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smArTER L
IRTRODUCTION

It has long been known that when some sulphur compounds
are strongly heated with certain transition metals a reaction
takes place leading to the sulphide of the metal and products
which are generally free of sulphur. One of the first de-
sulphurisations of this type was the conversion of pheno-

thiazine to carbazole on heating with copper bronze.l

SHShs

In 1940 Bougoult, Cattalain and Chabrier’ showed that

the well known hydrogenation catalyst, Raney mickel, can be
used to desulphurise a variety of inorganic and organic
sulphur compounds under relatively mild coaditions. 1In all
the compounde studied hydrogem was introduced at the sites
of the sulphur, and double bonds, if present, were hydrogen—
ated. The nickel was transformed to nickel sulphide, so
that the reaction was non~catalytic in nature.

R/N4
Ph.ﬁﬂ.ﬁﬁ.ﬁﬁz.SH vl Ph.EH.GO-cBJ + RiS

The slucidation of the structure of biotin, which was



published in 19423 was based to a large extent on the
desulphurisation of the material with Raney nickel. This
work relied %o a large extent on the first systematic study
of the desulphurisation reaction, published by the same team
in 1943,% which may ve summarised as follows:
R.S.R - 2RH < 8.802.8
R.SO.R == 2RH ¢ R.S.8.R
Sinoe then Raney nickel desulphurisation has beea used
in the determinatior of the structures of such products as,
0,“‘-binethioniae,5 penieillin.s streptmuln,v and oxytocin.
Desulphurisation ies now regarded as the method of choice for
the degradation of matural or synthetic sulphur conpomd—l.g
Early synthetic applications of desulphurisation were
mainly concerned with the modification of groups in organic
molecules. Omne of the first of these was a scheme devised

10

by Wolfram and Karabinos™ for the reduction of carbonyl

gE SR
X0 = —0lgy = >R,

Such reactions have been used extemiyely. particularly
in the sterold field, amd in carbohydrate ochemistry.ll The
reduction of acids %o aldehydenlz may be considered as an
extension of this method.

3.0023 ———st R.COCl == R.CO.SR* ——>a» R.CHO

Several other applications of desulphurisation to

8



-3 -

gsynthesis have been made. PFor instance, quinones have been
reduced to dihydro-eromatic compounds by eonversion %0 the
sulphuric ester of the leuco form, followed by desul phuris—
ation.13914 Phemanthridine has been prepared by desulphuris-
ation of phepanthridinethione.l? The removal of thiol groups
with Haney nickel has been extemsively md. and Brownls has
described a preparation of Raney nickel which 1s particularly
suitable for thie purpose.

Desulphurisation of subatituted thiophens constitutes a
convenient method for the production of bramched chainm

aliphatie acids, aloohols, ethers and hydroearbona.]’?'zl

Rll Rl
” “ —_ || " — R** ., CH - CH.R*
S R™™NSTR nm.tl:nz tl»m',‘,.a
Both the synthetic and analytical uses of Raney nickel have

been recently reviewed.g’13'22

Although the mechanism of desulphurisation 1is
still largely unknown, several important observations have
been made which shed some light on the mature of the process.
For instance, Kemner, Lythgoe and Todd>> suggested that
hydrogenolysis with Raney nickel involved attack by hydrogen
atoms, with the intermediate formation of radicals. Bomner
showed unequivocally 24 that the hydrogen substituted at the
sites of sulphur during desulphurisation is provided by the



Raney nickel, rather than by the concurrent dehydrogenmation
of sthanocl solvent, as suggested by Wolfram and Eambincn.m
Also, the racemisation on desulphurieation of sulphidea
possessing an asymmetric centre adjacent to the sulphur atom
provided strong evidence for the view that desul phurisation
involves free radiocal mtamednts-.zs Desulphurisation of
the corresponding sulphomes procecded with inversion of
configuration, so that a different mechanism was probably
involved, possibly of the Sg2 type.?> A similar mechaniem
was proposed for the Raney nickel induced cleavage of
2—anletMmln.26
Hauptmann st al.272%*d jnvestigated the action of
*hydrogen free” and "hydrogen poor* Raney nickel on aromatic
thicesters, mercaptals and related compounds. Blaryls, aryl
sulphides and stildbenes were formed, which prompted these
authors also to propoase a free radical mechaniam for
desulphurisation. The weakening of the C-3S bond by the
chemisorption of the sulphur atom {yia its lone pair electrons)
on the nickel was thought to permit detachment of the free
radieals. Hauptmann's eubsequent isolation of trimeric
materials following desulphurisation®'® further supported
a free radical mechanism. The same author established the
intermoleocular nature of the process by showing that mixed
biaryls were formed after the desulphurisation of a mixture
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of sulphidea.zvd The following athways were visualised
for desulphurisation:

R/FL -—-{:: BRH + BRB'H
ReS.R?* w===a» R. + R'. + W43 . R.R » R'.R ¢ R'.R*

Accordingly, it was found that the yleld of dimeric materials
depended on the hydrogen content of the eatalynt.27’28
Badger and SasseZ" observed a similar dimerisation following
the desulphurisation of thiophens, and Birch and Dean?g
noticed the following cyclisation, which could only have
occurred by a combimation of free radicals:

cﬂz—iz—z“z R/N4 "Hz"'gﬂ—"“s M Santl it

| | 2 2 | 12
— CH — CH, CH, __ CH __ CH, CH, — CH— CH,
The available evidence leaves little doudbt that
desulphurisation proceeds by the homolytic scission of the
C=~3 bonds.

A further observation should be mentioned, namely,
that desulphurisation appears to be facllitated dy the
presence of hydrogen on the nota1s27a" Rowever, biaryls
may be formed from disulphidea in excellent yield using
*hydrogen free® nickel, provided that the temperature
exoeeds 220%.27F At lower temperantures sulphides are
fcrleé.27f
In 1957 Aller> found that Raney cobalt also effected



the desulphurisation of organic and inorganic compounds,
and Heuptmann?'8 observed that strongly degassed Raney
copper, Raney cobalt and Raney iron desulphurised organic
oompounds at elevated temperaturss, dbut less effectively
than Raney nickel.

Raney>! treated a powdered alloy of nickel
and siliocon with aqueous alkali and obtained a ressidue of
nickel with superior catalytis propertiss. Subsequent
work32 revealed that nickel-aluminium alloys were more
convenient. Kowadays Raney nickel is éasoribed” as "a
ecatalyst which is prepared by the action of aguecus sodium
hydroxide on a nickel-aluminium alloy”. ‘

Today Raney nickel is one of the most commonly used,
and undoubtedly the most versatile, niackel catalyst., 3ome
twenty or more different modificatioms of Raney nickel are
known, each of which is claimed to de particularly sulted to
a special purpose. Common uses of Raney nickel incliude the
hydrogenation of wvarious classes of mpowda,n' 35 de-
sulphurisation, 213922 gepalogenation,® the rormatiom of
heterooyslic biaryls,37 E-alkylation of primary amimes>" and
& variety of other reactions.

The preparations of some of the most ecommonly used
Raney nickels (designated W1 — W7) have been summarised by
Adkins and Billica.3? of these ¥5, W6, and W7 catalysts
are prepared by adding powdered nickel-aluminiuz alloy



(50%, w/w) to ga. 30% aqueous sodiwmm hydroxide solution at
50°, and digesting the mixture at that temperature for 50 min.
W5 nickel is then washed free of alkali with distilled water
in a glass oylinder. A considerable amount of hydrogen is
loat from the catalyst during the washing, and it is there-
fore less ‘active' than W6 or ¥7 nickel. W6 catalyst is
similarly washed, but uader a positive pressure of hydrogen,
and is reputed to be the most active nickel hydrogenation
catalyst known. W7 nickel is washed by decantation only,
and therefore contains a oonsiderable amount of alkali.

Its activity in hydrogenmation is at least as great as that
of ¥6 nickel, but its range is limited somewhat by its high
alkali and aluminiuwam content.

The preparation of a hydrogen poor catalyet has been
desoribed by Badger and Saasse,> 2P and employs a degassing
technique (at 100°/12mm.). Hauptmann®' hase used Raney nickel
almost free of hydrogen. Although many of the desulphur-
isations in the literature have been carried out with ¥l
and W2 Raney nickel, most of the present work has been
performed with catalysts of the W5, W6, and W7 type, and
with the degassed catalyst of Badger and Sasse {W7=J
niokel). 3 7°

The high activity of Raney nickel towards hydrogemation

has been linked with 1is highly defective orystal lattice, '
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with residual metallic alwminium,%2'43 ana with the presence
of alumina,%$ but only the relationship between the hydrogen
content and catalytio activity has been definitely establish-
0d.43+46 14 43 £ound*® that activity in hydrogenation falls
off linearly with the hydrogen eontent of the catalyst.
Desulphurisation with Raney nickel is not a catalytioc
jrogess, and the mickel funotions simply as a reagent.
Keverthelesa, the more active Raney nickel hydrogenation
catalysts also appear to be more effective desulphurising
agant!.27a’f It may be mentioned here that the use of the
term ‘catalyst' in conjunction with desulphurisation, both
in this thesis and in the literature, is strictly indefens-
ible, except on the groumds of habitual associatiorn of Raney
metals with catalytic hydrogenation. However, as both
ocatalytic hydrogemation and desulphurisation are thought to
involve, as first step, the adsorption of the reactants on
the metal anrfaeo.9'27b’° the two processes are clearly
related. Thus aqafuﬂy of adsorption phenomena such as
poisoning in catalytic reaotionz47 may assist in owr under-
standing of desulphurisation, provided that we keep in mind
that desulphurisation proceeds with the destruction of active
sites by sulphide formation, while im catalysis the aotive
sites are regenerated by desorption of the reaction products.
Raney nickel ie a heterogemeous mixture, the properties



of which are govermed by the method of preparation,33

the lemgth of storage,*D and probably aleo by less
tangible factors. This fact is exemplified by the divers-
ity of the physieal data for Raney nickel. Ite ecomposition,
for instance, has been given‘z as Al, 1-3; Fe, 1; Cu, 0.1;
Co, 0.05; Mn, 0.04%, in addition to nickel, hydrogen and
oxygen. Adkins and Billica39 found only nickel and
aluminimm (11%) in W6 catalyst, while Ipatieff and Pinest?
quoted niokel (77%), alumina (21%), metallio aluminium
(1.36%), and sodium aluminate (0.5%), also for ¥6 nickel.
The latter valuea are in fair agreement with those of Smith
ot 81.%6 and of Kokes and Emmett.*®

The particle size of Raney nickel has been givnn’g as
40-80 &, that is, about one tenth of the size of the particles
(primary orystals) of reduced nickel catalyats, which are of
the order of 400-1090 A. The density of Raney nickel
increases linearly with the amount of hydrogen removed,
and 1s surprisingly low (6.6-6.2 g./ml., after allowing for

some 20% of alumina), suggesting a highly defective crystal
40,41,48

48

structure.
Metallic nickel can exist in both hexagonal and face-
centred cubic close packed atructurua.so Of these the
hexagonal form is a little more stable at room temperature,
but most methods of preparation lead to the cubic form. On



heating at 170° for several days the cubic form changes
%o hexagonal.’®?5l Omly face-centred cubic mickel 1s
catalytically mctive, the hexagomal being completely imert.’l
Both reduced nickel®! and Baney nickel*® contain omly tne
cubie lattice. This arrangement has two different inter-
atomie spacings, mamely 2.47 and 3.50 3.%2 It is found in
experiments on oriented metal films that the 3.50 A spacing
is the more effective in the hydrogenmation of othylene,52 v53
and this is in agreement with theoretiesal ealcalatiou.’sz
Although the surface area of Raney mickel has been given
as 100 m%./g. and more,’* more recent calculations by Kokes
and m.tt‘a give the value for W6 niokel as 63 a® /8 The
area was unaltered by heating to 350°, and deoreased dy ons
quarter after heating to 500°. Smith, Chadwell and Kirslis*®
obtained a valus of ga. 16.2 nz./g. by adsorption of palmitic
ac1d, and snother variety of Raney nickel has been reported”>
to have a surface area of 18.6-50 mz./g. The surface area
of Raney nickel deoreases linearly with the hydrogem content
until some 70¥ of the hydrogen is removed, and them more
rapidly.*® When all the hydrogen has been removed the
surface area is only ga. ons fifth of its origimal value.

One of the distinguishing features of Raney
nickel is its high hydrogem content. Freshly prepared
catalyst of the W6 type may contain as much as 157 ml. of
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hydrogen per g. of catalyst,*® but om storing, partiocularly
under water, excessive hydrogen is lost and a stable state
is reached which comtains 72-81 ml. of hydrogem per g. 48

It has been suggested that “a large portion of tlxoi hrdrog_ci
lost during ageing is that labile portion which is removed
from the fresh catalyst by heating to 100-220°.748  some
iorkanse's 8 consider the hydrogen t$¢ be present in the

form of a hydride, nmz. or of a mixture of hydrides, but
more recently Raney niockel has been regarded as a nickel
promoted by adsorbed hydrogen.'® The hydrogen is thought

to be in the form of atome attached to nickel in a metastable
state. The hydrogen atoms are slowly desorbed on standing,
and the rate of desorption cam be accelerated by reducing
the pressure or by ralsing the temperature. Hydrogea
evolution becomes very rapid between 160-—200‘,‘8 and it i
thought*® that the highly exothermic combination of hydrogen
atoms (liberated by the degassing) to form molecules may be
responsible for the explosions wl;i.eh sometimes ocour during
degaseing.27*463T0 suygn, Chadwell and Kirslis*® were also
able to show that the catalytic activity of Ramey mickel
towards the hydrogenation of benzene was proportional %o its
hydrogen content. Freidlin et al.*> nave demonstratea that
the hydrogen in Raney nickel is chemically hetercogensous

and is thus not present as & hydride. They also showed that
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part of the sorbed hydrogen enters into the composition of
the active centres of the catalyst, and together with the
nickel determines the catalytic activity, in agreement with
the findings of Smith ot al.*®
X-Bay analysis of Raney nickel led Freidlin et al.”” to
the following eonclusions:
l. The physical structure of Raney nickel is not altered
by the removal of hydrogen from the active centres.
(This was supported by the finding that Raney nickel
freed from hydrogen by treatment with hydroquinone
could be completely restored by treatment with hydrogen.)
2. In the process of forming Raney nickel crystalas,
hydrogen entering into the composition of the active
centres is distributed not at internodal points of the
crystal (i.e. does not form a solid solution with nickel),
but at the boundary surfaces of orystals forming a
particle of Ramey nickel powder (Pig. 1.1).59

; {1) Intercrystalline hydrogen
?‘“‘“‘“—*—(11) Surface adsorbed hydrogen

{ii1) Primary crystal of Raney
nickel.

-
E

Oy

.........

Pig. 1.1
In a recent paper Kokes and Emnett48 concluded from an



extensive physico-chemiocal study of Raney nickel that "the
hydrogen is held in the nickel im the form of substitutional
replacement of nickel atoms in the lattice. It does not
appear to be prescnt as adsorbed hydrogen, or as dissolved
hydrogen; neither does it appear to be formed by the
reaction of residual aluminium during the process of heating
the sample to remove hydrogen®. Thelr evidence for these
conclusions may be summarised as follows:

1. The low density of W6 Raney nickel suggests 30.4%
lattice vacancies.

2. If each vacancy carries ome hydrogen atom, 70 ml./g.

can be acocounted for. This agrees well with the 72-81 ml./g.
found in ‘stadble’ {aged) W6 catalyst.

3. The surfuce area (63 azﬁlg.) corregponds t0 a maximum

of 8-10 ml. of physically adsorbed hydrogen per g. of
catalyst. Omnly 20% of the surface of Ramey nickel ie
actually nickel, the remainder being presumably alumina,

so that a monolayer of hydrogea would omly correapond to
1.5-2 ml./g.

4. Unlike all other cases of desorption of hydrogen from
metal aurfaces, which are emdothermic, the desorption of
hydrogen from Raney nickel is exothermic, so that adsorption
is probably not a major factor in hydrogen attachment.

S. Ordinary solution of hydrogem in nickel only accounts for
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0,01 ml./g., and supersaturated solutions are considered
mnlikely. Moreover, omly about 50 ml./g., or about onme
half of the hydrogen content of Raney nickel ean be
replaced by treating Raney nickel degassed at 1200° with
hydrogen at 400°/140 atm. This agrees with the finding
that Raney nickel does not anneal completely on degassing,
but about one half of the lattice vacanoies remaln,

6. Magnetic moasurements suggest that each hydrogen is,on
the average, contributing one electron to the niockel.

7. The maximum rute of hydrogen evolution from Ramey nickel
on heasing cccurs at 180-220°, that 1as, at the temperature
(one third to one quarter of the m.p.) at which sintering
and atom migration are expected to commencs.

Comparatively little ia known about other

Raney transition metals, and only few physlcal properties
have been recorded. The best known of these 1s Raney
cobalt.30+34:40a,49,60

The composition of ome type of Raney cobalt has been
given’® as A1, 7.1 S1, 0.23; Pe, 7.3; Fi, less than 0.01j
¥n, 0.15; NaOH, 0.48%, in addition to cobalt, hydrogem and
oxygen. Its hydrogen content was reported to be 100-110 ml.g.,
and the surface arsa, estimated by the adsorption of stearic
acid, was 15.8 m2./g.7C Unlike Ransy nickel, Raney cobalt
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is not normally pyrophoric unless warnod;3° but some

samples prepared by the method of Billica and Adkins (17)39
have been found to be pyrophoric in the course of the present
work.

Generally speaking, Raney cobalt exhibits properties
which are very similar to those of a weak Raney niekel;3°’3‘
except that the activity towards hydrogenation decreasea
more rapidly on ageing than in the case of niockel.3? The
only notable difference reported3° was the failure of Raney
eobalt to catalyse the isomerisation of allyl aleohol to
propionaldehyde. Kamey cobalt was also inferior to nickel
in the catalysis of the Camnizsaro reaction.’ The main
application of Raney cobalt has been %0 the reduotioa of
ﬁitrilea under presenr0.3"35 and in the reduction of oximesa.

61

Although Reld amnd Schiller =~ reported that the pressure

hydrogenation of oximea stops at the imine stage, only amines
were found by Reeve and chriatiansz
hydrogenations using both Raney nickel and cobalt catalysts.

Like nickel, cobalt exists in face-centred cubic and

in a series of comparative

hexagonal forms, but the shortest imteratomic separations
(2.51 &) are identical in both modifications.’®’®3 Tne
cubic form is again more commonly encountered. The percent-
age d-character for cobalt has been calculated®® as 39.5,
compared with niokel (40.0), so that both metals should form
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bonds of eimilar strength with chemisorbed enba%ances.ss

Raney irond3 3% nas found 1ittle application, although
it has been reported to hydrogenate triple bdonds selectively
to double bonds at pressures of 55-75 atm., and temperatures
of 100-135°. Recently Johnston et al.5® desorived a prepar-
ation of high purity Raney iron for magnetic studies. The
composition of their material was estimated as total
Pe, 86.3-97; metallic Pe, 81.3-93.7; total Al, 0.4-5.3; and
total Na, 0-0.2%, depending on the method of storage. Iron
is very readily oxidised in air66
difficult to obtain an iroam catalyst with a *clean' surface.

@0 that it 1s very

Unlike nickel, cobalt amd copper, irom crystallisee in the
body—centred cublc system®°*5% exniviting both 2.48 and
2.87 A upaoings.ss The percentage d-character of irom has
baen.giv«ns4 as 39.7.

Ranay’copperl4'3s has found a limited application in
high pressure hydrogenations. It is considerably weaker
than nickel, but no systematic study has been made. Copper
orystallises with face-centred cubic symmetry, the shortest

interatomic distance being 2.56 &63 or 2.59 1.66

Sulphides and thiophen derivatives are
notorious cutalyst polsone 1n.hydrogenation.47 This
property is common to most members of sub-group YIb and



- 17 -

group V. uaxted*? nas pointed out that all catalyst poisons
possess lone pairs of electrons which enable their chemi-
sorption on the metal surface. Magnetic susceptibility
neasurementa‘v support the view that a covalent bond is
formed by domation of a pair of electrons from the poison
atom into the d-band of the metal. However, chemisorption
may also ocour when a molecule has empty valency orbita13.47
For imstance, in the chemisorption of hydrogen on nickel
there ia some evidence for the reverse electronic movement,
leading to hydride ions, but this is not eonnon.47'67

I% has already been pointed out that desulphurisation
Frobabdly involves chemisorption of the sulphur atom or the
metal as first ntop.9'2?b'° The chemisorption might be
expected to depend on the geomeiry and energy of the lome
pairs of the sulphur atom in the particular compound, as
well as on other molecular geometry, and on the geometry of
the nickel surface.

It may be mentioned in passing that the active sites
of Raney nickel are not necessarily part of a crystal planse.
The successful desulphurisation of derivatives of l-methyl-
and 1,8-61nothy1d1benzothiopha~58 and of other compounds
possessing sterically hindered sulphur atunlsg strongly
sugzests that some of the active sites may protrude well

above the bulk of the surface. The same conclusion may be
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70 who were

drawn from the work of Balandin and Klabumovski,
able t0 carry out the following hydrogematioa over Ransy

nickel:

This requires a *bump’ on the catalyst surface at least
3.17 4 high and no more thanm 4.8 % wide.
Sulphur has an electromic configuration K.L,(}-)z,
(3p’,:)2,31{y.3ps in the ground state. The 34 orbitals,
empty in the ground state, are of comparable energy with
the 3p levels, and can therefore alsc enter into bond
tor-ation.71'72 The expamsion of the sulphur outer shell by
use of the d-orbitals is now adequately substantiated and
has recently been revievod.Tz
Although the H-S-H angle in H,S is 92.1°, suggesting
almost pure p—-orbital bonding, the observed asymmetry of
the molecular electric field suggests admixture of ga. 15%
of both s~ and d-orbitals.  *73 Considerable hybridisation
of orbitals oan also be inferred from the variation of the

bond angle im compounds containing sulphur linked to two



other slements. The dihedral angle of sulphwr varies from
74-110°, depending, presumably, on the extent of admixture
of s~, p-, and g-orbitals.'l Since s-, p~, and d-electrons
are probably involved to a varying extent in the bonding of
various sulphides, the gecmetry of the lone pairs is largely
a matter of comjecture. However, the (SPx)z pair, perpen-
dioular to the S~C bond, and the non-directiomal (3s)? pair
are prodbably available for chemisorption.

Thiophen is not suitable for analysis by X-ray
diffraction,’’ but Schomaker and Pauling,'® after assuming
the values 1.35 and 1.44 A for the 2,3 and 3,4 bonds
respectively, found the C-S bond to be 1.74 &, and the C-5-C
angle to be 91°. The related thiophthem, however, has been

analysed as follows:

14 .
136 I ,
912° :
172N g

It has been suggested that pd? hybridisation takes
place in the thiophen sulphur atal.18’79 Two of the hybrid
orbitals then have the correct esnergy ami symmetry to con-
Jugate with the p-orbitala of the carbon atoms. The third
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orbital is mainly 4 in character and is umoccupied in the
ground state.nﬂs The (3-)2 lone pair is presumably left
largely unaltered. This is 1llustrated in Fig. 1.2]2 whers
the molecular plane is also & plane of antisymmetry.

