Keele

UNIVERSITY

This work is protected by copyright and other intellectual property rights and
duplication or sale of all or part is not permitted, except that material may be
duplicated by you for research, private study, criticism/review or educational
purposes. Electronic or print copies are for your own personal, non-
commercial use and shall not be passed to any other individual. No quotation
may be published without proper acknowledgement. For any other use, or to
guote extensively from the work, permission must be obtained from the
copyright holder/s.



STUDIES ON NOVEL MACROCYCLIC SULPHUR COMPOUNDS

by

Peter N. Braunton, G.R.I.C.

A thesis submitted to the Department of Chemistry,
University of Keele in. - ei oo University of Keele. ’
partial fulfilment of the

requirements for the Degree ' '

-of DOCTOR OF PHILOSOPHY. ~June, 1970,




SUMMARY

This thesis describes the synthesis and properties of 2,2'-
bridged biphenyls in which sulphur or oxygen functions are
incorporated into the bridging unit. Seven-, eight-, nine-, ten-
and eleven-membered ring systems were prepared by nucleophilic
substitution of alkylene o , w -dihalides, xylylene dihalides or
dialkyl ether a, w-dihalides by alkali- metal dimercaptides or
2,2'- biphenoxide. A homologous series of cyclic disulphones has
been prepared by oxidation of the parent disulphide systems with
hydrogen peroxide.

The nuclear magnetic resonance spectra of appropriate compounds
arediscussed and related to the optical stability of these disymmetric
systems. Partial optical resolution of the dithia-heterocycles and
the relation between their stereochemistry and optical stability
is described. The ultraviolet spectra of the bridged and unbridged
biphenyls is discussed and related to the conformation of the biphenyl
rings.

The thermal degradation of some “acyclic”disulphonium salts
with the formation of dibenzothiophen is discussed.

The preparation of fourteen-, sixteen—, eighteen- and twenty-four-
membered tetrathia-heterocyclic systems containing the o~ xylylene
bridge is described.

A brief description of the divalent palladium and platinum

complexes of the'acyclic”disulphides is given.

Finally, the mass spectra of many of the compoundsare discussed.
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INTRODUCTION

General

Since the beginning of this century organic sulphur chemistry
has undergone & continucus expansion. Organic chemistry is itself
growing at a breath-taking rate, but the growth of sulphur chemistry
is double that of the whole. In 1924 one-sixth of the compounds

listed in the formulae index of Chemical Abstracts contained

sulphur, but in 1954 this number had risen to one-third. Ever-
increasing demands for new and better drugs, detergents, dyes,
fungicides and elastomers provide a constant stimulus: for the
development of organo-sulphur chemistry.

Sulphur, although having a formal resemblance to oxygen as
indicated by its position in the periodic table, differs markedly from
oxygen in both the elemental state and in its organic compounds.

The ability of sulphur to form successive sulphur-sulphur bonds in
both its elemental state and in its organic compounds has no parallel
in the chemistry of oxygen. The almost universal divalency of oxygen
in its organic compounds is in complete contrast with the stable
divalent, tetravalent and hexavalent states known for sulphur

in its organic chemistry.

The organic chemistry of divalent sulphur has been reviewed
by Reid,l and a number of spechlised aspects of organic sulphur

chemistry are reviewed in a series edited by Kharasch and Meyers.2



Formation of carbon-sulphur bonds

Carbon-sulphur bonds may be formed by a variety of methods3
which in many cases are similar to those used for the formatioh of
carbon-oxygen linkages. However in practice only a few of these
preparative techniques are used to prepare the vast majority of
sulphur compounds in the laboratory, and only these latter methods
will be discussed.

The most general synthetic process for the formation of a
carbon-sulphur bond is the nucleophilic attack of an alkali metal
sulphide on a reactive alkyl halide to form the dialkyl sulphide:

RX + 8§77 e RS+ 2X 7
If en alkali metal hydrosulphide is used in this reaction the product
is an alkyl thiol, which is the sulphur analogue of an alcohol:
RX + HS 3y RSH + X
An aryl or alkyl thiol dissolves in an alkaline solution to form &
mercaptide anion, which on treatment with a reactive alkyl halide
yields an alkyl aryl or dialkyl sulphide:

RX + R'S 3 RSR' + X"

The sulphide, hydrosulphide and alkyl or aryl sulphide anions are
very much more nucleophilie than their oxygen analogues, and for

this reason sulphides are more readily prepared than the ether
analogues. Halogens which are attached directly to a benzene nucleus -
are not in general displaced by a sulphide nucleophile, and therefore

the sulphur must be introduced into the aromatic ring by another method.



This problem can be overcome by utilising an aryl sulphonyl chloride,
which can be easily reduced to the aryl thiol with the aid of zinc
and acid:

Ar80201 e A SH
The aryl thiol can then be used in the usual manner to synthesise
alkyl aryl sulphides.

Although alkyl thiols can be prepared as shown above, the
instability of the alkaline hydrosulphides makes a second synthetic
method desirable. A more convenient synthesis can be achieved via
the S-alkyl isothiouronium salt. Thus an active alkyl bromide on
treatment with thiourea yields an isothiouronium salt, which on
alkaline hydrolysis yields the appropriate alkyl thiol in good yield:

RBr e R'S-C:HN(NHeo HBr) ———————3> RSH

Having discussed some important methods of forming sulphur-
carbon bonds it remains to describe another important, if rather
limited method of sulphide formation. Thiols condense readily with
suitable carbonyl compounds in the presence of acid catalyst to

yield stable disulphides:

2RSH -+ R20=0* C —— R2C(SR)2 + HZO
The condensation product is known as a mercaptal if an aldehyde is
used, and a mercaptol if a ketone has been used in the reaction.
The ease with which the thiols react with aldehydes and ketones
reflects the intense nucleophilicity of the sulphur compounds. This

contrasts with the reluctance of alcohols to condense with Xetones

and aldehydes.



Reactions of sulphur functions

The second-row element sulphur can achieve the higher oxidation
numbers +4 and +6, and so there are stable series of sulphur
compounds for which there are no oxygen analogues. It should be
borne in mind that strong oxidising agents such as nitric acild
will oxidise the lower valency sulphur compounds to the hexavalent

state.

Thiols (fofmerly known as mercaptans) are stable to air, but
are easily oxidised by air or other mild oxidants to the disulphide
when in an alkaline solution. Stronger oxidants (e.g. nitric acid)
fupture the sulphur-sulphur bond to give the sulphonic acid:

2RSH =3 RS-SR ey 2RSOH

Thiols can add to olefins to give sulphides:
RSH + RCH=CH,————> RCH(SR)CH3

Heavy metal oxides and salts, such as mercuric oxide, form stable

compounds (mercaptides) with thiols which are covalent, e.g.

HgD + 2RSH ~—————3 (RS)Hg
Thiols are more acidic than alcohols, and thiophenols are likewise
more acidic than the corresponding phenols.
Sulphides are only oxidised by stronger oxidising agents
such as peracetic acid. The oxidation proceeds in two stages,
the rapid formation of the sulphoxide, which is then nore slowly

oxidised to the hexavalent sulphone:

R,S ===—=—D R,50 ==————>R,S0,

- Y -




"Desulphurization" by Raney. nickel is a useful reductive reaction
of organic sulphides:
RS + Hy(Ni) a——— 2RI + NiS
The nucleophilic nature of dialkyl sulphides enables them
to form sulphonium salts with reactive alkyl halides.
+

RS + R'X ——3 [RR'S 1xT

Howefer aryl alkyl sulphides are less nucleophilic due to the
possibility of delocalisation of one of the sulphur 3p electron
pairs into the aromatic ring. Very reactive quaternizing reagents
such as dimethyl sulphate are needed, to form salts with aryl
alkyl sulphides.

A feature of organic sulphides is their ability (comparable
with that of the ethers) to form co-ordination compounds with many
types of transition metal cations, e.g. mercury (II), platinum (II)
and palladium (II): e.g. R

CH, Sy,
(RyS) PtBry | (R,S),Pacl, . éH;?;mBre
Aryl alkyl sulphides 4o not complex with divalent mercué;; the

donor ability of sulphur is diminished by the aryl group.

Disulphides and polysulphides are less stable than the

sulphides, and are increasingly difficult to obtain as more sulphur
atoms are included in the chain. Polysulphides can be made by
treating a thiol with a sulphur chloride:

2RSH + 5 Cl——> RS(5) SR + 2HCl

(n >1)



Alkyl polysulphides are produced on treating an alkyl halide with
alkaline polysulphide:

SRX + K, 8 e————— RS R + 2KX
2'n n (n>l)

It must be emphasised that alkaline polysulphides and sulphur
chlorides are mixtures of compounds, whose complexity rises with
increasing sulphur content, and these procedures are usually limited
to the lower polysulphides. Aryl polysulphides up to Ar.Sh.Ar are
known; the sulphur chain is known to be unbhranched. The main
reactions of polysulphides involve the loss of sulphur from the
polysulphide linkage. Such reactions are of importance in the
vulcanisation of rubber. The disulphide link is of great importance
in proteins and in biochemistry generally.

Sulphonium salts: on heating, sulphonium halides readily

break down to their constituents:

[RyS X7 ——3 RS + R
Sulphonium hydroxides containing suitable alkyl groups can undergo
a Hofmann-type elimination reaction to yield an olefin: e.g.

ot - _
[CHyCH,S" Ry) OH " =——3 RS + CH, =CH, + H0

Sulphoxides are moderately stable sulphur compounds obtained
by partial oxidation of sulphides. Sulphoxides are easily oxidised
to sulphones, or reduced to sulphides, and form complexes with

transition metals.

Sulphones are the most stable organic sulphur compounds;
they are only reduced with lithium aluminium hydride with extreme

difficulty. Certain sulphones decompose on heating with the

-6 -



expulsion of sulphur dioxide:

50, — O: + 80

. i
The pyrolysis is known to take place by a free radical process.

A range of organic derivatives of oxy-acids of sulphur is
known, e.g. sulphonic, sulphinic and thiosulphonic acids, and their
esters and amides, halogen derivatives etc; these normally contain
only one C-S bond, and since the work described in this thesis is
mainly concerned with compounds containing two such bonds, they
will not be discussed here.

Bonding and geometry of sulphur linkages: Sulphur has

the electronic structure [Ne]3s23ph3d°

giving a total of six
electrons with which it can form bonds. The vacant 3d orbitals
can accommodate donated bonding electrons as in the higher valency
state sulphur compounds. There is rapidly growing evidence that in
certain compounds such expansion asbove the octet does occur.5

Thiols and sulphides are bent molecules:

E; .
R'<%>\H RE> N

and the angle p is dependent on the group adjoining the sulphur

atom. Thus for H,S 6 = 20°; in MeSH 8 = 100%; in Me,S 6 = 105°
and in R(BrC6Hh—)ZS 8 = 109°. The sulphur atom is thought to

have varying degrees of s-p hybridisation in these compounds.6

_7_



Sulvhoxides are pyramidal molecules, which have a pseudo-

tetrahedral peometry because of the lone pair of electons. They

)
S
R/O\R' R/(l]\R

In dimethyl sulphoxide the sulphur atom can be considered to give up

can exist ds stable optical isomers:
*0

|

- oy W an an = - -

a major share of a pair of its 3p electrons, the electronic
deficiency on the sulphur atom being compensated by back m-bonding
between the 2py and 2px oxygen lone pairs of electrons and two of
the empty 34 orbitals of the sulphur atom. The sulphur-oxygen bend
has a bond energy of about 125 kcal: which is roughly the strength
of a double bond, and can be written as a double bond even though it
is electronically a triple bond:6 RS =0 (ef. dargo: go??xide,
In basicty dimethyl sulphoxide is similar to acetone, whereas a
far stronger basicty would be expected on the single bond formulation
RS =0~

Sulphones are tetrahedral molecules, and like the sulphoxides
the donation of the sulphur 3p lone pairs to form sulphur-oxygen
o-bonds, is compensated by n-bonding from oxygen to sulphur.6
Chemical and physical evidence suggests that the  w-bond character
of sulphones is larger than that of sulphoxides.5

Sulphonium salts are pyramidal, but the sulphur lone pair

of 3p electrons give a pseudo-tettahedral system, which is

-8 -



resolvable; the enantiomers are stable.

I\ AN
R R R i1 R
R’ R

Presumably the sulphur has some degree of s-p hybridisation as

|
|
]
S | S
|
|
|

was suggested for the simple sulphides.

Disulphides are non-planar, with a dihedral angle of about

90° petween the planes of the valencies of the adjacent sulphur
T

atoms:

/

R

The barrier to rotation about the sulphur-sulphur bond has been
estimated spectroscopically to be 9.5 kcal in dimethyl disulphide.
It has been suggested that the greater stability of thé non-planar
form may have its origin in sulphur-sulphur = -bonding. Similar
dihedral angles have been found in tri- and fetra-sulphide molecules

and in elemental sulphur ( a -form: cyclo-Sa).

..9...



Synthesis of macrocyclic organo-sulphur compounds

Relatively few sulphur macrocyclic compounds are known and recorded
in the literature, doubtless because of the synthetic difficulties
involved.

Cyclic sulphur compounds can be made by reacting an o ,w —alkylene
dibromide with either an alkaline sulphide or an alkaline dimercaptide,
but with alkylene bridging units only the five-, six- and seven-—

membered rings are produced in respectable yields:

Br(CH,) Br
2'n /////(CHE)n\\\\\
+ _— s\\\\\\ /////,s
‘s(CHz)nsf (cy)”

Since the cyclisation process requires two separate nucleophiliec
substitutions a 'dimeric' heterocycle may be formed by union of two

intermediate molecules:

(cnz)n—sr 's—(cna)n (CH2)n—S-—(CH2)n

I | /

S -+ S w3 8 )
(CHg)nS— Br(CHz)n (Cﬁz)n—S~(CH2);///

Naturally the formation of a dimeriec heterocycle is usually made
more difficult by the tendency of the longer flexible monomer
intermediates to polymerise by successive reaction with their own
species. Needless to say, the isolation of macrocycles and medium
sized rings by this method is not easy when polymeric material is
likely to form over 99% of the total product.

- 10 -



Autenrieth and Beuttel were the first workers to overcome
this problem by using rigid m-and p-xylylene bridges to form thia=
macrocycles. 8,9 Thus m-xylylene dithiol (I) and acetone condense
together in the presence of hydrogen chloride in an acetal type of
reaction to yield the sixteen-membered tetrathia-metacyclophane (II)
in a k0% yield.8 Similarly condensation of p-xylylene dithiol (III)

and benzaldehyde yielded the eighteen-membered tetrathia-paracyclophane
(1v):?

Mg M
M\c /Mn

(11)

SN (V)



Objectives of the present work

(a)

(v)

(d)

(e)

These were:

To prepare novel types of macrocyclic structures containing only
carbon and sulphur in the ring, and to study their simple chemical
reactions;

to study the degradation of those compounds by heat and in the

mass spectrometer;

to investigate their stereochemistry by nuclear magnetic resonance,
ultraviolet spectrometry and polarimetry;

also, since certain sulphur compounds are of value as additives

in the rubber-processing industries, and others show biological
activity of value in agriculture, this exploratory chemistry has
been undertaken, in part, to provide new types of sulphur compounds
for examination and testing for purposes such as these (preliminary
results of such tests are given in Appendix(m));

in the course of the work it proved illuminating to prepare the
previously unknown oxygen analogues of a number of these sulphur

compounds, for examination by physical methods and for comparison.

- 12 -



PART I

The Synthesis and Properties of Biphenyls with
2,2'- Bridges containing Carbon, Sulphur and
Oxygen atoms, and the Preparation of some

Macrocyclic Tetrasulphides

The compounds o-xylylene dithiol (V) and o-xylylene dibromide
would appear to be useful potential intermediates in the synthesis of
sulphur macrocycles, and for the preparation of novel chelating reagents.
(For the latter see page 148). Their value arises both from the 'benzylic'
reactivity of the compounds, and from the fact that the functional groups
are held in a favourable orientation for cyclisation.

Autenrieth and Bruning first demonstrated the use of the o-xylylene
bridge in macrocylic syntheses of sulphur compounds, when they treated
the disodium salt of the di£hiol (V) with o-xylylene dibromide to yield

the ten-membered heterocycle (2,11)-dithia [3.3] orthocyclophane (VI ). 20

1% 12 11 10 8
HySH e 135 9

CstH 16 18 S 4 6
17 2

(v) (v1)

-13-



Although the seven-ll and eight--l2 membered dithia systems (2,4)-dithia
[5] orthocyclophane (VII) and (2,5)-dithia [€] orthocyclophane (VIII)
respectively, have been previously prepared, the corresponding "dimeric"

macrocycles had not been isolated.

5% S
- Q)
S S
1 2

(VII) (VIII)

The dithiol (V) was originally prepared by thz,l3 but Autenrieth
and Hennings1h were the first workers to describe the synthesis, which
involved treating o-xylylene dibromide with an ethanolic solution of
potassium hydrosulphide to give the dithiol (V) in a 50% yield. This

synthesis is very tedious, and it is difficult to isclate a pure product.

We have found the S-alkyl isothiouronium salt method (as adapted by
Fletcher and Panls) to be applicable to this preparation and to be a
much superior method. Thus gfxylyleq¢>dibromide and thiourea in
dimethyl sulphoxide are allowed to stand overnight, the resulting
solution is then hydrolysed with aqueous sodium hydroxide, and the
dithiol (V) liberated by adding hydrochloric acid. On ether extraction
the pure dithiol (V) was obtained in almost quantitative yield. (N.B.

A1l the reactions which involve alkaline solutions of thiols were

performed under nitrogen.)

- 14 -



In the present work we have found that the dithiol (V) and
o-xylylene dibromide react with methylene iodide and alkylene dithiols
respectively, to yield both monomeric and dimeric cyclic systems.

Thus the disodium salt of the dithiol (V) on treatment with methylene
iodide in alcoholic media, gave the seven-membered dithia heterocycle
(VII) (15%) together with the fourteen-membered tetrathia macrocycle

(X;n=1), the latter in a yield of 3%.

S S NS
N\

(CH,)

/43

s s S
(CHn

(1x) (x)

In a similar reasction with p-xylylene dibromide the twenty-four-
membered tetrathia patacyclophane (XI) was isolated as the only

crystalline product, in 10% yield.

_ls_



(x1)

By treating o-xylylene dibromide with the disodium salts of dimethylene
and trimethylene dithiols certain higher homologues, i.e. the eight- and
nine-membered dithia heterocycles (VIII)and{IX), and the sixteen~ and
eighteen-membered tetrathia macrocycles (X; n=2 and 3) respectively were
obtained. The yield of both the latter macrocycles was sbout 5%.

An interesting difference between the monomeriec and dimerie sulphur
heterocycles occurs in the aromatic region of their n.m.r. spectra. For
the monomeric heterocycles (VII)(VIII)and(IX) and the twenty-four-membered

paracyclophane (XI), the aromatic protons of the o-xylylene bridges all

- 16 -



give sharp singlets in their n.m.r. spectra, showing the aromatic

Protons for a given system to have similar chemical shifts. TFor the

dimeric macrocycles (X; n=1—3) however, the aromatic absorption signals
occur as .A,B, multiplets. This phenomenon has been reported by
Shoulders and Smith16 for the compound 9,10-dihydroanthracene (XII).
They postulate that this effect isdue to the ring current effect of one

aromatic ring upon the protons in the other aromatic ring, made possible

because of the "butterfly wing" shape of the molecule.

L

(XI1)

Since the related di(o-xylylene) disulphide (VI) also exhibits a similar

effect, we suggest that the methylene bridged macrocycles (X; n=l— 3)

are sufficiently flexible to allow the aromatic rings to approach one
another and cause a similar effect to that deseribed for 9,10-
dihydroanthracene (XII). It is interesting to note that for the twenty-
four-membered metacyclophane (XI) no such interaction is observed, perhaps

due to a more sterically rigid system with the two o-xylylene units well

Separated,

The mass spectra of these compounds were determined primarily to

_17—



establish the molecular weight of the molecules, especially important
for distinguishing between the monomerie and dimeric heterocycles, In
addition it has proved of interest to examine some of the mass spectra
in a qualitative way and to suggest possible mechanisms for some of
the fragmentation processes.

It must be made quite clear at the outset that the interpretation
of the mass spectra described in this thesis is essentially speculative,
At the séme(time it was thought that at least some tenﬁative ideas on
interprétation should be developed.

Metastable ions are of great importance in deducing the path of
a fragmentation process. Thus if an ion A decomposes in the accelerating
region of the mass spectrometer to a second ion B and an uncharged
fragment, a difuse low intensity’peak of méss below B is observed.

This low intensity peak m* is known as a metastable ion and its,positioh
may be caléulated by the sibplé formulan: gf = %E.’ The nature §f the
formula~ is indicative £hat the fragmentatzon'of A to B is a one-step
process, |

A feature of the maés spectra of these sulphur heterocycles is the
presehce of a very abundant ion of mass 135, In most Of the compounds
examlned, 1nc1udxng some o—xylylene dl(alkylsulphlde) compounds, thls -
ion is the base peak in the spectra, and 1n the other casa;had 8 .
very hlgh abundance relatlve to the base peak. ‘ ,

The mass spectra of the dlthl& heterocycles (VII), (VIII) and (IX) :
‘are characterlsed by two abundant 1ons of mass 1oh and 135, and the  > ;%;

‘ molecular ion. (See Flgures 1~ 3) “ That the 10n of mass 135 is formed ;

'a; dlrectly from the molecular 1on 1n each case 1s conflrmed by tha presence 

Twc p0581b1e’

”,;or the approprlate metastable 1ons 1n their spectra.‘
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v Structures for the ion of mass 135 are: the substituted tropylium

ion (XIII); and the cyclic sulphonium ylide (XIV):

(XIII) (XIV)

The molecular ion may rearrange to give a substituted benzyl ion which
rearranges to a substituted tropylium ion of the same mass. This ion

could then lose an uncharged fragment to give the tropylium ion (XIII):

CH-S\ |~ -CHSH(CH)SH
R }HZ — . )
CHyfs - Y ek

H o~ v ,,
(xrrT) |
«(CHy)nSH

S L
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n
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¢ (=} o 2
1] .

CH"’
CHS(CH )nSH
L_' CHz)n —

CHZ

0 — O

(XIV)

(CHYnSH

e




The formation of the ion of mass 104 is particularly favourable
for the largest dithia heterocycle (IX), which has this ion as its base
Peak. (See Figure 3). A suggested fragmentation path which involves

the elimination of a neutral molecule of trimethylene disulphide,is as

follows:

+ +
S !
. g;z’\\\]
—S
S
m 104

On the other hand the smaller mono- and di-methylene bridges hold the
sulphur atoms’furthér a?art making such a cyclisation reaction 1éss
Probable.

Tﬁe“acyclic“compéunds, o-xylylene di(ethyl or methyléulphide) also
fragment to the stable ionvd€‘§!135. A single stép prbcéés does nét
appear to occur since the reQﬁ?réd metastable ioné are aﬁsent;l‘lﬁ is
Possible fhat‘theracyciic éompcunds degfade in a similérvwéy'to that

Suggested for the dithia hetefocycies, the process now being a two step

One. Thus for the tropylium jon (XIII):




g;;.
)

(XI;I)

+ R

The Sulphonlum yllde ion is formpd as above by cyclisation of the firast
intermediate ion by & two- step process.

Slnce it has been observed that both benzyl and tropylium type
long are preferentlally stablllsed according to the substltuents on the
Bromatie ring,l7 one cannot say which spec1es is the more stahle in these
Cases. The mass spectra ef the m- and n~xylylene compounds may throw
hore llght on the problem, and establlsh if the ion of mass 135 is a
Comﬂon 1ntermed1ate. Also deuterlum substltuted comnounds would need

to be studled to establlsh whether a tropyllum species was formed.




The major part of this synthetic work is concerned with the
Preparation of 2,2'-bridged bivhenyl systems, wvhich have yielded
Imuch interesting chemistry. Since few biphenyls with 2,2'-bridges
containing dxygen and sulphur atoms are known, this whole area is
Open to exploration.

