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, ABSTRACT

. .

]
The synthesis of anti—lS—phenyl-l6—methyldihydropyrene, a molecule
having an aromatic m~electron cloud within and more or less perpendi-

. 1 .
cular to another m-system, has been achieved, "Hmr.data indicate the

phenyl ring to be freely rotating and, furthermore, the ortno protons’

* of the phenyl substituent to b# the most shielded aryl protons known

today. No interaction.could be detected between the two mt-electron

systems of the aforementioned aihydropyrene, either by UV or ESR
(ENDOR) spectroscopy.

Ring curtent "shielding calculations, based on the Johnson-Bovey

¢ »

tables, have been performed for the phenyl protons of this dihydro-

pyrene using-one to four current loops in the annulene(ékeleton.

-

. L4 -

A four current loop model was shown to give a fair correlition be-
) il -

tween calculated and observed shielding values. .
. )

Four new 2,ll—dithia[3.3jﬁetacyclophénés with one or two inter-

- nal phenyl substituents have been sSynthesized and shown to undergo

-

A 2

-

»

va dyhémic-process of phenyl ring twisting. Although these thiacyclo-

. . . e L
! b te i [
‘phanes were obtained as syn and anti conformers; only one conformer
e - . . .

-
.

was found for the dithiacyclophane with both a phenyl group and a

o . ‘ .

* » N .

hydrogen atom as internal substitueqfs. Based on'an X-ray crystal- .

“
* i

lographic structure deiermination, this thiacyclopﬁang was shown to

o

.exist in the crystalline state ‘as.the byn cdnformer.’The phenyl .sub-.

¥

- -
IS

stituent underwent a-similar dynamic process as described above. This

,fluﬁional process was,also found in three new [2.2])metacyclophanesg

5 ¥
. . .
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with internal phenyl substituents, = ¢

®© . ]

@ -
.

¢ * 3 v )
The barrier to the fluxional process in these systems hasg been
determined using the coalescence temperature method. The twisting
process of the internal phenyl substituent in the metacyclophanes is

. thought to be restricted by the non-bonded interaction between the

v

“ortho protons of the phenyl group and the methylene bridge protons.

E] ?
) L

Furthermore, it was showne that 2,1l—drthia[3.3]metacyclophén§

-

(internal hydfogens) possessed the gyn conformation in the solid

°
. ’ *

state as well as in solution. Based on this observation many simple
. 3

. -

, dithia[3.3]metacyclophanés have been reassigned the syn conformation.

.
v

A search-for new synthetic methods to eliminate sulfur from
< )

thiametacyclophanes, in order to prepare the labile metacyc}bbhangf

- R '

* A

. ' dienes was in so far unsuccessful that no improvements’ over existing

methods were found. . « v
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PART I

SYNTHESIS AND‘ CONFORMATIONAL BEHAVIOUR
OF A DIHYDROPYRENE AND SOME
METACY.CLOPHANES WITH INTERNAL

0y

PHENYL SUBSTITUENTS
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CHAPTER ONE . :

INTRODUCTION B

' .

' . . —_

1.1 Aromaticity: not a fragrant concept at all.

1f asked "what was the first aromatic compound ever isolated",

-

most chemists would probably answer "benzene!', crediting Faraday's © e
detection of ben‘zene1 as a pyrolysis product of oil in 1825. Yet

slightly earlier,‘dipotassium croconate 1, an aromati¢ compound of

a -totally different sort, was prepared by Gmelinz.
- X

Al

* ¥ ]
£

. »
However, benzene has to be credited for the development of the con-
2 - v Q

cebtiof aromaticity3.

\

The designation "aromatjic'"~was first applied 'to a group of natu-

ral products such as methyl salicylate 2 (oil of winter green)’, ane-
t * -
 thole 3 (aniseed), vanillin 4 (vanilla beans) but also compounds like

menthol, 5 (peppermint,o0il) or camphot 6 (camphor laurel), on account
e
of their characterlstic odours or flavours. .
L

When it was recognized (Kekulé (1865) ) that many of these sub-

[y

stances yere derivatives of benzene, the classificsinn acquired a
structural significance and the "aromatic" series implied '"benzene

and its derivatives'. o . ‘ K
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Soon, héwever,,&hé concept of aromatic character changed into a
N L4 N - »
chemical criterion and became identified with the unique stability of

e

the phenyl group and its préference for reacting by substitution rather

than. addition. As a consequence it was the propertieséof the transition

. , )
, \\//

state which were chiefly considered.

AltEOugh some justification of benzene-like stability was gained

2,

in the principte,of the aromatic sextetS (1925), the necessary theo-
I'd - 4 »

. . 4 ..
retical basis was provided by Hiickel6 in the early 1930's in temms of -
the Molecular Orbital (MO) theory. His conclusions have been summarized

: \
in the nqw fam¥liar Hiickel rule which states that monocyclic systems
with (4n+2)n-elec@rons will be aromatic, whereas those with (4n)n-glec-

trons will not. More recently the periphery modification of Plgtt7 and

- the polycyclic modification of Volpin8 have been put forward to broaden

the existing Hﬁckél rule, . '

M6 théofy also provided a way to c;lculate resonance energies, a
property of thé ground state.-of the molecule. This resonance energy,
d?fined as the difference,between the total r-electron energy of a

givenn conjugated molqéule and of a corresponding hypé%hetical reference
~

structure, has often been utilized, with variable success, for under-

'standing and p}edicting,arpmatic stahilityg. Redefinition of the’

W
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-

%
.

. . . "
rgference~ené¥gy by Dewar 0 in,1965, led to what is now known as
, considered to,be the ‘best "aromaticity"

,
‘ ’
.
!
v

.
s

Dewar resonance energies
[ Y

values available,

and the Zagreb

rd
[3
4' I3 'l @ .
Eater mqdifications of resonance energy (RE) calculations (based
on differenf definitions of the hyﬁbtﬁétical reference energy) were

(RE from m-bond energies), Herndon - (RE
) 13

l;

'

N ”~
. C - - - ) .
energy- calculations-.has an advantage over Dewar's method in that it

made by Hess and Schaad
- from Kgkulé structures) and independently by Aihara
'group,4 (RE from gréph theory), The use of graph theory for resonance
can be applied to ions and radicals. A graph theoretical approach has
or bond

»
-
-

also been used by Herndon (RE from photoelectron spectra

-
-,

y
16 . . Cos ) . .
.’ orders ") ard Randic¢:' (enumeration.of conjugated circuits). It ¢
| :
shoul@ be pointed out that all these different mgthods for calcula-
ting resonance energies make use of or compare their values with the

ones obtained by Dewar. A close fit is then considered to be proof

of the validity of the new method.

.
.

Aromatic compounds are not only characterized by their resonance
energy but also by, for instance, the anisotropy of their diamagnetic

éusceptibility and changés in bond lengths and charge distribution

telated to the delocalization of the m-electrons.
So ‘there has thus been a continuous process of transforming the

>

meaning of aromaticity from the chemical definition, which emphasizes
N

the energy content of the molecule in the excited state, to the
physical viewpoiﬂt, which underlines the propertiesmof the molecules

~

!

- g ‘

© fin the ground state.

|
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1.2 Ring Currents as a Criterion for Aromaticity. - .
Since the calculation of resonance energies is strongly depen-
dent on the chosen degree of accuracy and ‘on ;hé:;;rsonal selection,.
of standards, %Ezgidea of defining aromaticity by the physical concept , .‘A

-

of ring currents found wide application. . ) . .

The intréduction of this concept can be attributed to the free
. L]

¥ N -
electron model of Pauling18 who calculated the diamagnetic anisotropy
of benzene on the hypothesis19 that the abnormally largé~diahagnetic
- 3

susceptibility in the direction perpendicular to the basal plane
v

arises from the Larmor precession of the six.m-electrons in orbits
. 4

including many nuclei. This idea was later used by Pbplezo to explain

the NMR deshiélding of the benzenegping proton with fespect to the

.

ethylene protép. According to this modelk.an applifd'magnétié field .
(Ho), perpendicular to the plane of a benzene ring, will induce a

" circulation of the w-electroms, cal%ed a "diamagnetic ring current.

This ring current will then generate a second magnetic field &Hi),
opposed to I (figure 1), which will *have the effgct of increasing
the magneéic field outé&de‘the plane ;f the. ring (deshielding), while
the apparent field inside the ring is decreased (shielding). This
simple ring current model led to a new definition of aromaCiEity as

being the ability to sustain a magnetically ﬂhduced ring current of

n-eZectronSZl.
Ring current effects on proton shifts have played a crucial part
in elucidating the chemistry of the annuieneszz. Initially, the only

neutral annulene known was benzene 7 ([6]annulene), as the severely
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FIGURE 1. Magnetically induced electron circulation

and proton magnetic deshielding in benzene.

N

non~-planar cyclooctatetraene 8 ([8)annulene) may be excluded from

o .

. . - . , 23 ,
consideration. More annulenes soon became available”” ‘and at first

. . 24 . .
their proton shifts seemed to disagree with simple ring current

2
.

theory. However, gross discrepancies disappeared when, the conformatio-
/

nal mobility of some of these compounds was realized and low'tempera—

ture spectra were obtained where necessaYy. The higher homologs of

. 4
benzene, the [4nt+2]annulenes, have very low field absorptions for

outer ring protons, and very high field absorptions for inner protons,
. * ) %
as compared to the normal value of §5.70 for the non-aromatic

(8]annulene 8 (see table 1).-The only(exceptiong to this rule are the

*All & values in ppm from tetramethylsilane (TMS) as internal standard.
4

.
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[14]annulenes a [lS]anﬁulene

[22])annulene [30]annulene




8
TABLE 1. ler § values’ of [Aﬁ+2]annulenes and [B]Annulene.
Annﬁlene Inter H Quter H Reference
(6] - 7 ) 7.27 25
(8] -8 . ‘ 5.70 ¢ . 26
[10] - 94 e N A ' 27%
(10) + 98  —=m——e- 7P U/ A— ’ 27¢
(14] - 104 ~0.61° 7.88° 29a,
(14] - 10B 3.55¢ - 6.82° 29a
(18] - 11 ~2.88¢ . 9.25¢ : . 29
(22] - 12~ -0.40, -1.20° © " 9.65 - 9.30°. 30
9.10 -°8.50°

[30] - 13 : no ler obtained o 32
aSpect;pm taken at -40°C. bSpectrum taken at -126°C.
CSpectrum taken at -155°C. : dSpectrum taken at -60?C.
eSpectrum taken at -90°C. ’

»

Y

. 2 T, - :
[10]annulenes 7. Spectroscopic evidence led to the proposed structures

94 and 9B for the two isolated isomers of {lO]annulene27f. This

3

. . . . . 2
8351gpmene$turned out to be consistent with theoretical calculations
Considering the higher [4nt+2]annulenes, controversy still exdsts

" ; N 31
about the ground’ state structure of [l8]annulene 117, whereas

[26]annulene has not been prepared yet. Unfortunately, the"a}omatipity"

of [30]annulene 13 could not be tested by ler32.

Although the [An+2]annulenes; possessing 14 to 22 carbon atoms,

-
-

are fluxional (see table 2), they all show a diamagnetic ring current
Al

"effect, Z.e., the outet protons absorbing to low field, the inner

protons to high field. Compounds exhibiting this phenomenonnare now

|

s
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TABLE 2. Free energy of activation and coalescence temperature
for the ring inversion processes of some [4n+2]annu}enes,

as obtained by ler.

-

" Annulene AG# (kJmol-l) T (coal.) Reference
[14] - 10A 42,4 ( 0°C) - 44°C  29a =
[14] - 108 - , 30.1 ( 0°C), ca. -110°C 29a
(18] - 11 60,1 ( 0°C) 41°C 2%
(22) - 12 53.6 (20°C) ° 20°C . 30

.

2N

called diatropic, while those with the reversed, paramagnetic ring
current are called paratropi033

~

Sint¢e the degree of m-electron delocalization is related to the
planarity of the conjugated system, stronger "ring currents" are
expected in moré rigid annulenes. One such group are the dehydro-

annulenes, prepared by Son‘dheimer23 and Nakagawa34, where the acetylerde

unit(s) increases the rigidity of the m-system.

.

I | <=

A
[
~

‘/

‘ >
'\\I)

14

— . ' *
.

/

An interesting example is l’s-didehyerIiA]gnnulene £ﬁ35’f0r

which ideqtieﬁé_KeKulé structures can be drawn, as’in\the case of
benzene. The rigidity of 14 is indicated4by the high figld ler ab-

sorption of its inner protons: 6-5.48, Thig implies a much larger

.

>




“

‘forward by Vogel ® ‘and Boekelheide'l.

o 10

"ring current" for 14 than for the flexible [l4]annulene 10A.

’ 4
,

Nakagawa has reported an efficient synthesis of the tetra substituted

'defivative_of 14 as well as the higher homologs of the didehydro-

3

[4n+2] annulenes £236. Unlike the various [4n+2]annulenes (table lj,

!

. N
all these didehydro- and tetradehydroannulenes have essentially the

same geometry. This makes it possible to study the effect of increas-

ing the value of n in aromatic (4n+2)m-electron systems, keeping the

L

geometry largely unchanged. It can be seen from the ler data (see
table 3) that the diamagnetic shielding of the inner protons becomes ~

progressively less as the value of n increases. However, the ring

.

A} H
current is still evident in the.didehydro[30]annulene 15 (m=5). This

0a, 37

. . .
observation increases the uncertainty about the prediction that

~

bond length equalization, a criterion for m-electron delocalization,
is going to fail for large polyen;é (somewhere between 22- and 26~
membered rings). _ : y o g .

Other constraints, apart from the acetylene-cumulene type bonds,

for incréasing the planarity of the annulene rings, have been put

40




11
F
{
TABLE 3. ler § values of some didehydro- and tetradehydro-
. [4q+2]annulenes.
g Diaehydro— )
annulenes 15 Inner H ‘Quter H Reference
[14]) m=1 -4.39 9.42 38
[18] m=2 -3.61 9.82, 9.32. > 38
[22] m=3 -0.83 .y 9.16, 8.76 38
[26] m=4 eca. 1.9 8.23, 7.93 38
[30] m=5 3.5 7.5 38
Tetradehydro-
annulenes 16
[18] m=1 -4.89 9.86 38
[22] m=2 -3.44 10.16, 9.67 38

Vogell'l noticed that, 'if the conformational mobility of the
[10]annulene ring (%A and 9B) is locked by a bridging methylene” group,
the resulting mglecule 17 does exhibit aromatic character, whereas the
open form is extremely reactive27‘and not diatropic at all (table 1).
The IHmr chemical shift data for some of these methano bridged
annulénes are gi;en in table 4%,

These annulenes also constitute a group of compounds well suited

for the cor;elation of the diamagnetic. ring current of a (4n+2) 7w
system with changes in geometry of the carbon {ramewo;k. The stepwise

¢

bending of the carbon periphery of the syn-bridged [l4]annulenes can

be monitored by the:increased shielding of the outer ring protons in

. * .
the series 23 - 27 (see table 4) .'From these data it is apparent that

L

*For X-ray data of methano bridged annulenes see reference 42.
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, : 25 (n=1)
' : 26 (n=2).
23, 2 o . 27 (n=3)

3
the telatively high degree of bending, achieved in this series, does
not reduce the extent of m-electron delocalization significantly.
t’The same approach of a systematic departure from planarity has
been used for the benzene ring in cyclophanesé3. For instance, for
the [n]paracyclophanes 28 and 29, although aromaticaé, ;n’out of plane

bending of the benzene ring has been reporied of 9° and-17° respec-

tivelyas. Even the [6]paracyclophane 30, in spite of a calculated

Y

e
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(CHzln : (CH

2)n
28:(n=8)
' 29:(n=7) ) ' 32: (n=4)
;- 30: (n=6) 33:4(n%3)
. 31: (n=5) |

deviation of 22° from coplanarity of the benzene ring46, is still
"aromatic" by the ring current criteribn47. The Dewar isomers of [4]--
and [3]paracyclophane (2368 and 2249 respectively) have also been

isolated, but no isomerization to the corresponding paracyclophanéﬁ'

.
Y

has been detected. So ‘it seems that the still elusive [S]paracdyclo-

phane 31 will form the crossover boundary between stability of benzene
2= A

?
[

and Dewar benzeng‘valence isomers, and therefore define the ligit of
aromaticity in the [n]paracyclophane éeriessc;

Comparison of syn-18 and anti-20 of the dimgthano[lA]annuleneé
shows a decrease in diatropiéity for gg,.as‘judged from the chemical
shift values Pf the ring’ipd bridge protons. X«ray dé&éAZb indicate
bond length alternation for the carbon framework of 20, not because

of deviation from planarity, but mainly due to the increased torsion

hal
' &

angles (up to 75°) which prevent effective p-orbital overlap. However,‘

2

for the comparable dioxo compound 22 no bond length alternation or
increased torsign angles can be detectedazc, so, that, based on
geometrical\barameﬁers, auti-22 is .aromatic. On Epe other hand, ler
data show an increased shielding for the ring protons of 22 compared
to 21 (same increase in shielding can be doticed in going from 18 to

20), which, together with chemical behavioursze, implies an olefinic

& '
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nature for 22. This is a problem reminiscent to the controversy about

®

the [18]annulene 11 structure3l.

Vogel'§& methano bridged [lO]annulene{lZ is not the only rigid,
10 m-electron system known. Recently, the tricyclic [10]annulene ﬁi

has been prepared, and chemical, as well as 1Hmr data indicate it to

. 51
be aromatic

Boekelheiée53, in his synthesis of trans-15,16-dimethyldihydro-

. *
pyrene 387 uged an ethano bridge, instead of methylene bridges,

P4
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8
TABLE 4. ler § values of bridged [4n+2]annulenes.
\
Annulene Inner H, . OQuter H Reference
[10] - 17 | ~0.5 7.5 - 6.8 6
[14) - 18 - 0.9,-1.%2 - 8.0 - 7.0 52a
(18] - 19 1.32, 0.53,-0.45 7.70 - 6.70 52b
4] - 20 2.48, 1,88 6.33 - 6.20 52¢
[14)\ - 21 -—- 8.53 - 7.81 | 52d ~
[14)/ - 22 - 7.78 - 6.85 52e
[J£] - 23 - 8.95 - 8.30 58
T 4] - 24 -1.82 8.17 - 7.82 52f
[ [14) - 25 ~ -0.61,-1.16 7.88 - 7.55 52g
[14] - 26 { 0.52,-0.96 7.86 - 7.12 52h
[14) - 27° 6.55,-0.11 §.10 - 6.95 : 521
[14] - 34 - « 8.08 - 7.90 58
[14] - 35 - 8.72 - 7.38 58
[14] - 36 . 59
[14) - 37 -2.06 8.74 =~ 7.50 55
[14] - 38 4,25 8.67 - 7.98 53
(14] - 39 ~4.53 8.77 - 8.04 57
[14] - 40 -5.49 18.58 < 7.89 54
[10] - 41 -1.67 7.92 - 7.53 " 51
(18] - 42 ~2.58,-2.86 9.10 - 7.47 56
[18] - 43 -6.44,-6.82,-7.88 9.48 - 9.40 - 56

to constrain the'[l4]annuiene in a more or less planar §tfucture; this
type of bridging is based on tge.geémetry of pyrene éﬁ. Q&thin this
system, the internal hydrog;ps QéétrJZS-lS,l6—dimethyldihxd;opyrene [
59?4 appear in the ler at 6-5.49, the highest value obtained so far

for the [14]annulenes, However, the absolute record for any type of

neutral annulene is held by hexahydrocoronene ﬁ§§6, where two of the

4
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internal hydrqgens resonate as high as 6-7.88.

Spectroscopic58 and theoreticall7 findings sugge;t that pyrene 34
and the two symmetrical isopyrenes 23 and 35, can be described as
planar, vinyl~bridéed [l4]annulenes with perimeter type conjugation
and, thus, as precursors of the annulenes 36 - 39. }here exists,
therefore, a remarkable.ggometrical parallel between these thret—types
of bridged [l&]annulénes. The anthracene perimeter of cis-36 is
slightly bent60 (saucer shaﬁed), comparaple to the curved shape OEB
cis-dimethyldihydropyrene 37, whereas the C-14 peripheries of
trans—§§Pl and trans-§257 are both planar. A comparison of the ler
chemical shift data for 36 - 37 and_§§ - 39 (table 4) shew that all
three systems sustain a diamagnetic ring current equally weil.

However, Vogel's system (methano bridged annulenes like 18) is probably
only suitable for cis-type [l4]annulenes, since the trans isomer of 36,
if synthesized,_will be a very reactive species (c.f., anti-20).

Compared with.these [4n+2]annulenes, the [4n]annulenes show a
complete opposite magnetic effect, Z.,e., the outer protons absorb to
high field, the inner protons to low field. This implies a paramag-

. ; 62 Y. . , , . .
netic ring current-”, flowing in the opposite direction to the dia-

magnetic ring currents found in the [4n+2]annulenes. In principle,

it should be possible to convert a [4n+2]}annulene into a (4n)m-system

by adding or subtracting two -2lectrons (and vice versa). This change

’

in total m-electrons should lead then to opposite ring currents in

the neutral and charged species, and manifests itself from chemical

0}

shift values.

A
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This type of transformation was first realized with cycloocta-

63 - .
tetraene 8 3,(3 [4n]annulene). However, the 1Hmr of the dianion was

almost identical to the neutral species, indicating that the deshiel-

=~

‘ding -effect of the diamagnetic ring current is balanced by the shiel-~

ding due to the excess electron density. Also the paramagnetic ring .

current of §_is impaired due to the non-planar (tub-shaped) structure

o

of 8. .

‘

As was indicated before, trans-dimethyldihydropysg#fie 38 has a

planar periméter and is therefore an excellent candidate for testing

~

Ed
the postulated ring current reversal. In fact the conversion of the

.

. A 2-
neutral [l4]annulene 38 to its dianion 38 involves the transforma-
N - . ’
tion of a strongly diatropic to a strongly paratropic system, as

indicated by the shift of the internal methyl protons: from &-4.25
to 621.0064. '

o
v

As examples for the reversed case, where a paratropic [4n]annu-

.

lene is changéd into a diatropic (4n+2)7-system, one can use .
65a , 67
l,7—methano[lgjannulene 44 and the bridged [l6]annulene 45 . The
crystal structure of 44 shows it to be nearly planar, but with com-
plete bond alternation, due to increased torsion angles66[ On the
other hand, compound 45 is expected to have a puckered perimeter
However, theig respective dianions are diatropic (see table 5). For

-

instance, the bridge methylene protons of 44 undergo an upfield shift
from 66.04 in the neutral molecule to 6-6.44 in the dianion65b. ‘

Since a two-electron reduction of a [4n+2]annulene generates a

paratropic species, further reduction to the tetraanion should then

/
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provide the next higher homolog of the [4n+2]annulene, and therefore
restore the diatropicity of the system. This effect can clearly be

seen from the dianion and tetraanion of pyrene 34 (table 5). The

..

added electron density in the tetraanion 2&4_, however, increases the
shielding of the ring protons and therefore opposes the effect of the
dfﬁmagnetic ring current. Acepleiadylene 46, which, like pyrene 34,

can be described as a vinyl-bridged {l&]annulene70} shows a similar

P

pattern for its dianion and tetraandon.

An iﬂteresting example of a peripheral ring current
in the di- and tetraanion of [24]paracyclophanetetraene ﬁl?l. Wherkas
the neutrai molepule_ﬁl shows chemical shifts typical for aromatic
and olefinic protons, the dianion ﬁlz- shows absofption of the

iy

internal benzene protons at §-7.07. This implies a destruction of the

¢
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TABLE 5. ler § values/of annulenes and their dianions
and tetraanions. .
Annulene Inner H OQuter W Reference
(8) - 8 --- 5.70% 63
[10) - 8% —_— 5,702 63
[12] - 44 6.064 5.54 - 5,12 65b
(14] - 442" 6,44 7.16 - 6.28 65b
(14) - 38 -4,25 8.67 - 7.98 3 64
(16] - 382" 21,00 3,19 = 3.96 64
[16] - 45 4,81 4,50 - 0.59 67
(18] - ﬁz— -5.91,-5.99 8.53 - 6.68 67
[14) - 34 - — 8.08 - 7.90 58
[16) - _332’ - 2.22 - 0.01 58
(18) - 34 — 5.68 - 4.40 68
[14] - 46 -— 8.33 - 6.89 69
(16] - 46°" — 1.53, -2.05 69
(18] - 46°" - 5.96 - 3.56 69
47 7.37 7.37 , 6.48 71

(26) - 47%7 ‘ -7.07 9.56 , 9.26 71
[28) -g_“" 12.76 4,48 | 2,09 71
aSignals of 8 and‘§2_ are only 0,005 ppm apart63; §5.70 taken
from referehce 26.

n-electron delocalization in the benzene rings of 47 in favor of a

perimeter conjugation in the dianion. Further reduction to the tetra-

4= . ,
anion 47° genérates a paratropic species that can be considered as. '

“
“

a [28]annulene, with the internal benzene protons resonating at §12.76.
The concept of a n-electron ring current in planar conjugated

systems has cléarly been of value in interpreting ler spectra. From
i .

ne
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the data, obtained in the field of annulene chemistry, it can be con-
cluded that, in ‘general, diatropicity gives a good qualitative picture

~

of the aromaticity of the system considered. However, diatropicity is

P

not the only magnetic property of conjugated (afomatic) systems that
has been related to "aromaticity'". '

Dauben, for instance, proposed the diamagnetic susceptibility
exaltation72 as‘a criterion for aromaticity. Although this method is
related to a theoretically well defined quantity, the London diamag-

netism, it is still empizical in character. Closely related is the
s 7
Faraday effect, proposed as a measure for aromaticity by Labarre 3.
o
Yet another ring current related approach is the determination of
. 1 , .
bond alternation from Hmr coupling constants, based on.the correla-
tion between ortno coupling constants and m-bond orders of berzenoid
74 . .

hydrocarbons’ . However, partly due to the simple experimental

1 . i o
procedure, the use of “Hmr chemical shift wvalues as an indication of

aromaticity strongly outnumbers any O{\the above mentioned methods.

