An alternative
synthesis of (164) was therefore investigated. This procecded from
enolthioether(165), which was prepared from 2-hydrexymethylene-
tetralone(161) by the reaction of g—butylmercaptangs). Sulfur atom
stabilizes a cationic center more than oxygen atom does, and would
be expected to facilitate the hydrelysis of ethynyl alcohol. Enol-
thioothor(165) was ethynylated with lithium acetylide-ethylenedi~
amine complex to give ethynyl alcohol(166), As we would eprct,
(166) was hydrolyzed with ease. Treatment of (165) with 1ithium

acetylide-ethylenediamine and subsequent hydrolysis with dilute

sulfuric acid aldehyde(164) in a 32.5 % yield and thioacetal(167)
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in a yield of 40,8 %. A possible mechanism was illustrated in Scheme
XXIII. In this case, cation{(168) is much more stable than cation
(170), and thioacetal(167) was produced stoichometrically. Ethynyl-
ation of (165) followedjtroatment with n-butylmercaptan in the

W

presence of p-toluenesulfonio acid to afford othynylthioacotalz
(167)(indistillable yellow liquid, 97 % based on (166)).
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1-BEthynyl-2-naphthaldehyde(173), the key intermodiate of the
synthesis of dinaphthodidohydro[lh]annulonb, was obtained shown in
Scheme XXIV. First dehydrogenation of aldehyde(164) with DDQ (di-
chlorodicyanoduinono) was attempted to trensform into (173) because
of its simplicity. But the reactibn was slow and needed highor
temperature to result in the decomposition of (164). Next dimethyl
acetal derived from (164) waskdehydrogonatod with DDQ. It proceeded
at rbom temperature and gave the desired naphthhlene-acefal(l?l)iau‘
crystals only in a low yield, F inally, dehydrogenation of thio-
acetal(174) with DDQ was successful to obtain néphtha1§ne derivative

(175). Since naphthalenethiopcetal(175) centained ethynyl group,

in order to hydrolyze (175) usual heavy metal salts, i.e., cupric

...69..



shloride, mercuric chloride and mercuric oxide could not be used.,
Quite recently, convenient method was reported to hydrolyze thio-
aceta197) with methyl iodide-aqueous acetonitrile., By use of this
me thod, (175) was hydrolyzed to give the desired aldehyde(173, |
yellow plates) in a 37 % yield based on (174). 1-Ethynyl-2-naphth-
aldhyde(173) was converted- into t

-butylketone(176), pale yellow
leaflets, in a yi§1d of 39.2 %, by the condensation with pinadoiono.
A solution of (176) in tetrahydrofuran was added to a stirred
suspension of potassium hydroxide in liquid ammonia, The rodotioh
mixture was worked up by usual way to give cycliec glycols(l??),
colorless orystals, m.p. 279.0-279,5°C(dec.), ﬁass(m/o) s24 MY,

Calod. for CsggHssOg, in a yield of 90 %,
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ngelopment of deep blue violet color was observed on addition
of finely powdered stannous chloride dihydrate to a solution of
(177) in ether or tetrahydrofuran saturated with hydrogen chloride.
It was found that the deep blue violet solution was fairly unstable,
and rapid fading of the color was observed at room ﬁemperature.
The solution was also sensitive to oxygen even at -78°C, However,
in the absence of oxygen, the solution could be.kept without appre-
clable oblo: change at f78°C for a day. Although all attempts to
isolate the reaction product were»unsuccessful,bthe formation of
dinaphtho-di-t-butyl-didehydro{14Jannulene(178) could be confirmed
on the basis of electronic and n.m.r,., spoctroscopy. The reactions
and spectroscopic measurements ﬁere performed under argon atmosphere
using degassed solvent, Accurately weighed (177) dissolved in tetra-
hydrofuraﬁ was mixed at -20°C withvstannous chloride dihydrate andv
the same solvent saturated with hydrogen chloride.‘ Theo resulﬁing
solution was direcfly subjected to the mcasurement of E@lectronic
spectrum at ~78°C., The electronic bpeotfum was found to be closely
related with that of bis(dihydronaphtho)-di-g—butyl-didehydro[1&3-
annulene(lSO)*, indicating the formation of (178)(Fig. 14). The
£-value of (178) were calculated assuming Quantifativa conversion
of (177) into (178). |

Deuteriotefrahydrofuran and (}77) placed in a n.m.r. tube weré
mixed at -78°C with a solution of stannous chloride dihy@rate in
the same solvent saturated with deutéfium chloride. The mixtﬁra'
was shaken at -30°C for 5 ﬁinuﬁes and used for the wecasurcment of

100 MHz n.m.r. spectra et -54%°C(Fig. 15)(seo Ezperimentel). The

* . - A
The synthesis and properties of (180) will be reportcd else-

wheregs). - 71 -
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Fig. 14. Electronic spectra of (178) and (180)

(178), —---;(180)

doublets at = -0,22(J=15 Hz, 2H) and t13.45(J=15 Hz, 2H) could be
assigned to outer pfotons(H°) and inner/protqns(ﬂi), respectively.
The assignment could be further édnfirmed by a double resonance
technique, i,e,, the doublet at 7z -0,22 chaﬁgad to a sharp singlet
oﬁ irradiation at T 13..145. The doublets ,é.'t 0.46(J=10 Hz, 2H) and

3* 1%* and the sharp singlet

20,29(J=8Hz, 2H) were assigned to H
at T 7.89(18H) to t-butyl protons, respectively. The n.m,r, spec-

trum clearly indicates the induction of a diamagnetic ring ourrent

3 8 ‘
H” and H were confirmed by a double resonance technique(see
Experimental), }



HC! S?lv. Solv.

Fig. 15. The n.m.r. speotra of (173) prepared 2.0mg of
(177) and deuteriotetrahydrofuran containing
DC1l (-54°C, 100MHz)

in the annelated dehydroannulenﬁ ring (178) «—» (178?),

The dinaphthodidehydro[ih]aﬁnulone(178) can be written in the
two Kekulé-type structures(178<~>178’). Though the structure(178)
oont»a_ins an o-naphthequinene-skeleton which causes the loss in
energy(ca. 21 kcal/mol), the annulene gains the resonance energi
of didehydro[l4lannulene-form estimated about 20 kcal/mol, Cosider-
ing this equality of energy, dinaphthodidehydro[1k]lannulene(178)
is an appropriate annelated system, Because the difference in
energy between two forms(178 «—=>178’') is nothing, it is contemplated
that the annelated annulene(178) should show definite induotion of
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diamagnetic ring current in n.m.r. spectrum. To our knowledge,
this 1s the first example of diatropic non-bridged neutral annu-
lated annulenei,

Reduction of (178) gave the unsaturated hydrocarbon, which
has proved to be the structure (179). Further characterization
of this compound is currently under way.

Attempted synthesis of dibenzo-didehydro{14]annulene (183)
was carried out by the sequence shown in Scheme XXVI by Yasuhara

99)

and Nakagawa The annulene was found to be the most unstable
compound of our synthesized annulenes. The solution of (183) is
dark blue. Since it showed no signals in e.s.r. spectrum, (183)
does not adopt a radical structure. The investigation to measure

the u.v. and n.m.r. spectra is in progress.
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Scheme XXVI

#The 14 W-electron system in 3,4-benzo-1,6:8,18-propane~

p . 0
diylidene[1l4Jannulene (184) has been reported to be diatropiclo )
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X. RESULT AND DISCUSSION,

X-1. DEFINITION OF AROMATIC CHARACTER.
| The original definitioﬁ equating aromaticity with odour is
only of historical interest. The 'clasioal’definitioh, considered
acceptable until fairly recently, equatad aromaticity with benzene-
1ike stability and chemical behavior, A definition of aromatic
character based on criteria of chemical reactivity is inherentiy
unsound, based as it is on th; difference in free energy between
the initial molecule and that of the transit&qn state of the re-
action which ensues.

As mentioned previously, some theoretical Justification of

benzene~like stability was gained in the principle of the aromatic
L)

sextet and subsequently the Hﬁckel&rulos). Structural factors
became the primary consideration for the basis of classification
and associated physical properties used as a measure of gradations
in aromatid character, It has been considered increasingly de-
sirable to attach a quantitative criterion to aromatic character
in oredr to avoid the exceptions which inevidently arise from
tha use of empirical considerations such as symmetry properties.
As many authors have been described, the definition of aro=
matic character is bound uplﬁith attempts to classify §yelie;
conjugated systems, The past decade has been harked.by'great
progerss in the synthesis of non-benzenoid aromatic systems,
which has robbed the special poszition of classicai aromatic
substance, benzene, and has hecessiafed a wider and deéper defi-

nition of the aromatic concepts. It is unfortunately true that

whichever of the classifications we chose, some anomalies can be
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pointed out, and thus generation of a definition of aromatic
character, which will embrance all of the requirements set out,
is difficult, if not impossible, to achieve.

The molécular orbital definition of aromatic character has
been considered the most favourablevand as a consequence the
attempts to attach quantitative signification to the aromaticity
phenomenon have been based on the measurment of physical proper-
ties which can be accounted for in terms of the M-electron de-
localization., Thus those properties depend upon of delocalization
of a c¢yclic conjugatod sygtem,and'permit statements concerning
the ground state. |

Spectroscopically, aromatic compounds are not only charac~
terized by the shift of their absorption to longer wavelerigths
compared with olefinic compounds (a property of the excited state)
but alse by the anisotropy of their diamagnetic suséeptibility,
by changes in bond lengths and charge distribution related to
the delocalization of the‘n-elbotrqns, and by their resonance

energy.

The proposals for establishing n.m.r. ring current as a
criterion of aromaticity has emerged Subsequentlylol)’102)’193).
The ring current modol'and its bearing on diamaghetic anisotropy
and chemical shifts in aromatic systems provides no exception
to this éeneral trend . Perhaps ths primary feature revealed in
some reservations is the recognitiéon that while the ring current
model provides a reasonable amount for the quantitative trends

in the chemical shifts of a variety of molecules, it does not

permit assertions concerning the degree of aromatic character

in these systems,



Ultimately, it is apparent that the physical properties
used must be chosen to fit the compound in question and that the
appropriate model compounds must bo available for theoretical

and experimental comparison.

X-2, THE THERMODYNAMIC CRITERION,
THE RESONANCE ENERGY OF THE ANNULENES.
Both by Pople's self-consistent field (SCF) molecular orbital
(MO) theoryl®*) and by Hitckel theory 5), provided the variation
of the core rosonanoé integrals pfj or the exchange integrals piJ
with bond length are taken into account by an interactive pro-

10#)105), the classical linear even polyenes might be rep-

cedure
resented in terms-of localized ‘*single’ and ‘double’ bonds. 1In
other words, if we assume that ("~bond energy is an additive
property gf the number of formal cspB_chg single and double

bonds and C ?H bonds, thils means that the total Ti-energy Eq

SPa
of these molecules can be written:

Eq = n+ES + n’.59 | (1)
where n and n’ are the number of CC ¢single’ and ‘doubi97 bonds
respectively, ES and E%_being théirvﬂkbnergies.

The improved Pople methodlos) wore'applied to the calculatién
of the resonanco.energy in the different‘memberé.of the annulene
series up ﬁo C,°H3°107). I%.thig sQrios; we have the Qame number
(n) of formal ¢single’ and ‘doubla’ bon&s: accordingly; the - :
energy of the ‘localized? struot@ro may be writteni .

Ex(1loe) = n+(E2 + £9) | . : (2)

Thus, the m-contribution te the resonance energy BRCE) of the



(2nlannulene 1is:

Ep(T™) = Bx - Brlloc) (3)
where Ej is the total molecular n-energy calculated by the improved
Hiickel thé;y for this annulene, Tablo 8 lists resonanc§ energies
calculated in this way for the series of compounds investigated
by the improved Hiickel method. Fig. 16 shows the plot obtained
for ER(T) as a function of the dimension of the ring(NI.

Obviously, the thermodynamic criterion devides the annulenes
into two well separated series: the (4n + 2) T-electron ring systems
with stabilizing resonance energy (positive values of ER(WQ ex-
pressed in fﬂ—units) and the (4n) m-electron ring systems showing

decreased stabilization as compared with the ¢localirzed® model

oompounds,

Table 8, N~Electron Contributdion to the Resonance Energy of

Annulenes according to Breslow’s and Dewar’s definition.,

{Nlannulene ER(T) (N]annulene Eg(T)

N -0,8588 18 0.1752
6 0.3992 20 -0,1160
8 -0.4148 22 0.1616
10 0.2628 24 -0,0760
12 ~0,2550 26 0.1556
14 0.2024 28 -0,0452
16 -0.1704 30 0.1538




X-3, MAGNETIC BEHAVIOUR AS A CRITERION OF AROMATICITY.
MAGNETIC ANISOTROPY AND N.M.R. CHEMICAL SHIFTS.
The theoretical investigation of the magnetic properties of
annulenes (and benzo-annulenes) other than benzene and benzenoid
hydrocarbons has received attention only in very recent years.

First it was pointed out by Longuet—HigginsloS)

109)

and Nakajima and
Kohda that, when a cyclic conjugated molecule is placed in

an external magnetic fiecld, the M-elgctronic ring curfent is the
difference between a diamagnetic part depending only on the elec-
tonic structure in the ground-state of the molecule, and a para-
magnetic part which is a sum of contributions implying excited
states., The paramagnetic part will be particularly largse if the
melecule possesses suitable very low-lying excited staées. This
is exactly the sifuation obtained bj introducing the Jahn-Teller
effect in the series of [4nlannulenes. As a result; paramagnetic
ring currents should occur in these molecules, which should give
rise to a positive susceptibility qxaltation or anisotropy.

Under these circumstances, the usual diamagnetic n.m.r., rules
have to be reversed: protons outside the ring will show an in=~
creased shielding relative to the ‘olefinic? reference compound,
and those inside the iﬂg should be deshielded. Similar con-

clusions were obtained by Pople and Untchllo)

and py Baer, Kuhn
and Regellll).

The influence of bond alternation on thg magnetic properties
of the annulenes was investigated by several authors, For all
sizes of rings, the theory predicts that the magnitude of the
calculated ring current should be partially quenched if bond

alternation ocours. In the C4n + 2)las well as in the [ 4n)]annulene
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Fig. 16. W-Electron contribQQ;on to the fesonance energy
in the anniulene series. Reprinted from “ Topics in Carbo-
cyclic Chemistry”, Vol, 1, Logos Press Limited, London,

P.275 (1969).
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Fig. 17. Dependence of ring~current on alternation parameter

for some annulenes, Ju = A’f(N,ﬁ). Reprinted from the J.
Amer. Chem. Soc., 88, 4811 (1966).



series, it appears that the larger the ring, the more effective
is the quenching due to a given amount of alternation. This is
very clearly shown in Fig. 17, where the variable part of the
ring current JF is plotted for certain annulenes as a function
of the bond alternation parametor.ﬁ/& =\ y ¢ and 3z being the
exchnge integrals of the !long?® and ‘short? bonds respectively,
As a result, the calgulated contribution Xrof the M-electrons

to the diamagnetic susceptibility of the annulenes becomes negli-
gible if bond alternation is significant, and the chemical shifts
for the inner and outer protons tend rapidly to the ‘olefinic?

froquencyGl) (Tab1§ 9).

Table 9, Calgulated Proton Chemical Shifts in C,gH;4 and

CsoHso as a function of bond alternation %

clanla ' Cs OHSO

A inner H outer H Ax# inner H outer H outer H NH#
(corner) (edge)
. N

1.0000 -7.L4L4 10.42 17.86 -12,42 13.26 13.26 26.41

0.9657 =-7.21 10.27 17.48 -11.43 12,88 12.88 25.00

008107 "0.85 8..28 9'13 2."‘5 7058 7-58 5025
0.6500 4,60 6.59 1.99 5.90 6.21 6.21 0.31
- 0,4903 5.98 6.21 0,23 6.13 6.13 6.13 0.00

# The chmical shift is expressed in ppm relative to TMS; the
téolefinic® resonance frequency is evaluated at 6.129 ppm and
the ring current effoqt for the benzene protons is assumed to
be 1,15 ppm.

#% A = <t(inner H) - t(outer H).
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The table shows that the magnetic properties of the annulenes are
exceedingly sensitive to the ammount of distortion from the sym-
metrical structure., Neverthless, several authors have used proton
n.m.rr. spectroscopic arguments in order to decide whether or not
an unchafged cyclic conjugated molecule is aromatic, The presence
of an induced diamagneic ring cufrent (as in benzene), detected

by n.m.r. spectroscopy and susceptibility measurments, should be
used as a criterion of aromatic character. Thus {4n + 2]lannulenes
should be drOmatic and will show benzene-like magnetic properties,
Fig. 18 shows the evolution of the ring-currents per unit benzene .
area as a function of ring size; qualitatively, the conclusions
concerning the aromaticity of these compoundé are in excellent
agreement witp‘those obtained from the thermodynamic criterion

(see Fig. 16/.

3 /5
'
Aromatic
o5l {4n + 2] annulenes

0 1 1 y Non-Aromatic

s 10 20 30 N
Antl-Aromatle
s (40] snnulenes
gl

Fig. 18. Ring current intensity per unit benzene area (du/ 8)
in the annulenes as a function of ffng sire, Printed from
Mropios in Carbocyclic Chemistry , Vol. 1, Logos Press Limited,

London, p.289 (1969).
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X-4, AROMATICITY IN THE DEHYDROANNULENES.

We have mentioned the synthesis of tetradehydro(4n *iglf
and didehydro{lin + 2]annulenes containing acetylenic and cumulenic
linkages in the cyclic system. These annulenes possess the es=

sentially same molecular geometry and the same degree of planarity

and , consequently, the approximateiy sam§ circumstances in thef
magnetic field of n.m.r. spectroscopy. Therefore, we have assumed
the difference of chmical shifts between‘inne;’and oﬁter protons
is an index of the magnitude of tﬂ; ring current (p.51, Taﬁle 5).

We consider that the single and double ﬁonds are alternately
of length ry and rgy ( ry > ry ) with_resonénce 1ntegrﬁls Fl and‘sa,

respectively ( @1‘ S PexO ) shown bellow:

R”‘?'“‘r{

| | G17fe = @"
)i (1l
K ‘\Pl P\] R .E_?. - x
pe By o

If all the bonds were equal in length, we should have r, = rg,
but we are allowing for the possibility of a twofold alternation,
(Higher-oder periodicities oould'oonoeivably occur, but seen
unimportant).

1,8-Didehydro (14) annulene (26) has been proved to be a
highly planar and delooalizbd mblecule oh the basis of X-ray
crystal structure analysis (p.11, Fig._z)s ry, and rg is equal,
A quite fecent work on bond alternation of annulenes showed
that A value of (26) is 0.892113), In this caluculation the

Biot-Savart low was used to caluculate the ring ourrent of proton’
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chemical shifts. We will estimate the resonance energy of tetra-
t-butyldidehydro(ln + 2]annulenes.

We will assume that a A value is proportional fo the ring
current, since the curve of A ¥s. Ju gives an approximately linear
relationship between A= 0,65 and 0.95 (fig. 17). The A value of
nonaromatioc annulene is estimated by extrgpolation to be 0.60
(estimated on the basis of the curve, M = 18, in Fig. 17 ). We
chose the glycol (64) as nonaromatic model compoundt Although
the glycol is not annulene and perhaps not completely planar
molecule, this compound 1is equipped with roughly same molecular
circumstances in the magnetioc field of n.m.r, spectroscopy.

Table 10 shows the bond alternétion factor (A) in tetra-t-
butyldidehydro[4n + 2]annulenes. We calculated the A value based
on the relationship written as follows, »

A = kA o | (%)
Siﬁilarly the A value in tetra*t—butyltetradehydro[hn + 2]Jannulenes
is shown in Table 11. A vs. A’ plot displays downward curvature

and eventually approaches 0.6 (Fig. 18).

# By Haddon’s definitionllB),,a non—aromatio.annulene in the
absence of steric inhibition of resonance ;g assumed to have the
same degree of bond alternation (and bond lengths) as a classical
polyene (neglecting end effects). .A similar approach is adopted

by Binsch, Heilbronner and Murrellll%),

A classical polyene is -
considered to be a molecule for which oniy one unexcited resonance

structure can be written.



Table 10, The Bond Alternation Factor (A ) vs.

in Tetra-t-butyl-didehydro{4n + 2]annulenes,

(4n + 2] A A1 A
(64) glycél -1.33 0.00 0;600
(67) 1k 13.76 15.09 0.892
(71) 18 12.80 14.13 0.873
(83) 22 9,58 10.91 0.811
(84) 26 6.13 7.46 0.7kl
(91) 30 4,00 ' 5.33 0.703

*# N.m.r. spectra were measured in GDCL, at room temperatiure except
for (91), which was measured a% -60°C,

i 'A = T(inner H) -T(outer h). A’ = A + 1.33.