The previously~known sulphur compounds of skeletal type (XV)

are limited to the seven-membered ring system (XV; Y= *(C{)), and the

six-membered cyclic disulphide 18 (1),

The important éynthetic intermediate biphenyl 2,2'=~dithiol (XVII)
was first synthesised by_Earber.and Smiles in 1928.18; They iodinated
he diazonium salt of orthanilic acid, and the résuitingfsddium o~
iodobenzene suiphonate‘was converted to the biphenyl compound by boiling it
in aqueous7solution‘with‘copper bronze. Subsequehﬁ treatment with )
phosphorus‘pentaéhloridebgaQe the 2,2??bi?henylylenebis~sﬁlphonylchl¢ride; 
which on reduction wiﬁh zine dust and hydrochloric gcid in ethanol~géVe,r k

the dithiol (XVII) in overall yield of 35%:

' fvé37f.




SO4Na

NH, [

SD3NQ

50,Cl

SOzCl

The dithiol (XVII) was found to condense with the carbonyl

‘ fﬁnction of aldehydes and ketones in the presence of an acid catalyst to
give the seven~membﬁred rlng system (XV; Y—CMeg, CHPh or CPhe).18 The
Same system was formed when the disodium salt of the dithiel (XVII) was
treated with phosgenekin toluehe,i.e. (xv; Y=($C=O));18 Barber and
Smiles triéd to form the eight-membered ring system by treatment éf the
disodium salt of the dithiol (XVII) with oxalyl chloride and ethylene
dlbromlde, w1thout success. | 5 | ‘

A subsequent preparatlon of the dltthl (XVII) by Armarego and '.I‘urnerl9

in 1956 falled at the Ullmann stage in the synthe31s, and they proceeded
- to modlfy ‘the Ullmann reaction by uqlng the phenyl ester of o*lodobenzene




Sulphonic acid. This new synthesis brought the number of synthetic
stages to six without increasing the original yield.

In our work we have successfully repeated the original synthesis,
but we also found difficulty with the Ullmann reaction, which was
Overcome by activating the copper bronze before use, by the method due
to Kléiderer and Adams.Z"

We have found the disodium salt of the dithiol (XVII) to undergo
reactions in dilute alcoholic solutions with a variety of reactive alkylene
and dialkyl ether o w~dihalides and xylylene dibromides, to give a range
of 2,2'-bridged biphenyl dithia heterocycles in good yields. Thus
lethylene iodide, dimethylene-, trimethylene-, tetramethylene- and

Pentamethylene dibromides gave a homologous series of dithia heterocyéles

Oof general formulae (XVIII; n = 1—5).

enro (@ (CHyn
H | | 2/N
(CHYn Hz\o/

(XVITI) | | | (x1x%)

Surprisingly, the ylelds (35% - 707) did not diminish as the longer
bridges were employed on the contrary ‘the hlphest ylelds (60% - 70%)

were achieved u31ng the two lonpest brldges.

-




In a similar reaction, di(chloromethyl) ether and di(B-chloroethyl)
ether gave the two dithia-oxa heterocyclic systems of the type
(XIX; n=1 and 2) both in a yield of 60%. Finally o~ and m~xylylene
dibromide gave the ortho- and metacyclophanes (XX) and (XXI),

respectively, in this reaction, in T0O% and 50% yields. In contrast,

P-xylylene dibromide in this reaction gave a polymeric solid.

()

o

(xx)‘ a (xx1)

On invéstigatiﬁg the reaction of the dithiol (XVII) with sulphur
dichloride (SCIE) and "sulphur monochloride" (82012) in benzene, the

novel cyeclic tetrasulphide (XXII) was isolated in both cases.




With sulphur dichloride the tetrasulphide (XXTI) and the eyclic
disulphide (XVI) were isolated in a 1:1 ratio, whereas with sulphur
monochloride (52012)the major product was the cyclic tetrasulphide.

The formation of the eight-membered ring structure as the only
Polfsulphide from 8012, may imply that the corresponding seven-membered
trisulphide ring is very unstable. On the other hand it is possible
that since disproportionation of the sulphur dichloride takes place
readily in solution, and any liberated chlorine would be removed readily
by reaction with the dithiol (XVII), the compound (XVI) arises in this

reaction in the following way:

2 SCl, —> S5Cly  + Clg

\2

SH SH

(XvII) | >—5 (xXv1)

i . 2Kl

The known high‘stability'of the‘eight—membered ring in elemental (ec)

Sulphur is also noteworthy in this context.




The synthesis of a relatively wide range of 2,2'-bridged dithia
biphenyls provided a valuable opportunity to examine the stereochemistry
of the systems, A full account of the ultraviolet spectra of these
dithia compounds and its relation to their stereochemistry is given
in Part II of this thesis. The use of n.m.r. spectra in predicting
the optical stability of suitable sulphur compounds, and their partial
optical resolution, is deseribed in Part III of this thesis.

Fach of the dithia heterocycles was oxidised to the corresponding
disulphone, using hydrogen peroxide in acetic-acid, to give a second
series of heterocycles of general structure (XXIII). The ultraviolet

spectra are deseribed in Part II of this thesis.

502

(XXITI)
' The n.m. To spectruméf the'simple 2 2'-bridged biphenyl, 9,10~
dlhydrophenanthrene, showstwo multlpleta in the arcmatlc reglon at ‘,
2, 31’C(2H) and 4.80°t(6H) and thls has been attrlbuted to de%hléldlng

EffeCtg “thh are oper&tlng on the 6,6' proton%.g »WThe,two ortho

. 6,56" protons are deshielded by the_opp651te'aromatic'ring, and givg rise 




to the two-proton multiplet at 2.31°C. In the n.m.r. spectra of the
2,2'-bridged dithia biphenyls (XVIII; n = 1=5), the aromatic protons
are partially split into two multiplets, which become completely
Separated in the case of the dimethylene bridged disﬁlphide (XVIII,

n = 2), The multiplets for the aromatic protons of this compound at
2.27T and 2.77%, integratedkfor two and six protons respectively and it
appears that this is another example of the type of deshielding effect
already observed for 9,10-dihydrophenanthrene. It is noteworthy that
approximate integration of‘the partially separated aromatic proton
multiplets iﬁ the other compounds gave roughly the same ratio of protons
&s in the case of the disulphide (XVIII; n = é). The n.m.r. spectra of
all the disuiphone analogues show the aromatic protons to be generally
deshielded, but again split into two multiplets integrating for two and
six protons. The two proton multiplet is shifted down field relative to
the six-proton multiplet. This extra deshielding effect is the result
of diamagnetic déshiélding of the aromatic prdtons Qgghg to the
‘sulphcnyl group;’the'situatiéﬁkis‘similar to the deshielding which oceours
with the carbonyl group in benzaldehyde.

The mass spectra ofhthe Bridged and unbridged dithia biphenylg\
have been recorded and qualitatively 1nterpretated. The mass spectrum
of dlbenzothlophen, which is an important fragment ion in- the spectra
of these compounds, is dlscussed by Danby and Bland. e2 The mass spgctra‘
of the 2, '~bridged dlthl& blphenyls are such that they are best

considered by examining these compounds in separate classes.

o




The formally similar polymethylene bridged and methylene(0)
ether bridged compounds have mass spectra which are dominated by the

base peak at m 184. (See Figures 4 and 5) Comparison with authentic
e

Material shows the peak to be that of the very stable dibenzothiophen
lon. A metastable ‘ion at m 125.5 occurs in all the spectra and is

e
due to the formation of the excited biphenylene ion from dibenzothiophen:22

—_
* 4
A4
/
LR 3

p
F X

The molecular ions of all these heterocycles fragment in one step

B

to dibenzothiophen, the process being verified by their metastable ions.

The path by which the rearrangement takes place is thought to occur as

follows:

ST /
ew,) (CH)
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The hypothetical intermediate ion is sugpested to have a transient
Sulphur-sulphur bond as shown, to stabilise the charge and radical by
delocalisation. It is noticeable that the larger polymethylene and
five-membered (0) ether bridged biphenyls show a small peak at m 216
which corresponds to the cyclic disulphide (XVI). This may be :aused

by the direct formation of a new sulphur-sulphur bond within the molecular

ion:

SO !5——-5?

\( c Hz)/h
(CHz@

When’ the bridge is replaced by an gfxylylené group the spectrum

+

closely resembles those of the corresponding compounds with the

polymethylene bridges. (See Figure 6) The usual ions of mass 104 and
135 for the o-xylylene group are slso present. (See page 18).
Drieding models suggest that the o-xylylene bridged biphenyl (XX) is

quite flexible and there is little steric hindrence . to the formation

of the dibenzothiophen ion 5y the process previously described, In
contrast the mfxylylene bridgé forces the su;phur gtoms apart to é"
transoid configuration, which will clearly prohibit a mechanism such as

that suggested for the other bridged biphenyls. That this is the case

G - 31 -
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tan be readily seen by examination of its spectrum, which has a new
base peak at m 104, and the dibenzothiophen ion at m 184 is reduced
to a peak of godest intensity. (See Figure 7). Theeappearance of a
metastable ion at m 34  indicates that the stable ion of mass 10k

is formed directlyefrom the molecular ion. The ion of mass 104 may

be formed by the following process:
+

/S
o
S/, ) ) SV +§

(Y = meongcgnecng) . |
| CHy

S —9S (XVI)V
CH, A !

B 3

i Z

+ 2 , , -
The process involves fission of a methylene carbon-sulphur bond, the
biphenyl rings rotating to enable a new sulphur-sulphur bond to be-. .

formed, The neutral disulphide (XVI) is eliminated together with the

-3 -




hydrocarbon fragment, which presumably rearranges into the o- or

D~xylylene ion form.

When the bridge consists of two or four atoms of sulphur only, the

Spectra areagain quite characteristic. (See Figures 8 and 9). For
example the cyclic disulphide (XVI), has a very stable molecular ion
(vhich is the base peak), which breaks down to the slightly less

abundant dibenzothiophen ion by loss of a sulphur atom:

+

The stability of the eyelic disulphide ion is perhaps not too unexpected
Since the molecule is almost flat, and the charge can be readily
delocalised over the molecule. »

The cyclic tetrasulphide (XXII) is not flat and the molecular

ion readily fragments to therlower cyélic sulphides. The molecﬁlar
ion loses two sulphur atoms to form the cyelic disulphide ion which
then eliminates a further sulphur atom to give the dibenzothiophen ion,
Which is also ﬁhe base peak in the spectrum., A strong metastable peak
8t m 156 indicates that fragmentation of the m 216 disulphide ion to

e ' e
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hydrocarbon fragment, which presumably rearranges into the o— or
p-xylylene ion form.
When the bridge consists of two or four atoms of sulphur only, the

spectra areagain quite characteristic. (See Figures 8 and 9). For
example the cyclic disulphide (XVI), has a very stable molecular ion

(which is the base peak), which breaks down to the slightly less

abundant dibenzothiophen ion by loss of a sulphur atom:

The stability of the cyclic disulphide ion is perhaps not too unexpected

since the molecule is almost flat, and the charge can be readily

delocalised over the molecule.
The cyclie tetrasulphide (XXII) is not flat and the molecular

ion readily fragments to the lower cyclic sulphides., The molecular
ion loses two sulphur atoms to form the cyclic disulphide ion which
then eliminates a further sulphur atom to give the dibenzothiophen ion,
which is also the base peak in the spectrum. A strong metastable peak
at m 156 indicates that fragmentation of the m 216 disulphide ion to

e e
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the dibenzothiophen ion is occurring. Thus, one fragmentation path
would appear to be a stepwise degradation process in which two, three
and four atoms of sulphur are successively eliminated. The low

abundance of the cyclic trisulphide ion is indicative of its instability,
in accord with failure in the attempted preparation of the neutral
molecule (see page 26 ). The cyclic tetrasulphide may fragment as

follows:

s

/

S

+S + S

The last class of compounds to be discussed are the"acyclic”
2,2'-biphenyl derivatives. These molecules all fragment in a similar

fashion by processes presumably similar to those described earlier.

~ 34 -



The dithiol (XVII) fragments to an ion at m 185, which is of equal
intensity to that of the dibenzothiophen ign at m 184, (See Figure
10) These two ;ons are joint base peaks, and th: metastable ion at

m 157 is expected for the formation of the ion of mass 185 directly
grom the molecular ion. Such a fragmentation is envisaged to occur by

the following path:

-0
SH SH S 7 5
H
+ SH + K

the sulphonium ion losing a hydrogen atom to give the dibenzothiophen
ion.

The methyl and ethyl derivatives of the dithiol (XVII) fragment
in a very similar way (See Figures 11 and 12): in each case the alkyl
sulphonium derivative of the dibenzothiophen ion is formed. These

. sulphonium ion derivatives of dibenzothiophen would be expected to be
very stable because the positive charge can be delocalised by bonding
between the carbon ZPZ and sulphur 3d orbitals, an example of the
expansion of the octet of sulphur.

The fragmentation patten of 2,2'-biphenylylenebismethylsulphide

—35..
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(see Figure 11) is very similar to that of the dithiol (XVII); in

this case a methylated dibenzothiophen ion is produced in place of the
protonated species. Metastable ions indicate that one pathway

involves a two-step process as shown for the dithiol (XVII), By
contrast, 2,2'-biphenylylenebisethylsulphide fragments by a modification
of the process described. The ethyl sulphonium ion of dibenzothiophen
is formed in the usual manner but eliminates ethylene to give the

protonated dibenzothiophen as the base peak of the spectrum:

—’ﬂ"ﬂ
SEt SEt + </

AN :

C x’ﬁ H

+
+

EtS. CH,=CH,

The protonated dibenzothiophen presumably eliminates a hydrogen atom
to give the dibenzothiophen ion as before.
By contrast with its 2,2'-isomer, 4,k'-biphenylylenebisethylsulphide
(XXIV) fragments in an entirely different way. (See Figure 13).
The molecular ion is the base peak in the spectrum, probably because

the molecule cannot easily rearrange to give a stable heterocyclic
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ion as is the case for the 2,2'-biphenyl dithia compounds. The second

most abundant ion represents loss of an ethyl radical from the molecular

ion. A peak at m 184 may be that of the dibenzothiophen ion caused by
e

rearrangement during the fragmentation process, or the simple ion:

.

. S+

=3

However if the ion of mass 152 is the biphenylene ion, its abundance
relative to that of the ion of mass 184 suggests it is formed by a
route other than that from dibenzothiophen. In any event it appears
clear that the fragmentation path of the U4,4'-biphenyl disulphide (XXIV)
is completely different from that of the 2,2'-substituted dithia biphenyls,
In conclusion we can say that wherever possible the 2,2'-biphenyl

dithia compounds rearrange on ionisation to give the stable dibenzothiophen
or dibenzothiophensulphonium ions, in which extensive delocalisation of
the charge can occur,

The 2,2'-bridged biphenyls so far described contain the bulky
sulphone and smaller sulphide groups and it was thought that the synthesis

of the ether analogues would be of interest. As the oxygen atom is

..37..



much smaller than sulphur, this would give three series of 2,2'-bridged
biphenyls with a graded steric effect between the series.

The 2,2'-bridged dioxa biphenyl system of structure type (XXV)
was first synthesised by Bibergeil and Diels in 1902.23 Thus on
heating 2,2'-biphenol (XXVI), potassium hydroxide, water and ethylene
dibromide in a sealed flask at lSOOC for sixteen hours, the eight-
membered ring system {(XXV; Y=(CH2)2) was isolated in unspecified yield.
Methylene di-iodide and trimethylene dibromide in the same reaction

gave polymeric solids.

Q

\Y /O OH OH

(xxv) (xxvI)

In 1965 Hewgill and Hewitt synthesised the smallest bridged diethers
by acid-catalysed condensation of 2,2'=biphenol (XXVI) with various
ketones.zh Thus with acetone the dioxapin (XXV; Y=CMe2) vas obtained
in 30% yield.

The main problem in synthesising these ether heterocycles is the
low reactivity of disodium 2,2'-biphenate, even under reflux conditions,
Thus,use of a similar procedure to that for the synthesis of the sulphur
heterocycles fails. We have however solved this problem by utilising

aqueous dimethyl sulphoxide as solvent. Thus 2,2'-biphenol (XXVI),
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sodium hydroxide and the appropriate reactive alkylene— or etherel,w
~dihalide or xylylene dibromide, were heated in aqueous dimethyl
sulphoxide for twenty—four hours. We have found that a range of
heterocycles can be obtained in good yield by this method., Tgeatment

of the disodium salt of 2,2'-biphenol (XXVI) with methylene iodide,
dimethylene~, trimethylene~, tetramethylene- and pentamethylene dibromide
gave the novel heterocycles (XXVII; n=1—5), o-Xylylene dibromide in
this reaction gave the ten-membered ring system (XXVIII), but only
polymer was formed when m—-xylylene dibromide was used., Finally
di(chloromethyl) and di(B-chloroethyl) ether in this reaction yielded

the heterocycles (XXIX; n=1 and 2).

DAV VA Y

/
(CH;)n c Hzlr; L

(XXVII) (XXIX)

0
\

(XXVIII)
Yields of heterocycles are not strictly comparable since a

number of these reactions were carried out under various conditions
in order to improve the yields. The conditions used to prepare the
trimethylene bridged heterocycle (XXVII; n=3) gave good results,

though more dilute solutions and a slower addition of the trimethylene
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dibromide might give even better yields.

The oxygen heterocycles were synthesised mainly in order to
examine their ultraviolet spectra (see Part II of this thesis); however,
the n.m.r. spectra and mass spectra of the compounds also show some
interesting features.

On examination of the n.m.r. spectrum of the methylene bridged
compound (XXVII; n=1) the aromatic protons appear as two separate
multiplets centred at 2.4Tand 2.85% and integrating for two and six
protons respectively. A similar observation has been made earlier with
regard to the sulphur analogues, and the phenomena could similarly be
attributed to the deshielding of the 6,6' protons. Interestingly, the
partial separation of the aromatic multiplets observed in the 2,2'-
bridged dithia biphenyls does not occur to the same extent in the
corresponding ethers.

The mass spectra of the bridged and unbridged diethers have been
recorded, to determine their molecular weights. Although the spectra
has not been examined in detail, some preliminary comments are appropriate,

From the spectra of the ethers it is clear that cyclisation
reactions to form the m 168 dibenzofuran ion occur only to a limited
extent. The moleculareion is the base peak in the spectrum of the
2,2'-biphenyl diethers, which is surprising when one considers the
apparent ease with which the sulphur analogues fragment to the
dibenzothiophen ion. The spectra of the diethers are much more complex

than those of the sulphur compounds and interpretation is more difficult.
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Finally a number of sulphur heterocycles of the general formulae
type (XXX) have been synthesised mainly to study their optical (i.e.
conformational) stability and to compare the optical stability of

isomeric sulphur compounds.

CH, CH, G CH, CH)SH CH,SH

S 5 —
N S—s

(x3x) (XxXX1) (XXXIII)

One member of this series, the eight-membered cyclic disulphide
(XXXI) was synthesised by Hess, Luttringhaus and Rosenbaum in 1967.25
Thus 2,2'-bis .-(bromomethyl)-biphenyl (XXXII) on treatment with
potassium thioacetate gave the di(thioacetomethyl) derivative, which
on oxidation with fermic chloride in ether and acetic acid gave the
cyclic disulphide (XXXI) in 50% yield. The same workers obtained the
dithiol (XXXIII), by hydrolysis of 2,2'-di~(thioacetomethyl-biphenyl
with methanolic sodium methoxide in a yield of ca.SO%.25

We have achieved a very simple synthesis of both the cyclic
disulphide (XXXI) and the dithiol (XXXIII) (the former compound being

necessary for the optical resolution work as described in Part III

of this thesis). The disulphide (XXXI) may be obtained in 50% yield

_l‘_l—



by treatment of the dibfomide (XXXII) with sodium disulphide ("Na282
in aqueous methanol. This simple one-stage procedure gave a good yield
of the required product. The dithiol (XXXIII) was obtained as a pale
yellow oil by use of the general procedure described for the synthesis

of o=xylylene dithiol (V) (see page 14), the yield being almost
theoretical.

We have found the dithiol (XXXIII) condenses with acetone in the
presence of hydrochloric acid, to give the nine-membered cyclic mercaptol
(xxx;3 Y=CMe,). Wnen the disodium salt of the dithiol (XXXIII) is
treated with methylene iodide i1n alcohol another nine-membered ring
(XXX Y=CH2) is produced in good yield. Finally m-xylylene dibromide
in the same reaction gave the thirteen-membered metacyclophane (XXX;

Y=m CHy,: CcH),* CH, ) in good yield.

These heterocycles have been examined with regard to their optical
stability and will be discussed in this context in Part III of this
thesis. It would be of interest to synthesise the larger heterocyclic
systems in this series and also their ether analopgues, having different

sequences within the bridge, and compare them with the isomeric compounds
which are described in this thesis,

In addition to the heterocyclic systems & number of compounds
vere prepared in which the hetero-atom is not part of a ring, in order
to compare them with the cyclic compounds. The compounds are of four
formula types; (XXXIV), (XXxVv), (XXXVI) and (XXXVII) where X represents
an alkyl or benzyl group. In general these compounds were synthesised
in a similar manner to the related heterocycles, except dilution problems

assoclated with intra- and inter-molecular cyclisation do-. not arise,
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(¥xxvI)
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EXPERIMENTAL

Compounds are colourless unless othervise stated.

A1l melting points were measured on & Kofler hot stage apparatus.

Infrared absorption spectra were obtained using a Perkin-Elmer
257 grating spectrophotometer.

Nuclear magnetic resonance (n.m.r.) spectra were recorded on &
Perkin-Elmer 60 megacycle instrument.

Mass spectra were recorded on a Perkin-Elmer/Hitachi R.M.U.-6
spectrometer.

Molecular weights were determined by mass spectrometry, or
with a Mechrolab 301A vapour pressure osmometer.

Microanalyses were carried out by Mr. J. Boulton or Mrs. L.
Thomas in the Department of Chemistry, University of Keele.

All heterocycles have been named on the "cyclophane" nomenclature

26

devised and recommended by Smith.

All operations involving alkaline solutions of dithiols were

performed under nitrogen.
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o-Xylylene dibromide

This was prepared by bromination of o-xylene, in 50% yield,
27

as described by Stephenson.

Trimethylene dithiol

Trimethylene dithiol was prepared by the S-alkyl isothiouronium
. . .. 28
salt method in 50% yield, by the method due to Hall and Reid.
o-Xylylene dithiol (V) was prepared by modification of a method by
15

Fletcher and Pan.
o-Xylylene dibromide (13.2g) and thiourea (8.k4g) were stirred
overnight in dimethyl sulphoxide (150g) at room temperature. The
S-alkyl isothiouronium salt solution was hydrolysed by stirring it
for half an hour with aqueous 10% sodium hydroxide (600 ml), Ice
and concentrated hydrochloric acid were then added to the solution
at such a rate as to keep the solution at room temperature, until
it became acidic. The milky solution was shaken with ether
(3 x 300 ml), and the combined ether layers then thoroughly washed
with water. After drying (w@th Na2SOh), the ether was removed to
give a colourless o0il, which on cooling gave crystalline o-xylylene

dithiol, m.p. 45°, (Lit.lh m.p. L4-L6°), (8.2¢., 967).

Tetrathia macrocycles with o-xylylene bridges

(a) (2,4,13,15)-Tetrathia[5.5] orthocyclophane (X; n=1)

Methylene iodide (17.hg) was added to a stirred solution
prepared from sodium (3.0g) in ethanol {500 ml) end the dithiol (V)
(11.0g). The solution was stirred for one hour, refluxed for a
further two hours, and the hot solution filtered to remove polymer.
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On cooling the solution a white solid was obtained, which
erystallised from ethanol to give an impure crystalline product.
The mixture was chromatogravhed on preparative T.L.C. plates using
a 1:1 benzene/60° - 80° light petroleum eluent, to give two bands
on the plate. The higher band was scraped off and extracted with

ethanol to yield the (known) (2,4)-dithia[ 5]orthoecyclophane (VII)
1

(needles from ethanol), m.p. 157-150°, (Lit.1 n.p. 152-153°) (157).
n.m.r. (CDCl3): 2.6T(singlet, 4 aromatic protons);

5.97C (singlet, 4 methylene protons); 6.07T(singlet,

2 methylene protons).