@..
©

Mg. 1.2
Conventionally,*” chemisorption of thiophen is

expeeted to involve the nom-directionmal ( 38)2 pair, which
is donated to the nickel. Oilentoao has suggested that
perpendicular chemisorption of thiophen on niokel is possible
by use of the vecant pd° hybrid orbital of the sulphur atom,
the electroms being furnished by the 3d- band of nickel.
This 1s supported by the work of Maxted,'’ who has poimted
out that chemisorption can ocour when a molecule has empty

valency orbitale.

Iastly, it should be mentioned that the
desulphurisation reastion has no analogy in oxygen chem~
i15try.278 Hauptwann®'® has observed, however, that the
analogous seleaium compounds are readily degelenlend by
Raney nickel to give the expected products.
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THE DESULPHURISATION OF THIAZOLES

INTRODUCTION: |

Although the thiasole ring system is com-—
paratively well known, > there have beem only few attempts
to study its behaviour towards activated metals such as
Baney nickel. Cook, Heilbron and Levy 2 succeeded only in
removing the thiol group from 2-mercapto-4-phenyl-5-
aminothiazole by treatment with Raney nickel; the 4-phenyl-
S-aminothiasole formed was not further desulphurised under
the conditions used. Moreover, Blomgquist and Diguld>> have
claimed that both 2-mercapto~4~nitro—-6~methylbenzothiazole
and 2-mercapto-4-nitro-G-methoxybensothiasole were umaltered
by low-pressure hydrogenation using a large excess of Raney
nickel. Both these findings suggest that the thiazole ring
mast be relatively resistant to desulphurisation. This is
not surprising in view of the faat that the nitrogen atom
of the heterocycle will probably compete with the sulphur
aton for chemisorption on the nickel suriace, thus hinder—-
ing the reactiom.4?

On the other hand, the desulphurisation of thiasolidines

has been frequently obsecrved. !srriaa,a‘ for instance,
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reported the oleavage of thiazolidones of the type (I) to
substituted succindiamides (IX) in the presence of Ransy
nickel.

- -T 0!!2-052
| R/ l |
R - NH ~ CO co\/c-na"-———-»n-m-co CO - KHR'
&
(1) (11)

Kevertheless, some examples of the desulphurisation of
the thiasole nucleus have been rocorded, inter alia, by
Hurd and Ruﬁner.as In their experiments 2-amino-4~hydroxy-
thiagole gave acetamide in high yield when treated with
Raney nickel. However, a different mode of ring fissiom,
leading to acetaldehyde, was observed by these workers in
the case of 2-mercapto-4-hydroxythiazole.

HO N
” b R/FL  RO-C - 0=C - NH,
_.-"S)\NHZ B m—gaz R

— O
Oy——N
":.-' /u\ R/M4 0aC - H
~s7 T sH 0 Oy

Also, 2-eaino-4~phenylthiasole was found to yield
methylamine, acetophenone, and o«-methylbensylamine, while
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2-marcapto—4-phenylthiagole lost the thiol group only,
giving 4-phenylthiazole.

” ;ﬁ , Ph-GH - NHp + CHyNH, + P = € = 0
S N H2 | 0H3 0H3

Ph
| W W

Benzothiazoles have also becn reported to undergo de-

Ph

sulphurisation, and at least two different modes of ring
fission have been observed. Rao, Tilak and Venkataramnm
found during experiments on the alkylatior of amines with
Raney nickel and alcohols that dehydrothio-p~toluidine (III)
gave N-ethyl-p-toluidine (V) - a process which must have
involved the intermediate p-toluidine (IV), formed by ring
fission as showns

NHE't
RINi RINi,
EtOH
CH,

(111) (Iv) (V)



Also, Hurd and Rudner® obtaimed a mixture of bemso-
thiasole, o-aminothiophenol and aniline from the desulphur-
isation of 2-mercaptobensothiasole with Baney niockel in the
gresense of smmonia. However, Ivamov and Ivanov® have
elaimed that desulphurisation of this compound under meutral
conditions leads to bemsothiasole only, and that a mixture
of anilins and N-methylaniline is formed in the presensce of
alkall.

It will be seea that the existing experimental data on
the desulphurisation of thimsoles do not form a simple
pattern, and may at times appear to be contradictory. One
of the reasons for this diversity may be that different
preparations of Raney nickel were used by the wvarious
experimenters. A more systematic investigation of the de-
sulphurisation of thiasoles was therefore undertakem.

Most of our work was carried out in methanol solvent
as this aleohol is known not to alkylate primary amines in
the presence of Raney m1:.1.38 and as primary amines have
been roported amomg products of thiasole desulphurisations’?0®
Several preparatioms of Ransy nickel differinmg greatly in
alkalinity, amd hydrogen content, were used. The resulting
primary and secondary bases were separated as their tosyl
derivatives, and the tertiary bases were removed by steam
digstillation. All the products were identified by inized
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m.p. with authentic specimens.
RESULTS ARD DISCUSSIOHN:

Very hydrogen rich (neutral) w639 ana
(alkaline) wp39 Raney nickel catalysts transformed both
benzothiazole and 2-methylbenzothiasole to the correspond-
ing secondary amines in excellent yield, and no primary
axines were found. On the other hand, 2-mercaptobenzo-
thiazole gave a mixture of H-methylaniline (67%) and
aniline (19.5%) when desulphurised with ¥7 nickel.

N NH
i — i
S R C}42I?
N NH .. NH
G ’ I
S SH CH3

Hydrogen-poor (degassed) W7-J Raney nickel was used in
an attempt to desulphurise benzothiaszole in xyleme solution.
No desulphurisation occurred after refluxing for 12 hr., and
moet of the base was recovered unchanged. However, a small
amount (0.2%) of dimeric material, identified as 2,2°'-
bibenzothiazolyl, was obtained. A aimilar catalyst, in
methanol solvent, effected considerable desulphurisation of
2-mercaptobenzothiazole. Bensothiazole (35%) and E-methyl-
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aniline (22%) were the main products; but aniline (7.2%)
and bibensothiasolyl (5.6%) were also formed.

A neutral catalyst of hydrogen content intermediate
between the above catalysts (W5 Raney niokel)3? gave the
wost diverse results. It eonverted 2-mercaptobensothiasole
to benzothiasole only, and mo produocts of ring fisslon were
found, Dimerisation ocourred only to the extent of 0.1%.
However, when a similar experiment was conducted in the
presence of sodium hydroxide (just less than required to
form the thioclate salt), no benmothiazole survived the
reaction. The products were H-methyleniline (48%),
aniline (17%), o-aminothiophenol (10%) (isolated as 2,2'-
diaminodiphenyl disulphide), and bibensothiaszolyl (7%).
When bensothiagole was refluxed with 10% methanolic sodium
hydroxide, and then treated with ¥5 Raney nickel as above,
the yleld of aniline (43%) by far exceeded that of K-
methylaniline (11%).

Although the above data suggest that both hydrogem
content of the catalyst and basicity of the medium affect
the course of dssulphurisstion of benzothiasoles, both
peutral W6 and alkaline W7 catalysts gave identieal
produsts. Since the products were secondary amines, and
since no loss of carbon atoms occurred, it is thought that
the pathway in this reaction is comparable with the
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desulphurisation of thiophens with Raney nickel.’ Removal
of swlphur probably leads to umeaturated intermediates,
which are then hydrogemated.

@:_ I e (I L

S
3
N
\H2 b /

NH R/Ni NH
|
S CHyR

The altermative pathway, imvolving hydrogemation prior
to desulphurisation, is not invoked from an analogy with the
desulphurisation of thiophen derivatives, which in all
probability proceeds yvia unsaturated intermediates. it is
thought that desulphurisation of bensothiazoles with W6 and
W7 Haney nickel proceeds so rapidly that the side resactions
introduced by the presence of alkali are virtually excluded.
In the desulphurisation of 2-mercaptobensothiazole with W7
nickel it is suggested that the nickel is partly poisoned by
reastion with the thiol group. Desuiphurisation of the ring



would then proceed sufficiently slowly to allow the com—
peting reaction with alkali to take place, giving a mixture
of aniline and N-methylaniline.

The great difference in the yield of dimeric material
obtained with W7-J Raney nickel from bensothiazole and 2-
mercaptobenzothiasole suggests that different mechanisms
are involved in the formation of this ocompound from the two
different starting materials. The similarity of thiazoles
and pyridines is well known, 80 that dimerisatiom of bemnso-
thiasole by & mechanism suggested by Badger and Sasse for
pyridine derivatives is possible. The similarity of the
two processes is supported by the faot that the yield of
dimer obtained from bensothiasole (0.2%) 1s of the order
predicted for a pyridine derivative of similar bastcity.a"
On the other hand, the yield of bibemzsothiazolyl obtained
from 2-mercaptobenzothiasole (7%) is too high to have arisen
in this manner, and it is suggested that the compound 1s
here formed by the dimerisation of deasothlazolyl radieals.

OO
)

N N
N \SMS
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There are at least two feasible ways in which
2-mercaptobenzothiasole can lose its thiol group to give
the radical. The first step would be chemisorption of the
thiol sulphur atom on the metal surface. Chemisorption may
be expected to take place in this way, rather than via the
hetero-sulphur atom beocause the lone peir electrons of the
latter would de expected to be less readily available for
bond formation due to their participation in the aromatie
system. Attack by a hydrogen atom on the chemisorbed
sulphur atom (path A) would then lead %o bond fission as
shown.

vy

A
N He N H N
| T 5 Hﬁ@'\; .
S,J\\S,/H Sagkxs// S’u
.J- ‘Lu
Ni Ni
'|\| Ni .. N
S)\S/H ~ ~H
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Alternatively (path B), chemisorption of both sulphur atoms
on the metal surface may provide the necessary driving force
for the homolytic bonmd fission, without the intervention of
a hydrogen atom.

The bensothiasole formed in this reaction can arise by
collision of a benzothiazolyl radical with a hydrogen atom,
or directly, by attack of a hydrogen atom on the quaternmary
earbon atom 0(2). followed by bond fission as ahown in path
C. Other products of the reaction, namely aniline and
nethylaniline, are almoat certainly derived from benso-

s/Ik ~H s)cl-.u\"%/r sJ

thiagole.
C

H |
| Ni

20N

The fallure of W5 Raney nickel to attack the beaso-
thiazole nucleus, although it removed the thiol group from

2-meroaptobenzothiasole, is in gqualitative agreement with

86

the results of Ivanov and Ivanov. A possible explanation

may be that the acidic mercapto group may interuct with the

nickel to give nickel ions. These are known to be powerful

47

poisons for hydrogenations, and may also prevent the
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desulphurisation from proceeding further. Such polsoning
would not be possible im an alkaline medium, and accordingly
almost complete reaction was observed in the experiment com-—
ducted in the presence of sodium hydroxide.

Benzothiasole is known to be cleaved to o-aminothiophen—-
ol by almli.as Desulphurisation of this would lead to
aniline.

Qg 2 Ot = O
g™ SH CHOH SH CHO
(VD)
©/NH2 R/Ni E\INHZ OH~
(———

SH

Although reduction of the formyl derivative (VI), and
desulphurisation, may be expected to lead to K-methylaniline,
formanilide was hydrolysed to aniline when refluxed with W5
Raney nickel under the same experimental conditions, and
no segondary base could be found. It ie therefore thonght
that B-methylaniline arises by a different mechanism,
independent of alkali, and probably by the rocess postulated
for W6 and W7 niockel.

The competing nature of the reactions leading to aniline
and N-methylaniline wae demonstrated by pre—treating
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bensothiazole with dilute sodiwm hydroxide, and then adding
W5 Raney nickel. Under these conditions the ratio of
aniline to E-methylaniline waas greatly inoreased.

Unlike bemzothiasoles, mononuclear thiaszoles
oonld not be aconverted to the corresponding secondary amines
with either W6 or W7 Raney nickel. HNultiple ring fission
took place, particularly with W7 nickel, and the reaction
was found to be generally more complex. Results are
summarised in Table 2.1.

Armmonia was readily evolved from all 2-aminothiasoles,
and ammonia, rather than methylamine, was formed in the
desulphurisation of 4-phenyl- and 2-amino-4{-phenylthiasoles.
However, methylamine was obtained whern the producta of
desulphurisation were treated with hydroohloric acld during
working up.

It was observed that all 4-phenylthiazoles gave d-methyl-
bensylamine as ons product when treated with either catalyst.
Acetophenons was also found in most experiments using ¥6
Raney nickel, but not with ¥W7. 2-Amino-4-methyl-S-phenyl-
thiazole gave the analogous products, d-methylphenethylamine
and phenylacetone, with either catalyst, dut only a small
amount of the ketone was isoclated when W7 ocatalyat was used.

It ia interesting to note that no acetophenone was
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found after desulphurisation of 2,4-diphenylthiaszole with
W6 or W7 nickel. However, benzaldshyde and amsonia were
formed during distillation of the basic fraction. Simil-
arly, the desulphurisation of 2-(d-maphthyl)—4~phenyl-
thiazole with W7 nickel gave l-naphthaldehyde and smmonia.
This reaction also producsed a small amount of l-methyl-
naphthalens.

It is evident from these results that the
desulphurisation of simple thiasolea does not foliow a
simple pattern, and a series of competing or altermative
reactions is possible. The actual path(s) followed depend
on the thiazole used, and particularly on the alkalinity of
the mediun. Thus the formation of acetophenone is favoured
by nearly neutral conditioms, while d-methylbenszylamine is
formed on either the neutral or alkaline nickel. It must
be remembered, however, that the reaction mixture 1ls basic
even when W6 nickel is used by virtue of the thiasoles
themselves, and, as the reaction proceeds, of the basio
products.

As thiasoles are labile to base, ring flssion to the
hydroxythiol (VII} should proceed readily. This could
hydrolyse further to the acid (IX) and an amino-thiol (X),
desulphurisation of which would lead to c-methylbenzylamine
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(or cd-methylphenethylamine) (XI), which was isolated in all
experiments. Ko carboxylie aoids/;xf were found under the

_ oonditions used.

R N R!-ﬁ_ﬁ R""ﬁ"..!f.l.{
ORI o

S° 'R - OH e~ S8H R
(VII) {viiy)
Hy0 OH™
R* - cH - §u, M/H, BR' ~ C - FH
2 co,H
CH, W CH.SH i + 00
(X1) (x) (1x)

Altervatively, desulphurisation and partial hydro-
genation of the thiol (VII) could lead to the intermediate
(XXI), whieh in turn could react in two ways, or survive
the reaction. Basic conditions would favour its hydrolysis
%0 an aldehyde (XIII) and a ketimine (XIV). These ocompounds
could then take up hydrogen to give the observed amine (XI)
and a hydroearbon (XV). The l-methyluaphthalene cbtained
from 2-( K -naphthyl )-4-phenylthiazole may well have arisen
in this way. (The analogous methane and tolusne expected
from 2-unsubstituted- and 2-phenylthiazole respectively
would mot be detected unmder the experimental conditions
used). Any residual ketimine (XIV) would hydrolyse to
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the ketone {IVI) (acetophenone or phenylacetone) and ammonia
during working up with acid.

Rt'ﬁ""ﬁ R/N4 R'-ﬁ‘ﬁ NVHZ B".'?'!i
o T, mpE na, O om
3H OH OH _aalisem OH

(Vi) (XI1)

E!2'9 RCEO + R® - <|! = RR

———————ge)

oH CH,
(X111 (xIv)

K /R, H’l Wi B,

ROH, B=C = O + FH, R' - CH - NH,
CH, CH,

(xv) (xv1) | (xx)

Under less basic oconditions (as with 2,4-diphenyl- and
2-( i -naphthyl }—4-phenylthiazole} the intermediate (XI1) may
take up hydrogen to give the base (XVII) whioh will be
expected to survive the resction, but decompose on distil-
lation to give the primary amine (XI) amnd aldshyde (XIII),
as was indeed found in the above experiments.



Rt =C=ZR R*-CH - NH R’-cn-ﬁaé
053 CHeR o) 033 CH-R oo 033
‘ | 32 I distil )
OH OR
(X11) (Xv1iI) {X1) (xX111)

If the intermediate (XII) survivea the reactioa, 1t
would be expected to hydrolyse during working up to give
the ketone (XVI) and an aldehyde ammonia (XVIII), which
could ascquire considerable stability in the trimeric form
(XIX), but which would decompose on distillation to the
aldehyde (XIII) and axmonia. Indeed, the properties of the
unstable basic materials, which gave benzaldehyde or 1-
naphthaldehyde and ammonia, are consistemt with those of
aldehyde ammonias, but no ketone (XVI) was found after
desulphurisation of 2,4-diphenylthiasole in which a con-
siderable amount of bemsaldehyde was found.

R'~C =N HO0 B-C=0 rH,
033 'cm T 053 +* *HOH
OH R
(XII) (xVI) (XVIXII)
R
CH . 3H0
heat 27,
R e i Med |
)

(x111) (XIX)
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As with benzothiasoles, it is suggested that direct
desulphurisation (and partial hydrogemation) to the inmter-
mediate (XX) oompetes with alkalime ring fission (which
gave VII). Acid hydrolysis of (XX) during working up would
lead to ketones (XVI) and amines of the type (XXI). The
acetophenone and methylamine formed from 4-phenylthiaszole
almost certainly arcse in this way. It was possidle to
show that o-methylbenzylamine is not converted to aceto-
phenone by Reaney nickel, and the base was recovered
wnchanged after working up.

R' Ri Hzo
\[—— N » R*C =X ?= 0 .
: '/U\R H, 033 cnzn . oy cm,‘,n
(xx) (xv1) (xxI)
252 l {n1)
B* - OH - FH o~ B' - CH - NH, N RCHO
03\28,"3\ . CH,.SH
Lam B/
R = OR ~ N R.CH,
CHy

{xx11) (xx) (xv)
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Pinally, although the study of the desulphurisation
of thiophen derivatives suggests the contrary, the adove
data 40 nod exclude the possibility of rimg hydrogemation
$0 a thiasolidine (IXII). Such compounds degompose very
rapidly under alkaline conditions to mercaptoaxnines and
aldehydes, which would readily be comverted to amines
{XI) and hydrocarbons (XV) respestively in the presence
of Raney aickel.



EXPERTMENTAL

Desul phw tion of thlazoles

Pre ion of Ra tals.~ Commercial sodium
hydroxide flakes and B.D.H. Raney nickel alloy (containing
504 Kt w/w) were used. W5, W6 and W7 catalysts were
prepared by the method of Billica and Adkinms,3? except that
the final washings were carried out with methanol instead of
ethanol, and the centrifugation was omitted. ¥7-J Raney
nickel was prepared according to the method of Badger and
Sasse.d'® A1l catalysts were freshly prepared before use
in each experiment.

Desulphurisation of 2-iercaptobenzothiazole.-

(1) ¥ith %5 Raney nigkel. A mixture of 2-mercaptobemso-
thiazole (10 g.), in methanol (250 ml.), and ¥5 Raney nickel
(from 65 g. of alloy) was refluxed for 8 hr. The reaction
mixture was filtered het, the metal washed with hot methanol,
and the combined filtrates evaporated on the water bath. To
the residue was added a small amount of material obtained by
digsoclution of the nickel in dilute hydrochlorie acid,
basification, steam distillation, and extraotion of the steanm
distillate with ether, followed by remowval of the dried
solvent. The combined 0il wes dietilled to give
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bensothiaszole (4.41 g., 54.5%), b.p. 230°. The piorate
formed ysllow nmeedles, m.p. 169.5-170°
Pound : C, 43.2; H, 2.5; N, 15.5.
Cala. for C,yHgO.M,S: C, 42.9; H, 2.2; K, 15.4%,

The residue after distillation was recrystallised from
xylene. 2,2'-Bibenzothiasolyl (10 mg.) formed plates,
m.p. 297.5-298°, alone or mixed with a specimen prepared
by an improved method of Zubaroveki,5? who, however, gives
M. P 306-308°
Found : C, 62.73 H, 3.2; F, 10.2.
Cale. for C,,HgK,S,: C, 62.7; H, 3.0; K, 10.4%.

(11) As above, in the presence of sodium hydroxide.~ In
a similar experiment, sodium hydroxide (2 g.) was added to

the reaction mixture at the begimning of the reaction.
Concentration of the methanolic extracts left a tarry
residue which was diluted with water (50 ml.) and extracted
with ether. When kept in air the aqueous {alkaline) phase
deposited 2,2'-dlaminodiphenyl disulphide (0.75 g., 10.1X)
as yellow plates, m.p. and mixed m.p. 93-4°
Found : C, 58.0; H, 4.7; N, 11.4;3 S, 26.4.
Cale. for 012312!282: c, 58.1; H, 4.8; W, 11.3; S, 25.8%.

The dihydrochloride of this base orystallised from concen—
trated hydrochlorio acid as needles, n.p. 210-211°
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Poumd ¢ C, 40.33 H, 5.2.
Cale. for 61251802!2320123 C, 40.5; H, 5.1%.

The recorded’® m.p. of this salt (112-114°) seems to be in
error. The 01l obtainmed by evaporation of the etheri&l
layer was subjected to a Hinsberg separation using %oluene—
p-sulphonyl chloride (9 g.) amd 10% aqueous sodium hydroxide.
This gave 2,2'~bibenzothiazolyl (0.55 g., 6.9%), N-methyl-
toluene—p-sulphonanilide (4.1 g., 47.5%), and toluene-p-
sulphonanilide (1.5 g., 16.5%), all identified by comparison
with authentic specimeme.

(144) With ¥W7-J Raney nickel.~ 2-lercaptobensothiazole
(12 g.) in methanol (150 ml.) was refluxed with ¥7-J Raney
nickel (from 125 g. of alloy) for 29 hr. Extraction of the
nickel with methanol and with benszene, and concentration to
small volume gave 2,2'-bibenzothiasolyl (0.52 g., 5.6%),
m.p. and mixed m.p. 295-298°. The residual oil was subjected
to a Hinsberg separation with tolueme-p-sulphonyl chloride
and aqueous sodium hydroxids, and gave bensothiazole
(3.44 g., 35.1%), b.p. 230° (picrate, m.p. 169°); R-methyl-
toluene~p-sulphonanilide (3.60 g., 22%¥); and toluene-p-
sulphonanilide (1.23 g., 7.2%), all identified as above.

(iv) ¥ith W] Raney nickel.- A mixture of 2-mercapto-
benzothiasole (5.0 g.), W7 Raney nickel {from 65 g. of alloy),
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and methanol (200 ml.) was refluxed for 3 hr. Working up
using oxceas tosyl chloride gave a mixtuwre of tosyl-N-
methylaniline (5.04 g., 67%), and ditosylaniline (2.34 g..
19.5%), soparated ﬁy fractional recrystallisation from
ethanol. Both producte were identified by comparison with
authentic specimens. No other produects were found.

