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-\) . ABSTRACT

. A series of twenty-two substituted fluoromethylnaphthalenes
. : 1

has been synthesised-ﬁnd\their F n.m.r. and H n.m.r. substituent

cﬁemical shifts and cdhpliﬁg"constants ﬁeasured. An analysis of the
substituent effect .on these n.m.r. parametefs has been carried out

lin terms of a dual substituent paramcter equation usiﬁg a multiple

linear regression treaﬁmeﬁt: ._‘ S | - N

° | | . B¢ =opep togep ' ~

A

The dual substituent parameter equation describes the effect of a

- substituent in terms of two independent parémeters, o, and Op» which

I
- correspond t6 the polarlinductive and polar resonance effe¢ts
_f ' ‘réspectively, Various substituent constant scales are invéstigéted
and their degree of-corre§p$ndence to the dual substituent mo&el fbr\g. -///’_“\
these data assessed. ' ~/
Moderately godd correlations "of the data Wifﬁ the dual Sﬁbétituent

- parameter model are observed for coupling constants and 1 n.m.r.
.substituted'chemical ShiftS' gbod correlations are'shown with A¢

values fbr 4- subst1tuted-1 fluoromethylnaphthalenes in partlcular,

. correlatlons fbr 3 substltuted derivatives are far less good s

_ The .signs and magnltudes“of the reactiun constants, Py and PRo for
'lgF substltuent chemlcal shlfts are 1nterpretcd in terms of current
theorles of screenlng of a fluorine nucleus in aromatic molecules and

the 19F n.m.r. response to sqbstltuent effects in aromatic systems.

~ The sign of these coefficients are sufprising.' Both are large positive



f ‘ iii

quantities indicating that clectrdn withdrawal by a substiltucni:

results in screening of the fluorine ﬁuc‘let.s.' Explanations of these
observations arc proposed in terms of fluorine hypefconjugation and
s the p-m me'chanism. The magnitudes of the p vaI‘uCS are co'mparéd with
\thosle -‘for s‘ubstituted-fluorobcnzencs, substitutcd-fluofonaphthalenes

~

and substituted-benzyl fluorides. A

‘.
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CHAPTER 1

INTRODUCTION .

AN . .

hd )

Linecar Frece Encrgy Relationships

(i) The Hammett ﬁquation

Several cmpxrxcnl relationships have been suggcstcd in an attempt

to corrclatc quant1tat1vcly substituent effects on reaction rates and |-

mechanisms. The rate or cquilibrium constant o% a regction of a*
molcéplc may bé influcnccd‘b; structural modificatioﬁs, ¥hrough‘the
medium of polar, steric, or rcsonanée effects.-

If one accepts that most molccular propérties are réiatcd to the

-

clectronic nature of the species, in terms of distribution and
magnitude, tﬁen ideally it should bg.possiblc to describe .the obseerdv
'phcnomcna in precise quantum mechanical terms. Because the present

<

state of understanding of both the phenomena and quantum mechanics

”a

does not permit such a complete and definitive e#planation, attempts td
corrclate observed phenomena have been in ternms, of empiri;al relation-“
ships, hopefully of a predictive nature. . Extension'and‘refinément of
the detailed form of these empirical relationships have led to a
clearer understanding of the implications and interpretation of tﬂe
parameters, in terms of the physical properties of the system.

=  Many of these correlations take the form of linear relationships

Y

*



invo;ving the logarithms of rates or equilibrium constants. One of

the earliest, put forward by Hammett;'in-1937; described the -
influence of meta- and para-substituents on the side-chain reactions

of benzene derivatives. As the standard reaction“series Hammett took

s

- the jonisation of- the meta- and para- -substituted- benzolc aclds in

] water, aﬁ there were considerable accurate data avallable concerning

.._\\

this series.  Thé equation is of the form:-

ap ‘ for raté data
. 0 oot -

ap- _ ~ for equilibrium data’

log{k/ko)

log(K/K_)

|

In these equations k, and Ko refer to the.parent compound, k and K

to the substituted derivative.- For the defining substituted benzoic

]
¢

acid series, p, the .reaction constant is equal to unity. -

The substituént constant or 'sigma-value', initially defined.as

-~0 .= log(K/K )

N "
G
G

for the standard reaction serles ﬁeasures the polar effect of the

substltuent relatlve to hydrogen, and S0 represents the ablllty of a

substltuent to attract or repel electrons by 1nduct1ve and resonance

‘effects;- 1f the substltuent has an effect of overall electron donat;oh

-,

then the o-value is negative; if the overall effect;is one of electron

- attraction the g-value is positive, Any given substituent has different

c-values for meta- and para-positions, for example, the Hammett c-Value

for p-OCHy is -0. 268'ahd’for m-OCH, is +0.115. Orlglnally Hammett .

stated that o- values were 1ndependent of the nature of the reaction;

i - . . -
- a2



‘this is however“never moreIthaﬁuépp;oximatel;\;;;;:\Bﬁfx'nalysis of
deviations from this ideal situation has led to the development. of

-~

more detailed and more comprehensive linear correlations, and-through

‘these to a clearer understanding of the effects operating. ' \\%$\“\

In the Hammett equation the quantity p is the reaction, constant
or 'rho-value" and this represents the susceptibility of a reaction

*

‘%erieé to substituent effects. Reactions aidea by electron
'withdtgwél from the phen}l ring have.poﬁitivelpeva¥uesj convéfsely,j
réactign§ aidéﬁ by.électrén:donation'haﬁe ﬂégative'p—valués. The
3 " p-value is'bﬁtained'from‘é ﬁlpt'of‘log (k/ko)lagainst'o; knowledge of
o-values for gubstituenté} aﬁd rate or'equiJibriﬁﬁ Qata fo; reéctign'
gériés with the sﬁbstiftents as membersﬂenables p—yalues,tq be -
calculatgé for these series. CorreSpoﬁﬁingly, knowledge bf-p-yalggs

and reactivity data enables o-values to beAcalculated. o-Values

are knbwn;for about a hundred substituents, p-values for about “four
hundred reaction series. . From these, rate or ionisation data are

: calEﬁEQBIQQfor;about forty thousand different coﬁ@o@nds.

- . IS

i

-"Thewaépendence of the reaction rate or equilibrium constant

upon the solvent system or temperature;'fbr example, is reflected in p.

for

_Limitations and Applicatibns'of Linear Free Energy:RelatibnShips

‘A linear free energy relationship can be expected only under one |
3 : g : _ o /4

of threé circumstances. -Each reaction series'must.exhibit one of
- ] R ' N ‘. oo B - i . . _“".“ .

the following types of behaviour:- -

. - (a) &H® is constant throughout the series

F ) AS® is constant,, o L -

(c) AH® is lineariy related to AS°.



‘.1‘
Bolton Flemlng and Hall2 repeated the pK measurements of the benzozc
’ac1d series at dlfferent temperatures and _calculated AG° AH“ and AS°

for these compounds. Relatlve plots of these thermodynamlc parameters

'gave linear relat10nsh1ps

0.9992

AH® Vs as® ot

AG® vs AH®T 1

.0.9984

“where~r is the correlation coefficient, and is .essentially a ratio which
Lon :ﬂ - o K £ . * '. L ' .
- expfesses the extent to which changes in one variable'are accompanied

L ! ’ _"

by or are dependent\ogohschanges in a second varlable The more linear

iy A

the relationship the closer r is to 1. OO From these preclse measurements

the authors concluded that the Iinegr\tree energy relatlonshlp observed

~in therlonlsation of thefbenzolc-acrd sefresrwas a consequence of_qH°TwmmmmMm

-

belng llnearly related to AS°® | ;': ;. - .“\a”fm:%%; ';' ‘ o
In general terms the expre551on log(k/k ) is propo;tlonal to the .

dlfference in the free energies of reactlon of the substltuted |
derivative and the'parent compound if the K's are equ111br1um cohstants

“ o or to the dlfference in the free energles of actlvatlon 1f the k's are
'rate constants. It is. not 1mmed1ate1y apparent that such a 11near free -
energy relatlonshlp should hold and that one of the three COﬂdlthﬂS 'k'
be satlsfled partlcularly when 1t is reallsed that’ entropy; kloetlc
‘energy, and potent1al energy changes all contrlbute to the free energy
change. It.appears that most of the reactions-hhich closely folloe the_lr
Hammett relationship do'hot'jnvolve any appreciable relative ehtropy‘ ;

change,



»

' The acknowledgement that systems where neither the kinetic-energy’

Y
)

o . - ) : : \ R ‘
_nor the entropy remains constant .are not correlated in terms of the

‘Hammett equation and that the equation itselfwmay therefore be

coneidereduin“terms‘of potential energy differences between appropriate

energy states, leads to an equation -of the form:--

-
- 1
-

_log(K/K ) = AE(final) - AE(ihitial)

where AE terms are themsedves energy d*fferences between correspondlng

potent1a1 energles of the parent compound and the substltuted derlvatlve

A \"‘
) - *

It was based on thlS assumptlon that Ehrenson3 carried out a

'mqaantum méchanical perturbatlon formulatlon of the problem which he-

subsequently applled to the Justrflcatron of the separatlon of the E

1nduct1ve and resonance contrlbutlons to the o- constant Assumlng-that '

~

the total Hamlltgglan could be concelved as the sum of one electron

e perators “he consrdered the effect of both the substrtuent and the

' reactron centre on each molecular orbital of the parent hydrocarbon,

"benzene He obtalned the result that the total change in potential

'energy was partly dependent on the perturbatron due to the substltuent

and thls was multlplled by. a term descr1b1ng a part dependence on the.

a

' parent reactlon substltuent or, the total potentral energy change a
’ between the two states (ground state and transrtlon state say, for ;
‘kinetic data] was glven by an expre;slon in whxch a substltuent

function was multiplied by a reaction function. This intrinsically is .



sl

' the form of'theporiginal Hammett equation. ]

steric hlndrance.to solvatlon or to the approach of the reagent and.

6 This'resultlwas obtained without specifying the symmetry'types

. /
involved. The only assumptlon made was that the jtotal Hamlltonlan was
athe sum of one electron operators If orb1ta1 types were'to be

Sp801fled then thzs would lead to a d1V151on 1nto summatlons over -

and n—type orbitals. This p0551b111ty of fﬁls separatlon would be
expected oniy if pi and 51gma electron perturbatlons‘were dlstlnctly

dlfferent and 1f 1nteract10ns between the two/were small

Throughout 11near free energy studles ortho substltuents have

/

produced 'anomalous' Tesults. The Teason for lack of correlation of

ortho substltuted compounds is. Justlflable in the llght of the prev1ous

- observations and.lnterpretatlons The restrlctlon of the valldlty of the

equatlon to meta— and para substltuted benzenes and the exc1u51on of

_ ortho—substltuents,-leads to the conclusion that steric and other proximity

w

phenomena play a large part in the effects peculiar to-ortho-substituents.
THiS. observation has implications which have led to several important

concepts relating to the nature'of substituent effects},‘It has .led to

. the postulatlon of prlmary sterlc effects of several klnds including

L -

proximity effects such as ihtramolecular hydrogen bondlng or other

: intramolecular interactions Attempts have. been made to separate steric

it

effects from polar and other effects.- Many‘reaetions'have been studied =

- in th1s context ‘but very 11m1ted success has attended these attempts

o

to obta1n a general separatlon of effects of ortho substltuents

~

Shorter4 has expressed the opinion that "...the complex1ty of the

1nf1uence of ortho substltuents on react1v1ty may: make the search for -a-.

13



'“\\ d1str1butlon to rotate and give rise to. the ' -

* of the meta and Eara—substituted series. = e

,:’frequency.

ISingle{generally applicable scale of oo-values quite fruitless...'" and

this view is subsequently reiterated by Charton.5

The unsatisfactory nature: of the correlation of ortho-substituted

E

systems does also have bearing'onhthe success of thatishown in the case

-

h(ii] Exten51on of the Hammett Equatlon to the Correlatlons of

N. w R. Chem1ca1 Sh1ft Data

In addition to,equilibrium constant Ehdlfete constant linear .free
energy correlations, there have been reported many correlations with a
variety of physical properties for various substrates; notably among

theSe, chemical'shifts.in nuclear'magnetic resonance.

R The phenomenon of" nuclear magnetlc resonance 1s a consequence of

the nuclear propertles of the atomlc spec1es W1th1n the molecule.:

Most nucle1 possess a magnet1c moment and when such a nucleus is

i

placed in a magnetlc field, it takes .up one of a number of quantised

orientations wjth'respect'to that field;' Each orienﬁation,corresponds
. \\,__ . ' . ' . r .
to an energy level the lowest being that in which the nuclear magnetic

S

moment is most closely allgned Wlth the field. Nuclear magnetic resonance .
pectroscopy comprlses the induction of tran51t10ns between such - energy

levels by means of fluctuatlng magnetlc f1e1ds of the appropriate

Although its volume is small, a magnetic-nucleus gives rise to a

' finite spatial distribution of positive charge. If, in addition, the

nucleus has spin angular momentum, then this phegcmenon, which may~be ‘

thought of as the splnnlng of the nucleus, will cause the p051t1ve charge

+



equivalent of a-currcnt flowing in a circular path. Tﬁis produces
a magnetic field which is nearly parallel to the axis of spin, and thus the -

nucleus possesses a magnetic moment, .

Fig. 1. The magnetic moment , u, resulting.from the rotation of the
positive charge distribution of a nucleus.
. - The quantum mechanical expression for the angular momentum is

given by:- . .

1(I+1)h/2%

where I is the sPiﬁ quantum number (or spin operator). If I is not
equal to zero, then the nucleus has spin angular momentum and under.

appropriate conditions will exhibi't nuclear magnetic rescnance

- phenomena. ‘Species with ‘I = 0 include 12¢. 160, 24Mg{12$Sij specics

with T =172 include 'H, Y%, *'p,¥C and '°N,  0f a1l these, by far

thé most important from the point of view of general appliéabi}ify and

19

- well resolved spectra isle, but "°F and 31P are -now cqnsidcred routine



Vsuch that:-

nuciei for n.m.r. study. .o -
‘In an applied magnetic-field a prOton:[Ie= 1]2) will aSSume.one of

two p0551b1e or1entat10ns w1th respect to the dlrectlon of the applled _

magnetlc field. (In general the number of p0551b1e orientations 15

- given by (21+1)) The orientations correspond to energy levels of,

1_HH6, where u is the magnetlc moment of the 5pec1es and H is the
e ) .

strength of the applled fleld The transition of a proton from one

N
kR l..a (

orlentatlon to the othér" and thus from one energy level to another may

".-

be effected by the absorptlon or emlsslon of a dlscrete amount of energy,

-

E = hv . = | Z.H_[:lo

|

”wahere.v is the frequency of the electromagnetlc rad1at1on absorbed or

*emltted and 15 the prece551ona1 frequency (Larmor frequency) of the

nucleus. AUnless the axis of theynuclear magnet is orlented exactly

parallel or antiparallel with the appiied magnetic field, since the

«~nuc1eus is spinning, ‘its rotational axis draws out a circle perpendicular

to the applled f1e1d or the nucleus is sald to precess The nuclear

transition corre5ponds to a change in the angle’ that the axis of the

‘nuclear'magnet makes with the applled magnetic fleld; -Thls,change‘can

be brought about by applying electromagnetic radiation whose magnetic

: yector“component rotates in a plane'perpendicular to the main'magnetic
field. When the frequency of the radiation is equal to that of the
.prece551ng nucleus then em1551on or absorptlon of . energy occurs and the

: condltlon .of resonance is achleved. For protons in a magnetlc fleld of
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. . . ‘_‘w I . ) 0 ‘. : . ' " . ' )
,1.40 Tesla the frequency of this energy s in the-radio-frequency region -

about 60 MHz. For fluorine nuclel in the same magnetic f1e1d the .

frequency of the electromagnetlc radlatlon requlred is ebout 56. 5 MHz
LIt is posszble to 1nduce a nuclear transition in.one of two ways;

elther by malntalnlng a constant value of the applied magnetlc fleld

nd varylng the frequency of the rotatlng magnetlc f1e1d or by
malntalnlng_the frequency ‘of the'rotatlng field and varylng the stréngth >

of the applied field over a small range. This latter is the more common

-

procedure

. o o e
The fact that nuclear magnetic resonance spectroscopy‘ls such a
‘F-

valuable technlque is due in large part to the fact that n.m.r. frequencles

are to a small degree dependent on the molecular env1ronment of the

nucleus The surroundlng electrons shield the n Ieus, and so the

effectlve magnetlc field is not the same as that apphied. l lf any atom or
molecule is placed'1n a magnetlc field it acqulresqa-dl agneticemoment .
by virtue of tHe_induced orbital motions of its'eleCtron;hﬁ Tﬁesefmouing
electrons constitute effective currents within the molecul& and thereby

produce a secondary magnetlc field which also acts on t nuclei nresent.

4 .
The 1nduced currents are proport1onal to the applie fleld for’
dlamagnetlc molecules As .a result, the local maghetic fleld at the

position of the nucleus is ‘given by

Hlocal = H appl (1 U)

where o is a non—dimeﬁsional constant, independent of-Hagbi andln‘f ) L

dependent upon the electronlc env1ronment This‘constant g is known as

_ the sh1eld1ng or’ screenlng constant, because the local fleld is usually
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less than the applled The effect of the screening cOnstant'brings the
. energy levels closer together, and S0 thgzenergy of the tran51t10n 1s
smaller and resonance occurs at lower frequency | If resonance is
f achleved at a flxed frequency by varying the applled f1e1d " then a

largeg fleld must be applied.

(" 2uH

\ . : J L
\ . : : /,- . N - .

)
-

‘Thus, examination .of n.m.rr'spectra.ofve nhciear snecieslin various
chemical'environments; either in the seme molecule or aidifferent~'

olecule, 1nd1cates that the‘sh1e1d1ng constant has dlfferent values, u{'

(ﬂjnd SO Tesonance occurs in a dlfferen; part of the spectrum for eecn |

‘chemlcally dlstlnct‘p051t10n.. The dlsplacement of a signal correspondlng o
to different chemlcal env1ronments due to varratlons in Shleldlng
constants is known.as a chemical shlft and is expressed as a dlsplacement.
from the resonance 51gna1 of a standard referenceicompound. *The‘chemlcal

‘shift for the proton is defined:-

H-H

H
T

X 10§

where H is- the resonance f1e1d of the sample

Hr is- the resonance f1e1d of the reference szgnal.

It also follows:-



-
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The shielding that a proton experiences is a combination of atrleast
three types of electronic circulations: local diamagnetic effects,
diamagnetic and paramagnetlc effects from nelghbourlng atoms, and,
effects from interatomic currents. ‘

A quantitative theory of the'atomic'contributions to the chemical
shlfts observed in- fluorine magnetlc resonance was developed by Sa1ka ’

and Sllchter.ﬁ' Saika and Sllchter suggested that the prlncrpal cause-'

ST

of chemlcal shifts observed in fluorlne containing compounds 1s”para-“
. a.,.-‘ \, ‘s .

'magnetic in origin. U51ng simple valence bond wave functions.; they

%3

‘calculated the paramagnetic contrlbutlon to shleldlng. This should

-

correspond to the dlfference between a purely fonic bond and a purely
covalent bond. ThlS is substantiated by the observatlon that the
fluorine -nuclei in F2 are less shielded than in other fluorine compounds.

The more ionic the bond, the more the paramagnetic contrihution’is

reduced and so thlS would lead to an approxlmately 11near dependence on,jA

_ the e1ectronegat1v1ty of thefEE1ghbour1ng atom or group. In a serles of -

binary fluorldes XF the. lgF shielding increases in a linear fashlon ﬁ‘

7 . .
as the electronegat1v1ty of X decreases. } . =

Many of the attempts at explalnlng the variations of fluorrne

sh1e1d1ng constants 1n‘molecu1eshave centred on aromatic systems " and

—

almost always on substltuted benzenes The™ fluorlne chemlcal screenlng

constant is a sensitive means of reflectlng the changes in the

electronlc structure of : a substltuted arcmatic compound The changes

.

. are large at the ortho— and par p051t10ns and less so at the. meta—
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positions. If a fluorine nucleus is disposed Egiﬂ;io a-substituent then .
the observed chemical shift depends to a large éxtgnt on the m-clectron
distributing effect of the substituent. Substituents suéh’as -NH, and

-0H which result ip an incréase in n-électron densiﬁy it the pggg;carboﬁ
atom give rise to éﬁ\inéyéased shielding of the fluorinc'atom;

correspondingly the converse is observed with m-electron withdrawing

-

' substituents. For fiudrine, this has been expressed:-
19, _ .
F = KlQPApC
4
where KlgF is a constant and Apc is the:change in w-electron density
at the Eara-carbon-atom. Similarly this trend is obsérvéd in 13C and

1H nuclear magnetic shielding. Substituent proton chemical shifts in

the para-position are believéd to arise, to a large extenf, from changeﬁ
in the ﬁ-electron density at the Egggfcarboh,atom brought about By the
introducﬁioﬁ of a substituent. - |

Studies_doncerning 19F nuclear magnetic shiélding parameters have
follbwed‘two main appfoéches. They have -either been concerned wiih-

N .

describing in detail the connection between a nuclear magnetic resonance
shielding constant which it is thought reflects electron densi;y,lanq'
the‘Hammett b—coﬁsﬁﬁnt_parameter derived froﬁ rate or eqﬁilibrium'

constants; or the calculation of shielding parameters from quantum

mechanical or electron density models and their subsequent comparison’

with.exﬁerimentallf observed values.
"The effect of subétifﬁents on 19F_nuclear magnetic‘shieiding in

substituted fluorobenzenés is very large and can be accurdtely measured.
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A comparlson of the 19F nuclear magnetic shiclding in fluorobenzene with
" that in a- ‘substituted fluorobcnzcne is-used to dcf1nc a ¢-paramcter. Ad

is the 19 F magnetic shiclding paramcter and is defined
H-H

6
Cr

Ay = ) x 10
‘where H is the applied field for the lgF resonance in the substituted

fluorobenzene, and Hr is the applied magnetic field for the lgF resonance

*
in fluorobenzene itsclf, ——

Gutowsky et al.8 in 1952 reported that an empirical correlation of
chemical shift values for meta- and para-substituents with the
corresponding Hammett substituent c-constant revealed systematic

(:‘3 -

‘differences which werc attributed to the dependence of the g-values on

the nature of the electronic interactions of the substituent. These

1

[ * Considerable confusion has arisen in the measurement and recording of

LigF substituent chemical shifts for substituted fluorvbenzenes as a "
esult of various conventions used by different authors. - OriginallyY'ltq

substituent chemical shifts in this series were defined according to "

(H_-H) s

. : 8 = “—"H—"— x 10 :
. » ] r
\g,r*//ﬂ\\\yf#///’:;ere Hye referred to fluorobenzene itself and H to the subst1tuted
der1vat1ve -Latterly 16,45, the convention has been widely adopted where
(H-—Hr) 6
A = — X 10
r - <
14

The correlation réported by Taft shown on page 17 uses the former
convention. This same correlation is reported by Pople, Schneider and
Bernsteinl4l as

6
m

§

P
Thus the coefficients are opposite in sign and differ by one order of .
magnitude. For this reason care should be taken to verify the convention’
used for the & or A¢ parameters;}

1l

-(5.83) o, +(0.0) o

-ts.ss)'aI -(18.80) o

o
.



15

workgfs reported a general correlation between ¢- and Hammett o-

ﬁaramctcrs, but noted that mggg;substitﬁents fql{gwed a trend differing

| from that of the Egzgrsubstituents. Interpretation éf the data by

separate solutions demonstrated affundamental difference in the pérficular_-

\

effects operative at the meta- ang

O

Ara-positions.

(iii) Dual Substituent Param Relationship .

Throughout linear frece eﬁergy relationship studies workp;s

invariably noticed this intrinsic differénce in the nature of the

electronic effects ;ransmitted from meta- and para-positions. This was
qualitatively'cxplained in terms of the-inductive'effect only operating _

from the meta-position; the inductive. and resonance effects both operate

~

from the para-position.

.’ -

With data obtained from aliphatic series, 'i‘aftg—12 defined a

parameter o , the inductive parameter, which enabled him to separate

I’
quantitatively the Hammett o-valuec into independent inductive and

resonance contributigps according to the equation:-

i
} -

0=OI+O'R

o ig the yhductive contribution and;may be regardeé asa measure of the
electronicleffect of the substituent relative to the'hydrogen atom-

j}esultingvfrom its power to attract or repel eleétroné th}ouéh sbace;and
through thevgigma bonds.of the benzene system.=aTﬁe resonance toptribufion,,_

ak, may be regarded as a measure of the electronic effect fesulting from

resonance interactions of the substituent with the w-orbital cf the

‘benzene system.



s

Roberts and More'lémdl3 obtaihéd pu*e'induﬁtive values qfloI from

a study carrled out on an allphatlc serles., These workers determined'thé

react1v1t1es of a. serles of 4- substltuted blCYClo[z 2 2]octane 1—

[

carboxyllc ac1ds and their esters - o~

u’.\

C‘ -»}“‘4 . . .
- ] .,

ey = - . -
- et
LD e .

' '_Transmissibnqu eléctrical-effects:throughﬂthiS'system is not poséible

by resonance involving conjugated unsaturation and so o-values obtained

%

from these studies are pure inductive parameters.

.9 : .
,,Taft ’;4 51mllar1y used allphatlc react1V1t1es in the determlnatlon

-

- 40f'cI. Followlngfthe observation by Ingold15 that the system would lend-

_itself to the isolation of this effect, Taft studied the_acid and base

catalyzed hydroiyéés of aliphatic esters:-

AU k. - " , o
R OH a
) - a I E L L. L
XCHZCQQEt|+ HZO-'“— DN XCHZQQOH + EtOH .
. i k ~ s . L . .

H* T
The traﬁéition sta;é$'for.tﬁesé closely fq}éted reactions have similar
. , . ‘

steric requirements, but carry opposite charges. Aromatic o -values

are obtained from the equation:-

L

[ng(K/ko}OH_-;:logtkykp}ﬁ+]/§f{§F.a
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‘CH-COOR"ae standard. The OH™ and H' refer to base and ac1d hydrolysrs,

e

carried out.for the same ester_RJJ solvent and temperature The p value

t

of 2 48 puts the o values on approx1mate1y the same scale as Hammett.

- c values It was found that the o' values of Roberts and Vloreland13

- I3

.for substituents-X .were proportlonal to o for -CHZX The-v&lue for -

v F

the ratio o /o was .+0.45 and so a new*scale of lnductlve subst1tuent

' censtants (o values) was therefore deflned as o, = 0.45 o L With a value

I
for thellnductlve parameter, 1t‘was then‘p0551b1e to. calculate the
. resonance parameter contribution to the total Hammett o-value.

_ Taftl4_re—eva1uated the “°F shielding parameters reported” by

Gutowsky et a1.8 for substituted'fluorobenzenes in these terms. Taft

equation of the genéral form:-

’ M : £

of - the nuclear magnetlc sh1e1d1ng to the 1nduct1ve and resonance inter-

‘actions of t subst1tuents, respectlvely Spec1f1ca11y,

han

' for‘mepafgubstituted derivatives:-

SN

— k,,«"' o " for Eara—subetituted derivatives:- - L

'F'l-_ oo
Sp = (Ofoglol + (1.88)qR.

