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| ParT 1

LONG RANGE SPIN-SPIN COUPLING
IN THE STUDY OF AROMATIC PI-FELECTRONS



LONG HANGE PLE-3PLA COUPLLIG L4 Tuk J1Uuux
OF ALOMATIC ¥ «BLICTRONS

FHYRTRIN #1071

Although loag range spin-apin coupling bdetween
protoas on spa hybridized carbdon atoms and ring protoas
in aromatic compounds has deen studied by a nuader of
mutmm}", there has been no attempt to study the
variation or this coupliag (herealter referred to merely
as "beazylic coupling") with veglectroa distribution,
Other than complete Jdotermiaatioas of structure Wy ieray
arystallography, the methods availadble at preseat to the
cheaist lor ascertaining ovea the relative maznitudes of
vebond oruers are very liamited. The carboayl stretching
tfreguencies in O-hydroxy acetyl derivatives of aromatic
compounds were found by Hunsberger, Ketcham and Gutowsiy>??
to Y% a decreasing function of the mobile boad order between
the substituted positions. Practical applications of this
relatioaship are, howover, attended Ly serious difficultioes
and uncertainties since they are complicated by steric and
other factors* "%, vicinal protoasprotoa coupling coa-
stants ia aromatic systems have been shownn to be linearly
related to mobile boad order by Joaathan, Gordon and .ailay 2.



Jowever, vicinal coupling is the sum of two factors.

ihe larger part is due to coupling that proceeds eatirely
through G <~boads and the smuller lavolves r-boads. The
aargia of uncertalaty for the Iirst factor would make

it Jirficult to use vieinal coupling coastaats for measuring
wnd orders’®. It wus therefore considered that a study
of the variatioa of beaaylic coupling as function of
Teslogtroa distributioa would, ia apite of the small
magnitudes iavolved, be of coasiierable vaiue. In order
to set the present investigation in the proper perspoctive,
the literature oa beasylic and allylic coupling that was
avallable at the start ol this study 1s briefly revieved
below.

Long range spia-spin lateractions betweea methyl
protons and aromatic or olefinic protons ia a large guaber
of aromatic, olefinic aad heterocyclic compounds vere ree-
ported by loffmaa’ "%, .o observed that 1a the spectra
of mesitylene and m-xylene the metuyl protoas are coupled
to aromatic protons with J = 0,62 cps and 0.45 ¢ps res-
pectively. In orthosubstituted toluencs the spin coupliag
was found to be depeadeat oan the aature of the substitueat,
‘e suggestod that the maln coatritutioan to the loag reage
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spin-gpian lateractions is due to hyperconjugation between
the v-orbitals of the uasaturated systems and the C-& boad
orbitals of the methyl group. 3 expeorimental proof of
this arguameat, .iotru.nl cites the cxamplos of methyl sub-
stituted semiquinoanes, l,4-naphthoseniquinoane and dimesityl
methyl, the olectron resonance spectra of which revealed
hyperfine splittings due to the methyl protoas wiich were

of tie same order of maganitude as those due to ring protons.

lhe multiplicity of the methyl signal in the
AR spectrum of .,a' dimethyl-dipheayl cther which was
oxplained by dimisu, rujivara aad Horino” as due to the
apaeguivalence of the methyl groups, was later shown Ly
Tiers, Jovey and shapiro® to be the result of loag reage
spinespin coupling of the methyl protoas with the aromatic
protoas. Tiers et al. Iound that this separation between
the two signals of the methyl is not temperature depeadeat
and also that the gross peak half-width does not change
as the radio-frequency varies iroa 40 to 80 Me.

It was observed by iotteadorf and iteranell
that ia a nuaber of pgrg-disubstituted beazeae derivatives,
wvhere ncae of the subatituents is an apa carbon atom carrying
one, two or three nydrogeas, the portioa of the *a”z pattern



assigaed to the pair of riag protoas ortho to the

methyl, methyleane or =methine sudstitueat is coanspicuously
broad. They coacluded that this ariges from long range
intersction betweeon the beazylic protons and the riag
protoas ia the ortho position to the beazylic substi-
tuent. “his vas further supporte. by the nmeasuremeat

of the width of the moetayl bands at half-height in the
three isomeric methoxy toluenes and comparison of the
methyl band widths with the methoxyl band widths,

In the MR gpoctrum of J,5-di-t-lutyl-4-hydroxy-
toluene, the methyl was obaervds to give a triplet vwith
J = 0,8 cps.

That J, the coupling coastant for iateractioa
through four bdada, 1s Jdependsat oa the type of the
double doad iawolved has been polated out®” through
the laterestiag example of thymolquinone (1) and the
moaomethyl ether (11) of the correspondiag quiuol,

Jlong-ruco = 1.5 cps



Watle 4ia (1), where the 2-3 boad i3 very much like

an ethylenic double boad there is observable splitting
of the methyl, ia 1I where the riang is fully aromatic
in nature, there is no observable iateraction betwoeen
the aromatic protons and the side chain protoas,

woag renge spia-spin coupling betweea €, and
ca protons in allylic aystens (separated by four boads),
1.0, allylic ooupling, has beea extensively Lavestigated:®riS,
Various olefialec hydrocarbons, aldchydes, acids and other
darivatives have beea examined ia this coanoction and
the allylic coupling 1a these aysteams have been found to
vary from 0 to 3 cps. Generally the gig coupliag is found
to be slightly groater thaa the $rgng coupling'’. .iimilar
lang range couplings betveen metlyl and ring protons in
neterocyclic aystems have been observed oy a auambder of
vorka'a]'"m'el‘. Heviews on these and other types of long
range interactions have upu:-odm’“’n. some examples
of unsaturated and heterocycliec systems with the corres-
ponding J values are givea iu Fig.l.

In compouad (X1) the high value of the loag range coupling
constant 13 iadicative of the adsence of aromatic character.

Jrom the foregoliag it caan be seen that indications
were available that allyliic coupling is usually stroager
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than beasylie coupling. lowever, there was 20 attempt

to relate beazylic coupling to boad order. As explained
12 detail in the aext Jection, it vas realized at the
beglining of thals study that deasylic coupling should de
proportional to the square ol the mobile Load order between
the aromatic carbon atoms iavolved and that this relatioa-
ship might be useful in findiag at least qualitative
ansvers to questions iavolving relative magaitudes of moblle
bond orders. The followiag investigatlion using a large
aumber of methyl substituted aromatic compounis was
unlertaken with the odject of testing the soundiess of

this proposition and Jefining the limitatioas in its
application.

Loag range nuclear spia-spin coupu.ng through
v eloctrons was first discussed by Hocoaacu for the case
of aromatic compounds. The linear relatioasiip observe.
betveen the magaitude of hyperrine splittiangs 1a the para-
zagaetic resonance spectra of aroaatic free radicals and
the uapaired electroa deasities at the carboa atoas iavolved
vas used to formulate aa effective spia daalltoalan for



the coupling betweoea v-electroa spin and protoa spia.

The v coatribation to the coupliag betweea protoas attached
to carboa atoms 4 and 4' was shown to be given by the
cxpression,

J?“‘. 3 (BQ}J ?‘.‘."/ h AR “oran (ll

where P.u, 13 the mobile boad order bYetwcea the carboa

atoms, Q the 1isotropic hyperiine splittiay coastant, 3 the

johr magaeton and AL an average electroailc (singlet-triplot)
excitation energy. Usin. the same tochilque, an expression

of the same fora wus later dorived ly wplugsror ethylealo
systeas which oould be ap,lied for cases involving coupling
through four or rive boads. 7These treatmeats are modiricatioans
of the general theory of electroa-coupled mucloar spia-spia
htccctlon%‘?

da the bacsground of this theoreticel work it wvas
rmuoﬁs that eguation .i) derived by lcCoanell could bde
made applicable to "beazylic coupling® 1i.ec. coupling betwecen
beazylic and riag protoas ia aromatic coupounis, if one
of the Qs 43 replaced Ly the hyperfine splitting coastaat (Q',
for the C-X fragmeat where A is the bLeazylic carbdoa atom
bearing protons. Making allowance for a possidle s ~coatri-
but loa beasylic coupliang may thoreforo be expected to be



linearly rdlated to the square of the mobile boad order

(P). For all the compouads used in this study X i3 a
freely rotating methyl group. The exteasloa of equatioa (1)
to the case of deasyliec coupliag vas also suggeste: by

sowar and hm'y&!v the time the preliminary results

of this study were availadle.

he data descriding the aature oi the methyl
signals of the G0 Hg Pi4l spectra of the methylesubstituted
aromatic compounds that have bLeea examined are preseated
in Table I. In =ost of 'he cases vhere clear splittiag
is observed, the signals displuy fine structure and oaly
the largest coupliag 1s rcadily estimated. In cases where
visible splitting 1s not observed tho width of the methyl
signal at half heignht (band width, 13 used as a measure
of veazylic coupling ia a very limited way. Comparison
of band widths is made oaly under ocomparable spoctrometer
coaditioas indicated by the width of the refercace sigaal
of tetramethylsilane. 11 the moaomethyl derivatives, the
¥-eloctroa distriucion may bé assumed, as a first apyroxi-
aation, to be nearly the same as in the parent compounds.
The methyl signals of these compounds are clearly split in
all cuses where an aromatic C-C bond connecting the methyl
group to an ortho protoa has a large mobile bond order p).



TABLE 1
do. Compound Jou . Band width
LH:; Ar 12 ops
1l Toluene - 1.15
2 2-Rromotoluene 0.438 1.08
38 2=Deuterotoluene - 0.85
4 1«Methylngphithal ene 07 1,6
5 2+-Methylnaphthalene 27 2.0
6 l-Sromo«-2=methyl- - lesdl
naphthalene
? l-~oautero-Z-nethyl~ - 1.2
naphthalene
8  leliethyleGeisopropyle- Q.76 l.4
aaphthalene
9 l=dethyl~7=1gopropyl~ - l.4
naphthaleae
10 1,6-uimethyl-4-ethyl- 1l e = 1.5
Qayhthaleae 6 .0 0.4 1.9
11  1,6-0iaethyl naphthalenc 1l s 0, 1.56
S o0 0N 2.0
12 1,6~Dimethyled-isopropyle 1 . - 1.6
naphthalene 8 o . 2,06
18 l,2~Dizethylaaphthal ene 1 . - 2.2
S e - 2ed
14 2eMothylbaazaanthrone 0.5 240
15 lO=Methylbeazanthroae 1.85
16  4-Methylbeasanthrone 0.6 1.8

. -..o.oconuo

(42 (33



TABLE 1 (Coatds)

0. Coupound J °“a““' hi:d c;tdm
18 Zedethylaathracene 0.8 2.6
19 OJeMetiylantiracone 0.625 1.4
20 10-Sromo-demothylanthracene - 0.6
21 Zebromo~4-aitrotoluene 0.4 1.5

“he author wishes to record nhis gratitude to ur.sukh Lev
and Mr. Jeil, Prahlad for spariag us samples of coampounds
9y 10 and 11, to Ur. 3ev. Bhattacharya and colleagues {or
samples 12 and 13 and to r.v.d. Janchorwala for samples
15, 16, 17 and 18,



he methyl signals of Zemethyl-naphthalene, l~-bromo
2-methyl-naphthalene, l-deutero 2emethyluaphthalene and
2e-nethyl-aathracene are showa ia rig.2 while those of
l-bromotoluene, toluene, Jemethyl-anthraceae and Jemethyl-
10-bromo anthracene are showa in Fig.3. Jor 2-methyl-
naphthalene and 2e-methyl-anthracene the observed ecouplings
are to cl protoas. Oa substitution of the lepositioa

i demethylnaphthalene with bromiae or Leuteriun the
splitting of the methyl asignal disappears and the methyl
band-width i3 decreased from 2.0 to l.l cps. Ihe

well known difference ia the p values for the l-2 bdoads

of naphthalene and aanthracene is reflected in the observed
splittings (0.7 and 0.8 cps respectively) for their Zemethsl
derivatives., The couplings to the protoas ia the S-positioas
in these compounds are very ssall &8 may e expected.
le=Methyli-naphthalene also shows a sinilar methyl spectrum
although the band-shape 13 somewhat differeat. That

the observed coupling ia Z-bromotoluene i3 to the Seprotoa
and not to the 4eprotoa is clear from the preseace of

this coupling (0.4 cps) in 4-sudbstituted 2-hromotoluene
also,

" The case of the three methyl beasaanthrones studied
provides a clear illustration of the boad order dependence
of beazylic coupling. The molecular orbdital calculations
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FIG.II - METHYL SIGHALS of (a) 2-methylnaphthalene ( b) l=bromo~-

Z2=methylnaphthalene (c) l-deutero=-2-methylnaphthalene and
(d) 2-methylanthracene.




of oooavtnao give the following boad orders for
beazanthro.es

The mothyl sigaals of 4,10 and 2 methyl beaszanthrones

are showa ia Fig.4. =herous the first of these compounds
gives a clean doublet methyl absorption with a ooupling

of 0.6 ¢cps, the second gives an ungplit sigaal. The
behaviour of the third is intermzeliate and the corres-
poading splitting 1s adout 0.5 cps. It 13 readily seen
that the nature of the methyl signal reflects the differeat
exteats of "fixation" or locallization of the r boads in
these three rings,.

Ihe «-methyl signals of le-methyl G-isopropyl
aaphthalene and 1,8 dimethyl naphthalene show splittings
of 0.76 and 0.78 cps myooﬂvdy. These values are
higher than those observed for lemethyl naphthalene itself.
The approximation that substitution does a0t alfcct
reglectron distribution i3 appareatly sot valid in these
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FIG,IV - METHYL SIGHALS OF (a) 4-methylbenzanthrone
(b) l0-methylbenzanthrone and (c) 2-methylbenzanthrone.
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cases which are disubstituted, 7he relevaat boad orders
may well be larger than ia naphthalene. In agreement with
expectatioa the methyl sigaals of 1,2 dimethyl-anaphthalene
are aot split, but the baad-widths for both the methyl
signals are iacreascd and aot Jecreased (2.2 ops)e This
is attribatable to the loag range coupling (through five
boads) betweea the two methyls at 1 and 2 positions theme
selves,

For the "emethyl group of 1,6 dimethyl 4-ethyl
dapihthalene a splitting of oaly 0.4 cps is observed (Tabdle I).
The “obile boad order for the csocs bond of this compound
cannot be smuller than that of the similar boad of the
pareat hydrocarbon since all the mubstitueats iavolved are
electron donors. The re.uced gplitting observed for this
case must therefore be attributed to a chaage ia the £ value.
4-¥ethyl-benzaathrone furaighes another example of the
sane type. Although the caloulated p-value for the c‘-c5
bond 13 0.72, almost the same as for the €1, boad of
naphthalene, the splitting obsgrvod is oaly 0.6 ops.

"0 may now ocoasider the coupling coastants that
have been measured from the quaatitative standpoint although
they are oaly first order values. i3lace there 43 20 way
of correctly ostimating A E values at preseat, a linear

variation of JC“S'“& with pz caid b0 demoastrated o.ly for
Ar



a set of compounds for whioch A & is coastant. In

other words, closely related compounds have to be

chosea to test the theory. iiace the methyls are all
freely rotating, the same Q' value would apply ia all
cases. A plot of the J"‘s‘“u— values for 2-tromotoluene,
Zemethylaaphthalene, 2-methyl-aathracene and 9-methyl-
phenanthreae against the p° values obtained for the parent
hydrocarboas from simple luckel MO theory is givean ia
F1g.5. The relevant p values t are shown in the formulao

below.

0./ (@]
¢¢) >-()

£09 0

5S40

The J-values have beea assigned a negative siga as required
by theory. Ia spiteof the approximatioas involved, tho
plot obtulned is a good straightline and this may be taken
as adeguate proof for the pa dependence of this coupling.
The nature of the approximations ilavolved i3 reflected in
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the positive Latercept of 0,1 cps obtained oa the Y-axis.
Since aay residual 6 ~contritutioa to the coupling 13 also
expected to have a negative sign, the positive intercept
would imply that comploete analysis would result in an
upwvard revision of some of the first order J-values.
Moreover, we koow that the correct p-values are larger
than those actually employed. . hea the aecessary correce
tions are introduced, the slope of the line would decrease
(ia magaitude) and a aegative or zero iatercept oa the
Y-axis zight de obtained.

In Jemeothyl anthracene it 1g observed that the
methyl sigaal i3 a clean doublet with J = 0,625 eps. In

CHy

0 @)@

X

X = H’BY‘

view of the fact that the Huckel 0 boad order betweea
positions 9 and 10 4is ocaly 0,404, this value of the coupliag
constant would seem to be abaormally high, However, the
asomaly disappears whea ve recall that aathracene has a
lowe=lying triplet which will affect this coupling. The
spin deasities in this triplet are highest ia the 9 and 10
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positions®®, mme energy of this state 13 1.82 e.v. abdove
that of the groudd state. ’his is substaatially lower than
the average AE values that are ordinarily assumed ia long
raage couplings of this type. Me eifect of the decreased
p=value here 1s zore thaa offaet hy the lecrease in AL value.
It will be of interest ia this coaanection to calculate

the J‘*a'“xo coupling coustant oa the assuxption that oaly
the lowest lying triplet aceod be taken L1ito consideratioa.
Assualing a value of 30 camss for,q aad ¢', we have

Pyyqe =0.404 (caloulated)
N = 0,275 x 10792 orga/gunss
h = g.624 x 1077
AB ® 1,82 e.ve = 1,82 x 1,602 x 10™2 orgs
°.'|J :“'l' (94375 2 20442 (20,2 (0,404)%
G624 x 1.82 x 1.602
= 0,650 ops

ihe calculated value of 04,650 cps 4s 1a good agreemeat
with the observe.i value of J = 0,835 cps. There caanot bde
any Joubt as to which proton the methyl 1s coupled to. Jemetiyl
l0-bromo aathracene gives an unsplit sigaal. 7The relative
bandewidths of the J-methyl and J-methyl lOoebromo derivative
are l.4 cps and 0.6 cps respectively. It is observed that
in J-methyl-anthracene the coupling of the methyl with protoas
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other than at the lO-position is aegligible because the
methyl band width in this case is noarly equal to that
of THM3 itseclf (0.4 aps).

muite some time after the publication of the
prelininary results of this smu“"", lotteadorf and
.;m-cmu‘” descridbed some of thelir results oa beazylie
coupling. They prepared the three isomeric chlorotolueaes
(AIX, XIIX, 21V) and measured the couplings of the methyl
groups and the loae aromatic protoas ia these compounds.

(g C “3
Cl = Q1 cl
1l Cl C 1
Y €
Xit Xin X
Both J (for All)ead-#iE) and J (for XIN)
Caa'dortho cu:»'up.n

vero found to be ogual to 0,60 cps. The correspoading meta
coupliang was only 0.38 cps. On the basis of these and other
Jata o1 beasylic and allylic coupling they concluded that
boasylic ocoupling 4s somehow related to ¥=boad order. The
nogsureneats oa tetrachlorotoluecaes vas prosumadly undortacen
wvithi the hope that they would throwv some light oa the varia~
tioa of beasylic eoupling. ~he aature of the rosults obtained



further illustrate the limitatioas that have beea already
poiated out regardiig the value of measuremeats of deasylic
coupling. 3ince sudstitution of stroagly interactiag groups
alters the weclectroa distributions of aromatic aucled quite
appreciably, the subdbstitution method for isolating spin-spia
interactions has serious limitations, when multiple substi-
tution is iavolved., Jecondly, awy iafereace regardiag re-
lative nmagnitudes of bond orders from beazylic coupling
coanstants can be made oaly if we can be reasoaably sure
that the corresponding A E values are comparable. These
two factors have clearly coaspired to make awy deduction
from the measurements oa tetrachlorotoluenes impossible.

Another receat ifavestigatioa, the results of which
are of laterest here, is that of 'ichio Koado®" who observed
that the methyl at 2eposition in 4,6-disubstituted o-cresols
(iV) 43 spin coupled to the 2 and the 5 protoas with
‘m'd and Jaad‘ beling 07 = 0.9 ops axd 0.5 = 0.6 cps

e 9 6
respoctively. CH,

whea X and ¥ are electroa withirawiag substituents, the low
field shift of the methyl signal wus fouad to be proportional
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to the bdeansylic ooupling. <ondo coacluded {rom this

that the increased hypercoajugatioa resultiag from elec-
troa with.irawing substitieats is respousidle doth for

tho dowafield shifts awal for the eahaiced deazylie coupliag.
owever, no satisfactory explaaatisan hus bee: givea ror
the high coupling coastaat for the 4,6-di-1odo .erivative.
siace the methyl group 4s meta to Doth . and X, it L5 a0t
directly lhyperocoajugated to these groups through the aroe
zatic ring. ™he explaaation advance. would, thercfore,
geem to be of Joubtful valldity. llowever, a better uader-
standing of the observed variatioa will bde possible oaly
ir the electroa distributions ia these systems caa be
ascertained,

0ne of the simplest and most important applica-
tions of the relationship bdetweea =obile bond order and
benzylic coupling is ia the study of coatroversial cases
of bond fixation in aromatic riags. An example of this
type is the Miils~iixoa effect which 13 studied ia the
next part of thds thesis., what is iavolve. ia such a casec
is oaly & comparigon of the p-values of two adjaceant bdoads
of a sulitably substituted compound. For tils purpose the
relative magaitudes of beaszylic coupling coastants may bde
used with considerable coafidence. The reorganisation of



v ~glectrons that takes place ou the iatroduction of
stroagly ilateractiag substituents oa the beazene riag
leads to changes ia the riag geometry., MNeasurements

of densylic coupliag may also be used to prode such chaagoes
adus such studies may add sigaificantly to our knowledige

of the properties of aromatic compounds.



EAPARARINEBUT AL

4MR moasurcments: JNMA spectra vci'o rocorded on a Varian

A=G0 HAA Spectrometer operating at 60 Me. solutions (10-20%)
were prepared ia carboa tetrachlorile or Jdeuterochloroforn
for recording the MR spectra. Teotramethylsilane (TM3) was
used as a standard 1a band width measuremeats i.e. compa~
risons of band widths were made under spectrometer coaditioas
which gave the same baad width for the THS signul., Cali-
bratioas of the Chart were done usiag 743 in (:;)cil.8 (459 aops).

