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N ABSTRACT

The synthesis of trans-10b,10c-dimethyl-10b,10c-dihydrodibenzo-

[cd,lm]péf&lene has been achieved in 22 steps starting from mesitylene.

Wittig rearrangement of dithiacyclophanes carrying électron-withdrawing
4
substituents ortho- or para- to the bridge was found to ‘be influenced

-

markedly by temperature, Wittig rearrangemernt at elevated‘temperatures,

or alternatively Stevens or Beniyne—Stevens, followed by sulfoxide-

-

thermolysié or sulfone-basic elimination led to the corresponding pyrene
in disappointinglx'low yields, compounde@ by solubility problems. The
desired tetrahydrop§rene, however, could be syéthesizeq from the pyro-
lysis of the brtdge sulfone, obtaited by the oxidation of th; AithiaF
cyqlophaﬁe? and conversioh of the resulting meta-cyclophane to thévinter—
mediate tetrahydropyrene in fairly good yiélds. In QAdit;on, using the
intermed;éte 1,3—bis(bromomethyl)—2—méth;l—4,§,9JlO—tetrahydropyrene,
highly\énngtated trané—l&c,i4d—dimethyl=14cfl&d~dihydr;benzo[rst]—
dinapttho[S,l,Z—cdé:Z',1'?8'-élm]pentaphene and tran§:12c,12d—41methy1—

12¢,12d-dihydrobenzo(rst]naphtho48,1,2:cde ]pentaphene have also been

]

) obtained. 'The first examples of benzannelated cie-dihydropyrene§-were
. alsossynthesized, Access to & benzannelated system carrying a saturated

‘bridge has -been made possible by means of pirtial dehydrogenation of a

-

‘gaturated system, '

\ s . N . .
. .

The aromatiq charac&erlof %runs—lOb,lOc—dimethyl—lOb,10c—d1hydro—
; : R

dibenzo[cd Zm]perylene has been substantiated by ‘the classical concept

. of electrophilic aromatic substitution as well as by its diatropic

/
i




Y ¥ ‘ iii

v
.

¢
Qualitative predictions have been made t6 assess the diatropicity

bf the compounds,synthesized as compared’to tbe parent, compound trans—
10b, 10c—dimethyl—10b’lOc-dihydropyrene using an empirically-arrived at

linear relatlonship between the chemlcal shift shlelding of the protons

: i

€mbedded in the r-electron cloud of a serles of benzannelated dihydro-

“~

” oA :

pyrenes and the average deviation of the n—SCF bond order of the macro-
) . . - =
cyclic ring from the Hiickel [14]annulene value,of 0.642. The chemical

shifts determined agree with those calculated to < 0.5 ppm, both in the
' * 2
trans- as well as in the cis- series. The strength of the macrocyclic
3] 9 . '
ring current is greatly influenced by the bond localization that, may

¢ . » t

result from monobenz~ or higher ring annelatlon., The compounds made

”

are all diatropic and this éuggests that.mere incréase in the degree of -

% :
2 € »

annelation does not lead to bond localization in a macrocyclic ring.
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CHAPTER 6NE'
, &NTRODUCTION c i
1.1 PréZogue ' \
Changes in the meanéng of‘words‘is‘a proces; that éoes.on
ceaselessly, inexorably and imperceptibly. When }irst used at the
beginning of the nineteenth centdry, the generic name aromat@c was given
originally to a structurally diverse collection of cqmpounds which had
one common property, a fragrant odor.
The definition of aromaticity has always;been one of the most
&?fficult and yet one of the most fascinat{ng problemé in chemistry.
The diséovery of benzene by(Faradayl-in 1825 and its subsequent synthesis

by Mitscherlicb%win.1833 were the early signposts heralding the advent
éf aromatic chémistry. 'As%d; from their very considerable commercial
importance, hydrocarbonsB,,be tﬁey saturated or unéaturatgd, have really
captured the imagination of theoreticians and‘experimentali;ts alike in
xecené yearsf’ Kekulé's4 iniuitive-assignment of the structure of benzene
led to an unprecedentéd expansion in bo&h experimental and theoretical
aromatic chgmistry and the interplay éf the tw;.fiélds provided the

~ .
necessary fillip to considerable progtegs in this area. The changing

emotignal content with which the word aromatic ‘has been endowed is

indeed a fine reflection of the techﬁolégical revolution in the tooling

.0f chemistry ﬁith the widespread introduction of, for example, spectro-

sCopy and- chromatography in many and varied forms. The advent of
high-speefl electronic comﬁuters influenced the intergretive and

predictivé powers to a degree that cannot be over—emphasizgd.‘

<
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- Whereas there remains a fundamental and as.yét .inresolved problem: |
x L . Lot ‘ . EN "

' - - N -

in defining the term aromatic character comprehensively, qualitatively' R
. A= \\, .t
4

there has never been real disagreement. 'In 1925, Armit and Robinson
Yy N . nd X

recognized and reenunciated Bamberger's hexacentric theory suggesting

that 'the aromatic‘properties of the benzene ring are related td the

presence of a klosed loop, of electrons. The'remarkableiflowering of': -
- molecular orbital theory, parﬁiculariy developed ﬁyyHﬁckel?,and its

application to benzene dgprived the concept df'aromatic sextet3a°of its,
primacy by pfedicting relative elegtron,stability to be general for i
plaﬁa;, monoeyclie, fully éonjygatéd systems possessing a closed shell
of:(4gf2)n-electrons. While’Hﬁckei's (4n+21ﬁ;electrons‘pogtulate-iemains ‘_'

. the centerpiece of any discussion of aromaticity, the theoretical concepts \

’
)

of the Hﬁcgelzruie were weakened by the bond ;lterhation7 concept; for
example, in a (4n+2)n-electron system with 'n' sdfficiently large,bond -
.alternation rather than delocalization sets in. ’The’iqade;uagy of the
ankel:rule becoméslevigeﬁt QBen one looks at the n—%lectron systeﬁ'in

ﬁg‘tlene & and dibenzo(e,l)pyrene’%, both of which are (4n)m-electron.
i ’ . \ PO . ¥ 23 :

. Y] N A
' systems but very stable, arpmatic compounds. In order:to broaden

Hiickel's rule, the,periphery modification of Platt8, the polycyclic . :
. . ) N . - A Y

version of Voipin9 and Randié'slo‘enumagation‘of conjugéted m-electron

.

d
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T The major stimulus fpr the progress of aromatic chemistry was the

- circuits have evolved -over .a number of years.
“ : ¢ LI ‘.

. + - ‘ -
\

deueiggment of waQe-mechanics in the 1920's. Foilowing Hiickel's simple

N R
-t « \ *

B I . % . * P .
S but ekégant solution to.the problem of benzene by separation of the m-
ro
o ‘ : .
A . .'electrgns from c—electrons, it was just a matter of time before one

. . ’
’ 8 ¢ LIS
. . -

- adyancedefrom simpler resonance—Linear Combination of Atomic Orbital

3~,, (LCAOJ thebries to m™Self Consistent Field-Hiickel Molecular Orbital (n-

. T §CF:HMO) meeﬁodsllz .

- , ~ i . S e s

1:2 <Criterta for aromaticity . | ‘ : -

. y ' i .

. Ihe oldest of all definitions of aromaticity is that aromatic

e <, . . _ Y

- - -

. ' molecules have’ the appearance of being unsaturated but nevertheless

- N - ‘
= ~ A d‘ ~

behave chemically unlike alkenes or alkynes. It was recognized that

.

ben;ene, naphthalene, anthracene and related compounds possessed the

comfion traits'of stability to oxidatjon, reluctance to undergo hydro-
g - N . N , .

genation or halogén addition reactions but.a proneness to electrophilic

., X . . ’ v

&

» ) s ’ ) ' -
+ » be a guide to the aromaticity of the reactant.” However, the fact that a

molecule does not undergo electrophilic substitution does not necessarily

. . -
1 . .

mean it is not aromatic, but merely that other ‘energetically more

]
.

- favorable pathways are readily available to the molecule under considera-

B

tion. . ' R .

.

.. The delocalization of m-electrons lowers the energy content of the

“aromatic molecule relative to tbe hypothetical bond-localized structure.

Y
,.
¢ -

The best available aromaticity values are from Dewar's resonance energy
- ) . ' =]

caleulations. However, resonance energy calculated from bond energiesl?,

* . . »
)

.

substitution. Thus 'substitution, rather than addition, is considered to

‘?\

\
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"f . ‘. v . 4

¢
* ' .

. . Kékulé's s;ructuresl3 or grap@%cal meEhodsla are also available. °To get
[ ¥ ¢ .

- ¢ . ' +
« " any estimate of the resonance energy one can determine the heats of

0(;(. - ’ ° ‘
. ‘combustion or'hydrogénation which ‘are measurable quantities. But the use

.
.

. Al ' Al - _ . ~
of resonance as a criterion for aromaticity is not always satisfactory
since the values obtained are sensitive to the initial choice of model

.

- . ‘com%ougds. Steg;é interaction and angle strain in larger rings can

. L
-~ ) -

tomplicate stability measurements. .

\J

g

. C aExtensive'n—electron\delqcalizat&dﬁ-ih&fn aromatic system requires

the planar molecule to have similar*bond lengths, around the periphery.

In.a linear polyene such delocalization does not occur and results

»

- in unequai bond lengthé\as shown (Figure 1). The actual physical con-

firmation of such equivalence of bond lengths e.g. in benzene can be

. . g 1.54

1.395 ' 467 134

s
W
&
£

N -

Fig. 1. Bond lengths (°A) in benzene, l,3-butadiene
and cyclooctqtetraéne.
oot . ) .15 . '16
- obtained by electron and neutron diffraction™”, spectroscopic =~ and X-
ray crystallographic17 methods. In azulene %, a molecule widely regarded
1] . )
as aromatic, the peripheral bond lengthslo.are all nearly equal, whereas

,i , the.tradéannulat bond is slightly longer. Extension of this definition

to a heterocycle,’e.g./pyridine is again a problem.

. 18 . .
} ' An X-ray analysis’~ of 1,6-methano(10]annulene-2-carboxylic acid 4

*

indicgted that the perimeter is not quite plénar,'but that the bonds are

typical benzenoid aromatic bonds, their lengths varying only between

W

-




l 38 and’f\k'Z {°A \Tiuf. structure

s 3 -7

solid state indicated only a émali deviation ftomlplanarityt'but'two
types of .bonds of diféerent‘lengﬁhslg. Hdwever, such studies involve
prepération of suitable crystals, and besides, they entai]l lengthy

procedures requiring specialized apparatus and_technical skill and hence
I” ; v
cannot be considered for routine use. . o . Co-

-
[

It has been suggested that the position of the ultra-yiolet or

¢ s

visible maximum gives an‘inQication of thé aromaticity of the moleculezo.
The electronic spectrum @f the (4n) and (4h+2) series of cyclic conju-

gated systems is not so clear. A}l large %ing poiyenes are colored

* compounds with absorptions in’ the ultra-violet and visible regions.

The electronic spectrum, howevér, is not simply a property of the ground

.

state of the molecule, but depends upon the differences in the energy

between the ground state arfd the excited state, Within a group of mo le~-

cules, the electronic spectrum‘is often an excellent, indicator of the

way in which the system has been perturbed, but it does not appear to be

a useful general criterion for aromaticity. With the advent of magnetic
techniques, most notably ler spectroscopy%l’zz’23 one can determine

experimentally, whether or not a compound has a closed ring of m-electrons
‘f
and on this basis aromaticity can be defined as the athzty to sustain

an znduced ring current (dzamagnetzc current) of m-electrons. A compound




"
-

which exhibits this ability is called diatropic. Although this =~ ., .

+ ' definition is not without its flaws,zﬁ it is the one mést commonly '

accepted today. Theoretical25 and experimental%’z7 methods have been |

v

0 ~

developed using gas—phase microwave spectra to measuré the magnétié'
N , ' . .
susceptibility anisotropy in any molecule which has a microwave spectrum.

The large anisotropy in benzene compared fo cyclohexa-l,3-diene was "

interpreted as strong evidence for the existence of a substantial ring

)

current in aromatic compounds. The availability of more reliable values
e for the Pascal constants of the susceptibilities of the component parts

N has led to more accurate estimates of the.ggsceptibiliﬁies of mddel

systems and Dauben28 and co-workers have used diamagnetic susceptibiility-

exaltation as a measure of aromaticity. Although attractive, such a -

determination requires a calculated estimété of the expected suscepti-

b%lity in ghe abse;ée of exaltatiom, a problem reminiscent of resonance

energy estimation. - ' .
One of ché predictions of the Hiickel theory is that the m-electrons

"of the aromatic ring will be in a doughnut-shaped cloud above and below

the plane of the ring. Presumably, the center or cavity.of this

n-electron cloud should be .empty space: é%e éffgbt of an applied magng%ic -
.  field perpendicular to the plan; of the riné is to induce a circulation
of electrons, as shﬁwn inhfig. 2. ‘This electron current, called a diamag-
netic ring current, generates an induced field, the effect of which is
to oppose the applied field inside the ring and to reinforée it outsfii///’
the ring. Therefore, the protons'outéide tbé ring are deshielded21 and
resonate at low field compared to protons not under the influence of an

s

induced’ring current. In conjugated systems exhibiting a diamagnetic ring




‘ P

-

current, protons within the ring are shielded and appear'at high field.

L)
’ . .

- A
L. B
Induced magnetic o)
field B .
1
H
‘]II' H .
! ' Induced circulation
' l of w-electrons
- |
N . B B
e o

Applied magnetic field

Fig. 2 An aromatic hydrogen atem and the ring current effect.

l
[ 4

In contrast to the (4n42) systems, (An)n—eleciron systems exhibit a

resultant paramagnetic ring current so that the inner protons are

deshielded while the outer ones are shielded. These (4n) systems are

-

célled anti-aromatic or more correctly, paratropic. Howeve;, as in the
case of a diamagnetig ring current, non-planarity and Pond length alter-
nation pgrtly inhibit the paramagnetic ring current. Cyclic conjugated
polyEnes in which the protons appear at the usuai.positipn as expected
for a system without significant delocalization are called non-aromaticl
or atropic.

-

It must be said, however, that not a single one of these criteria
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can always bé counted on tq‘claésify'a compouna as aromatic; all haveé
' their exceptional cases, and none, when violated ‘are gdoa eéouéh by

_ themselves to rule out arom;ticity. i£ has even been propdsedzg‘that'
the use of the word arom&tic be discontinued altogether.

- What does the word aromaticity convey ? Simply stated -

:

" When I use a word,' Humpty Dumpty30 said, %p rather a scornful tone,

" it means’ just what I choose it to mean- neither more nor less."

" The question is," said Alice, " whether yol can make words mean

i3

so many different things." . . 1/

.

1.3 dnnulenes to Benzannulened. . .

e

‘A very large part of current activity-in the whole sphere of
aromatic chemistry is concerned with synthesis. MHiickel's (4n+2)m-elec-

tron rule spurred thee synthesis of higher homologs of benzene (mono-

>

cyclice polyénes termed annulene by SondheimerBl). At first sight [10]-
annulene § should be the first cyclic polyene after benzene to exhibit
diatropicity. Of the three geometrically possible isomers of [10]-

annulene, steric interaction of the two internal hydrogen atoms

occurgz’33 in‘éé whereas Qg is affected by angle strain. Misldw32

’

suggested that [30]annulene ]2 would be the smallest planar macrocyclic

- e d .
DR

system in which bond angle strai; and non~bonded interaction would be
sufficiently reduced to allow synthesis. Other authors contended that
ElS]annulene’g should be capable qf existence iq:a pianar form. The -
{18]annqleng'2' was the first macrocyclic annuleife to be prepared by
Sondheimer’and his co-workefgak, which'was diatropic compared to thé
non-aromati; [8]annulene pyclooctatetraene & as égen from the chemical

shift of the proﬁons (see Table 1) and could b& acetylated and nitrated

2 3, »
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{6]annulene [8]annulene [12]annulene [l4]annulene
% % 5
v [10]annulene

>
<

i w
[18]annulene [22]}annulene [30]annulene

under specific conditions. The all cis 8C and mono trans 8p have been

prepared 34 at - éQ °0 and‘are,nonépLanar. Whereas {14])- and1[22]—annu-

36

lene(%g and 1 respectively)'have been bfepared35’ and are diatropic,

[26]annulefe itself is yet:CO be sygfﬁeéized and the ler of [30]annulene

e 37

%& ¢ould mot be obtained| The (é%}?)agnﬁlenes,possessing,14 ta 22 carbon

~a

atomé‘are all diatrpﬁic_systéms but unlike benzene, Ehey are fluxional

.
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"Table 1. Comparison of' chemical shifts (8) for inner and outer

. protons ir (4n+2)anpu1enes and [8)annulene,cycloocta-

.

tetraene. .

Annulene - ’ Inner H Oyter H Ref.
[61-6 - 7.24 ° < 38
‘[8]—1 e 5,70 .uuu.. 39
1[10]-§§ - o, 5.8 ... 34b,d
[10]-8¢ - e 1 8.66 e ; 34b,d
[12]-9 : 8.0 6.00 - 34g,h
[14]-10 < 0.0 7.60 35
[18)-5 - -2.99 9.28 31,35
(22]-11 " -0.40, -1.20 9.65-9. 30, 36

. 1 9.10-8. 85
[30]-%% No “Hmr obtained . 37

* Spectra run at different temperatures. Spin-spin splitting

v patterms and coupling constants wherever applicable are

not given,

molecu;éé which. undergo conformational changes with low inversion
barriexs, as shown in Table 2.

- The replacement of one or more of the alkenic- linkages in annulene

by alkynic linkages léads to what are known as dehydroannulenes. The

. triple bond contributes only two m-electrons to the ring 7 system,. with .

the remaining two‘w—eleCerns occupying an orthogonal orbital. Thus the

“?dehydrqaﬂnulénes will be of the same Hiickel type as the’corresponding
> *

<

annulenes., Sondheimer42 and co-workers have prepared a number of

-*
°
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Table'Z, ;nversion'barriers Fo,proton exchange in tbe annulenes
Annulene N ‘(KJmol'l) . Ref.

12]- ’ 23.0 )
[12] 2 , 3 o 35¢
[lé]—%g 42,43, 45,2 35c, 40
[16] 36.20, 36.0 35c, 40
[18]—2 61.50, 56.1 35c, 40 -
[20] 41.0 © 41
[22]-11 » 53.6 . 40
[24] 46.0 40

3

dehydroannulenes. The dehydroannulenes have magnetic propertigs similar
to the annulenes but the triple bond imposes some conformational inte-
grity making the o-framework more rigid. Consequently the fluxional

. 1 .l .
behaviour is dampéd and non-averaged "Hmr spectra are often obtained at

room temperatjure for the (4n+2)dehydroannulenes unlike the spectra of

some (4n+2)fnnulenes which have been‘found to be temperature—dependant.

In addit to monodehydroannulenés, diézc, trié? tetraé? and penta§l

dehydroannulenes have also been'synthesizea.

-,
A

A novel example is 1,8-bisdehydro[l4]annulene 13

!

’
.

® .
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Unlike some of the (4n+2)dehydroannulenes, %ﬁ can- be written as two
equivalent Kekulé structures as in the case of benzene. It é;n be
readily nitrated,:acetylated and sulfonated under conditions42 which
decompose [lé]annuleﬁe. Nakagawa and co—worker‘s44 have devised a

-

general syntﬁesis of dehydroannulenes which proceeds in good'yiglasi
The"acetylene-cumuléne' bisdehydro(4n+2)annulenes %& (n=1—5);containing
14, 18, 22, 26 and 30 carbon atoms as well as the tetrakisdehydro-
‘annulene %@ (n%l,Z) can be made siéilarly, are clearly symm;tricab,
delocalized systems and exhibit a much stronger ring current than the

corresponding 'acetylene' dehydro(4n+2)annulenes. The substituents Rl,

Rz— other than hydrogen—- can be identical or different.

2
1 R
1 R% RNA7 -

R \\\455\\(;¢f2:\\// _ ‘ ;

Pre—

1./

-}1 \Rz

2
.

:3/. v
/...'_
/

/

The ler spectra of 13 (n=1) when Rl= Ph, Rg= Bu® and R1= But,

s R2= Ph are identical implying.éymmetrical delocalized systems. The .

»

Hmr gpectra of these coﬁbounds suggest that all are diatropic.

Although the diatropicity decreases with inprea;ing ring size, it

is pertinent‘to note that bisdehydro[30]annulene %é (n=5 ) is definitely

diatropic , in spite of being a 30-carbon ring system, whereas in an
~

et

T e——
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. w130
‘'usual [30]annulene, bond alternation is believed to set in making it o
non-aromatic( see Table 3). i
T 1, AN
able 3. Hmr § values of some tetra-t-butyl-dehydroannulenes .
" 4
. ) A ,
Quter H Inner H _ Ref.
3 - (Quter-Inner)
Deﬁjﬁro-
annulene 14 7
V]
[14] n=1 . 9.42 F3g - 13.81 47
[18] n=2 - 9.572 ~3.64 131 - 48
[22] n=3 8.99% 0.82 8,17 49
[26] n=4 8.10% n2.00 . 6.10 50
[30] n=5 7.50 3.50 4,00 - 51
Tetrakis-
dehydro %2
[18] n=1 9.98 -4.92 14.90 45
[22] n=2 9.90% S3.4 13.34 46
aAverage § value taken in this. case
/

/
0

We have seen that tﬂé introduction of alkynic feature in an annulene
tends to impart some measure of stability to the annulene perimeter. In
those annulenes in which the internal hydrogen atoms impose such strain
that the compbuna.is not Qery planar or only marginally stable, an élegént

way of overcoming 6; minimizing some of the strain is by replacing those

=
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atoms by a single bridging atom leading to a'rigid, planér annuléne

*

perimeter in which all the peripheral bonds ‘are equivalent. As discuss-

<

.

ed by Héddon?o these criteria are best met in Some of the bridged

.

anﬁﬁlenes,.e.g._ %Q’ %2 and %ﬁ synthesized By'Vogel52 and B?ekelheide6l.
% 0 .

Vogel et al. succeeded in preparing the bridged [10]annulene %g and its

58,59

- R R . 24

hY

aromatic‘nature was confirmed on the basis of its ler, stability and
susceptibility to electrophilic substitution. Suhh bridging is feasible

with atoms other than carbon; the epoxide %% and amiqe'%& are well-

-

gt
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defined aromatic compounds similar in their behaviour to 1,6-methano-

8
[lO]annulene &Q A number of brldged [l4]annulenes have also been

IS

synthesized. Bridging in the annulene leads to a more stable structure

with the resulting molecules having fewer non-bonded interactions and

P . , »

thése compounds can be considered macrocyclic systems provided the
bridge is looked Qﬁbn*as a minor perturbation of the whole system.
Boekelheide and Phillips preparéd trang-15,16~-dimethyl-15,16-dihydro-
pyréne61 23 which is a [14 Jannulene bridged by a two-carbon unit and is .
diatropic, nearly planar62 with almost-equai'bond lengths and can be

subjected to electrophilic Substituﬁion?3 Incidentally, the protons of

the 1nternal methyl groups appear at 6 -4 25. The diethyl- and di- n-
/‘—\

propyl Lomologs of mg have also been shown to be aromatic and have been

6la, 63d Eventually

used to map the magnetlc field 1n51de the ring.
the parent compound %2 was reported by Mltchell and Boekelheide64; the
inner protons apéeaf at §+5.49, indicating that it is the most diatropic
of all known {14]annulene systems. The importance of planarity becomes

evident when one notes that the internal methyl protons of the cis

compound %Z appear at & -2.06 indicating a reduced diamagnetic ring

current compared to Zp. Whereas the monocyclic [18]annulene has its

~

L L
(D UL
o
C % % v #

internal protons at § -2.99 at - 70 °C, in the bridged [18]annulene 28




-
>

two of the six internal protons65 appear at & -7.88, the highest value
for any of the known (4nt+2) wuncharged systems.
Synthetically tlte easiest way to stabilizelan annulene is to anne-

¢
late the system with benzene rings, e.g., dibenzocyclooctatetraene %2

was fully characterized66 before cyclooétatetréene Z itself. The

» N

phenomenon, whereby in fused systems some rings give up part of their

k)

aromaticity to adjacent rings, is cglled annelation. The effect on NMR
.Qata when annulenes ‘are benzannelated has been'reviewed67 recently.

Tetrabenz[l6]annulene68 %Q and tetrabenz[lZ]annulene69 %& were among

| | il ,
- 0=0 00
e oy ‘

’

the earliest examples to be madeﬁand'boqh are non-planar [Aﬂ]énnulenes,

whereby one cannot comment on the effect of the benzene ring on the

macrocyclic ring system.




-

A considerable amount of effort has been devoted to the synthesis

and study of berzannulenes and annelated dehydroannulenes of both the

(4n) and (4n+2) electron series, especially by’SondheimerZO SSaabZ1
‘&

Boekelheidez2 Nakagawaz3 and Mitchell74 and in all cases the diatropicity

-

or paratropicity of the macrocyclic ring is reduced (Table 4). The

- 70a ‘ ' 70¢
effect of annelating é% by another macrocycle to give %% is much
less cbmpared to that observed in the benzannelated product %&?Ob
Examination of the inmer protons of the l4-membered ring -shows that in
the case of gézs the l6-membered ring makes a paratropic contribution,

& 0

the inner protons being at higher field than in'%%. In the bridged

Ty
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" Table 4. 1Hmr § values for inner protons or methyl groups of
’ ¢
some annulenes and their annelated derivatives,
Annulene Inner prdton or methyl group Ref.
[14]-10 0.0 . 35"
-32 -2.12 70a ,
—%% 3382 70b
'-%ﬁ 4.99 70c
_& 1.42 75 .
36 -4.39 76
1%1 "=2.85 76
-38 5.2 - 4.2 77 .
-26 -5.49 64
-39 -1.35 74
-23 ~4.25 61
-40 ~1.60 78
41 0.02 78 \
=42 -3.58 78
43 -1.85 79
[18]-44 -1.1, -2.6 72
' -28 -7.88 65

macroéyclé %Z 76 the internal protons appear, at 8 -2.85 compared to
§ =4.39 seen in the parent ég?é This suggesgs that QZ behaves more like
two [lé]énnulenes system; fused together rather than a [26])annulene
.molety in which the bridge is just a minor perturbation.

While benzannelation sgabilizes %g, it induces greater bond-locali-

zation of the annulene perimeter compared to the parent [1l4]annulene kg-k

. - ]
Introduction of an ethano-bridge in %Q to form %g helps hold the molecule
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in a planar configuration, thereby enhancing its diatropicity. Benz-
annelation of %Q to fo?m 22 results in the internal prafons shifting
from 6§ ~5.49 in %2 to -L.35 i@ %2, a definite reéuction in diatropicity
of the macrocyclic ring. While benzanqe%ated dimexhyldihydrogyreﬁe QQ
is less diatropic than the parent dimethyldihydropyrene %2, the.dibenz—‘
annelated cisotd-dimethyldihydropyrene 41 is even less so. However in
42, which is also a dibenzannelated derivative of %é, but transoid -~
unlike wk the internal methyl groups appear at higher field (6 -3.58)
suggestlng that the degree to which the ring current ( or dlatroﬁicity
in this case ) is quenched is influenced not only by the extent but also
by the mode of annelation. Benzannelation of %g to éﬁ results in the
signal due to the internal protons moving from 6 -7.88 in %g to -1.1 in
44.

We thus became interested in the feasibility of making diatropic

~ . - - -
.

45 trans-10b,10c-Dimethyl-10b,10c, 13, l4-tetrahydrodibenzo(ed, Im]-

perylene.

46 traps-lOb,lOc-Dimethyl—lOb,10c—dihydrodibenzo[cd,bw]perylene.




s

qa 4

Q% : trans-12c,12d-Dimethyl-12c¢,12d-dihydrobenzo[ret]naphtho-
[8,1,2~cde])pentaphene, ' ‘

é% : trqps—l&c,l&d—DimeLhyl—l&c,l&d-dihydrobenzo[rst]dinaphcho-
(8,1,2-¢de:2',1',8"'~klm]pentaphene. \

L4

”

(relatively symmetrical) highly annelated derivatives of %g. We were

. i . *
also interested in seeing whether there gxisted any co¥relation

4

between the ring current deshielding and the degree of bond localization

in such annulenes. With this in mind we decided to synthesize the

compounds ég,.éé, 4] and 48- .
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CHAPTER TWO

PREDICTED RELATIVE DIATROPICITY

2.1 From Kekulé structure to Quantum Chemistry  ° ’
The Kekulé structurés of benzene, while admittedly unsatisfactory,

were generally used by-chemists as late 4s 1945. The currently accepted

rd
.

structure of benzene is the result of an extension of thé structural
theory; this extension is the concept of rescnance. Hickel determined6a
the energy.levels for the m-orbitals of benzene by a Linear Combination
of Atomic Orbitals (LCAO) method, introducing a series of simplifying
approximations which constitute the framework‘éf the Hiickel Molecular
Orbital'(HMOf method. One of the basic assumptions is that the o- .
electréns and m-electrons in bonds act independently, In order to over-
come the weakness inherent in Hiickel's use of one-electron Hamiltonians
coupled w;th the neglect of electronic‘interaction,‘Pople?o Pariser and
Parr81 proposed the use of many-electron Hamiltonians wherein electronic
interéetions were taken‘igto account. This self-cansistent-field(SCF)
approach is known as the Pople-Pariser-Parr (PPP) approximation and has

4 1

been usedfto calculate a variéty of molecular properties.

A pr;perty that bears some relation to structgral features 1is the
ortho H-H couéling constant in ler spectrum?za A linear relation exists
between the ortho-coupling constants, J, of fused benzenoid hydrbcarboqs
and the m-bond order, P, as given by the equation

J=12,7 p- 1.1 Hz  ------ (1
The m-bond order, P, of the appropriate Q—C bond can be calculated using

simple molecular orbital theory. The calculated values of the coupling

constant J compared to the experimentally observed values for gome




hydrocarbons aré iﬁd;eated in Table 5.

Table 5. ‘ortho Cou;liné constants in some Polycyclic
. Aromatic\Hydrocarbohs.83
Compou;d ’c;c P S It
bond ~ m-bond order
Benzene . . 1,2 | 0.667 ) 8.0 7.4
Naphthalene 1,2 . ‘ 0.7%3 R 8.1
2,3 - 0.603 6.4 6.6
| Anthracene - "i,Z 0.738 8.3 '8.3
2,3 0.586 6.5 6.3
Pyrene .. 1,2 0.670 - 7.6 7.4

On the basis of PPP-SCF calculétiéns, Glinther et al.s4 have shown

how the ratio of n-bond order, Q = P2 in the six membered ring

SURSYE

of benzannulene Qg may be used to determine the électronic ground state

properties of [n] annylene. Estimates of bond order 'P' can be made
4

-
. N
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one makes use€ of the equation «(2).

- ] 3 o ‘ )
P v (BCF) = 0.104 Ju v " 0.120 I FZ)

The value of 'Q' is used as a guide to the diatropicity of the ring.

a

' R ~ . ’ ~
For delocalized [4n+2]annulenes the ratio (Q) gf P is > 1.10 and

2334

for delocalized [é4n]annulenes it is < l.OZ, whereas the localized

'systems of either type exhibit values between 1.04 and 1.10. Thus

\

naphthalene ég has a Q-valie of 1.252, benzocycloheptatriene pl of

1.076, benzotropylium cation 2% of 1.223, benzocyclooctatetraene 22

of 1.072 and benzocyclooctatetraenyl dianion 24 of 1.584.

5382b 5482b

¢ A series of annelated systems have been prepared by Nakagawalmb and
it was suggested that the difference in chemical shifts of the inner and
outer protons, i.e. A = ‘éi - 60] where Gi and 6; are the shifts of the o

inner and outer protons respectively, is an indication of the’magnitﬁde

of the diamagnetic ring current. A cursory glance at Table 6 indiéates

L3

d\’!i‘
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the effect benzannelation has on diatropicity. Whereas annelation 'by one

H, - Hy o
\ Y\KI\HX : 2 2 S
Il - B I Hf H I Il I , I
NN | NP l N NNF

R R A
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Eable 6. 1Hmr § values of inner amd outer protons and the
percentage of ring current in some annulenes and
annelated systems?
Compound 6i 60 aé =(5i— 60) % RC
inner outer
38 -4.39 9.42 13.81 . 100
35 0.81-0.71  8.97-8.30 " 7.6-8.2 57
kY -2.85 10.16-9.61 ~12.80 93
56 -3.47 9.52 12.99 (~100)
51 ~1,22-1.53  9.80+9.17 10.6-11,0 78 -
s 58 -3.45 10.22 " 13.67 100
~
N
’ % RC = A8 (annulene)
AS (parent) .

.t

. i
benzene ring in'22 reduces the diatropicity considerably compared to the

.parent %Q» annulenoannelation in %z does not cauge bond localization to
the same extent. The mononaphthannelated compouﬁd 21 is less diatropic
than the parent but the fusion of two naphthalene rings as in ééi‘-'

increases the diatropicity,overftﬁat of the bisdihydronaphthalene

analog éé' ' This can be accounted for by a comparison of the Kekulé

\

structures. Whereas gg has two equivalent Kekulé structures (as- in

benzene) they gre not equivalent 'in case of 28’ + Thus, when fusion

O
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occurs such that the resulting Kekulé structures are symmetrical and

v
"identical, i.e. that no bond localizing effects are caused, then the
resulting annulenes are strqngly.digtropic.

o

Turning our attention to the ethano-bridged [l4]annulene, we can

‘have both the internal hydrogens or the intérnal methyl groups in the

shielding region of the m-electron cloud. A series of such annulenes
along with some of their)mono— and dibenzannelated analogs have been . ¢

63,85

- 4
made, thanks to Boekelheide and“MitchelZ and the chemical shifts,

;long with tpe percentage of ring current retained on annelation, are
‘'shown in Table 7. Here, however, instead of ;omparigg éi a;d_éo a
model non-aromatic system is used as the‘standard,‘e.g., for the ' >
internal hydrogen case we use 9,10-dihydronaphthalene QQ as the model

and for the internal methyl situation we consider trans-15,16-dimethyl-
2,7,15,16~-tetrahydropyrene 22 as the standard. As seen monobenzannela-

tion of %ﬁ to ég reduces the ring current to about 50 %. Similarly,
monobenzannelation of trans-10b,l0c~dimethyl-10b,10c~dihydropyrene
" (i.e., trans-15,16-dimethyldihydropyrene) 27 to give QQ Br é% also

quenches the ring current t& about 50 %;‘ Howe&ér, the effect on
dibenzannelﬁting a substrate depends on the way the annelation is

effected. An explanétion on the basis of equivalent Kékulé structure

. 78
has been advanced by Mitchell, e.g., let us consider é& and é%. Wheréas

. A
é% can be written as two pairs of equivalent Kekulé structures Q%Q and
Q%Q, those for é& are not equivalent, are probably of different energies
(dominated by two benzene rings) and thus would be predicted to be less

diatropic. In the Kekulé structure contributing to Q%, we see that

the bond arrowed is a double bond in two out of a possible four Kekulé

-

¢ i

2.
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Table 7.

Compound

()

Calculation of % RC of/ som¢ benzannelated bridged

[14]annulenes. °

(]

Model 22

(R= Me)

$

0.97

2.86

-5.49°

—4025

"'1035

~-1.60

»

»

A<S=I"Scompd'-émodell

"8.35

-5.22

-40 21

“20’.“53

4

% RC Ref.
- " 63a
85a,b
- 34b
100 63a
85a
100 85b
N Bp 74
\x
-
- 4Q_J 78

contd...




'predominaqt in é% than in é% leading to a marked reduction ‘in the

28

_Table 7. ( contd..) ,
Compound- § Ad=

‘6éompd-6modelt % RC . Ref.

) 43 -1.85 " -2.82 54 79

0.02 S 0B 18. 78

-3.58 —4.55 87 78

)
.
-

" .
structures, In"g& , however, it is so only in four out of the five

possible Kekulé contributors. In other words, bond localization is more

. -

™




diaa;opicity of é%. Hess and Schaad have attempted to derive a
qualitative correlation of HMO bond order886-and the chemical shifts
for %é, QQ, é& and é%. In order to avoid any local gtructural effects
of the annelating benzene ring(s)., they excluded from the calculations
those'bonds that were common to two rings and concentrated on the .

4

annulene periheter bonds shown in heavy lines in %2‘ An inherent
. v < N
AL N .
shortcoming of such a choice is the virtual exclusion of*compounds

where those bonds are part of another ring as in é% and in the yet to
- P .

bé synthesized Q% and Q%, ‘

YO e
ool &
| 3! e o

L % %

“

.

