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Use of WeT Emmey nicke]l catalyst in the desulphurisation
of 2,7=dibydrodibenso|c.e [thiepin has been found to yive the
oxpocted 2.2’ ~dimethylbiphsnyl in 91¥ yislde Use of pertielly
degasged Raney nickel (We7J) cutalys® gave a much smiler yieid of
252" ~dimpthyibiphexyl but phenanthrone was isclated as additional
producte ihe desulpimrisation of thisnthrene has been stndied under
verylng conditioms. Besides the expected dibenmsvthiepher, and
biphenyl, triphemylems has been isolabed in one experiment. In
a series of experiments, 2,6-diphenyl~l,d-dithiin was desulphurised
with %<7J Tmney nickel o afford s mixture of sulplmrefree produsts,
believed to be 1,8=diphenylbuts-l S«~diiens, and 1,3-diphenyloyclo~
butene in addition to the e subed #,4=diphenylthiophens
Characterization of these ovipounds is based on their cheidoal
properties; infrared,; ultravielst, znd proton magnetic resonance
1,1=dioxide with Fe? snd Ve7Jd, wore found % give a mixture of
phenylacetic acid and d)ehydratrople soids The bense| b [thiophene
S-garboxylic acid-1,l=dioxide with fller Rensy cobalt catalyst
yielded s trace smount of benso|p fhiophen-3-carboxylie acid
together with phenylacetie sofd and dl~hydratropic acid.

Desulphurisation of o =Bwthienylbenzyl slsohels has been
shown to proceed by ime mschamisms. The first imvolves desulphurisation
%o the corresponding psntanol, which is then debydrated to the



corresponding olefiny the second imvolves hydrogenslysis of the
hydroxy group prior to or after removal of mulphur to give the
saturated briresarbons "Dimeric® nraducts have aisc been found
frow: these desulvhurisations. In ome instance, sn undesulphurised
dimeriec produet, namely, 9,9'edi«2"-thienyl=0,8"-biflnerenyl was
isoicted in addition to the expested Sen<butylflincrens following
the desuipimrisation of S+2'e-thienylflusrene=9=ol.



The work deseribed in this thesis is part of a more
extensive imvestigation conduchd by a mmber of other workers
iz this Department. but incorperates no material previocusly

subsitted for a degree in any University except where dues referencs
has boen made.

{Ps Cheuyehit)e
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INTRODUCTION

===
(A) SURVEY OF THE DESULPHURISATICH REACTION
= =L LSS

The so=called "desulphurisstion resction” wes first observed
in 1866, when Ris synthesized $,4,0,5~dibenzcvcarbesoie (i1) by
hoating the phenothiazine (I with metalliec ﬂapgeroz The same
reaction wee later epplied to the synthesis of lgz-banzcearhazals,z

and of oarbagzole i%ﬁ&lfoa
= X
S \| ,/
Cu
\I T— l |
N X N7 N\F
H

In 1840, Dougault, ‘attelain and *hubricr4 reported that
in the presemce of Fenev nickel, a variety of beth inorganic and
organic suirkur compounds lose thelr sulphur under very mild
conditions. ith crgenic compowrds the site »f sulohur in the molecule
was usually taken up by hydrogene V‘hen 2 double bond wes also nresent,

hydrogenstion of the double bord alac vecurredy (III),
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Na,S + NiH, * H,0 — 2NaOH + (n/2+‘|)H2 * NiS
HS.CHZ.CHZ.SH - CHB.CH3

Ph.CH:C(SH).COZH — Ph.CHZ.CHz.COZH

They slso found that Lenzene containin: thionhen and
methylthiophen, after treatrent with Heney uickel, rives 8 neretive
$est with sulnhuric soid end isetin end is sulnhiur-fress This
methed has becoe cne of the most efficient laboratory technicues
aveilable Tor sroviding sulshur~free solventse

The first rousrksble success of the desulphurisetion
resction was the elucldation of the structure of biotin (IV) ' inm
the vesr 1842.5 Thisz wse wede possible by the work of Nozingo,
Yolf, Hsrris and '-n;nmrsé’;’: whe ghoued that sviphides, sulrhoxides,
gulphoreg snd disulphides undergo reductive clesvare when treated

with lsvey nickel catelyst.

R-S-R R- S0, R

T 2RH
/ \

R-S0-R R-S-S-R
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fhen the resction was epslied to biotin (IV)}, du Vigneaud
&t _a_;fu_’b obtained » desthio derivative (V), thet wes further degreded

to 8 diarinopelargenic acide

0 0
{1 [l
PN C
e vl
HC CH —— HC ———CH
/ N\ I [
H2C CH'[CH'Z]A'CO'ZMC H3C CHZ.[CH2 -JZ.'COZME
S
v V

From this time orwards Femey nickel has besen used
successfully, and hes becoie an everydey procsdure in research on
organo=sulphur corvoundse rhile it has been used malnly for srganic
structural und synthetical problems,’#" it hes elsc been spplied

te the gusntiteidive detsrainstion of 5ulpimrog’ 10,22

An cutstending
example of the elucidetion of &n unusual orgenic structure is ths
desulphurisstion of hmzylp@nicillinlz which pive dethiobenzylpenicillin,
phenylacetvl=ieslenyle=l=veline, together with its decartoxyletion
sroducte The P=leetsm ring, rpreserved in VII, zerved o srovide
evidence for the existenece of suck p structursl feature in penicillin.
13

Similar exerples include the desulphurisations af s w'e=bimethionine,

strentomyelin, 14 pand axyiooine 6
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CGHFCHTCO-NH_TH__fH T-ECng .
o 7
CO—N——CH-COyH

VI

CGHS_CHz-CO_NH-CH-_CHZ CH-LCH3l9

]

CO—N

CH- COpH

VII

+ CSHS-CHZ_CO_PHL.CH_CFb CH-[CH4Iy

| |

CO- NH___CH. CO,H

VIII
+  CgHg-CH,-CO-NH_CH_CH3  CH-[CH4l,

CO__NH.___CH2

IX

Lesulphurisetion of flavophen (%) with fanev nickel in
Loiling meiitylana vields 2,%=1011~dibensopervlene (i1}, whkich
is identicsl with the vreduct oshtained from R, 8'edintenentheryl and
eluminiug chliorides +“his provided setisfectory evidence for the

structure of the peresnt sulphur aomnoundais
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The successful spplications of the deaulvhurisation reaction
to structural problems were accospanied by the develonment of novel
synthetical orocedures wiiech vere based on the reroval af sulvhur
from orgaric rmolecules by meens of laney nickels Herly work dealt
with the transformetion of certsin grounse 47 irportant examnle
of these iz the cenversion of n zarbonyl sroup o e methylene zroup

via e desulphurisation of the corresponding thicacetsl or thioketsl.d7

> R e S
- T NS_R e 2

The first sccount of the desulvhurisation of a thicacetal
was puulished in 1944 by ‘olfrom and kersbives, who cbtained, in zood

vields, toluene end n~heptune frem the ethyl zercaptan derivatives



sf bensaldehvde and hepten-Z-one rmpeotively.w ihe zethod hes
sdnce heen emvloyed maminly in gteroid snd in cerbohydrate che:miﬂ:ry.m“m
4s the reaction can b@ carried asut in slmost neutral nedia, it hes
in meny cases proved to bLe superior %o the slternstive wmetheds of
reduction whiek are nzsocietad with the names ¢f “lemmencen and
solffeiishners

in this wey, treatuent of the unsaturatcd dithioketal (XII)
with Fe=4 Haney nickel in bollin: sthampl pave diethylteirsdecanedicate
(X111}, but with demctivated Heney nickel, inseparable mixtures of
satureted and unsaturated esters inm different sroportions, depending
on refluxing time of the catnlyvet in acetone, were obtained.m In
the sade way, desulphurisation of (XIV) save the normal product,

without reduction of the nitrile group, in fal rly zeod 51016:.52

Et.0,C. [CHyl, ./C\.CH: CH ./c\. [CHyl, CO, Et X1l
s s s s

—J

- > Et.0,C.IC H2.112.(302Et X111

+ Et.0,C.[ICH, g CH:CH.ICH,1; CO,Et
R
CN
| S-CoHg
R c__ X1V
S - CyHe
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A special example is provided Ly the gynthesis of
dicarnethoxy=hicyclotetane (V1) from {X¥)} in ?01,33 and in 835
:_.a'ield-34 Seversl attempts 4o reduce the perent Z,5~diketore vy

the Holff-iisiner and _lssmensen methods gave less then 155 of

the ezpected diethyl bicyclo(z.zgz)octane-lgé-dicarthY1@te.55
CO Et
S ?
CO Et CO Et
XV XVI

The literature is rich in examplescof desulphurisetions of
BEnzf
44 thioketals derived from heteroccyslic compounds,™ 3 and sarbocvelic

o648 . . 46 7a7l

" including tmrkeuas and ataroida. These reactions

heve racenily been reviewoi-?z'Ts
The desulphurisstiorn of hemithicketals {(eegze XVIIJ bas

provided seume iuteresling r‘mmlta.‘m In genersl the perent ketones
wers regenerated and the sxpected sthyl silers were not observed.
Uesulphurisation af andros ied=one=3,17=dione=17 =e thylenehomi thicketal
afforded the origimal diketone {(XVIIIJe Yhis has been explained by
assuning thet the diketone rdght arise through the decomposition of

an intermediste dirasdical to give ethylens as in the scheme

(Xix —> x21)4%4
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XVII XVIII
S——CH CH2
‘0—CH CH O CH
2 2 2

XIX XX XX1

liowever, subsequent work by Djerassi and his collaborators= ?20
suggested that oxygen may bhave Lecn introduced frem an outside source
during the resctione The mechemism (¥XII — XiY) hes been proposed
by these suthors for this reaction.

IT\li OH® lTli
ol /
ch:s R RyCq, >7¢M
(/O-—CH—R’ Cg CH-R'
XX11 XXIII
N
OH|I
| S—CH,
— s R.C ;
0O—CH-R’



0 CH 1
I |2
R,C * HO-CH- R

v

XXV

Yarjous substituted thioamides have bsen converted to the
corresponding substituted zxdres by meang of Heney nicke1.74 A

nucber of onecessful apniicetions have been rercoried in recent j.’eﬂr!..?b-?g

S
I
R-C-NR'R" —— R—CH2—-NR'R”

ith partielly desctivated lsney nickel, the desulphurisation
ef sinple ar sube ti tuted arddes vr anilides affords aldehydes,

supposedly by & two-gten reecticnesd

S ; :
It
R-C-NHy — R-C=NH — R-C=0

Generelly the desuiphurisstion of thiols and thiones proceeds
very readily by trestrment with Fsney nickel, fihe reactions rampe

frox relstively simple reductive desulphurisations, es in the early



woerk of dougault and his colleaguaa.§ to more complex exauples
such s the trannrormatiaé of Z-uercaptobengothiagole which vields
rixtures of various mroducts.gﬂﬂ%l The desulzhurisation of
Gwgmrcaptepurine (Zx¥1) which has been cerried cut in ethenclie
ammoniws hydroxide solution, or in boiling water, nifords npurine
(XX¥II) in good vield."? This example demonstrates & means for
removing functional grouns, especielly in heterccyelic syeterms, by
conversion tv the thiel, followed by desulphurisetions In e

sixdler fashion, reduction of phenanthridone (AXVIII) to

shenanthridine (XXX) has been cerried eut vie the

phemanthridinethione (11(1}&).&&3“@4
SH
(A D
Ny — N
H H
XXVI XXVII
Qg Q )
= X I ' X | N |
N | HoT iy =3 N
0 S
XXVIII X X1X Xy
5ercnwtuquinazolineaﬁ5 end mﬁrcaotgimida:olesas have been

sizilerly desulpburiged, A grest number of thiokydentoins,
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thiobarbituric scids end thiourscils, with one or more sulphur

atoms attached directly to the aromatic ring have been desulphurised,
87-89 .nd these compounds are comveniemt starting materisls for

the synthesis of otherwise difficultly obtainable substences. =102
Thus imidesoles (XZ1III) cen be prepared by removal of sulphur from
thiokydantoins (Xxx1),108

CeHe CeHs c

H
IvNH jI\_IN ;6 5\[‘1\'
S g/l\s HS E/‘\SH ﬁ)

AXXI XX X11 XXX

Closely related is the removal of phenolic hydroxy groups
by the hydrogenolysis of the petoluenssulphonatss, ' using oither
Raney nickel and hydregen nt room temperature an! stmospheric
pressure, or using ordinary desulphurisation conditicns. Sometimes
m-mmmumutamumuumxueu
hydroxy group from a polyhydroxy eompounde’"°+3%% 1n1s has been
used to sdvantage in the synthesis of seversl flavenss. The
solective removal of the T<hydroxy group from 5,7-dihydroxy«3,3',4'=
trime thoxyflavone, for example, has been ascomplished yias the
Totosyl derivative (XXXIV),197
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XXX1V 3

XXXV \

Yenkatarsman and his collaboratorsl®® have elso developed
8 peneral mothod for the reduction of quinones o dikydrearomatic
comnounde by conversion te the sulphuric esters of the leucc f{orms,
followed br desulphuriseticn using the method of Schwenk, “ape and
rinsberge In this wey the hvdrogenclvsis of the disulphuric acid
ester of anthrehydroguinone and of Indanthrene “olden Yellow CK
(3,418,0=dibenscoyrene=t,1l=guinone) {XX¥VI} vields the corresponding
hydregeneted products, which on dehwdirogenation furnish snthracene

108,108

and %,4:6,9=dibensopyrens {XZXVIII) respectively. Leny other

examvles have slso desonstrated the usefulness of this reduction

routes 1
0 0S04Na
/ OUO @l
909 — O
X X
0 OSOBNa

XXXV]

C&. XXXVII
= N

— @

NN

XXXV
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The reductive desulphurissticn of thiocethers can sometimes
be carrled cut selectively in the presence of oither reducibls
Zroupse or examnle, some derivatives af EwigthylthiceZmngthyle
4=oxodihvdvopyriridine {XXXIX) heve been desulpburised with

ianey nickel without hydrogenation ef the ring.Qﬁ

0 0
|
i N-CH : R N-CH
l )\ 3 /' ) ]
er N SCH3 R2 N
XXXIX XL

Yany 2emeihyithionurine derivatives {XLI) have been
desulnhurised in the course of synthesizing some viclogically

interes tiniﬁ: subgtances. 111-116

R1 R]
T e e
TR NS
R2 R2

XL1 XLII

leney nickel desulphurisations have been emploved in the
preparation of deoxy-sugars and some of their pyrimidine~ or
purinegiyvcosides which ars inportant in cancer researak.llﬁ-llg
“tudies of the desulvhurisation of ovelic thicethers heave also

contributed to the krowledpe o7 thioindips chemistry,119,120
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The desulphurissation of thicl esiurs produces either
aldohydes’™) (whiek can be considered as the primary hydrogemolysis
products) or aleohols, resultiny from further rsductiom. This
resction was first described by iolfrom and Karabinmes!22s12% gpo
transformed ethyl thiobenseate and ethyl thiopropiomate into
bensaldehyde snd propionaldelyde respectively, im good yield.
However, Prelog, Jeger, Norymberski and Sspilfuge) Pés128
obteiasd the alcobel Ly the same resction. Comewhat leter, ipare,
MeIntosh emd Levin®®® used desctivated lamey nickel successfully to
stop the resction at the aldehyds stage.

0 9 OH

I |
R-C-H —> R-C-S-R -—» R—CH2

he desulphurisation of thiephen derivatives wes first
observed es early s 1940 when Bougault reported the preparation
of thiophen=free bensene by refluxing with Ramey nickel. Gsinee
then the desulphurigsation of thicphen derivatives has been
developed as & synthetiocal route to a variety of otherwise more
difficuitiy acoessible compounds. The desulvhurisetien of
vonse] i) Gl onis

weimcirpaxylic scid and bhauze[b|thiophen-3-scetic

acid was reported in the yeer 1948 by Blicke and Sheets,’?' and gave

g =phenylpropionic acid and 7 -phenylbutyric acid, respectively.
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ihis drew attention to the adventeges of this simple method for
the confirmstion of the structure of such thiocphen derivatives.
Feve, >ckwenk snd ?insbc?g,laﬁ in 1948, desulnhurised zeous acidic
derivetivescf thioohen by the sradual sddition of nickelealuminium
alloy to the acid solution in alkeli. They obimined hepian=3=
one~=l=carvoxylic acld snd S~hydroxiheptone=l-carboxviie soid lsctone
by desulphurisetion of pe(2«thenoyl)prepionic seid; and soveral
other thiophen derivatives were similarly desulpiurised. ironm
1882, the desulphurisation of thiophen derivatives had its
potentialities fully recognized. ‘mong these, the studies of
Hadger, ‘uuefici and Geldferb and their groups sre notable. Ip
%o the present time, wore than 200 thiophen-desulphurisetions have
been described,

The desulphurisstion of secids derived frow thiophen hes
been developed &s m satisfsctory synthetical rethod whick azllows
the nreperation of fattr scide {rom readily eveilatle starting
mﬁtﬁriala.& It also zerves 83 & means cf lengthening carbon chains,
and for the nreveration of Lranchedechein fatty mcidz. lany of
these are, of course, difficult to ebtain by other methods. In this
vey, = great mumber of Z,S5-disubstituted thiephens, carryving carboxyl
groups in side cheing, heve been trensformed inte the sorresponding
aliphatic or arvlealivhstic mono= ar diecartexvlic scids. Several
exnerimental variations heve been renorted. Thus, the preparstion

of Gegthyloctsnoic seidl2® {XI¥) bas been achieved uy the



desulplurisetion of Y={Z,G=dinc thyl=S=thienyl butyrie acid, which
is re=dily prepared from 2,5-dinethylthiophen (A LI}, This
branched-chain acid hng itsel! been used & & sterting point in e

further synthesis to give iZ=sthylhexadeeansic scid {:LVJiinlag

U 5 S — [CH,15COH
CH3”\. g ~\CH,4 ; CH3£ S ICH3
XLIII XLIV
RINIE CHy4.LCH,15.CHCoHg .LCH,1 4.CO ,H
XLV
5 Steps I l

> S
CHy.[CH 51, .CH CyH, [CH,1, [CH,13.COLH

XLVI

RZNi > CH?ECHQJZCHCzHSICHZ]“.C02H

XLVII

In the seme way, fGe=iebutylthiophensiecerboxylie acid.130
begthylthiophonef=cnrbonylic acid@igl arw(ﬁ-butyl-ﬁ-thﬁwarl}ﬁnlargcnic
ewid,laz ‘Y-[Z(ﬁnmmthfiggaéeﬁyl}thﬁathQ]~E-butyrie aciﬁlss hrve
been convertsd inio their eorrespeniine sulvhurefres seidie producise
ihe reection has been applied to neny other aoids, including

126,154 ,186a,5

dicarboxylic acids. lesulphurisation of (XLVIII],
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whick affords §,5,10,1C=tctrare thyl=n-tstredecane=1,14~dicarbox-lie

acids (X11X) illustretes one of the annlications,lSEP

CH3 CHs
[ ll_
HOOC —g ——c \S/——c COOH —_—
CH CHy
’ CH, CH,
ik CHJ-C - [CHJ,—C —I[CH,1,-COOH
HOOC - TCH - € - DCHy]—C —ICHyI -
CH, CH,

XLIX
The meothod has alsoc been sxtended tc include the prevaration

136 hydroxy r.xcid,s,}"?’? alivhetie &lcc}hois,lss gthers,ng

#f apino ecids,
end of acids lebslled with %;rﬁ;inmi‘m ivert from these syntheticsl
apniicationg, desulphurisation of noneacidic thionhen derivatives hag
heen nroved t¢ be of value in siructural éetﬁrminatiorme“lﬂuz

is 8 further sontrilution to the synthetical arnclications
of the desulphurigetion resetion, the des:lchurisstion of severel
eleohols derived frow thiuvphen hes beoen studied in the present thesis.
ihie method is corplicated by the formetion of several compounds (see
detalled discussion in Chenter 171)., Thue desulpburisstion of
weZethienylbensyl aleahol (L) rave l=phenylpentane {i1) ne the nejor

product, together with some 1,1U=iinhenyldecans (LII),.

CH/J ——>  CgHg- [CH,1, - CH,
|

OH L1
L

L1l
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n the other hand, the desulphurisetion of diphenyi-Z=
thienylmethanol (LIII) gave = mixture containing both alecohol end
olefin (LIV); e smsll amount of dimerie product, 1,1,10,10=

tetraphenyldscane (LV) wae elso obtainede

CeHg — CeHs
| I
OH
OH o LIV
“6H5 J
L1 + CgHg=C=CH—[CH,J,~ CHy

+ [CgH3, ~ CH -[CH, 1= CH-ICHI,

LV

(B) THE EBATUKE CF RANEY NICKEL CATALYSTS

In 1925, a petent covering @ new method of preparstion of
e nickel cetalyet wes grantsd to lurray :‘usam;y.ma The zzthod which
weg well recognized 28 sunorior ve the former 'nickal on kieselsuhr!,
conpisted of & treatment of a powdered Fi-fi elley with aqueous
alikeli, from whiek a oyrephoric brownish nizkel wes obiaived. [‘ater
investiration upon ather nlloys of nickel and 2léeld zolu:le metsls,
revealad thot 'ieil allev wes nrgfsrﬁbla.3é4 Since then the caialyut
which is prepared by this means hes been krown asg fansy nickel
catalysts Todsy 'anay nickel is one of the most commonly used and

probably the most verssdile ocatalyst knawn.iés tomp twenty or rore
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different modifications of “emey nickel heve been reported, and
sach hes been vrepared to suit e particular purpose in different
types of reactions. These include hydrorenation of & variety of

conpounds,uaﬂ“e’ desulphurisatiorz.&'72'75'105 dehalogena tion,lﬁ

120,148

JYealkyvletion of primery amines, formation of heterocyclie

149 ..

biarvis, °

A mumber of wethode ¢f processing ihs alloy @ give the

cfoldbe 4. pogt

cetalyvats heave been described in the literature.
common nethod of prepsration of lmney nickel catslysis involves the
eddition of the alloy to sn aqueous alkaline solutione Iy this
moans, catalyats of differing activities are cbtained denending on
the temperature and the cther experimental varisbles. “he original
process recommended by aney was first improved by .Lovert and
i’idkina.mﬂ this imvolved prolonging of the rerlod of dipestion of
the rlloy at 116°. The process wee later further sltered by spv:.,ozingol‘r’l
by shortsning end lowering the 4ewrerstire of the digestion period.

152 4 ntroduced a classification for several kzney

fidkina ané “svlic
nickel catalysts using the designation iiel, %2, e, T4 for
cateivets of incressing setivities in hydrogenetion. 4dkins and

ﬁillicalss

later added the even more active fi=f, “=6 and L7 catalysts
wvhich are prepared by sddition of #i«il aslloy (5C:bC, w4 28 0%
squecus #olution of sodium hyiroxide at BC = 2%, with further
digestion et the seme torperature for 50 zinutase. !«7 is weshed

only by decantation end thereiore 8 considersble amount of alkall
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is retained; while "=8 is continpually weshed with distilled water
until the washings are slknli~frees ihe loss of & sreet deal of
hydrogen during the process of washing exrlaing while =6 ig less
active than M7, i<6 iz washed under a positive pressure of
hvirogen, and this cetrlyst ie wore active than V=i ianey nickel.
The preparation of 'hydrogen<poor' or 'hydropen=fres' niskel was
first described by FHeuptmann and his colleaguet.ls4 t1thougk sany
of the desulphurisations in the literature heve been carried cut
with #=] and %=2 Faney nickel, rost of the work in this thesis has
heen performed with cetelyst of feb = Le? tyne, and with the
partielly derassed cetalvut of isdzer and bnate.l‘g' Other degaased
catalysts have been described by ssssngl‘gb and Sesse end “hittle,19%

Pattison and Lageringlss have crepsred & catalyst of ‘aney
type from & Hi-iz slloy. 7he inmctive portion of the alloy is
dissolved in scotic ecid and the chteined nickel catalyst was
found to be me sctive as the =4 imney nickel of Fevlic and /dkins
end iwice a8 sctive as the "~2 catalyst of ilozingo.

‘reparation of ianey cobsl t has been described by several

authora.157'158

inlike ‘“aney nickel, laney cobalt is not normelly
pyropheric unless wermed; but some ssvnles oremared by the method
of 2illica end idking have heen found tw be pvronhoric. The
srepsratien of an active copver catelyst has been described by

'Rucounau.lae Tt is considerably weaker than nickel, but no

systeratic study has been cerried oute raul and 1111y1%¢ nave
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described the preparation of RFamey irom. Although it has been
reported o hydrogemats triple bonds selectively 4o double hende
at pressures of E6-T8 atmospheres, snd tempersiure of 1%1“63

Eeney irveom hes found iittle sppitleatione Mmuui

obeszrved
that strongly degassed Hamey copper, Reney cobelt and Ramey irom
desulphurise orgenic compounds at elevated temperatures, but less
offectively than Raney nickel.

There has been some disagreement in the libterature
concerning the nsture of Raney nickei catalysis, end widely differing
views have been ms&é-u"m"'“'l“ ihe fAeney nickel catalysts,
which are prepared by leoacghing Ml-Al slleys ss previcusly mentismsd
consist meinly of nickel (ose T7%), slwsiniux {1-3% as metal,
19:8-21% as oxide) and some sodium sluminats,C3e194:166,167
like the other Raney metals, iiamey niciel is essentially finely
divided, cryztalline pertisles, the eisze of whieh varies beiween
40-8C £ in dlemeter.i®" This is elmost one-tenth of the sise of
the perticles obtained from reductien of mickel oxide (400-1080 K).
Nickel cen exist ir both hexegonal and face-centred cubie closs
packed structures, but only the iatter is catslytically setive.i5?
Both reduced!®® emd isnsy niokell®® sxist in e cubie form, dut
on hesting et 170° for several days the cubic form vearrenges to
the heamgonal latticeel8? The interatomic specings in the face=

g,170

centred cubic structure are Z.47 end F.6C end only the
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letter has heen found to be effective in the hydrorenation of
ethylenﬁ.17c'i71

Feney nickel is morpus ir structure 28 & result of its
mode of preparation; and the surfmce srem is ver isrge due to
the pore distributionse The deta ohtained From shernigorption
messurevents nt -196% for cearhon monoxide on 2 V=¢ Fanay uickel
catnlyst degnssed £t 465."‘-@, a8 ghown by Fekes and 1;mmtt,1‘72
guggest thet only about £04 of its wurface consists of metallie
nickels The remeinder is nomemetallic snd probably cemsiste
lergely of alumine forred durins the lesching nrocess. The
Bveruge nere dismeter of the laney nickel catalvst wes reported
Yo b B4 3'.172 The surface area of i‘amey nickel has beon given

® uhile Smith, Chadwell and iirs1iel6S

earlier sa 10C m.z/k-QIT
have reportsd m value of 16,2 me?/ge a6 determined by pslmitie
acid sdeorptions 7his decreases lineariy with loss of hwirogen
urntil shovt 707 is remaveds then it decreases ncore ranidlys ihen
all aof the hyirogen hae been removed, the surface ares of the
catalvat ig sbout one-fifth of its eriginal valua-iﬁs Fowever, in
& more recent pepar, Kokes and Fxmetti®4 heve given the value for
fiwf 88 63 me?/re which does not change with P, balow
350°, in eddition, vhen *=6 Haney nickel wasg further heertzd to
BU0%, e loss of one~fourth of its svee wes cbrzerveds These results
sre in fair agreement with the vnlue 87 m»z/é. reported by ratt,

174

Fopar and farker, Kokes and Immettl67 hove nlgo found thet the



Fig.1.-The variation in surface area of W-6 Raney nickel with loss of
hydrogen; as determined by Kokes and Emmett.'87
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as determined by Smith,Chadwell, and Kirslis!®3



surfece ares of the cetalyst (W«8) remsins essentially comstant
until ekout 85 to 967 of the hydrogen is removed which corresponds
to a temperature of $00 to 400°, At higher temperatures the
surface area falls off repidiy to gae 46 m.2/ge

To a first approximation, the demsity of Raney mickel
incresses linearly =mith the amount of hydrogen removed, but Kokes
end Emmett reported thet the demsity, found experimentally (8¢5 ge/
SeCe)s is much lower then would be expected (66642 ze/cece, this
has been corrected for the presence of alumina’. This suggests thet
the catalyst has & highly defective dtrustures ®

Undoubtedly, hydrogen is the most important component of
Haney niockel besides nickel itself. Indeed, sne of the most®
important features of Remey nickel is the quentity of hydregen
present, & gquantity which is too great to be aseribsbly either %o
adsorption or to solution, 45+285¢3%2 4y enount and cherscter of
hydrogen in the cetalyst has been the subject of some controversy.
Some euthors have described the catalytie meterial es a hydride of
the formula E.H',"‘ or o mixture of hydridese® Freidlin emd
Ziminovs, ° reported the hydrogen content in Faney mickel to be
9543 cece/go  ilthough this valus corresponds appreximately to the
htnhn'l. these authors dec not consider the catalyst to be a
hydrids, but rether skeletal nickel prometed with hydrogen, part
of whioh iz adsorbesd and part dissclved: They alse found that the

catalytic activity wes lost when all hydrogen was removed, and it



was diffioult to repince dissolved hydrogen during & hydrogemation
reactions These facts prompted them to postulate thet the loss of

sctivity of the catalyst in the course of a hydrsgenation is
brought sbout by the destrustion of sotive sites owing teo loss of

hydrogen and blul:lag.nﬁ Recently Csturcs and — L
that the hydrogen content of Hsmey nickel depends on the conditions

‘tated

of preparation and showed that variations cccurred even under
identical gonditions of preparations These variations reanged from
180 to 300 ¢ece in ome cece of freshly prepared catalyste This velue
is about one=half to ome~third of the result obtained by Smdth

et 81.,%% who reported that freshly prepared catalyst of the W-§
type-contain 92 t0 167 vice of hydrogem per ge of catalysts but

is in feir agreement with the value, 46 to 100 cece e, found by
Sokes and Brmette’o¥ On storing, particularly under weter, excess
hydrogen is evolved and a stable state is reeched, which is
charncterised by 7261 Gece Of hydrogen per geio

been suggested that e large psrt of the hydrogen lost during
storage is the labile porticn that can be removed from s fresh

loreover, it hes

catalyst below 100 or 120°,164

As mentioned sbove, Smith ot a1, > observed that the
surisce ares deoresses more rapidly after esbout 70% of the hydrogen
hes been removed. If hydrogen is removed rapidly hest is evelved
which sometimes results in an explesion of the uhlntow’m*'
181,177 mueir explanstion of these phenomens is bassd om the
assumption that the hydrogen is in the form of atoms attached to
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the nickel in a motastable state.’> If the desorption of the
hydrogen occurs rapidly, the highly exothermic recombination of

the hydrogen ntoms becomes explosive. Similarly, Kokes and l‘ttm
showed that the evelution of hydrogen is an exothermic resctiome
In order t explain how the hydrogen is held by the cetalyst, they
postulated that it is held in the nickel in the form of substitutional
replacement of nickel stoms in the lattice. It does not appear to

be present ss adsorbed hydrogen, or as dissolved hydrogen; neither
does it sppear to be formed Ly the reaction of residual aluminiwm
during the process of heating the sample to rewsve the hydrogone

The evidemoe, which is besad on their extensive physico-chemical
astudy is of some intercet and may be summesrised zez follows.

(1) The density of the catalyst is muck lewer then would
be expecteds Their calculation suggests the presence of 30.4%
latitice vecancies.

{8} 30.4f lattice vacancies celoulated for the V=6 catalyst
from the density dete would correspond to 70 cese of hydrogen per ge
of catalyst if each lattice vecancy is essumed o kold cme hydrogen
etom. By comparisen the hydrogen evolved from the omtsiyst ie
sbout 100 cece per ge for the fresh cetalyst and in the renge 72«81
cece for the stable catalyzt. This sgrees well with the presence of
19,87 alumina.

(2) The surfece srea of the sample, 63 we®/g., is much too
smll to permit the observed amounts of hydrogen to have been present



principally as adsorbed hydrogen (1.8 to 2 ¢.os of hydrogen for

chemical sdsorption and 14.4 c.c., corresponding to nmitrogen, for
physioal adsorptien; ocompared with 72 snd 100 ce0. of adsorbed
hydrogen)s

(4) Eokes snd Enmett also showed that the evelutiom of
hydrojgen from the catalyst is an exothermio process. Apparently the
desorption of a large amount of hydrogem from mstal surfaces is
generally an endothermic precess. On this basis Kokes and Emmett
ruled out surface adsorption as a major factor in retaining the
hydrogens

() The large amounts of hydrogen {75-10C cece/ge) held
by the catalyst cannot reasonsbly be interpreted es dus to ordinary
solution bscause the solubility of hydrogem in nmickel accounts fer
only Ou0l Cets/ge at atmospheric pressure. A supersatursted solution
is also unlikely becsuse, et 400°/140 atm,, the Raney nmickel
{degessed at 1200°) picks up enly 50 oums® o8 hydrogen per g., or
about half the amount it origimslly contained, while the true
solubility et this wmperature and pressure is only sbout Oud cece/e
This agrees with the finding thet when a Reney niokel catalyst is
degassed, the alloy does not wholly amneal, but half of the lattice
veosncies remain. Furthermors, the reate of hydrogen evolution from
‘he entalyst is much slowsr than would be expectsd if it were
merely dissolved in the ulckelc
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() The hydrogen evolved from the Faney nickel cetslyst
cenuotl be due %4 the rescticn of water varour with the residuel
eluminium content of the catalyst because the alumine corntent in
the finel degassed catsiyst is much less than would he exvectsis

foreovers the specific mepgpetizstion of the “~8 laney
nickel caielyst, measured s& & function of its hvdrogen content,
suggests thet esch hrdropen is, on the eversge, contributing one
electron & the nick:al.m@ Cn the basie of J-rey analygis
"reidlin snd his coworkamlm supgest that the diffused X-ray
interference lines which are freguently found may be due te the
sunll size ef the cryetals {(biocks of coherent scattering of
l=reye), end due to distortions of the orystel lattice. In the
process of formetion of mickel crystais, hydrogen eantsrine inte
the vowposition i the mctive contres is distributed not at
intermodal points of the crystal lettice (1.3« does not form s
solid solution with mickel/, but at the boundary surfaces of
crystnle forming & periicle of the lsney nickel powder. Owing
ts the smell sise of the crystsis, the intsrnsl interecrveialline
surfance muet e very lerge, so that, as alresdy found, the smount
of hydorgen bound to active centres of the catnlyst mmst be very
consideretles It is possible thet the presence af such an
intercrystalline layer of hydrogen {end mlso, probebly, the presence
of vacant spaces in the crystal lattice/ prevents the crystallisation

el laney nickel aven when the cetslvst is hemted,
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Intercrystalline hydrogen

{ ); Surface adsorbed hydrogen
|‘ \'

Primary crystal of

Raney nickel

Fige 8o - A particle of the ‘aney nickel powder,

a8 suggested by ireidlin et &1.1?,‘5

By conmparison of the activity and crystal-gize of Laney
e ) — . U - : i7¢
nickel heated at 500, 450 and 5707, Treidlin sx! his colleborators
found that there is no chenge in the setivity after treatment st
=0 . 3 % i AEOD " 4 (gﬁ » s v . .
007, but thet henting 2t 4607 and 870 results in a reduction in
zetivity by factors of 1.7 and 4 respectivelys Heating of Reney

nickel for 2 hre at 460 snd 570°

regults in an increase in crystal
sige by l.7 2nd 2,1 times regnectively. This points %o the existence
of a relationship between the phyvsiecsl structure and the setivity

of the setelyst, ihis relstionship is confirmed by the helaviour

¢f Fsney nickel whioh iz repenerated after being free from hwiroren
by 8 cherdesl method and by complete restoration of the ectivity of
such catalyst by treatment with hvdrogen at 30 53'0. However, if the
catalyet is heated ot higher temperatures (450 mnd f-}'?i"o} and then

treated with hydrosen, ils sctivity iz net commletely restored



owing to the change in physical structure.

laylor and :eisuk“

exnleined the high activity of laney
nickel catmlysis by the defect structure of its crystal lattice end
the valence unseturation of its atoms. ‘ubry,'®l stated that the
activity of ilmney nicrel ig due to adsorbed and stsorbed hydrogen,
and that the catalyst behaves as a reversible electrode to hiydrogene
‘n the pl range from § to 14 laney nickel fellows potentiel changes
in the sems mannar as a hydrogen electrodes Paulmz nsgociates the
activity of ihia catalyst with the vmsence of residunl metallie

158 assocliate it with the

slweinivm, wiile Ipatieff and Pines
presence ci alusines loreover, the catalyst contains sufficient
hydrogen to lead some investigators to sugges® that it is a

4,178

compound of nickel emd hydrogen. However, freldlin snd his

associataam&a’ma demongtreted that the hydrogen in loney nickel

is chewically heterogenecous whereas in a hyvdride, all the bydrogen
atoms should be equivelent., They showed thet part of the sorbed
hydrogen enters into the composition of the active centreas of the
cetalyst and, together with the nickel, determines the activity of
the catalyste [t hns been shown that the activity of these catalysis
for the hydrogenetion of Lengens is & function of hydrogen content.g‘ss
In addition removal of this hvdrogen is sccorpanisd by & decline in

the catalyiic activi.ty..lbzm 163,123

On bydrogzenating quinone, in
turn, ~3okolnkym4 found that removing up %o 701 of bound hydrogen,
ainost no change occurs in ectivity, which then abraptly decreasea

on removal of more hydrogens
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furing 1934-1948 Hesck end his comorkers 8% carried out
their experiments on the study of the cetalytic hydrosenation of
ethvlene over zetallic filmse They reached the conelusion thet the
activity of these mstallic films for this remction wms apparently
reinted %o cerimin interstomlc spscings in the matel.e In 198C,
beeck185d pointed out that these results could also be interpreted
on the bazis of the per cent d-charzcter of the various mctals as
defined by the theory of i—--"aulingame Thus %eeck and his coworkers
suggestad an slectronic interrretantion thet suited their daste
egually as well as the geometric interpretation. ,..ondonw?
predicied thet when encugh correr was mdded to niskel to £ill
rompletely the d-band vascancies, one would probably destroy the
catalvtie activity of the nickel towards the hydrorenstione This

srediction was besutifully confirmed cC

11&9

Ly iowden and leynolds.
Liowever, iest snd ussel nointed cut lster that the explanation
for the alloy effect ie not the seme for all hydrozenation reactions.
a='tzrthemorc,i90 tiall found that bydrogen sdded in the temperature
range 10G to S(KZ‘G acte 28 & promoter %o the covmer-nickel catalysis,
but as en inhibitor for pure nickels 4 theoretical explanation of
these results ie not vet available.

167 who have srevicusly

“ore recently, ¥okes and Lmmett,
sugpested that the metalllc phase of the catalyst is = etomic,
substitutionel, nickel-slumirius~hydropen alley wherein the

hydrogen functions as coprer in & cepnere-nickel alloy snd contributes
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one electron per atom to the d-band of the nickel, have obteined
rezulte thet throw sdditional light on the question of the sction
of nlloying constituents on the sctivity of metellie catelystis.