1.3 Quantitative Aspects of the Ring Current Concept. ‘

»

Ever since Elvidge and Jackmanzl, in 1961, proposed to use the
ler chemical shift as a quantitative measure of the ring current,
and consequently of aromaticity, .much efforé has been put into -
deriving a mathematical equation that would relate the ring current

to the other, frequently used, aromaticity criterion, the resonance

energy. Although the existence of such a relation has been

73b,75

questioned , Haddon76 recently showed that, indeed, for [4n+2]-

LI
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annulenes, a direct analytical relationship exists between ring
current (RC), ring area (S) and resonance energy (RE).

3S .
2

RC = . RE (1)

ki
Later, a slight modification of this formula was published by Aihara?z
This author also found a simple relationship to exist between the
London diamagnetism, Z.e., the contribution of ring currents to the
magnetic susceptibility, and the resonance energy
In order to obtain a quantitative assessment of the ring cur-
rent79, it is necessary to calculate the induced diamagnetic field
( # in figure 1), due to the =-electron circulation, at any position
in and around a molecule., A semi-empirical appfoach, based on the
. , ‘
free electron model of Pople O, has been described by Waugh and
80 -~ .
Fessenden (1957). They calculated the secondary field for benzene
by assuming two circular current loops placed above and below the
plane of the ring. This method has been put into graphical and tabu-
81 ' 82 . :
lar form by Johnson and Bovey ~, In 1972, Haddon = pointed out that

»

i
the use of line currents has distinct advantages over the Johnson
Bovey method when applied to annulenes, for the carbon skeletons of
annulenes larger than benzene are most often not circular at all.

A further unique feature of Haddon's approach is that individual

ring current intensities are not calculated, or even assumed, but
are,. instead, deduced from a statistical comparison with experimental
1

Hmr shifts.

A quantum mechanical formulation of the ring current for benzene,
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¢ - 0
based on the London theory83, was developed by McWeeney84 (1958).
Later extension of this EheorySS, to include protons located outside

the plane of the benzene ring, led to the Haigh - Mallion Jables8§

>

(1972), which have a similar format to the earlier ones by Johnson

and Bovey.

4 >

Although the Johnson - Bovey (JB) method :and the Haigh - Mallion

N 'Y .
(HM) approach agree qualitatively with each other, in a quantitative

sense there are some distinct dtffeqences. The JB tables overestimate

thé—proton deshielding in or near the plane of the benzenoid hydro-
74,87

i

, while there is now sufficient evidence to show that the

\

HM tables, although quite good in the deshielding region87c, under-
85,88

carbons

estimate the proton shielding above the plane of a benzene ring
., 89 1 13 .
Boekelheide  ~ has shown that the "Hmr and Cmr shift data for
the alkylated dihydropyrenes 38, 48 and 49, correlate fairly well with
the JB calculations, These comparisons, however, have been made under

the assumption of a fixedlconformation for the élkyl side chain ‘in

solution, which is not very likely,

38: R = CH
¥ — 3
48: R = CH,CH, |
‘ 49: R = CH,CH,CH,
' ‘ 50: Rs

"Ph. .

f A
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~ Our interesté, therefore, went out towards a dihydropyrene with
a more rigid substituent in the n—ca&iéiﬂ combared to 'the flexible
‘alkyl chains in 48 é;d 49. We thought that a phenyl group would serve .
our purpose very well, better than, e.g., a tertiary butyl”group or
acetylene unit, The reason is that the'phenyl group will give us three

.

éypes of hydrogené at different levels above the plane of the dihyd;d-
pyrene ring, whereas‘the other groups will only give 6ne t&p; of
hydrogen at a fixed distance from the ring. Since it is possible that
a molecule like 50, with two internél phenyl substituents, may have

a different ring current intensity compared to 38, due to a'Ehange in
geometry or magnetic effects by the phenyl group§, we decided 'to

leave one methyl substituent in place. This would give us then the
asymmetrically substituted dihydropyrene 2}; where the internal gethyl

group serves as a reference to other substituted dihydropyrenes (e.g.,

38, 48, 49) and theinternal phenyl as a probe for the mapping of the
I3

", —_—
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ring current effect above the ring of tﬁese dihydropyrenes. Apart.

from a synthetic challenge, it would also be of interest to see if

there is any interaction between the m-cloud of the dihydropyrene
i
ring and the m-cloud of the phenyl substituent, which is within and

more or less perpendicular to the first one.

i -

4
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CHAPTER TWO g

RESULTS AND DISCUSSION

©

"
2.1 Possible synthetic Approach,
Since dihydropyrene J1 is the valence isomer of the metacyclo-~

phanediene 51A, it is not surprising that synthetic routes to the

* dihydropyrene derivatfves have evolved through [2.2]metacyclophanes

and [2.2]metacyclophanedienes.

L0
sorTn:
. | O

51 514

B

From the time of Pellegrin90 (1899) until the late 60's the only
useful synthesis of [2.2])metacyclophanes was'via‘the Wurtz reaction,
involving dimerization of m—xylylenedibroﬁides by means of alkali
metals, Even with improved methods91 this coupling reaction proceeds
in yields of only 20-30%, and furthermore, no useful methods were
available for converting the so obtained [2.2]metacyclophanes into the
corresponding dienesgz.

The breakthrough came in 1969, when Vogtle introduced-the concept
of preparing dithiacyclophanes followed by oxidation and‘extrusion of

sulfur dioxide as a method of synthesizing anti-[2.2]metacyclophane593.

-However, Mitchell and Boekelheide94 should be credited with the first

[N
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useEQl synthesis qf anti-[%.Z]metacyclophanedienes, which spontaneous-
ly valence tautomerize to the ¢rans-15,16-dihydropyrenes. Their ap-
proach involved tbe Stevens rearrangement of a dithiacyclophane fol-
lowed by a Hofmann elimination., Later, the Wittig rearrangement was

put forward as an alternative method for the ring .contraction of di-

.
1y

. 95 . . .
thiacyclophanes™ . A representative outline of these synthetic routes

.

is shown in scheme 1. ¢
\

1.n-BuLi
@ “2.Mel
WITTIG Mes © 1. (Me0) ,CHBF
S S ‘ - & SMe 2. t-BuOK »
HOFMANN
STEVENS v
52 1. (Me0) ,CHBF, 53
2. t—=BuOK
P A
—_—
0
SCHEME 1 384 38

For the synthesis of dithiacyclophanes two routes are used exten-

94,96 of a dibromide and the cycli-

zation between a dibromide and a dithiolgs’97

sively: the sodium sulfide coupling
(see scheme 2).

. To gighlight the importance of the dithiacyclophanes and the sub-
sequent ring contraction steps in the synthesis of dihydropyrenes, a

comparison has been made in scheme 3 between the first synthesis of
»

trans-15,16-dimethyldihydropyrene 38 via a stepwise Wurtz coupling

3,98 ' , 97
*“" and that via the thiol-bromide cyclization (route b)) .

.’

(route a)5

-~
o

\ . @
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. r@ ‘
‘ Br Br Na.S : KOH Br Br
2 e S S —-———
o4 52 ’ 55

SCHEME 2

Apart from increased yields, ghe dithiacyclophane route has the

further advantage that now for the first time syn} and cis-isomers
respectively of [Z.Z]metaqyclophanes and dihydropyrenes- became
accessible, because of the existence of anti- and syn-isomers in the
thiacyclophanes. The thiol-bromide coupling made it also possible to .
obtain asymmetrically substituté& [2.2)metacyclophanes and dihydro-,
pyrenes, of which our target mol;cule 51 is an example.

-

We therefore propose the synthetic pathway outlined in scheme 4

route a: 1% yield

=)
i

c1 cl . /38

route b: 25% yield

SCHEME 3
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SCHEME 4

N , . . : oo,
as our route, towards the synthesis of trans-15-phenyl-16-methyldihydro-

@

pyrene 51, predic%;d that a higher yield of 59 would be obtained

using thfol 61 and bromide 54 rather than bromide 60 and thiol 55,

because in the attacking nucleophile 61 the s&i?h{(atoms are farther

1

removed from the very bulky phenyl substituent than are tHe methylene
carbons (the electrophile) in:bromide 60. This increased distance
between the phenyl substituent and the reactive center should Ehen

decrease the steric inhibition to coupling between 54 and 61 as com-
| L]

°

pared to the coupling between 55 and gg.'

-

2.2 Synthesis of 2,6-Bts(bromomethyl)toluene 54.

Thé bromide 54 was obtained via three different routes. The fdrst
two routes, both ‘starting from dichloride 58, differ only in the con-
version of the dic&anide 62. In one éase di(isobutyl)aluminium hydride
(DIBAL) was used to obtai? §§97 whereas the other route involved, basic

hydrolysis followed by esterification with ethanol to yield diester .

92a

647", The conversion of dialcohol 65 to 54 proceeded much easier by

using 482‘aqueoﬁs HBr than by using ?BrB.

]
-
4 "
s ~NG
. .
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HO OH
NC CN EtOZC COzEt
1. KOH LiAlH
——‘.’
62 2 EtOH L]
- 2]
. HBx
CuCN DIBAL , , NaBHAr ,
CHO ) -
’ Br Br
cl c1 ) ‘
63
2 54

The third route towards ghe synthesis of dibromide 54 involved a
novel approach of startfing with non—aromatic precursors and con- .
structing a 1,2,3-trisupstituted benzene by a Diels-Alder reaction.

Early work by Hoch suggested that isophthalic acid derlvatlve
10 was available by the sequence illustrated below. However, identifi-
cation of the acid 70 was somewhat tenuous. The st®ture was mainly

assigned by its melting point (305-306°C) as phthalic acids tend to

melt below 200°C and the 4,6-dichloroisophthalic acid was known to

MeO OMe ﬁ
MeO OMe ’ '
CL Cl !k A . HZSO:
cl cCi. COzEt - a COzEt ¢ a COZEt
6 67 68 69
1.KOH
HO,C co HX 2'H3o+
HOZC 002}1 ) 2
cl @Km
cl Cl
71 70

y
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mélt'at 286°C.

In view of the simpliﬁity and economy of this sequence further
investigation by our group100 was warranted. It ;as reasonéd that by
using methyl crotonate 72 instead of ethyl acrylate 67 the desired
diacid 71 would be obtained. Indeed, cycloaddition of 66 (prepared in
86% yield by, addition of MeOH/KOH to hexachlorocyclopentadignelOl) and
72 gave a 60% yield of the Diels-Alder adduct 73 as a mixture of endo
and exo isomers. Subsequent treatment &ith conc. sulfuric acid gave
an almost quantitativg conversion to the ketone 74 from which the
_ diacid 71 could be obtained. However, treatment of ketone 74 with
sodium methog}de in methanol gave directly the desired diester 75 in
70% yield. The removal of both chlorine atéms in 75 proceeded nearly
quantitafiz?ly with Raney nickel (W~7). The dimethyl ester 76 can then

 be subjected to the same sequence of reactions as in.the case of the

diethyl ester 64 to yield 54.

MeO OMe

c1 ' ci

cl COZMe pl COZMe
\1\ P |
CO Me Gl Me C%’ Ccl Me ]

73 . =

—_— — . —— 7

C Me0,C COMe  Me0,C-
o - =

¢
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~

The proposed mechanism for the rearrangement of 74 to 75 is out-
4

lined in scheme 5. As can be seen, intermediate 77 can vpen to give
either 77A or 77C. However, it was established by the phthalein testlo2
that the final product was not a phthalic acid derivative which shows

that the preferréd way of ring opening occurs via 77A. From this point

two possible allylic rearrangements can take place to give either 77B

o

or 77D, which would then aromatize to givé 75 or 78 respectively. The

-

(?) “OMe ’ ﬂg\) OMe . -

e 7 4
Y ‘ COZMe
c1 Cl - c1 lCl ' Clh COZMe
CO.Me CO. Me
M ‘4!' °) ._J¥Y..
Cl A " - CIL: i y Cl1
~ € c1
P14 . 77 77¢
MeO b CO.Me MeO.C B o Me
2 : 2 €Yy 2
4 R A&-’
. cl cl cl C1
cl ' clH (
77A 77D
—‘— [ S
, ~
“*
. . v J/,:B
H
MeO,,C ’ CO,Me  MeO,C CoMe  MeO,C Co,Me
Y .——. H
Cl é—l Cl i Cl Cl
A ' Cl
75 778 \ 78

SCHEME 5
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lanr of the final product showed a one proton singlet at 67.98, two
singlets at 63.88 and 63.84 for the methyl esters and anoéher singlet
at 82.43 for the meghyl group. This, together with the 1?Cmr that
clearly showed six different aromatic carbons, indicated 75 to be the
fiﬁa% product since the symmetrical 78 will only give one signal for

the methyl esters in the 1Hmr and only four aromatic carbons in the

13Cmr. This, therefore, indicates a mechanistic pathway via 77A and

77B as seen in scheme 5.

2.3 Synthesis of 2,6-Bis (bromomethyl)-1,1'-biphenyl 60.

@

Although bromide 60 was a known compound we attempted first to

find a better route than the literature103.

°

Since the above described cycloaddition of 66 and methyl croto-
nate 72, followed by ring opening of the adduct, turned out to be an
economic way of preparing 75, we thought that the biphenyl ester 82

could be obtained in a similar fashion by using methyl cinnamate 79

K ' - >
. MeO OMe
MeO OMe '
Cl Cl I
Cl Cl (
66 79
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instead of 72 as dienophile. Conversion of §£ go bromide 60 will then
be trivial (see conversion of 75 to 54).

Thus-heating of diene 66 and dienophile 79 for four days at
ca. 160°C afforded 80. Since purification of 80 was problematic it
was directly converted to ketone 81 by means of conc. s;lfuric acid.
This was then purified by column chromatography over silica gel. The
first compound eluted from the column was a white solid that easily

recrystallized from methanol to give colorless crystals in 20-30%

yield, mp 112-113°C. This compound was assigned structure 84 based

-

MeO OMe
MeO OMe
cl cl 8 \
Ccl cl
66
H,S0,
< |
ci(c1 c1
~—— (1
“ oo
Ccl
MeO
83C
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on the following spectroscopic data. The 1Hmr showed only one singlet

at 63.70. This, together with a C=0 stretch at 1730 c:m_l and a C=C

-

-1, . : .
stretch at 1610 cm = in the ir spectrum, indicates an a,B-unsaturated
. . L -1,
methyl ester. A strong absorption in the ir spectrum at 715 cm ~ is
indicative for C-Cl stretch. The presence of chlorine is corroborated

by its mass spectrum where the weak molecular ion at m/e 400 (35Cl7)

showed the characteristic isotope pattern for a heptachloride; the
fragmentation pattern is consistent with the loss of seven chlorine

atoms each showing the correct isotope pattern.

A rationale for the formation of 84 can be fohnd in the possibfe
self-condensation of 66 whefe one molecule serves as a di?ne and an-
other molecule as a dienéphile. This then leads to the Di;ls-Alder
adduct 83 (depicted as endo-adduct) which, on treatment with conc.
sulfuric acid can give ketoné_ggé. Loss of carbon monoxide, followed
by formation of hemiketal 83C can give, after elimination of hydrogen
chloride, the fully aromat%zed heptachloro ester 84.

TheJPecond compound i;olated from the reaction mixture of 66 and
79 was obtained in 40-50% yield (mp 158-159°C) and assigned structure

.

81A. This compound showed the standard isotope pattern for four
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chlorine atoés in its mass spectrum with the molecular ion at m/e 378
(35C14). The ler for 8lA consisted of a multiplet at §7.43-7.11 for

the five aromatic hydrogens, a doublet at 54,77 (J=9.5 Hz) for H-3, a

singlet at 63.79 for the methyl ester and another doublet at 63.74

(J=9.5 Hz) for H-2. In the 13Cmr the C-7 carbonyl appearedlat §187.1

and the ester carbonyl carbon at 5166.7.

According to the ler as well as ;he 13Cmr only one isomer of 81
is present, Since irans-methyl cinnamate 79 was used in the cyclo-
addition with 66, the Diels-Alder adducts 80 and 81 therefore should
also have both substituents in a {rans arrangement. It is knownloq that
a phenyl group is sterically more demanding than a carbomethoxy group.
This then leads us to the indicated stereochemistry of 8lA, where the
phenyl substituent is placed in the endo position.

Having established the structure of ketone 81 as befng 8lA, it was
then treated with sodium methoxide in methanol in order to give the
expected biphenyl 82. Although, after column chromatoéraphy, the ler
of the first fraction indicated the presence of the desired compound
82, by showing three singlets at 68.02, 63.56 and 63.53 in the ratio (IL\*sk
of 1:3:3 plus a mul%iplet around 7.4, the main product, however, was
assigned the structure gé on the basis of its ler, 13Cmr and mass
spectrum, The ler of 85 showed the expected multiplet at §7.42-7.11
for the aromatic protons, but furthermore there were two 1lH doublets
(J=8.5 Hz) at 64.69 gpd 63.48 respectively and three 3H singlets at
63.75, 83.64 and 63.50. The 13Cmr showed three methyl carbons (quartet),

two methine carbons (doublet), a carbonyl carbon at 6191.5 and a car-

bonyl ester at §168.0. In the mass spectrum, the molecular ion at m/e
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35 . L L .
370 ( Q;Z) showed an isotope pattern for two chlorine atoms. A ‘strong
signal at m/e 208 occurs in the mass spectrum of 85 and supports the °
proposed structure, since this mass number corresponds with the retro

Diels-Alder fragment 2,5-dichloro-3,4—dimethoxycyclopenta@ienone 86.

0
‘ fi
c1 c1
Me0,,C Co,Me @
@ c1 " MeO ” . I OMe
C1
82 86

The apparent substitution of the vinylic chlorine atoms in 81A
by methoxy groups.is not unprecedented in norbornene systems., Davies,
for instance, reported that treatment of 87 with sodium methoxide

yielded a mixture of the mono- and di-substituted norbornenes 88 and

§2105. The same reaction with 90 as substrate gave a l:1 mixture of

6

91 and 2310 . However, the existence of a structure like 92 for our

. «

new compound 85 is not likely since this would give one extra proton

cl Cl Cl cl . Cl - cl
cl Cl ,  cl ¢l MeO ‘ cl
NaOMe . ﬂ.
cl1”ci Me0 ™ 7 MeO o1
CHZOMe CHZOMe CHZOMe
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c1 cl cl cl clL cl
. = MeO
cl cl cl
cl M
NaOMe™ ~ © MeO
._T——>
Cr Cl H c1
cl
90 ' 91 92

signal. Further, the geminal dimethoxy group would not be stable to-
wards strong acid whereas 85 was recovered unchanged after‘acid treat-

ment,

e

Mechanistically these reactions of 87 and 90 can occur via an
H . .
addition-elimination mechanism. Héwever, homoconjugation between the

double bond and the carbonyl in norbornenone systems like 81A can in-

voke the participation of a non-classical ion like 93 in the substi-

13

»-,£QFi°n of the vinylic chlorides by methoxy groups. This type of con-

-

jdgation'is of course not possible in 87 and 90.

N

Spectroscopic evidence107 for the non-classical structure 93 can
be found in l?Cmr where a strong upfiéld ¢hift of the carbonyl carbon,

-
in going from 94 to 95, is indicative for a structure like 93.
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§216.2 ! §205.1

.

94 95

Thus a méchanism for the 1,2-substitution in 8lA is much easier

to envisége by using a non-classical structure like 93 than by using

a direct addition-elimination mechanism, as proposed for 87 and 22105.,

So we can conclude that spectroscopic and chemical data, as well as

mechanistic considerations, are in support of the proposed structure 85

-« 3

Since the Diels—Al&er approach for the synthesis of bromide gg did

A

not give the anticipated products an alternative synthesis involving

biphenyl 100 was planned, which should give 60 on bromination with

—————

- 96 . , ‘ . 97
- © Br © MgBr

MgBr Br )
100
99 ‘ e 9%
Br Br
' 60

W
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N-bromosuccinimide (NBS). A Grignard coupling between 96 and 99 or

N

between 97 and 98 could be expected to give the biphéeanyl 100. Because

of steric reasons the first coupling would probably be preferred

NaphtholleSb’c and phenolslO ? have been converted directly to

the corresponding bromides by the action of triphenylphosphine dibro-
mide (Ph PBrZ), even o-cresol 101 gave a 72% yield of the bromide 102

via this method108b. However, reacting 2,6-dimethylphenol 103 with

Ph.PBr,, either in DMF or NMP or neat, did not yield the required

3 2?
bromide 2§.
Br

f - PhgPBr, T ? Ph PBr |
101 102 103

Bromide 98 was subsequently obtained by the diazotization 9 of

2,6-dimethylaniline 104. The conversion of diazonium salt 105 with

48% aqueous HBr and CuBr gave a 627 yield of bromide 98 This was ‘then

~

N Br

\©( NaNO ‘/ CuBr

105 %8

l

104

converted to the Grignadrd reagént 99 and coupled with bromobenzene 96.

Although biphehyl 100 was formed, the yield (<10%) necessitated that

a more practical route to 100 be devised.

V'dgtlelo3 had previously synthesized bromide 60 by reaction of

2,6-dimethylcyclohexanone 106 with phenyllithium to give alcehol 107




o - OH
106 107 108 100 109

which was then dehydrated by phosphoric acid, and then dehydrogenated
with 107 palladium on charcoal to give biphenyl 100 in a claimed 447
overail yield, |

However, we found this sequence required some modification.iThus
cyclohexanone 106 with the Grigngrd reggent 97 (prepared from bromo-
benzene 96) gave alcohol 107. Subsequent dehydration of 107 proved to
work better with p-toluenesulfonic acid than with phosphoric acid to
yield the cyclohexene derivative 108. Both products, 107 and 108, were
purified by vacuum distillation. Vogtle's next step, how%;er, turned
out to be problematic. Dehydrogenation of 108 using palladium on char-
coal (10% or 30%) gave in our hands alwhys a mixture‘of compounds

’ L]

containing_igg, based,on the strong singlet at-§1.96 in its ler aqd

a molecular ion at m/e 182 in its mass spec;rum.‘The mass spectrum

also showed a molecular ion ag m/e 188, This, together with multi-
plets at 6§2.75-2,45 andv60.80—0.50 in the ler, led us to the con-
clusion that the second compound in the mixture ‘was in fact the cyclo-
hexyl derivative 109. This implies that a disproportionation has. taken
place in the dehydrogenation of 108, where some part of the molecules
serve as hydrogen QOnors while others function as acceptors.

Since we were unable to separate 100 from 109, either by chromatography

or distillation, we looked for different methods to oxidize 108 to 100.
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The tendency of 108 to aromatize should increas‘e upon? the }‘.ncor—
poration of an extra double bond in the cyclohexene unit. This was
accomplished by the addition of bromine to 108 to form the dibromide
110 followed by dehydrobromination with potassium t-butoxide. The so
obtained cyclohexadiene derivative iii aromatized with 10% Eail;dium

on charcoal and gave us, after column chromatography, biphenyl 100

in 547 yield.

YBuoK i Pd/C :
108" 110 P 100

An even better yield of 100 was obtained when a quinone was used

as an oxidizing égént for 108. It has been reported that 112 gave a
72% yiéld of 113 on dehydrogenation with p—chléranil 114 in refluxing
xylenelloa. We thus first tried dehydrogenation of 108 to 100 with qui-

110b
none 116 (DDQ), the most powerful quinone reagent in routine use 3

N

this occured s{moothly jn refluxing benzene. Economic reasons, however,

Ii?fii Zﬁﬁﬁ Jﬁ?f

2 113 114 s 116

114

727
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made us choose v-chloranil 115 for use on large scale. This quinone,
|

w

althoygh it has a greater reactivity than p-chloranil 114, has a{lower

-+

e‘ox1dat10n potential than 116 and thus gave a reaction which was too
slow in benzene but acceptable in xylene. Thus by using the reaction
. ’ “ ‘ N
sequence indicated in scheme 6 we were able to increase the overall

103 to 64%.

yield of 100 from the reported 44%

. - 115 @
—_——
xylene

108 - 100

- Conversion of biphenyl 100 to the desired bromide 60 proceeded
smoothly by adding N—bromosuccinlmlde in portions to a reflux1ng
solutlen of 100 in carbon tetrachloride in the preeence of catalytic
amounts of benzoyl peroxide. Hoyevef, recrysca;lizafiaﬁ of 60 from 'Y
methandl, as reported by V6gtle103, gave ‘'only a 20% yield of bromide

60. The bulk of the crude material had been converted to the.corres-

‘ponding dimethyl:efher 117 as indicated by its. “Hmr that; apart from

s
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the usual afﬁmatic protons at 67.ﬁ0, showed two singlets in the ratio
of 2:3 at 64,11 and 63.20 respectively. A molecular ion at m/e 242 in
its mass spectrum was further proof for the existence of 117. Recrys-
tallization. from cxglopexane solvéd this problem and bromide 60 was

@

subsequently obtained in 61% yield (mp 116-117°C). 'Therefore the low

103 (34%) for the NBS bromination of 100 may

yield reported by Végtle
be explained by the‘formation of 117 during the recrystallization of
60 from methanol.