The rate constants k refer toireactions of RCOOR' and,k “to reactions of

found that correlation of nuclear magnetic shielding effects follows an -

" The emp1r1ca1 constants « and S ma} be regarded as the—suscept1b111t1es
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(see Fbotnote'page-'ﬂ\J. ' o . - 1 - ﬁ§{£:7

The Hammett 51gma value;\EQ:low equatlons of a 51mllar form.— x

meta

o
_para

1f indeed GF-values and ag-values are-related to Ui

one would reasonably expect that it would be by dlfferent functlons\

and-oR v ues theﬁ—

Thelform of the equations, however, lends con51derab1e support to the

thesis that both-ﬁ? and ¢ are determined by’the same basic properties
of the sdbétitueﬁte,.implyihg that the electronic effect of a meta- and

'a para-substituent on the free energy of a benzene derivative follows.the

1

above equation.

—

One of the most recent 1inear free ehergy relationship studieé
‘reported is a reflnement of the dual substltuent parameter treatment

(as this separatlon of the 1nduct1ve and resonance contrlbutlons to o-

1

'constantS'haS'come_to be called) and further improvement of g-values.
The article entitied "A Generalized Treatment of Substituent Effects in
‘the Benzené Series. A Statistical Analysis of the Dual Substituent

. e 16
Parameter Equation' is by Ehrenson, Brownlee and Taft. it. comprises
"a rigorous and exteﬁsive'statistical analysis of existing data, -which

- lends suppert to many of the earlier coneepts concerning lineaf_free

-
wr

-eﬁergy relationships, but also extends the interpretation of the data.
The authors state, "...(1) structural'consideratibns diseriminate.between
at- least four practlcal classés of p1 delocallbatlon behaV1or ~'each

of which has ”11m1ted generallty", (2) the blend of- polar and p1-
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+

K}

V'delacalization effect contributinnsltb'the observéd effeét of a.
substltuent is w1dely varlable among dlfferent reaction or data sets

(the contrzbutlons may be 0ppos1te as well as alike in dlrectlon),
depending upon strncturallconslderatlons and the nature of the
méasurement; (3) aolvent may-play an inportant tole in determination ,

#

:éf the'observéd blend of effactst.i”; The diécrimination of at least

four'pragtical classes of pi-delocalisation effects and also four
classes of substituent constants described above will be d{scussed-at

length later.

(ivj' Linear Free Enérgy Relationship Studies in-the‘Naphthaléne

" Series Lo
—_ E g

‘.Welis,'Ehrenson and Taft17 extended the basic dual substituent

B

parameter equation:=

Log(R/Kg)y =.oppp * og ey

e, w

e -

1:,;(the 1ndex i 1nd1cates the p051t10n of the Substltuent) to the naphthalene
; . RS
system with two objectlves in mind. Flrstly,'ln order to test the

’va11d1ty_of qI and Op’ if thqse paramétars are characteristic of the

substltuent then they should be 1ndependent of reaction or p051t10n of
substltutlon and should be appllcable to aromatlc systems other than|

benzene. Sccondly, the naphthalene system allows the 1nvest1gat10n of

N

the transm1ss;on of effects from more-than tw0jaromat1c p051t10ns,
which is a limitation in\henzene series.”. The dual substituent’ pard-

meter equation was examined using data from the study of the acidity of

8 19

' naphth01c acids, the saponlflcatlon of ethyl naphthoates 20;and of

= L

-
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methyl.naphthoates;ZI'the acidity of naphthyl ammonium cations;22 the,
altciclity'of,napt';thols;2'3 of pyridiniun;’of quinoliniun and isoquinolinium
catione;zé The analysis was also extended to 19F'n nlr' shleldlng
effect525 1nV01V1ng all p051tlons of naphthalene whlch are not subJect
to'eefious steric effects. The cI'and GR parameters were fltted
‘1ndependently to the naphthalene system, and the ratlo o /0 was deflned
as. the blendlng factor Al The blend1ng factor would be characterlstlc

-\'1 - ./

'of the drfferent p051t10na1 relations and reactions.
. )

In the nephthalene series the.oIpI term has been attributed to the
field and n-inductive effects especially for substituentsa?n_the second ]
~ rirg. The w-inductive effect where the reaction site is insulated from
cenjugation with the-aromatic‘system and alseznhere conjngation is
possihle has been'estimated,'hut shows 1ittle,correspondence to the
: Qbserved-féletive pattern of oy inIthe.naphthalene.sefies._ A thif¢ .

' 'effect mayvalso“be‘eipected tejopefate ln suhstituted naphthalenes.lIfl
substitution'is in the 4, 5 or S-pesltionvdf the"naphthalene'system,_
the‘EeIi;hydrogen exefts a tnisting effect ou those eystems for which a
~ coplanar cdnformation wlth-the ring is required. "This would tend to
Adecrease the conjugative effect of substltuents -in these p051t1ons

. A large proport1on of the studles whlch attempt to derlve and
define correlations between nuclear'magnetlc resonance shielding
parameters’end:Substituent conetants has been made_en'aronatic systenS;_
Aet first this' was mafnly oh substituted benzenes;;'Of late,attention
has been turned towards thenanhthalenesyStem‘in'order:to tesf the

'general validity of "the concepts. The artlcle by Wells et al, 17 reviews

i i

- general substltuent effect correlations 1nnaphthaleneder1vat1ves
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‘1nc1ud1ng the correlat1on of. 9F-n'm T. chemical shifts. The ~°F n.m. T

-.\ L)r‘

- LRV L4

equatlon‘2 also showlng two d1fferent polar or'lnductlve parameter

I are strongly reaction and

p051t10n dependent in contrast pR values appear to display. essentlally

11dentmal patterns in both n.m.r. and- react1v1ty data

*he study conflrmed that the additive blends ‘of polar and pi-

*

ldelocallsatlon effects as descrlbed in the dual substltuent parameter

o
equation with the substituent parameters defined in previous studies

are applicable to the naphthalene system; and are'in,fact.essential for

_ bshifts:‘ : ,: : ;e ' - "- ' - Z-jp

Dewaf‘et all,25 whllst acknowledglng the separatlon necessary for

‘the successful correlation of substltuent effects with 9F n.m.r. chemi

shifts, have adopted a 5lightly different approach, ssentially they
combine the direct field effect of a substituent in its simplest form

- . - - corl . o, .
that does not i.¢iude resonance effects)_w1th a'second term which makes

allowance for‘these effects. They suggest the expression:-

t

where F/IxJ descrlbes the change-in electrostatlc energy calculated for

a point charge. The second term descrlbes the- effect on ¢ of a change

in pi-electronlden51ty at j by a substltuent at i conjugating with the

delocalised aromatic system.

L

_This equation has eeen applied to 3'—'andldf-substituted-4;

7

.shleldlng values showed “a good flt w1th the dual substltuent parameter .

1

)

the rationalisation and correlation of observed reactivities and chemical .

cal

+



fluoroblphenyls 26 3"-substituted- 4—f1u0roterphenyls 26 and'td -
'substltuted 1- and 2- fluoronaphthalenes 17 This sllghtly 1ntu1t1ve .
approach has been pr1t1c1sed2 ~in that, by its nature, it,tacitly
IaSSumes that 19F n.m.r. chemical shifts.are detetmined by the‘electro-
stetic potential energy et the flﬁorine atom.caused by a polar eubstitqent :
PIus a term proportional to the pirelectron"deneity: If a similar
expression is derived from theoretical-consideratipns, then the
‘shielding constant is ptopertional‘to both the eleetric field componeet‘;:
along the bond to the fluorlne atom, and also to the sguare of the

electric field at fluorlne 2? 30

23 5 tﬁis treatment of_structure-reactivity ‘

The proponents
cerrelations'refetevthe cencepts of Taft's approach, and fet in essence:
- make similar conSidératioﬁs and rationalise the'ekperimeﬁtél observations
- in 51mllar terms. Adcock andlDewarzS have demonstrated a good llnear‘
correlatlon between the substltuent effect on the chem1ca1 Shlft (S C.5.)
“of the substltuted fluoronaphthalene and the ph of the correspondlngly

substituted naghth01c aC1d {in whlch the F of the fluoronaphthalene is

replaced by- COOH)

$.C.5. = a(pK)) +b

fw.k

19
However, the relative sensztlv*my of the "°F chemleel Shlf\hto the)
'effect of the substltuent c0mpared with the sen51t1v1ty oﬁ\the ph
value to the effect of the same substltuent, is very dependent on the

p051t10n of ‘the substltuent and the functional group ~ Thus when the

functlonal group is in the 1- p051t10n and the substltuent at the = .
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6-position (I) a in the above equation is —3.1.!_When the functional
2) group is at the 2-position and the substiiuentﬁis at the 6-position.

(II), a is -12.0. -

= F,CO0H . . Y =F, COOH
. = substituent = substituent .

N ¢ B an’

"Adcock and Dewarzs'suggest thgt the lgF chemical shift is dependent

'An the field along the-line of the C-F“Eond; i.e., fhere.is an
.anisotfopic ¥e5p6née of'fluorine éo an applied field.r‘On the other
hand,.ﬁhe'stabilisation of the cafboxyléte ion (presumably.thg impoftant
factor in the substituent effect on the acid.diSSOCia;idn) eghibits no
such directional dqpendencgron the-fiéld. It is éo.be noted that in ‘
(11) the substituent dipole is in linc with the C-F bond, and is thus
more favour?biy positioned than in (I);tb”éxert the maximum effect on

thg'lgF’n.m.f; shift.

-



7'Thcorctical'Considcrations of Chemical Shift - Substituent Parameter

[

=

Correlatlons

(1) Quantum Mechanical Calculation of Shleldlng Parameters

Thcre have been many[attempts to calculate the nuclear magnetlc

shleldlng constants of fluorine. nuc101 3lshese calculatlons have only

——

been applied to very.Small_molecules if at the same-time the author
has made any claim to, mathematical rigour. 'Treatmcnts applied to.larger

molecules are therefore based on pr1nc1ples more e\haustlvcly investigated

for small’ molccples, c.g. ]22, ‘: and LlI‘ S | - ﬁ

\ oo ~

One of the earliest attempts reported was that-By Ramsey:'l who-

derived a shiclding tensor (oq ) using second ordcr perturbatlon theory,
ZZ

summed over ‘all electrons (K) and all unoccuplcd unperturbed molecular

is the z component of the orb1t11

orb1tal§_wn. Thp operator LZK

angular momentum of electron K, and.r 1is the dlstance from the nucleus

NK

N to the electron K. The first term summed over ground state. wave
functions is known as the diamagnetic term, and the sccond summed over

the ‘unoccupied wave functions is known as the paramagnetic, term.

2 2
2 X +y 2.2
_ e’ K K - e ™
o T ——7 I { ¥y | 3 ,|‘- %K> sty L2 [E “E o) X
zz Zmc” K\ . Tyx ‘ 2m"c” . K. n#0

"y

. -_3 o -3‘.' :
<"’0f\ Lyl “’n}\><*b by Ty | "'ox>‘*<‘”ox | Ly T “’nx>.“
<wnK ! LzK~P lp0}§> :} ' S
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" For an etom in an s"state the second term of.this‘eqoation is zero;

_ for example, the shielding of fluorine in ghe free<f1uoride isfpurely

“eeconsequence of the‘diamagnetiC'behaviour of the-electrons.' One
mlght therefore predlct a correlatlon between the shleldlng constant | 7 I
and the ionic character of the bondlln diatomic fluorides. As mentloned
prev1ously, Gutowsky and Hoffman7 showed thet a very.good correlatioo
of this kind does exist in th1s series, w1th one notable exceptlon that
of ClF. This exceptlon has been ratlonallsed in terms of the-paramagnettc :
term in Ramsey s equat1on beirng latge and p051t1ve due to a. domlnant‘
term in the ﬁum over unoccupied unperturbed molecular orbltals whlch

‘ %

*'- - - X - . -
involves a m 20 transition between orbitals now closely separated in

energy.

To Ramsey s equation and hence calculate the shleldlng
constant requlres a good set of wave functlons The flrst term tbe?
summatlon over ground state wave functlons de may be evaluated, but;
the second term\¢nvolves a summation over unoccupled wavefunctlons and
is therefore vcry dlfflcult for all but the 51mp1est systems wlth few.
electrons.' For thése reasons several approaches have been adopted based
“in’the first inStancéfoo Re@sey's treatment, but incorporet1ng‘
ﬁodtfying assumptiobs ehich'oake shielding constants amenabielto.'
calculation. ' | |

Karplus and l?ople32 assumed that wave functions_could be L
expresse: as linear combinations of atomic ptbttals;'all two—centre
integrels were neglected.} The modifiedcgauatioh for the shielding -

ofthe%ﬁileus N was:-- ' - . ' .

‘-_\7‘
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Where PKK is the populatlon of atomic.orbital K, and C, ixN and ijN are .
coefficients of the 2p atomic. orbltal centre on N in respectively
occupled and unOCCupled orbltals ThlS equatlon still requlres a
F‘J
knowledge of the unoccupled molecular ‘orbitals and so 1s commonly
modified further by the use of the average energy approxlmatlon 50
- that the equation becomes:- . : | : | J
oo ' . : : 3
- 2 ' 2.2 - S
' e -1 -e -3 - v .
g = e—— £ D (T ~—-—AE<I‘_ 'E(Q)
N Smcz K KK< >K Zmzcz ‘ ZPN B NBzz .

' where_(QN'B)zz depends only_on ground state wave functions.

-

_(ii) Electron Density - Substituent Parameter-Correlations

It is p0551b1e to calculate the shleldlng c0nstant for the fluorine

nucleus (cF) u51ng‘the*mod1f1ed Karplus-Pople equation. It is st111

desirable to reduce this equation to a simpler expression relatlng_oF

to .changes in m-electron density in'planar conjugated“systems, and so
the equation is summed over two atoms, the fluorine atom and the carbon
atom to which 1t is attached. This gives rise to a relation between

.the change 1n 'the paramagnetlc component of the’ shleldlng constant

Acp the change in the 1- den51ty on fluorine, AP andvthe change in -

. "‘-\ _. 1

" the n—bond order, APCF’ between “the two atoms
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A, B, C-and-D are constants depending on the o-electron distribution,

- C only is negative. "The diamagnetic contribution to the total shielding =

is usually zero and so AcF = Ach.

Assuming that only electrons in atomic orbitals centred on fluorinef‘

are of any significance in this context, Karplus and Das>> derived an

the chemical shift:-

equation relating change in ionic character AI, and m-density, APF, to

6 = 765 AI + 777APF .

Prosser and Goodman34 derived a similar expreséionj.the differences being

due to their including electrons in atomic orbitals centred on both

fluorine and the attached carbon atom, and assuming AI = 0:-

-where AP

. 488

; -iﬁg_[ll.gop

§ =

F CF_I

+-0.18P. + 3.94P
gpd.APCF'éyg;ghgnges in the 7-density on carbon .and the C-F

. > F

C

U

nfbond_g;d;?g;eépectivéiy:“ﬁpailey and > produced a similar equation

in which the coefficient A is the ionic character of the bond:-

€

- -

- : P
g - 155.107

§ = 76?7.16P CF

+ 574.9A)

All the previous equations are derived in the first instance from

. Ramsey's equation, Their differences“are due to the gfighfly different



' nature of the simplifying assumptions made, and yet all appear to be
striving toﬁards a linear reiationship between wm-electron densities
) _ | -and thechemical shifts of fludrine nuclei.
At this point it is probably appr0priate to mention thpt.as with
all the different aspects of'ppe implications, the extens}ons, and the
- theoretical concepts pertaining to\fhe subject of fiuorine chemical
shifts, all sources of info;mafion,are interrelated. .Thé fldwlof
{. evidence and support ié‘multi—directional, which.is at the same Eime
both the peakneés and , the stféngfh of thp study. To'atfempt to shéd‘a'
11ttle 11ght onto thlS rather nebulous statement, consider the Hﬁckel
method of determlnlng - den51t1es. One mxght argue that if the Hickel
<method 15 used to determlned = den51t1es, then Coulomb and resonance
integrals should be determlned by reprodUC1ng some property directly
" proportional to m-densities, for instance the chemical shift itself.-
It wppldfpe possiblelto determine a set of’felative Cdulomb and resoﬁaﬁte
'.intégrals‘to produce the correct pézglf;ﬁbrihe‘shifts,-say in the Prosser
! - and Goodman.equé:ion; and subséquenply to determine the n-densities at
gégé:and gzzhé}positions.using these vaiues. The weakness of this
- method would be the inadéquécy of the_Hﬁékel method. in defiviﬁg correct

m-electron distributions in molecules with constant values of ‘the

substituent paraﬁeters. Atteﬁpted correlations are adequate within the
' SN v _ .

context of their own implicit limitations.

.But as yet not onp of the ca;cuia;ions has used a method for
‘caiculatlng the w-charge distribution»which-has any clainm to
mathematicél rigopr..." | |

To illustrgté the nature of many such contemporary studies, their



limitations ‘and their applications, two of the most recentiy reported-

will be described. The First is a study by Paleta,”Skéla'qndrKuthah;;s

 in which these workers attempted to estimate w- and g-electronic

structure of‘some'fluorinated hydrocarbons, namely- a number of fluoro-'
benzenes and péffLuorongphthalenes, by means of simplé M.0. methods.

The w-structure was calculated by means of a simple H.M.0. method and

. the g-electronic structure was calculated usfﬁg the Del Re method.

This study was an attempt to verify the conclusions drawn by Karplus
and Das,33 and Prosser and Goodﬁan34'tnat_thb fiuorineiqhemical shift
depends mainly on the m-electron density on fluoqiné~and on the

bond order of the correspon 1ngfﬂ -bond. A Correlations were attempted

between chemlcal shlfts and n-charges alone and between chemical shifts

and the total 7- and c-charges. A better .correlation was 6btained_with

r-electron charges alone. When the total charges were used, the

=

correlation field split into three groups according to-the number of

- ortho interactions with fluorine atoms in the individualtderivatives.

No 51ngle treatment. was adequate to describe all cases con51dered o
but if the structure types were acknowledged then ratlonallsatlon*of
thelr behaviour was p0551b1e

. Brownlee and.Taft37 calculated charge dens. tles u51ng a CNDO/Z E

“method for ten meta- and pgra-substlputed fluqrobgnzenes, trans- -

substituted fluoroethylenes; and substitdted fluoroacetylenes, for mbno-;

derlvatlves of these and for 4-substituted [2.2.2] blcyclooctyl 1-

‘fluprzdes. Brownlee ‘and’ Taft make the somewhat famlllar observatlon

~ s

L . 19
that none of the’ existing formulations of F nuclear magnetlc resonance

kS

shift in terms of charge density and bond order_givesgsatisfactory
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calculation.of experimental reeults using CNDO/Z results; their
.36

conc1u51ons are therefore emplrlcal in nature. Like Paleta'et‘al

\-'/

A - probe reflected the n-electron effect prevalllng at the bonded carbon
atom. .The substltuent effect'on the fluorlne o-orbltal charge density |

of par substltuted fluorobenzenes and 4- substltuted [2 2. 2]-b1cyclo-

u

octyl 1 fluor1des corresponded well to the- polar effect scale, UI
: Ne1ther the n-electron den51ty at the carbon bonded to the fluorlne
" nor the-fluorlne g-orbital charge den51ty appeared to be_related to ‘

‘the electron densities at any of the, intervening carbon atomspand the

authors suggested that'the effects observed are a consequehce,of a

~

dlrect d1polar -substituent- polar fluorlne 1nteract1on

The domlnant effect of the meta substltuent on .the fluorlne

-,‘orbltal den51t1es is ‘on the o- charge den51ty, the - effect from the same:
oL : ) ‘
v : - p051t;on was too small to even 1dent1fy 1ts direction correctly. :

Brownlee and Taft.stated that the close:correspondence between‘enpirical

‘correlaE}onS‘and conclnsions‘from CNDO}Z calculation§ strongly:soggests-l

that the fluorlne nnclear magnetlc resonance shift may be directly |
e | related ‘at least approxlmately, to the sum of the separate effects

on the o-‘and ﬁ-charge den51t1es of the fluorine orbltals.. Thelr results

1nd1cate that the fluorlne nuclear magnetlc resonance shlfts are more

-r-z;,

hlghly dependent upon charge den51ty 1n*the fluorlne 2p (w) orbital. .;
than that in the 2p (o) orbltal a conc1u51on also reached by Dewar and
l{elemen38 from studles of fluorlne n.m.r. sh1ft5 of aryl polyfluorldes

One mlght predlct that a consequence of this dlfferent dependence would

e
e, e s

be lack of correlatlon of 19F n.m.r. shifts for para XC H4F and the
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‘*--;\‘ ‘_.\\

t\effect on\the total charge density of fluorine fin fact

“\

thls is. found,to\he the,case, whlch reltergtes the flndlngs of Paleta

"-.

5 -36

xS
\:1 fluorlde
1s opp051t

The fluorlne shlfts of the 4- suhstituted'[z 2, 7] blcyclooctyl—

~. .
s are 1n a qualltatlve dI order but - the dlrectlon of the shlfts

e to ‘that’ in the fluorobenzene system. It was suggested that

._\

geometrlcal con51deratlons probably are™the domlnant factor in

A\

.Influenc1ng experlmentalhlgF‘n.m.r. shIfts in ‘this system.

The present state of knowledge concerning‘the factors affecting

fluorine chemlcal shlfts does hot adequately descrrbe many experlmental

observatio

of rellabl

the proble

parameters

. greater ce

of: several

nss. “any of" the d1screpanc1es arise from the unavallablllty .
e values for parameters used in theoretical treatments of

m. However ‘in spite of the fact that the correspondlng

-for hroton‘chemical shifts have been determihed with far
rtainty in a recent study by Emsley, Llndon and Salman39

1- substltuted naphthalenes these authors stated that no one

'

'51mp1e model was capable of predlmnngsubstltuent chemical shlft

values in

»

r

thesc naphthalenes. . -f,-; . -

‘ Benzyl\Fluorldes and Fluoromethylnaphthalenes - _; ' =

~_
The foreg01ng descrlptlon of the present state of - knowledge of

11near fre

Shlfts con

- analogues,

e Ingolds.40
41-46

since. then

\
9
e energy. correlatlons and F. nuélear magnetlc Tesonance

g .
stltutes the context for the current study, the _-F-n.m,r.

* R -t

- chemical shtfts of substltuted fluoromethylnaphthalenes

1-'-.

Fluoromethylnaphthalenesfare not’ prev1ously known. Their benzene‘-'

the benzyl fluorldes were flrst synthe51sed in 1928 by the
They have been reported in the literature several t1mes -

and have been studied. 1n both the context of react1V1ty

“ . s
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in terms of kinetic studies” , and in the context of’ correlations -

between substituent effects and 19 n.m.r. chemical shifts.45’46
_Ih these latter n.m.T. studies of substituted benzyl fluorides

CH,F o CHF - I

o X ' - o X . | S
‘benzyl fluorides : fluoromethyinaphthalenes
i A5 o 46 iy S
Béguin and Yokoyama et.al. =~ described a poor correlation between

proton magnetic resonance chemical shifts and substituentﬂparameters;

T o o190 ¢ e el .
good correlations were observed with 1 F n.m.r. chemical shifts. <
Beguin45'reported that the. introduction Of.an'electron-donating

substituent into the benzyl fluorldes induced a fluorine n.m.r. signal

at lower field than in the unsubstltuted derivative.. Thls.ls 1n

contrast to tHe effect'observed in.fluorobenzenes when introduction'of

Y
. an electron donat1ng»subst1tuent results in 1ncreas€d shleldlng at

the fluorlne atom and hence in an upfleld stlft. The substltuont
effect in the fluorobenzenes is in the expecte dlrectlon, 1;e., an

increase in the electron den51ty results in 1ncreased shleldlng

Substltuent effects in 2- phenylethylfluorldes are similar to those 1n

benzyl fluorldES,48 electron donatlng substltuents dcshleld the fluorlne.

In the beniyl fluorldeSﬁthls observed 1nver51on ofethefeffect_has~been

6,45
ratlonallsed in terms of hyperconjugatlon .

Begu1n carrled -out Huckel M.0. calculatlons of n-charge den51ty

. ‘, 5

and bond orders “for fluorobenzenes and benzyl fluorldes and showed I jjf

‘that conJugatlon d1m1n15hed in pa551ng from!fluorobenzene to E methoxy

< r~..‘,

fluorobenzene the bond order decreased accord1ng1y The w—charge on ?

]




- the fluorine atom was augmented. Similar calculations in the benzfl;*

o : . : . o : PR
fluoride system allowed for the incorporation of two electrons from the
-CHZF group-into the n-system if one assumed fluprihe hyperconjﬁgatibn};

. s FI -, ) - F‘— * .
H~C-H .

‘:OCHS_-- | |
The effects are in the m-bond orders andlw—charges which arise from the

interaction of the.n—élecironcﬂoudof ther enzene system with the
Yy [ :

!

c .

g-electrons of the. C H and C- F bonds of CHzF The calculation showed
th;t hypercon;ugatlon augments in p3551ng frombenzyq fluoride ‘to ngg;
methoxybenzyl fluoride. The - bond order 1ncreases correspondlngly,'

~as does the n—¢harg¢. In the fluorobenzene system, as mentloned the

revefge 1s observed.

Béguinléonﬁluded that there is an important_intrinéic aifference
in the h.m.r.:cf fhe proton and the fluoriné atom. qu the proton the
factor which essentially dgterminés the chemica1 shif;:is.éssapihféd
with the eléctfon dénsityfon the protoh' for fluorine~the éhemical"

1
'shlft is assoc1ated above a11 w1th the electronic ;€;ucture of the
chemlcal bonds in- the v1c1n1ty of - the fluorine, and not solely with the
Imagnitude'of‘the electron density on'the-flporine,_a concept-that we
have con51dered ear11er in some detall The variation of bond ordér
'best allows cne to 1nterpret the 1nf1uence of a substltuent "on the
chemlcal.shlft. An.elgctron-donatlng substituent induces a decrease in

double-bond character between Ph;‘and -F in the fonrobeﬁ;enes, which

gives a displacgment towards high field in the  fluorine n.m.T., but’
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" induces an increase in double-bond characfer,betweeh'?h- and ;CHZF"in .

the benzyl fluorides, which gives a displacement towards loﬁ field in{
the -fluorine him.r“

e LT . . ' 9. -
.Ehrenson' Brownlee and Taft16 discussed the ! F n m.T. phenomena
hof thls series in c0n51derab1e detail in connectlon w1th the1r analysis

1

of the dual substituent parameter equatlon Thelr subsequent observation

-

is that there are at least four classes of p1 delocalzsat1on behav1our,

Fid

- each w1th 11m1ted generallty The 19F n. m.r. studles of the benzyl

fluorldes were 1nc1uded by these authors in the BA class, correlated

L]

by UR(BA) ‘The ionisation of benzoic aCLdS in water at 25°C plus several
analogous reactions, such as ionisation and saponification of'benzoic'

acids, naphthoic écids,47 C1nnam1c acids and phenylproprlollc ac1ds deflned

R(BA) o pa;ameters for ‘this class. The fluorlne n.m.r. sh1f:§ _

of Benzyl flupfides weré introduced as an addltlonal‘data series of

the o
o the BA type. In this analysisl6;this da;a’set W é‘f#tionalised as a
"structural analogue'of the defininé‘%égction ser gs; all being of

the. type:-

"where Y is a weak to moderate pi-acceptor group. Examples of such
Y groups include carboxylic acid and derivative groups, SOZNHR

Se(OH)z, As(OH)z, As(OH) 0, coc H4F(p), SFS, C6H4F(p), SC6H4F(p) and .