The results indicete ithet as the dissolved hydrosen content of

the orisinal “sney cetelvats is mraduelly removed, tlie activity
falla to a minimum and again increases as the last vortion of

the dissolved gms is removed from the nickel catelysts It avrsars,
then, that an importsnt factor in determining the sctivity of zlloy
catzlvesta is the number of eloctrons per unit celle ihis is
substantiated by the feet thst the ectivity for the copper-nichel
end the nickelehydropem-aiuminium ave tems are similar,

A pomnrehensive study of the behaviour of fsney nickel catalysts
sg a function of their hydrozen contents has been cerried cut
indenendently and simulitenecusly by Usiirés and i"‘:;*k’.x'c:'.mi’ ihese
suthora heve found thet the maximum cetaivtic activity of & given
Rengy nickel catalyst does not nscessarily corresrond to its meximum
hydrogen contente. In faet, the relstionship bhetween zetelytic
activity end hydrogen content depends markedly on the nature of the
substrate. %hile some compounds mpresr €0 be extresely gensitive ¢o
the hydrogen conient of the catalyst, the rate of hydrogenation of
other compounds is less eliected by smell variastions in the hvdrogen

pontent of the catalvet,
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(C) BECHARISK ©F TREE BoULPHURISATION RRAGQTION

Eougault, Cattelein and habrier? have sugzested thet the

initial step of desulphurisstion involves the formation of nickel
mercentides, szubsequent decompopition of whick results in the

production of nickel sulpkide and # sulvhur-i{ree compound.

2R-SH + Ni —> RS -Ni-SR + H2

!

NiS + S-Free Product

Clesrly, desulrburisation with Reney nickel is not a
catelvtic orocess and the nickel functions simply s & 'desulphurising
agent'. TFowever, since the mctivity of Vsney nickel in catal vtic
hydrogenation, and its sffectiveness in the desulphurisation reaction
appear to be almost parsllel, snd both nrocesses sre thought o
involve (#8 & first step) the adsorpiion of the substrate on the
nickel surfuce, they are clomely relsted ¢s each other. 7The term
' taney nickel catalyst in desulphurisations' is obviously
indefensible.

Vthen Losingo, Velf, Harris and ?olkerts discussed the
mechenisn of the desulphurisetion resction, they regarded the
cleavage of the carbon-sulphur bonds under the influence of fHanay
nickel o8 the first stere iwo poszible routes leading tn.¥be formetion

of the products were then nogstuleted ss follows:
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A, R _R"+*R-R + R-R'

R-S-R" #+ Ni(H) —» R-+ R-

> R-H + R-H
(b)

Lowever, loginge end his colleborstors did not find any
evidence zupporting route (a’, nnd concluded thet sll free radicals
resulting from rupture of the U=5 bond ocoubined with hwirogen derived
from the nicksl catelyst to give the observed sroducise.

“olfrom and lerebinosl? sxprassed the belief thet it is
the hydrogen produced in the dehvdrogenation of etheancl to
acetaldehyde (isoletod in the desulphurisation of certein thioketals
whioh were cerried out in ethuncl solvent) that is utilized in the
formation of the nroducin., lowever, several exveriments conducted

r191 showed that the hydrogen for reductive desulphurisaiion

by Borme
is provided by the Lydrogen Lound o the cetalyst, uad that the
production of acetsldehyde from ethanol is simely & concurrent
reaction.

&% present, there sceus to be genersl sgreemnt%“‘mz‘ms
that the first step In the desulphurisation of bivalent sulpbur
derivatives involves the chemisorption of the sulphur atom, by

ooens of its lone pelr of slectrons, onto the metal surfece. This
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haes been pointed out by lmxted, whe also demonstrated thst this
chemisorption did not oceur when both lone electronepsirs of ths
sulpinr atom were slready enrezed in stable chexieel bonds » 85 in
the cese of tetrahydrothionhen dioxidee Thus, toxielty towerds ithe
metal cetalyst of tatrahydrothiochen can be reedily eliminated by

\ mawe X 197
oxidising it to the corresponding sulphones

H, H, H, H,

H2 H2 H2 S H2

S =)
0 O

ipart from this, the specific affinity Letweern the
chemisorbed atom and the satelyst ig of significance. 'or example,
the ection of 'hydrogen=free' or ‘'hydroren=voor! nickel, en

aromatic morcaptels, thiceators, and releied compounds results

164¢ 19€,199

in the isolation of diarvls @1% arylsulphides, and stilbens,
while the same cetnlyst hes very little effect on bromobenzene.
similarly, the degassed catsiyst of Sedgzer end Sagse, which arforded
“pe'=biaryls from pyridine snd related bases in good vield, did not
react &0 any extsnt with I,f=dibromopyridine although it was found

4 - n" »
to have sone effect or miomen.z ~Oreocver, Some suldhur compounds

which cen be desulphurised smociily by “aney cobalt are not affected
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by lianey mngst@n.zm These results indicate thet the availability
of at least one lone electron=peir, as well as the specific
affinity ef the chemisorbed element towards the meial cotslves,

ere importsnt in the first siepe If the chemisorvtion of the
sulphur atom is sufficiently strong, it is thought thet it

ceuses @ weekgning of the carbene~sulphur bonds whick will fevour

154a

Turther chenical chances. This view is also supverted by the

observation thet compounds in which the sulphur stom is flenksd
by bulky groups cannct be deaulphurisad.issa’203'204 Yor example,
i,6-dime thyldibengothionhen (iVi) hes been found to be unaffected

202,208 while dibensothiophsn (LVII) affords

1g2

by tensy nickel,

biphenyl in €8% vield.

Swe LI

CHy  CHy
% LVII

It wes first sugpested by Henner, Lythgee and lodd, and
supported some years later by Heuptmenn and his colleagues,lo%Cs®3
177e,196 &enn.r,lgé’igﬁ and Jedper and vﬁl.‘glsz thet the second
step in the reaction involves = weekening o carbone=sulphur bendse
ihis results in homolytic splitting of one or hoth cerbonesulshur

bonde, and gives rise to free radicals es interncdirtes. 1hecse



radicale then react with hvdrogen (route 2) or with themselves

{route &), dependins on the particulsr enviromment, to give the

shserved nroductt.

(A)
—> RH + R'H

RESI-RY g Rt =S

——>R-R + R-R’'+ R'-R'

(B)

both routes hauve been vbserved. The extent to whioh eech

reaction ccoursrdapends inter slls on the guentity of hvirogen
avel lablee If sufficient awounts of aciive Zeney nickel are used,
the substitution of hvdrosen lor sulphur is usually nreferred
{route 4je On the other hand, if & less sctive Fmmey nickel is
used, dimerisetion eccording %o route B becomea noticesbie, 1he
experiments of Heuptmennli@elTTH,186 (o o0 ciown thet meny sromatic
sulpiddes, disulphides, thiocl estere snd thiols yield biphenyl
derivatives whon heated at 220° with degmssed imney nickel. Unm
treatment st 144° with the seme catalyst, diphenvidisulnhide is
sonverted to diphenylsulphide in 87% yleld. Appsrently, st this
terpereture the carbopesulphur bonds remain intact for the most
part, snd the resction is tesporature-dependent. ihe isolation of
mixed Liarvis Yollowing the desulphurisetion of a mixture of

sulphides confirms the intersclecular nheracter of the orocess,

while the isolation of terpienyl from some reaction products



provides valusble evidence for the homolytic rrocess of the
reaction described. /ccordingly, it wes found that the vield
ef dimeric materiasls is dependent on the hydrogen-content of
the cetalvsts lauptmann's work with 'hydrogen=poor' and
'hydrozen=free' nickel irmly established route B in desulphurisation
reaction.

In this connection, it has slways been understood that
hydroren does not take pert in rmdical formation,l94®s191,182
‘owever, in the desulphurisation of diphemyldisulvhide by heating
at 140° with fisney niokel, dogsssed st 260°, Hauptmann and his
collesgues have iselated diphenylsulphide in addition to the other
expected productse On the other hand, when Haney nickel, degassed
at 100° (more kydropen=content then the catalyst degassed at 200°)
wes epplied in ithe similar remction, the thiocether was not isclated.
These resultis prompied these authors to rostulete that hydrogen does
take pert in the splititing of carbonesulphur bonds, perhaps by
displacing the dirediecals frew the sulphur.

bHadger and inssel¥2 ovserved siriler dimerisations during
the course of the desulvhurisstion of thiophen derivatives. Ihege
observations also strengly supported a mechanism involving the
formetion of free radicel imtermediates. Thus desulphurigation of
Zescetvlithiophen under certein conditions geve a little dodecans=2,lle
dione in addition te the expected hexsne-Z-one; and some 1,8=dihengoyle

octane was cbtained from Zebhengoylthiophen in eddition to the expected
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valerophenons. In this connection, it has been found that the
vield of dirmeric product dependa on the concentration of the
thionher derivative in the rsaction mixture, the time of contact
with the catalyst and its hydrogen contents In every cese, the
resuits are consistent with the view that the nostulated
intermedistes must be diradicals with the uncounled electrons
et positions 2 ond H¢ It iz rnoteworthy that when recombination
occurs it invariebly invelves the union mt the unsubstituted
terminal carbon of the thiepben ringe Steric hindrance may be &
fector heres, meking recorbination at the substituted 2-nosition
difficult or impossible; Z,t=~disubstituted thiochens feil
altogether te vield dimeric productse In view of these
cbservations, tadger and “esse heve suggested thet the desulphurisation
sochanism invelves & 2,5-dirmdical (L¥I1I), and that the diserisation
probably occurs while ithe diene svatem is still sdsorbed on the
catelyvet surface.

HC——-CH

I I
R-HC CH LVIII
L ®

inother example iz provided by the production of
bicyelo| 2,2,1] heptare in addition te the sxpscted 1,S~dirmethyleyclopentane
(LIX) from the desulphurisstion of G=thisbicyclo-octane (L&).%CD

isadgcr"' has suggested that this course of the rewcticn im coumpatible
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with a nechanigm involving the recombinmation &f free radicsls sfter

desuinhurisaticn.
CHZ—CH = ?HQ CH2~(I3H—CH3 CHo—CH — CH,
| |
8 — R
CHy—-CH — CH» CHy,—CH —CH3 CHQ—CH—-CH,2
0.7%
L% LIX

in this case, the internal cyclisation occurred is poor
yield and, sposrently, no sttespt wes smde o iwprove the yield
by suitable variation in the reacticn conditions. %3 it may be
expacted thut the vield of an intarnally cyclised product night be
incressed by employing & hwirogen~peor laney nichkel, s study of the
desulphurisation of three svitable sulrbur-cesmounds sre described
in this thesises These compounds include 2,7-dihvdrodibenzel ¢,c]thiepin
{1XI), 2,6=diphenylel d=dithiin {[X11) end thisnthren~ (IXIii). The
desulvhuriastion of (Lil}, for exssple, may be expected ic yleld

2,2"=ddmethylbipkenyl, 9,10«dikwirophenanthrene and phenanthrens.

ol
::} HS%/[zTCGHS @:D

LXI LXII L X111
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An extonded series of experiments -~ the course of
desulphurisation of 2,5=divhenyl=1,4=dithiin hes been conducted.
Thess have been shown to zive the expected 2,d-diphenylthiophen,
together with & iiquid of unknown structure. Altheugh the rszuits
of analyses heve pointed to the molecular formule of CooE, ., the
structure has not yet bzen established with certeinty. The small
amount of the preduct {soleted from ench experiment did not permit
any extensive investigation: but the awvallsble evidence suggests
that it is & mixture of diphemyloyclobutene and 1,3-diphenylbuta=
1,5«diens. Simiiar resuits have been observed in the dssulphurisation
of thienthrene The expected dibenzothiophen and biphanyl were
isolateds The isclation of these products, 2z has been mentioned,
provides very strong evidenoe in support of the hypothesis that such
intormediates ocour in the desulphurisation (eee Chapter IXje

The ocourremce of free rrdicals during the desulphurisation
resction was postulated by Sammer °* te explain the result of a
study in which he determined the stereochemical fate of an asymmetrio
centre adjecent to a sulphur atom during reductive desulphurisation
with Raney nickel. For this purpose Zephenyl-2-phenylmercaptopropionie
oscid was gynthesized, nnd resolved into both enantiomorphs. The
resolved scids were converted into their smddes (LiIV), end
subsequently subjected t¢ desuiphurisation. Both preducts (LXV)
obtained were coupletely recemic, ns would by expected in socordsnce
with the known opticel instabdlity of free radicals.



CHy Ghg
CgHg— ¢ —CONH, —>  CgHg— C—CONH,
S CeHe H
LXIV LXV

208

{11 the other hand, Ujerassi and Crossman found that
when the ssymmctric centre is sererated from the sulohur atoms,
then no such racemisation cccurs. The desulrhurisstion of
opticelly active 1l ;lediphenvleSenercaptoprovan=-2-c0] and its derivatives
serve ua illuatr:tionsozcs

iowever the antipodal sulphones of opticelly setive sthyl
Z=vhenyl=2-bengenssulphonyloronionste were desulvhurised i rive
sptically sctive ethyl Zephenylvrovionsate with 3C¢ retention of
crtical nctivitv.wq‘ ‘1though the reletive configuration of the
substrate and vroduct obteined were not rigorously determined,
inversion wes indicated by the msthod of rotationsl trends. On the
bagis of these results, and others, lonner advenced = conceriad
mechanism involving co-ordination between the zatalvst surface and
the oxygen atoms of the aulphone. The interaction betweer itha
adsorbed molecule and an sdjecent sdsorbed hydroren atom results

in breaking of the cerbonesulphur bond and sirmltansous formetion

of an onticelly setive reduction sroduct.



In addition, vean {smelen and Srantzc?

have recently
demonstrated thet, among the threse nossible sulshur={ree intermediates
lerising from the desulphurisation of vhenyl=i-camphyl sulphone (LAVI))]
which mipght be involved {carbenion, carbonium or free radicals}, the
carbanion is considered to te the least likely, snd the carhonium

ion also seems to be excluded. Ihese resulte heve been exniained

on the besis thet the asvmmetric centre in the syster chosen camnnt
eagily accommodate 2 nositive charge. loreover, the steric sondition
of the substrate doee not 2llow the reaction %o srocead with
inversion of confipurstions. liowever, un 3251 mochaniem {eeze LXVII}
{with hydride ion attacking at the carbenebearing sulvhur atom),

srometed by the snergetically favoursble formetion of wickel

sulphide, has been censidered nossible.

S0, CHg |
/Ni\ Nl\
H'N's-R  ——> H  +  “s-R
7 f\/\j |
= 7
/N /N
LXV! LXVII

Nevertheless, the evidence ie not incompatible with the
current preference for ths formation of redical intsrmedistes.
In sontrast, work by f’saité{mﬂgﬁ% sproears to be consistent with

ionic mechenisms Thus, desulvhurisation of 1,8«p=menthylens
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sulphons (LXVIII) with ‘ano) nickel proceeds smoathly to pive a
good yield of cis-p=menthene (LXIX) with no trace »f the trans
isomere ‘eitkamp hes suggested that the inversion of configuration

ccours by en s?_‘z rmechanisgr,

0 0O
P ﬁ
EaaiC c—C C

|

LXVIIT LXTX
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(4} SESULPRURISATION OF 2,7=CIBYDRCUIBENZO o,0] THIEPIN.

48 previously menticned, the initiml step in any
desulphurisstion of bivelent sulphuy compounds with “anev nickel
is, elmoet cerisinly, chemisorption of the sulphur atom Yia its
lone peir of slectrons onts the metallic surface of ihe satalyst.
ihis presumably results in @ weakening of the carbon ~gulvhur borls,

thus permltting detachnsnt of the free radicals in the second mtaDe

R-S-R* =% R-g-r LR gy g
Ni

The radiceis formed are either hyirogensted ©o give the
rorzal desulphuriced product, or recowbined {(as an slternstive

reaction route) tc give a direric producte

(a)
—> 5 R-H *+ R:H

———> R-R * R-R" * R-R’

(b)




Badger snd Snsse’ have observed th- ' the yield of dimeric
product depends on the concentration of the substrete in the
resotion mixture, the time of contact with the catalyst, and ite
hydrogen=oontsnts Desulphurisation of 2-Langoylthiophen (I} mey
be cited a8 an example.

| W_7 R/ Ni
[Slco-csH5 —————— CHy[CH,L-CO-CH, +

1 47- 69%,

CgHC 0-[CHylg-CO-CeH
0.8 - 4.4%%

lioreover, the stereochemionl course has been studied by
Bommer.® The observetion that desulphurisation of opticslly setive
Gephenyle= Gepheny) thiopropionamide is sccompanied by complete
racemisation, is comsistent with r free rsdicel mechanisme Although
‘hepe results support the view that desulphurisations over Raney
nickel proceed vis rsdicel intersedietes, the deteils of this
mochendsm heve not yet been suffioiently proved. It iz still
possidbic thet some dimerisstion of thiophen derivatives mey ocour prior
to desuiphurisation (as in the csse of 9,8'~di=2"=thionyl=0,0%=
biflveranyl which wes isolated following the desulphurisation of
98t »thisnylfinoren-d=0i, see Chapter iXIJs Up 4= the present time
there appears to de only two records in the iitersture of the detection
of unsaturated ocompounds formed direetly by the dssulphurisetion of

thiophen &ﬂnﬁn&ﬁ'w



o B =

Additional evidence for the cccurrence of such free
radicals 8s intermediates in the desulphurisation raaction ie
provided by the formation of bicvolo[2,2,1]lheptene (IV) in sddition
4 the oxpectsd dimsthyleyvclopentane {III), in the resction of
Sethiabicyclo=cctane {IY) with Leney wickel catmlyst in ethancle
Clsarly, intremolecular rocorbinaticn of the intsrmediates diredical
formad initially from (1I) would mccount for the formation of the

bicyeloheptmns A

CHy
RIS I
\,S Chy

I1 111 v

This geems %0 be one of the few im tances in the literature
in which & cvelisetion due W desulphurisation with fensy nickel hssg
been reportede dlthough, ithe vield of the cyclisation product is so
smell {Ce75:), it provides merked evidence for the occurrence of =
diradicel intermediate, the recombinmation of whiek is the only
reasonsble explanation fer the nroduction 6f the observed desulnhurised
gompourds loreover, it provides a new synthetic routs by whieh

evciisation may proceed.
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In this connection it should be noted that two similar
gyclisations have bezn revorted by (wen and a-’etc.s‘ﬁ These suthors
found that the desulphurisation of both (V) and (VIII) afforded
the seme product (VII, X)s they suggested that the desulphurisetion
of trans~l,2-bismerceptoncthyicrclopentane (V) sroceeds xia the
redical ion (VI) se intermediete. “ubsequentiy Owen and “eto
proposed thet the clesely related compound (VIII) vields the
cyclised product (X) by way of the diredicel intermediete (IX).

The compound {VIII) was hyirolyeed with aquecus alkali to give

the corresponding dithiol srior to Ganey nickel desul;:hurisation-g

The gontradiotion existing in the postulation of the iwe intermcdiates
(VI end IX) hes not, however, been sxplained, and the ields have not

besn renortasdes

CHZSH CH,S
_ —
i TCH,SH ~CH,
vV VI VIl
CH.SAc CH:
2 2
—_— _ S
—CH, SAc CHQS'

VIII IX X
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Usually the produet of intermal ¢y-iisation is obtained in
poor yield; but it seemed conceivsble that the proportien mdght be
incressed by esploying hy:irogen-poor iemey nickel, or Reney nickel
of & decctivated type.

Lltheugh the ides of free redicels ss intermedistes in the
deosulphurisation reaction has hed = largely independent and somewhat
more recent developmsut, the hypothesis has been supported by
experiments involving recemisation, dimerisation and internale
cyolisation (intramolecular dimsrisation).

Among these, the paucity of evidence on internmsl oyolisation
is of intereste As an extension of this work om the desulphurisation,
the synthesis of phenanthreme by the desulphurisation of 2,7«
dihydrodibense] g,¢ [thiepin (ZI) has therefore been attempteds

X1

( Numbering according to Truce & Emrick’ )

The dihydrodibensothiepin wes first synthesized in 198566, by
Truce sud Buricke! It was obtained in 937 yleld by treatment of
2,2' «dibromodime thylbipheny) with sodium sulphide in methanole



Since the sulphur stom 4z the bridged bivhenyl is
separated {rom sach of ihe benzene rinss by one methyleme group,
the effect of any electronic or resonance interzcticn between the
hetero=-function and the cromatic systenm would be expectind o be
greatly reduceds The ultreviolet sbeorption gpectrum of thie
compoum? indicatss that it chows less 1,1'-binkenyile conjusation
then biphenyl itself, snd very much less conjuzation then the
goplanar ;r;’luorzsﬂma

¢ o T=Dihycredibenzo [gae Jthiepin=ledioxide=2* ,3"~dicerboxylic
scid hes been found 1o be resolveblee Thie {inding sugpests that in
the presence of o sufficiently large bridging group (the sulphons
groun in this case) the two nhenyl rings sre nc longer coe-plamare
is & result, this compound rossesses =olecular dissymmetrye ‘lthough
the marent dihydrodibengzothiepin hes not been resolved, inspection
of 8 “ischer-lerschfelden~Tevlor molecular model sugpests that the
rresence of sulphur stom in this 2,2'<bridzed bishenyl (XI) sllows

7.05-13

girmilar deviation Irom co-planaritye Ireiding model ¢f ithe

dihvdrodibensothiepin has been shown in Fige I+ 1Ihis ebsence of
aowplansrity of the Lensene rings is alsc clearly demonstrsted by
the difference in the ultraviclet spectrum of (XI) and hiphenyl

(1

»f the dihy<rudibemsothiepin, 245 mug A biphenyl,

NifXe naXe



S

Fig.7,-A Dreiding Model of

2,7~ Dihydrodibenzole. elthiepin.
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The above considerstions led to the expectation that the
removel of the sulpbur atom {rom the heteroering in (XI} ghould
secur under the influence of a decctivated Raney nickel catalyste
ihig ie importent as it hes been found thet anly catanlvste which
sontain lorge amounts of chenisorbed hydrogen sre shle %o svercone
the resonance staebilizetion end thus csuse desvlphurisstion of
velyveyelie arcmatie sulphur somwounds such sg {%iimnzothiophen-l&g‘m
It is alse noteworthy ithat even thiophen itself has besn rencrted
s resct explesively with | =¥J laney nickel catelyst (prepared
according “w Sedger and :.?asaan} end vet BBLA of the starting
material was rocoveredei? libough trestment of the used catalyst
with mineral scid indicated it some desulphurisstion hed ogcurred,
the amcunt of the starting meterial recovered showed that it resists
desulnhurisatione

fecordingly, it was “liourht that desulphurisation c¢f e
dihydrodibanzothiepin weuld be effected by a hydrogen=coor Hensy
nickel catelyste The nostulsisd intermediste is the diredicel with

uncourled electrons at the termimal methyleme groups (I7I1),

o
e

X1l



Sadger end 'uaﬁael have expressed the view that the lormation
of dimeric product during des:lohurisatiocns srobebly tekes place
while the Iree redicsis are stlll adsorbed on the cetalvst surfacee
ihic sugpestion is bmsed un the observations that the dimeric
products cbisined from desulrburisations of thionhen derivatives
niweys lrvolves recesbination st {he SBepositioen of the diradiesl
intermedintes (i=(H=CH-CH=CH),

in the courss of desulphurisation of the dihydrodibenzo-
thienin under the experimental cenditions fovouring the formmtion
¢f dimeric product, the dismrisation would be expectsd %o ocour on
the cbove hypethesise levertheless, in view of the stwrecchomistry
of (XI) it is umlikely that the dihyircdibenzothiepin would he
sdsorbed flot on the surfnce of the catalyst using the x-clectrons
ef heth benzene ringse ITn this sense, the dihydrodibenzothiepin differs
from simple thiophen derivatives, which cen presumsbly he adsorbed
Flet on the satnlyste This may sxplain the absence of detectolle
quantity of products formed v intermclecular dimerisstion of the
postulated diredicel (XIT), GSteric hindrance of the sheryl rings
my be snother factor, preveniing the recovbinetion of Hue free
redicals from two swlecules of tho subsitreotes Un the other havd,
after removel of the sulshlur stom, the €ree rotntior shout the sinzle
bond jcining the two shenvl rings would result in seriodieal
overlapping of the itwe rmethyleme groupse This would be expocted
te fmcilitate the chering between the twe wnsatursted wnlent electrons,

loceted at sech cerbon etom of the methylens sroupse.
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in this vespect, the 'interference value' betweern (1)
methylens grous amd methviene sroun, (2) rethvlens groun and hydroren
otom at the Gepusition have been celoulsted sccording to the muatiemn

1.V, B (dA+dB) -2.90

The average distences from the nucleus of the carbon stoms
of the phenyl ring 4o the centre of the substituent atom or zroup have

4 P : £
been listed by Stmnley and r”a.ﬁ:-?!?ss.}'

In this thesis, the bond langth
of CeCE, iz taken ms the bend length of 4:7-{;33%.

In the first eese the interference value is,

{1.78, + 1478) = 2450 = + 086 3
in the second
(1e78 + (B4} = 2480 = «0e2be

These results predict that steric interference in the
postulated diredicel would be expected to facilitais the formation
of ©glCedihydrophenanthrone (Xill) rather than 1,2e3,4=7,8«5,10=
tetrabenzocyclododecs=1,5%,7 S=tetreene (XIV) provided thet the
agsumption of the formetion of fres radicrls ag intermedistes in

desulphurisation reaction is mcoeptede In order +¢ iest this
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hypothasis, the reesction of z,?«jihvdmdibmzo[ L. ]thianin with

‘aney nickel cetalyst was carried cut under verious experimental

cus-cusale )
?
H,

X1 X1V

conditionge
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Feaction with li«=? laney nickel catalyst for 30 mine geve
the expected 2,2'-dimethylbiphenyl in 917 yield (deterrdned purs)e
*1thengh the amount of the residue, le?t after redistillation of
the dimethylbiphe 71 was too smell %o permit any further puri fication,
its infrared spectrum was slirost identical with the suthentic specinen
of 2,2'=~dimethylbiphenyl. ‘o evidence for the presence of gulnhupy
was found,

 The short reacticn time is noteworthy. Ohviously, this is

rot only becouse of the presence of intervening me thylene grouns
whick czreatly decrecse ihe resornznce stsbilizetion between the
hetero=function and the srommtic rings, but also beacause of the
activity and the high hydroren~content of the cotalyote

411 sttespts to detect the dimeric material {IV) ir *he
resction mixture were unsuccessfule 7Thisz feilure vs=v he related
to the fact thet this desulphurigstion hed hesn carried out in a
relatively dilute solution (1.6 po of the startiny meterisl per
100 celcw of methenol), ss it is known thet the formation of

intermolecular dimers occurs more reedily in core comcentrated solution,



e

The sbsence of this dizeric product slsc supperts the
bellef that the moleculee of the substrate wers not zdsorbed flet
owing 4 the non-planarity of ite structures For the molecule,
lying flat on the surfece cf the catalyst (using = conjugation
system of the aromatic rinegs), dimerisetion would occcur while the
svater is still adeorbed on the catalvst aurface,ls and this
would Le expected io incresse the probability of intcrmoleculsr
dimerisation.

Crystalline &,lC-dihydronhensnthrene (XIII) could not be
isclated in this experiment. /lthough the formetion of this
oroduct is thought to be faveured by the relatively low concentration
of the starting =msteriel in the resction mixture, it ie clesr ihet
the lsrge emount of hydrosen sveilable in W7 laney nickel would
couse hydroenation of the intermedieate diradicels (XII)} before
they could undergo intramolscular recombination.

f second product which was isolated in smell guantity was
an sliphatic hydrocarbon whick was identical in all respects with a
sazple of polvmethylene [(CHQ*EEJ derived from the resction of

16 o attempt wes imde to elucidate

guinoline with Heney nickel.
the structurs of this compounds

teaction of the dihydrodibensothiepin with /'=2 Senev nickel
catalyet also gave 2,2'=-dimethylbivhenyl and “polymsthylens” in
comperable vields; and 8,iC-dikvdrovhenanthrene could =ot be

detecteade The remction hed been ¢srried sut under similer conditions

to those mentioned shovee



“hen the dihydrodibengothlenir was trested with #=7J
ianey nickel {a catslyst hested in vacuc et 100° to reduce its
hydrogen=content), a much reduced yield of 2,2'-dimethylbinhenyl
{29.57) mes obisined torether with phensnthrene {not less then
£0467)s In mddition, a mixture of 9,}C=dihvdrophensnthrens (7)
and phemnthrene (0.6 2, 58s Ce81) war isolsteds 311 sttenpts
to separate these two compounds seemed to result in dehydrerenation
of the dihydre derivative.

The releatively low yield of 2,2'-~dimeilvlbipheryl ond ths
formetion of phenanthrene (which is -amdcubtadiy derived from §,il-
dibvdrophensnthrene by delydrorenstion, sither during the reasction
or miterwards) in this experiment, sre consistent with the view
that the hydropgen-content of ¢ setalyst determines the fete of the
intermediate free radical (XI). loreover, the formation of
dihydrophensnthrene »rovides further evidence {or the homolytic
chareciter of the desuiphurisation reaction. Thus removal of sulrimr
atom First gives m diradicel (XII), which, in the sresence of an
gxcess of hydrogen, is reduced to Z,2'-dimethvibiphenyl; but in its
sbsence, the diradicel is largely convertsd inte dihydrophensnthrene
and thence chemanthrene.

ihe synthesis of phenanthrens by the desulpburisstion of
dihydrodibenzethiepin with “arey nickel cetalyst represents a =ew
gynthetleal route mhich could Le sxtended (o aother phenanthrens

derivetivea, It woul be noted thet several derivntives of
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dibenzo[ befe]thiepin have been reported to yield phenanthrene
derivatives on the so-called 'extrusion of sulphur' by means of

copper in & suitable solven*b.”’l8 H

owever, the yields are normally
poor17 and it seems thet the only example which has been reported

to give a moderately good yield (gg. 50%) is the preparation of
2«methyl=7=nitrophenanthrere (XVII, R=Me) by treatment of 8~methyl-
2enitrodibenzo [b,f Jthiepin=10=carboxylic acid (XVI, R=Me) with

copper bronze in pure quinoline.

0,N = R ON
_—
S
.

XVI XVII

The preperation of phenanthroic acid derivatives by the
desulphurisation of suitable derivatives of dihydrodibenzothiepin
by Raney nickel catalyst may become a valusble alternative to the
extrusion of sulphur from the benzothiepin derivatives in the
presence of copper bronze, since the latter reactions are known
to be accompanied by decarboxylatione For example, desulphurisation
of 2,7=-dihydrodibenzo[c,e Jthiepin=-2',3"~dicarboxylic acid fégggering
after Truce and Emrick’ Jwith W=7J Raney nickel catalyst might be
expected to afford phenanthrene=2,7-dicarboxylic acid (XIX) under

similar conditionse.
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XVIII XIX

"rior %o 1896, nc method existed for the synthesis of
shenanthrene derivatives, while chenanthrene itself had been
prepared only under the extreme conditions of "hot tube” resctions.
411 chenanthrene syntheses, excent the aromstic cyclodehydration
introduced by urﬁdlhﬂ!.gg require drastic conditions esuch as
dehvdrozenation, or give asbipuous resulis. The P'schorr synthesis
wag lster found to have wide snpnlicetion, but comsistad of four
separste reaction-staps: condensation, reduction, coupling end
decarboxvlatione Some difficulties srise as & result of side resctions.
“or exsmple, reduction and/br hydroxylstion msy eccompeny coupling,
evd where the O~phenvl nucleus of the cinnamic acid derivative is
ansyimetrieally substituied, iwo iscmeric counling productes are

20

possible. 4lso, the decarhoxylation step iz often difficults.

These complicatioms limit ths snnlications of the Pschorr synthesis.
‘oreover, the atarting mnterisls cre not slways readily avsileble

{1see expensive and ususlly obtained in poor yioldt?-ao’zl



in this study, the msrent commound, 2,7=dihwiredibenzgoe
[coe Jthiepin, was obtained in nearly quantitative vielé?by sveligation
of 2,2‘-binbr@mnmethylbiphenylzz with sodium sulohide in methanel,
illustrating the ease of forming seven-iembered ring when the hetero=-
function is revresented by gulnhide. Frovided that the other
sulteble derivatives of this persnt comound ocould be successfully
synthesised, desulshburisstion would possibly lead %o mamny interesting
phenanthrene derivatives, probably including certain polyeyelic

hydroenrbons of interest in cancer research
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o-lodotoluane was obteined by the dimzo reaction Yrom
o~toluidine in 7C.2% ylelde Ihe usthod was adapted from the
procedure, descoribed in ;:9501,23 for the preveration of p-iodo=
toluenes Frevioua ettemmis to orepere o=iodotoluene by direct
icdirmetion sccording te Uette end .hetter;}ooz“ wore uisuccessfiul

oving to difficulties of separating the ortho and pare isomers from

the resction products.

ige!=iimethvlbivhenyl was prepared by the Ullman mactionzz’

from neiodotoluene and copper Lronze. Iihe resction mixture ( CBe
i1, %’fﬁ} was heated under reflux for %I daveg nith ocengionsl and
pentle shakinges The cooled mixture was Piltered snd <the residue
waghed with hot henzenee “orking up as usuel gsrve the dimethyibie
phenyl, at 130=2°/22 mn., in 70.51 vield {the method deseribed by

26

Agll, Issslie and Turner  usinc sctiveted copner bronge pave 857

vield } »

292 =Bisbromomgthvlbiphenyl weas obtained in 43.57 yield

by bromination of 2,2'-dimsthylbichenyl according 4 ihe nrocedure
6

of tall, Lesgslis and ‘f\‘t,u'xuu'."'é 28 colourless nrisme, nepe 31-02°

after recrvetallisation from lirht potroleum (beme 50 «50°) and

decolourisetion with sctivated chercosl (lit.zﬁ Hepe 91=83%),



Za7=l1hycrodibengec,e | thiepin was prepered, according te

Truce and 5:,-mrick,’ by trestment of 2,2'ebisbromomethylbivhenyl with
sodium sulphide in methanole The 2,7-dihvdrodibenzo[c,e]thiepin was
cbtained ns orisms (from sbsolute ethanol end cherecoall, Fiepe fS=

96° {1ite mepe 29-9C°), vield 921

foney nickels 1«7 snev nickel was prenared by the method

of #1llice and ﬁdkina¢27 axecept thet the catzlyst was wanshed with
mthanel instead of ethanol.

f=2 leney nickel was prepered as described by “alph and
zbzingczg and weshed with a continruous stream of distilled water
until neutral to litms, then with sethswl by decaristione

U=%J Zeney nickel wes sropared by the method of Dadger

end Sasso.il

A1l the cetalysts used in emch reaction were freshly srevared
from £Cs5C alumi niumenickel elloy (F.l.il.)e Hothanol and ethsnol

were purified by frectiorsl distilleiiorn cver sodium hydroxide.

Lesulpiurisation aith V7 tepev nickels ‘The dihydredibensoe

thiepin (3 ge) was added to = suspension of i~7 leney nickel (from
30 ge of alloy) in methnwesl (200 ml.) and the mixture reiluxed for
& bre The cotslyst was collected on Celite, wrshed with hot methanol
(8 x 100 mle), and subweguently extrected with mothenol (Soxhlet)
overnighte Ihe conmbined filtrates end extracts were evaporsated amd

%he residue tsken up in ether, dried over anhyirous magnesium sulphate.
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fistillation ef the dried residue gsve Z,2'~dimethylbivhenyl
(2.35 o) 91%) end a yellow wox (G063 ga)e o impurity could be
detected in the dimethivlbinkenyl by pes-liquid chrometogrephy
(Griffin and George V.".l¢ mark II), and the retention time was
identical with thaet of en mithentic specimen. iecrystsilisation
of the product from sbsolute othanol (freesing mixture) save the
dimethylbiphenyl as prisms, mepe 18” eclone or sdmixed with sn
authentic speoimen. Ihe yellow weaxy residue wes not further
purifieds. It infrared spcotrum, however, wes slmost identicsl

with thet of an suthentic specinmen of 2,2'-dimethylbipheryle

Ugsulphurisetion with '=Z leney nickele ihe

dihydrodibenzothiepin (10 g.) was added to = susvension 61 w2

sney nickel {from 150 g4 of allev! in methenol (600 wl.), and

the mixture refluxed for 2 hre After working up es before, the
product was distilled, to pive Z2,2'~dimethylbiphenyl (7.08 g

and & residue (De72 ge)e The lotter was chrozatogrephed on alumine
(30 go) in lirht petroleum (327 =1., bape £0-7¢%) ond zave & further
gquentity of 2,2'=dimethylbiphenyl (C.42 go, total yield, 57.47)

and & colourless solid (0.008 z.j, e (in f.te;lﬁ} 2867 (;.:zzgijg 2860
and 1450 em™d (C~iﬁ§?, which correspomded %o those of &

“polysethylene” (the sovple wee suprlied By Cele'e Jackson)e

Jesulphurigsation with Le7J lenev nickels, Jviene (sulphure

free; 200 mlo) wes ceutiously added from m separeting Tummel to the
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dry %=7J farey nickel (from 125 ge of slloy, degassing time 4 hirs)
in » vecuwme The dihyurodibenzoihiepin {10 ge) in sulphur-free
xylene (&0U mls) wes then rum in slowly, followed by were xvlens
(100 mleje Ireces ¢f wotsr were removed by ageotropic distillation
with zvlene until no moigture wes detscted in the distilletes The
gscaped amount of xylens wes ithen rerlaced. The mixture wss
refiuxed for 15 hre, and the ceitelvst was sollected over lelite,
washed with boiling xvlene (£ % 5C mle), 8nd then extracted wiih
zvlene {soxhlet) for 86 hre Iveporation of the combined xylene
filtrates =snd extracts, snd distillation of the residue geve 2,72'=
dime thylbiphenyl (Ze56 e, 29.8%) £nd & brown residus (6.9 gele

Lhromatograpky of the recidue in hexene on alumine (ZEC pe) pave:

{e) a pale vellow wax (Zed gel,
(b) plates, mepe 52-54" (2416 ga),
{c! oprisms (1.31 ge/,

{d) prisms (081 pele

“ragtion (8, wes chrometographed cn psrtially scetylsted paper
{prepsred by the mothod of Hp@ﬁswoodzg but with more sulpiuric scid,
Lo ge of 82% zcid por le of scetic anhyviride), with ethe moletoluens~
water (17:4:1 v/¥)e Undar ultreviolet light {(Chance UX7 UuVe filter)
two spots were seent one showed blue {luorescence, the other violet.
The spots were scut out and gepsrately exiracted inte $b7X ethenol.
he gxirect {rom the violsterlucreseins srees gsve an sbgorpiion

maximum at 252 wp (Opties (¥=d Lecording Spectrovhotoumcter),
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identical with that given by pizonanthrenesG (wbich siso had the same
R, valus, Uedie fhe extract from the blue~fluorescing srea zeve an
ebsorpiion mexime st 252 (phensnihrene} and 265 mu (dihydrophenanthrens?)e
fttempts to separate the cshenanthrene and dihydrophenanthrene
by column chromstography on pertially ecetylated cellulose (prepared
according to bpots-oodaz) in ethamolebenzene-water (17:4:1, v/v)
wers unsuccessfule Pure phemanthrene (1.71 g.) was cobtained, together
with e mixture of phenanthrene and dihydrophenanthirene (.69 ge)e
Atterpted sevaration Lv nicrate formation in ethanol (which was
nfterwards sveporated) and subseguent chromstography on alumine in
hexene-bengene (1:1, v/¥), nlso gave only phenanthrens(C.4l gele
hecrystallisstion of frection (b) gave phenanthrens =s
zolouriess plates, Mmeps oud sdixed mepe 1C1%, Its vicrate hed mepe
144° (1it. 144°), and its & value was identicel with that of an
suthentic specimen, (Ce4)o The total yield of pure chemsnthrene isolated
was 43 ge, (5Ue0L)s
Frecticn {g} was chromatozraphed on partleally acetylated paper.
wo spots were obiainede ike first (vioclet-fluorescing) wse identified
ss shensnthrene (uliraviolet spvectrum); the second (brown in
ultraviolet light) had the seme K. velue as the dihydrodibenzothiepin
snd the general sppearesnce of the uliraviolet spsctre were the seme.
Sodium=fusion of the crude {raction gave u sositive test for sulphur,
The vield of rhenanthrewe in this fracticn was unot detarmined.
Fecrystallisstion of iractior (d/ geve dihydrodibenzothiepin,

. .0
sene ANd mixed mepe £9-907,



in another experiment, the resction was carried out on
the same sorle and under nimost the same conditions ss above
axcept that the degassing time af the cstrlvet wes onlv 2 hre
{instesd of 4 hre) and the reection time was prolonged to 24 hr.
nder these conditions, the vield of 2,2' =dimethylbinrenyl wes
reised to 5447 ge (66.397%) while the vield of phenanthrene was
lowered to 1.9 ge (22.63%)e 7 zmall emount of colourless solid
(16 mgo), meme 5960 after recryvetallisation from ethanol, was
isolated from the first frection following chromatogranhy on alurine
in light petroleum {bepe 40=60%), Its infrared apectrun (in ,._;,.5-,-14)
showed maxime at 2958 (Cli,=), 2926 (=CHp~), 2874 {(CEHg=), 2853 (~CHg=),
1476 (-—cr%a-) and 1470 em™> ({;J.fs-), corresponding to & "nolymathylene”.
¥e unchanged sterting materisl was recoverede. ferin, the attermts
to zeparate the mixture of phensmnthrene snd dihvdrophenanthrene

feilede
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AND 2,65=DIPHENYL=1,4=LITHIIN

(B) DESULPEURISATION OF THIANTHREN

——— e — . . A s . R e i . . £

INTROCUCTICN
SEssemperom

The parent sulrhur sompound; 1,4=dithiin (I) wes first

svnthesized in the vear 1963, by Parkem, ¥ ynberg, and Hemp.za

S

Although thig compound is structurally relsted to
Tepyren ond 0 l,4-dikydropyregine raether than to pyreczine, there
is sowme tendency to ovelic conjuration in acecordence with the
known ebility of sulphur o transmit ocnjugation.34 i & result,
bengo=l,4=dithiin (I11)%% eng 2,5-dinhenvl~1,4=dithiin (111)%%

g#xhibit some srometic nronerties.