Methyl signals were recosJded at 10U or 50 eyeles
sweep width at 500 sec. sweep time, The splittiags and
baad widths recorded are averages obtuined froa 5 to 10
indopendent scanalings of the methyl sigaal ia each case.
¥ and filter Daad width were adjusted so as to obtain
optimum coaditions 1.e. dest resolution aad sufiicieatly
low nolse level.

Materials: Preparation and/or parification of the materials
used are descrided below. Meltiag poiants and bolling poiats
are uncorrected. The former woere deteralned ia pyrex capil-
laries ia an electrically heated apparatus or on a Zofler
Block.

dase-liquid chromatographic analyses were carried out



on an Aerograph (Model A«850-B) using 5' x 0.26° columas
packed with 20f diethylene glycol polysuceiaate oa
Chromosord « (50«80 mesh)— Column P-employing hydrogea
as carrier gas. For preparative GLC a & x 1* colu=a
with the same packing was used oa & Pericin-ilmer Vapour
Fractometer (Model 154~.) usiag altrogea as carrier gas.

veutarochloroforn for use as solvent in MR
neasurenonts was propared by a modified procedure starting
from trichlorocacetophecaone in 8-93% yield. The product
i3 of high isotopic purity (ca. /9,5) aad the isotopic
dilusion during an experiment is negligible., The detailed
proceiure has been p\lmtodu.

Anhydrous sodius sulphate wus used as drying ageat
in the preparations Jdescribed.

jolveits of C.P. grade like toluene, benzeae,

carbon tetrachloride ete. were further purified and dried
by the procedures described in Part Il of this thesis.
Pure dry ether (diethyl ether) was prepared by treatiag
10 parts cther with 1 part cone, sulphuric acid and dis-
tilling the cther from the mixture, The ether was proe-
tected from moisture with a gaurd tube., Jodium wire was
pressed into it for removing residual moisture and the



golvent was also storcd >ver goddum, 7This was further
iried by uistilling repestedly from LiAll,, keeplag
over z.x.-.m‘ anc filtering irmediately before use.

O=Xyleae (LsMerck, wus used without further purie
fication, g-dethyl naphthalene (L.Merck) was aistilled
(DePe 2360.388%) before use, using un alr condeanser.
leMethyl-naphthalene (/. uka AsGe) was repeateily fractiona~
tod (Depe 240+-241%C; to remove iemethyl-naphthaleae present
as impurity,

Wﬁe vas preparcd by .andmeyer's reaction oa
o~toluidiae. Procoiure followed wus same as Jeacribed uy
v::zolm for p-bromotoluene.

2-Bromotolueae, bepe 175-177°C (11t.%%; b.p. 178-181°C).

d-louterotoluone wus prepared from 2Z-bromotoluene by a
procedure similar to the one for deuterobenzene, cdns.f’e.
Lithium wire (le2 gj +17C g atom) was pressed iato dry
ether (15 co) ia a 250 cc three-necked flask fitted with

a meraury sealed mechaalcal stirrer, reflux condeaser and
dropping fuanel, Z-fromotoluene (l4.22 g; .083 moles)

in ether (15 ce) was added dropwise with vigorous stirring.
The rate of aJdition was coatrolled such that a geatle
reflux of ether was malatalned, After all the bdromotolueae
vas added the mixture was rofluxed for 2 hrs with stirring.



Dy (45 co) was added dropwise, the mixture refluxed

for oae more hour and the cther layer separated. Ether
extract was vashed with wvater, Jdried and distilled.
a-Jeuterotolueae (5,9 g) distilling at 103-110°C was
collected, Product wvas found to have aa isotopic purity
~of 29-39.5¢ by the (MR =method.

A=Broso 2-metiziopepntiadens” * % “he setnod of /dams
and !1::10:39 wvas followed, A erystal of lodine and a
piach of iroa powder were addel to & solutioa of 2-methyl-
naphthaleae (7.1 g 0.5 moles) ia CCl, eooled 0°C. In
abseace of light, broaise (80 gj 0.5 moles) ia CC 14 (150 ce)
vas alded with stirring and the temperature maiatained

at 0°c. Workiag up as degcribel gave the product (8.5 g)
bepe 166-166°C/14 mn; 145°C/6 mm (11t. %, v.p. 182-186%C,
14 mn),

1,3-Bisethylaapnthalene*t:  iugnestiun rivtoa, oleaned

aad out into small pleces (le2 g} +05 g atom), ia diry ether
(10 cc/ was tekea 11 a 250 cc three~bocked iB flask fitted
vith a stirrer, coadenser and dropping funsel, 1l=-Bromo
2-mothyl:-naphthaleae (11 g; 05 moles) ia iry ether (20 cc)
was alded Jropwise with stirring. It was necessary to
initiate the reaction with a cerystal of lodine, uJimetnhyl
sulphate (625 g} «05 mole) ia dry ether (10 ce) was added
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vith 1ge~coolinge The mixture was thea refluxed for

two hours and decomposel with ige-cold dil, sulphuriec
acdd. The product oa ilstiliation was fouand to be a
alxture of Zemothylcasphthalene (major componeat of Ist
fractioa b.p. 107-112°C/15 ma), 1,2-dimethyl-naphthalene
(major componeat of 2ad fraction b.p. 112-108%C/15 mm)
and lebromo Z-methylonaphthalene (major component of

last fraction depe 138-180°C/18 mm). .epeated fractional
distillations gave a fraction (Deps 105-140°G/15 ma)
coataining l,2-dinethyl-nagphthalene as ‘he major compoanent
vith traces of semethyl asphthelene and l-bromo Zemethyl
aaphthalene. Pure 1,2 dimethylaaphthalene was obtained
froa this by preparative Gil. 7he compound thus obtained
vas fou .d to be pure from its AM: spectrum,

i eitero Jd-metiylonaphthaleng: The rigaard from

le-bromo Z-methyl aaphthalene was prepares as descrided

above and wad decoaposed by the addition of a slight excess of
"80‘ The product was wvorked up as usual aad distilled under
vacuum and the first fraction ecoataining most of the le-deuto:o
demethyl-naphthalene was redistilled to obtain 455 yield

of pure ledeutero zemethyl:-naphthalene b.p. 112°C/60 ma.

4 spectrum of this product showel an isotopic purity

af 90955 by iategratioa method.



J-jathraldehyde: 7o wataracene (16 gj +0-4 moles)
ia dimethyl formasmide (25 cc) tazen 1a a 100 ec AD flask

was added with ocooling phosphorous oxychloride (14 g;

«09 moles)e The mixture wus heated oa a watorbath for

two hours (silica gel gaurd tube), poured into excess
vater and the precipitate filterel off. llecrystallisa-
tioa from glacial ucetic acid gave d-=anthraldchyde (11.5 g)
mepe 101208% (118,48, a.;, 20446 - 206%),

2-Methylanthracens®®: the soneral method for wolff-zichaer
reduction reported by Huaag-tinloa was followed®®, o-satiral-
dehyde (4 gj 0004 mole) ia diethylene glycol (20 ce) was
refluxed for half an hour with 857 hydrasine hydrate (2 cc)
and then a coag. ags Solution of sodium hydroxide (1.5 g)

vas addeds The mixture was refiuxed for 2 hours more, cooled
and pourel iato oold water, The product was isolated by
extraction with ether. It was recrystallised from alecohol

and obtalaed as white plates (3.1 g), meps 78-70%C (11t.%9,
mepe 80-81%C),

2=iomo 1o-metnylgathracene™:  arosine (1.6 g; 0L sole,

in csa (5 cc) was added slowly iato a well-cooled solution
of de-meothyl anthracene (l.J gj .0l =ole) ia C3, (8 ce)s The



27

s0lid obtained oa removal of the solveat was reerystale-
lised twice {roa ethyl alcohol aad then from beazene
giving 9-bromo lo-methyl-anthracene (2.1 g, as yellow
crystalline ncedles, m.p. 172-173% (11t.%%; 2.5, 172%),
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“"THE MILLS-NIXON EFFECT"
— A REVIEW
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“THE MILLS~d0d WTVECT" » A REVIew

Ia 1865 Mmldl proposed the cyclic formmla for
bensene with alteraating sisgle aad Jouble boadse It was
Lmediately polated out Wy La«ntnrs" that the aumber of
isomeric substitutlion products obdtaliae. experizmentally are
fover than expectod oa the Dasis of the proposed structure.
yor oxasple, whille all <mown Qrtig-disubstituted bLeaseaes
are single compouads, two isomerig foras for them were
predicted by the structure. Kemle® got over this difficulty
by the suggestion that the Jouble boads are probably ia a
constant state of oscillation betweea the two forus. The
great aebate oa the ..u'ncmn of benzcne and aromatic
charucter that was initiated, continuod uatil the nianeteen
thirtlecs when the guantum theory of moleaular struciure
first took shape. The cyeclic formula was sooa accepted
although there was 0o proper understanding of the peculliar
propertics »f beazeae as an uasaturated compound. Throughout
the long period, duriag which the bonding in benszenc wvas
under discussioa, iaterest ian the two Kekule "forms” or
"tautomers® contimied. Victor Meyer™ thought that the
diference betweea the isomeric grihip-disubstituted beaszeaes
would be 3o alight that it would escape detection. Graebe®



r"’

considered the possibility that AL proper substituouts

are used oae forz may become stauler thaa the other. That

the two foras used may D¢ regaried as tautomeric was first

suggested Ly num.m" vho felt that introduction of heavy
substituents may stadbilize one "tautoner* to such an exteat
that it might be possible to detect it by a delicate test.

It was to this problea of the stabilization of
the Kewile forms and their detectisa that ¥ills and ¥ixoa’
devoted their atteation ia thoir classic paper ia the year
1930, They argued that the boad comuon to the two riags
ia the indane molecule should be single while ia tetralin
the correspondiag boad should be double. The reasoaing
was as follows.

0o the basis of Vaat Hoff's totrahedral theory of
carbon valeacies, it wvas assumed that ia ethyleae the
angle («) betweea each pair of single Doads is the same
as the tetraheiral aagle (109° 28'), This would imply
that the angle (7) betweea the double boad and the siagle
wad would be about 1257 16', 0a this basis the stable
form of a compound in which the deazene riag is fused
with an alicyclic fiveemozmbered ring (iadane) would have
a siagle doad common to the two riags (as ia 1I) because
the alicyclic fiveemendered ring would in this case iaclude



two angles of the «-type and would be strain-free.
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The alteraative formulation (III, which has a Joubdle
bond, cozmoa to the two riags, would ianclude two angles
of the type n, which are very much larger than the tetra-
hedral angle, ia the five.uembered ring. structure (III)
would therefore be relatively uastable and iadane may be
expected to nave structure (1I). Somewhat more iavolved
reasons vere givea to show that vhen a alx-membdered
alicyclic ring is fused to a beaseae ring to give tetralia,
the Xeule form ia which the common bond is doudle would
be preferred.

#ills and Hixon supported their arguments Uy
experimental data on the hromisation and Jiaso coupliag
reactions of S-hydroxyiadane (IV) and G6-hydroxytetralia (V).
It was thought that the behavious of these compounds
should be comparable to thosCof enols and that the reactive
positions ia these would de those that are coanected to the



hydroxyl group through doudle bonds. They observed
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that in diuso coupliag and broaiaation Sehydroxyladane

undergoes substitution almost exclusively at the G-position

while for 6-hydroxytetralin the more recactive of the

Se und 7-positiocns is the former. 7This was in agrecment
with expectation. 4-llydroxy-)exyleane was found to behave
1like S-hydroxyindane aand this was coasidered to be norzal
bocause it should be, like S-hydroxyladane, strala-free.
S-pcetasidoindane, Geacetanidotetralia and 4-acetanido-0-
xylene wero also found to behave like the correspoading
hydroxy ocompounds.

Coasidcradle amount of experimcatal varltB” has

beea done, ever siace 130, on the problem of fixation
of Jouble boads ia ladane aad tetralin, Further atudles
on diazo coupling of other derivatives of indane and
tetralin vere sade by Pleser and bot.nropm who concluded
that there is fixation as suggested by Mills aad Nixon
ia iadane, Wt 2ot in tetralin., lowever, they found



further' that Senydroxy-Gemethyliadane itself coupled

uader alightly modified conditioas. ‘he selectivity

that was observed bty Mills and iixoa was therefore rogar.ied
as arislag froa oaly a small differeace ia reactivity betwoen
the 4- aud G-positions,

This was sooa followed by oszonolysis studles oa
indane, uy Loag and D’iourn. Osoaolyais of indane gave
clyoxal and succlale acld. They suggested 'hat succinie
acid may be arising from cyclopeata 1,2 diocae which itgself
aight have arisea froa the Xeaoule fora (II)., 7This led thea
Lo support tho suggestion of Mills and Nixoa. ihis intere
pretatioca wvas readered uacertain by the observatioa that
dariag the osoa0lysis a coasiderable amount of iandane is
oxidised to indane-l-one (isolated from the product aixture),
which itself can readily give rise to succinic acid.

' wave-mechanical treatmeat of the Mills-Nixon
effect was put forward y utton and pmu‘""’, ia 19385,
The eoilect of fused alicyclic rings upon the wave fuactions
of the two Zcale structures was found by thea to be in
agrecment with the formulae of Mills and jilxon although the
oifoct was relatively small, Tho deazeae riag was coasidered
to be retalaing the greater part of its resonunce energy.
They coacluded that the wave-mechanical coacept of the



structure of the benzene molecule i3 capable of
aceounting for the facts iiter.reted by Mills and Nixoa
ia terms of stabilizatioca of the iadividual Zeiule

structures.

The studies of idgwick and ;pri.xgun“ jave
dipole momeat values of 1.780, 2.1l., 2.13) aad 2.1120
for 5,6-dibromoindane, 6,7-ilbro=ototralin, 4,5-iibromo-
O=xylene and 1,2-dibromobeasene respoectively Ilor the
Br-c=C-8pr gystem. The data were stroagly indicative of
fixation of bonds in the case of iadane aad the absence
of fixatioa in the other threc systems., 'owever, electron
difrraction studlest®29117 op tnese qttromo derivatives
later showed that the Wr-Br distances in the above four
dibromo compounds are the same. The dipole moment data
have appareantly not been correctly interpreted.

Lothrop's Lavestizatioas'® on the bondefixation

ia lndane by the use of Clalsea rearrangement gave aegative
. results. 9oth Seallyloxy-Se=mothyl and Seallyloxy-4,7-
dimethylindanes gave rurrmod products. Jata on heats
of hydrogenationt? and acidities?® of aitro-gexyleols,
aitroindanols and aitrotetralols gave results that did not
offer any indication about fixation of bonds. The coupling
and Skraup reactisa studles of Mclelch and Campbell®? on



induae and tetrelia derivatives did not fare better.
studies oa ease of hydfolysis of dromogmiao compounds by
soadia aad ivens™ also failed to give any defiaite
indicat ion of Miils-iixoa .. fect.

Conclusive evideace was available by 1942 to ghow
that all the boad angles ia ethyleane are very nearly equal
to 120° 29°€8, 0 busis oa waleh the Mills-¥ixon hypo-
thesis was Wuilt was thus knooked off, ut the problem
of the reactivity of indane and 1ts derivatives remained.

The problem wad therefore taken afresh by Longucte
iiggias and Coulson®?, Ia their haads the ,roules was
reduced to oae ia classical statics. They showed that if
there is agy teadeacy at ell for doad-fixatisca in iadane
it should b ia the direction opposite to that postulated
by Mills and iixon (i.e. as in III,,

vil
Their analysis showed that there is a stress oa the 1 and S
carbon atons which will tead to decreaso the angle « and
increase the aagle # ia VII., As a consequence the 8«9 boad
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is compressed and the 5«6 bond is stretched. Mn
increase in the 8«9 boad order and a decrease ia the
5«3 bdond order is thus cxpected. The offects of the
trimetiylene bLridge oa the aromatic boads are shown in
ViI. 7 represcats large tension and t, weak teasion.
Jimilarly C and e inaicate large and small compressions.
The susceptibllity of Seayuwroryiadane to electrophilic
attack at the G-positlion was explained oa “he basis that
in the transition state for such atteck, the 5-6 dbond would
have more single boad character than in the traansition
state for attack at the 4eposition,

That substitutioa reactions caiwt dbe used for
the study of boad-fixation was sugcested Ly a aunber of
workers, oa the basis of the c¢onfusing and coatradictory
results obtained ia different experimeats and also bdocause
of the observatioa that electrophilic reagents prefer the
positions of highest clectronic charge for attack, this
prefereace not having aaything to do with dond fixation.

The experimental evidoace of Mills and dixon was
showa to be unsatisfactory by Paries®® who found that the
relative reactivities of the & anu G positions in 5,4 di-
aliyl phenols, towards diazo coupling, is depeandeat oa
the nature of the alkyl substitueat. Araold®® poiated out
that the wave-mechanical treatmeat of the Mills-iixoa elffect



yroblem leads to the conclusion that subdbstitution reactious
‘with high activaiion energics) cawot bde used to locate
stabilized aroumatic double bads. That this coaclusion is
in accorJance with experimeo.tal ovideace i3 shown by the
fsallowing reactlions.

By
Froa a study of the ury and vet melting points and solubility

and steam-volatility differeaces ,m“g arrived at the
coanclusion that Sehydroxy-G-acetylindane is nore stroagly

chelated than S-hydroxy-4eacetylindane. [lowever, those
data have later beea shown to be iacoriect Ly zore accurate

(1d) measuremeats of ﬁua.t.zon“’."’m.

The favestigations of Arnold and mwaw% on
storic eifect of methylene groups ia iandane aad tetralin
derivatives provided coaclusive evideace for the distortioan
of the griho valeaqy aagles aand preseace of iacreased straia
in indane derivatives. Jistortion of the two grthg-bonds



towaris cwch other in indane derivatives wvas coafirme.

uy the fact that the steric effect of the bdeazylic methyleae
group of a five-membered ring oa the griho-position oa the
beasenocdd riag is much smaller thaa that of a sixe-aenbdered
rig. Eaormous amouat of chemical (e.g. halororm reactioa,
rates of sapoairication of esters etc.), ultraviolet (com~
parison of UV and aear visible absorption spectra of pe
substituted dimethylamino derivativea) and Jaman spectral
data have been preseated by these suthors in su port of
their statemeat. They fouid that the steric iaflueiace of
methylene groups is minimun in indane, interamediate in
tetralin and maximum la O-aylene. These data are ia full
su port of the Miils-iixoa type distortioa of valeacy
angles, Wt the ef.eat of this oa the aromatic rfing or

the resulting deviatioa ia boad character has aot deea
aiiscussed.

e oxidationeroduction potentisls of O=xyloguianie
(In), 4,7-indanequisone (A) and 5,8-tetralinquinone (+I)
wore measured poteatiometrically and powocwhxo.uym .
‘ AN
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T™e comparative stuly stowed that iadaaequinone has a
ndsher oxidatioa-:cluctioa poteatial thaa the other two
vhich have almost the same value. This has beea cxplained
a8 deing due Lo the 3strala caused Uy tihe prcseace of the

isuble boad in tnc five mezbered riag.

d. 'ro0ld“C observed that the 4:5 boad ia iadane
may have aore iouble boad character thaa the 5:6 one, since
indane oa treataeat with Jdlezoacetic oster, folloved W
stepwise roductisa gave Semethylazuleae (i1I) which can de
formed oaly if wduitlon taxes place across the 415 boad.

CH5

XN
Though this oviicace scomed lateresting, it wvas coasidered

tneoaclusive’ booause, the 435 bad 637 bonds being idea~
tical, thore is twice the chaaco that sidition can occur
across this bond rather than at the 5;6 bond and also bocause
the crude product obtained Wy Araocld was a mixture.

floralag and mtuu"’ zado an attexmpt to tackle
the problem >f boad-multiplicity through UV spectral
studies., They preparei J,4= and 4,5-dimethyle, 3,4~ and



4,5-trinethylene- aad 3,4 aid 4,5-tetramethyleae pyridssines
(A1 « AVILI) and studled their spectra in iso-octaane, othamol,
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vater and coac. 83.50‘. The spectra of intermediate chloro
and dichloro compounds were also odbtained. If the pareat
nydrocarboas tetralin, iadane aad O=xylene cause the ratio of
the mobdile bond orier of the 2 boad to the 1 boad to vary
from uaity, the & values (found as the eaergy differeacos
betweea transition energies for isomers) will de Jdillereat
for tho thre¢o isomers. 7These onergy differences designated
as & values, made it poul.hio for the authors to a:raage
the pareat hydrocarbons in the order of decreasing ratio of
the boad oriers (2/1) as tetralia, indane and O-xylene.

TeS. Wheeler and mkﬁl“ studiel the Baker~-
veakataraman traasformatioa of Oearoyloxy acetoaroaes iato



v-hydroxy disroylmethanes. They fouad that ia the
aaphthaleie scries the transforamation takes place more
rapidly across the 433 (single) boad than across the

1:2 (double) boade 7his theoy attridb.ted to an ester
type neatralizatlon of the positive charge at the carbo-
ayl carbon across the Jouble boad and polited out that
this su,port; the view that the transformation iavolves
a base-catalyszed iatramolecular Claisen coadeasation,
They observed that the traasforaation occurs more rapidly
across the 5:6 boad thaa across the 45 bdoad ia indane
and across the 037 bond than across the 5:3 oae ia tetralia,

HC

Y \
R C R O/ Q
Xy \/-1
H L ~ O
R = Gl 005 peCH 0-CgH -COy H XA

T™hese results suggested that the 5:6 boad ia iadane deri-
vatives 1is of u lower order than the 4:5 Load and sinilatly
that theo 6:7 boad ia totralin is of a lovwer order than the

5;6 boad.

41-43
The exteansive rescarchos of wibaut and de Joag oa

the ozoaolysis of the aromatic dimethyl Jderivatives of indane
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totralin and O-xyleao are extremely intercsting and

have brea claimed as providing unambiguous eviddace in
favour of partial bdoad fixation ia indane, not as Mills
and Jixoa had originally sugsested, ut as the theoretical
caloulations of Coulson and L. Higgians®’ indicated. “heir
oxperinmental procedure asd results are susmarizoed bdelow.