Extraction of the lower band yielded the macrocyclic dimeric

compound {2,4,13,15)-tetrathial5.5]orthocyclophane (needles from

o
ethanol), mip. 198-200", (3%), (Found: C, 59.0; H, 5.5. €. gHo0S),
requires C, 59.3; H, 5.5%), (m.wt., m = 364 (36k4)).
e
n.m.r. (CDCl3): 2.5!((A2B2 multiplet, 8 aromatic protons);
5.75% (singlet, 8 methylene protons); 5.95% (singlet, L

methylene protons).

(v) (2,5,14,17)-Tetrathial 6.6]orthocyclophene (X; n=2)

Finely powdered o-xylylene dibromide (13.2¢) was added to
a stirred solution prepared from sodium (2.3g) in ethanol (300 ml)
and dimethylene dithiol (L.7g) over a period of ten minutes.. The
reaction mixture was refluxed for one hour, and then filtered, The

filtrate, on cooling, yielded a pale precipitate, which ecrystallised

from benzene in fine needles to give the macrocycle
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(2,5,14,17)-tetrathial6.6Jorthocyclophane, m,p. 142-144°, (5%),

(Founa: c, 60.9; H, 6.2. Contloy Sy, requires C, 61.2; I, 6.2%),
(m.wt. I = 392 (392))
n.m.r. (CDClS): 2.55’((A2B2 multiplet,VB aromatic protons);
6.0T(singlet, 8 methylene protons); 7.1% (singlet, 8
methylene protons).

On adding water to the residual filtrate a mass of crystals of

the known (2,5)-dithia[6Jorthocyclophane (VIII) were deposited,

m.p. 94-96°, (Lit.,*2 m.p. 93°) (LoO%).
N.m.r. (CDCl3): 2.6 (singlet, 4 aromatiec protons);
6.17TC(singlet, 4 methylene protons); T7.17T{(singlet,
L4 methylene protons).

{e¢) (2,6,15,19)-Tetrathia[7.7]orthocyclophane (X; n=3)

Powdered o-xylylene dibromide (13.2g) was added to a stirred
solution prepared from sodium (2.3g) in ethanol (500 ml) and
trimethylene dithiol (5.4g). After the addition of the dibromide,
the solution was refluxed for two hours, and the clear solution
decanted. The alcoholic solution was diluted with 2-3 veolumes of
vater to yield a solid, which crystallised from 957 ethanol in

needles to give the (2,6)=dithia[T7Jorthoeyclophane (IX), m.p. 85°"

(40%), (Found: C, 63.1; H, 6.65. 11,8, requires C, 62.85;
I, 6.71%), (m.wt. m = 210 (210))
e
n.m.r. (CDC13): 2.55%(singlet, 4 aromatic protons);
6.15TC(singlet, 4 methylene protons); 7.357T (triplet, b

methylene protons); 8.1T(multiplet, 2 methylene protons).
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The residual polymer was extracted with hot benzene, which on

cooling yielded crystals of (2,6,15,19)-tetrathial7.7Jorthocyclovhane,

m.p. 208-210°, (5%), (Found: C, 62.9; H, 6.8. CoollogS), requires

Cc, 62.85; #, 6.71%), (m.wt. m = 420 (L420))

3
6.05C(singlet, 8 methylene protons); 7.3 (triplet, 8

~

n.m.r. (CDCl,): 2,55T(A,B, multiplet, 8 aromatic protons);
[ <

methylene protons); 8.0°C(quintuplet, 4 methylene protons)

(a) (4,5:18,19)~Dibenzo-(2,7,16,21)~tetrathial8.8]paracyclophane (XI)

A solution of p-xylylene dibromide (8.6g) in boiling ethanol
(200 m1) wés quickly added to a stirred solution prepared from sodium
(1.5g) in ethanol (250 ml) and o-xylylene dithiol (V) (5.2g). After
leaving overnight, the alcohol was decanted and the residue extracted
with hot benzene. After many recrystallisations from benzene,

(4,5:18,19)-dibenzo=(2,7,16,21)-tetrathial8.8]paracyclophane was

obtained in large rhombs m.p. 183-184°, (10%), (Found: C, T0.T;

H, 5.85, 03211328h requires C, 70.6; H, 5.9), (m.wt. %,= shli (s54h)),
n.m.r, (CDC13): 262C(singlet, 8 aromatic protons);
2.677C (singlet, 8 aromatic protons); 6.4T (two singlets,
16. methylene protons).

(e) (2,11)~Dithial3.3]Jorthoeyelophane (VI)

This compound was prepared according to the method due to

Autenrieth and Bruning 10 in 50% yield.
n.m.r. (CDCl3): 2.3 and 2.6‘((A2B2 multiplet:, 8 aromatic
protons); 6.55°C(singlet, 8 methylene protons).
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The synthesis of alkyl and benzyl derivatives of o=-xylylene

dithiol (V)

(a) o—Xylylenebisbenzylsulphide (XXXIV; X = PhCH,)

o=~

A solution prepared from sodium (0.46g) in ethanol (50 ml)
and benzyl thiol (2.5g)‘and.g—xylylene dibromide (2.6hg) was stirred
for two hours, On adding an equal volume of water, & solid was
precipitated, which crystallised from aqueous ethanol to give the

. . 1 .
known o=xylylenebisbenzylsulphide, 1 m.p. 48-50°, (th.,ll

isolated as an oil) (3.k4g., 95%).

(v) ' o-Xylylenebismethylsulphide (XXXIV; X = Me)

A solution of o-xylylene dithiol (V) (4.0g), methyl iodide
(5.9g) and potassium hydroxide (2.6g) in ethanol (100 ml) was
stirred for one hoﬁr. The solution was diluted with two volumes
of water, and extracted with ether to give an oil., Distillation

of the o0il gave pure o-xylvlenebismethylsulphide, b.p. 114° 1.0mm He,

(3.0¢., 65%), (Found: C, 60.6; H, T.O. ClOthS2 requires C, 60.6;
Hy 7.1 %)
n.m.r, (CDCl3): 2.7 (singlet, 4 aromstic protons);
6.1 (singlet, 4 methylene protons); 8.1’C(singlet, 6
methyl protons).

(c) o=Xylylenebisethylsulphide (XXXIV; X=Et)

This compound was prepared in the same way as the methyl
compound., The product, a colourless oil, was obtained in a 60%

yield; its properties were in accord with the literature.29
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Biphenyl 2,2'-dithiol (XVII)

. . . 18
This was prepared by modification of Barber and Smiles'
procedure, as follows:

{(a) Sodium o-iodobenzene sulphonate

A solution of orthanilic acid (73g), sodium hydroxide (16.8g)
and sodium nitrite (28g) in water (600 ml) at 0° was added dropwise
to a stirred solution of conc. sulphuric acid (75 ml) in water
(200 m1) at 0°, during ten minutes. After stirring for a further
ten minutes,potassium iodide (9kg) in water (200 ml) was added to
the stirred diazonium salt suspension. The diﬁzonium complex was
gradually heated on a steam bath until most of the nitrogen was
evolved. Evaporation of the solution to ca 500 ml (sulphurous acid
being added as necessary during the evaporation to destroy the
liberated iodine), deposited the crystalline product on cooling.
The crude product was filtered off, and the acid removed by washing
with saturated brine solution. Yield of damp product, 130-140g.

{b) Disodium 2,2'-biphenyl disulvhonate

A solution of sodium o-iodobenzene sulphonate (350g) and
saturated copper sulphate solution (10 ml) in boiling water (21 )
wvas vigorously stirred under reflux with activated copper-'brmrxzee0
(300g) for twenty-four hours. The hot aqueous solution was
separated from excess copper-bronze, etc., by filtration, and

evaporated to give the crude grey product in a yield of ca.l50g

(dried at 150°).
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(c) 2,2'-Biphenylylenebis=sulphonylchloride

Phosphorus pentachldride (300 g) and dry disodium 2,2'«biphenyl
disulphonate (180g) were intimately mixed, the mixture rapidly
becoming wvarm and mobile, The reactants were heated under reflux
at 150° for one hour, the product then being cooled to 0°. The
Product was stirred with ice (1 kg) until all the phosphorus
Pentachloride was hydrolysed. The dense sludge-like product was
filtered off, and the filter cake well washed with water, to yield

100g 3 of crude 2,2'-biphenylylenebis-sulphony#&hloride. A liquid

bye~product (80grm:) was shown to be benzenesulphonylchloride.

(@) Bipheﬁyl 2,2'=dithiol (XVII)

Cone. hydrochloric'ﬁcid (200 m1) was added in small portions
to g stirfed suspension of‘crudé 2;2'—biphenylylenebis-sulphonylchloridé
(100g), zine dust (150g) and 95% ethanol (200 ml), the temverature
being képt below'ébo;‘rWheh thekacidjhad been addéd, the solutien

vas carefully warmed to boiling, and more acid and ethanol were

added at intef#als‘until all the zinc had dissolved.' The hot solutioﬁ\ 4ﬁ‘

was quickly filtered and diluted with water to give on cooling

copious needles of almostvpure biphenyl 2,2'=dithiol (50ems).

OVerallﬁyield was'cé~h0%.5‘

Reactlons of b:phenyl 2, 2'—d1th101 with reartlve alkvlenecmL ) “ﬂlh&lldas :

to pive dlthla hnterocycle%

(a) (l 3)—D1th1a[3 Ojorthorvclonhane (XVIII' nal)

A solution of methylene 1od1de (13 hg) in methylated spirit (000 ml)ﬁ;

L es51-
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was added dropwise over a period of half an hour to & stirred

solution from sodium (2.3g) in methylated spirit (11 ) and the

dithiol (11g). The solution was stirred for two hours, then
refluxed for fifteen minutes, and the hot solution filtered.

The alcoholic solution was evaporated to 400 mls, and.diluted
with 2-3 volumes of water to give a pale yellow solid. The solid
was dissolved in the minimum of benzene and eluted down a column
containing 200 g of "Woelm" neutral alumina (activity 1) with
1:1 60-80° 1ight petroleum/benzene. Evaporation of the first
fractions of,prdduct yielded colourless crystals of

(1,3)-dithia[3.0Jorthoeyclophane which were re arystallised from

95% ethanol es prisms, m.p. 95-96°, (h.sg.? 39%), (m = 230; by

H

. - e ‘
osmosis in dioxan = 22T, (230)), (Found: C, 67.7; H, h‘3' 'Cl3 1080

requirgs C, 67{8; H, 4.4%). ‘
n.m.r. (CDCl3): E.h’C(mﬁltiplet, 2 ardmaﬁic protons )}
2.65’f(muitiplet; 6 aromatic protons); 5.8 (singlet,
2 methylene protons) | X
A Qample (BOOmg) was dlssolvéd in hot glac1al acetlc ac1d
(5 ml) and treated wlth "100 volume" hydrogen Derox1de (5 ml)

On standlng for twenty~four hours crystals formed, whlch were
vrecrystalllsed from aqueous acetic acid as prisms of

(1,3)-dithia[3. O]orthocyCIOphane tetra-oxide (XXIII Y~CH2l

M.Pe 25h-°55 , (Found c, 53 53 H. 3.3. Oh requlres i

13 lO 2
c, 53 1 n 3. h%b : '

i1, (null). 1325 and 1150 on l (q(_o) ) f 




2.5C(multiplet, 6 aromatic protons); 6. h’C(AgB?, multiplet,

L methylene protons).

(e)  (1,5)-Dithial5.0Jorthocyclophane (XVIII; n=3)

A solution of trimethylene dibromide (4.6g) in methylated
spirit (560 ml) was added overnight to a well-stirred solution from
sodium (1.05g) in methylated spirit (1 1) and the dithiol (XVII)
(5.0g). The resulting solution was evaporated down to ca 250 mls,
and diluted with water to yield a yellow solid. On passing the

product through an slumina column to remove the polymer (see

preparation (a)) colourless crystals of (1,5)-dithial5.07Jorthoeyelophane

wvere isolated, Recrystallisation from 95% ethanol gave needles,

m.p. 69-700, (2.3g., 36%), (m = 258 (258)), (Found: C, 69.5; H, 5.3.
e ; ‘
ths requlres c, (9 8 H, 5. Sﬁ)-

n.m.r. (CDCl ) ua3 -2, 9’f(mult1plet 8 aromatlc protons),
7. B't(trlplet h methylene protons), 7 9ﬂf(mult1plet

2 methvlene protons)

On oxidation of 8 oample (0. 33), (1, 5)“dithi&[5.0]orthocyclophane

tetra~ox1de (XXIII Y~(CH ) ) was formed (nrlsms from acetic a01d),

m.p. 256 258° (Found‘ C 56 03 1, h.2. lS’thEOh requlres
C, 55. 9, H, L. hm), i, (mull) 1305 and 1120 cm*l\(s(ao)g);

(a) (1, ()”Dlthla[6 O]brthocyclophane (XVIII n~h)
A solutlon of tetramethylene dlbromlde (7 Eg) in methylated C

splrlt ()OO ml) was added overnlght to 8, stlrred solutlon from

sodlum (l Skg) in methylated snlrlt (ll,) and the. dlthlol (XVII)

(7T.4eg). The evaporated solutlon was dlluted w1th °—3 volumes of ‘ l

Cesh-




water to give a white solid, which crystallised as needles (from

95% ethanol) of (1,6)-dithia[6.0Jorthocyclophane, m.p. 143-144°,

(6.0g., 66%), (m = 272 (272)), (Found: C, TO.k; H, 5.8. C 6 655

requires ¢, 70. 6 » 5.9%).

n.m.r. (CDC1 2.357C(multiplet, 2 aromatic protons);

3)‘
2.7T(multiplet, 6 aromatic protons); T.87T(multiplet,

4 methylene protons); 8.6 (multiplet, 4 methylene protons).
A sample (0.3g), was oxidised to the (1,6)-dithia[6.0Jortho-

cyclophane tetra-oxide (XXTII; Y=(CH,) ), prisms from acetic acid,
b

m.p. >300°, (Found: C, 57.3; H, h.T. C g (5,0 requires

C, 57.1; H, 4.8%), i.r. (mual), 1305 and 1130 cm * (5(=0),).

(e) (1,7)*Dithia[T.O]orthocyclophane (XVIII: n=5)

A solution of pentamethylene dibromide (6.9g) in methylated
,SPirit'(SOO ml) was added over four hours to a solution from. - |
sodium (1.4g) in methylated spirit (1 l) and the dlthlol (XVII)
(6.5g). The solution, after stlrrlng overnlght, was evanorated and’

diluted w1th water to glve 8. crystalllne product.‘ The product

- was purlfled by percolatlny through an alumlna column in the manner
of preparatlon (E), and gave’ flne needles from 957 ethanol of

(l,T)”dlthla{].O]orthogyclophane, m.p. ;2;~12°? (1. og,: 817).

requlres~f

v(m = 286 (286)),- (Found c, 71 6 :65k.s CIYHIBSQ
, c 1. 3, H, 6. 3&7)
| n.m.r. (CDCl3)f 6’t(mult1plet 2 aromatlc protons)

2 85’C(mult1plet 6 aromatic protons) 7 h’f(multlplet, »;‘

5o




L methylene protons); 8.6 (multiplet, 6 methylene protons).
A sample (0.3g), was oxidised to the (1,7)-dithia[7.0]

2l
acetone, m.p, > 300°, (Found: C, 58.8; H, 5.1,

orthoeyeclophane tetra-oxide (XXIIT; Y=(CH 51’ needles from

clTH18SQOh requires

C, 58.3; H, 5.2%), i.r. (mull), 1300 and 1150 cm (5(=0),).

The reactions of biphenyl 2,2'-dithiol (XVII) witho ,& =-ether

dihalides to give dithia=-oxa heterocycles

(a)  (1,5)-Dithia=(3)=-oxa[ 5.0]orthocyclophane (XIX; n=1)

Bis(chloromethyl)ether (3.83g) in methylated spirit (500 ml)
vas added overnight to s stirred solution from sodium (1.538) in
methylated spirit (1 1) and the dithiol (XVTI) (7,1;{...3). ‘The solution
was evaporated, and diluted with water in the usual way té give a
white solid, which crystallised fromVQS% ethanol to give

(1,5)-dithia=(3)~oxa[ 5,0]orthocyelovhane, m,p. 150-152°, (5.1g.,

59%), (m = 260 (2€0)), (Found: C, gh.55 W f 4,5, hﬂlz 20 requires
C, 6h.6; m, h.65%) e
- num.r, (CDC13); 2. Y'C(multlplet 8 aromat1c protons), k.
5.157 (2B doubletc;, Jyg = 1. .3 c/s, A\) g 15.6 c/s,
h methylene protons) i '

Oxidation of a sample (O 3g) gave (1 5) d1th1a~(3)*0x&[5 03

orthocyclonhane tetra~oxide (XXTIIT; Y=PH O'Pﬂe_l needles from

acetlc a01d M.Ps 250 . (Found' Cy 52.13 H, 3, 6. Clh 12 ? 5
requlres C, 51.93 H 3, 7,9), i.r. (mull) 1300 end 1150 cm 1 ( (==0) )
‘n.m.r. (CDCl ) l 9't(mu1t1plet 2 aromatlc protons), ;

2.5’C(mult1plet,‘6 aromatic protons);,5.3S”t(ABldgublets,:‘fflh;i”ﬁ7




= = 18, ! : .
JAB 12.5 C/S’A\)AB 18 8.c/s, + methylene protons)

(b)  (1,7)-Dithia-(4)-oxal7.0Jorthocyclophane (XIXs n=2)

Bis-(B-bromoethyl)ether (7.7g), the dithiol (XVII) (7.3g)
and sodium (1.53g) were heated in alcohol as in the previous
Preparation to give a white solid, which erystallised from 95%

, (6.4, 67%), (m = 288 (288)), (Found: c, 61. 1; H, 5.6.

e
Cl6H16820 requires C, 66.7; U, 5.6%).
_n.m,r. (CDClg): 2.6C (multiplet, 8 aromatic protons):
6.5’C(multiplet, 4 methylene protons); T.07%¥ (multiplet,
L methylene protons)

A sample (0. 3g) on oxidation gave the (1,7)~ dlth1a~(h)

oxa[7 O]orthocyclouhane tetra-oxide (XXIII- Y = (CH )' '(CHelpl,

crystals from acetlc a01d, mp. 250,' (Found C, 54.8; u, 4.8,

. / -1
16H16‘2 5 requires C, 5h.6; I, L.6%), ;.r.»(mull) 1310 and 1120 em
(s(=0) o) |

Reactlons hetween 2, 2'~blphenvl dithiol (XVII) and xylylene dibromides

to give dlthla heterocycles,

(a) (l,10)~D1th1a£2,2J0]orthocyclophane‘(XX)

~o—Xylvlene dibromide (8‘8g) the’dithicl (xvir) (7. 3g) and
sodlum (1.53g) were heated in methylated sp1r1t as prev1ou41y to glva"’
a yellow solid, whieh crystalllsed from 95 ethanal to FIVE :

(l ,10)~ dlthla[ . Ojorthocyclophane m.p. 100*103 . (7 3g., 6@%)

(m = 320, ‘also 302 by osmometrva (BLO)) , (Found: C,]?S.B;‘ ; h;ﬁ;f‘"’ﬁk
e , - e . S L et

L omste




c OHlGS2 requires C, 75.0; H, 5.0%).
n.m.r.y(CDCl3): 2.5C(multiplet, 2 aromatic protons);
2.87T(multiplet, 10 aromatic protons); 6.377T (AB doublets,

= 14,5 c/s, AV = 9 ¢/s, L methylene protons).

JAB AB

Oxidation of a sample (0.3g) gave (1,10)-dithia[2,2.0]

orthocyclophane tetra-oxide (XXIII; Y = oz CH,~CH)+ CH,),
crystals from acetic acid, m.p. 285°, (Found: C, 62,43 H, 3.8,
Cogtly 5,50, requires C, 62,53 4, 4.2%), i.r. (mull), 1310 and
1130 em™t (5(=0),).

... (CDCJ.3): 1.957% (multiplet, 2 aromatic protons);

2.57C(multiplet, 10 aromatic protons); 5.77C(AB doublets,

Ian

(b)  (3,4:5,6)-Dibenzo=(2,7)-dithial §Imetacyclophane (XXT)

= 15 c¢/s, AV Ag = 20 c/s, 4 methylene protons),

A solution of 'g_n}xylylené'dibmmide (8.8g) in warm methylated
spirit was added overnight to a sti‘r’red solution from sodium (l.SBg)_ | '
in methylaﬁed spirit (1 1) and the dithiol (XVII) (7,32). Water .

(1 1) was added to the solutlon, and the resulting yellow solld

crystallised from boiling acetone as pure (3 L5, ()-dlbenzo-(&,’r)-

dlthla[B]metacyclophane, mePe 16’&-155 » (6, l&-. 57%)3 (m = Bc;O
e

(320)), (Founda: C, 75.3; H, L.T. . °OH16S requires G, T5. o,

5.0%).
n.m.r. (CDCJ.3)
6. lS"C (AB doublets, Ian = 1k ¢/s, A’QA = 12 8 c/s,

), 3-3, h’t(multlplet 12 aromatlc protons), :

methyl ene protons )




A sample (0.3g) on oxidation gave (3,4:5, 6)-dibenzo=(2,7)-

dithia[8] metacyclophane tetra=oxide (XXIII; Y = m= CH Celly: CHq~l,

crystals from acetic acid, m.p. 304°, (Found: ¢, 62.6; H, k.2,

C
20" 6520
1150 en™ (5(=0),).

requires C, 62.5; H, 4.2%), i.r. (mull), 1310 and

NeM.T, (CDCl3); 1,9-3.0¢(multiplet, 12 aromatic protons);
5.67%¢ (singlet, L4 methylene protons).
(¢)  vnen p-xylylene dibromide was heated with the disodium salt
of the dithiol (XVII) under the usual conditions, a white polymer

was formed. . It hed low solubility in common solvents and melted

over a wide temperature range. No crystalline product was isolated

from the reaction.

The reaction between biphenyl 2,2'=dithiol (XVII) and the lower

sulphur éhloridés'to”giﬁeypolysﬁlpﬁide'heterocycles'

(a)  Reaction with sulphur dichloride (sc1,)

 ‘1 Sulphur‘dichloride (1.03¢) waé‘added to & stirred solution of '
thekdithiol'(XVII) (2,18g) in ary beﬁzéne (SCO ml), A’splution of |
triétﬁylamine (g;og);in benzene (250 m;)'ﬁas addedyﬁo the solution
over a period’of one hour. The resulting’emulsionkwas,shakeﬁ vith
water, and the benzene solutlon Was - separated, dried and evapcrated,‘
to‘yleld a yellow,splld, ‘mhe solid was extracted w1th,h0111ng

acetone to‘yield the known cyclic dlsulphlde (XVI),18

(Lit};la mfp.;113°); (l.OSg),’ :!4“ o

‘ ‘~‘59‘71 S




The residusl solid from the acetone extraction was extracted

with boiling chloroform to yield pale yellow rhombs of

£1,2,3,4)~tetrathia[k,0Jorthocyclophane (XXII), m.p. 200°, (1.0g)

(m = 280, (280)), (Found: C, 51.5; H, 3.1. €, Hg8), requires
e
C, 51.b4: H, 2.97).
n.m,r, (CDCIB): 2.1T(multiplet, 2 aromatic protons);

2,6C(multiplet, 8 aromatic protons),

(b)  Reaction with sulphur monochloride (SEClE)

The dithiol (XVII) (2.8g), sulphur monochloride (1.Tg)
and triethylamiﬁé (2.6g) were reacted together as in the first
preparation. The benzene solution on evaporation yielded a yellow

solid, which crystallised from chloroform as pale yellow rhombs

of (1,2,3,4)-tetrathialli.0Jorthocyclophane (XXII), m.p. = 200°,
(2.5g). In this reaction none of the cyclic disulphide (XVI) wasg

isolated,

The synthesis of the dialkyl and dibenzyl derivatives of the

dithiol (XVII)

(a) 2 2'~Binhenylylenebismethquulphide (X0V: X=Me)

Methyl 1od1de (2. 82g) was added to a atlrrea solutlon of the;
dithiol (XVII) (2.18g) and sodium hydrox1de (0.8g) in ‘ethanol
(20 ml). After standxng for one hour,‘the ‘solution was dlluted:"/

with two volumes of water to yield a solid, which cryStalliéed’from:

;‘95% ethanol as the known 2 ?'-blnhenylvlenablsméthVJsulnhlde m. n. ;\

155-157%, (Lit.% m, v 155°) (,..zg., B5%).