A plot of standard deviation (S) of the bond order againstfbée“
observed chemical shifts of the internal methyl protons of 15,16-dimethyl-
» dihydropyrene 25 and its bénzannelated derivatives 40, %& and 42 (
‘establishes a linear £elationéhip between the t@o (see Fig. 3). Appli-
}ation of this technique to Nakagawa's compounds AR gz and 38 leéﬁshw
to an excellent correlation between the standard deviation of HMO bond

order and the difference in the chemical shift AQulouter ~ inner

protonsl.
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Fig. 3. A plot of standard deviation (S) of HMO bond ‘orders
versus the observed chemical shift of the internal
methyl protons of 15,16-dimethyldihydropyrene and

some of its benzannelated derivatives?7

-

2.2 Standard w-SCP-HMO Bond Order Deviation -Chemical Shift
Correlation.
.The use of HMO calculations, as seen above; has limitations

because they do not differentiate between isomeric compounds 40 and, 43.

As stated earlier, the HMO approximations tend tb'ignore the eiec;rpn
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repﬁlsion integral,, Yu v’ co#pletely and so underestimate the amount
R .
. b d
. , .
of Bohd localization in a benzannulene as compared to results obtained

by the use of 7-SCF method. 'On the foundations laid by Pauling88 and

Londbn?9 progress has been made in theoretical calculations of the

nuclear magnetic resonance spectra of aromatic hydrocarbons?0 Although

t

the .correlation of resonance energies and ring currents.has heen establi-

91

shed”” and bond fixation ddes influence 60 resonance energies, it is
obvious that for the praﬁtising chemist it would be ideal to have a

formal (even if empirically\derived) relationship between the degree of

-
*

bond, localization and the strength of the annulene ring current shown
by the molecule under consideration.
N .

~ In order to obviate the deficiencies oflusing only selected HMO

»

bond orders resorted to by Hess and Schaad, we92 opted to use m-SCF bond

order calceylations throughout and excluded those bonds that were common
> L

M

to two rings. The bond orders were calculated using Pople-Pariser-Parr

»

(PPP)-m-glectron method, with parametersg3 gimilar to those uséd by

GUnChér§4 . . ff

“wr

" In order to use this as a predictive tool, molecules %2,,&Q, é&,

é% and é%,whose chemical shifts are quwn, were chosen as the standérd

compounds. Tabie 894 presents both the HMO as well as the .n-SCF bond

orders for the compounds used as standards. Tlie bond orders for 22

-

obta;nedlﬁy both the PPP-SCF-m-electron method and the HMO technique

are fairly close to each other.

%’Considering the 'ideal' or perfectly delocalized HUckel bond order

A

as 0.642 for a [lblanndlene, the sum (APuj of the moduli of the deviation

of bqu order is given for ‘the macroring of the standar&s'chosen, Bearihg




in mind that we exclude bonds,common to the annulene and the bepzannela-

ting ring, e.g., 's' in 40 and 43 or 'w','x" in 41 and'g%. This exclu-

’

sion is not unreasonable and is resorted to in an attempt to minimize

-

the structural effects95 due to the ring fusion at different sites;

besides, the bonds involved are common to 6m and l4m-systems which may .
have opposing ring currents. The individual bond order difference was
taken as the absolute difference between the n-SCF bond order and the

HMO bond order and the summation taken over all 'm', where 'm' is the

number of bonds involved. in the calculationm, e.g\, m = 14 in case of %é

{
[~

but:m = 13 for QQ and Q%'




A

33
Thus 4P = Z|(P, - 642)]
1 m U
The average deviation Ar was plotted against A§ where

A§ = GCH3(22> - GQH3(annulene). z
i.e., A§ is the shielding of the internal methyl protons of the annulene

compared to those of the non-conjugated model 22 used by Boekelheide§3a

A
A reasonably good linear relationship was fouﬁd between A8 and Ar (see

Fig. 4). ) \ &
A least sqﬁares fik gaye ;he equation '
| a8 = 5.533 - 0.02752 axr . --- (3 "
with a correlation coefficient, p = 0.9902. Using eqn, (3), the values

of A8 were calculated (AéCa in Table 8) and results ir "a reasonably’

lc

good agréement.
+ ~ A

L | &4 | ! A L | ' |
Cc 40 80 - 120 160 “Ar

Fig. 4: Plot of chemical shift shielding (A8) versus average bond

order deviation (Ar) for known annulenes,%z, QQ, é& and éé.
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Ar-u.ln
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“ulc ( eqa. )

642
642
642
42
642
642
642
642
642

42

[1}4
642
A2

@
(3]
(3]
0
536
(3]
“?
“
(3]
O
630
(33
(3}
&7

n

$.14)
-4,2%

.2

.

108
1
08
s
529
104
397
(313
611
669
614
669
611

(313

528

s

n3

612

nl

[} }]
745
352
1y
558
n?
573
m
33)
m
538

152
A4
75
338

13
98.333
-1.60

2.3
2.8}

(3 1]
621
97
583
503
3
357
735
503
583
697
62}
698
381
501

226

31

4

06

n
726
307
38t
1
313

(3 )

629

LN

694
396
438
94
)

194

438
596
™
s’
™
595

443

488

.1

ARS8
192
442
395
354
354

2009
12

167.417

+0.02
0.9
0.93

ne
602
116
561
350
[20)
629
629
(22]
330
361
716

116

350
874
629
629
874
350
561
430
490 °

LA

.

78
b1
34
343
43
€2
633
21

343
343
735

M
343

43
2
(31
621
80
343

-3

1

43,4467

3.5

4,19

9
626
[13]
669

614

b2
529
104
502

Table 8, HU.kel M.0. bond orders (x lo’) (F ) and 1-SCY bond ordeis (x lo’) @)
—— v
for compounds 25, 40, 4, 42 a4 u.

330
129
353
n
347
ns

129
350
148
(Y2}

107
617

380
(32}
748

1303
1
100.231
1,83
.8
wn
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2.3 Predicted Relative Diatropicity for 45, 46, 47 wzd 8.
Having established a fdrmai relationship between standard bond
order deviation and chemical shift on a quantitative footig‘_for.known
compounds, we calculated chemical sPifts for the compounds gé, QQ, QZ
and 48 using similar cglculat%ons and these are indicated in Table 9.

The calculated chemical shifts for the internal methyl.protons are shown

in fig. 3.

-Fig. 5 : Calculated chemical shifts of the internal methyl protons

of ég, ég, Ql and éﬁ.

45 46
6 Vv VgV
(CH3)
‘\Cale, -2.75 - =3,97

To confirm the validity of the calculated chemical shifts and

J

‘\hence'chai of eqn. (3), we had to devise an effective scheme to

synthesize compounds "\’/?,’ ,Q/Q, u and Q/Q



Table 9,

COMPOUND
BOND ()

a N e

-

H. ® & T 0 ™ o

=]

o 1 O U O

~

c

N ¢ X £ <

aa
bb
cc
dd
ee
£f

ap

Aor

Mcalc

x-SCF bond orders (x 103). Pu' and ring current ahieldigg

calculations for compounds Qz, QQ, QZ and QQ.

A% )

PU
610
720
567 -
488
783
503
520
714
583
69%

599 .
686
583
702
574
711
T 541
457
575
716
558
561

854

13~

65,692
3.72

R
P
u

670

603
474
793

490

570
667
629
646
632
648
s3l
525
518

260
12

21,667
4.94

P
P
1}

652
687.
583

495

773,
518
495
749
532
757
473 .

579

708
614
711
576
483
746
547
710
588
636
468
808 _
454
621
526
534
527

560

472
538

1134
i
119,
103,091

2,70

~

" 670

601
477
788
497
559
683
605

570
10

87
3.96

36
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CHAPTER THREE

v AN APPROACH TQ THE SYSTEM

3.1 Possible synthet-ic routes .

The target molecules which we atﬁempted to synthesize are charact-
erized by oné cdmﬁoh,feature, i.e. a dihydropyrene moiety.‘ A diméthylf
dihydropyrene skeleton is difficult to envisag? and synthesize. ‘Although
Pellegrin96 has claimed the synthesis of'[2,Z]metacyglophane-l,é—diene
%QQJ subsequent attempts to repeat his preparation have been unsuccess-

ul?7

f Methylation, using methy% iodide, of the dianion dérived from

pyrene gé could conceivably lead to the formation of %2. Although

o
CJ e
- 26p 6 2 ' |

- v N i [

t

Neunhoffer and“‘doggon98 have claiméa that treatment oj‘g% with sodiqm
followed by acidification gives lS,lg—dihydropyrene %Q) alkylation97.
of the dianion of pyrehe with mefhyl'ié&idé did not give the desired
dimethyldihydropyreﬁe %é. . |

The fi§§t successful syntﬁegis of a l5,16~dihydropyrené derivati;e
resulted from an approach centgre& -around the synthesisg of [2,2]me;é-

cyclophanes. Of the methods investigated wp hntil the early 70's for

the synthesis of cyclophanes, the wUrt299 reaction along with the
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Miiller-l-Roscheisen99c modification (addition of TPE) was a_favored route.
. . ‘\ N
The modest yields, severity of conditions narrowing the choice of

compounds and its restriction. to the synthesis of éymmetricol cyclo-

phanes limit its use.

. o
(@W ® V.
Br Na/ dioxane ‘ Na/THF/TPE '
—_—, - _
g 44 %

r Br ‘
Uu T

: . .QE
gé ; . gg (TPE = Tetraghen?lethylene)

The synthesis of 15,16~dimethyldihydropyrene 25 itself was finally
61c,63a '

-

accomplished, by Boekelheide and Phillips In order to circumvent

the problem of introducing the necessary side-chain unsaturation, they

altered the synthetic pathw#y to intyoduce the transannular linkage at

an early stage. This they achieved by preparing 5,13-dimethoxy-8,16~-

dimethyl{2,2]metacyclophane 6 by the stepwise Wurtz syntheéis of suitably
y

‘substituted bromides and oxidiziog 21 using chromic acid in acetone to

yield éﬁ with® the tPansannular bond in place.' The bis-dienone éé w3s

- 4

OMe
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converted to 15,l6—dimethyldihydroéy:ene %é in three steps Qs follows:

i) Oxidation with N-bromosuccinimide or by air oxidation in an-
alkaline solution to tr&ns—ls,l6—dimethyldihydropyrene—z,7-quinone,

ii) iithium aluminum hydride—aiuminum chloride reduction to trans-
15,16-dimethyl-2,7,15,16~tetrahydropyrene and

iii) Catalytic dehydrogenation (Pd-C) or dehydrogenation with
2;3-dichloro-5,6-dicyanobenzoquinone (DDQ) ;o %2.

Boekelheide et al. also reborted theléonversionloo by visible light of,
lS,l6—dimethyldihydropyreng %2 td its valence tautomer haying the meta;
cyclophane-diene strucfu;e %2&. In the dérk %2& reverts back to the
"‘more stable mé' Besides, the interconversions‘could‘be carried out
repeatedly without any deterioratiop ;f the'sample. Héwever, éhis me thod

o

of éenergtipg the transannular linkage by oxidatiQn'Qith chromic dcid
' '~Tequired‘thg methoxy groups para- to the carbon atoms to be linked
and hence was not suitable as a general method for synéhesizing suitably

4

“~
substituted dialkyldihydropyrenes.

’

Earlier dttempts were aimed at the synthesis of %2 indirectly through

generatihg the cyclophane-diene %2&,:possibly by introducing unsaturation
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shown that [2,2]paracyclophane can be converted ‘to thé corresponding

mono- and diolefins, attempts to introduce unsaturation into the bridging

ethano groups of‘metacyclophane were unsuccessful and it was not possible

to obtain [2,2]metacyclophane-1,9-diene 25A, the valence tautomer of .

trans-15,16~dimethyldihydropyrene %g. So the spotlight‘shifted‘to

preparing the dienes without having to go through the metacyclophanes.

¥

The bis—WittiglOZa reaction used for synthesizing benzannelated
systems, e.g., an annelated [lZ]annulene'lOZb 70 fails however when applied
Ny . .

to generate the [l0]membered ring system of the metacyclophaneldiene
' 9 o

2

!

skeleton. It is-quite, useful for synthesizing some [1l0]annulene

Y

-systems, however,

Perkinslo2c condensation and the'RémBerg~Babklund102d reaction,

which have been employed for the generation of larger cyclic diene
system$, fail when applied to creating the cyclophane-diene system.
Through the sagacity of sulfur chemists, the carbon-carbon bonds were

linked through a sulfur atom which could then be extruded. The self- ~
6lc,103

coupling of gﬁ with sodium sulfide gives dithiacyclophane 72
‘ Wy

104

and z%é. A recent review by Mitchell
- v

has highlighted the utility of

i

F:}
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~ .a variety of novel, highly conjugated compounds. Improved yields

41

thiacyclophanes as a 5recursor to ‘both cyﬁlophanes’and the synthesis of
85a,105
of dithiacyclophanes and synthesis of unsymmetrical dithiacyclophanes

were achieved by the dropwise addition of a dilute sblution of a mixture
Na,S

el @ -
L T

"

' 12 (Anti) +
R4 (Syn) '

2

of dithiol Z% and dibromide-g% in benzend into a solution of alcoholic
potassium hydroxide, The attractiveness gf the thiol-bromide coupling
lies in its ease of operation, high yields as well as its applicability

to obtain unsymmetrical dithiacyclophanes, Unlike the Wurtz coupling,

J’thege methods ultimately lead to both anti- as well as syn-[2,2]meta-

1

-cyciophane. Extrusion of sulfur has been accomplished in a variety of

ways to &ield either the metacyclophane or dimethyldihydropyrene (see:

,:Schqme 1).

*

.~

The concept of making dithiacyclophanes foilowed by oxidation and

sulfur dioxide extrusion tb yield the anti-[2,2]metacyclophanes was

worked out by Vtigtle%o6 These metacyclophanes, as mentioqu_earlier,

cannot be converted to dimethyldihydropyrenes. The thiacyclophane could

- .
¢ 5
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bé subjected to Stevens 105

<or Wittig rearrangement,

.

64,85a,103,107

followed by a Hofmann elimination step to yield the diene %gé, which

valence tautomerizes to trans-lS,lé-dimechyldihydropyrene. Other

108,109 110

- variations include bhouolyses of sulfones and-sulfides 0T

Raney Nickel desulfurization to give metacycl%phanes; however, Benzyne-

112

Stevens néarrangementlll followed by basic elimination of the sulfone

or ;hermoljses of Sulfoxide}ll as shown in Scheme 1 leads to the diene

system, Treatment of metacyclophane (R = H) with bromine/iron leads to a

tetrahydropyrene system, which could then be oxidized to the pyrehe

using DDQ. N

. As the metacyclophane—diene égé can be transformed to ég, we praoposed the

" synthesis of 46A as an intermediate.
NN

N
i
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3.2 Desired intermediates in the synthetic patﬁway
On the basis of earlier examples, the diéne.m could be _obt:.a.ined‘

/ from dithiacyclophane /3, which could be pref\)'ared by the co*upiing “of

75 , X= B J6, X= Br er X= Br 78, Xf Br

= ‘ = ' = X= CN
134, X= CN J6A, X=CN 5%%’ X= CN 78A,
758, X= CHO »t L
75¢, %= CH,OH

< 75D, X= CH,SH - a .
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" the bromide Zﬁ and dithiol Z&. So retroéynthetically, the,synthésis of

the‘appqopriately substituted pyrene Zé’ which could be modified to 74,
becomes crucial. A diene such as ) could be prepared from the dithia—

cyclophane Zm by using some of the methods indicated in Scheme 1. In

’ ”effect, if we stqrted with a, dibromide and a dithiol, carrying suitéble.

. . )
functionalities receptive to modification, it would be feasible to make

the pyrene Zé and hence the required bromide Zé.

»
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CHAPTER FOUR N

RESULTS AND DISCUSSION

-

N

4:1,_ General routes to'keyqihtenwedidées {8 or J8A.
Théidithiacyclophane J8 or J84 could be accessed from the
alcoholic potassium‘hydroxide coupliné of the dichiol Zg/zgé and
m-xylylene{dibromiQe QQ or by the coupling of the dithiol Q& and the
dibromide QQ/QQQ. As QQ is cdmmer;ial}y available, it was -more précti-

I R P . %
cal to convert the bromide QQ to the corresponding dithiol é& rather

¥

than transform the laboriously prepared dibromide Q% to the correspond-

ing dithiol Zg.

’

Br

= CN

79, X = Br , 18, X = Br g,k
g X = o B k= 824 X

< v

* Thus the synthesis of é%/g%%ihas been attempéed by a variety of methods.

4,151  Synthesis of the vequired bromide 82/824.

An ap?roacﬁ to the synthesis of é% is illustrated in Scheme 2.

115

-4
2,4-Dibromomegitylene Qg was prepared earlier using nitric 2cid ds

. a solvent for‘bromination; instead we brominated mesitylene ﬁé in
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chloroform using bromine, in the presence of iron powder and iodine as

A}

catalyst, to obtain 2,4-dibromomesitylene gi as colorless crystals (87%

15

yield), mp 62-64 °C [lit.l mp 62 °C]. 1Its 1Hmr spectrum indicated two

different types of methyl groups. It was expected that free radical

a

bromination of 2,4-dibromomesitylene‘£ﬁ would lead to the desired

bromide g%, the hindered methyl group on the carbon atom between the

>

. 4 - Br Br . Br Br
=0 .
¥ Ro--lcI ICI—OR
0 86 0 HO OH .
‘ v
éé Co . HBr or
(0] ' ' B:
PBr3
. Br . Br Br -Br
@ Br,/Fe/l, NBS, hv -
> —X>
' [ ide ’
i (CHClB)(87Z) peroxid g
é% éﬁ ' . Br qu
: N0 R
NBS, hv, :
peroxide Brz’
catalyst )
Scheme 2 . - .

two bromine substituents being spared in the proceés. Unfortunately,

however, when the reaction was carried out in refluxing carbon tetra-

. : 3
chloride by adding N-bromosuccinimide ih portions in the presence of

catalytic ampunts of benzoyl peroxide, a complex mixture of products

was obtained, from which the desirgd;grapide §2 could not be isolated

5 N
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eithqr by column chromgtography or crystallization. This is not unlike

the reéultsll6 obtained in theafree radical bromination of ég with

-

N-bromosuccinimide wherein ‘the second bromine atom enters the hindered

methyl to give 29 as the major product, whereas only 15% of the desired
bromide 2& was obtained. Use of methyl formatell7‘as a solvent to -

improve the selectivity did not prove beneficial and bromination of Qﬁ
using bromine at elevatedftemperatur;sll8 (125 °C and 210.°C) led to a

mixture of bromides. In order to follow the acid-ester-alcohol route

”

(éé‘jéé"él)' selective oxidation of the methyl groups of é& wgé tE}ed.

Nitric acid 119a oxidation gave low yields and was not selective.'Purple '

119b

benzene' oxldation, on the other hd4nd, was tried and proved to be

totally ineffective. An alternative route which involved obtaining Q%
from bromideﬁgé by electrophilic arématic substitution was next tried.#~

Mesitylene 83 was bréminated using N-bromosuccinimide in refluxing . \\

carbon tetrachloride in the presence of benzoyl peroxide'as catalyst

" to give 3,5-bis(bromomethyl)toluene EQLZO (70% yield). Bromination of 88

. . L
in chloroform using bromine was attempted under several different "
]
4 . ° ~
reaction cenditions in an effort to obtain the Bromide $2. 1In all cases

I 15 . . -

* (a) Fe powder, 3 h, (b) Fe powder, reflux:~24 h, (¢) I2 crystals, 3 h,

(d) I2 powder, reflux, 24 h, (e) AlBr3, 3 h, (f) AlBr., reflux, 24 h,.

3
- (g) FeBr3, 3 h and (h) FeBrj, reflux, 24 h.

N
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the desired bromide 82 could not be isolated from the resulting mixture.

Changing to the polar solvent N N-dimethylformamide(DMF)121 63f with

N-bromosuccinimide (NBS) as_the source of bromine, did not result in
pure 82 either at room temperature or at reflux condltlon.
Although some bromomethyl compounds have been obCained by the

reaction of benzylcobaloximes122 with halbgens in acetic acid, in the -

. N
.

i 5. . -

* ' <t % B oo i + <

Br Br r X
(Co)H C CH (Co) >
_—
Br Br Br

A 8 07) 93 ( 430%)

’

case of 2% it leads to both g% and 2% éeparation of which, on the basis
of our earlier trials,might be rather difficult.

In an effort to explore whether the presence of a’cyand group

.
¢
A v

might somehow influence the entry ¢of bromine in the mqlecule;uZ,A-di-

bromomesi;ylene Qé was treated (see Scheme 3) wi;gjéxcess 9f Eopper (Iz
cyanide in N-methyl-2-pyrrolidinone under refluxing condition‘to ;ield
2,14,§4£r5:methylisophthaloni'tzl'ile 844 (837 yleld), dp 144-146 °cl1ic.'??

mp 1424°C]. . The dinitrile 84A showed the characteristic -CN stretch

-

) ) NC
Br Br e N _ NBS, hv e
. i . peroxide‘_.
84

heme 3 . . gﬁA ' \ | Q%Qf

-3

T
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.

at 2228 cmTl ﬂn its ir spectrum, Treatment of QQA'with NBS in Feflﬁx-
ing carbon tetrachloride using- benzoyl peroxide aé the'initiator gave
a mixture of at least four compounds, ffoﬁ which pure $4A could not be
isolated. Meﬁhyl formate a; solvent gave mostly unconverted\starting
material.

A slightly modified approach was chosen (see Scheme 4)‘wh%re the

-

4 . L S ‘ B o “ v .- 8
alkyl groups were sélectively oxidized to an aldehyde functionality.

Benzylic methyl and methylene groﬁps can be converted to carbonyl
functions' by treatment with ceric ammonium nitrate in acidic media
(acetic acid, nitric acid or perchloric acidflza. The reaction

normally stops at the monotarbonyl stage. However,.a second methyl

group may undergo:oxidation under more drastic conditions. Althoughl

Br

Scheme 4

)

Cer oxidation of %ﬁ gave some :aldehydeé, ii was ﬁéc feasible to
isolate the diaidqhyée 24 from th? fesulting mixture.

A soiuéion of p-nitrot01Qene in a mixture of glacial acetic,acid-
acgtic’aﬁﬁydride-sulfuric acid . is oxidized using chromium trioiide eo’

3

the aldehyée (protected as the diacetate) which can be hydroiysed
‘. ‘ .1 , f ,
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to the aldehyde by refluxing in.alcohgl—’dilute sulfuri; acid medfum.Alg
similar oxidaéicn of dibromide 84 id‘glaci;l acetic acid-acetic anhydride—
sulfuric acid, kept cold using an }ce—salt bath, by thé gradual additién
of chromium trioxide so Fhat the tempergiure does not riée abéve 15 °c,
%q}lowed by acid hydrol;sis gave tﬁe dialdehydé éﬁ. Recrystallization
from carbon tetrachloride.gave the Pure diald;hyde zé, mp 172-174 °C;
the structure of 94 wag evident from the aldehydic pfotons present at
é 10.&3,~the C=0_stretch seen at lé86‘cﬁ_l and a molecular ion at m/e
30% (correct 1:2:1 isotope pattern) in iés ler, i% and mass spectra’
respectively. As well, the aldehydic carbons appeared around § 190.8 in
its 13Cm§ spectra. Subsegyent reduction of the dialdehyde 2& with sodium‘
borohydride in tetrahydrofuran gave the dialéohol Q& in guantifative
yiel&2§:p\l92=l94 °C (methanol-benzene). Absence of tﬁe .carbonyl stretch
at l686»cm7l (seen in the case of 2&) and the appearance of the ~OH |
absorption at 3330 c:m_l in its ir spectrum indicated ghe structure of the
dialcohol as QZ, confi?med by a satisfactory elemental analyéié coqpied
Q}th the molecular ion at m/e 310 f{correct 1:2:1 isotope pattern ) in its '
mass spectrum. No ler spectrum could be obtained for the dialcohol
QZ because of its near ingolubility inpmost organiC'éolvents. ‘Alcohol

%Z on refluxing for 22 h with hydrobromic acid (48%)125 containing a

i

small amount of conc.sulfuric acid gave 87% yield of the bromide g%, mp .
120-122 °C. The methylene protons were seen at & 4.56 in the Loy

spectrum and the compound also gave tpe correct molecular ion at m/e’

-

436 in its mass spectrum and CHN analysis. Although such an alcoholgto

.bromide conversion can be effected using phosphorous tribromide, it was

~ R

far more convenient to use H}drobromic acid for scaling- up experiments,

A A -
»
il
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especially because of thé difficulty of drying the alcohol 4nd the large --

-

volumes of dry.ether or benzene required in the phosphbrous tribromide ___

process.

The next objective was to convert 2,6-dibromo-3,5-bis(bromomethyl)-

toluene Q% .into the dithiacyclophane Zg.

4.1.2°  Synthesis of §,7-dibromo-6-methyl-2,11-dithial3, 31-
metacyclophane 8. '
The coupling of m—x?lylene dithiol85a %% and the dibromide
Q% unﬁer high dilution conditions using potassium hydroxide in ethanol-
benzene yielded, after chromatography over silica gel, 75% yieid of the

; »
dithiapyclophane126 ZQ! mp 172-173 fC (see'Scheme 5). The structure of

Ly
(.

8 81
: _ 8L
Br - Br HS SH

+ ~ +
Br r Br Br
“ %
' SH
i , EtOH, B . Br -
KOH ‘ (75%) ,
s 'S

Scheme 5 ‘ Br Br

8 was’estabiished on the basis of the base peak molecular ion at m/e



-

53
t

|
. 444 in its mass spectrum. The lHn;r spectrum of /8 showed the methylene
protons as two singlets which remained pncha;ged when the sample waé
cooled to - 90 °C, It.w;s assigned tBe gyn-stereochemistry Zgl(see
belo@) on the basis of its lﬂm; spectium by bompar?son with the known

syn-cyclophane gé (see Table 10) since the 9- and 18- aryl protons of

-

N

Fi-d




Table. 10, .lﬁmr data (8) for selected derivatives of 95.
oot 5, T
-)22 '6'82 © 6,91 127
A 6.58 . 6.66 120b
A, 6.50 6.58 128 '
18 7.28 (H-18)
6.62 (H- 9) 7.0 - 6.9 This work

Zﬁ appear at § 6.62 and 7.28 (those for 22 appear at § 6. 82)],'27 whereas
- ’ ’

if Zg existed as the anti-isomer, the 9- and the 18- aryl protons might
be expected to be shielded by the opposiﬁe benzene rihg to ca. 6 5.0,
The consequence of face to faée stacking of benzene rings85a is seen in
the shielding of the 14, 15 and 16- aryl protons of Zg which appear at

§.7.0 - 6.9

Table 11. “Cmr data (8) for some selected dithiacyclophanes

Compound Solvent '013‘ . C14 C15 Cg’ ’Cl, Ref.
. . C6 '3

95 m,cL, 137.7  127.3 128.7 132.1 38.3 127

B CD,Cl, 136.1  130.6 125.8 139.4 . 32.0 *a-

8 cpcl,  135.3  127.3 128.3 131.1  38.2  This

135.3 38.6 work.

*a Private communication from Mr. W. Anker, Department of
Chemistry, University of Victoria,

!

-
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Further Eénfirmation of the assigmed structure is provided by the
3Cmr spectrum of Zg which shows the bridge carbons at ca.'S 38
similar to those of syn—gg, whereas those of the anti-isomer’zz

at ca, & 32, shielded by the benzene rings below {see Table 1l1l).

4.1.3  Attempted conversion of ditiziacyclophane I8 to dibromo-

pyrene 15 or dicyanopyrene ]3A.
Ambng the methods available for the extrusion of sulfur
dithiacyelophanes, two of the most widely used approaches in our

are the Wittiglo5 and the Stevenslo3 rearrangement.

. : 1. n-BuLi or LDA ' .
S 2. Mel .
WITTIG —\
REARRANGEMENT -
s “ SMe
‘ STEVENS : .
REARRANGEMENT ,
1. (MeO),CHBF 98
2, KO-t=Bu or .
‘ - NaH
" Wittig rearrangement: S

T

Stevens rearrangement: \-2 ’

55
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" . '/‘j;/tﬂ ~ . R .-
. . o~
) ‘w1tt'ig ' - ’ + '}/(\);Q" s
15-°C or below .
- ' L 1. LDA,4,N, . R ‘
, . ¥ 2. Mel . ' ,
. ° . - p\’ y wITTib ) ° \ “ . - . /
- \’ - . & -
e S . Hofmann
‘ ) A Me 1. (Mg0),CHBF,
’ . Br o =>(102)
\STEVENS / ' w0 2. t-BuOK J
- . ' 4
e 1. (MeO),CHBF, —» (101). .
L : T 2. t-Buﬁﬁ 4 .%2% ) L §

- ) /
- . - . .
"

SRS < WIS o\ - U
? ® . "
o QO (12 (- J |
. Br Y Br Br [ B T "7 'Br | B, v
P L - i .
Scheme 6 o . ®
4 N ‘ . ' ‘ » N

Wittig rearra;gement of dithiacyclophane Zﬁ in dry THF using fithiuq

-‘diisopropylamidq or n-BuLi, both at 0 °C and at 15 °C (roopotemperaturex,

-

followed by the addition of methyl iodide gave the alkylated dithiacyclo-

‘phane gg as the major pfoduct,-along with-some of the desired %Qgg(see

. A ' ‘ . Q
. .
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©

Scheme 6). This appearéd rather unusual as Wittig rearrangements of ¥
diﬁhiacyclophanes are usually carried out at room temperature or-at 0

°C. When fhé’rearrangement was carried out at 22 °C and méthyl iodidé

added, the desired cyclophane %QQ was'pbtained‘aé a‘mix%ure of stereo-
isomers in 567 yield. It seems that the rearrangement of the first--
formed anion at or below 15 °C is rather sluggish, probabliﬁbecause the

bromine atoms which are ortho- or para- to the site of> the negative

.

charge can stabilize this.anion by indugtive electron withdrawl. Re-

i
.

arrangement at still lower temperatures (- 5 °C;’: 40 °C and - 78 °C)

led essentially to bridge alkylation rather than sulfur extrusion. It

[y
N P ¢

was also discevered that when the reaction was &caled-up, after the
addition of LDA was complete, the reaction mixture was.heated under
reflux for 0.5 h, cooled and then methyl iodide was added, it gave

77% yield of %QQ after chromatography. Attempts to isolate a pure isomer
- ‘\
of %gg_by recrysta on from various solvents failed. The character-»
istic -SCH3 protons of %mg appeareq as sharp siaﬁifts at § 1. 88 and
<1.85 in the ler spectrum and the compound"had the correct molecular
i
weight as indicated by mfe at 472. s &

’

Alternatively, treatment of ZQ with dimethoxycarbonium fluoro-

] , *
borate gave the Stevens salt %2%, mp 190-191.°C, as a white powder

y ) P
O O
§ +. 2BF, . . ZBF4
Me, SMe
] (::) 2 Me +9—Me

X X

=~

X X
102 (192, X = Br) N

" qeamx = @ C A Gos X B
| | (1014, X = CN)
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(867 yield). Stevens rearrangement of salt 10l with potassium t-

butoxide in dry tet}ahydrofﬁfan gave a:mikture of stereoisomers of the
. -

cyclophane %Qg.in 862 yleld. It was not'péssibie‘@o Eryétallize a
single iééﬁer‘from ﬁhis mixture. The peak;at m/e 472 inlghe mass
s?ec?rum along with the signal of‘thg --SCH3 protons at 6 2.2 and 1.1
suggested‘égg as the correct strucghre. Conversion of %QQ to the
bis(sulfénium)salt %Q% p;oceeded in poor yield (222) agd subs%qu?nt
treatment of 102 ;ith potassium ;detoxide both. at reflug.énd room
gemperature did not give a producl‘that éould be positively identified.

A . .
Hence this approach was<slightly modified to get to ‘compound’ ZZ.

Although in the early stages of cyclophane chemistry effective

-

" methods to convert a qyclopﬁane, e.gf, 104 to tetrahydrépyrane”lOS
- ' vy . YWy

were not well exploited, it has been accomplished in excellent yields

by a transannular reaction with pyridinium-hydrobromide perbromidell&
113
2.
by dehydrogenation of tetrahydropyrene 105 with DDQll3 in boiling
. LV .

(Py.HBr3) or with Fe-Br The subscituted.pxrené‘ZQ cédld be obtained

<

benzene or toluene (see Scheme 7). *

29 of 100 using Raney NickeIl, which contains

Desulfurizatigonl
AN

enough hydrogen for this reaction, is an ideal way of cleavirg the h

C-S bond to generate the'metacyclophane 104. However, when we

NV
attempted to cléave the C-S linkage using W-7 Raney Nickell§0

catalyst, the lHinr abectrum of the product and its mass spectrum

suggested it to be mainly 103 along with some Birch’reduc;ion product.
. N .o “

Thus hydfogenolysis of the aryl halidelBl had occured along with
~

N 131c

desulfurization., .Use of LiJNH3'pr Al(Hg) to effect a reductive
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C—S bond” fission failed to give 104 So this approach to the pyrgné

3

skeleton was abandoned for the moment.

- -

MeS
Li/NH

RaNi or & 2 “ )
— *

Br Br

=4
-

AR
J
Q.

=2

~

X = CH,0H

-
>
|
=
=
go
-,
!
N

CH,SH

g g
:
S

Scheme 7

As both Hofmann elimi;atign and desulfurization of %28 to yield the
metacyclophane diene(or the pyrene) and the métagyclqphane %2& .
respectively failed, an ilternative route to construct the pyrene 12
was attempted. Sulfinic acid eJ_.imination112 fr;m sulfones to generate
the alkene system has had some sﬁccess. Thus the rearrangéd prodﬁét.

%QQ was oxidized to the sulfome %Qg by heating a solution of %Qg in

1]
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Benzyne-Stevens .o
o s O
"Br Br

- £

Wittié or

Stevens

3
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benzene-acetic acid (1:1) and hydrogen peroxide (30%) for 5 h.(see
.o Mo . .

Scheme 8). This gave the sulfone %QQ as ,a mixture of stereoieomeré,_ﬁp
3
»>

120-141 °C. As in the case of 100, a pure isomr of 106 could not be ~

: . RAAS = A & '
obtained -by recrystallization process. The elimination of methanesulfi-
nic acid (MeSOZH) from igglwas attempted using potassiunm t-butoxide in

refluxing, tetrahydrofuran. - This d4d not give any pxoduct that could’ be

assigned*® the structure Zg or l&. Use of potassium carbonate in DMF132

- 1

did not prope to be any more useful. Thermal elimination of benzene-~ -

sulfenic acid (PhSOH) to generate the C=C bond has been reported by

.ot .
Boekelheide%%3 ‘We, thus ‘investigated such an elimination on the
sulfoxide 107 The selective oxidation of a sulfide to the correspond- w

ing sulfoxide witnout generation. of the‘sulfones has been'eXplored

' A ‘. * * :
~ .. A
rather extensively recently usihg,bromine/potassium bicarbonatel34a or

D 1
titanium (I11) chloride/hydrogen=peroxide134b as oxidants. Thus

.oxidation of lOO with bromine in aqueous bicarbonate solution gave 777

yield of the sulfoxide 10% as a buff colored product} While the éHmr . e
spectrum clearlx‘;ndicated a mixture of stereoisomers with the —SOCH3 ‘

. s -

: protons appearing as singlets at 6 2.77 and 2.74, its'lr spectrum showed

.

the characteristic S=0 gtretch ?Cc1040 cm:; and a peak at 505 correspond-

ing to MH confirmed the structuré as %21 'In an effort to convert the‘

¥

sulfoxide %NZ to the diene 77 and hence finally sto 75, a solution of 107

in N-methyl-Z—pyrroli&inone was heated ta reflux for 20 b and gave 6SA

-

yield of 1 3-dibromo-2—methylpyrene 75 as a yellow product mp 238—240

°C. The compound 75 proved to be highly insoluble in ' most organic

A
’

solvents. ler of the‘compound,‘along with the peak at m/e correspond—

-

ig to MH', confirmed the structure of 75.
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Neither pyrolysis'of %Ql at 500 °C nor thermolysis in sulfélane or

chlorobenzene proved effective to prepare Zg. As an alternative, the

dithiacyclophane ZQ was converted tb‘%gg via a Benzyne—Stegens
T8

rearrangement by ‘adding a solution of anthranilic acid in 1,2~
dichloroethane to a refluxing mixture of the dithiacyclophane ZQ and
isoamyl nitrite in 1,2-dickloroethane. The Benzyne-Stevens reafrange%33
product 108 (73% yield) was a Qale yellow semi-solid which gave

a small peak-at m/e 597 corresﬁzndingjfo Mat, While many_ methods are

A

available to oxidize sulfidg§ to sulfones, inc¢luding the chemoselective

oxidation using potassium hydrogen persulfatelBs, it was more

convenient to use hydrogén peroxide-acetic acid as in the earlier case.

"

'This gave sulfone %Qg (90% yield), which on recrystallization from

benzene gave colorless crystals, mp 308-311 °C and showed the strong

-

absorption due to sulfones at 1325 and 1160 cm-l. Various' base

A . ,
eliminations of benzene sulfinic acid from.&gg were attempted usging

*  Other trials include (a) t-BuOK-diglyme, reflux,.(p) t-BuOK-DMF,

reflux, (¢) DBU- t—-BuOK-THF, reflux and (d) NaH-DMF, reflux.