Osonolysis of indane, 4,7-dimethylindane, 5,6~
dimethylindane, 5,8-dimethyltetralin and 6,7-dimethyl-
tetralia aad also p-xyleae and durese (for refereace) were
perforacd and the dicarbogyl compounds produce., i.e.
glyoxal, methylglyoxal, and dimethylglyoxal were identified
and their ylelds quantitatively ictermined as the dioximes.
The yleld of dicarboayl compounds i1 the case of 4,7~
dimethylindane was 0.1 mol per mol of Jdimethylindane.
Glyoxal and methylglyoxal were fouaxd to bde preseat ia tnis
product mixture in the ratio 1.,57: 1. The total yield
for 5,6 dimethylindane was found to be .05 mol per mol
of dimethylindane aad the ratio of diacetyl to methylglyoxal
was found to be 8.8:1, Though the results indicate that
ozone attacks all the C~C doads of the riyg system, thus
ruliag out aay possibility of complete 'fixation' of
double boads ia the aromatic riag, the molecular ratio of the
dicardoayl compounds sugsests that there 1s a marked
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preforcace for the attack of the cosason “«C boad of
the ring system and heace this doad has more double boad
character than the adjaceat C~C bDonds ia the aromatie ring.

On the other hand, 5,8~dimethyltetralin gave
methylglyoxal and glyoxal in the ratio i:l and 6,7-dimethyltetra-
lia gave methylglyoxal and Jiacetyl in the ratio l.l:l iadi-
catiag the abseace of aay prefereace for attack of the
co .m0n oF ainy other U+« boad ia the aromatic ring of tetralin.
The reliability of the «xperimeatal procedure was coafirzed
by the ozonolysis of p-xylene and durene ia which the former
gave methylglyosal and glyoxal 14 the ratio 2.15:1 aad the
latter gave methylglyoxal and diacetyl ia the ratio 1l.90:l
both &8s expected for the systems where there is no difference
in double boad character asong the ¢ C~C boads.

llowever, the admissibility of this evideace wus
open to doudt. It had been earlier poiatei out® ia criti-
cisz of Plesar's oszonolysis wors that indane is readily
oxidized to indane-l~one by ozoae. The coaclusions of ue Joag
and Wibsut caa be correct oaly if it is certain that the
amounts of dicarbonyl products obtained .ia the indasones
ere minor.

Measuremeats of the C=20) stretching frequencies of a
auaber of grtho-hy.roxycarbonyl .erivatives of beazeae,

napathalene and sathraceae led {uasberger, Jutowsky wnd
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oo-m‘un“'“ to the conclusioa that conjugate chelatioa
lowers the C=0 freguency of these compounds y an amount
wvhich 1is direotly proportional to the degree of double boad
character of the boad betweon the carbon atoms holilag the
substitueats, 7They attempted to solve the gueation of boud
fixatlion ila indane usiag this relationship.

“«

It vas obocrvod%""’ thaet the average ) y(¢=0)

value for tne 4,5 derivative of indane is 50 em™> and that

. for the 5,6 derivative 44 ™t while the average / (C=0,

valueior benzeae 1s 43.3 em™t, fdowever the average A (C=0)
values for the 3,4 and 4,6 derivatives of Jexylene (corres-
poading respectively to the 4,0 and 5,6 derivatives of
{ndane) are S1 e=™* aad 42.3 om™* respectively. xamination
of the data, iacluding thosefr the correspoading tetralia
derivatives, showed that steric factors are the primary cause
of the diiferences botweea the two sets of values. Their
analysis showel that the steric eifect of methyl groups of
Owayleae i3 intersediate bdetweea those of the «-netiyleue
groups of indane aad tetralin. It was coacluded that the
carboayl frogueacy values would iadicate little or no boad
fixatioa in indane Af allowance 1s nade for "steric facl~

litatioa of cnclctlon"s.

It is of iaterest here to point out that the order
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of steric offects found by Huasberger gt al. 1s not

in agreement with the work of K. van !!oldn“ and of
£raold ead coworkers™0 "8, 1t 13 likely that the
allovances made by lunsbderger et al, for sterie facili-

tation are aot gquite correct,

Bertider aad Pullzan™ put forward ia 195 an
eloctronie theory for explaining the Mills-jyixon :flect.
They suggested that Lypercoajugatioan and inductive effect
of the adjacent rigs are causing certain modificatioas oa
the benseno rings ia these compounds and atteapted to explain
the different behaviours of indane, tetralin and J-xyleae
towar.s electropuailic reageats.

it is clear from the foregoing survey that in spite of
the numerous of.orts that have beea made to fiand an aansver
to the problem posed by XMlils aad dixon, 20 definite eoae
clusioas could de reached in view of the ecoatradictory ree
sults and doubtful iaterpretatioas. The problem is apparently
complex and'a fairly precise ovaluation of ecach contrivuting
factor vould be u@uu before reliable coanclusion caan be

ruM‘
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BOND-FIXATION IN
BENZOCYCLOALKENES




BOND-FIXATION 18 BLIZOCYCLOALAKIES

ANTAQUCT 104

~e have already soen in the previous Chapter
that the studies that have 30 far boen ma.e on the Millse
dixon (ffect do not lead to a clear-cut ansver to the
quest lon of fixation of bonds in iadane and tetralin,
Host of the evidence adduced is chemical and in chemical
reactions we are reall; coacerned oaly with the properties
of transition states. /As has already boea pointed out by
Pullman®, the predominant coatribution from either of the
Kelatle structures to the resonance of the ground states
of the molecules couceraned is not proved by the ease with
wvhich substitutioa takes place at a particular position,
The transition states in these reactions are excited states
whose electronic coafigurations ecan be sudstantially
differeat from those of the ground states. leace the
assumption that the differeaces ia the rates of aromatic
“e and f-sudbstitution can be attriduted to the nature of
the grouad state is not ncmbio. for the same reason
the oz0a0lysis studles of .e Jong and sibagut would also
be anbiguous®. Ivea if the doubt, that the products of
0zoaolysis are those obtailned via ladan-le-cne, is removed,
still the odjection remaias that it may actually be an



excited state that uadergoes ozonolysis to give the
products ia the ratios observed. In the case of indane,

as Huckel has poiatod out®, osoae may be adding preferea~
tially to an excited state which has a higher double boad
character for the boad common to the two rings. "Ia effect
the ozone molecule simply walts till the molecule is ia
this state and thea adus on'.a dence any of these chemical
lavestigations iacluding thoge using double boad reageats
may oaly be useful in studying the nature of the transi-
tioa states lavelved. Ia contrast, by usiag physical
mothods like IXK and dMR spectroscopy one may be able to
observe the molecule ia its yground state or ia a state
wiiich is perturbded only very slightly. .wven these methods
can have drawbacks. |or example the I study of this
probles by dunsberger M.‘ vas conplicated uy the
nece3sity to estimate steric erfocts™®, lowvever, an
unasbiguous method for the solution of this problem is
sugsested by the work described ia Part I of this thesis
where a liaear relatioaship between beasylic eoupling and
the square of the mobile bond orier has been established.

RESULTS Ady DISUSSION

It wvill be convealeat for us here to recall the
aature of the methyl signals in the NMR spectra of the
three methylbeaszsanthrones studied in Part I. 4-lethyl-

?



benszanthroned zives a clearly split methyl signal

(J = 0,6 cps), wrile l0e-methylbeazanthrone gives an
unsplit signal for its methyl groupe The nature of the
methyl signal ia Semothyldenzantiroae is intermediate

(J = 0.5 cps). It is clear from the calculated dond
order values®, givea carlier, that the differeat exteats
of fixatioa of v boads ian the three aromatic rings are
indicated by the magaitudes of bdeazylic coupling dig-
played by the methyl sigaals. The methyl signals of the
three methylbeazanthroaes are reproduced in rig.l,

From the aature of these results as vell as those
disaussed carlier in Part I of this thesis, the following
conclusions may be drawan regarding the M absorption of a
methyl group on an aromatic ring haviag protoas in both
ortho positions. whea it 1is flaanced by boads whose p-values
are comparatively small and not very differeat froa cach
other, no splitting is expected for its resonance under the
conditioas of resolutioa obtaiaing. Oa the other hand,
vhen there is coasiderable difference between the p values
or whea the p values are both 'quxt.o large (as is indicated
in the case of udtylm;" clear splittiang should be
obtainable. ilowever, the absence of splittiag cawot, by
itself, be takea to imply absence of appreciable benzyllc
ooupling since weaker couplings to protons other than at the
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(d) Se-methylindane

FIG,1 - METHYL SIGHALS OF (a) 4-methylbenzanthrone
(b) 1l0-methylbenzanthrone (c¢) 2-methylbenzanthrone and



ortho positicns are oftea involved., Moreover tl.e
aagaitudes of the coupling lie close to the limit of
resolution of the instrumeat used and slight distortioas
of the signal often make it unobservable.

A re-examination of the guestion of fixation
of » boads in indane and tetralin may be made ia the light
of this conclusioa, :xaminatioa of the methyl substituted
indanes and totralins should indicate, oa the basis of the
above coaclusions, whother there is fixation of bdoads ia
any of those systema. Ia Semethyliadane and Gemethyl~
totralia there are o protoas at positioans para to the
methyl groups. Coupling of the methyl group to the meta
protoas may be expected to be weakes If there is any fixa~
tioca of v bnds ia these compounds, i.e. if there is any
difference in the dbond orders of the C+«C bdbonds flanking
the methyl groups, it may be cxpected that the methyl signal
will show splittiag. FParther, it wvill be possible to say
to vhich aromatic riag proton the methyl is coupled by
suitable substitution, or wxample, if the methyl signal
of Semethylindane shows any splitting, it will be possible
to detect whether the coupling is to the 4-proton or to
the Ge-proton by subatituting ‘hea with bromine or deuteriun.
S~Methyl indane, 6-bromo-S-methylindane, G-doutero~S-nethyl-
indane, 4-Wwomo-Senethylindane aad 4~deutero-S-methylindane



vere therefore preparod,

SeMethylindane was prepared starting from iadane
by the method of jukh .ev'? (nart I). Pure Seacotyl-
iadane was obtaiaed by acylation of indane with scetic
aahydride ia presence of anhydrous aluminium chloride
in carboa disulphide. It was oxidised to the correspoading
acid with alkaline hypobromite aad the etiiyl oster of the
acid was roduced with lithium agluminium hydride to the
correspoadiag alcohol. This alcohol with phosphorfus
triromide gave S-bromomethylindane which oa hydrogenolysis
wvith Pa/c gave the required Se-mothylindane.

6-Bromo=-S-methylindane was obtaiaed by Lrominatioa
of Semethylindane in carboa tetrachloride ia prescnce of
a small crystal of lodine. The reaction wvas found to de
slov and incomplete in the absence of lodine. The WM
spectrum of the product showed the preseace of a small
amount (< 5%) of Lhe 4-bromo isomar. iince the removal
of traces of the 4-bromo isomer ia the G~bromo derivative
proved to be exceedingly diificult, the product was used
as such in the spectral determinations. It appeared
reasonable to assume that the preseance of the isomeric
impurity at such a low level would not have any significant
effect on the measurcments., Ge-Deutero-S-methylindane
wvas proparod from G-bromo-Senmethylindane by decomposing
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the corrosponding lithium compound with Ug0
s O™

Jubstitution at the 'Fpouti.on in Semethyliadane
being diificult, 4-bromo-S-methylindane was prepared
starting froa p-aitrotoluenc and via Z-bromo-Jemothyle~
benzodc acid (Chart II). peiitrotolucne vas tromiaated
at 80°C to give z-bromo-d-nitrotolueae which was sube
mitted to von Richter deactioa to obdtain pure 2-romo=-
semethylbensoic acidils Mothyl ester of this acld vas
subjected to lithium aluminium hydride resuction and the
alecohol thus obtained was converted to the beazyl bromide
with phosphorgus tribroaide. 2e-8Sromo-J-methylbenayl
orazide on maloalc oster condeasation followed by h,dro-
1ysis aad decarboxylatioca gave a-(2-Wromo=Ge-zethylpheayl)-
propionic acid. This acid was ayclized to 4-bromo Se-methyl-
indanel-one with polyphosphoric acid. oOa Cleumense:n
reduction of the indanone, the final product 4-bromo=-5-
methylindane vas obtained and was found to be pure fron
its aaalysis aad NMR spectrum, 4e-Deutero-S-methylindaie
vas 6btained from 4-bromo-Semethylindane by deuteratioa
of the lithioderivative. -

Tho methyl gpectra of Semethylindane and the three
methylbensaathrones are shown ia !1g.I. The latter are
included oaly for purposes of comparison. The data on
benaylic coupliag and methyl baad widths are givea in
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Table I, The metiyl sigaal of Semcthylindace is a

doublet with a separatioa of aba‘n 0.5 cpsy indicatiag

aa approciable difference betwoea the 415 aad 516 boads

and suggesting localization of ¥ boads ia the aromatic

riag. The fixatioa caa bde as postulated by Mills and
¥ixont® or 1a the opposite sease as has been considered
likely from the theoretical study of Longuet-iiiggias

and 'ou.].aonla. The secoad of these altaraatives is showm

to be correct by the duta »f Talble I. «hidle the metayl

band width for Semetiyliidane 2.2 cps) remaines unaifecteu
on substitution of the é-positioca with bromine or .euteriunm,
it 13 reduced to 1.0 cps and 1,6 cps Ly the substitution

of bromine and deuterium respectively, ia the 4-positioa,

Tt 13 of iaterest here to oto that the methyl groups of
G=bromo=5-mothylindane aad d=deutero-Semothyliadane do ot
give split signals. Jome coupling to the meta proton, which
1s not predicted from sizmple liuckel MO theory, is appareatly
indicated, A pure sample »f G-hydroxye-Semethylindane, which
was obtalaed a3 a side product ia the preparatioa of Jd~deutero-
Semethylindane from doh-o-o-hnkvl derivative, also showed
a band width of 2.2 cpse The JARR gpoctrum of S-hydroxy~
S-metnylindane showed it to be frec froam any trace of the
4-h/droxy isomer. The idcatity of band widiths for the
Getromo= and S=hydroxy=- derivatives proved that the small
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TABLE 1
H0. Compound ~<Chi. band width
Y 4a cps
1 SeMethyliadaae 22 (Jbo:uyuc'
0.5 cps)
2 4-Methylindane Zel
3 Gedromo-S-methylindane 2.3
4 G~ eutero-5-methylindane 2.2
5 Geilydroxy ~5-methylindane 2.2
) 4-romo-S-aothylindane 1.8
4-leutero~S-nethyliadane 1.6
8 4-Bromo-Semethyl Lndan~l=ocae 1.65
9 C-Mothyltetralia 1.9
10 1,6 di.luthyl. ~4eisopropyl~- 2.0
tetralin
11 4-Mothylbeagocyclomtone 1.8

*The author 1s grateful to Mr.i. jeshadri

for a saple of 3 compound,
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impurity ia the former has aot mattered very mch,

“e have also prepared 4-methylindane starting
from o-xyleae, by the method of xih Dov‘lo. The band
width of the metiyl sigaal of this compouad was fouad
to be comparable (2.1 cp3) to that of Semethylindane.
Jromiation of 4emethyliadanc gave a mixture of three
igoneric bromoemethyliadanes.

12 coitrast to the behaviour of Semetihylindane,
the resoaance of the Gemethyl groups of Je-methyltetralin
aad 1,0«=dinethyl=4-isopropyltetralia ghows ao tendeancy
to split, The Nt data o. totralin is coasisteat with
the aceepted notioa that there is little or no bond-
fixatloa ia tetralin,

Aa electroalc theary to aceount for the differeace
i1 the reactivities of indane and tetralin has beean put
forward by ferthier and Puliman'®. 7Tney felt that the
steric influence of the saturated rings .o not oxplaia
all the facts with regard to the Mills-liixoan iffect and
heace suggestod that hyperconjugation and laluctive eiiect
of the adjaceat saturated rings say be res onsible for
the electroaic chaanges ia tho bewseae rigs of indane,
tetralia and Oeaylene. Accordiag to thelir treataeat the

reactivity dirfereaces are traceable to electroaic charge
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densities at the various aromatic cardn atoms. The
boad orders ia indane and tetralia have also beea calcu~-
latod by them, Theso arc as showa bdelow.

Lccording to the above calculatioas, the differeace betwecen
the boad oriers of the 415 and 516 boads 1a 1adune 13 ex~
tremely small. The preseat investigatioa clearly shows that
this uifference should be more proaguaced than iadicated

by the calculatioas of BJerthier and Pullman. loreover, the
recent X-ray study of the structure of triketolindane (ain-
nydrin) by William Boltoal>, further supports our observas
tioas. The experimentally mecasurel boad distances »f the
molecule are shown in the formula (III) below. The loagest
of the aromatic boads 1s betweea Cg and Cg and the saortest
is betweea C, wad Cg (or Cg4 and Cp)e  Tho linear iaverse
rolationship between boad leagth and boad order has beea
demastrated by CoulsoatS., 0a this basis, it caa be ocoa-
cluded from the ieray data that the 05-06 bond has the smallest



in the molecule. Though small differeances in the bond
angles and boad lengths may be expected for ainhydrin

as oompared with indane, the geaeral aature of the aroe-
matic system may be expected to remaln unalfected. The
fagt that the boad order diifareace betweea the Cg~Cy
asd Ca=Cp bDonds in lndase 15 preseat in alahydrin also,
is vorth coasiderable atteation, This should mean that
the elcotronic distribution and the v boad oriers ia the
benzeane ring in indane should be arising from somo factor
other than hypercoajugatisn because the Semenbered ring
ia adahydrin carries only oxygea atoms. -“he effect common
to both systems should thercfore be the strain eoffect, as
indicated by Longuet-iiggins and Coulson™ aad this may
be oxpectod to be slightly more pronounced in aiahydrin,
because of the -C=0 groups at l-, 2= and S-positioas.
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If indane 13 a stralaed molecule and the straia
iaiuces localization of the v electrons as suggested here,
thea it 1s of iaterest to lavostigate the lower homologue,
beasocyclobuteae, in wiich the effects of strain ghould bde
very much greater, ior this purpose ‘4-metiyl-beasocyclo=-
uteae, the analogue of Semethyliadane was prepared.

The ethyl ester of J,4~dimethyl benzoic ucid was
brominatedt’ with five equivaleats of broatae at 126°C,
Followiag Cava's procuun”, othyl «,«,«'y,«' tetrabromo~-
O-xylene carboxylate thus obtained was cyclizei vith

soddun lodide ia aguoous ethanol.

Bra
Reoc¢ HJ R0

ihe 4Mi spectrum of the product clearly indicated that the
require. promuct, ethylel,2 dibromobeisocyclolutenc~4-
carboxylate has been foramed, Jeparatioa of this compound
from the mixture and coavertion of the carbethoxy group
to a bromomothyl group aand removal of bromine Ly hydroe
geaolysis was planned. Jiace at this time, an autheatic




sample (157 mgs) of beasocyclotutene~d-curboxylic
actd34 was received from UrePele )nglq., wve decldea

to prepare the finul compound from this. The ethyl
oster of this acld was reduced with lithium aluminigm
hydride and the alcohol obtalned was coaverted to the
corresponding beasyl bromide with phos,horgus tribro-
aide. 0Oa hyirogenolysis over Pd/c 4emethyldenzocyclo-
teae was obtained ia pure form,

The metiyl sigaal of 4-methylbenzocyclomuteae
showed ao teadeacy to split and the band width of the
methyl signal was found to be oaly 1,845 cps as compared
with the value of 2.2 cps for Semethylindane. This
clearly indicated that there is comparatively little
difference ia the mobile bo.ud order values for the
C:J-C4 and 04-C5 bonds. Further the aromatic riag seezs
to accommodate the straia due to the fused four-membered
ring in a manner differeat froa that ia iadane. It is
iateresting to compare the spia coupliag between the
parg-(«=<', protoas ia the series: bensocyclohexeae (tetralin),

“he author 1s very gratefal to Or.P.t. Oagley aad
Jred.B.Fe Lloyd of College of “dvanced Technology,
Bicmci’dm for the sample of benzocyclobutene-decarboxy-
1 a .
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beazocyclopentene (indane), bensoeyclotutene and beazo-
cyclopropene, The relevant data are givea ia Tahle II,

TASLE I
Jystems with p(Ar) J (=", aps
substitueats para ‘
Tetralin 040
Indane 0.5
Benzocycloutene 1.0
Seazocyclopropene 1.9

The coupling between iy and lig protoas ia S-substituted
tetralins are found to be nearly zero while for iadane
Rarg-coupling of cas 0.5 cps vas Jetected in some of its
derivatives (e.g. Se~bromoiandane,., In ethyl beazocyclo=
mtene~4-carboxylate we have found that the coupling betwecen
ua and Hc 13 1.0 cpss The HMR spectral data for 1,1 dimethyl
beazocyclopropene=3-caroxylate (IV) has receatly been

reyorted by Anet and Anet>S,

CHy

CHy
ROoC

v
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“"he value for the spin coupling detweea the Rara-protoas

in this compound was fouad to be 1.9 cps. This progressive
ingrease in the pgra=-coupling coastants (0, 0.5, 1.0 and
1.9 cps) while going from tetralin to beazocyclopropeae

is i1adicative of an iacreasing coatribution from the Dewar
type resonance from (V) to the structure of the pareat
aromatic systems, the maximun being for benzocyeclopropene.

)

since this effect would be more proanounced in beazocyclo~
tutene than ia iadane, it may be expected that the boads
flanking the 4emethyl group of this system will not display
the same jiprereace in boad order that has beea observed
for the similarly placed bonds of Semethylindane. The
value of the methyl band width observed for the former
compound is coasisteat with such an ianterpretatioa.



LAPLRIMNKENTA AL

d'IL spectra were recor.sed oa a Varian A-60 MR
spoctroueter. Jeaeral experimeontal ooaditions aad details

regarding scanalag of the spectra are .escribed in Part I
of this theosis.