Table 11, The Bond Alternation Fact r (A ) vs.

in Tetre-t-butyl-tetradehydrof4n +2]annulenes,

{in + 2] A N A
(36) 18 14,93 16.26 0.914

(50) 22 - 13,11 | 1l el | 0.879

# N.m.r. spectra were measured in CDClg at room tempsraturae.
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As the original suggestion by Dewar and Gleicher6o) that
(26Jannulene should be the first non-aromatic[¥n + 2]annulene
(on the bgsis of a negative resonance energy), it is by no means
élear how one could test such a statement., Haddon has indicated
the possibility of presence of "non-aromatic ring currents’ (although
very low temperature may be needed for observation113)), and stressed
that the magnetic oriterion does not constitute a direct experimental
test for the presence or absence of ¥esonance energy: as pointed

ont by Pdple and Untchllo)

, ringicurrents.(if present) will always
parailel the Hickel’s rule. |
| Fig. 19 may suggest that the extent of bond alternation in

the (4n + 2)annulenes is due to the number of the double bonds

(N) which quench the resonance between two Kekulé structures, It
is contemplated thaf if it is possible to synthesize hexadehydro-
{22) annulene or ootadehydro(26jannulene, these annulenes show
larger ring current, and there is no 1imit applying Huckel’s rule¥,

However, these compounds can be very unstable and there is a

practical 1limit to examine the Huckel’s rule,

¥ For slight bond alternation the magnitude of the ring current
increases with ring size, However, for the bond alternation ex-
pected at the non-aromatic limit, the ring current will die away
quite rapidly with increasing ring size.
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Experimental Section

General Procedures

All the melting points were determined on a Mettler EP2
apparatus and uncorrected. Infrared spectra were measured on
a Hitachi EPI-2 or EPI-G3 spectrophothometer(s=strong, m=m§dium,_
w=vweak ); only significant maxima are reported. Electronic spectfa
were measured on a Hitachi ESP-3T spectrophotometer; shoulder
was indicated by an asterisk. N.m.r. spectra were measured on
a Varian A-GO(60MHz) or XL-100(100MHz) spectrometer using tetra-
methylsilane as an internal standard and recorded in T-unit,
Mass spectra were measured on a Hitachi RM-50 spectrometer
operating at 70 eV, T.l.c. was performed on Kieselgel GFggs,
(Merk) plates, Silica gel(Merk, Kiesel gel 60) or alumina(Merk
act, II-III) were used for column ohromatograpﬁy, uﬁloaa stated

otherwise.

I. Synthesis of 5,11,16,22-tetra-t-butyl-1,3,12,14-tetra-
dehydro (22) annulene(50).

5-Phenyl-2,4~heptadien-6-ynal(lt3a). a) By the Modified

Wittig Reaction: Sodium hydride dispersion in mineral oil (50%,

1.84g, 0.383mol) was washed under nitrogen atmosphere with pe-
troleum ether(3 ml X4), The sodium hydride, after being dried
in vacuo, was mixed with tetrahydrofuran(10 ml) and a solution
of diethyl 2-(cyclohexylimino)ethylphbsphonateué)(lo.Og, 0.0383
mol) in the same solvent(30 ml) was added under ico-codling gnd
the mixture was stirred for 15 min, A solution of (hla)(z.OOg;

0.0128 mol) in the same solvent(15 ml) was then added at -15°C.
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The mixture was stirred at ~10--15°C for 15hr, then poured onto
ice-water, and extracted with ether(30 m1><3).After<being washed
and dried, the extract was evaporated under reduced pressure to
yield a crude mixture containing (L42a), dark brown oil, 8,07g,
The material was dissolved in benzene(60 ml) and mixed with 1%
agueous solution of oxalic acid(180 ml)., After being stirred for
15 hr at 20-25°C, the organib layer was separated and the aqueous
layer was extracted with dichloromethiane(20 mlX 2), The combined
organic layer was washed and drigd. The residue obtained by evapo-
rating the golvent was chromatographed on silica gel. Elution with
carbon tetrachloride and dichloromethane afforded (43a), yellow
crystals(fronncarbop tetrachloride-methanol), mp 69,5-70,3°C,
1.18g(51%), infrared spectrum(CHCls): 3300m(SCH), 2085w, 2710w
(cHO), 1686vs(C=0) cm-1, n.m.r. spectrum(CCl,): ©0.33(d, J=7.5
Hz, 1H, CHO),‘2.06~2.95(m, 8H, phenyl and olefinic), 3.75(dd,
J=7.5 and 15 Hz, d-position of CHO), 6.32(s, 1H, =CH).

Found: C, 85.73; H, 5.48%, Calcd for ciaaloo{ c,85.69; H,
5.53%. |
b) By the Isler’s Method: 3-Phenyl-2-penten-l4-ynal Diethyl

Acetal(lla), A solution of p-toluenesulfonic acid monohydrate
(0.385g, 2.02 mmol) in ethanol(2 ml) was added to a mixture of
(k1a)(3.852g, 24.7 mmol) and ethyl orthoformate(13.25g, 89.4 m
mol), After being stirred for 24 Ar at room temperature, . the
reaction mixture was cﬁilled in an ice-bath and fhen poured onto .
1ce-water.00ntain1ng sodium hydrogen carbonate, and extpacted
with ether. The extract, after being washed and dried(potassium
carbonate), was concentrated under reﬁuqod pressure; The residue

was distilled in vacuo to yield (44a), 4.9U8g(87%), bp 93-96°C
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/0,005 mmHg, Mass(m/e): 239(M+), infrared spectrum(CCl,): 3321s
(SCH), 2090vw(-CZC-), 1615m(C=C), 1000-1150vs(C-0-C) em~l. N.m.r.
spectrum(CCl,):t2,31-2.82(m, 5H, phenyl), 3.62(d, J=7.5Hz, 1H,
olefini&), 4.60(d, J=7.5Hz, 1H, acetal), 6.38(q, J= 7.6Hz, 2H,
CHg), 6.42(q, J¥7.0Hz, zn,.cn.),’6.7o(a, 1H, C=CH), 8.82(t, J=
7.0Hz, 6H, CHy). |

5-Phenyl-2,4-heptadien-6-ynal{(43a), A solution of borontri-

fluoride etherate(72mg) in benzene(i‘hl) was added to a solution
of acetal(kua;16.98g,‘0.0737 mol) in thé same solvent(23 ml). at
40°C and a solution of ethyl vinyl ether(6.233g, 0.0864 mol) in
the same solvent(10 ml) was slowly added at 40-45°C. The mixture:
was kept at the same temperature for 4 hr and then allowed to
cool on standing, Finely powdered potassium’carbonate was added
to the mixture. The filtrate was concentrated under.reduced
pressure to give crude (45a), brown oil, 22.68g., A mixture of
crude(45a), tetrahydrofuran(187 ml) and 3M hydrochloric acid
(125 ml) was vigorously stirred at 25°C for L8 hr. The reaction
mixture was extracted with ether., The extract, after being washed
and dried, was concentrated under reduced pressure. Oily residue
containing crystals was.purified'by a chromatogfaphy on silica
gel to yield pure (43a), 8.168g(61% based on (4k4a)),

3-t-Butyl-2-penten-4-ynal Diethyl Acetal(llb), A solution

of.t-butyl-é-ohloroviny1~othyﬁylcarbinolu3) 88.00g(0.510 mol) in
dioxane(180 ml).uas added to 4N sulfuriqbacié at 50°C under nithﬁ
gen atmosphere. The mixture was vigorously stirred at 50°C for 3
hr and then at 35°C for 26 hr, The mixturs was allowed to cool

on standing and the organic layer was separated, The aqueous layer
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was extracted with ether(150 ml x<3). The combined organic layer
was washed successively with water, saturated sodium hydrogen
carbonate solution.and saturated sodium chloride solution, and
dried over anhydrous magngsium sulfate, The residue obtained by
evaporating the solvent iﬁ vacuo was distilled to yield crude
(41b), 63.70g, bp 47-50°C/3 mmHg. To a solution of orude aldehyde
(41b) in orthoethylformate(160 ml, 0.968 mol) was added a selution
of p-toluenesulfonic acid monohydraféTG.OQg, 0.0315 mol) in ethanol
(2 ml). The solution ﬁés stirred at 30°C for 24 hr under nitrogen
atﬁosphero and then chilled in an ice-bath, The reaction mixture
was poured onto ice~water containing sodium hydrogen carbonate,
The organic layer was separated and the aqueous layer was extracted
with ether(100 ml ><2), The combined organic layer was washed
successively with saturated sodium_hydrogen carbonate and sodium
chloride solution, and dried over anhydrous potassium carbonate,
The residue obtained by evaporating the solvent in vacuo vas
distilled to yield (44b), 84,11g(78.5%.based on the carbinol),
bp 78-79°C/3 mmHg, mass spectrum(m/e), 210(M'), infrare& spectrum
(cCly), 3320m(ECH), 2085vw(-CzC-), 1628w(C=C), 1200-1000vs(C-0-C)
om~1, N.m.r. spectrum(cgl‘),T:b.zb(d, J=7.5Hz, 1H, olefinic),
4.78{d, J=7.5Hz, 1H, acetal), 6.48(m, 4H, ~CHg-), 6.89(s, 1H,
CiCH), 8.83(t, J=7.0Hz, CHy), 8.83(s, 9H, t-Bu).

Elemental analysis gave unsaéisfactory result qwing to
extremely unstablé nature of (LU4b) to hydrolysis.

5-t-Butyl-3-ethoxy-U-hepten-6-ynal Diethyl Acetal (45b),

A mixture of borontrifluoride etherate(20mg) in dry benzene(1 ml)

was added to a solution of aootal(hhb)(?.uOg, 0.0352 mol) in dry
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benzene(20 ml) at 40°C, A solution of ethyl vinyl ether(2.79g,
0.0387 mol) in the same solvent(5 ml) was slowly added at 40°C.
The mixture was kept at the same temperature for 2 hr and then
‘allowed to céol on standing. Finely powdered potassium carbonate
was added to the mixture to afford-.a light yellow solution, The
potassium carbonate was filtered off and washéd with ether., The
filtrate and washings were concentrated under reduced pressure,
The residue was distilled in vacuo tqQ yield (45b), 8.98g(90.4%),
bp 110-111°C/3 mmHg. Mass spectrum(m/e), 282(M*), infrared
spectrum(CCl,), 3320m(3CH), 2070w(-C2C-), 1620w(C=C), 1150-1050
vs(C-0-C), n.m.r. spectrum(CCl,), T u;36(d, J=9,0Hz, 1H, H%=
olefinic H), 5.42(m, 1H, H*=acetal H), 5.64(m, 1H, H3®), 6.56
(m, 6H, O0-CHg-), 6:83(5, 1H, C3CH), 8.30(m, 2H, H®=-CHg-), 8.85
(¢, J=7.0Hz, 9H, CH;), 8.85(s, 9H, t-Bu).

Found: C,71.89; H,10,.61%. Calcd for C,,H300s: C,72.30;
H,10,71%.

5-t-Butyl-2,4-heptadien-6-ynal(43b), A mixture of t-butyl-

ethoxyacetal (45b)(10,00g, 0,0354% mol), dioxane(60 ml) and 3N
hydrochloric acid(50 ml) was vigorously stirred under nitrogen
atmosphere at 50°C for 3 hr and then 40°C for 18 hr. The reaction
mixture was chilled and the organic layer was separated and the
aqueous layer was extracted with ofher. The combined organic
layer waé washed successively with saturated sodium hydrogen
carbonate and sodium chloride solutions, dried(NagS0,) gnd evapo=
rated; under reduced pressure. Rapid distillation under nitrogen

atmosphere fhrough a short-path apparatus gave a jellow liquid

(43b), 4,06g(70.7%), bp 60-70°C/1.5 mmHg. Infrared spectrum(CCl,),
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3300m(=CH), 2810w, 2730w(CHO), 1687vs{c=0), 1616s(C=C), 977s
(trans-CH=CH-) cm~1l, N.m.r. spectrum(cCl,),Z 0.46(d,J=7.5Hz,
1H, CHO), 2.47(dd, J=11 and 15Hz, 1H, @-position of CHO), 3.U46
(d, J-11Hz, 1H r-position of CHO), V. 4s5(s, 1H, C=CH), 8.81(s,
a,m(AA Tm 7.5nd 11 HE, [H, ol - posfﬂanofc«op

9H, t-Bu). Elemental analysis gave unsatisfactory result owing
to unstable nature of (43b) to oxygen at room temperature. The
yellow semple became a red viscous oil within a hour at room
temperature, but Gould be kept for seyeral days at -20°C urider
nitrogen, and was best stored in ether solution at 0°C,

2;b—Dinitrophenylhxgrazone of the dienzne-aldehzdeﬂb}b).

A solution of 2,4-dinitrophenylhydrazine(100mg, 0.50 mmol) in

phosphoric acid(0.6 ml)-ethanol(0.4ml) was added to a solution
of (43b)(88mg, 0.5& mmol) in ethanol(7? ml) and the mixture was
allowed to stand overnight at room temperature. Red crystals
deposited were filtered off and chromatographed on silica gel.
Elution with petroleum ether-benzene afforded pure 2,4-dinitro-
phenylhydrazone Of (43b), 160mg, y{eld 93%., The sample for
analysis was recrystallized from petroleum ether-benzene to
afford red crystals, mp 194,0-19%4.9°C.

Found: €,59.39; H, 5.35i N, 16.59%. Calod for Cjy,H;a0.Net
C, 59.64; H,5.301 N, 16,37%,

Since the dienyne-aldehyde(l43b) was very unstable and
partly deéomposed during distillation, the aldehyde was iso-
lated by short column chromatography on alumina and without‘
further purification the dienyne-ﬁldohyde was used for hoit

alddl condensation reaction,



1,7-Di-t-butyl-1-0x0-2,4,6-nonatrien-8-yne(46) from the

Ethoxyacetal{(l5b). A mixture of t-butyl-ethoxyacetal(45b)(12,2g,

0.0433 mol), dioxane(80 ml) and 3N hydrochloric acid(60 ml) was
vigorously stirred under nitrogen atmosphere at 50°C for 2:hr
and then 40°C for 20 hr. The reaction mixture was chilled'and
the organic layer was separated. The aqueous layer was extracted
with benzene(20 ml1><3) and the combined organic layer was worked
up by the usual way. Crude oily res;gue thus obtained was puri-
fied by short column.cﬁromatography on alumina., Elution with
carbon tetrachloride afforded (43b) as brown oil, 4.91g.

A solution of sodium hydroxide(é.OOg, 50,0 mmol) in ethanol
(5 m1) and water(5 ml) was added to a solution of the aldehyde
(43b)(4.91g) and pinacolone(5.00g, 50.0 mmol) in ethanol(60ml)
at 0 °C under nitrogen atmosphere. The mixture ﬁa; kept at 22
°C for 36 hr and then poured onto ice-cooled 3N hydrochloric
acid(50,ml). The reaction mixture was extracted with ether(20
ml><3) and the organic iayer was washed successively with water'
and saturated sodium chloride solukion and dried, The extract
was concentrated under reduced pressure, The residue was chroma-
tographed on alumina and erStallized from methanol to give
trienyne~ketone(46) as pale yellow crystals, 3.20g. The mother
l1iquor was chromatographed on silica gel to afford a further
amount of the ketone, 2,08g. The ‘total yield of the ketone was
5.28g(50.0%), The analytical sample of (46) was recrystallized
from pentane to afford palgvyellow 6rystals, mp 92,5-93.5 °C,
infrared spectrum(CCl,), 3300m(=CH), 1678s(C=0), 1591s(C=cC),

999s(trans-CH=CH-). N.m.r. spectrum(CCl,), — 2.40-3.85(m, S5H,

olefinio),(6.59(§, 1H, C=CH), 8.83(s, 9H, t-Bu),'s.aa(a, 9H,
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t-Bu). U,v. spectrum, 7\32§Bt08(5), 230*(3520), 239(6670), 336
(37,900) nm.,

Found: . C, 83.80 ; H, 9,97 #. Caled for C,,H,0 :
C, 83.55 ; H, 9.90 %.

1,7,12,18-Tetra-t-butyl~1,18-0x0-2,%,6,12,14,16-0ctadeca~
hexaen-8,10~diyne(47). A solution of trienyne-ketone(46)(3.00g,

0.0123 mol) in pyridine(15 ml) and methanol(1l5 ml) was added to

a mixture of cupric acetate monohydrate(15.00, 0.0752 mol), pyris
dine(50 ml) and methanol(50 ml) at 30°C. The mixture was stirred
at 30-35°C for 15 hr and poured onto ice~cooled 2N hydrochloric
acid, The reaction mixture was extracted with ether(100 mlXx}4)
and the organic layer was washed with dilute hydrochloric aéid,
saturated sodium hydrogen carbonate soiution and saturated sodium
chloride solution and dried over anhydrous magnesium sulfate,

Removal of the solvent in _vacuo afforded a crystealline residue,

Column chfomatography on alumina and elution with benzene gave
orange yellow crystals, which was washed with methanol to give
pure hexaendiyne-ketone(h7); as yellow crystals, 2.h9é (83.3%).
The analytical sample of (47) was recrystallized from methanol
to give yellow orystals, mp 171.5-172,5°C, mass spectrum(m/e),
586(M+), 429(M-57), infrared spectrum(CCl,), 1678m(C=0), 1591s

(c=C), 999s(trans-CH=CH~-). N.m.r., spectrum(CDCls) 2.40-3,81

(m, 101, olefinic), 8,78(s, 18H, t-Bu), 8.84(s, 18H, t-Bu),
u.v. speotrum, A IIFBEOH (g 216, 5(23,100), 288%(22,300), 325%
(39,800), 343(46,200), 385(u1,2oo), 425%(24,300) nm,

Founds ¢, 83.73 1 H, 9.4 %. Calcd for Cg HegOg!

c, 83.90 ; H, 9.53 %o
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Infrared spectrum of (43b),(CC1l,).
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3,9,14,20-Tetra-t-butyl-4,6,8,14%,16,18~-docosahexaen-1,10-

12,21-tetrayn-3,20-diol(48), Absolute tetrahydrofuran(60 ml)

was saturatéd with acetylene. Lithium acetylide-ethylenediamine
(3.00g, 0.0326 mol) was added and then a solution of the diketone
(47)(1.60g, 0.,00329 mol) in absolute tetrahydrofuran(15 ml) was
added with stirring at 30°C. The mixture was stirred at 30°C

for 2 hr in an atmosphere of. acetylene and was chilled in an
ice-salt bath, Saturated ammonium chloride solution was added
dropwise, an internalitemperature'of -5-0°C being maintained

by ice-salt cooling. Water was added .and the organic layer was
separated, The aqueous layer was extracted with ether(30 ml>x<3)
and the combined oggaﬁic layer was washed successively with
dilute hydrochloric acid and saturated sodium chloride solution,
dried(MgS0,) and evaporated under reduced pressure. Chromatograpy
on alumina and elution with benzene gave the diethynyl-glycol(bB),
1.71g(96.6%) as a amorphous solid. The sample for analysis was
washed thoroughly with pentane to afford a pale yellow powden,

mp 148-150°C. Mass spectrum(m/e) 538(M*), 481(M-57), 436(M-57-18),

infrared spectrum(CHCls), 3590m(-0OH), 3317m(=CH), 2193w(-C=c-),

2106w(-Cc=c-), 1600w(C=Q), 995s(trans-CH=CH-) cm~1, N.m.r.spectrum,
(cDCls ), T,2.80-4,26(m, 10H, olefinic), 7.40(s, 2H, C=CH), 7.87
(br s, 2H, -OH), 8.83(s, 18H, t-Bu), 8.98(s, 18H, t-Bu), u.v.
spectrum, )\ I9REtOH (o) 223.5(29,500), 262,5(27,500), 280%(31,900),
293(43,300), 305(49,100), 327(39,300), 347(38,300), 369(31;500)Q
397.5(22,600) nm. | |

Found: C, 84.38 ; H, 9.34% %. Caled for CagHgoOg:

c, 84.71 ; H, 9.35 %.