'CHZF. The groups apparently all possess weak pi-electron acceptor
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]

orbitals. ”...The.CHZFlcan presumably act as a weakAacceptofathrough

the contﬁibution of the hyﬁérconjugative form”l6:-‘

'.k = ~CH2F

.In this study the flub:obenzencs are found to fall into the og series

"...for wﬁich'neither +R nor —R_subgtituent effects from ;hé para-
pOsit?on arc enhanced or ‘retarded by quinoidal-type resonanée,effects..,"%6
The ﬁést obvious reaction series ofthis.fype is that in which a
mefh;lene gfoup'is‘interposed between éidé-chﬁin'reaétion centre aﬁd

the benzene ring (a'notablc éxéeption'being the'lgF‘nfm.r ;hemicaly

shifts of-bénzfl fluorides).j'The ;gF ﬁ:m.r.‘shielding effects'oflgézgé
substituted fluorobenzenes appear to-be well correlated by'o% .vélucs-

and in fact were uépd‘proﬁ%ﬂently in defining the scale. Tﬁis is contrary
to that which éné might exbect; however. Although fluorine is,thé.
weakestnf-eiectrdﬁ donor of the first row'glementslcapable of donating
'an‘eld§tron pair) it has a significant bR value. Eggg;quinoiﬁal ﬁypg

resonance structures would be expccted to contribute, e.g., .in p-“fluoro-

‘nitrobenzene:-

.
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and give rise to enhanced resonance effects. Zﬁps, cﬁtA) rather than
*

behaviour would be anticipated. Such resonance effects are of
minor importance in this series for reasons not yet understood.

It would therefore seem that-the existence and nature of resonance

§tabilisation‘in the benzyl fluerides.and flﬁorobenzenes is quite

different. It is also of 1nterest to note that of all the gF n.m.r.

studies included in these two.categorles, only_two the benzyl fluorldes_ e

and the aryl‘sulphur pentaflﬁorides, both quQtype, have positive p-
values; all others are negative. "It is worth noting that the p-value

.from a single Substituent.parameter analysis for IQF n.m.r. shifts dfﬁ

.SUbsfituted fluorobenzenes in'methandi is -14.99 and in cyclohexarie |

. . . ‘- .

-13 30, whereas for the benzyl fluorldes in carbon tetrachloride -it is

- -t
-

*11. 28 opp051te in 51gn but of the same order of magn1tude

;* ‘The.concept of con]ugatlon of fldﬁ?lne has been objected to. .The
classieal.resonanee picture as applied to the'fluorobeﬁzenes in order
i tolexgiain the gz}hgfﬁgzg diTective effects and the use of resonence

contributors such as:-

+ + - ;

5-0-0-0

@ DN .

has been questloned and con51dered 1nadequate part1cular1y when

S .
Al o

'explalnlng the“marked‘preference for Eara-substltutlon over ortho-.

The cR'value -which- is a semi- quantltatlve measure of electron donatlon

or withdrawal by resonance is large and. negative for fluorlne The

'conCLusiqn that this ‘indicates a,strong electron donation by resonance

.
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_ihaé been criticised as misleading. The shortness of the C-F bond and

- the. correspondence of size of the orbitals containing p- and m-electrons

_means that p-r interaction is at a maximum. The powerful inductive

~

' effect .of the fluorine is felt more strongly at the ortho-position but

Vfélls,off in effect very rapidly with distance. The conventional

resonance picture above is misleading in as much as fluorine will never
carry a positive charge. The large electronegativity of fluorine
b . . .

results in the'withdrawal of electrons from the sigma framework cand

accumulation of electron density on fluorine. This accumulation of

- charge is only partly fed back to the‘w—systém by resonance.

Murrell48 has'prbposed-that fluorine is differentvfrom other

halogens and does.not return electrons to the 7-system by resonance-at

&

all, but rather,_strongly'repéis the m-electrons. The high electron.

-
bl "?

. -4 y
# conceived by Roberts, o was 1nvoked_to rationalise the observation of

‘the charge d°n51ty in- the para-position.

density accumulated by the indﬁctive effect of the fluorine has a

-

strong repu151ve effect on the = electron den51ty and concentrates

J,-

Fluorlde ion hyperconjugatlon or no- -bond resonance first.

a significant +R(-M) resonance effect for a“-‘CF3 group, which cannot

be accounted for by classical resonance interactions.
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. Alternative mechanisms to fluoride ion hyperconjugation have been

_proposed, namely the w-inductive mechanism, -and the p-m mechanism.

i

Holtzsq interprets the.reactivity behaﬁiour of thé trifluoromethyl
group:by meéns of an inductivg model, the so-;alled.n-indﬁctive,effeéf.
This'deséribes the stronE‘?lectron—witﬁdrawing'éffeét‘of-the‘trifonro-
ﬁethyixgroupras a dipole exfgrﬁal fo tﬁe'benzene ring ﬁoiarising tﬁé
ﬂfsygtem, an& in so dbing, enhancinglthe delbcalisation of negafive

charge.

SheppardSI’52 prppOSed a rationalisation of the observations. in

terms of a fluorine p-7 - interaction. This was that the interaction

',fdf the p-electrons of .the fluorine atoms with the m-system of the

- aromatic ring .auses significant return of electron density to the ring.

This return is more effective to the meta-position than the para-,

so the Eafa—position appears to be more strongly deactivateﬁ;' The mode

of overlap is shown below; the fluorine is within the minimum distance .

necessary for such interaction to occur.

F

Figure 2. - Diagram shoking orbital overlap in bénzotrifluoride.



39

- This overlap may be represented:- - _ ) .

l

Molecular orb1ta1 calculatlons support the fe351b111ty of the feed-back

.

through- the m- system ‘The net charge dens;ty 1n>benzotr1fluor1de is
calculated to alternate so that the ortho- and para-positions appear

more deficient in charge density than the meta-position.

Reactivity of Benzyl Fluorides

"'Alkyl fluorides are considerably less reactivevthan'ﬁheir analogous
chlorides. For the methyl,'bquxl1wdipheﬁylmethyl and triphenylmethyl
halidés substitution reactions are possible and the rate,determining;

steps for the two established mechanisms are as follows:-

. M - . . ) 6+ 6_ N - . v
Ph,C-X —'——[Ph C.....X ]———> Ph c + X

3 , 3 . 8yl
S . -6+ ' & + .
H,0 + MeX ———([H,0 ..... Me....X ]4>' H, 0- Me + X7 -SN2

‘The fluorine-chlorine reactivity ratio increases (becomes nearer to
unity)  for the hyd:olytic_feactions in the series triphenylmethyl -+

diphenylmethyl %‘benzyl42 - methyl (3% » 2°.>1°), i.e. as the tran51t10n'
state increases in SNZ characper.. That alkyl fluorldes are much less ; )

re@ctive than the corresponding'thorldes has been shown in the following
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* cases: soljolysis in aqueous‘ethanoi-of thercycloheiyl, l-ﬁethylbutyl,
2-me§hyiﬁutyi, pentyl and E;pentyl'halidés;sé the reactions of.the S-ﬁethy14‘
butyl halides ﬁith méthanolic sodiuﬁ methoxidg.and wifh excess'piperidine,
reaction of mcthylhaiogenoacctatcé_and halogénoéce;éte ions with sodium
thiosulphate inewate%;$4 the solvolysis of tﬁe‘benzylAhalides and
substituted benzylhhalides in .aqueous Ethanol{ and théir reactians with
.ethanblic sodium. cthoxide ﬁnd with sodium iodidé in'adetone.ss’sé 1t
A‘:has also been éhowh ﬁhatlmethyl fluoride and'trifluoromethyi fluéqide

" are ﬁuchiless feactive towarﬁs sodium atqms,in_thé,gas phasc than thé

‘corfesznding,ghlbrides;57’58 .

L
-

 When!Arfhenius pafameters are determinea for reactions in hydroxylic
| solveﬁts, they show that the ipwer feactivify of alkyl fluorides than |
of alkyl chloride; is'a consequence of an increased energf of activation
and a decreased entropy of actlvatlon (c g. methyl halldes with water

or o~ ] 59,60 The increase in solvation on format1on of the transition
state 1s much .greater for the fluorlde than for the chloride (because

of thc very hlgh solvatlon of thc incipient fluorlde ion) wlth a ..‘ |
consequunt reductlon in entropy of activation for the fluorlde The
edergy of a¢tivation for the flgoride.reaction is reduced'below:wh;t

it bbuld be'wifhout thisAsolvation, and may even be reduced ‘below that

for £he.ch}9ride reaction. If is p}obable that in non-hydroxylic solvents
6r_in the absence ofASOivent, the fluoride reactions would have v¢fy
ﬁi@igﬁ enérgies of activation-becauée_of thg very high bond strengtﬁ .
of CTF.ﬁoﬁds; and this is confirmed by the results with sodium avtomsl.s’i’s-8

. The high solvation'cnergy of the incipient fluoride ion ‘in

_hydroxyli§ solvénts_is due to hydrogen bdnding,61 and since a solvated
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- proton should be able to hydrogen- bond éo an 1nc1p1ent fluoride 1on
more eff1c1ent1y than a molecule of water or alcohol these reactions
would be expected to show ac1d c§f/1y51s 1ﬁ approprlate c1rcumstances
ThlS has.1n fact been shown for the solvoly51s of benzyl fluorlde in
aqueous.acetone,42 for the solvolysis of_benzy1 fluoride in formic
acid,és.of_benZylﬁfluOride and suﬁstituted benzyl fluorides,sﬁ cyclohexyi;
l-methylbutyl,.2-methy1butx1, l—pentyl gnd;gfpen;yl fluorides53 in
aqueous ethan01  The reactions of the corresponding chlorldes do not

) show ac1d catalysls and this’'is due to the inability of chlorlne to f;rm
strong hydrogen—bonds. |

Swain and Spalding42 have shown that for the,aéid'catalysed

A= -
.

hydrolfsis of benzyl fluoride in 10% aqueous acetone the log of the rate
‘constant is proportional to the Hammett acidity function, H® (and not
.‘4‘ . . ) Lo . ' .

{H ]) and they favour an Al mechanism:-

i . ) b
- ' : +

PhCH.F - + H.0* L35I\ PHCH.-FH + H.0
2 3 S22 2

. . '- k . ) 5
’j PhCH~FH  —210% PhCH,* + HE

and for the hydrolysis of méthylifluoride they expect an A2 mechanism:-

5]
L + fast : |
CH.F + H.0 _f3t . CH.-FH + H.0
3 3 A R 3 - .20
/

H.O + CH,-F-H —2I%%N 4 o-CH, + HF
2 3 : ] _ 2+ 3 ) :

.Parker62 disagrees with the.Al mechanism for hydrolysis of benzyl

fluorides and suggésts that a water molecule would be involved as a
S ’ ' . : N



nucleophile in'the rate determiﬁing step for the reactions of both of
these primary halldes _(even though the tran51t10n state for the
benzyl fluorlde reactlon may: ‘well be more S 1 in character than SN2

with extremely long F-R-Y bonds in theAtransition state). He suggests

+
that PhCH2 -F-H contalnlng dlvalent fluorlne is doubtful and he proposes

the fbllow1ng alternatlve mechanism: -

3

. e s
HO + cnz F o+ H, o —>  HO.....GH, o H. L OH

Ph ' S : Ph

2

The only well-established cases where saturated alkyl fluorides

appear. to be more reactive than the chlorides are in'Friede11Crefts

-

alkyiation reactions.. Fluorides have been shown to be more reactive

than chlorides in the reactions of butyl, benzyl, and substituted

41,63

benzyl halides withubenzene, -and the cy:lohexyl halides:with

. 6 N . ' PRI ' ‘
_toluene. ! This means that either the rate—determlnlng step does

not 1nvolve appreczahle C-X bond stretchlng, or that if it does the

ol

7..extra energy necessary to stretch the C F bond 1s more than balanced

by a greater galn of energy for the fluorlde than ‘the chlorlde from

e KAk .

some other process. Parke__r63 suggests that the Latter explanation is’
e _ a .

more likely.and'that the gain of energy probably arlses from the

~coord1nat1on to alumlnum chlorlﬁe or other Lew1s acid (electroph111c

cata1y51s) In order to- explaln fluorlne to chlorine ratlos greater

than one,.lt is necessary to assume that the greater gain of energy from
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o
a ' . R 3t

" the formatien-ef an Al-F bond than for an Al-Cl bond, more than

" compensates the greater consumptibn of energy in the dreaking of an

‘R-F bond, rather tnan an R=Cl bond. Bernsteln Roth and Mlller41 ' -

e

e - 4

.reported tnaf ", the benzyl fluorides underwent Fr1ede1 Crafts type S

——

reaction- w1th aromatic hydrocarbons, in many cases with great ease.
They underwent typlcal hallde replacement-type reactlens, but at much - ’,:f

slower rates than the correspondlng chlorldes...“ {Detéils of the'*l

-

reactlons of benzyl fluorlde were first reported by Ing01d4olin.1928).

Inathe solvolysis of a.serles of substituted benzyl chlorldes there'

appears to be a transition from a SNZ'tomSvatype mechanism. Such. . 3
~ behaviour is not exhibited in.thexfOrmolysis of benzyl flﬁerides,.all of
which appear to solvolyse by the.SNl nethanism. The Grignard reagent -

S

could nOt be prepared frdm-benzYl fluoride.f Attempts‘to prepare it

]

under v1gorous conditions always 1ed to the formation of dlbenZyl

O

The relatlve rates of solvolyszs of the substltuted benzyl fluorldes

.yave been reported by Miller and Bernstelnt.‘;6 B&guin and Meary—Tertian44

observed a similar order:

 p-OCH > p- CH> > m-CH> > m-OCH p- c1>
. p- Br> m-F m-C1> m-—CN> p-CN > -NO> p-N0, f

& for the effect of substltutlon in 1ncre351ng the react1v1ty of the 51de chaln

in the Formoly51s of benzyl Fluorldes. The Tate of formoly51s was

proportlonal t0-c from which they deduced that ‘the ac1d-cata1yzed

' solvoly51s occurred by a mechanlsm haV1ng a transztlon state approachlng
~ the benzyl catlon.,'In general, electron donatlng groups which con;ugate .

~

il
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with the reaction centre lead to rapld solvolyses con51stent with the

:1ntermed1ate formatlon of a benzyl cation. Thus the reactlon consmsts
1n1t1311y of the departure of the fluorlde ion, rendered more fac11e
by means of the aC1d catalysls. Beguln and Meary Tert1an44'reported a
“p-value of -6.20" for thls reaction. This large negatlve value s - i

con51stent w1th a hlghly p031t1ve transition state, i.e. S l One of the

-

‘.m;éﬁkfizﬂﬂd conc1u51ons from the work of Ehrenson Brownlee and'Taft16 in which they :

-

'“’T”““‘“~~~ana1ysed statlstlcefiy a number of reactivity studies in naphthalene

. ’ 64-66 . . - .
e systems, % was that resonence 1nteract10ns between an electron— T\

the 4-position ere greaterfthehﬁih%the'bentene“series._lingvalencefbond
-.theory terms: this obServation hay be reediiy'ratiOnalised-b& considering

the relatlve number of dlscrete resonance canonleals contrlbutlng to

the total hybrld three for benzene derlvatlves of thls type, five for

h s
"1,4-d15ubstituted naphthalenes.

. Objectives of the Present'Project

’

The aim of this. work is to: syntheSISe a series of substltuted
fluoromethylnaphthalenes and.to measure thelr fluorlne n.m.r. chemlcal‘.
;shlfts.' Several aspects_ofdthe-structure ﬁflgﬁ'n;m:r. correiations‘

5of these compounds are of consdderable.interest.‘ The . data-reported'for‘
the analogous benzyl fluorldes have ralsed many, quest1ons regard1ng
the electronlc dlstrlbutlon in these molecules and 1n partlcular the

nature.of the FQF n.m. r -response to’ thls dlstrlbutlon The explanation
- . . ’ ‘."‘f . i a : s
of the'observed trendsln the benzyl fluorldes opp051te‘to that in the ..

x

SUbStltUted fluorobenzenes, in rerms of the - electron den51ty

‘prevalllng at the carbon bonded to the fluorlne 45‘1s entirely‘empiriéel

withdrawing group in the l-position and an- electron-donating group .in"

o
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in nature,-  The. present state of knowledge of the factors contrlbutlng

- to the screening constant of the fluorrne nucleus is quite contrary to

- this assumptlon the major factor is thought to be the paramagnetlc'

.term which’'is a reflectron of the electron"den51ty and'1ts distribution

at the fluorine atom:itself."Eor these reasons it is of interest to -
see'if’the sign‘of the substituent effect on the 1gF n.m.r. chemical
hlft is opp051te to that in the fluoronaphthalenes Proton’chemical

shlfts of benzyl fluorldes did nnot correlate well with substltuent

_parameters nelther d1d the coupling constant JCH _F° 45 Measurement

. of these parameters in the case of the fluoromethylnaphthalenes may or-

‘j may not follow thlS pattern Vot only is’ thlS study of S1gn1f1cance

in the context of 1nterpretat10n and understandlng of the 19 F n.m.r,

iphenomenon but it lS'aISO'of'lnterest from the point of view of

rationalisation byjinvoking the.concept of fluorine hyperconjugation
as'Béguin45 drd for the benzyl fluorldes Several alternative!strnctural
concepts have been proposed and the data gleancd from the present study
nust be analysed in terms gﬁ these. _Moreover, if resonance effects are

PP

s PN P . s 2 45
an important component of the total substituent effects as BEéguin

;claims-to have found in the-case'of the'benzyl.fluorides;-then this

should be even more important in the fluoromethylnaphthalenes as long

as the peri-hydrogen does not exert a twisting and hence resonance- e

‘inhibiting effect on either substituent.

i
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. CHAPTER 2 |
© . '+ EXPERIMENTAL - - - -
‘Introduction )

.. “Infrared spectra were determined on a Perkin-Elmef model 337 )

spéctfometef calibrated wiph~polystyreﬁé. Nuclear magnetic :ésonanceh
. - ¢ . . . ° . . - - D~ .
spectra were determined on a Perkin-Elmer R 12 A, on a Varian HA-60-IL

or on a Varian HA-100-IL spectiometer'using‘tetramethylsilané as
. - . . ~ R Lo - a \-.-‘

internal standard for Iy spectra and CClsF-as,external standard for

F spectra. Mass spectra were determined on a Hitachi Perkin-Elmer

~

RMU-7 instrument. Microénalysés Qq#e by Dr. A.D. Campbell, University

of Otago,.Dunedin, New Zealand and by Dr. D.QMcGilliVTay; University

~.of Victoria, Victofia, B.C.; Canada. Melting points'are uncorrected.

The nomenclature used to describe the various ‘compounds synthesised

~in this study is not.strictly based dn,I.UﬂPfA.C.'rules.ég In several

- cases the alphabetical ordér of substifuent groups has been disregarded

that in every case the substituent whose ultimate gynthétic

f

in order

-~

fate is the 1-fluoromethyl substituent should be designated as

occupying the l-pOSition of the naphthalene nucleus. The justificétion o

~ for this departure from the established rules is based on élérity and -

readability. ‘Many of the synthetic transformations_ére essentially
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~similar and thie approech allows compariépﬁé'éé be drewn'reaoily‘and
for the entire synthetic pathwé?s-to be.followed,with ease. Ih most
cases this approach has 1nvolved a reorderlng of substltuent groups
‘In several 1nstances the departure from systematlc nomenclature is
more radlcal: In these cases the_syeteme;rc name 15‘1ncluded in
parenthesis followiné the name used in thie.stodyf

' Ail synfhetic routes to the sobstituted fluoromethylnaphthalenes
: 1nvolved the exchange of bromide ion by fluorlde ion by means of the
reactlon between the bromumethylnaphthalene and anhydrous pot3551um
.fluorlde in H—methyl-Z-pyrrolldone.- Bromomethyl derlvatlves were'obtained'
oy“one of three methods: brominafioh of‘the carbinol with phosphorus
trlbromlde, cleavage of the ether w1th anhydrous hydrogen bromlde in
dry benzene, or by bromination of the methylnaphthalene Wlth -N- bromo—‘
-succ1n1m1de.1n'carbon tetrachlorlde. | |

Details of all synthetic procedureS'are grveh below. ' A.eiagrammatic
‘'scheme of these transformations.. plus a key for purposes of.nomenclature
are 1ncluded as pages 131-149 follow1ng the descrlptlon of experlmental
‘ deta115.~ In order to avoid needless repetltlon _reactlons where t e
same reagents and 51m11ar reactlon conditions are used are descrlbed
in detall onlv once; thereafter they are merely descrlbed in more
general terms. Discussions whieh follow refer to this specific method
and oescribe essential detaile and.any_variations made to rhe general
mefhod. | ’ | | |

. All oreviously unhnown'compouhds; ercept the fluordmethylnaphthalehee;
were characterlsed by me1t1ng point or boxllng pornt by elemental .

‘ analysis and by accurate-maes measurement. The fluoromethylnaphthalenes

-

4
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‘could not'be'changiferised by their boiling points.‘ Even on moderate,

watming these compoﬁ;ds showed a tendency towafds.poi§merisation{
Polymerisatioqlof.thc benzyl fluorides was ioportcd by Delpucch and
Béguin,43 by the Ingoldé,40 and by Bcrnstein,'Roth and Millef41; this

polymerisationlis‘an acid catalyéod Friedel-Crafts type reaction. In

‘the ecarlier preparations all the'glassware was ‘rinsed with an cthereal

solution of quinoline and then dried. In laterrpreparétions one. drop of

N,N-diisopropylethylamine, a very strong but sterically hindered baéo,

" was. added prior to the isolation of the flqoromothylnophthalcno.to

 prevent the polymerisation from occurring. Thls‘latter base was.

preferable as it did not interfere with the n.m.r. spectra All peaks

in the spectrom of N,N-diisoprOpylethylamine appear at high field, viz.

T B-Q»p.p.m. Another'advantage is that it is cohsiderably more volatile

than qu1n011ne and so it -could be removed from the sample by prolonncd

exposurc to a high vacuum. In spite of the precaution of addlng the base -

' stablllser several samples did undergo the . polymerlsatlon reaction.

Addltlon of this trace amount of stablllslng .mlne_precludcd elemental -
analysis and boiling point or melting point-as a means of characterisa-
tion. Accurate masses werc determined, and the very characteristic 'H

19, : VU v . . .
and "°F n.m.r. 5pectra served to confirm the 1dent1ty of the products.

~N.m. r. heteronuclear decoupllng experlments were also carrled out on

the fluoromcthylnaphthalenes as additional conflrmatlon
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Preparatlon of the Compounds -

E-Acetyl 4-methy2naphthalene (2)

Con51derable difficulty was encountered in thelspnthesis_of
1—acetyl—4-methylnaphthalene (2). This wes due to,tﬁe starting meterial
,_l—pethylnaphthélehe (1) eontaining substantiei ameuhts of Zémethyl—-
pepﬁthelepe Jacobs et al 69 reported thet the isomeric chloro-aC@tVli
naphthalenes were read11y separated by fractlonal crystalllsatlon of
thelr picrates and S0. analogous separatlon of the methyl acetylnaphthalenes
was attempted.' Separatlon_was successful butlonly a very small quantlty
of the required 1,4-;somer‘was obtained; The main-fraction‘isolated
consisted of the 2,6-isomer, and as the ratio of 1,4-isomer to 2;6- . .
~isomer was subetahtially greater than the ratio of 1- to 2—methyi?
naphthalene in the Starting materiel, it eas_concldded thet migratioﬁ

of the methyl group.frem the 1- to the 2-position had occurred under the

1nf1uence of the AlCl the_?eisomer predominatihg as the thermodynamically

3
more stable prodﬁct. Acet&letion‘of‘pure l-methylnaphthalene (1) esing'
an efficient 1ce-bath reSulted in a 70% yield of pure product after |
dlstlllatlon ‘

‘l—Methylnaphthalene.(Aldrich)-(67.D-g; 0.48 mol), dry CH Cl"E340‘~
cm ) and flnely ground anhydrous AlCl3 (76 g,‘O 57 mol) were placed in
al g 3-necked fiask fitted Wlth a water cooled double surface reflux.
condenser and drying tube, a mechanlcal'stlrrer, and a‘100 cm3 equ111brat4
ing dropplng fUnnel The flask was immersed in an ice- bath and acetyl
chlorlde (38 cms, 39.3 g, 0 48 mol) ‘was: added’ from the dropplng funnel

over 45 min. After the addltlon was complete the ice-bath was-removed

" and the mixture allowed to reach room temperature v1gorous stirring
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‘was_contiﬁued.for 4 h, SpirriﬁgIWas discontinued and the reaction
mixture kas reflux?d on a water bath for.2.1/2.h, éllowgd to cool for
15 min and‘then‘ﬁoured onfo.a mixture of ¢oncéntrated.ﬁC1 (30 cms)'andl
ibe (200 g) The heavy oil layer was separated fr0m the aqueous 1ayer
and washed w1th water [2 x 200 cm ), w1th 3 ﬁ”ﬂaOH solutlon (2 x 200 em )
and again with water (2 x 200 Cm ) The 0il was dried with anhydrous
-MgSO4, filtered, and the solvent removgd.' The résulting brown liquid
was distiiled at 115;126° at.0.2 mm (1i£.70 b.ﬁ. 175°/15 mmj to givé a
71.4% yield of 1Zacetyl-4-methylnaphthalene; i.r. (£ilm) 3075 (aromatic
-c-Hj,_zbzo, 2875 (aliphatic C-H), 1680 (aromatic C=0), 1590 (naphthalene
ring), 830, 760 <:rn"1 (1,4-disubstituted naphthalené, C-H oﬁt-qf—plané. yjf_:
bending); n.m.r. (CCl,) T 2.0-3.0 (m, 6, C,gH),
.p-p.m. (s; 3,.C§3); mass spectrum (7b eV) m/e (:elativekinteﬁsity} 184

1, 16
B2 0D

7.45 (s, 3, COCH,)., 7.5

(25, M_ (Izc13 = 184), 170.(41), 169 (100), 141 (90), 115

(72).

4-Methyl-l-naphthoic acid (3)

‘:1—Acetyl44*methylnaphthélené (40.66 g; 0.22‘mdl) wés refluxed for?