«=Aromo-O=xyleas:

In a 500 ce three-aecked 1B flask fitted with a
mercury-seal mechanical stirrar, reflux coadenser and
dropping funnel aad illuminagted by a 00 natt lanp was
placod Oe=xylene (E.Merck, 55 g, 0.5 mole)e The flask was
heated 1a an oil bath till the temperature of O-xyleae
reached about 125°C and remained coastaat. Bromine (68 g,
0+55 mole) wus adued dropwise with vigorous stirriag. The
addition took about an hour. The mixture was stirred and
illuninated for asothier hour alter which the excess bro-
mine in the flask vas sucted off (water-pump) and the
product distilled uader reaucod pressure, The distilled
material was slightly coloured -and was therefore redis-
tilled. The fruction boiling at 100-102°C/15 mm vas
collected and found to be pure O=xylyl moaobromide (7J g,
11¢.29; v.pe 102%/15 ma, .
2=0-Tolyle-proplonlc gcld: Proceaure followel was similar
to the one roortod‘l 0.
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Jodiun (6.95 g, 0.2 g atom) 1a dry toluene (250 oc)
takea ia a 1 1lit. threeeaecciked flask fitted with a stirrer,
droppiag fuanel and reflux condcaser (with silica gel guard-
tube) was heated with vigorous stirring. The sodium was
thoroughly dispersed aad oa cooling sodium sand ia tolueae
vas obtainod, To the cooled sodium ia toluene, freshly
distilled diethylmalonate (67.5 ce, 0.42 mole) was added
dropwise with stirring, Towards the end the reactios mixe
ture becaze very viscous making stirring difficult. At this
stage more toluene was asded. The reaction mixture was
geatly heatod and stirriag made more vigorous to remove
the coating oa the godium pieces. wWhen the sodium had
reacted completely, the reactioa mixture was ¢>oled 12 an
i1co bath aand O-methylbeazyl bromide (56,784 8y 048 mole) was
added 1a oae lot. Tolueane (25 ec) wus used for washiang in
the last traces. After keeping for half an hour at rooa
twcaturo,uu reactioa aixture was refluxed for 10 hours.
It was then ocooled and poured into water. The tolueae
layer wvas separated, washed with 4il, acetic acid and with
saturated ammoaiun sulphate solutioa. 'fter dryiang, the
sdlveat was removed.

The colourless olly residue was refluxed with
coag. hydrochloric acid (175 cc), glacial acetic acid
(115 ce) and water (21 cc, for 18 hours. The product was



cooled, diluted with oold wvater aad filtercd after
allowiag to stand for aa hour. The ascid collected ia &
buchaer funael was wasiel with water and Jried. It wus
recarystallisod from a mixture of acetic acid and watar to
obtain vhite crystalline plates of 2« =tolyleproploaic
acld (47.5 g), mepe 102°C (11t,0

4-iethyliadan~-l=00e:

Polyphosphoric acid was prepared by portionwise
addition of 855 orthophosphoric seid (X cc, iato phose
phorous pentoxide 150 g) ia a R3 f{lask, with occasional
svirling and moderate cooling in cold water. The mixture
was heated with occasional stirriag oan a stoasbath [or 4 hours.

: TeDe lo-‘ao.:) .

To the polyphosgphoric acid, °~.~tolylepropionic acid
(15 g) was added ia one lot. The reaction flusk was closed
with a calciun chloride gaurd tube and was geatly heated
over a frec flame to get a clear solutlioan aand thea heated
on a waterbath for 2 hours. VWorkiag up and recrystallisation
us rv,)ortodm

crystalline needles, n.p. 100°¢ (14829 a.p, 22-100%).

d-ietnylindane:
ziac wool (20 g) was takea i1 a 500 cc 1D flask and

wvashed with acetone and distilled water. A solutioa of
mercuric chloride (2 g) in distilled water (50 ce) coatainl.g

gave 4e-nethylindane~leone (2.8 ;) as colourless
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ooag. ICl (2 o) was alded to the zinc wool aud shaken

for five miaates. The solution was decanted and the amalga-
mated zinc wool was covered with a mixture of water (0 cc),
cone. hydrochlorie acid (70 ce) and toluene (30 c:)e To
this 4emethylindan~l-one (7 g) aad glaclal acetic acid

(2 ¢o) were added and the mixture refluxed f{or 24 hours.
Jaring the latter half of this period coac. aydrochloriec
acid (L00 cc) wus added in couveanleat lots. The product
obtained after working up as usual, was purified by ciro-
matography oa urade I alumina and distilled at reduced
prossure to yleld 4emethylindane (4.75 g), bep. 112°C/5% m-
(146,295 bep, 112%/50 m).

; tion of iadane:;

To a wellechilled solution of d-neothyliadane (3.6 g,
0402 mole) ia CCl, (8 ce) were udded a small crystal of iodine
and bromine (3.2 g, 0.02 mole) ia Cily (8 ceo). Ewolutioa
of HBr was quite vigorous. Tho nixture was left aside for
two nours at the end of which water and other were added
to it, 7The ether layer was separated, washed with dil,
sodium hydroxide and water and dried. The solveat was ro-
moved and the product distilloed (105-118°C/10 mm). VPC aad
the AMi spectrum of the proamct (3.1 g) showed it to be
a mixturc of tihree componeats. These could not readily be



soparated by fractional distillatioa,

5+ and Gelethyltetralias: Sromination »f tetralin by
19 reported to ylold pure G-bromotetralin gave
a mixture of 5 and G-brocototralias.

a procedure

0 a 10U cc three .accked 17 r'lask fittes with a
stirrer, reflux condenser (with gaurd tube) aad dropplag
funiel was added magnesiua (1.415 g, 0,058 g. aton) aut
into small picces and dry ether (5 cc)e fromotetralin
(12.25 gy 0,058 mole) 1a ether (10 c¢) was added dropwise.
L drop of methyl lodide was added to initiate the reaction,
whea all the magaesium had reacted, freshly distilled
dimethyl sulphate (J.5 2, 0.075 mole) was added and the
mixture refiuxed far 2 hours oan a wuterdbath, sil, hyaro-
chloric acid (10%, 125 cc) was added aand the cther extract
was washed with dil, sodiu=z carbonate solution any with
wator. After drying the solvent was removed and the re-
sidual oil distiiled. The fraction boiling at 101-102°%C
at 13 ma was found to be a mixture of Se and Gemethyle
toetralins by N4R and VPC, Since the me hyl signals of the
two isomeric tetralins came sobnrotoly this product was
satisfactory for methyl bani width necasurements,

Aq4ane: Indene was hydrogenated Wy a proceaure similar
to that of Alder aad Wolff?® usiag Raney dickel catalyst
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in a Parr High Pressure .ydrogeaation Jalt at 150 pes.i.

and 60°C, After the reaction wu3 coaplete the catalyst

was filtered off and the inuane was takea u, in pet.other
after adding a large amouat of watar to the alcohol solution.
The irlied pet. ether solution, oa removal of solveat gave
indane (ia J0«355 ylelds, which vas distilled uader reduced
pressure, b.p. 88-M°0/20 =m (11t.%%; b,5, °%/20 ag).

Sejpcotylindane: Indane (10 g, 0.065 mole) wid aootyl
chloride (7 gy 0.09 mole) in Ci, (40 cc) wa¥ takea in a
100 ce three-aecked flask well cooled in an ico-salt mixe
ture. Aluminiun chloride (1. g, 0.09 mdole) wus adde! to this
ia two lots in about half an hour. The stirpred nixture

was kept at 0-5°c for one hour and at room temperature

for 4 hours. It was Jecoaposod with cold 41, hydrochloric
acid and was extracted with ether. The ether extraot was
washed with dil, sodium carbonate solution, dried and the
product obtained after rewoval of solveat wus distilled to
yleld pure Seucetylindane (e g}, Depe 145-144°C/13 ma;
116,29 v.p, 144%/13 aay,

iwdane~S-carboxylic acid: 1ronlne (26.6 g, 0.16 mole) and

sodium hydiroxide (17 g, 0.425 mole) wesdigsolved in water
(150 cc)e To the sodiuz hypobrouite solution thus prepared
wvas added Seacetylindane (845 g, 0.055 mole) ia dioxane (20 cc,
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at 0°C with stirriag. The temperature of the reaction
aixture was allowed to rise gradually to 80°C by heating

on a water bath and the mixture stirred for one hour at

this temperature. The cooled solution was diluted with

water and extracted with CCl,. The aq. alialine solution

on acidification with coac. hydrochloric acid gave a white
crystalline procipitate which was filtered and dried G g)e.

Oa recrystallisation from acetic acld-watoer (50:1100) iadane-5e
carboxylic acld (5,7 g) was obtalaed as white aecuiles, m.p.
188°% 1t.29; a.p, 183-184%,,

iyl AndaneeS-carboxylater ladane=Secarboxylic acdd (5.5 g)
beazene (9 ccj, ethanol (5 cc) and oconc. sulphuric acid (U8 ccy
vere refluxed for 24 hours. The mixture wus poured into oold
water and the olly layer extracted with ether, " he cther
cxtract was washed with uil, sodium carboaate solutioa and
dried. The residue left oa removal of solvent was distilled

at roduceu pregsure to yleld a colourloess pleasant smelling

oll (4.6 g)y Dep. 154-166°¢/20 mm (21¢.20: v,p, 156%/20 mm).*

S-ilydroxymothylindane;: |thyl iadane-S-carbdoxylate (4.6 g,
0.028 mole) ia dry ether was a.ded to a slurry of Lirliy
(0e7 gy 0,018 mole) in dry ether (l: cc, auring half aa hour
with stirring. whea the ad.iition was complete the reaction
mixture was refluxed for two hours and left overaijzit. Water
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Vud aduiod dropwige with stirring to decompose oxcoss
LialH,e The wnite precipitate of Al 04, 5 vaich appeared
was dissolved by adidition of 10% sulphuric acid. The

ether luyer was soparated, washed with dil, sodium carbo-
aate solutioa aad water and dried. white crystalline

s0lid (Le8 g) obtalned oa removal of solveat was rocrystal-
lised from benszeae to yield Sehydroxyamethylindane as

wiite shialng aeedles, m.pe 73°C (116,10 n.p, 7.5-74.6%),

S-drogouetiylindane; Seilydroxymethylindane (&.2 g,

0.0168 mole) was dissolved in a mixture of chloroform

(6 cc) and bensene. A arop of pyridine wus added to this,
After chilling in lcee-salt bath, Pir, (Le9 gy 0s007 mole)
was iantroduced. Tie reactlon {lask was closed with a Call,
gaurd tube, The mixture was keplat 0°C for 20 hours after
vhich it was refluxed oi a water bath for § hours, A.Jter
cooling and diluting with water the product was ether
extractoi. The e.her solutloa was wvashed with brine and
cold vater and dried. The solveat was romoved and the
residue distilled to yleld Sebromomethylindane (G.4 g) as
a ocolourless lachrymatory oil, b.pe 117°./4 mm (11t.20:
bepe 116-117°C/4 mm),

S=dethylindane: S-Sromomethylindane (S.2 ¢) in ethyl
alcohol (40 cc) was shaken in an atmosphere of hydrogen
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ia the presence of Pd/C (105, 0.3 g), presaturated

with hydrogen. A total volume of 84L.7 ec of hydrogea

was absorbed and 0o wore absorption took place after

about 1.5 hours. Tho catalyst was filtered off and

washed with other, The ether solution of the product

was washed with briae and dried, ‘ftor removal of solveat,
the residue was distilled to obtain Semethylindane (1.7 g)
beps 111%¢/50 ma (116,20, bup. 120°C/50 ma;.

S-iromo-Segotihylindane: 3Srominatioa of Semethylindane

at low tempcrature ia c‘n‘ wvas found to proceed smoothly

oal,y ia preseace of a corystal of lodine. In absence of
iodiie vary little reaction was observed cvea aftor 12 hours.

S=dethylindane (S.4 g, 04026 mole) ia cel, (S ce)
was chllle. with ice-salt alxture and bLroalne (4.1 g,
0,046 moleo, was aided dropwise with vigorous shaxing.
Coplous evolutlioa of iiBr was noticed. After complete
addition of bromine, the mixture was left at room tempera~-
ture for 00 min,, water was added aad the product extracted
aftor adilng more CClge e Wl oxtract was washoed with
dil, sodium hydroxide and water. Aftar drylag aad removal
of solvent the residue otaiaed was distilled, The first
fractioa boiling below 100°/10 ma was fouad to bo Semethyle-
iadaje, Tho secoad fractioa bolling at 1lwli2°C was fouad



o be the required product. This was rouistilled to
obtaln G-bromo-5emethyliilane (4.0 g), b.p. 112°C/10 =z,
The UMR spectrun of the product suowed the presence of
< 56 of tiio 4-Wromoigouer. Tils could not be removed uy
repeated fractional distillatioas.

S-Jeutero=Semethylindane; Lithiua (L.Merck, 0.16 g,

0.024 g.atoa) freshly aut 1ln a &y box into saall pea-size
pleces and welghed yithout cxposing to atmosphere, was taken
ia dry ether (5 ce) in & 250 cc threc-neczed flask fitted
with a stirrer, reflux coadcnser (with magacsium perchlorate
gaard tudbe) and Jropying funnel. GeBrowoe-Se-metiiylindane
(23 g8y 0.011 mole) ia dry ether (10 cc) was added dropwise
with stirring. uring the addition gentle roeflux of the

other was obsarved. The roaction amixture waus reflyxed for
three hours during vhich time al=ost all the lithium reacted.
Dy0 (2=8 cc) was added dropwise and whea the dceomposition
vas complete the regotion mixture was iiluted with vater.
The other layer was scparated after additioa of more ether.
This was washed with very dil, :{Cl and driei. After re-
moval of solvent, the reosidue was fractioaally distilled,
The fraction boiling at 100° at 40 ma was fouad to be pure
G-deutero~S-mothylindane (le2 g)e 7This produet was found

to be morc than 90% isotopically pure by the NMR iategration
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method. VPC showed this to be free from other impurities.

Oa discontiasaing tae aistillation and cooling the
ualt, a wvhite arystaliine saterial was found ia the dis-
tillatioa flask ani at the lower parts of the condoaser.
This was recrystallised from pet. other to obtain a white
erystalline solid whilch was ideatified as G-hydroxy=Se
nethylindane, mepe 82+84°C (116.2%; n.p. 85-65°C)s e Wik
spectrun showed it to be a phenol, having two aromatic proe-
toas para to cach other and coaclusively proved the compound
to be Sehydroxy-6-methylindane. (Founds C, 80.,8l; i, 8.,08;
‘alo, for Clo“m"' Cy, 8L.00; 1, 3.17%).

3-Dromo-4-uitrotolueae;: romination of peiltrotoluecac

(G845 gy 0.5 mole) was Jdoae with broniaze (30.5 cey, 0459 mole)
10 presence of iroa powder (4 g) at 80°C as ro.nrtocxu. The
aixture was pourel iato ice ocold 10f sodium hydroxide solution
and the crystalline product obtained was rocrystallised from
glacial acetic acid, 10f aq. acotic acid and finally from 17
sodiun hydroxide solution. 2e-Sromo-4enitrotoluene (95 g),
DD 78°C (ut.“'x ReDe 75-76°C) wus directly used for the

noxt prepuration,

L. - ic acdd: von .ichter reaction was
ecarricd out oa 2-bromo=d-aitrotolucae as ropartedu. Methyl
cellosolve was used as solvent iastcad of cellosolve.
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2-Nrono-4-altrotoluene obtained from the adbove
experiment, potassiun cyaalde (X0 g, methyl cellulose
(900 e¢) and water (850 c¢) woere takea ia a 5-1it. flask
and refluxed for 16-18 hours oa a heatling maatle in a
funming cupdboard. wWater (1 Lit,) was added and the mixture
boiled. It was acidified with about 0 ce coac. hydroe
chloriec acid and boiled for another 15 min. to expel all
the hydrogea cyanlde produce.. The mixture was ocooled
to 40°C aad a fev g. of Fuller's carth vere stirred in.
It vas filtered through a Buchner fuanel pre-coated with
Muller's carth, The filtrate was extracted with chlorofora
15 x 200 cc) and the combined chloroform extracts were
further extracted with 57 ammoniunm carbonate solution
(8 x 100 cc)s Tho ammonium carbdonate solution was acidi-
ried with cone. hydrochloric acid and cooled li an ice-beth.
Yellow crystalline precipitate was obtained (no tarry material
as reported™ was obtained). The product wus filtered,
waghed vith water and dried., The Jdry product was refluxed
with pet. ether (40-80, 500 cc), filtered hot and the fil-
trate coaceatrated. 0Oa eooling white crystals of 2-bromo=-
S-methyl-benzodc acid (7 §) separated, m.pe 154-106°C
(146225 mope 154-296%C)

Methyl Zebromo-Demethylbenzogte; 2-3romo-S-methyl beazolc
acid (20 g), beaseae (4 ce¢), methanol (0 cc) and coac.
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sulphuric acid (2 cc¢) wore relluxed for 45 hours. !ethanol
wa3 then removed by iistillation. The residual mixture was
oooled, dilutel with water and other extracted. The ether
extract was washed with dil. sodium carbonate solutioa to
remove uareacted acid and with vater. cther solution was
dried and the solveat was removedld. The olly resiae (19.68 g3)
was distilled uador reduced prossure, b.p. 113°C/6 mn (Found:
Ty 47.6; H) 4.,08; Bry JA.SG. Cales for Cyigw0,: C, 47.2

Ly 804 ar, JA85).

&=gromo-ge-ngtnylbeaayl glconhol; le..yl ze-bromo-lemethyl-
bensoate (9,205 g, 0.04 mole) in dry other .45 co) was
slowly addel through a Jdropping fuwmel iato a slurry of
LiAH, (1e2 gy 0.0C mole) ia dry ether (25 c¢) ia a 500 cc
throe necked flasz fitted with a stirrer, dropplag fuwmel
aad reflux condenser. A.4ition was Jsone Juriag 30 ain,
with efficieat stirring. Thc mixture was refluxed for oae
hour using a lamp source aad left overaight. water and

10% o\'ulpmrtc acid were a.ded dropwise with stirring till
decompositlion is complete. Ether layer was separated,
washed vith 1% sodiam carbonate solution ia brine and driei.
on removal of solveat white arystalline acedles of the
aloohol were obtained. Reasrystallisation froa pet. ether-
beazene (1:2) and from pet. cther jave 2-bromo-3-methslbeasyl



alcohol (7 ‘)' See 7".500. (A“Ml C, ‘7.”' ll, ‘o“}
Ty 39490, Cale, for (‘.8&19’3)3 Cy ‘70”’ Hy ‘o“' Br, 39.85).

2=Bromo-S-neth/lbeasyl roside: 2-Bromo-Gemethylbensyl
alcohol (6 g, 0.08 mole) was dissclved in a nixture of
beaseae (5 cc) and caloroform (15 ec) and a drop of aahydrous
pyridiae, This was cooled 13 an lce-bath and Piar, (2.75 g,
0.0101 mole) was aided slowly with shaking., Reactioa flask
vas chosed with a calclum chloride gaurd tude and tept in

a frigidaire for 20 nours. The reaction mixture was thea
refluxed on & water bath for six hours, After ocooliag and
adding ether and water, the solveat layer was soparated.

It vas wvashed with cold water (15 ¢c) and brine (15 cc) aad
dried. After removal of solveat, the oily residue was
distilled undor reduced pressure to obtalan lebromoe3demeth/1l-
beasyl uromide (6437 g), bYepe 114°C/5 mm, The product is
lachrymatory.

ok ¢ 10 §  Jodium sand ia
toluene was made from sodium (Ve57 g, 0.0248 g.atom) ia a

250 cc three necked flask as described eariier. OJlethyl
malonate (5.6 gy 0,005 mole) was added dropwise with stirring.
The stirring wvas coatimed till the sodium reacted completely.
This wvas cooled in ice bath and trested with 2-bromo«le-methyl
beazyl bromide (6437 gy 040241 mole) ia one lot. Alter stirring
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at room temperature for oae hour, the mixture was
heated oa a steam bath for 2 hours aad finally refluxed
for 12 hours oa a heatlag mantle. The reaction mixture
wvas ¢ooled and poured iato water. The toluene layer was
separated and washed with 2% acetic acid and with satu-
rated gmmoalun sulphate solutioa, After urying and re-
soval of solveat, the residual liquid was used for hydroe
lysis and decarbdoxylatioa reactioa directly.

The above product was refluxed with coac. liydro-
chloric acid (15 coc), acetic acid (10 ce) and water
(3 co) for 18 hours, The roactioa mixture was cooled,
dilute. with cold water and was extracted with ether.
The combined ether coxtracts were shaken with 10¢ sodium
carbonato solutioa (4 x 45 co)e The alkaline extract
was acidified with conc. hydrochloric acid and the pre-
cipitated acid was filtered through a Buchaer funnel.
AMter arylng, the acid (4.1 g) was rocrystallised from
benzene-pot. ether (U3;l) and again from beazene-pet.cther
11l)s fe=(2e3romo=Semethylpheayl) propioaic acid was
obtained as oolourless crystalline plates (2.7 g), mepe
122%, (rouads C, 49.65; 1, 4.43; Br, 32,58. Cale. for
cmuu&-oa. Cy, 49,38; 1, 4.5; Br, 32.92%).

4-fromo-S-methylindgn-l-one; Polyphosphoric acli vas



prepare. froam phoqpboﬂﬁl peatoxide (14 g) and ortho-
phogphoric acdd (. c.-). f=(s=bromo=uemethylphenyl) propionic
acid (2 g) was well powdercd and iatroduced iato the
polyphosphoric acid. The mixture was heated upto 120°C oa
an oil bath, when the compound melted and an yollow colour
doveloped which changed over to pilak and thea to red., «hea
the reaction mlxture became homogeneous, the flask was kept
in an oil bath maiatained at 100«l05°C for about one hour.
The product was worzed up as doscribed carlier. The other

- 3oluticn wus washed with dil. sodium carboaate solutioa aad
the alkaline extract wug acidified with conc. hydrochlorie
acid, to recover the uareacted sturting material (V.38 g).
The ether extract, after washing vith alkuli, oa coaceatra=
tion gave a 8olid, which on rearystallisatioa from pet. cther
beazeae .1:2) ylelded 4e-hromo-Gemethylindaa=l-one as colourless
erystalline .weedles 1.5 g, QePo 110%C. (Founds Cy SG451;

Ty 8e94; 8r, 85,87, Cales for C)oi Ar0s Oy 56.38; i, 4,005
ary 86,56%).