1,6,12,17-Tetra-t-butyl-7,9,11,17,19,21-cyclodocosahexaen-

2,4,13,15-tetrayn-1,6-diol (49), A solution of the diethynyl
glycol(48) in ether(90 ml)—pyridihe(éo ml)-methanol(60 ml) was

added during 12 hr to a refluxing solution(the internal temperature,
50°C) of cupric acetate monohydrate(lB Og, 0 0902 mol) in ether

(180 ml)-pyyidine(180 ml)-methanol(40 ml), in a high-dilution

115). After a further 2-hr reflux the resultant mixture

apparatus
was evapolated under reduced pressurg ?o 200 mi. The mixture
was poured onto ice-cooled 2N hydrdchlcric‘écid(GOO ml) and ex-
tracted with ether(100 mlxk), The organic layer was washed with
2N hydrochlorié acid, saturated sodiﬁm bicarbonate solution and
saturated sodium chloride solution, and dried(MgSO4). Removal

of the solvent in vacuo afforded a crystalline reSidue. Column
chromatography on alumina and'elution‘with benzene gave cyclic
glycol(49), 1.32g(yield, 77.5%).  The analytical sample was re-
crystallized from'methylenechloride—n—pentané to afford yellow

crystals, which turned dark brown at ca. 240 °C but not melted

until 280°C, Mass spectrum(m/e), 536(M*), 479(M-57), infrared

spectrum(KBr), 3340m br(O0H), 988vs(trans-CH=CH-) em™l, n.m.r.
spectrum(CDCla),7.2.6U-b.28(m, 10 H, olefinic), 7.91(br s, 2H,
OH) .dissappeared on shaking with D,0, 8.81(s, 18H, t-Bu), 8.89
(s; 18H, t-Bu), u.v. spectrum, 9\22%Et0H(ﬁ), 279%(45,400), 2
\83 400 ), 303(102 000), 323,5%(12,700), 360*(12 500), 385(17,200),
u09(16 200).
Found: C, 84,92 ;' H, 9.03 %, Caled for CagHeaOg:
C, 85.02 ; H, 9.01 %. | |



5,11,16,22-Tetra-t-butyl-1,3,12,14-tetradehydro(22]annulene

{50). To cyclic glycol(49)(150 mg, 0.279 mmei) was added ether
(10 ml) saturated hydrogen chloride at -60°C under nitrogen at-

mo sphere. Finely powdered stannous chloride dihydrate(450 mg,

1.99 mmol) was added with stirring at ~60°C. Immediately there
appears a dark blue violet color. The mixture was stirred for

half an hour at the same temperature and ether(30 ml) was then
added, The organic layer was washed with cold wate;:wéold satu-
.rated sodium bicarbonate solution, The extract was dried, evapo-
rated under reduced pressure on § rqtary evaporator(internal
temperature ¢ 0°C), and the dark violet residue was immediately
chromatographed on alumina at -20°C, Elution with methylenechloride
~-n-pentane(3:7) g;ve the tetradehydror22J]annulene(50), 119 mg(85 %),
és dark violet crystals, which became colorless at ~100°C on
melting point determination. vInfrared spectrum(nujol; low temper-

THF

ature), 988(trans-CH=CH-) cm~l(see Fig. Z!); u.v. spectrum, A pax

(€), 222(37,000), 231(37,000), 263,5(16,000), 299(13,000), 311
(11,000), 369%(u1,ooo), 382(L47,000), Li14(350,000), 552*(1&,000),
596(46,000), 732(130), 768(130), 858(490) nm(see Fig. 4 and Fig. 8);
n.,m,r., speoctrum ses Table 1 and Iigure 3.
Found: C, 89.92 ; H, 9.32 %, Calcd for CgagHegt

c, 90.78 ; H, 9.22 %. Analysis performed as rapidly as possible
after being washed with cold metﬁylenechloride. | k

| Substance(50) was soluble in ether, benzene, chléroform'and
dichloromethane and considerably soluble in tetrahydrofuran.
(50) was moderately soluble in carbon tetrachloride, slightly
soluble in n-pentane and in:iolble in methanol, The crystals rapid-

ly decomposed on standing i1 light and air at room temperaturel
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After standing for 24 hr, analysis of a sample had gave a very
different result., ( Found: C, 74.09 ; H, 7.70 %. )

n-Pentane, ether and dichloromethane solutions of (50) on
standing atA0°C gradually turned yellow, T,l.c; examination showed
the presence of much matefial at th? solution, The compound was
usually stored in dilute dichlordmethane solution or in.crystalline

state at ~78°C under nitrogen.

Catalytic hydrogenation of the_3etradehydro[22]annulene(50).
A cold solution of (50)(46 mg) in ethyl acetate(10 ml) was added
to platinum(from 206 mg of platihum oxide) in giacial acetic acid
(20 ml1) and.ethyl acetate(10 ml) at ;20°C. The mixture was stirred
under hydrogen at =15~-20°C for 3hr, and‘overnight at room temper-
ature, The catalyst w#s removed by filtlation, and the filtrate
was diluted with ether. The solﬁtion was washed successively with
water, saturated sodium bicarbonate solution and saturated Qodium
chloride solution, and was then dried(MgSO,) and evaporated under
reduced pressure.. The resulting pale yellow oil, which crystal-
lized on standing. Chromatography on alumina(Woelm acf.I) and
elution with n-pentane gavé 1,6,12,17-tetra~t-butylcyclodocosane,
42 mg(86 %), which was fecrystallized from ethyl acetate-methanol
to afford colorless crystals, mp 97-101°C, Mass spectrum(m/e),
532(M%), 477(M-57), 57(base peak); infrared speotrum(CCl,), 2940
vs, 2860s, 1476m, 1393w, 1365m cu l; n.m.r. spectrum(cci,),T 8.32
(m; ~CHg-, -CH=), 9.15(s, CH3)(the ratio of 10 : 9).

Found:t C, 85.81 ; H, 14.36 . Caled for CseHyg:

c, 85.63 : H, 14.37 &.

- 100 =~



Fig.

21.

Infrared spectrum of (48),(CHC1g).
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I1. SYNTHETIC STUDIES OF DISUBSTITUTED TETRADEHYDRO[18)-
ANNULENES,

5,10-Diphenyl-2,4,10,12-tetradecatetraen-6,8-diyndial{(51),

To a mixture of (43a)(740 mg, 4.07 mmol), methanol(5 ml) aﬁd pyri-
dine(5 ml) was added a solution of cupric acetate monohydrate
(3.50 g) in methanol(25 ml) and pyridine(25 ml). After being stirred
for 3 hr at 25°C, the mixture was chilled on an ice-bath, mixed 3M
hydrochloric acid, and extracted with chloroform( 30 mlX3). The
extract was washed, dried and concentrated under reduced pressure,
The residue was chromatographed on silica gel(30 g) and eluted with
carbon tetrachloride-~dichloromethane to yield (51), yellow crystals,
691 mg(Y: 94 %). The crystals dissolved in benzene were passed
through a short column of alumina. Concentration of the filtrate
afforded pure (51), orange yellow crystals,.mp ca. 155°¢(dec. ){from
benzene-cyclohexane); infrared spectrum(CHClz), 1677(C=0), 1603
(C=C)V:_‘n.m.r. spectrum(CDC1l, );¥0.31(d, J= 8.0 Hz, 2H, CHO), 1.93—
2.78?:, 16H, phenyl and olefinic), ?.58(dd, J= 8,0 Hz, and 15Hz,
2H, olefinic Hg).

Found: C, 85,56 ; H, 4.98 %. Calcd for CggH,y g0p:
c, 86.16 ; H, 5.01 %.

7,12-Dipheny1~h,6,i2,lh—cyclooctadecatetraen-B,10-diyn-3,16—

diol(SEZ. A sdlution of lithium acetylide in liquid ammonia

(30 m1) was brepared'in a Dewar vessel by passing a steady stream
of acetylené into a stirred solution of 1lithium(50 mg, 7.2 mmol),

A solution of the dialdehyde(Sl)(lOO mg, 0,276 mmol) in absolute
tetrahydrofuran(15 ml) was added at -60°C, The mixture was stirred

at -50°C for 4 hr and -34 °C for 6 hr, The ammonia was allowed
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to evaporate off and the residue was mixed with a saturated so-
lution of ammonium chloride at -40°C., Ether was added and the
organic layer was separated, washed successivély with water and
saturated sodiumvchloride solution, dried(MgSO4) and evaporated,
The dark brown residue(105 mg) was chromatographed on silica gel
to give (53), as a yellow oil, 25 mg(Y: 22 %); infrared spectrum
(film) 3500~ 3000br(-0H), 3250(=CH), 2180,2100(-C=C-), 968(trans-
CH=CH-), 755(phenyl) em %; n.m.r, spectrum(CDCl,;) ¥ 2.27 ~3.05(m,
16H, olefinic and phenyl), 3.85(d, J= 14.5 Hz, 2H, allylic), 7.00
(br s, 2H, -OH) disappeared on shaking with D,0, 7.20(s, 2H, C=CH).

An attempt to synthesize 5,18-diphenyl-1,3,10,12-tetradehydro~

(18] annulene(55) from the ethynyl glycol(53), A solution of (53)

(36 mg) in pyridin:zzas added to a mixture of cupric acetate mono-
hydrate(3.00 g, 1;lo ;;01) in pyridine(24 ml )-methanol(24 ml)

over a period of 2 hr and the mixture was stirred for a further

16 hr at room temperature, The mixture was acidified with 3N
hydrochloric acid and extracted with ether. The extracts were
washed with water and saturated soéium chloride solution and dried
(Mgs0,). Removal of the solvent in vacuo gave a residue, which '
was dissolved in benzene(5 ml). .A solution of stannous chloride
dihydrate(50 mg, 0.222 ‘mmol) in(conc. hydrochloric acid(5 ml) was
added‘and the resulting green solution was vigorously stirred for
30 min at room témperature. The organic layer was separated,.

washed with water, saturated sodium bicarbonate and sodium chloride

solutions and dried(MgSO.). U.v. spectrum of the benzene solution,

benzene
A

nax , 344, L16%, 622, 778 nm,
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5,10-Di-t-butyl-2,4,10,12-tetradecatetraen-6,8-diyndial{56).

A solution of the dienyne-aldehyde(43b)(1.20 g, 7.% mmol) in pyri=~
dine(10 ml) and methanol(10 ml) was added to a mixture of cupric
acetate monohydrate(5,00 g), pyridine(40 ml) and methanol(L40 ml1).
After being kept at 25°C -for 21 hr, the reaction mixture Qas worked
up by the way used for (51). Crude yellow crystals thus obtained
were chromatographed on alumina to yield pure (56), 1.01 g(Y: 85%),
as yellow crystals, mp 154,44 ~155.7°C{from benzene-n-hexane);
infrared spectrum(KBr),2745(CH0), 2230(-¢c=C-), 1677(C=0), 1604
(c=c) cm'l;\n.m.r. spectrum(CDC1;) © 0.29(d, J= 8.0 Hz, 2H, CHO),
2.39(ad, J= 11 and 15 Hz, 2H, H; and H,,), 3.30(d, J= 11 Hz, 2H,
Hq and Hy,), 3.67(dd, J= 8,0 Hz.and 15 Hz , 2H, H, and Hy,), 8.73
(s, 18H, t-Bu),

Found: C, 81,91 ; H, 8.17 %. Calcd for CpgHgpeOgz:

c, 81.95 ; H, 8.13 %.

Reaction of the dienyne—aldehyde(th) with diacetylene bis-~

Grignard reagent, Diacetylene(250 mg, 5.00 mmol) in tetrahydro-

furan(5.1 ml) was added to a solution of ethynyl magnesium bromide'
(from magnesium, 240 mg, 9.87 mmol) in tetrahydrofuran(20 ml),

The solution was stirred for a further 1,5 hr and then the flask
was cooled to -10°C in an ice-salt bath. A solution of t-butyl-
dienyne-aldehyde(43b)(1,62 g, 9.99-mmol) in tetrahydrofuran(5 ml)
was added at -10°C and the mixture was stirred at the same temper-
ature for 1 hr and then at room temperature for 1.5 hr, The fe-
action mixture was worked up by thé usuél way. The oily residue

obtained by evaporating the solvent in vacuo was chromatographed
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on silica gel (n-hexane~benzene) to give recovered (43b), 360 mg;

mono-adduct(57), 180 mg as a yellow oil, n.m.r. spectrum(CCl,) —

3.14(dd, J= 15 and 10.5 Hz, 1H, Hy), U4.53(d, J= 10,5 Hz, 1H, H,),

k.23(dd, J= 15 and 6,5 Hz, 1H, Hg), 5.06(d, J= 6.5 Hz, 1H, He),

6.47(s, 1H, -OM), 6.67(s, 1H, H,), 7.80(s, 1H, Hy,), 8.8u(5, 9H,

t-Bu); di-adduct(58), as a yellow oil, n.m.r, spectrum(CCl,) T

3.0 5,0(m, 6H, olefinic), 5.9(d, 2H, allylic), 6.68(s, 2H, -0H),

6.72(s, 2H, c-CcH), 8.82(s, 18H, t-Bu).

oH
s 4 ¢ OH 1Bu H
-wvﬂifo?ﬁH mﬂ\ﬁk&
'\_" \"o jut {u
hl;l _WM)QA\/}\H
H DH
(57) (58)

An attempt to synthesize 5,18-di-%-butyl-1,3,10,12~tetra~

dehydro [18)annulene(60), ‘Oxidative coupling reaction of (58) by

the same way used for (53)( Eglinton’s method ) and dehydrqulative
aromatization reaction ( stannous ‘chloride dihydrate~épnb. hydro-
‘chloric acid ) gave a red solution, u,v. spectrum,?bgggzene, 372,

hoo#, 505,520,713.
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IIT. SYNTHESIS OF TETRA-t-BUTYL~ AND DI-t-BUTYLDI-
PIIENYL-DIDEHYDRO c181 ANNULENES ( 71 AND 74 ).

1,4,10,13-Tetra-t-butyl-4,6,8,13,15,17-0yclooctahexaen~

2,11-diyn-1,10-diol (70), To a suspension of finely powdered

potassium hydroxide(900 mg, 1.60 mmol) in liquid ammonia(180ml)
was added very slowly a solution of the trienyne-ketone(46)
(320 mg, 1.13 mmol) in absolute tetradydrofuran(30 ml) at -34°C
for 5 hr, After being stirred for 3 hr at -34°, ammonium
chloride(1.80 g, 33.6 mmol) was added and the ammonia was al-
lowed to evaporate off and the residue treated with water and
ether(20 ml). The aqueous layer was then further extracted
with_ether(lS mlX 2), The combined organic layer was washed
successively with water and saturated sodium chloride solution.
Drying(MgS0O,.), evaporation under reduced pressure yielded pale
yellow crystals, which were washed with n-hexane to give a
mixture of diastereomers(?Oa and 70b), colorless crystals,

212 mg(Y: 66.,3%).. The diastereomers were chromatographed on
silica gel. Elution with benieke gave (70a), colorless crystals,
mp 230,5~231.5°C; mass specfrum(m/e), 488(M*), L70(M-18), 431
(M-57), 57(t-Bu, base peak); infrared spectrum(KBr), 3560m

(-oH), 21B0vw(-C=C-), 1563w(C=C), 985vs(trans-CH=CH~) cm1;

n.m.r, spectrum(CDClg )7 2.75 4.20(m, 10H, olefinic), 8.2(br s,
2H, ~OH), 8.80(s, 18H, t-Bu), 8.92(s, 18H, t-Bu); u.v. spectrum,

7xg§§3t° (€), 230(21,100), 280,5(86,900), 291(113,000), 327.5

(13,800). |
Found: ¢€,83.53; H, 9.93 R Caled for CggeHggOgt

¢, 83.55 ;i H, 9.90 %.



Infrared spectrum of (70a),(KBr).
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Elution with benzene~ benzene-ether(19:1) gave (70b), mp 170.0
~171,0°C; mass speotrum(m/e), 488(M*), 470(M-18), 431(M-57),
57( t-Bu, base peak); infrared spectrum(KBr), 3480m, 3340m(-OH),
2180vw(-Cc=C~), 1563w(C=C), 985vs(trans-CH=CH-) em~1; n.m.r.
spectrum(CDCls),t'2,75*’“.20(m, 10H, oiefinic), 8.01(s, 2H,
-0H), 8.80(s, 18H, t-Bu), 8.92(s, 18H, t-Bu); u.v. spectrum,
7&32§Et03(6) 230(18,200), 280.5(?6,300), 291(98,u00), 327.5
(12,300) nm,

Found: C,83.72 ; H, 10,76 %. Calcd for CgqHueOg:

c,83.55 ; H, 9.90 %.

Infrared spectrum of (70b),(KBr).
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3,9,12,18-Tetra—t—buty1-1,10-didehydro(18]annqlene (71).
The cyclic glycol(70)(105 mg, 0.215 mmol) was mixed with ether
(10 ml) saturated with hydrogen chloride at - 60°C under nitro-
gen atmosphere. TFinely powdered stannous chloride dihydrat;
(400 mg, 1.77 mmol) was added to the mixture at -60°C. The
mixture was vigorously stir;;d at the same temperature for
10 min and then poured ontq &co-cooled sodium bicarbonéte
solution and ether was added; Separation, drying(Kgcog) and
evaporation of.the ether iayér furnished the dark red crystals,
which were chromatographed on alumina(Woelm act, I) and eluted
with n-hexane-dicloromethane(19:1) to afford pure annulene
(71), 91 mg(Y: 93 %), as dark reddish violet crystals. The
sample for analysis was‘rechromatographed on alumiha and
washed successively with ethér aﬁd then n-hexane, mp 260°C
(de¢. ); mass spectrum(m/e), 454(M*), 397(M-57), 57(t-Bu,
base peak); infrared spectrum(KBr), 3030w, 2950s, 2000vw
(-C=Cc- or C=¢=C), 1041m, 987vs, 878w cm—l; u.v, spectrum,
ATHR(g), 217(11,300), 255%(5,810), 267.5(8,360), 3b2%(4k,400),
356(94,400), 372(447,000), L64*(L4,790), 499(10,600), 530
(19,100), 607(100), 6L7#(89), 669(116), 681(116), 720%(138);
751(316) nm, see F;g. 7 n,m,r. spectrum, see Téble 2, Table
3.and Fig. 5.

Found: C, 89.72 ; H, 10,18 %, Caled for Cg Heg!

c,89.80 ; H, 10,20 %,
Tetra-t-butyldidehydro(18)annulene(83) is much more stable

than tetra-t-butyltetradehydrol18Jannulene(36). (83) shows

- 108 =~



pink in a dilute solution and reddish brown in a concentrated
solution, The compound is Soluble in ether, benzene, chloro-
form and dichloromethane and resonably soluble in tetrahydro-
furan, (83) is moderately soluble in carbon tetrachloride,
slightly soluble in pentane and insoluble in methanol., The
crystals hardly decompose in light and air and can be stqred
in a sample tube at room temperature more than a‘month.

The annulene is thermally stable but in the presence
of Lewis acid(for example, AlCl,, SnCl,, BF; etc.) rapidly
decomposes to give a polymeric material., Therefore, substi-

tution reaction like benzene cannot have been successful so

far,
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Formation of C-T complex between the annulene(71) and
2,4,7-trinitrofluorenone, A solution of (71)(31.5 mg, 0,069k

mmol) in benzene( 20 ml)-methanol(20 ml) was warmed at 40~-50°C
and a -solution of 2,4,7-trinitrofluorenone(l43.5 mg, 0.138 mmol).
in benzene(6 ml)~methanol(3 ml) was added. The solution was

kept at 0°C to deposite the deep violet needles, 41 mg(Y: 77

- 109 -



%), mp ~260°C,

Found: C, 73.37 ;i H, 6.63 ; N, 5.43 %. Caled for
C4nHgy4N30,: C, 73.32 ; H, 6.68 ; N, 5,46 %Z.

C-T complex of (71) was found to be more dark bluish
compound and less soluble in organic solvents than parent
annulene and the stability of C-T complex was change better,
U.v, spectrum of the C~T complex showed a superposed one of.
(71) and 2,&,7—trinitrof1uorenone,rand could not detect the
charge~transfer band,

Catalytic hydrogenation of the didehydrofl18lannulene(71).

A solution of (71)(42 mg, 0.0924 mmol) in ethyl acetate(25
ml) was.added to platinum(from 150 mg of platinic oxide) in
glacial acetic acid(25 ml) at room temperature., The mixture
was vigorously stirred under hydrogen for 2.5 hr and the
catalyst was removed by filtration and platinum was washed
with ether(50 ml), The organic layer was washed successively
with water, saturated sodium bicarbonate solution and satu-
rated sodium chloride solution and dried(MgS0O4). Evapolation
of the solvent in vacus gave a(crystalline residue, which was
chromatographed on alumina(Woelm act, I) and eluted with n-
hexane to afforded 1,&,10,13—tetra-t-butylpxclooctadecane,

40 mg(Y: 91 %). THe sample for analysis was recrystallized

from ethyl acetate-methanol to give colorless crystals, mp
151 ~154,C; mass spectrum(m/e), 476(M*), 419(M - 57), 57(t-Bu,
Iﬁsereqk) ; infrared spectrum(CCl,), 2940s, 2860m, 1475m, ‘
1393m, 1365m cm 1; n.m.r. spectrum(CCly) ¥ 8ﬂ63(br s, ~CHg~,
~CH=), 9.11(s, t-Bu)(the ratio of 8 : 9).

| Found: O, 85,62 ; H, 14,13 %o Calcd for CasHee

c, 85.63 1 H, 14,37 %,
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7-t-Butyl-l-oxo-1-phenyl-2,4,6-nonatrien-8-yne(72) from

the t-Butyldienyne-aldehyde(43b). A solution of sodium hy-

droxide(0,88 g, 0,022 mol) in ethanol(3 ml)-water(3 ml) was added
a solution of the aldehyde(43b)(3.56 g, 0.0219 mol) and aceto-
phenone(2.64 g, 0,0220 mol) in ethanol(30 ml) at 0°C under.
nitrogen atmosphere. The mixture was kept at 0 °C for 3 hr .
and then acidified with 2N sulfuric acid(20 ml). The
mixture was extracted with ether(50 mlX 3). The extracts

were washed successively with water, saturated sodium bi-~
carbonate solution and saturated sodium chloride solution and
dried(MgSO¢).' The organic solvent was evaporated under reduced
pressure and the residue was chromatographed on silica gel
(eluent: n-hexane=benzene -»ether-benzene) to give pure the»
ketone(72), 4,41 g(Y: 76.0%). The sample for analysis was re-
crystallized from petroleum ether(bp hOf'60°C) to afford yellow
crystals, mp 59.5fv60.0°c;‘mass spectrum(m/e), 26h(M+);-infra-
red spectrum(CHCly), 3320m(SCH), 2060vw(-C=C-), 1658s(C=0),

1590s, 1550s(¢=C), 1016s, 10025(‘1‘;rans-CH=CH-) cm'ls n.m.r.

spectrum(CDCly) T 1.98~3.72(m, 10H, olefinic and phenyl), 6.50
(s, 1H, c=cH), 8.81(s,9H, t-Bu); u.v. spectrum, AgngWH(g)',
225%(8,710), 267.5(10,300), 359(39,100).