_& 1/2'H‘with a hypochlorite solutigﬁ prepafgd Ey disgolving NaOH (100 g;
2.$‘m01)uiﬁ vatér (135 cnd) and ice (550 g), and bubbling C1, into

this solﬁtion until the increase'inrweight'wgs 71 g‘(l mol). Afte?
-héating'under.reflux with the kétgqe:(Z) the ;oiutioﬁ‘éaslallowed tqf
cool and NaH$Q3 (6Q‘g] addéd in order to déstroy excéss_hfpochiorite;
Concenfrﬁted HCL (75 cmS) was added to the sdfutibn; whéreupon‘a heévy
cream precipitate separatéd; This was filtgred,'washed ﬁnd.récrystailiséd
from 95% EtOH to give a yield of 37.4 g (91%) of a white solid;‘m.pf |

) 1757175.5° (lit.70 m.p. 175°); i.r. (nujol) 3150:ﬁb0nded 0H),-1680
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[aromatlc carboxyllc ac1d C=0), 835, 760 cm (1,4-disbbstitutedﬂ_

naphthalene), .M. r.:[(CD ) CO] T 0. 8-2 8 (m, -6, C10~6)’

(s, 3 CHS)’ mass spectrum (70 eV) m/e (relatlve 1nten51ty) 186 (100

12, 1, 16
Mo (T€p Hg 0 =

Tr
115 (90).

7.25 p.p.m. =
186), 169 (63}, 142 -(19), 141 (31), 139 (43),

" Most of the 4- substltuted 1- naphth01c ac1ds were prepared by ‘the
‘sodlum hypochlorlte oxidation of the correspondlng acetylnaphthalene
This reactlon proved to be far more troublesome rhanlwes suggested by
the ‘trivial aceounts in the 11terature After a long seriee dfl
. abortive ettempts two . factors emerged as belng crltlcal reactlon
"‘condltlons "The method of preparation of the hypochlorlte solutlon 1s9
’///éritical the solutlon must’ be malntalned at 0-10° and the amount of
- . chlorine paesed is carefully controlled. Thehypochlorlte solution was |
eventuaily prepared according to the»methdd of Newmhn and Holmes.71 The
‘hypochlorlte solutlon was refluxed with the ketone untll there was no
re51dua1‘ketohe present as:a’separate phase. The perlod of reflux
neeeSSar}.to-effect the oxidation was.considerablyllqnger,ﬁand the

reaction temperature higher than those recommended in the literature.

-Metnyz Z—naphthylcarbznol (4)

A suspen51on of L1A1H (Koch nght) (0. 7 g; 0. 18 mol) in anhydrous_
ether (50 cm ) was placed in a 1 % 3-necked flask fltted w1th double-
surface reflux condenser and drylng tube, a, 250 cm3 equ111brat1ng '

_dropplng funnel and a magnetlc stlrrer, the apparatus was malntalned

under an atmosphere of nitrogen. .The suspen51on was stlrred for 10 min

and then a suspension of ‘4-methyl-l-naphthoic acid (4.57 g;.0.025-m01f in -
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ether to white needles m.p. 76-77° (lit.

"CHEJ, 8.15 p.p.m. (5, ', OH) . The peak at 1 8.15 P- p m. dlsappeared

52

' anhydrous ether (100 cms) was added fromithe dropping funnel at such

a.Tate that‘boiling of.the'solvent was. maintained. ~ The naphthoic
acid was added over 45 min, the mlxture was stlrred at room temperature
for 30 m1n, under reflux for 3 h and again at room temperature for 14 h

The reactlon mixture was cooled in an ice-bath and IO%ﬂHZSO4 (100 cm )

, was added very gradually The aqueous’ .and ethereal‘iayers were

separated and the- ether extract washed w1th water (2 x 150 cm ), w1th

10% Na,CO

3 solution (2 X 200 em J, and again with water (2ux 200 cm‘).

‘Thensolution was'dried with anhydrous MgSO4 and evaporated td a white

"solid res1due . The residue was recrystalllsed from 60-70° petroleum )

/

72 m.p. 77°). The‘yleld of

recrystallised solid was 3.48 g (82.5%); i.r.'(melt) 3350?(hydrogenr
bonded OoH), 2975 2800 (allphatlc C- H), 1595 (naphthalene rlng), 1075
(prlmary alcohol), 835 760 cm : (1 4- dlsubstltuted naphthalene),-

5.1 (s, 2, CHz), 7.35 (s, ,:

n.m.r. (CC14) 1 1 9-3.0 (m, 6. C10—6)’

when the sampl' was shaken with a few drops of D20 mass spectrum

12, 1
(70 eV) (relatlve 1ntens1ty] 172 (30,'Mr ( C12 le- 01) 172],

(40), 154 (603, 128 (100). The generai procedure foliowed‘in'thisf

. preparatlon is that descrlbed by Fleser and Fleserz3 the, proportion

of hydrlde to carboxylic acid is the same as, that recommended by Nystrom
and Brown 74 and the heating and stlrrlng perlods are those recommended

-
]

by Bergmann and Szmuszkov1cz75 for+the reductlon of naphth01c ac1ds.

’
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: Z-BrdmomethyZ—é-methylnaphthalene‘f5)

6 h using the method of Bergmann and Szmuszkmrlcz.75 All bromomethyl-

Bromination of the néphfhyltarbiﬁbls was effected by warming fhe.

———

carbinol with PBr3 in benzene wlth a trace of pyridine at 55- 60° for

naphthaleﬁés prepared were strong lachrymators and so they were

brépered'and handled in a fume hood. Many Showed'a slight'tendency

Fa

toward.hydrolysis in moist air and were therefore stored in a'desicca;or

in a refrlgerator / ' ) Y

'Na CO

1- Brumomethyl -4- methylnaphthalcne was prepared by dlSSOlVlng 4-methyl-

'l naphthylcarblnol (10 3 g; 0.06 mol) in dry benzene (100 ‘cm ) to

whlch was added PBr (19 5 g; 0. 072 mol) and two drops of pyrldlne The
solutlon was stlrred and heated ‘at 50 55° for 6 h; the reactlon mlxture -

was then poured onto ice (100 g) and the organic and aqueouS'layers

"were.separated.” The: aqueous layer was extracted with benzene and the

benzehe solutions combined, washed w1th water (2 x- 150 cm ), with 15%

3 solution (3 x 200'cm ) and agaln Wlth water (2 x ISQ em ). The :

--benzene solut13n was dr1ed with anhydrous MgSO,, filtered and the.

-

4
benzene removed on a rotary evaporator. The dark green solid which

was obtained was recrystalllsed three times from 35- 45° petroleum ether_

to- whlte crystalline needles (11 8 g: 84° yleld) which melted at 77-

(llt. 76:m.p._80 )}; i.r. (nuJol) 3080 3045 {aromatic C- H), 1595
(naphthaiene‘ring), 832,3758'(1,4-d15ubst1tuted_naphthalene,r;ng), 550,

530 cm-l.{aliphatic C—Brﬁ; h.mrr. (CCl Yt 1.7-2.0 (m, 6, C10—6) S 12,

(s, 2, CﬂéBr),_?.Sle.p.m. (s, 3, CHS)’ mass spectrum (70 eV) m/e
(relative intensity), 236 (23, M_ (l?c12 1H11 Slpr ) = 236), 234 (24, M
(12C15 by 793r1) = 254), 155 (100), 153 (52), 152 (46), 141 (40), 115

11

(40).
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Pr_paratzon of Sulphanate .Estersg of 4 Substztuted—z naphthylcarbznols

" At first the E;toluenesulphonate esters of the carbinols appearede
to be suitable precursors to the fluoromethylnaphthalenes, "...Oxygen
Vbonded groups, such as sulpﬁonate esters that ere good leaeing groups,

are e3511y replaced by potassium fluorlde 1n polar solvent. .." 79
Preparatlon of the sulphonate esters_w}th pyridine as solvent and base -
wwes unsuccessful; sulphonation with powdered caustic potash, diethyl
ether and E;toluenesulphenyl chlofide Tresulted iﬁ the formation of~d€x
erystalliﬂe sulphonate eﬁter, but this eapidly tfansformed into an oil
. on standing. Example$ in the literafure confirmed this behavieux as

- general for esfersrof this tfpe and so ~synthesis of these compounds was
abandoned. In 5p1te of thelr tendency to hydrolyse the bromomethyl-'

naphthalenes proved to be far more sultable as precursors to the

fluoromethyl compounds. B o ‘

'Z—FZuoromeﬁhyZ 4—methy2naphtha23ne (6)

The fluoromethvlnaphthalenes were prepaxeu by fluoride- bromlde
exchange of the'correspondlng bromqmethylnaphthalene. The.exchange.-e
" was carrieﬁ out in a dipolar aprotic solvent, N-methylpfrrolidoﬁe with
anhydrous KF (under these conditions this is .a source of "strongly
nuclepphlllc weakly solvated and well dissociated fluor1de 1on"77).
AThis meébod of fluoride-bromide exchaﬂge ie-that described .by Delpgech.
and_Beguin 43 ' ‘ | : |
1-Bromomethy1-4- methylnaphthalene (7. 25 g, 0 031 mol) was dlssolved'

in N methylpyrrolldone (25 cm ) whlch had been drled with anhydrous

' MgSO4,

‘filtered and dlstllled-at 202-204° at atmospheric pressure,
Anhydrous KF (B.D.H.) (18.0 g; 0.31 mol) whieh had been dried in an oven
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at 140° overnight was suspended inlpyrrolidone (100 oms)-in a 250 en>

3-necked flask fitted ith a heating may iagnetic stirrer, 25 c:m:5

equilibrating dropping funnel reflux .condenser Wlth drylng tube. The
‘suepen51on-was stirred at 100° for 15. m1n, the bromomethylnaphthalene _
solution was then added from. the dropp;ng funnel overAls min, 'The )
reaction temperature was raised to 150° ane maintalned at this temperatUre
" for-3 h.  The dark brown reaction mirture was.allowed to cool, taken up

in CH Cl2 (200 cm ) and washed w1th water {100 em ) The brown CH»Cl

2
solutlon 'was washed thoroughly w1th saturated NH4C1 solutlon (6 X 200 cm ) ;

'

" in order to extract as much of the pyrrolldone as p0551b1e. It was

then dried with anhydrous Mg504, the‘solidAWas filtered‘off'and the CH,Cl4

removed on a rotary evaporator. “The brownﬁresiaue'weighing 11.3 g was
analysed bx'n.mlr. ThlS indicated the presence of large amounts of
'pyrrolidone_plus naphthalene compounds, over 90% of whlch was fluoromethyln ,
naphthalene. The'relatlve quantity of fluoromethyl compound in the
mixture c0u1d be estlmated by comparing the 1ntegrat10n of the readlly
'dlstlngulshable methylene doublet due to the CHZF function’ [JH E = 48 Hz)-
© with that of the methylene of the bromomethylnaphthalene and/or naphthylf
'carbinol. The relative amount;of fluoromethylnaphthalene in the reaction
mixture was“estlmatedlin'this manner for ail fluoromethylnaphthalenee
prepared | - - !
Th1n layer chromatography of the brown re51due revealed that the .
fluoromethylnaphthalene could read11y be separated m the bromomethyl-

naphthalene naphthylcarb1n01 and pyrrolldone u51ng 51lrga gel as the

statlonary phase ,and elutlng w1th 35 45° petroleum ether. A chromato-

IR " _/,

'graphlc column was prepared u51ng 250 g silica gel (Baker "Analysed")
. / .
slurrled with 34-45 petroleum ether.' A small layer of flne sand was

”1ntroduced onto the 5111ca gel and ithe reaction mlxture was adsorbed

\,»
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onto the‘sand;Layer._ The‘column'was-eluted with petroleum ether and .

the fractionSACdllected evaporated -to dryness, weighed‘and analysed by

ngn m.r, spectroscupy All glassware used in the chromatographic

H.-a "-- gt o

1solat10n of“4‘methy1 1= fluoromethylnaphthalene was rinsed. W1th an .
*_ethereal soluton of qulnollne and dried. Thlrteen fractions .oF 1 150 cmsl'.
each were collected and it was found that fractlons 3 11 conmalned
', fluoromethylnaphthalene, 1.4 g in all which represented a 54% yleld

(fllm) 3075, 3045 (aromatlc C-H), 2975 2925 (alkyl C-H), 1595
(naphthalene rlng), 1060 (allphatlc C- F) 825, 758 cm (1,4—dlsubst1tdted

. naphthalenevrlng), n.m.r. (CCl ). T 1.85-3. 0 (m 6 C 4.32 (d

105
2, CHéF, J = 48 Hz); 7.34 p.p.m. (d, 3;_CH y J =2 Hz), mass spectrum’
(70 V) m/e (relatlve intensity) 174,074 (14, M_ (lzclé 1“11 B

174 085) 173 (100); 172 {25), 159 (803, 141 (36}, 115 (8)

Z—Acetyl 4—ckloronaphthalene (8)

1- Chloronaphthalene (Baker) (71. 0 g; 0. 44 mol) was redlstllled under
vacuum at 30 mn and 146-147°, and dlSSOlVEd w1th anhydrous A1C1 (70 0 g;

4

0.5 mol) in CHZCI2 (500 cm ) in a 1 2 3 necked flask Acetyl
3

chlorlde (Baker) (25 cm’:

>

"0.46 mol) was added orer 45 min. The mixture
 was stlrred at room temperature for 4 h and at reflux for 2 h
Decomp051t10n.w1th conc. -HC1 (20 cm ) and 1ce (200 g), fbllowed by
washlng, drylng and evaporatlon of solvent gave a brown yellow o0il.

This was dlstllled under vacuum at 0.2 mm and 140-146 to glve 64.1 -

8 of -a pale straw viscous 11qu1d thlS represented a 72/ y1eld
it.®® 140-145 /1.5 mn, 78 55 165° /3—4 mm), 1T, (fllm) 3050, 3010
(aromatic C-H), 2010 (aiiphatlc C-H), 1680 (aromatlc C=0), 1560,"'

1510 (naphthalene rlng) 830 765 cm '(1,4-disubstituted‘naphthaiene);
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_n.m.r. (CC1,) ¥ 1.7-2.85 (m,6,CypH), 7. 5 | p.p.m. (s, 3, cocns), mass

spectrum (70 eV) m/e (relative 1nten51ty) 206 (3 M (' C 12 1H9 lﬁorﬂ

12; 1,; 16. 35

c1 J o= 206), 204 (10 M (CCy, Hg »01 c11) 204), 189 (33), ﬂ"

12
' 164 (26), 163 (49), 162 (100), 127 (61).

4- Chloro-l—naphthoze Acid (9)

The NaOCl solution was prepared u51ng NaOH (145 5 g; 3.63 mol),
_ 200 cms‘of water, 834 g of ice and‘Clz.gas (104:0g,-2.6 mol].. The. Letone '{
(8).(67.64 g; 6.33‘m01] was ~added and the solution wermed:at 55° for

1 h. vNo reaction'appearedlto be taking place and so the temperature

wes gradually increased to SQ°. This temperature was maintained fer

- 6 h during which rime rhe'two'separete pheses dieappeered. NaH503It34 g)
.in~water‘(132 cms) was .added fo'&estroy excess hypochlorite; - Conc. i
HCl1 was added to prec1p1tate the carboxyllc acid. The pele cream SOIid
(25 53 g; 38 5% yield) was recrystalllsed three times from 95% EtOH

to a constant me1t1ng p01nt of 222-224° (lit. 69 m. p 223- 224 ), i.r.

(nujol) 3100 (hydrogen bonded OH), 1690 [C 0 stretch aromatic carboxyllc

o ac1d}, 925 (OH out- of plane deformatlon), 838, 788 cm (1,4-d15ubst1tuteda

naphrhalene), JMLT, [(cn ) co] T 1 .5-2.5 p. -p.m. (m C10—6)’ mass
speetrUm (70'eV) m/e (relat1ve_1nten51ty) 208 (39, Mf (“ C11 1H7 1602

37C113 =" 208), 207 (40 (Y%c. lu, 169 °7c11) = 207), 206 (100, M_ -

| 11 He 0y,
ey, 'H, 1692,35@1)_: 206), 191 (74), 189 (70}, 163.(65), 161 (60).

_Ch>oro—l~naghph anrbznoz (10) . T
i K '
The carblnol (10) was prepar-.d from 4- chloro 13- naphth01c ac1d by

4 in anhydrous ether Carboxyllc acid (20. 5 g2;

0.1 mol) on reduction with LiAlH, (2.85 g; 0.075. mol) suspended in

-

reductlon Wlth LlAlH

-

¢
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",anhydrous ether (200 ‘CM ) gave a y1e1d of 14 22 g (74 yield) of

>

. colourless needles after crystalllsatlon from 35- 45 petroleum ether
’ The crystals melted at 73-74. 5°, i.r. (melt) 3300 (hydrogen bonded OH) ,

3090 (aromatic C-H), 2925, 2875 (allphatlc c- HJ, 1270, 1072, (primary >
-1

j =4

;alcohol), 830 755 cm (1,4-dlsubst1tuted naphthalene);.n.m.r.‘(CCI4) .

._\\_ Saa

T 1. 7-3. 0 (m, 6; C10—6)’ 5.21 (s, 2 'cnz), 7.01 p‘p m. (s, 1, on)

The broad s;nglet at t.7.01 dlsappeared on addltlon of two - drops of -

1{020 mass’ spectrum (70 eV) m/e (relat1ve 1nten51ty) 194 (26 r (12C: ;

11 -
1 16 _ i L2 1. 16, -
_Hg o, 37¢c1 ) 194), 192,041 (92; lr.( Cpy HQ" 0; 3¢l )

B 192 034 ), 177 (6) 5 175 (23), 163. (52), 157 (60), 141 (3), 123 (100), )

L]

&

115 (8). |
Anal Calcd. for Hgoc1:.‘c,'ee.59} H, 4.71. Found:, C, 68.61;
CH; 4. 70

‘Z—Bromomethdz 4-chloronavhthalene (ZZ)

" The alcohol (10) (12. 8 g; 0 0655 mol) was dlssoIved tin dry benzene
‘,(100 cm’ ) by gentle warmlng Pyrldlne (2 drops) was added followed by

3 (19 0 ; 0.07 mol)- After a perlod of 6 h at 55 followed by

D’

'“h,work -up of the reactlon re51due a y1e1d of 12. 66 g (74 So) ‘was obta1ned

. 0 A -
. Recrystalllsatlon from 60 75° petrbleum ether gave colourless needles

 which” melted at 100- 101° ‘i' (nujol) 3050 (aromatic CH), 1030 o
~7,(aromat1c C C1), ‘830, 763 (l 4 d1 substltuted naphthalene), 550 530 cm -1
(a11phat1c -Br), n.m. r (CC14) T 1.5-2. 6 (m, o C10—6) 5.17 p p m. .
.(s, 2 CH Br), mass spectrum (70 eVJ m/e (relatlve 1nten31tya 257 95: )
12 i, 81 37 12 “1; 81

G, M , 70y g Pery Teny =ast. 945): 256 (9, My (7°Cy; Mg l“_'
35 ' .

,c11); 254 (8), 177 (3 00), 141_(25), 115°(3).
. . . ' f ™~ . _
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Anal. Caled. for C, . H BrCl. ¢, 51.70; H, 3.17. . Found: C; 51.44;

‘H, 3. 08

- 4 Chiloro-1- fluoromethylnaphthalene (12)

S
R

Anhydrous KE- [25 g, 0.43 mol) was dlssolved and suspended in

pyrrolldone (120 cm ) 4- Chloro -1~ bromomethylnaphthalene (11 g;

O 043 mol) dlssolved in pyrrollddne (30 cm ) was.added and-fhe mlxture ‘

heated at 145—150 ' for 5 h. The‘res;due was\wdfked up and an n;h.rfhulﬁ'{

<

of the'brOWnQ oily liQUid showed a-949‘conversion ffom hromide'to

: fluoride,. Chromatography on s111ca gel gave 5 0g of 4- chloro 1-fluoro-

t

; ‘methylnaphthalene (59 5% yleld), . (fllm) 3080, 3050 {aromatlc c- H),.ka“af

l2975 2920 - (allphatlc c- H), 1060 (allphatlc C- F), 825 750 cm

(1,4~ dlsubstltuted naphthalene),

m.r. (CC14) T 1 5-3. 0 (m- 6 C

-1

*

- 4.38 P'P m.” (d, 2 CHZF J = 48 Hz), mass 5pectrum (70 eV) m/e

-(relatlve 1nten51tyJ 196 023 (22, M ( C

L1200 1 5.
195 {(15), 194 (67, M_ %)y g c1y t

159 (100),'141 (5),.115 (2).

z;Acétyz-4af1uoronaphthazena'(14I

11
°F, )

B

Ty

=

8
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10867

C1 F J 196 023),;

. 194), 193 (68), 160 (12),

1

Acetylatlon of . 1 fluoronaphthalene (13)(25 g; 0, 17 mol)- W1th

. acetyl chlorlde (20 g; 0. 255 mol) and anhydrous AlCl (40 g; 0 3 mol)

in CH Cl2 (250 em’ ) gave a quantltatlve yleld of 1 acetyl-4- fluoro- -

2
naphthaléne (b. p. 100- 115 /0. 001mm 11t

'preparatlon dlffered sllghtly from the other acetylat1on reactlons inas-

% p. P

138- 140 /4 5 mm) Thls

/ -,_, ]

much as the AlCl was added to the solutlon of acetyl chlorlde and 1-,

—fluoronaphthalene from a dry Erlenmeyer by means of a plece of w1de-

_ bore rubber tublng; 1.r. (£ilm) 3100, 3020 (aromatlc.C-H)

e

v

2935 [allphatlc
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C;H),.iGSO (aromatic C=0), 1185 (aromatic C-F), 835, 765 em * (1,4-

dlsubstltuted naphthalene), ‘n.M.T. (CC14) T l 8-3.2. (m, 6, 010_6),_

- 7.44 p.p.m. (s, 3 COCHS), mass spectrum (70 eV) m/e (relatlve

&;/a\_\i?ten51ty] 188 (7, M ; ( C 12 - 9 16013 'F13f_ 188), 187 (49),

(100), 145 (65), 125 (21), 43 (14). IR

- —FZuoro-Z—nqg@thozc Aeid (15)

The ketone (14) was. oxldlsed W1th a solutlen of NaOCl by warmlng .
‘at 30 for. 3 1/2 h. The 4- fluoronaphth01c acid was obtained in 603 '
yleld. ihe whlte amorpheus solid was recrystalllsed f;om 95% EtOH
' aﬁa melted at 219-222° (Iit'69 m.p. 22405 225°); .r;.(nuﬁol) 3100 f
(hydrogen bonded OH), 1700 (C 0 aromatic, carboxy11c ac1d),1170 |

(aromatlc C—F], 840; 765 cm (1 4- dlsubstltuted naphthalene],

n;m.r.f[(CDS)ZCO} T OhS—a.O p.p.m. (m, Clogﬁ}; mass spectrum (?0 eV)
‘m/e (relative inteisity) 190 (100, (lzcll 1H7 1602 19F1) = 190),

{3} (99), 145 (91), 144 (66), 125 (81)

44anorb-Z-naphﬁﬁyicdfbinol (16)

4- Fluoro 1- naphthylcarblnol was prepared from 4 fluoro 1- naphth01c‘
'ac1d by L1A1H reductlon in S55. 5% yleld The white’ 5011d was
recrystalllsed from 95- 110 petroleum ether to long whlte needle shaped
crystals which melted at 74 - 75°, iz (nu;ol) 3300 (hydrogen bonded ".
OH], 1170 (aromat1c C-F), 825 752 cm - (1 4- dlsubstltuted naphthalene),l
n.m.r. {CC14) T 1. 8 3.4 {m; § C10—6)’
(s, ,IOE):' The 51ng1et at © 7.01 dlsappeared on addltlon of D,0;

5 21 (5, 2 CH ), 7. 01 p.p.m.

' mass spectrum (70.eV) m/e (relatlve 1nten51ty) 176.056 (100, M£

’
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16 19
11 "9 Y1

(Mo, tay 0, PR = 17600651, 175 (25), 159 (51), 146 (12), 145 (51),

- 141 (5), 115 (3.

. 1139 (6);, 133 1s), 115 (1)-

: 4—FZuoﬁo—Z—f?uoromethyZnaﬁhthaiehe (18)

:- \
4

Anal. Calcd for C11H OF: = C, 74.97; H, 5.15. Found: - C, 75.14;

H, 5.26.

Z—Bromomethy1—4;f1uorohaphthalene'(Z?)'
The éarbihbl (16) was brominated with PBI"3 in benzene to give

1 bromomethyl ~4- fluoronaphthalene in quantltatlve yleid ‘The palé

yellow -solid- r951due was recrystalllsed from 60 65 petroleum ether to
Sl ko

| 10ng, colour&ess needles whlch melted at 68.5- 69 5° i.r. (nUJolj 3075

(aromatlc C- H), 1160 (aromatlc C- F), 550 cm (allphatlc C-Br); " n.m.r.

‘[(CD ),00] © 1.7-5.2 (m, 6, ClO—é)’ 5., 15 p p.m. (s, 2; CH Br),kmass.
spectrum (70 eV) m/e (relatlve 1nten51ty) 239.978 (5, M (;zcll 1H8
?9?1 Slsrl) 239.978), 238 (5), 160 (13) 159 (100), 157 (14), 141 (2),

w

Anal. Calcd. forbcllHSFBr C, 55.21; M, 3.37.  Found: C, 55.51;
H, 3.32.

-

-

_ Fluoride-bfomidg exchange was carried out on 1-bromomethyl-4-.

N '.“‘ . ‘ . B ) p . . .
fluoronaphthalene with-anhydrous KF in the dipolar aprotic solvent,

‘ﬂ-methylpvrrolidone . The dark brown féabtion mixture Qas washed

thoroughly w1th a. saturated solution of VH4C1 1n water The n.m.T.
spectrum of the re51due 1nd1cated a 85% bromlde to fluorlde conver51on.