4= momo-S-nethy11a383¢+ To amalgasated ziac, prepered froa
sinc wool (1.9 g) and mercuric chloride (0.9 g) as described
earlier, water (2.6 ce), cone. hydrochloric acid (8 ¢o) and
toluene (O cc) were adiede The above iadamdae (1 g) was added
to this, together with glacial acetic acid (UVe2 c¢¢)., The



aixture wvas refluxed for 24 hours oa a heating maatle.
puring the latter half of the refluxiag period, coiec.
hydroohloric acid (8.6 cc) was aided in small portions
through the top of the ecaddnser. The roaction mixture
vas cooled and extracted with eother, The ziae pleces
vere also riased with ether. .he counbined ether extracts
vere washed with brine aad with water. After .rylag
the solvent was removed. The pale yellow oil tiat ro-
mained, waus distilled to obtali 4-bromo-S-methylindase
(760 ng) as colourless 1iquid, b.pe 28-95°C/1.5 am,
a0 1,5760. (Founds C, 56498} K, 4.t8j . 36.12. Cale.
for Cypd; e G 66.87; i1, B.21; 3r, 37.91%).

4=Deutgro-S-methylindane: Lithius (U.105 g, 0.Ul5 g.atons)
aut into small pleces ia a ary box, was takea in dry
ether (10 ce) 1a a 10U cc three neciked flask. 4-3romo-
Semethylindane (16 g, 04071 mole) in dry ether (5 cao,

vas added dropwise vith stirring. The nixture was re-
fluxed for oae hour after completion of addition, Dzo

(5 cc) was added dropwise and stirring coatianued for

half an hour. The reaction mixture was diluted with
ether and wuter, other layer was separated and washed with
very dil, hydrochloric acid aad water. After urylag, the

ether was remove.i, The resicual liquid oa distillatioca



yielded 4edoutero-S-mothylindane (0¢9 g)y bepe 109-110°7/
50 =m, The product was fouad to de ca. F isotopically
pure by B4 iatesratioa method,

d-BromoeQexyleas: 4e-Bromo-Oexyleae was prepared by bro-
mination of O-xylene by the proceduire deseribed in Organic
jyatheses®*, The product was distilled and the fractioa
boiliang at 100-102°C at 18420 mm was fouad to bo 4-bromoe

Oexyleae (1it.%Y; b.p, 22+94°C/14=15 mm).

Ooylene~4-caroxylic acid: ireshly ocleuned magacsium
ribbon (12.15 g, 0.5 ge.atom), cut into sall pleces and

a4 crystal of lodine were taken in dry ether (20 o:) ia a

1 1it. three necked flask fitted with a stirrer, reflux
condeaser (with gaurd tude) and dropping faasel. 4«Womo-
O=xylene (2::5 gy 0456 mole) in dry cther (200 ce¢) was taken
in the dropping fuaael. 25 cc of this other solutioa was
added at « lot with vigorous stirring to start the reaction.
The othoreal solution was then added dropwise with stirring.
Coatinuous refluxing waus sbserved. hen the addition was
over, the reactioa mixture was externally heatod to koep
refluxing, till all the magnesium reacted. The urignard
thus obtalned was poured iato dry ice (about 100 g) 1ia a

2 1it, Ddeakor, with stirring. This was alloved to stand
with excess ury ice preseat for some time. This was then



54

decomposed by the addition of crushed ice and water
coataining coane¢. hydrochlorioc acid (ca. %50 cc)e The
uixture was extracted with other and the ether layer

was washed with ¢old water and with 10¥ sodium hyiroxide
golution (2 x 10U ce)e The alkaliic extract was aciuified
with 204 hydrochloric acid to give a white crystalline
precipitate which was filtered, dried and recrystallised
froa beazeno to furaish Oexylode=decarboiylic acid (38 g)
as colourless erystalline plates, m.p. 168°C (11t.%%,
mepe 1657C). (Fouad: C, 72.74; H, 6.87. Calc. for Cyd, 0
Cy 7240; iiy Ge67),

4=igetyd=0-xvigad>?1 o camphor (10U g) 1a & 2 1it. flask

was aided oone. sulphuric acid (700 g, and the deep coloured
mixture was heated at 105-110°C for one hour. Coasiderable
amount of Joa was ovolved and froathing had to be proveated
by coatraliing the temperature. The product after cooling
was added onto 1ce (1 «g) and the flask ringed with oold
vator, This mixturo was stoam distilled till a0 more oily
product came throughe The distiilate was extracted with
ether and wushed with 10, soddus hydroxide and with brine.
ihe other extract was &ried and the solveant was removed.

A yellow oil was obtalned which was found to bo a mixture
of four products including the startisg material and the
required product, ly Wil. 4eAcetyl-O-xylene was separated



froam lower boiling impurities by fractional dis-
tillatisn, The fractioa boiling at 127-128°C/22 m=
was found to be pure 4=rcetyl-vexyleae (21 g) (ut.za:
Depe 126-128°C/22 am).

2=axheae-dogar xvids acld Lrom -icotyli-wavieagt 4-Acetyl-
Jexylene (185 g, 04125 mole) in 50 ce dioxane was added
at 0°C to sodium hypotromite solution prepared from bromine
(60 g) and sodium hydroxide (42 g) 11 water (US0 cc)e The
temperature was thea allowed to rise and the mixture vas
heated with stirring oa a water bath for 2 hours. The
reaction mixture was ¢ooled and uiluted with water. The
aqe alkaline solutioca, after extractioa with Clgy vas
acidified with cong. hydrochloric acid whea the regquired
acid vas obtained as white crystallliae solid., It wus
filtered, dried and recrystallised from beasene to obtala
oexylene 4-carboxylic acid (13.25 g) as oolourless crystal-
1ine plates, m.ps 164%C (11t.%23; m.p. 185-166%C,.

Ethyl O-xyleaged-cardaxylate: O-iyleae-d-carboxylic acid
(14 g) was refluxed for 28 hours with beazeae (24 co),

dry ethanol (14 ec) and cone., sulphuric acid (2 cc).
dorking up as usual and distillation under reduced pros-
sure gave ethyl O=xylene~d-carbdoxylate (12.1 g) as
colourless sweoteamelling liquid, D.pe 128-140°C/20 mm;



120-122°C/12 ma (11¢.%%; v.p, 120%12 mm).
2hy) 1.2 dibromo bengocyglolutene decerboxylgte:

“he adve ester (Ll.5 g, 0.065 mole) was taken
1a a 250 cc three aecied flask fitted with a stirrer, coa-
deaser and dropping fuaael and Liluminsted by two 200 Watt
tungstea lanps. The flask was heated 13 an oil dath till
the temperature of the ester reached 125°. and bromine
(18 caj 0.3 mole) was added dropwise with vigorous stirring,
™e rate of additioa was adjusted 3o that the bromine loss
wvas miaimun (about 40 mia)e 7he aixture was storod at the
same tewperature for one hour more and allowed to cool
to 40-60°c. suctica (water pump) was applied to recove
unreacted bromine and liBr evolved during the reaction. To
the dark ocoloured rosidue wus alied sodium lodide (45 g),
ethanol (150 cc) and a few drops of wvater. The mixture
wvas refluxed with stirring for 48 hours after which the
reflux condenser was replaced by a distillation uait and
about half the solveat was removed, 7The anixture was cooled
to rooa temp., and sulphur dioxide was passed through it
till all the ilodine was reduced. Crushed ice and water were
added with stirriag into the mixture, The product wvus
extracted with ehloroform. The chloroform extract was
washed with cold water aal dil, sodium dicardonate solutioa
(vhiich oa acidification gave 200 =g of a dark brown acid



product) and dried. After removal of solveat a brown
syrupy liquid was obtained wvhich oa TIC showod itgelf

to b a mixture of three products. This crude material
vas chromatographed through aeutral alumina grade I,

usiag pot, other as clucat, 7ho main fractioa was fouand

by &L to be the required cyclise. product. since the
required iatermediato prouuct beasocycloutene decarboxylic
actd®® wus nade available to us at tuis stage ty Jr.P.A,
Ongley, furthar worx oan tho purification of this didromo
compound was dliscoatinued.

detid deasacrclaiuteae-d-caronclate:  lazomethane

wa3 prepared froz aitrosometiyl urea (10 g), potassiua
hydroxide solutioa (40%; 30 co) and ether 100 cc) followiag
the procedure ia Organic ‘iyatnosolu. {0 @ 3olution of

the bensocyclotuteae 4ecardoxylic acld (0,157 g) in

cether (5 o¢, was added dissomethane in cther solution till
no more effervesceace wud obsarved and a pale yellow colour
poraisted. [Ether was resoved uader suctioa at the water
Jump. CCl, was added and agala the solveat was resoved,

tho last traces under suction. 7he required cster wvas
obtained as a oolourless liuid (V.,1567 g). 7This was

found to bLe pure methyl beasocycloutene-4-carbdboxylate

from 1ts WM spoctrum and was directly used for the next step.
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A-leagocyolomteow] carblagl: Ia a 50 ce i3 (lask
Lirli, (100 mg); 040144 mole) ia dry ether (& cc, was
takken and the ester (0.1557 g. 0.0009 mole) in dry

ether (3 co) was added. The mixture was refluxed for

24 hours after wvhich the product was worked up as bdefore.
After removal of ether uader suction, the product was
recrystallised fronm CCL‘ to obtain 4~benzocyclotutenyl
carbinol as white noedles (0.1150 g), m.p. 680°C, The
product was found to be pure from its HMR spectrum.

4-3romomethyl bveagocyclotytene: 4-ienzocyclotutenyl
cartinol (Vell g) 1a benzene (0.l c:, and chlorofora
(Ue25 2¢) wus treated with rir, (0409 g) and kept ia &
frigidaire for 16 hours ‘with gaurd tube)., It was then
refluxed for 4 hours aad worked up as Jdescribed earlier.
Traces of ether, beazene and chlorofcra were removed
under suction at wvater pump and then at reduced prossure.
The product (0.1212 §) was taken in CCL. and W4 spectrum
rocorded, which showed the product to be pure 4-bromo-
methyl beagocyclomuteae. It i3 lachrymatory.

d=tetiyl beazocyelomtenel J4/C catlulyst (55 0405 g
in absolute alcohol (245 co) ia a 80 cc hydrogenatioa
flask was saturated with hydrogea aud the bromide (0.1212 g)
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in absolute aleohol (2.5 co) was iatroduced. when

the absorption of calaulated amouat of hydrogen was
over, the product wus woriked up as described earlier

for Semethyl indane. The colourlesa oil odtained after
removal of solveat was distilled ia a buld uander reduced
prossure. The product distillod at 00-95°C(bath temp,)/
40 ma. The ddstillate (0,057 g) was found to be pure
4-aethyl bensocycloluteae from its JMR spectrum. 7The
reasidue after aistillatioa weighed 0,021 g.
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NMR SPECTRA OF BENZOCYCLOALKENE
DERIVATIVES




MR PLCTHA OF BEUZOCYCLOALKEIE DERIVAIIVES

LHTROVICT I

'+ systematic lavestijatioa of the .4l spectra
of indane, tetralin, Oexylene and bensocyclotutene deri-
vatives appeared worthwhile ia the context of the coa-
clusioas arrivoed at ia the previous Chapter. It vas
thoug it that the changes ia v electroa distrilutlioa
brougat about by the straia of alicyclic rings may be
reflected in the chemical shifts of the protons of the
aromatic riags or substituents. Iaforsatioa available
in literature is very limited aad their discussion laici-
dental to other issues. .MA spectroscopy has been used
together with otaer teciniques for the deteralaation of
structure and coaformatioa of certain ianduae derivatives
vith substitucats ia the five-mesbered riagt™,
spectra of some benzocycloWuteane darivativoes have been

x'ep‘:n-t.m“'6

BRI A JLaldatol
The chezical shift and the spin coupliag data from

roceatly.

the ML apect.n‘ of a number of indane, tetralin, O-xylene

"Ihe AR spectra are meagured in CCl, or «Xl, oa a varian
A=G0 MR pectrometer. Tetrasethylaflaae (TiS) was used a3
interaal reference unless othorwvise meationed. Chexical
shifts are given as & aps Lrom 1di,



TAKLE 1
Sompound cps 40 J0f Assign- Remar ks
proe- zoant
toas
Indane 120.5 2 ty multiplet
170.0 4 :ll,;i:’ triplet
J =7 gps
434,5 4 reil Lroad ainglet
Dew = 3.4 cps
Tetralin W26 4 iy ungy=. gquartet
42,0 4 b LA slioglet
DeWe = 1lo2 cps3
O=.yleae 127,56 5 -:ub singlet
41540 4 Are]] silaglet
DeWe = 1.1 cps3
S5«'getylindane 123.0 2 i, quartet
147,0 3 -cuu;ds ainglet
176,0 4 “1"‘3 triplet; J = 7?7 cps
43240 ) oy doublet; Jy ar. ®
776
J cps.
461.5 p § ig doublet of Joublets
J. = J cps
&16-2{7
J = 1.5 cps
465,0 1 34 oroad singlet

T ——————

esssecOntd.
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TABLE I (Contd)

Compouad cps a0q0f Assigne Hemarcs
Pro- aent
tons
5 6Ge-’cetyltetralin 1.056.0 4 Aoy uaresolved multiplet
143.0 & -coc:l.v sioglet
162,0 4 “1’“; broad singlet
418.0 1 Hg :}mnlot :
= J ¢ps
g oty P
47,0 1 117 doublet of doublets
JH_'_“a = 9 cps
J = 1 ops
Holig o»
447.0 1 Hg dmablet i
J = ] cps
6 4elootyle 183.0 ¢ i, singlet
Oe=xyleno -
147.0 3 -COCila singlet
426,2 1 36 g.ouhlot
= 8,8 ¢ps
.‘e.xla
454,56 1 Hg doublet of doublets
J; = 8.3 cps
dgtiig
J: = 1,5 ¢ps
gy ?
49,0 1 Hy broad singlet
7 ladano=5e 135.,0 &2 H, quartet
carboxylic -
acid. 176.0 4 Hyollg triplet; J = 7 cps
408,00 1 o doublet;
J = 8 gpa
Hoiig P
474,0 1 ‘rie doublet of J4oublets
Ji .. = & cps
Hg=iqp
Jne-u4 ® 15 ops

LN ] 000‘“.



TABLE I (COWTV)

Compound cps doe.of lissigne Remariks
retiadiy - o
tons
479.0 1 g broad siaglet
G20.0 1 C 0 sianglet
8 Tetraline-G~ 1100 4 HoyHy broad singlet
carboxylic
‘ouo l'n.o ‘ ul. J‘ . .
424.0 1 g doublet
:IIS-H-, = 8 ¢ps
7.0 1 e doublet of Joublets
J -1 = 3 ops
Ho-ilg
J. = 1 cps
o
47.0 1 ig doublet
"ub-u, = 1 cps
730,00 1 BV 8 singlet
9 Oe-.ylene~4- 156.0 6 -Cila siagglot
carboxylic acid
Jﬁa.us = 8 cps
462.,0 1 g Joublet of Joublets
' y A
JHS‘“G = 1 cps
466.,0 1 Hg singlet
40,0 1 «COQl singlet

-

sececcontd,



TAULE 1 (Contde)

Coapound cps Ho.0f Assigne Hemaris
e e
10 tmnoy‘gu- 105.0 -¢llﬂ singlet
utene=4~-
carboxyliec 48,0 1 Ec doublet of Joublets
acid. :8‘% = g cps
J = 1 ops
Hgtig
468.0 1 sz doublet of Jdoublots
J“a"’s = 1.3 ops
nyong * L W8
481.5 1 g doublet of doublets
Jﬂs‘ﬁa = lel CPs
M0 1 -C 00 sianglet
11 . sthyl bensoe 187,0 4 Ui, siqglet
cyclobutene~ “
4-carboxylate 2885 & —ccus .
40,0 1 g doublet of doublets
Ing-ig = & P9
J“e‘“a = 1 cps
457.0 1 gy doudlet of ioublcets
"1!5—;;6 =1 ops
JH&’”S = 1.2 ops
470,00 1 .‘{5 doublet of doudblets
‘55 '“6 = 8 eps

J.; . ® 1le2 cps
da‘da . p

T ——

eessecontd.,
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TASLE I (Coatd.)

Compound cps Hoe0f Asaigne Aemarks
pro= ament
toas
12 ithyl Oexylene 8l,0 S -c&d-cu, triplet; J = 7 cps
~4ecarbvoxylate —%
132,6 ¢ ,'.r-c;z; siaglet
258.0 2 ~Cld - quartet; J = 7 ¢cps
7.5 1 dg }oublot
= 5 aops
Hgeilg »
as2.8 1 Hg doublet 5
Ji; »: = 8 cps
48,2 1 Hy troad singloet
13 S-3romoindane 119 2 Ha sextet
168 4 iy olly triplet; J = 7 cps
405,5 1 117 doublet of uoublets
.XF 7'“6 = 8.5 ops
J. = 0.5 cps
.{7‘“‘
43,5 1 ‘{0 doublet of Jdoublets
J, = 5,06 ¢cps
ilg=ily
J = 1.9 cps
Hg-Hq °°
4a20.2 1 Hy broad singlot
14 GeBromoe~ 102 % 11&,;13 multiplet
tetralin
157.8 4 31. .1‘ uaresolved multie-
plet
’;18°117 = J cps
centred at.

-

esesecontd,
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TASLE I (Coatd.)

compound cps do,0f ‘ssign- lemarks
pro= ment
toas
15 Ethyl 1l,2-dibromo 8le,0 & ~CH triplet
-be:soayalo - 2“3
o iate 26,0 2 -XH,-  quartet
385.0 2 ~ClUBp siglet
458,0 1 g doublet; J = 8 cps
472.,0 1 g doublet of doublets
Jm 8 cpsJm?
48lL.0 1 qy broad siaglet
16 Selndanol 124,0 2 iy quartet
168,0 4 ul,ua triplet
380,56 1 -0 singlet
04,5 1 Hg doublet o; doublets
I i 2 3
Hgwilg = T %
Juc."‘ 8 3.2 ops
P72 1 u‘ broad singlet
416.,0 1 a0 doudblet; J = 7.8 cps
17 Jodium-5e L206.,0 2 U quartet
indaaolate ' 3
1.0 4 Ell A -‘5 triplet
S9l.0 1 g doublet of doudlets

J = 7,8 cps
Hd-u., d
J 2 3.2 cps
Ag=Hg °°

sssesecontd,
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TABLE I (Contd)

18 4ede ylenol

1) odium 4-0-
/Yleaolate

Compound cps 40.0f Assiga- Remaris
pro= neat
tons
98,7 1 g doublet; J = 2.. cps

5=

-

cotoxg-

420,83 1 ey doublet; J = 7.8 cps

-

128,5 6 ~Ci, singlet
37905 1 «QOil L
S89.0 1 Hg doublet; J = 8 ¢ps
S32.5 1 He singlet
9.8 1 g doublet; J = 8 cps
-, ﬂd'.
e } S ~<Cid;  siaglet
D1 1 ig Joublet of Joublets
JHS’Rs = 7,5 ¢cps
J; = 1.5 ¢ps
“5’“3
S04.8 1 kia singlet
418.8 1 Hg ?mhlct -
2 = 7,5 ¢ps
_ ig7p ’
K7.0 2 i1, quartet
151.5 & =C0Cu, singlet
173.0 4 “1'83 triplet; J = 7 cps
07,0 1 “6 doublet of doublets

I . = 8 cp3
e
Ji o1, = 2 Cps
‘IQ‘ ol‘

eressecconta,



TABLE I (Contd.,

Compouad cps Noeof Aasigne Remarks
pProe- ment
toas
412.,0 1 dg doutlet
Jd = 2 cps
Heiig
426.,5 1 ﬂa’ }hlu“
= g cps
Hoig
21 4ejcetoxy 128,868 O ~COCd, singlet
O=xyleae
129.5 6 «Cl, .
04,0 1 Hg dounlet
Jus’"a = 8,5 aps
406.0 e singlet
416.5 g doublet
J}{‘—ilb = 8,5 ¢ps
23 4-ilethyliadane 33,0 2 2, multiplet
18.0 3 c;'is singlet
162.0 4 Hpoll,  quartet
413.,5 3 Ar=i{ uaresolved
multiplet
28 Bellethylindane 1.6 2 iLd mltiplot
155,0 3 Gl doublet
- J = 0.6 cps)
1385 4 “1'“; triplet;J = 7 ops
408.0 ;zg or mm.t’ J = 7.5 eps3
415.0 1 U‘ singlot
4140 1 t{{g or doublet; J = 7,5 cus

T as-——-

-

ecsssce.CONtd,



TABLE 1 (Coatd)

Sompound cps Hoeof 13signe Remarks
pro= aent
toas
249 G-3romo-Se 121.8 2 i, mltiplet
nethylindane
138.0 3 -Cll:J singlet
166.,0 4 sy  triplet
434.0 1 e singlet
256 4-0romo-Ge L4.0 2 iy multiplet
methylindane
1L9.0 ) -Gd;_, singlet
174.0 4 ul,ﬁa triplet

26 M[ym-&-
nethylindane

27 Jd=oautero«Se
methylindane

2.8 2 gily siaglet

- il S ——"

124,0 2 1!2 aultiplet

138.0 3 ~Cli,, singlet

166.0 4 sl triplet (J = 7 aps)
287.0 1 o singlet

88,0 1 tim singlet

2.2 ) lig singlet

1:83.0 2 iy mltiplet

156.6 & ~Ci, siglet

16,8 4 HyoHy  triploet

415,00 a2 Hgstly  siaglet

i PP ———

sssssecotd,
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TABLE I (Contd.)