Desul phurisation of bemzothiazole.-

(1) With W] Raney nickel. A mixture of bemsothiaszole
(6 g.)s methanol (250 ml.), and ¥WT Raney nickel (from 65 g.
of alloy) was refluxed for 3} hr. PFiltration, thorough
extraction with methanol, followed by attempted Hinsberg
geparation as usual gave !:methyltoluenafprculphonanilido
{8.4 g., B4%) as sole produst.

(11) ¥ith W6 Raney nickel. When W6 catalyst was used
in a similar experiment, the same product was obtained in
874 yield. Ko other products were found.

(141) With W]—J Raney nickel. A solutiom of benso-
thiazole (10 g.) in sulphur-free xyleme (35 ml.) was added
to W7-J Raney nickel (from 65 g. of alloy) by the method
of Badger and Sagses ™ and the mixture refluxed for 12 hr.
Distillation of the product gave unchanged bensothiazole
(8.4 g.), identified as the picrate, and a reaidue. After
repeated recrystallisation from xyleme this gave 2,2'-~
bibenzothiazolyl(0.02 g.), m.p. and mixed m.p. 298°.
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(iv) With W5 Raney nickel, after pre-treatment with
10% methanolic sodium hydroxide. A mixture of

benzothiazole (10 g.), sodium hydroxide (15 g.), and
methanol (150 ml.) was refluxed for 2.5 hr. W5 Raney
nickel (from 65 g. of alloy) in methanol (50 ml.) was
then added and the mixture refluxed for 8 hr. Hinsberg

geparation of the product gave H-methyltoluene-p-

sulphonanilide (1.23 g., 7.25%) and toluene-p-sul phon-
anilide {4.69 g., 29.5%). Some dark red nickel-organic
compound was also formed but this was not investigated.

Desulphurisation of 2-lMethylbenzothiazole.-
(1) ¥With W] Raney nickel. 2-Methylbenzothiazole
(5 g&.), ¥7 Raney nickel (from 65 g. of alloy), and methanol

(250 ml1.) were refluxed for 3 hr. The reaction mixture was
filtered, the catalyst washed thoroughly with hot methanol,
and the combined extracts acidified with dilute hydrochloriec
acid, and evaporated. The residue was made strongly alkaline
and treated with tolueme-p-sulphonyl chloride. Ko primary
or tertiary bdase could be detected, and R-ethyltoluens-p-
sulphonanilide (8.2 g., 80%4), m.p. and mixed m.p. 86° was
isolated as sole product.

(11) ¥ith W6 Raney nickel. ¥hen a similar experiment
was carried out using W6 Raney nickel, the same product
(8.35 g., 82%) was isolated. No gide products could dbe found.
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Action of W5 Raney nickel on formanilide.~ A solution
of formanilide (7.2 g.) in methanol (220 ml.) was refluxed

with ¥5 Raney nickel (from 65 g. of alloy) for 8 hr.
Working up as for bensothiazoles gave toluene-p-sulphon-
anilide (6.3 g., 43%), and a small amount of an oil which
smelt like phenylisccyanide. No derivative of H-methyl-
aniline could be foumd.

2,2°'~ inodi 1 dis ide.~ Vas prepared froa
bensothiazole by ring fission with alkali and serial
oxidation of the intermediate thiophenol according to the
method of Gardner.>?

2,2'-Bibensothiazolyl.~ The following procedure was
found to give better ylelds thanm that descrided by
Zubarowsk1.3? 2,2'-Diaminodiphenyl disulphide (1 g.) was
heated with glycollioc acid (1.025 g.) in a sealed tube at
340° for 13 hr. After extraction of the product with
ethanol and with petroleum ether, repeated recrystallisation
of the residue from xyleme (charcoal), and sublimation at
200°/30 mm., 2,2'-bibensothiazolyl formed plates m.p. 298°
(0.80 g., 86.5%).

Synthesis of simple thiazoles

4-Phenylthiagole.~ This thlazole was prepared by the
condensation of thiofornanidegl and phenacyl bromide dy
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the method of Wiley, England and Behr.?
2;4-Diphenylthiagole.~ 2,4~Diphenylthiazole was
'prepared from thiobenmme” and phenacyl bromide according
to the meathod of Bnbachw.g‘ The ocrude thiasole was purified
by chromatography on alumina in bensene/light petroleum (2:1)
to give eolourless prisms m.p. 93-94° (iit. m.p. 92-93°).
2-Amino—4-phenylthiazole.~ This was obtained by the

condensation of thiourea with phenacyl bromide by the method

of ‘.rramnn.gs

2~ i—-Raphthyl—4-phenylthiazole.~ 4 solution of
1-naphthonitrile (30 g.) and dimethylamine (2 ml.) in
ethanol (200 ml.) was cooled to ~10° and saturated with
hydrogen sulphide, quiekly transferred to an autoclave,
and heated at 80-90° for 4 hr. After evaporatiom the
residue was extraocted with ether, and the extract washed
with dilute hydrochloric acid :nd with water, dried and
evaporated. The resulting crude l-thionaphthamide (9 g.)
was heated with phenacyl bromide (9.6 g.), sodium acetate
(3.85 g.), and ethanol (45 ml.) on the steam bath until the
solvent evaporated. Water was added, the mixture extracted
with ether, the ether dried and evaporated. After
chromatography on alumina in light petroleum, and crystal-
lisation from light petroleum, 2-c-na yl-4-phenylthiazole
(11.0 g., 19.5%) formed plates, m.p. 88°
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Found: C, 79.5; H, 4.5; N, 4.5.

CygB, 3FS requires C, 79.4; H, 4.53 K, 4.9%.

2-Amino-4-methyl-5~-phenylthiazole.~ Bensyl methyl
ketom% (70 &., 0.52 M), thiourea (78 g., 1.04 M), and

iodine (133 g., 0.52 M) were heated on the steam bath for
8 hr. (Compare similar condensations by King and mavecak.g’”
The mixture wus then extracted with ether, the residue
dissolved im boiling water and treated with charcoal. The
filtrate was bagified with potassium carbonate, and the
product purified by orystallisation from ethanol and from
benzene. 2-Amino-4-methyl-S-phenylthiazole (21 g., 21%)
was obtained as plates, m.p. 165°
Pound: C, 63.4; H, 5.2.
C; ol oS requires C, 63.2; H, 5.3%.

The pierate crystallised from ethamol in yellow needles,
HePe 2‘80
Pound: C, 45.9; R, 3.2; K, 16.5.
€8y 10955 Tequires C, 45.83 H, 3.1; R, 16.7%.

Desul phurisation of simple thiazoles

Desulphurisation of 4-phenylthiasole.-
(1) ¥With W7 Raney mickel. A mixture of 4-phenyl-
thiazole (10 g.), W7 Raney nickel (from 65 g. of alloy),
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and methanol (250 ml.) was refluxed for 3 hr. Ammonia (or
methylamine) was liberated during the reaction. This was
detected with litmus paper and Nessler's reagent. The
reaction mixture was filtered hot and the catalyst washed
thoroughly with boiling methanol. Combined filtrate and
washings were soidified with dilute hydrochloric acid
(10C ml.), and the solvent was evaporated on the water bath.
Bagification of the dark red residue with 20% aqueous sodium
hydroxide, followed by extraction with ether, and distillation
of the dried extracts, gave c-methylbentylamine, b.p. 190-
195°% (2.3 g.), identified as the oxalute, ®.p. 235-236°
(11t., m.p. 238°)
Pound: C, 65.0; H, T7.2; K, 8.2,
Cale. for 01832‘0‘!21 C, 65.1; H, 7.2; K, B.4%.

A higher-boiling fraction was found to be unchanged 4-phenyl-
thiazole (1.3 g.), Mm.p. 44° (pierate, m.p. and mixed m.p.
163°%).

(11) ¥ith ¥6 Raney niokel. Whem 4-phenylthiazole (8 &)
was similarly desulphurised with W6 nickel (from 65 g. of
alloy) by refluxing in methanol (250 ml.) for 3 hr.,
evaporation of the acidified methanolic extracts ylelded a
dark red residue. Extraction with ether and subsequent
evaporation of the dried etherfgl solution, gave acetophenone
{0.75 g.)y i1dentified as the éi4—d1n1trophenylh:ﬂrasons,
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u.p. and mixed m.p. 240°. Busification of the agueous
phase, followed by ether extraction, evaporation of the
dried solvent, and distillation of the residue, gave
d-methylbensylamine (1.95 g.), b.p. 195°, identified as
the oxalate, m.p. and mixed m.p. 235°, and unchanged
4~phenylthiasole (1.55 g.), identified as the piorate.

(111) Pormation of methylsmine. In another experiment
using 4-phenylthiazole (5 g.), W6 Raney nickel (from 65 g.
of alloy), and methanol (250 ml.) a slow stream of nitrogen
was passed through the reaction mixture during the time of
reflux (3 hr.), and the outcoming guses pasaed through dilute
hydrochloric acid. Evaporation of the hydrochloric acid did
not yield any methylamine hydrochloride or ammonium chloridse,
and no methylamine could be detected when the exit gases were
passed through a 0.5% alcoholic solution of l-chloro-2,4-
dinitrobengene for 30 min. (in the middle of the reactionm).
Filtration, extraction, and evaporation of the acidified
methanolie extracts, followed by ether extraction as usual,
gave acetophenone (0.46 g.), identified as the 2,4-
dinitrophenylhydrazone. The aqueous phase was basified and
warmed, the liberated methylamine being identified by passing
the gas into # solution of l-chloro-2,4-dinitrobensens. The
cooled basic solution wis then extracted with ether, the
ether layer dried ard distilled to give c-methylbenzylamine
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(1.73 g.), identified as the oxalate.

i

Desul isation of 2-amino-4-phenylthiazole.-
(1) With W] Raney nickel. 2-Amino-4-phenylthiazole

(10 g.) was desulphurised in methanol solution (250 ml.) by
refluxing with W7 Raney mickel (from 65 g. of alloy) for 3 hr.
Working up as described for 4-phenylthiazole (1) gave
A-methylbensylamine (4.03 g.), identified as the oxalate,
(m.p. and mixed m.p. 235%); ohloroplatinmate, m.p. 215-216°
(decomp.) (1it., m.p. 213~214° (decomp.)). Ammonia was
liberated during the reaotion.

(11) With W7 Raney nickel in a stream of nitrogen. The
experiment was repeated with a slow stream of nitrogen rassing
through the reaction mixture, and into dilute hydrochloric
acid solution. Evaporation of the acid at the completion of
the reaction gave a colourless crystalline residue (4 g.)
which sublimed without melting. Basifieation with con-
ocentrated sodium hydroxide solution liberated a volatile
base which consisted mainly of ammonia, but a trace of
methylamine could be deteoted with l-chloro-2,4-dinitrobanzene.
Working up of the reaction mixture im the usual way gave
c\~methylbensylamine (3.3 g.), identified as above.

(111) With W6 Raney nickel. A mixture of 2-amino—4-
phenylthiazole (10 g.), W6 Raney niokel (from 65 g. of
alloy), and methanol (250 ml.) was refluxed for 3 hr.
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Ammonia was evolved vigorously at the beginning of the
reaction, but evolution virtually stopped after 2.5 hr.
Piltration, extraction, and evaporation of the acidified
methanolic exiracts gave a partly solid mass which was
filtered off and washed with ether. Reerystallisation of
the solid from dilute hydrnchléric acid gave 2-amino-4-
phenylthiazole hydrochloride (4 g.), m.p. and mixed m.p.
204°. The etherisal solution gave acetophenonme (1.50 g.),
identified as the 2,4-dinitrophenylhydrasone. Basification
of the aqueous phase gave ammonia and J-methylbenzylamine
{2.15 g.)y b.p. 190°%, 1dentified as the oxalate, m.p. and
mixed m.p. 235°.

Des urisation of 2 iphenylthiazole.~

(1) ¥ith W7 Baney nickel. A mixture of 2,4-diphenyl-
thiazole (10 g.), ¥7 Raney nickel (from 65 g. of alloy), and
methanol (25C ml.) was refluxed for 3 hr., filtered and
extracted in the usual way. Anhydrous oxalic acid (5 g.)
was added and the methanolic extracts evaporated. It was
not possible to obtain d-methylbenzylamine oxalate in this
way, the only erystalline product being hydrated oxalie
acid (7 g.), m.p. 120°. The combimed products were basified,
extracted with ether, and the ether dried and distilled to
give benzaldehyde (1.65 g.), identified as the 2,4-
dinitrophenylhydrasone, and c-methylbenzylamine (1.05 g.),
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identified as the oxalate.

(11) With W6 Baney nickel. Desulphurisation of 2,4-
diphenylthiasole (9 g.) with ¥6 catalyst by the method
described for 4~phenylthiaxole (i1) gave a product which
was separated into basic and non-basic fractioms.
Recrystallisation of the "non-basic* fraction from benzene-
hexane gave unchanged 2,4-diphenylthiazole (2.35 g.),
identified by comparison with an authentic apecimen. The
basic fraction was distilled, to give d-methylbensylamine
(0.95 g.)s b.p. 195°, identified as the oxalate, m.p.
235°, and another fraction which decomposed at ca. 250°
with evolution of ammonia. PFrom this fraction benzaldehyde
{(2.53 g.) was obtained and identified as the 2,4~
dinitrophenylhydrazone.

Desulphurisation of 2-amino-4-methyl-S5-phenylthiazole.-

(1) ¥ith W] Raney nickel. A solution of this thiazole
(8 g.) in methanol (250 ml.) was desulphurised by refluxing
with W7 Raney nickel (from 65 g. of alloy) for 3 hr. The
mixture was filtered and extracted with methanol, and the
residue, after evaporation of the acidified solvent,
separated into neutral and basic fraoctions. The neutral
fraction (0.25 g.) was identified as phenylacetone, giving
a 2,4-dinitrophenylhydrasone, orange needles, m.p. 155°
{11¢t., m.p. 155-156%), and a semicarbazome, needles, m.p.
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195° (1it., m.p. 195-198°). Distillation of the basic
fraction gave c-methylphensthylamine (1.175 g.), b.p.
200-202° (1it., b.p. 203°)
Pound : C, 80.25; H, 9.95; R, 10.2.
Cale. for CgH, Nt C, 80.0; H, 9.63 N, 10.4%.

The chloroplatinate crystallised from dilute hydrochloric
acid in golden-yellow needles, decomp. oa. 220%. The
analytical eample was dried over sodium hydroxide and
phosphoric oxide in vaecuo.

Pound: C, 31.9% H, 4.4; K, 4.05; C1, 30.T7; Residue, 27.9.

Cale. for ClaﬂzsﬂzclsPt:

c, 31.8; H, 4.1; N, 4.13 C1, 31.3; Pt, 28.7%.
Distillation of the high-boiling fraction gave unchanged
2-amino-4-methyl-5-phenylthiasole (0.85 g.), identified as
the plorate, m.p. and mixed m.p. 248°.

(41) With ¥6 Raney mickel. Desulphurisation of
2-amino-4-methyl-5-phenylthiasole (10 g.) was carried out
with W6 Raney nickel as above. Ammonia was evolved during
the reaction. The residue, after removal of the acidified
solvent, deposited a crystalline hydrochloride which was
separated and baeified to give unchanged 2-amino—4-methyl-
S-phenylthiagole (2.77 g.), 1dentified as the pilcrate. The
l1quid product was sepairated into neutral and basie fractions.
The nsutral fraction (0.7% g.) was found to be phenylacetons,
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giving a 2,4-dinitrophenylhydrazone, m.p. and mixed m.p.
155°. Distillation of the basic fraction gave o-methyl-
phenethylamine (1.80 g.), b.p. 200-203°; identified as the
chloroplatinate. Recrystallisation of the residue gave
unchanged base (2.55 g.), 1dentified as the picrate.

Desulphurisation of 2-&-naphthyl-4-phenylthiazole.~-

A mixture of the thiaszole (10 g.), W7 Raney nickel
(from 65 g. of alloy) and methanol (250 ml.) was refluxed
for 3 hr. The reaction mixture was filtered and the nickel
extracted with bolling methanol (3 x 200 ml.). Combined
extracts and filtrate were acidified with dilute hydro-
ohloric acid (100 ml.) and distilled from the water bath.
Addition of excess picric acid to the distillate, followed
by concentration, gave l-methylnaphthalene piorate (1.8 g.),
®.p. and mixed m.p. 142°. The residue from the desulphur-
isation was separated into basic and non-basic fractions in
the usual way. The non-basie fraotion on removal of ether,
deposited unchanged 2- d-naphthyl-4-phenylthiasole (2.15 g.),
identified dy comparison with an authentic specimem.
Distillation of the remainder of the neutral fraotion gave
acetophenone (0.38 g.), identified as the 2,4-dinitrophenyl-
hydrazone. The basic fraction was distilled to give
O-maethylbensylamine (0.85 g.), b.p. ca. 190°; identified as
the oxalate, m.p. 235°, and a viseous oil (2.05 g.), b.p.
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260-280°. This material was not completely soluble in
hydrochlorie acid, but gave a chloroplatinate and a 2,4~
dinitrophenylhydrasone. Separation into neutral and basic
components gave l-naphthaldehyde (2.0 g.), identified as its
2,4-dinitrophenylhyirasone, m.p. and mixed m.p. 255°.
Ammonia was the only basic componeat foumd.

The action of Raney nickel on ok-methylbenzylamine.-
The base (4 g.) was dissolved in methanol (250 ml.),

added to freshly prepared W7 Raney nickel (from 65 g. of
alloy), and the mixture refluxed and worked up as in the
case of the thiazoles. Fo ammonia or methylamine could be
detected when a slow stream of nitrogen was passed through
the reaction mixture and into hydrochloric acid. An attempt
was made to separate the reaction mixture into basic and
non-basic components, but no acetophenone or other neutral
componeant could be foumd. Working up of the basic fraction
gave unchanged c-methylbensylamine (2.9 g., 72.5%).

The results of these desulphurisations have been
summarised in Table 2.1.



{a) A1l experiments were carried out in
refluxing methanol {250 ml.). Reaotion
times was 3 hr. throughout.

{(b) All products were identified Ly direot
comparison with authentic or analysed
specimensa.

(o} 30 g. of Raney nickel were used in each
experivent.
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Desul phurisations with Raney cobalt

The use of Raney nickel in desulphurisation has been
extensively 1n!estigatad.9’13’22 but Raney cobalt has not

been systematiocally studied. Aller described the preparation
30a In

the process of studying its general properties he observod3°b

that this Raney cobalt desulphurised methyl thioglycollate

of a very active Raney cobalt hydrogenation catalyst.

to methyl acetate at room temperature. The general con-
clusions from this work were that Raney cobalt shows
properties which are very similar to those of Raney nickel,
but that cobalt generally exhibits a lower activity.
Hauptnann?7s’98 used degassed Raney cobalt to desulphurise
organo-sulphur compounds at elevated temperatures. In
these reactions also Raney cobalt bebaved similarly to
Raney nickel, but showed a lower activity.

A metal less active than nickel might have advantages
in some cases, especially if it could effect desulphuris-
ation without the complete reduction of all unsaturated
groupa. Raney cobalt seems to be promising in this respect
as 1t 1s known to be a weak hydrogenation catalyst.30»61¢62
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This chapter records the results of a systematic
study of Raney ocbalt in desulphurisation. It will be
shown that Raney cobalt generally leads to the same
products as Raney nickel, but that it has a lesser
activity. Attention will also be drawn to some difference
between the two desulphurising agents.

The desulphurisation of thiophen ocarboxyloc acids with
Raney cobalt proceeded to give the same produots as were
obtained with Raney nickel. 7'28 Thus thiophen-2-carvoxylic
scid gave m-valeric acid, and [-2-thienylbutyric acid (I)
was desulphurised to n-octanoic acid (II). In addition the
reaction produced some dimerie product (hexadecan-l,16-
dicarboxylic acid (III)). In the case of )-2-thienyl-
butyric acid, in agreement with the results obtained with
niekol.28 it was found that the proportion of dimeriec
produot increased with the concentration of the reaction
mixture. Such a result is, of course, expected if the
dimeric product resulte from a recoabimation of free
radioals.za
, Desulphurisation of p~-2-thenoylpropionic acid (1IVv)
resulted in some aimultaneous reduction of the keto group,
for 4-hydroxyoctanoic acid lactome (V) and 4,13-dihydroxy-
hexadecane-1,16-d10ic acid dilactone (VI) were obtained in
addition to 4-oxo-octanoic aoid (VII) and 4,13~dioxo-
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hexadecane-l,16-dioic acld (VIII). Although all these
producte have been obtained by Raney nickel desulphur-
isation of this 2014,25'99 they are not normally formed
under the same experimental conditions. In this respect
cobalt seems to be less selective than nickel.

[I S B-(cuz)3;.coon CH,.(CH,)g.CO0H  HOOC.(CH,), ,.COOH

(1) - {11) (111)

[ Moo conyypec00m — ony.conom,cm.om,0m, .00
o 00 (Cy), y ol 08,0,
(1v) (v)

clro.cnz.cnz.ga. (032)6-?3.052.032.0]0
0 0

(V1)
cu3(052) 3+00.CH,.CH, .COOH
(v1iI)
HOOC.CH,, .CH,.C0. (CH,, ) ¢ .CO.CH, . COOH
(VIII)

Thiophen ketones were also desulphurised with Raney
cobalt to give the same products as were obtained with

nickel .17’28 Por instance, 2-bensoylthiophen ylelded
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valerophenone, and 3-acetylthiomaphthem (IX) gave 3~phenyl-
2-butanone (X). However, the desulphurisation of 2-bensoyl-
thiophen with ¥7 Raney cobalt gave no dimeriec produst (1,8-
dibensoylootane), but a considerable amount of this material
was isolated when "Aller” Ramey cobalt was used. This result
is surprising, for the desulphurisation of 2-acetylthiophen
with W7 cobalt produced some 2,ll-dodecanediomne, in addition
to the expected 2-hexanome. The desulphurisation of 3~
acetylthionaphthen also gave no dimerie product, but this

is in agreoment with the result of desulphurisation with
Raney nickol.za It was hoped that desulphurisation of 3-
acetylthionaphthen could be effected without simultaneous
reduction to yield 3~-phemylbut—-3-en~2-ome (XI). Bowever,
this material could not be detected in the product, although
specially searched for, using infrared spesctroscopy. (Alseo,
no olefin was found when desulphurisation was effected with
copper-poisoned nickel.)