) I &

S

Il Il

Thus, both compounds underge & number of electrophilic
substitutieon renctions.ss'ae lLespite these asromatic nronerties,

1,4=3ithiin cannot be regarded sa truely sromstic in the usuel
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sense of the werd.54 For example, 9 attempted 2cviation ¢f the
parent l,4=dithiin by the Iriedel-"rafis type reactions led %o
the formation of tars. The fucile conversions of the compound

to the corresponding monosulphilimine (847 yield) ond disuivhone
(727 yleld), and also fecile polvmerisetion of 1,4~-dithiin by
nction of ilewis scids have been renurted. lsreover, i-ray
diffraction date supggest that l,4=dithiin exists in the so-called
"bost" comformation, with the U~S~_ bond angle of asbout 100° and
with ethylenic hybridization of the doubls bonds «5°

41lthough both 2,5~diphenyle=l,4=dithiin (Yil) end

thisnthren (IV) are derivetives of 1,4~dithiin, these two
compounds differ from sach cother in cerizin resvects. for

axauple, thienthrens sre thermmlly stable com.;aeunde,m's9 but

2a8=diphienylel 4-dithiine of tyve {V; H=%5.EC,%02} are convertsd
by heet, or by treatment with phospherus oxychloride, inte

derivatives of thiophen.sg

S S<_Ph

480 Lt
S Ph™ >SS TR
v Vv

These two compoundsg, therefore, will be described senarstely.
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ESULPEURISATION OF THIANTHREN

bdergmann end ';';’s(3ht.xclmmzsJ.f;\,.r'g

C have previously found that
thisnthren hae a dipole soment (1.7 @eBeusy Solvent benzene) nnd
suggested thet the central ring was folded shout the lins joining

41 heve confirmed the

the two sulphur atomse DHennett and Clagstone
order of magnitude of the moment {lei4 e.8eue, in carbon
tetrachloride; and 1.47 e«8eue, in carbon disulvhide) and
interpreted the previous authors' statement as weaning thet the
molecule a8 2 whole ie {olded about the Ie: exise This view

has been confirmed by the erystsl structure studies of Lynton and
=.£ox,42 whoe stete thet the vlane of the benzene rinss in the
aclecule of thianthren sre inelined 4o one snother at sn angle
of 128° This folded neture of thisnthren bes been demonstre ted
also by the observatior that thianthren dioxide exists in two
isomeric forms. f7he Q-igomer (V1) hme =n enti~cis structire;

and the fRe-isomer {(VII) has 8 trane csnfigunﬁom‘m

5
+ + +/ S+
S S5 S N0

/

V1 VII



In addition, the carbonesulphur bonds in thisnthren
raleculez heve bveen found % heve 8 length of 1,76 3.42 Thig
velue lies between the charscteristic bond length of pure U-S
vond (1481 §) and that of 0=5tond (ces 1.64 %) indiceting a
certain amount of 4T conjugations 1This f{indins ig of interest,
8s sutton? Les rointed cut thet the sulphur stor sculd use AT
os well 28 pT orbitals, and conjugniicn could therefore cccur
even though the molecule is not lat. The Cei=0 Lond angleéz
of 10C® is the ssme as that found in 1,4-dithiin E ona sgrees
well with the C«8«C bond angles in various nom~cyclic compounds,
go thei this exverimental svidence supports ithe view that folding
of the molecule snebles the sulohur atoms to retain its neturel
yalency anglees

ferovel of the sulphur atoms from a molecule of thianthren
csn oceur egither in twe steps, or in ¢nee If gisultensous loss
of hoth sulphur atoms takes vplace, the diradieal {Vi!l) should be
formed. [ependins on the sonditions, (VI1iI) will reect either
with hyvdreozen or with other rzdicelsy some of the possible
nroducts sre shown in Fige B4 If only one atom of sulphur ig lost
from n moiscule of thisnthren another geries of products ney be
expected to be Formed, T *46+47 ‘mong these, the aromatic

divensgothiophen sheuld be wore resistent toweards desulphurisation

thean any other possible sulphur-containing producte (see ize 9)e
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Fig.8 .- A Dreiding Model of Thianthren.
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Fig. 8.~ Some Theoretically Possible Products
of the Desulphurisation of Thianthren.
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The first sttempts in desulphurise thianthren were carried
out with copper powdere. These resctions require temperatures as
high ae 300% and are commonly carried out in ar atsosphere cf
hydreren or cerboen dioxides Ilnder these conditions thisntiiren
47,nl80 ofe 48 45 converted to dibangothionhen but as much as
EOX of the starting materiel hee been recovered. This resction
is related o the conversion of ohenothiszines to mﬁrbazoles.49'5G
“ore recently, ioudon and his colleagues applied this methed for
the extrusion of sulphur me & synthetic epproach to derivetives of

17

-
phenanthiren, and of phananthridina.él Palvevelic thimzepines

have heen similieriy comverted to polvevelie nga-hydrﬁcarkcns.ﬁz
it is noteworthy that wmost of the sxsxmples of the extrusion of
sulphur invelve & ring contrsction, mnd they &re generally
scconpenied by sromatisntion, As far as the mechsnism of this
reaction is concerned, it has been renortsd that cupric sulphide

is samong the reection products tsolatedes P oPY

Lowever uonsiderable
evidence exists in the litersturs to susport the view that the
"extrusion of sulphur” produces elewentsl sulphur snd that the
NN @ 1. e FR-EE
currie sulphide is the only result of subsequent resctionm,
for exemple, the action of heat nlone mev extrude sulphur from

5745558 jgnee 1t apvears

certalin compounds, causing aromatigations
that the extrusion of sulphur is lergely dependent on the overall
moleculer structure of the sulphur compound, and the transition

metal (covrer) zlays only s subsidisry part.57 In gcontrest, the



desulphurisstion with isney nickel (see Iutroduction Chapter)
must e regerded ss reaction between the sctiveted metnl cetalyst
&nd the gulphur atom of the orgeno=sulphur commounde. This
resction is, to & first approxinmsticn, independent of the
remsinder vi{ the molecule.
iumong the three possible methods which may be exnected
to effect desulphurisstion of thisnthren {extrusion of sulphur in
the presence of copver, desulvhurisation with hvdrogen-rich leney
nickel cetslyst, snd desulphburisation with hydrogen=pcor ‘eney
uickel catalyst) it seemed that the use of & hydrogenerich Faney
nickel c&t&lysﬁ‘uauld be most effectives This view is supported
by seversl ohgervationg which indicets that hydroren msv take
part in the scission ¢f cerbonesulphur bondse. Iar example,
ladger, lowenko, and Ssese have demonstrated thet in desulphurisetions
with ‘rney cobslt and lkeney iron, ilie nresence of a hydrogen atmosphkere
signifiecuntly increased the percentage of sulphide undergoing resctions

58 46 zlpc have otserved that ihs

veuptmanny “slter and ‘mrino
degulphurisation of diphenylsulnhide cen he effected with & nickel

catalyst whick is eszentielly frec of hydrog

i
=]

en, provided that the
reection tempersture ieg sulficienily highe oimilarly, diel-
ﬁaphthylsulnhideﬁgg whielk wes not affected by 8 depmssed lzney
vickel st 64° wes desulphurised at 140%, Lvidently, hydrogsn
relensed {rom the interstitial positienz in the metel nromoted

the recctions Iurthermore, the cbservetion that, in zeneral,



- 06 =

hyvdrocenclytic desulphurisstion does not occur with dezassed ianey
nickel cetelysts under gonditions, which reactions can proceed
smeothly with sctive, hyirogeu-rich laney nickel, seems te point
in thie sirection. 2 Although & hydrogen rich Fsney nickel
catalyst should therefore be most effective in desulphurising
thianthren, bengene would he expected to be the only »roductse (n
the cther hand, a depgessed 'eney nickel cetalyst was expected s
favour the formation of st leest scme of the sther nroducts shown
in Fige %e At this point it should be noted that bsker, Irrinn,
and ”cﬂmieaﬁﬁ in one o7 thelr attempts to synthesize s derivetive
of the unsatureted four-membered ring compound (hiprkenylene, 71},
have observed that thianthren was unaffected by treatment with a
desctivated onney nickel cetalysts !wperimentsl detesils heve not
been reportsd.

In the present study, =7 lianey nickel catelvet prepared
sccording to ladger and Jnnsegll and “aney nickel catalyst

degassad at 340° were used to effect the desulphurisstion of

thianthrens
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aney nickel was carried cut in toluene ag solvent. Iin this way,
8775 of the gtarting meterial was recovered and traces only of
benzene (l.04:, if formed from thisnthren) were detected. <ince

it ie known thet degassed  rney nickel catslyst brings abtout the
dealkyletion of the xylenosﬁl it is not possible o pinte with
certainty whether the benzene detected in this reaction mixture

is derived from thisnthren cr from the solvente

fovever, bv enalopgy with rsgulite ebimined frosm the cther

experirents carried cut in the vresent study, it is thought that

the benzens was derived by the demethylation of toluene rether than
by kydrogenolytic desulphurisstion of thienthren. for example,
isolation ¢i the aliphetic hydrocarbon bhelieved to be "polymethylene"
following desulvhurisstion of thianthren in mesitylene supports this
views +$35916 wag the firet to igolete this pereffin from the
reaction 2{ the guinoiines with reney nigkel cetslyst. The metariasl
sbserved in the present study wes identiocal in ell respects with
thet obiained by -ussees T found thet the compound heas the zelting
point £9=60° end a charscteristic infrared spectrum. ‘oreover,
Jﬁcksonﬁl recently reported the iscistion of ipluene snd of Lensene
from the reaction products arising frow the sction of p mixture of

isomeric xylene aver deressed ‘aney nickel cetslyste In his siudy

of the lormation of indoles {rom o=slkylenilines end Nealkyleo=
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elkylaniling by the eection with i<7J degmnssed Feney nickel, he
hag peinted out that the commound {uha}x rugt arise fron the side
chkain of the ¢~elkvlaniline and not from the vhenyl ringe These
res:its lend sumnort to the sbove hvnothesis snd the emount «f
the starting meterisl, which wee net rscovered, lies well within
the experisentsl errore 7this is also in szreersnt sith the work
ot Esker, isriteon and ccmic.ﬁc who observed, =8 mentioned =arliier,
that thisnthren was uneffected by ireatment with e desctivated
mney nickel cetalyste

zince tiie desulphurisetion of thisnthren with W =7J leney
nickel catelyst conducted in itoluene resulted in recovering of
moet of the starting weierdial, this crompied the suthor to attempt
reections nt hirher tempersture then that of beoiling toluenes
At firet it was considered ithet, owing to ite high beiling point,
methylnarchtheliene micht be =2 puitable molvent for guch an
exveriments However, sny desnlkyvletion would result in the formation
4f naphthalene, seperstion of which from the exvectsd products of
desulpiurisstion (ee.ge bivhenvl) seems to be particularly difficult.
1t wrg, therefore, nlenned to carry out the desulphuriseiion resction
et the relting point (15&-15903 af the sulohur compounde iy this
wpans, ne solvent would be needed, nrovided that sufficient thienthiren
wag used to cover the nyrovhoric ceislyete levertheless, irn order
4o introduce the starting wmierial %o the degzmssed catalyst the
thianthren kad %o be dissolved in 2 guitabie golvent and the latter

had to be removed subseguentlve Vhen dioxen wes used lor this
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purrose, explosions resulted in several experiments. The reszon
fer these occurrences are not known, and work slong these lines
wag sbendonede lowever, it is known thet thionken rescts
explosively when added %> & degassed leney nickel catalyst withcut
being diluted with & suitable sclvente ?

“urther stterpte %o desulphburise thisnthren were merried
out in disthyl phthelete ae sclvente ‘lthough care was taken to
wash the cetelyst free of alkeli, smell quentity of ethyvl benzoate
tnd benzeic epcld wers forsmmed in these exverirsntse. ‘hat these
products zrose from reactionm of diethyl phthalste with the "neutrsl"
(=7 laney nickel catelvet wes shown by tresting diethyl phthalete
with this catalyst under the same conditions esnloyed for the
desulphurisetion of thisnthirene Under these conditions, athyl
hengoate, benzoic noid snd nhthnlic seid were formed. <“lthough
phthalic rcid was not among the nroducts obteined in the
degulphurisetion ef thianthren in the other experiment, 1t was
nrobably present in the residue beinrs saponified {see lxperimental
»srtie ‘The formation of phithelic acid is undoubtedly due to
hydrelysis by hydroxide ions which remained sasorked on the
catalyst even siter prolonged washing with distilled watar,.
incidently, after wesghing the ¢aimlyet for mbout § hre with
digtilled water the gupcrnatant wag iound te be neutrel @ He.l.lie

indicztor paperse
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Since it has been reported previcusly that ester groups
are not affected by laney .nici«"el,sa {else cie Chepter 111}, the
formation of benzoic seid, ethyl bensoete and phthelic secid from
diethyl phthalate in the presence of degessed | «ney nickel is of
interestis It ie thought that the high resction temperature is
possibly responsible for the releese from the lsney nickel catslyst,
ef adsorbed hydrexide ions, which subsequently react with the sclvent
to form phthalets spiouse. 1t is not known how these tnions are
convarted t phtheliec secid, which is iscleted from the basic reaction
mixturs without the sddition of protic selvemiss The formestion of
bengoic moid and ethyl benszoste from diethyl phihelete involves loss
of cerbon dioxide either frem phthalic seid {or its snions) or
from its monoester {or its aniew)s Renctions involving the
decerboxylation of phthalie scid (or its snions) eppears to have
been obgerved previously cuniy under more vigorous conditiona theawn
used in the present werke Thus, the decarbexylation of the caleium

gnlt of phihelic midﬁs

is kmown not te secur helow 300°,
similerly Ipetiev and Fhilipov " have reported that diethyl
phthalate rives rise v gthyleg=islusie, carbon dloxide and methane
when hested with hydroren at 280" {100 atmospheres) in the presence
e¢f nickel oxides Fergover, Schradey, and iﬂxolt.@rﬁa observe ke

conversicn of sodium phtiwlate to sodium benzoate and benszens by

heating the phthalate &salt with water under pressure.
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In view of these cormlicaticns, snother desulvhurisation
was cerried out in mesitylene {bepe 164-165°) with Heney nickel
which had been degassed at 3409, £lthough more thianthren wes
recovered (74.5%), treces of enother product, triphenylene were
isolatede The isolation of this hydroesrteon in this reaction
provides cvidence for the view thati the simultsnsous loszes of two
gulphur atoms ccours =t least accessiconslly siving rise to the
formation of the dirsdical (VIII}, It is not known whether such
thege diradicel are identical with the benzyne intermediate which
was first postulated by hitﬁig;,% and studied by 'wberts eand his
comworkerse ' Lowever, it is noteworthy thet triphenvlens is

commorly observed in reactions involving benzyne.

7\

48s | —
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I+ was thought that the yvields of this interesting product

might be increessed by incressing the concentration of thesnthren
in mesitylenes, Iscovery of unchanged starting meterisl in higher
vields is consistent with the view thst conjugation in the

thianthren molecule (see pe ¥1) is appurently & factor resisting

desulnhurisstion with a lsney nickel catalyst of s deactivated
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type. Tinelly, isoletion of biphenyl (44311) suggesis that the
laney nickel cstalyst depassed a% %40° 8till contains & certain
guantlity of edserbed hydrogen whieh probebly sffect the scission

of carbonesulvhur bonds and hydrogenation of the npostulsted

/ﬁ

radicsl as shown belowe

Q] /q@
% A

Ao = QL0



Ultraviclat Spectrae.- These were determined in 96X
othanol on an Optien CP=i recording spectrophotometers

Infrszed Spectrs.~ An infracerd spectrophotemeter,
Porkin-iimer, Model 137 was used throughouts

apparatus Mk, IT wes uged with a € £its colusm pecked with Colite
(6080 mesh; ocoated with 16% (wts) of ipiesonl), inlet pressure
29 mme, outlet pressure 8.7 mm., and a flow rate of 1 lo/hre of
nltrogese Standard mixtures were run wherever possible.

JPaper Chromatographye~ This was carried out on acetylated

wmmm'hﬁou&addwm;” but more

sulphurie acid (048 g of 925 scid por ls of acetic anhydride) was
usede

Partially Acetyloted Cellulose Powdere= Both for colwm
and thin film chromatography the powder was prepered sscording %o
the method of Spotswood>® exsept thet 72{ perchloric acid was
used as & catalyst.

Zreparation of Cstalygtse~ We?J famey mickel catalyst
was propered from micksl-alumizium alloy (50¢60; BeD.E.) according

%o the procedure described by Bedger snd Sesse,’l except that, in
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the third experiment (desulphurisation in diethylphthalete), for
the weshing process, the cetalyst wes washed (with gentle stirring)
continuously with distilled water until weshings were neutral o
pH indiecator paper (Uelelie) (15 hra)e The derassing reriod, at
100°/1% mme was elso prolonged to & hre

A lisney nickel catalyst degmssed at 340° wss prepsred from
nickel-aluminium alloy according to the method described for i=7J
/eney nickel catalyst of bedger end _ssse except that the addition
of alloy was carried out with externel cooiing (ice), and that the
depgessing procedure wes altered ag fcllewse fThe flesk contents
were kept at 80%/56 mme (water bath) for % hre, and then a% 100°/5 mme
for 2 hre Then the flask wes cerefully heated to 220° (eir beth),
when the pressure wea observed to rise up repidly to gse 170 mime
The Ilesk wap meintained at this temperature until the pressure
fell to & mme +inmlly, the catalyst wes hested to 340° and kept
nt this temperature for 1 hre

A keaney cobalt catalyst was prepered by the addition of
cobelte=eluminium alloy (21 ge, 3021703 lLights) to the vigorously
stirred solution of sodium hyiroxide (27 z.) in distilled water
{300 cecele Thiz wes done as quiokly ss frothing slloweds After
the addition had been completed the ontalyst weg digested at 100°
for 1 hreg then waghed successively by decsntetion with distilled

water (4 x 100 cene) and methanol (2 x 100 sete)e
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Preparation of ihianthrene~ f7he compound was prepared

from 2e~sminodirhenyl sulvhide and sodium xanthats by the method

of Cullinane and L’mri’ﬁ.78

begulphurisation of Thianthrene=

(1) In toluene. ihianthren (12 ze) in sulphur-free
toluens (80U cece) wes cauticusly added from & separating funnel
to the dry #=7J keney nickel ostalyst (from 128 zeof alloy),
while air was being excludede Ihe =zixture was then refluxed
under nitrogen for € hre The catziyet was collected over lelite
end subsequently extracted with toluene {Soxhlet) overnighte. The
filtrate and extract were conmbined and frectionally distilled
through & jacketsd columm (2 x G0 cme) vacked with single turnm
glass helicese 411 the material boilins below 11C.5° (reflux
ratio cae 1:1C) was collected in one fraction {17.3 ge) snd a
second froction, bepe 110.6° (676 ce0e) was token. izamination
of the irst fraction (dried over potaszsium hydroxide pellets)
by pes=-liquid pertition chromatography showed the presence of hentens
(Cali® ge3 omloulated from mrees under nsaks in comparison with
those of stendard mixtures). FGenzene was not found in the second
fractions Uoncentretion of the residue gave colourless needles
{11472 e}, which after ervstsllisation from lirsht-petroleum
{bepe 60=70°) molted at 166~167°, slone and mixed with thisnthren.
fhelr inirared spactrunm was identlical with that of sn suthentie

specimen of thianthren. The mother liquor was not further investigmted.
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(2) Eithout solvenmte Pure dioxan (200 sece) was
introduced into the flask containing the “=7J Feney nickel
catalyest (from 125 ge of elloy) in the seme wenner s described
previouslye fext, thianthren (75 ge.) was =dded s the susvension.
Tioxan was then removed by idistiliation through & jacketed columm
pecked with helices, while nitrozen was heing oessed through the
sysigiie Curing this time the temerature in the reaction flssk
weg graduslly inmcressed but before the thienthren nelted the

mixture exploded. This occurred in four separsts sxrerimentis.

(3} In diethyl phihelats. A mixture of thianthren

(10 ge), dlethyl phtholate (39C cece), und #=7J kaney nickel
catalyst (from 126 g of alloy) wme refluxed st 200-23¢° for
€C hre while nitroseu wes being pansed ihrough the spparstuse
the pes escaping from the condenser wes passed through s trep
ccoled in solid corbon dioxide. The catelyst set o e z0lid mass,
and green crystels were deposited on {tz surfsce. ile 801id wos
separated, vwashed repeatedly with hot diethyl pbthalate (2 x 50 cece)
and then extracted with hot absolute cthanol (Soxhlet) for 3 davse
The corbined filtrutes and extramcts were divided into tme equal
portions and worked up separatsly ss follows:

fortion {a) wes evaporstzd on @ water bath to remove
sthanols Iidstillation of the yellow liguid residue under reduced

cressure savel
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(1) e colourless liguid of pleesant smell, Lepe GC=809/

7 mme (CeZ gels

(11) © colourless liquid of pleasent smell, bepe 10S=
11¢° /7 mme (Co19 gols

(114) colourless needles depcsited along the wall of the
condenser, bepe 120=130%/7 mm., mepe 114=115° (1.77 goJ3

(iv) residue (che BUC cete), was recorbined to the portion {b).

txamination of fraotion {i) by gas~ligquid partition

chrometegraphy of 100° zave o peaks, the retention ¢timee of which
corrssponded o ethenol and etlivl benzoate respsctivelye 7The infra-
red spectrum of the frection shows 2l the peaks of & mixture of
ethenol and ethyl benzoates. irection (ii) wes identified es ethyl
bensoats by comperison of iis infrared spectrum nwith that of an
suthentic epocimens Fraction (iii) seve ¢ nogative test for ihe
vrenence of sulvhur (scdiwm=fusion}s After recrvstallisetion of
the freotion (lightepetrolewm, bepe 50=60%), its relting point
dropped from 114-116° to 107-108% ihie sugzested that frection
(111) wes & mixtures Ihe infrared spsctrum of this recrvatellised
matarial indiceted the presence of o ecarboxvlic aseilds ‘xtresction
of this fraction by sodium bicarbonote yielded bensoic acid {U.81 ge),
identical in all respects with thet of an authentic specimen. o
other acids could be detecteds The rosulting ueutral fraction
crystallised from 1izhtepetroleum (Lepe 3C=45°) to give colourless

needles E.pe 89=70.8° (00146 fe)g alone ond mired with sn authentic



- 108 -

specimen of biphenvle Infrared and ultraviclet spectra also
ronfirmed this identification.

vortion (b), which was recombined with the fraction {iv)
above, wes added droywise to 2 stirred solution of notassium
hvdroxide (300 ge) in methanol (2600 cece) during 2 hre at
room temporatures sfter the addition wes complete, stirring was
continued for & further & hre ‘he precipitets of potassiun
nhthelate wee separated and subsequently sxtracted with ether
(Soxilet) for 20 hra The 7iltrate wes concentratsd on @ water
beth and the residus wes poured intc distilled water (650G cecels
I+ was then continuously extracted with sther for 24 hre foth
ethereal sxtrsots wers combined, weslwd with distilled water
{6 % BOC gete), dried (anhydrous resnesium sulphete), snd
svavoreted on a waitsr beth, [Listillation of the dark yellow
residue (§489 zo) in vecuo gavet

(1) colourless needles, bepe 140-1456"/21 mme (2436 ge/,
Pene 61-63%;

(1) 1ight brown residue (2¢ 71 gele

fgerystallisation of fraction (i) (lichte=pstroleum, bepe
E0=B0%) raiged the melting point to 69=70.6° slone or edmixed with
an suthentic specimen of biphernyle This identity was slsc confirmed
by its infrorsed and ultraviolet spectras. Thin film chromatography
of the fraction (ii} on partially scetylated cellulose nlste using
the sclvent gystem methenolestherewater {4:4:1, v/v), pave three

gpotee ‘wo of these wers identical with the spots given by
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authentic specimens of biphenyl and dibenszethiophen respectivelye.
The other spot (K- Dedf) oould not be identified and was mot
identical with the starting meteriels Fraction {44} (1.6 ge)
was chromatographed on 2 columm of partially asetylated cellulose
(sae 50 go) in ethancletoluems-wator (17:4s1; v/¥) and 80 Pfractions
{g2o 10 cece emch) were collected. Fractions with identieal
ultraviolet spectra were cozbined and worked up to give:
(@) biphenyl (CoBl ge) (firet alwmte), identified as sbove;
(2} & mixture sf biphenyl and dibemsothiophen {everlapping
fractiena); and
{g} dibensothiophen (Us? go)s Bope and mized mepe 98997,
identified by its plorate, mep. and mixed mepe 125<124° amt slse by
eosrsrison of 1ts infrared spectrum with €@t of an sothentie specimem.
| The soparetion of the overlapping fraciions of biphenyl and
dibensothiophen {combined with the iight brown residue (11), 3.2 ge)
wes attempted by chromstography on & Faney cobalt colume, preparad
sccording to the method dsserided by Kpwankss®' 7his resulted in
isolation of the furtier amount of Liphsmyl (Coll geie The
methancl extract of the cetuiyst (Soxhiet) was concentrated to a
smell veiung, then added & wabsr and contimuously extracted with
gther for 24 bre In this way dibensothiophen {C.1Z z.) wes obtained.
The mother liguors were not examined.
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The liguid collected in the trap {og. 3 cece) wes dried
over potassium hydroxide rellets. ‘the dried liguid wes exemined
by gee-liguid psrtition chrometogrephy and ceeks correspoending
te benzens and sthanol were obtained. The srees under veaks gave

the vield of bensene (UelZ gele

Lttenpted reaction of diethyl phthelats and neutral i =7d
The mdxture of diethyl phthalate (96 cece)

snd the neutrasl W=7J “sney nickel catzlyst (prepared from 50 ge of
alloy) vas refluxed at 190-235% under nitrogen for 5 doyse The
catalyst wes repsrated, washed with pure bensene (2 x 6U coce)
end then extraoted with the ssm solvent (Soxhlet) for 12 hr.
the corbined filtrate and extractz (brownegresen fluorescesnce;
under ultraviolet light) was evaporatod on e water bath to remove
benzene end traces of water. fedistillation of the residue gave:

(a) othyl benzoate, bepe 56-587/0.55 mme (2168 po) 1dentified
ag sboves

(b} benzoic aoid, bepe 120%e8 mme, Repe 120.8° (8.2 go),
identified ap sbove; further distillation in vecuo gsve unreacted
dlethyl phthrlate snd

(¢} dark brown residue (§5 se)s This wes poured into a
golution of sodium bicarbonate and non-acidic watter was then
sxtracted with ethere The bicarbonate extract was ecidified and
subsequently extracted continuously with ether overnights fthe

etheresl extract wes dried and eveporsted te give » residus (3S.16 gele
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Chloroform exireotion (Soxhlet) of the residue for & hra gave
bongoie ncid (0¥ gele 4 colourless sclid residue (2457 go)
remained in the thimble and was identified s vhthalle meid by
mixed mepe &nd by its infrared spoctrun in comparison with that
af en sutheniic srccimen. The iotrl vield of bhensoie acid

isclated was B.79 ge and of phthalic acid, 2457 ge

{4) Jn resitylens. ihianthrer (10 g.) in redistilled
mesitriene (400 g} was added to reney nickel cetalvst (from
126 ge of alloy; desessed at 340°) ms sreviously desecribed,
followed by more resitylens (1(¥ peje The mixturs was refluxed
under oxysgen=f{res nitrogen for £ davse %The cetalyst wasm collecisd
aver Celite end subssguently extracted with sulphur-{ree benzens
overnight (Soxhlet}e. Colourless needles sepersted from the filtrate
on stending at room temperature and were collecisde Fseryastsllisetion
from nehiexene zeve colourless xeedles, mepe 168° (4,56 Bels
fdentified as thianthren by direct seuperison. ihe sother liquers
wore combined with the bengene oxtract of the catmlyst, end
aveporated on n water bath 1o remove Lengens snd hexane., ‘azsitylene
wae distilled at 32-34°/1.8 ., and a derk brown residue (4.5 7o)
wes chitninede Chromatography of the residue on a columm of sotivated
plumina {Lelsfes 280 pe) in nehexene and elution with the same

solvent gavet
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(@) & colovrless wex, mepe 59=6C° (0415 g,) after
recrvsteliisetion from absolute ethanol, identical (mixed mepe
and infrared spectra) with & "polymethylene” supplied by Gelale
-,?aoksonsm'

(b} e mixture of biphenyl snd dibensothicphen (C.68 g.),
ag indicated by chrommtozrachy of the fraciion on pertiaily
acetvlnted psverp

(e} o mixiure of dibensothiophen and thisnthren
(chyxometography on scetviated peper) cryvstallisation of the
rixture in n-hexene pave colourless prisms, tepe 158° (247 o),
identicel (mized mepe snd infrarsd spectra) with thianthren;
concentraetion of the mother liquor ;mve celourless needles, mepe
98=98" (o8 1»), identical im all respects with dibengothiophons

(¢) thdmnthren (Cu2l ge), $dentified by mixed meps and
infrered spectrang

(e) & derk drown o4l (Te2 ge) eluted with hexane-bensene
(111, v/v)e lecrystallisation {charcoal) from hexane-eihenol gave

solourless nesdles meps 162° (7.0 meel, A {in 957 sthanol} st

ERXKe
248, 2B7, 272.5, 2084, 300, 320, 526 end 32§ mue This absorpiien

sorrespondsd o those given by %;rizmeny}omgm «79

and the uelting
point wag net depreseed by sdmixture with an suthentic maecimexz%
¢l this hwircecarbon, Yo cther products were identified in the

nother liguor,.
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An atterpt wes alse made to seperste the biphenyl and
divengothicphen of {rection (L, by chrommtography on €& isney
cobalt columne This zave dibensothionhen ((Uel4 ge) and bivhenyl
(Ce3E rele lecovery of starting ssterial wae 7.4€ ge (74.6%)3
end the tetal yields of the products were dibensothiophen 1.04 g

{1227), bivhenyl (4.91%), and trivhenylens {Uel)a
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DESULPEURISATION OF 2o8=D1PF: 7Y leed A=l TTRIIN

Johnson, 'oren, and Kohmann®®

first synthesigzed this
corpourd in 1888 by hvdrelveis of Z-benzoylmethylmercaptoe=q-
methylefecxypyrisidine. The first sttemnts o desulpburise this
compound were alsc cerried out by the same suthors; but these were
unsuccess ful and the compound: was descrihed s beinsg extrerely
gtables Ancther synthesis of £,8-diphernyiel 4=dithiin is due o
"mﬂa.bg whe prevered vhenscvl merespten and condensed it to give
Zgb=dinhenylel 4=dithiin; but no yield were siven, In the nresent
study, the dithiin was ohimined in nearly quentitetive yvield by
the scid hydrolysis of sodium phenscyl %&-ziosulvﬁmw.m
A search of the literature revecled that several derivetives
of 1,4=dithiin compound have heen ¢f interest in desulphurissiion
studiese Cenerallyv, these desulphurisation reections weére cerried
out with & large excess of lmmey nickel catelyst (tvpe wes not
reported) in gthenol soliuvtion during 2«5 hre st reflux. These
resulted in the replacement o7 sulphur by kyiroren, snd hyvdrorenation
of double bends of the dithiin ringe The desulphurisation of
248,58, botatraphe nyl=l 4=dithiin (X11) reported recsntly by Kirmse

71

end Former, = may be cited ag an exsunle.

Ph._~S<_Ph
I I ——> Ph—CH,—CH,— Ph
Ph~ S” TPh

X1l 789,
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Uibenzyl was the only product observed in the sbove

experiment and the other pessible products
and stiibens, were not isolated.
authore have obtained 2,3,4,5-ts

thermal decomposition of

decalin.

the 1l,4-=dithiin whkiok was conducted in

traphenylthiophen in &7

It is notewortny that the ganp

sefe ltotraphenylthiophen,

vield Trom

Jome perhydro derivatives of 1,4=-dithiins which have been

desulphuriged sre assembled in Table le

TABLE 3

RHN

Pl

Sterting compound Reection product Vield Sufererce
/[STNH.CEH5 _
:_e?_s.!-__] .«'-.2.'.5 o rl_:ez
CGHB HN ™S
H
Gl
H, «NH o1 H J B( 7
H. G, HN3>[ T 5 (crg), 5
S CNI-T R |
S H N ]< 3 4-@,.5.-.‘644.-;-_ aety .1‘.3)2 75 78
NH.R
H Gl b = d
5)( CZHS .&-m,...‘u ,3 403. et .\5; '2‘!' 43 74

R = 4-CH4
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The desulphurisation of 2,%,4,6-tetrephenylthiophen { 111)
with =7 leney nickel catalyst in xylene hee been reported by

75 to give 1,Z,3,i-tetraphenyl~

Dedper, bristie, Fryke, snd tesse
butane (32.57) together with dibenzyl {£.)s These suthors hsve
found thmt the "~7 "sney nickel catalyst does not effect

desulphurisation of the tetrsphenylthisphen when ths resction is

conducted in methanol-benzengs

Ph Ph
ll Il ———>  CH,.Ph.CH,.Ph. CH,-Ph.CH, Ph
Ph™ ~S7 “Ph
+ Ph.CHy .CHyp.Ph
X111

As mentioned earlier, J-ray diffrasction deta established

. ¥
LE

the boat configuration for h%-dithiin.?” In anddition, inspectlon

of & reiding model of 1l,6-dithiin indicetes that this conformmtion

is ihe most preferred ons; in partieculsr, it iz mot possible to
construct the chair conformetion of this ring system. This being

80, sulphur etoms in the seme molecule could he adsorbed simul taneously
onto the metal surfsce. CSubseguently this could result in
simultaneous removal of the iwo sulphur stoms snd the production

of the observed sulchur~free compound even under relativeliy miid
conditions, se in the cese of the tetraphenvi-l,f-dithiin (ethenol

wag used a8 & solvent), wherems the tetraphenylt:iophen does

resist desulphurisation (xylene, bepe 180=-142Y, had to be used ns

s soivent)e
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Inspection of a Lreiding model of 2,E~diphenylel,d~dithiin
(see 'ige 10, pe 118) slsc supnorts the view that the presence of
both phenyl groups doee not hinder such simultaneous adsorption of
the twe sulphur atoms. ‘Yeverthelesz, the probability of sdsorption
through only ome sulnhur atom in the wolecule cannot be excluded.
If this is followed by desulphurisation, formetion of Z,4=
diphenylthiophen msy be expected, provided that the laney nickel
catalyst used ia of e degassed type and the conditions are not too
?i@mu’.ef.?ﬁ

in this respect, it should be noted thet a certain number
of resctions, which involve the conversion of L f=diphenyl=l,é-
dithiin (I11I) into Z,4=divhenylthiophen or derivetives of 2,4«
diphenylthiophen have been observeds !or instences, treatment
of (I11) with dimethylformemide and phosphorus oxychloride (the
Vilsmeier resction) gave rise to Z~formyl-%,l~diphenylthiophen
instead of the expected z-f‘urwlwsﬁ-dipmmfl-l,l-dithun.w The
thermal mromatisetion of (Iil) to give sulphur and 2,4=diphenyithiophen
slso hes been revortsd. loreeover, the monosulphone of (IT1) has been
shown to eleminate sulshur dioxide snd pive 2,4-diphenylthiophens®”
In this connection, it was anticipated that the presence of a
sulphone group would assist in the polarigetion of the double bonds

of the ring systems The course of the resction wees represented

as follows:



Fig.10, - A Dreiding Model of 2,5- Diphenyl-1,4 - dithiin.

- gLt -
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Simdlarly the elimination of sulphur is facilitated by the
presence of & pelarising group om the ditkiinm rimge Thus, when
2,5dipheuyleSeni tro=1,4=d1 thiin (XIV) was hoated to 136°, Parhem
cpd Traynelis®! found thet s vigorous exothermic reaction oocurred
which resulted in the formetion of Swnmitro=2,4-diphenylthiophens
S4imdlarly, mere hesting of (XIX) at 189° hay becnm found to cause the
extrusion of sulphur and the formation of Z,d=diphemylthiophen.’”

S.__Ph Ph
190°
| — 5 | ]
Ph NS Ph™ NS

I

S._Ph om Ph
| — |
Ph" SN0, Ph7 NS NO,

X1V
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Yor the present purpose, it seemed, therefore, desirable
to work mt temperature below 135° in order to execlude eny
posaibility of thermal aromatisation to give 2,4=diphenylthiophene

As discussed earlier (see Chapter 7, pe 42) meny facts
support the view that the hydrogen present in fmney nickel catalysts
does take prrt in the hemolytic splitting of cearbone=sulphur bonds
during desulphurisation rencotionse« In nccordsnce with the observetion
of Kirwse and Forner, whe obtained dibengyl in 787 yield from
degsulphurisstion of 2,3,6,6=tetraphenyl=l 4wdithiin, it would not
be sdvisable to employ the moet mctive laney nickel catalysts to
affect the desulphurisation of £ 6«diphenylel,i=dithiin. This is
beosuse whether the hydrogenation takes place prior to or after
desulphurisation, the most likely preoduct would ve simply ethylbenzene

and probably i,i-diphenylbutane.

Ph.Et

S_Ph
Lr

S \ Ph

[ T — Ph.[CH, 1,CHMe.Ph
Ph S

Therefore no experiments were cerried out in the present

Ph

thesis with more sctive Heney nickel catslyst such ag i=5, | =8,

or w7, Instead, the acticn of ths degessed H«7Jd lrney nickel
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catalyst on 2,0=diphenyli=l,d=iithiin was explored.