~

The normal procedure of converting bromide 60 into thiol 6l is by
the a;tion of thiourea in boiling ethanol followed by basic hydrolys}s
of the intermediate isothioufoniuq salt97: Following this sequence
V65;le103 obtained a 43y yiéld of thiol 61. However, keepiﬁg’in mind
the easy substitution of the bromine atoms of 60 by methanol to form
117, we decided to use tetrahydrofuran (THF) ;nstead of ethanol as .the

solvent for the conversion of 60 into 61. This way we obtained thiol

61 in 947 yield (mp 66-68°C) .

o ©

4
Br Br
© NBS @ thiourea
L ——
CCl4 THF <
100 60

4 .
Thus, starting from 2,6-dimethylcyclohexanone 106 we have con-

Ly

siderably improved the synthesis of dithiol 61 from the reportedlo3

éz to a 377 overall yield,

¢

.

-
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2.4 Synthesis of trans-lS—PhenyZ-]B-methyZdihydr&pypepe élf.

(W}

Coupling of bromide 54 and'thiol_gl under high dilution condi-
tions at room temperature, using potassium hydroxide in ethanhol-'
-benzene, gave, after chromatography over silica gel, a 20% yield.

of the desired dithiacycldphane as a mixture of anti-59 and syn-59A

rBr

iqeghe ratio of 7 : 1 (based on ler)lll
ﬂ
HSSH @ ©
f 20% S (:) r/Jll!!Ei1 7
59 59A
54 . 55

Br Br
(anti) (syn) o

o

2]

To verify our statement (page 28) that the coupling between
bromide éi and thiol él would be more,§uccessful éhaﬂ the coupling
of thiol 25 and bromide 60, we proceeded to’attempt ;he coupling of
35 and 60 under the same conditions as described above. 'fhis time,
howe&er, the yield of the dithiacyclophane was only 67, again as a-
mixture of anti-59 and éynfggé in the same ratio as obtained above.

This proves that steric hindrance in the approach of the thiolate

P

* . The Chemical Abstract now calls 51: trang-10b-phenyl-10c~
} methyl-10b,10c-dihydropyrene

. ////f——*\\ | . . ’ B

44
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nucleophile towardé ghe methylene electropﬁile (;f the bromidej is far
less by using thiol 61°and bromide 54 thah(by using bromide 60 and
thiql 55, | | »

The yield of éhe dithiécyélophanes 359 and 22& could be fufther
increased by coupling the bromide and thiol in refluxing ethanol in-
stead of at room temperature. Thié yieldéd 39 and 225 in the ratio of
4 : 1 (based on ler) in abéut 407 overall yield. The separationlof
the anti: and syh—isomerlég anddégé was quite tedious. Repeated column
chyomatograp§y over silica ge} gave pure anti-39 which, after récrys=
tallizatioﬁ frﬁm benzene, yielded colorless crystals, mp 165°C. Those

.

fractions from the column chromatography that showed (by ler) the

AY

presence of both isomers ég and égg'with more of, the sén—isomer 594,
were again chromatographed over silicé gel to idETease the yield of
pure 59A. This was then repeatedly recrystillizedrgzom benzene/hexane
to give 86 mg:(p.6Z) of pure syn-59A as colorless crystals; mp 170°C.
Both isomers, 59 and 594, showed a mslecular ion at m/e 362 in their
mass spectra and gave EBrrectleLeﬁental analyses. fhe structure
assignment of the pure anti- and’sén-isome£s'§2 and 59A is based on
their lH@r as compared with the ler of the anti- é;é syn-dimetﬁyi—
d;thiacyclophénes 22 and 235?7 which are not spontaneéusly intercon;
ve:tiblellz. In the le;, the protons of the internal methyl groups of
52 show an upfield shift due to the f{ng current of the opposite aro-
maticrringfanﬁ appear as a singlet at 51.30, wherea;-gae internél
methyl protons of égé are comparable with those of thiol §§ and appear
‘ .

at 82.54. In addition, the aromatic protons of 52 show the normal

V




_62.54
¢ l? § 3'. 3#
32 224
(anti) (syn)

[N

anti-metacyclophane pattern at 67.4-7.0, whereas the aromatic protons
of 52A are shifted upfield‘to 66.66, a common consequence of super-
imposing two gfrallel aromatic ringsll3. The syn-conformation of
S52A was later confirmed by X-ray crystallographylla.

| in the ler for 59, we f;nd a singlet at 81.56 for the internal
methyl protons whereas the afﬁmatic protons of the thiacyclop;ane are

in the range of 67.46-7.02. The %Hmr of 59A shgws a singlet at

62.41 for the methyl protons whereas the aromatic protons are shifgé&
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upfield‘to §6.99-6.75 as compared to 59. Thus comparison of these
q;ta with the onés given for thiacyclophanes 52 and 52A makes the
assignment of the anti-conformation to 59 and th% syn-conformation to
29A sgﬁaiéhtforward. It may be argued that tbe internal methyl group
of égé:should experience a strong upfield shift because of the neigh-
bouring_phepyl.substituéﬁt. However, from d;ta tkat will be discussed
I T - ¢ i v ' . i a1y & a0 e
in Chapter 3, we know that the phenyl group is not rigid but undergoes
a partial rotation around the biphenyl bond. Therefore the methyl
group experiences only a minor shielding by the phenyl substituent.
The next step towdrds the synthesis of dihydropyrene 51 is the
ring contraction of thiacyclophane 59. This was done by the wittngS
as well as the Stevens rearrangementga, the latter giving betéer results.
Thus Wittig rearrangement of thiacyclophane 59 in dry THF using
lithium diisopropylamide or n-BuLi, at 0°é or room temperature, followed

by the addition of methyl iodide gave 118 as a mixture of isomers in

x

WITTIG
S Q S STEVENS
N/
+ + ) '
2 MeS O e 118
28F,

598 S
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37% yield., Alternatively, treatment of 59 with dimethoxycarbonium
fluoroboratel_l5 gave the Steven; salé 595 as a white powder in 96%
yield. _fhis salt 598 underwent a Stevens rearrangement upon treatment
with potasiﬁﬁm t-butoxide in dry THF and gave a 647 yield of 118,
again as a'mixture of isomers. For its use in the Hofmann elimination

reaction the mixture of isomers corresponding to 118 need not be

»

| IETIEY

separateé. However,ﬁcareful cﬁrodatography of llg-over‘silica'gel

gave the princiﬁal component in a pure state. Recrystallization

from hexane afforded colorless needles, mp 157-158°C; its mass .
spectrum gave a molecular ion at m/e 390. This isomer has been

assigned structure 118A based on its ler signals for the methylene-
methine bridges of the tZ.Z]metacyclgphane. Because we are dealing

with the anti-confqrmation fq; 1184, based on the upfield shift of the
Anternal methyl protons at §0.87, the Sridge protons are ar;anged in
Jps'eUdoaxial or pseudoequatorial positions. Therefore; from the magnitude

~

of the two coupling constants (J=4 Hz,'J=ll.5 Hz) found in both methine

i .

proton signals (H-1 and H-9) we can safely .deduce that both ghiomethyl

. ’
groups are in the pseudoequatorial position. As a consequence, two of .
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Fhe aromatic protons are strongly deshielded by these neighbouring
sulfur atoms. The technique of doublé resonance was used to probe
the coupling pattern for the bridge protons. This way, we were able
to separate the six 1H signals into two sets of coupled spin systems.
Although the assignment of axial and equatorial protons in each set,
gased on ‘the splitting patte;hs, i's %;ivialf tﬁé go;réct aésigﬁ&ént
of H-1 and H-9 had to await the characterization of another isomer

of 118, which we assigned structure 118B. Isomer 118B was obtained
.as a mixture of isomers from the same chromatography experiment that
yielded 1184. Rechromatographing, followed by recrystallization from
hexane, gave us 2 mg (0.3%) of 118B as white crystals, mp 162-163°C,
Since the ler showed only three 2H signals for the bridge protons, it

was obvious that we were dealing with a symmetrical structure like

118B or 118C where both thiomethyl groups are again in the pseudo-

equatorial position, as indicated by coupling constants.

MeS_ © S;ie
ROCAN
QO

118B , , 118C

A}

.
P

Frqom mass spectral data of 118A and the desulfurizeq isomer 119, we

can d&ﬁupe that the preferred fragmentation pathway for these phenyl ¢

, Substituted [2,2]metacyclophanes is by symmetrical splitting of the

<
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bridges as indicated by the dashed line for 118B. Thus, in the mass
spectrum of iigg we find, apart from a molecular ion at m/e 390, a
strong signal (100%) at m/e 211 corresponding to the fragment shown
in 1188 (see scheme 6). This implies that we are dealing with

structure 118B instead of 118C.

TN \ , <

MeS I:::I .
N ) IR
© Me ’ MeS

m/e 179
(100%)

m/e 165

4
s
____%___;'
- % |
hS <:::EEE!EE::::> -

-lm/e 211
(100%) (100%)
1184 1188
118a 1188

SCHEME 6

Now, by simply comparing'the chemical shifts of the methine protons

H-1 and H-9 ip 118A with H-1 in 118B, we can confidently assign the

low field signal of the bridge protons in 118A to H-1 (84.26, see

figure 2 and table ). The assignment of some of the aromatic protons

has been done by comparison between'leA, 118B and 119, and is straight-

forward, keeping in mind the deshielding effect of a neighﬁouring sulfur

atom. The previously menwjoned (2.2]metacyclophane 119 was obtained
x

< . 2 .

from 1I8A by desulfurization with Raney Nickel (w—?)ll6. Recrystal-

lization from hexane gave colorless crystals of 119 (98%), mp l47°C.

£ -

' Its mass spectrum showed a molecular ion at ﬁ/e 298, No efforts

»

were made to solye the ABCD spin system for the bridge methylene

protons in 119 (see figure 2).,

The mixture of isomers 118 was subjected to a Hofmann elimination

?

&)
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TABLL 6. Mmr (CbCl,, 250 MHz) 3 values and coupling coastants (J)

3 -
. ’ for assigned protons of 1184, 118B and 119.
Proton 118A J (Hz) 1188 J (iz) 119 J (Hz)
Y H-4 7.39 Jy -5 =7.4 7.38 7.36 Jy =g =7.1

H-5 Jy -g =1.5 7.04
H-5 8,00 Jg -¢ =7.4
H-12 . 7.64 6.97 le-}3=7.4
H-13 J13=14=7.4 6.82
H-14 7.75 Jyz~-14=1.5
H-2" 6.40 6.60 . 6.57
H-1(azx) 4.27 Jya-ze=b.4 4.17  Jja-pe=b.4

" H<2£?q) 3.31 Jya-,a=11.0, 3.34 Jla—23=1120
H-2(az) 2.72 Jya-e=12.5  2.81 Jja-,o=12.5
H-9(ax) 3.88 Jga-jge=b.4 . 3.09-2.75

B-10(cq) 3.08 Joa-je=11.0
H=-10(ax) 2,74 Jypa-;qe=12.9

SCH -1 2.15 214 -
5#3%¥1 SCH ;-9 2.18 - -
" , CH,-16 0.88 0.92 0.84

by, firstly, methylation with dimethoxycarbonium fluoroborate to give
in 67% yield the anti-bis(sulfonium) salt,120 which was then reacted

with potassium t-butoxide in dry THF. This gave,_after isolation and

(MeO) ,CHBF @
__2’-_# w
AN
SMe . Me ?.S ©
+

L 18 120 51

‘\HF
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purification, pure trénsrlS-phenyl—16—methyldihydropyrene 51 in 417
yieldll7. Recrystallization from cyclohexane gave dark green crystals,
mp 159-160°C. The structure of 21 was confirmed by elemental analysis,
ler and by its mass Q?ectrug;that showed a molecular ion at m/e 294
(16%) witﬁ peaks at: 279 (30%) and 217 (22%), indicating the loss of a
?ethyl or a phenyl group respectively, plus a peak at 202 (100%)

which indicated the loss of both substituents leaving the stable pyrene
34 nucleus behind.

~

Our compound 51 is not the first dihydropyrene with different

internal substituents at the C-15 and C-16 positionms. Boekelheide118

reported the synthgsis of 121, 122 and 123, where one substituent is
kept as methyl while the other position is taken by a linear four

atom chaiA. In the ler, the internal methyl group absorbs at §-4.25'
for 122 and at 67&.30 for 121 and 123. Since the internal methyl group

of 38 absorbs at §-4.25, we can safely deduce from this that increasing

the length of the substituent, with or without a remote functionality,

does not noticeably alter the ring current effect and therefore the

geometry of the dihydropyrene skeleton. It may be argued that the

38: = CH

R 3
51l: R = Ph
121: R = CH,CH,CH,CH,
\ 122: R = CH,CH,CH=CH,
123: R = CH,CH,OCH,
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steric requirements close to the annulene ring will be the same for a
methyl group as for a n-butyl group so that no distortion of the annu-~
lene skeleton is expected by changing from 38 to.121. On’the other
hand, incorporation of a phenyl group, as in 51, may lead to some
distortion because of the closer proximity of the ortho protons to
the”annulene perimeter. However, the ler of 51 shows the internal,
methyl protogs to absorb at 6-4.30 so that we can conclude that
also for 51 a normal dihydropyrene ring current is present.

The outstanding feature gf the ler of 51 is the, appearance of
the ortho protons of the phenyl substituent at §2.80, the most shielded
aryl protons known today., Also the meta protons (85.87) and para proton
(86.20) are shifted upfield, with respect to normal aryl protons, because
of the dihydropyrene ring current. The ler (250 MHz) of 51 also shows

two A32 and one AB spin system for the annulene ring protons (the ler
(250MHz) of 51 and 38 are compared in figure 3 and table 7). The up-
field triplet (68.15) was assigned to H-9. This is reasonable when
one assumes a geometry for 5] more or less idéntic;l with 38, which
means that the phenyl group is not perpenaicular to the plane of the
annulene ring but slightly tilted towards H~9. This will induce, on

average, a greater shielding for H-9 than for H-2. By using selective

homo- and heteronuclear decoupling techniques, we were able to assign

“«»

all the proton and carbon signals for 51 (for 13Cmr of 51 sg¢e figure
P

4 and table 8). In general, nonproton-bearing carbons aréfeXEmpted

from being assigned by single—ffequency decoupling. However, these

carbons are often subjected to long-range 13C—H couplings. Selective

irradiation of a parﬁiCUlar proton not only removes the one-bond

. ’
. - -

. , R - \‘
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TABLE 7. - lllm' (CDC13, Z’SO.MHZ) é values and coupling constants (J)
for dihydropyrene 51 and 3_8".

~

H-2 8.31  Jp-3=7.85 8.12  Jp-3=7.69
H-3 8,69 ) 8.61
H-5 8.66  Js<e=7.63 " 8.65
w-6 8.51 ; ‘ 8.65
“u-8 . 8.75 Jg-o=7.81L 8.61
H-9 8.15 8.12
Cli4-16b * -4.30 T-4.24
He2' 2.80 P
H-3' : 5.87 -
H-4' 6.20 . o -

a . .
& values and coupling constants obtained by computer simulation,
where necessary. '

TABLE 8. 13Cmr § values® for dihydropyrene 51 and 38..
— .

Carbon o _.5._l_=b_ ) ‘ .Lg_c_ '
c-2 ) 1244 : 122.9

“c-3 122.95 . . 123.3:
-4’ 139.0 - T 13607

c-5 ‘ 125.8 / 123.3 ¢
c-6 T 1229, 123.3

c-7 135.3 L 136.7

c-8 124.8 a3t
c-9 , 122.5 122.9 ‘
c-15 - , 36.6 30,1
c-16 29.1 30.1
Cc-16b 149 14.1

c-1' 1987 -

c-2' “124.1 -

c-3' . 125.3 Ko

c-4' ’ 125.0 R

kS

‘s CDCl3 ~#77.0 ppnn taken as-.reference point.
bOpGrang frequency: 62.9 MHz.
cValm‘:: taken from rc¢f, 89 and corrected tor 6 Cl.)Cl3 =77.0 ppm,

operating frcqucncy:'25.2 MHz,

‘.

!
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g u
coupling but also all long-range couplings to carbon -in which thig
proton is involved. The result is a line narrowing and therefore

an i;preage in intensity for those quaternary carbons that exhibit
iong—range coupling with thg irradiated p%oton. This way, we were
able to assign carbons C-4 and C-7 as.ind;cated in figure 4.

in the lHmr of 51 (figure 3) only one signal for the ortho
protons of the phenyl group is present; this situation does not
change betwgfn +100 °C and -100°C. On this basis, a structure
like B, where the plane of the phen;l ring=is parallel to the Cj5-Cjgq

bond, can be ruled out because the two ortho protons (Ho) would, .

experience two different magnetic environments, which would lead to

-

>
joo

separate_chemical shifts for both rotons, Therefore a situation
P

like ;structure A4, where the plane of the phenyl ring is perpendicular

-

to the C;5-Cyg bond, or'a freely rotating phenyl group, is more iR

line with the observation of only one signal for both ortho protons
H -

in the ler. However, we believe that the phenyl group undergoes

free rotation for the following reasons,




o N _ i ' 59 -

Again assuming the same ‘geometry for 51 as for 38 than, by using
the X—ray data of 386 , and taking the st;ndard benzene bond lengths
and bond angles for the phenyl group, we calculate the minimum distance
of Ho to the mean plane of thé annulene ring asil.77 A. From the ler
of [2.2jmetaparacyclophane—l;9—dieqe lgﬁllg ;e know that the meta—
bridged benzene ring undergoes a fast ring inversion render}ﬂé the
féur protons of the para-bridged benzene ring into a sigglet. Only
bélow -100°cC £wo éeparat; signals are oﬁsefved for these protons .

.

(coalescence temperature: Té= -96°C). During this easy process of

#

ring inversion (AGc= 34.7 kJmol-l), H-8 penetrates into the aromatic
m-electron cloud of the para-bridged benzene ring. The crystal

structure of 124120 showed the two benzene rings to be inclined

124

towards each other at an angle of 4l°. In this position, the distance
of H-8 to the plane of the parag-bridged benzene ring is 2. l6 A. Now
if the meta-brldged ring is brought perpendicular to the para-bridged

ring, but without otherwise distorting bond angles or bond lengths,

this distance becomes 1.59 A. Thus, taking collectively into account
P

our calculated value of 1.77 & for the distance of the ortho hydrogens

to the plane of the ring in 51, the easy process of conformational

flipping for 124 and the invariability of the’ Hmr of 51 between
a -




+100°C and -100°C, we conclude th;t the phenyl substituent in <
dihydropyrene 51 is freely rotating.

Having successfully synthesized trans-15-phenyl-16-methyldi-
hydropyrene 51, we t&rped our attention towérds the preparation of
the cis-isomer 128. This dihydropyrene 128 should be accessfble

N

by a similar route as the one

he synthesis of trans-351,

the only difference being that syn-59A instead of anti-59 has to

S

be used. Mitchell and BoekelheideSS rebortéd that Stevens rear-
. rangement of syn-52A, followed by Hofmann elimination, gave 37
(as well as 38), the first example of a cis-substituted dihydro-

pyrene. The formation of both 37 and 38 from 52A implies that a

S S 1, Stevens

2., Hofmann

of

524 37

O
&5

(syn)

H

conformational inversion has taken place during the Stevens reat- °

rangémqnt of 52A. This is in accord with the postulated dirgdiEal‘

mechanism for this type of rearrangement of sulfonium yiidSIZl.

However, no idvgfsion took place during the Sgévens-rea:rangement
Con 1 ) ] * ) .
in the recently reported 22syntheses of the annelated ctg-dimethyl-
i . R C e >
dihydropyrenes 125 and 126. On the other hand, Wittig rearrangement

of syn-52A gave almost 100% inzg:;iongs, so that aft@r Hofmann

60




‘3 . * . 4 '
elimination, only trans-38 will be ggpégned. We therefore subjected
syn-594 to the sequence of Stevens rearrangement and Hofmann eliminations

T

‘hoping to fsolate cis-128. Thus, reaction of 59K with'dimetho-

I3 ‘. A
L

xycarbonium fluoroborate gave 88% of the‘SUlfénaym salt which on treat-
. . ,
ment with potassium t-butoxide gave 11 mg (24%) of rearranged product

“127 that, based 0n<ler, closely resembleé 118 (no separation of

2

594 ' . 127 T 128 .
o (am N e

isomers was attempted). This implies that an inversion from syﬁ to
anti has taken place during the rea%rangement of 59A. However,
subsequent treatment of the bis(sulfonium) salé’of 127 with potassium

t-butoxide in dry THF (Hofmann elimination) at 0°C did not yield




¥ ° 62
K

any identdifiable products. Decreasihg the temperature of the Hofmann

. v R 4
. eliminatjion to -30°C diﬁ*not change this result. .Since the amount of

. ’ . ., N ]
pure syh-59A was llmlted, subsequent tries were done with 1 : 1

© __ “¥ ', ~

mlxtures of 59 and 59A. However, the outcome was, pinvariably the same:

- -

’ oﬁly frans-Sl was obtained, ro cis- dlhydropyrene 128 could be detected.
2.5 Phototsomerization 9f.§l. S e,

*

One of the interesting_aépecté of dimelhyld;hydropyrene 38 is

its reversible photochemical valence tautomerization into the (2.2]

? metacyclophane—l,9—diener38A123a. “This can be viewed as a.specialized

.-

: 8 17}

example of the more general e¢is-stilbene to 4a, 4b-dihydrophenanthrene

.

. . . 124 . .
isomerization . The tautomerization between 38 and 38A, as well as

in many derivatives of 38, has been well studied by Blattmann and

Schmidtlzs. Apart from 38, this type of tautomerization has also been

found in ﬁ§;23b and ﬁ2123cand in the benzannelated 129126 whereas for

129127 and 131122 no diene could be detected on irradiation with

.

+visible light. The dark reaction is very sensitive to the nature of the

internal substituent and is, for instance,; six times fagter for 48

than for §§123C. However, the correlation of the rate.to the bulk of

the internal substituent is not consistent, for the’rgge‘of the dark
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48 : R = CH,CH,
49 : R = CHZCHZCH3 ’ .

’ 123c .
reaction for 49 lies intermediate between 38 and 48 . Since the

~

protons of the open form (the diene) do not overlap with those of its

- . LN »

isomeric dihydropyrene, ler can. be used to monitor this ptrocess of,

valence tautomerization. However, irradiatidn of a solution of 51

in CéDé with a tungsten lamp (General Electric, model MG,650 Watt)

%

did not -result in any change in the ler of 51. Based on the mech&hism

= (B

+5 51A

hv or dark

of the Hofmann elimination, d{SPe 51A will be formed first and will
then rapidly isomerize to 51. And indeed, column chrogatography

in the dark of the Hofmann elimination product gave, in the first
fraction, a mixture of 51 and 51A asvbased on 1Hmr. he presence of
51A is indicated in the 1Hmr by'a singlet at 61,70 for the internal
methyl protons, an AB quartet (J=13 Hz) at 66.69 and 66.55 for the,
bridge olefinic proéons and by further signals ground §7.05-6.45,

s ‘
~
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-

Efforts to separate 51A from 51 were unsuccessful because of the
‘easy isomerization of 51A to 51. Irradiation of this mixturg,of
51 and 51A with visible light (30 seconds) led to a quantitati§€ i

conversion.of 514 to 51 based on the complete disappearance of the

.
«

above mentioned stgnals in the ler. Since the phenyl group in 51A

»

51a 51

AR

is not able:to rotate freely as in 51, we can state that 1) the relief

of steric interaction of the bulky substituents with the metacyclo-

* &
2

phane ring in 514, 2) the loss of strain energy of the twisted double

*

bonds and 3) the gain of a planar (145 n-electron system more than

(offsefs the loss of delocalization energy of the two benzene rings
in 51A on isomerizdtion to 31.