- A
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1

potassiﬁm t-butoxide, both with and without added 1,8-diazabicyclo-

[5,4,0]undec-7—ené'(DBU), in refluxing tetrahydrofuran; this did not

s

yield the diene J] or the pyrene {3

The reductive elimination of methanesulfonyl group has been
AY

achieved by the .use of chromous (II) sulfatel36 . which was found

1
L]

b

sultable as a selective reducin% agent in the case of compounds carrying

131c

halogen group bound on the aryl ring. Cérey‘et at. have used

aluminum amalgam.for the reduttion of B-ketosul%oxi&gs, B-ketosulfones

ana R-ketosulfonamides.

) COCH, S0, GH o ocH

R . R '

'R = 2-OH, 3-OH, 4-OH, 2-Cl, 3-Cl, 4-Cl, 2-OMe, 3-OMe, 4~OMe etc.

» ‘

&

Hydrogenolysis of phenyl sulfone %Qz using chromous sulfate gave the

metacyclophane 104, as confirmed by mass spectrum, but in disappoint- ’

.

ingly low yields (15-20%).. Usé of aluminum amalgam returned unconvert- -

ed'star?ing material. To see whether the elimination of benzene-
sulfenic acid (PﬁSOH) was any gasier, phenyl sulfide %QQ was‘treaQed
with btomine in the presenee of aqueous potassium.bicarbonate to'get
the sulfoxide %%2 in 71% yield, mp 543-246 °C; this was ;onfirmed by
the MH+ peak at m/e 629 in its mass Spgctr;m; No identifiable proaducts
were obtained by thermq%yzing.%kg‘in N-methyl—Z—pyrrolidinone.-
Brbmobenzene_%%g can be easily converted to Benz;l alcohol'%&g _

. B
4 ’ N

.-
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via its orgario-lithium compoynd%37\

L INRN

°

" Br ) o cuzon
o o

Treatment of Zg‘in dry tetrahydrofuran with n-BuLi, followed by addi-

Y

1. n—BuLiX; @@
2. HCHO : \

Br

Scheme 9 .

k)

()

, ~tion of paraformaldehyae and then réfluxing for 2 ﬁ did not yield
N \ - -
4ny of the dialcohol Zég;(see Scheme 9).
' A set of reactions similar to those tried earlier were carried

out -using the dinitrile %QQQ, which could be prepared from the dithia-
) F;clophane Zg ih two ways (see'Scheﬁe 10). wvon Braun reaction 138 of
,kgg ( p:eparéd from Zﬁ by Stevens rearrangement as shown in Scheme 6)

in-cdpfous cyan;de‘in N-methyl-2-pyrrolidinone under reflux

cdﬁéitions gave the dicyano-compound %22% (38% yield), tﬁe‘ove:-all

IYiéld¢jrom Zﬁ beihg 28%. In order to improve.the yield, Zﬁ was -first

ébnverteq to the dinitrile lgélwhich could then be subjected to the



Scheme 10 '

{ room

% , temperature)
&R

Stevens

von Braun
reaction

Hofmann

.

éN “—
AR 1R

—
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desired rearrangemegt.\‘ﬁeaping a solution of Zg in N-methyl-2-

pyrrolidinone under reflux with én'gxcess of copper(I) cyanide for 24 h 4

"

gave a 77% yield of the dinitrile ZQQ,,mp 235-237 °C. The presence of
molecular ion at m/e 336 in its mass spectrum along with the strong

absorption at 2220 cm_l for the -CR stretch in its ir spectrum
) {

confirmed its structure. Wheh a solution of Zgé in dry tetrahydrofuran

was treated with lighium diisopropylamide at 15 °C and the
fesul;ing diani;n quenched with methyl iodide, the product obtained in
§§z yield had a molecular ion at m/e 36@ corresponding to £92%. g
However, its,ler spectrum indicatéd it to be %%2 as shown by a doublet

at § 1:52 (J = 7 Hz). 'This was ‘probably present as a mixture of ésoﬁers,

as indicated by the ﬁp range, depending on the pseudo-axial or pseudo-

equatorial orientation of the entering methyl group.' This was similar

!
.

to the previous case of Zﬁ. Conversion of Zéé to the corresponding
bis(dulfonium)salt (937% yield) using dimethoxycarbonium fluoroborate
and subsequent tréatmént w;th potassium t—butogide in dry tetrahydro-
furan gave %QQA (25% yield) as a mixture of isomers, the protoﬂs of the

LYW
-SCH3 group appearing as sipglets at § 2.05 and 1.90. The mixture of

isomers of %Qgé,obtained by the von Braun reaction of the bromide £QQ’
was treated with aimethoxycarbonium fluoroboraté‘to give the salt (83%).
Hofmann eliminatzén, by tfeating with potassium t-butoxide in refluxing
tetrahydrofuran did not give any identifiable products that would

correspond to A, 64 or'J5A, The mixture of isomers A00A could not

be cleénly desulfurized to %Q%Q by using W-7 Raney Nickel.
As the Hofmann route'failed, sulfoxide thermolysis.was attempted

on the dicyano-compound %QZQ, which was prepared as a mixture of
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stereoisomers from %QQQ in quantitative yield using bromine in aqueous
potaééium bicarbonate (see:Scheme 1l). The Suiﬁoxide &Qlé had the

characteristic -CN stretch at 2224 c:m—1 whereas the absorption at

1050 cm—l corresponds to the sulfoxide (S=0 stretqh).‘ Thermolysis of a

refluxing solution.oquulfoxidé %glé'in N-methyl-2~pyrrolidinone’ did not
~ . L ' / .v i . s

lead to the dicyanopyrene {24+ When the dipitrile was reduced with
diisobutylaluminum hydride, it gave what appeared to be mostly the

. . b3 ﬁ_ .
sulfide 1QQA with the -CN furctionality untouched as indicated by the

X m,x=dno

100B/C 100C, X = CHZOH N -

. - 1904
)tRaNi

1

r Br Br Br

Sc e 11 . \\’ . %832 %922

[
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ir spectrum. No evidence for the presence oft%gzg was obtained, As,

the reduction ag the dinitgile to the dialdehyde failed in the presence
of a sulfoxide functionality, diisoﬁhtylaluminqm_hydriae was added to

a solution of the dinitrile A00A in benzene to give the dialdehyde %ng

< %

(97% yield) as a mixture of s;eréoisomeré which had the aldehydic protons -
at 6 10.72 a;d 10.66. Sodium b&rohydride reduction of the dialdehyde

%QQR in tetrahydrofuran gave 917 yield of the dialcohqi &QQE' ihe_

scheme en;isaged hydrogenolysis of the C-S linkage of %Qggiusing Raney
Nickel leading to %QQE, which could then be converted to the ﬁetrahydro-
pyrene 2222 via the metacyclophane %QQE. However, Raney nickel treat-~ l
ment ?f the dialcohol‘%ggg,lgd to the reduction of ;ot only the C-S link,
but it also resulted in some reduction of the benzylic alcohol to-thg
cgriespénding toluene, Tﬁis was confi;med by iefluxing the résuiting
?lcoﬁol with éoncent:ated hydrobromic acid (48%)'and the ler ;pectrum ,
of the product indicated more than. one methyl group. So the approach

to Bromide %QQR from the dialcohol %ggs failed,

»

4:1.4 Pyrolysis of *sulfone to yield metacyolophane 1Q4.

&

The routes attempted above ih-which.generation of a neg C-C bond
or C=C bond systems from two.C-S-C bonds of a dithiacyclophane by chemical
. reagents did not prove to be particularly useful. Pyrolysis, however,
is a method which is often not explored. It has, howeverh been used as
a technique to generate not only C~C bonds but also N-N bonds in some

cases,’.as shown below :

-



) l AN ( 130 5
o Ref- . 3 a
700 °C _ o
: cin, )
» l 7 *
NAA
1. 750 °C 1 |
. .y (::) (Ref. 139b)
2. NaOH ' N b -
) TTI
' e L
R N/R )
oo ,Ph ‘ ) ) ‘ ) %A%/%
l Pyridine, @ 3 <=0
: 2 \ 25 ° R . .
. R c & ST . Toluene| *
N Z. NHR ' . (Ref. 139c)
¢ . s 2290 °C ¥ ,ph ‘
. ’ C§ - !
. R3/// NH Pyridine ’ N
. [+ . s
+ . 90 °C 37 NN/ R 123
01230 -

-

Such thermolyses or even photolyses have been apﬁlied to the synthesis
110,140,141

’

1 ’

of cyclophanes. For example,-the photoextruéion of sulfur

140,142 143a

sulfur dioxide

or carbon dioxide from the ‘sulfide, sulfone

"or ester precursors have been useful and result in high yieldé.

. | ) _
Y N
Z.=S, 50,, . , -
- —
« 0, - . <
. .

.

t.
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reviewed, = The sulfone pyrolysis approéch‘results from a facile

70 s

More génerally, however, pyrolysis has been used. . This has been recently

-

extrusion of sulfur bonded to benzyl groﬁpe forming relalively stable,

v

o

hydrOgen~petoxide in acetic acid to the corresponding suffohe %%g in

’ IR %
.92 %, yield (see Scheme 12).

» «

insoluble in chloroform, dichloromethane benzene etc,, was confirmed,

/HAc
2 2 3

€92%)

- Scheme 12

-

not give good yield 9§

- . -

LA

-

(49%)

4,650 °C
—_—

The structure of 126, which was highly
VY

by ler in CFéCQZDJBS well as by the peak-that was seen at m/e 509

" ever, &rblysis Of %zg undgghlow p;essure at 650-700 °C gave a smooth

» radicals during desulfurization, in'eontrast to sulfur borded Eo alkyl

v

groéps. ﬁith this in view, dithiézyclophane'zgnwas oxidized using .,

. corresponding toe EH P ftoextrusion of’sulfur dioxide from %%2 did

4 and it éould not be scaled—up easily. How- ,

“ .E . reactioh which was complete in about 2 minutes and gave 49/ yield of

5

cT 4 6—dibromo-5-methyl[2 Q]me;gcyolop

Y

. e -

-

'
-

kgé as a pale xellow powder, mp

g 1153+ 117 °C. The %&fernal prdt&ne at positionS'B dhd 16

AY

Y
v

are i?ll shielded
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by thebbpposite benzene ring as the cyclophane has an anti-configuration

and the ipternai protons appear as singlets at § 4.27 and 4.41 *

resﬁectively‘. The protons of the ethano~bridge appear as a‘ eomplex
% . ‘ .

AA'BB' system and protons of the methyl group appear as a sharp singlet.

- The compound %Qﬁ did nmot exhibit any temperature-dependant ler

spectrum.‘ Table 12 indicates the chemical shifts of the internal protons

of cyclophane kgé along with some other cyclophanes.

¥

s ’ -
Table 12. ler data (8) for the internal protoné g
’ -of some metacyclophanes. .
Compound ) . s Ref., ,
[2,2]metacy¥lbphane )
internal’ 'H' : 4,17 144
. 8-methyl[2,2]metaeyclophane . *
internal 'H' " 3,72 \
145
internal 'Me' : - 0.48
4,6~ dibromOwS-met:hyl- — S
[2, Z]metacyclophane ) i .
}N\, ’ ; ‘ .
. N . 4.27 This
’ H-16 441 work. v
* ) ) . ;
7, ' . ' . ’ V4

‘Having obtained 4 6-dibromo-5-methyl[2 2]metacyclophane l04 the next !

objective 'was its conversion to the bis(bromomethyl)-compoung %QQR .

.

or kgég which, it was hoped, would be more soluble than the bromopyrene

N

Zg or-the bromemethylpyrene'ig. :
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4,1.5 Conv%rsion of:metapchOphane 104 to 1,3-his(bromomethyl)-

2-methyl-4,5,9,10~tetrahydropyrene LO5P

The two routes for the Fonversion of the bromide %Qﬁ to %QEQ
ate shown in Scheme 13. ’4,6-Dibromo-5-methyl[2,2]metacyclophane 104 .
in carbon tetrachlor%de was treated with bromine in the presence .of
iron powder and this gave 98% yiela of the teLrahydropyrene %22 with .
the transannular lOB,lOc-bond‘ih place. Conversion of the bro@ide AQ2
to the dinitrile %22& wasAreadily accomplished in 41% yield by using
_cuprous cyanide i; N-methyl-2-pyrrolidinone. Thé dinitrile %2%?, mp
224-226 °C, showed. in its ix spéctrum.thesﬂni4§3xn£hvaew223d Em-l and
in its mass spectrum the molecular ion at m/e 270 corresponding to the
dinitrile. Reduction of the dipitrile Q74 to the dialdehyde &ng‘was
achieved in 80% yield by using diisobutylaluﬁinum‘hydride in hexane.
The dialdehyﬂe-égék; mp 147-149 °C, showed the aldehyde proton at s
10.72 in its li{mr spectrum, the aldehydic carbon.at 194.2 ppm in the .
13Cmr’ spectrum, the carbonyl stretch at 1682 cm-l in;its ir spectrum
and the molecular ion at m/e 276, with peaks indicatipg ioss of -CO
and —CHO'groqps, in its mass spebtrum.' T@eisodium borohydride ,
redt.zctiofl of the\‘ dialdehydew in tetrahyc}rofura’t;z led to-the required.
bisKhydroxy;etHyi)%etrahydropy?ene %QEE» mp 190-}82 °C, in 92% yield.
In the ir spectrum of %QQE the carbonyl zﬁsorptioﬁ was absent and the
-OH stretch of the alcohol appeared at 3280 cn L. " The dialcohol 105G,
on reflux;ng with hydrobroﬁicjac{d (48%), gave l,3-bis€bromométhx1)-2-

. . . - k3

’

A:methyl-k,s;9,10-tetrahy§ropyreﬁe'%ggg; mp 208-210 °C, in 74% yield.

. ,The strdéturg of %QER was clear from the mass spect:um.with the -

[
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1. CuCN (L04A, X=CN, 87%)

2. DIBAL(%%Q, X=CHO, 89%)

73

k/ .

4, HBr

1. CuCN (kggé, X=CN, 41%)

~ ' N
3. NaBH4(kQﬁ£’ X=CH,OH, 97%)

(%Qég, X:CHzBr, 57%)

1. By /Fe

S

2. Thiourea

3. o .. :

| “ 2. DIBAL(JQSB, X=CHO, 80%) “

> —>
3. NaBH, (105€, X=CH,OH, 92%) ©

Br Y 4. mBr (L05p, R=CHBr, T4m) X X
5. 1) Thiourea, ii) oH :
%Qg (%ng X=CH SH, quant.) kgg .

Scheme 13

molecular ion at m/e 406 (correct isotope pattern) and the singlet

expected for the protons of the -CHZBr group

at 6 4.60 in its ler

spgctrum. The qverall yield for the conversion of 104 to 105D was 22%.

L4

a

- In order to investigate a method for improved yield; the bromdide

%QQ was converted to the dinitrile %QQQ in 87% yield by using cuprous

cyanide. The diriicrile,%, mp 201-202 °C,

1
«\\EZZO-cm_l in its_i‘ spectrum and a molecular

\
‘ peak indicating the losg of a methyl group.

showed the -CN stretch at

ion at mfe 272 with a

Reduction of dinitrile 104A
e . NN

e

.
.
.

-
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with diisobutylalumipum hydride in benzene afforded 897 yield of the

diéldehyde AQ4B, mp 128-130 °C§ the étqucture of which was evident from

~ the aldehydic proton at § 10.70, the carbonyl stretch at 1690 qm—l and

a ‘molecular ion at m/e.278 in its 1Izlmr, ir and mass spectra respectively.

Further reduction of kgmk with sodium borohydride in’ tetrahydrofuran

.

) gaqﬁ the dialcohol 104C in 97A yield. The dialcohol 104C, mp 214-216 C

showed a hgoad -OH absorption at, 3400 cm -1 L in its 4T spectrum and a-
¥,1 T~
molecular ion at m/e 382 in its mass spectrum. The dialcohol 10%4C ~ave‘
NSV

, on heating with hydrobromic acid (48%), 57% yield of the bis(bromomethyl)

compound_kgégg mp 191-192 °C. ,Its structure was_confirmed by a mole-

- 4 < ~
cular ion at m/e 408 in its mass spectrum and the protons of the -CHZBr

group could be seen at § 4.65 in itS'}Hmr spectf%m. Although Misumi146

~

has reported the. generation of a transannular bond in metacyclophane

, . ¢
systems carrying bromomethyl substituents on the aryl ring as in %%Z

and %%é, it was found difficult to obtain pure %Qék by treating iQQR
.with bromine in presence of iron powder.

B_rHZC~

gHzBr
: AR

T

- * " - LR .o

. Oxidative coupling reactions have also been .carried out using silica-

147 7

bound ferric chlo:ide147 as well as by'electrocheﬁical oxidations™ . .

For example 5,13~ dimethoxy[Z Z]metacyclophane A29 can be oxidized
W . !_._

7

L e,



. ~ to 2,7-dimethoxy—4,5,9,10—tetrahydropyrene 130. Attempted oxidation of

- - > - ~——— ———— b

&Qﬁg with ferric chloride did not, however, give pure %QEB

e N

, THe bromide 1, 3-bis(bromomethyl) 2—methyl -4,5,9,10- tetrahydro—

. e v ——— e ————

pyrene kgzD obtalned by the alternative route indicated earlier was
converted quantitatively to the bis-thiol AORE f)hrough the inter-

mediate bis(isothiouronium)salt using thiourea and then base in the

‘normal way?sa The dithiol &gzgﬁ mp 146-148 °C, required for synthesi-

v

zing QQ’ showed a strong opleculér ion at m/e 312 in its mass'soectrum

v H N" "‘NH )
, car-cipre NN, Ar=CH,~S ﬁﬂm A rec s -
.t . ’ @ @ .-—._9 . 2
s (iSOthiourdnium salt) thiol R

s

and the structure of the dithiol kgzg was eyidént from its lHmr spectrum.

The doublet (coupling constant, J =6.4 Hz) for the —CHZ-S protons at

§ 3.85 and the ~SH triplet at § 1.64 were typical of a benzylic

-

: thiol., The other two thiols vii., 1,3-bis( thiomethyl)-2-methyl-

‘&napbthalene JLA and 2,6-bis(thiomethyl)toluene [ required to ultlff®tely

’

iy
Wuvﬂn’m bod

k

~ oo Tk : i
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generate 47 and 46 respectively were prepared from the dibromides 2k
and 64 by following the method adopted. to comvert the dibremide %QQD to

# the bis-thiol %QQE. With all the desired thiols and bromides at hand,
tge couplings to obtain theidithiacycloehanesten route to the

+  ‘benzannelated systems 46, 47 and 48, were next -tried.
- \ 'V\J

4,2 Synthests o% trang-10b, 10c-dimethyl-10b, 10c-dihydrodibenzo [ed, tm]-
‘perylene 46 and trans-10b,10c-dimethyl-10b,10c,13,14-tetra-
hydrodibenzo(cd, Imlperylene &3 .

_Coupling of the bromide,kgég and 2,6~ bis(thiomethyl)toluene858

T et

T 2 S e —r————

under high dilution conditions using potassium hydroxide in ethanol-

. benzene yielded, after chromatography, 67% yield of the anti- idomer

%gk& and 7.3% yield of the syn- isomer,k%kk (see Schemé 14).

3

3-0-
30-
3@@»’

ﬁW

A

’ =
Scheme 14 . | (anﬁszegmer) syn—zsomer)
¥§K ) ’ a <«

k@) .
W
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The anti~isomer %3%&, which was elutedvfirst, crystalliced easily from
benzene-cyclohexane as white needles and had mp 252-254 °C. °, The

structure of 131A was egtablished on,Ehe basis of the molecular ion at

m/e 428 in its mass spectrum and by the ler spectrum which showed the

av
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internal l3—CH3,at 6 1,38 and the 22—CH3 at § 1.18 (ef. antie Z%?Sa ,
_CH3 at § 1,30 whereas in ‘the case of anti- %Q%glés the internal
11-CH, is at 6 1.42 and the 20-CH., is at 6 0.92). However, the 13-CH

3 3
(6 2.48) and the éZ—CH3 (% 2.44) of thelsyn—isomer AJAB appeared like

3

those of the syn- Z%Q (6 2.54) at the position usual for an aryl methyl

group. In the case of syn—‘%g%g, the 11-CH., appedred at § 2.62 whereas

3
the 20-CH3‘appeared at § 2.45 in the 1Hmr. The 3yﬁ—isomer, which was
obtained as colorless crystals, had mp of 198-200 °C. The 18-,19~ and
20- aryl hydrogens(§ 7.5-7.2) and the 7-,8- dnd 9- aryl hydrogens of the

anti- %%%Q (6 7 12) appeared at the normal region. ‘In the case of syn-

ké&g however, the 18— 19- and 20— aryl hydrogens were shielded by the
opposite benzene ring and appeared at § 6.91 (d, 2H, J= 7.2 Hz, H-18

. and H-20) and § 6.4(t, 1H, J= 7.2 Hz, H-19) whereas the aryl hydrogeﬂs

of the tetrahydropyrene moiety ﬁere seen as an 'A_B' multiple& at

2
5 7.08.' The methylene bridge (CHZ—S-CHZ) protons of the anti-isomer
%2%& appeared as two singlets at § 3.87 an& 3.67 whereasg the metﬁylene
bridge of the syn-isomer %3%% appeared as an 'AB' doublet at § 4.19
_and 3.77 ( 3= 15.3 Hz) and a singlet at 6 4.01. The protons of the
-CHZ—CHZ- bridge in both the antzkisomef A31A and the#fsyn-isomer A3LB

. appeared at about the same region. The shielded anti-methyls of %ék& ‘

can’' also be noticed in the 13Cmr spectrum a¢ § 15.7 and 15.0, Vhereas) v
those for the 8yn-isomer %Q&E appear at & 18.5 ‘and 16.8. The trend h
is gimilar to those of the anti-isomer %%%Q (6 15.3 and 14,9) and
syn-isomer 132B (6-17.6 and 17.3).

Wittig rearrangement105 of anti- &%&Q proceeded smoothly with

n-BuLi, followed by treatment with methyl iodide to yie1d€Quantftapive1y .
-

.
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%%%& as a mixture of stereoisomers (see Scheme 15). ~The protons of

=

the -SCH3 group of %%%& appeared as a series of inglets at § 2,60,

~

2.12 and 2.08 and the mixture of stereois rs showed the molecular

ion at m/e 456 with peaks correSponding/to the loss of methyl and
sulfur fragments. The mixture of s reoisomers of %%%Q were used ,
directly in a Hofmann eliminat}én step by first treating with Boroh149
reagent, i.e, (Me0) CHBﬁﬁy'to yield the greéniéhlgrey sulfonium salts
%3%@, mp 197 202 °C, in 87% yield. On treatment with potassium t-

butoxide in reflux1ng tetrahydrofuran, the salt kééé underwent Ho fmann

. elimination to give 43% yield (from A334) of mainly 134A. The

shielded internal methyl group appeared at 4§ - 3.81 and - 3.89 in the
}Hmr spectrum. The presence of the partially oxidized product ég

as well as the completely dehydrogénated product ég in the resulting

r

mixture, as seen in the ler of the product,suggeéts the susceptibility

of %%ﬁé to oxidation. A recent review by Fu and Harvey150 deals with

»

the dehydrogenation of polycyclic hydroaromatic compounds. The use

of 2,3-dichloro—5,6~dieyanoquinone (DDQ) to aromatize dihydro-systeme

like l,44dihydtobenzocycloalkenes 151 or tetrahydro-systems as in

' _-t:etr:ahydropyrenelur is weIl known. Attempts to, .oxidize a refluxing

solution of k%wé in benzene with DDQ gave trans—lOb iOc—diuethyl—
10b lOc—dihydrodibenzo[cd Zm]perylene 48 but the yields were poor

and vargable (3-20 /) However, the fact that Hofmann elimination

" using potassium t-butoxide gave not only %@éﬁ but also the dehydro- -

' genatedfproducts ég and 46 suggested that we could probably carry out

the dehydrogenation'of %émé using the metal alkoxide as the reagent."

The utility of metal ‘alkoxides for dehydrogenation, although little
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152b

lSZa' and Barton

M )
. c
used, is not without precedence. Both Pines >” have

used alkoxides in sulitable solvents to effect’dehyarogenétion. With
this in mind déﬁydrqgénation of kgéé, which alreé&y contained some

Qg and éé,'was c%;ried out by heating ; solution of‘%gé& in tetrahydro-
furan wiéh potassium t—butoxidg when trans- égiwas obtained. in 71%
yield. The peryleﬁe ég, mp 198199 °C, was obtained as orange-red

crystals on recrystallization from methanol-benzene and it was .

N
- - r

characterized by its moﬁecular ion at m/e 356‘ih its mass spect¥um

as weil as correct CHN'analysis.. fﬁgc ﬁg waé actu%;ly the proddc§
isolated,ratheé than *the cyclophane-dieﬁe égA% was clear from thelﬂmé.
spectrum of the product whiéh éhowed the‘protons of th; infefnal mefhyl
group being highly shielded at 6 - 4.19 and ~ 4.28 and by the presence
of the shielded Qridéing qa;bons carrying the methyl groups appearing

;t 6, 30.§ and 50.4 in -the 13Cmr’Spectrum. In order to obtain a pure
sample~of‘%%,.partial-dehydrogen;tion of %%éﬁ was necessary., Use of

ﬁibromosuccinimide—baseis3 or n—BuLi—Cd(II)lSé to effect such partial

-

dehydrogenation did nos/prove to be useful., However, the désired

hydroaromatic éor_npéund 45 was readily obtained as a red-brown product

- . ‘

in 81% yieldlby‘using 1.1 equivalenfiof BDQ in benZene and finaily .
, ” ) .
se?araténg the desired product by«usiné high'preséure liquid chromato-

graphy. °Its structure was confirmed by the peak seen at m/e 359
'1 . . ., s ’
(MH+Y in Yits hass spectrum and the interndl methyl protohs now
- L 4 ¥ * .,_ ' R .)‘ tﬁ
appeared as a singlet at '§ =~2,78, a downfield shift of ~ 1.4 ppm from
SR ' . - LR :

.
L

those of the completely deﬁyérdgénaped,bfoduqt_ég.f~ L

s " ."‘ " ,

A ]
-
s
»
'
-+
bl

"
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4.2.1 , Synthesis of cis-10b,10c-dimethyl-10b,10c-dihydrodibenzoled, lml- -

s

perylene 46C°

.To ensure that the 8syn-isomer did not undergo any conformation-
L 4

al interconversionlo3 during the rearrangement of the dithiacyclophane,

[
the syn-isomer L%%E was subjected to a Stevens rearrangement rather

than a Wittig rearrangement. Treatment of m with dimethoxﬁcarbo‘nium
fluoroborate gave the corresponding Stevens salt in 99% yield and

subsequent treatment.wif:h s¢dium hydride in tetrahydrofuran gaye the"

\ ., : . . s \: . .
, R | (Me0),CHBE, | gy

- -

.
<
O n
_ DDQ, ¢H -
———
N
¢ 2427) r
. ’ Me
2 ~
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’
: O ‘ ’ ‘
N . R
P .
[ ’ ’ hd s v
- e
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. ] R @ 2. hd -~
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.
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k4 v v L AT
: ' . RN . Y S
. . N . [ ~ . L T . ,', '.‘f‘
{;‘ ‘;‘ . - ‘ 7 ¢ -~ - " . H - . a 3
e - " ’l' ' "i ’
" . P % : ﬁv - 3 ‘a'
LA} o . o Wit .
. 4 t : - - 5 . L = . . (PSS ] s
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. QL. .
. , : Stevens “ o
‘ 1. (Me0) oCHBE, ~ @ |
, S, S .. 2. NaH HeS ” Stie,
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rearranged product 132B (33% yield} as a mixture of atereoisomers.
\ - -
que Scheme 16). The signals due to the protons of th%?;§CH3 group and K
- . > . « -

the internal methyl group overlap and hence cannot be assigned .

definitively. However, the molecular .ion at m/e’ 456 ie evidence;that
the rearranged anion had beeg alkylated suécesafully. As in the '
‘-eaQEZer case, kémm was remethylated using dimethoxycar&onium fluoro; . K
borate in 84% yield and Hofmann elimination :using potassium t;butox1de
in tetrahydrofuran gave 30% yield of %éég' The lHmr of %3%% showed the ' 7r
.shielded internal methyi grougs at § - 1.82 and ~ 1.89 and the presence
‘of‘partially oxidized hroduct wasg indicated by the singlets seen at ' g
6 - 0;99 and - 1.44, Dehydrogenation of &%&k has carried out by
. refluxihé a solution of é@éﬁ in'benzene with 2,3-dichloro—5 6-dicyano-
quinone to give cis- 46C as a pale yellow green solid ip 24% yield
The ‘protons of the internal methyls of mgg appear at §- ﬂhl 85 and ; ’

© =2.14, unlike the internal methyls of méé which ;are-much more .

- ¥
- . .

shielded. ~ . ) s ‘Q}B L :, . e
. : . ) - " P e A} -
g O
4,2,2 Synthesis of trans-lZc, 12d—dzmethyl 1 20, 1 Zd-dzhydrobenzo-
..:l, \'
[ret]naphtho[S 1 2-cdb]pentaphene ml _ ' ;- .

o The bis-thiol Q%Q,was obtained from 2,.’3—«':1:i.methyln.apht:hal!.en;els’5

P

in-7 steps in an overall yield of about- 7%. Coupling of the bromide @
\ T

%QQR with the bis-thiol 2&% proceeded smoothly to give, after column-

chromatography, 627% yield of the _antv—dithiacyclophane %%éé and 114

yield of the syn-dithiacyclophane %gék (see Scheme 17). ° = 4 ". cr T

'
’

The anm-isomer m mp* 226-227 °c,’ showed cfeam’!.y;xpeék:

". ' » -~
_at mfe 479 corresponding.to MH . Its/structure was established by,ﬁts - p
' * . . [ f.
¢ o’ ‘_ " ¥
~
- [ '4 . N R ;‘ R o
- . LY \ E“‘ ’ - ! ’
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anti- L37A (82%)
syh~ L3R (50%)

.
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)

Scheme 17
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Wittig
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‘
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\

‘ THF, &

trans-138A (122)

.cie~138B - (23%)

Stevens
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syn -lgg%(ll%)

anti -kggé (59%)
syn -L36B (77%)

' trans-47  (70%)
cis—ézg (30%)
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1Hmr'spectrum which showed the internal meéhyl (ll-CH3) at § 1.50 and

24-CH, at § 0.72 (ef. anti- 131€ : 11-CH at 6 0.92).

3 3 3
'd ¥ ‘
In contrast, the 11—CH3 (8§ 2.63) and the 24—CH3 (8 2.49) of the syn-
. ) ‘ N

at 61.42 and 20-CH

isomer,%ggg like’those of the-syn- %%%R (ll--CH3 at & 2f62 and 20-—CH3 at

§ 2.45) were normal for an aryl methyl. The syn-isomer %%é% was

[ -

o ;ecrystallized pure from benzenetcytlohexane, mp 204-206 °C, and oniy .
¥
B-9, which appeared as a doublet at § 8.0 in the ler, seemed to be
deshielded because of tie thiacyc10phaﬂé bridge, similar to the
1,8~ interaction in naphthalene. In the anéi-isomer &ééﬁa again the
ﬁ:9 proton at § 8.29‘appeared to be éeshiélded._ Thg protons of the\
—CH2~S—CH2 bridges appeared'separate from the —éHZ—CHZ bridges in‘fh%
case of the syn-isomexr but overlapped in‘the case of the anti-isomer.
The shielded methyls Bf the mti-isomer %22& canbélso be obngved in
the <carbon ,spectrum at § 16.3 and 15.4, whereas those for the syn—igomer

L

. ARB are seen at § 18.8 and 18.1.

Wittig reartangement.loS of anti-%éé& occ;rred with n-Buli and the
a?dition of methyl iodide gave the rearranged prpduct %%QQ in about
607% yield, as a mixture of stereoisbmers.‘ ler of %%Qé showed the

prozons of the -SCH, group as a series of singlets in the région § 2.30

3
- 2.14‘and the shielded interné& methyl groups appear-at § 1.62 - 0.97,
again as a series of s;ngle;s. Treatment,wfih Borch149 reagentﬁi.e.;
Qimethoxycar§onium'fluoroborage, gave the sulfonium sélté %RZQ in2§2%
yield and'subsedhent Hofmann~elimination with potassium t-butoxide in
tetrahydrofuran gave lg% yiéld ;f the hydroaromatic‘éompound légé. The

internal methyl protong'appearrat § - 1,41 in the case of 38A,;confirm—

ing that it does not exist as the open cyclopﬁane-diene,valence tautomer.
N L -
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A smaller singlet at 6 - 1.35, probably’due to the dehydrogenated
product, could also be seen in.the ler of %%éé' As seen in the earlier

case of trans—isomer 46, oxidation of %%mé'ﬁith potassium t~butpx1de

™

-in refluxing tetrahydnofuran gave trang- NZ in 70% yield,’ mp 219 -

221 °C. The shielded internal methyl protons appeared at 6§ - 1.35 and
- 1.41 in the ler spectrum and the peak at m/e 407 (MH ) was .

added confirmation of the structure of trans- 47
v %'.

-

4+2.3 Synthestis of gig;lZc,124—démethyl—12c,12d—dihydrobénzo[rst]r
- naphthol8, 1, 2-cde lpentaphene 47B. ’

i

+  As shown in Scheme 17, the syn—dithiacyclophane %gzg was first”

methylated using Borch reagent and the rearrangement of the Sulfonium

‘

salts successfully accomplished by using sodium hydride in dry

tetrahydrofuran. This gave. %éék as a mixture of stere01SOmers in an

overall yield of 77% from %%2&. .This mixture'was used directly in the

Hofmann elimination step, by firstly reacting ‘with Borch reagent149

to get the sulforiium salt %%ZQ (50% yield) and then treatment with

S L4 \
potassium t-butoxide in dry\tetrahydrofuran at~ room temperature to give -

. ,

23% yield of &%@% as a red- prodpctﬁ The protohs of the shielded

internal methyl group appeared at 6 0.05 and - 0 08. ler also

-

indicated that some dehydrogenation had taken,place the peaks due to
[4

the partially dehydrogenated system appearing at 8 0.49 and 0.45

[y

(CH groups at positiorig .12c and 12d). Dehydrogenation of %%QQ with ’

) potassium t-butoxide in dry tetrahydroﬁuran gave, “on’ refluxing for

’ -

0.5 h under nitrogen, 30% yield of the cig-isomer QZN The shielded -

internal methyl protons of cis- isomer hlk appeared at 6 _40.1Q and -0.14.

’

» : “ . : \ -

. L'y
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4.2.4  Synthesis of trans: trans 14e,l4d-dimethy1- 140,14d—dzhydrobenzo[rst]-'
dinaphtho(8,1, 2 2de:2',1', 8'-kim)pentaphene 48.
To get.the thiaqyclophanes %22& and %%2%, coupling of the .
bromide %QEE and.tﬁe bis—thiol.&ggg was carried out ih alcoholic
potassium hydroxide under high dilution ¢onditions, whereby the anti-

isomer %%gé was obtained pdte in 54% yield after chromatography (see

-~ . -

: Scheme 18). However, it was not possible to get a pure sample‘of the

syn isomer %%2% free of the anti-isomer ( as seen by lHmr)

-4

A sample of pure anti-isomer %%2& recrystallized from benzene—

cyclohexane had mp 289-291 °C. 1In its lﬂmr spectrum, the protons H-7,

*

H-8, H-9, H-20, H-21 and H-22 appeared as an 'AZB' multiplet at & 7.12
and the internal methyl protons appeared shielded at 6 1.32 (ef. 6 1:30

, for;—CH3‘of dnti—l%) and .the compound had a peak at m/e 557

chrresponding to (MH+). 'fhe protons of the internal methyls of the

'syn:is%merykégk appeared at 8 2,14 (by subtracting the spectrum of the,
. ~ ] . l . (
anti-isomer). In the 13Cmr spectrum, the internal methyl carbons

- appeared at $ 16.0. This was then converted to anti-éggé.as a mixture

of stereoisomefs by Stevens rearrangement - in about 76% yield and ler
a.
-of the product showed the singlets due to -SMe groups at § 2. 82 and

»

2,21, As in previous cases, %NQQ was. remethylated to %N&Q in 577 yiedd

-

‘using Borch'reagent and hofmann elimination with potassium t—butoxide

in dry tetrahydrofuran gave trans—kmgé The ler of km%é 'showed the

[y

&
. shielded internal methyl protons at § - 4.10 ch.‘those forhlS,l6—

dimethyldiﬁydropyrene appear st'&'- 4.25). The peaks seen at § —3.20

L v - -

corresponded to the internal methyl protons of the dehydrogenated

product:trans- QQ. Attempts to dehydrogenatevéégé using potassium

\
) LN
N
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(SR

2
t-butoxide resulted +in the disappearance of the signal at § -3.20.

leaving behf&d the one at § - 4,11 that actdally cornesponds ta the
~unoxidized %N%Q Hence a pure sample of 48 could not be isolated .