A4 the outset =f this study there was ne reascn to assume
that desulshurisetion would teke nlzce to & lerre exteni, but it
was hoped thet et lesst & small percentape ¢f the dithiin might
suffer sirmltensous loss of both gulphur stom to vield the stvryl=-
ap=diradicel {(iVje If it is assumed thet ithese dirsdicals sre
formed inm & sufficiently larpe concentration to enable recombination
te occur then & reletively large nmumber of 2iffersnt products is
theoretically possible, ‘bvicusly, if radicsle conteining one
sulrbur atom are included, the musber of pessible products becomes

ruch lerger stille

_S._Ph .
| | — TR
PH S ph——C+ °CH

XV

Some of the theoretically possible products, which ceuld

erise from the shove diredical, have been listed in Teble 2.

TARLE : 2
oe “pasible product lerotion
L Ztyrene artial hydrogenation of the

radical {(XV)
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Folystyrene
Fthylbensene
Toluene
Denzene

1,%=iphenylbuta=l,3=-diene®

1 yi=biphenylbutane

1,4~Diphenylbute=1, 3=disne®

1,{=Diphenylbutane

Zol=liphenylbuise=],S=diane

Zy%=0Diphenylbutane

ig3=-Liphenyleyclobutadiene

1,3=liphenylcoyclobutane

l,3=liphenyleyzlobutene

Polymerisation of (1)

Hydrogenntion of

the radicel

Eydrogenolysis ef (3)

Hydrogenolysis of (3) end (4)

kecombination of
radicals

liydropenation of

Lecoubination of
radicals

Hydrogenaticn of

Hgoombination of
radienls

Hydrogenation of

Fpcombination of
radicals

fdydrogenation ef

Partisl hydrogenation of (12)

% Two possible stereo-isomeric forms.

b

Three known sterec-igomeriec fornse

¢ JYot the only possible patiway.

the free

{6)

the free

(8)

the free

(10)

the free

(12}
[+

An slternative pothway for the desulphurisstion ef

Zeb=diphenylel ,d=dithiin could invelve the hydrogenation of the

ring syatem to pive its perhydro derivaiive, fcllowed by reedy

desulphurisation to give the ethylbenzene.
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llowevaer, this petlway ie not likely t= be iuportant as the
iieney nickel used in these experiments was a degmssed catalysts
The decreased hydrogen-content of this cetalyst would be insufficient
to effect, to eny extent, the reduction of the relatively sixtle
dithiin ringe Tfurtherzsre, chemisorption invelving the Teleotrons
of the ethylenis deuble bond would probebly not ke able to compete
succeesfully with the chemiscrption vis the sulphur ﬁ'tﬂ!&;/é Thie
is because the hydrogenation eof clefins is well knowmn to be
inhibited by the presence of sulphur OOMOWGQN
Up to the present tize, isoleution of unssiursised materiels
from desulphurisation remcticne with Seney nickel cetslyet hes been
recorded in the litersture only in a few ozpes. Aumong these, the
desulphurisation of thionzphthene E‘l,?-ﬂ thionaphthen with &
deactivated Heney nickel catalyst recently studied by Dadger,
lowanko and :s.s:ss%?? has been found te give 17.05 vield of irense
stilbenes /) few years earliier, Lorgon, Tilefenthel, Atwood,
fleintzelran and leilley® detected 107 of olefin, in addition to
the expected saturated hyirucarben, following the desulpburisation
of Setebutylvense b]thiophens Although the suthors did not isolste
the olefin, its presence wes inferred from the infrared spectra end

frem quantitative Indrogenation experisents.
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EULTB AND DISCUSSION

2.8=liphenylel ,4=~dithiin hes been found to be one of the

most intercsting materials for the study of desulphurisation. The
reaction was attempted in five separste experiments which were

carried gut under similar conditionse The diphenylel 4-dithiin,
which was previously said°C to be extremely stable to desulphurisstion
has been found to be smoothly desulphurised bty the use of the We7d
Raney nickel catalyste As desoribed previously, this led to the
production of many more interesting compounds than those expected
from a caialyst of greater sotiviiy like the We§, W6, or fia?
Ramey mickel {cf. the desulphurisation of 2,3,5,6-tetraphenyl«] 4«
dithiin’l), In spite of the zelatively low yislds of the
desulphurisation products, which were usually difficult to work
up, the compounde iscleted were of worth-while intsreste

Host of the experiments for the desulphurisation of the
diphenylel d-dithiin carried out in the present study were conducted
in tolueme (bepe 110.6°) ms solvente 7The concentretion of the
sulphur compound in the resction mixture wes kept low (2%) to
avold any possible intermoleoular dimerissticn, supposing removal
of one sulphur atom in a molecule could ocour to any extent. In
this commsotion, the desulpburisation resction could proecssd to
give simple preducts only, e«ze (XVI) and (XVII) as shown below.
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Ph S
Ph S Ph Ph | m\
TL - — v o
S Ph S Ph S Ph

o RhYEe t Ph.ECH,ZJA.Ph + etc.

XVI XVII

In synthesizing the starting mstsriel, following the

70 5¢ was found that the commound

srocadure of Lekar snd Sarkenbus,
is suscentible %o perial oxidetien. The reactions were therefore
garried out under nitrozen, and to lessen the poseiblility of =
vhotochemical affest towards the rostulrted styryl diradieal (if
formed , the resction flask was well coversd with phoisgranhic
psepere l1he depmesing times with the -7 Seney miekel cainlysts
used in these experiments were prolonped (end vearied from 4 oo
18 hre/) ir order o decrease thelr uotivity os mueh as possible.
Owing o the possession of some aromstic proporties,'% thick could
eocount for ite resistnuce 4o zﬁaﬁulmhuriaation,ﬁa the desulphurisation
tines of +the diphonylel,4=dithiin were nlso sxtended longer then
usuale These ranged from ge. three tc four dayse

iines isoletion of some of the products from the firat
experiments had drawn most attention tc ihe study of their
proverties, the reaction conditions used initially mare not

altered in subsequent experiments. The limited smount of the



starting meteriel eveiletle, the lability of the producte =nd the
difficulties of purification of the smell amounts of the liquid
sompounds, were cther reasons why improversnt of the vielde of the
desulrhurised products were not attesnind at this gstage. It wes
found that varietion of title degnssing neriod of ithe catalyst
{reduction from & %5 4 hr. in the third cxveriment] resulted in
the isclation of e different hydrosarbon products It wes theresfore
thought thet desulrhurisetion oi {this sulphur compound should be
carried out in several separate exveriments, from which smell
vields of those lrbile meterisl aisht be worked up und investizated
in %ime bofore any change could izke rlsce.

‘s expocted, & sulphurecentaining commound, Z,4-diphenyl=
thiopher wes smong the products from these desulphurisations., the
yvield, the sverspe of {ive exrerluenis, wes 24.4%. ‘The formstion
ef thias compound iz consisient with e sxpectetion that removal
of one sulvhur steir would be accomvanied by sromatisation and zave
rise ic the nore stable thiophen compounde It hes been found thst
it ig not possible $o effect desulphuriseilon of Z,4-dinhenylthionhen
by the use of ithe V=7J Lmey nickel catulrste Felfluxing of Z,4=
diphenylthionken over ils cestelyst in toluene for five davs resulied
in the recovery of the sterting meiteriel in nearly 9%: vields Tha
divhenylthiophen wos, however, found te give l,3=diphenylbutene in
4549% vield when treated with /=7 'mnoy uickel cstalyst in boiling
zvlens (bepe 136-188%) for & br. 4 similar result hes else been

reportad recently by Zsikschi snd ‘J‘iiaam‘ﬁl
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In sccordance with the previous observeation, some
by=products, helieved t: he formed Irom the solvent avd the
decessed cetnlyst (e.ge bensens and “molymcthylene”) were also
obtainude /s the isolation of these =materials has been discussed
eariier (see the desulphurisation of thienthren, ani of 2,7«
dihydmdibemo[ _c_.g:lthi.euin). these products will be net of interest
in this 4iscussion. it should be neted thet a considerable
amount of an intractable brown iazy wes 2lsoc obtained in esch
experiment on the desulshurisation of & .Eediphenyle],dedithiin.
This would account for the relstively low vields of the
desulphurised proeducts chbeerved.

In the Tirst oxveriment, in eddition to Z,4-diphenylthiovhen
and 8 ¢nuall amount of & complex mixture of Z,4=-divhenylthiovhen
and 2,5«dinphenvlel 4d=dithiin, & licuid hydrocarbon of &
sharacteristic amd plessant srwll was chteineds 48 it wes eluted
in & gingle frastion following clhromatography of a crude residue,
it was "irst thought to consist of only one comwunde - icroanalyses
of the froction suggested that the compound had en expirical
formula of Uygiia e The yield of the liguid based on this moleculor
formule was 1le7i. It was obgerved thet the liquid, on stending
et room tempersture under diffuse duvlight f{or gee 12 hre in e
flask (stoppered), slowly orvetallised to give cclourless nesdles.
fhe First mepe observed was @9-910@ being raised o 88 by one
rgorystellisation; but further recrystsnllisation could not be

attempted. The rwlecular weipht determination of the gsolid (EHest)
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suggested & molecular weight of not more then 206 (eale. for
Cygliyy)e /ddition of tetranitromethans to the ligquid and to

the solid showed that both were unssturated hkydrocarbem. The
14guid and #clid compounds showed almost identieal ultraviolet
speotra ( ¢ not determined), except for shoulders at 228 and 236 mu
which were absent from the spectrum of the iiquide The general
shape of the spectrs wore somewhat similar to thst of tolueme

(2 g, 2560 260, and 288 muy AL, 228.5 mujs The bathochromie
shifts observed in the spectra of the products (A‘x' 268, 280, 288,
and 207, ) . 24248 mi) suggested the presence of at least one
conjugated double bond in a side chsin of an aromstic ring. 4s

the products were not identical with any of the known compounds
having the formula C;gf;., 1t was thought, at this stage, that

the product wez probebly one of the sterecisumers of 1,3«
diphenylbute=l,S-diens (AVIII}. However, the reported m.p. of the
diphenylbuta=1,5~diene, > (for which the possible existence of the
ols end trems forms hes not yet been established) was 55°.

S< _Ph
{yry — a7
Ph S Ph

Ph

XVIII
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The infrared spectrum of the liquid zompound was found to
be consistent with the structure ( VIII!s The presence of &
sharp and rather strong absorpiion band at 3077 em1 sharacterietic
of U=l egtretohing wvibrations of !a'z‘iiﬁf::f‘i*'g {3075-3006 c:m'l) 5
torether with another rather st.ung band at 906.8 o™t not far
from the position expected for the -.‘.?HZ out-sf-plane deformetion
bend of :?11{2&:3&2 {£96-088 cm‘l )83 were sipnificant festures.
A bend st S(6,.2 cm"'1 should be stronz if the group = a‘,:ﬁs is presente
Strong bends at 1600, 1493, and at 1449 fg‘%ﬁﬁ‘l suggested phenvi-
conjuceted double bonds. £ very gtrong bend at €95, and medium
bends at 1067, 1028, =8 well mg four evenly spaced bande in the
region 1542-173%% cm."z' sugzested the presence &f only s mono=
substituted phenyl groups The presence of & medium band at 261,.6
™! guggosted thet cne of the two double bonds could be trans.

Eowever, these essignments were not entirely satisfectory,
since the two sharp and atrong bands st 2927 snd 2067 cp™1
apparsntly indicated the presence of & -41‘:2*32- group of en elkane

(2926 snd 2853 em™}

stretching frequercies). iioreover, = distinet
band at 1667 en'l (week), which could indicete & noneconjugeted
double bond, wes observed, tngether with n close bend =t 1686 cm™*
{possihly an overtone of the substitution pettern of the band at

895 om~)

o8 in the cese of & polystyrene spectrum)e It is
notesorthy that Shepperd ond fzu‘bhcrlanﬁﬂ have chserved thst it

is poseible tu differentiate between the double bond zf the type
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B, R ,C=CH, end §,R,G-CHRy by the position of the peak (1655~
1646 o} for the former and 1680=167C o> for the letter)e
These two linkages cem nlse be differentiated by ihs intensity
in these regioms, as the termimal double bond gives rize o &
considersbly more intense band than that given by a deubls bond
included in » ochaine 7his sonclusion has been supportsé by
Thompsor: and Whiffen,>® and by Molurry and Therntome ™

it was cbeerved that sack band of the four eveanly speced peaks

Furthsrmore,

{absorption patterns typiesl of a monmosubstituted benszens derivative)
was splite. It wes thought that this was probably accounted for by
the two phemyl groups attached at different positions of the
molecule, which would exhibit siightly the same substitution
pattorns but at lightly different frequencies rather than by
overtones of ihe vinyl or substituted vinyl type Mrpﬂonp“
(1856-1800 om™} and 1800-175C e )e The splitting of thess peaks
as well s# the freguencies sharecteristic for @ -mamg_-» group, and
for & non-conjugated double bond are compatible with the structure
(XI5}, mamely 1,3-diphenyloyclobutenc.

S.__Ph
1J —
Ph™ =S

Ph

Ph

XIX
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The diserepancy which existed in the preliminary
assigrments of the infrared spectrum of this liquid product, was
diffioult to understands The small amount of the solid product
permitted only the determimetion of its melting point, moleculer
weight, end the ultrsviclet spectrums 7These cbservations did not
correspond to amy of the known compounds baving the formula
Cygliygs OVen the reported 1,3-diphenylbuta=d,s~dienss &

A ilguid preduct isolated in the secomd experimesut wes
found to have properties identical in all respects with those
of the liguid from the previous experiment, and was obtained in
26,17 yielde Two mmalyses of the produst wers also in reasonsble
agreement with the formula Cy.i .. Its molecular weight, dotermined
by the Bast method wes 177 (cslos for Coglygo 2063} This led to
the conclusion thet the molecular formula of the liquid was alse
Cyglige The pelare spectrun (661,) showed peaks st T 713 {singlet)
corresponding to methylems protons (siieyciiec ?), T 3¢50 (singlet)
for clefinic protons, and T Z.6¢ {complax) for olefimic and aromatie
protons. Impurity peeks were observed in the ropioms T 8,78, C
T BoTo27, and T 6.26=6,08. It was thought thet ths presencs of
these peaks were dus to isomers of the "mot yet knewn" liguid
wodust, the lability of whiehk might be responsible for their
ocourrence, ¢r siternatively that, they were given by rsaction

producte heving the same molecular formula.
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Cuantitative determinetion of the double bonds in the liguid
compound wee {irst ettempted by agexidutionsv with monoperchthalic
ecids Three experimenis were sonducted under varying conditions
but oxidation did not occur. The slternative serbensoic =c0id wes
not tried es an epoxidising ngent becsuse the exveriment hed ic bs
carried out on such & small scale due to the limited quantity of
the starting meterisl aveaileble. It is well known thst the
adventagze of monoverphthalic ecidé over rerbenszolc soid is the

grester stability of the fomr.ezaaag

Since the process required
great sccuracy, monoperphthelic acid was, therefore, the reagent
of cholce for & small scele exveriment.
The third desulvhurisation of the 2,F=diphenyl=l,d-dithiin
led o the isolation of the other liquid product, znelysis of
which sugrpested the formule Uygfiyee ‘his wes confirmed by
rderohydrogenation (using palladium-chercoal ss catelyst in sthanol
8t room temperature snd pressure), 1 =ole of hydroren being
ebsorbede The hydrocenation product was speotroscopioally identlcal
{infrared) with thet of an suthentic svpecimen of 1,8=divhenylbutane.
The formation of his hydrocarbon (Cyefiyg) suspested that
the intermediate mmat be (XX). This could be formed by the
combination of tmo of the postulnted styrvlea.S=dirsdicelis. (If
the sonbination cccurred while the svster was 3till edaorbed on
the surface of the metal catslyst})e 7his being so, the hydrocerbon

could correspond to eny of the following structures {(Xile-iiIV),
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sZxemination of the infrared scectrum of the liquid Uygfiye
sugzested that the structure (iXII) wee unlikely even though the

wesk band at 9CY.1 em™t

wag presenis. ‘lthough this band could
indicate {Hy out-ofeplane deformetion of a vinylie double bond
(915=908 en~1)%3 guoh a band skould be gtrong. Moreover, the

sbsence of the band nesr P8 I"

s Whick ip comnected with the
hydrogen deformation mode of the o(li={= s*&;mctnre,so and which
ugually accompanies ihe former {9(8.1 eu’li s Buzrasted that the
compound did not contaln e vinyl %mpe double bond. The sbsence
of bands in the region 3096=3C76 cm ) and at 895-885 ca™t are
elso strong indioations that the compound is mot a disubstituted

ethylens {hlhg;v:uﬁz). However, at this stage a disubstituted
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ethylene of the type £16h=Cﬁﬁa could not be excluded because of

the procence of e band (mediuwm) et $66.4 om™* (trens) possibly

due ¢ tydrogen atoms out of the nlane of the double bond, and
because = the presence of a band at 687,% cn.'l (poseibly g;gp}:

but these correlstions sre not certsine.®° The pressnce of iwc
strong bands =t 2976¢ and 2862 @m‘l, charscteristic for the stretching
frequencies of the ﬁﬁs group, mot only rules cut structures (AXII)
snd (AXIV), but also supnorts the suggestion that either {(£11) or
(X117} ix possible. However, %% should be noted thet bends at
92441 606 96644 om™L could only be sgsigned o two ‘E, rocking

91-93 The week bend st

frequencies of the cyclobuinne structuree
62«4 and & very strong band in the repion 7TBB=745,2 om™) { the
latter 1f due o the combined pemks of vut~of-plane deformations
erieing from olefinic B ond from arome tie S-ﬁﬁs) are
significant features sugyesting & tri-substituted ethyleme (11111},
the weak bend at 1372 cr™l sould be sesicned o an ireplane =0F=
deformetion vibration of (XXill)s 7The poeition of this bend sgrees
with thet observed very recently by Perkhurst, fodin, and “ilverstein,
% who 1solated the gls- end trems- forms of 1,S-diphenyliut=-ene
together with 2,4=diphenylbut-lesne znd cthers from the sc-cslled
"styrene dimer fraction” obtained by refluxing styrene with a emall
smount of sulshure This bend was =bhsent in the infrared spectrun

of the ¥,4~diphenylbut-l-ene, repcrted by the sawe suthors. On

the besis of these observations, it seems thet the most likely
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structure to satisfy the sbove mssignments is (XXII1I), A
contrediction existed {eege Dends 2% $66.4 nnd 687.7 om™1)
but these were thought to be due to impurities.
Periodate-psrmenganate oxidetion of the liguid on e
small scele rssulted in the isoletion of & bleck residue (acid
frection) in which phenylecetic 20cid wes detsoted by vaper
chromatogranhy, together with & »ollow wax (neutrel fraction)
frowm whick scetyophsnone was isolated as its 2,4-dinitrophenylhydrezone.
These compounds were undoubiedly formed by oxidative degradetion of
{ZXI11).
it is noteworthy thst incressing the time of the degessing
peried (T4 hre) of the W=7J Isney niokel catelyst used for the
fourth desulpburisation of the diphenylel,4~dithiin resulted in

the yeedy isoletion of the liguid © once sgaine lIhe catalyst

18714
uged in the third exverimeny wee dercssed st luc?"/lz e, foOr only
4 khires while in the First end the second experiments the degasaing
period was € and € hr. respectlvely; <his suggeated thet the
Fe7d leney nickel cetslyst reguires, at lesst £ hr., under these
conditions, te¢ reduce its hydrogen contert t0 give ninimm sotivity.
Lusntitetive determination of the double bends of the iiquid
uwiin wes again eilsmpied by mierchydropenstion using seversl
different kinds of cetalyste [t wes surprising % find thet
hydrogenation could not be effectasd by the use of & platinum on

charcoal catelyst, but palledium on charccel wes effective. The

consumption of hydrogen wes 73.6(% of the theoretical smount
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required for 1 double bond. The limited quantity of the material
did not permit further investigatione %he use of platinum
dioxide, and platinum dioxide~platinum, in the sther two
experiments, led to ihe hydropenation of the sromeiic ringae
However, ue gonclusion could be reached in sither experimsnt

28 the hvdro.en uptake wes, in bheil cages, very close i 7.5
double bonds rather than 7 or 8¢ 7The infrered spectrum of the
product from sxperiwent no. 2 (see Tsbie 6 in the experimental
part) was uet conclusive owing to serisl oxidaticn.

It wag leter thought thet in addition to the oxidative
degradation processes, such ag cemium tetroxids catslysed
vericdate axidatia:;,% periodate=-permanganate c,xidaticn,:‘“’g and
czonisation, es well =s bydroremeticn, sll of which sesmed to
e difficult in the present cese, thore was enother procedure

samely "the sddition of osmiws ‘i;e;troxide“w

which might be =ore
satisfectorye It i5 well knoen thet csmium tetroxids reects
reedily with ethvlenic double tonds to form orpenc-csmiuik compounds

which in the presence of » tertiary Lase,; sueh mg pyridine, to

give an osmate ester complex (1.V) =8 follewste

~
~
\/

n——»li

SN
Os
/ 0

~
7
\/

XXV
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These complexes (Z1V) are generally crystslline brown
compounds snd msy orten be isolestad in almost theoreticel
_yield.ﬁ? ihis was found, in the nresent study, i be one of the
most convenient methods for the estimstion of the number cf double
bonde in & compound, specimlly when & small smount only of the
rmaterial wes svellable. Iowever, experiments carried cut with the
liguid CUpglly, and with an suthentic stilbens, gave complexes for
whichk ihie carbon anslyses were too tigh, due to the presence of
cemium (see “xporimentsl part) snd it wes found thet enly the
hydroren {igures were relistle. in this connection, the result
obtsined frow ths liquid indicate:d thet it contained two double
bondse It should be noted, however, that the hydroger velue for
the one double bond differs by enly Ueble

At this sitage it had besn meclized thet the ligquid products
obiuined frow thie sbove f{cur experiments were all mixtures of
isomers of compounds possessing the formula "716;314' A8 manmy
contradictions existed in the shove imvestigaitions {ecge infrared
spectral sssignuents, determimation of the mumber of double bouds,
jmsurity neaks in the pemere spactrws! the liquid was examined
by vepour-phase chromatogrephye 7Thiz revealed that st least three
components, correeponding to the peaks =% ihe retention times of
tad, 1lel and 1840b mine respectively, were presents Uther uinor

peaks, probably corresponding to ispurities, were slsc detected.
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the liquid product (4.85 ge) from the fifth experiment
(which wes performed on sbout & times the scele of the second)
was separetad by preparative gas chromatography inte four
fractions, which were collected in trep 1 (£.0 mge), trap §

(“ 88 £eiy trap B (UedE g}, and trap ¥ (Ue87 ge! of @

Megachrom apparatuse ‘wing to its small amount, the liquid in
trap 1 wes examined only by infrared spectroscopye. The spectrum
showed *he typical pattern of a monosubstituted benzene compound,
penks corresponding to & phenvlieconjureted double bond, substituted
henzene, and slinhetic U«l strstohinpg frequencies.

As the products collected in each trap were not sufficient
to effect setisfrctory purificetion for amelyticel purpcses, no
definite conclusion sbout their moleculsr forsulase could he drawse
iiowever, in sccormdience with the previous experiments it ves
rengonsblie to agsume that the sulphur-~fres preoducts possees the
formula runge from Oy di, . to “yetyge The degassing periad of the
i=7d laney nicksl cetelyst used in this experiment wes extended up
to 16 hre (nesrly 3 times longer than previecus experiments), end
this makes the former formule (f,gi%,) preferable to the latter
{”lﬁﬂlﬁ)i As hss been discussed, the theoreticelly possible

structures of G, H. g wmight be eny one of (XXI«XXIViy and of

Cls};il& wight be gither (;K%?I'II) ar f;;“"}fﬁ,é; ar bothe
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Ph Ph Ph
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Ph Ph Ph
XX1 XX1I XXIII
Ph Ph Ph
Ph Ph Ph

XXIV

XVIIT

XIX

The infrered specirum of the liquid from trap I gave o
rather sharp snd strong bend at 3040 em™* ag an indication of s
characteristic =UEe stretching frequency of a double bond
{possitly gise CHi={f=je Thiz assignwent is assooieted with the
band et G6%.6 c;s-l which was too weak to be indicative of e

tx'sm,ll,ﬁ3 and a medium intensity bend at 1406 em‘i

which is assigned
to & COF inwplene deformation of a gisedisubstituted ethylene.gg

The strong band at 923.2 o™t wan not vory {ar from the expected
for cut~ofeplane Zelormation of ap asymmetric di-substitubed
othylene (ByiyC=CHy, 896-865 ax™ ) for it is known that
conjugation with an olefinic group raises this i’requency.gg
The weak bend ot 1686 cm~’ is more likely to be an overtone of
the Cl outeofeplene deformetion of the band at 598.3 cm™t

{monosubs tituted bensens), s well sa of the bands at 1029 and

10738 -cm'ﬁ. rather than a non-conjugsied U=t -tx;etchimg; vibration
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(efs the polystyreme spectrun)s However, the splitting of the
band et 3685 au” = together with the presomcs of a band at

3012 ¢! may be due to the conjugation of double bonds in its

moleculss Bamds mt 160C, 1493, and 1446 on > sorrespond to phemyl
conjugated double bonds, while bands st 1073 and 1029 o> may be
expocted from & momo-gubstituted bensenes The presemce of a weak

vand at 2699 om *

s bolieved to be a charscteristic of CE (tertiary)
stretohing frequency (2896 + 10),2%C guggasts thet the compound
posseszes the formmle (XVIII! in agreement with the sbove
assigmments. The sbsence of CH stretehing fregucncies in the
‘reglons 2062 end 2875 sm™® + 10, together with 2026 and 2885 om'L: 10,
rules out the structures (XXI=XiIV) sud alse structure (XIX), It is
also noteworthy that the infrared, ultraviolet and proten magnetie
resonance speotra of both gis snd trans forms of 1,5~diphenylbut~2«
ene (XXIII) snd 2,4-diphenylbute=leens (XXII), reported recently by
Parkhurst, 5odin, end filverstein are not identical with those of
any hydrocarbon isolated ia this experiment.

The ultraviolet speotrum of the liguid compound shows a
general shape similar to thut of gisecigel,d~diphenylbuta=-1,3-diens
{ 2 axe 29® mu), but with a shift towards shorter savelemgih (A
(228 mupje

Although, in one experiment the liguid on microhydrogenation
absorbed one mele of hydrogen, in sgreement with structure (XXVI},
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the amount of the meteriel svmilable precluded sccurete work.

Thus, the rsasult of this exveriment and the assignment of the

infrered speotrur, whioh fevoured structure (FiVII), did not

sgreess Lowsver the discussion of its »roton megnetic resonsnce

w11l be based on these twe structures (AXVI, smd iXVII},(see next page ).
“ince the -roton megnstic resonance spestrum did mot

extiibit eny signels =t gee T 6B, structure (XXVI) wes ruled out,

101 4y sgreemsnt with the infrered spectrum. The figures of the

vroton sagnetic resonance speotrum are sumsarised in Table 3.
TABLE 3

The proton magnstic resonance spectrum of the liquid (trap %)

T {Deveme) Appesrance “roton sount Assipnment
3e4b singlet 2 olefinie
Rl }

259
>  complex 12 alefinic &
2,87
aromatic
2477 J

Proton (A) snd (B). Chemical shifts of these srotons would
be sxpected to be zimiler to gisesiilbens and hono.wz night be
expected %o huve T veiue in the repicn 3.61. This could zcoount

for the 2 protons having T Jedfe



XXVI

XXVII




Proton (Cle The peaks et T valuee 3.04 and 2499 seem to
be 1owill (£e46=2.98) but in view of the bigh conjugation in
this molecule (lower T velue) thia iz not surprisinge fihe low
™ value could alse be aceountad for by the deshielding effect of
the adjscent bengzens ringe It is well known that e benzens ring
and @ double bond are effective in deshielding an adjecent nroton.

S4nee no significent signals ccourred at T 9.78-6.45,
the range in which methylene protonz sre ryeported to eziz»sorb,ml
the cyclobutene structure was ruled cute

It should also be noted thet minor peaks mere observed
in the nroton megneilc resonsnce spectrum of the proeduct, but ihe
integration curve indiceted it these peaks arise {rom a minor
component of & mixturee The T values were very similar %o those

of the following mcnmunda.g"‘

L-'imir poaks g;ivan by H\C _ C/CHg H\C =C/ CoHg
bﬁm%mmd‘ o H CG—H C/ \C H. H.C-H C/ \CH
Trap 3 5 5512 6’5 M5 GH, 3
T T T
776 ToB3 788
6.82 674 6.5C
4.57 4 ol2 4,08

2.85 285,288 €48b
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Other supplementary peaks were cbserved at T 7.15, end
6415, but the intenzities were eoven smellers

The ovidence availible from the infrared, ultraviolet and
proton maznetic resonance spectrs prompts the suthor to regerd the
liguid compound from trap 3 s the gis~form of 1,3-diphenylbuta=
1,5«diene.

This compound has baen sheerved o be labile in light, The,
"ss vet unidentified”, cvicurless orystals formed by slow crystallisation
of the liquid compound melt at lﬁﬁm’g #hich does not sorrespond i
any 2f the known 1,3=diphenylbutasl, d-dione dimers. ibsir, ultrsvielet
speotrum differs from thet of the 1liquid im heaving three separate
maximn, with @ gemeral shape similar to that ol ruas-trans-l,d-di-
phenylbutael,3~dienss 4s the erystals were availsble only in small
asount, no further investigations could be attempted.

The infrared spectrum of the compound from trap 6 {(solid
meps S1e6Z" ) showed a CH stretohing frequemcy at &40 o5t corres-
ponding 45 & double bund, snd at 3080 ea} for the arematiss - CE
strotohing modes The mediusm bend at 2899 ox " suggested he O
{tartiary)stretening frequency as in the spesutrum of the liquid
from trap 3« The four evenly-spaced peaks typlozl of @ monoe
substituted bensene compound were olearly split. his counldd be
due te slightly diffsvent [requencies of the subetitution patiern
of two unequal phenyl riuvgee Tio wask bsad at 26064 %-«3
far from the position expected for irans-olefinic compounds as

is not
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quoted by Sheppard and Simpson®® (1675 cm™)e However, the expected
treng ethylenic double bond peek at the regiom 990-965 em™L is

3

present sz cily o weak band st 961.5 cm © topether with another

similar bend ot 89,5 cx"l. Bends ot 1605, 1567, 1498, 1441, 1068,
1026 snd st 698 cn"> my be assigned to the presemce of bensene rings
as deseribed befors. / strong bend at 915.8 os”' would be expected
for the cut~ofe-plane defornstion of an asymmetric di-substituted
ethylena (Rzi—igﬁ =z::5523 as in the previcus case {trep 3). £ sirong
indication for the presence of such an sthylenic double bond wes e
bend at 1300 ax .

The ultraviolet spectrum of the solid compound showed a fime
structure different from that of the liguid from trap J. The two
soperate maxime at 270.5 and 298.% with e middle smmll pesk at 288 mu
exhibited = gemeral shape similar %o that of the compound (yel,,
obtained iz the previeus experiments. It is noteworthy that Pinckard,
%ille =nd Zechnoister’’S have chserved that the spectrum of trans-trang-
1gé-diphenyibutan=l S-diene shows definite fine structure while the tmo
other isomers are characterized Ly smocth curves,; which are rather
similer in this respecte Further:more, these authors heve pointed out
thet mos® of the sinoe knowm poly-gis-lycopenes showed © very limitsd
fine structure im thelr ultraviolet spectrs when compered 4o those of
all trame«forms. The selid sbsorbed twoe moles of hycrogen, confisming
the presence of tmo double bomdse. liorsower, the infrered spectrum of the
of the hydrogwnation product hes bsem foumd to be superimposable with
that of the hydrogenation product from trap § and with that of an

authentic specimen of 1, 8-diphenylbutanse
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The proton magnetic resomance of this compound showed only
one extremely complex peak. It is conoluded thet this compound
can only be diphenmylbuta~l,i-diens. The sbsencé of methyl proton
absorption is especially moteworthye The complex peaks must be
due to combined absorption of olefinic snd aromatic protons. The
shifts of the vinylie protoms to lower field could be readily
explained by the deshielding affect of the olefinic double bonds
end the aromatic mucledo. In view of its low T values (frens-
stilbens absorb in the region T %.0) and in accordsnce with the
previocus assizmment of the ligquid from trap 3, it ix;, therefore,
thought thet this compound must be regarded s trens-l1,3-
diphenylbute=l S-diems. The figures of the proton magnetic resonanse
spectruz of this compound are assesbled in Table 4.

JABLE 4
The proton magnetic resonance spectrim of the solid (trap 5)

7 (pepeme) /ppearance Agsignment
2.768
2,72
2466
2463 olefinie +
> complex
25T aromatic
2453
2e4T
2.41
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Fig. 16.- Proton magnetic resonance spectrum of the solid(trap 5) in CCl,
taken at 60 mc./sec. and expressed in units of T
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Attempts to prepars the maleio anhydride adduct of the
solid were unsuccessful. Thiz sould be due to difficulties arising
from the small soale experiment: (10.4 mge of the starting material),
and probably from its lsbile nature.

A search of the literature showed that many attempis have
been made to & vnthesisze 1,3-diphenyibuta=l,d-~diens by many workers.
The only report which claims isclation of this compound wes thet
of Mmﬂﬁ” in 1966, The compound was prepzred by reaction
of 2-phenylbuta=i,f=diene with bensenediazonium chleride. Tieids
and experimentsal details, however, were uot givem. The isclation
of 1,3~diphenyivuta=l i~diens, mpe 56°, was confiraed by the
formation of its meieic smhydride siduet, supe 184°c Vhithy and
fhlhyim’ were the first %o repert that the addition of
bensalacetophenome to methylmagnesium iodide &t «20° gave a 70X
vield of u compownd, mspe 167 . which possessed the compositicn
and molecular weight of 1,3-diphenylbuts~i,i~diene dimer. However,
repotition of this procedure Ly cther mhnxm hes been reported
to pive 2 607 yleld of the l,4=addition preduct (1,3-diphexyibut-
lwone} ond 7% of 4=bemsoylel,d,fetriphenylhexn~l,3-diene; nome
of the dimsric metorial eould be isolateds These products are
in accord with those obtained from bemsalacetophenone and
pothylnagnesiun bromdde as cbserved by Kharasch and Saylese)
Reaction of bensaiacetome with phemyllithium was carried out by
Cope, Wick and Fawoett'”? o give trans-1,3-diphenylbut-l-sne-3-ol



(XAVII1I), but the dehydretion product polymerized readily and it

weg not nossible o isolate the expected diens. Yowever, Cope and

co-workers cbtained the sdduct (XiIX) br heating & mixture of the

2lookol (ZiVIII), fodine, ond malele snbvdride in toluens. The

edduct had & melting peint range of 142.2-1&9°. indicating {(as

pogtulated by the suthors’) that is was a mixture of stereoiscmerse

CHj CH9
/ P )
CgHg —C — OH CgHg— C GH ;
l | N
CH CH i /O
A\ AN ¢
CH CH p
l | CeHg
CgHg CeHsg
XXVIII XXX

arprisingly, shorily after the report of Lombrovekii, twe

indepondent groups, Jecobs, and “wodrow, 8 #leo lierg, and mgzisws
reinvestigated the sbove observetions and their pepers were presented
mnly one month aparte The {irst proup demomsirstod thet debydrsiion
of trang=l,f=-diphenylout-le-ene~i~ol ander & veriety of conditions
resulted in & "dimer I, Bepe 137—1,:'3&3, a “dimer 11", Depe 125-126°
(unidentified) snd other polymeric msterisl (a yellow cil). liers

sd Lewis reported that both Il 3-~diplwnylbuiefecne«l«ol zid 1,8
dipheuylbutel=arie=3=0i, on dehydretion under varioug conditions

gave & hydrocarbon (Cmisl‘}g, TieDe 136=137° together with the

other unidentified isomeriec smeierislse Additicn of maleic anbydride
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to the resction mixture, both prior @ or after dehydratiocn, led
to the isolation of the sdduct, mepe 158-159° which was identical
with thet obtained by Cope and Iis cowworkers (XXIX)e

Four Uiels-iAlder dimers of traps=-1,5~diphenylbuta=l,l=
diene are theoretically possidle (as would be expected from its
dimerisation} :nd are shown below (IXi=XXXIII), Both groups came
to the same conolusion, mamocly that the "dimerI” of Jevobs and
Goodrow, and the hydrocarbom, mepe 136-137° iselated by Fers end
Lewis, corresponded to (XXX).

CgHg CgHsg
CH:CH.CgHg CeHg
pd ~ ~N
C6H5 C5H5 CH=CH. CgHg
XXX XXX1
CeHs CgHs C Mz
] CgHs C=CH,
o
C5H5 ?:CH‘Z C6H5 C6H5
CgHsg
XXXI1 XXXIIT

Ferz snd lowis bave found thet the meleculsr weight of the
dimer, as determined by ebullioscopic method in methyl ethyl kesten:.

to be 426 {ealec for O K ., 412}, Curiously, the molecular weight

6,1
as determined by the Rast method was 215 (eeles for Gy 8, ., 200G e

These suthors heve stated thet Fiesselumann and I&bhm. reported
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an amnlogous result for the dimer of 2-phenylacrylophenone.
Nevertheless, both the liquid CygF,, from the trep 3 and the solid
compound from the trap 5, ocbserved in the present study have nothing
(eegc meliing poiné, infrared and ultraviolet spectra) in common
with the above-mentioned dimer.

ittempte to synthesiss 1,5-diphenyibute~l,3~diene wers also
reported by Staggstl® in kis peper "An attempted synthesis of L3~
diphenyle=l,i~butadiens.” The starting materiel, 2,4-diphemylbut=
S=ene~i=0l, was prepared by lithiwm aluminium Mydride reduction of
methyleZ,i~diphenyl-3-butencates PFurification of the product by
saponification of the unchanged ester in ths resction mixture
resulted in dehydration of the alechol, but oniy a low yield of
the "dimer 1" was isolated. Aittsmpts % pyrolyse the 5,6=
dinitrebensonte of 2Zy4~dipkenylbut~3~ene~l-o0l give neither the
diene nor its dimers

The solid, meps 123-124°, isslated in the present study
was thought to he probably one of unknown dimers of 1,5-diphenyibuta-
1,5~dienes As will be shown iater, it was identiesl {mizod mepe
and the ultroviolet speotrum) with the selid eompound cbimined from
the product {esllscted in the trap 7}, which wes believsd to be
1. 3=diphenyloyolobutcnes hile this product hes aroused a new
interest in the preparation of small ring compounds by a desulphurisationm
resotion route, ths chemdstry of 1,%~diphenylbute~]l, Z-diens invites
wide intersst. lMore conplusive evidemse is reguired im order to
support the above postulationse



Examination of the infrared spectrum of the liquid from
the trap 7 showed pesks similsr to thet of the solid compound
from the trap 5 in the region 1400=40:0 ex™t. 'fhe stronz bands
ot 2924 end 2857 cm~ ' indicate the presence of Cii, groupse The

1

sbgorption st 504% om ~ zey be nseribed to UeE ptretching vibretion

of sn ethylenle double bond as it is not far from the region 3040w

J010 ezzfl., Four evenly spaced peaks trypical of those siven by
2 L 5k X A

monosubs tituted benzene derivatives, sz well as tends at 1600,

1493, 1447, 1070, 1029 and 684.4 o™t

may be assigned 1o the presence
of the benzene rings 2s has been discussed above, The medium band

at 1429 and & bromad pesk at 538 o.m"l nrovide evidence for the presence
of 2 triesubstituted ethvlene {n CH in=plsne and put=ofeplens

1 which corresponds

deformations respcctively)e The band st 1645 om
W C=C etretching vibration seems low for s non<coajuzated double
borgd (1680-3620 xsm“li. but with sromtic conjugetion, this iz not
sworisinge It is }:mﬁnas thet when ¢ double bond is conjupatsd

with an aromatic ring the C=C freguency shifts to lower [regquency
(but generally less than thet cccurrims with full aliphstic

conjugetionje Foreover the shoulder which appears at 1BRC o™t
is o positive indioation of conjugation of & donble bond (1687«

111} with the aromatie

16786 cxz{'l as pointed out by Nemdall et sl.
ringe 1% is noteworthy tiwt tiberg aud ¥ist!!2 have recently

demons trated that a eyclobutene shows C=U gtretching frequency at
1568 geﬁflg Hawever, in sasoclatlon with the assigrments from the

proton megnetic resonance spectrum which indicete that this
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compound ie 1,3-dipkermylecyclobutene, the appearance of the strong
band at 963.6 cme™) (trans ethylemic double bond) is not
understundable.