Tﬁls re51due was chromatographed on 5111ca gel using 33 38° petroleum |

’r

pther as eluent A 71% yleld of 4- fluoro 1- fluoromethylnaphthalene,

a clear,v1scous 11qu1d was obtalned i.r. (film) 3080 (arpmatlc CfH}?'

s

r



A

2980, 29i0 (aliphatic C-H), 1170 (aromatic C-F), 1058 (aliphatic C-F),

830, 770.cm’ (1,4-disubstituted naphthalene);n.m.r. (CCl,) T 1.7-3.2

10—6)’ 4.§§'p:p.m. (d,'2, CEZF’ J = 48 Hij;_masslgpeptrum
1 19

(70 &V) ‘m/e_(relative intensity) 178.052 (100, M_ (lzcll' Hy F,) =

(m, 6, C

- 178.060 ), 177 (95), 159 (35), 157 (30), 151 (35).

l-Acetyl-4- bromonavhthalene (20)

A Frledel Crafts acetylatlon was carrled out on 1 bromonaphthalene

Addltlon of anhydrous AlCl; was made, by means of a piece of wide bore .

s

tublng attached to a dry Erlenmeyer flask to a so]utlon of 1-bromo-

-

naphthalene and ace;yl chloride in CH Cl2 at 0 2 The resultlng

. suspen51on was stlrred at 0- 2°lfor 75 h and at 15 16 for 6 h. Nashlng

'_and vacuum dlstlllatlon of "the reactlon mixture gave a 87% y1e1d of

1-acetyl-4-bromonaphthalene (b;p. 125—138 /0.2—0.25 mm, }it.§9 D.p. 165-

[N

175°/2-4 mn); i.r. (film):SIOO 3025 ° (aromatlc C-H), 1680 (aromatlc C= O),

1040 (drématic C-Br), 830, 765 ¢ém™ = (1,4-disubstituted naphthalene), :

nfm.r. (CC14) 1;1.272,7I(m,.§,'C1016), 7.49 p.p.m. (s,~b, COFESJ;:mass‘
spectrum C?O-eV) m/e'(relative iqtensity) 250 (5, Mr (12,C12 ng 1601
w (12e L, 165 .79 N
Br)) = 250), 248 (6, : ( c12 g 0y TBry) = 248), 235 (7); 233 (9,

208 (593, 206 (61], 170 (25), 155 (45), 125 (100)

4-Bromo Z-nagﬁthozc Aczd (22)

it Sy : '
1- Acetyl 4 bromonaphthalene was rcadlly ox1dlsed to 4 bremo-1-

naphtho1c ac1d w1th NaOCl The yleld of carboxyllc acid obtalned was

' 94%; Recrystalllsatlon from 95° EtOH gave a whlte solid, ‘m.p.. 21795-

69

a 220° (11t m.p. 217-219° ), l.I.'(ﬂUJOl) 3100 (hydrogen bonded COH),
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o 1700 (aromatic carboxylic acid C-O] 1042 (aromatlc C-Br), 838 765 chf}f -
™~

(1 4- dlsubstltuted naphthalene), n.m.T. [(CD3) CO] T 0.75- 2 S p p m. - "“\\t,

~ (m, C10—6)’ mass spectrum (70 eV) m/e (relatlve 1nten51ty) 252 63, J

12, 1. 16. 81 . | 1, 16,
(°c;, Hy O, Brl) =1252), 351 (29)," 250 (66, M_ ({ c11 Hy 0, e
79 : :

Br,) = 250), 249 (35), 234 (98), 233(22), 232 (100).

4-Bfomo—2-nqphthyanrbinol_(22)

-4tBromo;t-naphthoic.agid was reduced in 25% yield to 4-bromo-1-

naphthylcarbinol‘with LiAlH, in anhydrous diethyl.ether. The low yield-

4
K . was probably a result of the sparing SOlUblllty of the carboxyllc aC1d ;
in this solvent and to the low reaction. temperature:(1 e. the boiling )
‘point of ether) - A far more sultable'solvent for thls _reaction would -

have been the’ hlgher boiling allcycllc ether, tetrahydrof“ an. The

whlte 5011d carblnol (22), was recrystalllsed from 95-110° petroleum'

ether to long, colourless needles,'m,p; 98—100° (llt: 80 b.p. 162-4°/12 1m) ;.

Cilr. (mélt) 3350 (hydrdéentbonded-OH); 3080 tafdmatic C-H), 2990, 2880»'”
(allphatlc C- H), 1375 1070 (przmary alcohol,; 1010 [aromatlc C Br),
_830 760 cm : (1 4- dlsubstltutcd naphthalene], n.m.T. (CC14J T 1 7 3.1

(m, 6, C 5.3 (s, 2 CH, OH) 6. 60 p p m. (s, ‘CH OHJ The

1&6)’
-51ng1et at T 6 63 dlsappcared on shaklng the CClE’solutlon with ‘two

drops_of D.,0; . mass spectrum (70 eV) m/e (relatlve 1ntenslty) 238 (15,

2 ,
12, 1. 716 81 12, 1, 16, 79 Z
o 7€y THy t0g Brl) 238), 236 (16, M ("°Cy; THg 0l Br)

236), 221" (3), 219 (3), 157 (231,,141 (2), 139 (13), 128 (100), 115 (2).

i

4 Bromo Z—bromomethuln;phthalene (23)

—_—

__— The bromqmethylnaphthalene (23) was prepared from the carblnol -

,with,PBr3'1n‘benzene The reactlon mixture was washed wlth water and
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300 (12 ( 2 1y

64
dilute base, and evaporated to a pale yellow residue. ,Recrystalliéation

from 60-75° petroleum ether three times gave a.84. 6° yield of pale ‘
80 81

_ yellow needles whlch melted at 102-104° (lit. m.p. 103-4 ); i.r.
(nuJol) 3040 (aromat1c C-H}, 1020 (aromatlc C- Br), 820, -750 (1 4-

'dlsubstltuted naphthalene), 530 cm (allpha 1c‘C-Br}; LmLT. (CCI )

1056]’ 5.28 p;p.mf_(s, 2, CH Br}, mass spectrum
12 1 81

(70 eV) m/e (relativé intensity) 302 (6, M. ("°C BrZ] =-302),

nt C11 Mg
1y 8lg.. 793r-) = 300), 298 (6, M_ 2.ty '793r ) =

11 78 1 i1 8 2)

208), 222 (26), 221 (100), 220 (77), 219 (100), 149 (10), 141 (25),

(40), 139 (40), 115 (5)-.

4-Bromo-2 fluorometkylnapnthalene (24)

- A 38. 50 yleld of 4- bromo 1 fluoromethylnaphthalene was obtalned

from the reactlon of the bromide w1th anhydrous KF, i.r. (fllm) 3080

3025 (aromatlc C- Hq 2950 2885 (allphatlc C- H), 1475 (CH ‘C- H

‘ deformatlon), 1063 (allphatlc C- F), 825 755 cm (1 4 dlsubstltuted

fnaphthalené); n.m.T. (CC;4) T 1.6-2;9 (m, 6, C

Thompson 8?' 1- “ethylnaphthalene (Aldrlch) (20 g, 0. 14 mol) was

Loe) » 4.§s.p.p.m. d, -

2, CHF, J = 48 Hz); mass spectrum (70 éV)_m/e (relative intensify)

i)
: B ¥ 1, 19. 81 . : - 12.. 1.
. Y o= M .
260 (8, w1, (Fcy g R Br;) = 240), 237.973 (9, M, (7C))" g
19F1'793r1) - 237.973), 159 (24); 141 (2), 115-(5), 99 (100), 98 (75). .

Z-Méthy} 4—nztronanhthalene (25)

-Methyl 4-n1tronaphthalene was. prepared by the method of

l 42) was.

|

cooled in an ice- salt bath and conc. HNO {65 cms,id'

added dropwise, with continuous stlrrlng and coollng over 1 h. Wat
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[100'em3)‘was added: and the reaction mixture extracted with benzene-
thls extract was washed with- 10° VaOH solutlon 2 x 200 cm ) to remove
excess ac1d and w1th water (2 x 100 cm ) The organlc»extraet was

'drled with anhydrous MgSO filtered evaporeted and'the.residue:'

42
recrystalllsed from 65 70° petroleum ether By recrystalllslng the
l-methyl—4—n1tronaphthalene at 50 and decantlng the yellow solutlon
\\ (fnom an orange oil whlch separafed at the bottom of the flask the
1,4-isomer was separated from the 1 5 lsomer whlch was also produced 1n -i
the react1on. Pure 1- methyl 4 nltronaphthalene (4 g, 15.2% yield) was
 obtained, m.p. egﬁzl (1ie.%% 53 m.p. 71-72°): i.x. (nujol) 3050
(aromatic.C—H),'1510;Al355; 1340 (aromatic NO,), 828,"760-cm‘J'(1;§-
disdoetrtdted naphthalene); .m.r. {CCl } 7 1. 4 2.9 (m, 6, ClD—éJ’
-~ 7.25 p.p.m. (s, 3 CH ), mass’ spectrum (70 eV) m/e (relatlve 1nten51ty)”.
. 12, 1, 16, 14

;187 (13 M. ( C11 .Hg 0, Ni)

157 (19), 141 (79], 115 (100)

- 187), 186 (96), 170 (30), 159 (22),

4~N£tfoeZ—Eromdméthylnabhthalene'(23)

| Several authors®*8% géscribe the free radical bfominetion_ofVelkyl
haphtﬁalcnes using moleeularfbromineaaodalsource of'ultraviolet light |

. However, the. low ylelds and condltlooxof the reaction o%gﬁucts obtained
dlscouraged the use of this method of bromlnatlon The Teports
concernlng N- bromosucc1n1m1de86’87 were far more‘encouregiog.- The *

method adopted was the one described by Chapman and William$.87

-The-N-bromosuecinimide'used (Koch-Light) wids vigorously pgrified

-

. in order to remove all-traces. of molecular bromlne It was recrystallised

. 'lj‘

from hot glaC1a1 acetlc ac1d (1-kg/1 2 ) and then left exposed to a

hlgh.vacuum over phosphorods-pentoxlde for 36 h.

=
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The ratio of methylnaphthalene‘to bromosuccinimide used'was 1 to

#

"1.15, -Methyl 4 nltronaphthalene (24 g; 0.13 mol) was dlssolved in CCI4
(250 cm ) and stlrred for 15 m1n N—Bromosucc1n1m1de (24 g; 0.134.mol)
was added and this mlrture was‘stlrred at thelboiling point of the _J
solvent for 28 h. The mixture was cooled in an ice—Bath and ‘the solid

‘ succlnimide'flltered off. The solvent was removed and i.r. and n.m. r;l
spectra run on the re51due These revealed that the reactlon had

proceeded such that only 206 of thie residue Mas 1- bromomethyl -4-nitro-
naphthalene. .A crude recrystalllsatlon of the re51due gave two fractlons,
the.second.of which (S. 0 g} was approx1mate1y 30% bromomethyl compound.
Thls was chromatographed on 250 g 5111ca gel using 33-36° petroleum ether ‘
as eluent. The first six fractlons collected contalned 1- methyl 4-nitro-

napnthalene' the next flve a mixture of bromide and hydrocarhon and the

next f1ve pure 1- bromomethyl 4—n1tronaphthalene (2.17 g, 6 3% y1e1d)

s

' ‘Recrystalllsatlon three tlmes from 45 60° petroleum ether gave th1n

- yellow needle- shaped erystals whlch melted at 93-94.5°%; i,r. (melt)

3120 (aromatlc C-H), 2375 (aliphatic C-) - 1510, 1355, 1340 (aromatic

_2), 830, 770 (l 4- dlsubstltuted naph{ialene), 565 530<cm_¥ (aliphatic L

C-Br); n.m.r. (CDC13) T 1.3-2. 6 (m, 6, C10—6)’ 5 12 p.p.m. [s;"Q:ACEQ

Bf);'
mass spectrum (70 eV) m/e (relatlve 1ntens1ty) 267.(18, M. & C?;.“

14, - 16, 81 ) 1, 14, 16 ‘79
Ny U0, BT = 267), 264 983 (0, ( c11 Hg ~ N 7005 R =
264.982), 187 (18), 186 (100), 156° (14), 141 (8), 140 (25), 139 (87),

-

128 (34), 115 (6).
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Z;Fluoramethy1-4-ﬁitronaphthaiene (27)

" . The fluéromethylnaphthaléne (?7)'was prepared from the corfeépoﬁdiﬁg

" bromo compound (26) u31ng anhydrous KF as the fluorlnatlng reagent.

AT e e -

The reaction temperature wa5&125 130 and was mairtained for 4 1/2 h.
The convcr51on of bromlde to. fluorlde was approx1mate1y 50°
Chromatography of the residue on silica gel’ gave a 32° yleld of the -
fluoromethyl compopnd 27 overall. The pale yellow solld crystals

in thé_presence‘of a grace’of.quinollne,_melted at.64—66 ; 1,r; (nujoi)’
-3040‘(éromatic C-H), 1510, 1375, 13;0 (éfomq;ié-Noz); 1062 (aiighatic

" C-F), 820,. 770 tm‘% (1,4-disubstituted naphthalene); n.m.rT. (CC1A)*1'1Q0_

| o | L
2,85 (m, -6, Clojﬁ), 4.17 p.p.m. (d, 2, CEQF, J.§-48.0'Hz); mass ./
spectrun (70 eV) m/e (relative intenSity) 205.058 (100,.\1r (lzcll’H18
18 14y lgpi) = 205, 055),1705(58), 159 (50), 146 (40), 141 (3), 1

(903, 115 (7.

o
4
P

 uZ;Ndph£%charb£n0Z (59)

1- Naphtho ¢ acid (28) (Eastman) was rcduced w1th L1A1H4

anhydrous dlethyl otherln 57% yield. The alcohol was. recrystal 1scd

\er:

from 60- ?S° petroleum ether to long white needles, m.p. 61. 5- 2 5%
(11;.8§,m.p.;59f5-60 )i 1.7 (nujol) 3400, 3525, (bonded O, 80 2, 792,
775 en” (1-substituited naphthalene); n.m.r. (ce1) < 2.0-2.95 (m, 7,

), 5.2 (s, 2 _,.CH‘), 3:3 p.p-m. (s, 1, OH). ‘The broad 51ng1et at

107
T°3.3 dlsappeared whenﬁthe solutlon was shaken Wlth D O mass spectrum
. (70 eV) m/e (relatlve 1ntenszty) 158 (58, 1r (12C lH Ol) 158),

11 710
141 (16), 139. (5), 129 (100), 115 (13)



222 (10, M, (C7Cy) THy By )

Z-Bromome thy Inaphthalene (30)

1 Vaphthylcaablnol was brominated’ wlth PBr in dry bcnzene‘with

3
two dr0ps of pyrldlnc'added. The yield obtalned of the bromldc (30) -

. was 91%, and the whlte solld after rccrystalllsatlon ‘three times from

3 , ..
60-75° pct%bleum cther, meltcd at 54 5-56° (lit. 85,86, 89 »90 m.p. 56 O ),

i.r. (nUJol) 3050 (aromatlc-CvH) 800, 778 (1- substituted n1phthalcnc),

575, 515 cm_ (allphatlc C-Br); n.m.r. (cci,) = 1, s -5.33 (m, 7, Cy M. ),

5.17 p-p-m: (s, 2 Cll. Br), mass SpCCtTum (70 eV) m/e (relatlve 1ntenq1ty)
12 1. 81

1

2727 . .
Cyp Hg ) ___;, 2?0 (1;), 142 (40, 14; (100,

140 (35), 139 (90), 115 (30).

- FZuoromPtthnaﬂhthaZene (SZ)

1- Bromomcthylnaphthalonc was stlrred and hcatcd at 145-150° for
4 1/2 h. and at 170° for 1 h.with anhydrous KF in Y-methylpyrrolldonc.

ﬂle proportlon of- bzomldc whlch undcrucnt e\chanuc Wlth fluorldc was

636 and thc 0V31111 ylebd of 1- fluoromethylnaphthwlcne following

chromqtoglaphy of thc reaction re51due was 560, 1 T, (fllm)-3170, 3080-

{C-H 1romat1c), 2975 2920 (allphat1c C- H), 1060 (allphatlc C- 1),

785 cm_ .(l-suhstltuted naphthalenc); n.m.r. (CC14) T 179~3.0,(m, 6,

1016)’ 4.38“ pfpfﬁ. (d, 2,,CE_F, J = 48:0 Hz); mass spectrum (70 eV)-
1, 19

m/e (relative 1nLcn51ty) 160 069 (100, » .(lzcll' Hg_ Fij = 160.068){

159 (92), 141 (9), 139 (2), 133 (39), 116 (7).

2- ngbthulcarbznol (33}

C2- Naphth01c aC1d (32) (Eastman) was rcduccd w1th L1A1ll4 to give a
65% ylcld of-u— aphthylcarblnol. The pale-cream solld ;cs1due was‘f

recrystallised from 40-50° peétroléum ether to. whife leaflets, m.p. 79.5-
Trecrys petr P
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69

80.5° (1it.. m.p. 80-80.5°); i.T. (nujol) 3275 (hydrogen bonded OH),

13070 Earbﬁatic C-H), 850,,"805,'7:’:55¢:rn-1 (Z-Subsfituted naphthalene);

n.m.r. (CCl,) © 2.1-2.8 (m, .7, C

10 7), 5.35 (s, 2, CH,0H), 7.52 p;pum.

~(e, i; Oﬂ). The broad singlet at -t 7.52 p.p.m. disappeared on addition

of DZO;'mass spedtrum_(70 eVv) m/e (relative intensity) 158.(63, Mr
12, 1, 16 y ' ' '
11 10 .

(e, My 10,0, = 158), 141 (17), 129 (200), 128 (31), 127 (23),.115

). | S .

2—Bromomethy1ﬁavhtha23he (34)

The carbinol (33) was converted to the bromlde [34) in 980 yleld

w1th PBr. in benzene " The off—whlte solld-re51due.was recrystalllsed

3

from 60-75° petroleum ether tW1ce to glve 2 whlte solld whlch melted at
53 54° (1it. 8? m.p. 54 ); i.r. (nu;ol) 3070 (aromatlc c- H), 860, 850
830 765, 750 (2- substltutcd naphthalene), 585 cm (allphatle C-Br);.

n. m'r. (CCl ) T 2.2-2.8 (m, 7, €y 7) 5:55 p p.m. (s, 2, CHZBrl; _

mass spectrum (70 ‘eV) m/e (relatlve 1nten51ty) 222 (ll M ﬁ{lzcll ng;_

Br

D= 222), 220 (12), 185 (9), 142 (3), 141 (100), 139 (17}, 115 (23).

-FZuorometthnaphthaZene (35)

\

2 Fluoromethylnaphthalcne\Nas prepared from -2 bromomethylnaphthalene

1n the’ manner prGV1ously descrlbed for other fluor1nat10n5 The n.m.r.

~spectrum of- the crude brown re51due 1nd1cated that 85% exchange from
Abromide to fluoride. had taken’plaCe The res{due was chromatographed on*

' _5111ca gel- and the yleld of 2- fluoromethylnaphthalene obtalned was 40 5%

of the_theoretlcal amount The whlte solld melted at 59 5-61. 5°, i. r.

(nujol) 3040 (aromatic C-H), 1065 (allphatlc C F), 869, 825, ~750 -cm 1.

Y

7
. . W
- . .
DA .
-
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(2- substltuted naphthalene), . (cc14) T 2.2- 2 8. (m, 7; c10H7),,4.65"
p.p.m (d, 2, CHzF, J = 48 Hz), mass spectrum (70 eV) m/e (relatlve: ‘
intehsity) 160,069 (100, M ('%c, 1H§ 19 )= 160.069), 159 (94, 1
- .7—. _,,ﬁ--q ’ . .

e (8), 139 (12), 133 (28), 115 (53

£

4—Acety2 Z bromomethylnqgﬁthalene (36) and 4- Bromoacetyl Z bromamethyl-

napktkalene (37) ’

<

‘ { 1 Acetyl 4 methylnaphthalene (93 g; 0.5 mol) was dissolved in- CCl4
(1230 cm ) ina 2 % flask fltted with heatlnw mantle magnetlc
stirrer and double surface reflux condenser N- Bromosucc1n1m1de (133 5 '
lg, 0 75 mol), recrystalllsed ‘from glaclal acetlc acid and exposed to a
hlgh vacuum .over: pZOS for 30 h, was added and the suspension st1rred '
under. reflux for 48 h. Inltlally the SOlUthﬂ wag_llght straw coloured;f
but soon assumed a brlght orange colour Over.the:nextl24 h'succinimide K

) 7 ‘
e accumulated at the surface of the.CCl4. After 40-h the solution- turnéd
black ‘and remalTed S0 untll the end of the reactlon
> The reactlon mlxture was allowed to cool and was’ then washed three

" times with water (3 x ZOQ.cm-). - The organlc solution waS'drled w;th
| '\anhydrdUs MoSO4, filtered; and evaporated Analysi§'bf the dafk bfoen‘
';k\\u;;éf/re51due (157 37 g) by n m. r. showed that the reactlon mlxture contalned
| ~ some unreacted 1 -acetyl- -4- methylnaphthalene but was. comprlsed mainly
',of 4~ bromoacetyl 1 bromomethylnaphthalene (37) and 4 acetyl -1- bromo—
.methylnaphthalene ifi a ratio of approxlmately 1 to 1. 8
‘i" ) ) A chromatographlc column was prepared using 1400 8 5111ca gel and
._k40'50°.petr01eum ether,:lThe_reactxon m;xture_was 1nt;oduced onto‘the
.top_ot;this column andlthe components of thebmixture were eluteawwlth ;‘

e F
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<.petroleum ether. The first 8 fractlons collected u17200 cm3 petroleum'_
‘aether contained malnly 1- acetyl ~-4- methylnaphthalene and welghed 2.59 g.
The next .two. (fract1one-9 and 10) collected in"2 2 'were pure 4 bromo--
acetyl =1- bromomethylnaphthalene (37 43 g) The'next 25 fractlons
conf%?ned both bromomethylnaphthalenes, (36) and (37) . (48 99 g in 12 2 |
_i10° benzcne in petroleum ether) - The flnal 3 fractlons, 27- 29, contalned
: 32 76 g of 4 acetyl -1- bromomethylnaphthalene | Fractlon 29 waq' | |
“recrystall1sed from 60 75° petroleum ether -to glve f1ne whlte platelets
of 4~ acetyl 1- bromomethylnaphthalene (36) whlch melted “at 83 84

-[melt) <3100, 3045 (aromatlc C—H) 2975 2950 (allphatlc C- H),‘1685 oo
(aromatlc ketone C =0) , . 830, 820, 780 760 (l 4- dlsubstltuted naphthalene),
552 cm (al1phatlc C-Br); . (coc13) 1.25-2. 8 (m e Cloﬂé) s};
(s, 2, CH Br), 7. 39 p.p.m. [s, 3 COCHs), mass spectrum (70 eV) m/e

(relat1ve 1nten51ty) 26o 998 (24, h ( C1 1H -4160 81 Br ] = 263 997),‘

3 110 1
262 (29), 184 (27), 183 (100), 168 (24), 155. (60), 141 (11) (59),

©139 (50), 115 (5). |

Anal. Calcd for o lloar | c;’sg.ss;fu; %ﬁ21}”§£und;.'cft$§.lb;

H, 4.12. o |
| Fractlon 10 was recrystalllsed in a 51m11ar.manner to glve pale—
straw. coloured needles of 4- bromoacetyl l-bromomethylnaphthalene (37)
which melted at 118 5 119 5° i:r. (melt) 3100, 3075 3040 (aromat1c
- C H), 2930 2900 (allphatlc C- H), 1795 (aromatlc o= halo ketoneﬂ/§=0),

820, 760 (1,4- d15ubst1tuted naphthalene), 595 555 cm [allphat1c C Br);

n.m.r. (CDCl,) T 1.3-2.82 (m, 6, C 2, CHyBr), 5.55 p. p m. v

| 1ot)s - [
(s, 2, COCH Br), ‘mass spectrum (70 eV) ‘m/e (relatlve 1nten51ty) 344

12 ﬁ 1, 16o 8ly, = .344), 341.912'(11, Mrftlzc 1y " 16,

(6’ M ( _'10 1 ZJ 13 10 l



.1-3?1' Brl) 341 910), 340 (6) 265 (93), 263 ,(100) 238 (48],
- -(503, (;4 (32); 153 (30), 141 (), 139 (97), 115, (3). "_ '
- | : Anal Calcd for C;SHIOOBr C, 45. 64 \h 3.15.° Found C 45 85
-.H 299 . o . : ,_ o
et “.;: 4~Aoe4yl-1 fluoromethglnavhthalene (38] ' ’
"’:I-‘; h"“fdfh - The bromlde (o6):was stlrred at 170° for: 5 h w1th anhydrous kF
,d;' | _: -‘_~inF°;10w12§ work up W1th saturated NH4Ci §oiut1on the }eactlon re51due
W ‘:;";was e{amlnod bv nL.OR T n_speetroscopv .Jhls revealed-thgt 50 of the
H‘§~;3:.f;f .bromlde had undernoneneohver51on to, fluorlde The r051due was .h -
‘f - Lf-fg“ o chromatographed on 5111ca gel u51ng‘39 ;1 petroleum ether as eluent}

‘The v1eld of 4- acetvl 1- fluoromethylnaphthalene which was a whlte_'

¥

3 . solld, was 33° ‘ , S

4 Traces of 1- acetyl 4 methylnaphthalene were detectcd in the flrsb

i

,_i‘ few fractlons eluted from the chromatonraphlc column Substltuted

’

'methylnapnthalene was detected as.a nlnor product of many ‘other

fluorlnatlon reactlonsﬂ At flrst At was thought that the methyl, compound

P
-

. " e * & . .
. ’had orlglnated as. a, trace 1mpur1fy 1n the oorrespond1ng bromomothyl-

A

'*i naphthalene precursor ‘ In several cases the methylnaphthalene was
S ?;the 1mmed13te precur;dt to’ the bromomethylnaphthalene and 50 the methyl
L R -
. fcompound could have bcen 1ntroduced 1nto the reactlon th1s way ThlS
";i" i p0551b1;;t} applles in th15 Ease, but careful scrutlny of the n m.r. -
W 4 .

;spectrum of the 4. acctyl l bromomethylnaphthalene (36) precluded thlS

e . E

;explanat1on Unequlvocal ev1dence forfthe formatlon of methyl compound -

ot ‘ifrom fluoremethvl was- afforded & the caee Of p;nltrobenZ}l fluoq;de_
| jll (106] (c e page 126 ] Thls compound was prepared from ‘the bromldc 1n

i

; V"the;usualaway Substantlal amounts of p;nltrotoluene were detected
| . . T ’ ; :

: B ‘ : ~B,

| e A
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.\7 ) ..': L E ; ;7‘3
follouing-chromatography of the reactioniresidue The i.r. Spectrum
of the p;nltrotoluene produced 1n the reactlon was 1dent1ca1 to that
of an authentic sample of p;nltrotoluene The bromlde (107) was
prepared from p:nltroben201c ac1d (103), via the correspondlng alcohol

{104)- No methyl compound could be - detected in, any of the precursors

: and so the toluene must haYe been formed 1n the flnal fluorlnatlon
3 reectlon "‘ ; ;4’-' a . S S ' B e T

It was found that the amount of methyl compound formed as a. 51de—1
product could bc mlnlmlsed by carrylng out the reactlon at a moderate

"temperature- say 140-160 . The use ofyhlgher temperatures.was'attended

by 1ncreased ‘amounts of51de product Presumably the'energy of activation :

f the 51de rcactlon is greater than that of the fluorlde exchange

.