As the syn-1398 could not be obtained pure, the sequence 1eading

to the formation of éﬁ% could not be followed up.

b Y

4.2.5  Nitration of benzarmelated perylene 46
The nitration of ég was undertaken to examine whether benzanne-
lated perylene éQ would exhibit the substitut(ion reeption typically
associated with benzene. Such electrophilic substitutions have been
156 - 63b
carried out on [18]annulene 2, 1,6-methano[10]annulene &Q and,

trang-12c,12d-dimethyl-12c, lZd-—dihydrobenzo[e]pyrenelS6d é%.' Undef very

mild conditions, cupric nitrate in acetic anhydride at 0 °C, niﬁration N

of éﬁ followed by segaration on a Varian High Pressure Liquid Chromato-
graph unit gave three nitro compounds, of which two could be identi-

fied (see Scheme 19) ) -

The compound that came off first from the column was obtained as
dark reddish black crystals:kél, mp' 222-224 °C; 222.:itro compound . iwl
also indicated a peak at m/e 402 ( M ) and hepce this was clgarly a
ﬁbnoniéro derivative. The secqnd compound to be eluted %ég, mp 228 -

:230'°C; hég a slight greenish tipge and this also exhibitedia‘qeakl
at m/e a02~(MH+). " Thus both the,derivatives obtained were actually ’

?

mononitro compounds. In the ‘case of 15,l6-d£methyldihydrqpyreﬁe %2,

‘nitration occufs at position C-2 whereas in the casehof pyrene itself
it occurs at the C-1 position."The dibenzannelated penylepe leis

characterized by both a dimethyldihydropyrene nucleus as well as a
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acetic anhydride 0 °C
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[ xl or X2 or X3 or

NO,
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Scheme 19

X& = -NOZ] .
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pyrene ‘nucleus., , So one might expect the incoﬁing nitro‘group to
attack the position C-1 or C-9 in .such a case. The ler of both %mz

and lmg indicated the protons of the internal methyl groups at §

1§
- 3,99, - 4.03 and -3.92, - 4,00 respectively, whereas the internal

methyl protons of QQ appeared at & - 4,19 and'- 4,28, This cég be .

>

compared to the internal methyl protons of the 2-nitro-43 at § - 1.85
. . N .

-

‘ (8§ for é% is -~ 1.85) and - 4.03 for 2rnitroﬁ%§ (§ for 25 is - 4,25),
. . Wy
Thus ‘the entry of a nitro group does not seem to affect the chemioal

shift of the'protons of the internal methyl group as seen by the

- .

ler spectrum of the compounds under conéideration The low fielo
ler spectrum of lmz (see Fig. 12) has a triplet at)% 8. 14 (lH)

and a sharp singlet at 9.93 (2H). The rest appeared as doublets, in
fact 9 doublets ( one of the doublets torrespohgs to 2H), and thys

accounts for 13 hydrogens However, 1Hmr of %Ng (see Fig 13) showed

4
a sharp singlet at*$' 10, 54 (1H) and two triplets at § 8. 58 (lH) and

8.14 (1H) along with nine doublets (, corresponding to 10 hydrogens)..

The parent compound itself has the'@riplets at 5 8.28 (ﬁ;Z) and.8.05
(H-9). So 47 which has only one triplet 'is absigned the structure

“ ' 3

»

indicated wherein the nitro group is at C-1, the triplet due to H-9

appearing to be nearly unaffected (from the parent 46) due to the

»

nitro-substituent. However,_lﬁi showh two triplets and this indicates !

L4 ) *

that the nitro group has not gnterea positions C-1, C-2, C~-8 or C-9 as

it would lead to the disappearance of ohe of the triplets seeﬁ in the
. ler of QR The ler suggests that in case of 145 the positions
'\/V‘v

c- 4 Cc-5, C—6 or C- 7 to be the most likely site of attack Although

-
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one cannot unequivocally state as to which is the actual site of attack, .
»

" the presence of the highly deshielded singlet at & 10.54 (1H) leads 'one
/ .- .

"4+ to believe that the nitro gf%up is either at C-5 or at C-6, with a

greater likelihood of it being at C-5.

4.2.6 . Photochemistry of 46
The UV spectra of 43, 46, 46C, 47, 47B and nitro-compounds
M AN AN AN

145 and 147 were determined in cyclohexane and-the A along with the
A 1'% . . max

excinction~coefficieﬂts are given in Table 13. All of them absorb

strongly in the visible region of the spectrum. As seen earlier,
15,16-dimethyldihydropyfene %g can be converted}oo by visible light to

its valence tautomer, the metacyclophane-diene %2&, which does not

A

ave

6.95

4——“6.56 '
6 .24 .

~hv
— Y
—
. ‘dark . .
: T _cH
CH3

%gé' 1.52

absorb above 300 nm. This could .be followed by ;Hmr as the Ymr re-
soﬁapbe of ZPA does’mnot averlap with that of 25. With this in’yiew,

a solution of 46 in’ ¢yclohexane was.;rradiat€d~using a Mardi Gras Movie

LY

light ( General Electric, model MG, 650 Watts) lamp. The UV spectrum of
e s | : .
the sample before and after irradiation showed no change. Therefore,

.~ it appears that QQ is more favored than QQQ, the energy required to

\
’

- .
] . ’ . A - ?




Table 13,

Compound

trane- ég

trana-'gg'

w, xmax

cyclohexane

N\ .
(€) of some benzannelated systems .

and some nitroderivatives.

232

§7€

and

Anax(mu) (e)
(12,615), 260 (5,796), 301 ,(5,796),
(31,879), 409 (10,910), 484 (3,068),

514 (2,386) .

254
396
465

(19,580), 272 (99,700), 306 (10,680),
(53,408), 416 (202,920), 446 (29;.04),

(23,410) and 495 (26,344)

263
322
407

468

(5,461), 276 (4,854), 310 (2,832), ',

(3,155), 368 (sh, 3,317), 386 (9,142),
(30,534), 432 (8,090), 437 (9,102),

(4,975) and 494 (3,326) ,

226

(26,643), 264 (13,956), 296 (11,419),

410 (69,147), 427 (96,806), 505 (5,073),

535

(6,724) and 575 (5,075)

252
. 295
403

487

(12,992), 262 (12,992), 283 (9,338),
(10,150), 335 (6,699), 352 (10,556),
(35,728), 466 (7,368), 13 (7,511), .

(6009) and 520 (5,481)

254

442

(10,776), 298 (6,265), 373 (7,769),

(68,019), 514 (9,524) and 557 (9,674)
: v

254

440

571

(6,874), 315 (5,156), 428 (30,361),

"(32,939), 470 (12,316), 508 (7,734),

(3,720) and 774 (1145)
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4% - 4
disrupt\ﬁhe benzene rings in QQQ being more than offset by the relief
of strain energy that is present in:the cyclophane;diene QQ&.

A

4.,2:7 Discussion

The shielding effect of the benzene ring on the.m&thyl group
that is positioned above its n-electron cloud is seen clearly im the
1Hmr spectra of the éhiacyclophanes. The protons of the lCH3 group in
the anti-is;mer -appear in the region & 1.55- 0.76 whereas those for «
Lﬁe sén-isomér appear around & v 2.5, the normal region for the methyl
group of toluene (see Table 14). This is further confirmed from the
13Cmr spectra where for the aﬁ?f—isomer the internal methy;_carbons
appear around 15- 16 ppm whereas ?or the syn-isomer they are seen
around 18 ppm. This trend is also seen when one compares. the chemical

’ Y

hifts for the ~CH.-S-CH, bridge of the anti- and syn- dithiacyclo-
3

2
) phanes (see Table 15).

2

/
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Table 14, 1Hmr (8) values for some dithiacyclophanes

Compound Internal ~CH, ~CH,~CHp-  =CH,=S-CHy~
anti- I3 1.30 ‘ 3.68
ayn- 124 2.51 N 'AB' quartet,
‘ 4,00 (A) and
' 3.80 (B)
. <
anti- LA 1,38, 1.18 3.4-2.6  3.78, 3.67
syn- LR 2.48, 2.46  3.2-2.6 401,
. ) \ _ TAB' quartet,
’ . 4.19 (A) and
3.77 (®)
‘anti- L3S '1.55, 0.76 404 - 2.7 bub = 2.7
"”‘L AR 2.65, 2.51 - 3715 - 2.03 4.8 - 3.53
mmw 1.34 3.4 - 3.25  3.85 (d) and
X 3.05 - 2.80 3.80 ()

s

’

Table 15, 130 chemical shifts (ppm) of some dtthia&yclophanes

.

Compound Interna} —CH3 —cﬁz-cnz-’ -CHZ-S-CHZ-
ati- 15.1 , 31.9
syn~- 124 17.7 37.3
anti- L3 — 15,7, 15.0 28.0, 25.8  32.4, 28.4
eyn- LR 18,5, 16.8 27.9, 25.5  3l.1, 24.9
anti- LI3A | 16.3, 154 | 28.0, 26.4, 32.4, 28.6
‘ 26.0
o= L3R 18.8, 18.0 35.9, 31.6, 31.0, 28.0,
- 25.9, 25.2
‘antt- L% 16.0 28.7 26.4
- _ ]

@
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> The difference in diatropicity of the annelated sy§téms synthesized

is shown in Fig. 6. The chemical ‘shift of the internal methyl protons

of 46 is very close to that 'of the internal methyl protons of
I LVaY] . ¢ . .
\\\k 15,16—-dimethyldihydropyrene %2‘(6 ~ 4.,25). Addition of one ring as

in él reduces not only the shielding of the internal methyl protons but

also those “of the internal m

thyl carbons and the bridge carbons which

o

1y

1 =

‘carry the methyl groups. When we go to a guch more annelated system

like éﬁ, the shielding effect becomes pronéunced once more as seen in

~

the ler spectrum, .

.- ’ . Fig.' 6 Calculgted and determined .chemical shifts (8) ‘for
?rans— éé; ég, QZ and éﬁ» ‘

NG
&

! %
. ,
CH
, 3
Calculated .- 2.75 . - 3.97 - 1.73 ' 2.99
y . R . :
~ | (7/\/
Found -2.78 . - 419 = - 1.35 " L3420 ‘
\ ' - 4.28 - 1.41 ' '
| 5 e

*
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- ) Table 16. Chemfcal shift (8) of the internal —ﬁHB and the
' internal bridge carrying the methyl groups from

the 13Cmr of several dimethyldihydropyrenes. ggfk

> < ,.p V4
. » . -
Compound . < Internal Internal
. methyl bridge
15,16~dimethyldihydropyrene 25 “ 140 F 30.0
* monobenz-49 L ) 17.0, 17.7 ' 35.5, 36.0
' monobenz-4 - B * 16.8 ' 35.2
1\42 3 - @
“dibenz-41 ~ - 19.2 . 39.5
dibenz-42 . . 15.9 32.8
- ' ’ X
trans —ég S 16.0, 16.3 29.9, 30.1
o otrane- 46 SIS 30.4, 30.6
trans- QZ 17.8, 17.6 36.9, 37.2
1]
o3 ’ Y 7

. &
From the trend detected id Table 16, it would be quite reasonable to

h 4

suggest that the intérnal carbons carrying the methyl substituents

and the -CH, groups would be both shielded in case of trans-48; which

could have been confirmed\if sufficient quantities of" the compound were

’

available sybsequent to dehydrogenation of its precursor %émﬁ'

7, 78

The diatropicity of mé .can be rationalized6 on the basis of the

Kekuylé structures involved. " The annelated system &Q could‘be conceived

.

" a8 éﬁ or its Kekulé-equivalent 46R among other ‘Kekulé contributors.

/

Whereas 46D is a [22] annulene with the 14b, lkc—bond being just a 'minor'

\J

/’“QSErturbation of the annulene system, mé could be construed either as a |

[14]annulene system of the familiar dimethylﬁihydropyrene type with the

.
~

I ’

~

[
¢ . N . ~
-
. . -
. P *
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04_5 and Cl3—14 linkage being formal double bonds or the delocalization

- extending over to the benzene ring may result in a [22]annulene Qith 4

the C, (or alternatively Cl3-l4) link being a forimal doyble bond.

~

¢

2
1 3
4 Al
) 14
Y
13 5
« 12 6
«, ’ 11 7
2210 8
9\
S & ‘ 48R S

-

Consideration of all the Kekulé structures (uncharged and non-

radicaloid species) and giving equal weighting to all the contributors

* leads us to designate the bond Jorders for the molecular perimeter-

as shown in Fig. 7.
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* Ina similar way the Kekulé:bond dfgers for:ég; QZ and gﬁjere,also

" localized bonds.’

L

<
Se
&

. ~ \ - Lo 100

,determine&.and'are‘shown along with'the values obtained for 46.. In

46 and 48 the bonds arrowed both have bond orders of O 5, similar to that

_in benzene and they shOuld exhibit diatropicity, as is the case. So,

46 behaves more like a [l&ﬂannulene system with the m-electrons of the
benfennelating ring no% being delocalized over .the l4m-electron

-

pexiphery. To get a localized bond i.e a formal double bond,’ oniy at

14 15 would be ‘at the expense of’ effective delocali-

zation in both the 6m~ and the l4m-electron systems of the benzene ring

¥

4-9 but not at C

and the dimethyldihydropyrene system. This .would result in a

significant reduction of the diamagnetic ring current. Howevér, the

o

_e«tent of;shieioing retained byiég (ef. %g) is a refieotiop of the

independant delocalization prevalenf in the 6m and the l4n -electron

\

systems, with the CA_S:aqd the C linkages being highly .
_ cs AT

13-14
R ‘ - y e . R
N From Fig, 6, we find that the predicted chemical shifts
(calcui;ted chemical shifts) agree reasonably well with the chemical
shifte experimentally’determined and provide considerable support for
the originailhypothesesl— We.next'attempted to see whether we could
reiate dalculated’bona orders to the experimentally determined ler

coupling: constants, The 250 MHz ler’spectra of QQ (see fig. 9 and 10)

and of the corresponding ois-isomer\égg (see fig. 11) can be used to

.determine the~coopling constants in’eéach case‘(See fig. 8 for values).

3

The. assignment for the trane isomer mg was worked out as follows:

Comparing the ler of3&6 with the values obtained for the hydrocarbon

»

Qg, the bay protons of %ﬁ! H-6, H-12 and H-5, H-13 appear as doublets at

-
b 4
-~ -

s
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" ( Int..-CH
[aVa"] N

3

at -1.60)

- 2.06)

lly

8:05¢~+J=.7.57

trans-46 (Int.
_f__‘JKlzc
}

cig- &QQ (Int.-CH3 at

—_—

2 A
@8.22-8.18

-CH3 at -4.14, -
-4.,24)

-1.85, -1.24)

Fig. 8. Chemical shift assignment of trang-46 and cis-4%

N

A S
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§ 9.74 (J = 8.1 Hz) and 9.54’?3\= 9.3 Hz) qespectivély, the H-6 and

. . ' t v ‘ ) .

H-12 being more deshielded because of the 'phienanthrene type' steric
‘ 3~ S

compression in addition to the diamagnetic ring current of the .(I&]—

annulene system. The doublet at & 8.94 is readily 'assigned, to
% - N L

-

H-7 and H-11 because of th? coupling constant (J = 8.1 Hz). The

°
-R

protons H-8 and H-10 appear-as a doublet at & 8.79 (J'= 7.6 Hz) .

and comparing of the coupling constants idéytifies the triplét. due to

H-9 as being the mbst shielded of all the gfomatic protons of ég-and
H-9 appears at 6 8,05. The doublet at ¢ 8.33 (J = 9,3 Hz) is R
ascribed to H-4 and H-14 as they are coupled to H-5 and H-13 reqpectiv;-
ly. This leaves us with the protons H-1,-H-2 and H—é,_i.e., the

protons of the 'benzene' ring, as an 'ABZ' sjste?, the proéon A;Z being

seen at & 8,28 whereas.H-1 and H-3 appear a%gﬁ 8.27. The protons of

the internal methyl groups appear as a singlets at 5 - 4,14 and - 4,24
in the ler spectrum of the compound trans- QQ' In a similar fashion,
the assignment for the protons of the cis-isom?r égg'was done. While
the influence of geometry on the magnitude of £ing‘current and hence
the extent of shielding as dét;rmined by the chemical shifts, is’
evident when one looks at the chemical shifts of the inte;nal methyl
protons of cis- %(\):Et’ § - 1.85 and - 2.14 (cf. trans -46 at § - 4.14
and -4,24), the eff;ct on the protons lying on the mglecular peripHery'
is not so pronounced/ This is not unlike the results BBtained in the
case of trans-15,16-dimethyldihydropyrene and éi8—15116—dimethyl—
dihydropyrene where again onée;an,see’the chemical shift of the internal

methyl protons of the cig-isomer moving downfield by about 2.2 ppm

compared to the trans-isomer but the outer protons seem less affected.
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‘As,alreadytmentioneé in "Chapter Two', GUnthefsé et al. have,
used the beniehe nucleus of benzannuleneg as a probe to‘inVestigat;
the n-electronig structu?e of the éhnulene nucleus itself. The
alterhance parameter-'Q' is the quotient of the bo;d order (SCF)
i.e., Q= P23/F34. For (4nt+2) delocalized sysgems Q > 1.10 and for
(4n) deloéalizad systems Q'< 1.04. The bond ordef, P, ‘is related to

the.vicinal H-H coupling constants by the equation843 (2) mentioned

earl#er.
. P (SCF) = 0. 104 J v - 0.120 ce. (2)

’ ,

So, if the coupling constants are known, we could calculate 'Q' value.

Table 17. Calculated93 bond orders (Pu v)’ alternance

>

. 3
parameters (Q) and coupling constants Jp,v for 46

3 3 3
U,V ?u,v Q . Ju,v(calc., Ju,v (calc., Ju,v(exP"
Hz) corrected for Hz, t.07Hz)
steric effect,
"Hz)
9,8 " 648 7.38 7.46% 7.57
~ 1.025 |
8,7a .632 - - . -
1.022
7a,7 646 - - -
}' 1. 027 b .
7,6 629 7.20 7.58 8.13 ]
' ‘ ., a /
2,3 670 7.60 7.68 7.55
. 1. 111 o , Co
3,3a 603 - . - -
1,272
3a,4 474 - - L -
g }» 1,673 b
4,5 793 8.78 9.16 - 9.27

a =mcorrection 0,08 Hz,- b =correctionx0.38 Hz

‘




e

109

Alternatively, one could calculate the coupling constants and see how"
well they match with experimentally determined values. Table 17
represents the’calculated bond orders (Pu v)’ alternance parameter (Q)

b

and the coupling constants 3J v for the trans-isomer QQ. In order

>
to account for the steric compression of the protons 5-6 and 7-8 ,
coupling constants CO{rectionslS7 ;f ca. +0.30 Hz (phenanthrene type)
and ca. +0.08 Hz (naphthalene type) should be added to the calcul:ted
values from equation (2) to\%et the estimated corrected calculated
values of the coupling constants for the system under consideration.

For correcting the Falculated JH(&—S or 6-7)° we need to take into

_account the fact that the 5-and 6- protons are of the phenanthrene type

«
-

whereig the 4- and 7- protons are of the naphthalene type. Hence we
add both the correction factors i.e., 0.30 + 0.08 Hz, to éet a total
correction factor of 0.38 Hz. The estimated corrected calculated
coupling constants and the experimentally determined values seem to
be in good agreement and the value of 1.673 ( 'Q' value) for thg
4-5 protons suggests a greater localization or double bond character for
the C linkage. 4

4=5

We hé;e seen that it 1is possible to derive an empirical relation-
ghip between the standard bond order deviation_(n-SCF bond order values
taken into cpnsiderat;on) from the Hickel bond order of 0.642 and the
chemical shif£ of the internal methyl protons, relative t% some chosen
standard as the model compound. The equation dérived earlier
(see eqn. 3) indicated a élose agreement’ between the chegical shifts,

calculated and those actually observed in the case of a series of

benzannelated trans-15,16-dimethyldihydropyrenes. The observed chemical

‘
1
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shifts for the cis—cbppgunds ﬁéﬁ and 47B are at variance with the

éalculated chemical shifts for the frans-series of ;ompounds. There
are not sufficient examples of annelated ¢i8-15,16-dimethyldihydro-
pyrenes available, which could be used to derive an empirical
relationship between the calculated chemica; shifts of the protons of

the internal methyl group and those actually observed gkperimentally.

~

Besides, one is hampered by the absence of the known chemical shift

2

for a'standard like é%é where the methyl groups are oriented cig to

~~

=
B~
(o)

AN

ct8-15,16-Dimethyl-2,7,15,16-tetrahydropyrene A

edch other., In the trans—sé}ies, where the model‘trans-ég aqq the
protons of the metfhyl groups appeaf at 6§ 0.93, the choice has been
justified on the roﬁhds of virtually unchanged ge&metry.of'the molecule
in the absence ¢f an aromatic ring current, compared to the geometry

of the internal framework of 15,lG—&ini;thyldihydropyrene 26 and its '
annelated derivatives. In the abseﬁce of available dat; about ég& of

a substitute like 148 (both the cig- and the trans- isomers), the
cﬂemical shifts for'the protons of the metﬁ&l group of trans-ég were

taken for comparisod. The effect of steric compression on the chemical

.

shifts of the methyl proions of 22& is assumed to be negligible. As

-~
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the standard m-bond grder'(SCF) deviations for the molecular peg}phery

of éés ég, éz,and éﬁ ate ai{?ady known, it would be relatively simp}e

’

to calculate the chemical shift§'of the internal methyl protons of the

3

, . fon o : .
annelated cis- isomérs. However, as cis-dimethyldihydropyrene is )

the only known cig-compound for which the.chemical shift values of

the internal methyl protons are available, it becomes necessary to

derive an empirical relation using the experimentally determined

4 ¥
Table 18. Average standard w-SCF bond order

1

‘chemical shifts of the inteinal methyl protons of cis-éé§3 46¢ and
2 -

deviétion (‘x103)

Ar and the calculated A§ for cis- %Z; 43R, 486 & QZ%

¢

Compound Ar § ,A¢
Found +  Average Found
cis— 2] u 5.143 - 2.06 - 2.06 3.03
cie- 458 ' 65.692 - 0.99 %
R AT - 1.01 1.98
+ v - 1.04 * * ¢
ciem 4 21,667 - 1.85
o AR : - 2.00 2.97
. . - 2.14 3
. cie- 4B 103091 go- 0.20 - |
e ol - 0.12 1.09

13

Aé

Calc.,

3.17

. 1.92

2.83

L 1.15

Table 18 indicates the average standard m-SCF bond order deviations

shifts § for the internal méthyi protons and A§, where

]
R
‘ ’

"Ar ( 'as indicated in 'Chapter Two') along with the observed chemical




112

A = GCH3(59) - GCH3(annulene) .
= 0,97 - GCH3ﬁannulene)‘

and AS rep%esents.the shielding of the internal methyl protons ‘of the

. annulene from those of the‘unconjugated model %2' This deviation Ar

was plotted against AG(fbund). A least squares fit gave the equation
0§ = 3.2757 = 0.02062 Ar  ....  (5)

with a correlation coefficient of p = 0.9908. The chemical shifts

for a series of benzannelgted 15,l6—dimethyldihydropyréne93can now

be calculated using the equation (5) and Ehe results for some of them

dre shown below in iable 19. .

'

"Table 19, PredictedJA@ for some benzannelated cis-dimethyl-

= dihydropyrenes \
‘ Ar A<Sc‘.alc. écalc.
SEh
- - . ’l{% ¢
| 98,385 1.25 - 0.28
167.417 - 0.18 1.15
13
48.667 ©o2.27 - 11.30
& A\l

100,231 1,21 - 0.24 °

.
3 ~
X :
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4,2,8 Conclusion

We have shown‘the feasibility of synthesizing highly anne}atgd
dimethyldihyéropyrene systems, It was al;; seen that benzannulene QQ
is diatropic and stable enough to undergo an electrophilic aromatic
substitution reaction. We have successfully synthesized the first
examples of annelated éis-dimethyldihydropyrenes .and shown them to be
diatropic; '
~\_<\\\\__,/ A simple linear relationship betwéen the degree of bond

localization in a series of benzénnulenes and the strength of the ring
current as measured by the chemical shifts has been estabiished and its
validity confirmed for a series of trans-;ompounds that were made. The
results obtained from the cis-series have been used to derive an
analogous relationship between the degree of bond localization aﬁd_
the strength of the fing current as meaéuré& by the chgmical shifts of
the internal methyl protons for a series of cis-systems and confirm-

. \
ation of the validity of this relationship in the cig-series awaits

the actual synthesis of these compounds.
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"EXPERIMENTAL = . .

\

All eelting poiets were determined on ; Kofler hot stage and are
uncorrected. The ler spectra 'were determined in CDCl3 (unless other-
wise stated) on a Perkin—Elmer R12A (60 MHz), R12B (60 MHz) or ‘R32
(90 MHz)- spectrometer afid are reported in ppm downfleld from tetra-
methylsilane as internal staﬁdard. iThe varieble-temperature ler

) studies were‘cerried out 9; a R32 (90'MHz) spectrometer, using CDC13,

CD2C12, ‘or CDCl3 Cchl -(1:1) as, solvent far veriable temperature (~160
“«
to "+ 60 °C) studies. 130mr spectra were determined in CDCl3 on a

-

R
Nicolet TT-14 Fourier Transform spectrometer operating at 15.1 MHz or on

b

a Bruker WM-250 operating at 62,9 MHz. U.v speetra were recorded on a

Cary-17 spectrophotometer or a Beckmann DU-8 spectrophotometer. The ir

v

'spectra were recotded on a Pye—Unlcam SP 1000 or on a Perkln—Elmer 283

infrepedVSpectremeter [medium (m) and strong (s) bands are given; weak

<

(w) bands are given only to indicate specific functional groups]. Mass
spectra were determined”on a Hitachi Perkin-Elmer RMU-7E or Finnigan
3300 mass spectrometer at 70 eV using electron impact (EI) or chemical

+ .
ionization (CI) [M = molecular ion in mass spectra]. Where mass spectra
W \‘ :
of bromides are given, the correct isotope patterns were aiways found,

1

bet only the most intense peak of each multiplet is recorded. Mﬁcro-
analyses were performed:bf this department or Canadian Microanalytical

Service Ltd: (Vancouver;y E.C;). All evaporations were carried out under

<

reduced pressure on.a rétary ebaporator at ca. 40 °C. All organic layers
were washed with water (unless otherwise stated) and dried over
‘anhydrous\sodium sulfate or magnesium sulfate. A Varian Model 5000

-

liquid chromatograph was employed for se@inreparative work., All

-,
e
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column‘Ehromatography was done by preadsorption of the material on silica
.o / - R .

gel (unless otherwise stated) and then chromatographed over a column of

4

silica gel (Davison Chemical, 60 - 200 mésh size).
L. 2,4iD{brvmo—1,3,5-trime%hylbénzene 84.

Bromine - (680 g, 218 mL, 4.25 mol) was, added dropwise over 4 h to a
mechanically stirred mixture of mesitylene 83 (250 g, 290 mL, 2.08 mol),
dron powder (7.5 g) and iodine crystals (15 mg) in chloroform (300 mL)

. i

in a flask equipped with a drirhg tube. At the end of addition, thé

reaction mixture was stirred for an additional hour. The contents of the

-
o

flask were filtered over Celite which was then washed with chloroform
(300 mL)Y. The filtrate was successively washed with water, aqueous
sodium’bisulfite, aqueOus‘sodium thiosulfate, aqueous sodiumibicaybonate
and‘finally water.' The organic layer was dried and concentrated to yield
a reddish-green product. This was subjected to fractional disti}latipn
under reduced pressure (0.2 tor£ Hg) &o give Qﬁ (506 g, 87%) as a
‘colorless solid. A gample was rgcrystallized from ethanol to give
colorless grystals, mp 62-64 °C [lit%15 mp 64 °Cl; ler, 5, -(90 MHz) ;
6.98 (s, 1H, Ar-H), 2.60 (s, 3H, Ar-CH(a)}-and 2.31 (s, 6H, Ar-CHy(b));
ir (KBr), 2960 (w), 2920 (w), 1450 (m), 1435 (m), 1354 (w), 1376 (m),
1215 fw),glozs (m), 1030 (m), 960 (s), 850 (m), 69£ (w), 629 (s) and
518 «(w) ém—l; ms peaks (EI) ;t m/e (relative'intensity) 278 (M+,

CoH | (BT, 160, éorrgcc isotope pattern), 199 (52), 197 (55), 118 (19),
117.(25)- and 115 (25); “Somr (15.1 Miz), &, 137.1 (c-3), 136.7 (C-1 and’

C25), 129.6 (C-6), 124.7 (C-2 and C-4), 24.9 (CH,(a)) and 23.8 (CH,(b)).
Al a - - - \

-

a
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2. Attempted synthesis of 4,6;Dibromo-S-methylisophthalic acid 83.

A. Using nitric acid:

A mixture of 2,4-dibromomesitylene %& (3.g, lq'S mmol), conc. nitric
acid (7.76 g) and water (1l mL) was heated under reflux for 60 h. It
was cooled, madé alkaline using sodium bicarbonate solution to’sepgrate

the acidic component from the non-acidic ‘compounds. lHmr of the products

did not indicate the presence of %2'

B. 'Purple benzene' oxidation::

Potassium permanganate (9.6 g, 6l mmol) and water (160 mlL) were
stiff;gfvigorously for 15 min and then cooled in a water bath while
benzene (60 mL), tetrabutylammonium jodide (1.22 g, 4.68 mmol) and .
' 2,4—d1promomesitylene %Q (2 g, 7.19 mmol) were added. The mixture w;s
stirred for 12 h at ambient tem%erature and worked-up by the addition of
sodium bisulfite, acidification and drying of the organic layer followed
by the removal of benzene under reduced pressure. 1ﬁ_mr and thin lgyer
chromatography (tlc) of the product shéwed it to be maiﬁly unreacted

-

starting material.

3. 2,4,6-TrimethyZisophthalonitrile B4A.
Cuprous cyanide (26.1 g) was added to a well stirred solution of
84 (30 g, 0.11 mol) in N-methyl-2-pyrrolidinone (60 mL). This was

heated;under reflux under niﬁrogen. Further pq}tions of cuprous cyanide
(6.5 g and 6.5 g) were ad:xied at the end 6f 8 h and 16 h and then the
mixture was heated for an additional 8 h. The mixtu;e was cooled to
100 °C and poured 'into a mixture of conc. NH;OH—water (1:1, 300_mL)..

This was filtered, washed well with water and dried. The gsolids were

’ .

: BN

«h
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extracted using dichloromethane (5 x 200 mL) in a blender. The o%ganic
layers were cogbined, washed, dried and concentrated. This was next

filtered through a short column of silica gel using dichloromethane as

g
i

the eluant and gave 2,4,6-trimethyiisophthalonitrile 84p (15.2 g, 83%)
as'pale yellow needles. Recry§tallizat10n from ethanol gave pure Qéé,
mp L4b-146 °C (116222 mp 142 °C); THmr, §, (90 Mhz), 7.12 (s, 14, Ar-H),
2.69 (s, 3H, Ar—C§3(a)) and 2.52 (s, 6H, Ar-Q§3(b)§; ir (KBr), 2962 (w),
2228 (s, -CN stretch), 1600 (s), 1A62 (w), 1458 (w), 1440 (w), 1384 (;),
1305 (w), 1028 (m), 881 (s), 547 (m) and 475 (m) cm-l; ms peaks at m/e

s . . + ;
(relative intensity) 170 M, CllHlONZ’

100), 169 (22) and 155 (91).
4. Attempted synthesis of 4,6-Bis(bromome?hyl)-2-methyZisophthalo—
nitrile 82A.
N-Bromosucciniéide (3.56 g, 20 mmol) was added in four portions
0.5 h apart to a solution of 2,4,6—trimethylisophthalonitrile %&Q (1.7 g,
10 mmol) in refluxing cafbon tetrichloride (45 mL), followed after each
addition by a few mg of benzoyl peroxide. ‘After a to}al reflux. of 3 h,
the reaction mixture was cooled and succinimide removedeby filtration.
.‘ The filcrate was washed once with water, dried and concentrated. ler
.and tlc of the produét indicated it té be a mixture o} compourfdds from .
which the desired compound Q%& could ngt bg‘isola;ed in satisfactory
yields by recrystallization and/or chromatography.
5. ‘4,GfDibromo—S—methyZieophthqlaldéhydéy 94.
A. Attegpted oxidation using cetV:
A solution of teric ammonium nitrate.(4.38 g, 8 mmol) in acetic

_acid (50%, 20 mL) was added dropwise at constant temperature with

stirring to a refluxing solution of Q& (0.56 g, 2 mmol) in acetic acid
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(50%, 10 mL) at such a rate that the Teaction mixture became pale'
yellow. At the end of the reaction, it was nearly colorless. This

was heated under reflux overnight, cooled to room temperature, diluted

' with water (100 mL) and extracted using ether (3 x 50 mL). The organic

- 1
&ktracts were combined, washed, dried and concentrated.. ~Hmr and tlc

indicated that a major proportion of the mixture was unreacted starting

material along with some aldehyde. ) i

B, Oxidation with chromic acid:
A mixture of 2,4-dibromo-1,3,5-trimethylbenzene QQ (100 g, 0.360
mol ), glacial acetic acid (1200 g, 1144 mL) and acetic anhydride (1224
g, 1132 mL) was stirred at room temperature fér 0.5 h. This was then
cooled_;o 0 °¢ and conc. sulfuric acid (170 mL) was added dropwise over
1 h with stirring, maintaining the temperat&re below 5 ®C. When the
Qixture had cooled to 0 °C, chromium trioxide (200 g, 2 mol) was added

*

in portions such that the temperature did not rise above 15 °C and
mechanical stirring was cont:nued for an additionmal 15 min after the
addition was com;lete. The contents of the flask were poured into three
4 L beakers two-thirds filleg with chipped ice anh cold water. It was
stirred well and left to sta;q foF 4 h, . The solidg were separated b?
suction filtration and washed with cold ;ater until the washings were
colorless. The product was suspended in 1 L of 2% aqueous sodium
bicarbonate and stirreé vigorously for 0.5 h. It was then filtered,
washed well with water and allowed to air-dry. This gave about 110 g
of a yellow powder. ‘

A mixture of the yellow powder (108 g), ethanol (400 mL), water
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(350 mL) and éonc; sulfuric acid (30 mL)’was heaged under reflux, with

stirring for 45 min. This was filtefea hog anq,washea well with water,

till neutral. he product was air-é?ied and extracted with dichloro-

methane (6 x200 mL). The organic 1ayer was washed with water, dried

and concentrat;d to give a yellowish product. Th}s was filtered through
silica gel column in dichloromethane and then fecrystqllized from

‘s

carbon tetrachloride to give 2& (24.2 g,’2%%) as pale yellow needles,
mp 172-174 °C; ‘Hor, §, (90 MHz), 10.43 (s, 2H, Ar—‘C_P_i_O)a,}8.23 (s, lH,
Ar-H) and 2.7 (s, 3, Ar-CHp); ir (KBr), 3060 (W), 2880 (w), 1686
(-CoO stretch,}s), 1565 (s), 1386 (w), 1363 (wj; 1275 (m), 1170 (m),
1053 (m), 1015 (w), 998 (m), 990 (@), 942 (w), 902 (w), 720 (w) and
705 (w) cm_l; ms peaks (EI) at m/e (relative intensity) 306 (M
C9H6023r 25), 305 (35), 277 (5), 249 (3), 196 (10), 170 (15), 145 (8),
118 (9), 90 (23) and 89 (100); Cmr (15.1 MHz), &, 190.8 (1-CHO and -
3-CHO), 141.0 (C-3), 134.5 (C-1 and C-3), 133.6 (C-4 and C-6), 128.3

(o 2) and 23.4 (5-CH )

Apal. Calcd. for 09H6028r2 : C 35.33, H 1.98
Found : C 35.54, H 1.99
\

6. 2,6-Dibromo-3, 5-bi3(hydroxymethyl)zéo?)uene 81

A solution of dialdehyde'zi (62 g, 0.203 mol) in tetrahydrofuran
(1900 mL) was added dropwise to a slurry of sédium borohydride (6.3 g,
0.167 mol) in tetrahyérofuran (50 mL) at room temperature. After 20 h,
the mixture was cooled in an ice-salt bath and decomposed’by the drop—
wise addition of conc. hydrochloric acid - water (l 1) until che

resulting solution was slightly acidic;‘ The aqueous layer was saturated

with sodium chloride and extracted with ether (8 x 200 mL). The orgaéic
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layers were combined, washed once ;ith water,-dried and concentrated
to give a pale yellow,sticky produﬁt. Benzene (1200 mL) was added to
this produgﬁ in qrder to remove water ;ging a Dean-Sgark tra; (reflui
was continued for about 2 h). Hot filtrati&n followed' by washing the

S

residue with benzene (100 mL) gave the dialcohol 8/ (63 g5 quan&.)\aé>a
free-flowing white powder, It was recrystallized. from methanol-benzene
to give colorless crystals of 81, mp 192-194 °C. No 1Hmr could be
obtained because of its near insolubility ip most org;nic solventsy
ir (KBr), 3330 (broad,-OH stretch,s), 1575 (w), 1440 (w), 1392 (w),
1378 (w), 1070 (s), 1038 (w), 1022 (w), 1005 (ws, 982 (w), 962 (w),
919 (m)-apd 885 (m) cm-l; ms peaks (EI) at m/e (relative intensity)
310 (M+, C9HIOOZBr2’ 28), 293 (18), 278 (12), 262 (16), 251 (4), 231
(23) and 91 (100).