The ultraviclet spectrum of this hydrecsrion, shows
veaks (A~ and log€ ; 253, 4.02; 29%, 3.18; emd A,

225 mu, %.67) s=nd is eimiler te thet of the "dimer m.p. 138~137°"

reported by Ferz end lewip!®® M s

wir
Fa

end log € 3 263, 40563 294,
2183 mmd A .o 226 muy 4012) end indicetive of & slightly modified
etyrene chrovophoree The position of the prinecipal naximum and the
high extinetion coefficient sugrests that the double bond is
present s ¢ styryl function. loreover, & couperison with the
spectrus of ireng-l,S-dirhenyibut-l=ene whioh displays mexime at
294 (log € 210U}, 286 {log€ 5,260}, and #5% A (log € 4e250)
supnorts the view thet the compound conisins the 1,3=dlvhenvibute
l=gne svetem {the spectirum of the liguid slsc shows e shoulder at
283, log € Be2GJe

At this stepe,on thw besis of the above evidence, the
structure of the liquid hydrecarben in the trap 7 msy be regerded
eg 1,3=dichenyloyclobutenes Ihe presence of one double bond in
the molecule was confirmed by micrchvdrorensntions. lhe volums of
the hydrogen sbsorbed wes 99,98/ of the theoretical zmount. The
hydrogenstion product was suscentible to serial-cxidetion ss cen
be seen from the week hand in the region of a esrbonyl sbesarpticn

frequencies (1727 en”l} én its infrared spectrum and its colour
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(yellowish) which was distinguishable from the other hydrogenation
products of the compounds from the other traps. FHowever, besides
those expected for the presence of momosubstituted benseme rings
end phenyl eonjugated double bonds, the presence of the band at
§08.1 ox~' is vemerkuble for the sseigmment in correlation with the
othor substituted cyclobutsne.®® Blamk nierchydrogenstion of an
authentic trans-trens=l,i=ijphenylbuta~ijé-diens was also attempted
and 2 moles of hydrogen (99.27% of the theoretioal amount) were
taken upe The hydrogemation proceeded smooihly, and gave rise to
the expected 1,4-diphenylbutance

The stwuoture of the liquid product (trep 7) ea suggested
by the proton mgnetic resomsnce spectrum is as follews:

Ph
Ha He

Ph Hg

Hp

Mﬁmotﬁ-mmﬂsmommof
this liquid product are wummarissd in Tsble 5.



i281E &
> Splitting i{ppearance Froton Asgignment
(p¢pnmo) {C-‘pulo) Lount
God® 3
248
o446
Be39 r complex 1l B C
8,34 }
4.4

8a26 J
Tobh
7okl

} Zod y  complex 1 RIJ
Te37
7e32 /
@0585 l 3

248
£ o658 5ol J > triplet 1 I
8650 J
5.71 doublet i B N
Ze86 doublet 1 ayromatic
Proton Hye

This osn be rationsliped in the following menner: esromatic
srotons zhaorb st T Z.86s ‘The vinyliec hydrogen is unique and is

nesigned to ihe peak at T 3471 (cherdcal shift 377.43 cepess)s



Other crolobutens compounds have vinylic protoms with similar

chemicel shift, sege

0. Compound Themical Shift & Ref'e
CH,
1e Br a5 4oiiB
113
XXXV 296 BelR
Y ek
B7e15 Zeb ).

£e CH . 587 & 114

XXXV

The lower ( velue in the compound (XX3V) end in the cyolobutene
structure suggested sbove cen be sccountad for by the deshielding
affect of the adjseent clefinic group in the former end the bLengene

ring in the latter.

Proton i’i’(\ and iiﬁ

These protons would he axpected ic haeve similar but not
identical T voluss due to the proximity of vhenyl rines. Iince
H(: ig muoh closer iu the phenmyl ring, the Pollowing sssigments

are wade.

e
>
]

fodtS (960810 COPOSC}

Tl (1654424 CeDeBo)

o
>

These values ere compurable with cther methylene protone in

eyclobutens rings reported in the 11 tern ture 13114 ( T Ga¥7,
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shift 1625 and T 6,90, shift 196,74 cepese respectively).

A determination of the coupling constants (spiitting)
mm:m:;or!‘ﬂﬁlcﬂlnmlemiﬂe
assignment of these protons to the above T veluez. A relatively
large J value would be expected to arise from the csupling of Hy
and E, due o their irams-conformations Hemce the peak with
T value 8,39 was sssigned to E, and the J value equel to d.dd
(Jorm y = Be896, 4e97 GePelia)e

On the other hand, the coupling of Ey ani B would be
expected to give rise to = mmch smaller coupling comstant, this
being similar to & couplimg of an axial proton with adjecent
equatorial proton in oyclohexane (Je g2+ § Gepeic)s This was
observed and the peak with T 7.57 was assigned te H (J = 2.40¢

GePeB o } »

Pl'o‘hn:]!

There is only one protom in the moleculs which could give
rise to & triplet pesk and tiis is the proton E» The peek with
T 6486, terefore, is assigned to this proton.

As can be seen fram this discussion, tle pemsTe specirum can
readily be inberpreted fur the compound with the sbove structure.
1t 4s ot possible to ratiomalize this spectrum if the compound

was assumed to have the other possible structures, elther
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The liguid believed to be 1,3~diphenyleyclobutens on
exposure to diffuse sunlight crystallised ic give needlss, Heps
125-124° which were found to be identical (wized m.pe and
ultravielst spectra) with that obtained from the liquid of trap
% under similar comditiome. Ths infrared spsetr.z of the weedles
was identicsl with that of the solid compound, ®sps 96° (not
pure) obtained in the previous experiments, but the ultraviclet
spectrum wes nosie This may be due to the photochemically iabile
pature of the produstes It is interesting that its infrared
spectrum, which is essentially different from that of the originel
1iguid, was found %o be almoat the seme es thet ¢f trams-treng-
1,4=diphanyibute~1 d-diems except for variations im the region lle
18 o (see Experimental partj. Its structure is still unknown;
the small amount of the compound did mot permit further imvestigation.
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Iz me experiment on the desulphuricatiom of Z£,5~diphenyl-
1,4=dithiin with #=7J Raney nickel catalyst, was the "expected”
ethylbensens isoleted, despite the utmost care. 1,3«Diphenylbute=
1,5~diens and 1,i~diphenyleyclebutene must surely arise from
& combinetion of tw¢ of the postulated styiyied.fediradicals prior
to hydrogenation. Furthermerc, attempted resctions of siyrems
with We7J Raney nickel catalyst, which was conducted under the
similer conditions with those of the desulphurisstion resctions
of Z,i=diphenylel 4-dithiin, have been found o give ethylbensene
and polystyrene. On the other hend, resction of phenylacetylens
over the W=7J) Raney mickel catalyst yielded mo ethylbensene but
polystyrens snd some of the intractable brown tars
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B

Ultraviolet Spectrae~ These were measured in $6% eothanol
solutions with an Optics CF«-4 recording spectrophotometer, amnd

with a Hilger Uvispek specirephotonsters

JInfrared Speciise= Theso were examined with the Infracord
specirophotoneter, Perkin=Elmer, sodel 137, or GrubbeParsons DB 1
spectrophotometer using sodium chloride opties-

These were determined

with a Varian Associstes high roselution nuclear magnstic resonance
spectrometer model L..Ps 68,
1 am grateful o Urs Tede Spotawced for these spectrae

Nelting Points.~ These were determined by & relting-point
microscopic epperatus (Ermet leits, Wetslarje

Jicroanalyses«~ These were performed by the Australian
Moroanalytical Serviow; Usdclefielie, lslbourns.

phye~ Unless indicated

otherwise, amalvees involving ges chromatography were csvrried out
using & Griffin VFele apperstus Mark II, with a 6 ft. column packed
with Celite (40-80 mesi; oconted with 1655 /ipieson L.}s By somperisen
of the sreas under peaks, the approximte compositions of a mmber
of mixtures were obtasineds GStandard mixtures wers run  wherever
possible.
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For preparative work, s Leckman Yegnchrom instrument
was used, with eight & ft. columms proked with J-22 Firebrick

{42-60 meshy coated with 367 ipiezon Jeje

“reparetion of the sislvstBe~ W=7 and Lie7! Faney nickel
satelysts were prenared sz crevioualv desoribed (see s 83). The

catslvst weg freahly prepared for esch cxperiment.

Ureparation of 2,b=divhenviel,ledithiine~ The material

ugsed in the first four experimenis was cbtained commercially
(cestmar Orgenic Chemicamls ljstillation Products industries;
Tochester 5, lew ‘orkJe it wes recrvstullised from ubsolute
sthanols in the lsst exveriment, the diphenviel,4-dithiin wes
obtained in 847 yield as bright vellow plates, mepe 116-117°
(1ite’” meme 115=117°) following protonstion of the intermediate
shenncyl mercentean, mecording to the method given by Lesker and

Harkenbug, ! ©

axcert that nhenmeyl bromide wes used instead of
chenaeyl chloridees In this orepareiion it wes observed that using
bone=charcoal during the recrvstsllisas<ion of the product (as
described in the literature) reduced the vield (reported t¢ be
74%), vrobably by aerial oxidstion of the sulphur compound, and
the mother liguors Lecome much darker in celours Long exposure

te sir snd Iight or suction filtration slse darkened the colour

af the crystalse Ihe phenomenon wrs £lso ocbserved on the

commercial sample.
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Freperetion of Z 4«Uiphenvlthionhene~ Thiz was cbtained

in 86,54 vield from the pyrolvsis cf 2,5-diphenyl=l,é¢~dithiin
sccording te the method of Farham and Traymlil@gg excent thst
ourification of the product wse sccomplished by formetion of the
piorate, separaticn snd subsequent disscciation of the picrate in
bengerne on the short column of sctivated cluminese Hlution with
bengene=1lizht petroleun (beps 5(:-6(‘93(1:%% v/v_j rave colourless

11&

nletes, Hepe 12%~124% (1it. Talle 12205%). 1ts plerate had

sepe 135=134° (11t.21° nep. 138.1-133.6%).

esulpliurisstione= ‘eneral “rocedure. nlees otherwise

stated, the desulphurisation with Ti=7] fsney nickel cotalyst was
pevformed as follows: sulphur-free toluenc wes ceuticusly edded
from o separating fumnel te the dry V=7J Femey nickel catsl yst
in vacucs The solution of eulphur compound in toluene (sulphur-
free} was then run in slowly, followed by more tolusne, snd sir
pdmitted. A treoe of wster wes revoved by ageotrorie distilletlon
with toluene until none could be detscted in the distillate, the
some ameunt of teluenme then being revleced. The mixture was
refluxed under dry, oxvpeneiree nitrcgen zas with the {rep (dry
jee in gibenol} ettached to the top of the reflux sondensers

The cotelyst was collected on tclite and subsequently extracted
with toluene {Sexhlet) overmizhte The liquid collected in the
trap, tie filtrate, snd the exiract, were combined, zmd the

solvent removeds  ractionel distillerticn of ths solvent was



accorplished through & jncketed columm (2 % 60 cme) packed with
glass helicen amd fltted with o verisble toke=off total condensation
heed (reflux ratic cee 1:10)s ihe various frections were sxamined
qualitetively snd guentitatively by zes=liguid pertition
chromatosraphye The residus was shrometogravhed on & solumn of
slurina (Sellelie) in lizht-petroleum {excent where ctherwise
indiceted, bene 52~58° was usedle

‘herever possible (e.ge the reaction Flassk, the
ghromstegravhy column) the ressticn products were protected from
light by black nhotogrszhie pavers

lethanol and ethans) wers purified by distillation over

potassium hydroxide.

Desulphurisetion of 2,4=diphenylthiophen.

(1) #ith 5~7J leney nickel catulyste &,4-liphenylthiophen

(447 ge) in dry sulphur-iree toluene (S50 ce0e) wem refluxed with
Fe7d Feney nickel satelyst (from 126 z. of slloy, degassing neriod
% hre) for & dayse Uorking up as described above gave siarting
materie) (4.7 ge3 56887}, identified by mope, wixed iepe, plorate
{viepe tnd mixed meps), ond by compsricon of ita infrsred spectrum
with thet of the suthentic samples 7o other product exeert hensens
(vield not doternined) could be detected by gus chromstegraphy of

the szolvente.



(2) 1ith 1=7 Reney nickel catalyste the mixture of

2eé=divhenvithionhen (4.7 ge) in sulvhureiree zylene (to make
the totel volume cae Z6C cece) and W=7 Paney miokel catslvet
(from GZe% se of alloy: vreviougly weshed five times with meitharol
and then Pive times with sulnhur-free xviene) wes distilled on a
beeting mantle %o remove treces of water umill the distillate
wes water-fregs love drv xviene was then edded %W the mixture
(%0 make up the original volume} whish was then refluxed for
4 hre The catalyst wes seperated on (elite followed by extraction
with xvlene {Soxhlet) overnipghte. Fractionsl distillstion of the
soebinsd f1ltrete snd extreet pemves

{a} a liguid, bepe 134=138° (61,96 z.)3

{b}) 3zviens, beps 138=139" (cpe 5OC cecel; and

{¢} & veilow residue (555 geje

Exemination of *he fraction (a2} vy seg~liquid chrometogrephy
on & GPte column necked with Celite (60«80 meshy oosted with 107
Gum fubber SE 20) st 86°%, inlet pressure 29.5, outlet oreuvsure
Tel mine, 2nd with nitrogen flow of l.UE 1./hr.. showed the vresence
of = smell erount of benzene nnd tolueno (identification based on
retention time only; vield wot Jdetsrwined)s o other product could
he isoleted by further pas chrowntogrerhy of the fractior using a
Leskiwen legechrom instrusent with nitroren ¢g 8 cerrier ges, an
inlet vreszure of | 1be znd ar suitlet pressure of 2 ibe, the

following retention times were ohserved at detsctor tempereture
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195% tvap 1, toluene (Be5 mine); trap 3, mexylene (16 min.);
trap 5, bengene (2 mine); trap 7, pexyleme (7.6 mine). 7These
were charsctorized by thelr infrared sgmc'i:r&tll?

vraotion (b) was identified ss & sixture of xyleme iscmers
by comparison of its infrared spectrun with that of suthentic
specimerse 7o othsr components could be detscted by pas
chromatorranhy e

“roction (o) wes shrountogreohed on en alurdna columm in
i phtenotroleus (bene 50=60%), tluthon with the same solvent geve:
{1} 2 solourless liguid (1le92 gets (ii) colourless plates, =spe
121-122" {28 g}, niter recrystsllisation from absolute ethuncle

fedistillation of fraction (i) in vacuo three times ieve &
eclouriess liquid of conzisnt refrective index (n%‘{ 1.5627). (lds
wes identified asx 1,3=diphenylbutene (mportadma n%c'! 1.5522)
It infrared zvectrum was found 40 be identioal in every Tespect
with thet reperted ir the literatureetl¥ The ultrsviolet spectrum

showed: A 253 { € 324.882), A 234 { € 219.98).

A min.
Found * ©, Ble8; 1, H.8%3 U, 202 (last)s

Talce for :1883‘83 Uy Tledp Y, E483s M, 21043,

The melting point ef the plates from (41) was not depressed
when adeixed with Z,4-dichenvlthiophens Couperison of the infrared
gpectra, snd the m.pe and nixed mepe of the vicrates, also coniirmed

the idontitye The total yield of the diphenylbutane was 485,81 #nd
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the starting materisl recovered was 53.19%.

Experiment (1)e The mixture of the diphenyl-l,4-dithiin
{840 go) in toluone (400 cece) and We7J Ramey micikel catalyst
(frem 126 go of alloys degessing period st 100°/12 mus, 8 br.)
was refluxed ior B hre The solvent wes removed from the combined
#11¢rates snd extracts by evaporation under mitrogen at 14-18°/

15 mme, and a red=brown residue (8.0 ge) was obtsineds Prectional
distillation of the removed solvent geve & f{raction boilixng Leliow
110:5° (16 cote), and & fraction bolling at 110.68° (gae 600 cetels
Gas=liguid chromatography oi the first fraction showed the presence
of bensene (yield was not caloulated) but mc other product was
detected.

Chiomatography of the red-brown residue (8.0 ge) on a
colwm of alumine (260 ge) gave 3 frections on elutiom with
1ight~petroleuns

(a) @ cclourless liguid ef pleasant smell (0.72 go)s

Qg) soleurlass plates, Mepe 185-124°, after several

recrystallisations from absolute ethanol, {20231 gels

{¢) yellew prisms, Bmepo 126-129" after recrystallisation

from sbsolute ethanol (0.09 ge}e Furiber slution with
bonsene=1ight petrcleun (bupe 60=80°) (1:4, v/v) gave

(@) en intrastadbls brown tar (2.25 ge)e



ledistillation in vscuo of the fraction {8) at 170°
(bath) /0ol mme, zave & colourless liguid (Ue35 ge)e Ansalysis
of the produst susigested the smniricel formais *16ﬁ14' but it
woag not iderntical with nny of the known compounds having this
formilee

Foundr T, 9%.0s5 T, Tele
21651& roquires:t O, 93.23 U, €487,

Its infrared snectrum {carbon tetrachloride) showed bands
at 3077 (C=0), 3080 {arometic U}, 2927 end 2857 (Sﬁz}, four
svenly cpaced posks in the region 1942-1738 (each with splitting
excent at 1739) and & strong bend st 685 (monosubstituted
sromatic), 1600 (bensene), 1443 (?Hz), 1449 {(venzene), 149%
(bengzeno}, 1307 (gis-CH=2H), 1067 (venzene}, 1029 (benzens), 1667
{isolated double bond ?), 961.5 (irans-double bond), £62.1
(unassirned), 922.3 (unmssigned), 98,9 om™ {§ﬁ=iﬁg)g end 90% .8
em~t (fy#pC=CHy)e Tts ultraviolet spectrum showed 2 265,

nhXe
280, 288, 2873 with shoulders at 268 and 272 mus A e 2433
( ¢ , not determined).

e product on stending in an unsealed conteiner under
ordinary deylight, slowly crysitzllised teo zive colourlese needles, .
Hele 50-91% (5,0 %fele The mother liquer, sfter & month, had turned
yellow. Ixsmination of the vellow liguid by infrered spectroscopy,
showed bands almost identical with the oririnal liquid 216314 axcept

that bends et 350% (CE), 1721 (CO), 1688 (0 of aryl ecid), snd
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8146 em {origin uncertein) were cbserved in addition. The
rhucrption at O stretching vivtrations wes charscteristic of a
carboxvilc seid (e broad sbsorntion peak).

teerystallisation of the needles irom light-vetroleum
(bepe 50=60°) reised the weltinz point &s $6%. ke ultraviolet
spectrum of this comnound showed pesks almost identicsl with those
cof the liquid product except for shoulderz at 228 end 236 mu, which
did not anpear in the spectrum of the liguide Hoth liquid snd
solid oroducts pave an intense vellow colour with tetrsnitromethons,
moviding more evidence for the presence sf o nonearomstic double
tonde An alternstive nossible, 1,3~diphenvievelobutens is still
unknownes The small amount of the gelid nreduct did not nermit sny
further rurificetion. Its =slecvler weight, deternined by the
fagt mathod, was 148 {celee for Cigiy,, 206.3)

Fraotion (E) wog identified as S ,4-divhenvlthionhen iy Mele,
wixed Hele, by comparison of its infrared spectrum with thet of the
suthentic snecimen, wnd Ly picrats formailon, neD. snd Bixed febe
135-124° (114126 nop. 133.1-122.6%),

Founds U, Gleds E, BeBs S5, 13e443 ¥, 21C (Restl.
Celeo for Uygiiyna8s 0, 8leB; I, Bolp &, 136873 ¥, 23643

The infrared spectrum of {rection (¢) wes found 4o be
sunerimposatle with thet of the aamlexm {BeDe 128-126") obizined
by the recrvatellisetion of en sqguimeleculsr mixture of £;8-dishenyle

1,4=dithiin (mepe 117=116%) snd 2,4=diphenyithiophen (mepe 122-123°)
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from ethyl acetates The product slso caused no depression in
melting point when nixed with the commlex.

‘raction (d) was not investigated. The totel vield of
the hydrocarbon Cigfyq wes 1170, and of Z,4=-diphenylthionhsn wes

E1e86a

ixperiment (2). The mixture of 2,6=diphenyl~l,i~dithiin
(12 ge), toluens (6UU ceCel) snd /=7J Foney nickel catelyst (fram
125 ge of slloy, degassing neriod ¢ hr.) was refluxed for 4 dsyse
4{ter sepersation snd subseguent extraciion of the catalyst us
described above, the combined [iltrates and sxtracts was subjected
to careful fractional distillation (reflux ratio 131&é) under
nitrogen atumesphere and the fractions collected were exemined
by zeg=liguid chromatographye Lo other products were detected
gxcept benzens (1172 ge, caleulsted from sress under peaks).
fhe dark brown residue (8.8 ge) was chromatographed in light-
petroieum on deactivated slumine (18" ge/s From the lightepetroleum
eluste, the following were obteined:

(2) e colourless wexy selid (Ue20 gel, mepe 59=6(° after
recryotallisations frow absoluis cthenoly the mixed Lepe with
the semple of “polywethylene™ was not depressed and their infrared
gppctrs were identicsls

(b} e colourlees liguid (le4) ge/; and

{g) 2,5~dipienylthiophen {Ze47 ge), characterized ss before.
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! tarry residue (2.45 g.) wss sluted with benszene~light
petroleusn (bepe 50=60°) (1123 v/v}, but this could not ke
identified.

the 1iguid product (b} boiled at 173° (bath)/0.7 mm. and
possessed the seme cheracteristic srell ns Limd been observed in
the Tirst experimente The infrered and ultraviolet spectra wers
hoth Tound to be identical in every regpect with those 2f ihe
liquid ‘yg¥yq cbtained nrevicuslye The amalveses were slse in
reagoneble agreement.

Founds O, $3e.03 H, Te18
¥3.13 549%s ¥, 177 {Eastl).
“167q4 Tequires: C, §3.2;5 [, Ba8iz 1, 206.8.

pon standing the product slowly zolidified to give colourless
flat needles, %meve 5283° (7 uwge), not devressed when admized with
the golid kvdrocarbon from the above cxveriment, snd their ultree
violet spectrs were identicals The compound was readily soluble
in licht=retroleum (beps 30=45°}, chloraform, end carbon tstrschlorids
and very difficult to erystallise (small scelele Investicetion of
the infrared spectrum indicated thet this soliid product wes net the
sane compound as the originsl liquid {(see Fig. 22 snd 23). The
following ahsorption bands were observed: 3030 (aromatic Geiil,
2067 (UeH), 1842-173%8 (four evenly spzced peaks, typical natterus
of monosubstituted sromeilc), 1602 (beuzene), 1493 {vonsene),

144¢ (benzene}, 1441 £CE2)9 1804 (upessigned;, 1198 {unassirned),
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1067 (bensene), 1024 (benszene), 961.5 {tronseethylenic doubls
bond), Sii.t (CE=CHy) end a strong band at 695 ot {mona
substituted benzene ring..

The Telters Bpeotrum (U0L, )} of the iiguid compound showed

4

peaks (sinziet) =t T 7,13 (mothvlene protomsls singlet at

T 5.50 {olefinic protons); snd & cosplex rezion at T Z.8%

(olefinic + srometic)e The aress ucnder the peaks were not

determined. geks dus to impurities were also cheerved ot

TBobdby 1%1a08=108408, and 8t 2244 2=284e54 Bepetie respsctilively.
The toiel vield of the liguid Gygiiyy was ZGeldn and of

Zgd=diphenylthicphen was 2587

ILpoxidetion ef the liquid 12163114 by monoperphthalic acid.

lonmopervhthalic noid wes prepared by trestment of phthalie mnhydride
with strongly alkeline hvdrogen peroxide zt «30* secording i the

120

method described by Bhmes Titrations of the sold (b n.ce’ in

excess rotessium iodide solution with stsndard sodium thiosulvhate

roid wes ©,21%€ ¥, the volume resd, ssch time, wes the sversge of
et least three titretions. The stendard solution of sodinm thio«
sulphnte was ohtained by disselving sodium thlosulphste (B.l s,
596460 mpa) in esrbon dioxide=~iree distilled water {the volume
eade up 0 500 cete/e Ihie was sterndardised with sn acidified
solution (diluted sulphuric scid) of jiodide=free potassium iodate

.

{Ue6 Hep 20 ceCe/ in 2an excese of potessium iodide, using storeh
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indicatore The volume reguired for the solution of sodium
thiosulphate (3095 Cece) showed that its soncentiration was
0e03251 e

The liquid Uygly, (2341 mge) was dissolved in cold dry
other (16 sece) at =1C°. in excess of wonopervhthalic acid
{3 Gettap 0.UUDBE zeege) previcusly socled to =10° was sdded to
the sthereal solution. The mixture wes 2llowed to stexd in &
refvipgarator, for five dava end +then made up %o 26 gece with cold
sthere /u aliguot (1/8) wee trested with potessiun iodide solution
{201, Z cece) =nd 2llowed %o stamnd for 10 uine After acidification
with dil. 2{2%04 ecid, the liberatsod iodine was titrated with & sedium
thiosulphate sclution {second proparation (.035249 #e, 4 fecale
Thie ecoounts for U.UC0BE ze.eqe 4l the acide

slank titrations of the wonoperphthalic meid soluticn
{3 % 6 CoGo) were run simltanecusly with ithe standard solution
of sodium thiosulphate (Ue03245 Yele The average volume of the
tidosulphote solution required (326 cecs) revealed ithat the
concentration ef the mcid wes V2131 Ve

ihe ethereal solution of the mixture ¢f the monoperphthalic

acid emd the liguid © wag, terefovrs, left at room temperature

614
for & further 12 hre, end for {0 bre. Ixewination of allguots efter
esch time by the same procedurs as described sbove showed that ne

cxidation of the liguid Ujgfiys had taken places
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Experiment (3/. The mixture of Z,5=diphenvlel,4=dithiin
{1¢ ze), toluene (500 Cece), #nd #=7J lmney nickel cetalyst {from
126 ge of slloy, degessing peried at 100°/18 mn., 4 nr.) wes
refluxed for 75 hre The catelyst wes filisred off and subsecuently
extracted cs woniioned previcusive Frectionel distiliestion of the
corbined flltratss ond extrscis geve s Ifraction boiling helow 1a?
{3676 go) snd enother fraction boiling at 110° (g8e 300C pol;
these were axemined by pese~liguld chromstosraphye the first fraction
showed the presence of benzene (E.l e, retention iime 1.76 min.)
and toluene (retention time 2.9 mdn.}, but the second Ireotion
showed ths presence of toluene onlye ithe dark brown residue [Eef ze)
was chromatogrevhed on & column of activated alumina (180 go) im
lightepetroleun (bepo 53=£6°), Ilution with the ssme solvent zaves

(8/ e colourless waxy solid mops 58-50° nlter recrvstallisation
from sthanol, (Us64 ge) which wes identical with the "solymethylene”
previously mentioned;

(&) & colourless liquid {7486 ge); ond

(e} 2,4=dirhenylithiophen as colourless plotes (1.94 ge)
identifiecd as tefore.

Frection (b) wes redistilled in vacuo % give a colouriess
Jguid, bepe 1407 (bath)/Uel stie, {UeZ8 ge)e The infrared spectrum
of the liquid (film) showed bends (s = zéreng, w - medium, w - weak)

at 303C, m., (aromstic CeH}; 2976, m., and 2882, s., ('ﬁs}; 2817,
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me, (unassignediy four evenly spaced peaks between 1940=1730
(s2bsorstion petterns typical of monosubstituted sromstic), 1681,
we, {unmssipned); 1686, w., {dcuble hond); 15985 {benzene);
1486 (benzene), 1445 {benseme), 1372 (trisubstituted ethvlenc);
1265 (unessigned, 1186 {(unassigned); 1054 (benzena); 1024 {(benzene);
96644, me, (unsssirned), 924.1, 1., (unassigned), 90%.1 (double
bond)s 82344, we, (trisubstituted sthylene): and strongz bands ot
J‘Q.S?::J:d T769.2 cm':& {monosubstituted bensens). 7This wes not
identioal with that of the liquid produei G1eliyq obtained in the
previous expsriment. ‘ddition of tetranitromethene to ithe
compound geave an intense yellow colour as e confirmatory test
for the prssence of unseturstion.
Found:s C, 928837 I, Tede

G161y requires: ©, 92.33 F, 7T/

The %oinl yield eof the liguid Cygls wes 84617, and of 2,4«

diphenylthiophen was 22.02.

“derohyirogenstion of the liquid Uyglyae the licuid “1856

{2447 upe) wes introduced into ithe suspension of pallsdiumechercoal
cetalyet (4e0mge) in othanol (9 cece) wiioh hed been initially
saturated with hydrogen et recm temperature snd preseure (17°,

781 imie)e The system wee shaken for 331 hre lhe hvdrogen was
rapidly teken up in the first 18 sine {2476 cece, £6,87% of the

theoretical smount For one double bond} =fter whick no wore hydrogen
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was chsorbeds The oaizlyet was collected and weshed with hot
ethanol {2 x 10 cece/e The filtrate wes evaporated to & seall
volume and carbon tetrschloride (spectroszcopicelly purs, ce.

40 cece) zddede Treoes of water snd athencl were then removed

by ezectropic distilletion with carbon tetrachloride, snd the
ronidue concentrated {to ga. 1 Gecelo Ixaminstion of the infrered
spectrun of the product showed that it wes identicnl with that of

1,3=diphenylbutane in every respecta

Yeriodete = permanganate oxidation of the liquid {;1&}116'

This was zdapted Irom the precedure desoribed by iemieux ond
é’mdloff.% A1l chemienl reagents used were of ‘neler grede (B.U.ie)s
Solvents were further purified by stnnderd methods. Evasporation
of solvenis was rccomplished using & stresm of nitrogen.

ihe 1iquid ygF1o (96408E sge, Cof m¥) in dioxer: (100 ceca)
wes added to o mixture of sodium meta veriodate (834.21 ug., 3e8 wil)
end an aqueous solution of votassium permancenate (1 cece, Usl ¥)
then allowed 40 stond et room terperature for 2 daves The resction
wes stopped by adding with cocling - solution of suvinhuric esiid
(1C cete, 107) and enough sodiunm bisulphite o reduce mll periodats,
todate end lodine, io iodides The remction rixture, nfter sddition
of throe times 1te veolume of distillied woter, was sxtrsctad,
comtinuouszly with ether Tor 3 devee The esthereal extrret wes

enrefully evaporated to a smel)l voluss, then washed thorouzhly
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with a ssturated solution of sodlum bicarbonnrte (3 x 25 cesele
The combined weshings, efter acidificatien (10 hydrevchloric acid),
weg agein extraeted continuously with ether for Z days. Uoth seid
and neutral frections were worked up ss usual to zive respeciivelys

{a) e blrck residue {1183 mge); and

(b) & yellow wex (146.& mpele

the residuc {8) wes spotted on paper {ihatman %c. 1) and
developed by descent using the nebuisnolesmmonia (1€ #, (111, v/v}
as solvent. Sprayving with universsl indicator showed a spat at &,
Te%6 uorrespomding to phenylecetic seid {run on the same
chromatogren}e Further peper chroreisgrophy of the residue in
n=butancleemuonium carbonste buffer, using methyl red as indicator,
algo gave & spot (Rp = 0.41) corresponding e phenylscetic soide

The gd4=dinitrcphenylhyirasone {from 100 Bge of Irection
(b)) in chloroform (25 cece) was vun onte the teu of & column of
bentonite (Hel.le, 14 ge/ and kleselruhr (scld-mashed, E.0.le,
& ;i;o}. prepared rccording to the procedure of tlvidge snd ‘hallﬁ}"o}ZI
is the chromstogrsm leveloped, &n srunge-vellow Lend asneered, nnd
unchenged reagent remeined firmly adsorbed om the top of the soluine
Be fursher bends wers observed on further slution with eihenol~
chloroferm (250 cece; 1118, v/v!e 1wo fragtions were collectsd ce
follows:

(1) orenge solid, mape 284=256° (60,6 mge)s ond

{11) orange solid, mepe 226-237° (772 mpel.
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The mixed meps ©f both frections showed no depression.
Thie compound was identified e the Z,i-~dindtrophenylhydrazone
=22 sestophencne by wired Weve amd idenitity of their infrered spectrs

with that 2f en suthentic specimen.

xperinsnt {4) The mixture of 2 B-diphenylel,é-dithiin (11 g),
toluens (880 cege) omd Heid “emayv nickel catelyst (from 128 g. of mileyl,
degaseing veriod 74 hours) wes refluxed for 3 days. t“orking up as
above gaves

{a) bvensene (S41 gehy

(b} “polymathylene” {Uoib zeis

(¢} = colouriess licuid (1409 peiz snd

(4) 2,4<diphenylthiophen na eslourless vlates (253 zele

£11 known products wers detsoted, {(p)s or ieoleted, (b} smd
{(d)s es previcusly desoribeds i colourlesr lieuid, (g), boiled ot
20af1%/0402 e The infraved end ultreviolet spectre of the liguid
were fourd 45 be identies]l im 21l reevectz with those of the liguid .
‘*'fze"*‘u' sttaingd in the first two exvsriments.

Found: U, 883 1, Tels
Cygliyy TOQuires: G, 9%e2s T, Beltlie

The iiguid wes examined by zes~ligunid chirommtegrsphy on a
6 ©'te columm paocked with Celite (62-80 wesh; ocosted with 16%

/piegen L} at 240%, inlet preesurs 87, outlet pressure 3.6 me.,
and with nitrogen flow of 1ol lofiive Thres different pesks at the

retontion Limes oOf Ged, llel, and 18408 mine respectively were observedes



/ttempted microhy:rogenation ef the liquid Cygti1ee  Four

different kinde of catolyet were used iz effect hydrosenmition of
the llgquid "”'16&14' ‘nless othereise stnted, the hycrozensiions
were carried out in & iowers wicrohydrogenator at stmospheric
tompereture snd pregsure in sthonol {(velume of mixture mede up

%0 10 ceCe/ while the [lssks were beinz shaken at 16 = %8
vibraticons per wine The system was degassed and filled with
hydropen & times, end the cetalyst wee saturated with hydrogzen

(3 mine), then equilibrated hefore the subatrata was introduced.
ifter completion of = run, the satalyst was collected and washed
thoreughly with the seme solvent (hot)e The combined filtrets

arnd washinrs were evensrated on @ boiling water beth and carbon
totrachloride (cae 50 ce0s) added to the residues Ireces of woeler
and ethzncl (nr acetic seld! were removed by ezeotronic distillation
with cerbon tetrachloride until the rosidus wes concentrated 4o oBe
] Zedes then taken ur for infrerved spectroscopic sxeminmtion. All
diztillations were cerried cut under nitrogen, but even so, nost
of the residues obteined wers yvellow.

The infrared spectrum of the residue, obitmined from
exporizent Yo, 1 {(mee 7able 5) wes found v be superimposzble
with that of the starting ceteriel, This confirmed thet, uaing
platinmaecharcosl as cetalvst, ne hydrezenntion hed ovcurred. The
infroved syectrum of the residus of experdisent Yo. 2 showed neaks

2t 2886, g., (C=f); 2818, m., (unessipned); 1738, w., (£=0)s
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1698, me, (0=0)3 1449, e, .f;-a.:lzz-«); 1370, We, afu_-:..::';is'}. 1312, we,
{uneseiemed)s 1282, mo, (elkyl ketone F!; 1020 and S34.6, vere,
(cvelohexsne); and 711,82 om™t (uneseirned). ike residuc from
experiment fo., 4 abgorbed at 3007, slh., (unessicned), B30IC, @,
{aromstic (Hl; £524, VeSe, nnd 2548, 5., i-*«'i’sz-); 1934, v, and
gnlity, 1706, wae, 1786, we, 1788, Me, snd 1706, me end split, and

g sirong band at 689,3 (absorption patierne typical of monosubstituted
sromaticls 1606, m., (benszens); 1493, 1., (benzene)p 1456, sh.,
i=CHgw)s 1449 (venzene)s 1370, wo, (unassigned); 1268, n.,
{unmssignedj; two broad peake et 1i8% nnd 1028, each with split,
(henzene); 90%3.0, Ve, i-!?iﬂza-- in cyclebutane 7 )91 and & broad peak

at 816.5 en~} (unassigned)e

Attempted preparation of the csmic ester of the liquid a’:-miiuo

“hloroform wea purified by stirring with concemiroiesl sulphuric scid
in o gemersting furnel for 20 zin. {twice) followed by wesbing with
distilied water, a dilute solution of sodium hvdroxide snd then with
several chenpes of distilled weters, The dried chloroform (anhydrous)
celoium chloride) wes distilled throughs jscketsd column (ag desoribed
on pege 172, reflux ratic 1B:l) end the distillste (fraction be.pe
1’-53,»6?:;”3, stored im a filled brown hottle) was used for the

preparation of the etandard solution end the rescotlon mixture

within 24 hre ‘yridine wes purified by refluxing with potassium

permansentte for 6 hr, followed by dlstiliation over potegsium
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TABLE 6

idorehydrogenation of the ligquid ﬁmism from the fourth experiment.

l

tte of the substrats|Catalyst|iite of the catalyst Solvent lemp, and FPress. Time Vole of hydrogon! Jole, theoretically

e '
(=gel} {age! ; (%c, mma.) (hre)| sbsorbed {o.cs) abtserbed, of hydrogen
|1 debe 2 debe
;
) 11.0 re/fe 548 Pthanol |  16°/766 8/, - 1427 2454
2 268.8 PO, 170 Acetie 18°%/750 85 26.35° 3436 8,76
acid?®
8° 1040 PR0,/7% - ieetie o® /180 o 84141 1,087 20176
aoid g
4 19465 ra/c Se2 Kthanol 16° /764 1% 1.6 2.24 Y

Y

Glacinl soetio seid (Belela., ‘malar) wes further surified by refluxing over ferrous sulphste
oryutals for 2 hre sud then redistillede

iftmr gme 6 sete of hyirogen was consumed eech tixm, shaking of' the flssks wes stopped; more
hydrogen Tron the ¢rlinder was added snd the systes resdjusted #s quicklr 88 possible, Fesotiong
were contired unill 2o were hydrogen wes sbsorba:d.