2.6 Possible Interaction between the w-cloud of the Phenyl
Substituent and the, n-cloud of the Annulene Ring in 51.

. The interaction of non-conjugated m-electron systems has attracted
128-132 . 3
great 'theoretic¢al and experimental interest . It is clear that in

neutral molecules experimental evidence for such interactions should be

sought in spectral and ionization properties.
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E

As was already reported by Craml33,gzhe face to face crowding of

the benzene rings in [m.n]paracyclophanes resulted in .a‘'shift to longer
wavelength (bathochromic), accbmpaniea by a loss of fine structuge,;%n
the electronic spectruy of these compoundg.as compared t§ the open
chain analog 136. For insténce, [4.4]paracyclophane 132 still showed
the same features in its UV spectrum as the dpen form 136, whereas
foi [4.3]paracyclophane 133, a bathochromic sPift and a marked decreaée
in fine structure were already noticeable. This shift in wavelength
and loss of fine structure became even more pronounced in 134 and 135.
These phenoﬁena can be attributed, in pért, to’che concommitant
bepding of the benzene rimgs upon shortening the‘bridges, sinée {8]pa-
racyclophane 28 showed a minor. bathochromic shift and loss of fine
\structﬁfeaaaas compared to the higher [n]paracyclophanes. This trend

44

continues for 29 band 2947; the bathochtomic shifts, however, are

smaller than in the case of the [m.n]paracyclophanes.
The same wavelength shift and structure loss can be seen in the
- %

uv specﬁrum of 137, as compared to 138, where the endo carbomethaxy

group restricts the rotation of the two phenyl groupsl34.

/@\ ~ (Cln  28: n=g

(CHym (CH,)n | 29: n=7
30: n=6
132: m=n=4
©133: m=4,n=3
134: m=n=3 Et@—- (Cﬂz)4 Et R
135: m=n=2 |

. . 136
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137 138

The more interesting cases, however, are those where the two
n-systems are perpendicular and in close proximity to each other,
since this is in fact the situation we encounter in our dihydropyrene

51. Two ways of obtaining mutually perpendicular m-electron systems

are via spiro systems 1ike‘é or wia tricyclic systems like B. In

- <> e
0 6—_ 5 O~
- (mA) (nA') (nA) Q : mA')

9\ o

ko
| oo

P

"spiropolyenes" like A, the orbital interaction i; through—space129
and this leads to a new kind of homoconjugation called spiro-conjuga-
tionl3o. This type of interaction manifests itself‘in the electronic
spectra of spiro compounds where normally a bathochromic shift is
observed as compared to the non-spiroannelated compound.. A similar

through-space orbital effect is evident in norbornadiene 139 which also

shows a bathochromic shift in itg UV spectrum as compared to the mono-

ene 140.
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D T * :
13 140

1

Gleiterl3l_explained the sfrong bathochromic shift in the UV

spectrum of 141 (Amax: 300 nm)l32b, as compared to 142 (Amax: 220
132a

N

nm) , by a strong through-bond interaction between the m-orbitals
' of the double bond and the o-bonds of the cyclobutane riﬂg. The strong
bathochromic and hyperchromic shift observed for 143, as reported by

Mitchell and Sondheimerl35, can therefore be explained by a similar
.

type of through-bond interaction. Thus, in case there is an inter- ~

‘8 R T -

141 142

action between the two perpendicular m-systems of 51, we may expect

a shift to longer wavelength in the electronic spectrum with a possible
loss of fine structure as compared to the spectrum of dimethyldihydro-
pyrene 38. In figure 5, the spectra of 51 and 38 ha§e been depicted

whereas in table 9 a comparison of the absorption maxima and extinction

-

l

-
-

1&% H
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TAﬁLB 9. uv x:z:lohe;xane (nm) and € for some frans-dihydropyrenes.
_3£98b i£:1.123b _4—9123c -Llllsa 122118!: 118b .§L
A € A € X € A - € X . € A € A €
' - o : 238, 6.300 | 237 5.700 . o
L 273 o 180 | 235 680 | 275 770
33l 20.500 | 324 34.000 | 320 37.500 | 324 31:000 .
337.5 87.000 | 345 61.000 | 345 67.500 | 340 199.%00 341 96.300 | 337 67.000 | 341 86.000
" 349 63,900 | 348 67,500 | 343 116.000 | 345 10.500 | 346 98.000
367 18,400 | 366 0.500 | 358 25 400 | 358- 33.000 | 357 25.000 | 357.5 24,000,
377 37.000 | 386 28,180 | 386 £.000 | 329 43,000 | 380 41.000 | 380 38.000
391 36.850 | 391 39,000 | 383 52.000 | 384 49.00(}’ 383 46.000
463 6.000 | 428 4,870 | 465 5.400 | 420 3.1Q0 | 415 4.200 | 430 4.100 | 443 5.000
493 4.620 ‘ 441 4.300 439 , 3.800 481 5.700 461 ’ '6.200_
463 6.200 | 450 5.900 N 481 6.500
. 478 6.500 [*475 6.100
485 6.300 | 483 5.700
528 28 | 545 97 | 544 : 105 {533 . 640 | 534 600 | 533 610 | 540 215
536» 58 | 554 78 | 553 85 | 542 590 | $74 570 | 569 320 | 590 217
586 110 1 606 100 | 605 118 | 575 430 | 590 620 | 583 240 | 603 264
598 150 | 619 140 | 618 160 | 581 570 | 605 1.300 | 635 690 | 615.5 296
611 210 | 633 246 | 632 235 | 592 950 | 617 1.500 | 651 570 | 631 244
627 . 230 | 649 255 | 648 282 | 605 1.400 | 634 1.850 645.5 325
634 T 210 | 655 376 | 664 372 | 618 1.800 | 651 2,000
641 330 ’ 634 1.900
647 2,100 .
652 < 2,100 | .

"

K
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COeffiCleﬁtS of a series of ?trans-dihydropyrenes has béen made. From "

figure 5 we see that no less of fine structure is evident for Sl as

‘g compared tQ 38. Eurthermore, a comparison of th absorption maxima

rd

(table 9) shows that the whole spectrum of 51 is shifted ca, 4 nm to *--
’ , ': ‘ . v -
longer waveléngth w@h the exception of the peak at 481 nm which is
shifted 18 nm to longer'wavele#ngth as compar-ed to the corresponding
maximum in the specttum of 38 .(463 nm). This single shif_t may there-

-4

* fore be related to a possible dinteraction of tﬁtwo m-clouds in 51.
i*loweyer, whefx we compare 31 with the other known asymmetrically sub-
stituted dihydropyrenes, 7.e, ‘];gzl_,' 122, and 123, we sée (table 9)

that these thr.'ee&compouﬁds have a comparableabsorption maximum in

v
- . 5 - 2
- . ¢ :
v
. .. . .
v ' B -
- "
. .
'

P 4

% : 51t R = Ph

. 38: A . .
=/7 "3 121: R = CH.CH.CH.CH
483 R = CH,CH 2= 2 H,CH,CH,
— 3 122: R = CH,CH, CH=CH
49: R = CH., CH,, Cliy’ : CH,)CH, 2
P _ 2 -123:- R = CH,CH,OCH

N

e

¥ -

for 53. (481 nm) ‘I‘herefore, the obse ved bathochromic shift of this

» 9., *

“”?»peak (481 nm in SI) with reSpect to the ox:; in the Spectrum of 38 (463 nm)

- '
°

méy be simply due ,to the iqcreased size of, the substituent tather

'/ ~
~

ax:

than to 1r~1r interaction since 121 122 and 123 d not hg’e T chromo-
° SV

aession betweeh the two ﬂ—c,louds of tmms 15c-pheny‘l-l6—methyldihydro—’

. ‘
- ‘“ 3 - «
. - .
0 > = c. - - Q. b - N
- [,>« - .
P . : B T ) .
. B . . a .
Coa . . . N
~ - ’

T phore close‘bo the an)nulene r.ing system. - ) H’..» )
PRI A * . - . . ; i . , )
\/g/ ’ Anot.her techniqd}i‘that may shed some ligh on the possilyle inter- . .
A
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-
°

pyréne 21 is .ESR spectroscopy. For this purpose, the radical anion
21;_ was prepared by reduction of él_with potassium metal using'%,Z—
dimethoxyethage (DME) ,as solvent, Since direct exposure of the DME
solution of 51 to the surface of pota;sium may lead to a two electron

.reduction to form the dianion, the reduction was carried out in two

steps. Firstly, géneration of solvated electrons in DME and, secondly,

reaction df 51 with these solvated electrons. Both steps have to be -

v

carried out at low pemperéture,4—€0°c). The ESR-spectrum .obtained
thereupon is shown in figure 6. Increasing the temperature stepwise -

from -80°C to +20°C did not alter the observed signal, i.e.v no fine

3

.

structure couid be detected. The overall triplet shape of the spectrum
v
ffigd?é 6) is due to electron spin coupling with H~2 and H-9 which
’ * .
should be of comparable magnitude (ca. 5.5.G ). This assignment was

borne out by the large hyperfine splittings of 5.46 G and 5.48 G fouﬁd

. )
for the H-2 protons of the radical anions of §§}36 and 39137 respec-

ﬁively. Coupling constants to other hydrogens in these two systems

were smaller than one. Unambjguous assignment of the 5.46 G coupling
to H-2.in 38 was made byqpreparatioﬁ,of the radical anion of the 2,9~ °
dideutero derivative of 2§136. The.featureless structure of the ESR

spectrum of 51 is not too surprising when we.consider the theoretical |
. © R - :

number of lines possible for‘gl'_. Assuming a delocalization of the

‘ b d
odd electron over both m-systems, a total of 23,328 lines can be found

'l

for Sl'- whereas for 38' , only 525 lines are theoretically available,

Eyven by ignoring interactions of the electron with the two substituents\

¢
.

Y : ' 1 G\.“ -
% hyperfine coupling constants are expressed in Gauss (G).’
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FIGURE 6. ESR (top)-and ENDOR spectrum (bottom) for the radical

anion of trans-lS-phenyl lG-methyldihydropyrene Sl.

The numbers above. the ENDOR spectrum refer to the fre~
quencies, listed ‘in 'table 10, Both gpectré recorded at .
~80°C on a Bruker ER 200 tt, - : !
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in 51’-, we still calculate the number of lines in the ESR spectrum

of §lf- to be more “than four times as great as for_§§°_

- As in 1Hmr, the technique of double resonance can be used
to simﬁlify ESR spectra. For thisw}eason, the electron nuclear

double resonance (ENDOR) spectrum of 51°° was recorded (figure 6).

.-

The ENDOR spectrum consists of a series of doublets centéred around

v

the free proton frequency (vn). The number of lines to highfield *

v

ofA\)n i&.equal to the number of sets of equivalent protons that undergo

interaction with the odd electron in the ‘radical anion. As can be

Y
seen from figure 6, seven lines are recorded in the ENDOR spectrum

of él'- indicating seven different types of protons, In table 10,
the observed ENDOR frequencies and coupling constants for §£°— are

tabulated, .

)
TABLE 10. ENDOR frequencies (MHz) and hyperfine coupling constants ay (Gauss)
for the radical aniop of trana—1-5-pheny1-‘l6—methy1dihydropy'rene Sl.
ENDOR"ftequencies Line position 2y Proton
12,82 ‘ . 5¢
- 13.26 4
13,44 3 3! ’ ‘
©13.63 2! '
14,03 . 1!
14,35 ) Cvy Y :
1466 _ T 0.2 F— o, ,
15,07 2 . 0.51 | .
15.26 3 0.65 | 8-3,5,6.8
15.44 4 0.78
15,89 5 1.10= ,
21,47 6 . 5.08 H-2,7
22,27 7% 5.65_
. . ’ ‘ ' L
- o )

RO



In scheme 7, a comparison has been made between the coupling

constants .found in the three known dihydropyréne radical.anions ég'—,

FAEJ

387, and' 51°7. A correct assignment of the observed coupling constants

&or 51' at this stage is not possible, From the ENDOR data, it is

SCHEME 7

immediately obvious that there is fio direct spin density on the phenyl

- -

substituent, -However, there is still the possibility of long-range
proton hyperfine interaction between the odd electron in the annulene

perimeter and_the ortho proton of the phenyl substituent.

L3

Two mechanisms have been invok ed f;r bbtaining gpin density a%a
a nucleus separated by two or more o~bonds from‘some principal cegter
conthining a significant’éortioﬁ of the electron épin;density. One
such geééanism, pal}ed spiﬂ polarization, 4s ?urely a ghrough—bona

effect where spin deﬁs;ty'is induced through the bonding electrons.

This mechantsm decreases rapidly when the number of intefvening g-bonds
\ N :

increases., The second mechanism is that of spin delocalization (some-
RN - '

]
* a yeverse assignment cannot be.excluded . . " . . - %.

values may be interchanged - ' : .
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.

times refered to as hyperconjugation) and is a through-space effect:

For instance, the large coupling of 19.1 G found in ig'- for the internal

»

hydrogens has been explained by spin delocalizationl37. Since the
ortho hydrogen of the phenyl group (H-1') is four bonds removed from

the nearest electron center (C-4), the effect of spin polarization will >

<

be negligible. As for the bbssibility of spin delocalization from the

(23

[ .
annulene perimeter onto the ortho hydrogen, molecular models indicate

3

a favorable arrangement between H-1' and C-3 or C-5. However, from

L4

——pan © wmmartn webemare

MO caiéuiétignsl36 as well'gg from the 3bser§éa coupling constants for
éi'-, we can infer a small spin density on carbon; C-3 and C-5 as
opposed tor C-2 and C-4, Theref?re, the effect of spié delocalization
from C-3 (C-5) to H-1' will be even smaller than the obse{vegkcoupling
constants for H-3 and H-5. Our previously madefassumption of a freely
rotaéing phenyl group will decrease a possible spin delocalization even

r e ]
more. To make sure that no coupling constants smaller than 0.22 G were

- <

overlooked, an expanded' ENDOR scan (1MHz width) was made aroundothe

free proton frequency. However, no extra coupling constants could be

M .

detected. We therefore conclude that there 'ig no direct ﬁ—onbital;

overlap between the two m-systems in 51 and further that, probably °

because of rotation, no through-space delocalization of'spin density
onto thephenyl ring has taken place. Howevg:,‘fé use the worZs of

- Russell}384 "It is considerably more reliable to make inferences based
6n the obsgrvation of long-range couplings rathef than the lack of

them". Thus both UV and ESR seem to support the idea that 51 consists

. .
., of two non-iﬁteracting orthogonal m-electron systems.

-
L1

i

- e m mwem —amne
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2.7 Assessment of Ring Current Models for 51.

=

2.7.1 Existing Models. \ =

Ihe*phenomenoq of the aromatic ring current in MMR spectroscopy
>

has been the'subject'of much interest and investigation since the

Vs
criginal suggestion of a ring' current shift in benzene by Poplezo. The

most widely' used ap;roach t.odayg to explg?n ring current shifts, is
that based on the classical current loop ‘model of Johnson and Bovey
(JB)Sla, probably because of the easy access to their tabulated shiel-
dingéaéshiéi&EAg-;Qaéfigugiéns of ;%e benzeﬁe ringSTB?“%he bB";;dei
for benzene consists of a current loop with radius 1.39% (standard
benzene bo;d length). The parameters; Z and p, are used to determine
any position in space around the benzene riné} Z denotes the vertical
distance above the plane of the riﬁg'Qhereas p gives’the in-plane d%s-

tance from the center of this ring, both parameters are tabulated as

0.1 j¥crements of the benzene ring radius (l.39&)81b.

Boekelheide?g adopted the JB model in his attempt to rationalize

the observed chemical shifts of the alkyl protong and carbons in 38,

5

6 were used 4%

48 and 49. The dihydro derivatives 144, 145 and

P
=

reference=(no ring current preéent), since it is

“\

3
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@ 38: R = CHy a 144 R'= cHy 7,
(D s, ) 2o

49: R = ‘ 146: R = CH,CH,CH, ‘

3
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... For the purpose of comparing the—observed-cheirital shift difference

48 with the calculated shielding contribution,Aq, dué to the ring

13

current, Boekelheide assumed the conformation of the alkyl side chain

.

in 48 and 49 to be as shown in A. Furthermore, the variation of the

~
T

in-plane distance p for the carbons and hydrogeps of the side chain

’

\ - . )
was neglected. Although the plot of the observed shifg difference 46

*
versus Z (out of plane distance)__showed a similar curve as the '
'theoretical graph (JB method), f§irly large deviations (2-5 ppm) can

be observed’ (see figire . ',,
v{,

13
.

.

LN M

*Z meaaureiffrom Dreiding modéls for'ég,‘é§_and 49.
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FIGURE 7. Correlation of thg upfiedd shifts due to the ring cuf;ent
" in 38,_ﬁ§,_§2_and_§;_(€he solid line represqﬂfs\the theo-

retical results of Johnson and Bovey for benzenej ref. 89).

Because of the above mentioned approximations in the assessment of the
ring current of dihydropyrenes we hoped that by making allowance for
the variation in p, our compound 51 with the non-flexible phenyl

3

substituent, would serve as a better model. ' ’

’ 4
%.7.2 Single Current Loop Model for S1. -

The chemical shift ok the aromatic protons of toluene (8§ 7.20)
was taken as reference for the phengl protons of 51 in the hypothetical
case t£at the aromatic ring current would be absent; local anisotropy
effects on the phenyl protons will not be considered yet. Compouﬁd 144

was used as reference for the internal methyl protons of 51.

. To calculate the out of plane distance (Z) and the in—plahe diétance




#

(p) for the different hydrogens above the plane of the apfiulene ring-

61

of 51, we used the data from the crystal structlre o 38" This gave

s
us the bassc annulene skeleton as well as the aggi; between the
substituent and the plane of the ring (83.5}5{1The C15~C; bond lengtg
was taken as 1,528 whereas standard beézé;; boné length§ (1.393) and
bond angles (120°) were used for Epe/;henyl substituent; the C-H bond
was taken as 1,18 for benzene. Siﬁce we consider both substituents in
31 as freely rotating, the in-plane distanée’(p) was averaged over
four»positions for the phenyl hydrogens wherea; six positions were
used to deécribe the methyl group.

To compare the values of Aé obser;ed for 51 with Boekelheide's ring
current model89, we have added our values to‘figure 7; the numerical
comparison between AS (observed) and Ag (calculated) is made in table

* .

11,

TABLE 11, Shielding calculations for the single current loop model of 51,

p=0 \ i
. B=1.39"  Rel.39  Re2.16  R=2.23
Prpton G(Oba)b S(ref) : As Ag A0 4 Ag
B~2' 2.80 °© - 7,20° ~4.40 -4,67 -0.45 -3.74 442
. \B=3" 5.87 .. - 1.20 -1.33 -0.60" -0.30 -1.19 -1.31
H-4" . 6.20 7,20 -1.00 ©  <=0.30  <-0.27 1,01 -1
c, -4.30 1.00¢ -5.30 -3.55 -2.46 -7,59 -7.99

aring radius R 1in 4; ba;il 6, 46 and A0 values in ppm; c:oluene taken as 'reference;
dd(ref) taken from reference 89.

Although the calculated value of Ao for the ortho protons (H-2') is

very close to the observed value of 6-4.,40, the strong ‘deviation

.

-
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™

between A8 and A¢ for the other protons makes reconsideration of this
.. model obvious. For comparison Ac was calculated for the same ring
current model but no& with the in-plane distange.included (p#0).
It is, of course, obvious\that such a simplé model must be far removed
from actual size anq’shape of the current loop in the annulene Egpg,
for a current lddp with radius 1.393 is situgted far inside the
perimeter of the annuléne. Fu%thermore, the actual shape of this loop
will probably resemble an ellipse rather than a circle..As was already
mentioned in chapter 1, Haddon76 repo;ted that a diréct relation exists
between the ring current (RC) and the resonance energy (RE) o%ﬁ{he
aromatic system (equation 1). In the same paper76 the ring Surrent was
shown to be proportional with the ring area (S) and inversely propor-
tional with the number of m-electrons (N); E represents thé total n—’

‘energy of the system (equation 2).

RC = ig’- RE (1)
- :

RC = 5312 () , )
2N ) ‘

a‘ Using the resonance energies calculated by Haddon76, Aihara13 or the

Zagreb group14 we found that by applying equation 1, the ring current
for the [l4]annulene is ca: 1.6 times greater than for benzene,’
whereas appli;;tion of equation 2 gave a factor of 1.5-1.7, depending
on‘thé value taken for Esz.t;

A simple way of increasing the ring current is by expanding the

radius of the current loop and subsequently expressing Z and p in

-
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units of this new radius; the shielding contributions can then agaiﬁ
be ca;culated from the JB tables.

Since the p&ra proton (H—4{; has a fixed positioé with respect to the
_annulene ring it can be used to calibrate the size of the ring current.
As can be seen from table 11, a ring current with radius 2.164

resulty in a calculated Ag=-1.01, perfectly in line with the observed

-
w '

A§=-1,00., However, the calculated shieldding contributiopé (Ac) for

H-2' and H-3' are too small, Increasing the ring radius to 2.23R

(1.6 -times the size of benzene) gave a near perfect match between Ac

. -

and A§ for the phenyl protons. However, in this model the .intermal

methyl protons are' too strongly shielded (40= -8.0). To obtain the

. €

correct shielding contribution of Ag=-5.30 for the methyl protons a

ring radius of 1.858 had to be used. This, 'however, strongly under- - ~

-

estimated the Eo-vaiues for the phenyl protons. Although minot changes

in the rinéaradjus resulted in major changes for the shielding contri-

-~

*
butions of H-2' and the methyl pr})tons (see table 11} we were not able

to find a set of Ac yalués;that resembled the observed AS§ valﬁgs for

sthe féur types of protons in 351. - o, v

l

2.7.3- Multiple Current Loop Model for 51.
- ] . . -
Since a'single ctrrent loop, placed in the center of the .
" < " b4 ,

annulene ring, was not able’to describe the obséryed shielding efiflects

.
- . <’

- - %
in 51 satisfactorgly;'we tried to improve our calculated values of Ac

.t
’ . N -

by summation over two or more circular current loops. We thought, that’
. o , » - , <

X 3
’ . [
. . . .

two cur;gng;lgoéé, centered at C-15 and C-lé.reépectivéiy, would give

L4
.
- R

.

¢ oA




_makirig an anglé of 83.5°; apaft from this the same' bond lengths and

82,

L]

a better descéiption of the more elongated ring current in the
annulene ring of 51. However; even variation of the rgng radiﬁ$ of
these loops between 1.398 and 1.85A& did not yield a set of Ac¢ values
that was in agreement with the observed AS§ values.

Although the best ring current model for dihydropyrenes would be the
line current model used by Haddon82 this would also require a full

mapping of the.,shielding-deshielding contributions around the ring.

\

We, thérefore,résorted to a simpler approximation.
. ' . 139
Our next model is based on the observation by Pople who

showed that the proton chemical shifts of some ‘polycyclic aromatic

[y

hydrocarbons could be calculated under the assumption‘that essentially

v

the same current, equal to the beS&ene-rfﬂg current, is induced in

-

each benzene hexagon of the polycyclic s?stem. H?e dame approach was

later used by Ab ahaml40 to calculate the observéd proton chemical

shifts in porphyrin systems. . ’ .

We therefore placed four current loops in the annulene ring, each one
2 T ‘ . )
located in the center of one of™~the four(ﬁexagonsw For instance, for

i
4,

hexagon A, where five of the six carbons participate in the overall

.

ring current (figure 8A),~we.approxi&ate§ the contribution of the

= ~
S . . ., ‘.

- total ring current .for this hexagoh by a small circular current

-
centereg in hexagon A (figure 8B). #he same approximations were used

€

for the thrée reméining hexagons B, C and D (Eigure 8C). S

For calcukation purposes we further assumed the two substituents in *-

. 2 -

51 to be perpendicular to the plane of the annulene ring instead of

. . ; Pl ~.
. . . .

.
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g FIGURE 8.

bond angles were used as mentioned in segtion 2.7.2,

For our model we took the standard benzene ring current loop for

Four current

VN

~

L
T

g

a0

calculations of dihydrobyréﬁé 51

loop model for ring cu

-

- v

rrent shielding

~e

&

-

the hexagons A and D (ffgure 8), whereas the ring radiug for the

current loops in B and C were simultaneously varied (be

0

tﬁéen‘i.ééﬁtqu

L4

3 <A .
1.728. The pertinent shielding calculations are reported in table 12:

* *

TABLE 12, Shielding calculations for the four current loop mgdel of 51. '
RA';:BD-I."SQ )
. , fR=1.62® R=1.65 -R=l.68  R=l.72'
Proton 8(obs) 8(ref)? a8 e s A s ¢ A
’ . < nA
B-2' 2.80 7,20 =4 ,40 -2,97 -3.14° -3.30 . -3.52
B-3' 5.87 7.20 -1.33 -1.48 -1.52 -1.5.7. e -1.62
B-4' 6.20 7.20 -1,00 -0.99 ~1.02 -1.07 ° ‘=1.13
cH, ~4.30 1.00 ~5.30 ~5.36 -5.52 (=5.67°° e 25,92
b 3g stands for Rs-RC i\, the ring radius of the current loop in hexagon B or C ¢
. " .
(see figure 8). . . c
bs(ref) as 'defined in’table 11. : . i

"
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We believe that the combination of two beﬁzene éing currents for the
.hexagons A and D-(RA= R)= 1.394) and ‘two current loops of radius 1.68R%
éach,for the hexagons B and C (RB= RC=1.68A) gives the best descri%tion
« of the ring current in 51, although it may seem thgg the difference
between Ac and 43 for H-2' is too large. However, no corrections for
local anisotropy contributions to & (ref) have.been made so far.