(fllm) 3100,»9060 3020 (aromatlc C- H), 2980 925 (allphatlc C- H),-
1680 (aromatlc ketone C O), 1058 (allphatlc C- F), 835 765 cm _(1,45

-dlSUbStltuth naphthalene), n. m T [CC14) T d. 2 2 8 (m 6 C10-6)’

4.38 d, 2, CH,F, J = 48 Hz), 7.45 p. p m. (s, 3 cocn ), mass 5pectrum ’

(70 eV) m/e (relatlvc 1nten51ty) 202,087 (55 ;(IZCiS 1Hli*}§01 lgFi) =

~_-202 080), 188 (13), 187 (100), 169 (74), 159 (65), 141 (11), 139 (20),

133 (34), 115 (10)

4- FZuoroaaetyZ Z fluoromethylnaphthalene (39). . S e

| 4 Fluoroacetyl 1- fluoromcthylnaphthalene (39) was prepared from -

. the corre5pond1ng dlbromo compound in the usual way, the % conver51on .
) from bromlde to fluorlde estlmated from the n.m. r of‘the crude
reaction product was 30% The re51due was chromatographed on 5111ca

gel and gave a ylold of 27% of 4 fluoroacetyl 1 fluoromethylnaphthélenc, '

£ .
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which was:a.clear Liquid; ir (f11m) 3090 3075 (aromatlc c- H), 2975,

2945 2860 (allphatlc C- H), 1705 {a- -halo. aromatlc C= 0), 1060 1050

/.

" intensity): 220 063 (16, Mo (C°C H

(CCI ) 1 1. 2 2. 8 (m, 6 €

-1

(allphat1c C -F), 835, 765 cm- [i/}rdlsubst1tuted naphthalene), n.m. r.r'

25 (d, 2, CH,F, J = 48 Hz), 4. 75 p-p-m. .

1&43 iy
(d 2 COCH F, J = 48 0 Hz), mass . spectrum (70. eV) m/e (relatlve

2 3
12 1 .16 1
13 o’ .Ql ) = 220 070), 203 (21),

\\lﬁf (100), 169, (28), 159 (60), 141 (18), 139 (25), 133. (45], 115 (17)

oy

‘r_'.._' aC L ot

. - AcetyZ 4-methoxumethylnanhthalene (40)

4 Acetyl -1- bromomethylnaphthalene (39.25 g; 0 15 mol) was dlSSOlVEd

'1n MeOH (400 ‘e ) and added gradually.over 3 h to a NaOMe solutlon,

I3

'(4 6 g of Na (0 2 g atom) in 2. dm of methanol) in a 3- necked 3 2

flask. The flask wWas fltted with heatrng mantle double surface reflux

' condenscr magnet1c stlrrer and dropplng funnel Th1s solut1on was

-

tlrred at’ room tempcrature for 3 h and then under reflut for 14 h The

‘colour\of the solut1on changed very 11tt1e throughout the reactlon

‘ remalnlng amber coloured The methanol was removed on a rotary

- ethereal solutlon was drled WIth anhydrous “gSO flltered and

evaporator and the re51due takcn up ‘in ether The ethcreal solutlon

was washod wlth water (2 x, 200 cm ) with dllute HCI\(S X 200 cm’ ).and

(%4

with 10% Nauco, solutlon (3 x 200 em>) and’ water (4 x 150.cm’ ) “The

“evaporated to an amber coloured v15cous llquld re51due whlch welghed

yah

32 3 g, corréspondlng to a quantltatlve yield of the methyl ether,

"i.r._(fllm)aalzs,-soss, 3060 (arpmatac.C-H), 2945, 2900 2825 (allphatlc

chHj,'1eso'(aromatic é:o;f'1120-‘11e0 Efca';é-cn -),,335 760. cn”

5. 3 (s, 2 cuz), 6. 69 (s, 3, cHi oCH

-1

(1,4~ d1subst1tuted naphthalenc], n.m.r. (CCl ) r .22 2 8 (m, 6, C )

2 3), -‘45 p.p.m. (s; 3, cocus)

e L



75 -

mass speétrum‘(?O'eV) ﬁ]e (relative intensify) 214.101 (91; M ( C
lﬁid 18, ,) = 214 099),, 199 (100), 171 (60), 155 (20, 141 (15), 139

(49), 115 (8)

: quthomymethyZ Z-wavkthoza Aetd (4ZJ - ‘.‘. : ,//X

exeess hypochlorlte Concedtrafed HCl (20 cm ) was added very slowly

.H,'sfas.

s

1- Acetyl -4- methorymethylnaphthalene (40) (27. 0 g, c. la mol) was .

refluxed w1th a NaOCl solutlon for 10 h. The hypochlorrte solutlon was,
. prepared by bubbllng Cl (40 6 g, 0 S7 mol) 1nto a solutron of VaOH ‘
’/LSSIg”T’é7 mol) in water (70 Cm ) and 1ce (aaO gl The reactlon

‘ ‘mixture‘was-mllowed to cool;and NeHS_OJ solutlon was added to destroy

"~ The solutloQ effervesccd and a pale cream solld separated | Thls was

flltered washed WIth water and was recrvstalllsed twice from 950 ‘
ethanol The whlte poudery ‘'solid melted at 136 7 and-welghed 17 62 g
(62¢ yield); i.r (nu;ol) 3700 7150 {bonded OH carooryllc ac1d), 1690 ‘; .

(aromatxc carboxyllc acid C 0), 1120 (- CH -0- CH ) 955 920 (carboxvllc

ac1d OH), 840 7 2 cm (1 4- dlsubstltuted naphthalene), ; .rl

2’ q

[(cn ), CO] 1 0. 9 .7 (m; 6, C "5, 1 (s, 2, cu ), 6.6 p-p-m. (s, , o

10i%g).»
OCH ), mass spectrum (70 eV) m/e (relatlve 1nten51ty) 216. 080 (100

( c g 18 0,)’ = :'216.078), ‘199 (63, 186 (30), 185 (513, 183 (29)

CH2

12
171 (80), 156 (38), 141 (24), 139 (40), 128 (503, 115 (20)

Calcd for cl,Hbo3 c; 72'20 M, 5. 59 Found cd-72ﬁ04;,, '

. 4-Methorg@etnu2 Z-navnthulearpznoz (42) l,' M ’ T : L -:;_; .

Q

. The carboxyllc ac1d (41) was reduced 1n 90% yleld to 4 methoxymethyl-J

'uj




-naphthylcarbinol by LiAlH in anhydrous diethyl ether.' The pale yellow '

v1scous llquld re51due quickly sohldlfled and was recrystalllsed three

RN

times from 60- 75° petroleum ether to long whlte crystalllne needles,

m. p 70.5-71 5° ;.1 T. (melt) 3475 (bonded OH) 3100 3050 {aromatlc
_LC- H), 2950 2825 (allphatlc o} H), 1120, 1100 ( CH -0- CH ) 840 ?60 cm -1
—6

5.38 (s, 2, cn OH), 5 45¢(s, 2, CH20CH ), 6.45. [s OH), 6.8 p.p.m. 2

chsl . The broad%51nolet at’'t 6.45 dlsappeared when the

(1,4- dlsubstltuted naphthalene), n.m.r. (cc14) T r.os-ﬂ 0 (m, 6, c H y,

(¢, 3, euz

solution‘was-shaken w;th DZO ‘mass spectrum (70 e m/e (relatlve

L S Cel2n o1, ~ i .
intensjty) 202.101-(76, M. ( c13 Hy, ™ 02) = 202\099)i;72‘(35), 171

),.143 (35), 141 (54), 128.(52),, 115" (23) . B
’ Aegljfaalgg;gfor c13H1402 C, 77145 K, 697, Fomd: G, 77.44;
' H, 6.94. ' - _

s.':\.

A 4<3ubromome,ggﬁnggﬂtnaZene (43) and 1- BromomethJZ 4-me%haxqmethyl— .

4

naphthalene (24) 'f.,. : l“. . C .t J

.4-Methoxymethyl«l;naphpﬁylcarbinol'was?diseoivcd in benzepe with .
a’trdce of pfridine-addedf iPBf3 was added and.the reaction miiture
- refluxed.on 5 water bath for 5 h. The pale yellow mlxeure was poured

onto ice- and was worked up - w1th water and dllute base The white
-
./

5011d‘r€31due_h33 examlned“by n i 1 and“§ﬁ6wed“that*both“1 4 blsbromo-.

Cvam
Shan

methylnaphthalene and l—bromomethyl -4- methoxymethylnaphthalene were .

Y
Ty

= present in the ratio 4 to 3, methoxymethyl to blsbromemethyl Fhese_,

compoundswere readlly separated by recrystalllsatlon from 60-75° )
- r v«l-'\' : * \\

petroleum cther Thls preparat1on procedure was repeated but the tlme"

.'.‘. .

: was reduced to 90 m1n Under thesc eondltlons an 80% yleld of punerl &
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1-bromomethy1—4-methdijnethylnaphthalene was obtainéd after two '

_.,recrystalllsatlons from petroleum ether l 4 Bleromomethylnaphthalene

(43) melted at 111-112°;14.r. (nujol) 3100 3075 (aromatic C-H), 843, 768
(1 4-disubstituted naphthalene),“szz-cm (al;phatzc CfBr); n.Mm.T.

(cc1 y © 1.85-2.6 (m, 6, Cgtig) 5- [ pop.m: (s, 4, c Br) ‘mass |
1 .

spectrum (70 eV) m/e (relatlve 1nten51ty) 315. 916 (4 ( C HlO :
- 81 Br ) = 315, 911), 314 (10), al’ (S), 235 (57), 233 (58), 154 (100), -
141 (2), 115 (5).

Anal. Calcd for C12 loBr2 F,f :QO%rH? 3.21. ‘FaUnd; :C, 45.§9;

W, 3 14 e
| The 1- bromomcthyl -4- methowymethylnaphthalene (44) melted at 59- 61 |
' i.r, (HUJOI) 3080 3060 (aromatlc C HY, 1170 1100 ( CH -0- CH ), 845
_780 (1, 4 dlsubstltuted naphthalene), 542 cm . (allphatlc C Br), n.m.xr.

" CC1,) T 1.85-2.7 (m, 6l C 5.2 (s 2, CH, Br), 5. 25 (s, 2, CH,OCH ),
4 -

10867
6.7 psp.-m- (s, 3, cuzoca J; mass spectrum (70 eV) m/e (relatlve

intensity) 266.012 (10, M ;(lzcla-lﬂia"lfoi 81 Br,) = 266 013), 264" (11),

- 186 (16], 185 (100}, 155 (23), 154 (JS) 153 (36), 141 (17, 115 (10).

Anal Calcd for C13H13OBr ¢, 58. S H, 4 84 Found: . C, 5@.29,

H, 4.72.

‘r . ~,
4 "

4{hefluorometnuZnaphthalene (45) B .

1 4615fluoromethylnaphthalene was prepared from the correspondlng
dlbromlde (43) 1n aO“ yleld by fluorlde bromlde exchange using
anhydrous KF as the reagent The clear 11qu1d product-rapldly
. 'solldlfled, ? r: (nujol) 3040 (aromatlc - H), 1065 (alkphatlc c- F),

840ﬁ'760 cm (l 4 dlsubstltuted naphthalene), JMm.T. (CCl ) T 2. 05 2. 8 ‘




N
:
J
.

l7s

m, 6 C, .4 ),.4.59 p.p.m. (d, 2, CH,F, J = 48 Hz); mass spectrum‘(?d'-
10% P A =2 1SS SpectItn.
1 B

© .eV)-m/e (zelative intensity) 192 (28, M_ % , M, 19F2).= 192),

. ‘ ‘10
: : | 12.. 1. 19 . - 141
159.056 (100, M_ ("°C;, "Hg "“F;) =.158.055),” 141 (7), 133 (20), 123

(24, 115 (5).

'-u: - P T S ,.‘ | -u‘\.

:‘ Z—FZuEEBMe§hyZ 4 yw%(emqmethqlnavhthalene (46)

' i- Bromomethyl«4 methoxymethylnaphthalene was heated at 140 for 4 h

5

: wlth anhydrous KF 1n N- methylpyrrolldone The résidue was: worked up

" in the usual way and chromatographed on 5111ca gel The first’ three'

A and Shechter 93

fractlons eluted with 09 41° petroleum ether contalned 1,4-difluoromethyl-"

-naphthalenel 10% Benzene in petroléum ether eluted the'l—fluoromethy1F4-

3o

methoxymethylnaphthalcne ThlS was a viscous llqu1d and was obtalnod ' .

v';1n Zga.yleld; ;.r (f11m) 3095, 3080 (aromatlc c- H), 2995 2945 2905

(a11phat1c C-H}, 170 1100 (- CH -0-CH ), 1058 (allphatlc C- F), 0,

760 ‘cm -1 (1,4- dlsubstltuted naphthalene), n.m.r. (CCI&)'T l,§;2:8_ -

4.39 (d, 2; CHE, J = 48 Hz). 5 ﬁ(s,]2 CH,O0CH,), 6.7

2

(m.‘.ﬁ Cm_()),_

_.p:p.m (s, 3, CHZOCH ), mass spectrum (70 eV) m/e (relatlve 1ntcn51ty)'

12 1, 16, 19 .
\ . . = .
204, 096 (81, dr ; C13 U13 -Ql ) 204 095), 173 (71), 172 {35),

171 (100), 159 (21), 141 [JU), 129 (13)1 115 (7)

Y

¥ o o - : R

roL L ’ T ‘\

.

4 Cyano Z-naphthulcarbzno7 (47) (J—Hgdromymethjl Z navhthonetrzle)

The preparatlon of this compound 1nvolved the exchange of bromlde"
by cyanlde on ‘the. aromatlc nucleus The nethod used 15 that descr1bed
by Newman and-BodengZ-lnasmuch as - the solvent used was. N-methylpyrrolldone

The Tatio of reactants and the work-up - procedure was that of Frledman

~ . &
- -

L™ . »
- . . A ot o -

v
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. Powdered CUC“'CS 05 gi Q 09 'mol), which had been‘drled-oﬁer'CaSO4'_."

.V under hlgh vacuum for 22 h, was susPended in N-methylpyrrolldone and
warmed wlth stlrrlng in a 250 cm?-flask The flask was’ fltted with

' reflox”condenser' magnetic ‘stirrer and heating mantle ¢—Brom041—

g?‘/, R

naphthylcarb1nol (9 2 g; 0 04 mol) was added and the dark brown green
suspen51on whlch resulted was heated under reflux Wlth stlrrlng for 6 h.
' The reactlon mlxture was: allowed toveool and was. then poured 1nto a
. E ) solutlon of hydrated FeCl (20 g) 1n conecntrated HC1. acid (5 cm ) and
'water (sO cm ). ‘The resultlng dark _green, susPen51on was stlrrcd at’

© 50-60° for 20‘m1n' The reaetlon mixture was then-dllqted with wate;hﬁ\\ki-

(250 cm ] and left to stand overn1ght ‘The mixture'was extracted‘with’

be zene thre times and the benzenc extract washed w1th a. solutlon of

3

: concentratcd HC in water, 3:1 (2 X 200 cm™ ) The benzene extract was

Y

- thcn washed w1th 10 'NaOH solutlon (2 X 259 cm ) and wlth water - (7 x.100 ©°

cmsj;f The benzene solut1on was drlcd W1th anhydrous MgSO4, f11tered

. : and evaporatcd to a pale yellow re51due whlch welghed 4, S g2 64% yleld

o

‘The SOlld was recrystalllsed from 60 75° pet*oleum ether to glve a

‘white SOlld whlch melted at 110-11 ®s i.f. (nu;ol).SSSO.(bonded OU))

N

:2225 (aromatlc n1tr11e F-N), 835, 758 cm . (1 4-dfsUbStituted naphthalene);

n.m. - (cey, ) T 1. 65 Py 5 (m 6 C 4. 95 (d, 2, CH J = 6 Hz),

1016)’ -2

p.p.m. ( 1 O, J = 6 Hz) On addltlon of D20 the doublet at T 4 95

: ﬁp m. collapsed to a 51nglet and the trlpletat T 7. 8 p.p.m. dlsappcared

kﬁaltogether mass spectrum (70 eV) m/e (relat1ve 1nten51ty) 183 068 (74

MQ (lgclzv}ng-1601”1f§i)re 133 068), 132 (18), 155 (23), 154 (100],,

o (19), 123 (28),.127 (35),° 115 (4)

-Anal Calcd for. CIZHQON c, 78 47; H 4 95, N 7. 65.. Found: -

c; 78 63; 1, 4;89,-N, 7.84.

L
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Z—BrbmomeﬁhyZ—é-éyanohabkthalene (48) félBromomethgﬁJZ-nqpﬁthenifriZej

' ,77f yleld The white soli

" p.p.m. (d 2, cil
(81), 189 (aO), 158 (16), 141. JOF 133 (59, 115 (-

g -Méthoxymetnyz Z-navhthoylchlorz&é (50)

"3

resldue was’ recrystalllsed three times from

4- Cyano-1- naphthylcarblnol was bromihated with PBr iﬁ benzene in

60-75° petroleun o m.p.”131-152.5°; i (nujol) 3075, 3010

(aromatlc C-H), 2 30 (aromatlc nitrile C: V) 840, 760 (1 4 dlsubstltuted

'naphthalcne) 560 cm = (allphatlc C- Br), LT (CDCl ) T 1 66 5

10—63’ 5 19 P- p.m. (s, 2, “CH., Br), masslepectrum (70 eV) m/e
1. 14, 81 ‘

(relatlve 1nten51ty) 247 (9 “f ( C '18~ Nl Brl) = 247, 2§4}9?8
12 1 14

(m,.6 c

"o, M tec st My 7B ) = 244, 984), 221-(5), 219 °(3), 167 (46), . ..

. .12 's Y1
166 (100), 141 (1) 140 (53), 115.(1).

3

~ Anal. Calcd. for clzasnsr:' C, 58.55; H, 5,28; N, 5.69. - Found:

C, 58.51; H, 3.24; N, 5.65.

.
m"".‘

' Z-Fluoromethyl 4- cuanonaphthalen (49) (4- FZuorometth Z napnthonztrzle)

The fluoromethyl compound (49) was. propared from the correspondlng

-

bromlde (48) 1n 42% yleld rl-Fluoromethyl-4-cyanonaphthalene was a

'whlte 5011d whlch melted at 93 5 95, 5 HE S o (nUJol) 3050 (aromatlc C- H),;

- 2230 (aromatlc C N), 1070 (allphatlc C F), 850 750 cm .-(l 4--

dlsubstltuted naphthalcnc), ,m.f. (CCl ) T 1 55 2.7 (m 6, C10_6], ALIB ‘

F, J = 48 Hz), mass - spectrum (?0 eV) m/e (relatlve
12 1, 14 ‘19

—2

'1nten51ty) 185. 0585 (100 r_[ C.., “H N, .Fl)'é 185.0581)1

12 78 1

-

v

’l 4= Methoxymethyl 1- naphth01c acld (2 16 g; 0. 01 mol) was stlrred

'_with SOCl (ID g) at room temperature for 3 h. . At flrst the reactlon

‘

'ﬂmlxture was a pale crcam suspen51on after about l h the suspen51on was

A



h - ) ’ L . . . : N . 4

81,

a pale mauve colour. This was stirred et 50-60° for 2 h and at Toom '

) temﬁeratufe‘fer a fufther 15 h. The excess SdCi' was removed By

‘dlstlllatlon 1n1tlally at atmospherlc pre55ure, -and subsequently at ..

_rreduced pressure A yellow green oily residue resulted Wthh welghed

.speetfum (70‘eV};m/

2.31 g (98 5%); i.r. (fllm) 3100 3005 (aromatlc C-HJ, 2960, zsso ”W-. L

(allphatlc c-1), 1765 (aryl acid ‘chloride C= 03, 1130 (-CH,-0- cn -), 8 10,

" 775 cm - [1 4- d15u5s$1tuted naphthalene), n.m.r. (CCl ) T 0. 9 2 7 (m 6

§1056)’ 5*04:(5; _‘éjH OCH.), 6.06 p.-p.m. (S} 3, CH OCH E mass

2 . -

I 12 1, 164 37,0 5.

(relatlve.}nten51ty)_2a6 (15, Mr ( Clﬁ Hll 02‘ Qll)—“
12 1 16, .35

,236), 234, 045 (44, M (705 THyy 0, TUCL)) =234.048), 203.-(28), 1 99 7

13 711 7 72 1 ) ptt

"(100), 141 (7), 139 (32), 115 (3).

. . . . + .o N . . T
- . o - - .
- . - AQ
PN

L .4—Carbamoyl L—nanhthqlcarbznol (SZ) (4~ Hydromumothyi I nanhthamtdé)

4 Cyano 1 naphthylcarblnol (1 37 g3 0. 0075 mol) was dlssolved in

95% . ethanol (10 cm } and 6 N NaOH (2 cm ) in a 50 cms, 3= nccked flask'

"fltted W1th rcflut condcnser thcrmometer magnetlc st1rrer and hot

water_bath;:;wa
Iﬁitially the solution was imméféed in ice and cooled to 10-15°
Hydrogen Peronde (aooﬁ (10 cm ) was addcd and the solutlon effervesced .

| ‘ e

sllghtly. Heat was appllcd very slowly and bubbles of oxygen were °

. given‘eff gradually.' The reaction mlxture was stlrred at 55 60 for 4 '.'(’

e ethanol'was removed on a rotqry . evaporator and the re51due

L R o .

. ; P
 allowed! o.cool when a whﬁte SOlld prec1p1tated out ThlS was filtered

off from the solutlon andfhashed with ice- cold water. The white selfd

. re51due was.recrysgalllsedltw1ce from warm water. The yield of .. . .
- - A . ' ‘

A N N T : - |.":' . T : ‘ . " . . o ’ ’ -

’ 4—Carbamoy1;L-naphthylgérbinol,was;qgantitative.._The,solld melted at .~
?‘ » o . h : | " l " - | . \ c o . -‘ i : '

o e
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146—147° _ Thls method for the preparatlon of an amide from-a n1tr11e

is- glven in g anic Synthesesg4j i.r. (nuJol) 3300, 3200 (bonded OH

bonded NH), 1675 (amlde C= O), 835 779 cm (1 4- dlSUbStltutEd

naphthalene),. .m [(CDS) CO] T 1 45 2. 7 (m 6, C 4. 92 (s 2,

1&4)’
OH and COVHZ), mass spectrum (70 eV)

27—
 m!e (relatlve 1nten51ty) 201 068 (100 M (lgclz 1Hll 1602 14Ni)'f ; C

'201 079), 185 (27}, 172 (43),° 155 (23), 141 (2), 139 (23), 129 (90),

cn OH), 6.31 p. p m. (s, 3, CH

115 (9) R “ S I

12711727

Anal. Calcd. for C,H 0N: C, 71.63; H, 5.50; N, 6.96. Found: '
©.. C, 71.48; H, 5.53; N, 6.80. ‘ - |

: Z—BromomethyZ-4-carbamoyina?htﬂolene (52)?(4;BromomgthyZﬂginankthqm%de)
"o - . . . -.- . " ‘\

Thezbfomomethylnaphthalene (52) was prepared from the corrésponding

‘carblnol(Sl) in quantltatlve yleld using PBr~ 1n benzene as. the
. " §
‘reagent. The whlte solld re51due was recrystalllsed tw1ce “from a 10%
(benzene/lOO -110° petroleum ether mlxture toa flne white solid Wthh

melted at 198 5-199°: i.r. \IHUJOI) 3350 (bonded VH), 1650,(am1de-C=0),

' -835 755,. 742 (1,4- dlsubstltuted naphthalene), 560 em” (aliphatio‘

G Br), m.x. (D,0) T 1. 5-2.8 (m 6, 61036), 4.95 s 2, CH Br), mass
' spectrum (70 ev) m/e (relatlve 1nten51ty) 265 (11, M (1zci2 1“10 }601'
14, 81 I 16 14, 79

Ny By = 2653, 262 990 (12, M ( c12 Hyg o 0, .“N1 Br) s o

262.994), 184 (100), 156.(50), 141‘(1333"14°:f38j’;139 (529, 1;5_(121. -

=" Anal. Calcd. for C12H100NBr C, 52.56;.H, 3.265 N, 5.11. Found:

C, 52.86; H, 3. 0¥ N, 5. 14.
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-I-Bromometky1—4;carbozénaph%halene (53) (4-BromoﬁethyZ-Z-naﬁhthoic Acidl'

Two other p0551b1e synthetlc Toutes to- the naphtholc ac1d (53)
.were attemp ed before the adoptlon of the method descr1bed here but

wrthout success, These were.

(a) 4 Methyl -1- naphtho1c acid (3) was dlssolved in CCl4 with

: warm;ng and stlrrlng; N Bromosucc1n1m1ae in sllght molar excess was -

'added and the su5pen51on stlrred at the b0111ng p01nt of the solvent for .

36 h. Succ1n1m1de collected at the surface of the solvent throughout._

The reactlon mlxture was cooled and. the succ1n1m1de f11tered off.. The.
-;organrc solutlon was washed W1th water and. evaporated "N.mir. 5pectro—
Tscoplc 1nvest1gatlon of the product ‘indicated several compounds were
fpresent in the solld‘re51due..-1n ordcr t0'1nvestlgate the nature of
:thls solld further, ac1d componente were esterlfled by reactlng a-
su5pen51on of the solid re51due in dlethyl ether wlth an ethereal.
solutlon of CH2N2 (for the preparatlon -of CH N, "see page 87 )l_ The
ilquld res1due whlch resulted after ‘work-up was chromatographed on.

-5111ca gel The dlfferent fractlons collected (20 in all) were f'Q

" analysed by i.r., n.m.r. and mass’ spectrometry, and by Vapour phase‘

R

chromatography u51ng authentlc compounds as references wherever

-~

avallable and appropr1ate..’From thls;lnyestlgatlon an estimate of the .

- . . - - !
st - [ . +

‘major products of the'bromination was made. This was:- _
e . nEs RS, e SR
R . . L . L



1- Bromomethyl =4- carboxynaphthalene was present but only 1n llmlted
St ,'/*: o
amounts. ‘For thls reason this procedure was abandoned and an o,

5. e - . - B

alternatlve attempted“-'
(b) 1 Acetyl -4- bromomethylnaphthalene was stlrred under reflux,;‘

for 10 h Wlth NaOCl solutlon “The solutlon was cooled VaHSO solutlon

<

was added and then concentrated HCl A whlte SOlld preC1p1tated the Pt

o . -

_solutlon was f11tered and the SOlld washed with water and recrystalllsed

‘from 95°' ethanol ‘ The whlte SOlld whlch melted at 318 319 wae_l'

-

,vexamlned'by n.m.r., i.r. and mass spectrometry The i.r. pectrun

i . . o

‘



s

. .-by the reported72 me1t1ng polnt oflthis-compound;as 320°.

. at 60- 75° for 3(\ followed by a further 6 h' at- room temperature | The

9‘1

benzene was. removed on a rotary evaporator and the grey solld re51due

‘; naphthalene); n.m.r. [(CD 3 CO] T 0 85 2. 5 (m, 6, C

conflrmed the SOlld as a carboxyllc aC1d however the n.m. T. showed“a
very symmetrlcal and preV1ously unobserved patte{n 'in the aromatlc region.