-




A sample (0.3g) was oxidised to the tetra-oxide

2,2'-biphenylylenebismethylsulphone (XXXVII; X = Me), m.p. 170-1720,

(Found: C; 54,5 H, k.5, C 187,520, requires C, 54,23 H, 4,55%).
n.m.r, (CDCl3): 1.97C (multiplet, 2 aromatic protons);

2.57C(multiplet, 6 aromatic protons); T.07<C(singlet, 6
methyl protons).

(b)  2,2'-Biphenylylenebisethylsulphide (XXXV; X =iit)

Ethyl iodide (2.0g) was added to & stirred solution of the
dithiol (XVII) (2.2g) and sodium hydroxide (0.8g) in ethanol (20 m1),
The solﬁtion was refluxed for two hours, diluted with water and
extracted with ether, On evaporation of the dried ethef extracts

a white solld was 1solated, which crystalllaed from 95% ethanol to

give needles off2,2'—blphenylyleneblsethylsulphlde, m.p.\5h—559,
(2.1g., 77%), (Found: C, €9.7; U, 6.4, CpuH o5, requires C, 70,0;
H, 6.6%).
N.LT, (CDCl3): 2.8 (multiplet, B‘aromatic protons);
T, 2’C(quartet N methylene protonS), 8. B’C(trinlet 6

methyl protons)

A sample (0. 3?) was ox1dlsed to the tetrawox1de,vvg

2,2 ~b1phpnylyleneblsethylsulphone (XXXVII X = Et) m\p. 175° . .

'(Found: ¢, 56.6; g,‘s .3, 6H18 h requlres ¢, 56,83 H, 5. h%)

ng.mgr.i(CDCl3 l 9’f(mult1nlet, 2 aromatlc protona),t.

2 E’C(multiplet, € aromatic prOtonﬂ) 6 9)”t(qu%rtet, h

methylene protons), 8. B'C(trlplet 6 methvl protons)j

—a-



(e) 2,2'~Biphenylylenebisisopronylsulvhide (¥XXV; X = Pr*)

A solution of isopropyl bromide (2,46g), the dithiol (XVII)
(2.255 and sodium hydroxide (0,8g) in ethanol (50 ml)were refluxed
overnight, The solution was diluted with water, and ether-extracted
to yield an oil, which was buib distilled to give pure 2,2'-

biphenylylenebisisopropylsulphide, (Found: C, T1.8; H, T.3.

C1gllppS, requires C, T1.5; H, T.3%).
n.m.r. (CDCl )~ 2.87C(multiplet, 8 aromatic protons);

‘6 B'C(heptuplet 2 allnhatlc protons) 8.8”((doublet, 6

methyl protons)

() 2,2'-Biphenylylenebisbenzylsulphide (XXXV; X = PhCH,)

; Benzylvchloride (2.5g) was added to a solution of the dithiol
(XVII) (2.2g) and potassium hydroxide (1.1g) in ethanol (50 ml),
After one hour, the solution was heated‘tc boiling; water was then

added and on cooling a crystalline solid was formed, The solid was

recrystallised from 95% ethanol to givé 2,2'=biphenylylenebisbenzyl~
sulnhlde, m.p. 1160 (3. u?,, 85 ), (Found: C, T8.7; H, 5.%.

: 26”22”2 requlreg C, 78 h H, 5. 6m)
‘n.m. r, (CDCl ) 2. 9’f(multlplet 18 aromatlc protons)

, 6.1’5(51ng1et,‘h methylene‘protons),_,
A sample (0.3g) was oxidised to thé tetra-oxide,

2,2'-biphenylylenebisbenzylsulphone (XXXVII?'X = PhCHdl;‘m.p.'

233-235°, (Foupd;‘c,_éa,o;,g, h'7‘, CogHpf th requlrea c, 67, 5,

H, 4.82).




n.m.r. (CDCl3): 1.8-3.2C(multiplet, 18 aromatic protons);

5.4°C(singlet, 4 methylene protons).

The synthesis of L4,h'=biphenylvlenebisethylsulphide is described

in Part II of this thesis.

The reaction between 2,2'-bivhenol (XXVI) and alkyleneo ,w -dihalides

(a) (1,3)*DioxaIB.O]orﬁhocyclonhane (XXVII; n=1)

| 2,2'-Biphenol (9.3g)wds dissolved in a solution of sodium
hydroxide (4g) in water (100 ml) and added to dimethyl sulphoxide
(200 m1). Thé sblution was heated on a steam bath, and a solution
of methyieﬁé~iodide (13.5g) in dimethyl sulphoxide (75 ml) added
over hélf an hour; The reaction was heéted under reflux overnight
and then poured into 2-3 volumes of water. The emulsion was
extracted witﬁréthér (3 x‘250 ﬁl) and the combiﬁed ether solution
wvas thoroughly'shakén‘with water (3 x 500 ml). Evaporation of the
dried ether (sodium sulphate) gave‘a bfown'oil, vhich waé~stirredi
andbwarmed with'aque6us 10% sodiﬁm hydroxide‘(lOdvml) The résidue |
was washed w1th water, and b01led with ether and charcoal, and
evaporatlon of the flltered ether solutlon gave a pale yellow 011.
 On pa351ng the 01l,through a column of qulm neutralmalumlna u51ngfb
benzene as'eiuéht é colourless crystalline product‘wasvisolated;,‘A

small sample was bulb-distilled to glVe pure (1 3)= dloxa[3 O]

orthocyclqphane, m.p-,35'36 (2. Sg., 25 )’ (m = 198 (1983), (FOHNQ’ '

requlres c, 78 8 H 5 lw) '

C, 79.03 H, 5.05. ¢ "13"10%




n.m.r. (CDCl3): 2.4 (multiplet, 2 aromatic protons):
2.85C(multiplet, 6 aromatic protons); 4.5U(singlet,
2 methylene protons).
(N.B. 7In all the reactions between disodium 2,2'-biphenoxide
and various alkylene, ether and o-xylylene dihalides, there was
always an excess of the biphenoxide at the end of the reaction.
The dihalides apﬁear to be destroyed in a side reaction before they
can react with the disodium 2,2'-biphenoxide. An excess of
dihalide in these reactions may give improved yields of the

heterocycles.)

(b)  (1,4);Dioxalh.0]orthocyclophane (XXVII; n=2)

1st Method
BN 31

(By modification of the method due to Claret and Archer™ )

A solution of 2,2'-biphenol (18.6g), sodium hydroxide (8g)
and dimethylene dibromide (18.6g) in methylated spirit (500 ml)
was refluxed for twenty—four hours. On working up the solution,
99% of the original 2,27—biphenol was recovered and O.lpm of the
desired heterocycleyweré'isoldted. The m.pt. was in apgreement with

o]
the literature (m.p. 980);“3

2nd Method
- fhe first method was repeated, and at the end of “twenty-four
hours, dlmethyl sulphoxlde (°OO ml) WaS added to the solutlon,‘Fa‘i 
whlch was then heated on a steam bath overnlght under reflux.,"r

Evaporatlon of the alcohol, followed by dllutlon w1th an equivalent7-?




volume of water, gave an emulsion, which was extracted with

ether (2 x 200 ml). (On evaporating a small volume of the ether
solution a pale yellow oil was formed. N.m.r., examination of the
0il showed it to be composed mainly of 2,2'-biphenol with a smaller
amount of the desired heterocycle. .No dimethylene dibromide
remained in the product.) The ether extracts were combined, and
thoroughly shaken with aqueous 107 sodium hydroxide (2 x 100 ml),
followed by water (2 x 100 ml). On evaporation of the dried ether
solution a pale yellow oil was isélated, which crystallised from

95% alcohol as the known (1,4)-dioxalli.0lorthoeyelophane, m.p. 980,

(Lit. 23 m.p. 98°), (2.9¢., 13%), (m = 212 (212)).

e
n.m.r. (CDC1.): 2.75T{(multiplet, 8 aromatic protons);

3

S.B’K(Collépéed A2B2 miltiplet, h‘methylene protons).

(c) (1,5) -’Di’oxa[jy .0Jorthocyclophane (XXVII: n=3)

A solution of trimethylene dibromide (11 ml) in dimethyl.
sulphoxide (50 ml) wvas added over 13 hcurs to a hot,solution of
2 2'—b1phenol (9.3g) and potassium hydroxide (5. Cy) in water (75 m1)
and dlmethyl sulbhox1de (50 ml). The solutlon was heated on a: "'
steam bath-for a further three hours, and then poured into an ice
cold 57 solutlon of aqueous pota331um hydrox1de (300 ml) After
stlrrlng, the emu151on,was extracted Wlth ether (2 X 200 ml), the-
comblned ether soluthn was then shaken vith water (3 x hOQ‘ml){
' Aftervéhaking‘thé ether layer with charcbél and'sodiﬁm gulphate,:‘” 

the filtered etherial solution on evaporation gave a straw-coloured &




oil. The oil was passed down & column packed with Woelm neutral
alumina (200g) using benzene eluent, to give a colourless oil,

which erystallised from aqueous ethanocl as pure (1,5)~-dioxa[5.07]

orthocyclophane, m.p. 67-60°, (3.1g., 27%), (m = 226 (226)),
e
requires C, 79.6; H, 6.25%).

(Found: ¢, 80.1; H, 6.3. ¢, M),0,

n.m.r.‘(CDCl3): 2,85 (multiplet, 8 aromatic protons);
5.7 (triplet, 4 methylene protons); 8.1T (quintuplet,

2 methylene protons).

~(d)  (1,6)-Dioxal6.0Jorthocyclophane (XXVII; n=h)

2,2'~Eiphenol (9.3g), potassium hydroxide (5.6g) and
tetramethylene divromide (11 ml) were heated in aqueous dimethyl
suiphoxide uﬁder the conditions described for preparétion (e},
and ga§e a ﬁéle yelléwroily,product, which‘crystallised on cooling
- and écratching. Reérystallivation from 957% 49thanol gave néodle% of

(1,6)~dioxal6. O]orthocvclonhane, m.p 110- 111‘, (L. lg., Bh ) (px: 240

e
(2ho)),k(Found: c,_80.h; ,,76.8.» ¢, 660 agrequlres C,»SQfo; i, 6.73).
n.m.r. (CDCl3): 2.8’C(multiplet, 8 aromatic protons);
5.6C(multiplet, 4 methylene prOtons); 8.1 (multiplet,

b methylene protons).

(e) (1 7)vDioxa[T.O]orthocyclonhane (XXVIT; n-S)

';,2’*Blphenol (9. 30), nata551um hydrox1de (5. 6n) and
Pentamethylenp dlbromlde (11 ml) were heatedhtogether 1n‘aquéous
dlmethyl sulphoxxdc under the condltlons descrxbed in preparatlon '

(c) to yield a colourless solld, whlch crystalllﬁed from ﬂ % ethanol‘f*:

-G




as pure (1,7)-dioxa[7.0 Jorthocvclonhane, m.p. 109-1100, (3.1g;

247), (m = 254 (254)), (Found: C, 80.3; H, &.7. c17H1802 requires
c, 80.3? H, T7.1%).

n.m.r. (CDCl3): 3.0T(multiplet, 8 aromatic protons);

5.9 (broad peak, 4 methylene protons); 8.35(broad

vesk, & methylene protons).

The reaction between 2,2'-biphenol and ethere(,~-dihalides to

give trioxa heterocycles

(a)  (1,3,5)-Trioxa[5.0Jorthocyclophane (XXIX; n=1)

A solution of bis{chloromethyl) ether (11.lhg) in dimethyl
sulphoxide (50 ml), was rapidly added to a warm solution of
2,2'-biphenol (18.6g) and sodium hydroxide (8.0g) in dimethyl
sulphoxide (200 ml) and water (200 ml). The solution was heated
overnight, diluted with six volumes of water and acidified with
hydrochloric acid. The turbid solution was ether extracted, the
etherial solutions after shaking with water and drying yielded an
orange oil. After stirring the oil with aqueous 10% sodium hydroxide
(100 m1) a white solid was formed, which crystallised from 95%

ethanol in small rhombs of pure (1,3,5)-trioxa[5.0Jorthocyclophane,

m.p. 1W4-145°, (1.5g; 14%), (m = 228, (228)), (Found: C, Th.1;
e
H, 5.4, Cth1203 requires C, 73.T; H, 5.3%).
n.m.r. (CDCl3): 2.757C (multiplet, 8 aromatic protons);

.77 (singlet, 4 methylene protons).
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(b)Y  (1,4,7)-Trioxal 7.0Jorthocvclovhane (XXIX; n=2)

2,2'-Biphenol (9.3g), potassium hydroxide (5.6g) and
bis(@~bromoethyl) ether (12 ml) in aqueous dimethyl sulphoxide
were treated as in preparation {c). On diluting the aqueous dimethyl
sulphoxide solution with iced water a solid was precipitated. This
solid crystallised from carbon tetrachloride as prisms of
(1,4,7)-trioxa[T.0Jorthocyclophane, m.p. 190-102°, (3.5am; 27%),
(E = 256, (256)), (Found: C, T4.9; H, 6.15. C. %1605 requires
C, 75.0; H, 6.3%).

n.m.r. (CDCl3): 2,957C (multiplet, 8 aromatic protons);

5.87 (multiplet, 4 methylene protons); 6.2°C{multiplet,

i methylene protons).

The reaction between 2,2'-biphenol and o=xylylene dibromide to

give the dioxa heterocycle (XXVIIT)

(a) {1,10-Dioxal2.2.0] orthoéyclonhane (XXVIII)

Finely powdered o-xylylene dibromide (13.2g) was added directly
to a solution of 2,2'-biphencl (9.3g) and sodium hydroxide (4,0g) in
water (100 ml) and dimethyl sulphoxide (200 ml). During the first
hour the reactantswere warmed and shaken to dissolve the dibromide,
after which the reactants were heated on a steam bath overnight. The
resulting solution was poured onto ice (200g) the emulsion extracted
with ether (2 x 250 ml) and the combined ether solution thoroughly
shaken with water (3 x 200 ml). Evaporation of the dried ether solution

gave an orange gum, which crystallised from 95% ethanol in needles
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of pure (1,10);dioxa[2.2.0.] orthocyclophane, m.p. 156-158°,

(k.3g; 30%) (m = 288, (288)), (Found: C, 82.9; H, 5.T. C, H, .0,
e
requires C, 83.3; H, 5.6%).

n.m.r. (CDCl3): 2.8 C(multiplet,12 aromatic protons);

4.87T(singlet, 4 methylene protons).

(b) mXylylene dibromide in the same reaction, gave a polymeric

product only.

The synthesis of 2,2'-biphenylylenebisalkylethers (XXXVI;

X = Me and Et ),

(a) 2,2'-Biphenylylenebismethylether (XXXVI; X = Me)

A solution of 2,2'-biphenol (4.65g), sodium hydroxide (2g) and
methyl iodide (6.6g) in water (100 ml) and dimethyl sulphoxide (100 ml)
were heated overnight on a steam bath under reflux. On working up
the solution in the usual way, a solid was isolated which was
crystallised from aqueous ethanol to give the known 2,2'-
biphenylylenebismethylether, m.p. 15h-155°, (Lit.32 m.p. 1550)

(2'\63'9 50%).

(b) 2,2'-Biphenylylenebisethylether (XXXVI; X =rt ) was made under

the same procedure as the methyl ether. The known produat m.p. 36-37°

33

(Lit.”” m.p. 36-37°) was isolated in a yield of S5%.

The synthesis of 2,2'-bis-{mercaptomethyl)-biphenyl (XXXIII)

(a)  2,2'-Big-(carbomethoxy)-biphenyl

Concentrated sulphuric acid (10 ml) was added to a solution of
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diphenic acid (100g) in methanol (500 ml), and the solution refluxed
overnight. More sulphurie acid (20 ml) was added to the solution,
which was refluxed for a further eight hours. After allowing to
stand overnight 2-3 drops of water were added, and crystallisation
of the ester commenced immediately. The product was filtered off
and the filter cake washed with aqueous sodium hydroxide solution,
followed by a thorough washing with water. On drying in a pistol at
SO? 95g1s of the known 2,2'-bis-(carbomethoxy)-biphenyl were
isolated of m.p. T3-75°. (Lit. 3 m.p. 73-T4°).

(v) 2,2'-Bis-(hydroxymethyl)-biphenyl ' was prepared by the method due
35

to Hall, Lesslie and Turner.
A solution of 2,2'-bis-(carbomethoxy)-biphenyl (56g) in

anhydrous ether (520 ml) was added as fast as refluxing would permit

to a stirred solution of lithium aluminium hydride (12.5g) in anhydrous

ether (450 ml). After the reaction was completed, water followed by

dilute sulphuric acid were added to the suspension, and the ether

was evaporated by heating on a steam bath. The products were cocoled

and filtered, and the filter cake washed well with water, to give

the crude 2,2'-bis-(hydroxymethyl)-biphenyl as an off-white solid.

(45 gms of damp product).

(¢) 2,2'-Bis-(bromomethyl)-biphenyl (XXXII) was prepared by the

method due to Hall, Lesslie and Turner.35

2,2'-Bis~(hydroxymethyl)-biphenyl (L8g) was added to stirred

46-48% hydrobromic acid (2 1) at 90°. The mixture was then heated
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at 140° for two hours and allowed to cool. The solid product was
filtered off and washed with water. The crude crystalline 2,2'-bis-
(bromomethyl)-biphenyl was isolated (70 gr:) m.p. 90-91°. The
dibromide may be further purified by recrystallisation from 60~-80°

light petroleum.

(a) 2,2'-Bis-(mercaptomethyl)-biphenyl (XXXIII)

A solution of 2,2'-bis-(bromomethyl)-biphenyl (17.lg) and
thiourea (8.4g) in dimethyl sulphoxide (150 ml), was stirred overnight.
The solution was stirred with 10% sodium hydroxide solution (600 ml)
for one hour, and then acidified by the addition of ice and
hydrochloric acid, keeping the reaction at room temperature. The
acidic solution was then extracted with ether (3 x 250 ml) and the
conmbined extracts shaken with water (3 x 400 ml). The ether solution
was dried with magnesium sulphate, and evaporated at 30° under

vacuum to give the known 242'-bis-(mercaptomethyl)-biphenyl25 &s an

almost colourless oil, {11.lg., 90%).. N.m.r. examination showed the

0il to be the pure dithiol.

(2,3)-Dithia[k.0]Jorthocyclophane (XXXI)

Methanol (500 ml) was added to a warm solution of sodium
sulphide nonahydrate (12g) in water (100 ml). Sulphur (1.6g),
was added to the stirred solution which was heated on a steam
bath to give a yellow solution. A warm solution of 2,2'-bis-
(bromomethyl)-dibromide (12g) in methanol (1 1), was added to the

stirred solution overnight and at room temperature. The yellow
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precipitate was filtered off, and boiled with charcoal and
chloroform (40 ml), and on evaporation of the filtered chloroform
solution a pale yellow crystalline solid was obtained.
Recrystallisation from 95% ethanol gave colourless needles of
(2,3)-dithial 4.0]orthocyclophane, m.p. 167° (Lit.,25 m.p. 169°),
(4.bhg., 51%).

Reactions of 2,2'-bis-(mercaptomethyl)-biphenyl with methylene

iodide and with m-xylylene dibromide.

(a) (2,4)-Dithia[5.0]Jorthocyclophane (XXX; Y=CH,)
(5-369)
A solution of methylene iodideAin methylated spirit (500 ml)

was added overnight to a stirred solution of the dithiol (XXXIII)
(4.9g) and sodium (1.0g) in alcohol (500 ml). The alcohoiic

solution was evaporated to dryness, and the residue extracted with
chloroform, After evaporating the chloroform solution to 10 ml,

the solution was passed down a 65 x 3.5 cm column of "Woelm"

neutral alumina with 1l:1 benzene — light petroleum eluent. Evaporation
of the fractions gave a colourless oil, which crystallised on cooling.
The product recrystallised from aqueous ethanol as needles of

(2,4)-dithia[ 5.0Jorthocyclophane, m.p. 95-97°, (2.kg., 46%),

(Found: ¢, 70.0; H, 5.T5. clsnlhs2 requires C, 69.75; H, 5.45%).

n.m.r. (CDC13): 2. 7¢(multiplet, 8 aromatic protons);
6.457T (singlet, 2 methylene protons); 6.557(AB doublets,

J . =15 C/Ss Ay

AB AR = 28 c¢/s, 4 methylene protons).

-T2 -



(b)  (4,5:6,7)-DPibenzo-(2,9)-dithia[10Jmetacyclophane

(XXX; m- cnz;gégh;ggg_l

A solution of m-xylylene dibromide (5.3g) in methylated
spirit (1 1) was added overnight to a stirred solution of the
dithiol (XXXIII), (4.9g) and sodium (lgm) in alcohol (500 ml).
The resulting solution was evaporated to ea 100 ml diluted with
water (200 ml), and the resulting solid boiled with acetone, and

charcoal. The acetone solution yielded colourless crystals of

the metscyclophane (XXX; Y = m— CHE'CSHl.CHE ) m.p. 150-152°,

(3.5¢., 50%), (Found: C, T76.0; H, 5.75. CoongSs requires

C, 75.85; H, 5.8%).
n.m.r. (CDC13): 2.1-3.6C (complex multiplets, 12
aromatic protons); 6.57% (singlet, 4 methylene protons);
6.6T (AB doublets, J,p = 16 ¢/s, AV ,, = 37 c/s.,

4 methylene protons).

Reaction of 2,2'-bis-(mercaptomethyl)-biphenyl with acetone

A solution of the dithiol (XXXIII) (2.46g), acetone (1 ml)
and conc. hydrochloric acid (1 ml) in ethanol (15 ml) was allowed
to stand overnight. On diluting the water a white solid was
precipitated, which crystallised from 95% ethanol as needles of

{3,3)-dimethyl-(2,4)-dithial 5.0Jorthocyclophane (XXX; Y=CMe, ),

m.p. 97-99°, (1.8g., 63%), (Found: C, T1.6; H, 5.9. C, 7, g5, requires
c, 71-3; H, 6-3%).
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n.m.r. (CD013): 2.75C(mltiplet, 8 aromatic protons);
6.37T(singlet, 4 methylene protons); 8.57T(singlet,

6 methyl protons).
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PART I1

The Ultraviolet Spectra of Alkyl Phenyl Ethers
and Sulphides and of 2,2'-Biphenyls with Bridges
Containing Ether, Sulphide and Sulphone Groups

and their Relation to Stereochemistry

The stereochemistry of 2,2'-bridged biphenyls has been
extensively investigated during the past twenty years, and a wealth
of interesting information has been obtained. These systems are of
interest to chemists on two counts. Firstly, 2,2'-bridged biphenyls
often exist in two skeletal conformers which are enantiomericsally
related; and secondly, the energy needed to interconvert the two
conformers is often high enough to be measured.

It is intended to discuss the geometry of the 2,2'-bridged
biphenyls in this section, and to discuss the thermodynamic stability
of the systems in Part III of this tﬁesis.