Found: C, 86.27 ;: H, 7.56 %. Calcd for Ogelsa!
C, 86.32 ¢+ H, 7.63 %,
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3,12-Di-t~butyl-9,18-diphenyl~1,10-didehydro (18] annulene

(74) from the trienyne-ketone(72). A solution of the tri-

enyne-ketone(72)(350 mg, 1.32 mmol) in absolute tetrahydrofuran
(50 m1) was added very slowly to a suspension of finely powder-
ed potassium hydroxide(l.OO'g, 17.8 mmol) in 1liquid ammonia
(200 m1) at -34°C for 8 hr, After being stirred for 2 hr at
-34 °C, ammonium chloride(2.00 g, 37.4 mmol) was added and'’
the ammonia was allowed to evaporate off and the residue was
treated with water and ether(20 ml)., The aqueous ;ayer was
then further extracted with ether(15 ml><2), The combined
organic layer was Qashed successively with water and saturated
sodium chloride solution. Drying(MgSO4), evaporation under
reduced pressure yielded a light brown solid{(ca. 350 mg), which
was found to contain the cyclic glycol(73) on the basis of
spectroscopy and t.l.c. analysis.

To a solution of crude cyclic glycol(ca. 350 mg) in ether
(10 m1) was added ether(10 ml) saturated with hydrogen chloride
at -60°C under nitrogen atmosphere. Finely powderea stannous
chloride dihydrate(1,00 g, 4.43 mmol) was added to the solution
at -60°C, The reaction mixture was vigorously stirred at the
same temperature for 10 min and then poured onto ice-cold
sodium bicarbonate solution, Ether was added and the organic
layer was separated, Drying(Kgcoa) and evaporation in vacuo
furnished the violet crystals, which were éhromatographed ohk
alumina(Woelm act., I) and eluted with n-hexane-benzene(}:1 ~
1:1) to afford pure annulene(?b),\108 mg(Y: 33.0 % based on
the ketone(72)), as deep violet crystals. The sample for

analysis was recrystallized from benzene-methanol, mp 235°C
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(dec.); mass spectrum(m/e), 494 (M*), 57(t-Bu, base peak): in
infrared spectrum(KBr), 3025w, 2950m, 2010vw(-CZC=- or C=C=C),
1595m(C=C), 983s(trans-CH=CH-), 766s(phenyl); u.v. spectrum
7k$§£(6), 240%(12,900), 249.5(14,000), 267%(12,000), 281,5
(16,200), 367#(51,800), 389%#(171,000), L01(330,000), 534%*
(17,900), 575(48,000), 673%(150), 701(231), 785(980) nm;
n.m.r. spectrum(CDCl,) T -0,21~0,62(m, 6H, outer protons),
1.33(m, 4H, phenyl o-protons), 2.33(m, 6H, phenyl m,p-protons),
7,98(s, 18H, tBu), 13.28(m, U4H, inner protons) see Fig. 6.
Found: €, 92.16 ; H, 7.67 %. Calcd for CigHast

C, 92.26 ; H, 7.74 %.
Infrared spectrum of (74)(KBr).
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Formation of the C-T complex between the annulene(7) and

2,4,7-trinitrofluorenone. A solution of (74)(45,3 mg, 0.0916

mmol) in benzéne(ZO ml)-methanol(20 ml) was warmed at 40°C
and a solution of 2,4,7~-trinitrofluorenone(57.7 hg, 0,183 mmoi)
in benzene(10 ml)-methanol(10 ml) was added, The solution
was allowed to stand at 0°C to deposite the deep violet needles,
L6.6 mg(Y: 62.8%), mp ~1250°c(dec.).
Found: C,75.06 ; H, 5.23 ; N, 5.49 %. Calod for Cg;HesNsOy!

0’75.63 ; H’ 5.35 ; N’ 5019 %D
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IV. SYNTHESIS OF TETRA-t-BUTYL-DIDEHYDRO[L22] ANNULENE(83).

5-t-Butyl-2,4-heptadien-6-ynal Diethyl Acetal(75). A solution

of p-toluenesulfonic acid monohydrate(300 mg, 1.58 mmol) in etanol
(1 ml) was added to a solution of the dienyne-aldehyde(L3b)(2.88 g,
0,178 mol) in ethyl orthoformate (7.70 g, 0.052b mol). After being
stirred overnight, the reaction mixture was worked up by the usual
way, Evaporation of the solvent and distillation through a short
column furnished (75), 2,60 g (62%), as a yellow liquid, bp 105°C
/2mmHg; n.m.r. spectrum (0011*)1: 3.27 (dd, J=10.0 and 15.5 Hz, 1H,
Ha= f -position of acetal), 3.79 (d, J=10Hg, 1H, He=§ -position of
acetal), 4.47 (dd, J=5.0 and 15.5 Hz, 1H, Hgp= W\ -position of acetal),
5.09 (d, J=5,0" 1H, acetal), 6.46 (q, J=7.0Hz, 4 H, -CHg-), 6.52 (q,
J=7,0Hz, 6H), 8.85 (s, 9H, tBu).

5~t-Butyl-3~-ethoxy~7~trimethylsilyl-4~hepten-6~ynal Diethyl

Acetal (76), To a solution of ethylmagnesium bromide under nitrogen

[ from magnesium (1,91 g, 0,0786 mol), ethyl bromide (iO 30 g, 0,09L45
mol), and &bsolute tetrahydrofuran (30 ml)] was added dropwise a
solution of (h5b) (14.80 g, 0.0524 mol) in tetrahydrofuran (20 ml) at
10~ 20°C with stirring and ice~cooling, The mixture was stirred at
20°C for a further 30 min and then chilled in an ice-bath, Trimethyl-
chlorosilane (10,26 g, 0,945 mol) was added to the mixture at 0°C and
the reaction mixture wa; stirred for 1 hr at the same temperature,

(A crysfalline precipitate of maghesium chloride waa deposited.)
Ammonium chloride solution was added dropwise and the organic 1§yer
was separated. Aqueous layer was extracted with ether (50 ml X 3)
and the combined organic layer was washed with water and saturated
sodium chloride solution and dried (MgSO,). Removal of the solvent\
in vacuo and distillatién gave (76), 17.02 g (Y:91.6 %), as a pale

yellow liquid, bp 122 ~130°C/2,5mmHg; mass spectrum (m/e), 354(M*);
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infrared spectrum (film), 2125 m (~Cc=C-), 1616 vw (C=C), 1250 S
(Si-CHy ), 875 s, 842 vs, 758 m (Si-C); n.m.r. spectrum (CCl,) T b.h5v
(d, J=8,5Hz, 1H, H,), 5.43 (t, J=6Hz, 1H, H,=acetal), 5.67 (m, 1H,
Hy), 6.56 (m, 6H, 0-CHz-), 8.32 (t, J=6Hz, 2H, He), 8.84 (¢, J=7Hz,
9H, -CHy), 8.88 (s, 9H, t-Bu), 9.80 (s, 9H, -SiMeg).

Found: C, 67,48} H, 10,58 %, Calcd for: CpoHzg03Si: c; 67.75
H, 10.80 %,

Infrared spectrum of (76),(film)
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5-t-Butyl-?-trimethylsilyl—2{b—heptadien-G—ynal (77). A mixture
of (76) (6.74 g, 0,0190 mol), sodium acetate (6.50 g, 0,0792 mol ),
acetic acid (56 ml) and water (4 ml) was stirred at 80°C for 6 hr
under mitrogen and allowed to stand at room temperature overnight,
The reaction mixture was poured onto saturated sodium carbonate
solution and extracted with ether (50 ml X3)., The extracts were
washed successively with saturated sodium carbonate and sodium.
chloride solutions and dried (MgSO.)., Evaporation of the solvent in
vacuo and distillation through a short-path apparatus afforded (77),
3.98¢ (Y v 89,3 %), as a yellow liquid, bp 105~-108°C/2,5 mmHg: mass
spectrum (m/e), 234 (M*); infrared spectrum (film), 2810w, 2725w
(cHO), 2120 m ( -czCc-), 1687 vs (CHO), 1613 vs (C=C), 1244 s, 1221 m
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(si-CH,; ), 878 vs, 843 vs, 759 s (Si-C); n.m.r. spectrum (CClg) 1;
0.42 (d, J=8Hz, 1H, H,=aldehyde), 2,49 (dd, J=11.5 and 15.5 Hz, 1H,
Ha), 3.50 (d, J=11.5 Hz, 1H, Hy), 3.88 (dd, J=8,0 and 15.5 Hz, 1H,
a) 8.78 (s, 9H, t-Bu), 9.70 (s, 9H, Si-CHy).
The aldehyde (76) was more stable than (hjé)»but graduaily
decompose on standing in air and light at room temperature. Elemental

analysis gave unsatisfactory result owing to the unstable nature,

Infrared spectrum of (77),(film).
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2,4-Dinitrophenylhydrazone of :the dlenyne—aldehyde(7?)

A solution of 2,4-dinitrophenylhydrazine(95 mg, 0.48 mmol) in
phosphoric acid(1 ml)-ethanol(l ml) was added to a solution of (77)
(56 mg, 0.24 mmol) in ethanol(15 ml) and the mixture was allowed
to stand at room temperature for 30 min. Red precipitate deposited
was filtered off and washed with ethanol to give the hydrazone,
62 mg(Y: 63 %), which was recrystallized from ethyl acetate to give
red crystals, mp 201»v202°c(dec Yo

Found: C, 57.81 ; H, 6,39 ;i N, 13.27 %. Caled for

CgoHagN404Sit C, 57.95 ; H, 6.32 ;. N, 13.52 %,
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5-t-Butyl-7-trimethylsilyl~2,4-heptadien~6-ynal Dithyl Acetal

(78). A solution of p-toluenesulfonic acid monohydrate(L400 mg,

2,10 mmol) in ethanol(4 ml) was added to a solution of the tri-
me thylsilyldienyne-aldehyde(77)(3.98 g, 0,017 mol) in ethyl ortho-
formate(BO ml). After being stirred for 20 hr at room temperature, .
the reaction mixture was chilled an ice bath and poured onto ;ce-
cold sodium carbonate solution, The mixture was extracted with
ether( 30 ml X3), The extracts were washed with saturated sodium
carbonate, and sodium chloride solutions and dried(K,CO;). Evapo-
ration of the solvent in vacuo and distillation yielded (78), 4.92g
(Y: 94 %) as a pale yellow 1liquid, bp 118 ~120°C / 2.5 mmHg; mass
specturm(m/e ), 308(M+), 263(M - 45); infrared spectrum(film), 2125m
(-c=c-), 1644vw(c=C), 1248s, 1227w(Si-CH,), 881vs, 8u2vs, 760m
(si-C) em™'; n.m.r. spectrum(cCl,)T '3.20(dd, J= 11.0 and 15.5 Hz,
1H, Hy=p-position of acetal), 3.77(d, J= 11.0 Hz, 1H, Hy={-position
of acetal), 4.37(dd, J= 5.0 and 15.5 Hz, 1H, Hg=d-position of
acetal), 5,07(d, J= 5.0 Hz, 1H, acetal), 6.49(m, LH, -CH,-). 8.83
(t, J= 7.0 Hz, 6H, -CH;), 8.85(s, 9H, t-Bu), 9.76(s, 9H, Si~Megz).
Found: ¢, 70.50 ; H, 10.30 %, Calcd for C,;gHyp03Si:
c, 70,08 ; H, 10.46 %,

Infrared spectrum of (78),(CC1l,).
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7-t-Butyl-3-ethoxy-9-trimethylsilyl-U4,6-nonadien-8-ynal Diehyl

Acetal(79). A mixture of boron trifluoride etherate(20 mg) in

dry benzene(1 ml) was added to a solution of the acetal(78)(4.92 g,
0.0159 mol) in dry benzene(20 ml) at 35 °C. Subsequently, a so-
lution of ethyl vinyl ether(1.40 g, 0.019u mol) in the same solvent
(5 ml) was slowly added at 35 °C., The mixture was kept at the same
temperature for 20 min and then finely powdered potassium carbonate
(1.0 g) was added to the mixture. The color of the solution changed
to light yellow, The potassium carbonate was filtered off and
washed with ether, The filtrate and washings were concentrated
under reduced pressure. The residue was distilled in vacuo to
yield (79), 5.20 g(86 %), as a pale yellow liquid, bp 120~124 °C
/ 0.009 mmHg; mass spectrum(m/e), 380(M*), 334(M -46); infrared
spectrum(film), 2120m(-C=C~), 1640vw(C=C), 1248s(Si~CHy), 880vs,
842vs, 758m(Si-C) cm~1; n.m.r. spectrum(cCly) 3.39(dd, J= 10.5
and 14,5 Hz, 1H, Hg), 3.81(d, J= 10.5 Hz, 1H, Hg), 4.42(dd, J=7
and 14,5 Hz, 1H, H,), 5.44(t, J= 5.5 Hz, 1H, Hy= acetal), 6.04~
6.88(m, 7H, 0~CHp- and 0-CH-), 8.29(m, 2H, Hp= -CHp-), 8.85(%,
J= 7 Hz, 18H, -CH), 8.86(s, 9H, t-Bu), 9.78(s, 9H, Si-Me,).

Found: C, 69,14 ; H, 10.38 %. Calcd for CpgHge03Si:
C, 69:42 ; H, 10.59 %.

Infrared spectrum of (79),(CCly,).
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7-t-Butyl-9-trimethylsilyl-2,4,6-nonatrien-8-ynal(80),

A mixture of (79)(2,00 g, 5.26 mmol), sodium acetate(2,00 g, 24,4
mmol), acetic acid(18 ml) and water(2 ml) was stirred at 60°C for
6 hr under nitrogen and cooled to room temperature. The mixture
was poured onto saturated sodium carbonate solution and extracted
with ether(20 mlx3)., The extracts were washed successively with
saturated sodium carbonate solution and sodium chloride solution
and dried(MgS0,). Removal of the solvent under reduced pressure
and distillation through a short-path apparatus gave (80), 1.19 g
(Y: 86.9%), as a viscou§ yellow liquid, bp 111 ~114 °C / 0.02mnHg;
mass spectrum(m/e), 260(MY); infrared spectrum(film) 2810w, 2725w
(CHO), 2120m{-C=Cc-), 1683vs(Cc=0), 1612s, 1597s(¢=c), 1247s(Si~CHg ),
1007m, 987m(trans~CH=CH~), 880vs, 8L3vs, 759m(Si-C) cm—li N.Mm, .
spectrum(Cccl,) 0,43(d, J= L Hz, 1H, CHO), 2.65~L4,13(a, 5H,
olefinic), 8.81(s, 9H, t-Bu), 9.72(s, 9H, Si-Mey).

Infrared spectrum of (80),(film),
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2,4-Dinitrophenylhydrazone of the trienyne-aldehyde(SO).

A solution of 2,4-dinitriphenylhydrazone(119 mg, 0,601 mmol) in
phosphoric acid(1 ml)-ethanol(l ml) was added to a solution of
(80)(134 mg, 0.515 mmol) in ethanol(8 ml) and the mixture was

- 119 -



allowed to stand at room temperature for 30 min, Reddish brown
precipitate deposited was filtered off and washed with ethanol to
give the hydrazone, 164 mg(Y: 72.3 %), which was short column=-
chromatographed on silicagel(benzene) and recrystallized from n-

hexane-benzene(3 : 1) gave reddish brown crystals, mp 208 ~211 °C.

Found: C, 60,09 ; H, 6.38 ; N, 12.69 %, Calecd for
CoeHagN40,.Si: C, 59.98 ; H, 6.41 ; N, 12.72 %.

1,9-Di~t-butyl-1-o0x0-2,4,6,8-undecatetraen-10-yne(81),

A solution of sodium hydroxide(209 mg, 5.22 mmol) in ethanol(1l ml)
-water(1 ml) was added to a solution of the aldehyde(80)(100 g,
3.84 mmol) and pinacolone(522 mg, 5.21 mmol) in ethanol(10 ml) at
0°c under nitrogen atmosphere, The mixture was kept at room‘temper-
ature for 24 hr and theh acidifiéd with 3N hydrochloric acid

(10 m1). The mixture was extracted with ether(20 mlx 3). The
extracts were washed successively with sodium bicarbonate and-
saturated sodium chloride solutions and dried{(MgS0,). The solvent
was evaporated under reduced pressure and the residue was chromato-
graphed on alumina, Elution with n-hexane-benzene(9 : ‘1) gave
crystals, which was washed with methanol to afford pure (80), 618
mg(Y: 59.5 %). The analytical samplé was recrystallized from
methanol to give yellow crystals, mp 133.5'v13h.050; mass spectrum
(m/e), 270(M*); infrared spectrum(CClg), 3325m(=CH), 2060vw(~-C=C-),
168Lks(Cc=0), 1607s(Cc=C), 1574vs(C=C), 1070vs, 1003vs(trans-CH=CH-)
cm i n.m.r. spectrum(CCl,)n 2.52~3.92(m, 7H, 6lefinic), 5.53;
(s, 1H, -C=CH), 8.82(s, 9H, t-Bu), 8.86(s, 9H, t-Bu); u.v. spectrum
AIIEEEOR (), 261(5,870), 359%(52,000), 369(53,000).

Found: €, 84.74 ; H, 9.75 %. Caled for C,;9HaeO:

C, 84,39 ; H, 9.69 %.
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Infrared spectrum of (81),(CCl,).
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1,u,12,15-Tetra-t—buty1—h,6,8,10,15,17,19,21-cyclodocosaocta—
en-2,13-diyn-1,12-diol(82). A solution of the tetraenyne-ketone

(81)(160 mg, 0.592 mmol) in absolute tetrahydrofuran{(60 ml) was
added very slowly to a suspension of finely powdered potassium
hydroxide(2,00 g, 35.7 mmol) in l1iquid ammonia(150 ml) at -34°C
for 8 hr(the apparatus Fig, 22), After being stirred for 6 hr at
-34°C, ammonium chloride(4.00 g, 0,0748 mmol) was added and the
ammonia was allowed to evaporate off and the residue was treated
with water and ether(20 ml). The aQueous layer was theh further
extracted with ether(15 ml X2). The combined organic layer was
washed successively with water and saturated sodium chloride so-

- lution. Drying(MgSO4),'evaporation under reduced pressure yielded
yellow crystals. Chromatography on alumina(40 g) and elution with
ether-benzene(1:49~1:19) gave a diastereomer(82a), 56 mg(Y: 31 %),
as colorless crystals. The analytical sample was washed thoroughly
with ethyl acetate, mp 252°C(dec.); mass spectrum(m/e), 5L0O(M"),
483(M -57), 57(base peak); infrared spectrum(KBr), 3570m(-OH),

2190vw(-C=C-), 1638vw, 1607w(C=C), 1001lvs, 977vs,960s(trans~CH=CH-)

em '; n.m.r. speoctrum(CDCly), T 2.8~4.2(m, 14H, olefinic), 8,35
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‘s, 2H, -OH)disappeared on shaking with D,0, 8.79(s, 18H, t-Bu),
5.90(s, 18H, t-Bu); u.v. spectrum,'xiZfEtox(a), 248.5(22,600), 292+
L50,600), 307(120,000),320(173,000), 341%#(3L,800), 359(27,800) nm.

Found: C, 84.15 ; H, 9.61 %, Calcd for CygHgp0p:
C, 84.39 ; H, 9.69 %.

Infrared spectrum of (82a),(KBr).
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Elution with ether-benzene(1:3) gave ancther diasteresomer(82h),
105 mg(Y: 58%), as colorless crystals. The sample for analysis
was washed with ethyl acetate, mp 220~221°C; mass spectrum(m/e),
s540(MY), 483(M - 57, base peak), 57(t-Bu): infrared spectrum(Kpr),
3530m, 3465m(-0H), 2180vw(-CZC-), 1634w,1590vw(C=C), 993vs(trans-
CH=CH-) cm’li n.m.r, spectrum(CDCl,) T 2.8~L4,2(m, 14H, olefinic),
8.31(s, 2H,-0H) disappeared on shaking with D, 0, 8.80{(s, 18H, t~Buj;
u.v. spectrum ’/\/zngtOH(f/), 248.5(22,200), 292%(45,400), 307 |
(109,000), 320(160,000), 341%(34,200), 359(26,100) nm.