Anal. Calcd. for C,H,.0,Br : C 34.87, H~}.25

97107272
Found - . C 34.78, H 3.22

7. 2,6-Dibromo-3,S-bis(bromomethyl)tolueﬁe 82.

The diol 87 (80 ;, 0.258 mol) was added to a well “stirred mixture
of conc. sulfuric acid (7 mL) and hydrobromic acid (48%, 300 mL, 2.598
mol) and the mixture was heated under reflux for 22 h. This was cooled
to room temﬁer;ture and cold waté; (250 mL) was added and then it was
extracted well with benzene (6 x }SO.mL). ng organic iéyers we;e‘
combined, washed well with wager,'IO% aqueous sodium bicarbonate
solution, water till neutral, ;ried and concentrated to yield the
brqmide 82 (97.4 g, 87%). A sample was then recrystallized from cyclo-

lhexéne to give nearly colorless crystals of é%’ mp 120-122 °C;‘1Hmr, 5,

[ |
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(90 MHz), 7.42 (s, 1H, Ar-H), 4.56 (s, 4H, ~CH,Br) and 2.64 (s, 3H,
Ar—Q§3?; ir (KBr), 1575 (w), 1440 (m), 1410 (w), 1385 (w), 1305 (w),
1270 (w), 1215w(s), 1040 (m), 978 (s), 890 (w), 882 (w), 850 (w), 725
(m), 680 (w) and 628 (p) cé_l; ms peaks (EI) at m/e (relative intensity)
436 (M;, CbH8BF4, 2, correct isotope pattern), 357 (25), 355 (27),

276 (18), 197 (9), 195 (10), 116 (61) and 115 (100); ‘cmr (15.1 MHz),.
§, 140,1 (c-1), 137.0 (c-3 and C-5), 13023 (C-4), L27.4 (C-2 and C-6),
33.6 (3—EH2 and Sjgﬁz) and 25.2 (17933).

978 4
Found : C 25,12, H 1.81

Anal, Calcd. for C H.Br : C 24,80, H1.85 ‘

8. 5,7-Dibromo-6-methyl-2,11-dithial3,3])me¥acyclophane 18.

A solution of the bromide 82 (21.8 g, 0.050 mol) and m-xylylene
dithiol85a Q% (8.5 g, 0.050 mol) in deoxygenated benzene (900 mL) was
adéed dropwise at room temperature over 60-70 h to a well stirred
deoxyéenaged solution of potass;um hydroxide [prepared by dissolving
KOH (85%, 8.0 g, 0.121 mol) in water (80 mL) and adding ethanol (1900
mL)]. When the addition was complete, the solution was stirred fbr an '
additional Z’h. The solvent was removed under reduced pressure and
water (400 mL) was addéd to the residue.\ It was acidified and extractgd
with dichloromethane (4 x 250'mL). The organic layers were combined,
"washed well with water, aqueous sodium bicarbonate and water till ﬁeptral.
It was dried and concentrated. The residue was chromatographed over
gilica gel using dichlo;ometgane as eluant. Recrystéllization from

. ‘ L .
cyclohexane gave Lé (16.65 g, 75%), mpl72-173 °C; Hmr, 6, (90 MHz),

7.28 (broad ¢, lH, H-18), 7.0-6.9 (AZB mult%plet, 3H, Ar-H), 6.62 (s,

/
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lH H-9), 3.76 and 3 73 (s, each 4H, -CH S) and 2.45 (s, 3H, Ar-CH )g
ir (KBr), 1420 (m), 1222(m), 1083 (w), 1048 (m), 1038 (m), 975 (m),
945 (w), 895 (m), 875 (w), 808 (w), 800 (s), 750 (w), 732 (w), iEb(s),
708 (m), 698 (s) and 660 (QY cm—l; Qs'peaks (EI) at m/e (relative
intensity) 444 (M+, C,H1652BT o 100), 365 (63) and 277 (29); 13Cmr
(15,1 MHz), &, 137.2 (C-4, C-6 and C-8), 135.3 (C-13 and C-17), 131.9
and 131.1 (C-¢ and C-18), 128.3 (C-15), 127.3 (C-14 and C-16), 124.8
(C~5 and c-f), 38.6 and 38.2 (C-1, C-12 and C-3, C-10) and 24.6 (6-CH,).

Anal. Caled. for C17H16828r2 : C 45.96, H 3.63

Found : C 46.36, H 3.57

9, Wittig rearrangementof dithiacyclophane 18 to 100.
A solution of lithium diisopropylamide [prepared from njBuLi (6.76

mmol) in hexane (4 mL) and dirsopropylamine (0.95 mL, 6.76 mmol)] in

”

dry THF (20 mL) was added dropw1§i\::zj 10 min to a solution of ;he
dithiacyclophane Z% (1L g, 2.25 mmol) Under NZ invdry THF (20 mL) at
20-21 °C. The initially colorless solution turned dark brown. After
‘stirring for 10 min, methyl iodide (1.92 g,'13155 mmol) was added ‘
gradually using a sPringe and stirred for 10 min. Water, dil: HCL and
dichloromethane (30 mL) were then added. The Layérs were separated
and the aqueous layer was extracted with dicﬁioromethaqe (4 X lOO_mL).
The organic extracts were combined, washed with water, dried and
concentrated, . It was chromatographed over silica gel and eluted with
dichlorbmethane—pentane (3:7) to yield %Qw (0 6 g, 564) as a yellow
product, mp of the mixture of stereoisomers 80-109 °C 1Hmr indicated
‘it to be a mixture of isomers, (60'MHz), 7.6-6.4 (m, aromatic H' s)

L -

5.4-4.3 (m, internal H's and -CHSs), 4. 0—2 0 (m, _CH ), 2 68 (s, Ar- CH3),
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and 1.88, 1.85 (s, -SCH,).

Note: When the reaction was done using 20 g of the dithiacyclophane Z%
it was found advisable |to add lithium diisopropylamide to the solution
of the dithiacyclo; he heated undef reflux over a period of 45 min,
cqnti;ue reflux for 0.5 h, cool it -to room temperature and quench the
dianion with methyl iédide. Usual work-up followed by chromatography
gave the Wittig rearrangement product %QQ (16.47 g, 77%) as a mixture of

stereoisomers as indicated by ler; ms’peaks (E1) at m/e (relative

{ntensity) 472 (24), 425 (10) and 377 (100).

10.  Stevens rearrangement of dithiacyclophane J8 to 100.

A. Bis(sulfonium)salt %gk of dithiacyclophane Zé.

A solution of the dithiacyclophane 12 (1 g, 2.25 mmol) in dichloro-
methane (30 mL) was added to a stirred suspension of (MeO)ZCHBFAlég(l.OZ
g, 80% as oil, 5.04 mmol) in dichloromethane £10 mL) at =30 °C under NZ.

)
"After the addition, the mixture was allowed to warm to room temperature
and stirred for 4 h. Ethyl acetate (30 mL) was added ;nd stirring
continued for 0.5 h. This was filtered, washed with eéhyl acetate (307mL)
and dried. under vacuum to give the salt %Q& (1.26 g,*86%; as a white
powder, mp 190-191 °C. «

B.- Stevens rearrangement of the sulfonium salt 101 to give 100.

[

The bis(Sulfoniuﬁ)salt 101 (1.26 g, 1.94 ﬁ&ol)_was added to a
suspension of anhydrous potassium t-butoxide (0;6 g, 5.35 mmol) in dry
THF (30 mL) under N2 and stirred for 0.5 h. This was acidified using
dil. HCl ;nd extracted using dichloromethanei(é x 50 mL). ’?he organic

layers were combined,\washed, dried and concen;fated to yield a yellow

P

™
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product. This was chromatographed gfer silica gel using dichloromethane-
. ~ .

pentane (3:7) as the eluant to give %Qg“(0.79 g, 86%) as a mixture of

stereoisomers; ler, 5§, (60 MHz), ?.8—6.3 (m, aromatic H's), 5.4-4.3 (m,

internal H's and -CHS), 4.3-1.8 (m, —QEQ), 2.72 (s, Ar—QgB), 2,2 and

1.9 (s, SQ§3); ms peaks (EI) at m/e (rélative intensity) 472 (M+,

019H2082Br2, 38), 457 (50) and 377 (100).

. . .
11. Oxidati%n of 100 to the sulfone 106. -

Hydrogen peroxide (30%, 2‘@L) was added to a wérm solution of the
sulfide %22 (0.405 g, Q.86 mmol) in;acetic acid (7 mL) and benzene (14
mL). The reaction mixture was refé;xed for 5 h, cooled and thfe layers
separated. The aqueous layer was extracted well with dichloromethane.
The organic layeés were combined, washed with water, dried and ?oncentra-
£ed to give the sulfone 106 (0.45 g, 97%) as a yellow powder, a mixture
of stereoisomers with mp 120-141 °C; ler, 5, (60 MHz), 8.0-6.3 (m,
aromatic H's), 5.4—2}0 (m, —CEQ 9
and Ar—QﬂB). :

-CH-S0, and internal H's), 3.1, 2.68

and‘2.60(s, S0,-CH

2 =3

12. , Sulfoxides }Q] of the stereoisomers of »U\)/(\),

A solution of bfogine%?l.3zmmol) in dichloromethane was added
slowly using a syringe to a éolution of 10% aqueous potassium bicarbonatel
(10 mL) and a mixture of isomers of &QQ (0.32 g, 0.67 mmol) in &ichlorO<
methane (15 mL). The mixture'was stirred at room temperature for 0.5 h.
Dichlofomethane 4100 mL) was added and the organic layer separated,
@ashed with 10% sodi;m bicarbonate solution, -water, dried and é;ncentra—

' teé. The residue Qas filtered through a short column of silica gel
using dichlqrométhane followed by methanol to yield the.sulfgxid; %21

N : ' ’
l ,
. "Q] .
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_8.51 (d, 2H, 9.3 Hz, H-4 and B-10), 8.18 ( d, 2H, J = 9.3

, 11.25 mmol) in 1,2-dichloroethane (100 mL).was added droepwise under N

P N S, 125
(0.26 g, 77%) as a buff colored product, mp 89-98 °C; ler, s, (60
MHz), only'the Singletsfat 2.94 (Ar-qgs) and, 2.77, 2.74 (-SOQ§3) were
clearly visible; ms peaks (CI) at m/e (relative intensity) 505 (MH+,

C19H200282Br2, 39), 425+(16), ?77 (100) and 297 (52).

’
°

135 Synéhesis of 1,3-dibromo-2-methylpyrene ]5 by thermélysis of kglf
A solution df a mixture of-the stereoisomers of %QZ (0.62 g, 1.23
mmol) in N-mgthyl;Z-pyrgolidinone (20 pL) was heated at reflux undér Né
for 20 h. The mixt;re was cooled to room temperatu;e,’poured into dilﬁga
HC1l and t%en extéacted with dichloromethane (3 x 100 mL). The organic
layer Qas Washeq{ dried and/;oncentrated. Chromatography of the residue

over silica gel using-dichloromethane-pentane (3:7) gave'lg (0.30 g,

65%) as a ;ellow product. Recrystallization from bé;EéQS gave pale

»

yellow crystals Jof Zg, mp 238-240 °C; ler, §, (60 MHz), (CDZClZ)’

Hz, H-5

&

and H-9), 8.36- 7.97 (m, 3H, H-6, H-7 and H-8) and‘3.13 (s;~3H, Ax-CH,) 5

" ir (KBr), 3040 (w), 1600 (w), 1582 (w), 1575 (w), 1456 (w), 1450 (w),

i

1415 (m), 1372 (m), 1334 (m), 1129 (m), 1080 (s), 1024 (m), 975 (m), °

833 (s), 815 (s), 790 (w), 779 (W), 747 (w) and 695 (s) cu ' ms peaks

.

(CI) at m/e (relative intensity) 375 QMH', Cj H Br,, 100 ), 296 (65)

.
and 294 (65).°

17710772
! \ . .+ Found : C 54.63,-H 2.41

Anal. Calcd. for C,-H, Br : C 54,58, H 2.70

’

14. Benzyﬁb-inducéd Stevens ~vearrangement of 18 to 108.

A filtered and deoxygenaéed solution of anthranilic acid (1.54 g,

2
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(4,74 g, 40.5 mmol)

reaction mixture wa

126

2772

s concentrated under reduced pressure and the resi

over 10 h to a hot solution of /8 (2 g, 4.5 mmol) and iso-amyl nitrite -

in GLCH,CH,C1 (100 mL).-After a 15 min reflux,’ the

due

transferred to a silica gel column using dichloromethane-pentane (1:1).

Elution with-dichloromethane-pentane (1:1) gave kgg (1.96 g, 73%) as a

pale yellow semi-so
6.1<5.0 (m, ~-CHS an
Ar—Q§3); ms peaks (

8) and 393 (100).

15. Oxidation of

1id material; lHmr, s, (90 MHz), 7.7-6:9 (m, Ar-H)
NG A0 =

d internal H's), 4.7-2.0 (m, -Qﬂz) and 2.62 (s,

- +
CI) at m/e (relative intensit 597+ (MH C S
) ) / ( tiv Y)“ ( 2 29 24 2

Benzyne—indueed Stevens rearraigement. product 108

to its squb%e 109. ’ o

[y

Hydrogen peroxide (30%, 60 mL) ‘was added to a warm solution of

108 in acetic acid

A

waS'refluxed for 5

funnel and the ldye

using sodium bicarb

100 mL). The organ

benzene—dichloromet

(1. 84 g, 90%) as a

(30 mL) and benzene (60 mL). "The reaction mixture
h. The product was transferred to a separatory

rs separated. 'The aqueous layer was neutralized
onate solution and extracted using bengghe (3 x

ic extracts were combined, washed dried and then

hane (1:1) as the eluant to yield the sulfone %%2

b

Brz,

';concentrated, This was then filtered through a silica gel column using

yellow solid Recrystallization from benzene gave '

.

almost colorless crystals, mp 308-311 °C; ir .(KBr), 1325 ( -S0, stretch;

s), $292 (m), 1160 (- SOZ’ s), 1145 (m), 1092 (m), 728 (s) and 695 (w)

-

cm_l; ms peaks (CI)

at m/e (relative intensity) 661 (MH H,,0,8,Br,

29 24742

30), 519 (18) and(37? (100).
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16. . Sulfoxides L1Q of the stereotsomers.of );L/%

.

A solutdion of bromine 16.43 mmol) ;n dichlbromethane was added
slowly using a dropping funnel':o a 107 aqueous solution of potassium
bicarbéﬁaGe (55 QL) and the mixturf of steneoisomgrs of %Q% (1.68 g,
2.81 mmol) in dichloromethane (60 mL) and the mixture was stirred at
rpom temperature for 0.5 h. Dichloromethane (200 mL) was added ;nd the
organic layer separated, washed with 10% sodium bicarbonate. solution and
water, dried and concentrated. The residue was'filtéred through a
column of silica gel using dichloromethane and‘then then methanol to
yield the ;ulfoxide 110 (1.25 g, 71%); mp 243-246 °C. In the ler ’
spectrum only the aryl protons at 6 7.8 - 6.9 and the aryl—CH3 at §

2.6 were clearly viéiblé; ms peaks at m/e (relative infpnsity) 629

+
(M,

CygHly,0,8,BT,, 22), 613 (64), 467 (25), 403 (24) and 377 (100),

17. Attempted préparation of 1,3hbis(hydroxymethyZ)—Z-methyléyrene FEIo
3 n-BuLi (108 mg, 1.69 mmol) in hexane (1 mL) was added with
stirring ‘to Lé (147'mg, 0.39 mmol) in.dry THF (40 mL) under N2 at room
temperature. After a further 0.5 h, powdered paraformaldehyde (404 mg,
13.48:mmﬂ., pre;iously dried in~a vacuum desiccator oveg onsj was
added and the mixture was sairred,for 0.5 hﬂ It was then refluxed for
2 h before being cooleq; abidified with aqueous hydrochlorigvacid andi

extracted with dichloromethane (3 x 100 mL). This was dried dhd'pon-

centrated to give a dark, reddish-brown semi-solid (121 mg) which could

’

not be identified. . ) .

.
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18.  Formation of;dinitéﬁig %QQQ via von Braun reaetian. - \
C;;fOus cyanide (3 3 g, 36.8 mmol) was gfadually aéoed to a stirred
solution of the bromide %mm (13.1 g, 27.8 mmol) in N-methyl-2-pyrrolidi-

. none (150 mL) and the mixture was heated under reflux. Further- additions
of cupr0us-cyanide (2 g, 2-g and 2.6 g) ;ere made at the end of 3, 6 and
8 h end ohe reaction mixtufe was refluxed for a totei of 24 h. The"

. ﬁixture was cooled to 100 °C and poured into water-NHAOH (1:1, 800 mL).
After stirring for 2 h;.the solids were collected by filtration and
air—drieo. The solids were extracted using dichloromethane (3 200 mL)
in a blender and the organic 1aYExs were combined,washed, dried and
concentrated. The residde‘Was chromatographed\over silica gel using
dichloromethane ‘as an eik}nt and gave 100A (3.88 g, 38%) es yellowi

crystals; ler, s, (60 MHz)I,?.S - 7.0 (m, aromatic H's), 5.1 - 4.3

:(m, -CHS and internal H' s), 4, l - 2.0 (m,f-GH ), 2.87 (s, Ar-CH ),

a
2.12 4hd l 97 (s, ‘SC§3)5ﬁﬁf!Peaks (CI) at hde (relative intensity) 365
. o . .
+ Y '
(MH”, 21HZONZSZ, 100) ané 279 (56?. \

lé. 5,Z-Dicyano;G—methnyZ,11—d€thia[3,3]hetacyclophaneZgé.

| Cuprous‘cyanide (4 g; 44.7 mmol)-was gradually addeo to a stirred
solution of the bromide Zm 2.g, 4.5 mmol) in N—methyl—Z-pyrrolidinone
(50 mL) and tHe mixture was heated under reflux. A second portion of
cuproustcyanide (3.3 g, 3§.S‘mmol) was aned at the end of 7 h and the
mixture was oeated foi an additional 17 h. fﬁe mixture was cooled to’
abo;; 100 °C and poured izto:water;NHQOH (1:1, 400 mL)., After the mix—r
ture had been stirred yité cooling for 1 h, the solids &efe collected

by filtration and air-dried It wae ektracted using dichloromethane )

(5'x 100 mL) in a blender and the organic layers were combined, washed,

-
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dried and concentrated. The residue was chromatographéd pver silica
gel u51ng dichloromethane as eluant and gave Lﬁé (l 17 g, 77%) as a
pale yellow product. Recrystallization from benzene gave nearly color-
less drystals, mp 235-237 °C; ler, §, (60 MHz), 7.41, 7.34 (bs, 1H h
each, ‘H-9 and H-18), 6. 88 (s, 3H, H—14 H-15 and H-16), 3.96 and .

3.86 (s, each 4H —CH2 -S-CH. -) and 2.53 (s, 3H, Ar-CH ), ir (KBr), 2220
(-CN stretch, s), 1592 (m), 1442 (m), 1422 (w), 1400 (w), 1222 (m), 9

(s), 792 (s), 724 (s) and 698 (s§ cm-l; ms peaKs (EI) at m/e (relative

intensity) 336 (M , C19 16N252’ 100), 321 (5) and 304 (15).

¢
[

20. Attempted Wittig rearrangement of dzthacyclophane 184 to 1004,

( Methylatzon of J8A to %NQ)

‘ A solution of lithium’ diisopropy%amlde [prepared from n—BuLi (17.75
mmol) in hexane (8.1 mL) and diisopropylamine (2.48 mL, 17.75 mmol)]
dry THF (50 mL) was added dropwise over 10 min to a solution of the
dithiacyclophane ZQQ (2.39 g J.1 mmol) under N2 in dry 'THF (80 mi)
After ,a further 5 minutes of stirring, methyl iodide (3.01 g, 21.2 mmol)
was added gradually. Water, aqueous HCl and dichloromethane were thren
added and the organic layer was ‘Vashed, dried and concentrated. It was
filtered th;odgh a short column of silica gel tg yield kkz (1.68 g, 65%)
as a 431 mixture of two isomers, mp 165-193 °C; ler, s , (60 MHz), 7.7-
6.5 (m, SH, Ar-H), 4.5 - 4.0 (m, 2H, -CHS), 3.8 (s, 4H, Ar—QgQ-S), 2.46,
2.43 (s, 3 total, Ar-CH ), 1.60 and 1.51 (4, 3H total, J ='7 Hz each,
CHB-CH-S), ms peaks (EI) at m/e (relatfve ;ntensity) 364 (M+, C
24), and 349 (100).

2185082520

{
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21 fS‘?:evens-r'eazﬁrcm'g'emerit of dithiacyelophane ]84 to LOOA.
A. Bis(sulfonium) salt %2%& of dithiacyclophane ZQQ.
A solution of the dithiacyclophane Zﬁé (1.09 g, 3.24 mmol) in
- dichloromethane (25 mL)-w§s added to a stirred suspension of (MeO)ZCHBFQ'
(1.57 g, 80% as oil, 7.76 mmol) in dichloromethane (15 mL) at -30-°C
undér N2. After the addition, the mixture was allowed to warm to room
temperature and stirred for an additipnai 4 h, Ethyl\acetate (ZOImL) 2
was added and the mixture stirred for an additional hour. It was filter-
ed, washed with ethyl acetate (15 ml) and dried under vacuum ‘to yield
the sulfonium salt }Q&Q (1.63 g, 93%) as a nearly colorless powder.

B. Rearrangemen{ of the sulfonium salt 1OlA to 1004.

The bis(sulfonium)sal% %8%% (1.63 g, 3.03 mmol) was added to a
suspension of potassium t-butoxide (1.02 g, 9:99 mmol) in dry THF under
N, and stirred for 0.5 h at room temperature. This was acidified using
aqﬁeous HC1l and extracted using dichloromethane (4 x 75 mL). The organic
layers were combined, washed, dried and concentratéd. This was chromato-
graphed over silica gel using dichloromethane—pentane (8:2) as the
eluant to give %QQ& (ZTﬁ mg, 254) as a pale yellow product; ler, §,

(60 MHz), 8.4 -_8.1 and 7.6 - 6.9 €aromatic H's), 4.0 - 2.0 ( _ngzqg'
and internal H's), 3.0, 2.75 (Ar—Q§3), 2305 and 1.09 (S—Q§3).

22.  Attempted ' Hofmann al':}minatior.z to give JRA.

A solution of the mixed isomers of 100A from the von Braun reaction
of %Rm (330 mg, 0.91 mmol) in dichloromethane (20 mL) was added to
(MeO) CHBF (0.44 g, 80% as oil, 2.17 mmol) in dichloromethane (5 mL)
stirred at =30 °C under hz The deep-red mixture was then stirred for

4 h without further cooling. Ethyl acetate (25 mL) was then added and

N
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stirring continued for 0.5 h. The cream-yellow product was colleéted
by filtration and dr%ed under suction to givé the bis(sulfonium)salts
g%g%é (0.424 g, 83%). These salts were suspended in dry THF (25 mL)
under Nz and anhydrous potassium t—buthiﬁe (0.33 g, 2.98 mmol) was
added to the solution. This was heated to reflux with stirring under

-

N2 for 4 h. It was cooled, acidified with aqueous HC1l and extracted
using dichloromethane (4 x 100 mL). The organic layers were combined,
washed, dried and concentrated. ler of the product did not indiqatg

- the presence of any ZEQ-

23. Sulfoxides 1QJA of tﬁ; stereoigomgrs of LOOA.
A solution of bromine (l.51 mmol) in dichloromethaée was added
slowly using a syringe to a 10% aquéous solution of potassium bica;bo-).
. 5
nate (15 mL) and the mixture of stereoisomers of 1004 (275 mg, 0.76 mmol)
in dichloromethane (15 mL) and tﬁe mixture was sti}red at room tempera-
éure for 0.5 h, Dichloromethane CSO‘mL) was added and the organic
layér separated, washed with 10%Z sodium bicarbonate solution and water,
dried and eoncentrated. The regidge was filtered through a COlumg of
silica gel using dichloromethane and then methanol as eluant to yield
the sulfoxide 10/A as a mixture Qj'steieoisomers (297 mg, 99%), mp 96~
118 °c; YHmr, &, (60 MHz), 7.7 - 7.0 (m, Ar-H), 5.5 - 2.5 (m,'_-CEl_, ~CH,
and internal H's), 2.85, 2.80 ( singlets, -SQQﬂja, 2.56 and 2.52 (sing-
lets, Ar—qg3); ir (KBr), 2224 (~CN stretch, m), iOSO (S=0 stretch, m)

-1 }
and 775 (w) cm .
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. 24, Attempted thermolysis of YA to'm.

A solution of a mixture ;f the stereo;somers of~%21é(276‘mg,
s
0.7 mmol) in N-methyl-2-pyrrolidinone (25 mL) was heated to reflux
under N2 for 24 h, After cooling to room temperature, the mixture was
poured into dil,HCl (160 mL) and- extracted with benzene (5 x 75‘mL).
The ofganic lafers were combined, wéshed,-dried and concentrated.

Chromatography over silica gel and elution with dichloromethane-pentane

(1:1) did not give any /2A.

25, Attempted reduction of dinitrile 107A to dialdehyde LOTB.

A solution of diisobutylaluminum hydride (3.2 g, 22.5 mmol) in
hexane (13 mL), was added dropwise with stirriﬂg under N2 to a solution
of kgl& (3.72 g, 9.39 mmol) .in dry benzene (250 mL) at room temperature.
After}the addi;ion was complete, the solution was stirred for an addi-
Eional 4 h before.being decomposed by Rhe careful addition, wiéh ice-bath
cooling when necessary, of methanol (12 ml), methanol-water (1:1, 20 mL)
and finally water-conc. HCl (1:1, 20 mL). The aqueous layer was extra-
cted using benzene (5 x 100 mL) and the organic layers were combined,
washed with water, dried and concentrated to l.§6 g of a yellow product.
.ler, 5, (90 MHz), 7.4 - 7.2 (m, aromat;c H;s), 4,40, 4,28 (s, internal

. .

H's) and 5.2 - 1.9 (-CH,,-CH, S-CH, and Ar-CH,); ir (KBr), 2220 (-N

3
-1 Yim '
stretch, m) cm ~, [ Note : r did not indicate any aldehydic proton

and no absorption due to -C=0 stretch could be seen in the ir.]

26.  Reduction of dinitrile L08A to dialdehyde 100B.
A solution of diiscbutylaluminum hydride (0.75 g, 5.28 mmol) in

" hexane (3 mL) was added with stirring under N2 to a solution of the
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dinitrile'kggé (0.8 8) 2.2 mmol) in dry benzene (60 ﬁL) at room tempera-

ture. After the addition was complete, ;he'éolution was allowed to

-stir at room temper;ture for 6 h and then it &as‘decomposed by the

careful addition, with ice-bath cooling when neceésary, of_methanol

(10 mL), methanoi-wacer (1:1, 20 mb), conc.HCl—wa;er‘(l:l, 20 mL) and
benzene (100 mL). The organic layér was separated; washed, dried and
concentrated to give 1008 (0.79 g, 97%) as a mixture of stereoisomers;
Lymr, §, (60 MHz), 10.72, 10.66 (s, 2H total, Ar-ng), 7.7 - 7.0 (m,
Ar-H),5.2 - 4.0 (m, -CH-S and irternal g's), 3.9 - 2,0 (m, —Cﬂz),‘2.85,

2.78 (singlets, total 3H, Ar-CH,), 2.22 an@iigﬁe‘(singlecs; ~SCH,).

' 27.  Sodium borohydride reduction of LOOB to the dialeohol 10QC.

A solution of the dialdehyde %QQE (0.79 g, 2.14 mmol), in THF

- (30 mL) was added dropwise to a slurry of sodium borohydride (0.125 g,

3.3 mmol) in THF 95 mL) with stirring at room temperature. After the
mixture'had been stirred‘at room temperature for 3 h, it was cooled to
0 °C and decomposed by the gradual addition of water-conc.HCl (l:l, 30
mL). The aqueous layer was saturated with sodium chloride soiution,

dried and concentrated to give the dialcohol %QQE (0.73 g, 91%); ler,

§, (60 Miz), 7.8 - 7.0 (m, Ar-H), 4.83 (bs, =CH)=0), 4.6 = 2.0 ( ~CH,~CH,,

-~
-

~CH., and internal H's), 2.15 and 1.94 (s,—SQﬂB).

28.  Oridation Of dithiacyclophane [8 to bis(sulfone) J26.

-

i
Hydrogen peroxide (30%,50 mL) was added to a solution of the
. , " g
dithiacyclophane ZQ (5 g, 11.26 mmol) in acetic acid (150 mL, dissolved’

hop and then cooled). This was then heated to reflﬁk and stirred for

18 h. The mixture was cooled, filtered, washed with water, aqueous

~
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sodium bicarbongte and finally Water till neutral. The product

134

was

dried at 80 °C under vacuum for 6 'h to yield the bis{(sulfone) k%m

»

(5.28 g, 92%) as a free-flowing shiny white powder, mp 325-327
ler, (90 MHz, CFBCOOD), 7.38,.7.24 (s, ~5H, Ar—ﬂ), 4,95, &,

~4H each, -CH ) and 2.59 (s, "V3H, -CH. ),\1r (KBr), 1405 (s), 13

s, 1295 (-50,, s), 1230 (w), 1155 (-5Q,, 's), 1130 (w), 1105 (s

(m), 975 (m) 4 910 (m), 884 (w), 848 (m), 815 (w), 694 (s), 535
(m) and 468 [(m) cm-l; ms peaks (CI) at m/e (relative intensity)

+ - .
(MH -, Q17 160452Br2’ 100), 481 (35), 427 (28), 380 (40), 352 (6

. 300 (34).

Anal, Calcd. for C17H1604828r2 f C 40.17, H 3.17

Found : € 40.14, H 3.006

=3

29, 4,6-Dibromo-5-methql[2,Z]metacyclophane 104 by pyrolysis

of bie(sul fone) 126.

The bls(sulfone) k%Q (1 g, 1.97 mmol) in a porcelain boa

- 1.5x 1 cm) was placed in a pyrex tube sealed at one end (31 cm

2.5 cm in diameter). The open end was connected to a cold figg
was attached to a high vacuum system The entire ,system was ev

to 0.05 torr Hg pressure. The tube was slid smodthly lnto a fu

°C (dec.);
70 (s,

15 (-50,,

), 1035
(w), *495
509

8) and

]

t (9 x
long and

er which
acuated

rnace

(15 cm in length and preheated to 650 °C) in such a way that the porce—

-
o \

lain boat could be maintained in the hot zone. As‘ soon as the
started the colorless product ndensed on the ice-water cooled

finger. The reaction was complete in about 2 min. ﬁhe_entire

the cold finger was washed well with dichloromethane and the so

gtripped off. The residue was extracted with hot pentane and t

reaction
cold

tupe and

l;ent

hel
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pentane extract‘chromatographed over isilica gel column to give the
metacyclophane kgé (0.366 g, 49%) as a pale yellow powder. A\sample
was recrystaliized from benzene-ethanol as nearly colorless.crystals,

. AN
up 115-117 °C; “Hmr, 6, (90 MHz), 7.4 - 7.0 (m, 3H, Ar-H), 4.41 (bs, 1H,

. H-16), 4.27 (s, 1H, H-8), 3.8 - 1.7 (m, 8H, -CH,~CH,) and 2.68, (s, 3i,

2
ArCH,); THmr, 8, (250 MK2), 7.30 -7.20, 7.05 -7.02 (m, 3H, Ar-H), 4.37

. (bs, 1H, H-16), 4.24 ($, 1H, H-8), 3.64 - 3.56,.3.05 - 2.97, 2.27 - 2.16,

’ aq.
1.93 - 1. 83 ( m, total 8H, —CHZ-CH ) and 2.60 (s, 3H, Ar-CH ); ir (KBr),

1482 (m), 1440 (m), 1430 (w), 1400 (w), 1380 (w), 1333 (w), 1178 (s),

1165 (m), 1078 (w), 1038 (w), 972 (m), 952 (w), 947 (m), 869 (s), 854

(@), 833 (), 790 (), 727 (), 716 (), 708 (m), 620 (m) and 602 (s) .

cm—l; ms pdaks (EI) at m/e (relative intensity) 380 (M+ C 78, BTy 5),

352 (7), 300 (4),4286,(2), 220 (100), 205 (33), 192 (24); 177. (5) and

165 (9); 13

cmr (15.1 MHz), &, 138.5 (C-5), 137.3, 137.1 (C-3, c-7 and
c-11, c-15), 136.1 (C-8 and C-16), 129.4*(C~13, J = 158.5 Hz), 125.7’

(C-12 and C-14), 123.8 (C-4 and C-6), 41.8, 38.1 (e-1, ¢=10, C-2 and

C-9, J, = 128,5 and J), = 130.4) and 25.3 ( 5-CHj, J = 128.6 Hz).

CH2 2 3

Angl. -Calcd, for C17Hl6Br2 : C 53.71, H 4.24

Found : C 53.81, H 4.29

-

30. 1, 3-Dibromo-2-methyl-4, 5 9,10-tetrahydropyrene },Q,?,

-

A solution pf bromine (5 43 g, 33. 9 mmol) in dry carbon tetra—
chloride (125 mlL) was added to magnetically-stirred mixture of &Qm (lO g,
26.31 mmol) and iron powder (O 5 g) in carbon ‘tetrachloride (500 mL)

under Nz. The mixture was stirred for 80 h in the dark. ' It was then \

filtered and the solids washed with carbon tétrachloriée (100 mL). The'

-

filtrate -was washed with water,' aqueous sodium bisulfite, water ,sodium

'
'
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bicarbonate solution and finally with water. It wa; driéd and concen- \
trated to give an orangg-red product. Column ch;omatography over silica
gel gsiﬁg pentane as an glﬁant'gave 1,3—dibromo—24ﬁéthyl—4,5,9,10-tetra—
hydropyrene 105 (9.74 g, 98%) as a pale yellow powder; A sample was
recrystallized from cyclohéxane as pale yellow crystals, mp 128-130 °C;
Limr, 6, (90 an)e'7.3 - 7.0 (A,B multiplet, 3, Ar-), 3.2 - 2.7 (m,

8H, —C§2-C§2) and 2.68 (s, 3H, Ar-Q§3); ms peaks (EI) at m/e (relative 0

incgnsityf 378 (Mf, C17H143r2, correct 1:2:1 isotope pattern, 31),

298 (8), 218 (100) and 203 (65).

31.  1,3-Dicyano-2-methyl-4,5,9,10-tetrahydropyrene LOSA.
( ’ ) ' .

Cuprous cyanide (3 g) was added to a solution of the dibfomide
y .

105 (10.35 g, 27.38 mmol) in N-methyl-2-pyrrolidinone (130 mL) and was
4 ’

* refluxed under N,. -Further pdrtions of cuprous cyanide (4 g, 4 g and

2
6.2 g) were added after 4 h, 12 h and 25 h and the reaction mixture was

" stirred for an additional 3 h. The product was cggled to 100 °C and

Poured into water—NHQOH (1:1, 600 mL). After the solution had been
stirred for 24 h, the solids were collected by filtration and air-dried.

The Si}ZQ; were extracted using dichlorométhané (4 x 309 ﬁL) in a blender

and the organic ;ayers were combinéd, washed,‘dfiedrand cbnceﬁtrated.
Thé fesidue was chromaﬁogfaphed ;ver silica gel‘using*dic@lorbmethane-
pentane gl:l) and'gayeréggé (3.02 g, Al%)‘as a paie yellow product.
Recrystalliz;tion from\benzene-ethanol gave %Qgé as colorless c?ystéls,
Qp 224-226 °C; YHmr, &, (250 an); 7.3 - 7.0 (m, 3H, Ar-H), 3:17, 2.9

‘

(AA'BB' multiplet, 8H, —ng-qu) and 2.78 (s, ‘3H, Ardqgs)} ir '(KBx),

2230 (-CN stretch, m), 1437 (), 1413 (w), 1248 (w), 1205 (w), 860 (w),

798 (8), 772 (s) and 741 (w}_cm_l; ms peaks (EI) at m/e (relative




v

~to a.solution of %QRQ (8.47 g, 31.37 mmol) in benzene (250 gL) at room -
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intensity) 270 (', C 100) asd 255 (23); “>car (62.9 MHz), 6,

1981487
144.0 (C-2), 143.2, 134.9, 131.0 (3a, 10ag5a, 8a, 10b and 10c), 129.3

(C-7), 126.6 (C~6 and C-8), 115.7 (-CN), 112.5 (C-1 and C-3), 27.5 and

27.2 (¢4, C-10, C-5 and C-9) and 20.2 (~CH,). -

Anal. Calcd. for C19 14 2 : F 84,41, H 5.22, N 10.37

Found : C 84,22, H 5.12, N 10,33

¥

32, 1,3-Diformy2-2—methyl-4,5,9,10—tetrahyd?opyrene 1038.