One of the‘earliest methods of obtaining information about the
stereochemistry of 2,2'- substituted biphenyls was that of ultraviolet
spectroscopy. Even today, ultraviolet spectroscopy plays a vital
role in the understanding of the geometry of these systems, and is
the most important method of assessing the dihedral angle between

the planes of the biphenyl rings in such systems.
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Biphenyl itself gives an ultraviolet spectrum which is
characterised by an intense band at 249 nm (€418,000), known
as the "biphenyl band". This intense band is attributed to the
conjugation which occurs between the two phenyl rings. O'Shaughnessy
and Rodebush36 in 1940 showed that the spectrum of bimesityl
resembled that of mesitylene; in it the characteristic biphenyl band
vas absent, replaced by the structured low intensity benzenoid band
known as the "secondarye ~band" (See Figure 1k). These authors
considered the absence of the biphenyl band in bimesityl to be due
to the inability of the phenyl rings to become coplanar. The view
that coplanarity of the benzene rings was essential in order that the
usual biphenyl band be observed in such ccmpounds has since been
somevwhat modified, since it is now known that biphenyl itself in
solution is non-planar.

In biphenyl itself, s Drieding model shows the two phenyl
rings to be unobstructed and easily rotated relative to one another
about the coannubhr bond. However in reality two factors are
undoubtedly operating to hinder this free rotation.

(a) Conjugation between the two phenyl rings, which lowers the
electronic energy of the system, tends to hold the two rings
coplanar in order that maximum overlap of the conjugating epz

TU —electrons can occur:
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(b) However, a competing steric repulsion effect between the
substituents in the four ortho positions of the biphenyl tends to
force the phenyl rings into an antiplanar conformation. ZEven the
small hydrogen atoms in the ortho positions of biphenyl, have
sufficient repulsion between them to cause the phenyl rings to
adopt & non-planar conformation in solution. (Suzuki37 has
calculated the dihedral angle® between the planes of the phenyl

rings of biphenyl in solution to be ca.,20°):

PLANAR ANTIPLANAR
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As can be seen above, biphenyl in an antiplanar configuration
receives a reduced steric effect.

Clearly, substituents of greater size than the hydrogen
atom in the ortho positions of biphenyl will exert a greater steric
repulsion between the ortho groups, due to their larger Van de Waals’
radii. As a general rule the more ortho substituents in the molecule,
and the larger the size of the substituents, the greater will be
the steric repulsive forces and the dihedral angle @ .

Unfortunately predictions based on simple logical energy
considerations are not always in harmony with experimental evidence.
For example the 2,2'-dihalo biphenyls would be expected to assume a
transoid conformation, as that in which the least repulsive effects

would be experienced:

/"‘\(ﬂ‘*.\
/
(XX )
N )!\

-\

{ 0 }  c1so1p
\'j)xti/

However, Beaven38 concluded from electron diffraction studies,
and dipole moments, that a preference exists for the more sterically
demanding cisoid conformation. This author suggests the same may

e true of 2,2'-dimethylbiphenyl.
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2,2'-Bridged biphenyls, on the other hand, have been
investigated with a little more certainty; here the 2,2' positions
are linked and the maximum distance between thea - andw -atoms
of the bridge is limited by the number of atoms in the bridge.
In practice compounds with bridges of less than six members will be
restricted to a cisoid configuration, while bridges of six or more
atoms will have an option of either a cisoid or transoid conformation.
As the bridge increases in length, the biphenyl usually increases
its dihedral angle. Thus, Mislow in 196239 using ultraviolet
spectraldata showed that the 2,2'-bridged bivhenyls (XXXVIII; n=0 - 3)
undervent a steady increase in the dihedral angle as the value of
n increased. (See Figure 15). The longest-bridged compound (XXXVIII;
n=3) shows the biphenyl band as a mere inflection at short wavelength,
and the structured benzene ot-band is clearly visible at longer
wavelength. The spectrum of the pentamethylene bridged biphenyl
(XXXVIII; n=3) was found to be almost identical with that of
2,2'-diethylbiphenyl (XXXIX), indicating that both compounds have

similar dihedral angles:

CH, CH, Et  Et
\NT
((:*'izor]

(XIXVIIT) (xxx1IX)
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Ultraviolet Spectra of Homocyelie 2,2'-Bridged

Biphenyls
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In continuing his work Mislowho made accurate models of
derivatives of the polymethylene bridged compounds (XXXVIII;
n=0 - 3), and found that for n = 0 and 1, the models gave single
dihedral angles for strainless systems, for n = 2 two dihedral
angles were obtainéd, whilst for n = 3 the dihedral angle is not
fixed. Suzuki,hl using the LCAO molecular orbital method,
calcuiated values of § for the homocyclic bridged biphenyls
(XXXVIII; n=1 - 3); the results for n = 1 and 2 were in accord with
those given by the models. This agreement gave confidence in the
further use of scale models to investigate the stereochemistry of
the 2,2'-bridged biphenyls.

Up to the time of our studies only 2,2'-biphenyls with bridges
of up to five atoms had been studied by ultraviolet spectroscopy,
and it is of considerable interest to find out what stereochemistry
results when longer bridges are employed and a choice of cisoid or
transoid conformations are available.

We have recdraed the spectra of three series of 2,2'-bridged
biphenyls, which incorporate ether, sulphide and sulphone functioﬁs
in the o£~ and’&)~ poéitions of the bridge. Interpretation of the
Stéreochemistry by ultraviolet spectroscopy is complicated‘by‘the
faét that we now have groups present which can‘igteréact strongly
With’the aroﬁatic11!electron syStém, by cohjugation;

For thevéulﬁhoﬁe'grohp, conjugatién 6cbu}s,bétﬁéen the

aromatic Tl electron system and the sulphur 3d orbitals:




<> ete

Because the conjugation involves the sulphur 3d orbitals, there

is little or no steric demand placed on the conjugation process
and the system behaves as a modified benzene ring. In contrast,
the sulphide and ether groups conjugate with the aromatic rings by
delocalisation of one of their lone pairs of p electronsvinto the
ring, a process which demands a coplanar'state‘as 8 fundamental

requirement:

.0/
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If the molecule cannot assume a planar state, then the conjugation
process will be reduced and the spectra affected accordingly.
This effect was noticed when the spectra of alkyl phenyl ethers
or thio-ethers was recorded; the spectra of the tertiary butyl
compounds were vastly different from those of the lower alkyl
compounds. This difference is attributed primarily to increased
steric effects between the larger alkyl group and the ortho hydrogen
atoms,preventing the coplanar state from beingechieved. Obviously
since two steric effects are being measured simultaneously in our
2,2'-bridged biphenyl systems, it is important to consider both
effects. We have, therefore, reinvestigated the ultraviolet spectra
of some simple alkyl phenyl thio-ethers and alkyl phenyl ethers,
in an atteﬁpt to get a better understanding of the electronic and
steric processes that are occurring between the heteroatom and the
benzene ring.

The u.v. spectra of aryl sulphides have been investigated by

b2, 43, Lb and the topic has been widely reviewed.hs’ L6a

many workers
Steric inhibition of long pair conjugation with the aryl ring together
with large bathochromic and hyperchromic effects when ﬁara orientated
electfon-withdraﬁing grdups are aftached to thé aryl'ring, have

shown that the sulphlde group hes & tendency to act as a 1one~pa1r
donor, The spectral changes which occur in a series of alkyl aryl

sulphldes have been interpreted in terms of the orientation of

oscillating electric vectors.gg Assignments of the bands have been

L8 -




made with the aid of molecular orbital and valence bond calculationsh3

and also by comparison with the spectra of thiophenol, phenol and
aniline.hh The conclusions have not been consistent.

The spectrum of thioanisole in alcohol contains intense bands
at ca 210 and 254 nm and a weak band at ca.280 nm. The main difficulty
in meking assignments for the bands centres on the origin of the band
at 254 nm. Although the wavelength and intensity of this band is
consistent with it being a strongly perturbed primary band it does
not undergo a hypsochromic shift when conjugation of the phenyl ring
to the sulphur lone-pair of electrons is inhibited. Instead, a
bathochromic shift occurs and the band eventually takes on the
charatteristics of an unstructured secondaryo-band.

The spectra of alkyl aryl ethers are élso well documented and
8 comparison of the effects on the spectra of changing the size of
alkyl group has been madé.hT Steric inhibitioh of lone-pair
conjugation with the aryl ring decreases the intensity and wavelength
of the primary and secondary bands which appear at éa 220 and 270 nm,
respectivély.

There is general agreement that the bahds which appear in
the spectra of aryl sulphides and etheré afe due to perturbed
benzene transitions. The 77 molecular ofbitals of benzene are

shown in Figure 16.

- 83~




o + 28

Figure 16

The pi molecular orbitals of benzene
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The most intense band in the spectrum of benzene occurs at 180 nm.,
and is known as the second primary p band. It arises from the
promotion of an electron from the ylz to Y’h orbital or from the
'\//3 to Y 5 orbital i.e. a transition which involves interconversion
of bonding and antibonding orbitals. The transitions which involve
promotion of an electron from the y3 toy ) orbital or from the
Vv 5 to theyxs orbital are both forbidden and give rise to the
weaker primary and secondary bands at 200 and 260 nm. respectively.
I‘f one considers the effect of conjugation only on the energies
of the [ orbitals of benzene one finds that one of the forbidden
transitions is increased in energy while the other forbidden
transition is decreased in energy. This would adequately explain
the shifts of the secondary band in the spectra of the sulphides,
Figure 17 is a diagramatic representation of the conjugation effect
of the sulphide group on the efxergy of the T orbitals of benzene.
The conjugative effect raises the energy levgls of the \]/l; 1'% 3
L% 5 end ¥ ¢ orbitals only since the ¥ ,and Y, orbitals
possess a node at the C; atom of the ring (see Figure 16). The

1'% l and 1'% 3 orbitals will be affected to greatest extent

- '85 "":’- .




Figure 17
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since their energy levels are closest to that of the sulphide
p-orbital.héb

The secondary o(-band is generally considered to arise from
the promotion of an electron from the fully occupied'\u 5 orbital
to the empty 5 orbital and the primary p-band from a y/ 3" ¥
transition. The hypsochromic shift of the secondary band, when
conjugation to the sulphide group is permitted is in accord with
this assignment, i.e. A nax 266 for the t-butyl sulphide
(conjugation inhibited) and 254 nm. for the methyl derivative.

The aryl ethers do not behave in this manner and both bands
undergo a bathochromic shift when conjugation to the oxygen atom
is permitted. This could be brought about by the operation of a
dipole effeét which l1ifts the degeneracy of the‘y2 and.yv3
T orbitals allowing conjugation to reduce the energy of both the
forbidden transitions. |

Conjugation removes the symmetryvbarrier to the forbidden
transitions and produces an increase in intensity of the corresponding
bands. This is very marked fbr the secondary band of the sulphides
vhich is in accordance with the - larger conjugative interacﬁion with
the y/3 andfyzs orbitals. Indeed the final energies and character
of the?T’orbitals of the aryl sulphides may bear little relationship -
to those of benzene. |

If the band at ZSh nm. ofbthioanisolé origingtes from the

secondary band of benzene another assignment is needed for the
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weak band at 280 nm. However when the spectrum of a hexane
solution of thiocanisole is measured the weak band exhibits a
structured nature, which is characteristic of a secondary band.
Since donation of a lone-pair of electrons destroys the structured
nature, the band may be due to the presence of conformer in which
the lone~paif is out of conjugation.

The u.v. spectra of organic compounds do not usually reflect
the presence of different conformers. However two distinct conformer
populations could reasonably be present when the steric inter-
actions are smail; one conformer would be nearly planar (being
stabilised by conjugation) and would produce the major bands
in the u.v. spectrum, and the other conformer would be non-planar.
Increased steric effects would raise the energy of the near planar
conformer, andkreduce the barrier between the near planar and non-
planar’conforméf. It is of interest to note that the spectrum
of thioanisqle differs from the spectrum of the other alkyl derivatives
in ﬁhaﬁ it exhibits an additional band vhich occurs as a shoulder at
2L0 nm, 1In the vapour phase this is a well defined band in
accordance with a reduced number of collisions and slower inter-
cpnversion of rotamers. This band is in best accord with the p-band
of the near planar conformer. In this case the band at ca.210 nm,
would be attributed to the p-band of the non-planar conformer, If
this is correct the 210 nm. band should merge with the 210 nm. band

as the size of the alkyl group increases, In fact this is not
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observed and the 240 nm. band is absent from the spectra of the

other alkyl sulphides, even in the vapour phase.

Solvent effects on the spectra have been examined; the

position of the bands shows a marked dependence on the polarity of

the solvent. The solvent shifts are similar to those observed for

n— T transitions, i.e. there is a hypsochromic shift as the polarity Q

of the medium is increased.héc A hypsochromic shift may be produced
by packing strain or a decrease in dipole moment in the excitation
process. However since the shift is at a maximum when there is least

delocalisation of the lone pair of electrons, e.g. the tertiary butyl

compounds, the predominant cause of the shift is attributed to hydrogen

P
bénding to the lone ?air of electrons on the heteroatom, ‘i
Table 1 i
U.v. spectra of phenyl alkyl sulphides and ethers: some solvent effects. |
Compound 5% ethanol in water 95% ethanol IEEEE&EE :
PhStte ' [203] 250 207 2131 25k 218 oyt
PhSEC 03] 251 208 214i 255 215 256
PhSCHe,, [205] 252 210 215 25T 217 258
PRSCle | [200]218 25T  200i 219 266 220 268 |
PhOMe 217 268.5 220 271.5 220 271
PROEt 217 269 221 212 221 72
PhOCHMe, 218 270 222,5 273 223 213
PROCMe, 207 262 200 20 28 270
¥ the 5peétruﬁr6f thianisole in‘a‘n*hexane alédicéﬁtainé aﬁ inflectian

at 240 nm. and a structured band is centred'at 280 nm, .

i = inflection. ( Bracketed values are within the region of end- :
’absorptlon of the solvent, and are therefore of llmlted SLgnlflcance)
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With the exception of the t-butyl derivatives the ethers
show only & small solvent effect since donation of the lone pair
of electrons to the phenyl rings reduces the electron density on the
ether oxygen atom and consequently the hydrogen bonding.  In the
t-butyl ethér,donation to the ring is inh?bited and there is an
appreciable hypsochromic shift in the hydroxylie solvents.

The spectral response of the sulphides and ethers to similar

structural changes is different. Steric interactions change the

wavelength and reduce the intensity only in the case of the t-butyl

group for the ethers (See Table 1). In contrast the wavelength of

the 254 nm. bond in thioanisole changes and its intensity is reduced

R T Wi Tl R T

as each extra methyl group is introduced. (See Table 1) This is

in direct contrast with the expected decrease in steric interaction
due to the longer carbon~sulphur bonds. A rational éxplanation may
be found if one takes into account the fact that conjugation involving the f
larger érbitals on the sulphide group is not as sterically demanding b
as the co£responding smaller orbitals on the ether group.‘ Thus pN - p1r

conjugatibn in the ethers will change more rapidly with the orientation of f

the alkyl group and will resist steric forces to a preater extent,

Thé,stereochemiétry of 2;2‘~bridged biphenyls has been :
investigated pre#iously using’ultraviolef and n.m.r. spectrcscopy.ha’h9‘50 ?
A éompréhehSi#e raﬁge of biphenyls with single and double’three-membéred
bri&ges, add incorporating various hetero-atoms in the centre of the

bridge, have been studied.hs’ b9 More recently the 2,2'-bridged




biphenyl (XXXI) has been prepared and is the first single-bridged

dithia-biphenyl to be investigated spectroscopically.zs’ 50

The present study is on three series of 2,2'-biphenyl hetero-

eycles (XXIII), (XV) and (XXV) in which the heteroatoms or groups

are directly attached to two positions ortho to the coannular bonds
of the biphenyl system. Eleven different bridging groups Y, having

one to five members, provide s wide range of dihedral angles between

the planes of the phenyl rings in the three series of heterocycles,
The spectra of these compounds have been compared with the spectra of

the unbridged biphenyl derivatives (XXXVII), (XXXV) and (XXXVI).

OO0
sozv/soz \ / \Y/

L (xxTIT) | (xv) o

SOX SO,X  SX  SX

(xxxvix\) SRR "”(xxxv) e "(égocxv:t)
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The disulphides and diethers were prepared from the disodium
salt of the dithiol (XXXV; X = H) and the diphenol (XXXVI; X = H)
respectively, and the o , &w =-dihalide of the bridging group Y. (See
Part I). The disulphones were obtained by oxidation of the disulphides
with hydrogen peroxide in acetic acid. (See Part I). The heterocyelic

compounds were shown to be monomeric by mass spectral and solution

vapour pressure measurements. (See Part I)
The u.v. spectra of phenyl methyl sulphone: (XL; X = Me) (see Table
2) possesses two well-defined bands; an intense primary (p) band
at ca 220 nm. and a structured secondary (X) band at ca 265 nm.
The overall variation in )\ max of the p-band in the sulphone series
of biphenyl compounds is little more than 5 nm. compared with 25 nm.

for a ¢<-band. The biphenyl disulphones which possess an extended

bridge e.g. (XXIII; Y = (CH2)>1) or no bridge, i.e. (XXXVII), exhibit
& p-band at shorter wavelength (ca 10 nm.) than the alkyl phenyl sulphones.%
This shift réflects the presence of an out~of-plane aryl substituent in |

the phenyl sulphohe chromophore of the biphenyl compounds. When the

length of the bridge is reduced to a single methylene group, conjugation
between the rings increases and the p-band undergoes a small bathochromic
shift of ca 5 nm. |

' The structured secondary &i) band of the sulphonés shows a mere>
uniform behéviéur than the Efbandé ﬁi#h change in molecular structure
(see.Tablé,e). The band which is centréd at 254 nm. in the spectrum

of benzene, increases in intensity and is moved successively to longer .

wavelengths on substitution. A suiphone proup {as in XL; X = Me)
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Table 2

Ultraviolet spectra of sulphones in 95% ethanol

42h9 nm. Biphenyl Band Secondary Benzenoid Bang

=ompeund A max ¢ x 1073 A_max € x 1o'§~
(Benzene) - - 254 {0.2)
XL; X = Me - - 264 1.05
XXXVII; x = Me - - 271 3.5
XXXVII; X = Et - - 271 3.5
XXXVII; X = PhCE,, - - 271.5 2.8
KXIITe;Y = (CH,)0(CH,), 240 (i)  6.00 282 4.1
XXIIIb;Y = (cH2)5 238 (i) 6.00 281.5 5.0
XXIIlcY = (CHQ)h
XXII14;Y = cnz-o—cne - - 272 k.0
XXITle;Y = (CH), - - 461 3.5
XXIIIfyY = o- CH CgHy* CH, - - 273 k.0
XXIIIg;Y = (CH2)2 2ko (i) 5.35 272 k.6
XXIIIn;Y = m- CHéC6H€CH2 ‘ - - 287.5 h.7
XXIIIiY = CH, 245 4.8 | 288.5 6.0
XXIII§;Y = cHph 245 (i) 16.0 289 6.6
KIITk;Y = C(Me),, 246.5 5.3 289.5 6.8
ALITI 265 27.0 - -



produces a 10 nm. shift and é non-planar ortho group as in
(XXXVII; X = Me) increases )'max by a further T nm. (see Figure 18
and Table 2).

Because the conjugation between the sulphone group and phenyl
ring is st:ereo--independent,51 the spectra of the biphenyl disulphones
is governed mainly by the dihedral angle @ between the biphenyl rings.
The unbridged disulphones all have similar spectra which are
characterised by the structured o¢ -band at ca 272 nm. This and the
absence of the characteristic biphenyl band at ca 249 nm. sugpest that
the phenyl rings are roughly perpendicular to one another., This is
Supported by therspectra of the bridged compounds. In two examples,
(XLI) and (XLII) a structufeless intensified &L ~band occurs at ca 288 nnm.
which indicatés that there is increased conjugation between the phenyl
rings. Drieding models suggest that the methylene-bridged compound (xL1)
is locked in a cisoid conformation with @ cé 60° and that the rigid
m-xylylene bridged compound (XLII) has a transoid conformaﬁion with
8 ca 120°, bdth compounds thus haviné similar deviations from planarity,
The dimethylene-bridged compound has a dihedral angle of ca 80° and shows
a reducﬁion in the structured nature of the.a.~band even though thé
rings are close to being perpendlcular to each other. Models indicate
that the trlmethylene and dlmethylene ether bridges, (XXIIIe and XXIIId)
and the o~xylylene bridge (XXIIIf) allow cisoid conformatlons'up to
a dlhedral angle of ca 90° However the bulky sulphone groups farce

the rings to thelr maximum dihedral angle, produc1ny spectra 51mllar

e
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to those of the unbridged compounds (see Figure 18 ). Still longer
bridges cause a gradual loss of the structure of theo -band,
consistent with an increase in dihedral angle beyond 90° and a

preference for transoid conformations {see Figure 19). Variation

in the structured nature of the & -band was first observed in the

38

spectra of 2-(or 2,6~di-) methylbiphenyls.
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Bands which are attributed to the biphenyl chromophore appear
as inflections at ca 240 - 245 nm. in the spectra of (XXIIIa, b, g
and j). The bands are clearly defined only in the spectra of the
smallest-bridged biphenyl sulphones (XXIIH and k). (See Figure 19).
The bands occur at }'max 2Lks nm, (€~ 5,000) which is at a similar
wavelength but lower intensity, compared with biphenyl itself
(>\max 2k9,€~.18,000). This is in accordance with the recognised
decrease in intensity with relatively little change in wavelength, caused
by small twists in the biphenyl system.52 The electric vectors of the
biphenyl and phenyl sulphone chromophores of (XXIIIi) and (XXIIIk)
approaéh right angles and separate bands are cobserved. On the other
hand the corresponding electric vectors of the 4,4 '-viphenyl disulphone

(XLIII) are parallel and a single very intense band is observed at

265 nm. (€~ 27,000).

Et,0S SO,Et

(XLTII)

The ultraviolet spectra of both the ether and sulphide compounds

are made more complex by the variation invg~orbital'overlap\bf the

heteroatom's lone pair cf"electronsrand the phenyl group. The spectra

of the phenyl alkyl ether and thio-ether cdmpounds which do not possess

-
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a biphenyl group were discussed earlier.
The biphenyl disulphides which have an extended bridge

e.g. (XV; Y = CH ) or no bridge i.e. (XXXV) show an intense p-band

2)>2
at a similar wavelength to that of thioanisole (ca 205 mm.). For the
shorter bridged biphenyls i.e. (XVi - k) and also (XVh), improved
conjugation between the biphenyl rings produces a small bathochromic
shift, In contrast the intense p-band of the biphenyl diethers at

ca 210 nm. undergoes little change of wavelength with shortening of

the bridge.

The spectrum of the unbridged biphenyl disulphide (XXXV; X = Me)
shows that the additional phenyl group produces a small bathochromic shift
in the 254 nm. thiocanisole band and there is also a reduction in
intensity if one takes into account the presence of two phenyl sulphide
chromophores, which indicates that steric effects similar to those

observed for the alkyl phenyl sulphides, are already operating (See

Table 1, page 89).




Table 3

Ultraviolet spectra of sulphides in 95% ethanol

249 nm. Biphenyl Band 254 nm. Thioanisole Band

compound A £ x105 2 £ x 1073
max max —
Thioanisole = - - 25k 9.9
XXXV; X = Me 239 (i) 13.3 255 13.0
XXXV; X = Bt 2k (i) 12.0 259 10.5
XXXV; X = ppl 243 (i)  12.0 264 9.3
XXV X = PnCH, - - 260 (i) 10.0
Wa; v = (cn,)0(cn,), 2k (i) 8.0 270 7.8
oy y = (o), | | 2b2 (s) 10.0 27 8.7
Ve Y = (CHz)h 238 (i) 6.7 272 5.5
XVq; Y = CH,-0-CH, - . 250 4.8
XVe; ¥ = (cn2)3  | - - 266 5.0
XV, ¥ = o- CHiCHiCH, = = 216 L2
gy ¥ = (), S 26T 2,0
XVh; Y = ;- CHiCHCH, . 2u8 (i) 10.0 27 b2
Wijy=on, S 243 (i) 1.0 258 (s) 8.0
XVi; v *,CHPhn o o e | 260 (s) 8.5
XVe; ¥ = cie), a3 () 9. 26 (s) B
W o e e A T 2h7:» 15,0




Also similar is the effect of replacement of X = Me in (XXXV) by Et or Pri
Which causes further bathochromic shifts and decreases in intensity (see
Figure 26 and Table 3). When the two sulphur atoms are connected by
'bridgeS, severe steric restraint is observed which prevents conjugation

°f the lone pair of electrons on sulphur with the phenyl ring and even
Vith the most flexible bridges (XVa and XVb) the 254 nm. band is shifted
Yo its longest wavelength at ca 270 nm. Shortening of the polymethylene
chain to two members reduceé the band at 270 nm. to its lowest intensity
(see‘Figure 21) which is consistent with the increased twisting about the
Sulphur atoms indicated by Drieding models. For the smallest-bridged
Compounds (Xvi - XVk) a number of overlapping bands occur. The biphenyl
band of (xvi - XVk) is not well developed but if may well be represented
by the inflection at ca 243 nm. This band appears at lower wavelength and
Is less intense than in the ether analogue (XXV) possibly indicating that
the sulphides, due to the larger size of the sulphur atoms, do not achieve
the same degree of planarity. Howevef, conjugatibn of the sulphur atom with
the aromatic ring is again comparable with that in the unbridggd biphenyl
disulphiges és shown by‘tﬁé’reappearénce of the band &t 258 nm.