Found: C, 84.56 :; H, 9.84 %, Calcd for CagHgg0g:

c, 84,39 ; H, 9.69 %.
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Infrared spectrum of (82b),(KBr).
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Fig. 22, The apparatus of cyclic dimerization.
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3,11,14,22-Tetra-t-butyl-1,12-didehydrol22Jannulene(83).

To a suspension of (82, a mixture of diostereomers)(136 mg, 0,251
mmol) in ether(10 ml) was added ether(10 ml) saturated with hydro-
gen chloride at -60°C under nitrogen atmosphere. Finely powdered
stannous chloride dihydrate(G00 mg, 2.66 mmol) was added to the
mixture at ~-60°C, The reaction mixture was vigorously stirred at

the same temperature for 15 min and then poured onto ice-cold sodi-
um carbonate solution, Dichloromethane was added and the organic
layer was separated, washed with saturated sodium chloride a¢lution
and dried(KpCO,). Evaporation of the solvent in vacuo gave a dark
violet residue, which was chromatographed oﬂ alumina(Woelm act., I)
and eluted with carbon tetrachloride—dichloromethane(19:1) to afford
pure annulene(83), 120 mg(Y: 94.2%)., The sample for analysis was
recrystallized from benzene-methanol to give dark violet crystals,
mp ~230°C(dec.); mass spectrum(m/e), 506(M+), 4hg(M - 57), 57(t-Bu,
base peak); infrared spectrum(KBr), 3020w, 2950s, 992vs, 881w;

u.v, spectrumj%ﬁ?i(ﬁ), 221,5(10,400), 248(11,900), 261%(8,810C),
277#(9,200), 290(12,100), 302.5(17,100), 316.5%(9,610), 377#(7,720),
395(147,000),. 412,5(300,000), 512%(6,640), 556(10,400),591(11,300),
712%(83), 757%(72), 782(77), 853%(66), 895(106) seo Fig. 8(p. 34);

n.m,r, spectrum, see Fig. 9(p. 35) and Table L(p. 34).

Formation. of C-T complex between the annulene(83) and 2,4,7-

trinitrofluorenone, To a solution of (83)(25 mg, 0.049 mmol)

in benzene(20 ml)-methanol(20 m{) was added a solution of Z,M,f—
trinitrofluorenone(31 mg, 0,098 mmol) in benzene(5 ml)-methanol(5
ml) at room temperature and the mixture was allowed to stand at
room temperature(18 °C) to deposite the black violet crystals, 32
mg(Y: 79%), mp~260°C(dec. ),

Found: €, 74.39 ; H, 6.67 %. Calcd for Cs1Hs5N307 .

¢, 74,52 ; H, 6.74 ; N, 5,11 %.
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Infrared spectrum of (83),(KBr).
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Catalytic hydrogenation of the didehydrel223annulene(83),

A mixture of (83)(32 mg, 0.063 mmol), platinic oxide(100 ng) in
acetic acid(20 ml)-ethyl acetate(20 ml) was vigorously stirred under
hydrogen at <15~ -20°C overnight. The catalyst was removed by fil-
tration and platinum was washed with ether(30 ml)., The organic
layer was washed successively with water, saturated sodium carbons-
ate and sodium chloride solutions, and dried(MgS0,). Efaporaﬁion

of the solvent in vacuo gave a crystalline residue, which waz

- chromatographed on alumina(Woelm act. I) and eluted with n-hoxane

to afford 1,4,12,15-tetra-t-butyl-cyclodocosane, 31 mg(¥: 92%).
The analytical sample was recrystallized from ethyl acetate-methanol
to give colorless crystals, 15 mg, mp 104~112°C; mass spectrum
(m/e), 532(M"), 475(M -57), 57(base pealk): infrared spectrum(KBr),
2930vs, 2860s, 1475m, 1393m, 1365m cmnl; n.m,r, spectrum(CCi,),
2 8.72(br s, -CHy-,-CH-), 9.05(s, t-Bu), the ratio of 10:9,

Found: €, 85.35 ; H, 14.19 %. Calcd for CaegHygt
C, 85.63 ; H, 14.37 %.

The filtrate was evaporated amd recrystallized from ethyl
acetate-methanol to afford colorless crystals, 8 mg, mp 91~ 95°C
( Found: ¢, 86.11 ; H, 14,21 %, )
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V. SYNTHESIS OF TETRA-t~BUTYL-DIDEHYDRO [26 JANNULENE(84),

7-t-Butyl-9-trimethylsilyl-2,4 6~nonatrien-8-ynal Diethyl

Acetal(85). To a solution of (80)(2.62 g, 10,1 mmol) in ethyl

orthoformate(25 ml) was added a solution of‘g-toluenesulfonic acid
(300 mg, 1.58 mmol) in ethanol(3 ml) at 20°C under nitrogen, The
mixture was stirred at room temperature for 18 hr and then cooled
in an ice bath. The reaction mixture was poured onto ice-cold
sodium carbonate solution and extracted with ether(25 mi><3).

The combined organic layer was washed successively with saturéted
sodium carbonate and sodium chloride solutions and dried{(KgCOj;).
Removal of the solvent in vacuo and distillation yielded (85), 3.07
g(Y: 91.2 %) as a yellow viscous liquid, bp 126 ~128°C / 0.013 mmHg;
mass spectrum(m/e), 334(M*), 288(M - 46); infrared spectrum(film),
2130m(-C=C-), 1685vw, 1645vw(C=C), 1248s(Si-CH;), 878vs, 84Ovs,
757m(Si-C) em™1; n.m.r. spectrum(CCl,), T 3.01~L4,01(m, 4H, ole-
finic), 4.41(dd, J= 5.0 and 14.5 Hz, 1H, X-position of acetal),
5.07(d, J= 5Hz, 1H, acetal), 6.,50(m, 4H, 0-CHg-), 8.83(t, J= 7.5

'

Hz, 6H, -CHg), 8.85(s, 9H, t-Bu), 9.76(s, 9H, -SiMeg).

But

w
SiMe3

=
CHR (®0) R=0

(P$) R=(0EL),

1,11~-Di-t-butyl-l-ox0-2,4,6,8,10-tridecapentaen-12-yne(88)

from the trienyne-acetal(85)o To a solution of the acetal(85)

(2,04 g, 6.10 mmol) in dry benzene(15 ml) was added a drop of boren
trifluoride etherate at 35°C and immediately a solution of ethyl

vinyl ether (475 mg, 6.59 mmol) in dry benzene(5 ml) was slowly
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added at 35°C, After being stirred for 30 min at the same temper-
ature, potassium carbonate was added to result in a light vellow
sclution, The potassum carbonate was filtered off and washe:d with
ether, The filtrate and washings were concentrated under reduced
pressure to give crude (86), 2,50 g(homogeneous on t,1.c, ).

A mixture of (86, 2,50 g), sodium acetate(2.50 g, 30.5 mmol),
acetic acid(28 ml) and water(2 ml) was stirred at 60°C for 12 hr
under nitrogen. The reaction mixture was poured onto .saturated
sodium carboﬁate'solution:and extracted with ether, The extracts
were washed with saturated sodium ¢arbonate solution and saturated
sodium chloride solution and dried(MgSO,). Removal of the solvent
and column chromatography on alumina(50 g-¢luent:benzene) gave
(87), 1.45 g, as a reddish brown oil,

To a solution of crude (87, 1.45 g) and pinacolone(556 mg,
5.55 mmol) in ethanol(20 ml) was added a solution of sodium hy-
droxide(320 mg, 8.00 mmol) in ethanol(2 ml)-water(2 ml) at 0°C
under nitrogen. The mixture was stirred at 30°C for 20 hr and then
poured onto ice-cold 3N hydrochloric acid(10 ml). The mixture was
extracted with ether and the extracts were washed with saturated
sodium bicarbonate and sodium chloride solutions and dried(MgSO0,).
Evaporation of the solvent under reduced pressure gave a olly
residue, which was chromatographed on silica gel(30 g) and eluted
with n—hexane-benzene(izl)nubenzene to afford (88), 741 mg(Y: 41.0
% based on the acetal(85), The analytical sample was recrystal-
lized from ether at ~75°C to give yellow crystals, mp 92'V9u°0{
mass spectrum(m/e), 296(M*), 239(M - 57), 57(t-Bu, base peak);
infrared spectrum(KBr), 3290m(=CH), 2080vw(-CZC-), 1678:(c=o) cm 1,
n.m.r. spectrum(CCl,) ¥ 2.48 ~3.90(m, 9H, olefinic), 6.62(s, 1H,
C=CH), 8.82(5, 9H,t-Bu), 8,85(s, 9H, t-Bu).

Found: C, 84.82 ; H, 9.52 %. Calcd for Cp HggO:

c, 85.08 ; H, 9.52 %.
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BJ\N\/\/\%\S/BU

t

(88)

The ketone was fairly unstable and rapidly decomposed on
exposure to air and light at foom temperature, becoming a brown
solid, Samples stored under nitrogen at -20°C suffered only slight
decomposition after several days, and ether solutions of (88) at
0°C were also relatively stable,

‘The spectral data of the intermediates(86) and (87) were as
follows, The ethoxyacetal(86), as a pale yellow liquid; maﬁq
specfrum(m/e), “33u(m+): infrared spectrum(film), 2130m(-czc-), 168%
w(C=C), 1250s(Si-CH,), 880vs, 8LOvs, 757m(Si-C) em™%; n.m.r.
spectrum(CCl,) > 5.46(m, 1H, acetal), 8.25(m, 2H, Ha= 'CHB‘); 9.76
(S,‘9H, ~-SiMes ). The tetraenyne-aldehyde(87) as a yellowish brawn
liquid; mass spectrum(m/e), LO6(M*); infrared spectrum(film),
2805w, 2720w(CHO), 2135m(—c;c-), 1679vs(C=0), 1617m, 1576vs(C=C),
12505(51-01{3‘]), 1009s, 992s(trans-CH=CH-), 879vs, B8U3vs, 760m{Si-C)
cm-lz n;m.r; spectrum{CCl4)‘z 0.46(d, J= 7.0 Hz, 1H, CHO), 2,49~

4,12(m, 7H, olefinic), 8.83(s, 9H, t-Bu), 9.74(s, 9H,-SiMey ),

P _
BUW\MH(OEt)z BJWCHQ

i OEt Il
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l,&,1&,17—Tetra—t~buty1-h,6,8,10,12,1?,19,21,23,25—cy010~-

hexacosadecaen-2,15-diyn-1,14-dio1(90), To a stirred suspension

6f finely powdered potassium hydroxide(5.00 g) in‘iiquid nmmonia
$250‘m1) was added very slowly a solution of the ketone(88)(160 mg,
9,5&0 mmol) in absolute teﬁr&hydrofuran(ho ml) at -34°C for 12 hr.
’ihe mixture was stirred for a further 2 hr, and ammonium chloride
(10 g) was added. The ammonia was allowed to evaporate off and |
the residue was treated with ether. The organic layer was se_paratd
ed and the aqueous layer was extracted with ether. The combined
qrganic layer was washed successively with water and saturated
sodium chloride solution and dried(MgSO4) and evaporated under
reduced pressure, The orystalline residue thus obtained was
Qhromatographed on alumiﬁa and eluted with THF-benzene(3:|7a21p4)
to give firstly (90a), a diastereomer of (90) asvpale yellow
érystals, 53 mg(Y: 33 %), mp 277°C(dec.); mass spectrumﬁu/e), 592
(M*), 535(M -57), 57(base peak); infrared spectrum(KBr), 3565m
(-~0H), 2205vw(-C=C~) cm™1, _

Found: C, 84.86 ; H, 9.44 %. Calcd for CgpHggOg!

c, 85.08 ; H, 9.52 %.

Further elution of the column with THF-benzene(l:4~1:1) gave
(90b), another diastereomer of’(90) as lemon yellow crystals, 96
mg(Y: 60 %), mass spectrum(m/e), 592(M+), 535(M - 57), 57(base
‘peak); infrared spectrum(KBr), 3540m, 3455m(-OH), 21_90vw(—c=:c-)'
om™ 1,

Found: C, 84,79 ; H, 9.91 %. Calcd for CggHgeOgt

¢, 85.08 ; H, 9.52.%. B ' OH
UWBJ



3,13,16,26-Tetra-t-butyl-1,1k~didehvdro[26Jannulenc(8L),

From (90a). To a suspension of the cyclic glycol(90a)(27.5 mg,

0.0464 mmol) in ether(10 ml) Qas added ether(l4 ml) Satﬁrated with
%hydrogen chloride at -73°C under nitrogen, Finely powdered'stannoﬂﬂ
chloride‘dihydrate(zpo mg, 0,886 mmol) was added and the resulting.
greenish ﬁixture was stirred ar the same temperature for 10 min

and then poured onto ice-cold sodium carbonate solution, The or-
ganic layer was separated and aqueous layer was extracted with‘di-
chloromethane., The combined organic layer was washed with saturated
éodium carbonate soluticn and dried, The solvent ﬁas evaporated
under reduced pressure cocn a rotary evaporator( the internal temper-
ature of the flask <0°C) and immediately chromatographed on'alﬁmina/
at -15°C, Elution with n-pentane-dichloromethane(9:1~4:1) gave

(84), 23 mg(Y: 89 7).

From (90b), “To a solution of (90b)(26 mg, 0.0LL mmgl) in ether
(5 ﬁl) was added ether(2 ml) saturated with hydrogen chloride at
—75°C‘under nitrogen, Finely powdered stannous chlorilide dihydrate
(200" mg, 0,886 mmol) was added and the resulting greenish mixture
awas stirred at the same temperature for 10 min and worked up by
the same way as above mentioned procedure, Evaporation and chroma-
tographic purification at low temperature gave (84), 21 mg(Y: 86 %).
The annulene was recrystallized from dichloromethane-ether
at -78° to afford black violet crystals, which decomposed on
attempted melting point determination; mass spectrum(m/e), 558
(M*), 501(M - 57), 57(base peak); u.v. spectrumAIBE(£), 223.5
(15,000),268*(1&,000), 280(15,000),285,5(15,000), 316(24,000), 330

(25,000), 427(170,000), LL2%(150,000), 584(9,600), 8LO*(64), 930
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(h}), 975(“3)£fhe spectrum was measured at 25°C and showed ho
differenceg_cf the shape from the spectrum measured after 1 hr):
n.m,r. spectrum (CDCly), v+ 1.73(m, H; and Hg), 2.05(d, J= 13 HZ,
H,), 8.OHVB.2(m,ng and Hy), 8.39(s, t-Bu) see Fig. 11 and Figi 12,

The annulenc was less stable and soluble than tetra-t-butyl-
didehydro[22])annulene(83). A saturated solution of (84) invCD013
Was’decomposqd gradually at room temperature (half-life tlfzﬁgx
ca, 1 hr at 36°C) but a very dilute solution could be sfore&gﬁfﬁﬁ&
out decomposition for 1 hr at room temperature.

Catalytic hydrogenation of didehydror26Jannulene(84).

A mixture of (84)(23 mg, 0.041 mmol) and platinic oxide(100 mg)

in ethyl acetate(20 ml)-acetic acid(20 ml) was added at -15 °C
under hydrogen for 4 hr and at room temperature for 2 hr, The
catalyst was removed by filtration, and washed with benzene{(30 ml)
Filtrate and wéshings were washed with water and saturated sodium
carbonate solution and dried(MgSO‘). Removal of the solvent iﬂ
vacuo gafé a crystalliné residue. Chromatography on aIUmina(Woalm‘
actL I) and elution with n-hexane afforded 1,4,14,17-cyclohexacosane,
22 mg(Y: 91“%). The sample for analysis was recrystallized with
ethyl acetate-methanol to give colorless crystals, mp 111~113°C;
mass spectrum(m/e), 588(M*); n;m.r. spectrum(CCl,) = 8.73(m, ~CHg~,
-CH=), 9.13(s, -CH, ), the ratio of ca. 4:3.

B -Founé: c, 85.85 ; H, 14.06 %, Calcd for CgaHgy!

C, 85.63 ; H, 14,37 %. 1
3 5 1
BJ H H H PF H t
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VI.. SYNTHESIS OF TETRA-t-BUTYL-DIDEHYDRO(30] ANNULENE(91 ).

3-t-Butyl-2-penten-b-ynal(l41ib), A solution of t=butyl-f-

chlorovinyl-ethynyl carbinol(20.00 g, 0,1158 mol) in dioxana(40 ml)
ugs added to UN sulfuric acid(600 ml) at 60°C under nitrogen and
\thg mixture was stirred vigorously for 6 hr at the same temperatura,
The mixture was extracted with ether and the extracts were washed
successively with water, saturated sodium bicarbonate and saturated
ébdium chloride solutions and dried(MgS0O4). Evaporation of tﬁo
solvent 1n'vacuo and distillation gave pure (hlb),”l}.dh ely:
82.7%).

3-t-Butyl-2-penten-k-ynal Dimethyl Acetal(95). To a solution

of (41b)(12,90 g, 9&.72 mmol) in methyl orthoformate(40 p1) was‘
added a éolution of E—toluenesulfonic.acid monohydfate(l.jo g, 6.83
mmol ) in methanol(2 ml) at room temperature under nitrogen. The
mixture was stirred for 15 hr at 15°C and then chilled in an. ice-
bath., The reaction mixture was poured onto ice-cold sédium bi~
cgrbonate solution and the organic layer was separated. The aque-
ous layer was extracted with ether(30 ml X 2), The combined organic
layer was washed successively with saturated sodium bicarbonate
solution and saturated sodium chloride solution and dried(KgCO,).
RemOVal of the éolvent in vacuo and distillation gave (95), 16. 333.
(ys 9& 6 %), bp 71&»«76;’0»‘,H as a colorless liquid; mass spectrum
(m/e), 182(M*), 167(M -'1;), 151(M - 31); infrared spectrum(film),
3270m(=CH), 2095vw(-C2C-), 1628(C=C) om™l: n.m.r. spectrum(CDC1, )
T 4,22(d, J= 7.5 Hz, 1H,"o%efinic), h.80(d,,J= 7.5 Hz,1H, acetal),
6.33(s, 3H, -OMe ), 6.76(s,j1H, C=CH), 8.85(s, 9H, t-Bu),
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Hydrolysis of the Acetal(95). A mixture of (95)(3.00 g,

16.5 mmol), acetic acid(6 ml) and water(z ml) was stirred for 1.5

hr at 22°C. Water was added and the mixture was extracted with

ether, Thevorganic layer was washed with>wat¢r, saturated sodium .
bicarbonate and saturated sodium: chloride solutions and dried{MgSO¢)e
Removal of the solvent in vacuo and distlllation gave the aldehyde

(lub), 1. 95 g(yYs 8/.0 %Q.

t Butyl-pentenynal Dimethyl Acetal(95) from t-Butyl- P—chloro-.

vinyl-ethynyl Carbinol, A solution of the ethynyl carbinol(20 00

g, 0.1158 mol) in dioxane(40 ml) was added to UN sulfuric acid(600
ml) at 60°C under nitrogen, The mixture was stirred vigorously
for 3.5 hr at 60° and then wofked up’By the usual way, Removal .
of the solvent in vacuo gave crude aldehyde(ﬁlb) as a yellowish
brown oil., The crude aldehyde was dissolved in methyl orthoformate
(60 ml)., To the solution was added a solution of p-toluenesulfonic
acid monohydrate(2.00 g, 10,5 mmol) in methanol(z ml) at room .
température. After being stirred at 15°C for 18 hr, powdered
potassium carbonate(lo 00 g) was added and then benzene(30 ml) was
added. The mixture was srirred for 1 hr and the precipitated solid"
was filtered off and washed with ether. The filtrate and washings
were vaporated under reduced pressure and the residue was dis-

‘tilled to yield pure (95), 18,06 g(Y: 85.6 %), bp 63~ 64°C /_ unamné.

Preparation of methoxybutadiene(96),

(see APPENDIX p. |79 )

Reaction of (96) and (95) catalyzed by boron trifluoride

etherate. (see APPENDIX p. IT9 )
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3—t-Butyl—j-trimethylsily1-2-penten—b—yna1(10?) from the

dimethyl acetal(95). To a stirred solution of ethyl magnesium

bromide under nitrogen from magnesium(1,00 g, 41,1 mmol), ethyl
bromide(4.70 g) éﬁd tetrahydrofuran(20 ml) was added a solution[
of the acetal(95)(5.00 g, 27.4 mmol) in tetrahydrofuran(15 ml) at
;Onv15°c with ice-cooling. The mixture was stirred at room temper-
ature for 1 hr and then cooled in an ice-bath, Trimethylchloro~
’éilane(h;jo,g, 41,4 mmol) was added at 10~15°C and the mixture
was stirred for a further 1 hr at 0°C. Saturated ammonium chloride
solution(20 ml) was added slowly and the mixture was poured énto
water, The organic layer was separated»and the aqueous layer was
extracted with ether. The combined organic layer was washed with
water and saturated sodium chloride solution and dried(MgSO.).
Removal of the solvent in vacuo gave a brown residue,
; The residue was dissolved in acetic acid(5 ml) and water(2 ml)
was added. The mixture was vigorously stirred at 20°C for 1.5 hr,
VWater(50 ml) was added and the mixture was extracted with ether.
The ;xtracts were washed with water, saturated sodium bicarbonate
and sodium chloride solutions and dried(MgSO,). Evaporation of
the slovent in vacuo and distillation gave a pale yellow liquid
(103), 5.31 g(Y: 92.9 %), bp 93 ~94°C / 6 mmHg: mass spectrum
(m/e), 208(M*); infrared spectrum(film), 2830m, 2735w(CHO), 2150m
(-csc-), 1680vs(c=0), 1583s(c=C), 1251s, 1212m(Si-CHs), 883vs, 846
vs, 762s(Si-C) em 1 n.m.r. spectrum(CDCls) Z -0.05(d, J=8.0 Hz,
1H, CHO), 3.83(d, J= 8,0 Hz, 1H, olefinic), 8.80(s, 9H, t-Bu),
9.7y(s, 9H, -SiMeg).