COcHy (7| CHooCH; CIOCH
S X" CHy CH,
(1X) (x) (x1)

Although the products obtained with cobalt are
generally similar to those obtained with nickel, om the
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basis of the extent of desulphurisation under similar
conditions, ¥7 Raney cobalt is much less effective than
¥7 Raney nickel. In the deswlphurisation of 3-acetyl-
thionaphthen, for instance, Raney cobalt was about one
sixth as active as Raney niekel.za
produet to dimeric product also differed with the two metals.
Por example, in the desulphurisation of 2-bensoylthiophen
with "Aller" Raney cobalt the ratio of dibenzoylostane to
valerophenone was 1 t 7.3. With W7 Raney nickel, however,
a ratio of 1 ¢ 18.6 was found, that is, less than halfl the
runber of dimerisations for the number of molecules attacked,
In the thiophen series the formsation of dimerie products

The ratio of monomeric

probably oceurs by recombimation of the free radical inter-
mediates arising from desulphnrisation.g'za However, it is
always possible that dimerisation to derivatives of 2,2'-
bithienyl may precede desulphurisation.’ No bithiemyle have
been observed im the desulphurisation of thiophen derivat-
ives, but their presence has not been rigorously excluded.
WVhen 2-acetylthiophen was treated with Raney cobalt

under conditions favourable to the formation of dinaraza

the
expected products (2-hexanone and dodecanedione) were obtained,
A small quantity of an alcohol resulting from the reductioa

of the keto group (2-hexancl) was probably also present.

Closer examination of the dimeric fraction led to the
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isolation of a very samall quantity of an umknown compound
“R*, which eontained oxygen and sulphur. "R" was not 5,5'-
diacetyl-2,2'~bithienyl, although analysis suggested a
similar composition. The sompound had only one carbonyl

band in the infrared (5.94/p), and 1ts ultraviolet absorption
spectrum was nearly superimposable on that of 2-acetyl-
thiophen if & molecular weight of 252 was assumed. (The
moleoular weight of diascetylbithienyl is 250.) On the

basis of this evidence the compound “R" was tcntatively
formulated as a dihydrobithienyl derivative (XII).

H
H)—]
HyC.OC” NS~ H” NS” NCO.CHg

(x1I)

In a similar desulphurisation when the method of
working up wags modified the yield of "R" was nearly one
third of the dimeric fraction, and further experiments
were directed at the eluocidation of its structure. The
moleoular weight (Rast) of "R" was foumd to be 235 L 30,
in agreement with structure (XII) (¥ = 252). A compound
possesaing such a structure may be expected to be de-
hydrogenated easily to give diacetylbithienyl. However,



- 62 -

“R* was recovered unchanged after refluxing with chloranil
in xylene solution for 4 hr. The spectroscopic and
analytioal data for "R* can also be accommodated by
structure (XITI)". In addition, this structure accounts
for the stability of the material towards dehydrogenation.

0—CH.
JL 2 /HCH3
HyC.0C” 57 s~
(XII1I1)
"
033.00.(032)‘.03 Gﬂé
(xIV)

An attempt was made to desulphurise "R" with Raney
nickel. Considerable reduction of the carbonyl group(s)
ooccurred and the imfrared spectrum of the product showed
little resemblance to that of dodecanedione. The small
quantity used did not permit the identification of the
product of desulphurisation.

Reduction of the carbonyl groups could be avoided
I3

* The author 1s indebted to Dr. J.M. Cornforth, F.R.S.
for suggesting structure (XIII).



when the desulphurisation of "R"™ was carried out with
deactivated Raney nickel, but the produoct had two carbonyl
banda corresponding to fres and conjugated carbonyl groups
in roughly equal amount. However, the infrared spectrum
did not contain an Ar.C-H band at 6.65/5. and the product
wae therefore probably not a mixture of desulphurised and
undesul phurised material. Accordingly, there waes little
change in the infrared spectrum upon sublimation of the
product of desulphurisation. Although the structure of
this material is not known, it is thought that it is not
dodecanedione.

The results of the desulphurisation of "R" are not in
agreement with structure (XIII), since the product had two
carbonyl bande, but are compatible with structure (XII) if
the isolated double bond swvived desulphurisation as im (XIV).

Although no definite structure can be proposed for
*R* at this stage, the evidence 1s consistent with the view
that thies compound is s derivative of bithienyl such as
(x11).

The effect of W7 Raney cobalt on thiazoles was found
to be aimilar to that of a rather weak Raney nickel. Sone
deaminsition of 2-amino~{-phenylthiazole oecurred, and aceto-
phenone was isolated. With 2-mercaptobensothiazole the thiol
group was removed, but no product resulting from the de-



- 64 -

sulphurisation of the benzothiazole ring system could be
detected. Accordingly, bernszothiazole was recovered
unchanged after treatment with W7 Raney cobalt.

Phenanthridone {XV) is readily converted to phenan-
thridinethione, and the desulphurisation of this produoct
with commercial Raney nickel offers a useful route to
phenanthridine.ls With more active Raney nickel, however,
the reaction is complicated by the fact that reduction to
dihydrophenanthridine generally ocourn.gs necessitating a
further dehydrogenation step. %With W7 Raney cobalt, however,
it has been found that the desulphurisation proceeds smoothly
to give phenanthridine in high yleld.

2=-Quinolone is also readily converted to thioquinolone
{(XVI) (2-mereaptoquinoline), but the desulphurisation of
this compound with Raney cobalt guve a variety of products.
The main constituents were quinoline (68%) and 2,2'-bi-
quinolyl (13.5%), but 2-hydroxyquinoline (2-quinolone) and
the hitherto unknown 4i-2-gquinolyl sulphide were also formed
in small amounts. A remarkably stable cobalt complex was
also isolated. This has tentatively been formulated as
tris—(2-mercaptoquinolyl) cobalt on the basis of the results
of elementary analysis amd hydrolysis with strong acid.
Some properties of this materiml have been listed in the
experimental seation.



- 65 =

Acridinethione {9-thioacridone) (XVII) was very
resistant to desulphurisation with Raney cobalt, and some
of the thione was recovered unchanged. However, a small
amount of soridine was isolated, as well as a considerable
amount of 9,9'-biacridyl. The reaction also produced a
mixture of three other bases (detected by paper chromat-
ography), but separation or identification of these
compounds could not be achieved. It is thought that these
bases are probably isomeric biacridyls.

Y o,

S H
(XV) (xv1)
S
400 P
N CH, - KH
H
(XVII) (XV1II)

Desulphurisation of imidasolidinethione (XVIII) with
Raney cobalt did not yleld imidazolidine, but gave ethyl-
enediamine, presumably by hydrolysis of the parent base.
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Some N,N'-diformylethylenediamine was also isolated. The
yield of this material was higher than could have arisen
by trans-formylation of the intermediate monoformyl
derivative (derived by the hydrolysis of imidazolidine).
It seemed therefore likely that the formylation of ethyl-
enediamins resulted from the action of cobalt on the
methanol solvent. Such a process would re;resent a specific
property of Raney cobalt, for Raney nickel does not formy-
late primary amines in nethanol.38° However, when ethyl-
enediamine was refluxed with W7 cobalt in methanol under
the conditions of the experiment no formylated products
were found.



EXPERIMENTAL

Preparation of Raney cobalt.-
W7 Raney cobalt was prepared from cobalt-aluminium

alloy (lLighte; 30% Co, 70% Al) by the same method as for
w7 niockel13? except that the metal was washed ten times by
decantation with water and twice with methanol. The fimal
centrifugation was ocmitted.

"Aller® Raney cobalt was prepared at 15-20° by the
method of Aller.3°

Desulphurisation of thiophen-2-carboxylic acid.-
To a solution of the acid (5.0 g.) in aqueous sodium

carbomate (100 ml., 10%) was added W7 Raney cobalt (from
65 g. of alloy), and the mixture stirred at 80-90° for 2
hr. The metal was filtered off and washed with hot sodium

carbonate solution to give, after acidification, unchanged
thiophen-2-carboxylic acid (3.75 g.), m.p. and mixed m.p.
126~127°. Extraction of the mother liguors with ether,
and removal of the dried solvent gave valeric acid,
identified and weighed as the p—bromobensylisothiouronium
s2lt (3.3 g., corresponding to 0.97 g. of valeric acid,
m.p. 162°%).

Desulphurisation of J-2-thienylbutyric acid.~

(1) In high dilution. A mixture of {~2-thienylbutyric
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aeid (8.0 g.), ¥7 Raney oobalt (from 125 g. of alloy),
and 104 aqueous sodium carbomate (to make a total volume
of 900 ml.) was stirred on the water bath for 1.75 hr.
The metal was filtered off, washed well with hot sodium
carbonate solution, the combined filtrates acidified and
extracted thoroughly with ether. Distillation of the
residue after removal of solvent gave @
(a) n—octanoic acid (2.57 g.)s b.p. 72-73%/0.05 mm.}
(b) §-2-thienylbutyric acid (4.90 g.), b.p. 104°/0.05 mn.; and
(¢) a residue (0.2 g.).
The residue was extracted with sodium carbonate solution,
the extract treated with charcoal and acidified to give a
brown material. Recrystallisation from ether and from
concentrated nitric acid gave impure hexadecane-l,l6-dicarb~
oxylic acid (ca. 8 mg.), identified by comparison of 1its
infrared spectrum with that of the authentic acid.

(11) In high comoentration. Y~2-Thienylbutyric acid
(30 g.) was dissolved in the minimum amount of 5% sodium
carbonate solution, and freshly prepared W] Raney cobalt
(from 250 g. of alloy) added. The mixture (300 ml.) was
heated on the water bath for 5 hr. and then dissolved in
hydrochloric acid. The solution was extracted comtinuously
with ether for 18 hr., the ether dried and distilled off



and the residue digtilled to give :

(a) forerun {mainly n-octanoic acid) (1.68 g.), b.p.
60-80°/0.1 mm.}

(b) n-octanoie acid (6.52 g.), b.p. 80%/0.1 mm.;

(a) Y-2-thienylbutyric acid (18.9 g.), bd.p. 115°/0.1 mm.j and

(4) a residue (1.2 g.).

Praction (d) was extracted with sodium carbonate solution,

the extract treated with charcoal and acidified. Reerystal-

lisation from ether gave a product (0.175 g.) which was

further purified by recrystallisation from comcentrated

nitric acid (6 x) %o yield hexadecane-l,l6-dicarboxylic

acid as plates, m.p. and mixed m.p. 123—124°.

Desulphurisation of g—z-thnnozlggggionic acid.-
A stirred mixture of f-2-thenoylpropionic acid (7 g8.)»

W7 Raney cobalt (from 250 g. of alloy), and aqueous sodium
carbomate (7%) (to make the total volume to 300 ml.) was
heated on the steam bath for 5 hr. %he cobalt was extracted
with sodium carbonute solution and the combined filtrates
were acidified. On cooling, 4,13-dioxohexadecanedioic acid
(0.27 g.)y m.p. and mixed m.p. 152-153°%, separated. Con-
centration of the mother liguors from 1000 ml. to 500 ml.
and cooling gave f~2-thenoylpropionic acid (1.415 g:)y B.De
and mixed m.p. 119—1200. The mother liquors were extracted
with ether, the ether evaporated, and the residue distilled.
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Four fractions were collected 3

(a) 4-hydroxyoctanolactons (0.89 g.), b.p. 114-118°/22 mm.,
n?* 1.4456 (11¢. n'? 1.4451);

(b) o1, b.p. 152-166°/22 mm. (0.62 g.);

(e) o1l, b.p. 180°/22 mm. (0.54 g.); and

{(d) a residue (0.5 g.).

Recrystallisation of fractions (b) and (¢) from light

petroleum gave 4-oxo—-octancic acid, m.p. and mixed m.p.

50-52°. The residue (d) was separated into acidie and

neutral components. The acidic part was a small amount

of brown tar which contained sulphur, and wae thus probably

derived from the thiophen acid by pyrolysis. Repeated

reorystallisation of the neutral component from benzene -~

1light petroleum gave impure 4,l3-dihydroxyhexadecane-l,16-

diolc acid dilactone (3.7 m=g.), m.p. 76-78° (1it. =m.p.

86-88°), identified by its infrared spectrum.

Desul phurisation of 2-benzoylthiophen.-

(1) ¥ith ¥7 Raney cobalt. A mixture of 2-benzoyl-
thiophen (30 g.), W7 Raney cobalt {from 125 g. of alloy),

and methanol (to make the total volume 200 ml.) was refluxed
for 5 hr. Soxhlet extraction of the mixture with methanol,
followed by removal of the sclvent using an efficient
fractioning column, and distillation of the residue gave
two fractions:
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() n-valerophenone (1.84 g.), b.p. 80°/0.05 mm., identified
as the 2,4-dinitrophenylhydrazone, m.p. and mixed m.p.
152-153°;

(b) 2-benzoylthiophen (24.75 g.), d.p. 100-102°/0.05 mm.;

and a small amount of tarry residue which did not contalin

1,8-dibenszoyloctane.

(11) ¥ith "Aller" Raney cobalt.3’ A similar desulphur-
isation was carried out, excepyt that "Aller"® Raney cobalt
was used imstead of the W7 catalyst. Distillation of the
produst gave @

(a) n~valerophensne (2.2 g.), b.p. 80-100°/0.04 mm.,
identified as the 2,4-dinitrophenylhydrazone;

(b) 2-vemsoylthiophen (25.5 g.), b.p. 110-120°/0.04 mm.; ond

(¢) a residue (0.5 g.) which on recrystallisation from
ethanol gave 1,8-dibensoylootane (30 mg.), m.p. and
mixed m.p. 92-93°.

Desulphurisation of 3J-acetylthionaphthen.-

(1) ¥ith W] Rapmey cobalt. 3-Acetylthiomaphthen (30 g.)
was refluxed with W7 Raney cobalt {(from 125 g. of alloy) in
methanol (to make the total volume 200 ml.) for 5 hr. The
mixture was filtered and the cobalt extracted contimwously
with methanol for 24 hr. Combimed filtrate and extracts
were distilled slowly using a 60 om. heat—-compensated
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fractionating column packed with single~turn glass helices,
in order %o remove methanol. The residue was takem up in
ether, dried and distilled to give :
(a) forerun (4.44 g.), b.p. below 96°/0.1 mm.;
(b) 3-acetylthionaphthen (24.16 g.), b.p. 96-102°/0.1 ma.;and
{c) a small amount of residue.
Redistillation of fraction (a) gave 3-phenyl-2-butanone
(1.4 g.)y b.p. 110-112°/24 mm., 1dentified as the 2,4-
dinitrophenylhydrasone, m.p. and mixed m.p. 171-172°%; and
3-acetylthionaphthen (3.04 g.), d.p. ga. 250%/24 mm.
Examination of the infrared spectruz of thie sample of 3-
phenyl-2-butanone for presence of unsaturated intermediates
showed only a slight contamination with }-acetylthionaphthen.
Ko olefin absorption was moted. Samples of 3-phenyl-2-
butanonme similarly prepared with Raney nickel by Dr. Sasse
also contained this impurity dut no olefinic absorption was
found.

(11) With copper-poisoned nicke 190 w7 Raney nickel

28

(12 g.) was stirred on the water buth with a solution of
cupric acetate (1.2 g.) in methanol (100 ml.) for 20 min.
and washed three times by decantation with methanol. The
reesulting eatalyst was added to 3~acetylthionaphthen

(3.0 g.) in methanol (50 ml.) and the mixture refluxed on
the water bath for 22 hr. The reaction mixture was filtered
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hot, extracted repeatedly with boiling methanol and the
extracts distilled from the water bath. The concentrated
extracta (20 ml.) on cooling deposited unchanged 3-acetyl-
thionaphthen (0.645 g.). The filtrate was taken up in

ether, the ether dried with magnesium sulphate and distilled
to give two fractions :

(a) )-phenyl-2~butanome (0.476 g.), b.p. oa. 100%/24 mm.; and
(v) 3-acetylthionaphthen (0.180 g.), b.p. ea. 105°/0.01 mm.
The 3-phenyl-2-butanone was examined dy infrared spectro-
scopy for the presence of olefims but none could be deteoted.

Uesulphurisation of 2-acetylthiophen.- ‘

(1) A mixture of 2-acetylthiophen (30 g.), and W7 Raney
cobalt (prepared from 125 g. of alloy) was made up to 200
ml. with methancl and refluxed for 5 hr. The cobalt was
filtered off, extracted continuously with methanol for
20 hr., the filtrate and extracts combined and distilled
t0 remove methanol. Distillation of the residue under
reduced pressure gave three fractions :

(a) 2-hexanome (2.77 g.), b.p. 60°/30 mm., idemtified as
the 2,4-dinitrophenylhydrazone;

(b) 2-acetylthiophen (26.3 g.), b.p. 102°/20 mm., identified
as the 2,4-dinitrophenylhydrazone}

{¢) an 011 (0.5 g.), b.p. 80-90°/0.5 ma.

Redistillation of fraction (¢), followed by repeated
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recrystallisation from light petroleum (b.p. below 40°) in
solid carbon dioxide gave 2,1l-dodecanedione (10 mg.),
B.p. and mixed m.p. 54-56°.

(11) A mixture of 2-acetylthiophen (60 g.), W7 Raney
cobalt {prepared from 250 g. of alloy), and methamol (%o
nake the total volume 250 ml.) was refluxed for 24 hr.
¥Yorking up as before gave the following fractions ¢
(a) a forerun (1.0 g.), b.p. 100°/22 mm., which 4id not

contain ketones (probably 2-hexanol);
(b) 2-acetylthiophen (50.75 g.), b.p. 104-105°/22 mm.,
identified as aboves
(e) an o1l (0.996 g.), b.p. 90-120°/0.03 mm.; and
(4) a small amount of s0lid removed from the neck of the
flask. Fraction {¢) was extraoted with light petroleum
(bep. below 40°) and the extracts purified by chromat—
ography oa alumina in the same solvent, followed by re-
erystallisation using solid carbon dioxide to give 2,11~
dodecanedione (0.96 g.), m.p. and mixed m.p. 54-56°
(1dentity confirmed by infrared spectra). The petroleum-
insoluble part of fraction (c) was found to be identical
with fraction (4) by mixed m.p. and comparison of the
infrared spectra. Recrystallisation of the combined
meterials from bensene —~ light potroleum gave a gompound
“R* {30 mg.) as needles, m.p. 88.5-89°
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Found: C, 58.1; H, 4.753 S, 24.3; 0, 12.4%.

Its infrared spectrum (Fig. 3.1) showed ome carbonyl band
at 5.94 - (suggesting a CO.C=C system) and possibly a weak
isolated 032 band at 6.99/~. in addition to the strong
band at 6.99/u. asoribed to acetyl Oﬂz. The speoctrum had
1ittle similarity to that of 5,5'-diacetyl-2,2'-bithienyl,
except for the C=0 absorption which appeared at 5.9§/~.
The carbonyl band of 2-acetylthiophen waa at 5.97§/u.

The ultraviolet absorption spectrum of "R" in ethanol
gave two maxima at 261 and 284 n/u'(shown in Fig. 3.2,
assuming molecular weight 252). This spectrum also differed
significantly from that of 5,5'-diacetyl-2,2'-bithienyl
(Pig. 3.2)3 A e (log ¢ in parentheses): 262 (3.54),

282 (3.44), 345 (infl.) (4.35), 370 (4.40) and 425 m « (infl.)
(2.75). The spectra of some related thiophen derivatives
are given in Pigs. 3.3 and 3.4.10%

(111) Experiment (i1) was repeated, except that the
total volume was 200 ml. instead of 250 ml. The cold
reaction mixture was filtered directly into the thimble
of a hot Soxhlet and extracted with methanol for 20 hr.
and with a second batch of that solvent for 48 hr. The
first extract was black, but became red on cooling and
standing in a stoppered flask overnight. The combined
extracts were distilled from the water bath to give a
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distillate 4 and a residue B. Careful fractiomation of
distillate A gave 2-hexanons, identifled and welghed as
the 2,4-dinitrophenylhydrasone (5.5 g., corresponding

%o 2.0 g. of 2~-hexanone). 2-Hexamol was detected by gas-
liquid chromatography of the liquors odtained after remowval
of 2-hexanone as the 2,4-dinitrophenylhydrasons. Residuse
B was taiken up in ether, dried and distilled to give 2-
acetylthiophen (50.0 g.), b.p. 96°/12 mm. and 2,11~
dodecanedione (0.930 g.), b.p. 140-160°/ ga. 0.5 ma. (bath
temp. 240°). A tarry restdue C (2.015 g.) was left after
distillation. Chromatography of the residue C on alumina
in bemsene -~ hexane gave a forerun of yellow, viscous far
(1.6 g.), which darkened on standing, and substance "R"
{0.380 g.), identical in all respeots with the material
obtained im (11).

"R* oould mot be dehydrogemated with chloranil and
was recovered unohanged after refluxing for 4 hr. ia
xylene. Rast molecular weight determimation was found to
be 235 ¢ 30.

A sample of "R" was desulphurised with ¥7 Raney nickel
in ethanol. The produot (purified dy sublimation) showed
free and hydrogen bonded O-H absorption at 2.75 amd 3.0/«.
but had only weak carbonyl absorption at 5.85 2 suggesting
that extensive reduction of oarbonyl groups had takem place.
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The material could not be identified.

In another desulphurisation the Raney nickel was
deactivated and freed from water and ethamnol by aseotropic
distillation with bensemne prior to the addition of “R".
The product of this desulphurisation showed no O~-H absorp-
tion but had two cardbonyl bands of nrearly equal intensities
at 5.85 and 5.98/u. (The ocarbonyl absorption of 2,11~
dodecanedione is at 5.83/~.) Sublimation of the product
di4 not lead to a significant change in the infrured
spectrum except that the intensity of the dand at 5.9€/L
was slightly increased.

8 ; ion of es.~

_ i i A mixture of the
thiazole (5 g.), ¥7 Raney cobalt (from 65 g. of alloy)
and methanol (250 ml.) was refluxed im a slow stean of

nitrogen for 4 hr. The exit gases were passed into dilute
hydrochloric acid, subsequent evaporation of which gave
ammonium chloride (0.15 g.). The reaction mixture was
filtered, the metal washed with hot methanol, the combined
extracts acidified and evaporated. Separation of the
residue into basiec and non-basic components gave unchanged
2-amino-4-phenylthiazole (4.4 g.) and acetophenons (0.55 g.),
identified as the 2,4-dinitrophenylhydrazone.

(11) Bensothiasole. When a solution of bemsothiazole



{10 g.) in methamol (250 ml.) was refluxed with ¥7 cobalt
eatalyst for 3.5 hr. and the mixture extracted in the

usual way and subjected to Hinsberg separation, oaly
unaohanged bensothiasole (6.08 g.) was isolated. RNo

primary or secondary amine could be found.
2-Hercaptobenzothiasole
(10 g.) was refluxed in methanol solution {250 ml.) with W7
Raney cobalt (from 65 g. of alloy) for 4.5 hr. The reaction
mixture was filtered hot and the metal extracted with
boiling solvent. The combined extracts were acidified with
dilute hydrochloric acid (100 ml.) and concentrated by
distillation. On cooling 2-mercaptobensothiassole (3.0 g.)
was deposited and the liquors were treated with toayl
chloride and agueous alkali. Steam distillation gave
benzothiazole (2.74 g.), identified as the piorate but

no primary or secondary amine could be detected.