- By comparlson, ‘the spectra of the ether analogues are simpler
to interpret since the blphenyl vand (249 nm. in blphenyl) and the phenyl
alkyl ether structured o<~band (271 5 in anlsole) are well senarated and -
the sterlc effects on the conjugatlon between the oxygen—atom and the
phenyl ring are much smaller than those observed for the sulphldes. Therb
Dnbrldged blphenyl ethers (XXXVI X = Me or Et) are characterlsed by an
almo.,t structureless oc~band at ca.280 nm. wh1ch is about double the 1ntensxty

).

of the 1solated anlsole chromo$phore (see Table h and Flgure 22



Also similar is the effect of replacement of X = Me in (XXXV) by Et or Pri
Vhich causes further bathochromic shifts and decreases in intensity (see
Figure 26 and Table 3). When the two sulphur atoms are connected by
bridges, severe steric restraint is observed which prevents conjugation
°f the lone pair of electrons on sulphur with the phenyl ring and even
With the most flexible bridges (XVa and XVb) the 254 nm. band is shifted
%o its longest wavelength at ca 270 nm. Shortening of the polymethylene
hain to two members reduces the band at 270 nm. to its lowest intensity
(See'Figure 21) which is consistent with the increased twisting about the
Sulphur atoms indicated by Drieding models. TFor the smallest-bridged
Compounds (XVi - XVk) a number of overlapping bands occur, The biphenyl
band of (XVi - XVk) is not well developed but it may well be represented
by the inflection ét ca 243 nm. This band appears at lower wavelength and
Is less intense than in the ether analogu¢ (XXV) possibly indicating that
the sulphides, due to the larger size of the sulphur atoms, 4o not achieve
the same degree of planarify;’ Howévér, conjugation of the sulphur atom with
the aromatic ring is again cbmpérable with that in the unbridggd biphenyl |
disulphidés as shown by the‘reappearance of the band at 258 om,
By'comparison, the spectra of the ethef;analogues are simpler;<
to interpret siﬂce the biphenyl 5énd (249 nm. in biphenyl) and the phenyl
alkyl ether structured o¢-band (271.5 in anisole) are well separated, and
the steric effects on the conJugatlon between the oxygen*atom and the
Phenyl ring are much smaller than those observed for the sulphldes. The  'i ;
- Unbridged blphenyl}ethers (XXXVI; X = Me or Et) are characterlsed by an ;;,_:V

8‘lmost structureless CW-4b$nd at'ca- 80 nm. which is about dcuble the 1nten31tyl;

Of the isolated anlsole chromo$phore (see Table It and Flgura 2)

e 99




y : . Ultraviolet Spectra of Sulphides
120 ‘ L

o




Ultraviolet Spectra of Sulphides

; ; ; ‘ . $
- S o R, : t




sa3Y3g JO ®BIF0adg 38[OTABIIIN



Table 4

Ultraviolet spectra of ethers in 95% ethanol

249 nm. Biphenyl Band Secondary Benzenoid Band;

Compound | zlnmx £ x 1073 L £ x 10_3‘
Anisgole - - 271.5 1.48
X(XVI5 X = Me 2b2 (s) 6.5 280.5 6.0
XXXVI; X = Et 2h2 (s) 6.5 282 6.1
WVa; ¥ = (cH,),0(CH,), 2kh (s) 7.0 282 5.7
XXVb; Y = (01{2)5 2Ls 7.3 282.5 6.0
Xve; ¥ = (cHy), 2bh - 10.0 283 5,7
XXVd; ¥ = 0112-0'—CH2 237.5 9.25 272.5 2.75
ZKVe; Y = (CH2)3 241 8.0 219 - koo
XXVE; ¥ = o- CH, C hy CH, 24k (s) 9.0 282 5.1
XXVg; ¥ = (CH,), k1 11.25 271 2.5
XXVh; ¥ = CH,, ) 25k 12.25 302 ko
XLYV | - -

o= 1000-

268

: 2.35'7‘




Since the structured nature of the band is diminished by lone

pair donation to the aryl ring as well as increased planarity of

the biphenyl rings it is difficult to draw conclusions about the
dihedral angle of the phenyl rings és was done for the disulphones.
However, steric information is available from the biphenyl conjugation
band at ca.249 nm. None of the diether bridges completely inhibit
this band and therefore there is no evidence that the biphenyl rings,
in any of the cases examined, prefer & perpendicular orientation;

or undergo a change from a cisoid to a transoid conformation such as
we suggest occurs in the disulphones. The longest-bridged diethers
(XXVa) end (XXVb) have very similar spectra to the unbridged diethers
(see Figure 22) which is in contrast with the disulphides.- This is

attributed to the difference in pfl - p-f bonding; the larger 3p

orbital of sulphur will conjugate over a wider range of twist about the : .

phenyl heteroatom bond than the 2p orbltal in the ethers. Consequehtly f -

conJugatlon in the ethers has a hlgher steric demand and the spectra
correspond to the conaugated system untll the sterlc restralnts are
severe. The 280 nm. OL—band undergoes a8 hypsochromlc shlft and

decrease in 1ntenslty as the bridges are shortened (see Flgurek23). 

However for the shortest bridge (XXXVRT) there is a large red shift,;’

to 302 nm.. and restoratlon of much of the lost 1ntenslty., This
observation 1nd1cates that the bridge achieves a con81derable degreef

of planarlty with the phenyl rings which allows a resumpt;on of

R A A Sl M Tyt L me e

conjugation between»the oxygen atams and the phenyl rlngs.~ The QH;J;,ﬂf‘ k
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magnitude of the shift suggests that the phenyl ether conjugation
extends to the second aromatic ring.

Although changes in the 280 nm. band of the diethers and
the 270 nm. band of the disulphides are fairly uniform an exception
in each series occurs when the bridge contains an oxygen atom A&
to the aryl heteroatom. The 8-ether linkage in (XXVd) and (XVd)
produces a blue shift and a reduction in intensity relative to that
of the corresponding methylene-bridged compound i.e. (XXVe) and (Xve)
respectively. The model compounds (XLIV) and (XLV) show the same
changes. We conclude that the change is the result of inductive

withdrawal of electrons by the central oxygen atom.

PhO cuzo CHyOPh  PhSCH;OCH;SPh

(XLIV) | | | (XLV)

' Thé intensiﬁy and aefihition of the pipgggx}“pggdq vdries‘inﬂthé
three series. Since the biphenyl band is presént in 511 tﬁe‘bridgéd" 
ether compqunds, it would seem unlikely that a tfansoid cdnformatioﬁ_} ;
is ever attained However 1t would appear that the longer brldges '
~cause the blphenyl dlhedral angle to open to its widest. The blphenyl
band in the 2, 2'-bridged sulphlde and sulphone compounds is absent‘in 3
the 1ntermed1ate length brldged compounds, but reappears in the spectra _‘
of the oompounds hav1ng the longest brldges.f However the bxphenyl S

-~ band is mgre 1ntense in the 1ongest brldged sulphides(than 1n‘the\ 5;;1 g:




sulphones. This indicates that both the bridged sulphides and
sulphones, move from a cisoid to a transoid conformation as the length
of the bridge is increased, the sulphides more readily than the
sulphones. Of course, the return to a cisoid conformation in the
longer‘bridged sulphides and sulphones cannot be ruled out, since
cisoid and transoid biphenyl dihedral angles are indistinguishable
fiom the spectra. However, by analogy with the bridged ethers, the
larger sﬁlphidevand sulphone groups may be expected to lead to'
gréater "biphenyl" dihedral angles and an eventual preference for

a transoid conformation. In conclusion, the spectra show that
steric effecté which tend to maintain the biphenyl rings ontiplanar
decrease in the order: éulphone > sulphidé > ether.

Experimental

Spectra were obtained in n-hexane, water (5% ethanol) and 95%
ethanol solution with & Unicam SP.800 spectrophotometer. The
2,2'-biphenyl compounds were obtained as described in Part I of the

thesgis,
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Preparation of sulphides and sulphones

Thiophenol
This was prepared by the reductién of benzene-sulphonyl
chloride as described by Adams and Marvel.53
Sulphuriec acid (435 ml) was added to crushed ice (2.6kgm)

and the solution maintained between O - 5°. Benzenesulphonyl chloride
(200g) was added over half an hour; zinc dust (400 gms) was then
added in portions as rapidly as possible, with stirring, keeping the
temperature below 5°. The mixture was warmed and then refluxed for
three hours; tﬁe thiophenol was then removed by steam distillation.
The prgduét was separated from the distillate, dried and distilled
td‘give thiqphenol (v.p. 719/15mm) (11.5g., 90%).
(a) Thloanlsole

7’ A solutlon of thlophenol (h hg), sodium hydroxlde (1 63) and
methyl 1od1de (5. 3g) in alcohol (300 ml)‘were stirred for three hours .
The solutlon was dlluted with 2 ~ 3 volumes of water, and the ‘product
separated by ether extractlon. Evaporatlon of the drled ether extracté
gave the crude thloanlsole (k.8g). A sample (l Og) was bulb distilled
to glve a purer product. Its propertles were in accord w1th those f""
described in the llterature.Su : | | | i
k A sample (SOO mg) vas oxldlsed to the sulphone by the procedure

desorxbed 1n the experlmental sectlon of Part I The sulphone was o

1solated by evaporatlng fo the solvent, and recrystalllsatlon from

water. Phenyl méthyl sulphone m.p. 880; had Prcperties,in accord R




with those described in the literature.’’

(b)  Ethyl phenyl sulphide

‘Prepared as for thioanisole. Its properties were in accord with

56

those deseribed in the literature.

(¢) Isopropyl phenyl sulphide
Prepared as for thioanisole, the solution being refluxed for
three hours to effect reaction. The properties of the pure isopropyl

oT

phenyl sulphide were in accord with those described in the literature.

(@) t-Butyl phenyl sulphide

This was prepared by the method due to Friedman, Ipatieff and
Pines.58 |
t—Bﬁtyl alcoﬁdl (15.2¢) wés added to a stirred sblutibn of
sulphuric acid (BOé) and ice (21.hg) at 0°. After stirring for
fifteen minutes, thiophenol (11.0g) was added to the solution over
‘half an‘hour, maintaining the temperature at 0%, After stirring for
one hour at 0°, and & further hour at room temperature, the solution
was poured on to ice,'and the‘product'extracted with ether, The.

ether solutlon vas washed w1th aqueous sodlum hydrox1de followed by

wvater. Evaporatlon of the dried ether extracts gave the almost pure

t-butyl phenyl sulphide, (12.hg., T4E) . ;Bulb'dlstllbmlon of the
crude sulphide gave the pure compound,'theiprOPertiesvof which were7 v» e
5T -

in agreement with those described in the literature.

(e) h,h'—Biphenyiylenebisethylsulphide

* This compound was~pre§ared by the method due to Adams;andﬁ:
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Ferretti.59

Cuprous ethyl mercaptide

This compound was prepared by a modification of the method
due to Adams, Nair and.Reifschneider.6o

Technical grade cuprous oxide (28.6g) was stirred with a
refluxing solution of ethyl mercaptan (24.8g) in dry ether (500 ml)
under nitrogen. After ten hours alcohol (100 ml) was added and the

solution allowed to stand overnight. The product was filtered off as

an off-white solid, and washed thoroughly with methancl to give the

cuprous ethyl mercaptide (4.0g., 80%).

4, L4'-Dibromobiphenyl

This was prepared by bromination of biphenyl in 60% yield, as

€1
described by Buckles and Wheeler.

klﬁ'-Biphenylylenebisethylsulphide

This compound was prepared by the method due to Adams and
Ferretti,”” o |

A stirred mixture of h,h'~dibromobipheny1 (5-28),[cuprous'~‘
ethjl ﬁercaptidé (5.5g), quinoline (20 ml)’aﬁa ﬁyﬁdiﬁé (e,ml)vW&S
heated at éOo° for six hours. The Prodﬁét ﬁas coo;ea4énd pbﬁred :
on to & mixture of ice (100g) and hydrochloriciacidk(so ml)& The
residue was washed with water, and crystaliiséd from éthanoi.’iThe‘;5:f
yellow ?rOduCt was récrystallised'from.benzené —'light'pétrcleﬁmf-

(after boiling with Norite) as colourless rhombs of L, h'~-

biphenylylenebisethylsulphide, m.p.'133-1359, (Lit.sg.m.p. 135~136°);fj}‘ 

(oo). e




A sample (0.5g) was oxidised to the disulphone,

L, k'-hiphenvlylenebisethylsulphone, m.p. 185—1870, (Lit.62 m.p.

187°).

(£)  (2,2)-Dimethyl-(1,3)-dithia[3. 0] orthocyelophane (XVs Y = "Mpzl

This compound was prepared by the method due to Parber and
Smiles 18 in T0% yield.

A sample (0.2g) was oxidised to (2,2)-dimethyl-(1,3)-dithia[3.0]

orthocyclophane tetra-oxide (XXIII; Y = CMe‘) m.p. 227*2290,

(Found: C, 55.6; H, L.3. 15”1h°?oh requires C, 55.9; H, k.4%).

i.r. {(mull) 1320, 1050 em ( (“O) )

(U) (2);pheny1~(1,2)—dithia[3.q1orthocyclophane (XV; Y = CHPh)

LG

This compound was prepared in a €0% yield, by the method
: s 18
due to Barber and Smiles.

A‘sample'(o.ag) was oxidised to (2)-vhenyl~(1,3)-dithial3.0]

6rthbcyclbnhane tetra-oxide (XXIII; Y = CHPh), m.p. 236-2380,

(Foundf ¢, 62.0; H, 3.8, ¢C 9th820h rpqulres C, 61. 6 H, 3.8%).

(mull) l3°0 1050 em -1 (s (=0) )

D1(phanIthnomethyl)ether (XLV)

A solutlon of thlonhenol (llg) dl(chloromethyl)ethpr (S 73)
and pota551um hydrox1de (5. (g) 1n ethanol (250 ml) was reflux&d for
,two hours. Water (SOO ml) was added to the solutlop, and the product

extracted with ether. Ev&poratlon of the drled ether and dlstlllatlon‘~*

gave d1(phanylthlomnthyl)nther, b.p. 13h°/o 3mn He, (11g., 857),
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(Found: C, 64.4; H, 6h.}. Cyy, th 0 requires C, 64.1; H, 5.4%),

Synthesis of ethers

(a) Aniscle and phenetole were commercial products.

(b) Isopropyl phenyl ether

Phenol (9.l4g) and isopropyl bromide (12.3g) were added to a
solution prepared from sodium (2.3g) in ethanol (300 ml). After
refluxing for six hours, the alcoholic solution was evaporated
(to 50 mls) and diluted with aqueous 10% potassium hydroxide (100 ml),
and the product extracted with ether. Evaporation of the dried ether

extracts gave a colourless liquid, a sample of which was bulb-distilled

: 6 .
to give isopropyl phenyl ether. 3 (Yield = 70%) (b.p. 1770)

t-Butyl phenyl ether

This’compound was prepared by the method due to Baddely, Smith
and Vickarﬁ.hT‘ |

Isobutene, generated by refluxing a solutloe of t~butanol (2 parts)
and 30% sulphuric acid (1 part) was passed into a mlxture of phenol
(471g), carbOnytetrachlqride (250 mi) and sulphurie acid (fwo drope)':e:'
at ca 8o until reaction was complete. The carbon tetrachlcride :

solut1on was washed w1th aqueous lO% sodium hydroxlde, drled and

: evaporated to give the ether, A sample was bulb-distilled to glve .

t—-‘nutyl phenyl ether, (31g., h57) (v. :p. 60 / 8mm Hg)

Dl(phenoxymethyl)ether (XLTV)

Phenol (9 kg) and dl(cn1°r°methyl)ether (5 YF) were dzssolved St
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in a solution from sodium (2.3g) in ethanol (250 mls), and
then refluxed overnight. Filtration of the solution followed
by evaporation of the alcohol gave a solid which crystallised

from 95% ethanol as prisms of di(phenoxymethyl)ether: its

properties were in accord with the literature.
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PART IIT

Partlal Resolution of Optically Active 2,2'-Bridged
Dithia Biphenyls. The Use of Variable Temperature
N.M.R. end Polarimetric Measurements to Estimate

Racemisation Energy Barriers

In Part IT of this thesis the geometry of the 2,2'-bridged
biphenyl systems was interpreted through the use of ultraviolet

spectroscopy and Drieding models. Another parameter, which is é

related to the geometry of the molecules, is the energy barrier
 which separates the enantiomeric forms of the disymmetric biphenyl
systems, This’energy barrier, known as the energy of racemisation,
is the energy fequired;to convert one enanfiomer into the: other"
enantiomeiic form. For,cénformational stability at‘foéﬁ temperétﬁre' PR
the free energy (AGF of the barrier must be at least ca 23kcals. molf”l.GS?
' For the 2 2'—br1dged biphenyls thls process 51mp1y 1nvolves“'
 rotating the blphenyl rings, cau51ng thec( - andcu 4br1dglng atoms to
" slip past each other. Normal brldges (from two to seven atoms) |
restrict the interconversion process to a.'ciéaid racemisation’ proce$s  
although 1f a long enough brldge is present 8 ch01ce of 'c1501d' or f
'transo1d racemlsatlon' would obtaln. The racemlsatlon prmcess

. may be represented“as follows:
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PLANAR INTERMEDIATE

The process 13 VlSUﬂllSPd to proceed v1a an 1ntermed1ate
iﬁ wh1ch~the blphenyl rlngs are coplanar.1 Thls 1ntermed1ate ““'“

‘ represents the molecule 1n its hlghest energy state durlng the,'  

racemlsatlon proceas. By measurlng the extent by which the bond
angles of the brldglng atoms are dlstorted from normallty, in
- accurate mogels of var1ous~;ntermedlates, estlmates of the eneréiédf{;f,j;g
of racemisation were 6b£ained by Misl§w}4OA1£hough\the calcﬁlatiohs‘
‘were in harmony w1th experlmental results, determ1ned by polarlmetry;k‘“

'thls may have been due to 8 fortunate cancellatlon of errors. Neverf} 'k¢




theless, such an empiriéal approach represents an important step
forward in understanding the nature of the racemisation process.
Mislow's work was based on the calculation of the bond angle
strain in the bridging atoms of the intermediate, In fact, only
the two-,three~ and four-membered bridges give intermediates which
have deformed bond angles. Longer bridges are so flexible that
completely strainless models can be constructed, giving a zero
apparent strain energy. Although models of intermediates of 2,2'-
bridged biphenyls with bridges containing more than four bridging
atoms are aﬁparently strainless, in reality the steric repulsion

between theel—~ andi) - atoms is at a maximum because of their close

approach:

Thus new angle strain must be set up as the two conflicting atoms
. éréif@fcéd apartkbykthebbppdsing van der Wadis'fdfées: Ih”1962;'L 

Mislow compared tbe énérgiés of taéémiéation @fitﬁé*hdm6¢jdiié:'




2,2'-bridged biphenyls (XLVI), (XLVII) and (XLVIII), and found

%0
the barriers to be of similar magnitude, i.e. FAN 6'* v 2k keal, mol l

e fH CHy QM CHy  CHy
- NC ,, CH——CH CHo CH, |
A oM N’
COEt COEY COR - CON CHCOH
(xLv1) (XLVII) : (XLVITI)
Although the effect of ring substituents on the racem1sat10n
process is unknown, Mislow suggested thesa effects should be
small h%nd that the similar energy barrlers for the blphenyl
systems were the result of two cancelllng effects. Thus the bOnd :
angle straln whlch decreases w1th brlng length and the repulslve ,
- van der Waals forces whlch increase with brldge 1ength compenaate :
each other, g1v1ng 51m11ar energy barriers wlthln the homocycllc |
'serles. “ ;
However, 91nce Mlslow 8 earller work the stereochemlstry of
three—membered 2 2‘—br1dged blphenyls whlch have heteroatoms ‘
1ncorporated 1ntQ the centreiqf brldge, have,beeﬁ studled.ug’ 66
A featuré of ail the three—mémbered bridgé éompounds is thejreadineES’

with which they undergo racemisation at room temperature, even when wff

the lerge SUIphone grOup is 1“°°TP0rated 1nto the brldge.' The three*;,nry‘

: ;,,.-7113’ -




membered 2,2'-bridged biphenyl (XLVI) claimed to have been
prepared in optically active forms by Ifland and Siegel in 19586T
and to have a AGY of interconversion of 23.3 kcals.mol_l, has in
fact a very low racemisation barrier, i.e. A‘a# ~~ 1k kcal.mol”l.66
Such a low interconversion barrier implies that chemical resolution

of the enantiomers as described by Iflend and Siegel would be
impossiﬁle under the conditions described. As a consequence of this,
the earlier conclusions of Mislow about the stebility of the series

of homocyclic 2,2'~bridgea biphenyls (XLVI), (XLVII) and (XLVIII)

Qere incorrect.

The fhermal instabiliﬁy of the three-membered bridged biphenyls
to racemisdtion may have its origin not in bond angle strain but in
another phenomenon. Turner 68 in 1958 suggested that the steric
intersction between the X - andWw - atoms of the bridge is of considerable
importance. ,Thus‘bridged biphenyls which have the van der Waals’®
enveldpés ofkthefx - aﬁd&} - atoms ih the bridge‘cloéé‘or touching :
,_éa¢h other wiil racemise ﬁore easily than where the repulsivek’ |
en;elopes are well separatéd." This is demonstrated in‘the
homocyclic 2,2'-bridged biphgnyls compounds (XXXVillg nao),{(XLVI),;‘:-'{

(XLVII) and (XLVIII). (See Table 5):. . . .=
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Table 5

Free energy barriers of racemisation: a series of homocyclic

2,2'-bridged biphenyls.

Compound - ~ Dihedral Anple AGT xcals. mol™*
XXXVIII; n=0 20 <9*

XLVI D 45 | ©1h,5% (23.3)

XLVIT (CIS) = 60 RUEENTE 23.3

XLVIII - } > 60 S 2h,5

¥ Determined by n.m.r..

A 31m11ar trend has also been noted by Mann et al‘:for a serles'

of 2 2‘~br1dyed blphenyls havmng arsonium groupq 1n theCX-and&)«  i»

| p051tlons of the brldge.yv" - - RiE G
The 1nterpretatlcn of the energy of racemisatlonbof 2 2;~Srgdged

blphenyls is Stlll not entlrely clear.‘ However, two factors appear

to be: 1mportant in 1ncreaslng the stabllity of the conformers.