This wea serfommi by the dustrelien iiorcanaliytical cervice, o +lsKei o, iglbourne.
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hviroxide pelletss ‘ure benzene was obtained commercislly
(Fluke) =nd was Turther redistilled and sodium~drieds

/ standard solution was prepered by diseolving csmium
tetroxide (Belele, 1 ge ampule) in pure bensene &t 23° (voluss
raking up t0 2F cece/s The solutiopn wes kept in a well~ztoppered
dark brown bottle wrapped with phetogranhic papere

{he hydrocarbon=osmium tetrexide~prridine complex (from
o4 mze of the liquid ‘“""'16&‘14.’ 2167 mye oF pyridine, 1880 cece
%f he standard solution) wes prepsred according o the procedure
degorived by Look and Gohoentslel2% e mixture beceme red-hromn
in golour in gee 1 mine and aslowly deposited & jelly-iike masse
if%er stending for & further 1 hre ot roum temperature the clear
solution deposited nc more rreciritates. Uowever the resction
mixture, on standing overnmight in the derk, reverted w =&
suspension, from which the precipitate could not be seunrated by
filtretion. 7The osmic ester complex was sollected by centrifugniion
und ihe nlser sclution was decsninde The centrifugete wes ndded
with pure bensens (5 x 3 c.cs) followed by stirring, centrifuging
and decenting respectivelve The brownwgrey rprecinitate wes dried
in & vaowamm over phosphorus pentoxide for & hre and amounied to
1005 mre {(98a7T27)e /ittempts to reerystzllise the complex from
bensene, chiorcformepyridine (1. :1, v/v) e=nd light-petroleum

(bepe 7/=E6°) were unsuceessful.
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Founds G, 49487 I Sede
Cyefyq#2080gedPye roquiress G, 41.9; Y, 3oS.
CyeflzqnOn0 e2Pye roquires: G, 50835 F, 5.9

( *mmuanzwmummmarmmu
the sbeorption tube)e

Stilbene was obtained commericelly (Flukm) smd further
purified by reerystallisation from ethamoic The plates mepe 124~
wers uvseds The seivents and resgents were slse purified as
deaoribed abovee

A golutden of the purified hydn on (20 sge) in bonsens

(Cof coce) was treated with the standard solution of osmdium

tetroxide in benszene (o705 eetes 1 ge/25 0ece conmcentrstion) snd
pyridine (17.6564 ge) at reem temperature. The red-brown micro=
erystalline complex appeared suldenly. After further otanding for
4 hre. the decanted clear selution deposited no more presipitate.
The orystals (84.8 mge, 95.88%) were coliected by comtrifugation
and purified as aboves Ittempts o recrystallise the complex by
disselving in ehleroform-pyridine {z8:1, v/¥) followed by
concentratien on a hot plate, and addition of lightepetrolewm
(bope 50-66°), were unsuccessfule
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Foumd: C, 62.73" 1, 4e8s
Gp BReBs™ 5, deBe
f;:nan.{:ﬁs@‘@:ﬁim reguirest G, 48a0; kg Heile
{* mwellable value due to the interfercnce of camium oxide in the
shaorption wibe)e
in this experiment, the total yield of the liquid Cygly,
was 124081, smd of Z,é~diphenylithiophen was 28.1il%e

Experimeut {(5)s The 2,5«diphenyl-1,4=dithiin (80 go) in
toluene (3 lo) was introduced into the We7J Femey nickel catelyst
(prepered from 625 go of alloy, degnssing time 16 ir.; aud the mixture
rofiuxed for 4 days. Vorking up &s previously desoribed gave:

(a) vensoms (yiel? mot dotarvined) idemtified by ges-liguid
chroza tograply (bazsd on retentden iims enldyls

(b) “polymsthyisne” (1.3¥ go), identiffed as sboves

(2} = vellowish liquid (4485 gels

{¢) 2,4~diphenylthiophen as colourless plates, meps 122-
125° (10418 go), identified as sbove; amd

(g) = considerable emount of tarry residee (met eluted from
the chromatography column)e

The colourless liquid of (g); {4« ge) which gave a negative
test for sulphurs ofter one distillation to remove a coloured sclid
residus, it was subjected to & legachrom separatieom using helium as
carrior gas, an iniet pressure of £ Ib. and an outlet pressure of
2 Ibe The following predusts were cbtained at 240° (ylelds amd
retention times in pavemtheses): trep 1, a trace of & oolouriess
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liquid {6 mge, 1€ min./; trap &, & colourless liquid with a trsce
of vellow impurity (476.8 mge, 2046 minej3 trap &, colourless Ilat
needles (476.9 nige, 52415 mine), mepe G1=62” niter recryetellisstion
from light-petroleun (Levs Ef-éém}: trap 7, & yellowish liguid
{3712 e, #0eh minele /11 the liguid products were further
purificd by moleocular distillation (three times)/ ¢nd colourless
liquids were obinined in every sasce

The infrared spsotrum of the ilguid from trap 1 {(film)
showed bends sts 3077 (unassigned), 3030 (eromstiec C-E), 2841 (C-Hj,
2667 {C=E)}, 4 pesks between 1931=1739 and strong bands st TZ7.4 and
696 .5 (mbsgorption petterns typical of monosubstituted aromstic!,
1600 {bengens), 1490 (benzens); 1447 (benzene), 1078 (benzeme/, 1026
{banxenn}, T4E o2 (unnssign@&B. and 786 .8 ewfl {C=C t)eo Mo further
information could be drewn from this spectrum (zll bands were relatively
week), and mo further investigstion was ettempted.

The infrared spectrum of the liguid from trap 3 (film)
showed bands at: 3040, s, (<;1-1==:::z=;2}; 5012, 5es (splitting of
the former bend); 2899, we, (U~il); 2883, sh., (unassigned), four
svenly sproed peaks, sach with & splitting, beiween 1948-1751 and
bands at 7518, Vebo, tnd 60843, Vese, (momosutstituted sremetics)s
1686, we, (C=C 7); 1600, me, (bensene); 1575, we, (bensens/;
149%, 5., (vensene!; 1445, z., (benzens); 1408, me, &RIGE==GH32}:
1325, ws, (gig- CH=CH 7); 1181, m., (unnseigned): 1153, w.,

(unsssipgned)s 1073, 8., (monosubstituted arometic/; 1029, &,
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(monosubstituted aromatic); &9%0.1, We, (unassigned); 58U.4, we,
(unmsoigned)s 63«6, we, (unassigned); 923+, B+, (unassigned);
86241, Me, (unassigned) and bands Bt 843el, we, 8062, me, T8UT,
Ney T2Tel om™} (a1l unsssignede ke licuid, sfter sisnding at
room temperature under nitrogen and in the sisence of light for 1
week, was found to give the seme infrared spectrume Iihe ultraviolet
spectrum showed & broad sbsorpilon vuxve with A ., 244

(€ 8376.28), A, 228 ( € 17435,77) end 276 mu (€ 9207.87)¢
The uelecular weight (cales for Cygliyg, 206,27) wes 17%, determined
by the lest method. The liquid was exposed %o ordinsry daylight
for 3 deys, and partielly crystallised to give colourless uneedles
(860 mgels Wepe 123-124° after recrystallisstion from curbonm
tetrachlorides 7The ultraviolet spectrum of the needles in ethanol,
after heving been left for several days, showed Am.x. { € not
determsined) 229.17; 290,606, 309417, with a shoulder at 236.83,

320 snd £43¢3 mMe Both the liquid and solid product geve

2\
minte
an intense vellow colour with tetranitromethane.

TABLE 7
Proton megnetic resona spec of the ligquid (trap 3

Shift T Appearence Proton count Assignment

e/8  DeDeme

39286 %e48 singlet 2 olefinic
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417,86 S04

AN 2498
corplex 12 clefinic + aromatic

*

427.68 2.87

425.94 277

liquid (17.47 mge) wes hydrogensted in & Towers microhydrorenator,
using pallediumechercosl cetslvat (bef mge) in ethanol {10 zece)
sund the product wes worked us as desceribed previcuslye Ihe
hkydrogen was repidly taken up in the first hour (186 cece at 23°,
765 mre, 102.94% of the thsoreticsl swount for 1 dounle hond) efter
which n¢ sbsorptior was observed for 1i hr. The infrared spectrum
of the hvdrozenetion product {(eomrbon tetrachloride) showed bands
st SUBB, me, {unessicned)s &80, e, (aromstioc C=iij; 2924, Se,
G;ia-ig 2857, ree %u&z-); four evenly speced peeks, each with
splitting, between 1916-1706 and bhend st 658.5, 8., with =
shoulder at 7184 {(ntsorntion peiterns tvnicel of monosubsiituted
srometic); 1695, s., (benzene); 1488, 5., {(benzene); 1443, &.,
(venzene); 1060, wme, (monosubstituted erometic); 1029, me,
{monosubatituted sromatic); 904.6, we, (unazsipgnedi,

ihe infrared spectrum of the necdles from trap 5 {cerbon
tetrachloride) showed bhande st 8740, 5., (=CH=(E='s 32030, 8e,

(aromntic Ceiij; 289%, Be, (Ieli); 2832, m., (unsssigned); four
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evenly spaced peaks, each with splitting, hetween 1938-1742 and
strong peaks at 1088, 1026, 698 respectivsiy (monosubstituted
aromatic)s 1664, m., {termimal double bend %); 16CS, 1493, 1441
all strong ponks (benzene); 130G, 7., ﬁkl?isz?:mg)z ilv2, 1182,
1006 =11 weak bends (monosubstituted erometis); 1164, 1268, 1233
811 weik bands (wnmssigned); and a strong peak at 918.8 su™}
togother with a weak peak at 988.3 ou™* ( = C=CH,Je The ultraviolet
spectrum of the compound showed A__ (¢ in parentheses) at 212
(21120.42), 215 (22074.53), 221 (20122.88), £64-266 (28153.85), 2796
(853528.79), 288 {(24186.21), 296,56 (30367.89) with shoulder at 272
274 (25687.37) and X min, 30 242 mU (8760.421e ‘ddition of

totrani tromethane to the nesedles gave an intense yeliow colour.

The colourless needles graduslly turmed paie pink om standing at
room tompersture fcr 1 weeke The molecular weight (cale. for
Cogligge 206427) was 166, determined by the imst method.

434413 2,788

436,90 Z.72
440,569 2.66
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442443  2.83
44520 2.57 ) complex > olefinic + arcmatie
447,97 2.68
45166 2447
466,35 2.41 /
* main peak

drap 5+ A solution of the solid (104 mge) in benmeme (0.6 cecs)

#nd freshly subiimed maleic anhydride (5.0 mze) was reflvmed for

i2 hre The solvent was removed under reduced pressure snd the
starting mberiel recovered (s.pe and mixed %epe)c PFurther attempts
the prepare the mmledis anhydride adduct of this compound, using
zylone we solvent, end without solvent (same scele) were unsuccessful.

(1844 mge) in othanol {10 ce0e) was hydrogeneted in the presence

of palladium chareoal catelyst (640 mge), using a Towers miore-
hydrogenator, and the product worked up, as deseribed above. The
compound took up hydrogen rapidly in the first 10 min. (515 cece,
st 28°, 765 mmos 119.21% of the theoretical ssount required for

2 double bonds). Sinmge the gusntity aveilable of the purified
solid product was oo small, further investigstion on hydrogemation
oould mot be attemptede IThe infrared spectrum of the hydrogenation
product, however, was identical in every respecti with that of the

hydrogenation produst of the liguid from the trap 3.



The infrared svectrum (film) of the liquid from the trap 7

showed bunds eat: 3748, g., (C=C 1) 3

Al

080, Be, (srometic CeMly
2924, 5e, £nd ZBLET, e, {-<.i!’32-33 four evenly spsced reeks betwesn
1928«1724, ench with splittine (absorpiion cetterns typiosl of
monosubstituted sromatic); 1645, m., {double bond); 1690, s.,
{(benzenej; 1680, she, (double=hond conjugetion with eromatic ring);
143, 4., (benszene); 1447, s., (benzene; 1428, e, { _ 0 =CE=)j
1314, we, (unsssigned); 1236, we, {unmsesigned); tihree pesks
between 1235=1176, we; (unmssigned}; 1151, w., (monoaubstituted
sromaticl; 1070, me, (monosubstitubted srometiec); 1029, s.,
(bensene); 96346, 5., {(irang-double bond 1); &BE, we, (By R, C =
-:m—-:s}; $10el, Wes (unssaignedi; and 7154, se, together with
69444 cm™1, e, (monosubstituted eromoticle The uitraviolet
spectrum of the frection showed & brosd cbsorptien peek with

A pexdTW{ € in perentheses) at 263 (1085¢.0€) and shoulders st
26% (7692451}, 270 (4538,44), 283 (1967.0); with a nesk at 293
(1867.87} and A, dn, 2F €26 {4726.12)¢ the molecular weight
{calce for C16514 206,27) wns 150, determined by the “ost methods
sddition of tetranitromethene to the liquid zeve sn intense yellow
solours The liquid was allowed tn stend under nitrogen in the
sbhsence of light for ons week znd was found to be unchanged
{(infrered sruetrum)s but on exposure W ordimary devliight for

12 Lre the liquid pertially crystallised to pive colouriess

needles. The erystels (Bs0 mz./ were collectsd snd weshed with
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lizht petroleum (redistilled, Defe 30-45°)s The drv needles,

epe 123-124%, did not denress when mixed with the nsedles obtained
from the liguid of trep 3. fheir ultrsviclet specire were f{dentical,
The needies sublimed at llC-lch/E e 40 zive colourless pletes,
teme 162.5#162°%, 'ikie was identified s trans,trans-l,d-diphenylbuta-
lp%~diene by welting point, mixed melting voiut, and by conparison
of itz ultreviolet spectyurm with that of en suthentic specimen.

ihe infrared spectrum of the ngedles {EiaDe 128-124°) wes slnmcst

the same &8s that of 3gggg,g£3§£yl,%-diphenglhutal,s-dione, sxcent

in the 11=12 u region. The compound ¢ave a strong sbsorpiion band
at G625 und medium absorption at 987.4 together with & weak
absorption at $06.2 whereas the ruthentic trems,trese-l,4-
diphenyliuiss],d=diene zave s strong band at 890 ,1 with » shoulder

at U980 snd 8 week sbsorotion band at €102 o™ respectivelye The
needles {Ce39 mize) were dissolved in 87! ethanol (tc make up

E0 pete) znd allowed to stand in sunlight for € hr. The ultraviolet
spectrum of the solution showed bande et ( € in parentheses )

A paxe 229 (8504.08), 267 (4701.02), 281 (7401.,02) and a shoulder

at 262 ( € not deterrined),with & A . = 8t 244 BA {3142.81).

The some sclution after allowing to stand in diffuse davlight for

1 week exhibited ebsorption bends st A = 220 (8085.1), 287
{11409421}, %08 (10247.16) with shoulders st 235 ( € not detarmined),

290 (10611426}, 520 {6152,58) end 3 A _, 244 wu (4621.78/. On

bl

lesving in the sbsence of light for 1. monthe, the ultraviolet
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gpectrum (of the original needles! wns essentially unchanged

(X Ly, 228e%, 296.8, 309.2, with zhoulders =t 236.2, 280,
% - ' 23
320 end A 40 24%.% mu/, end its melting point (123-124")

revained constante

Licrohydrogenation of the liguid from trep 7. Yhe ligquid

(9417 mze) wes hyvdrorensted snd the nroduct worked up 2s previously
described, using palledium charcosl catelvet (E.35 mge) and

gthanol (9 cece/ ms solvente The hydrogen wes teken up steadily
in the first 335 mine (Co%9 c.ce/ then slowly for a further 16 mine
(0 o807 Catep 2t 23457, T6E rmie) after which no absorption was
obgerved for 2 hre This wes $8.98: of the theoreticsl amount
required for 1 double bonde The infrered specirum of the product
(vellowish) in carbon tetrachloride si:omed bands =t 3045, m.,
(unassicned); S80%0, me, (aromatic C=il)z 2624, 5., ond 2849, se,
(ukg}; four reaks Letween 1942-1757 (shserption p:ttern tyriosl

of monosubstituted sromatic) ths lest of which was a little
stronger than ususl st the region 1727 (combined with (0} end
splity 1607, m., (benzene); 1493, ve, {bensens); 1449, s., {benzene/;
1574, we, (unassigned); 1261, se., (umessigosd); broed pesks =at
1086 and 1030 {monosubstituted aromsticly §08.1, we, {(substituied
evelotntene); 086%7.3, we, (unmssizned); S14.8, w., (unsssipgned)s

71944 snd 7004, Se, (monosubsiituted nromstice



1l,é-diphenylbuta=1,5~diens. The diphenyibutadiens (17.49 nge) was
hydrogenated, using pslladiumecharcoal catalyst (6<Z mge) in ethanol

{10 tede); and the product worked up in the geme manner ss
previouslymentionsd. The compound took up hydrogen smoothly during

the £iret 10 mize (3e71 0ece 8t Z5.6°, 765 mu.) Ghen slowly for a
further 30 mine (Ce35 sece) after which no more hydrogen was sbsorbed
{15 hre chzervation)s Ihis was 99,275 of the theoretieal azvunmt
required for the hydrogenation of two double bonds. The infrared
spectrum of the product (colourless; in carbon tetrachloride wes
identical in every respect with the reported for 1,4-diphenylbuters. s®

in this experimsnt, ths total yleld of the liquid compound

was 10.52% (besed on the. formuls C, 5. . oaly), and of 2,4~

dipherylthiophen wes 19.23%s

Shifs T Splitting Appearance Proton Jlssignment
CePefe PeDellis GoPele Count
90,3388 8,49 N
o8
83,118 Hahh

96.810 Be59

*
™

4ee

99,684 a.ul
10440266  8.26
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1564424
15702275
160601
2044867
20742616
2008404
3774430

428417
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Z2ed

*

GeERE

6058
Gefl
371

Zetif

244
5 .5:5.

*

* main peak

complex

triplet

dounlet

doublet

1 HD
1 HB
b hﬁ
1¢C srometic

Atterpied reection of styrene snd W=7J Heney nickel

catalvate The mixture of redistilled styrene (25 y.), toluene

{07 cuCelp and 1=Td loney nmickel satalyst (from 126 ge of alloy)

wee refluxed under the stwoschere of nitrozen and in the sbhsence

of Wzht for 18 hre

ihe catalyst wae separated on ‘alite,

washed =it toluens snd then sxtrected (Sexhlet) with the seme

solvent overnighte

filtrates sxd sxtracts undsr nitrogen gaves

Tractionsnl distillation of the combined

@ colourless liguid, bele 108=110% {2843 go)

a solourless liquid, Depe 110-110.8° (430 go)

a viscous brown residue {gae 107 cecel.



Examinetion of the fraction (a) (dried cver potassium
hydroxide peliets) by ras chrometograchy st 104° showed peeks
corresponding to toluene snd venzene, uhile rection (b}
exbibited # psek corresponding to toluene only. Fraction {(g)
weos redistilled to glve

(1} e colourlese liguid, beps 112-1150 {3Se2 Be/3

(11) e colourless liguid, beps 28°/80 sme (2169 zels

(3§11} @& colourless liguid, bepe 62°/78 e {244 gl
sraction (i) emd (i1) showed three peeks (gas-
shrouetegraphy 8t 1ﬂ40§ gorresponding to tocluene i{retention time
5e1 ine), @thylbenszene (retention time (o0 min.), and styrenc
(retention time fe4 min.) resvsctivelys 7he residue (67 ge) wes
identified as polystyrene by comparison of its infrared spectrum

with ¢het of an suthentic speoimen.

Attempted remction of phenylecetylene end '=7J faney

nickel cmtelvete The mixture of redistilled shenylacetylene (20 gol,

&

toluene (400 peGe) ond the U=TJ loney nickel catslyms¢ (from 125 ge
s alloy) was refluxed under nitrogen end in ihe vbsence »f light
for 40 hre lorking un as above geve:

{a) =& colourless liquid, beve 108=116" (E7.3 Zels
this was dried over potessium hydroxide velleisg

(b} © colourless liguid, beps 11C° (463 ge);

{g) = viscous brown residue (£9¢2 gele
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Fraction () end () were examined by gas chromatography
at 100° Both frastions showed porks corresponding to benzens
{(retontion time 3.6 min.) and toluene (retentiom tims 6.4 min.).
Nio other products were detecteds

Redistillation of the residus at 200° (bath)/0.5 min,
reculted in sudden formation to the solid muss of the residue and
no ligquid was distilled over except smil amounts of colourless
crystals sublimed through the condemser end them diseppeared, The
infrared spectrum of the residue (mujel mull) was idenmtical with
thet of a polystyrene (PerkineElmor)e The brown solid was not
further investigated.
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DESULPEURISATION OF

THEC T B AFLOEYLIC AU =

pEizc b ]

l!l-ﬁI?AI%E

INTRODUCTIOR

it hes been renorted, in 1966 by leorson, Tiefenthsl, Atwood,
Feintzelman, 2nd 5@511y.s thet the desulrhurisation of Zei=
butylbenndig]thionhan (X32¥1) pave rise ¢ the sxvscted hydrocarbon
(ZZA¥I1) topether with sbout 107 of the worresvonding olefin
(X3XVIII}e The latter, olthoughk, was not isoleted an? the
nresence «f the compound wes inferred only by i+4s infrared
spectrus, the finding is still of cousidernble interests. ihis
sugpgests thet the desulphurisetion resction mey be employed as
a possible syvniheticrouts tc lead to meny relatively inaccessible

unseturated compoundse

H
S CHy
XXVI XXVII

XXVIH
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The reaction alse indicates thet the desulphurisation of
thiophens cen occur without prior hydrogenation of the heterc
ring 88 is the cese with dibenzetbimhemlu

jome vears leter, ‘sdger, iowsnko, and © nueﬂ obtzined
zimiler results in the desulphuriseiion of ﬁxiompht&senu[z’,z-}a_]
thionaphthen (XXZIX}o The commourd, on desulphurisation with the
%e? laney nickel eatelyst {es well s with %7 imney nickel
setalyste eged for 3 menths and 1¥ months, respectively) bas been
ghown to mive bibensyl me the only croducte *ith poiscned and

degpssed ‘nney nickel catalyste, frans-ctilbene wes obisined tozeiher

with bibengyl, 2-nhenylbenzd b [thicohern, ond sterting umterial.

F S

=

N s~

XXXIX

Altkough 1,2,3,4~tetrevhenyleycicbutane bhad previcusly been
x--ept:u"t;eu'.llz5 s¢ one of the resctiong products, ihese aut%mrs”
failed to imolete ite Thev therefore suggested thet the compound
wae chenisorted on the mickel surfece in & "more or lesa”
perpendicular fsshion. 7The resctlon was then thought to proceed
by removel of the sulphur to give & diradiesl with subsequent

hydrogenation te the cbserved Urodu.et.w
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iiowever, most of the sporadic examples sf hanzo[gjthi&nhenn
desulphurissetion eprearing in the literature heve teen found %o
give rise %o the corresponding satursted sulphureiree compounds e

Some of them azre listsed in Teble 1C.

ZABLE 10
5 Ry
|
R -
? CH-CH 2
R, s~ 3 Ry
R R B ¥ ugf
T &% 5 igld eference
f.t
zascs H Cglig - 126
Li 4 Gmiig COgh, - 126
i *355 C.Gz.'m - 127
H ﬁa ;;czaﬁz 46 127
H C0,H Clig - 127
i 0 @B .'-3‘%&'5 CHy - 127
CH 30 H COgH o7 128
I H chi( CI~;3 je ’J{;ziﬁ - 129

is mentioned cerlier ir this thesis, many observations
indicate thet sulphone Jerivetives spreer to he riore registant o

desulvhurisation then the correspording sulphides or sulphoxidese.
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The desulnohurisation of <etrehydrothiopyran :mlwpl'z‘om'23 and
lizonens sulohonel®C mey be cited =5 exsmplese The rerction of
sulphone desulphurisation hws been pcstulated to proceed vie en
ionie i%cbenismz'u& and Fonner sugrested initial sdscrpiion of
the sulnhone zrous on the nickel surface through the oxygen of
the sulphone functiones 7This is {ollowed by the intorsction
with an adjacent kydrozen atom ceusing &he cleevage of the
carpen=gulphur honds thus compleiing the desulrvhurisstion
r’eactirmaz
in this connection, it is uoteworthy thet Lavies, “orter
and »ilnshurst}3! stated thet benso[ b |thiophen-1,l-dioxide (ZL)
resisted desulphurisation with "cne specimen” of ‘sney nickel, but

with & mere reective nickel a2ll ke sulphone was spperently reduced.

nfortunstely ihcse suthors could mot identify the oily producise

XL

llesulphurisstion er %:venzo[ ﬁ]thim;%mn-&mar%xvlie scid

132 however, have

.8 }
{¥11}, und of henxo[}g_Jﬁziophen-ri-mei:ic acid,
been reported to give hydratrovic scid (9%% vield) and

B =nhenylbutyric scid (987 wield) respsctively.
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CO,H

XLI

[t geems, therefore, of interest to investigate desulphurisation

of benzo[ b Jhloghen=3=carboxylie scld=l,l=dloxide (XLIIJs Iirstly,

if the resction could rsive rise % the zorresvonding unssturated
eulnhuse=fres scid {(atropic acid in this cese) (XLIIT) it would open

up e new synthesis not only for atropie acid but pogsibly slse for

ather sryl derivatives of slefimic carboxylic moids. ‘urthermore,

it movy be expected thot identifiention of the preduct derived from

these reections might ahed some light om the mechanisnm of the

desulphurisaticn of sulphoness

COH —CH-CO S

2 | ol C-COpH
S CH, CH,
02

XL 11 X LIII



AESULIS AND DISCUSSIOR
SRR
! comperative study of the desulvhurisation of diphenyl

sulphide, divhenyl sulphoxide, and divhenylsulphone, which wes
undertsken in the present work, showed that the sulphone is woat
resistent to the desulphurisations ihese reections were cerried
out under identical conditions {(eeze scrle, temverature, and tire
of reaction) snd the products wers worked up in the seme way. Ihe
catalysts used mere prensred sizultaneously but seperately {rom
alloy obinined from the same contsiner. Iibe racovery of the
smrﬁng‘ moterial from the desulvhurisations of tis sulphides,
sulvhoxide, end sulphons were 6U.78, 64,76, and 93.,0C% while the
vields of bengens er determined by gas chrometopraphy were 35.28,
B4,68 snd 4.21%, respectivelys. This finding is consistsnt with
previcus ohservations reported hy other workora.‘}“’m(‘;
enzo b [thiopben-g-cervoxylic scid-l,l-dioxide, wes first
arenered by (rook and ,?Anieslss in 1927, but np vields were glven.
The sulphone ie o’stainqd. by oxidetion of the perent scid with
hrdrogen peroxide in scetic woide In the present work it was
found that this reection required considerable care as on ‘wo
vccassions the reaciion mixture decommosed exvlopively. lhen
sroperly controlled, this comnound wae obteined in B&. yield

{pure productje
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The desulnhurisetion of ’:zen:c[g] thiophen=Z=cartoxylic
seid=l,l=dioxide with “=7 lsney nickel yave & itrece of
nhenylacetic scid in addition 4 the expected 4« ~-phenylpropionic
scid {(dl=-hydratropic acid/e The production of the former is
believed to heve erigsen by ile deelkvletion of the letter {cf.
pe 9T=58J. liowever, "polymsthylens” war not detsctsd in this

desulphurisetion, probably due to the suall scsle of the resction.

COH CH —CO,H
_ __,I_-_

s CH,
0,

e desulephurisation of the “::@nzo[p_]thiophenms-carhoxylic
pcid=l ledioxide with +»7J lzney rickel zeve & smellesr yield of
the mixture twgether with decomposed nsberial which aculd not be
identified. Iowever, it is nmot likely thet the decomnosed products
heve mrisen from the unsstursted o -phenviaervlie seid {atropic
acid)e it is kmown thut stropic scid wher hemted with water
dimerises 1o vield isatropic and distropic eclds (which ere probably
releted to atronic aeid in the srme way se the truxillie mcids to

cinnerde soid ut these sre stslle compounds.
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Several sttempts had been made to separsts phenylacetic
eoid from hydratropic acid by chromatography on a ¢olumu of
celluleege in butenole~esmmonis but these experimenis were
unsuccessful as wes the ettemmt to use chromstograchy on crdinary
paners with the same solvent svsten. Tthe difficulties sncountered
with the peper shrometograniy eroge Irom the smell smount of the
mixture whkich could he put on the papers, zlthough s large number
of papers (16 x 67 cke) wae employed in these exverirents. the
contarminstion of the sererstsd meterisal with n-butanol mas

nother factor mhieh made the purifieestion of the compound
difficulte Since complete evepcration of netutanol under reduced
pressure {(rotstory eveporster) required n long peried of time

(16 hre oy nore} =nd since the product which wes present in trsce
amount mostly diseopeered, the semsyation of butenol from the
acida wos effected by extraction with ather of en zqueous golution
af the sodium salts of the ecids. DOy this means, the ure of
preparutive prpsr chromatogrephy proved satisfectory but still

the serarated scids could mot e isolated rure end could be
jidentified only by thelr infrared spscirs.

The wse of fller Heney co%&itzsﬁ in the desulphurisaticn
of ihe acid sulphone resultsd in isolation of a sixture of {ive
ocidse ihe resction wes conducied under mitrogen and ne decomposed
material wes isoleted from ihe resction mixture. 4 setisfnctory

seperation of these acide wes echieved by chromstograchy on e
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column of buffered silice gele GSesides phenylacetic acid and
gl=nviratronic acid, the sterting meterisl snd hensa[g]thiophen-
Zmcarsoxylic seid together with an unidentified =acid wers
tg0leted from the celumn without any overlap. The isolation ef
?*:-enzo[_‘q]t?:io;)hen-s-carbnxylic ncid is sirnificent ss it supvoris
the sssumpiion thet adsorntion of the sulphone on the surface of
the catalyst cccurs vie the oxygen atomss of the sulrhene functions.
In thie perticuler cese, zlenvege of gulphur-oxygen bonda rise
to the ohserved sulphur compounds Thiz sppears to be the firat
case of the removal of the oxyvpen atom of the sulphone group 4@
give ihe corresponding sulphideo Thie may suggest thet
deoxygenation iz the rfirst ctep in the desulphurisstion of
sulnhoness lowever this Finding is not compztible with the
previous poetulestion mede by tommerd who steted that sulphones
are not desulphurised ¥is interrediate sulphide.
the isolstion of an unidentified msterisl, mepe 130-

3,510, is of intereste lowever several atiempis to vurify the
compound were unsuccessful and the nature eof this compound
resained obsoure. It was first thought that thie compound could
be sn uneaturcted dimeric materinl arising from the recombination
of iwwo fres radicals (XLIV), levertheless, thiz wes not
consistent with the findinge of Psdzer and ..saua,l whe postulnted

1ot steric hindrance msy prevesnt the combinaztion of two free
radicals from twe molecules of s-s-a,co%;,‘glbcmz{p_]thiophon. for no
dimeric product wes cbserved from the desulphurisetion of such

compounde
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COo,H CO,H C—-COyH
2 2 2
[ | I
S S

The smell emount of this compound avai leble did not

permit further investization.
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EXPE I MENTAL
Ersrreresm—

Conerale= Ultraviclet and infrared spectre were
determined as previously described, Analyses invelving ges
chrometogranky were cerried out ns before (see pe 1137, with
inlet pressure 42.f mm., cutlet pressure 1Z.¢ mue pnd nitrogen

flow of 1.z lo/hre

atalvstEe= V=7 and WeTJ aney nickel catalyst were
nrepared by the seme methods es menticned in the srevious work
of this thesis (see ». 53)e Feney cobalt catelyst was obiained
secording to ths procedure of f‘ller,ise using coheltesluminium
alloy (5028, “luka)e The catalysts were freshly prepered for
gvery experixente In desulphurisations of the sold voth EHeney
nickel snd Xemey wobslt cetielysis were weshed by decszntations with
distilled weter {(ten times) zad then with n sodium blcarbonste

solution (ten times).

Lipkenvl Sulphidee= 1Ihis wes obtained commercially (Yluke

Lalie Chemische Pebrik Buchs £.eje

Iiphenyl Suinhboxide.= The sulvhoxide was nrepsred by

oxidetion of the sulrhide with hvdrcpen neroxide (romtandardised,
262.825 zof1, ¥ & B) in glecisl scetic scid {redistilled over
chromie oxide, Lel.le, ‘maler! at reom temperaturs, eccording to

137
the indicstions of theinboldt and Ulesbrechts . This was cbimined
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as colourless needles (91.017 vield), Mepe £9-70° (1“.157 MePe

. A a Fy
£Q4B=T0sd ! nfter recryvetallisation from lipghteps trolewa (Lape

5&'_--606.“! and then from athanole

Diphenyl Sulvhonee~ The sulphone wes obtained by oxidation

of the sulphide with hydrocen peroxide (100 Vols. oxygen, ¥ & B} in
siseiel noetic 2cid (es sbove), rccording to the nrocedurs of

13g

iikeske, ‘zrinscci, and logertes The resciion, wag carried cut

at 98° for 24 hre then left overnight, zeve colourless prisms

38

(9C.7% yicld). EeDe 123'1240 (litol Glele 1240)0

geSromobenso b Jthiophene= A solution of bromine {1217 ge)
in chloroform {300 cece) wes added droowise to o atirred solution
of bengo[ b [thiophen (101¢42 ge, G0.2s) in chloreform (300 goce/
at room tompsreture sccording ito the method of iaez:zmpulss during
¢ hre ihe resction mixture wes stirred overnighte. ihe dsrk brown
residue wae washed with distilled wnter {3 x 500 cece) 8nd dried
over anhydrous sodium sulphate (three times)e The solvent was
rezoved on & water heth under reduced pressure and the residue
redistilled to zive a yellow 211 (166,79 ge, 98e47iJe Further
purificstion of the oil in vacuo at 98°/0.% mm. gave & colourless

E-hromtuen:o[g]thimhﬁn (145046 ge; 92e230), nf’v's 1.661C,

tenso[b lthiophen-3-carboxvlic vcide= 7This wes cbteined

in 764867 yield from the Grignerd resction of Febromovenzo [b]thiophen

{145 ge}, methyl iodide {192.19 z.), magneeium turnings (53461 Ze )
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sodium=dried sther (600 cece), and dry ice (200 ge) eccording to

133

the method of Crook snd lavies. ihe oroduct, after

recrvsinllisetion from hensene, was cbtained &s colourless fine

133

needles, sepe 176,5-177.5° (11te " mepe 174=175°},

ﬂenzo[blﬁbionhea-E-carbq;z;ic gsoidwl,ledioxideae= This was

prepared in six separste exrsriments asccerding to ths indications

of Crook snd Eaviealsz

except that the resction mixture wes kept
at room tempersture for I devs instesd 2of 2 dsys before heing
worked upe ihe scrle used in cach prepsration wes es follows:
honzo[ﬁ]thiop&enos-carboxylic acid {18 geJ, hydrogen peroxide
{100 Yole oxygen, M & B, 112e5 cece), distilled water (76 cecel,
rlacial scetic soid (B.i.fe, ‘malar, 300 cetcl)s The yield,
sverare of { sxperiments, was E6.27. The product wes obtained as
bir=long vellow needles (Cas Z=% cme long) meDe 216-218° {litol55
mape 218°) sfier recrystmllisation from distilled waters In the
nrocess of working up it wee obseresd that seperetion of deposited
clusters of vellow nrisms from the reaction mixture prior o
svaroration of the solvent was prefersbles The mother liquor

wes then conocentrated under reduced pressure on 8 water beth but
with zreat cere mot to allow e decreese of itz total volume below
£le 50 coce felemse of oressure zlsc should be gentle end with

srecsuticn since this sdcht lead 1o an uncontrollavle decomposition

of the sulphone or even a& violent explosion.
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Desulphburisstion of Liphenyl tulphide.~ A golution of

diphenyl sulphice (redistilled, 4o ge) iu methancl was edded
through a reflux sondenser i & suspension of =7 Imney uickel
catulyet (from £.0 ge of elloy) in metharol (to sske up the tetal
volume of the reaction mixture 4o ZB0 cecsje The zasses escaping
through the condenser were psssed through & irsp which wes cooled
by 8 mixture of drv lce and gthenole After 70 zdne of refluxing
on & water teth, the cetalyst was collected on (elits and weshed
sith mothanol (5 X 26 cecele sreful fractionsl distillation of
the corbined filtretes ond the liquid collected in the trap through
e jecketed column {cf'e pe 116} gave:

@) & colourless liguid, Depe 653687 (24422 Cotel}

(b} & colourless liquids Tepe 65% (118 vetel; aond

(¢} o residus {cae 286 secels

txaminetion of (8) by gas chromatogrechy st 82° showed peaks
corresponding to henzene and methenol st the retention times of 4426
snd le3 wine resnsctivelvs Ixperiments with suthenile mixtures of
bensens snd weihanol revealed that the tenzene present ssounted %
leBl cece {1e32 gele Fo traces of benzene were detected in (Lo

Concentration of (g} on e water bath gave s further residue
(0il} which wes radistilled ot 1859/1.3 mme %o give s colourless
liguid identified ns diphenyl sulphide (2443 Fe } by comparison with
the suthentic specimenes The yield of the unchanged sulvhide was

60476% nud of bensene was 3.2
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Lesulphurisation of Diphenyl Sulphoxidee~ lhe sulphoxide

(440 goi wes desulphurised with the '«7 Brney nickel catalyst
(from B0 ze of slloy) under the sewe conditions as described sbove
in every respects ‘hen worked up in the seme manner diphenyl
sulphoxide (259 ges €4.757%) was shtained zs colourless usedles
Beve H58=T0" after recrvstallisation from lightepstroleun {(bepe
-‘;ifi-s';%coig jdentified by comparison (mixed mepe, infrared specira)
with sn suthentic epecimen; bengens L1eZZ CeCe, 1elUF ge, 344681}

was detocted s3 2bhovee

Sulphonee= The sulphone (4.0 ge)

and #=7 feney nicksl catelvet {from Ge¥ ge of slloy) in methanol
{%s mmko the totanl volums 250 sece) was refluxed under the same
conditions »s mentioned sboves The resction mixture wes worked
un &8 before except thet the residue wes concentrated on a water
beth {instead of redistilled) znd the crystals sepsratsds
“sorvetallisetion of the preduct in ethsnol geve diphenyl sulvhons
na colourless nrisms (.72 ge, $5.007) mepe 1231247, identified
by compsrison with an suthentic specimen. The amount of benzene

detected in the seme ronner a8 above was o076 cets (0s0f ze, 4.210)e

Lesulnirisation ¢f hr.e-mxaq[ b ]thio figne3=-cartexslic

dioxidee=

{a) uith i=7 Veney nickel catalyste A mixture of the scid

(540 go) snd f=7 laney nickel catslyst (from 126 ge of alloy) in
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a golution ©f sodium bicarbouais (total volume cme 30O CeCe) WEB
refluxed for % hre 7he cetalyst was filtered off (Celite) snd
weshed with a solution of sodiwm bicerbonete (5 =z 150 cecels

The combined filtrates were eveporsted on & water beth under
reduced pressure snd the recidue scidified with hydrockhlorie soid
{207}e The seid wes talen up by nlcohol-free ethere Fvaporation
of the drv soivent (anhydrous msgnesium sulphate} on & weter beth
pave & yéllow oil (5.37 ge}o On stending, the liquid pertiaily
crvstallisede 7he crystals were collected (ls1z ge/ ond
subsequently recrystasllised from ethizrnlefree chloroforme.
Solourless npedles (Ue6 gel, Hepe 219=220% were obtained snd the
sresence of sulphur was found by sodiuwm fusion tects I‘he compound
wae charscterized as the stsrting meterial by sixed welting point,
comnarison of the infrared specire, and paper chromatogrephy
{imotman paper Nee 1) usins solvent system n-butepclesmmonia

(1eff H@3 131, v/v; Ry Dek2Jje Tha mother liguor {0il) was
chromatopraoh on peper {conditions ns shove)e levelopment by
deucenﬁ syoduced two spots which were mede visible by snraying
with pebromocrescl purple. Thase corresponded %te phenylacetic
noid (R, .41, small spots) nnd dl-hydratropic acid (B, 0.66, big
spet, kindly supplied by JeHe Uoodrich} raspectivelys ioth
authentie specimens ef the soids were alsc run on the seme
chromatorrame ‘edistillation of the 61l st 116=116°/C.6 me

gave s colourless liquid (1.074 ge) by szemination of the 1liquid
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by paper chrometogrephy showed thot it wes still a sixture of
phenylacetic acid and dl=hydratropic zcide ‘he infrared spectrum
af the mixture, however, wes identical with thst of & mixture of
suthentic specimens of these two compoundse Iihe residue (Ue8 go!

wea not further exrminede

(b} Fith 7«7 lansey nickel catelyste The scid (540 gel,

dissolved in sodium bicsrbonate sclution (to meke & total volums

up o gBe 500 cete) wes intrcduced o the U=TJ isney nickel cstslyst
{from 125 pe of siloy), snd the mixture was then refluxed for 36 hr.
orking up &8 sbove geve e brown vil residue (2486 ge), sfter
evaporation of ethere This was found to turn bleck ¢n stending

for 24 hre lgdistillation of the bleok cil in yocuo gave &
solourless liguid (1476 ge) ot 166° (bath)/Uez mme This wes
sharscteriged as & mixture of vhenylacetic acid end dlebydratropic
acid by the methods described sboves ihe residus (Ut gze) could
not be further surifiede /ttempts to geperate vhenylscetic acid
from dlehydretropie seid by partition chromstography on f oo lumn

5f sellulose in nebutsnolesmmonia were unsuccessful as wes
preparstive paper chromatography on ordinery papers [owever
prererntive peper chromatography on |latman 3 mie paper (n=btutanol-
ammoning conditions sp before) led to the separstion of both aclds
of which wee detected by infrired spectroscony. lowever, they

espuld not be iscleteds The procedure sarried cut wee a8 follows.
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The liquid mixture wes epplied in & thin stresk by meens of &
capillary tube {thirse times) elong 2 streizht line insteed of
spotted as wsusl for ordimery paper chromatagrephiye Levelopment
by macent (nesutanole=sEmonia) reguired 3. deys. The paper %wae
allowed to drv {eir) in a hood and two em=ll narrow strips were
then sut off verticelly &t the left and right ends of iths paper.
The strips were examined by spraying with e universel indiester
and the locations of the two seperated scids were markede Oy
bringing beck the two strips o itheir original positions =t both
ends of the pepsr the invisible perts of sepersted scids wevrs
locatad and subseguently cui offs “hese vere sepsrately extracted
with dirtilled weter {(Soxhlet) for 24 kre. ihe aquecus extrects
were then separstely extrscted (continucusly) with alookel-free
athor for 26 hre i remove buitsucle FPoth sguebus extrects were
¢vaporeted under redused pressure and residues being acidified
{20 nyérochloric acidje ‘he ecids were iaken up in cerbon
tetrachloride, svaporated (traces of weter being removed by
ageotropic ¢istillation with carben tetrechloride/ snd sxamined
by inlrered spectroscopy. These were found i ve identical in
gvery rospect with those of euthentic specimens of phenylacetic
reid end gl=hydratropic aeid resvectivelve The residues obisined

from evaperation of carbon tetrschloride were not further curified.