Compound ops Ho.of ‘ssigne Hemarks
pro- ment
toas
28 4e- autero-6- 128.0 2 i, mltiplet
asthylindane
136,56 3 -CH., singlet
182.5 4 Hyodly,  triplet; J = 7 cps
40,0 1 g doublet
Jud_"? = 8 cps
417.5 1 e doublet; J = 8 ops
29 4-Metiylbenso~ W0 8 -C 5 slaglet
eyclomtene
8.2 4 -CIL“ singlet
401l. 1 '43 singlet
«Ws5.8 2 ligyll; slaglet
30 @mzic:lvl- 184.5 4 =i, siglet
uteae 26l.,6 2 -maar singlet
42.5 & Arei multiplet
Sl 4-liydr ethyl- 182,06 4 Cil. singloet
m&ﬁi- 4
butene 206.0 1 -k road singlet
2.0 1 -c&eo singlet
410.0 2 ‘Js’us singlet
412.5 1 iy singlet

- TR

ecsecseccoatd,
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TABLE 1 (Contd.)

cps lo.of Assigne Aemarks

pro- meat
tons

& Jym-iyarindaceane

38 Sym-lydriadacene-~

l-cae

24 re-(5=indane)pro=

ploaic acid.

114.0 4 Hyatly quartet

188,0 8  Hy,id;, triplet; J = 7 cpa
Lll’lia

407.0 a u‘.ﬂ7 siaglet

i b il L S L

127.0 2 dgy quartet
150.0 =« -Ciia—GO- multiplet
17M4.5 6 gpilyy  mltiplet
”3
451.0 1 He singlet
46,0 1 Hy singlet
125,0 2 Hy quartet
18,0 2 <Gl =CO  maltiplet
172.,0 4 Hy,ig multiplet
_ M-G:La

40,5 O Arei troad singlet
mao 1 oM st
124.5 2 Gl singlet
474.0 4 Arei singlet
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voapound cps do.0f Asalga- romariks
pro=- wment
toas
a6 :-Hottvundn- 144.0 3 -cub singlet
-one
167,0 2 lla multiplet
180,0 2 Hy maltiplet
40 3 Areil mltiplet
<7 GeBromoindaa~ 188.0 2 iy miltiplet
l-oae
177.0 ila o
4500 g doublet
Jﬂ‘-ﬂs = § cps
450.,0 1 ig dublet of doublets
',“5-114 = § aps
45,0 Ao singlet
98 S-Dromolindane 14,5 2 i, multiplet
l-one
18300 d ua b
438,00 1 iy singlet
42,5 1 g doublot
Jud'“'} = J cps
J“ . = J cps

-

ssssssecoatd,



YABLE I (Contd)

Compound cps Nol.of Assign- Nemarks
pro=- meat
toas
8) Geldydroxy~ 160.5 P-4 i, miltiplet
indan~l-one '
120.0 ‘13 .
doublets
Tligeit " Do ops
452 1 g doublet
Ju‘_“; Je8 cps
40 4-BronoeSe 148.5 3 -Cha singlet
methylindan-l=oae
156,0 3 g mltiplet
182.,0 2 Hey .
4510 1 dg doublet
J=8 ops
445.0 1 iy doubl et
J =8 cps
41 Thioketal of 168.0 4 Hg)lly maltiplet
S-bromo~indan~
l=oae. 204.0 4 """‘a’ singlet
419.3 1 "4 doublet
J = & cps
Hetig - P
454,7 1 “5 doublet of
doublets.
Yngeit, = 8 ops
Juaq‘.’ = 1.8 cps

o .ssec0ntd,



TASLE 1 (Contd)

Compound eps do.of Assign- Hemarxs
groo meat
ons
455,56 1 n., doublet

Ju".u‘ = 1,8 cps

- - - - - -

42 Thioketal of 160.5 3 iy nsya. triplet
S=bromo~indan~
l-oae 174.0 a Hy .
206.5 4 -cua-J 3inglet
453 ' singlet
4 Areid
443,58 a | singlet
43 4-iydroxy~5e 133.5 S -CH, singlet
acetyl~0exylene -
140.5 3 -C'zib singlot
180.0 8 ~COCH, singlet
478.0 1 e singlet
478.0 1 ’-u:‘ ‘m‘l“
44 S-llyaroxy~6~- 125.0 2 iy mltislet
acetylindane
140.5 ) .CUJ-;;J singlet
17 4 Hyrdg triplet; J = 7 cps
44040 1 lig singlet
448,0 1l h7 singlet
730.0 1 -kl singlet




and beazocyclobutene derivatives are givea and dise
cussei. The 3spectral data are preseanted in Table 1.

-he spectra of the pareat hydrocarbons themselves
are interesting. while the aromatic protoas of tetralin
and O=xylene appear as singlets at 412 and 415 cps res-
pectively, those of indane (at 4:.4.5 cps, give a dand
with fine structure, While the band width for the aroe
matic proton signals of tetralin and Oexylene are 1,4 and l.l cps
respectively, indane aromatic sigaal has a band width of
3.4 ops. This i3 clearly indicative »f the chemical shift
differeace betweoa the 1 and 1 pairs of these 2,3, systems
bedag larger for indane than for the other two, For tetralin
and Oe=xylene this aiiference is nearly aero,

The pattera of the aromatic protoa asigaals of
isdane, tetralin, O=xylene aad bsasocyclomuteae deriva-

tives subdstituted at the 2=position (I) are of considcrable

©F

/

i
izportance while ladase and Oe=xylene derivatives give the
same pattera, those of tetralla give a odasiderably different



putteras The Cg=protoas of S-substituted indanes show
their absorptioa iavariably at higher fields than the
c‘-protono, the abgsorptioans of the corresponding protoas
of Ge=substituted tetralias occur at the same field, “hus
11 the H4MR spectra of Segoctylindane, iadane~SGecarboxylic
acid and its ethyl cster, Semothyliandane, Sebromocethyle
indane, S-hy.roxymethyliadane, Seiydroxyiadane, Sebromo-
Lidane as well as 1a other Segubstituted ladanes, the
ce-proto.u absarbd at about & to 4 cycles upfleld compared
to the C -protoas. The sigaals dae to the Cgeprotons of
Gesubstituted tetralins (wiich are mota=cou led) colacide
vith the moan positions of the Co=proton doublet signals
(ortho=couples,« On the dasis of these odbsarvatioas we
oonolqud7 that the higher shieliing at tie Oeposition in
the Sedorivatives of indane is apparently a proporty of
the indane riag system. 7The change Irom an eleoctroa doda-
ting to aa eleotroa witndrawlig substitueat Jdoes aot alter
tho relative absorptioa positions of the aromatic protoas.
whether this diiference i3 arising fron iacrcased electron
density at the Gepositioa in indnno compared to the 4-position

i3 not cloar.
flowever, quite receatly, alfter our yreliniaary
results on these observations have beea publuhuv, Zolidinger

and coworkers reportod®?? tho WM spoctra of S-bromoindane,
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FIG.I = AROMATIC REGIOs4 OF THE NMR SPBUIdA OF
(A) tetralin-6-carboxylic acid (B) ladane-o-
carboxylic acid (C) O-xylene~d-carbox iLic acid
and (D) benzocyclotutene-4-carboxylic acid.



g-bromotetralin and 4ebromo-O~xylene. 7he spectra of
S-indanol and Getetralol and their aalons vere slso
reported by them and the chemical salft dilfferences coa~
pared. They have suggested that the Geposition in Sesub-
stituted indaaes are worc electroa rich than the 4-positlon.
They observed that on golnyg from Selydroxyindane to 5=

1 Wanolate, wiile tho Cg and C, protoas sairt Jownfield
hy S.2 and 3.0 cps respostively, tac Cd-p:oton ghifts
upfield Wy 5.4 cps. Oa the otherhand, Octwee O-iy Jroxy
totralis and Setetralolate an uplfield shift of 3.0 c¢ps
and les cps for the (g aid g protous, resyoctively, ware
sbaerved whlle the Caoproto.x was found to anift Jownfield
by S0 cps. They coacluled that by formin: the aalon of
S-ny woayindane, the iaerease of elcctroa Jdeasity ls
maximus at position O, while for the anloa of S=hydroxy«~
totralia it i3 more at tho Se-position compared Lo the
7-position. llowever, At 13 oot at all clear particularly
1a view of the offects >f strain demdastrated ia the pre-
vious Chapter, if eclectroaic charge deasity is the oaly
fuotor that sotermines the JMt liae positlioas ia these
conpounds.

The absarption pattera for 4-sudstituted O-iylenc
derivatives is the same a3 that for S-substituted indanes.



If the chemical shift differonce betweea the protons
ortho to the substitueat ia any of these systems is
arising froa electron deasity differeace ia the ground
state, the same dllilicreace 1a electronic charge donsi-
ties should be present ia O-xyleae derivatives also.

Ja exteadiayg Zolliager's arz:mne.xtla

10 O=xylene~4-ol
and comparing it with S-hydroxy-indane we reach an ano-
malous position as Jescrided below. hile shifts of the
same auture, as reported, havo dbeen observed’ for 5e
aydroxyiadane and its aaloa, 4-hydroxy-Oexyleae and its
anloa behave Jdil ereatly. All the protoas move dowulield
on going {rom Oexylene=4eol to its anloa. The shifts

are 2.0, 243 aad 9,0 ¢ps for the Cr CG and cG protoas
respectively. 71he mothyls which have boen comiag to etuer
ia O=xyleae=4=ol appear resolved with u separatioa of

1l cps ia the andon, Ia the first place it is ant clear
why the ortho protons here are showing parasagnetic

shifts ia going over (roa the hydroxy ooapound to the
enolate. The correspoadiing shilts in indane and tetralin
are diamagnetic. Moreover, uﬁno the Jdownfield shift of

-

A 3pectra of S-hydroxy i1adane and 4=hydroxy=-)-iyleae
were neasured in carbontetrachloride while those of
their anions wore measurcod in 3,0, r all these
cases T1J was uaed as exteranal rﬁtonnoo.
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the Cgeprotoa of the salon of O-xylene~4=ol 1s J ops,

the correspoading shifts of the indane aand tetralia
derivatives are ocaly .6 and T.0 cps respectively. 7Tne
protoas coaceraed are meta to tho hydroxyl group and

the pronouaced Jdilforeace noticed for ti.e case of Q=xyleonol
canot be readily rationalized. There does not seem

to be any oae to oune correspondeace between the line
s0sitions and electroa deusitles.

Thougs .unsberger aad co-worsers-7rtd

studied

the I4A gpectra of cnelated dorivatives of indane, tetralin
and Oexylene, due to complications arisiyg from steric
factors, thoir Jdata odould aot de successfully applied

to the study of boade-fixation. An HMR 3pectrgl iavesti-
ga'1on of Jecardonyl (acetyl, aldehydls, cardoxylioe)
hydroxy Jerivatives of naphthaleae, aathracene and pheaan=
thrcae has later beon zade by “orte, Gutowsky and
Lunsbergart®, They measured the chelated hydraxyl 1ie
positions in these compounds aad coacluded that the
chemical ghifts of the chelated lydroxyls can be used

in studylg the donde-order 61‘ the C=C bond between the
sarha atoms carrying the hydroxyl and carboayl fuanctioas.
lowever, this Liavestization has not been extended to the
indane and tetralin systems. o felt that if the two

systoms, Seh roxy-G=acetylindane (II) and 4=hydroxy-5-



acetyleOexylene (III) were compared by Wi, an idea
of the exteat of chelatioa could be obtained from the
low-field hydroxyl liae positioa. Iia these two systems

'CH3> CHg
| I
o - o ) (H
H -
~
O/ \ b/ o ¢ “‘s
11 I1l

conplications froa steric factors are abseat and the couae
parison wvill be free froa oficcts other than hydrogea
bading. It was fouad that ia the [ spectrunm of 4-hydroxy-
S=acetyl=-O=xylene the chelated hydroxyl appoars 77 cps
dowaflield froa tetrametiylsilane, while ia that of Sehydroxy-
G=acetylindane it agppears at 700.0 cps. 0a the dasis of

the observatisa’® that streagth of hydrogen boadiag ia such
systoms 13 directly proportional to the bondeorder of the
interveaing aromatic bdoad, we coaclude that in indane, the
536 bond 13 more single than ian O=xyleae, which can be
rogarded a’ a system ian which, there i3 no fixation of

bonds., This means that the 536 boand in indane ghould be
longer than an average aromatic C«C boad., This 13 in

support of our carlier coaclusisas basel oa long-range



spin-spin coupling.

The absorptioa pattern of the aromatic protoas
of "egubstitute. beasocycloutencs is coasiderably
differeat from the patterns of the otier similar beaso-
cycloalkeaes discussed adve. «aile ia the 5« derivatives
of iadano, the C -protoa appears at u lover {ield then
the caoproto.x, in the correspoading beazocycloalienes
(4=gubdstituted), the C, =protoa aspoars at coasideravly
nigher fields thaa the Cg protoas. ror example, in
the spectrum of methyl benzocycloutene-4-carbdiylate
the cboprot.on aad Cgeproton appear at 457 and 471 cps rose
poctively (soe also Fig.Ib). The sawe absorptioa pattern
as for beagocycloiteae-4-carboxylate has beea reported
for 1,l=dimothyl beazoayclopropeno~lie~carboxylate . IV),

~._ -~ CHs

~ L H3
Rooc” '

v
In this compound the c“,-proto:x appoars at 462 cps while
the CQ-prot.on doublet apycars £.5 cps further dowafield,
Though this differeace i: chemical shift between the
two protoas ortho to the substituecat in this compound is
smal.er thaa ia bonzocyclotuteane derivatives, the pattern



is osseatially the sanme.

e had coacluded ia the provious Chapter oa the
basis of apia coupling Jdata thut the perturbatioas of the
veoleoctron distridution cauged o the four and three
aeabered riags L1 bensozyclobutene uid deasosyclopropene
arc guite serious while la indune the offect (of the five
memdered riag) is a0t 30 drastic, “his was attrituted
to the iacrcasiag oratribations of sewur type structures
in tie resonance of tie aromatic rings »f lower homologues.
It was polatod oult that the methyl band wiith di:ferences
are in agrecmoat with such un iatorpretatinsa, ‘"he chealcal
shift data preseatoed here also i port the differcace in
the ngture of the v electron distributioas far twoe tyses
of aystems, one wiere the perturba fon is ataor 1adane)
and the otner vheareo the perturda ion 18 large (benzocyclo=-
tene aad beazocyclopropena).



LAaPERINLAT A L

¥R spoctra were recoriod 2. a Verlaa =80 .l
spectrometer. Jetalls rogar.iing t..c scsaanlag of the spectra,
calibration of tac chart aad other cxperineatal coaditioas
are Jdesaribed 1a Part I. :xoept [or compouads 18 to 19 ia
Table I, for all other com ounds, tetrancthylsilaae (THJ)
vas used as interaal rofercace, .oOr ¢XI,.0u.ad3 16 to 13

THI was used a3 extornal standard.

set .0ds of preyuratioa of most ol tae compounds,
the .4 spectral data of which are preaeate. i1 “able I, are
doscrided in Chapters Il and 1V of thig raurt,

J=:ylene~4=2l and indan~S-ol were prepared Uy the
ethod of Cook aad Linsteadld, deiyiroxy-S-asetyl-o-xyleae
and S-hydroxy-geacetylindane wero prepared accordlay to
the metaod of Bakert®, Geiydrindaceae was obtalacd by a
procedure, reojorted by ‘rmold and Ih:an“. Cyelisation
of n (Sefindayl)=-proplonic acid was doae with polyphosphoric
acid by a nethod siaflar to that dcscribed for p(0-tolyl)~-

proploaic acid in Chapter 11,
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[ CHAPTER IV
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ELECTROPHILIC AND NULEOPHILIC
SUBSTITUTION REACTIONS



ELECTROPHILIC AMD SUCLEOPHILIC SUBSTITUTION
REACTIONG

ATQECTI

we have seen in Chapter I that reactivity data
obtained froa electrophilic substitution reactions of
hydroxy, aniso acetamide and other Jerivatives of iandane,
tetralia and J-xylene have beea used ia the study of the
Mills-dixon effect., A comparisoa of the results of chloro-
nethylatioa of iadane, tetralin aad benzosuberaane has deen
made by Jukh Jev'. E.cept this, there has beea 0 syste-
matic study of the product ratios obtaine: in electrophilic
substitution reactions of the pareat nydrocarboas themselves,
i.e. indane, tetralin aad O-xyleae. It was therefore coa=~
sidered worthwhiile to make a comparative study of the pro-
duet ratios obtaiaed in bromination and Friedel-Crafts
acylation of these aystems,

It was also of iaterest to examine the mucleo-
philic reactivity of the aromatic ring froa the poiat of
view of the ‘Hilgeiixon effect. luisgea and coeworkers~
had deternined the relative reactivities of the carbo-
cyclic asynes dehydrobeaszene, l,2-dchydroaaphthalene and

9,10=dehydrophenanthrene by measuring the selectivity in



119

the competitive additioa of pheayl lithium and lithium
piperidide. Their results indicated an increasing selec-
tivity of the beazynes ia the oruer, beasene > naphthaleane >
pheaanthrene. Jince the distance between the cardbon atoas
between which the extra oad is formed decreases in this
order 1.39, 1,335 and 1.35 for the C~C boads of beaseae,
1,2 ad of naphthalene and 2«10 bond of phenanthrene),
they coacluded that the iacreasing selectivity of the
aryne, vhich implies increasing stability, is due to an
increasing overlap of the extra orditals. However, ex~
perimeats conducted by Xeaffmann and coworkers® indicated
that the Jy4-dehsdropyridine 1s more selective (and heace
more stable) than l,2~delydronaphthalene and dehydrobenzene.
31ace microvave measurements® had indicated that the 3=4 boad
in pyridine 1is loager (1.4 ) than the C«C boads ia bensene
(1,39 %), they reached the conclusion that the boad dis-
tances may not be the only stabilizing factor ia benzynes.
In the case of J,4~dehydropyridine, however, there may bde
coaplications arising froz the presence of the hetero-atom.
The possibility that the stability of a beazyne is related
to the length of the aromatic bond iavolved may still be
true, It vas therefore thought that it would be worthwhile
to examine the aucleophdlic reactivity of a suitabdle indane
derivative, A S5-haloindane can theoretically give rise to



two beazyaes, the 4«5 (I) and the 5«0 (1I1),

I I

I will lead to 4+ and 5~ substituted products while II
wvill give oaly S-substituted products if the alicyclic
ring is uasubstituted or unlabelled. !liowever, the latter
will give 5~ and Gegubstituted products if the leposition
i3 sudstituted. The exteat of formation of 4-,5- and
S=gubstituted derivatives from the micleophilic reaction
of Sehagloindane is thus the relevaat information required.
Lxperiments with lealloxyl and lrhalo derivatives wvere
ruled sut siace these may be expected to undergo elimination
and lead to other complications® under the coaditioas of
the reaction, It was thought that a thioketal function at
the lepositioa may have reasonable stability under the
conditions of an amiaation reactina using a lithium amide.
The anination of Gebromo and S-bromo derivatives of the
othylene thioketal of indan~leone with lithium piperidide

vas therefore proposed.



Glliad Ade 2lacuadiod
Alestrophilic subatitutions Aaylations were done with
acetic amiydride ia carbon disulphide in preseace of anhy -
drous aluminlus chloride at 0-8°C., Bromiaation was done

by adiition of broumiane to the aromatic hydrocarbon at 0-5°C
and ceeping overaight at this temp. before woriing up., The
products obtained from wromination and Fricdel-Crafts acyla-
tioa were worked up and the dried crude products distilled
uader reduced pressure. Ay uareacted material present was
removed by fractional distillation., The MR 3pectrum of

the distille! product was takea and the perceatage ratios
of the « and 7 products doterained by the iategration method
using the deshieldiag erffect of the substituent zroups oa
the ortho-protoas. Evea whea there was overlap detwveen

the ortho-protoa absorptions of the «- and pe-products, the
integratioa method could be used successfully to detect

the perceatages because the «=product has oaly one ortho-
hydrogea while in the f-product there are two such protoas.
Oy compariag the integrated iateasity of the group of
upfield protoas with that of the Jowafield oanes the ratio

of the two products could be determined. 7The percentage
ratios obtained on acylation and brominatioa are givea in
Table I,



TANE X

Acylatioa Jromiaation

w ......--no.,.}-- ..... -
i« xn 3 b

1 ladane ) 100 25 75
2 Tetralia 10 90 X0 «
3 Ve ylene 5 ) xR n

While iadane gives predomicantly “-products ia doth
the roactlons, tetralia gives more of the «eproduct in
Wwonlsation and more of peproduct la the aaylation reactioa.
The product ratio in the lattor case is comparable to that
in the nitratioa of Gehydroxy tetralin vaere 7-aitro pro-
ot 1s formed predominantly’. oa the other hand in bro-
mination, the major promoct i3 Sebromo-G-hydroxytetralin®.
The higher perceatage of feproduct obtained in acylation
of tetralin can be understood on the basis of the assumption
that the steric effects ia «-gubstitution may bde more
important for ucylation reaction than for Wrominatioa., But
the 503150 ratio obtained ia tho. case of O=xylene oa acyla~
tioa makes this explanatioa rather ambiguous. Ia the case
of Oexyleao the yleld of re-product is more {or broaination
thaa for acylatioa. These reactioas are, therefore, indi-
cative of tho fact that the product ratios odtained vary



from oae reactioa to another dopending oa various factors
like the electroalc and steric requiremeats of Jiiffereant
reactions, and the nature of the transitioa state.