Des urisation o enanthridinet .17
(1) In 41 ] « A mixture of
phepanthridinethione (1.0 g.), W7 Raney cobalt (ga. 5 g.)s

dimethylformamide (10 ml.) and ethamol (10 ml.) was
refluxed for 1.5 hr. The mixture was filtered hot, the
aobalt washed with hot solvent and the combined filtrates

svaporated on the water bath in vacuo. After ome
recrystallisation from acetone — water the phemanthridine
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(0.61 g., 72%) had m.p. 105-106°, undepressed by admixture
to an authentic sample.

(11) In pyridime. In a similar desulphurisation,
pyridine (20 ml.) was used as solvent and the mixture
worked up as before. The residue, after evaporation,
was taken up in the minimum amount of dimethylformamide
and acidified with hydrochloric acid to give unchanged
phenanthridinethione (0.168 g.), m.p. ga. 260°.
Basification of the remainder with ammonia gave impure
phenanthridine (0.68 g.), m.p. 88-106°% which could mot be
purified by repeated recorystallisation froa aceﬁm - water
and therefore probably contained dihydrophenanthridine as
impurity. Chromatography on alumina in benzene-hexamne gave
pure phemanthridine, m.p. 105-106°.

Desulphurisation of 2-mercaptoquinoline.-
¥hen a mixture of 2-mercaptoquinoline (3.0 g.), W7 Raney
cobalt (from 30 g. of alloy) and methanol (60 ml.) was
refluxed for 5 hr., much brown solid was formed. The
mixture was filtered hot and the solids washed with hot
methanol. Evaporation of the combined filtrates ylelded
2,2'-biquinolyl (0.026 g.), m.p. and mixed m.p. 193-194°,
and quinoline, idemtified and weighed as the picrate
(4.10 g.), m.p. and mixed m.p. 203°. The solids were
further extracted with hot dimethylformamide in a Soxhlet
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for 12 hr. and the extract concentrated to 10 ml. Cooling
and filtration gave a brown solid (A) and a filtrate (B).
Solid (A) was extracted with 1:1 hydrochloric acid.
Feutralisation of the extract gave 2-hydroxyquimoline
(0.036 g.)s m.p. and mixed m.p. 199°, and quinoline,
identified and weighed as the picrate (0.43 g.). BFo
cobalt ions were found in the acid extract. The acid
{nsoluble portion of solid (A) was recrystallised from
dimethylformamide to give tris—(2-mercaptoquinoline)cobalt(?)
(0.455 g.) as shiny black needles

Pound: C, 60.3; H, 3.4; N, 7.4; S, 18.0; Co, 11.8.

02?Hs5383co requires: C, 60.1; H, 3.4; ¥, T.8;

S, 17.8; Co, 10.9%.

Dilution of filtrate (B) with water (100 ml.) gave a yellow
material (0.34 g.) which was chromatographed on alumina in
benzene - hexane. The products were 2,2'~biquinolyl
(0.295 g.), m.p. and mixed m.p. 193° (also red complex with
cuprous ions), and di-2-quinolyl sulphide (0.045 g.), m.p.
188° (from 11ght petroleum, b.p. 100-120°)

Found: C, 75.3; H, 4.4; R, 9.25; S, 1ll.l.

018312!23 requires: C, 75.0; H, 4.2; N, 9.7; S, 11l.1%.
Its m.p. was not depreased by admixture with a specimen
prepared by fusing 2-chloroquinoline with sodium sulphide
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for 20 hr.

Reactions of tris—(2-merca 1 cobalt (7).
Dilute hydrochloriec acid had no effect on the material.
Boiling concentrated hydroohloric acid produced a green
goloration which was discharged on dilution with dis-~
appearance of free cobalt ions. However, the "complex”
could be hydrolysed by heating with concentrated hydro-
chloric acid in a sealed tubs at 140-160° for 40 minm.
Bagsification of the hydrolyais mixture, followed by ether
extraotion (20 x) gave di-2~quinolyl sulphide (identified
by paper chromatograrhy in butanol/HCl/water). Extrection
of the neutral component of the hydrolysis mixture ylelded
2-mercaptoquinoline as main product. Cobalt ions were
detected in the hydrolysate. Im another hydrolysis a
partizl solutiom of the "complex™ in hot concentrated
hydrochloric acid was poured into concentrated sodium
hydroxide solution. Most of the “complex" was re-formed
but 2-mereaptoquinoline and 4i-2-quinolyl sulphide could
be isolated by ether extraotion and compared with authentiec
specimens.

Concentrated sulphuric acid dissolved the “eomplex” on
warming but it was precipitated unchanged on d4ilution.
Sodium ‘usion (twiee) did mot detect nitrogen, although
sulphur was readily detected. This suggests a strong



2-Yereaptoquinoline (3.0 g.) was desulphurised with W7
cobalt (from 30 g. of alloy) to give:

(a) quinoline (1.63 g., 68%), isolated as the plorate;
(b) 2,2'-biquinolyl (0.321 g., 13.5%);

(e) 2-hydroxyquinoline (0.036 g.);

{a) di-2-quinolyl sulphide (0.045 g.)3 amd

(o) tris-(2-mercaptoguinolyl)eobalt (?) (0.455 g.).

(1) Mﬂw A mixture of
thioacridone (3 g.), dimethylformamide (30 ml.), ethancl
{30 ml.) and ¥7 Raney ocobalt (from 30 g. of alloy) was
refluxed for 1) hr. The catalyst waa filtered off, washed
+1th hot dimesthylformanide and with boiling ethanol, the
combined filtrates evaporated, and the residus extracted
with boiling 0.5E sodium hydroxide solution (2 x 250 ml.).
The sxtracts on coolimg and saturation ~ith carbon dioxide
gave unchanged thicaecridome (0.92 g.). Continuous extraot-
ion of the alkali-imsoluble portion with light petrolemm
{(b.p. 65-69°) for 2 hr. and evaporation of the solvent, gave
aoridine {identified as the plorate (0.10 g.), m.p. and
mixed m.p. 261-262°). The petroleum-imsoluble fraotion
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(0.85 g.), m.p. ga. 364%, aid not oontain any acridone as
1t failed to form a p-(diethylamino)phenyl derivative and
showed no N-H, O-H or O=0 bands in the infrared {Fujol).
Extraction of this fraction with chlorobemsene, and
ehromatography of the extract on alumina in chlorobenszene
gave 9,9'~biaeridyl (0.43 g.), B.p. and mixed m.p. 393
identioal B, values when chromatographed on paper in
butanol/HCl/water. Chromatrography of the ohlorchensene—
insoluble residue on paper in the above system showed the
presence of trace amounts of aoridine and thioacridone, and
four bases, ome of which {trace) was 9,9'-biacridyl. That
thiocacridoms was present only in trace quantities was
confirmed by sodium fusion which detected nitrogen dut no
sulphur. After three recrystallisatioms from chlorodenzens
this fraotion gave only three spots om paper but sublimation
and further fractional orystallisatiom from all avallable
solvent systems falled to resolve the mixture. All oompon-—
ents dissolved in concentrated hydrochloric acid but the
residus, after extraction with dilute hydrochloric acid and
reorystallisation from chlorobensene, gave m.D. 210°. (One
isomer of tetrahydrobiscridyl has m.p. 214%).

(11) In methanol. In ancther experiment, a mixture of
shioaoridoms (3 g.), W7 Ransy cobalt (from 30 g. of alloy),
and methanol (50 ml.) was refluxed for 5 hr. Working up as
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in the preceding experiment gave unchanged thioacridone
(2.14 g.), and soridine piorate (0.24 g.). The dimeriec
fraction (0.37 g.) was identieal in all respects with
that obtained previously. 9,9°'-Bimoridyl (0.19 g.) was
ieolated from this mixture and identified as abova.
Desulphurisation of imidazolidinethione.-
A mixture of imidasolidinethione (10 g.), W7 Raney cobalt
(from 125 g. of alloy), and methanol (to make the total
volume up o 250 ml.) was refluxed for 5 hr. The cobalt
was filtered off, washed repeatedly with methanol, and the
combined filtrates concentrated to 75 ml. Cooling gave
imidagolidinethione (3.02 g.), m.p. and mixed m.p. 197-198°.
Evaporation and distillation of the mother liguors gave
ethylenediamine, b.p. cg. 100°, identified ond weighed as
the piorate (6.0 g.), m.p. and mixed m.p. 231-233%. More
starting material (1.61 g.) was recovered from the residue
by treatment with a little methanol. Distillationm of the
remsinder ylelded a yellow, viscous oil (3.28 g.), b.p.
190°/0.01 mm., which partly solidifted. Trituration with
ethanol, followed by reorystallisation from ethanol anmd
from ethyl acetate gave N,N'-diformylethylenediamine
(2.68 g.), m.p. 109~110°, undepressed by admixture with
a specimen prepared by formylation of ethylenediamine



Pound: C, 41.73 H, T7.1; N, 23.9; 0, 27.5.
048802l2 r@mre.’ 0, 41.4; E' 609; " 2‘.1‘ 0’ 270”&

Alooholic pieric acid eonverted the formyl derivative into
othylenediamine picrate, m.p. and mixed m.p. 231-233%, while
hydrolysis with hydrochloric acid (1:1), followed by
evaporation gave a hygroscopic hydrochloride {precipitate
with silver anitrute; with ammonium pierate the hydrochloride
yielded a precipitate of ethylenediamine picrate). The
infrared spectrum of the diformyl derivative showed N-H
and ourbonyl bands in the region of amides.

Attempted formylation of ethylenediamine with W7 Raney
cobalt methanol. A mixture of W7 Raney cobalt (from
65 g. of alloy), methanol (150 ml.) and ethylenediamine
{5.0 g.) was refluxed for 5 hr. Working up as in the
previous experiment gave unchanged ethylenediamine (4.23 g.,
84.6%), identified as the picrate, m.p. and mixed m.p.
232-234%. Ko formyl or diformyl derivative was found.

Pre tion o tart mat 8.~

=2-Thenoylpropionic agid and _7J-g-thienylbutyric aold
were prepared by the method of Badger, Rodda, and Salso.n
545'=Dlacetyl=2,2'-bithienyl was propered in three

ateps according to the method of Wymberg and Logothesis.>1®
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2-Hydroxyquinoline, (2-gquinolone, carbostyril) was
obtained by adaption of the method of EBinhorn and Iauch,

using sodiwm hypochlorite sclution instead of bleaching
powder extract.

102

2-Chloroquinoline was prepared from 2-hydroxyquinoline
by refluxing with a mixture of phosphorus oxychloride and
phosphorus pentachloride by the general method of Rowlett, Jr.
and Lu’ts.m}

2-¥ersaptoquinoline (thiocarbostyril) was obtaimed from
2-quinolone by treatment with phosphorus peatasulphide

according to Roos.lo‘

9-Thioacridong was prepared from acridine and sulphur
in a sealed tube by the method of Albert. %’

9-Chloroagridine was obtained from 9-thiocacridone by
treatment with phosphorus oxychloride ascording to Albert.l‘os

9:9'-Biacridyl. This compound was prepared dy the
method of Lehmstedt and Hundertmark.1%6

Di-2 8 » A mixture of hydrated asodium
sulphide (10 g.) and 2-chloroquinoline (1.0 g.) was fused
together for 20 hr., poured imto water and allowed to stand.
The precipitated o0il was sxtracted with ether, the ether
dried and removed, and the reasidue chromatographed om
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alunina. Elution with bensene-hexane gave unchanged
2-chlorogquinoline (0.9 g.), and slution with benxzens

ve di-2 olyl sulphide (10 mg.), m.p. 188°, Plorate
2.p. 197° (othanol). Two yellow bands which moved slowly
in benzene ware not eluted.



CHAPTER IV

A COMPARISOR OF THE DESULPHURISING ABILITIES OF SOME
TRANSITION METALS

Raney nickel is undoubtedly the best known desulphur-
ising agent, but the literature also contains a number of
references t0 the use of other transition metals to effect
desulphurisation. Copper, for instance, was probably the
first metal tc be used for this puryonc.lo? and the use of
zinc dust was also mentioned in the older literaturn.l’loq'loa

In the earlier work, freshly reduced copper powder at
high temperaturcs (gs. 300°) im a hydrogen or carbon dioxide
atmosphere was used to effeot desulphurisation. Under such
conditions, for imstance, both thianthren'®? (I) and the
cyolio disulphidell® (II) nave been converted to dibemso-
thiophen (III). Similar usee of copper include the con-
version of phenothiazine to oarhasolel and of dibensopheno~

thiasine to dibensocarbasole. o7

JO-CULI0 -

(1) (111)
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Recently Loudon et al. have used this method of
desulphurisation (the so—called “extrusion of sulphur”)
as a synthetic approach to derivatives of phamt snettl
and of phemnthridine.uz Dibensothiepins and dibenzo-~
thiazepines were strongly heated with copper bronse in a
high bolling solvent to give the required desulphurised
product. Under similar conditions polycyclic thiasepines
led to polycyclic asa-hydrocarbons.ll3

Galt and Loudon’* studied the effect of substituents
on the extrusion of sulphur from dibenzothiasepines in an
attenmpt to elucidate the mechanism of the reaction. They
conoluded that two types of electron shift prodbabdly
oocurred, repremented by (IV) and (V), leading in both cases
t0 the ethylene sulphide {VI). The latter compounds are
known to split out a sulphur atom readily, forming
olefins (VII).

Ph
T
)

(V) (V)
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It must be noted that all the examples of the extrus-
ion of sulphur with copper and with zinc involve ring
contraction, and are generally accompanied by aromatisation.
Although copper sulphide is reported to be formed during the
reaction,l'lov'loa
the view that the sulphur atom is extruded in the free state

and reacts snbmmtly.us For instance, sulphur may be
115'a,b’dg.

there is consideradble evidence to support

extruded from certain compounds by heat alone,
in the absence of copper. It appears therefore, that the
extrusion of sulphur is largely dependent on the oversall
molecular structure of the sulphur compound, and that the
transition metal (copper) only plays a subsidiary part.
This 18 in contrast with Raney nickel desulphurisation,
which seems to be easentially an interaction of the sulphur
atom with the activated metal, and is largely independent of
the remainder of the nolceul,a.4’9’l3"22’27'

The application of Raney nickel to desulphurisation has
already been mentioned in Chapter I. A dstinction must be
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drawn, however, between two proceasea, both of which are
comsonly referred to as "desulphurisation with Raney
nickel™. The more common provess involves the use of a
Raney niokel rich in hydrogen at temperatures ranging from
room temperature to ga. 100°. This reaction seems to be
largely hydrogenolytic in nature and leads to sulphur-free
compounds possessing the carbon skeleton of the sulphur

eonpoana.g'ls'zz

The other process involves the use of
strongly degassed mickel at elevated temperatures (ga. 220°),
and bas beem used principally by Bauptnannﬂgsrggfzq' This
reaction does not take place at low temperatures, but at
elevated temperaturee it leads to scission of the C-~S
bonds and a subsequent recombdimation of the frasments.z?
The conversion of disulphides to sulphides is common in
this type of desulphurisation.’! Hauptmann, Walter and
Marino2'T nave suggested that this high temperature reaction
involves a topochemical interaction of the nickel with the
sul phur ato=m.

It ia thus poasible %o !istinguish three processes
which may lead to the desulphurisation of {that is, loss
of sulphur from) an organic sulphur compound: (1) the
extrusion of sulphur from cyelic sulphides, generally in
the presence of copper; (2) hydrogemolysis of C-S bonds
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with hydrogen rich Raney nickel; and (3) topochemical
desulphurisation with degassed Raney nickel.

Raney cobalt has been found by Aller-°F to effect
hydrogenolytic desulphurisation, and Hauptmann®'® observed
that degassed Raney cobalt also effeoted appreciabdle
desulphurisation at high temperatures, and a number of
desulphurisations with Raney cobalt have been desaribed by
Sm.-ae.gah All these authors noted that Raney cobalt was
less effective in desulphurisation tham Raney nickel, in
agreement with the results desoribed in Chapter III.
Hauptmann also used degnssed Raney iron and Raney copper
in desulphurisations at high temperatures, but found that
they were even less effective than nickel or aobalt.2’®

In the present work several attempts were
made to desulphurise di-l-naphthyl sulphide with finely
divided metala not of the Raney typs. A mixture of the
sulphide and the metal was fused at 200° for 4 hr., the
organic material them being sxtracted with solvent amd
worked up. Under these conditions copper bromze, sinc
dust, reduced iron and reduced nickel gave no desulphurised
produsts, but a very small amoumt of naphthalens was
obtained from the experiment using precipitated silver. Ho
desulphurisation of di-l-naphthyl sulphide ocourred with
copper bromse in refluxing ethyl bensoate, or in diethyl



pathalate at 300° under nitrogen. These results are shown
in Table 4.1l.

It 1s interesting that Loudon et al.l1%1M* obtained
eomplete extrusion of sulphur from dibensothiepins and
dibenzothiagsepines under these conditions. Ro ring
contraction or aromatisation is possible in the ocase of
di-l-naphthyl sulphide, and the failure to obtainm sulphur-
free material in these experiments is thus in complete
agreement with the mechanism postulated by Galt and
Loudon'14 for extrusion.

Horeoveyr, the oxper;nanta wore oarried out in the
absence of hydrogen, and at a high temperature, so that
topochemical desulphurisation might have been expected to
take place. As no loss of sulphur oceurred, it must be
assumed that conditions other than these have to be met
before topochemioal desulphurisation can oacur.

The motals used by mnpmm” were prepared by the
Raney method, or by reduotion, and were strongly degassed
at a high temperature under reduced prescure immediately
before uss. It has already been mentioned that Raney
nickel probably contains some 30% lattice vacancies which
are normally filled and stabilised by hydrogen.*s Removal
of this hydrogen from the metal probably leaves a
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relatively porous and mobile lattice and a clean surface.

Dessulphurigation must clearly take place oa or near
the metal surface,”*13 which will socn become coversd with
" a layer of sulphide. A% ga. 200° considerable mobility is
possible within the defeative lattice, >°*117 ang metal
atoms ocan diffuse through ths sulphide layer to re-form a
reactive surface and aontimue the reaction. 169117 ne
presencs of impurities is Xnown to create lattice defeotis
in orystals and 1t is thought that Raney metala are promoted
towards topochemical desulphurisation in this way. The
failure to observe topcchemiecal desulphurisation inr our
sxperiments 1s consistent with the postulate that lattice
vacancies, and a ‘clean' (or reactive) metal surface are
essential for topochemical desulphurisation.

It should be noted that when commercial copper bronse
was activated with lodine in acetone!'® prior to use,
desulphurisation to naphthalene occurred to the extent of
some 3% at 290°, and sime dust effected about 5% of
desulphurisation of di-l-naphthyl sulphide to give maph-
thalene, perylems (VIII) and bemzo(J)fluoranthene (IX) when
the resction temperaturs was raised %o 400°. The
tagtivation' with iodine probably exposes a clean copper
surface, while the higher temperature probably increases



mobility within the sinc lattioce, and may alsoc assist
in the fission of C~-3 bonds.

2 R &

(VIII) (1x)

The available Raney metals were found to be much
more effective in promoting desulphurisation than the
ocorresponding ‘inactive' metls (see Table 4.2). PFreshly
prepared VW7 Raney nickel in boiling methanol completely
desul phurised di-l-maphthyl sulphide to naphthalens, and
eome hydrogenation to tetralin also oeourred. It has
already been mentioned that Raney nickel contains a lurge
volume of hydrogen, 80 that the hydrogenation is clearly
a secondary effect, for naphthalene was hydrogemated to
tetralin under the same experimental conditioms. On the
other hand, an aged W7 Raney niokel gave only naphthalens
and & trace of 1,1'~-binaphthyl. Degnssed (W7-J) Raney
nickel was inacltive as a desulphurising agent in doiling
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methanol. However, when this hydrogen poor Raney nickel
wag used at a higher temperature (in refluxing xyleme and
in diethyl phthalate at 220°), extemsive desulphurisation
ooourred giving mixtures of naphthaleme and 1,1'-binaphthyl,
together with small amounts of 2,2'-binaphthyl, perylene,
benzo(j)fluoranthene and bemszo{k)fluorantheme (X).

The formation of 1,1'-binaphthyl and of the other
condensed hydrocarbons is consistent with the view that
desulphurisation gives naphthyl radicals which then react
with hydrogen (to giva npaphthalene) or with similar
radicals (to give the dimeric and condensed products).
Catalytic cyclodehydrogenation of 1,1°'-binaphthyl at the
temperature of the reaction would them give the perylene
(VIII) and benso(j)fluoramthene (IX) obaserved.

The formation of small amounts of 2,2°-binaphthyl with
w7-J Raney nickel is surprising. The isomerisation of 1,1'-
%o 2,2'-binaphthyl at high temperatures (490°) over
platinum - alusina catalyst has been desoribed, '? but mo
isomerisation occurred under the oconditioms of the present
experiments. The hydrocarbon must therefore be formed by
the combimation of 2-naphthyl radicals. These radicals
could arise in two ways: (a) from 2-naphthyl sulphide
impurity; this is poseidle as commercial l-bromomaphthalene,
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which was used in the synthesis of the sulphide, cahmdiiy
contains a small amount of the 2-isomer; (b) by migration
of a hydrogen atom from the 2- to the l- position of the
l-naphthyl radiocal:

v

s, H
e e Hi
[ [ )
—

Reactions of this type are known. For instance, when

l-methylnaphthalene is heated, a small azmount of the
120

2-isomer is formed.
In the desulphurisation with W/-J Raney nickel at
220° the ratio of dimerisation to hydrogenation of
l-paphthyl radicals (from Tablas 4.2) was 19.8 : 69, or
2 1 7 very nearly. It is not unreasonable to assume that
this course of reaction will also apply to 2-naphthyl
radicals. As the yield of 2,2*-binaphthyl was 0.8%, the
minimum amount of 2-naphthyl radicals must have been
0.8 + 0.8 x $ _ 3.6%4. This estimate ignores the fact
that the collision of 2-paphthyl radicals with l-naphthyl
radicals is much more lilmly than with each other, since
the latter are in excess. (It will be remembered that
Hauptmann has deannxtrateﬁz?d the intermolecular mature of
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desul phurisatioa by the formation of mixed biaryls.)

Clearly thean, the amount of 2-naphthyl sulphide impurity
should have been in excess of 3.6%. The rigorouns purific-
ation of the starting material and its homogeneity on paper
tends to exclude the possibility of thie amount of impurity,
and it is therefore suggested that rearrangement of l-naphthyl
radicals occurs according to (b).