If we look at the chemical shifts for the ethylwsidé chain in

14589 we notice that the methyl protons absorb at 60.63, whereas a

i 0 145: R = CH,CH,
‘ 146: R = CH,CH,CH,
@ t L

value of §0.95 is normally found for the methyl protons in straight

>

"alkanes. This means that the ethyl side chain in 145 experiences an

upfield shift of at "least 0.3 ppm due te the "local anisot ropy of the
¥

double bonds. This effect is still noticeable in 146 where the methyl
123¢

protons ky) of the side chain ébsorb at 60.82. Boekelheide

interpreted the AA'XX' spinisysteﬁ of the o— and R-methylene protons

nl

of the n-propyl group in 49 either in terms of a preferred conforma-
tion or as restricted rotation abgut the carbon-carbon bond between

the o- and Bjmethylene carbons. This interpretation was supported by
the fact that the ler of 49 did not show any temperature dependence

.

over the range of -80° to 480°C.

.




49 ) . 146

_ r

If indeed these alkyl side chains in 48 and 49 have a prefe}réd

conformation like the one depicted above, we can say that the a-

‘

methylene protords will experience a ‘smaller shielding from the double
& .o

bonds in 145 or 146 than the ortho protons (H-2') of the phenyl group

in the so far hypothetical molecule 147. This is because the ortho

protons will be pushed farther over the double bonds in 147 during

the rotation of the phenyl group than the comparable B-protons in
!

L ]

their "fixed" conformation as in 145 and 146. Since the y-protons in

-

'
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146 experienced a similar but smaller shielding from the double Bonds
we can say that'also.fqr the meta protons €H-3') in 147 a small up-

field shift can be expected due to the olefinic system. We therefore

.

" believe that the reference chemicél shift for H-2' and H-3' should be

¢ «

smaller than the 67.20 value quoted in tables 11 and 12. quever; it
has to be seen if the chemical shift for H-2' in 147 will be sas high

field as 66,20 which is the shift value that would gi%e a very good .

match between AS and Ao (table *12). It would therefore be of consider-

able help if compound 147 Werg available, Unfortuna}aly, our efforts

to synthesize 147 have been wichoqt'success so far. .

»

Alchouéh the rimg current effect for protons has been well

established and, in many instances, successfully applied, the
'y

picture’is less clear for heavier elements like carbon.' For instance,. -
.. 89 . . e %
Boekelheide ™~ concluded, based on his data represented in figure 7 , '

that "for the same position in space relative to the mean plane of

’ N
- <@ ]

delocalization of the aromatic m-electron cloud, the thagnitude of the

3 .0 : : s ' "3 .
ring-current effect on chemical shifts ig essentially:the same for 4"

Ed

carbon-13 as for brotons and follows the theoretical curve predicted -

by Johnson and Bovey". On the other hand, extensive investigation of

the 13Cmr of bridged annulenes led Gﬁnthe;lql to a totally ferent

conclusion. According to his opinion:"It.i

of local atomic contributions to the shielding constant prevents the

’

carbon nucleus from being a probe for ring cdrrent effects; this is,

N

- t
B
Iy . .
.
.
- - . 7 =

— . . o
* fgr a different graph of the data from figure 7 see reference 40.

Iy,
o
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S . 1 ‘ . '
; however,’ no disadvantage, since "Hmr will take care of ring currents
A .

and there is no need to duplicate tHese results'.

? AN
* In table 13 the l3Cmr 6 values are reported for the phenyl and methyl

substituents of 51 together with values for possible reference

~ compounds.
»
. .13 : '
TABLE 13, Cor & yalues for selected carbon atoms of 51 and possible reference
compounds; calculated shielding (Ac) for these carbon atoms of 51.
Carbon 6D sa® s’ s sus0)®  sasn® s
S C-1' 136.7 - 137.8 144.3 148.8 150.9 -11.2
c-2' . 124.1 - 129:3 128.1 '126.6 125.4 - 5.1
c-3' 1253 ~ 128.5 128.6 128.6 | 128.3 - 2.5
\\\2\ c-4" 125.0 , - ' 125,7 125.9 126.1 125.7 - 1.9
, CH3‘ . 14.9 ., 23.6} - - L .- J -10.5
L B
. ! "] ®Reference 89; breference' ‘148;.cbased on four current loop model with RA=KD-1.39 A
eR = Fe8): ¢
and Ry RC 1.‘65 X (figure'8). '

-

.

. 44. 148 49 . 150 . 151

, ) a

.

A} »
As can be seen from table 13, the calculated shielding contributions ¥

L . * -

(84) do not really match with the "observed" shift différences (AS);

] L)

. the best values for A8 are obtained bygfakgpg ethylbenzene 149 as

»

reference compound for the carbon chemiZal shift values of the phenyl ¢«

S
N

" ring of 51 in the abéence of a ring current. .
2= 5 ! |
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s

Although we are lacking a good reference model for our observed

carbon chemical shift values of 51, we can state that the proton is
\ 2=

. .

indeed a far better nucleus to probe a possible ring current effect
» ,

than the carbon. Our proposed four current loop model (figure 8)

gives a good qualitative picture of the ring current in dihydropyrene
51 and is expected to be close to quantitative if reference compound
147 becomes available. A further test for this model wquld be the

synthesis of dihydropyrene 152 where one substituent is a t-butyl

.

group. This group Is expected to undergo free rotation, for the same

"

reason as the phenyl group does. Therefore, this t-butyl group does
not suffer from the shortcomings of the linear alkyl chains in 48 and

- L}
-4

49 which may or may not undergo free rotatién. Furthermore, the

protons of the t-butyl group will extend further over the dihydro-

pyrene ring and are therefore even closer to the edge of the current -~

v 1
!

-

loop in hexagons B and C (figure 8), the area where the shielding-
- [}

deshielding .contributions are changing fastest. : . .

152 R
1' ' s *
- ’
. 4

. ~
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CHAPTER THREE

CONFORMATIONAL BEHAVIOUR OF METACYCLOPHANES.

3.1 Introduction.

! The term 'cyclophane' was first introduced by Cramlés in 1951

<

and was later defined 144 as a general name ?or a family of compoun&s
containing any number of benzene rings joined by‘chains in the para,
meta and/or ortho positiohs. An increasirigly greater interest has
arisen in these bridged molecules during recent years resulting in

" > . /
many bizarre new structures. To accommodate the need for a systematic

way of naming all thesé new compounds a general nomenclature was

.

developed145 tovnamé all bridged molecules containing any number and

type of aromatic rings.

N

(cn mo (cu )n

* As far as metacyclophanes are concerned, the most cbmmon are the
[n]Jmetacyclophanes 153 and [m.n)metacyclophanes 154 (m#n or m=n);
both series show.interesting conformatipnal changes.Dithiametacyclo-

phanes, used extensively as precursors for the corresponding meta-
LI ; . B

X 146 ; .
~cyclophanes™ ~, show similar conformational processes. However, the

&

/




30

lénger C-S bond, and therefore lower béﬁhing energy of a C-S~C bridge

provides more conformational flexibility in the dithiametacyclophanes

than in their metacyclophane counterparts, thus resulting in lower
v b}

- .
< confoymational energy barriers.

During the course of thds work it was discovered that the phenyl
/

_substituent of the otherwise rigid thiacyclophanes 59 and 59A wunder-

. P L v 111
went a,dynamic process of ring twisting ",

-
€

.

‘At low temperatures we were able to 'freeze out' &process on the

-
’

NMR tinfe scale. Subsequéntly it was found that this process of ring
I'd n .

twisting of the phenyl substituent was also present in the more

closely packed [Z.ZJmetacyclopﬁanes 118A, 118B and 119.
- 2 3 ’ LS
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~ A

In the fiollowing sections we have limited the discussion of

metacyclophanes to two main classes of compounds: [2.2]metacyclo-

phaneslé7 (section 3.2) and dithia{3.3]métacyclophanes (section 3.3).
' .8

A

s
.l

-]

3.2 [2.2]metacyelophanes. . )

’

The parent [2.2]metacyclophane 153,.which was first synthesized

by Pellegrin90 in.1899, has been shown from lerM8

149

to exist in a 'stepped'conformation (anti), in solution as well -

~

as in the solid state. Ring inversion between 153A and 153B can be

ruled out since the ‘methylene protons of 153 did not show any

150
temperature dependence in the ler between -80° and +190°C 5".

Further evidence of the rigid conformation of the [2.2]metacyclo-’

-

-

s .

t

and X-ray studies

- : 150
phane system was provided by the isolation of stable optical isomers

3

such as-154A and 154B, ) ¢




S

K
. Since 153 does not show a ring inversion process, it is of course

.

= clear that any substituted [2.2]metacyclophane will therefore have

the same rigid structure as the parent 153, However, if the benzene

nuclei in 153 are replaced by pyridine rings as in 155 the rigidity

.

of the [2.2]metacyclophane system is lost and an inversion process of
. - <

the type 153A = 153B must be assumed on the basif of the temperature

151a
r

dqbendent le . On the other hand, 156 showed again the rigid

{2.2Jmetacyclophane structurelSlb. It was therefore concluded that
» B

-

N
N ' ' 84.40 §4.51
SR ~ O Or-
o o ) N

re

155 156 157

.

the space occupied” by.the lone pair of electrons on the nitrogen’ atom

v
-—

of pyridine is smaller than that bctupied'by a hydrogen atom attached

152 ‘

: ) : 1 . o ;
to an aromatic nucleus, Further "Hmr studies have conflmed&hese
results .

The internal protons of 153 absorb at §4.25 whereas a value of ca.87.1

. is found for m-xylene, This~strong upfield shift (A6=2.85) was *

adequately explained88c b§ the ring carrent model of Johnson and
Boveysla. The internal’ protons of 156lSlb ghd 1.57153 absorb at slight-

ly lower field (64.40 and 84,51 respeétively), as might be expected for

an electron withdrawing: group.

’

"

4




For the methyl derivative 16092a we find the internal methyl

* protons at 60.56 considerably shielded from those of 1,2,3~trimethyl-

Pl

benzene (62.15). The difference in shielding from their respective

.

models of the ipternal’protohs in 153, A8=1,59, can be explained with

49 4

the help of |the¢ X-ray data for 153l and 16015 . These data show,

firstly that| fhe vertical distance between the benzene ring planes is

greater in than in 153 and, secondly, the distortion of the ben-

zene ring info a boat shape is more pronounced for 160 than for 153.°

The'methyl oup in 160 will therefore be farther removed from the

-«

benzene ring than the internal proton is in 153. Alsb the extra
— &

distortion |of the benzene ring may contribute to the smaller AS§ value

r

60 -as compared ‘o 153,

Q.| Q. O -
solleeleelSF e e

found for

84,25 §5.62 §7.90 50.56 §0.79 §1.55
153 15877 159> 160 610 162

SCHRME |8 .

“Introduqtion of a double bond into one or both of the bridges of 153

_or 160, has a rather dramatic effect on the chemical shift of the

internal protons as cah be seen in &cheme 8 (6 values refer to the

N
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-

internal substituent). Thisteshielding effect, which is much greater ~ -«
for an infernal hydrogen (153, 159) than for an internal methyl group
(16D, 162), has been explainedlSS as an anisotropy effect of the double

49 156a

bond. Ho&ever, from the crystal structure of 153l , 158 and

156
159 >6b we can see a decrease of the interplanar distance of the

- 4

benzene rings.together with a flattening of the stepped structure
in going from 153 to 159. . . \
In 153 the internal proton is deeply immersed in the shiélding zone
of the opposite benzene ring whereas foé 159 this proton is located
right on the edge of the benzene ring (based on X-ray data), ©.e.,the
region of space where the‘magneti; field is changing rapidly. It is
therefore possible that the internal proton moves from ghe shielding
zone.(as in 153) to the deshielding zone -(as in 159) of‘tpe opposite
benzene ring. Because of the bulky methyl groups no major flattening
of the [2.2]metacyclophane ring can take place on going from 160 to
162. This i&%lies that the position of the methyl group with respect

* v
to the opposite benzene ring does not change much in légrand 162
wﬁich reflects the minor changes in the observed chemical shifts for
lﬁgfiég_as compared to those for 153, 158 and 159.
Comparable shift variations for the methyl group ¢an be seen in 119
(80.84) and 51A (6=}.70). We .therefore believe that not the anisoLropy
of the double égnd alone but more the ring ;urrent of the opposite

benzene ying, explains the observed Jeshielding of the internal

protons of the [2.2]metacyclophanes upon introduction of double bonds.
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- ’ ¢
R
o 0
60.;34 ' ‘ §1.70 ‘

119 : 514 -

Changing one of the internal protons of 153 for a larger group
]
has a pronounced effect on the chemical shift of the rémaining Hi as

can be seen from scheme 9,

s =
S ‘ ‘ "R SH, * reference
Ea_:‘ F . 4,37 93a
164: C1 . 3.94 -+ 93a
165:  CH, 3.72 © .15 ¢
166: Ph- "3.57 157

L4

SCHEME 9

From these data it can be deduced that, generally speaking, the bigger

the R group the more Hi'is pushed towards the m-cloud of the

~
€

benzene nucleus resulting in an increased shielding. Based on the
Hmr data of the [2.2]metacyclophanes reported so far we can visualize
(4 ’ »

three possible geometries for the‘metacyclophane ring system, these

are depicted in scheme 10.




SCHEME 10

T a4

Which %eometry,‘é,_g, or C, would be preferred would then depend on

the size of the R group as well as on the hybridization of the bridge

?

carbons. With a large R-substituent, such as chlorine (164), methyl
(165) or phenyl (166), géometry B will be preferfed resulting in the
observed up{ield shifts of the internal protons as compared to the
valve of 84.25 for 153. As was mentioned before, the internal
protons for [2.2]metae&clophane—l;en$ 158 and -1,9-diene 159 are -
considerably less shielded than for 153, which may ieflect a s;ruct;re
like C. BT oo s

Whereas the'[2.2]meéacyclo$hanes described so far, according to
the spectroscopic findings, have the anti conformation with staggered
benzene rings, the existence of a gyn form for a [2.2]phad% has also |

»
been detected. Mitchell and Boekelheide, for instance, have reported

97 55,94 )

167" and 168 , the thiomethyl derivatives of the still elusive

—

syn forms of 153 and 160 respectively. -

The existence of both syn structures l67and 168 was based on ler;

-
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“the intérnal protons of 167 absorbed.at §7.3 whereas a value of 6§2.0

was found for the internal methyl protons of 168:

.
\]

Subsequently 169A, a syn-[2.2]phane without thiomethyl groups on the
bridges, was synthesized158 and shown to undergo a ‘quantitative

conversion .to the anti form 169, indicating the greater stabil{ty of

~

this type of conformation. As a last example of syn—[2.2]metacyclo-

phanes the two difluoro compounds 170 and 171 deserve mentioninng

.
- L)

The assignment of the syn conformation for 170 and 171 is not’ obvious

from ler;’and since 19Fmr is not established yet in cyclophane

chemistry,. the authors resorted to dipole moment measurements to
\ e

)
- A

e
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solve this question.

Since the ring structure of [2.2]met;cyclophanes has been shown
to be rigid, the only dynamic behaviour in this class of compounds
can he found in suitably substituted [2.2]phanes. Whereas for 160,

165 and 172-174 the internal methyl-, ethyl- and even n-propyl group

did not give an indication ¥ their ler of hindered rotation, the
lH?r of the internal phenyl group in }lg_sﬁowed a remarkable
temperature dependence a; shown in figure 9.

From the ler of 119, as seen in figure 9, it is obvious that we are
dealing with a dynémic process of ring twisting of the phenyl
subétitue;t. Molecular &odels show that a complete rotation of the
phenyl group is unlikely. Since 119 will have a structure represented
by A (scheme 10) only the ortho protons (H-2',6') of the substituent
will experience a stronger shielding than nérmal from the opposite
ben%ene ring. At -20°C this process of ring twisting{is still fést
enough to e%gilibrate both ortho protons res?lting i only oné'signal

< ¥
in the ler. The coalescence temperature (Tc)'is reached at -59°C.

Further cooling will slow down the ring twisting even more so that

v . * -
-

v . &

-
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eventually two separate signals can be‘observed

for H<2' and’ H~6'.

- -
3

The high field signal .(H-2') is wéll separated in.figure 9.
> g s . N ’ L - PN -

. LY

However, the signal due to H-6'’is obscured by the aromatic protons

of the metacyclophane skeleton. This problem was solved by obtaining

-

a . R ' .
a.low temperature (=80°C)_250 MHz Ier which clearly showed both
. g -
protons §-2' and H-6'. )

To calculate the activation parameters for dynamic processes,
% like the one encountered for 119, either Liné?shape analysis or the
), R —_ v,

Tc method can be used¥6o.~Reasonably accurate (+.-1kJ/mol) AGi values

can be obtainag by either method, even when the error in temperature

N estimation is up to 8°C. We have employed the TC méthod for our
) ! PR
calculations. The only two parameters necessary to derive AGC# at the
cbalescence temperature Tc are T (in °K) itself and the low
> .

temperatute separafion Av (in Hz) of. the two exchanging protons. The

¥

free energy of a@ti@ation'at thg(cbalescence temperature is then ob-

- ’ - - .
" tainéd from 161¢ . L ) J
A ' . . d »
06 7 = 2.3RT._ (10.32 + ﬂégTC - logk ) (3)

. . -
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Equation (4) is only valid for uncoupled equally populated excﬂanging

sites, but is often used for more” complex cases,té obtain app;oxim5§%

“

- -~ "l . 4
values of AGC¢. M, . - “
] « -

The %prrect exchange rate kC for coupled (AB) nucleijiékcalpulated

L3 # ol i

»
as follows:

“ 2.1/2 ' -
7— (A\) + 6J ) / . (5) -

y . '
where J (in Hfiris the coupling constant between the two exchangihg‘
nuclei, Since the coupling between H-2' and H-6' in 119 is only the

order of 1-1,5Hz., and the shift difference Av for all our systems \is

greater than 35 Hz, the e;ror,.incroduced'bﬁ using equation (4)

instead of “(5) is negligible. At the,sléw exchange limit for 119 we
find H-2' at 66.42 and H-6' at §6.93 ( based on bv = 46.2 Hz obtaiiig/
[} .

from 250 MHz spectrum and corrected for 90 MHz data).

1

A similar process of ring twisting is observed for the two iso-

meric thiomethyl derivétives 118A and 118B.

At the low temperature llmlt H-2" nd H-6' for 118A absorb at &6. 26

4

and 66.67 respectively. Because of solubility problems for 118B at low
temperature (-85°C) the ‘froéen' conformd&ion was not obfained but the

chemical shifts for H-2' and H-6' are estimated as 66.42 and §6.82,

based on the similarity of the coalescence précgss of 118B with that
¢ . '

for 118A. The activatiom parameters for 118A, 118F and 119, calculated .

x ¢

via the T method are reported in table 14, .

From these data we can see that 118A and 119 show an energetically

-




1p2°

TABLE 14, Activatioh parameters for phenyl substituted
[2.2]metacyclophanes. -

Phanes ' A_Gi {kJ/mol) I. Reference
118A - 43,1 -63°C this work
1188 4010 -77°C “this wo}k—~>
119 4375 , =59°C this work
166 54 0°cC 157 -

similar behaviour, whereas 118B has a slightly lower activation energy
for this process of ring twisting. An explanation can be found in the

varving degrees of interaction between H-6' and H-9 as de icted below |
ying deg P

-»

The twisting‘of the phenyl ring is severely hindered by the interaction
of the two oftho.protons (H-2',6"') with the two axial bridge protons
H-? and H-9. As we have séowﬁ before, the thiomethyl groups in llgé:
and 118B are placed in equatorial positions and are‘therefore sub-

jected to a 1,3-diaxial interaction with the neighbouring aromatic

proton. To relieve this non-bonded interaction the thiomethyl group will

have to move out of the plane of the benzene ring thereby changing




-

~

118B this out of plane bending of the thiomethyl groups increases .

108 -

1

the location of H-2 ‘and H-9, whereas this effect works in opposite
)
directions for the substituents in 1184, resulting in no net change

- L o *
compared to 119 (see table 14), in the symmetrically substituted

the ;istance between H-2,9 and H-2',6' slightly. In geometric térms
(page 96 ) this results in'a small cnange from structure A towards
the more elongated structure é (based on molecular models). L
Recently VSgglelS7‘reported that [2.2]phane 166 shoyed a similar
process of ring rotation as the compounds mentioned above., The free
energy of activation for this process is also reported in table 14,
From this we see that for 166 we are dealing with a ﬁigher energy
barrier than for 119. This implies an increased non-bonded intéraction
between H-2,9 and H-2',6'. Based on the 43.57 value reported for the
internal proton of 116 we did assign geometry B (page 96 ) to 166,
Since the phenyl ring can undergo a larger bond rotation in a geometry
like B than in A (page 96 ), H-2' will be pushed deeper in the ~-
cloud of the benzene ring and therefore be subjected to an incregsed
shielding; this is supported by the observed shifts for H-2' (£5.29)
and H-6"' (66.55) in the slow exchange range. As a result of the
bending of the metacyclophane structure (geometry B as depicted for
166) the protons H—2,97and H-2',6' are placed closer together,
resulting in the higher AGC¢ value of 166 as compared to 119. Whether
are dealing with a free rotation of the phenyl group of 166 at

higher temperatures,-as implied by.Vﬁgtle157 remains to be seen.

’
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,11-Rshial 3. 3)lmetacyclophanes,
Insertion of a sulfur atom into the middle of the bridges of tne
[2.2)metacyclophane system lead® to the 2,1l1-dithia(3.3]metacyclo-
) 1

phanes. Whereas the former are rigid the latter can undergo several

¢
v

dynamic processes sucn as 8yn-anti isomerization (é';: B), wobbling
of the bridges* (C=D=E) or scissoring of tne benzene rings.

The first observation of\séable @i and syn isomers in tnis’
thiacyclophane series was reporied by VBgtlegéb for the dichloro
compound 172, however, no separation of the individual isomers was
mentioned. In the case of gg; Mitchell and Boekelheide94 reported
the isolation of 8yn-52A and anti-52 (page 46).‘Altho;gh the

large size of the internal substituents of 22112 and 17296b prevents

-

* Depicted for the syn conformation; bridge wobblé in anti confor-

mation leads mainly to ring scissoring (according to molecular models)




from these and subsequent papers

-
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. . . ; —_ o] .
isomerization of the type AZ=B (no change in Hmr up to.180°C), the
parent compound 173 has always been assumed to undergo a rapid

interconversion of the @iz? and sin form based on the temperature

96,162
I

1 . . "
independent "~Hm . The observed chemical sinift for the

internal protons of 173 (46.82, CDC13) waslthus qpnsidered to Se an
average for all contributing conformers, though it was quite clear
97,159 that the anti conformer of 173
was generally thought to be in excess. As a ¥esult of Qﬂ'investigation
to attempt to resolve an apparent anomalysa of m;lting points of 173,

‘ , 16
we undertook an X-ray structure determination of this compound 3.

¢

..This showed that in the crystalline state 173 exists as the syn

=

oW g

>

-

o
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conformer, To determine the preferred conformation of 173 in solution
suitable models for syn-173 and @1t1-173 have to be found. The syn-

tris-bridged cyclophane 175, with the aromatic proton (Hi) at (56.91164

(66.90165), provides an excellent model for Hi of syn-173, wnereas at
that time 174, with Hi at 65.59112 (55.50166), was taken as a model

for anti-izg. Clearly Hi for 173 (86.82) is almost identical in

chemical shift to that of 175, Also the remaining aryl hydrogens of

l ' 3
s B g
| | E@f

175 . © 176

*

173 at 66.91 are clearly shielded from normal benzene hydrogens. This

evidence points to the fact that at room temperature 2,11-dithia[3,3]~
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metacyclophane 173 exists in solution, as in the crystallinegstate,

as the syn-conformer. We could not find evidence for participation

of the anti-conformer. Related thiacyclophanes with internal protons

A

¢ : ) 1
havestherefore been reassigned to the syn-conformer based on  Hmr

.datal63. Although we were not able to detect any ring inversion

(A=B) for 173 we did notice a collapse of the 13Cmr signal due to

the bridging methylenes at-ca. -100°C in CD2C12. Unfortunately,

however, we were not able to find a solvent in which 173 retained

some solubility at lower temperatures, and hence could not determine
whether a freezing out was occuring of the bridge wobbling profess
(C=D=E). We believe that the freezing out of this wobbling was

observed in the case of 176162. The internal protons (Hi) of 176

appeared at 66,58 at -55°C, whereas the methylene protons showed a

singlet (83,58) at room temperature and an AB quartet (83.65 and
& .