A solution of diisobutylaluminum hydride (11.25 g, 79.2 mmol) in
hexane (75 mL) was added dropwise with stirring under a NZ atmosphere
temperature. After the addition was complete, the solution was allowed

to stir for'an additional 24 h before being decomposed by the careful
»

. . %
.successive addition, with ice-bath cooling when necessary, of methanol

(100 mL), water-conc HC1 (1:1, 200 mL) ane benzene (500 mL). The organic

layer was separated washed dried and concentrated to give 1, 3-diformy1—
\

2-methyl-4,5, 9, 10 tetrahydropyrene %NEQ (6.93 g, 804) A sample

recrystallized from .carbon tetrachloride gave colorless crystals of

1058, mp 147-149 °C; Line, §, (90 MHz), 10.72 (s, 2H, Ar-CHO), 7.2 - 7.1

(A,B multiplet, 3H, Ar-H), 3.4 - 2.8 (m, 8i, ~CH,~CH,)and 2.73 (s, 3H,

Ar=C,) ; LYome, 6, (250 Miz), 10.69 (s, 2H, Ar-CHO), 7.20 (AB multiplet,’
H, J = 7 Hz, H-7), 7.10 (d, 2H, J = 7 Hz, H-6 and H-8), 3.23 - 3.13,

2.93 - 2.78 (m, 8H, -CH,-CH,) and 2.74 (s, 3H, Ar-CHy); lr (KBr), 3010
(w), 2940 (w), 2895 (w), 2840 (W), 1682 (s), 1548 (m), 1430 (m), 1420
(m), 1298 (w), 1240 (@), 1199 (W), 1065 (), 875 (w), 858 (w), 825 (w)

and 770 (w) cm l; ms peaks (EI) at m/e (relative intensity) 276 (M
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C g g0p> 755 247 (43),.229 (25), 219 (100), 215 (45), 205 (36) and

© 202 (92); “emr (62.9 1), 6, 196.2 (-cHO), 141.2 (C-2), 139.5, 135.3,

-,

132.9, 130. 9 126 1 (c- l c- 3 C-3a, C-10a, C-5a, C-8a, C-10b and C-10c¢),

128 1 (c-7), 125 8 (C-6 and C- 8) 27.5, 25. 0 (C 4, C—lO C-5 and C-9)

and 15.5 (f§ﬂ3). '
Anal, Calcd. foF C19H1602 :+ C 82.58, H 5.84

Found  : C 81.79, H 5.90 '
v i

33.. 1,3;$is(hydroxymethyZ)-2-ﬁethy2-4,S,é,10—tetrahydfvpyréne 105¢. -
A solution of the dialdehyde %22% (6.86 g, 24.86 mmol) in

THF (200 mL) was added drop;ise to a slurry of sodium borohydride (1.88 ‘
g, 49.68 mmoif in THE (50 mL) with stirring at room temperature. After ’
the miitﬁre Héd beeq stirred at. room tegperature for 24 h, it was cooled
to 0 °C and decomposéd by the gradual addition of water-conc.HCl (1:1,
100 mL). The aqueous layer was saturated with sodium chloride and
extracted with ether ( 7 x‘200 mL) . The organic léyers were combined,
dried and evaporated to give l,3—bis(hydroxymethyl)-2—methyl—4,5,9,10-
tetrahydropyrene 1030 (6.39 g,’92%). Recrystallization from carbon

tetrachloride gave kgzg as colorless crystals, mp 180-182 °C; ler, 8,

(90 MHz), 7.09 (s, 3H,.Ar-H), 4.80 (s, 4H,~CH,=0), 3.1 -~ 2.7 ( m, 8H

_Cﬂzn

ir (KBr), 3280 (~OH stretch, s), 2920 (s), 1465 (m),1430 (m); 1025 (s),

~CH,), 2.54 (s, 3H, -Ar-CH,) and 1.52 (s, 2H, -OH, exchanged with D,0);

990 (s), 765 (s), 752 (w) and 714-(w) cu ;¢ ms peaks (EI) at m/e

(relative intensity) 280 (', CgH,n0,, 60), 231 (100), 221 (52) and °

202 (32). %

Anal, Calcd. for C19H2002 : C 81.39, H 7.19

" Found  : C 80.86, H 7.39




” Y 139

i . 34, 1, 3—B'Ls (bromomethyl) 2-methyl-4,5,9, 10~tetz’ahydf‘opyrene A03D.

e - - " The dialcohol &ng (6.34 g, 22.64 mmol) was added to a mixture of
) . hydrbbromic acid (48%, 300 mL), 2.6 mol) and.conc.HZSOA (2 mL) and the 7
. 2

mixturq;was heated'under reflux With—stirring for 7 h. The reaction
mixture was cooled to room temperature, ice-cold water (200 mL) ad&e&

i and then it was extracted with dichloromethane (6 x 200 mL). The organic
léyers were combined, washed with water, aqueous sodium bicg;bonate

- ‘ ~ sddution, water till neutral, dried and concentrated to yield the bromide

" A03R as a yellow product. This gave, on chromatogtaphy over silica gel

.
-

using dichloroﬁethane-pentane ?3:75 as the eluant, the Qesired 1,3-bis~
7 - . . ..)‘ 4, . "" )
A (brogomgthyl)—2-methyl~4,5,9,10=tetrahydropyrene &QER (6.79 g, 73.8%).

0 s A sample recrystaliized from cyclohexane,gave nearly coloriéss crystals,
. 4 - *

.

mp 208-210 °C; “Hmr, §, ( 90 MHz), 7.09 (m, 3H, Ar-H), 4.60 (s, 4H,
4 , - -

—ngsr), 2.89 (bs, 8H, -Q§2_¢g2) and 2.48 (s, 3H, Ar-Q§3); ir (kBr),

. & -
o« 1458 (w), 1203 (s), 799 (w), 763 (s),,663 (w), 560 (m) and 550 (w) cm ';

. ‘ ms peﬁks (EI) at m/e (relative fntehsitj) 406\(151'+ CyoH;gBT o0 42), ‘327
T (100), 325 (100), 245 (36) 231 (34), 216 (52) dnd 202 (41); . “car

. (15.1 MHz), 5; 135.9, 135.6, 131.6, 1%9.1, 129.9 (a%l quaternary 47-C);
127.3 (¢-7), 125.7 (C-6 and"C-8), 29.3, 27.8 (C-4,.C-10 and C-5, C-9);

2 '

X ‘ 24.7 (~GH,Br) and 15.1 ( GHy=C)).

- *Arial. Calcd. fo;ﬁC\gﬂl - : C 564,18, H 4.47°

e
1

. . T . Found  : C 56.48, H 4.55

- 35. + 4,6-Dicyano-5 -methyZ[2 2]metacyclophane M .

»
i

W
o

Cuprous cyamide (5.2 g, 58 mmol) was addedﬁgraduall? to a stirred

solution of the bromide A.N\, (22.8 g, 60 mmol) in, N—met%-z—pyrrolidinone

.
‘” "
¢ . e
L. & ¢
. “ 0 . ;
v - . :_{ “ Q
. .

>
2
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crystals, mp 201-202 °C; “Hmr, 6, (90 MH2), 7.5 = 7.0 (m, 38, Ar-B),

140

.“

(100 mL) and the mixture was heated under reflux. Further 5 g additions

of cuprous cyanide were done at the end of 4 h, 8 h and 20 h and the

.

mixture was refluxed for an additional 6 h. The product was cooled to

100 °C and poured into a mixture of water—NH4OH (1:1, 600 mL). After

the solution had been stirred for 24.h, the eolids were collected by .
f{ltration and air-dried. Thg-sqlids were collected by filtration and

air—dried The solids were extracted using dichloromethane (4 p 4 200 mL)

-

“in a blender and the organic layers were combined, washed dried and

concentrated. The residue was chromatographed over silica gel using
dichloromethane as eluant and gave EQQQ (14.24 g, 87%) as a pale yellow,

product. Recrystallization from benzene-ethanol gave %Q&é as colorless

' 4.30 (bs, 1H, H-16), 4.25 (s, 1H, H-8), 3.7 = 3.0 2.4 - 1.9 (m, 4H

each, —Qﬂz—qu) and 2.79 (s, 3H, Ar—qg3); ler, §, (250 MHz), 7.38 (ts

"1H, J = 7.5 Hz; H-13), 7.14 (dd, 2H, H-12 and H-14), 4.33 (bs, 1H, H-16),

4,28 (s, 1H, H-8), 3.70 - 3.56, 3.37 - 3.23, 2.34 - 2.06 (m, 8H total,

—CH—Z

1582 (m), 1480 (s), 1455 (W), 1435 (w), 1410 (w), 1231 (s), 1180 (s),

;Cﬂz) and 2,83 (s, 3H,_Ar-Q§3); ir (KBr), 2220 (-CN stretch, s),

1170 (s), 1080 (m), 1000 (w), 952 (m), 872 (s), 798 (s), 760 (w), 720 (s)
and 710 (w) cm'l; ms peaks (EI) at m/e (relative intensity) 272 (M
C gty 6Ny 100), 257 (49) and 244 (93), 3cur (62.9 MHz), 6, 146.8, 146.3,
137.8 (c-3, ¢-5, C-7, C-11 and 9—15), 135.7, 135.6~(C-8 andgC—l6), 130.2_;
(6-13), 126.1 (Gjlz.and Cc-14), &i5.6 (-CN), 111.3 (C-4 and C-6), 40.3, (fﬂiﬁ
39,5 (c-1, c;;o, C-2 and C-9) and 20.1 (9&5—05>~ -

Anal, Caled. for Crgfl Ny ¢ C 83.79, H 5.92,N 10.29

Found  : C 83.59, B 5.90, N 10.22

N
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36. 4,6-D£fbrmyl—5-methyl[2,2]métdcyclophane 1048, . B

A solution'of diisobutylaluminum hydride ( 19 g, 134 mmol) in

hexane (127 mlL) was added dropwise w1th stirring under N2 to, a’sqlhtion

of the dinitrile 1044 (14 g, 51.5 mmol) in dry benzené (250 mL) at room

tenperature. After the addition was complete, the solution was a}lowed
to stir for §_h’befqre being deccnposed by the canefpl addition} w{ti;—dg
ice-water bath cooling when necessary, of methanoi (40 mL),:methanol—
neter (1:1, 60 mL), water—conc HCl (140 mL: 80 mL) and benzene (400 mL) .
The organic 1ayer was separated, washed dried and concentrated to glve
4,6-diformyl- S—methyl[2 2]metacyclophane %2&% (12 77 g, 89%). A sample
was recrystallized from carbon tetrachloride and gave pale yellow
crystals of mgék mp 128-130 °C; ler, &, ( 90 MHz), 10.70 (s, 2H,

N\~
Ar-CHO), 7.3 - 7.0 (m, 3H, H%6; Hé? and*H—B), 4,32 (s, 24, H-8 and H- 16),

4.1 -3.9, 3.3 - 3.1, 2.4 - 1. 6 (m, 8H total, -CH,,-CH ) and 2.80 (s, 3H, -

H,
AT-CH,) ; Yymr, 6, (250 MHz), 10.71 (s, 2H, Ar-CHO), 7.34 (t, W, J = 7.5

-

Hz, H-13), 7.10 (dd, 2H, H-12 and H-14), 4.35 (bs, lH, H-16), 4.34 (s,

" 1H, H-8), 4.09 - 3.96, 3.29 - 3.16, 2 29 - 2.11, 1,92 - 1.77 (m, total

8H, —CH ~CH. ) and 2,84 (s, 3H Ar-CH ) ix (KBr), 1690 (- C—O stretch
s), 1182 (m) and 720 (m) cm l; ms peaks (EI) at m/e (relative intensity)

278 (M 100), 249 (20) and 221 (32), Cmr (62 9 MHz),

19 18 2>
193.0 (- CHO), 144.9, 142. 7, 138, 7 138.2, 135.3, 132.1 (C-3, C—4 C 5

c-6, c-7 c-8, Cc-11, c-15 and c-16), 129 7 (C-13), 125 7 (C-12 and c-ka),,,
40.2, 38.0 (c 1 Cc~10, and C-9, C-2 ) and.lS 5 (Ar-CH )

Anal. Calcd. for C . H . C 81 98 H 6552

| 19418% - ,
; ‘ Found‘°C7973H63lv- =

.
:
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was exttacted with dichloromethane (7 x 200 mL). The organic layers

142 -
t B x\ .

37. - 4,6- st(hydroxymethyl) 5-methy2[2 2]metacyclophane A04C.
A SQlution of the dlaldehyde A04B (12 63 g, 45.4 mmol) in THF

(250 mL) was ‘added dropwise to a. stirred slurry of sodium borohydride
(3. 44 g, 90. 86 mmol) in THF (50 mL) at room temperature. After stirring
for 4 h, the mixture was cooled &o 0 °C 'and decomposed by the gradual
addition‘of water—conc.HC1l (1:1, 100 mL). The aqueous layer was satura-
ted with sodium chloride‘adﬁ‘extracled with ether (7 x 200 mL). T}e
organic layers were combiaed Aried and goncentrated to}give 4 ,6-bis-
(hydroxymethyl) 5—methyl{2 2 ]metacyclophane %ng (12.48 g, 97%).
Recrystallization from carbon tetrachlorsde gave kgég as colorless
crystals, mp 214—216 C; ler, , (90 MHz), ? 4 - 6.9 (m, ~3H, Ar-H),
4,8L (s,~4H, -CH, —O), 4,34, 4 23 (s,*VlH each, 1nternal H's,H-8 and

H-16) 3.7 - 2.8, 2.5 - 1.5 (m, ~4H each, ~CH,- CH ,) and 2 55 (s, 3H,

. Ar-CH. ); ir (KBr), 3400 (-OH stretch, s), 1178 (w), 1070 (w), 1000 (m),

988 (s), 950 (¥, 788 (w), and 715 (m) cm 1. s peaks (EI) at m/e

(relative intensity) 232 (M , C19 2202, 52) 234 (24), 222 (19) and’
221 (100). 7
v’ \ g )
Anal: Calcd for C19 22 0, ,_C‘So.ﬁl, H 7.86 4
Found  : C'78.33, H 7.86 )

4 ‘
38. 4,6-Bis (bromomethyl) 5—methy1[2 2]metacyc10phane M
The dialcohoi &ng (12.3 g, 43.62 mmol) was added to a mixture of

hydrdbromic api@ (46%, 300 mL, 2.6 mol) arffi conc.H2 4 "and the mixture

1 was heated under reflux with stirring for 9 h. The reaction mixture
. - ! ’ @ -

was cooled to room temperatufe, jce-cold water (200 mL) added and it

.

N -
’

\
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weré_;ombined,‘washed with watéf, aqueous sodium bicarbonate solution,
. . water till negtrél, dried gn& qoncentrate? to yield the bromide %2&2
‘as‘a-yellow prﬁdﬁct: This,on chromatography over silica gel’using
dichloromethane-pentane (3:2),‘ga;e 4,6—bis(bromomethyi)-S—methyl[Z,Z]q
metacyclophane %QQB (10.17 g, 57%Z). A sample recrystallized from
cyclohexane gave nearly colorléss crystals, ﬁp 191-192 °C; ler. 8,

(90 MHz), 7.4 - 7.0 ( m, 3H, Ar-H), 4.65 (s, 4H, -CH,Br), 4.43 (bs, 1H,
H-L6); 4.12 (s, 1H, H-8), 3.6 = 3.0, 2,4 - 1.7 (m, 4H each, -CH,~CH,)
and 2.47 (s, 3H, Ar-QﬂB); ir (KBr), 3048 (m), 3010 (m), 2950 (s), 2924

(w), 2850 (w), 1580 (m), 1557 (w), 1482 (m), 1472 (w), 1442 (m), 1430

(s), 1372 (w), 1330 (m), 1268 (w), 1248 (s), 1238 (w), 1209 (s), 1200 (s),

1175 (s), 1162 (w), 1078 (m), 1000 (w), 955 (s), 873.(s); 788 (s), 78l
(o), 760 (@), 715 (s, JO6 (s), 682 (), 615 (s), 578 (&), 543 (s), 490

(m) and 46;,(w); ms peaké'(EI)\at m/e (relative intensity) 408 (M+,

, 13
CIQHZOBrZ’ 53), 329 (100), 327 (98) and 249 (34);

138.6, 138.4, 137.5, 136.5, 136.2, 132.0 (c-3, c-4, C-5, C-6, C-7,

Cmr (62.9 MHz), 6,

C-8, C-11, C-15 and C-16),129.3 (C-13), 125.6 (C-12 and C-14), 39.3,
38,0 (C-1, €-10, and C-2, C=9), 29.0 (~CH,Br) and 14.9 (CH3=C).

Anal.  Caled. for C)oH)gBT) . ¢ 55,90, H 4.94

Found : C 56.45, H 5.20

39. 1,3-Bis(mercaptomethyZ)—é-meihyl-4,5,9,10-tetrahydropyrene %Qég.

A stir;ed solution of the bromide %QQR (2.1 g, 5.2 mmol) and
. v . -
thiourea (0.98 g, 12.9 mmol) in 95% ethanol (40 mL) was heated under

N . . . '
reflux for 3 h. After cooling, about half of the solvent was removed

Jd

under reduced pressure using a rotary evaporator. Then, after futrther

~y




144

cooling in an ice~box, the precipitate of the bis-isothiouronium salt

was collected and dried under vacuum to give the salt (2.88 g, quant.)

as a white powder. .

The salt was then heated under reflux with a deoxygenated solution
of potassium ﬁydro%idg (15 g, 85%, 0.23 mol)[deoxxgenated‘by bubﬁling
N for 0.5 h] in water (50 mL) under'N2 for 7 h. After ice-bath cooling,
‘conc. HZSOA-water (l 1, 60 mL) was added dropwise. The thiol was then
l,extraq;edﬂu51qg egher 54 x 150 mL). ; The organic layers wer%'comblped ,
washed with water, saturated sodium bicarbonate sqution, water till
neutralf dried and concentrated to give the bis~thiol %QQE as a yellow
product, This wds chromatographed over silica gel using igitially
pentane as the eluant and then diéhloromethane—pentane (1:1) to give
the bls—thiol %NEE (1.6 g, quaiit.) as a cream colored product. A sample'

was recrystallized from benzene-hexane mixture to give the thiol %QQE

mp 146-148 °C; “Hmr, §, (90 Miz), 7.08 (A)B multiplet, 3, Ar-H), 3.79
(d, 4, J = 6.9 Hz, ~CH,S-), 2.86 (bs, BH, ~CH,~CH), 2.45 &, M,
A;-qg3) and 1.59 (t, 2H, J = 6.9 Hz, -SH); Lymr, 6, (250 MHz), 711 (4,8
multiplet, 3H, Ar-H), 3.85 (d, 4H, J = 6.4 Hz, -Qﬂzls); 2.94, 2,90
(AA'BB' multiplet, 8H, -GH,=CH,), 2.51 (s, 3, Ar~Cl,) and 1.64 (t, 2H
3= 6.4 Hz, -SH); ir (KBr), 2970 (), 2930 (m), 2885 (m), 2830 (w), -
2555 (-SH stretch, w), 1465 (Qj, 1450 (m), 1440 (s8), 1245 (m), 1240 (m)tl
© 1202 (w), 798 (w), 765 (~C-S stretch,,s)'and 680 (m) cm-l; ms peaks

(EI) at m/e (gelative inténsity) 312 (M+, 19 2052, 100), 271 (29), 247
(26), 246 (34), 245 (98), 232° (20), 231 (62), 230 (34), 216 (31), 215
(29) and 202 (23); Cmr (62.9 MHz), s, 135 4, 135.0, 133. l (c-1, C-3

C-3a, C-10a, C-5a and C-8a), 133.5, 131.0, 129.9 (C-2, C-10b and C-10c),
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127, 2 (C-7), 125.8 (C-6 and C-8), 28.5, 25.1 (c~4, C-10, and C-3, C-9),

23, 4 (~-CH —S) and 15.7 (CH 2)
Anal. Calcd, for §19H2052 : C 73.03, H 6.45

Found : C 73.30, H 6.38

~~

40. nti- and ‘Syn- dithiacyclophane L31A and ) 31B.

A solution of the bromide kRRR (3 g, 7.39 mmol) and 2,6-bis-
(mercaptomethyl) toluene Z&?sa (1.36 g, 7139 mmol) in deoxygenated
béhze;gfgéOO mL)‘was added drgpwise with ;tirring at room temberéture
over‘75 h to a deoxygenated solution of potassium hydroxide [prepared
by diésolving potassium hydrogide (852, 5.1 g, 72,11 fmol) in water
(84 mL) and adding ethanol (1916 mL)]. The solvent was then removgd
under reduced pressure, TQé residue was aicdified with water-conc.H,SO

2774
(50 mL : 15 mL) mixture and extracted with-dichloromethane( 6 x 150 mL).

I

The ogganic layers were combined , washed with water, aqueous sodium
biéarbonate and water till neutral. ,it was dried aﬁd concegtrated to
give 8 pale yellow product whose ler spectrum showed it to be a mixture
of antz- and syn- dithiacyclophanes. This was then chrOmatograyhed overl

.

silica gel using dlchloromethane—pentane (3 7) as the eluant.

Eluted first was the anti-isomer. m'(z 113 g, 67%) which on
vecrystallization ?rom benzene-gyclohexane gave white ggedles, mp 252-
254 °C ler, 8, (90 anS,'7'5 - 7.2 (m, 3H, H-18, H-19.and’u-20),

7.12 ( #, 34, H-7, H-8 and n-9{, 3.78, 3.67 (s, each 4H, -cnz-s CH,),

3.4 - 2 N (m, 8H., —CH -CH ), l 38 and 1.18 (s, each 3H, Ar- CH3), ir . -
© (KBr), 3000(w), 2930 (m), 2884 (m), 2830 (m), 1465 (s), 1455 (s), 1435
(g), lZOQ‘(m), 1203 (m), 785 (s), 768 (s), 730 (s) and 215 (m) ; ms peaks

(EI) at ﬁ/ﬁ\(relqtive intensity) 428”(M+, c 1), .360 (1), 345 (2),

2828522

3
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330 (1), 277 (8), 260 (1), 258 (1), 245 (46), 244 (100), 229 (68),

216 (47) and 202 (32); 13Cmr (15.1 MHz), &, 139.6, 137.8, 135.9, 135.2, g

135.1, 130.8,.130.2, 129.7, 128.2, 126.6, 125.5 (all quaternary Ar-C and’
c-7, -8, C-9, C-18, C-19 and C-20), 32.4, 28.4 (1, 3, 14 and 16 fggz_g), ‘e

28.0, 25.8 (5, 6, 10 and 11 -CH ), 15.7 and 15.0 (Ar-Ci,).

Anal, Calcd. forV028H2882 : C 78.46, H 6.58
L . Found : C 78 08, H g 63 o .
Eluted next was the gyn-isomer %QNQ (231 mg, 7.3%) which was obtain-

ed as colorless crystals, mp 198-200 °C; ler, 6, (90 Miz), 7.08 (AZB

multiplet, 3H, H-7, H-8 and H-9), 6.91 (d, 2H, J = 7.2 Hz, H-18 and H-20),
6.4 (t,i}H, J = 7.2 Hz, H-19), an AB quartet with the A-doublet at 4,19
(24, J =15 Hz, —CEQvS) and B-doublet at 3.77 (2H, J = 15 Hz, —Qﬂz-S),

4,01 (s, 4H, TCEZ—S), 3.2 - 2.6 (m, 8H, —CEZ—QEZ), 2.48 and 2.44 (s, each

28H28520
6), 360 (4), 345 (5), 330 (2), 277 (18), 245 (52), 244 (100), 243 (45),

231 (34), 230 (28), 229 (55), 216 (38), 215 (37) and 202 (26); ' Car

3H, Ar-Q§3); ms peaks (EI) at m/e (relative intensity) 428 (M+, C

N

(15.1 MHz), 6, 136.3, 135.3, 135.0, 134:0, 132.8, 130.9, 130.7, 128.5, -
128.0, 126,3, 125.3 ( all quaternary Affg‘and,c-7, C-8,'C-9, c-18, c-19 -
and c-zo), 34,9, 31.1 (1, 3, 14 and 16 -CH,-S), 27.9, 25.5 (5, 6, 10 and

T 11 -GH 2 18.5 and 16.8 ( Axr- cu )

Anal, Calcd. for,C28 28 2 : q,78.?§7 H 6.58
Found : C 76.70, H 6.12 - L
41, Wittig rearrangement of ant;—dzthtacyclophane 1314 0 A2A.

n-BuLi (0.723 g, 11,29 mmol) in hexane (7 1 mL) was added using

a syringe into a.stirred solution of dithiacyclophane 1314 (2.07 33 4,84
. AN

-
L]
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mmol) in dry THF (150 mL) under N2 at redm tempeiatdre. After abouti

10 min, methyl 1odide (1. 5 mL, 24.2 mmol) was added until the deep
reddish color was' discharged "followed by water, aqueous HC1l and
dichioromethane. The layers were separated and the aqueous layer was
extracted with dichloromethane (S x 150 mL). The organic layers were
combined, washed with water, dried and concentrated to yield a yellow-
braﬁge product, Thisiwas cbromatographed over gilica gel ‘and. elutien
with dichloromethane-peaiade (3:7)- gave {2%& (2.18 g, 98.6%) as a

mixture of stereoisomere, mp 95-128 °C; }Hmr, §, (90 MHz), 7.9 - 6.9

(m, 6H, Ar-H), 4.2 - 1.8 (m, l4H,; -CH -CHZ-, CEZ‘CETS)» 2.26, 2.1,

2.08 ( singlets, total 6H, -SQ§3) and 1.05 -’0.§3 (a series of'singlets,‘
6H, Ar—QﬂB); ms peaks (EI) at m/e (relaeive intensity) 456 (Mf, |
C30H3282, 64), 441 (19), 409 (1), 393 kL9f$ 361 (15), 345 (16), 331 (19),
275 (21) and 202 (100).

42, °Anti-bis(sulfbnium)8alt L33A of 'the tsomers of J32p.~ . o
A solution of the mixture of %g%& (l 97 g, 4.33 mmol) in
dichloromethane (25‘mL) was .added dropwise with stirring to a.
suspension of (Me0) CHBF (2 46 gy 80% as oil 12 mmol) in dichloro-
methane (5 mL) held at = 30 °C under NZ The mixture was then allowed

to warm to room temperature and stirred for 20 h. Then,ethyl acetate
(40 mL) vas added and the mixture was stirred for 1.5 h, It was
filtered and the R;ecipitatefstirred with an additioqal portioh of
ethyl acetate (50 mL) for 2 h. This;on filtration gadefthe bis(sulfoni-
‘ um) salts of ééﬁ& as algreenish-grey powder (2. 48 g, 87%), mp 197-202 C

. -(dec.) .losing dimethyl sulfide_andxturning deep redd on melting.
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43, Hoﬁnann elimnation of ,{/}/% to give trans- 10b s 10c~dimethyl-

19b 100,4 5,13,14~ hexahydrodzbenzo[cd Zm]perylene A34Ac

A mixture of antz-bis(sulfonium)salts A33A (2.47 g, 3.75 mmol) was’
added to potassium t-butoxide (F.47 g, 15.10 mmol) in freshdy distilled |
dry THE (100 mL) under Nz. ‘This was heated to reflUXﬂwith\stirring‘for
1 h. After the mixture had been cooled to room temperature,.benzene‘
(250 mL) was added and the mixture made aeddic by the éddition of
dil.HCl. The'aqueous layer was separated and extracted with benzene

AN . ‘
(3 x 250 mL). The organic extract was washed with water and dried to

-

giye.a dark red product. This was chromatographed over deactivated

gilica gel (deactivated b§ adding 45 mL of water/ Kg of silica gel)

\

using pentane as an eluant to yield mainly {%ﬁﬁ (579 mg, 43%) as a dark
‘red-brown powder. A sample of %géé was recrystallized from cyclohexane
as‘dafk reddish-black crystals, mp ( dec.); ms peaks (EI) at m/e

(relative intensity) 360 (M+, C28ﬁ24’ 100), 345 (100) and 330(33); each

’

peak also shoéed 4 peaks of almost equal intensity corresponding to

Line, s, (90, MHz), 8.81 (d, 24, J = 8.6 Hz,

‘sequentiaf/ﬁoss of 4 H.:
H-6 and H-12), 8.5} (d, 24, J = 8.6 Hz, H-7 and H-11), 8.41 (d, 2H,
= 7.5 Hz, u—s and H-10), 7. 93 (t, 1H, J = 7.5 Hz, u—9), 7.23 (s, 3H, -

H-1, H’@ and H-3), 4.0 - 3.7 and 3.3 - 3.0 (ABCD— multiplet -8H,-CH,~CH

—2 2)
-3 81 and -3.89 (s, each 3H, internal CH3), as eluted k%wé contained .
some éé as evidenced by the lHnr peak at 6 -2.78 and this was apparently
obtained by the partial dehydrogenation of &%ﬁé to give trane-ZOb,lbc-

dimethyl-4,5,10b,10c-tetrahydrodibenzo[cd, lm]perylene QR

®y




'44. | Ox:g;datvlon of m to 46 using potassium t-butoxide.

~ Anhydrous potassium E—Butox%de (150 mg, 1.34 mmol) was added to
a solution of kééﬁ (47 mg, 0f131 mmol) in dry TH? (60 mL) and the mixture
wés heaéed under reflux under Né.&ith'stirring for 2 h. It was cooled’
to room témperatufe, benzene (50 mL) was added and the mixture acidified

with dil.HCl. The layers were separated and the aqueous layer was

' . extracted using. benzene (2 'x 50 mL). The.organic layers were then

)

s§£

combinga,‘washed with water, aqueous sodium bicarbonate and water till
neutral, dried ané concentrated. The residue was freadsorbed on Celite
and 9héématoéraphed over gilica'gel to give QQ (33 mg, 71%) as orange-

. red solid. A sampie was recrystallized from methagol-benzenelas dark
© red brown crystals, mp 198-199 °C; 'Hmr, 6§, (250 MHz), 9.74 (d, 2H, J =
8.13 Hé H-6 and H- 12), 9 54 (d, ZH J = 9.2? Hz, H-5 and H-13), 8.94
(d 2H, J = 8 i3 Hz, H-7 and H-11), 8.79 (d, 2H, J = 7.57 Hz, H-8 and
H—lO), 8.33 (d, 2H, J = 9.27 Hz, H~4 and H-14), 8.28‘(t, IH, J = 7.55Hz,
H-2), 8.27 (d, 2H, J = 7.55 Hz, H-1 and H-3), 8.05 (t, lH, J = 7.37 é;,
‘H—Q); - 4,14 and - 4.24 (s, each 3H, internal'CH 'sf; in the 90 MHz
spectrum,~the internal methyl groups were at § ~4 19 and -~ 4.28; 1ir(KBr),
1640 (m), 838 (s), 815 (m), 810 (s) and 630 (m) cm l, ms peaks (EL) at
28 20°
Cmr (62.9 MHz), , 136.9, 132.3, 131.5, 127.0,°

m/e (relative intensity) 356 (M ,
‘ 13

14), 341 (15), 327 (30), 326
(100) and 163 (43); '
125.4, ‘izé;3 (c-3a, C-5a, C-5b, C-7a, C-10a, C-12a, C-12b, C-I4a, cQ;Ab

and C- lac) 127.5, 126 4, 125.5, 124.4, 123.8; 123.3, 119.2 (C-1, C=2, C-3,

—4 C-5 C=6; C—7 c-8, C-9, C-lO C-ll C-12 C-l3 and C-14), 30,6,

cyclohexane (e)

30.4 ( C-lOb and C 10c)- and 14.3 (intermal -CH s) "Uv, A max

254 nm (19,850), 272 (99, 700), 306 (10,680), 396 (53, 408), 416 (2 02 920),
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446 (29,904), 465 (23,140) and 495 (26,344). \
Anal. Caled. for C28H20 : C 94,34, H 5.66
Found -~ : C 94.33, H 5.70

Note: When the dehydrogenation was carried out using potassium

t-butoxidegf2.6 g, 23 mmol) and a solution of 134A (335 mg, 0.93 mmol)

i

T

in dry THF (200 mL), work-up after 8

incomplete. Oxidation was continued by further addition of potassium

irndicated that the oxidation was

t-butoxide (2.6 g) to the solution of the mixture in dry THF (200 mL)
and heating the mixture under reflux in an atmosphere of N2 for an

additional 9 h. Usual work-up, followed by chromatography over silica

gel, gave pure QQ (270 mg, 82%), identical with the product obtained

earlier.

45. Formation of‘égg§§;10b,100-dimethyZ-10b,IOc-dihydrodibenzo[cd,Zm]—
perylene 46 by dehydrogenation of L34A with DDQ.
® A mixture of iziﬁ {134 mg, 0.372 mmol) and 2,3—dichloro;5,6-
dicyanobenzoquinone (DbQ, 188 Qg, 0.828 mmol) in dry ben%éne (100 mL)
was heated under reflux with stirring for 3 h in an atmoépherelof Nz. .

The solution was concentrated and chromatographed over silica gel

using pentane to give ég (4 mg » 3%), identical to the product obtained

above as indicated by lﬁmr.

46. Partial dehydrogenation of L34A with DDQ to 45.
A mixture of 134°(62 ng, 0.172 mmol) and 2,3~dichloro-5,6-di~
cyanobenzoquinone (DDQ, 43 mg, 0,189 mmol) in dry benzene (40 mL) was

boiled under reflux for 3 h under N,. The solution was cooled,
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concentrated and chromatographed over\silica gel using pentane as an
eluant to'give a mixture of starting material k%ﬁﬁ; the fully dehydro-
genated QQ and the partially dehydrogenated;éér(ﬁo mg) as a red-brown
product., This was separated usiBg preparative ﬁéLC on a Varian Model
5000 Liquid chromatograph using MCH-10 eqlumn [;evérée ph;se, CH3CN~
water (85:15)] to obtain pure 45 as a red-brown product, mp ~ 120°C

’ (dec.}; 1Hmr,’&, (90 MHz), 9.1 - 7.4 (m, 12H, Ar-H), 3.5 ('AB' multiplet,
4H, —CEZ—CEQ) and - 2.78 (s, 6H, internal Q§3's): ms peaks .(CI) at m{e

(relative intensity) 359 (MH+, C,.H 100) and 343 (12); ler, &, (250

28°22?
MHz), 9.08 - 7.47 (m, 12H, Ar-H), 448 - 4,35, 3.65 - 3.32 (m, 4H,
_CEQ—QEZ) and - 2.76 (s, 6H, internal Q§3's); 13Cmr{ (62.9 MHz), 6§,

138.6, 138.1, 137,2, 133.4, 132.4, 131.0, 129.4, 128.6, 128.2, 125.9,

( all quaternary Ar-C excluding C-10b and C-iOc), 127.1, 126.4, 126.2,
125.3, 125.1, 125.0, 123.6, 122.6, 122.1, 1220, 121.9, 118.0 (all aryl
CH's), 30.1, 29.9, 25.3 (13 and 14 -Eﬂ;,-C—lOb and C-10c¢), 16.3 and 16.0
(internal CH,'s); UV, A;§;1°hexa?e () 232 nm (12,615), 260 (5,796),

376 (31,879), 409 (10,9I0), 484 (5,068) and 514 (2,386).

N

47. A. Syn-big(sulfonium) salt of dithiacyclophane 131B.

A solution of 131B (210 mg, 0,49 mmol) in dfcﬂloromethane (7 mL)
was added slowly with stirring to a suspension of (CH30)2CHBF4 (278 g,
80% as 0il, 1.37 mmol) in dichloromethane (2 mL) held at - 30 ;C under

N When the addition was complete, the mixture was allowed to warm to

2.
room temperature and was stirred for another 5 h. After addition of
echfl acetate (5 mL) to dissolve excess methylating reagent and stirring

L4

for 0.5 h, the solid produét was collected by filtration to give‘fhe

P
*
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salt of %%&R (306.mg, 99%) as a white, granular powder.