(e} ¥ith iller Reney

maﬁ?&aﬂnﬁn

gobalt cetaivete A mixture of

benzo[g}thiaphen-s-earbonrlic acid=1,1=dioxide (3e0 zei, ‘ller

Senmy ccbalt cats },yat]'s&

(from & ge of nlloy) end agueous sodium
bicarbonate (cse 20C cece) wes refluxed for € hLre under nitrogens
The catalvst wae seperated snd washed with hot godium bicarhoneie
solution {6 x 75 Cete)s The combined filtrates were concentrated
on 8 water bath under reduced pressure =nd in en atmcsphere of
nitrogens Ihe residus sfter acidifficstion (204 hydrochleric acid)
was extracted with aleohol=-free etier. the drr solvent (enhydrous
cniloium sulpheds) wes removed under nitroger and & light<brown
vesidue (pertislly crystallized, Z.15 ze) was obteined. Ixemination
ef the residue by peper chromatiography {vutanoleammoniag conditions
as shove 'showed apots st H, @ U4l (phenvlacetic mcid); D56
(ﬁ_}.-h}m‘ratronic seld J3 Cel4 {hmzso[jﬁ]thiogheﬂ-ﬁ-carbexylic reid)s
0e4%3 {(benmo[b]thiophen=Z=carboxylic acid=l,l~dioxide)s =nd C.27

(unidentified/.

Atiempted separetion of scid-products, from the desulphurisation

of benze[b ]_t@inn?mn—:ﬁ-aarﬁmx‘{lic acide=l,l-dioxide with iller ‘eney

sobslt, by partition chromatogrepiy cn & sclumn of buffered silics cele

"he ~rocedure deseribed below was adepted from Ferber, and

iling;mn,uG and from Iulen, Varner, cnd ':nrrell.ul I am grateful

0 [Fe Uel's Lresm for helpful diascussicuse
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411 reagents used were of “inslar® grade (B.D.He)e
reshly boiled distilled wster (%o remove carbon dioxide) was
used throughout the experimeni. The silics ecid {l:Be; prepared
for chromatorrapby) was slurried with distilled water shout 1b
tines snd the fine perticles were discarded oprior %o eech
sedimentetions The silicio ecid wes then dried in the oven sl
120° for 30 hrs

Prepared silicic moid (100 go) was mixed thoroughly with
sulvhuric aeid (Cef Hep B0 zece)e The mixiuvs (4-6 ge esch time )
was poured into the tube (half filled with chloroform) followed
Ly repeated oressing with a gleses rod until all of the column wes
well peckede The acid mixture (from 2.0 ge of the residue) in
sulrhurie ecid (Uef Ye, 10 cese) was mixed thoroughly with dry
silioce zel {20 g.) snd then transferred ts ihe top of the column
with crecsutions to prevent trapming of air bubbles. The top ef
the colurm wes then leveled snd protecbed with & plug of rlsss
woole

The column wes eiuted by gredient clution with nebutsnol
in shloreforme 'ractions were collectsd (=10 cece emchi 2t
the rote of Usb cece/mine lLauch fifth fraction wes exemined by
noper chrematogrsphy (conditionms as described) end eppropriate
fracticne were combined snd worked up in the customary way. The

schedule wos used as followse
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(a) thloreferm (270 ceve); this gave dl-hydretroric acid
(Ce$6 g}, identicel in all respscts with an authentic specimen.

Yo acid wes detectsd on further elution with chloroform (210 cecels

() Chloroform (200 cecels colourless needles (C.05 ge)
were ohtoined from these combined {racticrse ihey were charecterised
ss phenviacetic peid by mixed mepe 2nd comperison of the infrared
spectrun with thet of ths suthentic ncid.

(g) neButenolechloroform (5356, v/v; 540 cece)s this gave
colouriess lshile prisms (0.2) gel; Fepe 136=131%,  ‘ttempts %o
rurify the compound by recrystallisetion im the following solvents
ied o psrtisl decomvosition: chloroferm, dioxan, didxan-n-hexene,
hexane, toluene, zylene, sodium carbomate solution {ollowed by
noidifieation, apd watere ‘The compound could be identifled.

Soddum fusion test showed the absence of sulphure The ultreviolet

spectrum of the product showed Am& et 269, 277 with shoulders at

HXe

224 ond 203 g A wne ot 244 Hille
{d) n~Gutenol-chloroform {(1C:8¢, v/ey 160 cecel, solourleses
needles (0,010 go) were iscletnd snd were identified as tensd b |
thionhened=cerboxyilec ceid by Bebe, #ixed mepe snd vpaper chrometocraohye
{8} nebutanolechlorofern (1C:19C, v/¥3 200 vegel, vellowish
needles (C.021 pe) were obiained and were identified as sterting
meterial Ly compsrison with an suthentic sample (mixed mepe and

infrared spectra)e
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CHAPTER 3

THE DESULPHURISATION OF
SOME SECONDARY AND TERTIARY ALCOHOLS

DERIVED FROM THIOPHEN.,



TEE DESULPEURISATION CF SOME SECONDARY AND TERTIARY ALCOHOLS

DERIVED FROK THIOPHEN.
B il ]

INTEODUGTION

Earlier in this thesis, it bes been shown thet sulphur in
en sromsile mucleus could be removed by hydrogemclysis like sulphur
in slivhatic carbon compoundse Iihis was first demonstrated by
Bougault et ale .1 who, in 1840, reported the vreparation of
thiophon=free benzene, and methyvlthiophen=-free toluene by trontment
of ordinary benzene or toluene by Faney nickel. lowever, the
desulnhurisation of thiovhen derivatives did net receive much
s4tention until 1948, when Blicke and Sheets® studied the
desulokurisation of benso[b]thiophen=-gcertoxylic ecid end
benzo[ b thiephen=3~acetic maid (see ©e 211, Chepter I1}e These
experiments were carried out meinly in order te elucldate the
structure of such thionhen derivetivese 2 veer loter, Fapa,
Selwenk, nad }inshergg cerried sut the desulphurisation of
several ccidic derivetives zf thiovhen with nickel-sluminium
alloy in alkaline sclution and cbtnined the correspending sulphure
free ncide .ince then, the desulphurisstion of thiophen deriveiives
hee received wide nttentior sz o synthetic route s a variety of

cormoundse oY instances, desulnhurisstion of suitably substituted
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derivatives of thiophen hes been shown to provide & conveniemt
route for the prepsration of many lons chein fatty ﬁaiﬁ%s,‘”s
end mewy brenchedechein seids are more aucessible by this route
tran by sny other (see alsc pe 14-17, Thapter Tle Ildcmrbexylie
scids, hetowzeids, hydrouy-scids, smino-acids, end = e
hydroenrhoms, . ketones, and eleohols have been prensred by
sodification of the methed.®®
The desulphurisstion of thiophen hydrecarbons usually
does not present eny difficultye As en example, the cyclic
compound (1} which on lsney niokel desulphurisstion gave cycloe
sotncosene! mey be citeds The thiophen derivaiives (I7) which
were degulphurised with imney nickel in ethsnol, dioxan, or

toluene heve bsen reported % give the corresponding saturated

branched=chein aliphstic hydrocerboml.s

ECH2]1O

[CHY g
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Similarly, thioohen ketones have been desulrturised with
saney mickel in ethanol, benzens, dioxen, or scetone to the

corresponding seturated eliphatic '&:e’wnes,?"i Gelle

[CH,1g CO / \

ECH2] ' CCH J

111

W“’W/

{
{

—>  CH4.[CH,J5 CO.CCHyl5.CHy
CHq.LCH,1¢.CO CHg

Fowever, it has been observed, in some instences, that
desulphurisetion ef thiophen ketones leaé to the formation of

081,58 It is

ihe corresponding sziursted nlivhetic sleoholse
thought thet the weicht ratic of the compound to Feney nickel

catalyst is the facter deterrining the extent of veduction »f the
carvonyl s_rreama.m “hee the desulrburieation of the ketone (111}

was carried out using the weight ratio of the compound: zhey

nicksl sbeut 1:3, The synthesis of long chain and branched-chain
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il,l2

aliphatic alcchols have gimilerly been achievede Saturated

alecohols heve nlso been obtained by the desulphurieetion of

L3 S .S s 11

thiophen aldehydes. Desulphurisation ef (IVJ,Uc (Vi

FAET | f‘f‘f‘ <
and (VI)"* may be sited a8 exarplese

| — CH. [CH
/l 9 3 [CH,1 5. CHOH CHy
CH,.[CHJ;;, S7 “CO.CH,4
819
IV :
| ——>  HO.LCH,J,, OH
\
HO .CCH J [CH,]...0H
[ 80%0
v
l J:l —> [CH.1..C.[CHI, CHCHOH. CH, CCCHy)
; .
[CH,14C C.ICHy ’ i K : -
VI

1t ghould be noted here agein thet the formation of
dimerie nreducts during the desulphurisetion of thiophen derivatives
have becn observed snd seversl gxemnles could be eit@dé‘14 {see
e 42=42)s Thus, the desulohurisation of thiovhen=Z=cornoxylic
ecid gave n-valeric scid and sebacic scidy and T =z-thienyvlbutyrio
acid geve octanoic zcid and nexedecens-1,16=dioic acid.lé

These exerrles mey suffice tv demonsirete the versatility
of the desulphurisation of substitutad thiovhenr es & synthetic
route to a wide variety of aliphetic compoundse In spite of these

potentialities, the desulphurisation of alcohole derived from



- 245 -

thiophen hag been reported only in a few instencesg most of the

11,12 54 the suthor's

compounds concerned fre nrimary slechalge
knowledge, only one peper dealin: with the desulohurigstion of
gecondary end tertiery slochsol derived from thicphen spneared in
the litersture bhefore the present study wes undertebens. Iin this
peper, ynterg and Logeﬂ*mtisﬁe revort the preparation of &,d, 2=
thienyimethyl=n=butyl slookol from the Crigpsrd resction of n=hutyle
zethienvl ketone and wethylmagnesium fodide but the oily product
obteined was described ms somewhed snstevie aleohol (¥1I)e fThey
divided the oil into three ueris, the first of which was redistilled
to give & material, the boillng volnt of which wes higher then that
of the expected producte This on desulphurisetion with a Enney
pickel cetslyvet vielded iha “dimeric aroduct” “ypfme whieh wes not
jdentifieds ihe second nert of {(VII), which wes immodietely
subjected to desulphurisetion resction with e Frmey wickel cetelyst,
gave 8 colouriess pile 7Thie wes cheracisrised as 4eme thylontane
twcle ‘The other pert ves trested with oxalic 2cid end the purified
nroduct meg imwedictely desulphurised to rive a srmturated hvdro-
cerbon, 4=wathylocionse. Lowever, chsracterization o these products

were based on their btoiling poinis snd refractive indices onlye
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CHjq l
' ]
OH

/ Vil
CigH3g /

CH4
I
CH3 —ECH2]2-(13— [CH2]3--CH3
OH

s
CHy~ [CH,1,- CH - [CH)J4-CH 4

In order to examine further the svnthetic applications of
the desulniurisstion resciion, seversl o =Z=-thienylbenszyl alcohols
and relsted compounds heve now beer desulchurised. fihese reections

were effected in henzene or methencl with ! =7 Fzney nickels



RESULTS AND DISCUSSIOR
WW

In sceordsauce with the work described above, desulphurisation
of A =2=~thienvlbenzyl alechel {VIII) =irht he expented %o zive the
alkanols {IX), which could suffer ready dehydretion %@ the olefine
(1}e It is ¥mown thet dehvdration of some tertiary ulcokols

B r the other

takes place resdily during distilletion in vacuo.
hand, hvdrogenolysis of the hydroxy greup te pive compound (i1}
wmay slse bDe cxpeoted, in anslogy with the sreviocus observetions
sude by Honmer snd his co-warkem.is This would give the ssturatsd
hydroearbon (X1} on desulvhurigatione Oimilarly, the sleohols

(i) would be expected to suffer some hydrogenclysis to the

goturated compounds (iille

FF j
Ph-C —CH,-CHy- CHp-CHy —> Ph-C=CH- CHyCHy-CHj3
OH IX X
(1)/ \
R R
- | | | I
h—C — Ph-C - CH,-CH»-CHA»CH
I g | g~ L3
HO VI H X1
(2\A /
T (7
Ph—-C — l



The results obtained in the present investigzation indicate
thot both mechanisms musi operate, but in verving degree.
Intracteble mixtures of sleckel (IX), olefin (#), and seturated
hydrogarbon (X11) were sometimes formed, snd these wers worked
up by debydration and reduetion to rive the seturated compound.

T4 now seems to ve well ssteblished thet desulnhurisetions
of organo-sulphur compounds, except ihst of sulnhenes, nroceed by
s radicel mechenisme /s pointed ocut oreviously "dimerisation” of
guch intermediste redicels (rather than their Lydirogenation) hes
been demonstrated in & few eams.“*’l? Dimerisetion of the
intermcdiste redical sxvected from the gotion of fheney nickel on
the Z=benzvlthiophens (11} would give the hydrocerbons {x111),
and it iz significent thet compounds »f this tvpe were cbserved
among soms of the resction nroductse In enealogy with the nresent
results, it seexs bheyond doubt thet e vnidentified msteriel
Craizs obiained by ‘vmberg end Logothetis would likewisely

corresnond to 4,1i%=dimsthylbexadecsnae

lR \ :
Ph=C —tped = S e i G Pl

| |

4 H H

X111
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The seme hydrocarbon (XIIY) could slso be formed by
dimerisstion of the rsdicel intermediete from the action of
sney nickel on the sulphur stom in ihe slochel (VIiije Removal
of both hydroxy groupe in the corresvonding dimer by hydrogenciysis
would sive rise to the observed dimerie nreducte Since no
ungatureied Jimers were observed in the present work, dehvdrstion
is considered unlikelv. fowever, clefins of the tyme (X} sre
believed to be 1sclstsd in some coges (identification besed on
ennlvees only), this postulete, therefore, does not oreclude the
poseibility of suchk dehyvdratior in zmonemeric compoundse

Since en attesot te recrvetellise dipbenyl=iethienylmethanol
(VI11, B = Ph) resulted in the formation of the corresponding athyl
ether presumsbly by the sction of the ethanol solvent, 211 e
desulphurisation resctione of the ticohols derived from thiovhen
described below, therefore, heve heep azonducted in benzene.

lesulphurisstion of « ~gwitideny lbeonzyl slechol (V¥ill; K = H)
geve lephenylpenteue (XII; % =H) es & msjor product {68.06%),
together with some 1,l0-diphenyldecene (X1IIp & = H) {17.6T%}e HO
alcehol {Ii) or elefin {X) wes detocted emong the products, szd it
seens, therefore, that rescticn procesded enti rely by the second
zgohenigtte

Tesuilnhurisation of « -methylea~f=thienylbenzyl alcohol
{VIIl; K = %e} sroceeded similerly we sbove, giving 2ephenylhexsne

(X113 ® = de) (BRe46%}, but in this case no dimeric product (I1III)
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could be isolétede This wey be ceused by the fact that this
experiment wes cerried cut on & szaller scale and in a higher
dilution then the other experimsnts described here.

Cn the other hand, the desulrhurisation of diphsnyleze
thignylmethenol (VIII3 R = Ph) gave s mixture contaiming both
alecokol snd plefin end probably the setursted hydrocarbon as well.
Jinece the mixture could not be sepsrsted, it wes treated with
iodine =nd zubsequently hydrogemsted to pive l,l=diphenylventane
(XII3 ¥ = *hla The presence of the unsaturated product (X; ® = PhJ
wag confirmed by the isolstion af 1,l-diphenylpontelecns f{row
methonol extracts of the eatelyste. A small amount of dimerie
oroduct, 1,1,10,10=tstravhenyldecane {(XI1I; F = Ph) {4.08%) wee
alse obisinede The vield of the seturated monomeric hydrocerbon
was not determined.

The desuvlnhurisation of 4« =dieg-ibienylbenzyl alechol
(VIIi; & = C,ligl) geve s mixture of alcohol and olefin whick wos
completsly dehydrsted to give G-phenyinon=4eene (X3 & = Bu)
{16e0%}e it i& interesting ihat no setuvsted compound (ZIl;

% = Buf} was found, mhile the dimeric produci §,l4-diphenyl-
actedecens (X17i3 R = Bu®) wes isclnted (£,360)e This sugpests
thet ibe reaction probsbly proceeded xostly by the [irst mechanisme
Ten further »roducts were isolated. fThe first is provisionmlly
rogarded ns E-phenyloctsdecane; the second wre charscterized ns
bivhenyl (174717 )Je The vreduction of these two compounds is of

some interest o8 it evidently mesns that phenyl redicals were
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liberated at pome stage in the desulphurisation of the sleohole
However, it should be noted that the starting nmterisl, dd «gi=~
swibhienylbengylelechol, in this desulshurisetion reaction wes
srepared from the (rignard resction between ethyl benzoete and
S-thienyvlusssnesiuwe bromide in ether-benzens. {(wing tc its exireme
1rbility (essily decomposed b¥ light, air end heat), the 2lochel
wes not isclated snd the renction wes carried out in 2 derk roome
t“he desulvhurisation wes sccomplished by esddition of the “mey
nickel in Lensene 1o the Urignerd sdxture and the suspension was
then pently refluxed on & werm water bath in the absence of 1lipght
grdler oxvgeu-free nitrogens, lovertieless, the biphenyl wes ne't
derived frox smy unchenged ethyl benzoute in the reactiom mixture,
a6 thiz compound wes recovered unchenred following iresivent with
/=7 ‘epey nickel im voilins bensens. 1t is also noteworthy that
the desulrhurisstion of A& =die=i-thienylbengyl ulcokol with a very
lerpe oxcess of Reney nickel geve biphenyl in TO4 vield,
Lgsulphurisation of @ =lwmmphihyled=f=thienylbengyl 2lcokol
{(vIIIg % = ﬁacﬁ?}. which is slso very unstshle, gave only ihe
satureted sroduct 1,1'-usphtlivl=l=phenyloentene {(XI1p W = Slﬁﬁ?}
in 70409 vields Heither the sleshol nore the olefin wes obeervede
A hizh boiling fraction proved to te intractenle and appeared o
~onsist meinly of decomposed wetericl conteining sulphur. Uo

dimeric nroduct {111} was isolatode



Finelly, the desulphurisation of Ge2i wthiienylflucren=f=cl
{XIV) zave S~n=buiylfiverene ((vg H = Bu™) (694827%), emd 9,8'=di=
5 wihienyled o' wbiflucrenyl {1VI3 & = :._,;é-;.sfi:ff (4486%:), togather with
amnll smounts of other unidentified preducts. The isolstion of
(77) and {/¥i) suggests ithat in thie resctien hydrogenolysis of the
hyvdroxy groups nrocoeded desulphurisation of the thievhen nucleus.
Joreover, the isolstion of the dimer ( VI) is probsbly the first

instance 97 o deeulphurisation resection in which dimerisation

cecure orior to desulshurisatione

=L

=\ OH
\

=

. U

X1V

[n the vrecedinz discussion, it has been assumed that the
gaturnted compounds (/II) were formed from the slecehols {VI1I}) by
way of either {11} or (I&}, that is, by hydrogenolysis of the
bodroxy sroupe A srell provoriion of Gw satureted compound could
eonceivably srise by dehydration of the alaohsl (I3} in the resction
mixinre, followed by subsequent hydrogeneiion of the resuiting
oletin {(L}e The alechels (1%) sre certainly dehydroted when
Lented with » trece of iodine {this bns been schleved in geverel

insisnces’s but it seems very unlikely that these rnicohcls {12}
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would be dehydreted during trestment with slkeline leney nickel.
1% is much more reasomsble to suppose thet the clefins sre

formed by dehvdrstion of the slecohols during the proceses of
working up, which invelves = highe-temperature distillatione
levertheless it is slsc noteworthy thet trestment of the slcohel,
fephenylhexan=g=ol with 20/ sulvhuric neic and fused potngsiun
bisulphate for two hours, cr with fusged zino chloride and scetie
anhydride for four hours, or with & trrce of iodine for eight hours

es revorted by Uremford, Seepger, and ° smksw

aiwsys gave rise 0
& mixture of the expscted unsaturated hydrocarbon and the
unchanged slcchole ilie compound wae described by these authors
s being unusually resistant to dehydrations /o this alcehol is
the expected product from the desuloburisation ¢f o emeiliyi=deZ=
thienylbonsyl sloohel s=and eould not be isclated, it is, thought
thet the observed sreduct, Z2-chenvihexene srose frowm elther
hydrorenolysis of the hydroxy grour or probebly denydretion during
reecticn followed by hydrogenntion in the presence of the cetalyste
lowever, repetition of the work of these authors in the present
thegis from & recvetion of this aloohol with ledine for 30 Lre
reculted in the isoletion of Zevhenvlhex=i-ens {correct snclyses)e
Iv thig cese dehydration of Zevhenylhex-i=ol (if formed) would be
unlikely during working up sirce no unsatarsted liydrocarbon wes
ipolatede In view of the shove discussion, the production of

smnhgrylhexene following the desulphurisstion of =@ Cliy L dmm
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thienvibenzyl sloohol is provebly more readily expleined by the
second mechenism (pe 245} rether then the firste Ihe veristion
in the smount of slefin formed also supports the view that these
sleobnls (11) ere not intermedisctes (at lesst, mot W any
significant extent) in the formation of the saturated hydroecarbons
{(X11)e

1t has slso been confirmed in two instances that the
alechols do, in fact, underge hydrogenclvais on irestwent with
Reney mickel in boiling methancle In this wey Z-phenylhexen=ze-ol

gave Zephenylhexsne; and He-phenyinonsn-t-ol zave S=phenyinonrie.
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Ultreviolei and Inf Lpec o~ These were carried cut

ag srevicusly mentioned {(pe169Je

rapev ‘ickele= I=7 Heney nickel was orepered by the usual
apihod, excent that methencl wmes uged insteed of ethenol in the
weghing orocess, aund centrifugation wes renlaced by simple deceniation.
cor desulnhurissiion in benzene the lsnay wieksl was washed three

time with 4istilled weter, ton times with methenol {redistilled

over potnseiws hydroxide J, and firally, ten times with sulohnr-rog

benzens, The Reney plckel wen freehly prapared for every

dezulnkburisation.

Freparstion of ZwlBromothiophens~ This was obtained in 774

48ld by refluxing thiophen with lebromosucoinimide acoording to

the mstind of Duueboie

Preperation of @ w=ihienyvibensgyl ilophole= Freshly

redistilled benzsldehyde (10,51 e} ir smbydrous sulpbur-{ree
bengene (20 sette) was added drorwise to & beiling Grignsrd
solution from Zebromothiovhen (1ée75 gz«) ond magnesium {284 ge)

in sodiumedried eiher. Jenzene (20 tece) was then added and
refluxing continued for 1 hre ‘fter recrvsteliisetion of the
nroduct from benzene-light petreleum {bene 66=80° ) y A wis
thiemvibensyl slechol (14431 go, 75457} formed needles, iebe 5657

(134.5° 57-58%)e
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Dsgulphurisetion of a ngf%é_anvlgmﬂ Algohole= A

sixture of the slochol (9.0 ge) amd V=7 Nomey nickel (frem 126 g
of alloy) ir sulphur-free benzene (200 cese) wes stirred and
refluxed for % hre The cetalyst was collected, waahed with pure
bongeie (2 X 26 cets), and then extracted with benszene (Soxhlet)
for & devse The conbiped filtrates and extrscts were evaporated,
and the residue wns distilled, to give:

{a) on 0il, bepe 54°/5 mme (LelT geli

(b)) an oil, bepe 140%/1 mme (1423 ge)s and

(g) e residue {C.0f gele

‘raction (a) was identified ms l=phenylpentane by comparison
of its infrared spectrum with that of an suthentic specimens

Foundt C, BB.43 1, 10.%,

Lalce for "‘1’11‘!‘51{5 t O, EB8,1; T, 10,870,

redistiliztion of fraetion {b) gave 1,10-dipheuyldscane

5 ‘ 1l 80 . cany) :
as e uil, n%" 18318 (litg,“‘ t*{ le8281), which crystallised

21922 1% 17.57).

on cooling %o give prisms, ..ﬁhp. 15=167 (1ite,
Found: C, #8433 1, 10e0s
Cules for 35.2‘,3): G, EHaT3 Ny Lalie
The alterwmtive possible structure, mamely, §,5~diphenyldecane,
is mmrtﬁsd% to hove mepe 507+ lhe residue (g) wes not exeninads
he vield of the ssturnted product, l-phenylpentane wes

=08 end of the dirsric hydrccarbon, l.l0=diphenyidecane was

1767
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Preperetion of delipthyled-g=-thienylbenzyl /lcohole= A

golution of Z-scetrlthioshen (128 g/ in anhydrous bengzene wes

edded to m Grignerd solution from freshly redistilled bromobenzene
(18e06 ge) in anhydrous ethers The resulting sleohol (VI3 R = e )

g = ] ?4: Q-
(19.17 Len 940“-?.“1_,-.-13 had lsle 60 (ii.f;et Malie B0 ;o

Lesulphurigsetion of a,b-keiat*wl-dj;g},-tm»srmfg_be-nzxrfz. Alcoliol o=

v=7 Peney nickel (from 6245 ge of allov,) wes added to & solution of
this clechol (EeD gpe) in sulphur=frie Lenzene (100 ceCe}y nnd the
mixturs stirred snd refluxed for ¥2 lre Iveporation of +he conbined
Filtrates snd distillation of the product zaves

{a) on oil, bege 1310-112%/12 mea {Ce12 gel3

(b) m oil, epe 112=116"/12 e (24966 ge)s ond

(e} & residue (0012 gele

Praction (a) end (1) geve slmost identicel infrered spectra,
and bands cherscteristic for OF and ©=0C grouss could not be
abzerveds lovertheless, iv sugure coxplete removal of ey alecholic
or unszeturanted sroducit, fresetion (1) wes redistilled cver a crysisl
of jodine amd the distillete trosted with hydrogen (80U 1b./ ind?)
exd oletinum-chercoal in sbsolute ¢thanel (BU cese) st 70% tor € tre
iedistillation save fZephenylhexsze {1.81 ge) an an oil, bepe 101-

g 26 18
}fl‘;g@/’?» it g s&:ﬁﬁ 14812 (111:.@("‘ ':1

144920) .
Founi: O, B8el3 1, 1lefs

Cnlece fOr ﬁlzﬁlﬁ : U, BELEy I, lleZle
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Ite infrared spectrum wes identicel with that given by
an suthentic specimen ¢f Z-phenylbexsne in overy respecte Attampis

to crystallise the residus (g) were unsuccessfule

Lehydretion of Ze“henylhexan=-2=0le= 2= ironvlhexarnmgeol

wes vresared in £4. yield from acetophenone end n=butylmegnesium
bromides Lebvdretion wes effected by refluxing the sleohol (8.0 ge)

i

with a trece of lodine for 30 luwe The oroduct wes washed with
aqueous sodium bhydrogen sulpidte and extructed in silsy, the ether
solution dried and eveporzted and the reeidue distilled, to give

) PP S, .
a*ph&n}:”l%mx*z*@mg Lefie 32 et /t‘».« e? e (4 »285 Loy 94 023:).

w76 16258 (1te,*C np  1.8200)s

Found: C, BSe53 y 10sds
Crice for '»12‘&}16 T Ly BG83 Uy 10 f"e‘ao
towever, the product wag =till contaminnted with traces of
sterting materiel ss indicnied by the presence nf wesk bands &t

5650 {OF streteking) snd 1150 em ' (0F deforwetien).

Ivirorenolvsis of 2= henvihexin=2-ole= A miziure of

geshpnylhextneZ=ol (5e0 geoi, '=7 '=ney nickel {from 7Ze% g of
sllev}, snd methansl (to bring the total volume up %5 U0 Cele/ REB
refluxed for % hre he cetzlyst wes collected on elite snd
weshed with meihanol (3 x B0 olels "he conbined filtrmine were
poured intc weter, the product was sxtracted inte sther, the ether

solution dried and sveporated, ond the rosidus distilled. ihe
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wchirglhexane obtained hed bepe 95-34°/1 mme (349 ge, 85.707),
nl7ef  1.4862 (1ite,? 104920).
founds C, 8%.1; T, 1lle3s
alee for illzﬁma Cp GBeB3 15 1leZ e
[ts infrared spectrum was identicel with that given by an

authentic specimen.

‘reperation of Uiphenvl-Zethienylmethencle- fecrystellised

bensoshenone (18e2 go) in apiydrous beuzene wea added o the
Orignard szolution from Zebrossihiophen {10e7% ge) in anbipdrous
sirers |mervstallissticn of the oreduet from benzene-lighi

petroleuws (Lepe #=40% ) pave divhenyleZ-thienvimethanol =g light

brown prieus, Hepe 128° (23.6 ge, B8:30) (1itege tepe 129=130%),
lowever, racryveinllisation of the zlechol from sbsolute ethanocl
{erarcoal ) resulted in isolatien of its correspending ethyl eiher,
mape B3eb=448%, Yo hydroxy band wes observed in its infrered
speciriiie

Found: U, 7735 U, G533 U, Gep 5y 10aTe

19'119"¢ reguires: g TTaBg 1y Boeds U, Dehig Uy 1045800

Lesulphurisation of Dinhenylegethienvinethonnle~ Vo7 Fnney
mickel (from 156 se of slloy) wes sdded to the sbove slcohol {840 Ze)
in sulvhur-free benzens {6C seve), and the mixture stirred and
refluxed for I hre The cerinlvst wes coliecied snd wegshed with
pure benzene (2 x 60 tecel, the combined Filtretes were evaporated,

and the croduct diegtilied i gives
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(a) en oil, bepe 106=110" /18 moe (Co38 gels

£

(b} &n oil, Pepe 110=112°/15 mme (3ed4 gel; ond

{g) » rluoreseing vellow-green residue (lel) goie

rrection (a) snd (b) gave identical infrared spectrs, having
e weok Ot band at 3660 r;m"}. They slsc decolourised bromine in
carbon tetrachloride, and potassium permenganate in acetone; and
they both gave o deep vellow solution when added to teotranitromethane.
the product wes ascordingly treated to remove sny alechol and
ansaturated materiale ‘rection (L) wes rofluxed for 0.5 hre with
6 trece of fodine, and the product ireeted with hydrogen (800 1be/
in.*) and sletinumecherecal in absclute sthemel at EetC s  The
resulting 1,l=dinkenvipeniane was cbisined es »n 0il, Bepe 1£§<‘;‘-°/
12 mwee, 0EF 1a6480 (140,40 nﬁ“ 14661100
Found: Us Ble¥3 iy Tele
‘plece For '.‘.l?ifg.ﬁ: Cp 91eftp 1y Bellie
(4eht potrolewn (bepe 30-40") was added to the residus (g);
concemntrntion rave colourless mesdles (0627 zel, Bole ﬁi‘.‘:-‘é‘lé.
leerveitnlligetion from nelayone geve 1,1,10,10=te traphenyldecans
28 nosdles, mepe 90=81",
Founds C, 9le23 5, BeBiz 1 (Rest), 494, 468,
Cmalizp requires: U, 9led; I, 8655 U, 446.0.
e theoretdesliv altermative structure, 5,5,5 ,6=tatra=

. 28 S A . S—
sheryldessne is reported” 4o have mepe 6263 (air) or 66=70°
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{nitrogen)s Concentration of the mother liquors gave & further
quentity (0edC ge) of 1,1-diphenylpentane, n’ 146608, heving
an infrared spectrum identicsl with that of the materizl above.
Foundt O, Dls03 1, Cabe
Cales fOr Cyglipat ©s 9ley F, Zelie
Extraciion of the cetelyst with benzene in a Soxhlet for
46 hre gave s further frection {g) (Dl go), emd subsequent
extraction with mothanol gave sn sdditional fractien {g) (ColE gele
rpaction {d) wes redistilled at 200® (baih)/E mmey to give en ail
{mainly 1;l=diphenyipent=l-cne ? ia
Found: L, Y2elp !y Bele
(rloe for Cl"fﬁ},ﬁg Uy BleBy 1y Bolbe
cimilar distillation of fraction (g) gave an eil (Found:

5, Ble2g Hy Bellle

Preparation of A < «li=g=thienyibeonzyl /leohole= Freliminery

experimente showed ihst tuie sleohal is extremely unsteble in the

presence of light swd elir ar on strong refluxinge 1ihe following

exneriment was therefore carried sut in & derk room, and resction

rixtures nere covered witlh an etmosphere of dry oxvger-{res nltrogens
“thylbenzoate {Tef ge! in enhydrous gulrhur-fres benszene

{47 sece) mes ndded droowise te s Cripmard selution nrepered {row

freshly distilled 2-bromethieshen {184,756 go) snd magnesium (254 go)

in snhydrous ether (70 cecels Centle werzing wos required during



- 260 =

the sdditicr, and when this was complets the mixture wes gently
refluxed for & further ¥ hre The complex wes 1ot decomposed and

was subjected to the desulphurisation reaction ne belowe

resulpturisstion of A4 d =Uieg=thigmy lbenzyl ‘lcohol { Grignerd

Copnlex)e= I=7 ieney nickel (from 125 ge of nlloy! wes then sdded
&5 the cooled mixturs (ebove), which was made up %0 Sl 260 sete
with pure honzence Ihe wixture wes then stirred end refluxed for
12 tre, frnd tosted fer completeness of desulphurisation {vy
withodrewing o smell amount of mixture and exposing it to light and
piyr when resctlon wes incewpleds, the mixiure heesme rapidly derk
violat)e Uove lsney uiekel (fram 125 ge of alloy) wes edded if
required, and refluxing sontinued for 4 hre The eatelyst was
sollected on Celite snd washed with sulpbur-free benzene (3 x 6O 2eCely
ang the sombined filtrates were eveperanted, and the residue wes
distilled, & zives

{a) = forerun, Sepe 1561602/ 9 mue (Ce1) geols

(b} e colourless liguid, beve 16016479 moe (3.2% gels

s & o !'.3 ! . > F - 2=
{3) a colourless liguid, hepe 180 (’k«.@t};)/ﬁ_rah ni%e {DelZ Ee)3 and

(@} = dark violet residue {1e35 ge) (which, after chromatogrephy
on alumina iu hexane snd subsequent distillatiom, gave & vellow cil,
Bele 1740176° /002 rme (Lo feile

‘xtrection of ths catalyst with bensene (soxklet) for 96 hr,

and seeporation reve = further fraction,



(8) whick, after recryetalliseticn from sbsolute ethanol,

vielded nlates, mepe 69=70" (2462 gole

Jubsequent extraction of the cetslyst with methenol for
40 hre ond evaporatiom prve,

(£} colourless crystals (118 pe) (which were clhitained from
chromateorraphy of the crude extrscts (ca. 27 zej on nlumine in
hexsne, the orystals did not melt and left a colourless residue

on ignitionie

The infrered spectrum of fraction (g) showed strong
shaorntion of frequencies corvesvonding o (-l gtretehing vibrationsa
in metlvl, wethylens, snd phenyl proupses No absorption wes obse rved
sbove 5100 gwl, indiceting the sbsence of & hydroxy zroupe

The infrared spectruam of fraction {_‘g} showed & bend 8t
1803 {conjugeted C=C), and & wesk band at 3650 cm.}’ (75 group/.

In addition, it showed sbsorptions =t ZU0Z and 2874 (‘;”3)' and
between 1940 mmd 1740 om {(monosubstituted eromtic)e The liguid
decolourised bromine in cerbom teirechloride, end potassiun
permanganate in acetone. It weg redistilled in the presemce of

a trecs of iodine end the resulting Gephenylnon-iesne wes cttnined

% el fa = b1 - ane | 28
08 an 0il, bepe BU=ER /Ul ile, n, 1eAG8G (lite,
i

1e5012/
Founds G, 68«43 Hg 1UeTe

Lalge for -.315'1"{22: Co B3 1, 1100



Its infrared spectrum wae identiecal with thet of an
authentic specimen. The yield of b=phenylnon-d-ene was 16,0
rrsetion (g) showed, on exsnination with the infrared
spectroscopy, strong absorption at 5080 (arcwatie C-H}, at 2674
(aliphatic C-i), at 1596 ex™> (C=0), and bands between 1942 and
1740 em™t typical of monosubstituted bensene derivetives. 1%
geema likely theot thisz is S=shenylootadecane (?).
Founds O, B8e4s 1, 1004
Cpqligg ToQuiTest Oy 8B.8: ¥, 11.2%e
irsotion (d) was sgein distilled, o give 5,14=diphenyl-
cotadecans, bepe 180-182°/0426 mne, o0 15150
found: C, BBeBB; 1, 1l.073 ¥ (Pmst), 566
CSO‘:‘QB requires: C, BBe63 1, 1led-g ¥, 40C.8.
The alternative rossible product, nemsly, 1,1,2,2-tetra-n=
butyl=l 2~iiphenviethine, is mportaés{; to have Mepe ¢x°. The
vield of §,l4=diphenyloctadecane wes Ge8file

Frection (g) wee sgein recrysisllised, to give bivhemyl cs

#

plates, mepe ami mized mepe §6-70 » The infrared end ultraviolet
spectra of the plotes were elso identiosl in every respect with
those of the authentica specimens The yield of this product was
17e01%e

The residue obtained from the ipgaition test of frection (f)

was found the presence of magnesiure The sodium fusion test of the
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oryatals showed the presence of brumide jonss The compound was
readily scluble in water. It seeus likely thet this product is
ma gnosium ethoxy bromide formed during the Orignard resction of
the starting meterisle

iepetition of this desulphurisation, with an inoreased
amount of leney nickel (from 4567 ge of alloy) which was sdded %o
s reoction mixture in ome lot, gave biphenyl in 704 yield, and

no liguid product wes isolated.