63.51) at -55°C (T_=-41°C). Although the' room temperatire shift value

for Hi of 176 was not reported we believe that it should be very close

) * 162
to the reported value of § 6.63 for Hi of 173777,

We'therefope assume Hi of iig to be temperature independent, wnich
impliés that no ring inversion has taken place. The 'freezing out'
of thérbridge wobble éhoﬁid be in favor of structure C since D as
well as E experiences an 1,3-diaxial interaction between one of the

¥

methylene protons and & methyl substituent, structure g'was also
<162 1 : . . .
* Sato. = recorded the "Hmr of 173 and 176 in d8—toluene. His

value of 66,63 for Hi of 173 is therefore lower than our value of

§6.82 in CDCl3; this behaviour in different solvents is norma1163.
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found in the crystal structure of 173. -

—— s -

Prior to the structure determination of 173, V6gtle96o’ lO3'ha

4

undertaken a large study of the size effect of internal substituents of

d

2,ll—dithia[3.3]metacycloPhanes on the conformational mobility of the
ring system. Whereas the dichloro compound llg consisted of distinct
non—interconvértible"syn and anti isomers, the smaller difluoro 177
was formed as a single isomer, later proven to be synlsg, that

showed coalescence of the AB quartet of the bridge protons at 157°C.
This collapsing of the bridge protons can be a result of either ring
inversion (A= B) or a fast bridge wobble (CZ DZE). We believe that
the former situation is occuring. Cyclophanes 178 and 179 both showed
a temperature independent ler, however,-for 180 coalescence of the
bridge AB-system was reached at 185°C96b. We have reasons to believe
that all three compounds 178-180, prefer the syn conformation.

Firstly, for 181-185 Hi was reported‘lo3 between §7.45-7,26 indica-

ting, on our arguments, a high preference for the syn conformation °

X X
172; c1 c1
S ! S 177 F F
Y 178: H Br
179: H c1
180: H F
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X X
. 181: H N02
182: H CO,H
183: H €0, CH,
; 184: H COZCH(CH?,)%
g S 185: H €0, C(CH,)
Y 186: H OCH,
187: OCH, OCH,
188: F OCH,
189: F CH,
190: H NH2

Furthermore, for 186 Hi appeared between §7.15-6.85 whereas the
methoxyl group absorbed at $§3.70; no change with temperature was

observedllz. Based on the shift values of the methoxyl groupof the syn-

and anti-isomers of 187 (63.55 and 83.25 respectively), 186 was also
assigned the syn form., Secondly, the position of Hi for a syn confor-

-

mation of 178-180 will be around 86.8-7.3 wﬁich is also the afea for

the other aromatic protons of a syn cyclophane. Since the ler of

178-180 were recorded at 60 MHz no separation between Hi and the

= ¥ E3
other aromdtic protons may have been possible. If, in the case of
180 we are dealing with a ring inversion (A= B) at higher tempera-

tures, we expect Hi to shift upfield to obtain an averaged position

i

for a syn- and anti-conformer. However, the high temperature ler of

178-180 have been recorded in diphenyl ether so that any shift of Hi
will be obscured by the solvent peak and./or spinning side bands.

o . 1 P
Reinvestigation of the "Hmr of 180 at higher field strength is re-

commended.

-

Whereas only the syn isomer was present for 188 (OCH, at §3,58;

3
, .
%




C 110

\ . .
' /
S ' S 7
Q] —Me — o> e

-

cf.178), both isomers were found for 189, although the syn isomer fwa

2

in excess (2:1)11 . In the case .of 189 there is no doubt that at

elevated temperatures a fast ring inversion (A=B) is taking place
(Tc=llO°C), as judged from the coalescence of the methyl signals.

Taking all these data into account, the picture emerges that as

 J '
long as one internal substituent in the 2,1l-dithia[3.3]metacyclo-

phanes is small (i.e., H or F) the syn conformation is favored inde-
pendent .of the size of the other internal substituent. The only

obvious discrepancy to this observation is 190 where Hi_appears at

65.0 (also temperature independent). Anomalous behaviour is also

found for 174, where Hi absorbs at 65.59 and the internal methyl group

at 62.14112. If we compare this latter value with those for anti-189

(61.49) and-ayn-189 (62.4%) it is tempting to assume a preferred syn
—— . L3 L] Y =

Py
conformation for 174. However, we believe that 174 behaves more like

-

a pendulum, an inversion reminiscent to that of [2.2]metaparacyclo-

phanediene 124, It would be interesting to know what conformation 174

-

adopts in the crystal state,

@K
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e ’ . .
Although syngant? inversion‘is not possible for thiacyclophane

39, because. of the size of the internal substituents, it does undergo

—
-

the same dynamic process of phenyl ring twisting (paﬁfial rotation)
- -

as observed in the [2.2]metacyclophanes 118A, 118B and 119.

1Y

Thus), in the !Hmr of ant;~59 (figure 10) we see, on covling, a

_collapse qQf the broad«'singlétf at 86,74, representing the two ortho

protons H-2' and H-6', followed by the appearance of two doublets at

* . FY . .
§7.11° (H-6') and 66.62 (H-2') respectively.- The upfield shift of H-2' ¥
1s caused by the shielding of the oppos}te benzene ring of the thia-

3

¢yclophane, The safe process of phenyl ring twisting occurs also in
syn-59A. At ambient temperature the five protons of the phenyl sub-

stituent form a broad singlet at 67,37, indicative for a syn confor-

9

métion.€gn the 'frozen' conformation (-50°C) we se% (figure 11) the

/

“two orthoﬁgrbtoﬁé~at 68.29 (H-2') and 66.72 (H-6'). The downfield

* \
shift for H-2'-is probably caused by steric, compression with the
N »

methyl group. Double resonance.was used to assign fhe other phenyl:
¥ * .

'ring protons in the low‘temperatﬁre 250 MHz lHmr of syn-59A (see

figure 11% Sincg{we expect the two unhindered protons H- 4' and H—S'

_to absorb around 67, 35 (a normal benzene wvalue), The down%§%ld shift

&
o£ H-3'. (67.60) corroborated the a531gnment of H-2",

<

-"Prjor to the synthesis of gg_and J9A, the only* successful

prepératiddfof a thiacyclophane having an internal pheﬁyl group also
. . 7
103

"h§d a small co-substituent, a hydrogen atom, 1917 ~, At that time,

AN ot A

V&gtlelog’rgportgd that compound 192, with two internal phenyl groups

- .
‘ ¢

]

ﬁ}K Basgd on 250 MHz lHmr of 29 at =55°C (see figure 10).

.- ’ ~' ’

-
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- 8 (]
250 MHz (-60°C) ,)Lﬁ'b" H ¥ |
| '.LI M '
[ 12

FIGURE 10, Variable temperature ler (CDCl3) of anti-59.
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could not be obtained'ffom the cycliiatibn of 2,6-bis(brémomethyb)
5, : :
biphenyl 60 and 2,6—bis(thiomethyl)biphenyl 61. However, we have

%

Successful ly isolated dnti;l92,as well as syn-192A from this reaction,

.

albeit in very low yields, . i

Recently, Keliogglés'reported the use of cesium carboqate (Cs,C03)

iristead of KOH, as’base for the bromide - thiol coupling, leading to

1

vast improvements in- the yields of' the cyclic dithia compounds.

However, application of this method to the coupling of bromide 60

and thiol 61 did not givé anticipated yield increase for 192,

59: Ph CH,
X C 191: Ph . H
S S R

Y ‘ « 192: Ph Ph

The assignment of an anti and syn conformation to the thiacyclo- |
phane 192 was not as gimple as for 29, where the internal methyl

group made the characterization of anti and 8yn conformers straight

forward. Both anti-192 and %yn—l92A showed, in their 'Hmr, an AB
quartet for the bridge methylene protons and an AB, system for the,

aromatic protons of the cyclophane ring (table 15), The only difference

¢
was that for 192A the aromatic protons of the phenyl substituent

. , *
appeared more or less as a singlet at 67,23

* Based on 250 MHz 'Hmr for 192 and 1924,
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TABLE 15, -250 MHz ler § valués andfgoupling constants (J) for
« the afomatic protons o%‘thé cyclophane rings of 59 and
192, ) '
/' o
Phane . Proton ¢ (ppm) J(Hz) -
anti-59 H-5 7.47 7.6
‘ H-6 7,29
Hllé X 7.20 7.5
H-15 7.02
syn-59A H-5 6.92
H-14 7.01
H-6,15 6.77 7.7
anti-192 H-5 . 7.25 7.6
' H-6 h 6.96
syn-1924 H-5 7.3 7.6
‘ H-6 6.99
x .
a reversed assignment can not be excluded,

(ef. 59A), whereas for 192 these protons appeared in two separate
*
regions, a broad singlet at §7.03 <{(ortho Protons) and a multiplet at

* .
67.35-7.20 . These data indicate an antt conformation for 192 and a

syn conformation for'iggé. The above assignments were further supported
by the likeness of the varigble éemperatuge YHur of lgg_(figure 12):
and 192A as gompared to the ones for 59 (figure 10) "and 59A (figure 11).
In the 'frozen' conformation, the two ortho\protons of the phenyl

*
substituent of 192 absorhed at 67.22 (H-6') and 66.66 (H-2'), com-

parable to the values found for anti-39 (87.11 and 66.62 respectively).

* Based on 250.:MHz IH@r for 192 and 192A. ‘

-




90 MHz +50 J'

116

250 MHz (-50°C)

<
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In the low temperature 'Hmr of 192A the two ortho protons absorbed

at 67.93 and 66.62, similar shifts were observed for syn-59A (68.29

and 66,72 respectively),

~

. | o
-

i /

1924

Whereas for 59A the assignment of H-2' (88.29) and H-6' (46.72) is
fairly simple, the picture is less clear for 192A. H—%' of 192A

probably lies partly in the shielding zone of the other phenyl sub-

stituent and can therefore be assigned the shift $6.62. The downfield:

o
?

shift of H-6' (67.93) can then"be explained by steric compréésion
with H-1,10. However, a reversed assignment (as in 59A) can hot be
excluded,

Undeniable proof of the ant< conformaiion of 192 was obCaiﬂed
by X—ra& éetermination of the crystal structure, which will, of
course, also be the conformhtion in solution. From these X-ray d;ta*it
can been seen that the phenyl substituents have undergone a partial

bond rotation of ca. 54°, furthermore, it is obvious that no full

rotation of the phenyl group will be possible. The crystal structure

* to be publisghed.




also showed that the benzene rings of the cyclopnane skeleton are
Elightly overlapping’ the angle Cl'-C9-Cl8 is caq. 116°. ~
The activation‘pafamifwfg for the dynamic process of ring twisting

v

of the phenyl group in thiacyclophanes 39, 59A, 192 and 192A are

given in table 16,

hea

LY

TABLE 16. Activation parameters for phenyl substituted

dithié[B.3]metacyciophanes.

Phane égi (kJ/mol) ~Ic Solvent
mi-59 ‘ 55.1 - 5°C ' cocl,
syn-594A \ 52.0 - 8°C CDCl3
nri=-192 50.8 | YA ' ccl,
ayn-1924 42,7 -55°C CDC1,/CD,C1

2

We believe that a similar process of ring twisting occurs in these

‘thiacyclophanes as in the previously mentioned [2.2]metacyclophanes

118A, 118B and 119, ¢,e, rotation is hindered by the non~bonded

interactions between the ortho protons of the phenyl substituent and

the bridge methylene protons, as shown below in figure 13 (only anti

conformers shown).

.

In 191 (internal phenyl and hydrogen) the rotation of the phenyl

substituent presents an interesting broblem. Whereas for 39, 594, 192

~and 192A the ortho protons H-2' and H-6' can be seen clearly at low

temperature, albeit at high»field strength (250.MHz), this is not the




‘

FIGURE 13, Dynamic process of ring twisting of tne phenyl ‘
substituent of 2,1ll-dithia(3.3]metacyclophanes

(only depicted for the z:*7 conformer).

case for 191, Vogtle reported that 191 is not temperature depen-

,103, 157, 169

den . However, we observed that H-2' can be seen at 26.70

and H-6' at ca. 56.90, with H, at 35,49, As the temperature was lowered

(figure 14) H-2' and Hi both steadily moved upfield reaching, at -100°C,

35.82 and 54,60 respectively. The shift difference (44) between H-2'
and Hi stayed constant (ca. 1.22 ppm) over tne temperature range of
+40°C to -110°C, The high field value of Hi can be explained by an
anti as well as a syn confofmétion, since in both cases‘<Hi is shielded

by a benzene ring. We have, however, carried out an X-ray structure

*
determination on this compound which showed it to be the gyn isomer.

\

* to be published .

Ye
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FIGURE 14. Variable temperature ler (CDC13/CD2C12) of 191,

120
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»

This; tﬁerefore, suppozts the observation that, as iong as one inter-
mal substituent is small (H or F), the syn conformation is preferred
over the antz, T .

We interpret the observed dynagic behaviour of 191 (figure 14)
as being analogous to that for 95 or 192 (figure 13) except that at
temperatures‘below +60°C the system is 'frozen' in one conformation.
We believe that, as the temperature is lowered, the phenyl substituent
rotates slightl§ thereby increasing the angle between the biphenyl
rings (78.5° in crystal structure) and moving H-2' inté the shielding
region between the two phane,rings. This probably also allows the
dihedral angle between the two phaﬁe rings (20° in crystal structure)

to increase such that Hi also gets progressively more shielded.

5

/

S

—— H

i

Hy

191

193

*

Above 40°C H-2' disappears in the aromatie multiplet so that no
possible coalescence of these two protons can be observed. For the

disulfone 522157” however, H-2' (66.10) and H-6' (6b.70) coalesced

#

at 167°C (AGc =91,3 kJ/mol). Since the internal proton Hi of 193

(65.9)157 absorbs in the same region as Hi of 191 (85.49); one can,
‘argue that 193 also prefers the gyn conformation and not the anti

conformation, as agsumed by V53F18157.
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In conclusion, we have shown that the inte;nal phenyl substi-
tuent of 2,11-dithia[3.3]metacyclophanes with the other internal
substituent larger than hydrogen undergoes a twisting process (partial
bond rotation), with respect to the phane ring, that can be 'frozen
out' at low temperatures. We believe that this twisting process
is restricted by the non-bonded interaction between the ortho protons

of the phenyl group and the methylene bridge protons.
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CHAPTER - ONE

- INTRODUCTION

1.1 The Pitfalls ?f the Hofmann Elimination in Cyclophane Chemistry.
Thiacyclophanes are now regarded as being useful intermediates

in the preparation of many novel conjugated aromatic systemsléé. One

of the more important steps in such a synthesis of aromatic compounds

is tHe transformation of a carbon-sulfur-carbon liﬁkage in the thia-

cyclophanes to a carbon-~carbon bond.

- H
’é< ¢ —H
S —— |
rc< -¢—H

I

~

Whereas this sequence has now been achieved by a variety of methods170
most of which extrude sulfur or a small neutral group containing
sulfur, e.g. SOZ’ the direct conversion of a C-S-C linkage to a car-
bon-carbon douple bond is more difficult to acﬂieve. This is parti- ‘
cularly important in the metacyclophane series, since it is not
possible to functionalize92 the bridge methylenes of [2.2]metacyclo-_
phanes 194 directly which could lead to the desiréble cyclophane-1,9-"
dienes 195 (precuréorsrto the dihydropyrenes).

This problem w;s partially overcome when a ﬁethod was found to

ring contract a thiacyclophane and leave a substituent on the bridge.

The latter could subsequently be eliminated to introduce the unsatura--
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A

¢

ration in the bridge and so éive the desired diene 195.

.

The ring contraction step was effecte by means of firstly the ¢

Stevens rearrangementgé’ 97, and shbseque y by ths/more easy to carry { .

?

) N -+ 95 .
out Wittig rearrangement”~ or benzyne ifiduced Stevens rearrangement

<

both of which avoided the preformation of a sulfonium salt.

. (e - SCH .

Stevens
» s:gHB - '
/////J ~ o rearrangement
- , S
.o , W1tt1g -
%:> = ] . CH I
’ rearrangement

B} : Benzyne—Stevens
rearrangement )

»

P

i
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For the elimination of the remaining thio-substituent on the bridge

a Hofmann elimination has most often been used.

SCH3 S(CH )2 .

Hofmann .
Base
e o e .
elimination

Although this elimination works very well in some cases, the yield
and nature of the product is strongly dependent on the. geometry of
the molecule under investigation, as well] as the base-solvent system
146 . , . . . ’
used . For instance, mixed isomers of the bis(sulfonium) salt 196

with t-BuOK/THF at reflux gives an 85% yield of dihydropyrene §§?7,

kN

“ :
. /’SMez
Me2 S AN
196 38A

—
‘wiedteas 'bis(sulfonium) salt 197, which is analogous to 196 but has |

internal hydrogen atoms -instead of methyl groups, only gives 357 o&f

[2.2]metacyclophaﬁe—l 9—dieﬂe 159 after treatment with t-BuOK/THF at

2 L0

Y
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Whereas in these simple systems the yields are at least fair, in
more complex cases the yields have'often been very pook. Tge erratic
behaviour of the Hofmann elimination becomes quite obvious if we con-
sider, for example, the naphthalenophanes. Reissl72 has reported the
synthesis of [2.2}(2,i3éaﬁthalenophane-le1l-diene 198, from the
corresponding bis(sulfonium) salt, in ZlZ-yield by, using KOH in EtOH.
The élimination was unsuccessful using NaH or potassium 2,6-di-t-
butylphenoxide in THF (only products derived from a second Stevens

rearrangement were obtained).

00, 00 OO
oo o &P

?

198 199 ' 200

Boekelheide173 reported the synthesis of  the (2,6; 2', 7')naphtha-
1enophanediéne 199 in only 6% yield using KOH/EtOH. In contrast to
these results stands the chiral (2,6)paphthalenopﬂanedigne 200 that.
has been prepared by Staab174 in 417 yield from ché sulfonium sglt by
using t-BuOK/THF. The Hofmann elimination failed complétely‘in the

’

synthesis of [?.2](3,6)phenanthro-(2,7)naphthalenophane—l,ll—diene

201175 (KOH/EtOH gave only a second Stevens rearrangement) and [2.2]

(2,7)pyrenophanes1,9-diene 202176. .
* An alternai;ve method to generate a C-C double bond in meta-

cyclophanes would thus be of considerable use, particularly if it

wérq found successful in.one or more of these more difficult systems.
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This part of the project thus had as its goal, the conversion of
= <
2,11-dithia(3,3]metacyclophane 173 into the diene 159 bys§n alternate

/

route to that used above,

“' Q
: I — “
‘ -
173 159
This system was chosen to stud; first since the Hofmann
- el ) ‘

elimination of the bis(sulfonium) salt 197 only gave a 35% yie€ld of
diene 159 and further because this diene 159 rapidly converted to
pyrene 34 at temberatu;es*%bové 60°C. Thus not only‘an alternative
way of generating the double bonds of 159 was reéquired which’would.

- A
‘47 improve the yield (>357%) but also the reaction must proceed at room

é
temperature or less to preyent the valence tautomerization of diene
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159 to the dihydropyrene 40. The latter rapidly forms pyrene 34

at higher temperatures or by ogidat%onsa. It is then hoped that a
successful method for the formation of diene 159 could be used in -

other problematic systems such as, mentioned in reference 146.

x* .
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CHAPTER TWO

“

SULFUR ELIMINATIONS WITH.DOUBLE—BONﬂ FbRMATION

2.1. Introduction.

The objective of this project was to find an alternative to the
well—known'sequence of Stevens/Wittig rearrangement followed by the
"Hofmann elimination to change'che C-S-C linkage in thiacyclophanes

into a C-C double bond.

C///H
/ >
\ /

H

C

In the following pages a list of possibilities for the above
mentioned conversion is given and the application of some of tnhese
<

reactions -to metacycldphanes is discussed.

2.2 Ramberg-Backlund Rearrangement.

Thé halogen atoms of a~halosulfones, in contrast to ha}ogen
atoms o to other electron-withdrawing groups, show marked resistance
to nucleophilig substitutionl77. However, the same a-sulfonyl
halogen atoms-;fe capable %f facile intramoleéular 1,3-elimination,
leading to replacement of the sulfony]_group by a C-C double bond
with loss of halide ion. This extrusion process, frequently referred

to*as the a—halosulfonel78 or Ramberg-Bicklund rearrangemencl79, has

)
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v .
found broad utility in olefin synthesis and can be depicted as follows:

¢

’

/H
\
-C

a~halosulfone: SO2

~C
i
\X

-

Bage

—
[N,

+ SO + "HX"

@

O

Application of this rearrangement in the cyclophane series has

been successful in a few cases, e.g. in the synthesis of [n+l]para-

tyclophane-1,n~dienes g92180 and [2.n]paracyclophane-1l-enes 204181.
8
(CH ) 4
n=9,11 (CH )
203 204 .

However, tﬁé reaction has proven unsaf&sfactory when applied to thia-
cyclophane systems having two C-S-C bridges, possibly because of,
firstly, severe conformational restraints that impede the intra-
molecular di;placeménc:and, secondly, problems in the chlorination
step of the sulffﬁe where quite often the dichloride instead of the
monochloride was obta;ned. For instance, pyridinophane 205 on treat-
ment with KOH/CQIL (;n situ generation of a-chlorosulfonel82) failed
to give the ri;g contracted product183. Similar results were %gtained

in other m?tacyclOphane systems such as thiacyclophane 173184.

| <.
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185
Staab et. al. were only marginally successful in ring contracting

metacyclophane 206 via a modified Ramberg-Backlund rearrangementlsz,

-

CO,Me

where the yield of the pyrene derivative 207 was only 0.9%.
2 ¥
r/[:ii:l\w ' COZXe
0 o ®
N, ko
S0, 50, S0, 50, - ‘O
Kd f l\ : ) ccl, O
COzMe CO, Me

2
205 206 207

Mitchelllg6 has reported the successful conversion of the C-5-C
linkage in a-chlorosulfides to C~C double bonds without preparing the
sulfones, as is required in the Ramberg-Backlund rearrangement.
Although this method worked very well in open chain sulfides sub -
sequent attempts with thiametacyclophane 173 and its para analog 208
did not yield pyrene 34 or [2.2]paracyclophane-1,9-diene respectively
187

. 188 . . .
. Reiss was also unsuccessful in his attempts to ring contract

thiacyclophane 209 to the diene system via this method.

o g

208 209
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2.3 Elfﬁinations of Sulfoxides and Sul fones.

Double bond formation by thermal elimination of sulfenic acids
from sulfoxides was first reported by Cram189 in 1960, and has, since
then, found wide application in oiganﬁc chamistrylgo. For instance,'
the previously mentioned [2.n}paracyclophane-l-enes 204 have also been
prepared by the thermolysis of the corresponding methylsulfoxide
derivativeslSl. Boekelheidel7l, however, was the first to apply this
procedure to [2,2])cyclophanes, prepared from the thiacyclophages via
the benzyne induced Stevens rearrangement., He found .that sulfoxidﬁ
210 gave a 37% yield of pyrene 34 on pyrolysis in vacuu&. We found,
however, that “the yield could be made quantitative by thermolysis
~ of the methylsulfoxide 211 i; xylene rather than pyrolysis of tne
phenylsulfoxide 210. Due to the high temperatures employed in these

reactions only pyrene 34 and no diene 159 was obtained in the case of

metacyclophanes 210 and 211.

0 0 :
RS “ ] Rg “ 213: R = Ph
| !:::’ ) (::] 214: R = Me
210: R = Ph : - 215: R = 2,4-DNP
211: R = Me . 216: R = CF,
As an alternative to pyrolysis Mitchell and Yan126a investigated

the base induced sulfinate elimination, first reported by Ingoldlgl,

for the benzannelated example 212, This successfully gave the benzdi-

~
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hydropyrene 129 in 85% yield using t-BuOK in THF,

-

[\
[
[3S]
])—a
[aS]
O

t

Thus we further investigated this'apppcach. However, treatment
of the [2.2]metacyclophane sulfones 213 and 214 with t~BuOH in THF
either at room temperature or at reflux, did not give the expected
diene 159. EQen when using the strongly electron withdrawing
2,4-dinitrophenyl group (2,4-DNP) as in 215, no diene 159 could Ee
detected, However, we found that the methylsulfone 214 with t-BuOK in

' 192 NG |

DMF or DMSO at 55°C yielded 41% of‘pyrene 34 (no reaction occured
at room‘teﬁbe%ature). . S

Whiist)this was disappointing it was reasoned that the trifluoro-
methylsulfone 216 would improve the reaction since trifluoroméchylSUl—
finate should be a better leaving gfoup than the ones already men-
tionéd; However, Wittié rearrangement of 2,1l-dithia[3.3]metacyclo-
Phane 173 followed by addition of trif}uoéoiodomethane (CF3I) at -50°C
(CFBI: bp -22°C) gave only a ve%&,low yield of the trifluoromethyl-
sulfide 217). ‘
Moreover, oxidation to the sulfone 216 as well aé direct eli@ination

of the CF3S §IOUp in 217 were unsuccessful, While it was known that

CF3I undergoes easy homolytic fission of the ‘carbon-iodine bond both

L

»
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under thermal and photolytic conditionslg3, the polarization of the

-carbon-iodine bond in CFBI is not as obvious as it is for methyl

3+ 3= . . : .
iodide CH3 -1°7), and hence may be responsible for the poor yield of

\
the desired product 217, ’

3 .