Ko 1,2'=binaphthyl was detected, but this substance can
undergo catalytic cyclodehydrogenation to benzo(k)fluoran—
thene and benso(j)fluoranthene,’? both of which were found.
Benso(j)fluoranthene could also be formed by cyclodehydrogen—
ation of 1l,1'=binaphthyl, as an alternative to the formation
of perylene.

so e e
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Desulphurisation of di-l-naphthyl salphide with W7
Raney cobalt gave omly 4.5% of maphthalens, showing that
cobdalt is much weaker than nickel in sffecting desulphur-
isation. It is also interesting to note that prolomged
Soxhlet extraction was necessary in order to remove most

of the unchanged sulphide from the gobalt. This suggests
that adsorption of the esulphur compound on the metal had



occurred, dbut had not been avcompanied by (-8 hydrogenolysis.
Raney cobalt is imown to oontainm appreciable quantities of
hyarom,w and 1t may be inferred that this hydrogen 1is
held within the particle, rather than on the surface, and

is therefore not available for reaction.

When the reaotion temperature was raised to 220° im
diethyl phthalate, naphthalene was formed in 97% yleld, and
only small amounts of l,1°-binaphthyl and of condensed
products were obtained. It is thought that at the higher
temperature, hydrosen moves from the interior of the metal
to the surfase, and hydrogenolysis of the C-8 dbonds is made
possible. The low yield of bimaphthyl suggests that
topochemical desulphurisation had ccourred to a small exteat
only. This may be due to the high concentration of hydrogen
on the eobalt surface at 220° s but is more prodadly am
1llustration of Hauptmann®s finding that cobalt 1s less
aoctive in topochemiecal desulphurisation tham niockel.

The yield of desulphurised produets obtained with Raney
copper and with Raney iron was also increased by a rise in
the reaction temperature. These metals were almost imactive
in boiling methancl, but effected 4—40% of desmlphurisation
when the reaction temperature was raised ¢o 220%; however,
Raney tungsten was imactive even at 200°.
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Hydrogen was foumd %0 be important in the desulphuris-
ation of di-l-naphthyl sulphide with Raney copper and Raney
irom. Reactions were carried out in an atmosphsre of
nitrogen or hydrogen, and with both metals the presence of
external hydrogen led to an imcreame im the yield of
desul phurised produsts. A hydrom atmosphere mEAy be
expected to inmorease and maintain the conceantration of
surface adsorbed hydrogem, and may therefora enhance
hydrogenolysis.

The influence of surface hydrogen on hydrogerolytic
desul phurisation can also be inferred from a comparison of
the experiments, in methanol, with W7 and ¥7-J Rarney niokel.
Ko desulphurisation occurred with the degassed metal, but it
took place readily with the hydrogen rich nlckel. It must
bs remembered that the degassing of Raney nickel results in
a deocrease of the surfage area, #0 that W] and W7-J nickels
are not sirictly comparable. Nevertheless, as the decrease
in the surface area dus to degassing must be less than onme
fourth of the total.‘s the observed difference in the
reactivity of the two nickels is too great to be attributed
to thie effect alone.

The over-all results obtained with the Raney metals
suggest that desulphurisation is facilitated by a rise in
tempsrature and by the presence of hydrogen on the metal
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surface. Hydrogenolytic desulphurisation appears to be the
preferred process, although a considerable extent of topo-
chemiocal desulphurisation is postulated with ¥7-J nickel at
slevated temperatures. The order of reactivity of the metals
appesars to be nickel ) cobalt ) copper diron and tungstem.

The desulphurising abilities of Ramey copper, iron and
tungsten were small in these experiments, and several reactions
were carried out under more favourable conditioms to establish
more accurately the order of reactivity of these metals.
Dihexyl sulphide was used in these experimsnts. The Raney
metals were prepared under hydrogen, and the desulphurisat—-
ions were effected at 220° in a stream of that gas. Under
these conditions Raney mickel, cobalt and iron effected
somplete desulphurisation, but copper gave only 22% of n-
hexane. It is alao noteworthy that Raney tunmgsten (which
414 not react with di-l-naphthyl sulphide at 200°) reacted
t0 an appreciable extent with 4ihexyl sulphide; and even
nickel obtaimed by reduotion of the oxide in hydrogen showed
some activity (see Table 4.3).

Ko dodeoane was detected in any experiment, but this is
not surprising as the reactions were carried out in a
hydrogen atmosphere, and the reduction of the intemediate
hexyl radicals would be greatly facilitated. MNoreover, it



is xnown that alkyl radicals readily disproportiomate to
alkame and alkene.278+121:122 wmg 14410y would be readily
hydrogenated under the conditions used.

These results suggest that Raney 1iron is more reactive
in desulphurisation than Raney copper, in contrast with the
reanlts obtained »ith di-l~naphthyl sulphide. Raney iron
is known to be oxidised by water at high temperatures.5®
In the experiments with Raney irom in dlethyl phthalate,
methanol andl water were removed from the metal by direct
distillation, and Raney iron was therefore exposed for a
considerable time to water at a high temperature. However,
in the experiments using dihexyl sulphide the metals were
dried by azetropic distillation with toluene, below 65°,
and oxidation was probably largely avoided. It is therefore
guggested that the true order of reaoctivity of the metals is
Ki>Co>Fe>CudVv,
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Di~-1 thyl ide.~
This material was prepared from l-maphthylmagnesium broamide

and thionyl chloride by Courtot and Paivar's method,l23
except that the intermediate sulphoxide was not isolated.
After repeatsd recrystallisation from ethancl, chromat—
ography on alumina in light petroleun, and further
resrystallisation, di-l-naphthyl sulphide formed colourless
needles, m.p. 110°
FPound: C, B84.13 H, 5.0; S, 1ll.4.
Calo. for C,H, St C, 83.9, H, 4.93 S, 11.2%.

Desulphurisation with "inactive" metals.-
Several attempts were made to desulphurige di-l-naphthyl

sulphide with "imactive” preparations of eopper, zime, iron,
silver and nickel. Copper dronze, zinc dust and reduced
iron powder were commercial products {(B.D.H.). The silver
catalyst was prepared by precipitation from silver chloride
with 2inc dust in aqueous suspension according to Vanino.lu
Reduced nickel was obtained by heating commeroial nickel
oxide powder im a stream of hydrogen at 500°.

General proocedure.-
Di-l-naphthyl sulphide (2.000 g.) was fused with the metal



(5 g. of nickel or an squivalent amount of another metal)
for 4 hr. The melt was then extracted with benzene - hexane
using a Soxhlet extractor. A drop of the extract was
examined by chromatography on partially acetylated paper
according to Spotmoﬂ,ms and the remainder was chromato-
graphed on alumina. The products were further purified by
reorystallisation and identified by nixed. ®.p. wherever
possible. MNother liquors froa all erysiallisations were
examined by paper clromatography as & routine. FPerylense
and benso(j)fluoranthene were identified by their R, values
on partially acetylated paper and by their ultraviolet
absorption spectra.}?® (Authentic specimens were always
run on the same chromatogram.)

It was found that copper bronse, zinec dust, iroan and
nickel gave no maphthalene or binaphthyl, and 91-99% of the
sulphide was recovered unchanged. However, 0.1% and 3.14%
of naphthalens were obtaimed with silver amd with copper
activated with iodine in acetoms’l® respectively. Most
reactions produced trace amoumts of fluorescent (presumabdly
polyoyelic) compounds which could not be isolated or
identified. No desulphurisation occurred when the sulphide
was heated with commercial copper bdronge in refluxing ethyl
bensoste solvent, or in diethyl phthalate at 300°. However,
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Reating the sulphide at 400° with sinc dust for 1 hr. gave
& mixture from which di-l-naphthyl sulphide (87.5%) and
naphthalens (4%) were isolated, together with small amounts
of perylene and benzo{])fluoranthene. The reaction also
gave an unknown substance "BG" in low yield. "BG" was free
of sulphur and formed yellow flat needles, micro m.p.
298-300° (from glacial acetic acid, and from benzens —
ethanol). Ite infrared spectrum showed the abaence of O-H
and C=0 groups. The material was homogeneous on acetylated
paper with R.' a 1ittle higher than that of perylene. The
fluorescence spectrum (Pig. 4.1) (), . 450, 475, 510 (?)mu)
was very similar to peryleme () ., 431, 457, 490 m ), but
shifted to longer wavelengths. The ultraviolet absorption
spectrun (Fig. 4.2) was also of the peryleme type, but again
shifted to longer wavelengtha: ()\m. 221, 248, 256, 266,
371, 395, 416, 442 n/u»). The results of these desulphur-
isations are summarised in Table 4.1.
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Eigure 4.1.
e Unknown BG.
sssesees Perylene in alcohol.
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Piguro. 4.2. (1) Unkmown BG in ethanol.
(2) Perylene in ethenol.
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Metal Solvent |Temp. \# recovd. |% Haphth- |Others
alens
ICu bronse - 200° 99 = -
Cu/T, = 290 87.8 3.14 -
|Cu bronze | Ph.COOEt | 212 871.1 - -
lcu bronze |D.E.P.B 300/, 83.4 - -
Pe (red.) - 200 97.4 N s
Zn dust - 200 93.3 - -
Zn dust - 400 87.5 3.95 | 0.92®'°f
Ag - 200 91 0.1 -
Fi (red.) - 200 92.4 - =

a. D.E.P. represents diethyl phthalate.

b. A mixture of peryleme and benzo{j)fluoranthene
was obtained, but was not separated.

¢. An unidentified hydrocarbon was also cbtaimed.

Desulphurisation of di-l-naphthyl sulphide with
Raney metals

¥7 Raney nickel was prepared by the method of Billiea and
idkiu.'?’g Aged W] Raney nickel had been kept for 3 months
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under methanol at room temperature. WJ-J Haney nickel was
prepared by the method of Badger and Sasse.’! WT Raney
cobalt was obtained from 3O0~TO cobalt — aluminium alloy
(Lights) by the procedure used for W7 niakol.” Raney
iron was prepared from 50-50 iron - aluminium alloy (Fluka)
by the method of Johmston g% g}_.,ss excef:t that hydrogen or
nitrogen was used imstead of argon to supply the inert
atmosphere, and the metal was washed with methanol instead
of pyridine. Raney copper was similarly prepared from
50=-50 sopper - aluminium alloy (Fluka), and W7 copper was
prepared by the method used for W7 niokel.? Ramey tungeten
was prepared from 30-70 tungsten - aluminium alloy using
the procedure fox ni.ckel.” The alloy was kindly sapplied
by Dr. V.H.P. Sasse, who prepared it by igniting a mixture
of tungsten trioxide and aluminium bronse.

Desul sations with ickel.~

(1) Preshly prepared W7 Baney nickel (5 g.) was added
to a hot soluticn of di-l-naphthyl sulphide (2 g.) in
methanol (400 ml.), and the mixture refluxed for 4 hr.
Piltration and extraction of the catalyst with methamol,
followed by remowval of the solvent by distillation, using
an efficient fractionating column, gave a mixture of
naphthalene and tetralin. This was not separated, but the
eomponents were identified by gas-liquid chromatography.
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(11) Yhen an excess of W7 Raney nickel (30 g.) was
refluxed with the sulphide (2 g.) in methamol (150 ml.)
for 4 hr., the product was tetralin (1.435 g., 74%),
fdentified by its b.p., infrared spectrmum, and retention
time in a gas-liquid chromatogram. Ko other products were
found.

In another experiment, carried out under the above
eonﬂitiona, naphthalene (2 g.) was found to be completely
hydrogenated to tetralin.

(111) A mixture of aged W7 Raney nickel (5 g.),
di-l-naphthyl sulphide (2 g.) and methancl (250 ml.) was
refluxed for 4 hr., cocoled, and extracted continuously with
methanol in a Soxhlet for 8 hr. Conrcentration of the
extracts to 10 ml. and eooling gave maphthalenme (1.413 &)
m.p. and mixed m.p. 30°. Purther concentration to 5 ml. and
dilution with water (1 ml.) gave a mixture, m.p. 76-78°,
which was sublimed at 100°/12 mm. to give pure naphthalene
(0.166 g.) and a residus. This was reorystallised from light
petroleum to give a colourless, microorystalline material
(0.029 g., 1.6%), m.p. 140°. The m.p. rose to 150° on
admixture of this material with 1,1-binaphthyl, m.p. 140°,
but both gamples had identical infrared spectra. The
peculiar m.p. behaviour of l,1°'-binaphthyl has been noted
previously in the literature.l?’ The total yield of
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naphthalene was 1.579 g., 88.5%.

{iv) Preshly degassed W7-J Raney nickel (5 g.) was
refluxed with di-l-naphthyl sulphide (2 g.) in methanol
(25 ml.) for 22 hr. Working up gave unchanged sulphide
(1.998 g., 99.9%); a trace of perylene (less than 1 mg.)
was isolated by chromatography of the product om alumina,
and was identified by its fluorescence spectrum and RP on
acetylated paper.

(v) A mixture of W7-J Raney nickel (5 g.), di-l-
naphthyl sulphide (2 g.) and xylene (5 ml.) was refluxed
gently at ea. 140° for 4.5 hr. The mixture was extracted
continuously im a Soxhlet with benseme for 8 hr., the
solvents removed in vaeuo and the residus chromatographed
on a column of alumina in light petroleum, and light
petroleum ~ bemsene. All fractions were examined by chrom-
atography on acetylated paper and like fractions were
combined. The products, after recrystallisation, were
naphthalene (1.096 g., 61.3%), m.p. and mixed m.p. 80%;
1,1'-binaphthyl (0.272 g., 15.2%), identified by Ry, mixed
m.p. and infrared spectrum; 2,2'-binaphthyl (0.008 g.,
0.45%), identified by Ry, value, mixed m.p. (183.5-184°),
and ultraviolet absorption spectrum; a trace of unchanged
di-l-naphthyl sulphide {ca. 0.2%), identified by mixed m.p.}
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perylene (0.2%), identified by paper chromatography,
fluorescence spectrum and ultraviolet abeorption npectm126
( Apay 245, 251, 287, 366, 387, 406, 434 m x); and a trace
of benso(])fluorenthene, identified dy its R, value and
ultraviolet absorption alw.u:‘l::'lall“?6 ( )m 226, 242, 281, 292,
308, 318, 332, 349, 365, 376, 383 mu). Several unidentified
fluorescent compounds were also present in smnll amounts.

(vi) In a similar experiment a mixture of W7-J Raney
nickel (5 g.), di-l=-naphthyl sulphide (2 g.) and diethyl
phthalate solvent (5 ml.) was heated at 220° for 4 hr.
Saponification and working up gave the following products
(1dentified as in (v) above): nmaphthalene (1.232 g., 69%);
1,1'-binaphthyl (0.355 g., 19.8%); 2,2*~binaphthyl (0.015 g.,
0.8£); peryleme and benzo{j)fluoranthene (total 0.006 g.,
0.3%); and benzo(k)fluoranthene (0.004 g., 0.2%), 1dentified
by its ultraviolet absorption spectmlzs { )‘mx 240, 269,
282, 296, 308, 361, 380, 400 H/A.). Ko sulphide was recovered.
Resinous, highly fluorescent materials were also present in
small amoumts, but these could not be identified.

Desulphurisations with W7 Raney cobalt.-

(1) A mixture of W7 Raney cobalt (5 g.), di-l-naphthyl
sulphide ( 2g. ) and methanol (25 ml.) was refluxed for 4 hr.
Soxhlet extraction for 5 hr. with methanol gave naphthalene
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(0.081 g., 4.5%), m.p. and mixed m.p. 80°, and unchanged
di-l-naphthyl sulphide (0.39 g.), identified by mixed m.p.
Prolonged extraction was necessary in order to remove more
sulphur compound. After 4 days the extraction was discon-
tinued, although probably incomplete. A total of 1.737 g.,
86.5% of sulphide was recovered.

(11) In another desulphurisation W7 Raney cobalt (5 g.)
was heated with di-l-naphthyl sulphide (2 g.) in diethyl
phthalate (4 =1.) at 220° in a slow stream of nitrogen for
15 hr. ¥Working up in the nsual way gave naphthalene
(1.738 g., 97%), m.p. and mixed m.p. 80%, 1,1'-binaphthyl
(0.013 g., 0.73%), m.p. 150°, mixed m.p. 155°, identified
by its infrared spectrum. Traces of perylene and of
benso(])fluoranthene were also detected. Very small amounts
of other fluorescent materials were picked up in the paper
chromatograns, but could not be identified.

Degulphurisations with Raney copper.-

{1) WT Raney copper (5.4 g.) was added to a solution of
di-1-naphthyl sulphide (2 g.) in methanol (25 ml,.) and the
mixture refluxed for 4 hr. Vorking up gave naphthalene
(0.025 g., 1.4%), m.p. and mixed m.p, 80°; unchanged sulphide
(1.678 g., 83.9%), m.p. 108-110%; and a mixture which was
examined by paper chromatography. No perylene or benzo-
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fluoranthenes were preaent, but the mature of the fluores-
cence of the main spot suggested that both 1,1 *-binaphthyl
and di-l-naphthyl sulphide wers present. It must be noted
that 1,1'-binaphthyl and di-l-naphthyl sulphide could not
be separated to any appreciadble extent by using papers of
125 or by varying the solvent
systems. Both materials exhibited a similar violet

high or low acetyl content,

fluorescence under a mercury vapour lamp, but when viewed
under a "Chromatalite” the sulphide appeared as a dark spot,
while the hydrocarbon remained vioclet. The above chromat-
ogram was run under optimum conditions for the resolution
of these compounds (medium degree of acetylation;

ethanol : tolusne t water 17 ¢t 4 1 1), and the spot
obtained showed different fluorescence at its top and bottom
edge, suggesting the presence of both biaryl and sulphide.
The mixture was therefore chromatographed on a column of
partially acetylated asllulose powder in sthanol : toluene @
water (17:4:1) according to Spotsuoodlze in the hope of
obtaining samples of the pure components. Ko clear separ—-
ation was effected, but two materials, m.p. 106-108° amd
B.P. 126° were obtained. Although these results suggest
that 1,1*-binaphthyl is formed in this reaction, the

evidence is not conclusive.



- 120 -~

(11) Raney copper was prepared under nitrogen by the
mothod of Johnston.5® A mixture of the metal (5.4 g.),
di-l-naphthyl sulphide (2 g.) and diethyl phthalate (4 ml.)
was heated in a slow stream of nitrogen at 220° for 4 hr.
Vorking up gave naphthalene (0.399 g., 22.3%), identified by
mixed m.p., and impure sulphide (1.493 g.), m.p. ga. 105°,
Reorystallisation from ethanol gave pure di-l-naphthyl
sulphide (1.114 g.), m.p. and mixed m.p. 108-110°, nomogen-
eous on paper in the sense of (1) above. FEvaporation of the
mother liquors gave a material, m.p. 101-106°, which appeared
from paper chromatograms t0 be a mixture of 1,1°'~binaphthyl
and di-l-naphthyl sulphide. Traces of perylene and of
benso( j)fluoranthene were also detected by paper chromat-
ography. The mixture was chromatographed very carefully on
a long column of alumina in petroleum ether (b.p. 40-60°).
The firat fraction, after two sublimations on a microscope
slide, showed a micro m.p. 155-160° (11t. 159°). Its ultre-
violoﬁ absorption spectrum was identical with that of
1,1'~binaphthyl. Subsequent fractions had m.p. 95-98°%, and
were thus presumably mixtures.

(111) In a similar experiment the Raney copper was
prepared under hydrogen, and the reaction was carried out as
in (i1) above, but in a slow stream of that gas. The
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products were naphthalene (0.782 g., 43.7%), m.p. and mixed
m.p. 80%; impure starting material (0.591 g., 29.5%), m.p.

ga. 105%; perylene (0.1%); and a trace of benzo(Jj)fluoran-

thene.

Desul phurisations with Raney iron.-

(1) Raney iron (5 g.) was prepared under hydrogen by
the method of Johnston®® amd refluzed with a solution of
di~l-naphthyl sulphide (1 g.) in methamol (2% ml.) for 24 hr.
Considerable amereal oxidation of the metal occurred during
the reaction. Working up gave unchanged sulphide (0.889 g.,
88.9%) and a sample of impure starting material, which was
estimated to contain ca. 0.004 g. of 1,1'~binaphthyl. A
sanple of the pure biaryl was isolated from this material
by repeated sudblimation and was identified by its ultra-
violet absorption spectrunm.

(i11) Raney iron (5 g., prepared under nitrogen) was
heated with di-l-naphthyl sulphide (2 g.) in diethyl
phthalate (4 m1.) at 220° in a slow stream of nitrogen for
4 hr. Vorking up gave naphthalene (0.076 g., 4.25%) and
impure di-l-naphthyl sulphide (1.663 g., 82.1%), which was
shown to sontain l,1‘'-binaphthyl.

{(111) In a similar experiment in which the metal was
prepared under hydrogen, and the reaction carried out inm a
slow strear of that gas, the products were naphthalens



TABLE 4,2,

ul tion with Metal
Catalyst Solvent|Temp. %ﬁi’% -/ | % recoverea | ([ 90540 =
w7 Ni CH.,0H &° 5:2 - Mixture of naphthalene and tetralin only I
¥7 Ni CH,0H 64° 30:2 - tetralin anly (74%) N
W7 Ni (aged) | CH,OH 6,° 5:2 - 88.5 1.6 = = = = N
W7-J Ni CH,0H 64° 5:2 99.9 - - - trace - - 22
w77 Ni xylene |10° 5:2 abt. 0,2 61.3 | 15.2 0.4 0.2 trace - 4.5
w7-J Ni p.EP.} |220° 5:2 = 69 19.8 0.8 0.3 abt, 0.2 | &
w7 Co CH ,0f 64° 5:2 86.8 L.5 - - - - - 4
w7 CoN, D.E.P. |220° 5:2 - 97 0.73 - trace | trace = 15
w7 Cu CH,OH 6° | 5.4 :2 83.9 Lk ? - - - - 4
R/Cu/N, D.E.P. |220° | 5.4 :2 4.6 22,3 | present - trace | trace - 4
R/Cu/H, D.EP, [220° | 5.4 :2 29.5 ¥3.7 - - abt, 0.] trace - I
R/Pe CH,0H 6,° 5:2 88.9 - abt. 0.2 - - - - 2l
R/Pe/N, D.E.P. |220° 5:2 82,1 4,25 | present - - - - 4
R/Fe/H, D.E.P., |220° 5:2 48,7 32 present - trace trace - L
RA - 200° 1:0.15 % - - - = - - "
1. D.E.P. is dlethylphthalate (about 4~5 c.c. used).

Volume of methanol about 25 c.o0,
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(0.537 g., 32%), m.p. and mixed m.p. 80°, and impure
sulphide (0.974 g., 48.7%), m.p. 100~105°. The latter was
shom to contain traces of l,l'-binaphthyl, perylene and
benzo( j)fluoranthens.