B. Stevens rearrangement of sulfomium salts to giveAm.

| The syn-bis(sulfonium)salts obtaineq above (306 mg, 0.;8 mmoi)

were added to a suspension of sodium hydride (35 mg, 1.46 mmol) in dry

<

THF (60 mL) under N, and stirred for 45 h. This was acidified using

2

aqueous HCl and extracted using dichloromethane (4 x 50 mL). "The organic
layer was washed, dried and chromatographed over silica gel.using

dichloromethane-pentane (2:8) to give %%%k (81 mg, 37%) as a mixture of

E3

stereoisomers; ler, §, (90 MHz), 7.00 (s, Ar-H), 6.4 - 6.2 (m, Ar-H),

5.2 - 4.7 (m, “S“CETCHZ)’ 4,0 - 2.0 (m, -CH,-CH-S, -CH

H, -cH,), 2.32, 2.31

2

7 and 2.12 (s, LSCE. and iptegnal Q§3's);'ms peaks (CI) at m/e (relative
{

3
intensity) 457 (MH',, CyHy,8,, 100), 441 (63), 409 (20), 393 (57),

378(13), 361 (39), 345 (32), 330 (28), 291 (29), 275 (18) and 202 37).

48, A, Syn-bis (sylfoniﬁn)salt 1338.

A solution of the mix;gré of isomers 1328 (80 mg, 0.175 mmol) in
dichloromethane (5 mL) was added‘with stirrihg to a suspénsion of
(MeO)éCHBFa (99 mg, 80% as oil, 0.49 mmol) in dichloromethéne (2 mL)
2 The mixtu?e was allowed to warm to room
temperature and was stirred for an additional 4 h. Then ethyl acetate

0 . i
(10 mL) was added, the mixture stirred for 0.5 h and the solvent

held at - 30 °C under N

4

decanted. Fresh ethyl acetate (10 mL) was added to the residue and it
was stirred for an additional 10 h. The resulting crystalline product ,
was collected, dried under vacuum and, gave kggk (97 mg, 84%) as a free-

flowing white powder.
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B, Hbfhann eZimﬁnatzon of‘bggg to give cis- 10b£§0e=d¢methyl—
. T e s 10b,10c,4,5,13, 14~ hexahydbod%benzo[cd Zm]perylene k%mk L
. Anhydrous pOtassium t-butoxide'(57 ‘mg, 0,51 mmol) was added

to a stirred suspension of syn—bis(sulfonium)salts %@2@ (97 mg, O 147

¢ . mmol) in dry THF-(60 ml). _ After the mixture had been stirred for l h

Ny - -
; N under'N2 at room temperature, benzene (100 mL) wa3°addeg%9nd the mixture
: + , » made acidic.by the addition of dil.HCJir 'The organic %gier was washed,

L B _dried and concentrated This was chromatographed over silica gel using

"R

7
&

e pentane as the eluant ard gave k%mk (16 mg, 30%) as brownish—black A ¢ ///
© e, crystals, mp 164-167 °C; lHar, §, (90-Miz), 8.99 (dy 25 3 = 9.0 Hz,
. H-6 and HZ12), 8.68 (4, 2,3 =.9.0 Hz, B-7-and H-11), 8.18 ('AB," v

-

doublet, 2H, J = 5.7 Hz, B-8 and H-10), 7.50 ('4AB,' triplet, 1H, J'=

'éh7 Hz, H-9), 7.17 (s, 3H, H-1, “He2 and H-3); 4.2 - 2.7 (ay 8H,-Q§2-Q§2),£—/

LR \ vl

- =f, 82 and ~1.89 ( s, each 3H, internal Q§3 s); ms peaks (CI)“at m/e

- .
=0 ey - o

T

(relative intensity) 361 om’, 35), 345 (94), 343 3%9), 330 (79),

Coglloy
- 32§“(93) and 3267 (100); ;Hmr also indicated some of the correspond&ng

[EERAR B AL
-
)

-

lﬂ'phenanthrené' compound as seen by the singlets at § - 0.99 and - 1.04

(s, ach 3H, ‘internal CH,'s). | | o,
A % Lo )
. _ DA, .

49.  Dehydrogenation ,of L34B to give 46€.

¢« A'mixture of LR (16 me, 0.04 mol) and, 2, 3-dichloro-5, 6-dicyano-

3 ' o4

o benzoquinone (ppQ, 30 mg, 0.r3 mmol) in dry benzene (40 mL) was heated

>
(&)

~ under reflux for 2h under NZ' The solution was cooled, concentrated

- and chromatographed over silica gel using pentane as the eluant to give

% mgg (3 8 mg, 28%) as a pale green solid° 1Hmr 8, ( 250 MHz), 9.71 (d,

,  2H, J = 8.8 Hz, H°6 and H-12), 9.31 (d, 2, J = 9. 1 Hz, H-5"and H-13);

’ v -O '
- . . . .
e . , .

' . . [ ¢

e
-
-
f 3
\
P
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8. 96 (d, 2H, J = 8.8 Hz, H-7 and H-11), 8.45 (d, H, J = 9:1 Hz, H- 4
and H-14), 8.39 (dd, 28, J = 7.4 Hz, H-8 and H-lO), 8.22 - 8.18 (m, 3H,

®H-1, H-2 and H—3), 7.96 (t, lH,.J = 7.4 Hz, H-9), - 1.85 and - 2.14°

-

(s, 3H each, internal CH 's); UV, A;z;lohexane (e) 263 nm(S 461), .

276 (4,854), 310 (2, 832), 322 (3,155), 368 (sh, 3,317), 386 (9,142),

407 "(30,543), 432 (8,090), 437 (9, 102), 468 (4, 975) and 494 (3,236).

p . 9

50. Anti- and Syn- dithiacyclophane LQQQ and L35B.

@ A solution of tpe bromide 105D (1 g, 2.46 nmol) aﬁd 1,3—513-“‘
(mercaptomethyd)-Z-nethylnaphthalege 1A (0.576 g, 2,463 mmol) in
Nz—degassed benzene (900 mL) was,added dropwise over 82 h wich T x ’
vigorous stirring under N2 co a deoxygenated solntion of‘pccassiun '

hygroxide [prepared by dissolving potassium hydroxide (1.69 g, 854,

\A

- 25 6 mmol) in water (96 mL) and adding ethanol (800 mL)]. The reaction

~

mixture.was then evaporated to dryness%eg and aqheous HCl were added. :

This was extracted using benzene (5x1 mL).  The combined organic_
v

xtracts were washed, dried and concentrated. This was chromatogra§ﬁ€d
over silida gel aﬁd eluted using dichloromathane-pentane (2:8). &
Elyted first was the anti-isomer 1354 (0.73 g4 62%) which on recrystal-

lization from benzene-cyclohexane gave white needles, mp 226 227 °CJ'

Lime, &, (90 Miz), 8. 26 o(d, 1H, H-9), 7.95 (s, 1H, H-5y, 7.78 (ad, IH,

L4

’

He6), 7.6 - 7.4 (m, 2H, H-7 and -8}, 7.14 (s, 3H, H-18, H-19 apd H-20), *

4,5 - 2,5 (m, 16H, -CHZ—CHZ, -CHQ—S-CH ), 1.50 and 0.72 ( s, each 3H,

. Gy, 1umr, 6, (250 M), 8.29 (4, 1, 3 = 8.4 Ha, Ho9), 7.97 (s,

Ar- CH
g 14, B-57, 7.81 (ad, 14, 3 = 7.9 Hz, B-6), 7, 60 - 7.40 (m, 2H, H-7 and

H-8), 7.17 - 7.12 (4,8 multiplet, 3H, u—-18 H-19 and H-20), 4.40 -

)
o
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Hy~CHy, ~C,-S-CH,),
ms peaks (CI) at m/e (relative intensity) 479 (MH+

2,70 (m, 16H, -CH CH,~S~

32 30 2"49)’

‘ 478 (87), 446 (34), 412 .(3), 309 (8), 277 (56), 245 (88), 229 (30)

v,

and 201 (100); Cmr, (62.9 MHz),'G, 138.1, 138.0, 135.6, 135.3,.135. 2,

132.7, 132 2, 131 0 130 9, 130.3, 129.0, 128.9 ( all quaternary Ar-C),

130.2, 128 2,°126.8, 126 1, 125 8, 125 2 125.0, 123.9. ( all C- H's i.e.,
c-5, C-6, C-7, - 8, C- 9 C-18 C-19 and C- 20), 32. 4 28.6 ( 1,3, 12

and 14 —CH -S) 28 0, 26. ﬁ 26, 0(C~l6 17 21 and 22), 16.3 and 15.4

N

i(Ar.—C_IiB) .

s . B ‘ .
Anal. Calcd. for 032H3082 : C 80.29, H 6.31, S 13.40
Found ~ : C 79.95, H 6.05
Eluted next was the syn-isomer &%2% (130 mg,llA) whi&h was obtained
as colorless crystals., Recrystalllzatlon from benzene—cyclohexane gave

pure 135p, mp 204-206 °C; Lymr. §, ( 90 MHz), 8.00 (d, 1H, H-8), 7.5 -

Id

6.7 (m, 7H, Ar-H excluding H-8), 4.8 - 3.5 (m, -CH,=S-CH,-, 8H), 3.2 =

2 2
2.0 (m, 8H, -C§Q¥C§Q),,2.63 and 2.49 (s, each 3H, internal qg3's);

Yinr, &, (250 Miz), 8.01 (d, i, J - 8.5 Hz, H-9), 7.80 - 7.60 (m, 1H,
H-6), 7.39 (s, 1H, H-5), 7.22 - 6.76 (m, SH, H-7, §-8, H-18, H-19 and
H-20), 4.80 - 3.53 (m, 8H, -CH,~S-CH,), 3.15 - 2.03 (m, 8H, -CH,~CH,),
2.6? ;hdIZ”Sl’(s, 3H each, inteynal Q§3's i:e'Ar—C§3); ;s peaks (CI)

at m/e (relagggg\incensicy) 479 (Y, CoHy S5, 42), 446 (25), 412 (14),

277 (53), 265 (74), 229 (28) and 20i (100); “cur, (62.9 MHz), 8,7 135.4,

13.7, 134.5, 134.2, 132.6, 132.2, 131.9, 131.2, 131.0, 130.3,129,4, N

"128.5, 128.3, 126.3, 125.6(&ll quaternary Ar-C), 127,9, 127.4, 126.2,
. " e . -
125.0, 124.9, 124.6, 124.5, 124.2.( all aryl C-H}, 35.7, 31.6, 31.0,

. 28.6, 28.0, 25.9, 25.2 ( 1,3,12 and 14 -CH,~S and 16,17,21 and. 22

1.55 and 0.76 (s, 3H each; Ar-Q§3);-

e
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_gﬁz)?,18.8 an% 18§} (’Arjggs). B
Ar‘lalT Calcd. for C32§3082 ¢ C 80,29, H 6.31, S 13.40
. A . . . 7
Found : C 79.70, H 6.32,
51, - Wittig rearrangement of anti-dithiacyclophane L33A to A36A.

-

n-Buli (220 mg, 3.44 mmol) in hexane (1.43 m@) was a&ded using

a syringe to a stirred solution of dithiacyclophane kgzk (705 mg, 1.48

r-

) mmol) in dry THF (100 mL) underaN2 at room temperature.. The initially

colorless golutibn became dark red-brown after about 10 min of stirring,

when methyl jodide (0.46 mL, 7.38 mmol) was added until the solution

<

- became pale red., This was worked up by the addition of water, aqueous

HCl and. dichloromethane. The aqueous layer was extracted with dichloro-

methane (5 x 75 mL). The orgamic layers'were combined, washed with
water, dried and concentrated to give a red product. .This was then
chromatographed over silicg gel and elution with dichloromethane~

pentane (3:7) gave kgg& (0.436 g, 58.5%) as a mixture of stereoisomers;

Lynr, 6, (90 MHz), 8.4 ~ 7.0 (m, Ar-H), 5.93, 5.79 (s, 7), 4.4 = 2.5

(—C_l-_l_z—CLI_2 and -QEQ—ngS), 2,30 -2.14 (a series of singlets, —SQ§3), and

1,62 - 0.97 ( a series of singlets, 6H total, Ar-qg3).

s

52, Hofmann eliminution of anti-cyclophane &2&& to trans-12c,12d-
dimethyl-12c, 1l2d; 4, 5,15, 16-hexahydrobenzoret Inaphtho-
[8,1,2;cde];pentaphene L384.
& .A solution of the mixed isomers of &%QQ from the Wittig rearrange-
ment of %géé'(ABS mg, ‘0.86 mmol) in dichloromethane (10 nL) was added to-
(MeO)’ZCHBF4 (608‘ég, 80% as oil; 3.0 mmol) stirred at ~ 30 °C under N2’

This mixture was then stirred for 20 h without further cooling, ethyl
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acetate (10 mLi was added and stifring continued for 0.5 h. This was

then filtered and the precipitate tritureted with ethyl acetate (30 mL)

for 20 h. 'Filtratidn:gave the sulfonium salt éélé (503 mg, 82%) as a
(' greenish érey powder, mp> 310 °C.

ThlS salt was suspended in dry THF (50 mL) under N2 and then

>—

potassium t-butoxide (278 mg; 2.48 mmol) was added. ' This was heated - .
- %
to reflux under N2 with stirring for 1 h. After cooling, aqueous HCl

and benzene (100 mlL) were added. The'aqueons layer was extraeted wi;h .

benzene ( 3 x 125 mL). The dark red organic layer was washed with water,

_sodium bicarbonate solution, water, dried and concentrated to give

°

a red-brawn product. This was pre—adsorbed on Celite and chromatographed
using pentane as eluant to give 1384 (36 mg, 12%) as a dark red product;

Lyne, 5, (90 MHz), 8.8 — 7.0 (m, 12H, Ar-H), 4.0 - 2.8 (m, 8H, =CH,“CH,),

- 1.41 (s, 6H, internal ° Cge's); a small singlet at.§ -1.35 was also

-

observed, probably due to the dehydrogenated product él.

’

53, 12c,12er¢methyZ-120,12d—dzhydrobenzo[rst]naphtho[8 1,2-cde]- -
pentaphene %Z by oxpdatton of 138A.

. ’ Anhydrous potassium t-butoxide (246 mg, 2.2 mmol) was added to
a suspension of %%QQ (36 mg, 0.09 mmol) in dry THF (70 mL) and the
dixture was heated.Pnder reflux in an atmosphere of N, with stirring
for 6 h. .1F was cooled to room temperature and the nixture was then .

“

acidified with dil.HCl. THe layers were geparated and the-aqueous

] .
layer was extracted with benzene (3 x 75 mL). The organic layers were

5

* combined, washed witn weter, aqueous sodium bicarbonate and éater tiil
neutral dried and concentrated It yas preadsorbed on Celite and

chromaCOgrapbed over silica gel using pentane as an eluant to give QZ
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(29 mg, 704) as a dark red product _mp 219 221-°C; lggg, s, (;O MHZ),

8.9 - 7 2 (m, 16H, Ar-H), - 1.35 and - 1.41 (s, each' 3H, internal CH3 s);
ler, s, $250 MHz), 8.8 - 7.4 (m; 16H, Ar-H), - 1.32 andv— 1.37 (s,deech
3H, internal C§3'S)§ ms peaks (CI) at m/e (relative dntensity) 407 (MH+,7
Cypllyy» 100), 406 (68) and-213 92); Bour,(62.9 Miz), 5, 137.5, 135.4,
134.43 133.}, 132.7, 130.6; 128.6,127.3 €¢.all quaternagy Arjgifexcluding—

C-12¢c and 12d), 128.4, 127.5; 127.4, 127.3, 127.2, 126.5, 124.7, 124.4,

‘1242, 123.5, 123.0, 121.6, 117.%, 117.1 ( all aryl C-H) , 37.2, 36.9

CH,y's); WY,

o

(internal carbons C-12c &nd C—12d) 29.7 (7) , 17.8, 17.6 ( internal

4

’ *;z;lohexane () 226 nm (26,643); 264 (13,956)., 296 (11, 419),

410 (69,147), 427 (96,806), 505 (5, 075), 535 (6,724) and 575 (5 075).

. L . . " - &
f - ,

54, A: Bié (sul fonium)salt oj‘gzgydzthéacyclophaneQ%%ég.

+

i
- 'A solution of the dithiacyclophane A3SB (128 mg, 0,268 mmol) in

dichlqromethane (15 mi)fwas added to a stirred suspension of (MeO)ZCHBFh

L

( 160 mg, 80/ as oil, 0.79 mmdl)ain dichloromethana (5 mL) held at - 30°C

under NZ' After;the aﬂdition the mixture was allowed to warm to room

temperatuge and‘Etirred fdr an additional 20 h. .It’was concentrated to
half its volume on a rotary evaporator and ethyl acetate (20 mL) Was then
added and the mixture stirred for 1 h. The white powder was filtered off,
washed with ethyl acetate (10 mL) and dried under yacuum to give the

) '

sdlfonium salts of 1358 (141 mg, 77%), mp >. 300 °C. (dec )

‘ B, Stevens rearrangement of the bzs(sulfbnzum) salt to %QQR
- The eyn-bis(sulfonium)salts of %EPQ (141 mg, O. 207 mol) was:
added to.a suspension of NaH(915 mg, 0.625-mmol) in dry THF (80 mL)

under Sz and stirred at room temperature for 10 h. This was acidified

‘.
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. usding aqueous HCl and extracted with Benzene (3 X 75 mL). The organic
. [ -

&

N

'y * »
¢ . . i "

layer was washed, dried and concéntr&ted to yield a mixture'of stereo~-

isomers of %QQQ (105 mg, quant ) lﬂmr, S8, (90 MHz), 8 92 (d, 1H, Ar-H),

o4

7.8 ~ 6.6 (m, 7H, Ar-H), 5.5 - 4. 8, 4.0 - 1.8 including major singlets

L J
at 2.55, 2. 40 and 2,22 ( SCH ~CH S—CH and 1nterna1 CH 's).

=3’ =3 =3

. i ‘ M~
55.  Hofmann elimination of syn-cyclophane L36B ‘to cis-12c,12d-
dimethyl-12¢,12d,4,5, 15, 16-hewahydre | ret naphtho (8, 1, 2-cde] -

pentaphene 138B.

A solution of the mixed isomers.of 136B from.the Stevens rearran-

gement of 1358 (108 mg, 0.213 mmol) in dichloromethane (10 mL) was added
v - CNe .

tel (Me0) ,CHBF, (150 mg, 80% as oil, 0.741 mmol) held at 5,30 °C under

9° This was concentrated to half its volume under reduced pressure

fﬁﬁd ethyi-acetate (15 mL) was added and the stiriing continued for 1.5 h,

.

-

-

A

2

This' was filtered and the precipitate washed with ethyl acetate (15 nL)

-

The greenish-black powder was dried under vacuum to give the sulfonium

@

salt %QZR (76 mg, 50%). ) #

2 and anhydrous

potassium't-butoxidé (lZ mg, 0.38 mmol) was added. This was stirred

The salt was suspénded in dry THF (40 mL) upder N

at room teﬁperature for 2 h. Benzene (40 mL), water (20 mL) and water-
dil . HC1 kl:l, }0 mL) was addgd . The organiE layer was séparat?d and
the aqueous layer was extracted well“wi;h benzene ( 3 x 50 mL). The
organic lgyérs were combined, washed well with wéter, dried and then
concentrated to give a red product. This was preadsorbed on Celite

and chxomatographed over silica gel using pentane as eluant to give

kégk (10 mg, 23%). as a red produ&t‘ ler,. (90. MHz); 8.8 -~ 7.0 (m,12H,

Ar-H), 4,0 - 2,0 (m, 8H, CH 2), 0.05 and -0,08 (s, each 3H, internal '
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Qgs's); spall ginglets at § 0.49 and 0.45 were also observed, possibly

due the dehydrogenated product; ler, 8 , (250 MHz), 8.52 - 7.00 (m,
12 H, Ar-H), 3.8 - 2,6 (my; 8H, -ng—qu), - 0.08 and - 0.21-(s, 3H
each, internal Cﬂs's); small singlets at & 0.49 and 0.45 were also

observed, possibly due to the dehydrogenated product; 13Cmr, (62.9 MHz),,

.6, 140,0 -121.7 (quaternary Ar-C), 130.8, 127.0, 126.8, 126.6, 126.5,

126.2, 125.8, 124.9, 120.9, 120.7, 119.3¢(aryl C-H's), 37.6, 31.3,

4
30.2, 29.9, 29.2,28.5 ( C=4, C-5, C-15 and C-16 «LH,'s and C-12¢c, C-12d),
h 2 R

26.8 and 25.0 ( intermal §ﬂ3's). '

.

56. aég;lZc,12d-DimethyZ—120,12d—dihydrobenzo[rst]ﬁaphtho-
[8,1,2—cde]'pentapﬁene izg by oxidatian of?%%%w.~

Anhydrous potassium t-butoxide ( 100 mg, 0.89 mmol) was added ° °

to a gglution of %%ﬁk (10 mg, 0.02 mmol) in d¢y THF (30 mL) and the. :@
mixture was heated under‘:eflux with stirr?néin an atmosphere of Nz.x
for 0.5 h, It was cooled to room temperature; benzene (40 mL) was added . &
and the mixture acidified witb dil.HCl. The layerg were Separated‘ang

the aqueous layer was extracted with benzéne (2 x 30 mL). The combined’

" .

organic lgyexs were washed with water, aqueous~sod@um biparbonate and

water till neutral, dried and concentrated. -The residue was preadsorbed

on Celite and chromatographed over silica gel using pentane as an eluant

-

to give 47 (3 mg, 30%) as’a red product; ler, 8, (250 MHz), 8.42 -

7.19 ( Ar-H), - 0.10 and -0.14 (s, 3H each, internal Q§3's); u,

A;z;lohexane /() 252 nm(12,992)5 262 (12,992), 283 (9,338),295 (10,159),

335 (6,699), 352 (10,556), 403 (35,728), 46§v17,308),'473 (7,511),

487 (6,009) and 520 (5,481).
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57. anti~ and %Dﬁ’thiacyclophm@e.m and 1398, s

A solution of the bromide 105D. (2 g, 4,93 mmol) and the

‘bis-thiol 105E €1.54 g, 4.93 mmel) in N, -degassed benzene (900 mL) was

2
added grbpwise over 80 h to a deoxygenated solhtion bf potassiun
“hydroxide [prepared by dissoiving potassium hydroxide (3.38 g, 85%,
51, 23 mmol) in water (190- mL) and adding ethanol (1610 mL) ], The

" reaction mixture was then.evaporated ta dryness, water and aqueous HCl

were then added. This was,extracted using dichloromethane (9 x 150 mL).

M
. -

?he organic extracts were‘éqmbined, washed, dried and concentrated,
lIhis was‘chremacograpbediover silica éei uéing'dichloromethanE-pentane
(3:75:« Elugea rirst was the anti-isomer k%%é (1.49 g, 54%) which on
recrystallization from-benzene-cyclohexane gave pale yellow crystals,
289 291 ’C, turning yellowish—orange ler, 8§, (90 MHz), 7.12 (' AZB‘
multiplet 6H, Ar—H), 3.78 (s, 8H, ~CH,-S-CH,), 3.4 - 2.5 (m, 16H,"
~CH,~CH,) and 1.32 (s, 6H, Ar-CH,); “Hor, 6, (250 MHz), 7.15 ('AB'
mnlcipieﬁ, 6H,AAr;§), an 'AB' doublet with the 'A' doublet at 3.85 (d,
WH, J = 14 Hz, -\cgzs-s'), and the 'B' part at 3.80 @, 4, 3= 14 Hz,
~CH,-8)," 3.40 - 3.25, 3.05 - 2.80 (um, 168, ~CH,~CH)) and 1.34 (s, 6H,
Ar-CH,); ir (kBp), 3005 (W), 2950 (m), 2935 (s), 2890 (m), 2830 (m),
1468 (m),(l438 (s), 1528 (s), 1412 (m), 1208 (m), 1202 (m); 865 (w);
802 (m), 788 (m), . 769 (s), 758 (s) and 730 (w); ms peaks (CI) at m/e

x(relatlve intensity) 557 (MH ,C 100), 498 (96) and 447 (59);

38 36 2’
the major spectrum peak was at 278 (v 100 x MH ); 13Cmr, (62.9 MHz), 6
'139 2 (c-13 and Cc-26), 135.5, 131,1, 130.5, 129.1 (all other quaternary
Ar-C), 126.9 (C-8 and C-Zl), 125.8 (c-7, c-9, C-20 and C-22), 28.7 (5,6,

10,11,18,19,23 and 24 - gﬁzféﬁzé, 26,4 (1,3,14 and 16 -CH,-S) and
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58. Rearrangement of dithiacgclophane 1394.

16.0 (Ar~CH,),

for CaghyeS; -
a Found : C 80 17, B 6.30

Anal, Calcd. : C 81,97, H Q¢§2, § 11.51

5"

_ Subsequent’ fractions gave a mixture of syn-1338 and anti- mm2ﬁ

,(%l:l ratio, 314 mg, 11.5%) from which the syn-isomer 1398 could not

be isolated pure./lﬂmr, (90 MHz),5, [by subtraction] gave 7.05 (s,
Ar-H), +3.75 (s, -pgz-S), 23,5 ~ 2,6 (m, -cga—qu) and 2.14 (s, inter-

—‘ 0' .
nal C_ij_3 s).

~

A. Bis (8quomwn)8aZts of antz-dzthzacyclophmze m

A solution of the dithiacyclophane 1394 (1. 146 g, 2. 061 mmol) in
dichloromethane (250 mL) was added to a stirred suSpensiep of
(MeO)chBFa’(l,Zéi ¢, 80% as oil, 6.13 mmol) in dichloromethane (20 mL)

at =30 °C under NZ' After the addition, the mixture was allowed to

v

warm to room temperature and stirred for an additional 20 h. It was
concentrated to half its volume on:'a rbtary evaporator and then ethyl

acetate (40 mL) added to dissolve any excess methylating reagent

-. present and the mixture was stirred for an hour. The white powder of

the bis(sulfonium)salt of kéﬁﬁ wes filtered{ washed with ethyl acetate |
(30 mL) aﬂd dried under-Qacuum to give the salt (1,261 g, 81%), mp
> 300 °C (dec.).
B. Stevens rearrangement of the bie(sul fonium)salts to 1404,
The anti-bis(sulfonium)salts (1.261 g, 1.66 mmol) was added to

potaselum t-butoxide (0.56 g, 4.99.mmol) in dry THF under N2 and

) . /
stirred for 1 h at room temperature.. This was acidified using dil.HCl

1)
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A ‘ . ¢ .
' °apd extracted usingidichloromefhane (6 x 100 mL). The organic layers

<

were comsined,\washed well with water, dried and éoncentrated to give
%QQQ (914 mg, 94%) as a dark red product; Yyme, 6 (90 MHz), 7.06

(Azﬁ nultiplet, Ar-H), 3.9 - 2.5 (m, ~CH,~CH,, -cuz-q§¢S); 2,28, 2.21
(s, —nga) and 1,1 - 0.7 (a seriesJof singlets, intern?l Q§3's

-
3 -

).

59.  Hofmann elimination of anti-cyclophane L40A to trans-ldc,ldd-
dimethyl-1de,14d,4,5,8,9,13,14,17,18~decahydrobenzo(rst) - '
dinaphtho[B,i,Z-cde:'2*,1’,3'—klm]pentaphene %Q%Q:

A solution of‘the mixed isomers of 140A from tbe Stevens

’ rearrangement of dithiacyclophane A3A (901 mg, 1.54 mﬁol) in dichloro-

methane (SQ mL) was added ‘to (MeO)?_CHBF4 (924 mg, 80% as oil, 4.57‘mmol)

and sti;rgd at - 30 °C under N,. This was then’stirred for 20 h

' ‘without further cooling and then it was concentrated to half its’

volume. Eth§i acetate (40 mL) was added and stirring continued for

S h,' Filtration, follpwed by washing with ethyl acetate (10 mL), gave

a pink red salt of kﬁk& (687‘mg, 57%) . i o

The sal; was spspended in dry THF (150 mL) under N2 and potassium
t-butoxide (35] mg, 3.13 mmol) was added. This- was heated to reflux

unéer N, withAsti;ring-for 1 h. After cooling, aqueous HCl and benzene .

(iOO mL) were added. The aqueous layer was extrééted with benzene

(4 x 150 mL). The organic ldyers were combined, washed with water,

-

sodium bicarbonate d6lution, water till neutral, dried and cgncentrated
to give a red product. This was preadsorbed on Celite and chromato-
graphed ove; gilica gel using pentane as an eluant to give ké%& (302 nmg,

‘11%) as a red product; ‘Hmr; 8, (90 Miz), 10.0 - 7.1 (Ar-H), 4.0 - 2.7
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(-ng-qu) and - 4,10 (s,'6H, internal Q§3'8); small peaks at § - 3,20,

- 3.56, -3,68 and. - 4.15 corresponding tb the dehydrogenated product

were also seen in the ler spectrum of the product.

A IR

. 60. . Attempted synthesis of 48 by ozidation of 4 using *
P’ R ng

-

potassiun ¢- butoxide. E ’ : o
Anhydrous potassium t- butoxide (1. 725 g, 15.37 mmol) was added R
to a suspension of %m%& (300 mg, O. 615 mmol) in dry THF (150 mL) and
the mixture was heated under reflux under N2 with stirring for 21 h.
It was cooled to room temperature; benzene (150 mL) and dil.HCl were

added. The layers were separated and the aqueous’ layer was extfacteq

*

- *

with benzene (5 x 150 mL). The,oréanic layers were combined, washed

. well with water, sodium bic¢arbonate solution and water till neutr#®,
"2 .

dried and concentrated. It was preadsorbed on Celite and chromatograph-
ed over silica gel using pentane as eluant to give #-dark red product,
(25 mg, 8.4%); ler of the.product showed the aromatic H's at & 9.94-

7.98 in the 90 MHz spectrum and the internal CH3 s were seen at -~ 4.06

- and - 4,11 ( this ac¢tually corresponds to the saturated sysxem),

Bonr, (62.9 Miz), 6, 139.9, 136.9, 133.0, 132.9, 132.4,131.7, 129.0,

126.2 (all quaternary Ar-C), 125.6, 125.2, 124.7, 124.4, 119.6, 118.1

(all C-H's), 40.2 and 37.9 (C-l4c and C-14d).

61, Electrophilic substitution of 46.

Nitration of 46 using cupric nitrate trihydrate:

Powdered cupric nitrate trihydrate (54 mg, 0.22 mmol) was
. &
added to a solution of ég (72 mg; 0.202 mmol) in atetic anhydride (50 mL)

at 0 °C. After stirring for 2 h, the dark -greenish-red solution was




“*system : dichloromethane—ﬁexane (35:65) ],
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poured into ice-water mixture. This was stirred well and extracted '..
using benzene (4 x 100 mL). The organic extracts were combined, washed
,“ i

with water, aqueous sodium bicarbonate solution, water, dried and then

concentrated. The resulting bluish-red regidue was chromatographed over

silica gel using injtially pentaﬁc to elute any unreacted starting
material‘ﬁg,(26 mg, 0.07 mmol) and then dichloromethéne'—pentané (2:8)
to give a mixture of at least two nitro compounds, as indicated by

}Hmr. This was separated by/a preparative HPLC on a Varian Model 5000

Liquid chromatograph[ silica-10 colum, 50 cm long, 8 mm i.d., solvent
Eluted first was a dark red compound which on recrystallization

from cyclohexane gave kﬁl as dark reddish- black crystals, mp 222-

224 °C; ler, (250 MHz) offthe product indicated at 8 9 92 (s, 2H, Ar— H),

9.85 - 8.35 { a set of 9 doublets, 10H, Ar-H), 8.14 (t, 1H, Ar- W),

- 3.99 and - 4,03 ( internal CH ‘s); ms peaks (CI)‘at m/e (relative

inteﬂsity) 402 '.(MH+ C

2ty oN0,,20), 223~£§4) and 207 (100);
gv, ACYCLONEX3NE (o) 254 nm (10,776), 298. (6,265), 373 (3769), 442 '

“max
(48, 019), 5}4 (9,524) and 557 (9,674). |

Eluted next was %&2’ which was recrystallized from cyclohexahe

as dark red crystals, mp 228-230 °C; “Hur, 6, (250 MHz), 10.54 (s, 1H,

Ar-H), 9.9 - 8.3 (a set of 9 doublets, 10H, Ar-H), 8.55 (t, 1H, Ar-H),
8.13 (t, lH, Ar-H), -3.92 and ~4.00 (s, each 3H, internal qg3rs);

ms peaks (CI) at m/e (relative intensity)w492 (MH+ 28),

C28819M%
223 (50) and 207, ooy v, acyelohexane (o) 254 nm (6,894),
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-315%(5,156)., 428 (30,361), 440-(32,939), 470 (12,

571 (3,724) and 774 (1,145). o
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316), 508 (7,734), "

P

-

.+ Eluted lastly was tﬂe third cquouﬁé which was not identified.

’ .

e -
]
4 .
P .
.
1
-
L]
' . t
i
-
» .
e v .
.
.
=
.
- ¢
i\
. / * \
/ 1.
*
v
.
v
1
-
N
-
.
- -
v
£
1]
2
t
.
' .
. T *
-
.
. e

]




T d g

5
=
&

AR b

T e

T ’ N -
" iy PN i
f M s T

-

S

it

e

. ‘ . o 167
FE '~ % REFERENCES

- o
’ . .

. .
‘ .o 3 i
.
. .

L. M. Faraday, Phil. Tranms.. Roy; Soc., 446;(1825).

L e ) ¢ . 1 .

2.. E. Mitscherlich, Ann. Phys.:, 29, 231 (1833). - .
(a) Aromaticity -~An International”Symposium‘hefg ep.Sheffield,

Special Publicatipn No. 21 'The“Chemical Society (1967);.(b)\G.-M.

4

Badger, "Aromatic Character.and Aromaticity", Cambridge University

]

~

Press, ‘London (1969), (c) J. P. Snyder, Ed.; "Non—Benzenoid
a.

Arometics , Vol. 14& 2, Academiceress, N.¥.(1969-1971); *(d) The

*

Jerusalem Symposia'on Quantuni bhemistry and Biochemistry, Vol. 3,
" Aroﬁaticity, Pbeudo-Aromaticity, Anti-Aromaticity", (1970);
(e) P. J Garratt," Aromaticity”, McGraw-Hill, London, (1971);

(£) W, J. le Noble, " Hig; ights of Organic e%emistry , Vol. 3,

Chapter 9, Marcel Dek c.y N.Y. (1974); (g) D. Lewis and
. - ’ t - * )

D. Peters, " Facts ‘and "ries of Arpmaticity", Ehe Macmillan Press

y . ¢ e o’ .
td., (1975); (h).J.March, " Advan d Qrganic Chemistiry" 2'4 Ed.,

.4 Chapter 2, ﬁcGranHilI\ N. I. (197 ; (i) Invited Lectures presented

at the International Symposium on, Aromaticity,held in Dubrovnikﬁb

Croatia, (1979), Pure, hppl: Chen; , 52, 1397 (1980) &

e-',a: . -
T ~ .

_65)." o

-

4, A. Kekulé Bull Soc. Chim. Fr. 3y 98-

5. J W Armit and R‘ Robtnson, J. Chem.‘ oc., 127;,1604‘(1923):,

7

(a) E. Hﬁckel Z Physik., 70 204 (1931), (b) thid,,
5

L4 '——a.’

31'0’ (1931);

” (c.) zlnd.,76 62&(1332)., e I

2, o
. -
- ’

T (a) Y Ooshika . Phy. Soc. Jpn., 12 1238 (1957) (b)ﬁh- C. Longuet ?

. f‘ -
g‘ Higgins and L. Salem, Proc. Roy. Soc., A 251 17222f£59) o r

&

8. \(a) J. R Platt, J. Chemf-Phy., 14489(195!%a (b) W. Baker and .

2
v




3 EETE LI ol

Q

iU ot e
. !

o

“. (h) ibid., 5L, 3540 (1978). . . -

168
i ' . S . i T -
J. F. W, McOmie in : ' Non—Befzenoid Aromagic Compounds "' (Ed.
D. Ginsbhrg)‘, Intér’sciehce‘, N.Y., (1959),.p 477
9. M.-E. Yolpin, f{uss. Chem. Rev:,‘_2_9_, 129 (1960).
10, (a) M. Randié, Chen. Phys Lett., 38, 68 (1976); (b).i&bm. J. Am. °
" Chenm. Soc., 99, 444 (1977), (c) %dem Tetrahedron, 33, 1905 (1977)
1¥, €a) M. J. S, Dewar and G. J. Gleicher, J. Am, Chem. Soc., 87, 685
(1965); (b) tbid., 87,692 §1965), () M. J. S. Dewar, A. J. Harget
and N. TrinaJistlc, J. Am. Chem. Soc. R _9_1., 6321 (1969), (d) M J.
S. Dewar, A. J. Harget, N. TrinaJistlc and S. D Worley, Tetrahedron,

" 26, 4505 (1970). ‘

. (a) L J. Schaad and B. A. Hess, Jr., J. Am Chem. Soc., 94, 3068
(1972), (b) J. Chem Educ , 2, 640 (1974); (c) J. Am. Chem. Soc s
93, 305 (?%71), @ ibid., 93, 2413 (f97l),.(e) 3., org. Chem. ,
36, 3418 (1971), (f) J. Am. Chem Soc., 95, 3907 (1973), (g) B‘ A.
Hess, Jr., L. J. Schaad and C. W. Holyoke, Jr., Tetrahedron, 28,
3657 (1972), (h) ibid:, 28, 5299 [(1972); () B. A. Hess, Jr., L. J.
Schaad and I. Agranat, J. Am. Chem. Soc , 100, 5268 (1978)

13. (a) W. C. Herndon, J. Am. Chem. Soc., 95, 2404 (1973); (b) J.'c:ﬁ‘em.