Dehydration of S-"henylnonan=5=gle= the aleohol, LieDe
166-166°/6 mee, wos obtained in 52,17 yield by Petrov's nethode
T+ wes refluxed with a trace of iodine for 05 luws, giving

).
¥

. 3 ' o
fepharylnened=cie, bele 142=145° /"1:5 wie L4087 Zely V 3040

(0=0), 3080 (sromstic CH), 2867 {:.s::a stretohing), 2667 (CE,
stretehing ), 1597 (conjugatsd C= (), and = pattern of bands botween
1942 mnd 1740 un'l (monosubs titiated benzens e

Vound: ¢, B5.03 1, 10.8.

iydrogenolysis of bePhenyluomsm=b=ole= This slcohol (240 o)
and 77 foney mickel (from 30 ge of slley) iw methanol {28 Goite)
wors rofluxed for 1 hre The resulting S-phenyluonans (146 ge) had

& s “ K]
bepe 10C°/5e5 mia, maC 1e4651 (11te,™ 1.6874)e

Found: ©, 88.13 I, 1leTe



A mixtuve 6f sthyl bensoate (B« ge) and We7 faney mickel (fvem

86 ge of alley) in sulphur-free bensene (100 cece) was refluxed with
stirring for 4 hrs The catalyst wes seperated on Celite end
subsequentiy extracted witk bensene {Soxhlst) overnight. Eveporetion
of the cosbined filtrates sné extracts gave a residue which was
distilled at 87°/1C mm. to give the unchenged ethyl bensoate (4.£1 ge,
92.27)s Mo ather produat oould be iseleted from the mesidus (0.1f gole

ride e leSromonaphihs et

was obteined in 72.57% vield sccording 4o the methed of Clsrike and
Brothen.C This wes subjected to the Orignsrd resction by the
method of Cilman, Ste John, snd Schuise™ o give lemaphtbole aeid
in Tle2¥ vielde The mixture of dried lenaphthole acid (28 gels
redistilisd thiomylchloride (30 ge) end anhydrous bensene (10C Cote)
was refluxed for 1 hre The excess of thionyl shieride snd benzens
were removed by distillation and the residue was distilled to give
l-naphtheyl chloride {(2¢.81 go, E8.61%) at 116°/0e5 ms. as solsurless
1iquide

speparation of l-fiaphthy] Fheuyl Eetone.~ l-Taphthoyl chloride
(26.81 go) was added %o the mixture of finely powdered alwminium
chleride (19.09 ge) in snhydrous bensens (30U Cese) in the ususl
mamner of FriedsleCrafts ketone symthesiz. Werking up in Uw
customary way gave i-maphthyl phenyl ketome at 166%/142 mie, Mepe
26.5% (13457 mape 7545°), (2045 go, ETelil}e



The following procedure for preparation of this aleohol was superior
to thet of Minmis.?® ' l=inphthyl phenyl ketone {(28.2 ge) in
sphydrous bensene (150 cece) was added during 2 bre to A Grigmard
solution prepered from 2-bromothiophen {18.76 ge) in auhydrous ethers
Decomposition was effected under nitrogen with 20% aqueous ammoniwa
chloride. The ether<bensens leyer was washed, dried end eveporated
under rodvied pressure in mitrogene The residue erystaliized from
bensene under mitrogen, o give prisms, mups 154.6-135° (271 ges
85.8%) (186,54 131°)

¥ Remey nickel (from 12f g. of s1ley) was edded to this aloohol
{£5 ge) in sulphur=free bensens (150 Seve), and the mixture stirred
and refluxed for 4 hre The catalyst was coliected on Caliite and
extractsd (Soxhlet) with bensene overnighte The combimed filtrates
and extracts were evaporsted amd the residue was distilled, to glves

(a) ® yollem viscous oil, bepe 387°/0005 mma, -g"' 1.5108
{18:19 ge/s ond

(&) ® dork violet residue {B.67 gele

The infrared spectrum of fraoticn {(a) showed no OF band, but
bands st 2957 (Cll, streteliing) snd H0G0 e} (aromatie G strotohing)
were ifounde It is, thareiore, 1,1venanhtliylelephanyipantanss

Pound:s ©, 91«63 H, 84603 & (Rest), 262

GyqHy, Tequirest G, 9le93 He Bolfiz My 274eds
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Yo pure product was obtained on chromatography of
fraction {(ble

In Manis's

pm.“ for prepsration of this fluoremeol, 2-bromothiophen
was substituted for Z-iodethiophen, and filtretion and weshing
were omitted. I» the pressent study, attempts to recrystallise
the vroduwet without decomposition were unsuccessfuls ihe
desulphurisation of this alcohol was effected by its magnes ium
complexe

Lesulphurisation of $-2'=-Thiswylfluoven=S-ol. (Origmard
Complex)e~ V7 Ramey mickei (from 260 ga of alloy) was edded to
a suspension of the megnesium complex of the sloshol (prepared
from fluorencne, Z-bromothiophen, and magnesiws, oa & Ol molsr seale)
4n ether-bengene, and sulphur<free bensens wes ndded to dring the
volume up to 400 cese fThe stirred mixture was refluxed umder dry
oxygen=free 5itrogen for 3% hre ) test showed thet desulphurisation
was incomplets {(red colour), sc a further gwastlty of leney niokel
{from 125 ge of alloy) was added and refluxing contimued for © hre
The catalyst was collected, weshed with benseme (2 x 50 cets), and
extracted successively with bensene and msthamol, cach for 2 deyse
The combined filtratas and extrscts were evsporated end the residue
was 4istilled, %o give

(8) = yellow viscous oil, baops 120°/0.2 mmo (1662 go)p ond
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(3) e residue (3.0 go)

Bedistilletion of frection (a) geve S~butylfluorens,
bepe 121-122%/0.2 mme, mio*® 1.6908 (11%.,%° =20 1.8080).

Found: ©, 91¢3; I, 8.3 M (Rast), 214.

Calos for Gy 8 gz Cp S1e85 T, Be2f I, 222+

Setisfactory anelyses could mot be cbtained owing o the
rapid oxidation of this materiale Its ultrevielet absorption
spectrum in 95X ethanol showed mexima at 267.6, 258, and 304 s
and was similar to that of S-methylfuorems () _ 263, 280, 300 qu}.,"

Distillation of frection (b) gave (g} en intense ysllow &il,
bape 146=147°/142 mme (Ce27 ge)s ami () & red residuse

Fraotion (¢) sryetallised, end recrystellised frem light
petroiewn (bepe 60<90°) gave colourless needles, mepe 116-116° (23
Bge)s Thie preduct did not form u piorate; it was not idemtical
with fluorene and wes not identiiied. Concentration of the mothere
liguors gave two further unidentified products: ome with mepe 196~
196° (g mge)s ‘the other as prisms, meps 127.6<126:5° (3745 uge)e

“raetion {4) was chromatographed on slumins in hexane and
elubted with hexane-benszens. lecrystallisation from toluene gave
9,9 wdi=i =ilionyl=9," <bi flucreny]l as needles, meps 269-270° (0u24 gole

Found: ©, 58.83 K, Bely 85, 12.%e

CgqllpySy Toquirest ©, 82423 Fe 4493 G 12e9e

The yield of S=m=butylfluorene was 65,627 end of 9,0"-di-
2"=thienyl=0,9" ~bifluorenyl was 4865
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624. Synthetical Applications of Activated M etal Catalysts.
Part XIII.* The Desulphurisation of Alcohols Derived from Thiophen.

By G. M. BapGer, P. CueuycHIr, and W. H. F. SaAssE.

Desulphurisation of «-2-thienylbenzyl alcohols (I} has been shown to
proceed by two mechanisms. The first involves desulphurisation to the
pentanol (II) which is then dehydrated to the olefin (IIT}; the second
involves hydrogenolysis of the hydroxyl group in (I) or (II), and desulphur-
isation to give the saturated hydrocarbon (V). * Dimeric”’ products (VI)
have also been found.

DESULPHURISATION of suitably substituted acidic derivatives of thiophen has been shown
to provide a convenient route for the preparation of many long-chain fatty acids; 1,2 and
many branched-chain acids are more accessible by this route than by any other. Dicarb-
oxylic acids, keto-acids, hydroxy-acids, amino-acids, and a few ketones, alcohols, and
hydrocarbons have been prepared by modifications of the method.l: 3 In order to examine
further the synthetical applications of the desulphurisation reaction, several «-2-thienyl-
benzyl alcohols and related compounds have now been desulphurised. These reactions
were effected in benzene or methanol with W-7 Raney nickel.

Desulphurisation of «-2-thienylbenzyl alcohols (I) might be expected to give the
alkanols (I1), which could suffer ready dehydration to the olefins (IIT). On the other hand,
hydrogenolysis of the hydroxy-group to give compounds (IV) would also be expected, and
on desulphurisation these would give the saturated hydrocarbons (V). Similarly, the
alcohols (II) would be expected to undergo some hydrogenolysis to the saturated compounds
(V). The results obtained in the present investigation indicate that both mechanisms
must operate, but in varying degree. Intractable mixtures of alcohol (IT), olefin (III),
and saturated compound (V) were sometimes formed, and these were worked up by dehydr-
ation and reduction to give the saturated compound.

R R
Ph—C-CHy-CHy CHyCH; —3  Ph=C=CH-Chiz:CHCH
—7 OH (1) (111) R R
Ph~C—~[CHs]s-C-Ph
Ph-C | R § H [ew H
s A —>  Ph-C—CH,-CHa:CHy CHs
HO Ph~C ' (V1)
M nos H
(Iv) (V)

1t now seems to be established that desulphurisations over Raney nickel proceed by a
radical mechanism, and in a few cases the *“ dimerisation ” of such intermediate radicals
(rather than their hydrogenation) has been demonstrated.* Dimerisation of the inter-
mediate radical expected from the action of Raney nickel on the 2-benzylthiophens (IV)
would give the hydrocarbons (VI), and it is significant that compounds of this type were
observed among some of the reaction products. The same hydrocarbons (VI) could also
be formed by dimerisation of the radical intermediate from the action of Raney nickel on
the sulphur atom in the alcohol (I), followed by removal of the hydroxyl group by
hydrogenolysis. Unsaturated dimeric products were not observed in the present work.

Desulphurisation of a-2-thienylbenzyl alcohol (I; R = H) gave 1-phenylpentane (V;
R = H) as the major product, together with some 1,10-diphenyldecane (VI; R = H).
No alcohol (II) or olefin (III) was detected among the products, and it seems, therefore,
that reaction proceeded entirely by the second mechanism. Desulphurisation of «-methyl-

* Part XII, J., 1961, 1347.



a-2-thienylbenzyl alcohol (I; R = Me) proceeded similarly, to give 2-phenylhexane (V;
R = Me), but in this case no dimeric product (VI) could be isolated. On the other hand,
the desulphurisation of diphenyl-2-thienylmethanol (I; R = Ph) gave a mixture contain-
ing both alcohol and olefin, and as this mixture could not be separated it was completely
dehydrated and then hydrogenated, to give 1,1-diphenylpentane (V; R = Ph); extraction
of the catalyst gave an oil which gave correct analyses for 1,1-diphenylpent-1-ene; a small
amount of dimeric product, 1,1,10,10-tetraphenyldecane (VI; R = Ph) was also isolated.

The desulphurisation of x«-di-2-thienylbenzyl alcohol (I; R = C,H,S) gave a mixture
of alcohol and olefin which was completely dehydrated to give 5-phenylnon-4-ene (IT1;
R = Bu?). No saturated compound (V) was found, but the dimeric product 5,14-di-
phenyloctadecane (VI; R = Bu") was isolated. Two further compounds were also ob-
tained. The first is provisionally regarded as 5-phenyloctadecane; the second was char-
acterised as biphenyl. This isolation of biphenyl is of some interest as it evidently means
that phenyl radicals were liberated at some stage in the desulphurisation of the alcohol.
The biphenyl was not derived from any unchanged ethyl benzoate in the reaction mixture,
as this compound was recovered unchanged following treatment with W-7 Raney nickel
in boiling benzene. It is also noteworthy that the desulphurisation of w«-di-2-thienyl-
benzyl alcohol with a very large excess of Raney nickel gave biphenyl in 709, yield.

Desulphurisation of «-1-naphthyl-a-2-thienylbenzyl alcohol (I; R = C,,H;) gave the
saturated compound, 1-1-naphthyl-1-phenylpentane (V; R = C;,H,;), and no alcohol or
olefin could be found. The high-boiling fraction proved to be intractable, and no dimeric
product (VI) was isolated.

(VI (IX)

Finally, the desulphurisation of 9-2’-thienylfluoren-9-ol (VII) gave 9-n-butylfluorene
(VIII; R = Bu), presumably by hydrogenolysis of the hydroxyl group followed by de-
sulphurisation. This view is also supported by the isolation of some undesulphurised
dimeric product, namely, 9,9’-di-2"'-thienyl-9,9’-bifluorenyl (IX; R = C,H,S).

In the preceding discussion, it has been assumed that the saturated compounds (V)
were formed from the alcohols (I) by way of either (IV) or (II), that is, by hydrogenolysis
of the hydroxyl group. A small proportion of the saturated compound could conceivably
arise by dehydration of the alcohol (II) in the reaction mixture, followed by subsequent
hydrogenation of the resulting olefin (III). The alcohols (II) are certainly dehydrated
when heated with a trace of iodine (this has been achieved in several instances); but it
seems very unlikely that these alcohols (II) would be dehydrated during treatment with
alkaline Raney nickel. It is much more reasonable to suppose that the olefins are formed
by dehydration of the alcohols during the working-up, which involves a high-temperature
distillation. The variation in the amount of olefin formed also supports the view that
these products are not intermediates (at least, not to any significant extent) in the formation
of the saturated hydrocarbons (V).

Tt has also been confirmed in two instances that the alcohols do, in fact, undergo
hydrogenolysis on treatment with Raney nickel and boiling methanol. In this way
2-phenylhexan-2-ol gave 2-phenylhexane; and 5-phenylnonan-5-ol gave 5-phenylnonane.

EXPERIMENTAL

Raney Nickel —W-T Raney nickel was prepared by the usual method, except that methanol
was used instead of ethanol in the washing process, and centrifigation was replaced by simple
decantation. For desulphurisations in benzene the Raney nickel was washed three times with



distilled water, ten times with methanol (redistilled over potassium hydroxide), and, finally,
ten times with sulphur-free benzene. The Raney nickel was freshly prepared for every de-
sulphurisation.

Desulphurisation of a-2-Thienylbenzyl Alcohol.—Freshly redistilled benzaldehyde (10-61 g.)
in anhydrous sulphur-free benzene (20 ml.) was added dropwise to a boiling Grignard solution
from 2-bromothiophen 5 (18:75 g.) and magnesium (2-64 g.) in anhydrous ether. Benzene (20
ml.) was then added and refluxing continued for 1 hr. After recrystallisation of the product
from benzene-light petroleum (b. p. 60—90°) a-2-thienylbenzyl alcohol (14-31 g., 75-3%,) formed
needles, m. p. 56—57° (lit.* 57—58°). A mixture of this product (9-0 g.) and W-7 Raney
nickel (from 125 g. of alloy) in sulphur-free benzene (200 ml.) was stirred and refluxed for 3 hr.
The catalyst was collected, washed with pure benzene (2 x 25 ml), and then extracted with
benzene (Soxhlet) for 3 days. The combined filtrates and extracts were evaporated, and the
residue was distilled, to give (a) an oil, b. p. 94°/9 mm. (407 g.), (b) an oil, b. p. 140°/1 mm.
(1-23 g.), and (¢) a residue (0-02 g.). Fraction (¢) was identified as 1-phenylpentane by com-
parison of its infrared spectrum with that of an authentic specimen (Found: C, 89-4; H, 10-7.
Calc. for C;;Hyq: C, 89-1; H, 10-9%). Redistillation of fraction (b) gave 1,10-diphenyldecane
as an oil, 7, 1-5318 (lit.,” n,2° 1-5281), which crystallised on cooling to give prisms, m. p. 15—
16° (lit.,» & 12°, 17-5°) (Found: C, 89-3; H, 10-0. Calc. for CpHyg: C, 89-7; H, 10-39%). The
alternative possible structure, namely, 5,6-diphenyldecane, is reported ? to have m. p. 80°.
The residue (¢) was not examined.

Desulphurisation of a-Methyl-o-2-thienylbenzyl Alcohol—A. solution of 2-acetylthiophen
(126 g.) in anhydrous benzene was added to a Grignard solution from freshly redistilled bromo-
benzene (18-06 g.) in anhydrous ether. The resulting alcohol (I; R = Me) (19-17 g., 94:4%)
had m. p. 50° (lit.,2° 50°).

W-7 Raney nickel (from 62-5 g. of alloy) was added to a solution of this alcohol (5-0 g.) in
sulphur-free benzene (100 ml.), and the mixture stirred and refluxed for 4 hr. The catalyst
was collected on Celite and extracted with methanol (Soxhlet) for 32 hr. Evaporation of the
combined filtrates and distillation of the product gave (a) an oil, b. p. 110—112°/12 mm. (0-12
g.), (b) an oil, b. p. 112—116°/12 mm. (2-965 g.), and (c) a residue (0-012 g.). Fractions (@) and
(b) gave almost identical infrared spectra, and bands characteristic for OH and C=C groups
could not be observed. Nevertheless, to ensure complete removal of any alcoholic or unsatur-
ated product, fraction (b) (2 g.) was redistilled over a crystal of iodine and the distillate treated
with hydrogen (800 Ib./in.?) and platinum—charcoal in absolute ethanol (50 ml.) at 70° for 6 hr.
Redistillation gave 2-phenylhexane (1-61 g.) as an oil, b. p. 101—102°/5 mm., %, 1-4912 (lit.,*
nyt® 1-4920) (Found: C, 89-0; H, 11.0. Calc. for C,,;Hy,: C, 88:8; H, 11-2%). TIts infrared
spectrum was identical with that given by an authentic specimen. Attempts to crystallise the
residue (c) were unsuccessful.

Dehydration of 2-Phenylhexan-2-0l.—2-Phenylhexan-2-ol was prepared in 84%, yield from
acetophenone and n-butylmagnesium bromide. Dehydration was effected by refluxing the
alcohol (5 g.) with a trace of iodine for 30 hr.*? The product was washed with aqueous sodium
hydrogen sulphite and extracted in ether, the ether solution dried and evaporated, and the
residue distilled, to give 2-phenylhex-2-ene, b. p. 62—63°/0-7 mm. (4-235 g.), npl7® 1-5258 (lit.,’
7,20 1-5200) (Found: C, 89-6; H, 10-1. Calc. for C;,Hyg: C, 89-9; H, 10-1%). However, the
product was still contaminated with traces of starting material as indicated by the presence of
weak bands at 3650 (OH stretching) and 1150 cm.™ (OH deformation).

Hydrogenolysis of 2-Phenylhexan-2-ol —A mixture of 2-phenylhexan-2-ol (5:0 g.), W-7
Raney nickel (from 62-5 g. of alloy), and methanol (to make total volume 80 ml.) was refluxed
for 3 hr. The catalyst was collected on Celite and washed with methanol (3 X 50 ml.). The
combined filtrates were poured into water, the product was extracted into ether, the ether
solution dried and evaporated, and the residue distilled. The 9-phenythexane obtained had
b. p. 93—94°/1 mm. (3:9 g.), 1" 1-4862 (lit.,* n,'® 1-4920) (Found: C, 89:1; H, 11-3. Calc.
for C,,H,5: C, 88-8; H, 11:2%). Its infrared spectrum was identical with that given by an
authentic specimen.

Desulphurisation of Diphenyl-2—thienylmetkanol.—Recrystallised benzophenone (18-2 g.) in
anhydrous benzene was added to the Grignard solution from 2-bromothiophen (18-75 g.) in
anhydrous ether. Recrystallisation of the product from benzene-light petroleum (b. p. 30—
40°) gave diphenyl-2-thienylmethanol as light brown prisms, m. p. 128° (23:6 g., 88:3%) (lit.,**
129—130°).



‘W-7 Raney nickel (from 125 g. of alloy) was added to the above alcohol (8 g.) in sulphur-
free benzene (80 ml.), and the mixture stirred and refluxed for 1 hr. The catalyst was collected
and washed with pure benzene (2 X 50 ml.), the combined filtrates were evaporated, and the
product distilled to give (@) an oil, b. p. 108—110°/15 mm. (0-38 g.), (b) an oil, b. p. 110—112°/
15 mm. (3:44 g.), and (¢) a residue fluorescing yellow-green (1-0 g.). Fractions (a) and (b) gave
identical infrared spectra, having a weak OH band at 3650 cm.”™. They also decolorised
bromine in carbon tetrachloride, and potassium permanganate in acetone; and they both gave
a deep yellow solution when added to tetranitromethane. The product was accordingly
treated to remove any alcohol and unsaturated material. Fraction (b) was refluxed for 0-5 hr.
with a trace of iodine, and the product treated with hydrogen (800 Ib./in.?) and platinum-—
charcoal in absolute ethanol at 50—60°. The resulting 1,1-diphenylpentane was obtained as
an oil, b. p. 180°/12 mm., 1, 1-5480 (lit.,1® 4,2 1-5511) (Found: C, 91-3; H, 9-1. Calc. for
Ci7Hyo: C, 91-0; H, 9-0%,).

Light petroleum (b. p. 30—40°) was added to the residue (¢); concentration gave colourless
needles (0-27 g.), m. p. 90—91°. Recrystallisation from n-hexane gave 1,1,10,10-fetvaphenyl-
decane as needles, m. p. 90—91° [Found: C, 91-2; H, 8:6%; M (Rast), 494, 468. C,,H,, requires
C,91-4; H,8:69%,; M,6446-6]. Thetheoretically alternativestructure, 5,5,6,6-tetraphenyldecane,
is reported ¢ to have m. p. 62—63° (air) or 68—70° (nitrogen). Concentration of the mother-
liquors gave a further quantity (0-40 g.) of 1,1-diphenylpentane, #,%° 1-5505, having an infrared
spectrum identical with that of the material above (Found: C, 91-0; H, 8-9%).

Extraction of the catalyst with benzene in a Soxhlet for 48 hr. gave a further fraction (d)
(0-15 g.), and subsequent extraction with methanol gave an additional fraction (¢) (0-15 g.).
Fraction (d) was redistilled at 8 mm. (bath-temperature 200°), to give an oil (mainly 1,1-di-
phenylpent-1-ene?) (Found: C, 92-0; H, 8-5. Calc. for C;Hq: C, 91-8; H, 8:2%,); similar
distillation of fraction (¢) gave an oil (Found: C, 91-2; H, 8-3%).

Desulphurisation of aw-Di-2-thienylbenzyl Alcohol.—Preliminary experiments showed that
this alcohol is extremely unstable in the presence of light and air. The following experiment
was therefore carried out in a dark room, and all reaction mixtures were covered with an atmo-
sphere of dry oxygen-free nitrogen.

Ethyl benzoate (7-5 g.) in anhydrous sulphur-free benzene (40 ml.) was added dropwise to
a Grignard solution prepared from freshly distilled 2-bromothiophen (18-75 g.) and magnesium
(2-64 g.) in anhydrous ether (70 ml.). Gentle warming was required during the addition, and
when this was complete the mixture was refluxed for 3 hr. 'W-7 Raney nickel (from 250 g. of
alloy) was then added to the cooled mixture, which was made up to ca. 250 ml. with pure
benzene. The mixture was then stirred and refluxed for 12 hr., and tested for completeness
of desulphurisation (by withdrawing a small amount of mixture and exposing it to light and
air: when reaction was incomplete, the mixture rapidly became dark violet). More Raney
nickel (from 125 g. of alloy) was added if required, and refluxing continued for 4 hr. The
catalyst was collected on Celite and washed with sulphur-free benzene (3 x 50 ml.), and the
combined filtrates were evaporated, and the residue was distilled, to give a forerun (a), b. p.
158—160°/9 mm. (0-11 g.), fraction (b), b. p. 160—164°/9 mm. (3-23 g.), fraction (¢) [which was
distilled at a bath temperature of 160° and 0-5 mm. to give an oil (0-12 g.)], and a dark violet
residue (d) (1-35 g.) [which, after chromatography on alumina in hexane and subsequent dis-
tillation, gave a yellow oil, b. p. 174—175°/0-2 mm. (1-2 g.)]. Extraction of the catalyst with
benzene (Soxhlet) and evaporation gave a further fraction (e) which, after recrystallisation from
absolute ethanol, yielded plates, m. p. 69—70° (2:62 g.). The infrared spectrum of fraction (a)
showed strong absorption at frequencies corresponding to C-H stretching vibrations in methyl,
methylene, and phenyl groups. No absorption was observed above 38100 cm.™, indicating the
absence of a hydroxyl group.

Fraction (b) decolorised bromine in carbon tetrachloride, and potassium permanganate in
acetone. Its infrared spectrum showed a band at 1603 (conjugated C=C), and a weak band
at 3650 cm.™ (OH group). In addition, it showed absorption at 2874 (CH,), and between 1940
and 1740 cm.™! (monosubstituted aromatic). It was redistilled in the presence of a trace of
iodine and the resulting 5-phenylnon-4-ene was obtained as an oil, b. p. 80—82°/0-6 mm.,
n'% 1-4985 (1it., 27 1.5012) (Found: C, 89-4; H, 10-7. Calc. for C;;H,,: C, 89-0; H, 11-0%).
Its infrared spectrum was identical with that of an authentic specimen.

The infrared spectrum of fraction (¢) showed strong absorption at 3030 (aromatic CH), at
2874 (aliphatic CH), at 1595 cm.™ (C=C), and bands between 1942 and 1740 cm.™ typical of



monosubstituted benzene derivatives. It seems likely that this is 5-phenyloctadecane (?)
(Found: C, 88-4; 10-8. CyHy requires C, 88-8; H, 11-29%).

Fraction (d) was again distilled, to give 5,14-diphenyloctadecane, b. p. 180—182°/0-25 mm.,
128 1-:5150 [Found: C, 88-65; H, 11-0%; M (Rast), 395. C,yH,, requires C, 88-6; H, 11-4%;
M, 406-6]. The alternative possible product, namely, 1,1,2,2-tetra-n-butyl-1,2-diphenylethane,
is reported 18 to have m. p. 63°.

Fraction (¢) was again recrystallised, to give biphenyl as plates, m. p. and mixed m. p.
69—70°, with the authentic infrared and ultraviolet spectra.

Repetition of this desulphurisation, with an increased amount of Raney nickel (from 450
g. of alloy), gave biphenyl in 70% yield, and no liquid product was isolated.

Dehydration of 5-Phenylnonan-5-ol.—The alcohol, b. p. 165-—166°/6 mm., was obtained in
82-19% yield by Petrov’s method.® It was refluxed with a trace of iodine for 0-5 hr., giving
5-phenylnon-d-ene, b. p. 142-—145°/13 mm. (427 2.), Vs 3040 (C=C), 3030 (aromatic CH),
2967 (CH, stretching), 2857 (CH, stretching), 1597 (conjugated C=C), and a pattern of bands
between 1942 and 1740 cm.™ (monosubstituted benzene) (Found: C, 89-0; I, 10-6. Calc. for
CyHey: C, 89-0; H, 11-0%).

Hydrogenolysis of 5-Phenylnonan-5-ol.—This alcohol (2-0 g.) and W-7 Raney nickel (from
30 g. of alloy) in methanol (25 ml.) were refluxed for 14 hr. The resulting 5-phenylnonane
(1-5 g.) had b. p. 100°/3-5 mm., 1,18 1-4851 (lit.,*7 1-4874) (Found: C, 88-1; H, 11-7. Calc. for
CisH,a: C, 88-2; H, 11-8%).

Desulphurisation of 9-2- Thienylfluoren-9-ol.—In Minnis’s procedure 20 for preparation of this
fluorenol, 2-bromothiophen was substituted for 2-iodothiophen, and filtration and washing
were omitted. In our hands, attempts to recrystallise the product without decomposition
were unsuccessful and the following procedure was adopted.

W-7 Raney nickel (from 250 g. of alloy) was added to a suspension of the magnesium complex
of the alcohol {prepared from fluorenone, 2-bromothiophen, and magnesium, on a 0-1-molar
scale) in ether—benzene, and sulphur-free benzene was added to bring the volume up to 400 ml.
The stirred mixture was refluxed under dry oxygen-free nitrogen for 33 hr. A test showed that
desulphurisation was incomplete (red colour), so a further quantity of Raney nickel (from 125
g. of alloy) was added and refluxing continued for 5 hr. The catalyst was collected, washed
with benzene (2 x 50 ml.), and extracted (Soxhlet) successively with benzene and methanol,
each for 2 days. The combined filtrates and extracts were evaporated and the residue was
distilled, to give (a) a yellow viscous oil, b. p. 120°/0-2 mm. (15-52 g.), and (b) a residue (3-0 g.).

TRedistillation of fraction (a) gave 9-butylfluorene, b. p. 121—122°/0-2 mm., ny1%% 1-5908
(lit.,2! %20 1-5850) [Found: C, 91-2; H, 8:3%; M (Rast), 214. Calc. for Cy;H;q: C, 91-8;
H, 8-29%,; M, 222]. Satisfactory analyses could not be obtained owing to the rapid oxidation
of this material. Its ultraviolet absorption spectrum in 95%, ethanol showed maxima at 267-5,
292 and 304 my, and was similar to that of 9-methylfluorene (Vmax, 263, 290, 300 my).?

Distillation of fraction (b) gave (¢) an intense yellow oil, b. p. 146—147°/1-2 mm. (0-27 g.),
and (d) a red residue. Fraction (c) crystallised, and recrystallisation from light petroleum (b. p.
60—00°) gave colourless needles, m. p. 115—116° (21 mg.). This product did not form a picrate;
it was not identical with fluorene and was not identified. Concentration of the mother-liquors
gave two further unidentified products: one with m. p. 195—196° (2 mg.); the other as prisms,
m. p. 127-5—128-5° (37-5 mg.).

Fraction (d) was chromatographed on alumina in hexane and eluted with hexane-benzene.
Recrystallisation from toluene gave 9,9'-di-2""-thienyl) 9,9 -bifluorenyl as needles, m. p. 269—270°
(0-24 g.) (Found: C, 82:3; H, 5-1; S, 12-7. Cy,H,,S, requires C, 82-2; H, 4:9; S, 12-9%).

Desulphurisation of w-1-Naphthyl-o-2-thiewylbenzyl Alcohol.—The following procedure for
preparation of this alcohol was superior to that of Minnis.2? 1-Naphthyl phenyl ketone
(23-2 g.) in anhydrous benzene (1560 ml.) was added during 2 hr. to a Grignard solution prepared
from 2-bromothiophen (18-75 g.) in anhydrous ether. Decomposition was effected under
nitrogen with 20% aqueous ammonium chloride. The ether—benzene layer was washed, dried,
and evaporated under reduced pressure in nitrogen. The residue crystallised from benzene
under pitrogen, to give prisms, m. p. 184-5—135° (27-1 g., 85-89%,) (lit.,20 131°).

W-7 Raney nickel (from 125 g. of alloy) was added to this alcohol (25 g.) in sulphur-free
benzene (150 ml.), and the mixture stirred and refluxed for 4 hr. The catalyst was collected
on Celite and extracted (Soxhlet) with benzene overnight. The combined filtrates and extracts
were evaporated and the residue was distilled, to give (a) a yellow viscous oil, b. p. 187°/0-05



mm., 7,5 1-6108 (15-19 g.), and () a dark violet residue (5:67 g.). The infrared spectrum of
fraction (a) showed no OH band, but bands at 2967 (CH, stretching) and 3030 cm.™ (aromatic
CH stretching) were found. It is, therefore, 1-1’-naphthyl-1 phenylpentam [Found: C, 91:6;
H, 8-:6%; M (Rast), 262. C,H,, requires C, 91-9; H, 8-1%,; M, 274-4]. No pure product
was obtained on chromatography of fraction (b).

Microanalyses were by the C.S.I.R.O. Microanalytical Laboratory, Melbourne. This
research was supported by a grant from the Petroleum Research Fund administered by the
American Chemical Society; grateful acknowledgment is hereby made. We are also grateful
to the Commonwealth Government for a maintenance grant (to P. C.} under the Colombo Plan,
and to Dr. R. A. Jones for some of the infrared spectra.
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625. Synthetical Applications of Activated Metal Catalysts. Part
XIV.* The Desulphurisation of 2,7-Dihydrodibenzo[c, elthiepin.

By G. M. BADGER, P. CueuycHIT, and W. H. F. SassE.

TrEe formation of free radicals as intermediates in the desulphurisation of organosulphur
compounds over Raney nickel has been postulated on many occasions.! Experimental
support has been provided by the work of Hauptmann and his co-workers using hydrogen-
free nickel, by the formation of *“ dimeric *’ products during the desulphurisation of some
thiophen derivatives,? by the formation of some bicycloheptane in addition to the expected
1,3-dimethylcyclopentane following desulphurisation of 6-thiabicyclo-octane,* and by the
observation that desulphurisation of optically active «-phenyl-«-phenylthiopropionamide
is accompanied by complete racemisation.? As a further contribution to this study the
desulphurisation of 2,7-dihydrodibenzo[c, ¢]thiepin (I) has been examined, with a hydrogen-
rich catalyst (W-7 Raney nickel), a hydrogen-deficient catalyst (W-7] Raney nickel), and
a catalyst of medium activity (W-2 Raney nickel).

Use of W-7 Raney nickel gave the expected 2,2'-dimethylbiphenyl (II) in excellent
yield. Use of neutral W-2 Raney nickel also gave this product, together with a trace of
a compound believed to be a paraffin. Use of a Raney nickel which had been heated in
a vacuum to reduce the hydrogen content (W-7] Raney nickel), however, gave a much
smaller yield of the expected 2,2'-dimethylbiphenyl together with phenanthrene (III) and
a dihydrophenanthrene (?) (not obtained pure; all purification processes seemed to result
in some dehydrogenation to phenanthrene).

CHz Me O
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The isolation of phenanthrene is consistent with the view that the removal of the
sulphur atom gives first a diradical. In the presence of an excess of hydrogen this is
reduced to 2,2'-dimethylbiphenyl; but in its absence this diradical is largely converted
into dihydrophenanthrene and thence phenanthrene. The steric arrangement of the
diradical facilitates this cyclisation.

Experimental.—2,7-Dihydrodibenzolc, €lthiepin. 2,2’-Dimethylbiphenyl ¢ was prepared by
the Ullmann reaction from o-iodotoluene, and brominated to give 2,2’-bisbromomethylbiphenyl.”
Treatment with sodium sulphide, by the method of Truce and Emrick,’ gave 2,7-dihydrodi-
benzo[c, ¢Jthiepin as prisms (from absolute ethanol), m. p. 89—90° (lit.,8 89—90°).

Raney nickel. W-T Raney nickel was prepared by the method of Billica and Adkins,®
except that the catalyst was washed with methanol instead of ethanol. W-2 Raney nickel was
prepared as described by Ralph and Mozingo 10 and washed with a continuous stream of dis-
tilled water until neutral to litmus, then with methanol by decantation. W-7 J Raney nickel
was prepared by the method of Badger and Sasse.1

Desulphuvisation with W-7 Raney nickel. The dihydrodibenzothiepin (3 g.) was added to a
suspension of W-7 Raney nickel (from 30 g. of alloy) in methanol (200 ml.), and the mixture
refluxed for 4 hr. The catalyst was collected with Celite, washed with hot methanol (3 x 100
ml.), and extracted with methanol (Soxhlet) overnight. The combined filtrates and extracts
were evaporated. Distillation of the dried residue gave 2,2’-dimethylbiphenyl (2-35 g., 91%)
and a yellow wax (0-063 g.). No impurity could be detected in the dimethylbiphenyl by gas—

* Part X1II, preceding paper.



liquid chromatography (Griffin and George VPC mark II), and the retention time was identical
with that of an authentic specimen. Recrystallisation of the product from absolute ethanol
(freezing mixture) gave the dimethylbiphenyl as prisms, m. p. and mixed m. p. 18°.

Desulphurisation with W-2 Raney nickel.—The dihydrodibenzothiepin (10 g.) was added to
a suspension of W-2 Raney nickel (from 150 g. of alloy) in methanol (600 ml.), and the mixture
refluxed for 2 hr. After working up as before, the product was distilled, to give 2,2’-dimethyl-
biphenyl (7-08 g.) and a residue (0-72 g.). The latter was chromatographed on alumina in light
petroleum (b. p. 40—70°) and gave a further quantity of 2,2’-dimethylbiphenyl (0-42 g., total
yield, 87-49,) and a colourless solid (0-008 g.), v,y (in CCl,) 2867 (CH,), 2860 and 1450 cm.™*
(C-CH,).

Desulphurisation with W-17] Raney wickel. Xylene (sulphur-free; 200 ml.) was cautiously
added from a separating funnel to the dry W-7] Raney nickel (from 125 g. of alloy) in a vacuum.
The dihydrodibenzothiepin (10 g.) in sulphur-free xylene (300 ml.) was then run in slowly,
followed by more xylene (100 ml.). The mixture was refluxed for 15 hr., and the catalyst was
collected over Celite, washed with boiling xylene (2 X 50 ml.), and then extracted with xylene
(Soxhlet) for 36 hr. Evaporation of the combined xylene filtrates and extracts, and distillation,
gave 2,2’-dimethylbiphenyl (2-56 g., 29-8%,) and a brown residue (6-9 g.). Chromatography of
the residue in hexane on alumina gave (a) a pale yellow wax (2-4 g.),. (b) plates, m. p. 92—94°
(2-18 g.), (c) prisms (1-37 g.), and (@) prisms (0-91 g.).

Fraction (@) was chromatographed on partially acetylated paper (prepared by the method
of Spotswood 12), with ethanol-toluene—water (17:4:1 v/v). Under ultraviolet light two
spots were seen: one showed blue fluorescence, the other violet. The spots were cut out and
separately extracted into 959, ethanol. The extract from the violet-fluorescing area gave an
absorption maximum at 252 my, identical with that given by phenanthrene 13 (which also had
the same Ry value). The extract from the blue-fluorescing area gave absorption maxima at
252 (phenanthrene} and 265 my. (dihydrophenanthrene ?).!4 Attempts to separate the phen-
anthrene and dihydrophenanthrene by column chromatography on acetylated cellulose were
unsuccessful, as was attempted separation by picrate formation. Recrystallisation of fraction
(b) gave phenanthrene, m. p. and mixed m. p. 101°. Its picrate had m. p. 144° (lit., 144°), and
its Ry value was identical with that of an authentic specimen.

Fraction (¢) was chromatographed on partially acetylated paper. Two spots were obtained.
The first (violet-fluorescing) was identified as phenanthrene (ultraviolet spectrum); the second
(brown in ultraviolet light) had the same Ry value as the dihydrodibenzothiepin and the general
appearance of the ultraviolet spectra was the same. Sodium-fusion of the crude fraction gave
a positive test for sulphur.

Recrystallisation of fraction (d) gave dihydrodibenzothiepin, m. p. and mixed m. p. 89—90°.
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