Flrstly, large heteroatoms or heteroatom grouns stlffen the brldge; R

and also have a greater sterlc effect relatlve to “the: amall carbcn |

atom 1f in thea(-, anda) p051t10ns in the brldge.? Secondly, cptlcal i

kstablllty 1s greatly 1nereased if the brldge has four or mcre members.j o

Two methods are avallable for the meaaurement af the racemlsatlcn

barrler' polarlmetry and nuclear magnetlc resonance.k Polarxmetry 13




usﬁally used to study compounds which are optically stable at -

room temperature i.e. havihg an energy barrier A&x >23 keal. .molil

Onvthe other hangd, n.m.r, can only determine ;ower energy processes,
i.e. those for which AG*¢23 keal.. mol "', Both methods are thus in
& sense complementary to one another, Altheugh each method suffers
from certain disadvantages, much valuable information has been.
ebtainedkby their»use concerningvthe racemisation energy for bridged
»blphenyls.
0 The polar:metrlc method utlllses the optical act1v1ty of

suitable biphenyls.‘ Thus & suitably bridged biphenyl is resolved
(usually by the classical method using the formation of diastereoisomers)
into its’optieally active components; ’The rates of inteernversien
‘between thektwo ehantiomers are then foliowed by‘obsefving the Joss R
of optlcal rotatlon w1th tlme, at each of several temperatures (sultable
temperatures for use are ObVlOUaly governed by the 51ze of the energy |
vbaxrler) ' With knowledge of the rate constants for the racemleetlon
'process at several temperatures,flt is & simple matter to ealculate*=3j7
the thermodynamlc functlons for the proceae.:,(Forfaefgils‘dfyﬁhei‘fv'
method, see Luttringhaus and Rosenbaum?ne)ibk s

Because the blphenyls must be resolved for thls method to be ei?ijxxd
used, sultable carboxy, hydroxy groups etc. must be present to act‘
as “handles" for the classlcal dlastere01somer resolutlon method. ::;:idjfe
ThlS is- 8 dlsadvantage, because of the unpredlctable effect they »

' Wlll have 1n affectlng the value of the energy barraer* A more ;frw?¢ 




generally advantageous method. is partial optical resclution by

: e
column chromatography, ‘Luttringhaus“”’

achieved the partial
‘resolution of several racemates using a chromotographic column
packed with acetylcellﬁlose, and the method is claimed to be of
very general appliéation. The method of separation involves the
formation of unsfable "diaétereoisomers"‘at the absorbent surface,
each of which elutes at a different raﬁe. “Thus compounds without
"handles" on them can be»éuccessfully partially resolved, a
considerable advantage over the classical method, (For the
determination of rate constants; it is sufficient to have only
paftially resolved species present, providing that a reasonable
optlcal rotatlon can be observed)

- The n.m.r, method depends on the 1nterconver81on ot maénetlcally
non-equivalent protons. :If we take as our example-systema<of the

type (XLIX), each methylene group is magnetlcally 1dent1cal hav1ng

two non~magnetxcally equlvalent protons; HA and H

The presence of two magnetlcally dlfferent protons can glve rlse

to a symmetrlcal four-llne AB pattern. Whenhang‘enantlomeerzi;ifV
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interconverts to its mirror image, the magnetically dissimilar
protons switch positions, pfoton HA becoming proton Hﬁ, ete,
Because the n.m.r. process measures the protons on a time average
scale;'i e. a proton must remain in a given enviroﬁment for a
certaln minimum period of tlme to be recorded as a dlstlnct species,
8 rapld 1nterconver31on of the protcns will only be recorded as a
single peak in the-spectrum. Thus by recording the spectrum at a
low température where’the interconversipn»rate is slower,.a‘fully
resolved AB pattern'can be obtained,'ahd at a sufficiently high ?
temperature & sharp sinylet mey be‘fecorded.f Somewhere between
- these two temperatures thespectrum.of the protons w1ll appear as o
'broad peak (the coalescence'temperature) Frcm a knowledge of the
coalescence temperature, the coupllng constant and the chemlcal !
shift between the two protonsfln the,resolved AB pattern,,the free',
| energy of the. 1nterconvers;on prccess can be calculated by the use fw
of two slmple equatlons.‘ "

Kc ” AV 2" o GJABQ)i ““ @ e .

‘ , #/E; , :

d ;AGT"# 1&.57ch (10.32 e Log Tc) - @ .

where Kc 1s the rate of proton exchanpe at the coalescence temperaturef;; 7

Tc, and JA is the coupllng constant adeSv the chemlcal shlft

separatlon cf the HA and HB protons 1n the resolveﬂ apactrum.,;vfg.;ﬂ~,«f;ﬁ




Unfortunately the AB pattern does not always occur in the
spectrum, even when it is expected. The chemical shifts of the
protons may be very similar, or the solvent can cause the shifts
to be similar. Lack of an AB pattern in a spectrum does not necessarily
mean the biphenyl system is interconverting rapidly at that
temperature; it is important to observe the structure of the AB
pattern ctange to a singlet,
A number of the 2 2'-br1dged dithia blphenyls appeared
excellent systems on whlch to attempt varlable temperature n. m‘r.
studies. All the compounds with isolated methylene groups gave
clearly resolved AB patterns at room temperature 80 the spectra
were recorded at elevated temperatures to induce the patterns to l
collapse. In fact all the AB patterns remalncd fully resolved up’l
to the instrumental limit of °OO° (A hlgher,temperature mlght “
decompose the compounds, in any caseJ{ Calculatlon of the mlnlmum
‘ energy of racemisation for these systemq (us1ng the h1ghest temperature e
’obtalned in place of Tc, in formulae (:)) showed that all the ‘
compounds would have a free energy barrler greater than the 237kcal.mol 1;’
necessary for optlcal stablllty at room temnerature. (uee Table 6) |
kThus the followlng compounds would be optlmlly stable at room

emperature.




Table 6

- Minimum free enerpgy barriers of racemisation: some

2,2'-bridged dithia biphenyls.

Compound ; -~ Solvent ZXOFAB : ‘,JAB T max 136*'min.

¢/s e/s K. kcals.mclwl

Ma-1 b s s s 2o
‘XX\‘,,,‘ o ‘;. : D¢B ;  , 13.5  - ‘15 =ﬁhf3i::" 2é~§:iT/i
m’ i 'CHQ, : N ’ ‘TCVB S '11‘}5 | h73 238

‘xX‘X;‘ Y u'gcnécengcné T™B 305 6 W73 237 -

TCB ‘= 1,3,5-trichlorobenzene . . . .

DCB = Tﬁgfdiéhloiobenzene:

v




CHy CHy  CH, CHy  CHy Ch

(XIXI; n-:l.)’ , (xx) o | »‘ ‘(’XXI)

(xx Y=cng)" e (00t; ¥=Cite,) (Yxx Y=PH : 5”h c ) ' H

The dlmethylene brldged dlthla blphenyl (xvni nwz) also iff’s<57ft*“
exhlblts a complex Ang pattern whlch remalns lnvarlant un to 200
and ‘this compound is also 11kely to ba optlcally stable at room ja" 
' itemperature. These results gave confldence that all the 2 2'

brldged dithia blphenyls should be. resolvable with the pOssible : &,vQ_

ML




exception of the smallest bridged compound (XVII; n=1). The
tétra-oxide derivﬁtives of thé dithig compouhds should haﬁe
increased stability to racemisation. |

Having established’that the'2,2'-bridged dithia biphenyls
should bé stable £§ interconvefsion»at rooﬁlfemperature,‘it seemed
logical to examine the varisble temperature n.m.r. of the ether
analogues to assess their stability. (See Table 7). The two
2,2'-bridged ether compounds with isolated methylene groups and
- the dimethylené bridged éombound vere éelected as systems which would
be most likely to yield information sbout the interconversion energy

barrier, i.e. the compounds shown on the following pagé:

Table 7 |
Free energy barriers of‘racemiéation: SOmé'“ 
. 2,2'ébridged ethef'bipheﬁyls “a
Compound =~ Solvent AVrn 3 me "AG’*kc&i 'mol"i
- 8Vpn. A 7T BT RERETES

elsefs

XXIX; nel. S CD013 - ‘, ';; ,‘?fi‘ Vii ":" - ,1

XXVII;m=2 o CDClL, 15 1~<;f'ﬂ“'311;?.?¥77~ﬂa&z 16 - g

3

XOIIL el 7.6 12 299 150




{XXIX3; n=1) | (XXVIII) : - (XXVIT; n=2)

The’fifsﬁ éomoound to be examined ﬁas tﬁe diméthylehe ,
brldged dlether (XXVII n=2) The four methylenerproton§ gave A
structureless broad:peak at 5 87C at 38 ~On cocliﬁg to’OO‘,a
resolved complex A2 2 pattern was obtained, whlle on heatlng the =
solutmon the methylene protons vere obserVed as 8 51nglet at 1000
( ee Flgure 2&) Estlmatlon of the free energy for the 1nverslon 5
process is very dlfflcult because of the complexlty of the spln A
coupllng.k However, the fact that 1nterconverslon on the n m. r.
txme scale occurs at room temperature, 1nd1cates the extreme lablllty
kof the system compared wlth the more stable sulphur analogue.1 ThE‘
energy barrler for the 1nterconvera1on proceas was estlmated to bew
k'ca 16 kcals.mol l, from the nalt neak w1dth at the coalescence e

‘temperature u51ng equat1ons (:) and (:)
ke T - @

Jﬁ; Toab
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vhere AV equals the half peak width at coalescence. (It is

fully realised that equation (3) epplies strictly to the unsplit -

H, Hy system.TQ) Since the major governing factor in the estimation .

of the free energy barrier is the coalescence temperature, an

error in the raﬁe of exchénge constant will be less serious, and

such a calculation although approximate is meaningful.

The methylene protons of the o-xylylene bridged compound

k(XXVIII) gave a four line AB psttern st 0° which collapsedkto 5

singlet at 100° (seé figure~25). From the temperatufe of coaleséeﬂce
(260)‘ the coupling constant and chemical shift sepération‘of the

two protons the free energy barrler of 1nterc0nver31on was calculated

to be 15, 0 kcals.mol l ; .

Flnally, the methylene protone of the trlether (XXIX n=l)

gavé a 51ng1et down to -60° in the solvent used (CDCl ). This muat

be & case of chemlcal equxvalence due to an effect other than 8 rate
process. The calculated energy barrlers of the two ? 2'~brldged

kdlether blphenyls (XXVII, n=?) and (XXVIII) are well below that of

the mlnlmum free energy needed for optlcal stablllty at room ] f” ey
.‘temperature, 1.e. 23kcal.mol (See Table 7) i ‘! ’ Sk
| Havxng establlshed the lablllty of the 2 8'~br1dged dlether ; ;? }vH

. blphenyls, and the stablllty of the 2 2'~hrldged dlthl& hlphenyls,k7iK ;_:;

it was decided to try and’ partlally resolve the racemlc compaunds

by the method used by Luttrlnghaus et al.?g  4A@ mentxoned on page 117‘ff'*

: ,Luttrlnghaus succeeded 1n partlally resolv1ng several racemle compoundsilﬁi




N.m.r. of the dimethylene bridged diether (XXVI; n=1) ; |
| LIS ‘
o 10 e/s
100°
0° 38°
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including the cyelie disulphide (XXXI):

CH2 JCHZ (xm)
S S

The cleee relatienship‘of this compound tb our own seeies indieated
this to be a promising method. : o | -
The chromatography procedure requlres a long column, to
aehleve a reasonable gseparation of the enantlomerq, and the Woelm
acetylcellulose absorbent is recommended tc be ueed wzth elther
'ethanol or benzene as eluents.’ For the cynlxc dlsulphlde (XXXI),~
benzene was used a8s the eluent, and 1t was assumed that thls wculd 7
’ be the preferred eluent for our compounds also. The toxlc nature fl
’of benzene prompted us to use toluene in 1ts place, and ve have o
,found that this eluent works equally well for the resolutlon of the
CYCIlc dlsulphlde (XXXI) Be51des belnp much 1ess tnxlc,’the uee of ni;;"
toluene (m p. *95 ) may have the addltlonal advantage that 1t can o
: be applled to low temperature chromatogrnph1c resolutlon of more ;x°~277'“w
lablle compounds, thls 13 1mnosslb1e wlth benzene because of lts

‘hlgh freezxng p01nt (5 5 )

We have succesefully partlally resolved several 2 2'-br1dged»ivigf:'q

dlthla blphenyls, and hone to be able to resolve rurther compounds‘fa“f4~fﬁ
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in future work. The method apparently fails with a number of
compounds, but this may be due to the limitations of our polarimeter.
As might be expected, the smallest three-membered bridged compound
(XVIII; n#l)'was'bne of the compounds which remained inactive after
chromatography. In this particular oompound the failure to effect
a‘separation may be attributed to inherent labhility. We have
measured ﬁhe racemisation of one of the cyclic dithia'compounds

(XIX, n=1) at several témperatures, snd from the resulting rate
constants, have caiculated the values of the’thermodynamic functions
for the process to be: AFa = 27.1 kcal.molnl, AG’* = 27.2 kcal.molfl,
AH*# 26.4 kcal.mol-l’ and AS¥ = -2.3 eal.mol T deg.;l : (Fér

méthod see'experimehﬁal séétion’.* Tbe'valﬁe orrthe'freé énérgy-iak;

- higher thaﬁ that of the homocyelic compound‘(XLVIII):&hich’céhfirms{ 
the‘higher stability of the systemskto interconversion,‘when cafhoh 5
atoms are replaced by the larger sulphur atomsQ This’éffeét ﬁdé 31§0j   

Al

. been reported by Luttr1nghaus in the four*m@mbered 2 Q‘Jbr1dged
biphenyl compounds. 59: ,;:1 B T S
Obviously the next stége Qill bé'to C&rfyyout’dpticalbiotatioh fg"nb
kstudles on the other partlally resolved compounds, and calculate the 5  ; 4
barriers of racemlsatlon., Th:xs_wouldsupply,s{)me Very 1MPortant ,,f L kH‘
1nf°rmgt1°"’ especlally if the’ﬁaf¥iérs of th§‘iéhgesﬁ,ﬁridgéd ﬁa,;# e
' compounds'éan Be ﬁeasured. L7 | k ‘ | " '  |
, In conclusion, the lablllty of the 2 2‘—br1dged ether blphenyls sj?li

in comparlson with the very much hlpher optlcal St&blllty of the   ff. iff;

=126 -



sulphur compounds has been established. This large difference

in stability may be attributed in part to the large difference
between the size of the sulphur and oxygen atoms. So far it has
been assumed that the sulphones will be the most optically stable
compounds, and to show that this ié the case it may be worth while
oxidising the partially resolved disulphides to their disulphone
derivatizs, aﬁd méasurihg the barriers to inversion of the optically

active disulphones.

Experimental

‘Variable tempergture n.m.r. experiments were performed on
a Perkin~Elmer 60 mega¢ycle‘instrument fitted with a variable
tgmperéturé’probe._ Temperatures were measured with‘a,thermocouple.

Optical rotations were measured on a Bellihgham and St&nley’
visual polariméter fitted with a sodium lamp. .

Optical rotétions kinétic‘stuﬁies vere performed ét Sheffield,
University on arBeilihgham and Stanley Polarimatic 62 iﬁstrﬁmént,
using a O;S em q@artzvcell. e o

’All the 2,2Y*bridged ditﬁia biphenyls vere prepared as
described in Part I of this thesis. |

The 'Woelm' acetylecellulose was. obtained from Koch Light Lﬁd;

Shell 'technical' grade toluene, pre-dried over calcium‘chlafide, 

and then dried over sodium wire, was used as eluent.

TiART




Partial resolution of the racemie dithia compounds

(a)  (1,3)-Dithia[3.0]orthocyclophane (XVIII; n=1)

Acetylecellulose (200g) was ground in an alumina ball-mill
and passed through a 100 mesh B.S. sieve. The fines were allowed
to stand under dry toluene for 48 hours in order to allow the
cellulose to swell. The resulting slurry was poured into a 120 x 2 cm
column, and dry toluene (200 ml) allowed to percolate through. The
dithia compound (XVIII; n=1), in toluene (10 ml) was admitted to the
column, and eluted with dry toluene at a rate of 12.5 mls an hour.
After 350 mls of eluent had passed through the colgmn, 10 mls fractions
were collebted under pressure until all the product was eluted from ‘
the column. The fractions containing the dithia compound were located
by t.l.c. and exsmined polarimetrically, using 10.0 cm tubes.
Rotations ﬁére measured using the sodium D line and are direct readihgs,
not specific rotations, (Unnecessary evaporation processes were

avoided, to minimise racemisation of the compounds.)
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Results (w - weak, m — medium, s - strong)

Fraction Volume Rotation o(D° Solution

ml Strength
1 10 0.0 W
2 " " W
3 " " m
" " 8
5 " " s
6 " " s
T " " 8
8 " " n
79 " " m
10 " " W
o vt R \ W
12 " " | w

(b) k (l,h)—Dithié[h.d]oftﬁocyciopﬁane (XVIiI; n=2) .
| 1;A soluﬁiQn ofrthé dithia compound (XViIIj naé)‘(lgdg)ﬁin

_tdluene vas eluted dowh the’above column (& column can he uséd“ o
repeatedly, provided‘pure compounds are used) in ihe same maﬁnerv

to give the following results:

1‘-’129'_ 1;




Fraction Volume Rotation.o(D° Solution

ml Strength
1 10 0.0 W
2 " +0,2 m
3 " +O;h 8
L " +0.2 s
5 " 0.0 s
6 " -0.1 s
T " ~-0.2 s
8 " -0.2 s
9 " -0.2 n
10 " -0,1 m
1 y 0.0 v

(e) (1, S)~D1th1a[5 Q}ortbocyclouhane (XVIII n—?);

A solutlon of the dlthla comnound (XVIII n=3) (0. 75) in
toluene (10 mls) was eluted down the above column in the usual
manner. On examlnatlon of ‘the active fractlone by polarlmetry '

the follow1ng results were obtanned'
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Fraction Volume Rotationcxo° Solution

ml Strength
1 10 0.0
2 " +0.1 m
3 " +0.45 s
L " +0.2 8
5 " -0.1 s
6 " -0.2 s
7 " -0.2 s
8 " -0.2 8
9 " -0.1 m
10 " 0.0 W

(a) (1,65~Dithia[6.d]orthocyclophane (XVIII; n=k)

A séiuiioﬁ of’the dithia éompound (XVIII; n=k) (1.0g)
in toluene (20 mls) was eluted through the column as above.  On-
examination of the ffactiods‘ndkoptical rotation was recorded.

(Possibly due to lack of sensitivity of the instrument.)

(e) (l,5)—Dithia*j§)—oxd[5.oﬂorthocyclophaﬁé (XIX; nél)"

The dithia compound (XIX; n=1) (1.0g) in toluene (10-20 mls)
- was eluted through the column as usual. On examination of the active

fractions by polarimétry,the following results were obtained.

-am-




Fraction Volume Rotationctoo Solution

ml Strength
1 10 +0.3 w
2 " +3.3 s
3 " +2.0 8
L " +0.,5 s
5 " -0.5 s
6 " -1.0 s
T " ~-1,1 s
8 " -1.1 s
9 " -0.7 )
10 | " ~0.7T s
11 o " -0.5 s
12 o ~-0.3 m
13 " ‘ ~0.2 ‘w |

, (f) (1;7)-Dithia—(h)-oxa[Y.O]orthocyclophane (XIX; n=2)

A solution of the dithia compound (XIX; n=2) (1 Og) in
toluene (10-20 mls) vas eluted through the column, and the fractlonq

- gave the following rotatlons'
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Fraction Volume Rotationtxp Solution

ml Strength
1 20 +0,35 s
2 " +0.05 )
3 10 -0.15 3
L " -0.2 s
5 " -0.15 S
6 " -0.1 s
7 " -0.1 8
8 " ~-0.05 m
9 " 0.0 w

(g) (1,10)-Dithia[2.2.0]orthocyclophane (X¥X)

The dithia compound (XX) (1.0g) in toluene (10-20 mls) was
eluted down the column in the manner described. Fxamination of

the fractions by polarimetry showed the compound to be unresolved.

(n) jg,h:5,6)—Dibenzo—(2,T)fdithia[8]metacycloéhﬁne (XXf)V

; A‘solﬁtibn of the dithia compound (XXI) (1,0g)rin to1uene‘
- (10-20 mls) was eluted down the acetylecellulose column in the

above manner; the active fractions yielded the following rotations:
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Fraction Volune Rotation o(Do Solution

ml Strength
1 10 +0.05 m
2 " +0.15 s
3 " +0.25 s
" +0.2 8
5 " 0.0 S
6 " -0.15 s
7 " -0.20 8
8 " -0.1 s '
9 " ~-0.1 8
10 " -0.05 m
11 " ~-0.05 m
12 " 0.0 W

(i) (ejh) Dlthlaﬂjjorthocyclophane (XXX Y=(‘H ~)
A solution of the d1thla—0rthocyclophane (XXX Y==CH ) (0 '{g)
in toluene (5-10 mls) was eluted down the acetylcellulose column

in the usual way. The fractmns showed the follow:.ng rotations:

e




Fraction Volume Rotationcto° Solution

ml Strength
1 10 0.0 W
| 2 " +0.1 m
3 " +0.45 5
N " +0.k 8
5 " +0,2 ]
6 " -0.1 8
T " 0,35 ]
8 " -0.35 s
9 " -0.25 s
10 " ~0.,1 : n
11 " -0.0 W

Recemisation Rate studies on optically active (1,5)-dithia-(3)-

oxa[5.0] orthocyclophane (XIX; n=1)

Solutions of the optically active dithia‘compoundv(XIX; n=1)
(ca 100 mg) in xylene (5 ml) were used (each solution was uéed for
several kinétic'rﬁhé).” For the kinetic studies, a thérmostatted‘
watef—heated 0.5 em optical éell was used,‘apd‘a pefidd of téﬁ""v
minutes was allowed betﬁeen‘filling ﬁhe cell and the first opticé1
rotation réading. ‘The racemisation was foilmﬁed,by éontiﬁubuS  o
measureménﬁ of the rotation at a wavelength of 370 nm. Results

vere obtained at five different temperatures (See Tables 8 *‘12) .
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the rate constants (See Table 13) being calculated from the half
life of the reaction by the following equation. (Half life

obtained by plotting log Ky against time.)

K, = 0.60 sec ™

t
2!

where Kt is the rate constant and t% is the half-life of the

reaction in seconds.
The activation energy for the racemisation process was

obtained from the rate constants graphically using the Arrhenius

equation (See Graph)
Log K£ = - _Ea + Log K0
2.303 RT
vhere Kt is the rate constant, R is the gas constant, T is the
temperature in degrees K and Ea is the activation energy of the
process.,

The enthalphy of activation (pAH¥ ) is éasily obtained from

the energy of activation using the relationship

ARF = AEa - RT
where T is the éverage’temperature of the‘exﬁeriments‘in degrees K.
The free enérgy‘of activation (‘AG* )fis obtained usihg the
" Eyring equation: - ’ o e
ac¥ = - h.S'(}B’I‘Log Kt.h :

a———

T K5

o = 136i— S




where h 1s Planck's constant and KB is the Boltzmann constant.

Finally, the entropy of activation ( AS¥ ) is obtained

from the equation

as¥ = _an* - Ac*

TABLE 8

Racemisation of (=) (XIX; n=1) at 65.0° + 0.2°

Time (min) Rotation o 0370

0 0.1655

33 0.1615

67 0.1560
122 0.1470
155 0.1390
186’, | 0.13k5
27 © 0.1205
251 0.1240
282 Q.1195
315 10.1150
360 ' 0.1090

-




TABLE 9

Racemisation of (+) (XIX; n=1) at 69.0° + 0.2°

Time (min) Rotation & 0370
0 0.159
48 0.1465
90 0.136
130 0.1265
170 0,118
207 : 0.1105
2L6 0.102

TARLE 10

(o]

‘Racemisation of (+) (XIX; n=1) at 76.0° + 0.2

“Time (min) Rotation e 0370

o 0.158

- 15.5 0.148
%0.5 0.1335
64,5 0.121

80 . 0.113

. 90 - 0,1095

105 . Q.ios

ns 0.096 |




TARLE_11

Racemisation of (+) (XIX; n=1) at 80.8° + 0.2°

Time (min) Rotation & 0370

0 0.167
36 0.127
T1 0.0985
106 0.078
1k 0.062
174 0.050
208 0.0395
26k 0.025
300 0.020

TABLE 12

Racemisation of (+) (XIX; n=1) at 85.0° + 0.2°

Time (min) | Rotation & 0370

0 0.165
14 0.140

3b5 0.111

52 0.3
€9 v O.b?’(
86 ' : 'o.OGh

103 | 0.052




TABLE 13

Rate constants of racemisation of (XIX; n=1)

‘t%(sec)xloﬁ?’ K, x 10° (sec™™) 1% +0.2
35.4 1.95 65.0
23.2 | 2.97 69.0
9.96 6.93 76.0
6.18 11.2 80.8

3.72 18.5 85.0

Lo




The Arrhenius Diagram for the Racemisation of the dithis compound {(XVIII; n=1)

1

N . . L
© o.ooeBs - 0.00295
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AFPPENDIX 1

The Preparation and Thermal Degradation of Some -

2,2'-Biphenylylenebisdialkylsulphonium salts = =

We have found that 2,2'—biphenylylenebisalkylsulphides react’
with dimethyl sulnhate to glve the dlsulphonlunAsalts in good y1e1d.
Thus 2 2'-blphenylyleneblsmethylsulphlde fXXV; X =Me) and its
ethyl analogue (XxxXvy X = Et) on heat1ng wlth dlmethyl sulphatev
gave the corresponding dlsulphonlum salts (L) and (LI). On heatlng
some of the 2 2‘~br1dged dlthla heterccycles w1th dlmethyl sulphate,

black tars were obtained, which could not be purlfled.