Found: C, 69,22 ; H, 9.67 %. Calod for C,gHgoOSit

c, 69.18 ; H, 9.68 %,



Condensation of the trimethylsilylpentaenyne-aldehyde(41b)

with 1,5eq. crotonaldehyde, To a solution of the aldehyde(41b)

(2.15¢, 10.3 mmol), piperidine(400mg, 4,70mmol) and acetic acid
(400mg, 6.66 mmol) in ethanol(120 ml) was slowly added a solution
of freshly distilled crotonaldehyde{1.08g, 15.4 mmol) in ethanol
(30 ml) over a period of 16 hr under an atmosphere of carbn dioxide
and was stirred for a further 1 hr. The solvent was evaporated
under reduced pressure to give a reddish brown oil, which was
dissolved in dichloromethane(100 ml). The organic layer was washed
succesively with water, saturated sodium bicarbonate and sodium
chloride solutions and dried(MgSOu). The solvent was evaporated
in vacuo and the residue was chromatographed on silica gel(250g)
(eluent: n~-hexane-benzene), Elution of n-hexane-benzene(1:1) and
distillation{(bp ca. 90°C/5mmHg) gave the recoveredillb), 283mg.
Secondly, elution of n-hexane-benzene(1l:1)~benzene gave mono-
adduct(80), which was purified by distillation, 718 mg{Y: 31 %)
bp ca. 120°C/0,03mmHg. The compound was identical with authentic
sample prepared from (79), see p. 119. |

Elution with benzene gave di-aduct(94), rechromatography on
alumina afforded pure(94), 651 mg(Y: 23 %), as a viscous yellowish
brown liquid; mass spec;rum(m/e) 312(M+); infrared spectrum(film)
2810w, 2725w (CHO), 2135m(-CZC-), 1679vs(CHO), 1618s, 1568s(C=C)cm™1;
n.m.r. spectrum(CDCl3) 7T O.44(d, J 84z, 1H, CHO), 2,63 ~4.,06(m, 9H,
olefinic), 8.84(s, 9H, t-Bu), 9.76(s, 9H, SiMej).

Finally, elution of the column with benzene~~benzene-ether
(20:1) gave a crystalline solid, which consisted of tri-adduct(lob),

tetra-adduct, etc,
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Condensation of (41b) with 2,5eq. crotonaldehyde. To a so=~
lution of the aldehyde(41b)(2.00 g, 9.60 mmol), piperidine(400 mg)
and acetic acid(400 mg) in ethanol(120 ml) was slowly added a so~
lution of freshly distilled crotonaldehyde(1.68 g, 24.0 mmol) in
ethanol(40 ml) over a period of 20 hr under an atmosphere of carbon
dioxide and was stirred for further 1 hr, The reaction mixture, was
worked up by the same way as abové@entioned procedure and evap&*
ration of the solvent in vacuo gave a residue,'which was dissolved
in benzene., The precipitated solid waé filtered off and filtrate
was evaporated under reduced pressure. Chromatographic separatioh
on silica g91(200_g)(;elqent: n-hexane-benzahe] gave (80), (94) and
(104), '

In fhis reaction condition the starting aldehyde could not

recovered,
| Mono-adduct(80) 280 mg(Y: 11 %)
Di-adduct(94) 755 mg(Y: 25 %).

Tri-adduct(1ou) 1zb mg(Y: g.u%).

. tBuT%\%CHO ) 'Bu ‘ m
SiMe, ,qu ‘
(80) (94)



1,13-Di-t-butyl-1-o0x0-2,4,6,8,10,12-pentadecahexaen-14-yne(102),

A solution of sodium hydroxide(290 mg, 7.25 mmol) in ethanol(1l ml)-
water(l ml) was added to a solution of the pentaenyne-aldehyde(94)
(750 mg, 2.40 mmol) andvpinacolone(290 mg, 2,90 mmol) in ethanol
(15 m1) at room temperature under nitrogen. The mixture was
stirred forv22 hr at 20~25° and then poured onto ice-~-cold 3N
hydrochloric acid{10 m1). The mixture was dxtracted with ether
and the extraets were washed successively with water, saturated
sodium bicarbonate and saturated sodium chloride solutions and dried
(MgSO4). Removal of the solvent in vacuo gave an oily residue,
thch was chromatographed on silicagel(200 g) and eluted with n-
hexane-benzene(1:1) to give pure ketone(102), 295 mg(Y: 38 %),

mp 49,0 ~49,5°C, as orange yellow crysfals(from ether at -7850);
mass spectrum(m/e), 322(M%); infrared spectrum(KBr), 3300m(=CcH),
2085w(-C=Cc-), 1672s(Cc=0), 1588vs, 1550vs(C=C) cm'lz n.m.,r, spectrum
(CDC1g ) 2.40~3.90(m, 11H, olefinic), 6.56(s, 1H, C=CH), 8.83(s,
18H, t-Bu): u.v. spectrumd THE(£), 235%(5,960), 243(6,330), 267
(4,310), 278(4,720), 293%(6,000); 303(7,620), 360%(31,300), 385%
(61,700), 405,5(83,600), 428(73,800) nm.

| Found: C, B4.90 ; H, 9.32 %. Caled for CggHaoOf

c, 85.66 ; H, 9.38 %.

The ketone was uns&able and the crystals tu;néd brown on
sfanding in air at room temperature. (102) was usually stored in
-An.ether solution at O°C. The elemental analysis was unsatisfactory
but the ratio(H/C) was same, ie., Found: H/C= 0,1098 and Calcd: |
H/C= 0,1095, This result indicated that the ketone(102) was oxidized

by air,



‘1 4,16,19-Tetra-t-butyl-4,6,8,10,12,14,19,21,23,25,27,29-cyclo-

triacontadodecaen 2,17-diyn-1,16-dio1(105). To a solution of

potassium hydroxide(5,00 g, 0,0891 mol) in liquid ammonia(%00 ml)
was slowly added a solution of the ketone(102){(150 mg, 0.465 mmol )
in tetrahydrofuran(Zj ml) at -Bbfc with vigorously over a peri§dA
of%lQ hr and the mixture was stirred for a further 6 hr, Ammoﬂium
chloride(10,00 g) was added and the ammonia was allowed to evaporate
éff.' Water and dichloromethane was added to the residue, Thei
organic layer was separated and washed with saturated sodium chloride
solution and dried(MgS04). Removal of the solvent under reduced
pressure gave a crystalline residue, which was chromatographed on
alumina and eluted with THF-benzene(l:9 ~1:4) gave (105a) a dia-
stereomer, 52 mg(Y: 35 %) as yellow 6rystals; mp- ca, 270°C(dé¢.)3
méss spectrum(m/e), 6LU(M"); infrared spectrum(KBr), 3575s(-0H),
2200w( ~CZC-), 1635w, 1580w(C=C) om 1; u.v. spectrum, & 0L (L), 224.5
(21,300), 268#(7,430), 280%(13,200), 292.5(23,000), 335%(65,500),
353(166,000), 370(258,000), 413.5(75,800) nm,

| ‘Fbund: C, 85.36 ; H, 9.41 %, Calcd for C,ugHgoOg!

c, 85.66 ; H, 9.38 %.

Elution of the column with THF-benzene(1:1) gave (105b),
another diastereomer, 84 mg(Y: 56 %) as yellow crystals, mp 260,0~
260,5°C(from ethyl acetate-n-pentane); mass spectrum(m/e), 644
(MY); infrared spectrum(KBr), 3550br m, 3450br m(-0H), 2190w(-Cc=sC-),
max(t). 225(19,800), 270%(7,950),
281%(13,100), 293(22,600), 335%(62,200), 354(156,000), 370.5(245,000),

1632w(C=C) om™1: u.v, spectrum?

414(70,600) nm,
Found: C, 85.23 ; H, 9.27 %, Calcd for CogHgoOg?
'0, 85.66 H vH’ 9038 %-



tBUY\N\M/\?;BU{

i | o
tawj;¢~¢%u9\¢%~4~44\BJ

(105)

3,15,18,30-Tetra~t-butyl-didehydrof30Jannulene(91), A mixture

of the cyclic .g_lycol(10,5a)(21 mg, 0.033 mmol), ether(io ml) and TﬂF(lOuiD was
cooled at -78°C under nitrogen. Freshly prepared solution of stannous
chloride dihydrate(200 mg, 0,886 mmol) in ether(2 ml) saturated with
hydrogen chloride was added with stirring and cooling. The rasﬁlingt
green mixture was stirred for a further 10 min and then dichloro-
méthane(zo ml) was added, The solution was poured onto ice-cold

1% aq. sodium carbonate solution(200 ml), and the organic layer was
separated and dried{MgS0,). Removal of the solvent in vacuo (in=
ternal temperature of the flask <-10°C) gave black violet residue,
whiéh was immediately dissolved dichloromethane and chromatogrﬁphed
on alumina at -20°C, Elutioh with n-pentane-dichloromethane(1:1)
gave the annulene(91) as blaék violet crystals,

The annulene was hydrogenated in order to confirm the formation
of«(él) in this reaction (see p. 1&6).

The annulene(91) was unstable and rapidly decomposed at room
temperature in light and air. It was necessary to wqu up quickly
and at low temperature in this déhydroxylative aromat;;ation re-
action, (91) decomposed on attempted melting point determination
and also decomposed on measuring the n.m.r, spectrum at -20°C over
a period of ca. 1 hr, but was relatively stable in a very dilutéﬁ'

solution,



(91) was less soluble in all organic solvents, but comparatively
sqluble in dichloromethane, chloroform and tetrahydrofuran, A so-
lution of (91) in chloroform or deutoriochloroform(5 ml) contained
ca, 5 mg of the annulene.

The spectroscopic measurment of (91) was carried out using
f#gshly prepared (91) by the same way mentioned above; mass 5pé¢trum~
(ﬁ/e), 610(M*), 533(M - 57), 493(M - 114), -57(t-Bu, base peak);
n.m,r, spectrum(CDCl,), see Fig, 14 (p. 50). |

( see also APPENDEX p. |80)

The electronic spectrum of (91) was shown in Table 12 obtaine¢
using a solution prepared by dissolving fresh {91) derived from
(105b) (1.4 mg). The§ -values were eétimated assuming quaniitative
ébnversion of (105b) into (91) without decomposition or formation
of by-products,

('see APPBNDxx_p.IBO )

Table 12, Electronic Spectrum of Tetra-t-butyldidehydro-

£30Jannulene(91) in Tetrahydrofuran at -78°C. ﬂamgx (8) nm

275.5(18,000), 324+%(43,000), 338(56,000), 352(54,000), 4o1%

(78,000), &451(190,000), 572(11,000), 607(11,000), 666*(8,300)

Tailing up to 1120 nm was observed,

Full hydrogenation of the didehydrp[30]anhu1ene(91).

(91)(p. 139) was suspended in ethyl.acetate(20 ml) at -20°C, Platinic
oxide(100 mg), ethyl acetate(10 ml) and acetic acid(10 ml) was added

and the mixture was vigorously stirred under an atmosphere of hydro-~
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gen for 6 hr at the same temperature and then 2 hr at room temper=
atu;’e, Platinum was filtered off and washed with éther. Filtrate
and washings were washed successively with water, saturated sodium
bilcarbonate and saturated sodium chloride solutions and dried(MgS04).
Removal of the solyent in vacuo gave a crystalline residue, which
wasféhromatogerhed on alumina{Woelm act., I)., Elution with n-hexane
yielded 1,b;16,19-tetra~t—bhtylcyc1otriacontane, 12 mg(57 % based
on (105a)), as colorless crystals, mp 77~87°C, from ethyl acetate-
methanol; mass spectrum(m/e), 6uu(mM*), 587(M - 57), 57(t-Bu, base
p§ak). |

Found: C€, 85.63 ; H, 14,37 %. Calcd for CggHga!
¢, 85.77 ; H, 13.87 %.

Decomposition procucts of (91),
( see APPENDIX p. 180 )
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VII. ATTEMPTED SYNTHESIS OF DIDEHYDRO[14]ANNULENE-DICARBOXY-

LIC ACID(110a).

Condensation of the t-butylenyne—aldehyde(hlb) with pyruvie

acid, To a stirring mixture of the aldehyde(1.60 £,11.8 mmol),
pyrﬁvic acid(1.09 g, 12,3 mmol) and methanol(1.5 ml) wasvadded a
solution of potéssium hydroxide(1.32 g, 23.5 mmol) in methanol

(5 m1) at room temperature under nitrogen. The mixture was
stirred for 12 hr at room temperature and fhén'cooled on an ice-
bath. 3NHydrochloric acid(10 ml) was added and the mixture was
extracted with‘ether(zo m1><3). The organic layer was washed with
water and saturated sodium chloride solution and dried(MgSO4)o

Removal of the solvent in vacuo gave an olly residue, which mainly

consisted of the desired keto-carboxylic acid(108a) on the basis
of n.m.r. spectrum[(CDC15)~ 1.53(br s, 1H, -0H), 2.11(dd, J= 15
and 11 Hz, 1H,F.-position of ketone), 3.53(d, J= 11Hz, 1H, -
position of ketone), 5.96(d, J= 15 Hz, 1H, R-position of ketone),
6.45(s, 1H, CsCH), 8.79(s, 1H, t-Bu)]. Attempts to purify the oily
residue could not be successful,

A half volume of the oily residue was dissolved in dry ether
(10 m1) and ammonia was passed into.the solution to precipitate
the ammonium salt, Th; salt was filtered off and washed with ether
to give pure (108b), 0.90 g(Y: 69 % based on (41b) , as yellow

crystals,

The keto-ester(108c) from (41b), Keto-carboxylic acid(108a)

prepared from (41b, 1,00 g), pyruvic acid(647 mg) and potassium

hydroxide(1,00 g) was dissolved in absolute ethanol(20 ml?) and
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ether(6 ml) saturated with hydrogen chloride was added to thé
solution at 0°C and the mixture was allowed to stand at room temper-
ature overnight. The reaction mixture was worked up by the usual
way to give a brown 0i11(1,20 g), which was short-cﬁromatographed
on alumina and eluted with benzene to afford keto-ester(108¢c), as
a yellow oil; n,.,m.r., spectrum(CCly), T 2.17(dd, J= 15 and 11 Hz,
lH, F-—posifion of ketone), 3.29(d, J= 15 Hz, 1H, X -position of
ketone), 3.51(d, J= 11 Hz, 1H, {-position of ketone), 5.71(§, J=
7.0 Hz, zH; -CH,-), 6,43(s, 1H, C=CH), 8.62(t, J= 7.0 Hz, 3H,-CHjz ),
8.78(5, 9H, t-Bu). The keto-ester(108c) decomposed gradually on
standing'at room temperature or on column chromatography.

Cyclic dimerization of these_keto-carboxylic acid derivatives
(108a, 108b and 108c) by Favorskiivreaction was unsuccessful because

these compounds decomposed in the conditions of Favorskii reaction.

Condensation of the aldehYde(blb) with isonitrosoacetone,

To a mixture of the aldehyde(blb)(l.oo g, 7.34 mmol), isonitroso-
acetone(0,639 g, 7.34 mmol) in ethénol(lo ml) was added a solution
of sodium hydroxide(0,587 g, 14,7 mmol) in water(2 ml)-ethanol(2
ml) at -10°C under nitrogen. The mixture was stirred at -10~-15
°C for 8 hr and then acidified with 3N hydrochloric acid(10 ml)
and extracted with ether. The organic layer was washed ﬁith'water
and saturated sodium chloride solution and dried(MgS0O4). Removal
of the solvent in vacuo yielded a crystalline residue, which wa§
washed with n-hexane to give pure keto-oxime(108d), 1.05 g(Y: 69.7
%), as colorless crystals, mp 130.4~131,4°C(dec,); mass spectrum

(m/e), 205(M*); infrared spectrum(KBr), 3305s(=CH), 3136s(=NOH),
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2067wvw(C=C), 1658vs(C=N), 1644s(C=0), 1583vs(C=C), 9875(@33337cﬁs
CH-), 947m(=NOH); n.m.r. spectrum(CDClz) z 2.03(dd, 1H, J= 16 and
11 Hz, 1H, f-position of ketone), 2,29(5, 1H, oxime-CH=N ), 3.09

(d; J= 16 Hz, 1H,H -position of ketone), 3.47(d, J= 11 Hz, 1H, [-

position of ketone), 6.43(s, 1H, Cc=CH), 8.80(s, 9H, t-Bu).

Found: C, 70.40 ; H, 7.39 ;3 N, 6.72 %. Calcd for
C,gH,s0zN: C, 70.22 ; H, 7.37 ; N, 6,82 %,
. Ketalization of Acetoin(111). A mixture of acetoin(111)

(17.9 €), ethyléne giycd1(25.0 g), p-toluenesulfonic acid monohydate
(400 mg) in benzene(F0 ml) was refluxed in a system equipped with

a water separator, After 15 hr, the mixture was cooled and poured
onto saturated sodium bicarbonate solution., The organic layer was
‘separated and the aqueouS‘layervwﬁs extracted with ether, The
combined orgahic layer was washed with saturated sodium bicarbonate
and sodium chloride solutions and dried(K,CO3). Removal of the
solﬁent in vacuo and distillation gave the ethylene ketal(111),
6.31 g, as a colorless 1iquid,bbp 88~89° / 24 mmHg; n.m.r.
spectrum(CCl,) & 6.07(s, MH,.—CHQ;), 6.#5(g, J= 6.5 Hz, 1H, -CH-),
8.07(br s, 1H, -0H), 8,77(s, 3H, -CHg), 8.91(d, J= 6.5 Hz, 3H,

-CHg ).

Oxidation of ketal-alédhol(llZ). To a solution of acetoin
ketal(Z.?Og) in acetone(30 ml) was added a solution of cromiﬁm
trioxide(l.Bhg) in conec. sulfuric acid(1.15 ml)-water(l ml) at
10°C on an ice-bath. The mixture ﬁas stirred at 0°C for 1 hr aﬁd

then saturated sodium bicarbonate solution was added. The organic

layer was separated, and the aqueous layer was diJuted with water

and extracted with ether. The combined organic layer was washed

with saturated sodium bicarbonate and sodium chloride solution{
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and;dried(KZCOB). Removal of the solvent in vacuo and distillation

gave a colorless’liquid?/0.86g, bp 90~~92°C/55mmHg; n.m,r, spectrum
73

(cpC13) T 6.00(m, 4H, -CH2-), 7.80(s, 3H, -cocns), 8.53(s, 3H, —CHB).

Aldol condensation of the aldehyde{(41b) and biacetyl monoethylene

ketal(llB); To a solution of the aldehyde(41b)(0.65g) and biacetyl

monéethylene ketal(113)(0.86¢g) in:ethanol(lo ml) was added a solution
of sodium hydroxide(265 mg) in water(l ml )-ethanol(1l ml) and the
mixture was sfirred at 15~20°C for 1% hr under nitrogen. The
reaction mixture Qas»poured onto ice-water and extracted with ether,
The extracts were washed with water and saturated sodium chloride
solution and dried(MgSOh). Removal of the solvent in vacuo gave
a residue, which was chromatographed on silica gel1(20g) and eluted
with benzenes.benzene-ether(19:1) gave a yellowish brown 0il(727mg).
The residue was rechromatographed on alumina to afford a yellow oil,
which crystallized on standing at room temperafure. Recrystalllization
from petroleum ether afforded lémon yellow crystals, 285 mg, mp 63.2~~
63.7°C; mass spectrum(m/e), 248(M*); infrared spectrum(KBr), 3250s
(c=cH), 2089w(CEC), 1701s(C=0), 159%vs(C=C), 1020~1147vs(C-0-C),
999s(trans -CH=CH-) em~1; n.m.r. spectrum(CDCl3) T 2.05(dd, J=16
and 11Hz, 1H, S-position of ketone), 3.35(d, J=16Hz, 1H, o -position
of ketone), 3.47(d, J=11Hz, 1H, f;position of ketone), 5.88~6.20
(m, 4H, 0-CHp3-), 6.hu(s, 1H, C=CH), 8.51(s, 3H, -CH3), 8.80(s, 9H,
t-Bu).