Due to the symmetr1ca1 nature of .the- n m.r. absorptlon the Var1an -

' catalogue spectrum of 1,4~ dlnltronaphthalene95 was'consulted- The

. . j
-t'-‘ o L .

pattern=was 1dent1ca1 the shlfts belng dlfferent (for ar further ‘s

d15cussron of- these Spectra see page 207 ) ‘ The molecular ion peak

3

.in the mass spectrum had an m/e value of 216 the;molecular welght of -

l 4- d1naphth01c ac1d 1s 216 The 1dent1ty of the product was conflrmed

=

‘ -..(é) 1 Bromomethyl ~4- carboxynaphthalene was. flnally prepared from

4 methoxymethyl 1- naphtholc aC1d The carbo\yllc ac1d (41] (2 16 g, 0. 01,_

2

mol) was dLssolved in dry benzene (300 chi ) 1n al 2 3«nec ed. flask

Thls SOlutlon wae surrounded by an ice- bath and dry HBr gas ubbled

]

in for 2 h The suspen51on was stlrred at room temperature for 12 h and ‘

PR

=

was recrystalllsed from a benzene/CHZCI mlxture The. whlte 5011d -

elghed 2.65. g, WhICh corresponded’to a quant1tat1Ve yleld and melted‘

s

H s .

at 193 195 (nu;ol) 3600 2400 (bonded OH carboxyllc ac1d), 1700

(aromatlc carboxyllc ac1d C O), 840 775 cm_ (1 4 dlSUbStltUted

e : ¢
10_6),{189PPH1
(s, 2 CH Bty ; mass bpectrum (70 eV) m/e (relatlve 1nten31ty) 265 981

A 16 81

F‘s s

6,V ( %C 127y 10 ~-Br1) 265 977), 264 6y 185 (100), 141 (25),1.

140 (36), 115 (43) b G '._.' R L T e

Anal. Calcd. for. Cy,Hg0,Br: *C, 54.36; H, 3.42. Féund: ,C, 54111;

Y

.
2
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L=-Bromomethy l-4-methoxycarbony Inaphthalene (54) (4-Bromomethyl-1-

methyZnaphthoafe)

1-Bromomcthy1-4:;arboxynaphthalene (0.53 g; 0.002 mol) was suspended
in 'ether (100 cms) in an Erlcnmcyef flask and cooled'in an ice-bath

for 30 min. Ice-cold CHzNz/ether solution (50,‘cm3 of 0.4 M solution,

i.e. 0.02 mol of CHZNZ) was added with stirring. 'Copious volumes of
Ban . .

-

Nz-were cvolvgd and.thg clear yellow solution which resulted was left
to.stand overnight. By the.nex;“morniﬁg the colour had discharged but
to ensure that no CH,N, rcmained three drops of glacial CHCOOII were
added; no N2 was evolved confﬁrming the absenc;.of CHZNZ’ The‘l

ethereal solution was worked-up by washing with water'(Z X 50_cm3),

with 10%-Na,CO_, solution (2 x 50 cm3) and again with wate& (2 x 50 cms).

2773

The basic washings were acidified but there was no precipitate,}
indicating that all acid had been esterified. The ethereal solution was
dried with anhydrous:ﬁééod, filtered and evaporated to a fellow residue,
weight 0.5 g (90%) which after two recrystallisatio, rom 60-75°
petroleum ether the methyl ester (54) melted at 83 s i.r. iﬁﬁjbl)
3050, 3020 (aromatic C-H): 1715 (aromatic ester C=0)\\ 850, 780 t1,4-
disubstituted naphthalene), 550 <:m-1 (aliphatic C-Br); [CCl4]

t 1.0-2.5 (m, 6, CIDEG); 4.95 (s,‘Z{ CﬂzBr)l 6.1 p.p{m;‘(s, 3, COOCES);

mass spectrum (70 eV) m/e (relative intensity) 280 (8, M (12c13 1H11

16, 81 _ A 12.° 1, 16, 79
0, “Br;) = 280), 277.997.(8, M_ ("°C 5 "H, 0,

249 (2), 247 (2), 200 (16), 199 (100), 171 (43} 141 (8), 140 -(40),

Br,) = 277.994),

%

139 (45), 115(5}. s

Anal. Calcd. for C13H11028r: C, 55.95; H, 3.97. Found:. C, 56.06;

H, 3.85. : _ i

<
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The CH N2 solution used for this and fof subsequent csterifications

was prepared according to the method of Moore and Rced.97 Further

references consulted concerning the hazards and different precursors
%}.l 99 .

-

to CH2N2 were ﬁie%ér and Ficser98 and de Boer and Backer,.

f
| 5 .
original accoun}/of the synthesis of CIIZN2 and its use in the esterifi-

. cation of carboxylic acid was reported by von Pechmann100 in 1894.

The

Diethyl ether (500 cms), diethylene glycol monoethyl ether -
("carbitol") (90 cm>) and 30% NaOH solution (120 cm®) were chilled in
a salt—iée bath to at_ least 0° in an apparatus specially designed for

the preparation of: CH This comprised a single continuous

2"z
distillation apparatus fitted with rubber corks, and without ground

glass joins or sharp edges. Bis—tN—mcthyl-N-nitroso)—terephthalamidc
(70% in mineral oil)'(36 g; 0.1 mol) was added in\fne batch and the
flask immediately'transferred to ﬁeating mantle. The yellow ether--

‘CHZNZ solution distilled over and was collected in an ice- cooled receiver

“which contained 100 cm% of ether such that the receiver was under the
surface of the ether at all times. Approximately 400 cm3 of the
- ethereal solution distilled over, leaving a white residue in the

distillation flask. The molarlty of the CH,N, was determined'by

22

titration.with 17.5 N AR CHSCOOH When all the CH2N2 had been

. neutralised the solutlon was no longer yellow; the solution was approxi-

H

mately 0.4 M.

‘Z-FluoromethyZ-é—methomycarbonyZnaphfhalene (55) (4-Fluoromethyl-1-

methylnapkthoate) : . | | .‘_- .

+ The fluoromethylnaphthalene [55) was prepared from- the bromlde (54) |

‘in 55% yield. The % conversion of bromide to fluorldevwas 60%; i.r.
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(molf) 3075, 3010 (aromatic C-H), 2995, 2945, 2900 (aliphatic C-H),
1710 (aromatic ester C=0), 1060 (aliphatic C-F), 835, 780 cm™t (1,4-

.

disubstituted naphthalenc); n.m.r. (CC1,) 7 0.8-2.7 (m, 6, C\ HJ),

4.2 (d, 2, CH,F, J = 48 Hz), 6.0 p.p.m. (s, 3, COOCES); mass spectrum

2
(70 oV) m/e (relative intensity) 218.072 (62, M_ (lzcw'lu11 1602 ¥ -

218.074), 200 (11), 187 (100), 186 (21), 158 (46), 141 (16), 115 (7).

4-Ethozycarbonyl-L-methozymethy inaphthalene (56) (4-Methoxymethyl-1-

ethylnaphthoate)

_ 4—Meth§xymethy141-naphthoicﬂacid (1.08 g; 0.005 mol) was suspended ,
in 40 cm3 100% ethanol in a S-neekcd,_fOD éms flask fitted with nitrogen
inlet, reflux condenser, magnetic stiffer.and heating mantle. Freghiyil
'.distilléd boron trifluoride-ethennté was added and the solution stirred
under reflux for 20 h. The reaction mixture was allowed té cool ;nd
200 cm3 of water was added. The solution became cloudy and was |
exﬁracted with CHéCl2 (2 x 100 cms). This extract was washed witﬁ
water, (2 x 100 cm>), with 10% NaOH solution (2 x 75 cm°) and again
with water (2 x.50 cms). The basic Qﬁshings were acidified and the.
wﬁite solid residue which precipitated was filtered to give 0.25 g of
ﬁnréacted acid.  The organic extract was dried and evéporated to give
the ester (56) which was an oil .(0.75 g; 62% yield); i.r. (Film) 3010
(aromatic C-H), 2980, 2975'(aliphatic_C-H){ 1710‘Iaromatic ester C=0),

1125 (-CH,-0-CH,-, C-0), 835, 750 cm ' (1,4-disubstituted naphthalene);: .

27
n.m.r. (CCl,) = 0.85-2.8 .(m, 6, C

Jollg)s 5.3 (s, 2, CH0CH,), 5.65 (q, 2,

COOCH,CH; J = 7 Ha), 677 (s, 3, CH,0CH;), 8.63 p.p.m. (t, 3, COOCH,CH,,

J = 7 Hz); mass spectrum (70 eV) m/e (relative intensity) 244.093 (90,
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1
15 he

(34), 159 (15), 141 (6}, 139 (10), 115 (21). This method for the
101

M_ 1% 1603) = 244.101), 213 (23), 199 (100), 183 (16), 171

preparation og‘curboxylic csterﬁ%g:s reported by Marshall et al.
1 3 _\-\
P

A

l- Bramometh;i d-ethozucarbonulnaphthalene (57) (d-Bromomethyl-l-

ethylnaphthoate) =

-

The bromomethylnaphthalene (57) was prepared from the methyl cther

- (56) by means of the reaction with dry hydrogen bromidc gas in bcnzené.J
The p;odqct was recrystallised ‘three times from 60-75° petrolcum ether
and was obtained in 75% yicld. The thtc crystalline solid melted at
75.5-76.5%; i.r; tfilm) 3670 (aromdtic C-H), 1725 (aromatic carboxylic
ester C=0), 825, 770 (1,4-disubstit;§cd naphthalene), 560,cm—1 (aliphatic

C-Br); n.m.r. (CC14) T 0.85-2.65 (m, 6, C 5.18 (s, 2, CH Br) 5. 62

10t -

(q, 2, CH,Cll_, J = 7 liz), 8.55 p.p.m. (t, 3, COOCH Cliy, J = 7 Hz); mass

=273 2
c . . - 12, 1 16
spectrum (70 eV) m/e (relative intensity), 294 (13, Mo (C°C, Hiz O,
81 i i 20 1. 16 79 _
Br)) = 294), 292.003 (13, M_ ("°C , M, 0, “Br)) = 292.010),

. 249 (4), 247 (4), 214 (22), 213.(100), 185 25), 157 (13), 141 (10), 140
(22}, 139.(20), 115 (3).

Anal. Calcd. for C 0,Br: C, 57.38; H, 4.47. 'Found: C, 57.18;

14 13
H, 4.40.

L4

4-Ethoxycarbony l-1-flioromethyinaphthalene (58) (4 FZuorometh 1-1-

ethy Inaphthoate)

Fluoride-bromide exchange was carr1ed out on I- bromOmethyl 4-
\ ethoxycarbony1naphthaIene by heatlng with anhydrous KF in N- methy1~

pyrrolidone at 140-150°" for 4 h. The yield of fluoromethylnaphthalene
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(58) obtained was 45% following chromntogr&phy of the crude product on
silica gel with petroleum cther (30-3§°) as cluent. The fluoromethyl-
naphthalene (58) was a clear liquid; i.r. (film) 3090, 3055, 3025
(aromatic C-H), 3000, 2945, 2840 (aliphatic C-H}, 1705 (aromatic carboxylic
ester C=0), 1058 (aliphatic C-F), 835, 775 ecm™! (1,4-disubstituted

naphthalenc); n.m.r. (CC1,) v 0.8-2.7 (m, 6, C 4.25 (d, 2, CH.F,

10t%) » 2

J = 48 Hz), 5.62 (q, 2, COOGH,CH,, J = 7 Hz), 8.58 p.p.m. (t, 3,

273
CH., J = 7 Hz); mass spectrum (70 eV) m/e (relative intcﬁsity)

2
12, 1, 16, 19, . _ ..
232,086 (92, M_ ("°C;, M ; 0, TF) = 232.090), 214 (15), 204 (23),

188 (26), 187 (100}, 169 (16), 1S9 (75), 141 (8), 139 (12), 133 (25},

COOCH

115 (4).

l-Acetyl-4-methoxynaphthalene (60)

The methyl ketone (60) was prepared by Friedel-Crafts acetylation
of 1-methoxynaphthalene (Eastman) in the manner previously described.
The ketone (60) is a\solidrand was recrystallised twice from 60-75°

- petroleum ether to a pale-yellow crystalline soilid which melted at -

72-74° (lit.96 m.p. 72-73°). The yield obtained was 85% of the
theoretical; i.r. (nujol) 3090, 3025 (aromatic C-H), 1660 (aromatic

‘ketone C=0), 1240 (aralkyl ether C-O0), 818, 762 cm © (1,4-disubstituted

_ 10867
. 6.2 p.p.m. (s; 3, COCES); mass spectrum (70 eV) m/e (relative intensity)

200 (7, M_ (12cl L 1602) = 200), 185 (59), 157 (26), 142 (26),
. . 18, |

naphthalene}; n.m.r. (CC14) T 0.95-3.61 (m, 6, C 6.13 (s, 3, QCES),

3 Hip
128 (40), 127 (35), 115 (18), 114 (100), 11% (20).

-
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" l=-Bromo-4-methoxynaphthalene (6L)

1-Bromo-4-methoxynaphthalene was prepared by the reaction between

1-methoxynaphthalene and iodine monobromide. The procedure adopted for

the preparation of the reagent was that reported by Militzcr.lo2 The IBr

\

. was prepared in a 3 ¢ 3-necked flask fitted with thermometer, mechanical

stirrer and heating mantle usingﬂ'-Br2 (B.D.H.) (25 cms; 0.5 moi), I

(B.D.H.) (127.5 g; 0.5 mol) and CHCl; (500 en®). “The CHC1, had been
washed with concentrated HZSO (5%) to remove ethanol, then with water,
and then dried over aqhydrous'MgSO4 and oistilled at‘6i° just prior to
the reactlow | | ' |

The Br2 was added to the CHCl3 and then the I2 was added with
stirring. The red-brown solution turned-darker as the>12 dissolved.
Tﬁis solution was stirred at 20° for 30 min and at 40° for 10 min. It
wos then cooled to 20°. This suspension was added to a stirred solution
of l-methoxynaphthalenc {Eastman) (80 g; 0.5 mol) in CHC}S_(2SO cmS)

ina3 2 3-necked flask fitted with mechanical stirrer, double-surface

reflux condens.r, dropping funnel,'and an air iolet which was adjusted
38

. SO that the constant stream removed the HBr as it was formed The

reactlon vessel was malntalned at 15-20° in a water bath;,the addition

of the iodine monobromide was made over a period of 30 min. The

reaction mixture was stirred at this temperature.for 4$'min angywas
then washed with wator‘(Q'x 500.cm3)‘after thelprecipi;atod I2 had
been f11ter=d off. The dark purple CHCI solotion was washed wito
100 aqueous NaOH solutnn1(2 x 500 cm ) in order to remove:- any remaining

12. It was then washed W1th water (2 x 500 em ) dr1ed wlth anhydrous

MgSO,, filtered and evaporated. The re51due was analysed by n.m.r. and

4?
also by vapour phase chromatography on an SE 30 column. The n.m.T.
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spectrum indicated that the mixture contained mainly one component with
~ traces of another two; this wg;»confirmed by v.p.c.

The dark brown reaction residue was distilled under vacuum at 1.7

¢

mm. Three fractions'were collected and analysed by v.p.c. The third
103 104 -

fraction boiling between 160- 163 (lit b.p. 159/4 mm; 147-153/3 mm)
was pure l-bromo-4- methoxynaphthalenc (87.75 g, 74%); i.r. (film) 3085,
3025 (aromatic C-H), 2975, 2952 2925, 2825={a11phat1c C-H), 1245 (aralkyl
ether c-0), 1090 (aromatic C Br), 805, 770 cm (1,4-disubstituted
naphthalene); n.m.r._(CCl4) r_l.8 3.68 [m, 6, C10—6) 6. 23 p.p.m. (s, 3,

OCﬂs)j mass. spectrum (70 eV), m/e (relative inten51ty) 238 (99, br

12. 1, 16, 81 o , 12, 1, 16. 79 _
("“cy, Hy TTO, %Br)) = 238), 236 (100, M_ ("°C,, Hy 0, TBr)) =

236), 223 (60), 221 (60), 195 (55), 193 (55), 126 (18), 114 (35).

4-Méthoxy-2-naphthoié Aeid (62)

Several attémpts‘were made to prepare this compognd from the methyl
ketone (60) by refluxing with NaOCl solution. All of these failed.
The only reaction detected was ox1dat10n of the naphthalene system itself
and so thlS route to the naphtho1cac1d (62) was abandoned.

4-Methoxy- 1-naphth01c acid was eventually prepared by the Grlgnard
 synthes1s described by Gray and Jones. 103, 4—Methoxy—1 naphthyl
.magne51um bromlde was prepared by reactlng ‘magnesium (6.12 g; 0. 25 g atom}
wlthA1-bromo—4—methoxynaphthalene (5.3 g} in 25 cm3 of anhydrous ether.
The mlxture was stirred -under reflux in a 1 % 3-necked flask fitted
“ with double-surface reflux condenser, SOO-cm3 equ111brat1ng dropplng Tt
fuﬁnel, heating mantle aqd.magnetig stirrer. After 30 min the ether |

had begun to appear cloudy and so the reaction was assumed to have

)
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started. The remaiulc: of the l-bromo-d4-methoxynaphthalene (59,25 g;
0.25 mol in all) disfolved in 350 éms of anhydrous ecther was added
dropwise over a period of 1 h. The reaction m%;ture which was now
1ight brown in colour w)s refluxed with stirring ?or a further-ghh.
_‘Tﬁe reaction mixture nbw comprisecd two phases ané}was cooled and'pourcd
onto solid CO2 (400 g} in 800 cm3 of cther, with vigorous manual stirring.
A milky white suspension was formed. This was left to stand overnight
to allow the éxéesslcoz té_sub}imc. Hydrochloric acid (17%) (300 cms)
was added and the two layers stirred. The upper ethereal layer was
separated and the white solid was filtered from the aqueous layer,
washed with water and dissolved in 800 cm3 of boiling 10% aquecous NaCH
sqlution.. This soluéion was filterqd hot; the filtrate boo;ed and
-aciaified with concentrated HCl and the solid which separated,

filtered off. -The carboxylic acid was recrystallised tWice from hot

glacial CH,COOH and dried under high vécuum. The yield of 4-methoxy-1-

103

3
-naphthoic acid was 24 g (48%) and it melted at 247-247.5° (lit.
m.p. 248°); i.r. (nujol) 3200 (aromatic C-H), 3100-2200 (hydrogen bonded
OH carboxylic acid), 1270 (aralkyl ether C-0), 825, 785 cm © (1,4- .
dlsgbsgituted paphthalene); n.m.r.[(CDS)ZCO] K 0.7-3.2 (m, 6, clogﬁ)?
5.93 p.p.m. (s, 3, OCH.); mass spectrum (70 eV) m/e (relative intensity)
12 1. !

202 (100 M_ ("“Cy, "Hyg

1%,) = 202), 186 (15), 184 (38), 158 20),
156 (12), 141 (5), 130 (25), 113 (36). |

%

. d-Methozy-l-naphthylearbinol (63)

'4—Me£hoxy¥l—haphthylcarbinol was prepared from the correéponding'

. carboxylic acid(62) in 50% yield employing LiAlH, in anhydrous ether

i .
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1

as the reducing agent. The product was a viscous liquid which solidified

., on standing. Recrystallisation from 60-75° petroleum cther gave a
white c;ystalline solid which melted at 34‘1-35o (lit.s1 m.p. 35°);

i.r. (film) 3400 (bonded OH) 3100, 3005,éér§matic c-i), 2900, 2850

. (aliphatic C-H), 1280, 1250 (aralkyl C-0), 820, 765 em” (1,4-
-:§isubstituted napQ}halene); n.m.r. (CC14) T 1.65-3?6 (m, 6, C,.tl.), 5.18

10-6

- (s, 2,'C520H), 5.23 (s, 1, CHZOE),‘G.I p.p.m. (s, 3, OCH The peak

3)'
at 1t 5.23 p.p.m. disappeared when 020 was shaken with the solution;

mass spectrum (70 eV) .m/e (refative intensity), 188 (97, Mr (12812 1“12
*%0,) = 188); 171 (100), 159 (36), 149 (15), 144 (24), 141 (4), 128 (36),

115 (25). .

Z-Bromomethyi-é-methoxynaphthélene (64)

The reports in the literatufe81 of this compound describe the
tendency of this compound to undergo hydrolysis even in slightly

“dam For this reason it was necessary to store the product under

nitrogen ip a desiccator and to prepare the bromide‘by a method

different|from the one usually adopted for this transformation. The

method wds first described for this compound by Shoesmith and Rubli.>!

Hydrogen bromide gas waé;;ﬁgbled into 750 cm3 dry benzene in an ice-
bath fﬁr 1 h, ‘4—Methoxy—i-naphthylcarbinol was added (5.0 g; .0.027 mol)
and the solution stirred at room temperature for 12 h. The light green
solution was refluked for 1 1/2 h and then the benzene was removed on a
rotary evaporator. The residue Qas taken up in 100—11b° petroieum

ether and 5 g of "Norit" decolourising charcoal was added. The sblution -

was filtered and the clear, colourless solution was cooled in a _CHéCl2
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solid €O, ice bath. A white solid separated out and was filtered off

and dried. This solid, which decomposed at 119.5-120.5° (lit.o!

m.p. 119-120°, dec.) weighed 6.21 g (93%); i.r. (nujol) 3050 (aromatic
~-H), 1255, 1235 (aralkyl cther C-0), 820, 810, 760 (1,4-disubstituted
naphiﬁhlcnc), 550 c:m"1 (aliphatic C-Br); n.m,r. (CC14) v 1.5-3.45 (m,

67“C1036), 5.11 (s, 2, ngBr),_G.O p.p.m. (s, 3, 0Cﬂ3)3 mass spectrum

(70 oV) m/e (relative intensity), 252 (6, M_ (‘%c,, '), %, ®lor)) =

12 11 1
1 16, 79

12.° _
252), 250 (6, M_ ("°C,, My, o0, “Br)) = 250), 172 (82), 171 (100),

157 (29), 149 (7), 141 (4), 129 (27), 128 (37), 115 (5).

C

Attempted Preparation of l-Fluorcmethyl-4-methoxunavhthalene

_' Three separate attempts were made to prcpafc this compound from
1-bromémetﬁxl-4-methoxynaphthalcnc. Thﬁ Teaction conditions for thé
first attemét were 130-140° for 3 1/2.h, for the second 140-150° for
3 1/2 h and finally 160° for 13 h. Tracc‘amounts of 1-fluoromethyl-4-
methoxynaphthalene were detécted'by n.ﬁ.r. spectroscopy of the residuc
of the first and third attempts. The n.m.r. doublet with a coupling
constant JCHZ—F = 48 Hz is characteristic of the -CH,F function and
is readily distinguishable from all other methylene absorptions. _The
second fraction contained considerably more fluoromethyl compound, but

A

the percentage (15%) was still low. The fractions were chromatographed
on silica gel at -35° using 30-33° petroleum ether as eluent. The
chrométographic column was maintained at this temperature by'ﬁeans of a.
jacket through_whiéh flowed methanol previously cooled to this temper-
“ature. No fluoromethylnaphthalene was‘dctectgd in any fraction

collected.” However, appfeciable quantities of a white solid melting

at'149-150.5° were obtained. Spectrbscopic investigation of this solid
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indicated that it was a bis-(4-methoxynaphthyl) -methane. The i.r.

1

spectrum of the solid showed absorptions at 825 em ° characteristic of

2 adjacent protons in the naphthalene system, absorptions at 762 and

: indicated 4 adjacent protons, pcaks dt 805 and 822 t:m"1 were

752 em’
characteristic of 2 adjacent protons. These absorption patterns for
the C-H out-of-plane deformation modes indicate 1,4-linkage in the
ring systems through the mechylene bridge; 1,3-linkage is excluded as
there is no signal in the 860-835 en ! region.

The n.m,r. spectrum also indicated 1,4-substituted in both ring
systems; i.r. (nujol) 3090, 3070, 3025 (aromatic C-H): 1270, 1255
(aralkyl ether C-0), 825, 805, 822, 762, 752 cm'1 (l,4-disﬁbstitutcd
naphthalene); n.m.r. (CC1,) 7 1.6-3.6 (m, }2, Czoﬁlz)' 5.42 (s, 2, CH,),
6.13 p.p.m. (s, 6, ocgs); mass spectrum (70 eV) m/e (relativec intensity)

328.145 (100, M_ (1"’c23 oy 1602) = 328.140), 313 (12}, 297 (39), 281

20
(13), 265 (16}, 171 (15}, 149 (11), 141 (8), 115 (4).

d-Methyl-l-sulphonaphthalene (§5) {4-Methyl-l-napnthalenesulphonic acid)

This compound (65) was prepared according to the method of Fieser
and Bradsher.105 Concentratgd HZSO4 (125 cm3] was added to l-methyl-
naphthalene (35.5 g; 0.25 mol) with stirring. The reaction vessel was
a 250 cm3 3-necked flask fitted with dropping funnel, thermometer and
magnetic stirrer and was contained in an ice-bath. The concentrated

,H2504 was added from the dropping funnel over 5 h; the temperature of
the reaction mixture was maint;ined at 4° throuéhout. The stirring
of the reaction mixture was continued for 3 h, after this time.the

mixture became too viscous and then separated into two layers, onc of

which was dark brown. The reaction mixture was allowed to stand at

¢ N
o
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room temperaturc for 6 days during which time a white solid began to
scparate out. The green-grey mixture was cooled and poured onto 200 g
ice. Copious amounts of a grey-white solid separated out and the
suspension was filtered. The solid was washed and dried to a white
crystalline solid (41.5 g; 75% yicid)., Unreacted 1-methylnaphthalene
was recovered by extracting the aqueous residue with CHZCIZ.

Compound (65) ; i.r. (nujol) 3450 (bonded Olf}, 1140, 1035
(hydrated sulphonic acid $=0), 830, 760 cm'l (1,4-disubstituted
naphthalene); mm.r. (0,0) t  1.17 (s, 1, SOg), 1.52-3.22 (m, 6,-
c1oﬂe)' 7.87 p.p.m. (s, 3, Cil.); mass spectrum (70 cV) m/e (relative

1 3

. . 12 16
99
intensity) 222 (100, Mr ( cll “10 03

140 (20), 139 (37), 129 (45), 128 (23), 115 (60). .

251)= 222), 157 (17), 141 (51),

4-Chloroculpho=-l-methulngontnalene (66) (4=-Methyl-l-raphthalenesulohonul

chloride)
The potassium salt of the sulphonic acid was first prepared

according to Fieser and Bradsher's method}os

by adding l-methyl-4-
sulphonaphthalene (24 g; 0.108 mol) to a warmed solution of XCl

(37.5 g) in 150 cm3 water. The resulting white slurry was heated to
almost boiling, nllowéd?to cool and then cooied further in ice. The
fine white precipitate was filtered off under suction and dried in an
oven to give a quantitative yicld of the potassium salt. The identity
of the product was confirmed by i.r. spectroscopy. Strong bands at
(1225, 1203, 1175, 1162, 1155, 1055, 1042 and 1031 t:m"1 indicated an

ionic sulphonate; bands at 832 and 752 cm-1 indi-ited a 1,4-disubstituted

naphthalene compound.
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The salt was dried iﬁ an oven at 100° overnight (13 g; 0.05 mol) -
and then treated with‘POCIQ“(6 g; 0.39 mol) in a 100 cm3 flask fitted
with reflux condenser in an oil-bath at 170-180° for 24 h. The flask
and, contents were shaken vigorously every 4 h, The rcaction vcésel
was removed from the oil-bath and allowed to cool.