De urisation with Ran ten.~

Raney tungsten (1 g.) was mixed with di-l-naphthyl
sulphide (0.150 g.) and the mixture heated at 200° for 4 hr.
in the dry state. Vorking up in the ususl way gave omly
impure di-l-naphthyl sulphide (0.142 g., 95%). Fo other

products were found.

The results of these desulphurisations have been
summarised in Table 4.2.

Co n of Raney metals dihexyl sulphide.

The Raney metals were prepared under hydrogen from their
alurinium alloys, essentially by the method of Johnston
st g.“ The metals were washed free from water with ethanol
and then dried from ethanol and the last traces of water by
agzetropic distillation with toluene. The reduced nickel used
here was prepared by reduction of the oxide with hydrogen at
500°, and was moistened with a little tolusme prior to use.

Dihexyl sulphide (2 g.) was added to the tolusne-moist
metal (5 g. of niokel, irom, cobalt or tungsten, and 5.4 g.
of copper) and the mixture heated in a slow atream of
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hydrogen at 220° for 15 hr. The low-boiling material was
separated in a small fractiomating coluwmn during the course
of the experiment and collected im a trap surrounded with
so0lid carbon dioxide. The collected material was weighed and
analysed by gas-liquid chromatography at 85° on a Celite-
Apiezon L column using a Griffin and George apparatus mod-
ified for the collection of samples. 2 The cooled resction
mixture was extracted with toluene in a small Soxhlet
extractor (5-10 hr.) and analysed by gas-liquid chromat-
ography at 200°. Yields of unchanged dihexyl sulphide ard
of hexane were calculated from the weight of the orndo'
paterial and the areas under the peaks (to elimimate toluene),
taking the average of 2-4 geparate determinations. Ko dodec-
ane could bs detected in any experiment.

The results are summariged in Table 4.3.
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JABLE 4.3

Comparison of Raney metals using dihexyl sulphide at
90 T .

RYGEOLEE

Metal |Tme (hr.) [ ofpre’ & |% recovd. |# n-hexane
R/Cu 11 15:5 82 15.3
R/Cu 15 5.4 1 2 10 22.4
R/Te 15 S 2 - 84.2
R/Co 15 5312 - 82.0
R/N1 15 53 2 - 82.%
R/W 13 51 2 72.3" 13.6
Red.N1 13 51 2 89 * 0.82

% Yield obtained by distillation and isolatioa.
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SEAPRERY

THE DESULPHURISATIOR OF
THIONAPHTHENO( 3,2~h ) THION HER

Introduction
Thionaphtheno(3,2-b)thionaphthen (I) was first obtained

by Anschiftz and Rhoﬁiunl3o as a by-product following the
distillation of acetylthiosalioylic acid. These workers
were able to limit the structure of their product to (I)

or (II1), but could not distinguish between them. Structure
(1) was also suggested by Rortonl37 for the compound

C, 485, 1solated by Remaral3? after heating toluene with
sulphur. In 1952 Baker, Ollis and El-Nawawy'33 obtained the
same compound by pyrolysis of thiosalicylioc acid in tetralin
in the presence of phosphorus pentoxide. Its structure was
proved by Raney nickel desulphurisation, which was reportod}33
to yield bibenzyl and 1,2,3,4-tetraphenyleyclobutane (IXI).
These workers argued that as in both of these products the
phenyl groups were separated by a C, unit, they must have
arisen from structure (I) rather than (II). More recently
Tilak et al. have oconfirmed the structures of the
thionaphthenothionaphthens by unambiguous syntheses of both
(I) and (11).134
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SutoRduwd
)

(1 (1D

Ph-T—Ph
Ph-—LPh

(I11)
The desulphurisation of thionaphtheno(3,2-d)thionaphthen
is of considerable interest in its own right, but it will be

seen that it can also be usecd to investigate some aspects of
the general mechanism of the desulphurisation of thiophen

derivatives.

Let us consider the implications of the reported
isolation of 1,2,3,4-tetraphenylcyclobutane following the
desulphurisation of thionaphthenothionaphthen. Baker
23_2;,133 have suggested that this cyclobutane is probadbly
formed by dimerisation of an intermediate diradiecal
Ph-CH-CH-Ph, and 1% is thought that the most reasonable
pathway for the whole reaction would be as follows:
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|R/Ni
o ® )
CH H, CH
I T |
CH . CH
Ph Ph
Ph Ph

Por this reaction to occur, several significant
conditions muat bé met. PFirstly, the molecule muast
presumably be adsorbed flat on the catalyst surface,
using the f-electrons, if hydrogenation of the double bond
is to occur.9'52'135-137 Seeondly, both sulphur atoms must
be removed simultaneously to give, after partial saturation,
the required diradical, dimerisation of which would lead to
the cyclobutane.

It will be shown in the remainder of this chapter that
the formation of the cyelobutane is unlikely in view of the
existing experimental evidence, and that its isoclation could
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not be repeated in practice. Moreover, it will be shownm
that chemisorption of the thionaphthenothionaphthen moleoule
probably ocours in a more or less perpendicular fashion, via
the sulphur atom, leading to stepwise desulphurisation in-
volving unsaturated intermediates.

Results and Discussion.

Several desulphurisations were carried out as described
| by Bakeriggugl..133 but using the more common W7 Raney
nickol.39 Under these conditions thionaphthenothionaphthen
gave bibenzyl as only product im 63 and 64% yield when
ethanol or mcthanol solvents were used. A W] catalyst which
had been kept for three months gave bibensyl in 66% yield,
and a similar catalyst aged for 18 months gave 94.5% of the
sane substance. Desulphurisation of thiomaphthenothionaph-
then by the method of Baknr,133 and using a oatalyst prep-
ared according to Bronnls {(which was reported to yleld
tetraphenyleyclobutane only) led in our handes to bibensyl

as sole product, in 91% yield. The comparatively low ylelds
obtained with the very active W] catalyasts may be due to
some C-C hydrogenclysis of blbenzyl to toluene. However, no
toluene could be detected under the conditions used.
Hydrogenolysis of this type has been observed in the
desulphurisation of 2,3,4,5~tetraphenylthiophen, which gave
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inter alia bibensyl.l3®

Vhen Raney cobalt was used in the desulphurisation,
most of the th1onaphthonoth1;uaphthea wag recovered
unchanged, but small amounts of bibenzyl, and a material
®m.p. ga. 160-165° were obtained. The latter was depressed
by admixture to authentic tetraphenylcyclobutane, m.p. 163°,
andfwas tOunﬂ’to be a mixture of trans—etilbene and unchanged
thionaphthenothiopaphthen. This finding led to a study of
the temperature~composition curve of the syetem stilbene -~
thionaphthenothionaphthen.

The T-C diagram (Fig. 5.2 Experimental section) shows
that a eutectic (U;), containing 90% stilbene by weight,
and melting at 120° is formed at A. This is confirmed by
the fact that mixtures containing 90-60% of stilbene exhibit
& thaw point at that temperature. It is difficult to decide
whether C represents a second eutectic (U,) (therefore there
is true compound formation at B), or whether it is a
peritectic (i.e. the compound formed decomposes below its
melting point). As samples containing 60-10% of stilbene
exhibit a thaw point at ca. 159° 1t seems probably that C
i® another eutectic, and that there is true compound form—
ation at B. It should be noted that recrystallisation of
mixtures of composition A, B or C from ethanol and from
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aquecus methanol led to a considerable change in composition
and wes accompanied by an observable change in the m.p.

A reference sample of 1,2,3,4~tetraphenylcyclobutane
was prepared by the photodimerisation of stilbene in bensene
aolution.13'1‘ Surprisingly, the best results were obtained
in dilute solution, and using a mercury lamp without its
¥Woods glass filter. The properties of this cyclobutane
differed consideradbly from those of the mixture obtained
with Raney cobalt.

W7 Raney nick0139 is known to be a much more powerful
hydrogenation catalyst than Raney cobalt.3o It was
therefore suspected that stilbene waas also formed in the
desulphurisations with Raney niockel, but that the olefin was
hydrogenated to bibenzyl during the course of the reaction.
Several expsriments were therefore carried out using degassed
and poisoned nickel catalysts (which would be expected®?”100+139
to have lesaer hydrogenating ability), in order to test this
hypothesis.

Accordingly, degassed (W7-J) Raney nickel3? was found
to convert thionaphthenothionaphthen to a mixture of stilbenes
(17.5%), dibenzyl (34%), and 2-phenylthionaphthen (32%) (IV),
which was readily separated. In addition to confirming the
hypothesis, this reaction may be recommended as an easy
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alternative two-step synthesis of 2-phenylthionaphthen,
starting with thiosalieylic acid. Other syntheses have beesn
described by Horton3! and by Banfield, Devies, Gamble and

Hiddloton.l‘o

7z
™

S/

(IV)

Although pyridine bases are well known catalyst
poiaona.‘1’1°°'139 as much as 40% (Y/w) of 2,4,6-00111dine
had no effeot on the desulphurisation of thionaphtheno-
thionaphthen (except that C~C hyirogenolysis was avoided),
and bibensyl was formed as the only product, in 98% yield.
Reaction with W7 nickel3? poisomed with 10% copper:®®
resulted in incomplete desulpiurisation, giving a mixture
of bibenszyl (73.5%) and 2~phenylthiomaphthen (14.3%); but
no stilbene was found. However, a small amount of the
olefin, in addition to 2-phenylthionaphthem and bibensyl,
was obtained when a much less active nickel catalyst,
poisoned with 20¥% of copper was used. No stilbene was
obtained when a similar lead-poisoned catalyst was used,
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the prodmet being a mixture of unchanged thionaphthenmo-
thionaphthen, 2-phenylthionaphthen, and bibenzyl. It aay
be mentioned that a mixture of thiocnarhthenothionaphthen
and 2-phenylthionaphthen (1:2.5) showed a m.p. of 165-166°,
unaltered by repsated reorystallisation from ethanol,
although separation could be achieved by other means.

I+t 1a generally sccepted that the first step in
the desulphurisation of a thiophen derivutive must be the
chemisorrtion of the sulphur compound on the catalyst
aurfacc.g Such chemisorption could oecour in two ways,
namely (a) more or lesas perpendioculsarly to the catalyst
surface, via the lome pair electrons of the sulphur atom, or
{b) more or lees flat, involving the iT-electrons of the
aromatic systca.g The results of the desulphurisation of
thionaphthenothionaphthen seem to provide useful data on
this point. Thus, if the formation of 1,2,3,4-tetraphenyl-
eyclobutane could have been oconfirmed, 1t would follow that
desulphurisation must, in all probability, occur with the
molecule flat on the catalyst surface, as was pointed out in
the introduotion. However, no tetraphenylcyclobutane was
obtained in the above work; but in several experiments
2-phenylthionsphthen and trans—stilbene were isolated. This
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result lends support to the opposite view, namely, that <the
desulphurisetion of thionaphthenothionaphthen takes place in
two distinot stages, and that the sulphur compound is chemi-
sorbed more or less perpemdioularly to the catalyst.

9 pas pointed out thattwo possible pathways can

Badger
operate im the aciual desulphurisation of a thiophen
derivative, namely:

A. desulphurisation and subsequent hydrogenation of the

unsaturated diradlieal intermedizte, or

B. hydrogenation to a tetrahydrothiophen, and subsequent

easy desulphurisation to give the saturated produet.

Ni
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That path "B" is the less likely is borme out by the
fact that for hydrogemation to oecur, chemisorption must
neceasarily involve the Ji-electrons, with the moleocule
1ying £1at.2992v135-T 54 gcems to be precluded in the
light of the foregoing argument. PFurthermore, hydrogenation
of olefinic compounds is knsﬂn47 to be inhibited by sulpbur
compounda. Also, avallable evidence indicates that the
chemisorption of dimethylbenzylamine and of chlorobensens
involves the lone pair electroms of the functional group,
rather than the J-gystem of the benzene rins.l‘l
Desulphurisation of dibenzothiophens®080142 oertainly
prooceeds without hydrogenation, except for saturation of the
free valences, which would indicate that path "A* is followed
in this case at least. Path "A" finds further support im a
report from Corson 33.51.143 These workers detected 10% of
olefin, in addition to the expected hydrocarbon, in the
desulphmrisation of 3~t-butylthionaphthem (V). Although the

olefin was not isolated, its presence was inferred from infra-

red spectra and from guantitative hydrogenation.

CHs LH3
CZCRy €< CH3
“CHs CH3

(V)



In the presemt work 1t was foumd that the desalphmur-
isation of thiomaphthenmothiomaphthen yielded as mmech as
17.5% of trans-stilbene (isolated and positively identified)
wvhen a desctivated catalyst was used. This result, together
with the foregoimng evidence ias taken as strong support of
the view that desulphurisation of thiophens gives unsaturated
intermedistes which are snbssguently hydrogenated. The |
alternative pathway, namely, hydrogenation of the thiophem
to a tetrahydrothiophen, and subsequent removal of sulplmr,
seens to be excluded.
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EXPERI AL

Thienaggthggog}.2—h2thienaghthen.

The material used in the first three experiments was prepared
by Mr. A.F. Isaac according to the method of Baker, Ollis and
El-Nawﬁwy.133' No depression of m.p. was observed when a
sample of this materisl was mixed with subsequent preparations
using a modified technigues.

The following synthesis was found to be simpler tham
that deseribed by Baker et al.l33 A mixture of thiosalicylie
acid (25 g., B.D.H.), phosphorus pentoxide (40 g.), snd
tetralin (150 ml.) was refluxed over & free flame for 3 hr.,
the liquid decanted, and the remaining cake extracted with
boiling tetralin. The combined tetralin extraots were
evaporated to dryness in vacuo and the residue refluxed with
8 solution of potassium hydroxide (20 g.) in water (50 ml.)
and ethanol (100 ml.) for 1 hr. After removal of ethanol,
water was added and the mixture extracted with bensens. The
benzene extracts were concentrated, treated with animal
charcoal, snd the solid allowed to corystallise. Marther
reerystallisation from 1ight petroleum (b.p. 80-100°)
(charcoal) gave thionaphtheno(3,2-b)thionaphthen (1.6 g.),
m.p. 214-216° (1it. m.p. 209-210°, 216°). A further 0.45 g.
of the pure thionaphthenothionaphthen was obtained by
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Eiguce 8.1, infrared Spectra, nujol,
MaCL prism , 26°c.
I Thionaphtheno [12-h] thionaphthen.
Il Thionaphtheno [23-b] thicnaphthen.
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filtration of the mother liquors through alumina, and
further recrystallisation of the product. The m.p. was not
depressed by admixture to sn suthentic specimen kindly sup-
plied by Professor B.D. Tilak,lB‘ and both samples showed
identiesl infrared spectra. KNone of the isomeric thiomaph-
theno(2,3~b )thionaphthen (which was also kindly made
available by Professor Tilak) eould be foumd in our
material. (See PMg. 5.1)
Found: C, T70.5; H, 3.5; S, 26.3.
Cale. for °14H832’ c, 69.9; H, 3.3; S, 26.7%.

Desulphurisations with Raney nickel.~

(1) With ¥7] Beney nickel in ethamol. A mixture of
thionaphthenothionaphthen (0.5 g.), W7 Raney nickel3? (10 g.,

from 20 g. of alley), and ethanol (85 ml.) was refluxed for
3.5 hr., filtered, and the catalyst extracted three times
with boiling ethanol. Evaporation of the solvent and distil-
lation of the residue gave an oil (0.236 g., 62.2%), b.p. ga.
70°/0.05 mm., which gave an infrared spectrum identical with
that of bibenzyl. No high-boiling residue was found. ZIExam-
ination of the oil by gas~liquid chromatography on Celite -
Apiezon 1 showad the presence of a2 small impurity as a
shoulder befors the major peak. Using & Griffin and George
apparatus modified for the collection of sanplenlzg it was
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possible to colleot solid bibenzyl (m.p. snd mixed m.p. 52°)
from the gas-liquid chromatogram, tut attempts to collect
the impurity were not successful. The oil did not erystal-
lise on ccoling in dry ice, or after repeated vacuum distil-
lation.

¥hen the experimert was repeated the yield of oil, b.p.
ca. 70°/0.05 mm. was again 0.236 g. (after two distillatioms).

(41) With W7 Raney nickel in methanol. In a similar
experiment a mixture of thionaphthemothionaphthen (0.5 g.)

and Raney nickel3® (10 g.) was refluxed in metharol (250 ml.)
for 3.5 hr. The produot was distilled twice to give bibensyl
(0.239 g., 63%), b.p. ca. 70°/0.05 mm., which erystallised
on stirring. After recrystallisation from light petroleun
(b.p. below 40°) 1t had m.p. %51-51.5°, not depressed by
admixture with an suthentic szpecimen. Ko higher boliling
rroduots were found.

(14141) With W7 Raney nickel aged for 3 months. Thionaph-
theno (3,2-b)thionaphthen (0.5 g.) was also dasulphurised, in
ethanol, as desecribed in (i) adove, except that the catalyst
had been kept at room temperature under ethanol for 3 months.

Bibenzyl was agasin obtained as an oil, b.p. ca. 70°/0.05 mm.,
(0.247 g., 65%), and was identified by 1ts infrared spectrum.
A spmall amount of residue after distillaetion was found to be
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pare bibensyl, m.p. and mixed m.p. 50-51° (from aqueous
methanol). Ko tolusene could be found in this experiment.

(1v) With W7 Reney nickel aged for 18 months. Im
another experiment the eatalyst used (10 g.) had bsem kept
under agquecus methanol at 4-10° for 18 months. It was
washed twice by decantation with ethanol prior to use.
Desulphurisation of the sulphur compound (0.5 g.), in
ethanol (85 ml.), as desoribed in (i) sabove gave bibenzyl
as an oil, b.p. ga. 60°/0.01 mm., (0.368 g., 94.5%),
identified by its infrared spectrum. No residues was
obtained after distillation. GOGas-liquid chromatography on
& Celite -~ silicone columm showed only one peak with
retention time corresponding to bibensyl. Under identieal
conditions small amounts of truns-stilbene and of phenanthrene
could be easily deteocted in a reference sample of impure
bibenzyl,

(v) By the method of Baker et al.l33 A mixture of
thionaphtheno(3,2~b)thionaphthen (0.44 g.), in ethanol
{75 m1.) snd Raney nickel (8 g., prepared by the method of
Bro'n.16 using 16 g. of 50-50 alloy) was refluxed for 3.5 hr.
The reaction mixture woaa filtered hot and the catalyst washed
twice with boiling ethancl. Concentration of the liguors,
followed by distillation in vacuo gave bibensyl (0.304 g.,
91%), b.p. ea. 70°/0.01 mm., identified by its infrared
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spsctrum. Ko other products could be found.

Desulphurisations with Raney cobalt.-
(1) A mixture of thiomaphtheno(3,2-b)thicnaphthen

(0.5 g.)y WT Raney cobalt (es. 7 g., prepared from 20 g. of
30-70 alloy by the method for W7 nicke13?), and ethamol

(50 m1.) was refluxed for 5 hr., filtered, and the catalyat
extracted repeatedly with boiling solvent. After concen-
tration to 50 ml. and cocling, the combired filtrate and
extracts deposited unchanged starting material {(0.290 g.),
m.p. and mixed m.p. 214°. Further concentration of the
liguors gave a material "A" (0.020 g.), thaw point ca. 160°,
B.Pe 200°. Concentration of the filtrate from this re-
crystallisation to small volume and cooling gave material “B®
(0.040 g.), thaw point ca. 155°, m.p. 160°. Repeated re-
crystallisation of “B" from light petroleum (b.p. below 40°)
raised itas R.p. to 165 (thaw point 155°), dcpreased by a
synthetic sanplo of 1 2.3.4-tctraphoayleyelohntano (m.p. 163%),
snd by 1,2,3,4,~tetraphenyl-n-butene {m.p. 178°). Evaporation
of the mother liquors from the recrystallisation of "B*, and
repsated recrystallisation of the residue from ethanol in a
capillary tube gave impure trens-stilbene, m.p. 118°. The
m.p. rose to 121-123° when the material was mixed with
authentic stilbene (m.p. 124-125°). A temperature -
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composition curve was drawn up for the systeam thionaphtheno-
thionaphthen / stilbene. (See Pig. 5.2.) From this "A" is
a mixture of starting material (16 mg.) and stilbene (4 mg.),
and "B" of stilbene (27 mg.) and starting material (13 mg.).
Estimated ylelds: unchanged thionaphthenothiomaphthen

(0.306 g., 61.2%) and stilbene (0.031 g., 8%).

(11) A mixture of W7 Raney cobalt (11 g.), thiomaphthemo~
thionaphthen (1.0 g.) and ethanol (50 ml.) was refluxed for
5.5 hr. The eooled mixture was filtered and the residue
continuously extracted with ether for 10 hr. snd then with
benzene for 12 hr. Evaporation of the bsnzens and re-
erystallisation of the residue from bensene - light petroleum
gave unchanged thionaphthenothionsphthen (0.268 g.), m.p.
214-216°. The combined ethanol solutions were comcentrated
to small volume and cooled to give a further quantity of
unchanged sulphur compound, R.p. 216° (0.535 &-)e The mother
liquors were diluted with weter and extracted with bemzene.
(Examination by gas-liquid chromatography showed two peaks
wvith retention times corresponding to bibenzyl and stildene).
Evaporation of the bensene and distillation of the residue
gave the fellowing fractions:

(a) bibenzyl (0.075 g.), m.p. and mixed m.p. 52°;
(v) bv.p. 150°/0.01 mm. {0.038 g.), m.p. 140-150°;
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(o) a residue consisting of thionmaphthenothionaphthen
(0.012 g.).

After reerystallisation from ethanbl, fraotion (b) gave

needles m.p. 160°; but this m.p. wes depressed by admixture

to aunthentie 1,2,3,4~testraphenyloyclobutane. Treatment of

fraetion (b) with bromine in carbon bisulphide gave stilbene

| dibromide, m.p. and mixed m.p. 237°, Under these conditions

tetraphenyleyclobutane gave no resotion. The mother liguors

yielded & amall amount of unchanged thionaphthenothlionaphthen.

The T-C curve (Pig. 5.2) showed that m.p. 160° corresponds

to a mixture of 60% atilbene and 40% thionaphthenothio-

naphthen,

1,2 Tetraphenyleyclobutane .~
The eyclobutane derivaetive was prepared by photodimerisation
of stilbene in benzene solution essentially by the methods
of Faltonl#? ang of Pailer and MM1ler,*> wut differing in
the methods of working up.

(1) A saturated solution of trons-stilbene in pure
benzene (100 ml.) was placed in a gquartz flask snd
irradiated for 10 days. The light source was & mercury
vapour lamp fitted with a ¥Woods flass filter, emitting
essentially the 3650-3663 % rediation (Philips, 125 W,
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type MBW/U). After evoporation of bensene the residual
material was distilled in vacuo %o remove bengaldehyds amd
most of the unrescted stilbene, and the residue chromato-
graphed on alumina. Elution with light petroleum
(b.p. 55-65°) gave a forerun of stilbeme, followed by a
mixture (0.12 g.), m.p. 105%, which could bhe resolved into
stilbene and the desired 1,2,3,4-tetraphenyloyclobutane
(m.p. 163°) by fractional crystallisation from light
petroleum. The yield of the pure cyclobutane was very small
(omn. 10 mg.). Purther elution with benzens gave a material
(ca. 100 mg.), m.p. 143-146°, which after repeated re-
erystallisation melted at 147°. It is thought that this
material is an isomeric 1,2,3,4-tetraphanylcyclobutane
(14t. m.p. 149°), which was also found by Fulton % in a
aimilar reaction.