Very receatly Vaughan ot d.’ have reported their
results on brominatioan (with btromine ia acetic acid and
with hypobromous acid ia acetic acid) aad oa aitratioa
(with altric acideacetic aahydride) of iadaae, tetralin
and O=xylene. Although they have takea aote of the pree
lininary ooamnicctiona of the results of tno .Ml study
discussed elsewhiere ia this thesis, Vaughaa et al. pre-
forred to assume that boad-fixatioa Lia the traasitioa state
may bLe Aiffereat from that in the ground state, Jescribing
the resoaance of the traasitioa state to be aaalogous to
that of the carboaium ions III and IV and assuning equal
eoatributlions from all possible resoacance foras they
suggested that ia iadane the traasition state for rfesubdsti-
tutioa will have 1/8 dwmble boad character for the 8«9 boad

—
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while «-substitution requires a traasition state with 2/3
double bond character for the same bond. They assumed that
the former will be more stable oa the basis of Mills and
Yixons' suggestioa., We consider that the assumption that
all resonance forms contribute egually to the transitioa
state has no proper fouadation, Murther, the significance
of the .44l study is not merely that the fixation of bdoads

in indane i3 in a sense opposite to that su gested by Mills
and Nixon, but also that the offect of the S-meabered ring

i3 to compress the 8«9 boad and to streteh the 5«6 boad. This
cl.ect must bo the same ia the ground state a3 well as in

the transition state. It woulu therefore be more aatural

to accept the explanation advanced by Coulsoa and Loaguete
i{1gsins’s The 53 boad of the transition state (V) for elea-

tropndlic attack at the ~-positioa 1s a boad between sp° and
3]




g

and 3p° carbon atoms, while the same boad 13 between

3p° carbon atoms ia the traasitioa state of attack at
the «=position, The tendengy of tue 5«6 doad to stretch
makes the former a lower eaergy traasitioa state.

dacleoohilde substitutioar S-Bromo-indan-leone and
S~bromoindan~lecne were prepareld starting from m-bromo-
toluene and pebromotoluene respectively. The thioketals
of these ketones (III and IV) were obtained Ly treatment
vith ethane dithiol and &‘3-".)1&.“. Lithium piperidide
vas prepared from Mutyl lithium and piperidine. The ree
action coanditions for the preparation of lithium piperidide
and its reaction with the Lromoindan~l-ones were similar
to that reported by fiuisgen. The reactioa product was
separated into the basic and neutral fractioas and the
amounts of product obtained and the starting material re-
covered were determined.

Vil VIII

ihe thioketal of S-bromoindan-leocne (VII1) on
treataeat with lithium piperidide did not yleld any



piperidino-derivative. About 05f of the starting

amaterial was recovered indicatiag stadility of the

ketal uader reaction coaditions. when the thioketal

and bromobenzene werc used in coupetition experiments

aearly quantitative yleld of nephenyl piperidine was
obtained vhile no detectadle amouat of piperidino-indane
derivative was formed, Ilowever, the thioketal of S-
bromoeindanel-one (VIII) reacted with lithium piperidide
under the same reaction coaditlions. o starting material
was recovered., The basic fractioa oa coaceatration gave

a brownish solid product which appearel to be the reguired
product complexed with some inorganic material. This
matorisl contained aitrogen and sulpmir aad the #MR spectrunm
in cacxa shoved signals ia the aromatic region. 3iace the
product was aot obtained in a pure state, the ratio of

the 4,5 and 6 piperidino derivatives could not be deteramined.
liowover, the fact that the thioketal of S-~romoindan=l-oae
undervent the rcaction readily under conditions ia which

the thioketal of G~bromo-indan~leone was coamplotely resise
tant to substitution 1s sigaificant. In VII, the 7-position
13 sterically hiaderod., I! would be expected that if the
first step of attack of base caa take place at the Seposition
ia V1i, atleast some amount of the 5= or depiperidiie products
should be obtained. That none of this was actually formed



ia the reactioa, should sean that the attack of the

base is possible only at the 7-position ia VII and since
this position is storically hindered, no denzyne formatioa
vas taken place ian this case. Oa the other hand, in vIII
the wtmummmulvmmm
ualike ia vII. Protoa abstractioa from the 4eposition
can readily proceed in VIII and the bensyae formation
leading to thioketals of 4~ and Sepiperiding indane-l-ones
i3 possible. Though these experiments did not furaish all
the expected data, the results obtained here indicate that
further wori oa these lines would clearly give dofinite
iaformation regarding the bensynes formed. our Jata are,
however, not in agreemeant with those reported receantly

by Eigeamann and zoutnccm. They have givea the rate
factors for the 4= and G-positioas in S-bromoindane by
deteraining the ratios of 4 and S-piperidino indanes
formed. It 1s a0t clear whether the cosplication arising
from the faot that both the 4;5 and 5;6 beasynes can give
rise to the S-substituted product is talen care of or aot.
Further experiments may be roguired before a definite
conclusion on this can be reached.



EAPERINEBAT AL

dgeneral cxperimental coaditioas are the sane as
doscorided in Part I and Chapter Il of this thesis,

S=iromoindan~l~oie aad S-romoindanel-one vere

prepared starting from pedromotoluene and ae-bromotoluene
respectively.

pebromotoluene was prepared by Landneyers reaction
oa p-tomm.l.mn. m-dromotoluene vas obtalied froa
p=toluidine, by Wwoalaation of peacectotoluidide followed
by hydrolysis aad deamination’,

2=_ead a=irosobeasyl troaldo:

The procedure adopted for the preparation was
sinilar to the one reported for p-iododenzyl Mddm.
Brozotolueae (200 g, 1.17 moles, ia Cil, (250 ec) end
bromiae (215 g, 185 moles) ia CCL, (200 cc) were mixed
in a 2 M4it. 4B flesk, flluninatod by two 2850 Watt Mazda
lamps placed almogt L3 coatact with the flask. The flask
vas gently heated usiag a heatiag mantle to keep the mixe
ture refluxing. Vigorous and coatinuous evolutioa of liBr
was noticeabdle for about 3.5 hours. After the lBr cvolue-
tioa coased, the amaixture was refluxed with illumination
for another 30 min, more. A fovw g. of potassium lodide
and a solutioa of sodiua thiosulphate (0.2%) 1a excoss were



udded till the CCl4 layer bocame colourless. ihe CCl,
layer was soparated, wvashed and dried. After removal
of solvent, the residue was distilled uander remced
pressure. pesromotoluecae gave petromobenayl twroumide
(165 2), mepe 34°C, bup. 120°C/15 ma (A4t s mepe &%,
DaPe mo-uooc/u-u n3)e

Similarly, mebromotoluene yielded mebromobdenzyl
tronide, m.p. 38-87°C, depe 132-104%C (11t,3%; m,p, 98428%;
b.pe 132234%C),

e(pe -0 omo 1 0) ¢ acid:

Absolute aloohol (250 oc) was taken ia a 1 1it,
three-necited flask fitted with a stirrer, reflux coadeaser
(vith silica gel gaurd tude) and dropping fumnel. JSodium
44.4 g, 0,409 =ole) was out into small pleces and added
ia small lots iato the alcohol, After all the sodium had
reacted, diethyl malonate (96 g, 0.6 mole) was added with
stirr-ing. pefdromobensyliwromide (102.24 g, 0.400 mole) was
iatroduced in coavenieat lots (about 10 g each) duriag
about a period of about one hour., The nixture was re-
fluxed with stirring uatil neutral to litmus (about 12 hrs),
As much of alcohol as possible was Jdistilled off, The
residue was treated with water (500 ce) and shakea. Ether
(50=l0u c¢c) was added and the ethar layer separated. It
was wvashed with water and uried. The residual oil obtainel



on removal of ether was distilled uader reduced pressure.
Diethyl ester of pehromobeasyl malonlc acld (88.6 g), dep.
196-200%/16 ma (11,25 b.p. 190-136%C/14 mm) was collected,
The undistilied material solidified on cooling was recrystal-
1ised from CClge 7ine white shlalag plates obtained was
washed with pet. ether and dried. 7his material wvas ideati-
fiod as di(p-bromobensyl) malonate, m.pe 103% (1“.18.

Bepe 104°C).

Jlethyl (p-bromobensyl) maloaate (58 g) was re-
fluxed with ocons. (IC1 (178 cc), acotic acid (110 cc) and
vater (30 cc) for 18 hours. The amixture was cooled, poured
{ato cold water aad the solid crystalline precipitate wus
filtered off. After drying, the produst was recrystallised
from bensene to obtain P -(pebromophenyl)-propioalc acid

as vhite orystaliine acedles, (80.5 g) mepe 184+138°%C (11t.19,
Bepe 185°C).

f ~(mebromopheayl ) ~proplonic acid, =.p. 74°c (uz."".
NePe 74,5 - ?6°Ca was obtained from me=bromobensylbtromide
Wy the same method.

$= aad S-brospindan-l=oned:

Yields as well as the purity of the product was
found to be detter with conc, sulphuric acid than with
polyphosphoric acid as the cyelisiag agent.



pe(petromopheayl) propioaic acid (4 g) ia ooac.
sulphuric acdd (100 g) was heated to 145°C, It was thea
¢ooled to rooa temp. pourcd i:to ice and water and the
erystalline 30lid was extractes with ether. 7The ether
extract was washed with Jil, sodium carbowate solutioa and
water, After Jryiag and removal of the solveat pale yellow
crystals of the required product (I g) was obtalaed., 7This
oa roecrystallisatioa from beazeae~pet. ether mixture (2:l)
gave G-bromoindane~leocne a3 colourless crystaliiae needles,
epe 110% (116,285 a.p. 111-112%),

ne(m-Bromopheayl) propilonic acid by tho same
procedure gave 5-bromoindan-lecne, mepe 124°C. Miller
and Rohde reported the product, mepDe 14‘3-123°C, to be a
mixture of 5+ and 7-dromoludan~l-ones. Iilowever, this
product was found to be pure Sehromoindai-leone from its
¥R spectrun,

3 of G- 5-bromo =l ~one

Aromoindan-lecae (1 g), ethane dithiol (4 ce)
and OF eetherate (2 ec) were aixed and kept at room temp.
for half an hour. It was thea diluted with chloroforam
(10 eec) and left overaight, 7T.e¢ chlorofora solutioa was
vashed wvith wvater and dil, sodium bicarbdoaate solution
(10 ce)e After dryiang, solveat was removed. The residual
liquid was iissolved ia pet. ether and xept ia Frig.



Thioketal of G-bromoindaneleonc was obtained as white
erystalline plates (048 g), meps W-71%C (Founds C, 46.26;

Hy 3.M4; 9r, 27.80; 3, 32,20. Cale. for cullnaz&x Cy 45,39;
Hy 3.84; Br, 27.87; 3, 32.30%).

Thioketal of S-bromoindan-lecne was obtained,
sinilarly, as white crystalline plates (0.54 z) mepe
64°C (Fouads C, 45,77; I, 4.03; 3¢, 28.45; 3, 21.60.
~alc. for Cnllnl‘&a Cy 45,009 i, D.84; Dr, 237.87; 3, 28.90%).

deaction with lithium piperid1de®s

Matyl lithiun vas prepared from lithium wire
and butyl tromide by the procedure reported by Gilman et u."“.
After the reaction the ether sol.itioa was filtered and the
yield (80%) determined by titratioa.

The butyl lithiua (1 eguivaleat) ia ether was
taken in a three aecked flask, fitted with a stirrer,
roeflux condenser (with gaurd tube) aand dropping fuanel,
and previously flushed with anitrogea. Piperidine (4 oqui-
valents) was added dropwise with stirring. Thiokotal
of the hromoindaneleone (1 equivalent) ia ether solution
was introduced. After stirring for half an hour at room
tamperature the mixture was refluxed for three hours and
left overaignt. “he ether solutioa was filtered and shaken
wvith conc, hydrochloric acid (5«10 cc), The ethor solution



W

vas coacentrated to recover the starting material., The
acid layer wus separated, neutralised with sodium hydroxide
solution and cther extracted. After dryiang the ether was
resnved Yy distillatioa,

Ia the case of the thioketal of G-tromoindane~l-one
0o expected product (thioketal of pwcimw-lm) was
obtained. About 95¢ of the startiag material was recovered
ia the aeutral fractioa.

Thioketal of S-bromoindan~leone did aot give aay
acutral product ian the ether solution after washing with
hydrochloric acid, indicating that the reactioan has pro-
ceeded to completion. However, the basic product was
obtained as & trownish solid, coatainiig inorganic material
which could not be gseparated. T™his product ooatalned nitrogen,
sulphur and gave a residue on igaition, MMl spectrum in
Cbﬂa showel signals ia the aromatic rezion showing it to
be an amino derivative of ladaa-le-one.

Friedel~Cr 3 tioa of tetralin O=xylene;

Acylatioas were done by a procedure similar to the
one descaribed for 4-acetyl o-xylm&. A mixture of the
hydrocarbon (0.5 mole) and anhydrous aluminiusm chloride
(0485 mole) ia C3, (250 c¢c) was taken ia a three-necked
flask fitted with a stirrer, reflux coadenser and dropping



fumel. The mixture was well chdlled in iceesalt bath

and acetic ashydride (0.5 mole) was added dropwise with
stirring. It was then refluxed for one hour and allowed
to stand at room tomp. for another hour., After decomposing
with ice and hywrochloric acid and working up as described
ecarlier (Chapter II) for Seacetyliadane, the product was
distilled uader reduced pregsure, Hatios of «- and /e
products wore determioed from the AMR spectra of the
products, acetylindane, b.p, 143-144°%c/13 ma (11t.}: bep,
144°C/13 mn), acetyl tetralin, b.ps 150-16°C/12 ma (11t,23;
bep. 162°C/12 ma) and acetyle-Oexylene b.p. 122-129°C/21 um
(116.% 1 bepe 118-120°C/21 mm), bty the iategration method,

The hydrocarboa (1 mole) and iodiane (2 g) were cooled
to 0°C and bromine (1 mole) was added wvith stirping, After
complete addition the reaction mixture was worked up as
descrided earlier for the Lromination of 4e-methylindane
(Chapter II), The product was fractionally distilled to
remove the uncoaverted starting material. Product ratios
of btromoindanes, bep. 126-180°C/26 ma (118.%% b.p, 128-131%/
25 mn), bromotetralins, b.p. 142+144°G/17 mn (11¢.%8, v.p,
14°%/17 mn), snd Wwomo=0exyleaes, b.p. 92-98°C/15 em (11t,%8,
Depe 32+94°C/14-15 mn) ware deternined by W€ integration
method.
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PART Il

NMR SPECTROSCOPY IN THE
STUDY OF SOLVENT EFFECTS
AROMATIC HALOGENATION

IN



SOLVEIT L rBCTd 14 PHR SPESTHA MWD ik
PROBLE{ OF SOLVEJT EFECTS 04 1o0Mut JISTRIZUTION
Li AROMATIC HYDROGENATION

It was reported some years ago y stock and
Aimoe® that the grthoeparg distrilution of isomers in
echloriaation of toluone was remarzably dependent oa the
solveat used. They fouad that the variatioa of the ratio
of the isomeric chlorotoluenes odtained was not related
to the absolute rate of reactioa., 3oth dry and wet acetic
acid gave the same igomer ratio although the rates in
these solvents diffored by a factor of 5000. Hovever,
large variatioans of selectivity were observed ia the
other solveats employed. decalling that uachanged selec-
tivity in aromatic nitration and acetylation had beea
attriuted earlier to common electrophilic iatermediates,
they suggested, ia order to explain the observed varia-
tion, that the effective latersedlate in the case of
chlorinatio: is a complex between chlorine and the solveat.
While acetic acid and tert-butyl alcohol gave 0ip ratios
of 60140 and 39141, nitromethane and acetonitrile gave
ratios of 04336 and 38:@2. The suggested explanation and
the nature of these results would imply that the steric
requirements of the complexes of chlorine with acetic acid



and tert-butyl alcohol are less than those of the
complexes with aitromethane and ascetonitrile. 7This
doos a0t look reasonable. loreover, a later iavesti-
nuona showed that aitrobenzene as solveat behaves
like acetic acid. It 1s difficult to see any reason
vy any complex that chlorine may form with nitro-
henzene should attack the ortho position of toluene
more readily than the para. wWe felt that a rationalie
Zatlion of these data ia terms of substrate-solveat
iateractions might prove to be more satisfactory.

In recent yours much veluable iaforaatioa oa
solveat-gsolute lateraction has been obtainei through
studies oa solveat eilects oa 2Mi spoctna""ao.
sehaeider and coworkers ' have examined the iaflueace
of aromatic solveats oa tho spectra of cany polar mole-
eules includiag chloroform, acetoaitrile, aitrobenzeae
and substituted toluenes, and obtained evidence for tho
foramation of complexes. Very specilic associatioas of
iy d=dimethyl foramamlde, acetamide and mesityl oxide with
solveat beansene have beea detected®?’ aad they result ia
characteristic chenical shifts for the various groups of
these molecules. It wus of iaterest therefore to see
if PHR studies would bde of help in clarifying the anature

of solveat elfects on selcotivity ia aromatic halogenatioa,



The iavestigation which i3 deseribed belov has been
undertaken with this aim,

The data availlable froa the studies that have
80 far beea udo4'3° are not adequate for our preseat
purpose, ilydroxylie compounds whose intoractioa with
aromatic systems is of special iaterest to the prodlem
of seloctivity ian the chloriaation reactioa have not been
covered by these studies oxcept in a fragmeatary way.
Aleoholic hydroxylie groups have been owa to fora bdoth
intere and iatraemolecular hydrogea boads to ¥eeleetroas t oo,
liowever, siace such a "v<hyirogen boad" 13 much vesker
than the hydrogen boad between alcohol molecules, it i3
aot clear if the former would be of mich coaseguence when
an aloohol i3 employed as solveat for aa aromatic solute,
Trimeric association of t-hutyl alcohol has been sugzosted
from P m;ua’. In the case of cerboxylic acids which
form dimors of approclable :t.roncth"‘m a0 vehydrogea boand
with gromatic compounds 1s to be expected. It 1s coa~
celdvable that ia such cases other types of iateraction
nay be importaat, Ia this study the PMR spectra of mix-
tures of t-utyl aleowl, acetic acld, othyl acetate, di-
chloroacetic acid aad methyl dichloroacetate with toluene
have beca examined over the eatire coaceatration range

betweea the pure materiuls. The latter three compounds were



chosen for purposes of comparigson with acetic acid.
Also iacluded ia the study are nitromethane ethylene
dichloride and nitrodenzene for which measurements have
been reported at oaly single conceatrations®,
AEJULTS AdMD DISCUSSION
"he factors that may contribute to the effect of
a solvent oa the chemical shift of a species in solution
have been discussed by Muckiagham, Schaefer and Schneidert3-14,
The solveant shift zmay be expressed by the equation:

+ + G 2 o * G,

5 solveat - b Y a ‘B o\

where ; , represeats the eifect of the bulk susceptibility
of the solveat and <, that of vaa der woals forces. The
term  , arises from the magnetic anisotropy of the solveat
molecules and . from the reaction field of the solute
dipole in the solveat medium, The last term 5 g1 Tepre-
sonts specific iateractions iacluding hydrogen bonding.

Ia the case of the biaary mixtures of toluene with polar
liquids, wvhich are of primary iluterest in the present study,
the last two terms may be upocf:od to be dominant. 3ince
all the measurements are made with tetramethylsilane as
iaternal standard for data used are corrected for the bulk
susceptibility factor (f,‘b). It is our purpose here to

see if either the specific or the dipolei=. induced dipole type



of iateractions that may De indicated by the data can
form an adeg@ate basls for rationalizutioa of solvent
effects oa selectivity in aromatic halogeanation,

In order to detoct the iateraction of hydroxylic
compounds with tolueae it is neccssary to make adequate
allovance for the effects of hydrogen boadiag between
molecules of the same hydroxylic species. This has been
achieved by maiing parallel measurements oa them using
indiffereat solveats like hexane and carboa tetrachloride
ia place of toluene., For each compound the variation of
the chemical shifts of its protoa bearing functioas in
mixtures with toluene and with aa indifferent solvent are
compared. Although all measurements were made with tetra-
methylsilane (THJ) as iaternal standard, the chemical
ghifts that ve shall be coacerned with are those with res-
pect to the absorptions of the pure compouands (neat ligquids).
The absarption positions of the pure ocoupounds themselves
refoerred to TH3 as internal standard are showa {n Tabdle I,
Shifts upfield and dowafield from the roference points are
indicated by positive and negative sigas respectively,

The data for t-lutyl alcohol-tolueae, t-butyl
alcohol ~carbon tetrachloride and t-butyl alcohol ~hexane
mixtures are givea in Table II and shown graphically in 7ig.l.



CABLE I - GUBICAL SILFT JATA OF PUAE LIQWIVS wITH THI
A LT HUIAL JTANDARD

Compound dature of U Chemical shift, ,
in cps (dowmfield,

Zoluene Arid @
~Cilg 137.5
Acetlic acid ~Co0d 683
iy L4
Jichloroacetic acdd «C 0Gi 70
«Cig S0
t=dutyl alcohol ~0d 287L.5
~Cidg 74.5
Lthyl Acetate ool 116.7
el 7146
<l 245.25
Methyldichloro acetate ~CacL, fes ]
=C 00CH, 256
Jitrobeazene O=il ‘WA
med 415
p=d 453
Aitromethane -Cila 460
ithylene dichloride Cil Cl 224

‘cetoaitrile 117,56
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For all three systoms plots of the ghifts of the
hydroxyl group agalast the mole fraction of the alcohol
give smooth curves which are steeper at the lower coae
ceatrations, Ihe low coaceatratioa region has a0t deen
studied ia detall to ascertain the limiting values of
the hydroxyl shifts, It is iatercsting to note that the
two 'iadilfereat' solveats behave differeatly. The
shielding of the hydroxyl group is higher ia carbdoa
tetrachloride thaa in hexane. II hydrogea boading
ellocts are the same ia both solveats the sequence ex~
pected for the two curves 1s the iaverase of wvhat 1is
obderved. Oa the basis of the results recorded Uy
Mckingnham, schaefer aad Schaelder’2, the van der waals
term (O W) for carbon tetrachloride should be larger
than the sum of W and 5 a terns for hexane. The re-
placcaent of the latter solvent oy the former should lead
to a Jeshialding effect on these ocouats. 3ince the
dielectric coastants of the two solveats are acarly the
same, the Juifference obsmoc_x canot arise from O g
terms. It 1s thus clearly coaaected with the hydrogea
boadiag behaviour of the alcohol in the two solveats.
Jgunders and itynoo have shown that the variatioa of
hydroxyl shieldiag ia carbdon tetrachloride solutioas of



t-butanol is best descrided by a monomer-triner
equilibtrium with an associatioa coastant of 5.6, 1If
the associatioa constant 1s higher in hexane, as it
appears to be, the treak up of the bonded systems on
dilut fon will be less aad the upfield shifts of the
hydroxyl resonance may bde ocxpected to be smaller.