" Found: C, 72,43; H, 8.07 %. Caled for CysHpo03: C, 72.55;

H, 8.12 %.
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An attempt to synthesize(llOe). To a stirred suspension

of sodium hydroxide(2,00g) in 1iquid ammonia(180 ml) was added a
solution of the ketone(lOB;)(lo mg) in tetrahydrofuran(35 ml) at
-34°C over a period of 6 hr, The mixture was stirred at the same
temﬁerature for a further 8 hr and then ammonium chloride(4.00g)

was added, The ammonia was allowed to evaporate off and the residue
ﬁas worked up by the usual way to»give.pale yellow crystals.

The crystals was dissolved in ether and cooled at -60°C under
hitrogen. Ether saturated hydrogen chloride was added and subsé“
quently,vstaﬁnous chloride dihydrate was added. The mixture was
stirred for 10 min at the same temperature and then worked up by
the usual way. Removal of the solvent in vacuo and chromatographed
on alumina to give a annulene-like material; u.v. spectrum 1_33259"9

343, 454sh, 480, 616, 646 nm,
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%lIi, SYNTHESIS OF DI-t-BUTYL-DICARBOMETHOXY-DIDEHYDRO-

THIA(137ANNULENE (120).

Preparation of thiadicarboxylic acid derivative(119) by means

of the Stobbe condensation of the pentaenyne-aldehyde(41b) with

thio —diglycolate(115). To a solution of the aldehyde(41b)(1.00

g, 7.34 mmol) and dimethyl thiodiglycolate(115)}{650 mg, 3.65 mmol)
in absblute,metmanol(lo ml) was added 0.5M sodium methoxide solution
(b9.b ml, 14,7 mmol) under nitrogen with stirring and ice-cooling.
The mixture was stirred at 17~20°C for a further 4 hr and evapor
fated in_vacuo. Cold 3N hydrochloric acid(10 ml) was added to the
residue and the mixture was extracted with ether. The organic layer
was washed with water and saturated sodium chloride solutioh and
dried(MgSO#). Removal of the solvent in vacuo to give a yellow
residue. The residue was washed with ether-n-hexane to afford (117),
0.30 g{Y: 21 %), as pale yeilow crtstals. The washings were evapeo-
rated under reduced pressure to give crude (116), ca. 1 g.

The di&arboxylic acid(ll?)(o.éo g, 0.78 mmol) was dissolved in
methaﬁol(ZOJml),and ether(5 ml) saturated with hydrogen chloride
was added at 20°C., The solution was stirred for 24 hr at rbéh
temperatﬁre énd thén poured onté ice—wafer° The mixture was ex~
tracted with ether and the extracts were washed with water, satu-
rated sodium bicarbonate and sodium chloride solutions and dried )
-(MgSO4). Removal of the solvenf in vacuo and chromatography”oni
silica gel gave (119),'127 mg as a yellow oil; n.m.r. spectrum
(CDC1,) = 2.00(d, J= 11 Hz, 2H, @-position of ester), 2.93(d;'J=
11 Hz, 2H, d-position of ester), 6.28(s, 6H, —OMe),'G.US(s,‘ZH,

C-CH), 8.84(s, 18H, t-Bu).



Crude (116) was esterified by the same way as (117). The
mixture of crude (116)( 22},1 g), metﬂanol(jo ml) and ether(10 ml)
saturated with hydrogen chloride was stirred at 30°C for 20 hr
and worked up by the usual wéy° The residue thus obtained was
chfomatographed on silica gel and elution with benzéne—vether—
benzene(1:20) gave pure (118), 279 mg(Y: 26 %% as a yellow oil;

3 ‘ Pased on C1147
n.m.r, spectrum(CDCl;) T 1.94(d, J= 12 Hz, 11, @ ~position of ester,
oiéfinic), 2,94(d, J= 12 Hz, olefinic, d-position of ester), 6,19
(s, 3H, -OMe), 6.37(s, 3H, -OMe), 6.49(s, 1H, c=zcu), 8.77(s, 9H,

t-Bu ) .

Di-t-butyl-dicarbomethoxy-didehydrothial[13lannulene(120),

A mixture of cupric acetate monohydrate(1.00 g) and pyridine(30 ml)
was stirred at 45° and a solution of thia-diester(119)(127 mg,
0.28 mmol) in tetrahydrofurantgas added over a period of 1.5 hr
and the mixture was stirred(?;r)a further 1 hr and then

poured onto ice-cold 3N hydrochloric acid and worked up by the
usual way. The solvent was evaporated in vacuo and thé residue
was chromatographed on silica gel short column, Elutioﬁ with
benzene ~benzene-ether(4:1) yielded crude (120), which was washed
with ether to give pure (120), 50 ﬁg(Y: 40 %), as yellow crystals;
n.m,r, spectrum(CDCl,;) v 2.02{(d, J= 11 Hz, 2l, inner protons),
2,81(d, J= 11 Hz, 2H, outer protons), 6.23(s, GH, -OMe), 8.74

(s, 18H, t-Bu).
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. IX.. SYNTHESES OF DECADIENDIYNDIALS AND FACILE INTRAMOLECULAR

CYCLIZATION OF ALDEHYDES.

- Bis(2-formyl-l-cyclohexenyl)-1,3-butadiyne(121), a) Oxida-

tive Coupiing;in the Presence of Methanol, A solution of (127)(200
mg, 1.h9mmoi)ﬂin pyridine(2ml) was added to a mixture of cuprie
acetate mdnohydrate(l.OGg, 5.01lmmol), pyridine(5ml) and methanol
(Bml). After being stirred for 2hr at 16°C, the reaction mixture
was poured onto 3N hydrochloric acid(50ml) and extracted with
ether(20mlx3). The extract, after being washed aﬁd.driéd, was
evaporated under reduced pressure. The crystals thus obtained
was chromatqgraphed on alumina., Elution with n-hexane-benzene

(1:1) and benzene afforded pure (121), 171mg{(86%).

‘}b} Oxidative Cogpling in_the Absence_of Methanol To a mixture
of cupric acetate monohydrate(1.00g, 5.01lmmol) and pyridine(7ml)
was added a solution of (128)(200mg, 1.49mmol) in ether(3ml),

After being stirred fo} 6hr at 16°C, the reaction mixture was
wofked up to give (121), 183mg(92%), pale yellow crystals, mp
89.0-90.5°; uv: AISFEtOH(¢) 205 5(22150), 231%(10050), 238.5

max
(13470), 258*(12300), 270(14550), 290(15900), 317(15800), 334

(16800), 358(12&00) nm, "IR(KBr-disk): 1670vs(c=o), 1580m(c=¢C) cm~1,
NMR(CDC1,): -0.12(s, 2H, CHO), 7;62(m. 8H, allylic CHQ), 8.32(m,
8H, non-allyiic CHg ), Mass(m/e): 266(mM), 239(M-29).

Found: C, 80.91; H, 6.95%., Caled for C,gH, a0a! ¢, 81.17;
H, 6.81%.

The mother liquors were chromatographed on alumina to yield
second crop of (121),

2,B-Qiphenyl-ZJ8—decadien-h,6~diyndga1(122). To a solution

of (44a)(327mg, 1.42mmol) in ether(3ml) was added a mixture of
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cupric acetate monohydrate(566mg, 2.83mmol}, pyr?dine(ﬁml) and ether
(2ml). The mixture was stirred at 15°C for i?h;.énd then poured
onto 3N hydrochloric acid(49ml), and extracted with ether(20miXxy).
The extract'was washed Successively‘with water, saturated solutions
"of sodium hydrogen Cérbonate and sodium chloride, and evéporated
un@er reduced pfessure. The residue(130) containing water was
mixed Qith 20% aqueous acetic acid(5ml) and the mixture was stirred
for 15min at room temperature. The reaction mixture containing
light brown cr&stals was mixed with water(hdml) and extracfed with
dichlorOmethahe(BOml*U). The extract, after being washéd and dried,
was concentrated under reduced préssure to yield crystals, Chroma-
tography of the crystals .on silica gel followed by elution with
caqbqn tetrachloride containing 10 20% dichloromethane afforded
pure (121), yellow crystals, i63mg(7b%), mp 119.4-120,.3°C, MaSs
(m/e): 310(M"), IR(KBr-disk): 2850w, 2740w(CHO), 2135w(-C=C-),
1688vs(Cc=0), 1581w, 1560m(.G=C) cm_l, NMR(CDCl,): =-0.27(d, J=8.0 Hz,
2H, CHO), 2.01-2.68(m, 10H, phenyl), 3.07(d, J=8,0 Hz, 2H, olefinic).
| 1Found: Cc, 84.86; H, 4.57%. Célcd for CagHy40s: C,. 85.14; H,
k.55%. |
Bis(3-phenyl-2-furanyl)acetylene(128). A solution of (122)

(93mg, O.3dmmol) in benzene(hml)'was kept at 50°C for 8hr, The
rgaction mixture was concentratéd under reduced pressure and chro-
ﬁatographed on alumina. Elution with c&rbon tetrachloride-zo% di-
chloromethane afforded (128), colorless crystals, 81mg(86%), mp
131.5—131.8°C (from benzene-n-hexane), Mass(m/e): 310(M+), IR(KBr-

1 NMR(CDC1g): 2.50

disk): 3140w, 3215w(furan CH), 892s(furan) cm_

{d, J=2.0 Hz, 2H, d-H of furan), 2,10-2.87(m, 10H, phenyl), 3.76
EtOH :

(d, J=2,0 Hz, 2H, B~H of furan), UV: lmax* (€) 231.5(32900), 258,5%
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(14800), 342.5(17500) nm.
Found: C, 84.84; H, 4.52%, Calcd for CppH,,0g: C, 85.14; H,
b.55%.

6-{5-Methoxy-3-phenyl-2-dihydrofuranylidene )-3-phenyl-2-penten=—

u-yn?l§129);_ a) In the Presence of Eyridine and Methanol A
sdlufion of (122)(83mg, 0.26mmol) in pyridine(Sml) and methanol
(Bml) was stirred for 2hr at 30°C, and then the mixture was poured
6nto 3N hydrochloric acid(40ml). The mixture was extracted with
dichloromethane(30mlX4), The extract, after being washed and dried,
was caoncentrated under reduced pressure. Brownish oily residue was
chromatographed on silica gel and eluted with benzeﬁe to yield
(129) as pale brown oil, 78mg(85%), Mass(m/e): 3#2(M+), IR(neat)
2180s(-C=C-), 1662vs(C=0), 1620m(C=C) cm”l. The NMR spectrum of
(129) éhdwéd complexpattern owing to the presence of cis- and
szgg§~isomers. » |

'A solution of 2,4~dinitrophenylhydrazine(97mg, 0.49mmol) and
phosphoric acid(1.2ml) in ethanolQO.Sml) was added to a solution
bf (129)(b7mg, 0.13mmol) in ethanol(8ml) and the mixture was stir-
redvfor 15hr at rbom temperature, Red crystals deposited were - |
washed'thovphghly with banzéne.; Red crystals obtained by evapo-~
rating the washings uﬁder reduced pressure were chromatographed
on silica ggl. Elution with benzene afforded pure 2,4-dinitro-:
Phenylhydrazone of (129) red crystals, mp 208.4°C, 58mg(81%).
| Found: C, 66.61, H, b.zz;‘N, 10.51%. Calcd for 032H8§N405:
¢, 66.66; H, 4.24 N, 10.27%. |

b) In the Absence of Pyridine A solution of (122)(108mg,

0.34mmol) in methanol(10ml) and ether(5ml) was stirred for 28hr
at 30°C, Brown oily residue obtained by evaporating the solvent
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was chromatographed on silica gel, and eluted with benzene. (128)
(39mg, 36%) was obtained from early fractions and the fbllowing
fractions afforded (122)(28mg, 26%) and then (129)(35mg, 29%).

Oxidative Coupling of Phenylpentenynal(4la). . a) In the

Presence of Methanbl. A solution of (41a)(1.00g, 6.4mmel) in
pyridine(10ml) and methanol(lOml} was added to a mixture of ocupric
acetate monohydrate(5.00g, 0.025mol), pyridine(BOml) and methanol
(10m1). After being stirred forv30m1n at room temperature, the
mixture was poured onto 3N hydrochloric acid(200ml) and extracted
with benzene., The extract was washed successively with water,
saturated sodium hydrogen carbonate and sodium chloride solutions
and dried. Chromatogréphy of the residue obtained by evaporatingy
the extract afforded (128), 127mg(13%) and (129), 44omg(41%).

b) In the Absence of Methanol, To an ice-cooled solution of
cupric acetate ‘monohydrate(2,00g, 0,010mol) in pyridine(20ml) was.
added a solution of (41a)(1,00g, 0,0064mol) in ether(15ml), After
the mixture had been stirred for 12hr at 15-20°C, ice-cooled 3N
hydrochloric acid(100ml) was added and the mi;ture was extracted
with dichloromethane(30ml1X3). The extract, after being washed and
dried, was concentrated under reduced pressure. The residue was
chromatographéd on alumina, The;fraotions eluted with carbon
tetrachloride containing 10f20% of dichloromethane afforded (128)
(303mg, 30.5%).

3, 8-Di-t-b t.'nz 8~ decadien~l4,6-diyndial(12 . gl;zggg ‘
(41b)}s A sﬂlﬁéion of (blb)(945mg,f6.9hmmol) in bther(lZml)‘was”
added to a mixture of cupric acetété mondhydrate(2.10g, 10;5mmol)
and pyridine(ZOmi) and the mixturebwasbstirred for 24hr at 15-2050,
The roaotion‘mixture was poured onto 3N hydrochloric acid(110ml)
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and extracted with ether(40mlX3). The extract was worked up by
the usual way. Crude crystals obtained were chromatégraphed on
alumina. Elution with benzene yielded pure (123), mp 83.3-84.5°C
(from benzene-n-hexane), pale yellow neodles, 765mg(80%), Mass
(m/e): 270(M”), IR(KBr-disk): 2115vw(-C=C-), 1681vs(C=0), 1574m

1, NMR(CDC1,): -0.09(d, J=7.5 Hz, 2H, CHO), 3.61(d, J=7.5

Hz, 2H, olefinic), 8.74(s, 18H, t-Bu), uv: AEEQH(e) 224,5%(13200),

(c=Cc) cm”

232,0(14400), 253.5(13200), 26L.5(14300), 280.0(14100), 303.5
(10500), 322.0(12200), 343.5(8300) nm,

Found: C, 80.14; H, 8.20%. Calcd for CygHz0g: C, 79.96;
H, 8.20%,

b) From (44b) To a stirred mixture of cupric acetate monohyd-

rate(50g) and pyridine(jOOml) was added a solution of (hhb)(9.50g?
0,0U5mol) in pyridine(50ml) at 50°C and the mixture was stirred .
for 2hr at the same temperature. The cooled reacti;n mixture was
poured onto &4 mixture of cracked ice and dilute hydrochloric acid,
and extracted with ether. The extract, after being washed and
dried, was concentrated under reduced pressure to give crude (132)
[NMR(CC1,): 3.19(d, J=7.0 Hz, 2H, olefinic), 4.86(d, J?7.o Hz,
acetal), 6.44(q, J=7.0 Hz, 4H, CHp), 6.49(q, J=7.0 Hz, 4H, CHg),
8.82(t, J=7.0 Hz, 12H, CHy ), 8.82(s, 18H, t-Buy)-. Crude (132)
was mixed with acetic acid(250ml) and water(80ml). After being
stirred for 30min, the mixturé was worked up by the usual way and
chromatographed on alumina to yield pure (123), 6.6g(55% based ‘on
(4ib)), | )
Oxidative Coupling of (U41b) in the Presence of Methanol,

A mixture of (41b)(500mg, 3.64mmol), cupric acetate monohydrate
(1,706, 8.45mmol), pyridine(15ml) and methanol(1llml) was stirred

for 22hr at room temperature. The reaction mixture was worked up
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by the usual way to give brownish crystals._‘The crystals yéfé-
chromatographed on aiumina and eluted with benzene: ‘A mixtur‘
of (123) and 6-(5-methoxy-3-t-butyl-2-dihydrofuranylidene )~3-
t-2-penten-4-ynal(131) was obtained by evaporating the beniene
eluate., The approximate composifion of the mixtﬁre could‘be
estimated to be (123), 250mg(50%) and (131), 7_0-75mg(>10—il‘.5%y) |

by an NMR spectroscopy. .

‘Bis(3—t-buty1—2~furanyl)acetylene(l}6)4 5) Thermal

Cyclization in the Absence of Pyridine. A solution of (123)
(82mg, 0.3mmol) in.benzene(hml) was stirred for 20hr at 60°C.
Concentration of.the reaction mixture under reduced pressure
afforded yellow crystals(81mg) which were chromatographed on
alumina and eluted with n-hexane containing 20-30% of benzene.
Evaporation of the eluate yielded (136), paie y§11o§ crystals,
68mg(82%), mp 42,0-42,6°C(from ether-n-hexane), Mass(m/e): 270
(M+), In(mr-disk): 3130w(furan C~H), 1585w(C=C), 890v-s(rura,n)

em™!, NMR(CDC1g): 2.69(d, J=2.0 Hz, 2H, X -H of furan), 3.62

(d, J=2.0 Hz, 2H, §-H of ruranﬁ; 8.64(s, 18H, t~Bu), UV: Eggﬁ
(€) 253.0(16200), 296,0%(19700), 300.5(20100), 318.5%(12600) nm.

Found: C, 80,20; H, 8.27%. Calcd for C,gHegaOpi C, 79.96;
H, 8.20%. |

Bis(3,4-tetramethylene~2-furanyl Jacetylene(137). a)

Cyclization at 120°C, bA solution of (121)(112mg) in p-xylene
(5&1),was kept at 120°C for 5hr. Crystals obtained by remo%ing
the solvent under reduced pressure was chromatographed on alu~
mina(5g). Elution with n-hexane-benzene(1:1) afforded (137),
colorless crystals, mp 146-147°C(from beniine), 6Lmg(57%), Mass
(m/e): 266(M*, base peak), IR(KBr-disk): 2170vw(-C=C-), 1547m
(c=¢c), 1505w(C=Cc) cm~1, NMR(CDC1lg); 2.87(s, 2H, ®-H of furan),
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7.43(m, 8H, allylic CH;), 8.29(m, 8H, non-allylic CHp).
Found: €, 81.,02; H, 6.88%. Calcd for C,gH;g02: C, 81.17;
H, 6.81%.

b) Cyclization at 60°C. A solution of (121)(104,5mg) in

benzene(5ml) was heated to 60°C for 2hr. Chromatography. on alu-
mina(3g) of the reaction mixture yielded (137), 1.9mg(1.8%) and
recovered (121), 76 Img(73. 67)

Cyclization of (123) in the Presence of Cupric Acetate and

Pyridine, To a mixture of cupric acetate monohydrate(184mg,
0.92mmol ) and pyridine(4ml) maintained at 60+2°C was added a
solution 6f (123)(198mg, 0.73mmol) in benzene(10ml), The mix-
ture was stirred in nitrogen atmosphere at the same temperature
for Shf, then poured onto 3N hydrochloric acid(30ml) and extract-
ed with ether(jomlxj). The extract was washed ahdvdried. A
mixture bf light brown crystals and liquid obtained by evaporat-
ing the extract'was.chromatbgraphed on alumina and eluted with
n-hexane containing 20% of benzene to yield (136), 91mg(46%).

The results of reactions performed under different conditions

are summarized.ih‘Table'iS.

Table 13, Formation of (136) in the Presence

of Cupric Acetate

Temp. (122) Cu(OAc)g*Hz0 Solvent Reaction (136)

°c (mg) (mg) "(m1)  time(hr) (mg)(%)
pyridine 4 '
40 © 221 250 +benzene 10 24 92(41)
| pyridine U4
50 193 409 + ether 3 24  109(56)
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cis- and trans-1-{(2-Formylcyclohexenyl)-3—-(3,4-tetramethylene-

S*methoxy-z—dihydrofuranjlideﬁe)¥lﬁpr0pyne (140) and (1L41),

To an ice-cooled solution of‘(lél}(186mg, 0.698hm01) in ether{10
ml) was added 1N solution of sodium me thoxide in methanol(2mil),
Af ter being stirred for 36min at the same_témperature, the mixture
was mixed with 3N hydrochloric acid(1ml) and extracted with éther
(20m1), The extiact, after being washed and dried, was concentrat-
ed under reduced pressure. Brownish:yéllowhoily residﬁe was chro-A
matographed on silica gel fo yield a mixturevof (140) and (1L41)
(187mg, 90%). The mixture was_re-chrométographed on silica gel.
Elution with benzene resulted in the separation of,isomérs. (140)
was obtained ffom early fraotiqns, yellow crystals, mp 115,6-116.2°C
(from bénzene-methaﬁol), Mass(m/e): é98(ﬁ+), 267(M-31), 266(M-32),
IR(KBr-disk): 2160s(-C=C-), 1670vs(c=0), 1626s(Cc=C), 1580vs(C=C)
em™ 1, Nnm_(cnc1a'): -0.10(5, 1H, CHO), u;zs(s_, ig, hemiacetal), 4.80
(s, 1H, olefinic), 6.58(s, 3H, OCHg), 7.25-8.oo(m,_8H, allylic CH,),
8.29(m, BH, non-allylic CHg), Uv: AR&RH(€) 2u9%(10900), 256(11200),
286.5(8750), 360(20560) nm. |

Found: C, 76.33; H, 7.44%. Calcd for C,,Hgs04: C, 76.48; H,
7.43%. |

Evaporation of the following benzene eluates afforded (141),
yellow crystals, mp 91.5-93;0°C(from methanol), Mass(m/e): 298(M+),
IR(KBr-disk): 2175m(-csc~), 1663vsA(c=o), 1626s(c=c), 1578m(Cc=C) om™1,
NMR(CDC14): -0.27(s, 1H, CHO), 4,18(s, 1H, nemiacetal), 5.33(s,
1H, olefinic), 6.50(s, 3H, ocna),.?.uo-a.bo(m, 8H, allylic CHg),
8.29(m, 8H, non-allylic CHg).