(51) A dilute asolution of stilbene (5.0 g.) in benzene
(250 ml.), contaimed in a quurts flask, was placed 12" from
@ meroury vapour lamp similar to the one used in the previous
experiment, but from which the ¥Woods glass filter had bdeen
removed, and irradiation contimued for 10 days. After
removal of benzene the residue was distilled in yacuo, and
the material boiling below 120°/0.03 mm. (consisting of
benzaldehyde, stilbene, and bensoic acid) discarded. A
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viscous liquid (0.692 g.), b.p. 180-200°/0.03 mm. (bath
temperature 240-250°) was collscted. This solidified on
trituration with light petroleum. Reorystallisation from
benzene ~ light petroleum (charcocal) gave 1,2;3.4—
tetraphenyleyclobutane (0.201 & )s m.p. 163°, not depressed
by admixture with the materisl obtainmed in (i) sbove. A
further 50 mg. of the pure oyclobutane were obtained from
the liquors by repeated erystallisution from ether.
Poundt C, 93.6; H, 6.9.
Cale. for CpgHy,t C, 93.3; H, 6.7%.

Construction of a temperature - composition curve for a

mixture of stilbene and thionaghthcno!3.2-h!thionaghthen.-

Hixtures of the two components were made up by weight, fused

together in a scaled tube, the cooled melt ground and the
B.p. determined. The average of three determinations was
recorded, using the thaw -~ melt method. Results are
summarised in Table 5.1 and im Pig. 5.2. It must be noted
that the m.p. of 2 mixture of 2 mols. stilbene to 1 mol.
thionaphthenothionaphthen (60% stilbene w/w) showed a very
indefinite m.p. (158-161°, recorded as 159.5°) (tem
separate determinations).



- 148 -

TABLE 5.1
Weight % of stilbens £ Melting point

(1 14) Thaw point (=1") (i 1° )

100 - 124.5
90 - 120
80 120 144
T0 120 156
65 120 160
60 120 159.5
55 (120) 159 163
50 (120)7159 168
40 159 185
30 159 194.5
20 159 201
10 159 (?) 206
0 - 214.5

Desul sation with dezassed Ran ckel.~-
Diethylphthalate (6 ml.) was introdused to wet W7-J Raney
ntoke13? (10 &), the pressure released, and the thio-
naphthenothionaphthen (1.0 g.) added. The resulting mixture
was heated at 200° for 2 hr., cooled, and contimuously
extracted with ether (6 hr.), the extract dried and evapor-
sted. The residue waa saponified by refluxing with alecoholiec
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potassium hydroxide for 8 hr. Water was added, moat of the
ethanol was removed by distillation, and the residue was
again extracted with ether. Ivaporetion and distillation
gave 5 fraotioms:
(a) bivensyl (0.240 g.), b.p. 70°/0.01 mm.; m.p. and mixed
BePe 5203
(v) a solid (0.109 g.), b.p. 100°/0.01 =m.; m.p. 95-100°;
(e¢) a solid {0.069 g.), b.p. 120°/0.01 mm.} m.p. 135-140%;
(d) a 0114 (0.216 g.), sudblimed at 125~135°/0.01 mm.;
M. P 17291 and
{(e) a residue (0.037 g.), m.p. 172-173°.
Fraction (b) was examined by gas—~liquid chromatography and
found to consist of bibensyl (0.018 g.) and trana-stilbene
(0.091 g.) (yields caloulsted from areas under the peaks).
The stilbene wss 1dentified by treating the fraction with
bromine in cardbon bisulphide; <the resulting dibromide had
®.p. and mixed m.p. 237-240°. Praection (¢) was recrystal-
lised from ethanol to give 2-phenylthionaphthen (0.27 g.),
R.Pe 176°, not depressed by admixture with an authentie
speoimen kindly supplied by Mr. S. Middleton, 0 and both
samples gave ldentical ultraviolet absorption spectra. The
mother liguors after evaporation were treated with bromine
in ocarbom bisulphide to give stilbene dibromide (0.075 g.3
corresponding to 0.040 g. of stildbeme), m.p. and mixed m.p.
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237°. Reorystallisation of fractions (d) =nd (e) from
ethanol gave 2-phenylthionaphthea, m.p. &and mixed m.p.
175-176°. Total yields: bibensyl, 34.2%; stilbene, 17.5%;
2-phenylthionaphthen, 32.0%.

Desulphurisation with poisoned Raney nickel.-
(1) Using Raney nickel poisoned with 2,4,6-collidine.

2,4,6~Collidine (4 g.) was added to a stirred suspension of
W7 Raney nickel {10 g.) in methanol (100 ml.) and the
mixture warmed gently. The smell of collidine disappeared
almost completely after 2 min., suggesting complete
chemisorption of the base on the eatalyst. Thionaphtheno-
thionaphthen (1 g.) was added and the mixture refluxed for
4 hr., transferred to a hot Soxhlet extractor snd extracted
for 12 hr. with methancl. After removal of the solvent,
using a fraetionatiﬁg column, the residue was taken up inm
ether, freed from base by extraction with dilute hydrochloric
acid, and the ether dried snd evaporated. Distillation of
the product gave bibenzyl (0.745 g., 98%). No other products
could be found. |

(11) Using W7 Raney nickel poisoned with copper. C w7
Raney nickel (20 g., from 40 g. of alloy) was washed with
ethanol and added to a solutlon of neutral copper acetate

(2 g.) in ethanol (120 ml.). The mixture was stirred on the
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water bath for 20 min. and washed three times by decantation
with ethamol. Thionaphthenothiomaphthen (1.0 g.) and
ethanol (100 ml.) were added to the catalyst sludge and the
pixture refluxed for 6 hr. (amd stood for three days).
Continnous extraction of the mixture for 10 hr. with ethanol,
followed by removal of the solvent using a fraetionating
column, gave a residue which was distilled to give dbibengyl
(0.55T7 g5 73.5%), m.p. and mixed m.p. 52°; and 2-phenyl-
thionaphthen (0.129 g.), m.p. and mixed m.p. 172-173°.

(144) Using less active Raney nickel poisoned with copper.
The Raney nickel was prepared from nickel-aluminium alloy
(20 g.) by the method used for W7 catalyst except that the
alloy was added as guickly as possible to the alkali at 100°,
and the catalyst was digested at that temperature for 20 nmin.
After four decantations with water and one with ethancl the
catalyst was added to & aclution of neuntral copper acetate
(2 g.) in ethanol (120 ml.), snd the mixture stirred for 20
min. on the water bath, decanted twice with ethanol and used
at once. Desulphurisation was effected by refluxing a
mixture of thionaphthenothionaphthen (1.0 g.) and ethanol
(100 ml.) with the poisoned catalyst for 1 hr. Soxhlet
extraction and concentration of the extract gave unchanged
starting material (0.384 g.), m.p. and mixed m.p. 215-216°
(after reorystallisation from light petrolewm (b.p. 70-90°)).
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Concentration of the filtrate gave a material "N" (0.282 g.),
m.p. 165-166°, and mother liguors which were distilled to
give two fractions:

(a) bibenzyl (0.175 g., 23.1%), b.p. ea. 70°/0.01 mm.; B.D.
and mixed m.p. 52°; homogeneous in a gas-liquid
ahromatogrem;

(b) trans-stilbene (0.009 g., 1.2%), b.p. ca. 110°/0.01 mm.;
m.p. 124%; dibromide m.p. and mixed m.p. 237-240°.

Naterial "H" was unaltered by recrystallisation from ethanol,

but one orystallisation from light petroleum (b.p. 70-90°)

raised the m.p. to 172-178° (depressed by 2-phenylthionaph-
then). Practiomal sublimstion et 120°/0.01 mm., and re-
orystallisation of the fractions gave 2-phenylthionaphthen,

B.p. and mixed m.p. 172~173°, and thionaphthemo(3,2-b)thio-

naphthen, m.p. and mixed m.p. 214-215°, The compoaition of

mixture "M" (which was shown to oontain no other products)
was determinmed by comparison of its ultraviolet adbsorption
spectrum with those of mixtures of mown composition (see

Pigs. 5.3-5.6). Total yields: unchanged thionaphtheno-

thionaphthen (0.437 g., 43.7%); 2-phenylthionaphthen (0.193 g,

22.1%); stilbene {0.009 g., 1.2%); and bibemsyl (0.175 g.,

23.14).

(iv) Using Reney nickel poisoned with lead. Raney

nickel (10 g.) was prepared as in (i11i), and added to a
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Desulphurisation of M.t_h_uggs 3,2-b) thionaphthen ("s.M."),

ZARLE 0,2,

T - ol Eouit ol I T P IS A et

(m1.) (br.) | (&) | (8.) (8.) (g.) (8.) for
W7 Ni 10 EtoH 85 3.5 0.5 - - 0.236 | 62,2 - - - - 62,2
W7 Ni 10 MeOH 250 3.5 0.5 - - 0.239 63 - - - - 63
W7 Ni (3 months) 10 EtoH 85 3.5 0.5 - - 0.247 | 65 - - - - 65
W7 Ni (18-19 months) 10 EtoH 85 3.5 0.5 - - 0.368 | 9.5 - - - - 9L..5
W7-J Ni 10 .2'§6§° 6 2 1,0 - - 0.258 | 34 0.131 | 17.5 0.280 | 32 83,5
w7 Co 7 EtoH 50 5 0.5 0,306 | 61.2 - - 0,031 | 8 - - 69.2
¥7 Co 1 EtcH 50 5.5 1.0 0.815 | 8.15 0.075 | 10 0,03 I - - 95.5
W7 Ni/sym, collidine 10 MeOH 100 4,0 1,0 - - 0.745 98 - - - - 98
w7 N:L/Cu(OAc)z 20 BtoH 100 6 1.0 - - 0.557 | 73.5 - - 0,125 | 4.3 87.8
Ni/Cu{0Ac) 2 10 EtoH 100 1 1.0 0.473 k7.3 0.175 23.1 0,009 1.2 0.193 22,1 93.7
Hi/Pb(OAc)z 10 EtoH 100 3 1.0 0.482 | 48,2 0,204 | 26,9 - - 0.146 | 16,7 91.8
"Brown Ni® 8 FtoH 5 3.5 0.4k = - 0. 304 91 - - - - 91
(repeat of Baker's)




solution of hydretsd lead acetate (3.8 g.) in water

{100 ml.), amd@ the mixture stirred on the stesm bath for
20 min., decanted twice with water, twics with ethamol,

and used at omce. Desulphurisation was effected by
refluxing a ‘mixture of m«nﬂththmphM (1.0 g )
1n ethanol (100 m1.) with the poisoned ostalyst for 3 hr.
Working np as in (111) gave unchanged thiomaphthemo-

(3,2~} )thicnaphthen (0.482 g., 48.2%); 2-phenylthionaphthen
(0.146 g., 16.7%); and bibensyl (0.204 g., 26.9%).

The results of these desulphurisations are summerised
in Table S5.2.
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AFPEIDIX 70 crAPTER ¥

The evidence presented in Chapter V suggests that
the desulphurisation of thiophen derivatives probably leads
to olefins ae primary products, dbut that these usually
undergo subsequent hydrogenation.

It may be argued that the thionaphthenothionaphthen
used to illustrate the formation of olefins in desul phur~
isation represents an exception by virtue of its favourable
structure. The same oriticiesm may be applied to the
formation of an olefin following the desulphurisation of
3‘£—butylthiomphthen.‘u3 It therefore bscame necessary to
test the hypothesis on a simple thiophen derivative.

¥-2(,5-dimethyl-3-thienyl)butyric acid methyl ester
(I) was desulphurised with a neutral, degassed Raney nickel
at 210°. The product, after saponification, was examined
by paper chromatography and found to consist of the
unchanged thiophen acild and possibly S-ethyloctanoic acid
(1I) br other acids of a similar carbon skeleton). Although
S—-sthylootanoic acid 4id not react with aocid permanganate,
both spots gave positive tests for umsaturation, suggesting
the presence of unsaturated acld(s) possessing the same
carbon skeleton as 5~sthyloctanoic acid.



(cnéls.cnecgj ?Hg _ ?n ) (cné)3.cooa
HyC :s: ol CH,.CH, CH,.CH,

(1) (11)

The products of desulphurisation were separated from
unchanged sulphur compound and hydrogemated. 38 Mole % of
hydrogen were taken up, suggesting that the desulphurisation
produced 38% of clefinic materiale. The hydrogenated product
was again chromatographed on paper. Only one spot was found,
corresponding to S—ethyloctanoic acid, and no unsaturated
material could be detected.

Oxidation of the products of desulphurisation with
periodate - pemngamtalw confirmed the presence of
olefins. The wmaterial obtained after oxidation was examined
by paper chromatography and found to contain the expected
5-e¢thyloctanoic acid, as well as two ket acids, propionmic
acid, acetic acid (and possibly a didasic aecid). This
result suggests that the three posaible mono—olefins (III-V)
were probably present in the mixture. It is possible that

a small amount of diene was also present.
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/"——-[R . . H0OC. CH. R
N 4-000H
CH, - CHy

(x11)
R C.H. .000H O=CH.R
N 2“5' * J
- CH
P> G cné 3
(1V)
R cl.'nz -00 -R
| H CcH,.COOR
e 3 + 633.GH2
(V)

(Where R is (032)3.0008)

This result is consistent with the view that the
desulphurisation of )-(2,5-dimethyl-3-thienyl)dutyric acid
methyl ester gives a diene as first step, partial hydrogen—
ation of whieh produces three different mono-enes, while
complete saturation gives S5-ethyloctanoic acid. The results
of this desulphurisation aleo support the general hypothssis
that the desulphurisation of thiophen derivatives procseseds
yia unsaturated intermediates.



In the course of this work it was found that Raney
cobalt may be used as & selective adsorbent for sulphur
gompounds. The oobalt was mixed with clean sand and
packed in a eolwmm as for chromatography. A mixture
containing sulphur compounds was then applied to the
solwmn and eluted with methanol. Under these conditions
iso-eugenol, geraniol, geranyl acetate and butyl acetate
were readily eluted. 2,5-Dimethylthiophen and thiophen-2-
ethylcarboxylate were completely retained, but could bde
recovered by prolonged Soxhlet extraction of the adsordenmt.
Ko desulphurisation or hydrogemation took place on the
colunns. These results may be compared with those of am
attempted desulphurisation of di-l-naphthyl sulphide with
¥T-Raney oobalt in methanol desoribed in Chapter IV.
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EXPERIMENTAL

-{2 ethyl-3=-thienyl )butyric acid was obtained in
four steps according to Badger, Rodda and Saaao.17 Ester-
ification of this acid with methanol by the Fischer -~ Speir
method gave the methyl ester, b.p. 158-159°/19 ma.

Desul isation of }-(2 imethyl=3=~thi 1 )but [

8oid - methyl ester.-
(1) Preparation of Reney mickel. Nickel~aluminium alloy

(32 g.) was added with vigorous stirring to a cooled solution
of scdium hydroxide (40 g.) in water (150 ml.) as guiockly es
frothing permitted, es in the case of ¥W7-J nickel.3! The
mixture was then digested on the boiling water bsath for 1 hr.,

washed ten times by decantation with water, and then washed
until neutral in a tube, as in the case of W5 Raney nick01.39
The resulting nickel was heated on the water bath for 6 hr.,
stood overmight, and degaesed at 100°/20 mm. as for WI-J
Raney nickel.

(11) Remction. The thiophen derivative (10 g.) was
introduced to wet the freshly degassed cstalyst, the pressure
released, and the mixture heated in a metal bath at 210° for
1.5 hr. The cooled reaction mixture was extracted contin-
uously with ether for 20 hr., the dried ether evaporated,
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and the residue distilled to give three fruections:
(a) o011, b.p. 128-140°/20 mm. (0.822 g.)s
(b) 011, b.p. 140-156°/20 mm. (0.764 g.);
(e) 011, b.p. 158°/20 mm. (5.049 g.), identified as starting
zaterial.
A drop of fraction (a) was saponified and chromatographed om
paper in butanol/ammonia. Spraying with indicator showed two
spots at Ry, 0.76 and 0.83. The spot at By 0.76 corresponded
to unchanged thiophen acid (run on the same chromatogrem).
Both spots decolourised dilute acidic potassium permanganate
solution, but the thiophem more rapidly. As saturated
aliphatic seidas (such es S-ethyloctanoic acid) did mot react
under these conditions, some unsaturated 010 acid was probably
present at Ry 0.83. Both fractions (a) and the starting
material decolourised acid permangmsnate and bromine in carbon
bisnlphide solution. Fractions (a) and (b) were combined and
fractionally dietilled in vacuo, collecting only the first
fraotion. After three distillations no more sulphur could
be detected by sodium fusion. This materisl (eca. 0.3 g.)
also gave a positive unsaturation test with scid permanganate
and with tetranitromethane. MNiorohydrogenation of the
ester(s) (14.8 mg., casume 0.080%5 m.N.) over W7 BReney niockel
took up 0.83 ml. of hydrogen at 22.5% and 765.5 =mm.
(0.0304 m.¥.). Hence the mixture contained about 38% of
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olefin. The hydrogenated material was recovered, saponified
end chromatograrhed on paper in n-butancl/0.880 ammonia/
toluene/water (50/10/50/100; using the upper layer as the
mobile phase and the lower layer in the bottom of the tanmk),
and the spots developed with imdiecator snd with potassium
permangansate (in separate portions of the same chromatogrem).
A very small smount of unchanged thiophen acid was found to
be present before and after the hydrogenation. This explained
the slow rate of hydrogenation (4 hr.) and the positive
unsaturation test with tetranitromethane after hydrogemation.
The main spots no longer reseted with potassium permangansts,
but only with indicator, showing that the olefinic material
was removed by hydrogenation.

Periodate = permanganate oxidat.ton.-us

A portiom of the partly olefinic product from above waa
saponified, and about 0.5 m.M. (0.086 g.) of the acids
dissolved in water (100 ml.) containing potassium carbonate
(0.207 g.s 1.5 m.M.). The solution was added at room
temperature to a solution (100 ml.) of potassium meta
periodate (0.897 g., 3.9 m.H.), 1.0 ml. of a solution of
potassium permanganate (0.l molar.), end the mixture stood
at room temperature for 20 hr. Sulphurie acid (10 ml., 10%)
was added to stop the resction, and enough sodium dbisulphite
solution was added to remove all the iodine. The resulting



elesr solution was extracted contimously with ether for

24 hr., the extracts basified with & few drops of concen-
trated ammonia solution, and distilled to amall volums.

Some of this solution was spotted om paper and chromatograrhed
in butanol/ammonia. Comparison with reference compounds
showed the presence of S-sthyloctanocic aecld, two keto acids
(brown spots with methanolic 2,4-dinitrophenylhydrasine
hydrochloride, followed by potassium hydroxide solution),
propionic and acetic acids, and poseibly a dibasic aecid. No
unsaturation survived the oxidation, as nome of the spots
reacted with mseld permanganate solution. These products
indicate that the three possible mono~olefims wers probably
present in the mixture.

Baney cobalt columns.-
(1) Preparation of Rensy cobalt. A solution of sodium

hydroxide (80 g.) in water (300 ml.) was surrcunded with 1o0e
and eobalt ~ aluminium alloy (65 g.) (Lights, 30% Co) was
added with vigorous stirring as quickly as frothing allowed.
After digesting the mixture om the water bath at 100° for
1 hr. the supermatant liguid was decanted and the cobalt
washed by decantation with water (6 x 100 ml.) and twice
with methanol.

(11) Selective adsorption. The codalt (ga. 7.5 g.) was
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mixed with olesn sand and packed in a columm with methanol
as for chromatography (ea. 1.2 om. x 10 em.). 4 mixture
of iso-eugenol (0.5 g.) amd 2,5-dimethylthiophen (0.5 g.)
was applied to the column and eluted with methanol.

(A three~foot head of ligquid was required.) Evaporation
of the first fraction (30 ml.) gave iso-sugenol (0.477 g.),
sulphur-free. Subsequent fractions contained only trace
amounts of iso-eugenol, but did not contain sulpmmr. The
sulphur compound could be recovered by Soxhlet extraction
of the oobalt with methanol.

(111) A similar ocolumn of Raney cobalt retained
thiophen-2~ethylearboxylate, but allowed butyl acetate,
geraniol and geranyl acetate to puss through. Saponification
occourred t0 a very small extent only.

(1v) When similar experiments were comducted with
cobalt whiok had besn stored at room temperature under
methanol for four days or more the sulphur compounds were

elnted together with the other components of the mixture.
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SUMMARY

The desulphurisation of bemsothiazoles gave secomdary
amines whem W6 or W7 Raney nickel was used, but the weaker
¥S mickel caussd little reaction. In the presemce of
alxali, howsver, desulphurisation competed with alkaline
ring fission, and a mixture of primary and secondary bases
was obtsined. The desulphurisation, with W6 and W7 nickel,
of simple thiaszoles was more complex. 62 - N fission
oseurred and no secondary amines were obtained. Several
competing reactions are thought to operate.

Raney oobalt has been used to desulphurise a number of
thiophen earboxylic acids, acyl thiophens, thiazoles and
thioamides. It was foumd that Raney cobalt generslly gave
the same productes as nickel, but that it had a lesser
activity} however, scme differsnces between the two metals
have been noted.

A direct comparisom has beem obtained between the
desulphurising abilities of certain transition netals towards
di-l-naphthyl sulphide and dihexyl sulphide. Although the
untreated metals wers inactive towsrds di-l-naphthyl sulphide
at 200°. the Reney metals showed considerable aotivity in the
order Fi >Co ) Fe DCud W, Inoresse in the temperature and thse
presence of hydrogen were found to facilitate desulphurisation.
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The desulphurisation of thiomaphtheno(3,2-3)thionaphthen
under various comditions gave bibensyl, iraps-stilbens, and
2-phenylthionaphthen. The reported formatiom of 1,2,3,4~
tetraphenyleyclobutane could not be eonfirmed. These
results have been used to discuss the general mechanisa of
desulprurisation of thiophen derivatives. It is suggested
that chemiscrption of thiophens oscurs via the sulphur atea
and that desulphurisation proceeds yia ungaturated imtexr-
nediates. Accordingly, desulpmurisation of methyl J¥-(2,5-
dimethyl-3-thienyl )butyrate with degeased nickel gave
olefina.

The use of Raney cobalt as a selective adsorbent for
sulphnr compounds has been dssoribed.
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