Turaiag aow to te-butanol-tolucne mixtures we
gsee that the upfield shifts of the hydroxyl absorptioa
that accompany dilution are all much more pronounced ia
this system than ia the other two. This .iflereace ia-
oreases with inacroasing dilutioa of the alcohol and is
of the orier of Gl cps for hexane and tolueae solutioas
at a mole fraction of 0.1104, It caiot be raticaalized
1a terns of a saaller formation coastant for the triser
because the tedutyl group, which remains acarly unaliected
i3 hexane and carbon tetrachloride solutioas suffers aa
appreciable, though very much smaller, diazagnetic shift
(71g.1). ~he dehaviour here is suggestive of w-hydrogen
bonding of the alcohol with the aromatic solveat, the
increased dlamagaetic shift belag very largely due to riug
eurreat. -he relative magaitudes of tho shifts of the
G and t-butyl groups are in agreemeat with the geometry
of the hydrogen bonded complex (1), Ualike the Ui group
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FIG.l. NMR-SOLVENT SHIFTS OF t-BUTYL ALCOHOL
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of the complex, which will be directly above theo

aromatic ring, the tebutyl group sweeps a regioa of

space where the shielding efiegt of the aromatic v~
electrons will be smal.. ivea though the tebutyl group is
froe to rotate, the steric repulsions dbetweea the aromatic

99
mothyl and the methsls of the tebutyl group preveats it
from rotating completely through 360° aad forces it to
assume a mean eonformation, away froz the aromatic methyl,
vhich results in dirfereatial physicel shieldiag of the
ortho and para positioas, by the bullky tebutyl groupe.

L8 in the case of t-butanol, the behaviour of
acotic acid was studied in mixtures with tolueae, carbdoa
totrachloride and hexane. The data are preseated ia
rable III and ia Fig.2. Oillutica shifts of the hydroxyl
group of acetic aoclid have been measured carlier by Heoves
and Schaelder?0792, e data obtained here are ia good
agreesent vith those reported Ly these workers. Inereasing
parasagnetic shifts are observed on dilutica up to a linit
beyond which strong disemagaetic ellects como into play. The
minlisum of the dilutioa shift curve is 1a the low coa-

centration region
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vhere tho mole fraction of the acid 1s about 0,l.

The left aad right sides of the curve have been intere
preted as ropreseating monomor-dimer and dimerepolyuer
equilibria respectively. O0llution of the acid with
hexane gives siailar results, the minimum of the curve
lying approximately at the same eoaceantration. The shift
curve for hexane lles agaln below that for carboa tetra-
chloride. The behaviour of acetic acid in mixtures with
toluene 18, oa the other hand, cousidcrabdly differeat
froa that of te-butamol-toluene systems. 7Tie miaimum

of the solveat shift curve aow is digplaced to slightly
ndgher coaceatration (at a mole fractlon of 0.45) and the
paramagaetic saifts to the right of it (Fig.2, are larger
than for either of the other dilution curves. lowever,
ia the low coaceatration regioa which represeats the
dizer-moaouer equilibriym, the sequence {sr the three
curves is the sameo as for t-~utanol. As ia the case of
t-butanol, it is seen that in toluene the diamaganetic
shifts are very much more than the dilution shifts ia
the indirferent solveats. vwe«iydrogen boading appareatly
comes 1ato play at the lower conceatrations siace monomeric
acetic acid becomes available.

At high eoaceatrations of acetic acid the interaction
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with toluene 1s appareatly of a dilfereat type, siace

it is the paramagaetic dilution shift that is increased

14 this roglon. Siace acetic acdd is in polymeric foram

ia these solutioas, the Lydroxyl may not be expected to

be directly ilavolved ia this iateraction in mixtures of

the acid with toluene, This group shows & diamagaetic
shift that increases woaotonical.y with increasing dilutioa.
7his shift has been attrituted™ provicusly to the same
type of hydrogen boadl.g lateraction (I1), as postulated

b jchnelder for chlaroform, acetoaitrile sad nitromethane .
[lydrogea bondiag tendency ia these compounds is related to

. H B
= \C’ /LOL b4
l.
1‘I
H‘SL —— = —_
1I

the preseace of strongly eloctronegative funetions oa the
«=carbon atoms which lacrease the polarity of the C=i{ boads
iavolved. If acetic acid 13 involved ia this type of bdoanding
it may be expected that ethyl acetate would behave siuni-
larly. Vwhen a carboxyl group is esterified, the acidity

of the hydrogens of the carbon atom increases because of

the increased effective pogitive charge at the cardoxyl
carbon atom. Thercofore cthyl acetate should be more



effective thaa acetic acid in this type of hydrogen
bonding if it i3 preseat. Actually it i3 seen that

the correspoading diamagnetic shifts of the acetyl methyl
of ethyl acetate 1a aixtures with tolueae are very much
weaker (Table IV), oaly about half as much as for acetic
acid. It is thercfore clear that hydrogen bonding of
the type postulated earlier by shimizu and I‘u.uvaum is
not an acoeptable iaterpretation. Jince the hydaroxyl
and methyl groups of acetic acid are thus excluded, the
iateracting fuanction =ust be the carboxyl group ‘ia coae-
centrated solutions). It appears tuat the observed
solveat shifts have to be attriluted to a combiaation of
dipolo-dipole and dipole~indiced dipole types of iater~
actions. The latter is probably the stroager. The small
dipole momeat of toluene would make it more polariszable
along the two-fold symmetry axis than ia other directioas.
“he interactions between acetic acid and toluene may
therefore lead to an association with a specific geometry.
The specificity thus resultiag has important consegquences
for the reactivity of toluene ia acetic acid solutioas,
This is coasidered later.

Uichloroacetic acid does not bdehave ia quite
the same way as acotic acld. This i3 oaly to be expected
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since the former 43 a mch stroager aocid thaa the
latter. The minimum of the hydroxyl solveat shift curve
for carboa tetrachloride solutioas (1 1g.S, 4is not sharply
defined and the paramagactic shifts ia the more coaceatrated
solutions are smaller thaa for acetic acid. The curve
suggests that the concentratioan range over which both
monomer=diner and dimer-polymer equilibria co-exist 1is
very much wider ia this casoe thaa i1 the case of acetic
acdd. Appreciable amounts of the monomer seem to be
present in pure dichloroacetic acdd itself. This difference
froa acotic acid may be traced to the iacroased streagth
of the dichloro derivative wiich Jecreases the lLsdrogen
bondiang tendengy of tne carbdoxyl carboayl. 2Aa iatra-
molecular hydrogen boading interaction as shown in (III)
may also Do a factor . Oa the basis of the avalladbility
of the monomeric form and the vehydrogea boading demsoastrated
< .
\ ®)
H—C—-C
/. \\O
i1
for the hydroxyl functioa, one may expect that on dilution
vith toluene, the hydroxyl shifts may show the same behaviour
as ia teutanol-toluene mixtures. 7This is ia fact what is

L



observed (rig.lll), olasagaectic shifts are seea ove:

at lov dilutions and they incroase with iagressing dilutioa.
A3 1a tho case of acotic acid, the curve takes a sharp upward
tura ia the low eoacentratloa regloa, iiowever, iateractioas
of the hydroxyl groups with >C=0 groups or with tolueae,
have little to do with the diamagnetic shifts of the 0-5613
group whieh are egqually pronouaced for the methyl cster of
the acid (Table Vj Fig.IV)., 7These shifts appareatly arise
from indepeadent iateractions with the solveat. The dia~
magaetic ghifts of the oiCJ.a group in mixtures with toluene
are nearly twice as larye as for the methyl group of acetic
acid, loreover, walle the toluene solveat shifts for the
GiCl, group are aearly the same ia tne acid and ester forms,
those for the acetyl methyl groups of acetic acid and its
ester are quite differeat from each other. This furnighes
further support to the conclusion that has been reached earlier
vith regard to acetioc acid. The interactioa of the cuc,
group of dichloroacetic scid and its ester with tolueae are
presunadly siailer to that of ghloroform with benzene. It
may be notel 1. passing that this group shows a very weak
disnagaetic shift (Fig.IV) on mere dilution with carbdon
tetrachloride, itlyl acetate does not oxhibit a similar
shift (Table VI). The preseace of cuc:.a and °=0 functioas
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would suggest that this shift represents the hydrogen
bonding interaction (iater molecular) betweea them, the
dlamagnetic shift arising from the breax up of the boadliag.

0a dilution of aitrobenzeae witi tolueae to a mole
fraction of 0,05 it is found that the ortho-, meta-, and
para- protons of the former move upfield by 21, 28 aad 39 cps
respectively (Table VII,. These upfield saifts were liaear
fuactions of coaceatratioa. lowever, no shifts vere
observed for any of these protoas oa dilutiag altrobeazene
with carbon tetrachloride. Themagnitude and directica
of the solvent shifts observed here are aearly the same
as those obtained by chaeider® from a comparison of &f
solutions of aitrobenzene in benzeane and neopeatane. The
observed shifts can well be rationalized on the basis of
a complex (IV) betweea adtrobeazene and toluene. The methyl

—Er e NO,
Hsc—'.-—"—~ - :‘ S —

()
and aitro groups of the two beasene riigs aight keep awwy
from each other, as showm, due to steric factors., There
will, however, be much freedom of rotatioa for the two



TASLE VII « SOLVEST SUIFT3 OF 4ITROBENZLIE 14 TOLUEIE

UVDUSDIIIIEL . T ———
Hole fraction uortho a.m "pcn
1.0 -0- 0~ Q-
0.99 +043 0.6 *0.6
0.9518 *l.0 +1.0 *l.5
043127 *1l.5 *2.0 +245
0.7573 +4.,8 +8,0 +8.0
0.510 *11.0 +1640 +19,0
042575 +15,5 ? +292,0
0.1036 +19.5 ¢ +832.,0

0.,0519 2 § +*38.0 +33.0




aromatic rings and the observed shifts probably represeat
average olfects. Ia such a ¥e-complex the grihig-protons
of aitrobenzene will be less shielded than the ggla-~ and
para=~ protoas, The agromatic aad methyl protons of toluene
move downfield by £ and 8.2 cps respectively on dilution
of toluene with nitrobenzene. ilowever, these shifts

are very small and are comparable with the dllution

gnifts of toluene (.5 and 12,5 cps for aromatic and methyl
protons respectively) observed ia carboa tetrachloride
itself.

3imilar dlamagactic shifts are observed for
agetonitrile, aitromethane end ethylene dichloride on
dilution with toluene (Tables VILI, IX and i). The
variation of the shifts is roughly linear with coaceatration.
The limitiag values (at infiaite dilution in toluene)
read out from the graphs are 76, 68 and 49 c¢ps respectively.
These values are comparable to those observed by Jchaeider
for these systems L.c¢. betweon 5% solutiona in benzene
and neopeatane. The dilution shifts ia carboa tetrachloride
are negligible., It has been au.;;;-osteu by sehneider that
these shifts may be ratisnalized in terms of complexes of
the type represeated by V, VI and VII. If thepe are oae to
one complexes and the Jiil line position observed 1s an
average of the complexed aad uacomplexed specics, we nay



TABLE VIII - S0LVEIT GHIFTS OF ACETOUITRILE

!..n .t.-alm N ia”cu-bu: tct.uolnorhi: )

?:::tlo:) ﬂ:b: m:uoa vﬂcgghl

1.0 0~ 1.0 Q-

0.8889 *7.0 0.8466 “0-

06639 +18.5 0.6418 0~

0,4035 *2AB

00085 +30.5 0.1880 +0.5

0.020 *7A




TABLE IX « SOLVEN 3dIr1s OF JITHOAETHANE

o - FOSUUEEY. . L. et BN
gt:uan cﬁ;’% g:tlnn cgp;m "
1.0 Q- 1.0 e
0.9490 +3.6 045429 *3.2
048564 +1l.5 0s0424 2.8
0.6633 +20.5 0.1657 +5.,0
0.3065 +39.0 0.,0177 +6.0

01797 +57




TARLE & « SOLVEIT SHIFTS OF ETIMLESE DICHLORIDE

in toluene ia cardon tetrachloride

Hole cps ole eps
fractioa -01301 Fractioa -c:tzc).

1.0 e 1.0 Qe

Qe 38 +4.0 0.2068 +l

0.8014 +11.,0 0.7040 +1.5

0.5739 +324.0 0,550 *3.0

0.300€ +04.0 Q2504 +35.8

Q.10 +42,6 0.1195 +4.0

0.0065 +47.5
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represent the situation by the eguilibrium,

L+ d - i3
where 5 1s the aromatic solvent aad ., the Llateracting
species. The coaceatration of A3 will thus be

(x3] = x [x] (3]

A departure from linearity should therefore be expected
for the solveat shifts at low coaceatrations of X, The
linear variation observed would thus rule out one to oae
complexeos, llovever an iateractioa of the type sug:ested

seens to be preseat.

@ may aow examine the sigaificance of the
eoaclusions of the study of the 4ifl solveat sghifts for
solveat effects in aromatic chlorination. Jtock and
11n0e™"® hal observed as meatioued carlier that the O=p
ratios of monochlorotoluenes obtalzed as product is



W

dependeat on the nature of the solveat, 7The solveats
used and the perceatages of ortho aad para products
obtalned by Stoek and dimoe are reproduced ia Table xI.
vater may Yo excluded from our coansideratioa siace the
reaction in this case is heterogeneous, The behaviour
of aqueous acetic acid is similar to that of acetic acid,
with regard to the solveat shifts in toluene.

As polated out ecarlier, the suggestioa of stock

and M.”l,a that the observed changes ia selectivity can
be attriluted to complexation of chlorine with the solveats
is totally unacceptabdle. It is iacoaceivable that such
complexes would uader any circumstances favour attack at
the ortho positioa than at the para position, siace the
normal steric effect of the methyl group of toluene should
beo operative, The Lydroxylic solveats of Table Al have
similar effects, However the observed O-p distribution

for these cannot b attributed to the properties of the
hydroxyl function, siace a similar distritutioa is obtained
ia solveat aitrobeazene. It would appear that the deeiding
factor is a geometrical oae, arising from the "complexatioa”
or iateractioa of the sudbstrate (toluene) with the solveats.
In a noa-interacting solvent, the operation of the steric
effoct of the methyl group of toluene would make it more



TABLE 21

Jolvent £ ortho  para
1 Acetig acdd [ ®
2 @ + 15,34 uao Gl »
3 Plvalic acid Ga o6
4 Trifluoroascetic acid o7 33
5  tumbyd glconol 2 44
6 jitromethane A &
7  @ejiitropropasae a7 &8
8 Lgetoaltrile £ -1
)  ylene dichloride 4l »
10 iitrobeasens 61,6 8.4
11 cChlorobeasene 5040 4.4
12 Acetic aahdride 0.0 81.0




suscoptible to para attack than ortho attack. vhea it

13 either complexed wit: the solvent or iateragctiag with

it in a weaker maaner, a differeatial physical shielding

of the ortho and para positions caa arise dependiag oa

the nature of such association. It i3 of ianterest to aote
ia this conaectioa that whea the salveat i3 a flat polar
molecule or coatains flat polar fuanctioas, it favours ortho
attack. 7The associatioa detween such a solvent and toluenc
may reasoaably be expected to shield the para position
more than the ortho position as iadicated in IV. whea the
association 13 of the other type, represcated y (V), the
dilferential sidelding say rosult from the tendency of the
mlky groups of the solvent to avoid the methyl group of
toluene. while altromethane gives an 0-p ratio of 54166
1a 2-altropropane the ratio ip 47:53. Ilatroduction of two
mothyl groups in the iateracting specles lacresses the
ortho perceatage by 13, iadicating the operation of & steric
factor ia this case,
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Qarilication of Jaterials:

a~lexase (epe 67.5°C) cyclohexane (bepe 79+60°C),
altrosethane (bep. 99%C), nltrobenseae (bep. 208-206°C, and
acetonitrile (depe 80°C) were odtained by iistillation of
CePe grade materials at atmospheric pregsure (715-720 ma).

Ethyleae dichloride and carboa tetrachloride were
vashed with diluto sodium hydroxide and wvater. After urying
over aahydrous calcius sulphate the materials were distilled
(beps. 82°C and 74,5 - 75,6%C respoctively), Ithyl acetate
(%epe 76°C) was treated similarly using sodium carboaate
instead of sodium hydroxide.

Tolueae (10 parts by volume) was washed with 1ce-ocold
coac. sulphuric acid (1 part) repeatedly uatil the acid layer
was 0o loager colowred. After washing with agueous sodiuz
carbdoaate and water, it wvas ried ovaer aalydrous sodium sule
phate and distilled. “he middle fraction bolling at 108,5 to
109°C vas eollected and stored over sodtum wire,

Commercial acoetic acid was frozen partially by
eooling vith fce and the liquid portisa (adout half the total
amouat) rejected. 7The frozea part was remelted, refluxed
with chromic anhydride for about 5 hours and Jistilled. The



fraction distilling at s oconstant temperature of 117°-
was collected,

t-3utyl aloohol was also first submitted to the
partial freezing procedure, the crystalline alcohol beig
soparated by decaatation. After remelting it was dried
over lime filtercd and distilled over sodium (bep. 81-82°),

Jichloroacetic acidd prepared {rom chloral hydrate,
vas iried in ether solution with aalydrous sodium sulphate
and distilled (bepe 104%/28 us, 190-1901%/715 mm), rsteri-
fication with methanol and sulpturic acid gave methyl dichloro-
acotate (D.pe 143-143°%/70L5 wm),

A spectra

All spectra waere recorded sa a Variaa A-80 061
spectrometer using tetramethylsilane us interaal standard.
jolutions were prepared by nixing suitable volumes of pure
matorials measurod with aiaro pipettes and mole fractioans
»{ the compoaneats were calculated using density data.
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FURRERS 4

PARY 1 = LOdJ BAGGE JPL1i-JP1A COUPLLAG 14 TuL JIUX

The variatioa of beasylic coupling with chaages
ia v electroa distribution ia a variety of methyl subdbstituted
aromatic compounds has been studied and it has beeca found
that the coupling i3 a fuactioa of v boad order, It 19
poiated out that Mcloanell's treatasat of the ¥e-goatrimtion
to the coupling between aromatis protoas can be extended to
the beazylic ocoupling and that this coupling may be expected
to vary liacarly with the square of the =obile boad order
(»*) aad faversely vith A Lk waich 18 aa average siaglet-
triplet excitation energy. Ia agreemont with expectatioa,
whea the square of the mobile bdoad order for a set of closely
related compounds is plotted agalnst J“"a'““' o good astraight
line is obtained. Iadicatioas of the iaverse / E dependence
have also been obtained. The caloulated value of ‘“a'ul.o
for 9-methylantiraceae 1s fouad to be ia good agreement
wvith the observed value of 0,625 cps.

The value of the 'rwloxub.lp between mobile
boad order and bensylic ooupling for tihe study of v electroa
distribution in aromatic compounds, particularly fixation of
bonis i3 discussed.



LA K AR Ok A

A eritical review of the experimeatal and theore-
tical ianvestigations on the Millseliixon pffect is preseated.
A reiavestigatioa of the probleam using beazylic coupling
neagurements is descrided. Se-dethylindane, 4-methylindane,
G=romo-S-nethylindane, G~doutero-S-methylindane have becn
prepared ia this conaection. 7The third and fifth compounds
mentioned above have a0t boea described carlier. The
methyl absorption of Semsethyliadane appeared as a doublet
with a separation of 0.5 cps. The band width of the sigaal
(242 ops) remained unaffecteod oa substitutioa of the
Geposition, while it was reduced to 1.6 aad 1.8 cps on
substitution of the 4e-position with romiae and deuteriunm
respectively. 7The data iadicate that the fixation of bonds
in indane (denszocyclopeatene) is 2ot as postulated by Nills
and Nixoa, but in the opposite direction, as has been con-
sidered likely bty Longuet~iliggias and Coulson.

4-Metiyl bensocyclotutene has been prepared, 7The
band width of the methyl signal was oaly 1.85 cps indicating
that tho eifect of the strain of the 4-aembdered riag on the
r eloctroa distriutioa is coasiderabdly differoat from that
of the S-membered riang. Cowparison of the MMl spectra of
the deazocycloalkenes with cardoxyl groups ia the far)~
positioa showed that the para-coupling («=«') increases as



the alioyclie ring-size decreases. This is attributed
to the iacreasing coatributioa of Dewar-type structures
(with boads betweon «(ar)-carboas) to the resonance of
these systems,

The MR spectral data of a musber of indane,
tetralin, O-xylene and beazogyclomteae derivatives are
presented and digoussed. A coumparison of the hydroxyl
absorptions of 4-hydroxy=Segcetyl-O-xylene and S-hydroxy-
G=acetylindane has showa that the latramolecular hydrogea
boadiag is veaker ia the latter indicating a ssaller
v~boad order betwoea the ocarboa atoms carryiag the
hydroxyl and acetyl fuanctions ia this compouad.

A study of the bromination and Friedel Crafts
acylation oa iadane, tetralia and O=xylene 1s descrided.
The product ratios do not show aay regular tremxis, The coa~
plex behaviour observed has its origin in the superposition
of at least two coatrolling factors vis. steric and eloc~
troalc. 3ome experimeats oa mcleophilic aromatic substi-
tution ia iandane derivatives are also Jescrided and dis-
cussed.

IR O L NV SLOF o LiL U
Lt _SOMAT IC SALOGE AT 10

It has been reported that ia the chlorination of



toluene, variation of solveats has an effect oa the
orthoepara ratio of the mono-substitution products formed.
This has beea explained as resultiag solely from an
iateraction bdetween the reagent and the solvent and not
froz aay iateractioa detween solveat and the substrato. The
L8 spectra of mixtures of the substrate with various
solveats have been cxaniaed and the solvent shifts observed
are discusseld. The results obtalned suggest that there
are stroag iateractioas botweea the solveats and the
substrate and that these may be respoasidble for the solveat
shifts observed from isosnar distritution ia the roactioa,.
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