Found: C, 75.86; H, 7.42%. Calcd for C,,Hgp05: C, 76.48; H,

7.43%,
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(140) and (141) showed closely related mass, IR and UV spectra,
However, marked difference of chemical shifts of olefinic protons
between (140)(4,80) and (141)(5.33) was observed. The structure
of (140) was assigned to the isomer with low -value, bécause the
olefinic proton iny(lhO) is deshielded by the magnetic anisotropy

of oxygen atom of dihydrofuran ring.
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We attempted to convert fhe hemiacetal(129) into keto-aldehyde
(188). However, hydrolysis of (129) gave a mixture of decomposition
products, which did not contain fhe keto—aldehyde(188). . The hemi-
acetal(129) hardly hydrolyzed with aq. acetic acid at room temper-
ature but rapidly decomposition occured by heating the solution,

We also attempted to convert’the dialdehyde(122) into the keto-
aldehyde(188). The dialdehyde(122) decomposed at room temperature
by treatment in a very weak aikaline solution, Tﬁis reaction gave
a black material like céal—tar, which showed no peak in the measu}e-

ment of n.m.,r, spectrum,
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X. SYNTHESIS OF DINAPHTHO[2,1-£:2°,1*-m)~3,10-DI-t-BUTYL~
1,8-DIDEHYDRO L1 ¥ ANNULENE(178).

2-Hydroxymethylene-i-tetralone(161). Te a stirred

suspension of sodium methoxide(18.5 g, 0.342 mol) in dry benzene
(200 m1) was added a sslution of s{-tetrarone(10.0 g, 0.0684 mol)
and ethyl formate(25.3 g, 0.34%2 mel) im dry benzane( 50 mol) gﬁ
room temparature undor-nitrogene The tomper@ture of the mixture
rose glowly %o 50?0 and &}cpped. The coier turned reddish bfovﬁ
and stirring eof the mixture became increasingly difficult. Aftar
being stirred for 15hr, icewater(100 ml ) was added and the
‘aQueous layer was geparated. The organic laysr was extracted
with 3 %sodiumahydrOxido solution amd the sombined aqueous layer
was washaed with beniens, scidified with cone hydr&chloric asid
(PH 1~2) and sxiracted with @ﬁhbr; The extracts wers washed
with water and saturated ssdium chloride solution and dried
(MgS0,). Removal of the scivent in yaguo and distillation
yielded(161), 10.6 g(Y:88.6 ¥), as 2 pals yellow liquid, bp
102~106 c/o 5 mmHg; ms'mreﬁ speotrum(film), 3680~2500bm(-on),
1750,415503(c=o, 6=C) cm 5 n.m.r., spectrum({CDCks)%0. s2(br s,
1H, -0H) disappesrsd on shaking with DgO0, 1.83(3, 1H, -0-CHe),
1.98~2.1ib(m, 1H, aromatic Hy), 2.k7~2°92(u, 3H, aromatic iy, Hg,
Hy), 7,28(m AgBe, 4H, -CHa-); u.¥.spectrum, A”"Etw(a), 260, 5
(8,890), 327(9,700), 299%(8,6k0) nm.

Found: G, 75.62 1 H, 5.76 #.  Caled for Cy;H;e04:
T, 75.8% 3 H,5.79 %.
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2-Isopropyloxomsthylene~-1-tetralone(162) from fi-tetralone

i&éﬁl:‘ To & stirrsd suspeniion of sodium methoxide(18.3 g,
0,342 mol) in dry benzene(400 v@l)vwas sdded a solution of
d-tetralon@(Zjaﬂ € 0.171 mol) and athyl formata(25.3 g, 0.3%2 mol)
in dry benzene(100 m! jwith stirring and cocoling in an ice~bath
under nitrogem. After being stirred at 2°¢ for 3hr and at 30°C
for 15hr, the reasction miztuzrs was chiilod in an ice-bath and
3Nhydrochliric acid{1i50 ml ) was added slowly. The organic layer
was separated and the aquecus layer was extractsd with ether,

The combined organic layer was washed with water and saturated
sodium chloride solution end dried(MNg%0,.). Removal of ths solvent
and distillation gave crude(16i), 25.38 g(containing d{-tetralone
on the basis of n.m.r.spectrum).

Crude hydroxymethylenetetralona(161) (25.38 g) was added
drepwise tc a suspension of potassium garbonato BOQO'g in acetone
(150 m1) at room tempsraturs under nitrogen., To the mixture was
added isopropyl iodide(30.0 g) and the Qixture was warmed at 50°C
for iZhr, Eiaporation‘of the sclvent in wvacue afforded a residus,
which was extractsd with dichisromethane, The extract was evaporated
and distilled to give(162), 1s.13 gl(Y: 3v %) aé e pale wellow liquid,
bp 126~133°C/0.0k8 mumHg. Recovered &/-tetralone was obtained as the
forsrunnsr, 7.68 g.

The spsctral data of (162) was as follows: infrared spectrum
(film), 1673vs, 1606vs; n.m.r.spectrum (CDClg),T 1.99(m, 1H, Hg),
2,37(m, 1H, m), 2.53~2.95(m, 3E, mr@matio He~Hy), 5.75(septes,
J=5.0Hz, 1H, ~0-CH=), 7.21(m, LH, =~CHe-), 8.69(d, J=6.0Hz,6H, CHs).
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2-n-Butylthiometbylens~-i-tetralons(165). A mixture of(161)

(10,25 g, 0.0588 mol), n-bn&ylmsrc&pﬂ:m(S.sz& g. 0.0647 mol) and a
catalytic amount of p-todusnesulfeénic acid in benzene(150 ml) was
xsfiux?d in a gygtgm equippad wiﬁh a wdter}ssparatéfo Aftar 2bhrﬂ‘
the mixture was coolsd and washed with saturated ad&ium bidarﬂénhﬁd
an& sodium ohlofidd soluti&ﬁs ana dried(MgS04), kEvaporétion of fho
solvent in vepug and diéﬂiilatién vislded (165), 1b.4k5 g(vY: dB.f x),
as a yellow liguid, bp 167s»1725c / OOOOQmmHg:maaé apeétrum(ﬁ/éj,
246(n*): infrared spesctrum(film), 1650e(c=0., 160@5(0=§)’cm-1:
n.m,r. spectrum(ChBClg), > 1:98-~2.13(m, 1H, aromdtic ﬁ,), 2,45
(ge iH, §-CH=), 2.65~2.83(m, 3H, eromatic Hg,Hg,Hy), 6.95~7.47
(m, §H, S~CHg-, mothyiena of 3 b-pesition), 8.,08~8.85(m, bLH, S-
C-CHg~CHg~), 9.07(m, 3H, ~CH,).

 Foumd: €, 73.16; H, 7.38 3 S, 12.85 §. Caled for
CicH;008: C, 73.13 1 H, 7.36 1 8, 13.01 %,

b-gthyny1~1,2ndihydro~3~maph€%a1dohyde di-n~-butylthliocacetal

(16?); - Absolute tu%rahydrofuran(ﬁﬂ ml) was saturated with
scatylsne, Lithium acatylide-ithyisnediamine(2.003, 21.7 mmol)

was added and then a sclution of the ketone(165)(2.30g, 9.34mmol)
in abszolute tetrahydrofuren{(20 ml) was edded dro?wisa with stirring
and passing a steady stream of acatylemes, and stirred for a further
.5 hr et room teﬁperature, The mixturs was cocoled in ice-~bath

and ‘water wes added, The organic layer vas separated and the
aguecus layer was sxtracted with sther. 7The combinsd organic
layerbwas}washad.with watsr and driod(MgSOh). Bvaporation of the
so@ysntvin YAcUuo gave & reddish~browa.oii(honogensona on t.1.8.,

Rf=0,5 developed with benzene),
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p-Tolusnesulfonic acid(3.11 g, 16.2 mmol) was added to a
solution of crude{166) and n-butylmercaptan(1.46 g, 16.2 mmol) in
Eenzeno(zo ml) and the mizture was stirred for 1.5 hr at room
temperature, The raaction mizture was chilled in an 1ce-bafh and
0,75N-s0d4um hydroxide(lao wl) was added, The organic layer was
separated and fbe aqQueous laysr was ¢ztractad with ether. The
combined Organic layer was washed witﬁ water and dried(MgsS0,) and
evgporatéa uhd&r reduced pressure. Chromatography on alumina(80 g)
and elution with n-hexane-benzene(1:1) gave (167), 3.11 g(Y;éG.?%),
as a yellow 1iquid; mass spectrum(m/e), 344(M+); infrared spectrum
{fiim), 3300 m, 3280 w(=CH), 2100 vw{C~C=C-), 11600 w(C=C) cw~; n.m.r,
spectrum(CDCisy ) & 2.28-2,50(m, 1H, Hz), 2@68~za93(m, jH, Hs;H,,Ha),
%,53(s, 1H, thioscetal), 6.59(s, 13,.sscn), 7,i7~7/50(m, 8H, H, ,Ha,
S-CHs~), 8.20-8,77(m, 8H, §-CHg-CHg-), 9.23(wm, 6H, -CHj3).

HEydrolysis of (1668) with kN-sulfuric acid. Absolute tetra-

hydrofuran(30 ml) was saturated with scetylene and lithium acetylide-
ethylenediamine(1.00 g, 10,9 mmol) was added, To the mixture a
solution of the'kn%one(165)(2,oo & bB.06mmel) in absolute tetrahydro-
furan(10 ml) was added dropwiss wiéh stirring and passing a stream of
acetylene, and stirred for a further thr at 30°C. The mixzture was
¢coled in an ice-bath and water was asddad. The organic layer was
separated and thé aqueous layer was extracted with ether. The combined
organio léyor was vwashed successively with water and saturated sodium

shloride solution and dried{MgS0,). Removal of solwent in vacuo gave

oruds(166), {homogenes®s on S.3.2.).
A solution of ethynyl glycol(166) in dioxane was added to LN~
sulfuric acid(50 mi) at 25°C and ¢the mizture was vigorously stirred for

2 br, The resotion mixturs waa‘sxtraotod with ether, and extracts were
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washed with saturatsd scdium biecarbeonate and sedium chloride sclutions
and dried(Mg50,.). BRvaporation of ths seolvent under reduced pressure
yielded & 2ily residus, which was chromatographed on silica gel.
Elution with n-hexans-bsnzfene(i:l) gave thioacetal (167), 639 mg
(Y:49.5%) and elution with benzens-~sther-benzens(1:19) gave aldehyde
(164), which was washed with m-hexans toAafford pure (167), 246 mg
(Y:23.3%). The analytical samplie of (167) was recrystallized from
n-hexane-ether to give pals yellow crystals, mp 71.6-72.2°C; mass
spactrum’(m/e); 182(H*); infrared spectrum (KBr), 3250 m(=CH), 2090
vw({-0=C=), 1662 s (~-CHO), 16060 m» (C=C) em~; n.m.r.spectrum (CDC1,),T
-0.31 (s, 1H, -CHO), 2013-2;35 (m, 1B, Hg), 2.58-2,98 (m, 3n; Hg,Hq,
Hg), 6.33 (s, 1H, C=CH), 7.32 (m, AgBg, UH, -CHg-, H,y,Hg); U.v,spectrum
fgﬁt"*‘ (&), 283.4(11.500), Bis(imel@@)' nm,

Found: C, B5.786 5 H, 5.535 %. Caled for Cyy3H;00: C, 85.69;
H, 5.53 %.

1~Ethyny1—2-naphthaldehyde(1?3). A solution of the thiocacetal

(178) (1.50 g, 4,35 mmol), DDQ (2.30 g, 10,1 mmol) in dry benzene
{50 ml1) was warmed at 55°C for 24 hr., Dichloredicyanohydroquinone
was precipltated from the solution, The mixzture ﬁas cooled and
filtered 6£f° The crystals were wvashed with water, 2% sodium
hydroxide solution and saturated sodium chioride solution and dried
(ngso.). Removal of the solvent in vacuo to give crude (175).

To a solution of oruds (175) in acetonitrile were added water
(20 ml) and methyl ilodide (xo'mx), and the mixture was warmed at 50°C
for 15 hr under nitrogen., Benzsns (50 ml) was added and the mixture
vas poured onto water (100 m1)., The organic layer was separated and
the aquecus layer was extracted with ether. The combined organic

layer was washad with waban 9% sodium thinsulfate solution and
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saturated sodium chlorids sclution and éri@d(MgSOu)e Bvazporation
of the solvent in vacuo gave a orystalline residue, which was chromato-
grephed on silics gel (e§?snta arhaxaﬁa—nbpnzene) ¢to yield pure
aldehyde(173), 290mg(Y; 37%). The sample for snalysis was recrystal-
iized from p~hexane-~~-garben tetrachleoride(1:1) to give the ysllow
plates, mp-iBQohﬁib@;3°Cz 888 sp@ctrum(m/e}, 180(M*); infrared
spectrum({XBr), 3250m(2CH), 2850w(CHO), émnw(-c&c-), 1673vs(C=0)
om~Ll; n.m.>, apastéum{C@@lB)‘3«0965(89 i¥, CHO), 1.53(m, 1E, Hg),
1.99~2,80(m, 5H, H3~Hy), 6.15(s, 1B, CSCH), |

Found: C, 86.53 3 H, b.53%, Calod for Cy3Hg0: C, B86.63 ;
H, b,b8%, | | |

Aldol condengation of (173) with pinacolons. To a stirred

solutiom of the aldehyde(173)(18lmg, 1.02mmol) and pinascolons(153mg,
1.53mm01l) in ethanol(350ml) was added 2 solution of sodium bydroxide.
(123mg, 3.06mmol) in ethanol{lml )-vater(0,5mi) at 20°C under nitrogen,
After baing stirred at room temperaturs for 2 days, the solvent was
svaporated under reduced p?sssuree Yateor was adde§ and the mixture
was extraoted with dther. Ths organic layer was washed successively
with water, saturated sodium bicarbonate and sodium chloride solutions
and dried(HgSQa)o Removal of the scivent gave a residue, which was
chromategraphed on silica gal(gfhoxaned~b¢nzene) to afford{176), 105mg
(Y: 39.2%). The analytioal sample waz recrystallized from ether—
n—hoxaneito give pale yellow oryvstals, mp 11%.7.115.39C; mass spectrum
(m/e) 262(N*); infrared spsctrum{KBr), 3225m(=CH), 2090ww(-C=C-),
1678vs{C=0), 159%ve(C=Clom~1l; n.m.r. speotrum(CDCl3)% 1.51(4, J=16H=,
IH,P-poaj.ﬁ;Mn @f kétone)g 1.48~1,69(m, 1H, Hg), 2.08~2,60(m, SH,
uaphtﬁalan@ H3~Ey), 2970(&, J=i6Hz, 1H, & ~position of kastone),
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6.10(s, iH, CZCH), 8,7%(s, 9H, t-Bu),
Pound: C, 86,78 H; 5.81%, Caled for CjgH;80: C, 86.98; H,
6.91%.

Dinaphtho [1,2-d:1°,2°~k]}-1,8~d1-¢-butyl-cyclotetradeca-5,13~
dion—2,9-diyn-1,8«&101(177}3 To & suspension of finely powdered

potassium hydroxidé(2.00$s 35, 7mmol ) in 1iquid ammonia(200ml) was
added vory slowly a‘aulutiom of the ketone(176)(10bmg, 0.396mmol)
in absolute tstrahyﬂrofuran(lﬁml) at ~3%°C for 10 hr, Afﬁer being
stirr@d‘for 3 hr at -38°C, ammoniuvm chloride(S5.00g, 93.5mmol) was
added and the ammenie was allowed to @vaporatg off and the residue
wvas treated with water and stﬁ@t(ZOmi)@ The aquecus layer was then
further extracted with ether(l}mlxé), The sombined organic layer
was washed sucssssively with water and saturated sodium chloride
sciution, ﬁrying{MgSOm), svaporation undsy reduced ﬁresaure yielded
a orystalline solid, which was chromatographed on alumina(30g) and
2luted vith‘benzena-wtetrahydr@furan(b:x~131), The orystals thua"
obtained were washed with n-hexans to give pure(177), Sbmg(Y: 90%)..
The analytical sample was recorystallized from benzene-tetrahydro-
furan ¢o afford colorless corystals, mp 279.0~279.5%(dec.);: mass
spectrum(m/e ), 52b(M*); infrared spectrum(XBr), 3550s(~0H), 2215vw
(-65C-) om™1; n.m.r. spectrum(THF-dg) ¥ 1.34(m, 2H, Hg), 1.62(aq,
J=16Hg, éﬁ, internal olefinic H of the ring), 2.0%2.27(m, 3H,
naphthalens), 2.36~2,6k(m, 2H, naphthalene), 3.14(4, J"lsﬂza) 2H,
external olsfinic H of the ring)p b.75(s, 28, OH), 8.76(s, 18H,
t-Bu).

Found: C, 87.05; H, 6.86%. Calod for GgH360: C, 86.98:
H, 6.91%, |
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Dinaphtho[2,1-£:2°,17-m}~3,10~di-¢t-butyl~1,8-didehydrol14] -

annulene(178). Since‘ginaphthawdidshjdro[lhlamnulone(l?S) was
very sensitive to'oxygen.aven at -;-"?8‘9’6ii all aol#eﬁts used this
roaction was degasgedwith argon,

N.m. T, kpoctrum;efk(l?ﬂ) wag measured as described belw, The
mizxture of the cyclic glycei(177)(2 mg, 0.003, mmol) and deuterio-
tetrahydrofuran(0.25 wl) vas piaceﬂ in n.mw,>r. tube under argon
'and oooled at ~78°. Cold dQu%eriatotrnhydr@furan(Q.15 ml) satu-
rated with ﬂeu@erzum‘chiOridé(~15°C).and stanncus chloride dihydrate
(3 mg, 0,01y mmol) was added and the mixture was shaken at -30°C
for 5 min. The resulting blus-viclet szelution was ﬁsed for the
measurment of 100 MHz n.m.r. spectrum at -5%°C, ses Fig. 15 (p. 73).
N.m.r, spectrum(CDCly) ¥ -0,22(d, J* 13 Hz, 2H, outer pretons), 0.29
(d, J= B He, 2H, Hg of naphthalsne), 0.46(d, J= 10 Hz, 2H, Hs.of
naphthalene), 1.73(d, J= 10 Hz, He of naphthalene), ca. 2.00(m,

H; of naphthaiens), 7.89(s, 18H, t-Bu), 13.45(d, J= 15 Hz, inner
protons), see also Fig. 2k apparatus Fig. 23).

ﬂ N TF-dp sitinsted Pl wot addedd.,

Fisly ppadonid Snila- 2H20

QTT> end THE -dlg

: a3 S Py . . )
s -l :'— -
- —— LT
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~
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Fig. 24, N.m.r. spectrum of (178)(100 MHz, THF-dg, -54°C).
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Blectronis spectrum of {(178) was measured as described below,
The mixture of the glycol(0,165 mg), stannous chloride dihydrate
(2,2 mg) and tetrahydrofbran(0°5 ml) was cooled at -20°C under
‘argon, Cold tetrahydrofuran(l ml) saturated with hydrogen chloride
(-20°C) was added and the mixture was ztirred at -20°C for 5 min,
The resulting blus-violet solution was cooled to -78°C and tetra-
hydrofuran was added to maks ths volume ¢f the sslution up to Sml,
Ths resulting solution was used for the elsctronic spectrum, The
same condition of the reaction was carried out in order to obtain
more dilueedvsolution(C.OOQSS mg of the glycol(177) was used),
Uov, spoct?umikziz(&) at -?$°C,'385(3b,700), %05.5(191,000), 306%
(1,700), 3b1i.5(4,770), 580.5(12,500), 621(1,430), 680(2,000), ses
Fig. 25, Ths £ -values of {178) wers oslculated assuming quenti-

tativs conversion of (177) into (178), seo Fig, 1k asnd Pig. 25.

{ apparatus Fig. 26 )

¢
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Fig. 25. BRlectronic speotrua of (178).
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