B : . ‘ - ' ST

| "’?Meu !4 o znfeqoh"

SMe, SMey| SMczEt Vet

IR &

(15 e Sy

The thermal decomposition of the dlsulphonlum»dlmethosulphates
(L) and (L1) is of cons1derable 1nterest, 51nce 1t procaeds ina:

‘manner wh;ch is novelvln sulphur chemxﬁtry. Thue thermal decomposltlcn




of the dimethosulphate (iL) gave both the bisalkylsulphide (XXXV;

X = Me) and dibenzothiophen. On the other hand the dimethosulphate
(LI) on decomposition gave the two bisalkyisulphides (XXXV; X = Me
and Et), the "mixed alkyl" compound (LII) and dibeﬁzothiophen. It

is significant that in the non-heterocyélic products of the last
decomposition rééction, the bismethylsulphide (XXXVy; X = Me) was

the most sbundant and the bisethylsulphide (XXXV; X = Et) the least
sbundant product, in accord vith the greater ease with which an ethyl

group is generally ejected in such reactions.

SMe SEt

(L.I1)

We have found the amount of dlbenzothlophen produced in these thermal S

decom9031t10n reactxons is dependent on the temperature, gndAbelow
kngO the product is in some cases free from dlbenzothlophen.
Analogous therm&l decomposltlon reactlons are knovn for

comparable nltrogen, phoephorus and arsenic ccmpounds 71 7? 73

and the thermal decomp081tlons descrlbed here &ppear to be &ddltlQn&ljsﬂkfy

examples of thls tvPe of reaction. The productlon of dlbenzethlophen‘”i"“

is thought to take place v;a an internal nucleonulllc, reactlon as fﬁ :

follows.







EXPFRIMENTAL

V.p;c. dnéiysis were carried out usihg a Pye'model 64 pas
chromatograph" fitted with a 6 ft. spiral glass column packed with
chromosorb P coated withys%'S.E.SO. silicon oil. An argon ionization

detector was used.

The bisalkylsulphides (XXXV; X = Me and Et) wefe prepared as
descrlbed in Part I of thls the51s. Dxbenzothlophen was prepared

from blphenyl 2 ?'-dlthlol by the method due to Barber and Smlles.la

Synthesis of disulphonium salts'

(a) gj?'—Blphenjlyleneb1sd1methylsulphon1um dlmethosulphate (L) ’
2, 2’—Blphenylyleneblsmethylsulphlde (XXXV*‘X = Ma) (l Og)
'was heated wlth dlmethyl sulphate (l Og) for four hours at 95 | On
~cooling a crystalllne solld,depQSLted, whlchvwa$jground w;th &cetcne A
and then récintaliiéed ffom>éthéholftd'givé’coiéurlesslpfiéhs;f‘1 -1iﬁ
m.p. 103~108O (l hg.,’ 67 2. After many recrystalllsatlons
analytlcal values were stlll unﬂatlsfactory. and the n. m. r. apectfa 4
: _1nd1cated that ethanol was present, even after drylng at 60 . ‘A‘fff?
’dlplcrate was prepared to 1dent1fy the dlsulphonlum salt, The ‘bfik“'

vdlplcrate was prep&red by m1x1ng hot aqueous solutlons of tha

‘ dlsulphenlum salt ‘and sodlum plcr&te., The crystalllne dlpmcrate

had m. p. 176 (Pound c, hé.g, ﬁ. 3 2 N 11 3. 28H?h82°1hN6




requires C, 46.1; H, 3.3; N, 11.5%).

(b)  2,2'-Biphenylylenehisethylmethylsulvhonium methosulphate (LT)

2,2'-Biphenylylenebisethylsulphide (XXXV; X = Ft) (0.5g)
and‘dimethyl\sulphate (0.46g) were heated for four hours at 70°,
After cooling and trituration with acetone a colourless solid Qas
isolated, m.p. 160°, (0.45g., LT %).

The yellow crystalllne dlnlcrate was nrepared to characterlse
‘the diSulphonium’salt m.p.»169°, (Found} c, h6;9; H, 3.h; N, 1Q.9,

30 28 2 th6 requlres C 47.3; 3.T;’N, 11.1%).

Thermal decoﬁnosition of disg ulphonuum salts

(a) 2 2'—Blph@nyljleneblsd1methylsulphonaum dlmethosulnhate (L)

‘The dlsulphonlum salt (0 lg) was decomposed by heatlng 1n a
bulb tube at 0 2 mm., 1n an air bath. The dlstlllate was washed from i
kthe receiver wlth ether and the solutlon used dlrectly for vapour -
phase chromatogranhy (v p. c.) at OO . e o |

‘(i) decomposition below 180°

V.p.c. examlnatlon of the ether extract showed one. comnound .
to be present ‘Rt 5 6 min; comnarlson w1th authentle o
‘ materlal showed this to be the blsmethylsulphlde (XXXV X = Me),

+ Rt Se 6 mlﬂ»

(ii)‘dpcomp051t10n between hO ?SO
“ V.n Co analysls of the ether extract showed twm p@aks,
; _wlth Rt 2. 6 and 3 2 mln., the 'new' peak belng shawn to be

dlbenzothlophen by comparxson w1th authentlc materxal., ﬁ‘

‘ ﬁ”he ratlo of dlbenzcthlophen to the blsmethylsulphlda was ?:8{ $'




(v)  2,2'-Biphenylylenethylmethylsulphonium dimethylmethosulvhate (LI)

The disulphonium salt (0.lg) was decomposed by heating, as
above.

(i) decomposition at 240°

V.p.c. analysis of an ether extract of the distillate
-ghowed four peaks having Rt 3.2, 5.6, 6.3 and 7.1 min.
The first two are due to the blsmethylsulphlde (XXXV'
X = Me) and dlbenzothlophen the peak w1th Rt 7 l mlh.»
was due to the blsdlethylsulphlde (XXXV X = Ft) while the
peak at 6.3 15 probably due to the ethylmethyldlsulphide |
| (LID The ratio of the products dlbenzofhlophen,
| blsmethylsulphlde (xxxv- X = Me) blsethylsulphlde (xxx,
X = Lt), and ethylmethyldlsulphlde (LII) was 0. OS 51 1 b,
Cn 1ncrea81ng the temperature of the decomposmtlon to  -3‘

0

3407, the dlbenzothlophen in the product 1ncreased to 9%.




- APPENDIX IT

The formation of organo-metallic complexes with
the dialkyl and dibenzyl derivatives of o-xylylene

dithiol (V) and biphenyl 2,2'-dithiol (XVII)

Organlc sulphides readlly form co~ord1nat10n compounds w1th
many transition metal catlons, e.g. palladlum (II), mercury (II)
and platinum (II).‘ Organic‘¢6mpounds containing two‘gultably
orientated sulphide‘groupé can act as éhelate ligandévﬁifh,é
‘number of (b) class metals, For‘ekample 1 5~dia1kyi~‘andv5iarylf o
' dlthloethanes form 1:1 complexes of structure (LIII) with moat
(b) class metals.? -
R
CHZS
\34
l
,?"
CHZS
R

xl

- (umn S
It would appear ‘that the dlalkyl ‘and d1benzy1 der1vat1ves f  
~of o-xylylene dithiol (V) and blphenyl 2, 2'~d1thlol (XVII), have
sglphlde groups sultably d;sposed to ‘act’as‘novei chelate';lgands{f‘ﬁ» i‘ 

" We have prepared a nunber of 1:1'éo*ordination’coﬁhbunds, by heating";j'f

;.:&:%41h5;5l1f_j3“




the disulphides with potassium tetrabromopalladite or potassium
tetrébromoplatinite in agqueous ethanol, A speciman of each type
of complex was submitfed for molecular weight determinations by
the vapour pressure - thermistor method. The results confirmed
that the complexes~are‘at least monomeric énd would appear to

have the following structures:

S G

‘;.‘(uv> e o s (LVIY

Whereas the dlalkylsulphlde compounds formed highly crystalllne;‘%’f

complexes wlth the platlnum and palladlum aalts, the heterocyclxc ﬁ»i»f'*

sulphur compounds formed 1nsoluble, non—st01chlometr1c and amorphaua e
‘substances whlch were presumed to be polymerlc. The preparatlon

e of the latter complexes was not pursued.




EXPERIMENTAL

' The disulphides were prepared as described in Part I of this
the#is. |

Molecular weights vere determined by the vapour pressure -
t@ermistor method in methylene chloride. The homogenelity of‘the

compléxes was established by T.L.C.

The complexes of the o~xy1ylenedisulphides

()  Dibromo(o-xylylenedimethylsulphide)palladium (II). (LIV; R = Me)

A hot saturated solution of aqueous ethanolic potassium
tetrabromopalladite (10& mg) was added to a hot solution of
| o-—xylylenedlmethylsulphlde (XXXIV; R = He) (40 mg) m ethanol ( 5-10 mJ.).' “
After coollng the solutlon fine brown,crystals or the complex vere i
dep031ted. The product was flltered off and washed w1th hot ethanol
to glve the pure product, m.p. dec, (Found C 25 6 H 2 95 ‘

¢, -H hs PdBr requlres c, 25 8; H, 3. 07}

1071 2 , S , :
(v) - leromo(o-xylylened1ethylsulphlde)nalladlum (11) (LIV R = Et) S

Thls complex was prepared by the method (a) to glve tamgerlne §,
crystals, whlch were recrystalllsed from chloroform. The compaund

lelaggPdBr requlresv;

had, m, pv 218" 20 c (Foundc C’ 29.’4‘ H' 3-707 C

e, 29.5, H, 3.7%).

Ae) leroma(o-xylylenmdlbenzylsulph1de)nalladium (II) (LIV R = PhCHEMl
The dlbenzylsulphlde complex (LIV R El PhCH ) was prepared R

, under the condltlons descrlbed 1n preparatlon (a), and was 1solated %ﬁQli

s orange crystals, m,p. 186~l88 , (Found' C, h2 T 3 25.:,;f:

,CgoHEQoQPdBrg requmrea c,\ha 8 H 3 60%) (m wt.:f hS? (cala 617))

i‘.,- 150 - o



The complexes of the 2,2'-biphenylvlenebis~sulphides

_(é) ' Dibromo(2,2'-biphenylylenebismethylsulphide)palladium (11)

(LV; R = Me)

This complex wés made under the usﬁal conditions, and
crystallised from the hot aqueous‘ethanolic solution in purple
crystais, m.p; 255—2570; (Found: C, 33.3; H,f2.80. thth PdBr

requires C, 32.9; H, 2.757%).

(p) Dibromo(e,2'ébiﬁhenylylenebismefhylsulphide)ﬁlatinum'(II)

(LVI; R = Me)

- The complex (LVI; R = Me), WaS‘Prepared by the usual method
and was isolated as orange erystals, m.p. 229-231°, (Founas €7~

28,23 H, 2.30. Cthth PtBrg‘requires C,‘27;95§ H, ”2.35%)Q

(e) leromo(z 2'~b1phenyly1enéb1sethylsulph1de)palladlum (II)

(LV R = Ft)

After treatlng the blsethylsulphlde &XXV-‘YMbt) with
, potas31um tetrabromopalladlte, orange-red needles of the complex f

‘were formed The complex (LV R = Ft) had, m. p. 2&5 . dec

(Found c, 36 1; 3 1. léﬂlBQ PdBr requmres <, 35 8 3 3 %)fi,_J 7

(d), D1bromo(2 P'~b1phenylyleneb1sethylsulphidn)platlnum (II)

(LVI R=Ft)

After treatlng the blsethylsulphlde @VYV XﬂFt) wlﬁh pota331um; by

tetrabromoplatlnlte in the usual manner, “the complex crystalllsad :f fo5,

from solution in flne orange prlsma, m. p. 1&8 lSO . dec ca 150




(Found: C, 30.7; H, 2.60. C, ¢y g8 PtBr, requires C, 30.5; !

(e) Dibromo(2,2'-biphenylenebisbenzylsulphide)palladium (II)

(L R=rPhon, )
The complex ( LV; R = PhCH2 ) was prepared in the uaual vay ,

and crystalllsed from the aqueous ethanol in scarlet nﬂedleq,
m.p. 206-210k, (Found: C, 47.0; H, 3.15. C, o6 22%2PdBr2 requires

C, 46.9; H, 3.3%) (m.wt = 428 (cale €65)).

(£)  Dibromo(2,2'-biphenylylenebisbenzylsulphide)platinum (II) -

(LVI; R = PhCHeulf

The complex*(LV’ R = PnCH, ) was made by the usual method
and crystallised from.aqueous ethanol 8s lenon prlsms, m. p. 300 y

. y
(Found C, 41.8; H, 2. 627 26H°2 2Pth2 requlres c, hl h ‘ 25953)? N

(m wt.'a 533 (calc 753 5)).




APPENDIX III

Results of Biological and Vuleanisation tests on
some sulphur compoundspcarried out by Monsanto Chemicals

Limited Research and Development Department, Ruabon

RESULTS ON COMPOUNDS (14.8.69)

(a) Biphenyl 2,2'-dithiol (XVII)

Results: Some act1v1ty in funﬁlvtatlc screen,

\1Asperglllus nlger 0. OLW, Pencllllum expansum 0. OO? %
Inactive in bacteriostatic screen and insecticidal
and herbicidal screens.
N§\activity as vulcanisation acceleratcr.  Marginal
 to moderate activity in antiozonant annulus test,

‘Not tested as antioxidant.

(b) ~ 2,2'-Biphenylylenebismethylsulphide (XXXV; X = Me) =
Results: Some activity in herbicidal sereen.

~ Some broadleaf selectlve pre~emergent act1v1ty at

lO lb/A llttle acthlty at l lb/A.

' Inactlve 1n bacterxmstatlc and fUnglstatic screens
\ fand 1nsect1cid&1 screen.,f5‘af“"”/"f°



No activity as vulcanisation accelerator. Not

tested as antioxidant.

(¢) 6,6'-Dimethyl dibenzo (a,f) (1,3) - dithiepin (XV; Y = CMe )

Results: Inactive in bacteriostatic and fungistatic screens

- and herbicidal and insecticidal screens.
No activity as vulcanisation accelerator.

Not tested as antioxidant.

Three other sulphur compounds,(XXII), (XXXI) and dibenzo (c,e)thiepin
have also been sent for testing, but we have not yet received a -

report on the results,
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INDEY. OF COMPOUNDS DESCRTRED IN EXPERTMENTAL

0~Xylylene dibromide ... cov  ene ses ene eee  ans eee
Trimethylene Githiol cvv ver ver ter eee eee ene  ses
-'O.—Xyly]»ene dithiol L2 N ] L3R 2N ] . e a LN B ) LN B LR BN 2 LR B ] LN ]

(é,h,13,15)—'retrathia[5.sjox;thocyclophane
(2,4)-Dithia[5]orthocyelophane ... .ev sev wer aer ees
(2,5,1&,17)-Tetrathia[6.6]orthocycldphane e e e e
(2,5)-Dithia[6]orthocyelophane ... e tee ees eee e
(2,6,15;19)—Tepiathia[7.7]orthocyclophane P TR
(2,6)—Dithia[7]orthocyclophahe el v .;} vae eee wes
(4,5:18, 19)~Dibenzo~(2 7 16 ”l)Qtetrathia[S;Eﬂpgracyclaphane

(2, ll)“Dlthla[3 3]orthocyclcphane T e

o~Xylyleneblsbenngsulphlde Q;. .. ’;.. e e e

| ngylyleneblsmethylsulphlde S R P

Q—Xylylenebisethylsulphide‘...' cen e eee aas ...' ...‘

Sodium inOdcbenzené 2Ulphonate wev  Wis ses wes ven eae

2, 2'-B1phenjleneb1s~sulphonylchlor1de B ...11.;.,~;..
‘ Blphenyl 2 2'~dlthlol ‘... ‘ :.D’. - O“ 0‘ : 0'.' ".0': '.‘Q '; ;‘l ‘IO

(1,3)~D1th1a[3.dlorthocyclophanéi: 'f..."‘,Q. f.,."... e

e

48
48
Lo

L9

Disodium 2 ?'blphenyl dlsulphonate O I T R I .,.,5'50

51
51

s




(1,3)—Dithiq[3.d]orthccyclophane tetra-oxide +.o. L4 een 52
(1,4)-Dithia k.0l orthocyclophane  vev ver wee eve  ous 53
(1,4)-Dithia (4.0l orthocyclophane tetra-oxide voo +ve  oos 53
(1,5)-Dithia[5.0) orthocyclophane  ..e eee  see  see  avs 54
(1,5)*Dithia[SQQ]orthocyclophane tetra-oxide ..o ovv e 54
(1,6)—Dithia{B.d]orthocyclophane cee aee eee ewe ees 5k
(1,6)-Dithia [6.0] orthocyclophane tetra-oxide .. ove oo. 55
(1,7)-Dithia[7.Q]drthgcyclophane cee  eas  eve aee  eas 55
(i,?)-Dithia[Y.Q]orthocyclophane tetra-oxide ... ees e 56
(1,5)-Dithia~(3)-oxa [5.0] orthocyelophane cee een wes 56
(1,5)-Dithia~(3)~oxa[5. Q]orthocyclophane tetra~oxide ... 56
(l 7)—D1th1a—(h —oxa[? O]orthocyclophane EETEETE Y S?
(1,7)~D1th1a-(h)—oxafT.Q]orthocyclophane tétra~oxide Con X
(1,10)-Dithia [2.2.0] orthocyclophane vee aee awe iwe 57
(l,lO)-Dithia[E:Q.Q]érthocyclophanertetra-oxide cve i ane YS&
(3,&:5,6)~Dibenzo~(2,7)~dithiafg]metacycléphane S 58
(3,&:5,6)~bibenzo4(2;7)4dithia[B]metéqyclophane‘tetra~0xide‘ 59
(1 2)-Dithia[2 O]orthoc‘yclonhane e e Tens hael aes wae _59
(l 2, 3 h) Tetrathla[h d]orthocyclophane ...‘~,.5‘ veeees 6Q
2 2'—Blphenylyleneblsmethylsulphlde L ere e wee aes ’,60
2 2'—Bmphenylyleneblsmethylsulphone . 7... Ceea o 61
2 2'~B1phenylyleneb1sethylsulphlde Ve ;.., ._.:,,“ e 51

2,2'—Blphenylyleneblsethylsulphone X T B R
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2,2'-Biphenylylenebisisopropylsulphi G tev eae aes s 62
2,2'-Biphenylylenebisbenzylsulphide bee  ses wse ees 62
2,2 '—Biphenylylénebisbenzylsulphone s ees  wes  aes 62
(1,3)?Dioxa [3.0]orthocyclophane  see  see sos  sue  wss 63
(l,h)-—bioxa [4.0)orthocyclophane  .ee wee see sen s 64
(1,5)-Dioxa[5.0]orthocyclophane  v.. .ves  ses  oee  ons 65
(1,6)—Dioxa‘[6.0] érthocyclophane D ee eee e ees e 66

(1,7)-Dioxa[7.0]orthocyclophane  .se. vev vee see  oes 66

(1,3,5)-Trioxa [S.O] orthocyclophane B T 67
(1, ll ,7)-Trioxa [7.9] orthocyclophane cee eee wew s 68
(1,10)- -Dioxa [2 2. O] orthocyclonhane R -1 ;

2,2 —B1pheny1y1eneb1smethylether sreees aer aee een 69
2 2'~Biphenyl‘ylényelv3isethvlethef cer e . vei aweaes 69
2 2'-Bls-( ca.rbomethpsy r)~biphenyl ... X T T TRE R 69
2 2'-B1s-—(hydroxymethyl)-blphenyl U A 70

2 2‘—Bls—(bromomethyl)—blphenyl D LTI P R . O
2, 2'—815 (mercs.ntomethyl)-b1phenyl vee v e .’ . T1
(2,3)-—D1th1a.[h . orthocyclophane R . . . 71
(é,lx)fDithia [5.0] oithécycléphane cee . .‘ ‘e ’. e aee | T2
(h 5;6,7)-Dibenzo~(2 9)- dlthla flO] meta cyclophane ; R 73
(3, 3) Dlmethyl (2 h) dmthla [5 OJ orthocyclonhane ceus " | .j . | 73

Thlophen(}l LI L2 4000 LRI * e K s e v e “xoe loh j :
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Thioanisole .ev  see  see  ses  sve  wes  ess ees wws 10k
Phenyl methyl SulphOne eue  eos  see ses  aee  sos  soa 104
‘Ethyl phenyl sulphide .ov  cos see e sae wve wes 105
Isopropyl phenyl sulphide ... civ cve eve een .;. 105
t-Butyl pheﬁyl sulphide e e e e e e 105
Cupfoﬁs ethyl mercaptide Cer hee eee eer eee e 106’
LU -Dibromobiphenyl  sev wer een aee ene eee ees 106
4,4 -Biphenylylenebisethylsulphide vee  eee ses eas 106
h,h'—Biphenylyienebisethylsulphone cer  ssa sas  ses 107
(2,2)~D;methy1—(1,3)—dithia[B.Q]orthocyclophane cer e 107

(2,2)—Dimethyl-(l,3)-dithia(B.Q]orthocyclophane tetra-oxide 107

(2)—Ph¢nyl—(l,3)-dithialB.Q]orthocyclophane cer eee 107
(2)~Phenyl~(1,3)~dithia [3.0] orthocyclophane tetra-oxide 107
Di(phenylthiamethyl)ether s ene o aee aes eee wee 107
Isopropyl phenyl ether «ve vee  see see ees  see wan 108
t-Butyl phenyl ether ... ... vt see es eee ... 108
Di(phenoxymethyl)ether,..; ..; ves ‘.;. e wee ees - 108
| 2,2;¥Biphenylyleneﬁisdimethylsulphonium dimethosulphéﬁe L ’1h5

2 2'—BiphenylylenebiSethylmethylsulphonium dimpthoéu]phate k6
leromo(o—xylvlenedlmethylsulphlde)nalladlum (II)(LIV R=Me) 150
leromo(o—xvlylenedlethylsulphlde)palladlum (II)(LIV RaFt) 150

leromo(o-xylylenedlbenzylsulphlde)palladlum (II)(LIV R-H{M )150

I T




Papre

Dibromo(2,2'-biphenylylenebismethylsulphide)palladium (II)(LV;R=Me) 151
Dibromo(2,2'-biphenylylenebismethylsulphide)platinum (II)(LVI;R=Me) 151
Dibromo(2,2'-biphenylylenebisethylsulphide)palladium (II)(LV;R=FEt) 151
Dibromo(2,2'-biphenylylenebisethylsulphide)platinum (II)(LVL;R=Et) 151
Dibromo(2,2'-biphenylylenebisbenzylsulphide)palladium (II)(LV;R=RCH,)152

Dibromo(2,2'~biphenylylenebisbenzylsulphide)platinum (IT) (LVI;R=FTI%) 152
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