. Educ., 515 10 (1974), (c) W, C. Herndon and M. L. Ellzey, Jr., J.

)

Am Chem. Soc » 96, 6631 (1974); (d) R. S. 9Sheldrake, W. C. Herndon
and I. Gutman, Tetrahedaron Lett., 755 (},975)

14. ‘(a) J. Aihara, Bull. Chem. Soc. Jpn., 48, 517 %1975), (b)'z,b'bd., 48,

3

1501 - (1975), (e) ibid.,-48 3637 (1975); (d) J. ,Am.wChem. Soc:, 98,

.2750 (1976), (e) J. Org. Chem., 41, 2488 (1976), (f) J. Am ,Chenm,
Y
Soc., 99, 2048 (1977); (g) .Bull. Chem, Soc. Jpn., _§_Q_ 3057 (1977),

\E?

.




~ - N

f .
\ .
by .
oy . . 169.

. . S |

., 15, (a) P. L. F. Jones, Trans. FFraday Soc., 31, 1036 (1935); (b) R.,
N ) , i E o B

- Weirl, Amer. Plys., 8, 521 (1931); (c) V. Schomaker and L. Pauling,

*

J. Am, Chew. Soc., 61, 1769 (1939); (d) G. E. Bacon, N. A. Curry,
- .and’S. A. Wilsds, Proc. Roy. Soc,, A279, 98 (1964),

« 16, (a) C. K. Ingold, Proc. Roy. Soc., Al69, 149 (1938); (b)'Structure

. and Mechanism in Organic Chemistry", an Ed., Cornell University

Press, N.Y., (1971).

17. (a) E. G. Cox, D. W. J. Cruickshank, and J. A. S. Smith, Proc. Roy.
Soc., A247, 1 (1958); (b) G. J. Piermarini, A. G. Mighell, C. E.

Weir, and S. Block, Science, 165, 1250 (1969); (c5 R. Fourme,

—— e e e s o —— —— r————— .

D. André, and M. Renaud, Acta. Cryst., B27, 1275 (1971); (d) "Tables

of‘InEerqtomic Bistances and Configuration in Molecules and Ions"

Ed. L. E. Sutton, 'The Chemical Society, Londé;j—;pecial Publication
. _' : No. 11 (1958), Supplement6§oz 18 (1965); (e) " Molecular Structure
1 . . . and Dimensions', Ed. O. Kennard, International Union of

Crystallography, 1972 Vol. lA.

18. M. Dobler and J. D. Dunitz. Helv. Chim. Acta., 48, 1429 (1965)

§_ 19. . (a) J.“'B,regm?n, F. I,./_ﬁd.tshfeld .» D. Rabinovich, and G. M. J.

g- . , ) Schmidt, Acta. Cr%st.,’lg, 237 ( 1965); (6) F. L. Qirshfeld and-

% . i_Dy;/,_,Rabinovich, Acta. Crys't.,‘:1_9_, 235 (1965). '

% . / 20. | G. ﬁ. Badger in.: '' Aromatic Cha;actef and Aromaticitg?, Cémbéidge‘

§' . . University Press, Londen, n'58-(£9691 - .
:% ‘ '.2‘1. (a) ‘J‘ A. Poplé, J. Chif. Phys., 24, 1111.(4956); (b) H, J. Bern-

§ | ' -o L stein, wﬁts $chneider, and J. A. Pople, Proc. Roy.r Soc., A236

Eo ) * s1s, (19563 (c) J. A.Popley Mol. Phys., 1, 175 (1958); (d) R.

. McWeeny, ibid., 1, 311 (1958); (e) €. E. Johnson, Jr., and F. A.




-

i U'«mmu ey
s

22,

23,

27.

28,

.'29'

30.

31.
32,

33,

" (1968).

Chem. Phys., 50, 1714 (1969).

i70
Bovey, J.” Chem. Phys., 29, 1012 (1958); (f) J. S. Waugh and

R. W. Fessenden, J. Am. Chem. Soc., 79, 846 (1957).

‘(a) J. A. Elvidge and L M. Jackman, J. Chem. Soc , 859 (1961},

?b) 3. A. Elvidge, J. Chem. Soc:, Chem; Commun., 160 (1965).

(a) R. C. Haddon, V. R. Haddon and L.@: Jackman, Fortshr. Chem.
Forsch., 16, i63 (197ii; for an example o{/i,qagnefic meihod other
than 1Hmr see (b) H. J. Dauben, J. D. Wilson, and J. L. Laity, in
J. P, Snyder, gef. 3¢, Vol. 2, p 167, * o '

A, J:.Jones,.Rev. Pure Appl. Chem., 18, 253 (1968}. ‘,

W. Hiittner and W. H. Flygare, J. Chem. Phys:, El, 4%37 (1967).

W, Hiittner, M. K. Lb, and W. H. Flygafe, J. Chem. Phys., 48, 1206

¥

W. H. Flygare, W. Hiittner, R. L. Shoemaker, and P.-D. Foster, J.

*

-

(a) H, J. Dauben, Jr., J.‘D. Wilson,and J. L. Laity, J. Am. Chenm.
Soc., 90, 811 (1968); (b) ibid., 91, 1991 (1969).

(a) D, Lloyd and D. R, Marshall, Angew. Chem. 'Int, Ed.,Eng., 11,
ko4 (1972); (b)'J. F. Labarre and F. Crasnier, Topics in Current
Cﬁem@stry{ 24, 33, Springer-Verlag,'Beriin (1971).

L. Carroll (Charles Lutwidge Dodggon), "Through the Looiing Glass"

b -

" in "The Annotated Alice“, with an introduction and notes by Martin

~ L.

Gardner, Clarkson N. Potter, N.Y. (1960), p 269.

F. Sondheimer and R. Wolovsky, J. Am. Chem. Soc., 84, 260 (1962)

K. Mislow, J. Chem. Phys., 20, 1489 (1952).

D. Ginsburg, "Non-Benzenoid Aromatic Compoundé“, Interscience’
v . ¥

Publishers Ltd., N.¥, (1959), p 480.

pre




171

34, (a) E. E. van Tamelen and T. L. Burkoth, J. Am..Chem. Soc., 89, ‘..
151_(1957); (b) S. Masamune ang R.(i. Seidner, J Chem. Soc., Chem.
< g Commun., 542 $1969); {c) E. E. van Tamelen and R. H. Greely, J.
Chem. Soc., Chem. Com;unf: 601 (1971);u(d) S. M;samﬁne,.K. Hojo,
K. HA;Q G. Bigam, and D, L. Rabesstein,-J. Am. Chem. Soc., 93,
4966 (1971); (e) E‘ﬂh van Tamelen and B.°C. T. Pappas J. Am.
phem. Soc., 93, 6111 (197f5 (£) E. E. van Tamelen, T.-L. Burkotb . ot
and R. H. Greely, J. Am. Chem.‘Soc:, 93, 6120 (1971); (g) J. F. M:
oth, H. Rﬁtteéé and G. Schrdder , Tetfaﬁedron Lett., 61 (19703;

-

(h) J. F. M. Oth, J. M. Gilles and G. -3chréder:, Tetrahedron Lett.,

N

67 (1970).‘ . o \ t
&
35, - (a) F. Sondheimer and Y. Gaoni, J. Am. Chem. Soc., 82, 5765 (1960),
(b) Y. Gaoni, A Melera, F. Jondheimer, and R.. WOlovsky, Proc.
. ' Chem. Soc., 397 (1964); (¢) J. F. M. Oth, Pure Chenm., 25, 573
(1971)5 (d) J. M. cilles, J. F. M. Oth, F. Sondheimer, and E.
: P. Woo, . Chem. Soc., (B), 2177 (1971) . .‘
36. R. M. McQuilkin, B. W. Metcalf, and F. Sondheimer, J. Chem Soc,
! Chemn. Commun.,:338 (1971).
v . [

37. F. Sondheimer, R. Wolovsky, and Y. Amiel, J. Am. Cﬁem. SOC;y 84,

’ -

-274 (1962) ) s

38. Nuclear Magnetic Resonance’Spectra Data, Ameridan’Penkoleug Insti;
tute Rggeargh,Pxéiegt 44, Serial No. 80..¢ .

39. J. G. Gtasseli Ed., “Atlaé of Spectra Data and Physical Constants
ﬂor Organic CompOundQ CRC Press (1973), Clevela;d, ﬁ B 460 ’

40. L. Gz leder and P+ J. Garratt J Chem. Soc., (B) 660 (1967).

. 4l. B W._Mé;calf and ¥s Sondheimer, J. Am. Chem. Soc., 93 6673 °(1971) .

o - . . B . i ;',

.ot * ' N P . O Yy - ' . ,.A*:
. * . . ”

AP
-

-



42,

43.

bh.

47.

48,

50.

: P S,
.
A S
r
o

‘ o 172
y ve ' )

(a) F. Sondheimer, Pure Appl. Chem., 7, 363 (1963); (b) F. Sond-

heimer, I. 'Calder, J. A. Elikx, Y. Gaoni, P. J. Garrétt,~K. Groh-
_ mann, G, diMaio, J. Mayer, M. V. Sargent, and R. Wolovsky, Chem.

Soc., Spec. Publ., No.2l, 75 (1967); see ref. 3a, p 75; (c) F. Sond-

helmer, Proc. Roy Soc., A297 173 (1967), (d) ‘F. Sondheimer,

Acct Chem. Res., 5, 8L (1972); (e) F. Sondheimer Chimia , 28, .

163 (1974).

R. Wolovsky, J. Am. Chem. Soc., 87, 3638. (1965) .

¢ . .

(a) M, Nakagawa, "Topics in Benzenoid Aromatic Chemistry",

« Ed., _T. Nozoe, Hirokawa, ’gukyo, 1973, Vol. 1, p 191; (b) M.

¥
Nakagawa, Pure Appl. Chem.,
v

—m

44, 885 (1975). ‘ .

T, Katataﬁi, S.'Tomita, K. Fukui, and M. Nakagawa, Chem. Lett.,

! \

(1972). . o ..

Ll
-
'

M. Iyoda, H. Miyéiaki, and M. Nakagéwa, J. Chem. Soc., Chem.

225

&

-

‘Commun., 431 (1972). : _ .

K. Bukui, T. Nomoto, S. Nakatsuji, and M. Nakagawa, Tetrahedron

4

Lett., 3157 (1972). . -

M. Iyoda and M. Nakagawa, Tetrahedron Lett., 3161 (1972).

———

52. .

M.

M.

-'Mv

E.

Iyoda and M.
Iyoda and M.
Iyoda and M.

Vogel, Chem.

'Nakagawa, J. Chem. Soc., Chem. Commun., 1003(1972)

A

Nakagawa, Tetrghedron Lett., 4253 (1972)

¢

Nakagawa, Tetrahedron Lett., 4743 (1973).

Soc, Spec. Publ. No 2i,

[ b d N
p-I13 (1967); see ref. 3a;

(b) i&b%t, Chimia , 22;‘21 (1968); (c) idem -, Pure Appl. Chem.,

20, 237 (1969); (d) ibid.,.28, 355 (1971); (e) idem , Chimia ,
33, 57 (1979). '

E. Vogel and -H. D. Roth, Ange&. Chem, Int,-Ed. Eng. 3, 228 (1964).

iy
||‘||ull||a"

s




e TR T8

54,

*55,

56.

57.

59.

“Eng., 14y 364 (1975)

- E. Vogel, M. -Biskup, W. Pretzer, and_ W. A, B8ll, Angew. Chem.

¥ . . ! 173
. ’ -
E. Vogel, U. Haberland, and H. Glnther, Angew. Chem. Int., Ed.

Eng., .2, 513 (1970).

\

E. VogeL,.}. Sombroek and W, Wagemann, Angew. Chem. Int. Ed.

-

ik

E. Vogel, A. Vogel H. K Kubbeler, and W. Sturm, Angew. Chem.

. Int. Ed. Eng., 9, 514 (1970).

| 3

(a) E. Vogel, W.. Sturm, and H. D. Cremer, Angew. Chem. Int. Ed.

Eng., 9, 516 (1970); (b) E. Vogelfand H. Réel, J. Am. Chem. Soc., -

94, 4388 (1972).

Int. Ed. Eng., 3, 642 (1964).

E. Vogel,"W. Pretzer and W. A. B&ll, Tetrahedron Lett., 36%3
(1965)

(a) R. C. Haddon, Tetrahedron, 28, 3613 (1972); (b; ibid., 28,
3635 (1972). ‘ '
(a) V. Boekelheide, Pure Appl. Chem., 44, 751 (1975); (b) Chemical
Aﬁstracts nog calls %2 : 10b,lOc:Qimethyl—lOb,lOc—dihy@ropyrene;

(c) V. Bbekelheide and J. B. Phillips, Proc. Nat. Acad. Sci., 51,

550 (1964). ' .

(a) A. W. Hanson, Acta, Cryst., 18, 599 (1965); (b) ibid., 23,
476 (1967). ,
(a) V. Boekelheide apd J. B. Phillips, j- Am. Chem. Soc., 89,

1695 (1967); (b) INB. Phillips, R.-J. Molyneux, E. Sturm, and

-

v. Boekelheide, J: Ai. Chem, Soc., 89, 1704 (1967); (o) V. Boekel;

heide and T. Miyasaka, J. Am. Chem. Soc., 89, 1709'(1967Y; (d);g.

-

Boekelhedds, "TOpics in Non—Benzenoid Aromatic Chemistry' "14:7?

——




e | )b

. 174

(1973); (e) R. H. Mitchell, Y. H. Lai, and R. V. Williams, J.

Org. Chem., 44, 4733 (1979).

»

64, R. H. Mitchell and V. Boekelheide, J. Am. Chefi Soc., 92§ 3510
(1970x( : - L .
65. R. B, DuVernet, T. Otsubo, J. A. Lawson, and V. Boekélheide, J.

Am. Chem. Soc., 97, 1629:(1975).

>

66. (a) L. F. Fieser and M. M. Pechet, J. Am. Chem. Soc., §§, 2577

. e . .

e , (1946)3 (b) C. E. Griffin and J. A. Peters, J. Org. Chem., 28,
[ ' ) .

- - 1715 (1963). . L

67. R. H. Mitchell Israel J. Chem., 20 294 (1980).

- e al e = Pt e e =~ g e —— - — oy oo v ————

68. (a) E. D. Bergmann and Z. Pelchowicz, J. Am. ‘Chem Soc., 75 "4281

(1953); (b) C. E. Griffin, K. R. Martin, and B. E. Douglas, J.

Org. Chem., 27, 1627°(1962). ,

69, (a) G. Wittig, G. Koenig, and K. Claus, Annalen , ‘593, 127 (1955};
(b) E. D, Bergmann, Bull. Soc, Chim, Fr. , 2681 (1965); (c) K.

Grohmann, P.'D. Howes, R. H. Mitchell, A. Monahan, and F. Sondhei-

mer, J. Org. Chem., 38, 808 (1973).
70. (a) R. T. Weavers and F. Sondheimer, Angew. Chem. Int. Ed. Eng.,

13, 139 (1974); (b) R. T. Weaverg and F. Sondheimer, Angew. Chem.
. , Int. Ed. Eng., 13, 141 (1974); (c) T: M. Cresp and F. Sondheimer,

L]

© © . 3. Am. Chem. Soc., 97, 4412 (1975).
. 71: U, Meissner, B. Meiasner,‘anh H. A. Staab, Angew,. Chem. Int. Ed.

“ . Brg, , 12, 916 (1973), = h A

72, T, Otaubo mR. Gray, and V. Boekelheide J. Am, Chem@»Soc., 100,

2449 (1978) ) =
) 73. M. f?oda, M. Morigaki, and M. Nakagaﬁg, Tetrahedron Lett.,817 (1974).

=
b ’
. . N

.

v



-

(LT PORPGIN NS 0m 0, om0 o o o 1

i

‘ Imummﬁ b wmmm

74,

75.

76,
77.

78.

A’

"

83.

84,

85. (a) K. H. Mitchell and V. Boekelheide, J. Aﬁ. Chem. Soc., 96,

kS

175

R. H, Mitchell and R. J, Cafruthers, Tetrahedron Lett., 4331

(1975).

$

T. M. Cresp and F, Sondheimer, J. Am. Chem. Soc., 99, 194 (1977).

(a) /K., Sakano, S. Akiyama, M. iyoda, and M. Nakagawa, Chem, Lett.,

<1019 (1978); (b) <bid., 1023 (1978).

U, E. Meissner, A. Gensler and H. A. Staab, Angew. Chem. Int. Ed.

Eng., .15, 365 (1976).

R. H. Mitchell, R, J. Carruthers and L, Mazuch, J. Am. Chem. Soc,,

100, 1007 (1978).

*R. H, Mitchell and J. S. H. Yan,

——rTE

’

»
»

Can. J. Chem., 55, 3347 (1977).-

J. A. Pople, Trans. Faraday. Soc., 49, 1375 (1953). g

(a) R. Pariser and R. G. Parr, J. Chem. Phys., 21, 466 (1953);

(b) ibid., 21, 767 (1953), _

» —_— +

(a) J. W. Emsley, J. Feeny, and L. H._Sutcliffe,‘“High Resolution

Nuclear Magnetic Resonance Spectroscopy', Pergamon Press Ltd.,

oxford, Vol. 2, (1966),p 772; (b) H. Glnther, A. Shyoukh, D. Cre-

mer, and K. H. Frisch, Tetrahedron Lett., 78l (1974).

N. Jonathan,. S. Gordon, and B.'P
2443 (1962).

@ga) D: Cremer and H. Giinther;

. Dailey, J. Chem. Phys., 36,

I MR

k

Annalen, l§§, L

-87 k1972); (b). H. Gunther, A. Shyoukh, D. Cremer, and K. Risch,

)

Annalen , 150 (1978); (c¢) H. GUnther, M. GUnther, D. Mondestika,

and H, Schmickler, Annalen, 165 (1978); (d) ibid., Chem. Ber.,

' 132, 71 (1979).

1547 (1974); (b) R. DuVernet and

~

V. Boekelheide, Proc, Nat. Acad.




oo

J
Jem——

86.

87.
88.

89.

90.

. 9L,

92.

93

i

{

176

Sci., U.S.A., 71, 2961 (1974).

B. A. Hess, ir.; and L. J. Schaﬁd, p}ivate communication to | ////
Dg. R. H. Mitchell (University of Victoria). ] ye

Y. H, Lai, Ph.D. thesis, Univeréity of Victoria, 1980. ;////

L. Pauling, J. Chem. Phys., 4, 673 (1936). ///

e
K
s

F. London, J. Phys. Radium , 8, 397 (1937). 4 \

(a) J. A. Pople and K. G. Untch, J. Am. Cheg,/§::i, §§, 4811
(i966); (b) C. W. Haigh and R. B. Mall%gnf/Mol. phys., 18, 737,
751 and 767 (;970); (¢) G. Ege and H./&ogler, Tetrahedron, 31, 569
(1975); ibid., 32, 1789 (1976); (d) H. Vogler, J. Am. Chem. Soc.,
100, 7464 (1975); (e) H. Vogler, Tetrahedron, 35, 657 (}979);

(f) H. G. Ff. Roberts, J. Mag. Res., 29, 7 (1978); (g) See also
ref. 21(e), 83, 60(a) and o®).

R. C. Haddon, J. Am. Chem. Soc.; 1oy, 1722 (1979).

Dr. T. 4. Dingle (Department of Chemistry, University of Victoria)
provided the 7n-SCF boﬂd orders used in this section.

(%) Bond.orders were calculated using Pople—Pariser-Parr,(PPP)H-

"electron theo;y%ib Ideg}ized geometries (C-C bond length =140Q pm,
CCC bond angle 120°) were used. ghe regonance integral, Bu;v, was
assigned a value of - 2.366eV for nearest neighbors. All. two PR
e;ecfion‘integrals} Yu,v; Qere calcu}a;ed Qsing Mataga—Nishimotq

relationship

Yoy = 1.4397 o

’7" R 2.6794

+

. 4 Mol U,V

. « | . ‘
.with a-value of 10,67 -eV used for Yu'u for the carbon atom. Other
» T? . b4

- +

e

-




A mokimoine dioorns B

94,

95.

96.

970

98.

99.

100.

177

4

parametrization gave very similar values for bond orders;(b) See
J. N. Murrell and A. N. Harget in "Semi-empirical Self Consistent -

Field -Molecular Orbital Theory of Molecules" , John Wiley ,

.London, (1972), Chapter 2 for a discussion of m-electron theory.

R, H. Mitchell, R. V. Williams, R. Mahadevan, Y. H. Lai and T. W.

A Y
Dingle, in press (1981).

It could be argued that in 40 the bonds q, s and e which are close ;
to or a part of the benzannélatiné ring might be affected by ring
fusionh and introduce anisotropy effects. To account for this,

equation (4) has been»denived by neglecting bonds q, s and e in the

calculation of Ar’; the average bond order deviation:

AS' = 5.297 - 0.0292 Ar' == ..... (&)
However, such exclusion would be.rather uﬁproductive when g
considering highly annelated systems. ' ) '
*

M. Pellegrin, Rec. Trav. Chim., 18, 457 (1899).

(a)’ W. Baker, J. F. W. McOmie, and J. M. Norman, J. Chem. Soc.,

1114 (1951); (b) W. S. Lindsay, P. Stokes, L. G. Humber and

V. Boekelheide, J. Am. Chem, Soc.,_§§ 943 (1961).

(a) 0. Neunhoeffer and H. WOggon,'Angew. Chem., 68, 386 (1956),
/

« (b) O. Neunhoeffer and H. Woggon,. Annalen, 600, 34 €1956).

(a) A Wurtz, Annaten, 96,°364°(1855); (b} idem,
Ann. Chim. et Phy. [3] 44, 275 (1855); (c) Eu. Miller and
G. Rischeisen, Chem, Ber., 90, 543 (1957).

H. R. Blattménn, D. Meuche, E. Heilbronner, R. J. Molyneux, and

»
¥

"_ v. Boekelheide, J. Am. Chem. Soc., 87, 130 (1965) .

101.

K. C. Dewhirst -and D J. Cram, J Am, Chem. Soc., 80, 3115 (1958)

g (S



178

102, (a) K. P. C. Vollhardt, Synthesis, 765 (1975); (b) H. Staab,
F. Graf, and B. Junge, Tetrahedron Lett., 743 (1966); (c) G. M.
« Badger, J. A, Elix, and G. E. Lewis, Austr. J. Chem., 19, 1221

(1966); (d) R. H. Mitchell and F: Sondheimer, J. Am. Chem. Soc.,

N

- 90, 528 (1968).

103, R H., Mitchell and V. Boekelhei@é, Tetrahedron Lett., 1197 (1970).

-

'104.  R. H. Mitchell, Heterocycles, 11, 563 (1978).
105;‘ R. H. Mitchell, T. Otsubo, -and V. Boekélheide, Tetrahedron Lett.,-

219 (1975). | o ‘
lOé. :(a),E.(VBgtle, Angew. Chem. Int. Ed. Eng.,'8, 274 k1969);

(b) F. Vdgtle, Chem. Ber.; 102, 3077 (1969).

i

107. R. H. Mitchell and V. Boekelheide, J. Chem. Soc., Chem. Commun.,

1555 (1970).
b A ) ) v . .
108. W. Rebafka and H. Staab, Angéw. Chem., 83, 831 ( 1973).

S 109. .(e) R. Gray, L. G. Hatruff, J. Krymowski, J. Peterson, and

V. Boekelheide, J. Am.° Chem. Soc., 100, 2892 (1978); (b) R.

¢

Givens and P. L. ‘Wylie, Tetrahedron Lett., 865 (1978).
110. V. Boekelheide, I, D. Reingold anQ'M Tuttle, J. Chem. Soc.,

Chem. Commun., 406 (1973), ¢b) J. Bruhin and W. Jenny, Tetrahed—

-
'

ron Lett., 1215 (1973). Ty : :
111. (a) T. Otsubo and V. Boekelheide, Tetrahedron Lett., 3881 (1975),

« : (b) idem ,-J. Org. Chém., 42, 1085 (1977). - .

112, J. S. H. Yan, M.Sc_ thesis, University of, Victorig (1978)

. F13, T Sato, M. Wakabayashi, Y. Okamura, T. Amada, and K. Hata, Bull.

. kg R

»

> Chem. ‘Soc. Jpn., 40, 2363 (1967). P a;‘ SO

¥ -

AT TR TR O 1

114, T. Umemoto, T:‘Kawashima, X;(Sakata, and S.‘Misuﬁi: Tetrahedron ~‘\

[}
-




I

T

w
g e vy R

oo

115,

117,

118.

119.

-121.
122,

123

116. |

{s) idem-, Beilstein, 9, 884

: 179

Lett., 1005 (1975)

+

P S. Verma and T S. Subrahmanian, J. Ind. Chem. Soc., 13 192
(1936).

g "

’ ’
R. H. Mitchell, R.J.Carruthers, L.Mazuch and T.W.Dingle; in press.

W. Offermann and F. Vdgtle, Synthesis, 272 (1977). ’
(a) E. F. M, Stephenson, " Organic Synthesis", Collgct. Vol.4,
Wiley, N.Y., (1963), p 984; (b) G. H. Coleman and G, E. Honeywell,

" Organic Synthesis", Collect. Vol. 2, Wiley, N.Y., (1945), p 89;

(c) J. M. Snell and A. Weissberger, "Organic Synthesis", Col¥ect.

Vol. 3, Wiley, N.Y., (1955), p 788.
(a) K. Takigawa.and K. Morikawa, ( Patent- Asahi Glass Co.),

Japan, 3021 (1951); Chemical Abstracts 47, 4914a; (b) A. W. Herr-

1

iot and D<\?icker, Tetrahedron Lett., 1511 (1974).

e

(a) J. von Braun and O. Eugel, Chemv Ber., 58, 283 (¥919);

™

(b) R. H. Mi;chell.and R. J. Carruthers, Can. J. Chem.,lég,'

\ 3 A e

Yoo ’

’
.

S. D. Rosg, M. Fiﬁkelstein-andiR:'G. Patersen, J.~An. Chem.

3054 (1974).

.Soc., 80, 4327 (1958), I

.

' e .
/'\ »
S. N. AndersQn, D. H. Ballard and M, D. Johnson, J. Ghem. Soc.,

N

Perkin II, 311 (1972).

(u) S. Kiister,-Apnalen, 278, -219; .

/

yi ®
(a) L. §§per,‘Tet?ahedron Lett,, 4493 (1966); (b) T. L. Ho,~
Synthesis, 347 (1973). -~ .-
0. Kamm and C. S.'Ma;vél,’"Organic.Syﬁthesigu; Collect. Vol. 1, N

Wiley, N.Y., (1932), p'25.° N




AR 50 B Wy .
\
. . .

it

126."

127,

128,

129,

130.

131.

132,

133,

134,

135.

136.

137!

‘:%;38.

Y

139.

,(a) G. A, Petit and E. E. van Tamelen, Org, React.;.lg, 356 (1962);

P

For the nomenclature used in these systemg see : F. Vigtle
and P, Neumann, Tetrahedron, 26, 5847 (1970)
. W. Anker, G. W. Bushnell and R, H. Mitchell, Can. J. Chem., 519 >

L 4 <

- 3080 (1979)f .

)

T. Sato, M. Wakabayashi, K. Hata and M. Kainosho, Tetrahedron, 27,
l

2737 (1971)
1

(b) H. Hauptmann and W, F. Walter, Chem. Rev.;_gg, 347 (1962).

H. R. Biliica and H. Adkins, "Organic Synthesis", Collect. Vol. 3,

Wiley, N.Y.,. (1955), p 176, ' : .
(a) A. R. Pinder, Synthesis, 425 (1980); (b) See ref. }Sh), P 517;

(c) E. J. Corey and M. Chaykovsky, J. hm. Chem. Soc., 87, 1345

(1965). o . ‘ .

-

J. Fayos and J. Clardy, J. Org. Chem., 42, 1349 (1977) - .
: . ; . . oy
T. Otsubo and V. Boekelheide, Tetrahedron Lett., 3881 (19?5), '

y

(a) J. Drabowicz, W. Midura and M. Mikolajczyk, Synthesis, 39

(1979), (b) Y. Watanabe, T. Numata and S. Oae, Synthesis 204(1981) ‘
B. M. Trost-and D. P. Curran, Tetrahedron Lett., 1287 (1981) ' ri

L. Pavliokova, B. Koutek J. Velek, and M. Soucek, Collect. Czech. ’
Chem, Commun., 39 1216 (1974)

A, Schaap, L. Brandsima, and J. F. Arens, Recueil, 843 1200 (1965).

. . X 4 ’ - S
M. S. Newmann, "Organic\Synthesis", Collect. Vol, 3, Wiley, N.Y.,

.

(1955), p 631, Y
(a) G. D, Ewing and V. Boekelheide, J. Chem. Soc., Chem. "’ Commun., e

207 (1979), (b) R. P, Thummel and D. K. Kohli, Tetrahedroh Lett.,

' 143 (1979), (e) J. Bareleunga, J. Fo Lopez-Ortiz, and V Gotor, ~

i




K J. Chein. Soc., Chem. Commun., 891 (1979).

)

) L. .’ '
*140.  W. Rebafka and H, Staab, Angew. Chem. Int. Ed. Eng., 12, 776

¢
N

(1973). ° ' . -

141, R. Gray and V, Boekélheiae, Angew. Chem., Int.Ed. Eng:, lﬁ; 107 -

’ ® N

(1975). ' e
142, R. Givens, R; J. Olsen, and P. L. Wylie; J. drg. Chem., 44, 1608

™~ (1979).

e

143. (a) M. L. Kaplan .and E. A. Truesdale, Tetrahedron Létt., 3665

L

(1976); (b) F. Végtle and L. Rossa, Angew. Chem. Int, Ed. Eng.,
18, 515 (1979) ..

144, D. J. Wilson, V., Boekelheide and R. W..Griffin, Jr., J. Am. Chem. )

Soc., 82, 6302 (1960).
145, H. Blaschke, C. E. Ramey, I. Calder, and V. Boekelheide, J. Am.

* 7 Chem. Soc., 92, 3675 (1970).

-

146. (a) T. Umemoto, S, Satani, Y. Sakata and S. Misumi, Tetrahedron

.

Lett., 3159 (1975); (b) T. Kawashima, T. Otsubo, Y. Sakata, and

S. Misymi, Tetrahedron Lett., 5115 (1978).

.
r

: \
147, (a) T. C. Jempty, L. L. Miller, .and Y. Marur, J. Am Chem,Soc.,45,
749 (1980);|§b)‘J. Y. Becker, L. L, Miller, V. Boekelheide, and
Cad : .
T. Morgan, Tetrahedron Lett., 2939 (L976). -

. 148, R. H. Mitchell, R. J. Carruthers, L. Mazuch and T. W. Dingle,

in press; (1981).°\
149\ (a) R. F. Borch, J. Am. Chem. Soc., 90, 5303 (1968); (b) idem ,
3. Org.;Chem., 34, 627 (1969). o '

150. P. R. Fu and R. G. Harvey, Chem. Rev., 78, 317'(1975).

151. R. P. Thummel, W, E, Cravey, and D. B. Cantu, J. Org. Chem., 45,



’y

152.

153,

154,

155.

1560

i57.

X : . : - 182

1633 (1980).

A

(a) H. Pines and L. Schaap, J. Am, Chem. Soc.,-79;, 2956 (1957);

(b) J. E. Baldwin, D. H, R. Bartonm, and J. K. Sutherland, J. Chem.

Soc., 3312 (1964); (c)'D. H. R, Barton’and D. W. Jones, J. Chem.

Soc.; 3563 (1965).

r

F. Umemoto, T, Kawashima, Y. Sakata, and S. Misumi, Tetrahedron

Lett.,/463 (1975).

(a) R. G. Har;ey, L. Nazareno; and H. Cho, J. Am., Chemn. 502.,

95; 2376 (1973); (b) R. G. HarQey égd H.Cho, J. Am. Chem. Sdc.,’

9, 243 (1574). | ‘ |
. :

———

R. H. ﬁitchell, R. V. Williams, and T. W.'Dingle , in press

(1981).

(a) I. C. Caider,~P. J. Garratt, H. C.'Longuet—Higgins, and

F., Sondheimer, J. Chém. Soc., [C] 1041 (1967); (b) E. Vogel and

'W. A. BS11, Angew. Chem. Int. Ed. Eng., 3, 642 (1964); (c) E. Vogel,

W, A. B6ll, and M. Biskup, Tetrahedron Lett., 1569 (1966);» _

(d) R. H. Mitchell and J. S. H, Yan, Tektrahedron Lett., 1289

(1979) . ' ’

M. A, Cooper and S. L. Manatt, J. Am. Chem.'Soc.,lgl, 6325,(1969) .
) A

o»




APPENDIX - .-

KEY T0 SELECTED NUMBERED STRUCTURES

L] v

%53 .. 2/363a‘,85a

r

183




S -
¥

1 4




; 185 |

2

LS Mox
' .
2 8
v O
=T

’

*
>
.

Br', " Br - -

X ‘X . . e
8,X=Br} ~ B2y X = Br ° 83..
8y, x = s’ B2A, X = CN .
. ! \‘ T, ’ v -
e v *
’ « .
J ’ ?




il

]

Br, 100, 104 MR LT X

cHo, 1998, M4R: RO MR

cn,Br, 4000 AR MR




187

trans- m

»

{ trans-1384

8 L ;-1 sie-13m

| = ‘ AAAA
< ayri- 368 |

LA . " ' Z = §Me2 mtt-m P eynn—m

4 N * ’ i“
. t




v

-
.
>
.
¢
4.
_ N
.
-
s
.
4
1
.
N -




VITA
g '
Surname: MAHADE VAN . Given Names: ATHAN
Place of Birth: BOMBAY, INDIA Date, of Birth:// JUNE 26, 1949

Educational Institutions Attended, with‘Dates of Entering and Leaving:
v ]
1966 to 1970

UNTVERSITY OF BOMBAY, BOMBAY, INDIA
UNIVERSITY OF BOMBAY, BOMBAY, INDIA 1970 to 1972
1977 to 1981

UNIVERSITY OF VICTORIA, VICTORIA, CANADA

Degrees, Diplomas, Etc., Awarded, with Dates and Names of Institutions:
’ r

UNIVERSITY OF BOMBAY, BOMBAY, INDIA

-

B.Sc 1970
1972 UNIVERSITY OF BQMBAY, BOMBAY, INDIA
»

M’u SC
4

(

N

Honors and Awards:

*'5,’S. Warawdekar Prize Awarded by the University of Bombay - for

3 ‘ .
standingy First in the University in B.Sc ¢Chemistry),(1970)

. -
».
b .
.
.

"Univé}singgf Victoria Graduate Fellowship, 1977/78, 1978/79,
'.' A. '

A}

© 1979/80, 1980/81
'“4»




2 Towards the understanding of benzannelated annulengs% a simple

e N e e e e

Publications: ' : ' - ¥

1 Syn;hesis of diatropic highly benzannelated annﬁlgqes.
R. H.'Mitchell and R. Mahadevan, in press.
. ’ . . ‘ A

S

. correlation of the diatrobicity of several benzannelated ~

dihydropyrenés in terms of bond order deviations with predictions
. : - - ' .
for other benzannulenes. R. H. Mitchell, R. V. Williams,

R. Mahadevan, Y. H. Lai, and T. W. Dinglé, in press.

.
.

[ '

PP

-~



- b4
.

- PARTIAL COPYRIGHT LICENSE

I hereb} grant the right to lend dy thesis or dissertation (the title of
which is shown below)<§o users of the University of Victoria Library, and
to make single copies only for such users or in response to a request

- from the library of any other university, or similar institution, on ‘its
behalf or for one of its users: 1 further agree that permission for
extensive copying of this thesis.for scholarly purposes may be granted

by me or a member of the University designated by me. It is understood .
that copying” or publication of this thesis for financial gain shall not

be allowed without my written permission. ;. . '

N

L]
-

Title of Thesis/Dissertation

NTHESIS OF SOME PYRENE ANNELATED MACROCYCLIC SYSTEMS

S 5 € 08 ¢ 00 60 6 5% ST CL 2 LE R ete s s s s e 000 s 068 0000000 Ve

Autho?
‘ *® 9 0 0 % 0 6 8 5 0 0 6 % 450 S SO s e L] .‘...'..'..'0...""".." .....

Sigriature

RAMANATHAN MAHADEVAN

® 40 8 6208 20 0 0 0 TS0 00 tH OGO P00 BT L0 40 NS0 st LIS EELNSSEoO

~

September 30, 1981 b

© 066 600068008 e 80 s 08000t S0t se st et sssssebbs et bsrseele
.

Date