2.4 Sulfilimines.

A further group of sulfur derivatives that have been used ih
pyrdlytié double bond formations are the sulfilimines, also known as
sulfimides. Their general structure can be represented by 218.
Spectroscopic studies SUE%est that the sulfur-nitrogen bond in N-

tosylsulfilimines 219 is of greater dipolar nature than the sulfur-

4
oxygen bond in_§ulfoxides19 .

It was thus expected that sulfilimines such as 219 with a 8<hydrogen

.would undergo a similér, and perhaps more facile, cis-elimination

¢
than sulfoxides.

L
'

Indeed, experiments showed that the pyrolysis of N-tosyl-
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- ;
sulfilimines 219 was much more facile than the corresponding sulf-

[N

oxideslgs.rﬁowever, the temperature applied (>80°€) was expected to

limit the usefulness of this method in the synthesis of metacyclophane-

diéne 159.

<

1

32.5 Trithiocarbonates. .

It was pointed out by Corey and Wintér196 that reaction of the

cyclic 1,2-trithiocarbonates 220 with trialkylphosphite gave alkenes

¢

via a sterecspecific cis-elimination,

S
P ‘ ,
S S ‘ (R0)3P
—_— ./ + ¢CS, + (RO).PS
2 3
A ‘
220

In contrast to these cuclic trithiocarbonates 220, the open chain

derivatives have not been well sgudied either on thermolysis or on

L
\

treatment with base. However, 'by analogy to the Chugaev reaction ,

where a methylxanthate 221 yields an olefin on pyrolysis, the

o
2
(14
i

I ) '\[l - + COS + MeSH

reaction of a trithiocarbonate 222 was thought worth investigating.

Thus Wittig rearrangement of 2,11-dithia[3.3]metacyclophane 173

<
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<> SMe ‘
%4

222

.

followed by addition of CS2 and CH3I respectively gave trithiocarbonate

. 225 in 63% yield. Then 225 was treated with t-BuOK in THF at 0°C, 25°c,

and at reflux, also direct pyrolysis in Xylene and in 2,6-lutidine

were tyied. However, no diene 159 or pyrene 34 could be detected in

f

these experiments,

We also attempted a number of conversions not based on pyrolysis.

<
ese are listed below,

2.6 Thiol Elimination by Mercuric Acetate.

The successful elimination of a thiol group in a substituted
cyclopentane 223, by the action of mercuric acetate in acetic acid,
has been mentioned by de May0198. Good yields'ofvcﬁe corresponding
é;clopentene‘ggﬁ were claimed, Howevef, a reaction procedure or cross-

reference was not mentioned, either in this paper or in any previous

or subsequent papers.

© SH @ e.g.:Ry=H,Me, Ph

Ry=H,Me
1 Ry
Hg(OAc)2
—m——
- RZ HOAc R2
223 ‘ 224

Treatment of dit@iol 226 with mercuric acetate in THF or HOAc

-

¢

P D
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(under N,) at 10°C, 30°C or 80°C' did not yield the expected diene 159

or pyrene 34.

— .
Substitution of an ethylthio group in 229 for an acetate group

230 by the action of mercuric acetate in THF was mentioned in an

c(S)SMe @ R
RS : R=H R “ 231 : R = OAc
) ggl : Me , 232 :+ R = Br
© 228 : R = Ph - © 233 : R=2Cl

However, when we reacted methylthio\derivative 227 with mercuric

earlier reportlgg.

Q2
SR 526

oo™ ™
|

acetate kn THF at 25°C or at réflux no acetate 231 could be detected.

Bt Hg (OAC), Et
N-CHZ—S—-EC —— - N—CHZ—OAC
Et 7IHF, 25°C Et
-
229 T f 230
LY

2.7 Attempted Substitution of the Sulfur Growp in 226 and 227 by
Halogen or Oxygen.

Dibromotriphenylphosphorane (PhBPBrZ) has been found.to effect

—_—

the cleavage of a variety of ethers under essentially neutral con—- . - - --

__ditions

’

R-0-R' + Ph_PBr

— - L y
3 9 . R-Br + R Br + Ph3OH
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- ment with #h_PBr

R .' ' , T 139
e - -t ‘ ‘

Unfdrtunately alkyl sulfides are essentially inert to thisxreagent.

.o . @ . -
However, dibenzylsulfide gave a gi% yield of benzylbromide on treat-

3 2200. The' same reagent has also been used successfully

for the conversion of ‘primary and'secondary thiols to the correspon- °
] . “
201 »

. diné bromides . : X

However, our attemptedqponversion of dithiol 226 and methylthio

derivative~227 into the metacyclophane bromide 232 by reactlon w1th

.

Ph3PBr2,did not give any products that could be identififed. Treatment

L . - N . ‘r
of -dithiol 226 with triphenylphosphine and CCla, which’'is.a known .~
\ 14
202

LY

method for the substitution of a hydroxyl group by a chlorine

also failed to give the desired metacyclophane chloride 233..

. , A
Heterocyclic thiols have been converted to the cotresponding
chlorides by a number of methods. For example, reactiog~with aqueouég

204

qgodium hypochlotite203 or treatment with sulfurylchloride™ .’ However

s ¢

whep tHese methods were tried on dithiol 226 no ¢hloride 233 was

obtained,

&

226 ‘ . - 233 N

-
& T
"‘\f\

At -this p01nt we attempted a different‘approanh in which the

Tunetionality of the system of the carbon bearing the sulfur substi-
N . .\ ’ ‘ .

tuent is changed, esg. by conversion°to a carbonyl, Th;g would be

-~
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3 .

effected by means of an a—ch;orosulfide, which, on subsequent

SR C1 SR oo |

hydrolysiézoS or treatment with mercuric oxide in BF3-etheraté206,
might give the carbonyl group, from which several reactions might find
success in forming the fin;l double bond.

A very large number of sulfides have been converted to a-chloro-
sulfides by both N-chlorosuccinimides (NCS)207 and sulfurychloride208
However, we-were surprised to find that methylthio derivativelgzz_and

. phenylthio derivative 228 both failed to a-chlorinate with the above
reagénﬁs. &
@'
2.8 Possibl¢ Olefin Formation by Double Benzyne Stevens

Rearrangement.

It was noted that on treatment of 2,11-dithia[3.3]metacyclophane
173 with benzyne (bénzyne induced Stevens rearrangeméntl7l) not only
the expected phenylthio derivative 228 was formed but also diphenyl-
sulfide 234, A possible explahation for the presente of diphenyl
sulfide 234 can be that after the first benzyne Stevens rearrangeméht
a second benzyne molecule reacts with one si?e of the ring contracted..
phenyithio derivative 228 to yield, after abstraction of a B—hydrogég
from the Bridge, diphenylsulfide .234 and an olefin.

=

To verify tHiis hypothesis and test wvhether the olefinie product

»

Y

“e




. ‘ 141

could be made mo significan;:é, phenylthio derivative 228 was tested

with 2.2 equivalents of benzyne. Unfortunately, however, only a small

- amount of pyrene 34 could beAdetectea.

® ~ ] o
BhS Sph' — H + PhSPh
PhS H - = bhS

228

2.9 Elimination of Trimethylsilanethiol.

209

Walter and Like , in their synthesis of masked enamines,

reported that the addition of trimethylsilylchoride to the lithium

?
salt 235 resulted in the spontaneous decomposition of the postulated
intermediate 236 by eXdnation of unstable trimethylsilanethiol 237
with concommitant double bond formation to 238
SSi(Me)
SLi ' >
H-—('}--N(Si(Me)3)2 — . .
CH,R : ) H-C-R
b4 - . H
‘ ' 233 " 236

R H
. 2x Y .
(Me).Sissi(Me) —a2X— [ae).sisH| +  Sc=c . :
3 3 3 ] 5 <N(Si(Me‘)

“H,5 35

However, treatment of the lithium salt of dithiol 226 with tri-

o

methylsilylchloride led only to recovéredm%.

o

- L »

€
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2.10 Elimination via‘Ester stabilized Sulfur Ylids.

An elegaht pr?cedure to efféct double bond formation by sulfide
eliminaéion ‘was‘ put forward by Ve'desjz.lo. T,h'is procedure involved the
fragmentation of an ester 'st\abilized sulfur ylid (e.g. 241) which was
-prepared by alkylatior; o.f a sulfide witﬁ trifluoromethane sulfonates
(triflateszn) of e.g. a-hydroxyesters, ketones or nitriles, f‘dll’oyedL
by deprotonation of the resulting sulfoniun‘; salts (e.g. _Z_Zi)_). Ylid

fragmentation at room temperature then yielded the olefin., For instance

“ 2

lactone 239 gave sulfonium salt 240 ,0n alkylation with triflate 245

(alkylation time: 2 days).

MeS

0 v 0
Me l /
MeSCH,COEt  + e eo s P
R - § /
& ' O -
1] \ .
242 241
. Subsequent treatment with base gave r_he ester stabilized ylid 241 ”

from which the o ~B—unsat:urated lactone Lég,wa% obtained in 947 yield
(reaction ‘time: 10 min.). Examples with phenylthio groups instead of
a methylthio group as in 239 were also reported. .

a4

Thus the trifluoromethanesulfonate ester of ethylglycolate 245

-
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(representative of triflates derived from a-hydroxyesters) was con~ °
véniently prepared in 727 yield by slow addition of ethyldiazoacetate

244 to trifluoromethanesulfonic acid 243 in liquid 50, at -78°C.

CFBSO3H + NZCHCOzEt —_— CF_§O3CH2COZEC’

.243: 244 C 245
Alkylation of the metacyclophane sulfides 227 and 228 with triflate

P

245 was complete in 15 h, Subsequent treatment of these sulforium salts

N

with base (triethylamine or 1,5-diazabicyclo[5.4.0])-undec-5-ene (DBU))

should have given the ester stabilized sulfur ylids,which could then

.
[y

have undergone fragmentation, as’ indicated before, to form an olefin.

< -
However, none of the expected diene 159 or py?ene 34 could be detected,
even when' the reaction was warmed to 60°C,
2.11 Some Mechanistic Comsiderations.
Most examples of the elimination reactions discussed above are

B-eliminations in which two groups are lost from adjacent atoms. There

are two ways for this to happen.

X X -
/}f
/ : . .
. ' -
- - . s :
H . ) 4 .

¢
14

’ 246 o247

——

From a conformation such as 246 (anti-periblanar) anti elimination

occurs, whereas from cdnformation 247 (syn—periplanar) syn elimination

n
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is the result. v

It haé been noted that the presence'of free or ion-paiged base
can alter the mode of elim;nation (;nti‘Versus syn). For example,the
case of cyclopentane 249, where the é%enyl and tosylate group are trans
,Fo each ogher,'chére are two types of B-hydrogens, one.of which is more
acidic (H-2) and leads to 229 via syn elimination. Loss of the less
acidic proton (H-5) will give the non-conjugated cyclopentene 248 via
an wti elimination.'With t-BuOK in t-BuOH (50°C) 92% of 250 andGBZ
of 248 were formed, which indicated a high preference for syn elimina-

tion in this system213.

Q) x

t— BuOK t-BuOK
OTos—___—'_—"‘
t— BuOH t—BuOH

"erown-ether"
. 248 249 . 250

However, addition of the crown ether dicyclohexyl 18-crown-6 (this
ether selectively removes K+ from the t-BuO—K+ ion pair and thus
leaves t-Bu0 as a free base) changed the product composition to 70%

of 248 and 30% of 250 which indicates a preference for anti elimina-
tion213. ‘ *




. ' ‘k 145

From this and other.studiesz14 the picture emerged that for

-~

neutral leaving groups (e.g. tosylate; halidé) syn elimination is
favored by ion-paired bases, via a transition state like 251 whereas

“the free base favors anti elimination.

Y .

Fér positively charged leaving gro&ps (e.g. trimethylammonium)

it was predic:'ted?'lS that free base should be more effective than ion-
’

paired base in promoting syn elimination, because electrostatic inter-
action of the negatively charged base and the positive leaving group

would put the base into a favorable position for attack on a syn 8-

hydrogen. This would lead to a transition state like 252, This view

was corroborated by Saunders' wurkZléa.

z
+

[N

2,12 Application of these Findings-to the Metacyclophane Syetem.

¢, - .
Molecular model studies of gulfonium- salt 197 spowed us that an

. . .
antt-periplanar arrangement was very unlikely, this would put the
leaving: group in the stericaily more hindered pseudo-axial position,

Therefore the Hofmann e%imination of 197 was assumed to follow a syn

pathway. Sincg we have a positively charged leaving group. in 197,

”

iy
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gyn elimination will be promoted by free base, Apart from adding a

-+
SMe2

+ © ©
o Me?_s “ )

. 197 159 .

*

crown ether, the free base coencentration can also be increased by

2
g3

using DMSO instead of THF, since the former solvates cations more

»

effectively than the latter. Still another way of increasing the free

. : - - . 216
base concentration is by addition of a quaternary ammonium salt

that cannot itself undergo elimination,
q - .
Treatment of sulfonium salt 197 with t-BuOK in DMSO at room temperature

A ]

yielded pyrene 34 in 437 yield. Addition of tetramethylammonium bromide

gﬁd not improve the elimination. The effect of added ammonium salt

*

,was also negligible in the t-BuOK/THF system. Hofmann elimination of

197 in t-BuOK/THF with crown ether 18-crown-6, to promote the free

base, was in so far successful that mainiy cyclophanediene 159 was

’

obtained, as opposed to the other reactions where pyrené 34 was formed

“~
instead. The yield, howeyer, was, only 107%.

Unfortunately, no new or improved method for sulfur elimination

» +

with double bond formation was found during the course of this

reseQrch. . e,
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CHAPTER THREE

POSSIBLE FUTURE KWORK |

Since ring contraction of thiacyclophanes via Wittig or Stevens
rearrangement, followedlby reaction with methyl iodide, yields a
mixture of thiomethyl isomers, it is possible that only ‘certain of
these isomeriqcan sucéessfu{ly underéo the Hofmann elimination. of the
corresponding sulfonium salfs. '

It has been noticed122 that the isemer watio of the thiomethyl

derivative 254 depends on the temperature at which the Wittig

rearrangement of thiacyclophane 253 is executed, ' v o-

If this variation in isomer ratio with reaction témperature»turns out
to be a general phenomena1for‘thiacycloph%nes, separation of these

isomers from the mixture féllowed by Hofmanﬂ éliminatioq'bf the sul-‘
fonium salts then will give valuable inforﬁation ab;u;, fifstly§ which

isomer(s) eliminates preferentially and secondly, how to enrich the

‘product mixture with this isomer(s). , o

N . v -
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EXPERIMENTAL ‘

. s
All melting points were determined on a Kofler hot stage and are
. - Y

1 y .
uncorrected, The "Hmr spectra were determined in CDCl, (unless other-

3
. .
wise 'stated) on a Perkin-Elmer R12B (60 MHz), R32 (90 MHz) or Bruker

WM-250 (250 MHz) spectrometer and are reported id ppm downfield

from tetramethylsilane as internal standard. The variable:tempé;ature
1 . . . .

Hmr studies were carried out on a R32 (90 MHz) spectrometer, using

1

CDC13, CD2C12, or CDC13:CD2012 (1:1) as solvent for variable tempera-

ture (-100°C to +60°C) studies, ;3Cmr spectra were determined in “
CDCl3 on a Nicolet TTI-14 Fourier Transform spectrometer operating at
15.1 MHz or on a Bruker WM-250 operating at 62,9 MHz and are reported

in ppm with 5CDCl3=77.O ppm as reference point,

v
s

UV spectra were recorded on a Cary~17 spectrophotometer or a Beckmann
VDU—8 ape}trophotometer. ‘ )
Mass sﬁgctra 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) (ﬁ+ = méleCUlar ion in éass spectra).
Microanalyses were performed by Canadian Microanalytical Service Ltd:
(Vancouver, B:C.). All evaporations were carrjied out under reduced
pressure on ; rotary evaporator at’ca. 40°C. All organic layers were

Qashed with water (unless otherwise stated) and dried over anhydrous

sodium sulfate or magnesium sulfate.
'
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1. 2—éromo-1,3—dimethylbenzene 98.
(a) Diazdtization of 2,6~dimethylaniline lgé.

48% aq._HBrr(35 ml, 310 mol) was added slowly to 2,6-dimethyl-
aniline 104 (15g, 123.8 mmol) at 0°C. Then a solution of sodium nitrite
(8.54g, 17;28 mmo%) in HZO (15 mL) was added rapidly, with stirring,

<

the temperature being kept below 10°C.
(b) Conversion of'diazonium‘salt into 98.

The abeve prepared cold diazonium solution (see (a)) was added
dropwise to a refluxing mixture of CuBr (9.77 g, 68.1 mmol) and 48% aq.
HBr (8.4 mL, 74.3 mmol) over a period of 30 min. After cooling the

3
4 . . ’
mixture was extrédﬁad w1tn benzene, The combined organic layers were

washed, dried and evaporated. The residual dark red liquid was
chromatographed over silica gel using pentane as eluant to yield 2-

. 217
bromo-1, 3-dimethylbenzene 98, ldg (62%), bp 205-206°C (lit. bp 206°C)
Yhar, 6, (CCl,, 60 MHz), 6.90 (s, 3H, Ar-H) and 2.34 (s, 6H, Ar-CH,).
2, 2,6-Dimethy l- 1-pheny Leyelohexzanol 107,

A portioh (1l mL) of a solution of bromobenzene (68.43g, 435.8 mmol)

1n dry THF IDOO mL) was added to magn691um (10.7g, 440 mg-atom) in dry

_ THF (100 mL) ‘at 35°C under N -

2°
A few drops of 1,2-dibromoethane were added to initiate the reaction
and then the remainder of the solution of bromobenzene was added drop-
wise at a rate to maintain gentle reflux After the additién the mixture

/
was further heated at reflux for 30 min.
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2,6-Dimethylcyclohexanone 106 (50g, 396 mmol) was then added drop-
wise to the hot Grignard reagent. After the addition, heating at

. 4
reflux was vontinued for 9 h. The reaction mixture was then_cooled and

iy

concentrated under reduced pressure. Benzene was added and the organic

extracts were washed with dilute HCLl and HZO' The organic extracts

were combined, dried and evaporated to give a clear yellow liqumid.

Vacuum distillation yielded colorless alcohol 107, 67.32g (83%),

103

bp 158°C/18 Torr (Lit. bp 134-135°C/15 Torr); ler, s, (CCla,

60 MHz), 7.25 (m, 5H, Ar-H), 1.56 (m, 9H, -CEQ—) and 0.57 (d, J=6Hz,
6H, -CH,).

P4
>

3. (é, 6-Dimetny Z—l-eyclohexen—l-yZ)benéene 108.

p-Topluenesulfonic acid (l.4g, 8.14 mmol) was added to a solution

of alcohol 107 (67.2g, 329.4 mmol) in toluene (25 mL). The mixture was

heated at reflux for 6 h. with azeotropic removal of water (Dean-

Stark apparatus).

Vacuum dtstillation yielded the-cyclohegene igg as a colorless liquid.
52.24g (85%), bp 64°C/0.5 %ogr (Lit.218 bp 91-92°C/1.5 Torr), lHmr,

6, (CCl,, 60 MHz), 7.07 (m, 5H, Ar-H), 2.40-1.20 (m, 7H, -CH)-),

).

1.4% (s, 3H, —G—QﬁB) and 1.80 (d, 3H, J=6Hz, —C§3
4.  2,6-Dimethyl-1,1'-biphenyl 100.
(a) From the Grignard of 2-bromo-1,3-dimethylbenzene 98.

A portion (1 mL) of a solution of 98 (4g, 21.6 mmol) in dry THF

(15 mL) was added to magnesium (530 mg, 21.8 mg-atom) in dry THF (15 mL)
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at 35°C undér N,. Then a few drops of 1,2-dibromoethane were added

9
to initiate the reaction and then the remainder of the solution of 98
was added dropwise at a rate to maintain gentle reflux’. After the
addition, the mixture was heated at reflux for an additional 2 h. at
which time most magnesium had disappeared.

The mixture was then cooled to -78°C and a solution of bromobenzene
(3.58g, 22.8 mmol) in dry THF (25 mL) was added dropwise, followed

by Ni (acac)2 (ca. 5 mg). '

The reaction mixture was then allowed to warm to room temperature

over 1 h. and subsequently was heated at -reflux for 15 h. This mixture
was then cooled and benzene was added and the organic extracts were

washed with dilute aqueous HCl and H,0. The organic layer was dried

2

and evaporated to give a brown liquid which 'was chromatographed

over silica gel using pentane as eluant, .

From the methyl proton resonances in the ler spectra (60 MHz) thg
presence of m-xylene (82.26, s, Ar-Q§3), 2—bromo—l¥3—diméthyipen~
zene 98 (5’2\.’32, s, Ar-CH,) and 2,6-dimethylbiphenyl 100, (62.00, s,
Ar—qga) was indicated. -

Vacuum distillation of this eluate then yielded two main fractions.
The first (bp ca. 80°C/50 Torr) contained mainly m—-xylene. The second
fraction (0.53és4still‘shpwed, by ler, some bromide 2§_to be éresent
together Qith the désired product (in the ratio éy lﬂﬁﬁ 1:3). Subse-

quently 100 was obtained pure by the alternate route C described be-

low.
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b4
(b) From (2,6-dimethyl-l-cyclohexen-1-yl) benzene 108 Via bromina-
tion, dehydrobromination followed by dehydrogenation.
A solution of Br2 (3g, 18.75 mmol) in CCl4 (20 mL) was added drop-

wise to a solution of 108 (ig, 10.75 mmol) in CCl4 (25 mL) at 0°C.

The addition was stopped as soon as the bromine colour persisted. The

. and

reaction mixture was then }vashed successively with aqueous NaHSO3

s
HZO’ dried and évaporated to give a pale yellow liquid.
Dry THF (40 mL) and 't-BuOK (2.4g, 21.4 mmol) were then added to this

liquid and the mixture was heated at reflux for 4 h. under N2.

After cooling, dichloromethane and dilute HCl were added to the
reaction mixture. The organic layer was separated, washed, dried and
' evaporated to give a dark brown liadid.rThis was then chromatographed

over silica gel using pentane dichloromethane (l:1) as eluant to give

an orange liquid. | =
|

Benzene (25 mL) and 10% Pd/C (ig) were then added to this orange
} {

' & !
liquid. This mixture was heated at reflux for 12 ?., while N2 was

h
!

bubbled through the solution/ After-cooling, the mixture was then

"filtered with celite and the filtrate was evaporated to give a drown. .
. liﬁuid. Subsequent chromatography over silica gel’using péntane as
eluant yield biphenyl 100, 1,06g (54%), idehtical to the next sample

(c)..

-
-

“(¢) From (2,6~dimethyl-l-cyclohexen-1-yl) benzene 108 via direct

/

dehydrogenation. - ”»

. L
A solution of cyclohexene 108 (30g, 161.3 mmol) and o-chloranil 115

=
o



153

I3 [ T . PN .
' 4 [ R Lmmr .

E 3 R e K

2 . - <

-(95.2g, 387.2 mmol) in dry m-xylene (200 mL) was heated at reflux fot

-.f‘ 3.8‘1‘1. under i\Iz, |

h .Tetrécﬁlb;obydrq:quinone was then rem;)ved by hot filtration and the

) ) ) ‘filtrat;g.'was dg.st’:ill:ad upde;: vaciulm. The ‘f-r’act.ion with iaoiliﬁg raﬂge ~ o -
. 60180°C/ 2--3.10--'l Torr ‘was then collected and subétequently chromato'—

) ira’phed over silica gel, using pentane as eluant to give 2,6-dimethyl- ™

b#phenyl 100 as a colo:rless liquid, 18.58g (63%), bp 66--70°C/2—3.10_l .

~

> Torr (Lit/ R bp 128°C/14 Torr), lHmr, 6, -(90 MHz), 7.40-6.93 (u,.8H, "

Ar:.E)' arld 1,96 (s, 6H, Ar—CH3);ms peaks (EI) at m/e —(trelative intensity)

100), 181 (46), 167 (92), 166 ¢32), 165 (58) and 152 (20);- -
< - o - - -~ }

182 ¢

-~

- - 3 -
, &, (62.9 MHz), 141.9#(C-1), 141,1 (Cs1'),136.0 (C-2); 129.0,

© 1284, 127.3 (C-3; C-2';'c-3'), 127.0, 126.7 (C-4, C~4’) .and 20.8
12 _ 5

%a

*

*"(Ar-CH,). ¥ “.
} =3 : . )
Note: For prepar'ati\?éepurposgs biphenyl 100" was obtained from 2,6-

. .2 Y . .
dimethylcyclohexane 106 without the isolation of alcohol 107 and

'cyc]'})hexene 19-8. The overall y#eld was 64%. based on the cyclohexane:s.

*

. ¢
- 106, ) ! .
A ‘ - ’ * ’ ‘
‘ l - . ’ ! f ’ . ¢ N L
) -5, 2, 6-Bis (bromomethyl:)-1,1'-hiphenyl 60. ° :
* -p' '( ' s‘ -' ; P N - * e
’ p N—bron}qsuccinimide (37.2g, 209 mmol) and benzZoylperoxide ( 5 mg)
.~ ?f N \,’ - - - <
' Were added, in four equal portions, over a pgriod of 2 h,, to 2,6-di~
met:.hylbiphenyl 100 (18.5g, 101.6 mmol) in refluxing CCl4 (125 mL) with
H - 4 ' ° t '
concomitgnt irradiation (200W. lamp)
. ' 3 \
.. After the addition ﬁh?vmixtlﬁél was irradiated under reflux for an
. ’ 4 T “ ’
<$ additional 1,5 h. The reaction mixture was ‘then cooled and the .

v

.
. - - .
% . AN : | ) .
3
.

o
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Y .

succinimide was removed by filtration. The filtrate was-evaporated

~

and gave a tan colored solid. This was then stirred with pentane for

A Y

10 min; filtration ylelded white bromide 60, Evaporation of the filtrate,

followed by washing with pentane ‘was repeated to increase the yleld
of bromide 60, 21.2g (614), a sample Was recrystallized from cyclo—'
hexane as white crystals, mp 116- 117 C, (Lit, 103 mp 116-117°C),

S, (CCla, 90 MHz), 7.37 @road s, 8H, Ar-H) and 4.10 (s, 4H, CEQBr);

Deur, 8, (62.9 MHz), 141.6, 136.4 (C-1, C-1'), 136.6 (c-2),:130.5,

129.2,128,2 (c-3, c-2', C—B;),'128.4, 127.9 (C-4, C-4') and 31.7

‘ v
(—EHZ Br )‘ . '
. v ~
6.  2,6-Bis(mercaptomethyl)-1,1'-biphenyl 61.

Thiourea (5.5g, 72.4 mmol) was added to a solution of 2,6-Bay

.

(bromomethyl)biphenyl 60 (10g, 29.4 mmol) in dry THF‘(ZOO mL ). Afteé
the additlbd the mixture was Heeted at reflix for 3 h. under N,.

Then ; solution of KOH (3.88g, 69.3 mmol) in HZO (50 mL) was added t;
éhe hot mixture fnd heating at reflux was continued for another 3 h.

The mixture was then cooled and acidified with 6M adueoue stoé’ and
the whdle was extracted with Benzene.,The benzene ;xtract was washed,
dried and eva;orated ?b give a pale yellow 0il which solidifigﬂ on

standing. Sdbseduent chromatography of the solid'over siliea gel ' »
using pentane (400 mL) .and pentane/ dichloromethene (200 mL, 9:1) as
eluants. yielded white dithiol 6l “%. 82g (94/), mp 66-68°C. (Lit. 103

mp 64-66°C), Hmr, $, (90 MHz), 7. 48-7 22 (m, 8H, Ar-H), 3. 42 (4, 4H

J=5 Hz, ~CH,SH) and 1.55 (t, 2H, J=5 Hz, -CH,SH); “Jomr, s,

by
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(62.9 MHz), 139.9 (G-2), 139.8, 137.9 (C-1, C-1'), 129.4, 128.4,
127.6 (¢-3, c-2', C-3'), 128.4, 127.6 (C-4, C-4') and 26.9 (—_(_IHZSH).
7.  9-~Phenyl-18-methyl-2, 11-dithial3. 3Imetacyclophane 59.
A solution of the dithiol 61 (10g, 40.6 mmol) and the dibromide”
54 (lli3g, 40.6 mmol) in Kitrdgen purged benzene {900 mL) was added

dropwise to a well stirred solution of KOH (5.7g, 101.8 mmol) in

nitrogen purged 95% EtOH (2500 mL) at 60°C under nitrogen. When the -

addit%on was complete (2,5d) the solution was cooled and concentrated.

Dichloromethane and water were added to the residue as well as dilute

-

aqueous HCl to neutralize the solution. The dichloromethane extract

e

was wéshed, dried and evaporated., The residue was then preadsorbed

on celite and chromatographed over silica gel using benzene/pentane

.

(1:1) as eluant, The chromatography gave two fractions: The first

consi@ted of a‘mixtuge of antt and syn thiacyclophanes 59 and 59A
5.7g (39%), while the ;econd contained products of higher molec1gar
weight, )

Note: when the bromide-thiol coupling was done at room temperature

* <
lower yields of ‘dimer 104 were obtained (20%).
S "\

<
(a) onti-9-phenyl, 18-methyl-2,11-dithia({3.3]}metacyclophane 59.
The mixture, of the anti- and syn-dithiacyclophanes 59 and 594,
obtained from the first fraction from the chro&atograpgy experiment
abové, was rechromatographed over s;lica gel using benzene/pentane

(1:4) as eluant. The first fraction of this chrématography contained

Py
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the puré anti-iéoﬁer 39, while later,fractiohé containgd increasing
 amounts of fhe syn—isomeriégé.
The mixture of the anti* and syn-isomer obtainea in these later
fractions was fepeatedly recrystallized from benzene to give pure:'
crystals of.anti—isomér 39. The crystals of 59 obtained by chromato-
graphy (see agoye) weée also recrystallized from benzene. The com-
bined yiéld'of anti-isomer §2_wasj2.6€é (18Z).of ;olorlgss crystals,
mp 165°C, THwr, §, (90 MHz), 7.46 (AB,, 2H, HrS), 7.35-7.13 (m, OH,
Ar-H), 7.02 (é@%, 1H, H-15), 6.74 (br. s, 2H,’H—2', 6'), 3.79 and
3.66 (AB quartet, 4H, J=14.3 Hz, -QEZ—S—), 3.70 and 3.46 (AB quattet,
4H, J=13.6 Hz, —CHZ—Sw) and 1.56 (s, 3H, Ar—Q§3);
ms peaks (EI) at m/e (relative intensity) 362 (M+, 9), 212 (15), 211
| (24), 179 (160), 5]8 (49), 165(38), 152 (17), 149 (13), 148 (12),
135 (17), 134 (16), 118 (28), 117 (60), 91 (45) and 77 (23);

Lcar, a,_4&;11 MHz), 143.0 (C-9), 137.9 (C-1'), 136.8 (C-18), 135.6,

134.9 (C-4, C-13), 130.7 (C-2'), 130.1, 129.9, 126.8 (C-5, C-14, C-3'),
127.0, ;26.8, 125.0 (C-6, C-15,"C-4'), 32.5, 31.1 (C-1, C-3) and

15.8 (Ar-CH,).

3

Anal. Calcd. for C23H2252 : C76.19, H6.11 »

Found : C76.09, H6.16 -

4

(b) syn-9-phenyl, 18-methyl-2,11~dithia[3. 3)metacyclophane 59A.

The mixtures of anti and gyn thiacyclophanes 59 and 59A that

showed the syn-isomer to be the major component, obtained from
‘ , ’ b
chromatography or from recrystallization as described in (a), were
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repeatedly recrystallized from a benzene/hexane mixture (1:9) to
yield 86 mg (0.6%) of 5£A as colorless crystals, mp 170°C, ler, s,

(90 MHz), 7.37 (br. s, SH, Ar-H), 6.99 (4B,, 2H, J=7Hz, H-5 or H-14),

16,90 (4B, 2H, J=THz, H-5 or H-14), 6.75 (AB,, 2H, J=THz, H-6, H-15),

4,19 and 3.68 (AB quartet, 4H, J=15Hz, -ng-s-), 3.93 and 3.64 (AB
quartet, 4H, J=15Hz, -ng-s-) and 2.41 (s, 3H, Ar—Cﬂ3);

ms peaks (EI) at m/e (relative intensity) 362 (M+, 37), 211 (27),

179 (100), 178 (52), 165 (33), 149 (12)) 148 (11), 134 (11), 117 (37),

115 (24), 91 (26) and 77 (15);,

Cnr, 6, (15.1 MHz), 139.1 (C-9), 136.2, 134.2 (c-18, C-1'), 136.1,
135.2 (C-4, C-13), 131.7 (C-2'), 1303, 129.4, 127.7 (C-5, C-14, C-3"),
128.2,:i27.0, 125.8 (C-6, C-15, C-4"), 36,1, 34.9 (C-1, C-3) and

17.9 (Ar—§H3).

Anal, Calcd. for C23H2282 : C 76,19, H 6,11

Found : € 76.87, H 6.13

%

8. Wittig rearrangement of anti-dithiacyclophane %9 to 118.

n-BuLi(268.8 mg, 4.2 mmol) in hexane (4mL) was addgd by syringe
to a stirred s;lution of dithiac?clophane 22 (648 mg, 1.79 mmol) in
.dry THF (45 mL)'under nitrogen at room temperature., The initially
colorless solution turned dark red ;nd was stirrgd fof an additional
5 min. Methyl iodide (0.5 mL, 8.0} mmol) was then added upon which the
solution turned pale yello@. The mixture was then acidified with

aqueous HCl and extracted with dichloromethane. The orgénic extract

was washed with water, until neutral, dried and evaporated to give a




.

"10. Stevéns Rearrangement of 59S to gﬁée‘118. . -
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yellow oil. This was then chromatographed over silica gel using

benzene as eluant to give 258 mg (37%) of 118 as a mixture of isomers.

L] »

o

9. "Antz-Bts(squbnzum)saZt 593 of anti- dzthzacyclophane 59.

4

A solutlon of thiacyclophane 59 (1.76g, 4.86 mmbl) in dry di-

chloromethane (50 mL) waq added slowly with stirring to a suspension
) »

"of dimethoxycarbonium fluoroborate. (3.42g, 80% as oil, 16.8 mmol) in

dry di¢hlorométhane (5 mL) held at -BQfC under a nitrOgeﬁ atmosphere.

2

When the addition wae complete, the mixture was allowed to warm to

3 .
~ N ¢ .

room temperature and was stirred .for another 4 h. Then ethyl dcetate

(35 mL) was added and the mixture was stirred for 5 h. This on

filtration gave the bis(sulfonium)salt 595 as white powder (2.63g,

96%). This was employed directly in the next step.

4

-

t.

Patassium t—butoxide (2.0g, 17.86 mmol) was added to a stirred

suspension of sulfonlum 'sglt 598 (2. 63g, 4.65 mmol) in dry THF (130 mL)

¢

Agundet a nitrogen atmosphere, The mlxture was then stirred for lh.

room temperatbre after‘which aqueous HCl and dichloromethane wefe
> . i

added. The Brganrc layer was éeparated, washed with water, dried and
N L)

evaporated. The yellow residue was then preadsorbed on silica gel and
1t .

uchromatognabhéd over sikica gel, using pentane as eluant to give 1.1l6g

(64%) of 118 as a mixture of isomers.

L
3
» '

(a) anti-l,9-Bis(methylthio)-8-phenyl—lG—methyl[2.2]metacyclophane

1184,




¢

» The mixture of isomers 118 (747 mg, 192 mmol) was carefully

< »
)
~ A . .

rechromatogfaghed over silica gel,fusing pentane as eiuant,‘tg~séparate

. ’ ’
-

the ind&vidual.componénts. The first fractlons prov1ded~a crystalline -
solld 118A which, after recrystalllzaglon from hexane, gave 182 mg
1 (24%) of colorless" needles, mp 157-138°C, "Ymr, 5, (90 MHz), 8.00 -
(dd, 1H, H= THz, J=l.5Hz, H-6), 7.70 (dd, 1u: J=6Hz, J=2ﬁ;,.a-14), 7?39
(dd, 1H, J=7Hz, 4;4), 7.22-6.87 (m, 6H, Ar-H), 6.48-6.34 (m, 2H,
" H-2',6"), 4.26‘(dd 1H, J-4Hz, J=11. SHz, H-l(ax)), 3.82 (dd, -1H,
¢ J=tHzy H-9(ax)), 3.29 (dd, 1H, J=4Hz, J-11.SHz, H—lO(eq)) 2. 7d*<c——
" 2H, J 11.5Hz, J= ll 5Hz H—Z(ax)l, H-10(ax)), 2.16 ¢s, 3H (S—Cﬂs)-9),
2,12 (s, 3H, {S—Q§3)-l%fan 9.8].(5, 34, Ar-C§3); ‘
ms peaks«(EI) atimﬁe'(feigg%ve intensity) 390 (M+, 7), 225 (31), 179
(16), 178 (17), 165 (100), 149 (13), 147 (11), 115 (12), 91 (6) and

77 ()5 Coe
‘13

-

Cnr, 6, (62.9 MHz), 147.2 (C-8), 143.3 (C-16), 137.9 (C-1'), 137.1,
136.3, 135.9, 134.9 (C-3, C-7, C-11, C-15), 130.7 (C-2',6"), 126.7
(C-3',5'), 129.3, 128.4, 126.9, 126.4, 125.9, 124.8, 124.7 (C-b, C-5,
C-6, C-12, C-13, C-14, C-4'), 53.2 (C-9), 52.9 (C-1), 43.2 (C-2),
42.5 (C-10), 16.2 (Ar-CHy), 15.6 (1 $-CHy) and 15.1 (9 $-CH,).
mnal. Caled. for C,(H, S, : C 76.87, H 6.71

257262
Found : C 76.40, H 6.38

)

¢

v

(b) &nfi-l,lO—bis(methylthio)-B—phenyl—l6-methyl[2.2]metacyclophane
1188,

Later frécﬁcns of the above mentioned chromatograph (see (a))

. 1 .
showed, based on "Hmr, an increase in a second isomer which we
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assigned as 118B. These fractions were again chromatographed over
;ilica gel using pentane as eluant to give 118B as a waxy solid.
Repeatedrecrystallization from hexane gave 2 mg (0.3%) of 118B as
white crystals, mp 162-163°C, ler, §, (90 MHz), 7.62 (d, 2H, J=8Hz,
H-12), 7.36 (d, 2H, J=7THz, H-4), 7.12-6.86 (m, SH, Ar-H), 6.65-6.52
(m, 2H, H-2',6'), 4.15 (dd, 2H, J=4Hz, J=11Hz, H-1(ax)), 3.32 (dd, 2H,
J=4Hz, J=12Hz, H-2(eq)), 2.77 (t, 2H, J=11lHz, J=12Hz, H-2(ax)), 2.11
(s, SH, S—C§3) and 0.93 (s, 3H, Ar-Q§3);

ms peaks (EI) at m/e (relative intensity) 390 (M+, 29), 211 (100),

191 (21), 178 (22), 165 (32), 163 (21), 147 (37), 115 (14), 91 (il)
and 77 (139; [

Bonr, 6, (6249 MHz), 146.5 (£-8), 143.6 (C-16),-137.8 (C-1'), 136.6,.
135.7 (C=3, C-11); 131.2 (C-2'), 129.1, 126.7, 125.4 (C-4, C-12, C-3");
126.8, 125.8, 125.2 (-5, C-13, C-4'), 52.5 (C-1), 44.0 (C-2), 16.4
(Ar-CH,) and 15.5 (-S~€H,).

11.  Hofmann Elimination of 118 to give anti-15-phenyl-16-methyl
dihydropyrene 51. :

A solution of :ae mixture of isomers 118 (1.03g, 2.64 mmol) in dry
dichloromeéhane (10 mLf was added to a stirred susp;nsion of di=
methoxycarbonium fluoroborate (2.14g, 80% as oil, 10.6 mmol) in dry
dichloromethane (5 mL) held at -30°C under nitrogén. When the addition
was complete, tge.mixture was allowed to warm to room temperature ‘

and wés stirred for another 4 h. Then ethyl acetate (35 mL) was added

and stirring was continued for 0.5 h. The solvent was removed by

-

x
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decantation and the oily residue was triturated with ethyl acetate

.

ef%ecting the separation of 1.05g (67%) of the bis(sulfonium) salt

120 as an off-white powder. This was employed directly in the next

R . " w
step, . ’ . i

«

An&ydrous potassium t-butoxide (0.79g, 7.05 mmol) was added to a
étirreé suspénsionfof the pis(sulfonium) salt 120 (l.OSg,(l.77 m;ol)
in drerHF (35 mL) under nitrégen. The mixture was then stirred for
1 h, at reflux, After cooling of‘tﬁe reaction dixture, benzene was
added and the mixture waS'écidified\with aqueous HCl.‘The organic.

@ . *

layer was "then ‘separated, washed, dried and evaporated. The dark

green residue was preadsorbéd on celite and chromatographed over

silica gel, using pentane as éluant, and gave Zl3rmg (41%) of 51.
L 20

Recrystallization from cyclohexane gave dark green crystals, mp 159-

1

- : , s
160°C, “Hur, 6, (90 MHz), 8.77-8.03 (m, 10H, Ar-H), 6.20 (t, 1H

J=7.5Hz, H-4'),"5.85 (t, 2H, J=7.5Hz, H-3'), 2.81 (d, 2H, J=7.5Hz,

'H-2') and -4,30 (s, 3H, -CH

35 - . E
ms peaks (EI) at m/e (relative intensity) 294 (M+; 16), 279 (30), 217
(22) and 202 (100); |

cyclohexane
max

443 (5.000), 461 (6.200), 481 (6.500), 540‘(215), 590 (217), 603 (264),

uv, i (e) 341 nm (86.000), 357.5 (2&.000), 383 (46.000),

615.5 (296), 631 (244) and 645.5 (325);
Bear, 6, (62,9 Muz§, 139.0 (C-4), 136.77(0—1'5,‘135.3 (c-7), 125.8
(C-5), 125.3 (C=3'), 125.0 (C-4"), 1268 (C-8)," 124.4 (C-2), 124.1
(éiz'), 122.95 (C-3), 122.9 (C-6), 122.5 (C-9), 36.6 (C-15), 29.1

(C-16) and. 14.9 (C-16b).

. 161,




Anal. Calcd. for C23H18 ; 9 93.84, H 6,16

Found : C 93.63, H 6.35

12. .Raney Nickel Desulfurtzation of 1184. * ' .

A solution'of‘éégé (182 mg, 0,466 mmol) in 100% ethanol (40 mL)
containing W-7_ Raney Nickelll& (6g) wé; heated at reflux for 6 h,
&fter removal of the catalyst and solvent, the resiéue was taken up
in dichloromethané and,chromatographed over silica gel. This gave

136.4 mg (98%) of anti—8—phenyl—l6-methyl[2.2]metacyclophane 119,

Recrystallization from hexane gave colorless crystals, mp 147°C, ler,

6, (CC1,, 90 MHz), 7.26-7,18 (d (AB,), 2H; Ar-H), 7.0-6.6 (m, 7H, Ar-H)
6.51-6.38 (m, 2H, H-2',6"), 3.05-2.65 (m, 8H,A—Q§2-C§2-) and 0.79

(s, 3H, Ar-CH3); '

ms peaks (EI) at m/e (relgtive intensity) 298 (M+, 7), 180 (Zf), 179
(100), 178 (21), 165 (9), 119 (16), 117 (10), 91 (7) and 77 (5);
Benr,” 65 (62.9 MHz),. 146.8 (C-8), 143.0 (C-16), 138.9 (C-1'), 137.4,
136.3 (C-3, C-11), 130.8 (C-2'), 128.3, 127.2, 126.3; (C-4, C-12, C-3')
126.3;, 125.8, 124.0, (C-5, C-13, C-4'), 37.0, 36.7 (C-1, C-2) and

15¢8 (Ar-CH,).

Anal, Calcd. for 023H22 : €92,57, H 7.43

Found : C 92.41, H 7.23
13. 9,18-Diphenyl-2,11-dithia~{3. metacyelophane 192
A solution of the dithiol 61 (5.0g, .20,32 mmol) and the dibromide
29 (6.91g, 20.32 mmol) in deoxygenated benzene (900 mL) was added

dropwise to a well stirred solution of potassium hydroxide (3. 4g,
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61 Qmol) ip deoxygenated 957% ethanol (1(00 mL) at reflux under nitro-
gen. When the addition was comblgFe (3 days), the solvent‘was re-
,mo;ed under reduced pressure, The residue was then acid%fiedﬁwith
aqueous HCl and extracted with dichlor;methane (500 mL). The organic
layers were combined and washed with water, dried and evaporated. The
- white residue was preadsorbed on silica gel and chromatographed over
silica gel usiﬁg pentane (1000 mL) and pentane/dichloromethane 1)
as eluants, This yields 58 mg (0.6%) of 192 as a mixture of syn- and
anti-isomers, '

In a comparable experimeqt, dicesium carbonate (3 equivalents) was

used as the base instead of-potassium hydroxide. However, the yield of

the syn and anti mixture of 192 was not improved, 43 mg (0.5%).

(8
{

(a) anti—9,18-Diphenyl-2,ll-dithia[3.3]metacyclophane 192,
The mixture of isomers 192, described above, was again pread-
sorbed, this time on celite, and chromatographed over silica gel using

pentane as eluant. The first fractions were enriched in the anti-isomer.

Recrystallization from dichloromethane gave 9 ﬁg of anti-192 as color-

157 1

less-crystals, mp 248-249°C, [Lit. mp 220-226°C], “Hmr, &, (90 MHz),

7.34-7.19 (m, 12H, Ar-H), 7.15-6.86 (m, 6H, H-6, H-2'), 4.22 and 3.57
(Al} ﬁuartet, (8H, J=15Hz ; -C§2-S-); .

ms peaks (EI) at m/e (relative intensity) 424 (M+, 4), 211 (6), 207
(6),#180 (19), 179 (100), 167 (2) and 165 (2);

Bone, s, (CD,Cl,, 15.1 MHz), 139.4 (C-9), 137.6 (C-1'), 135.7 (C-4),
- 133.2:(C-2"), 130.6, 127.7 (C-5, C-3'), 128.7, 127.4 (C-6, C-4') and

35.0 (C-l) .
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Anal. Calcd. for 028H2452 ¢ € 79,20, «H 5.70
Found : C 79.11, H 5.79

(b) syn-9,18-Diphenyl-2,11~dithia[3. 3]metacyclophane 1924

The late? fractions of the above mentioned chromatography
eiperiment (see (a)) showed, by lﬂmr, enrichment in the syn-isomer.
These syn-isomer enriched fractions were combined and evaporated to
dryness. Dichlbromethane (5 mL) was then added and the solid was dis-
solved by heating. Subsequent cobling to 0°C followed by filtration
gave, after two repetitions, 2.5 mg of pure syn-192A, mp 174-176°C,
Yhmt, §, (90 MHz), 7.42 (AB,, 4H, J=7Hz, H-5), 7.29 (s, 1OH, Ar-H),
7.07 (AB,, 2H, J=THz, H-6), 3.74 and 3.58 (AB quartet, 8H, J=13Hz,
-CHy-8-);
ms peaks (EI) at m/e (r%lative intensity) 424 (M+, 26), 211 (39), 180
(35), 179 (100), 178 (33), 165 (42) and 152 (16);
Bear, s, (62.9 MHz), 141.7 (C-9), 136.8 (C-1'), 1346.9 (C-4), 132.3,
130.7, 126.9 (C-5, c-2', C-3'), 127.2, 127.0 (C-6, C-4') and 32.7

(C-1).

14, 9-PhenyZ-2,11-d£thial3.3]metacyclé?hane 191,
A solution of the dithiol 61 (429 mg, 2 mmol) and «,a'-dibromo-m-
xylene (538 mg, 2 mmol) in nitrogen purged benzene (400 mL) was
added dropwise to a well stirred solution of potassium hydroxide
(320 mg, 5.7 mmol) in nitrogen purged 95% ethanol (500 mL) at 60°C

under nitrogen. When the addition was complete (30 h), the solution

{1

;

o
!

5
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o

was stirred at 60°C for an additsional hour. The solvent was then
removed under fe;uced pressure. The residue was acidified with
agqueous Hgl and extracted with dichloromethane. The orgaé}c extract
was washed witéﬂwaﬁét until .neutral, dried énd evéporated. The re-
sidue was then preadsorbed.on celite and cﬁ%omatographed over silica
gel using pentane (500 mL) ;nd pentane-dicbloromethagg (200 mL, 9:1)
as eluants.,

.Recrystallization from cyclohexane gave colorless crystals of the di-,

thiacyclophane 191, 276 mg (40%), mp 144°C [Lit.103

mp 134°C), l}Emr,
§, (90 MHz), 7.34-7.05 (m, 7H, Ar-H), 6.99-6.83 (m:\Eh, Ar-H), 6.70
(br s, 1H, H-2'), 5.49 (s, 1H, H-18), 3.70 and 3.53 (AB quartet, 4H,
J=13Hz, -CH,-S-), 3.62 and 3.55 (AB'qpartet,.Aﬁ, J=16Kz, ~CH,~$-);
ﬁs peaks (EI? at m/e (relative intensity) 348 (M+, 50), 211 (19), 180
(24), 179 (100), 178 (57), 165 (21), 135 (10), 104 (10), 91 (12) and
78 (9); ' -
e, 6, (62.9 MHz), 143.4.(C-9), 137.7 (C-1'), 139.6, 135.0 (C-4,
w-13), 130.4, 126.5 (C-5, C-14), 130.1 (C-2'), 129.5 (C-6'), 128.6
(C~18), 128.3, 127.7, 127.49 (C-6, C-15, Cc-4'), 127.34 (Cc-3',5"),
35.3 and 34.2 (C-1, C-3). S

227202
Found : C 75.70, H 5.92

Anal. Calcd. for C,,H,,S : C75.82, HS5.78

——
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