At the end of the rcaction period a mud-coloured slurrdy was presénf
in the flask. This was poured onto 150 g ice and 150 cms'CH2C12 was
added. The two layers werce stirred vigorously for 15 min and were then
left to stand overnight. The two layers were separatéd and the
aqueous layer cxtracted with CIIZCI2 {2 x 50 cm3). The organic extracts
were combined and washed with water (3 x 200 cms), with 10% aqueous
NaOH solution (2 x 150 cms) and again with water (2 x 150 cms). The

LY
CH,Cl, extract was driecd with anhydrous MgSO,, filtered and evaporated.

2
to a light-brown solid residue, weight 11.47 g (95.4% yicld). The brown

solid was recrystallised from 100-110° petroleum ether to clear

crystallinc platelets of the sulphonyl chloride (66) which melted at

10

80-81° (1it.%7 81°); i.r. (nujol) 3095 (aro.atic C-H), 1380, 1375, 1370,

| 1350, 1170 em | (S=0 sulphonyl chloride); m.m.r. (CCl,) T 1.15-2.85
1026)’ 7.29 p.p.m. (s, 3, Cﬁs); mass spectrum (70 ¢V) m/e
1, 16, 32 57

. . . 12
h =
(relgtxve intensity) 242 (6, Jr ( C11 Hg 02 1 Cll) 242},

1,, 16, 32, 35

12
240.006 (17, Mr ( C11 Hg 02 S1

(3), 176 (8), 174 (3), 141 (100), 139 (30), 115 (61). This method

(m, 6, C
C1,) = 240.001), 205 (14), 178

for the preparation of sulphonyl chlorides is described, by Adams and

Marvel.m6
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«Attempted Prqparatzon of 1= BromomethyZ-4-ch£orasulgkonapkthaZene

: (4 Bromomethyl-Z-naphthalenesulvhonyZ chZorzde)

" 1-Methyl-4- chlorosulphonaphthalene (8.0 g; 0.03 mol) was stirred

under reflux in a 250 cm3 J-necked flask w1th N- bromosucc1n1m1de (8. 9 g;

3

0. 045 mol) in 150 em” CC1 Samples were wlthdrawn every 2 h and examined

4
by n.m.r. over the next 48 h. At the end -of the reaction period the

proportion of bfomomethylnaphthalene to methylnaphthalene was

"~ approximately 5 to 1. Large quantities of succinimide were present at
. the surface of the CCldﬁ the sblutionwagja deep orange colour by this

- . . . 3 ',
. time, The reaction mixture was washed with water (4 x 200 cm’), dried

with 'anhydrous MgSO4'and eﬁaporated to an amber coloured liquid ?esidué 
which quickly solidified. The i.r. spectrum of this-'resi_due indicated
the presence of sulphoﬁyl chloride and brbmomethyl funétions but the.
absorptions were relatlvely weak and only two absorpt1ons characteristic

of sulphonyl chloride werc present (cf. flVB for (66)). The n.m.r.

spectrum showed a poor (too large) 1nt¢grat1on ratio of aromatic protons

to methylene protons (9:1). .The presence of a singlet at t 2. 95 p b m,

overlapplng the resonances due to aromatic protons was suspected as

2

ien peaksitorresponding to the bromomethylnaphthalene were ever obtained

being due to the methine pro;on.of the CHBr fpncthn. No molecular‘

-

on -any mass spectrum run. -’

Separation of thémdiﬁfe;éﬁt components: was attempted by solid-liquid

" column chrowatography on silica gel, by repeated fractional recrystallis-~
~ ation and by vacuum sublimation but all attempts were in vain,

1- Bromomethyl -4~ chlorosulphonaphthalene although detected spectro- -

scoplcally, was never 1solated in a pure state.
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1-MbthomymethyZnaphthaleﬁe (6?) .
It was necessary to find the optimum method of preparatlon of the

methoxymethyl function from thecarblnolpreferably, or 1f not then

* from the bromide as it was found essent1a1 to protect this lastlfunctioh—

ality before several of the synthetlc transformatlons were attempted

108 110 and based on

Three Organic Syntheses references were consulted'
these descriptions a preparation using dlmethylsulphate eas attempted.
Dimethylsulphate'is both‘corrosiee and poisonous and the reaction was
therefore carrled out in a fume-hood. Any liquid that splashed was

treated 1mmed1ate1y wlth d11ute NH,OH solutlon The hands were also

4

washed periodically with dilute ammonia.

i . l-Naphthylcarbinol'(S.lé g; 0.02 molj_was dissolved in MeOH (40 cms)

with stirring in a-S-neeked 100 cms flask. The flask was equlpped

with two dropping funnels and a reflux condenser. From the two dropping

funnels were alternately added over 40 min'solutions of NaOH (2.0 g;

'0.05 mol) in water (15 cm ) and (CH ), s'o (5.04 g;°3.73 cm3; 0.04 mol).. .

;“As this addition. proceeded the contents of the flask became sllghtly

’ warm. A further 0.5 g (0. 0125 mol) NaOH in water’ (5 cm ) was added

and the SOlUthH was refluxed for 3 h w1th continuous stlrrlng The
reaction mixture was allowed to cool and the aqueous methanolic solution
ﬁas.diluted with water. Thelsolutien’turned milky and was e;tracted
w1th ether The ethereal extract was washed«dith'water (2 x 50 cms)

w1th 10% HC1 (2 x 25 cm ) and agaln W1th water (2 x SO cm ) The

‘n.m.r. spectrum of the reactlon residue obta1ned after drylng and

S

evaporation indicated a ratio of approxlmately 5:1, carblnol to ether

The reaction was repeated twice'with reflux beriodSof‘IS Héand

‘
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32 h' but the proportion of ether in the mixture could not be raised above ~

PR '

- 20%.

.; ”}5‘ﬂ«The.methoxymethylnaphfhalene‘(67) was successfully prepared in '
| quaptifative yield from 1l-bromomethylnaphthalene by reaction of the.
bromidevwith‘a sodium methoxide solution. 'B.p.'lfmethqumethyl—

naphthalene 120°/3.5 mm (lit.111

b.p. 101-3/1.5 mm); i.r. {film) 3100,
3050_(arogatic-g-ﬂ), 29503‘2525, 2875 (aiiphatic C-H), 1080 f—CHZ-O—CHZ—),
800, 790, 770 c:m-1 (l-substituted ﬁaphthalene); n.m.r. (CGI4) T 2.0- |

3.0 (m, 7?:C10§}), 5.25‘(5, 2;»CﬂQJ,'6.74 p.p.m. (s, 3, CHZOCES);. |

‘ mass spéctrum.(70 eV) m)e (relative intensity) 172 (8), 171 Q?), 159

: (7j;.158 (43), 157 (10), 141 (20), 130 (14), 129 (100), 128.(20),

127 (20), 115 (3).

3-Bromo-2,8—nqphthalic_AnhydrideAf69)

Rule and 'I‘homp;onl-12 in their article entitled Bromo-.and‘Nithr "
deriyatiﬁes of.Naﬁhtbéiic Acid degcribe three diffegeﬂt‘methods for |
-the bromiﬁation of naphthgiic anhydride and ithey concluded ".. . Better
results are obtained by carrfihg‘ogt the bromination in nitric acid
solution: although the yield (20%) is.stiil‘somewhat low, the_preparatidn
is rgpidl& éffeétéd and under the correct'chditions, the broduct
crystallizes from the reaction mixture in the_pu?e’sféteit;";

1,8-Naphthalic anhydride (Koch—Light){(25 g; 0.13 mol).wés sti;red
in concentrated nitric acid (500 cm3 d. 1.418)-and heaté&.to é0¥70q
'very iapidiy., Bromine'(lS g;?5.2 cms} 0.095 mol} wésladdga to the' -
reactiqﬁ'mixture from an equilibé§fing dropping funnel whiie.the‘l |
tempeﬁatufe'was maintéiﬁe& at 60-70°. The reactién‘miiture chaﬁged

from. an off-white suspension to a yellow'suspension and finally‘after
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30 minutes at 60-70° to a dark brown eolution. The reaction mixture

. was cooled and then left to crystalllse overnlght The colourless

needles were flltered and recrystalllsed from 95% EtOH The yield of

3-bromo-1,8-naphthalic anhydrlde was 8.0 g (23%), 241-243 J(llt.lls

m.p. 244°); di.r. (nujol) 3080 (aromatic C-H), 1775, 1740'(conjugated‘

cyclic anhydride C-O), 1300, 1235 (cyclic anhydrlde C-0), 1049 (aromatlc

C-Br), 835, 785 cm™ (1,3,8-trisubstituted naphthalene); m.m.r: (CC1)

T 1.2-2.3 p. P- m. (m, C mass spectrum (70 eV} m/e (relatlve

' 1 16,. 81

10— S)’

intensity) 278 (14, M ( C 5 03 Brl) = 278), 277-(95],
1 ,16 79 _ s 234 (93) . -232- (9!
(15, Mr ( Ciz HS O3 IIJ = 276), 275.F100), 234.(93)’ 232:(95),

206 (52), 204 (53).

Ankydro 3-bromo-8-h droxymercurz—l—naphthozc Aeid (70)

The mercuration and subsequent hydrolysis of S—bromo-l,s-'

naphthalic anhydride. is described by Rule and Thompson112 who
' 113,114 |

" referred to Whitmore and Fox ' for essential practicalldetails.

-

The method used in this eynthesie was- therefore a similar combination
of the two references

3- Bromo 1 8- naphthallc anhydrlde (27.7 g, 0.1 mol) was heated
unt11 boiling in-a solution of NaOH (13.6 g; 0.34 mol) in water

(520 cm ) in a 1 2 3 necked flask equ1pped with heatlng mantle

‘ .magnetlc stirrer, double—surfgce reflux condenser and dropping

funnel. Tc this stirred‘suspension wes added from the dropping funnel

over 1 h, a solutlon of .yellow mercurlc ox1de (Flsher) (23 8 g; 0 11

mol) in water (65 cm ] and glac1al CH3COOH (25 cm ) This suspension

" was stlrred under reflux for 98 h during whrch time con51derab1e

volumes of CO2 were evolved The white suspen51on was flltered and

-
[C
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~and”’ drled to glve the hydroxymercurl derlvatlve (70) (45 g; 100 ) The
'1dent1ty of the product was 1nvest1gated by i.r. only as it was too-
1nvclat11e for a mass. spectrum to ‘be taken and too 1nsolub1e for an
n.m.r:; i.r, (nUJol) 3025, 3005 (aromatlc C- H) 1650 (aromatlc C= 0),
1080 (aromatlc C—Br), 835, 785, 770 em (1,3,8—tr15ubst1tute¢

naphthalene). ' T g

. 3—Brbmo—2—nqghthoie deid (71)

_ Anhygro-S-bfoﬁo-S-hydroiymercuri-liqapﬁthoie acie (45'§; 0.1 mol)
-was boiled under refldk for 4 1/2°h with 400 cm3 Qeter and_lSO cm3 |
concentrated HCl. .The reection:mixture was left to cool overnight‘and
- the white solid which had settledIWas filtered and washed with wafer.
The crude solid.was reefystallised from_giacial_CHSCOOH‘ehd four .
‘eepafate- crystal fraciiensfcollected. S—Biome—l-naphthoic_acid'was'
less soluble than the 6;Bromo-1-napﬁthoic acid also present in the crude
'solld and so the first fractions collected contained the 1 ,3-isomer.
The SOlld obtalned from ‘these fractlons was vigorously drled and then
melted at 230.5-232° (11t.112_m.p. 231-2°). The yield of (71) was 50%
i.r. tnﬁjol]‘3200—2500 (bonded CH carbexylic ac1d), 1690'(aromat1c‘

_ carboxyllc acid C=0), 1080 (aromatic C-Br), 855, 335 745 cm” (1;34

disubstituted naphthalene), .M. T, [(CD ) CO] T 0:5- 2 5 p p.m. (m,

10—6)’ mass spectrum (70 eV) m/e (relatlve 1nten51ty) 252 (98, '
12 1, 16, 81, | _ . 12, "1, 16

( Cll H7 O2 :Erl) = 252), 2;1_(13), ZSQ (100? Mr ( _C11 H7_ 02
7gBrl)'=' 250), 246 (34}, 244 (35), 207 (21), 205 (21), 126 (67), 115

.;18).' ' : Cy
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3-Bromo-L-methy Inaphthoate (72)

' 3-Bromo- 1-naphth01c ac1d was esterified in 95 yleld by the L

addition of an ethereal solutlon of CH.} Vz to an ethereal solutlon/

'

suspension of the acid (72). The solid ester was recrystalllsed~from

T 60-75° petroleum ether to give a white crystalline solid which melted at

112

58-59° (lit.n 58°); i.r. (nujol) 3050, 3010 {aromatic C-H), 1523\\\

(aromatic carboxylic ester C=0), 1040 (aromatic C-Br), 855, 832, 750,
742 cm (1 3- dlsubstltuted naphthalene), n.m.r. (CC14)-1 1.1-2.8 {m, 6;

Cloﬁﬁj’ 6.18 p.p.m. (5, 5, COOCH ), mass spectrum (70 eV} m/e (relatlve
12 1 16 81 '

intensity) 266 (92, M_ (C°Cy, THy TT0, TUBr)) = 266), 264 (93, M_

12 9 0
%c,, hy 0, 79Br1)=;264), 235 (99), 233 (100), 207 (39), 205 (40),

126 (75).

3~ Bromo—l—naphthylearbmnol (73) -

/"—""‘-L‘ _JJ

3- Bromo 1- methylnaphthoate was rediced to 3 bromo 1- naphthyl-
carbinol- in quantltatlve yleld with L1A1H 1n anhydrous ether The
buff coloured solid residue waé recrystallised phree'times from

100-110° petroleum ether to fiqe_wﬁife needles , m.p. 106-107°; i.r.
(ﬁujol) 3350 (bonded. OH), 1065 (aromatic C-Br), 865, 850, 745 cm_l_

_(1;3—disubstituted'ﬁaphtha}ene); n.m.r. (CCl,) v 1.95-2.8 (m, 6, c10~6)’

5.03 (s, 2, CH)OH), 8.51 p.p.m. (s, 1, OH). The singlet at T §.51 p.p.m.

0 exchange; mass spectrum (70 eV) m/e (relative

2
" - 12, 1. 16, 81
.1nten51;y) 238 (39? Mr ( Cll H9 O1 Brl) 11
1 16, - 79 '

H Br,) = 236), 221 (3), 219 (5); 209 (6), 207 (8), 157 (18),

disappéared on.ﬁ
- 238), 236 (40, M (12c
9 Ol
139 (21), 129 (91), 128 (100), 127 (42).

N

Anal. Caled. fog CllﬂgQBr, C 55.71; H, 3;83.\\F0und: C, 55.74;

H, 3.83..
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" 3-Bromo-1-bromomethy Inaphthalene (74) .

- Bromination of the carbinol (73) with PBr. in benzene gavé an 85%

3
. yield of the bromide (74).. This was recrysté}lised three times from .@

a 10% benzene/100-110° petroleum ether mixture to white needles which

melted at 94-96°; i;r. ‘(nujol) 3010 (aromatic C-H), 1050 (aromatic C—Brj, 

865, 850, 765, 738 (1,3-disubstituted naphthalene), 540, 518 em” !

(aliphatic C-Br); n.m.r. (CCL) 7 1.9-2.75 (m, 6, C)gite), 5.25 p.p.n.

(s, 2, CH Br), mass spectrum (70 eV) m/e (relatlve intensity) 301.897

(a1, M (lzcll g Slarz) 301.896), 300 (24), 298 (12), 222 (25),

221 (100),-220 (26j;<219 (100), 141 (21), 140 (44), 139 (45).
Anal. Calcd. for C11H88r2 C, 44.03; H, 3.09. Found: C, 44.20; H,"

2.81.

3-Bromo- Z quoromethyZn;phthalene (75)

3 Bromo 1 fluoromethylnaphthalene was prepared from the bromlde in =
“the usgal way. The yleld of fluoromethylnaphthalcne_was 61% followlng
column chromatogfaph; of thé reaction residﬁe on_si}ica éel;“i.r.
(£ilm) 30}0 [aroma?ic C—H), 2975, 2925, 2860 (aliphatic C-H), 1060

(aliphatic_C-E), 1020 (aromatic C-Br), 830, 76Q <:m_1 {(1,3-disubstituted

naphthalene); n.m.r. (cc1 ) T 1.9-2.8 (m, 6, Cglt), 4.55 popom. (4, 2,

CH F, J = 48.0 Hz); mass spectrum (70 eV) m/e (relatlve 1nten51ty) 240
1, 81, -9

(56, M. (t c11 Hy tBr, OF)) = 240), 239 (15), 237 973 (58, M,

e c11 1H8 79Br1 lgFl) 237.973), 160 (17), 159 (100), 158- (13),

157 a7y, 133 7). . o -



‘106

Attempted P?eparatién of 3-Fluoro-1l-methylnaphthoate

SRR
Sheppard and Shartslls state  that "...Halogen atoms on aroméEECR_‘”
rings may be readlly replaced u51ng pota551um fluoride if there is an ’
electron-wlthdraw1ng group in a p051t10n ortho- or pa ra—...”. Flnger and

'l(ruséll6 descrlbed the fluorine- chlorlne exchange of E;chloronltro-
benzene ir. d1methy15u1phox1de w1th potassium fluoride at 185 190° for

14 hours.

Some@hét optimistically i as hSped that if-might‘be possible fo
carry . out a similar excharge on 3 bromo 1- methylnaphthoate to glve the
3-fluore compound even though the electron-w1thdraw1ng group was not
QiSPOSQd either EEEEE‘ or EéIE? to‘tﬁe_exchanging group%

.The'3;bromo compouhd-(?Z] was,Heatedﬂwith anhydrous;potassium
fluoride in N;methQIPY?rolidone at 190° for 18 HL' Foliowing chromato-
.graphy oﬁ 52% yieid of l—méthylnaphfhoate was obtained. Spectra of: |
this compound were idenfic31 t6 tﬁose of the prqduét of the reac£ion '
between Cﬁzhz and l-naphtﬁoic'aciq (28). The rémaihder of the.materia£37
eluted from the cblﬁmn was unchanged starting material.

To determine yhether this somewhat surﬁrising résult was some
function of the solvent, the feactioﬁ was repeated'using”sulpholéné-as
~ the. solvent. .The sulpholane was exémiﬁed for.oxﬁdisable‘impurities'by
making a 1'1‘solution with concentrated H2504 " After 5 minutes'a colourr
had appeared 1nd1cat1ng that 1mpur1t1es were present and so the
sulpholane-was pur;fledcaccordlng to the procedure of Arnet£ and Douty117
.bf distillation from powdered NaOH between 125-135°}gf 5.0 mm. The
| sulpholane was stored over moleCulaf siéve$ under hi%rogeﬁ. |

Two -attempts to prépare 3-f1uproé1—methylnaphthbate were made using

sulpholane as the solvent. The first was carried out at 190° for 24 h.



10% ‘benzene/100-110° petroleum ether mixture to a

‘melted at.87-89°; i.r. (nujo1) 3425 (bonded OH), 3010

~ \ - 107

N .
e’ _ v

. . ' .
Only a trace of l-methylnaphthoate was detected in the product; mainly

starfing material was obtained following chrémﬁtography of the
reaction residue. The second attempt was cé:ried oﬁt‘at 185° for ten
days, but only starting material was obtainédlfroﬁ this‘attempf.

No trace 'of fiuorinated-#ompoﬁnd was ever detéﬁted and so this

synthesis was abandoned.

- 3—Cyano-2 naphthy learbinol (76) (A—deroxymeﬁhyl 2-naphthonztrtle)

3- Q}:no\?xﬁg;kthylcarblnol was prepared 1n 51% yield from 3- bromo—
1- naphthylcarblnol by cyanlde -bromide etchange u51ng cuprous cyanlde in
N-methylpyrrolidone. The reaction mixture was heated at 180~ 190°

for. 6 h. The pale- yellow solid re51due was recrystalllaed from a.

1te SOlld which.

2220 (aryl nitrile CEN), 875, 760, 740 cn” 13- dlsubstl uted

‘naphthalene), n.m.r. (cnc1 ;) T 1.95-2, 7 (m, 6, Clo-e3= 4,95\ (d, 2,
CHZOH J = 0. 6 Hz}, 5 52 p. p m. (t, 1y CH OH J=0.6 Hz). Qn D20
blet at

exchange the trlplet at T 5 52 P-P. m dlsappeared and :filga

1 4.95 p.p.m. qollapsed to a 51ngleth Mass spectrum 0 eV) m/e

12, 1. 16

(relative intensity) 183.072 (48, M, (°Cp, Hy O 14 M) = 183.068),
1182.(18), 165 (11), 154 (30), 183 (100), 140 (13), N7 (54), 115 /(6).
‘Anal. Caled. for CH,ON: C, 78.47; H, 4.95; N[ 7.65. Fégnq. ,

C, 78.79; L, 5.26; N, 7.58.

< . -
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1-Bromomethy l-3-cyanonaphthalene (77) (4-Bromomethyl-2-naphthonitrile)
" : - 3 ‘

l-ﬁromomethyl-3-eyanonaphtha1ene'waslprepared from the cerresponding
carb1n01 (76) with PBrs‘in benzeﬁe - The- whlté?solld re51due was | | |
recrystalllsed three times from a 10% benzene/lOO 110 petroleum ether
mlxture to glve-a ?0& yleld of a white cryétalllne solid which melted,
at 151.5-1559; i.r. (nujol) 30¥h (aromatic C-H), 2210 (aryl nitrile
C=N), 855, 770, 750 (1, 3—disubsituted naphthalene), 565 cm_l (aliphatic

C-Br); n.m.r. [(cn ),C0] T 1.5-2.5 (m, 6, C 4.82 p.p.m. (s, 2,

10—6)’

' CEQBr); mass spectrum (70 eV) m/e (relative intensity) 247 (8,'Mr

o

i2. 1, 14, 81 _ ‘ S 12, 1, 14, 79
("Cyp THg TNy TTBry) = 247), 244.978 (8, M (T7C;, Hg TN TBr)

.244.984), 167 (37), 166 (100}, 144 (17), 141 (5), 140 (22), 139 (16),

115 (4).

\f‘wﬁnaltﬁcaIEd. for C,,HeNBr: - C, .58.56; H, 3.28; N, 5.69. Found:

C, 58754; H, 3.32; N, 5.59.

-

e

3—05;;0- -fluoromethélnaphthalene (78) (4—F2uoromet@y2-2;naphthonitrile)

The fluoromethylnaphthalene (78) was prepared in 42 yield from its
bromomethyl precursor (77). The reactlon mlxture was heated at '130-140° C

for 4 h and then worked up with ;aturated NH4C1 solution and_

~ chromatographed on silica gel'to give a white solid; i.r. (nujol} 3030

(aromatic C-H), 2225 (aromatic C=N), 1075 (aliphatic C-F), 835, 750 cm*

(1,4-disubstitut'ed naphthalene); n.m.r. (CDClg)"T 0.7—2.7 (m, 6, CioHe) s
4.1 p.p.m. (d, 2, CH F, J = 48 0 Hz), mass spectrum (70 eV) m/e

2 3
2. 1. 414 :
(relatlve intensity) 185.074. (100, M_(C°Cy, THg Nl F 1) = 185.058),

184 (86), ‘180 (10), 166 (9), 165 (29), 164 (10), 159 (7), 158 (37],.

L &

157 (20), 153 (12), 141 (2), 140 (6), 133 (5), 115, (1)



- 3-Cyano-l-methozymethy Inaphthalene. (79) (4-Methoxymethyl-2-naphtho-

109

nitrile)

T . Theﬁéthyl etherfk?Q) wés‘prepared by reacting l-bromométhyl—l-‘
cy;pbnaphthalehe with sedium in ﬁethanol. After the normal Qork;up
the ether (79)-was.obtained‘as a colourléss solid in 90% yield, m.p.
67.5- 68 5° 3 1.r. (nujol) 30?0 (arométic C-H), 2220 (aryl nitrile CEN),

1125 (-CH,-0-CH,-, C-0), 850, 770, 745 en” ' (1,3-disubstituted

2’

naphthalene); n.m.r. (CCl,) T 1.95-2.6 (m, 6, C 5 22 (s, 2, CH,OCH

- 10867 2 Hy0CH;)
6.71 p.p.m. (s, 3, cuzocgs) mass spectrum (70 eV)- m/e (relatlve

. . : 12, 1, 14, 16, . _ , -
intensity) 197.070 (15, M_ ("°Cio "Hy; ~ N, T0)) __197.084), 196 (88),

195 (48), 181 (15), 166 (80), 165 (100), 163 (15), 153 (28), 139 (35),
138 (20), 128 (22), 115 (1). & | - | .
 anal: Caled. for C,4H ,ON: C, 79.14; H, 5.62; N, 7.10. . Found:
C, 79.45; H, 6.00; N, 7.06. | |

—AaetyZ-Z-methoxumetkuZnapnthaZene (80)

, Magne51um turnlngs (1.22. 8; 0. 05 g atom) were placed in a 50 cm3

3-necked flask with 5 cm3 anhydrous\ither The'flask was fitted with a_
reflux condenser, 25 cm3 équlllbratlng dropplng funnel, magnetic
stifrer-énd nitrogen inlet. The magnesium .was stirred under the

- pitroggh;atmbéphere for 5 min and then 1 cm® of a solution of CH,I
(1:42 g} 0.05 mbl)_in ether (1O'cm3) was added from the'droppiﬁé funnel.
The ethereal solution became'cioudy aféer about 3 min. .The rq@aindér-
of the Cﬁsl solution was added and the‘reactioh mixture-stirréh for a
'furtﬁer 3-h. | ”

Anhydrous Behzene (19 cms) wés added and the condenser arranged

for distillation. The ether was distilled off and the conuenSer
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returned  to the reflux position.
3-Cyano-1-methoxymethylnaphthaleﬁe (1.97 g; 0.01 mol) was added
in one batch in 10 cms-benzene. This solution was stirred under
réflux for 7 h. After 15 min the solution had turned green. At the
end of‘the 7 h reaction period.the mixture was cooled in an ice-bath.
The reaction mixture wég transferred to a 250 cm3 flask and 6 N HC1
- (100 cm3) was added very cautiously. There was considerablé cffervescence
and the mixture turned yellow-brown in coléur. This solutioﬁ was
stirred ﬁnder refLUX‘for 36 h. - The two layers werc scparated and the
_ benzene layef washed with water (2 x 200 cms), with 10% NaHCO3 solution
(4 x 100 cm3) and agaih with water (3 x 100 cmsj. The Pink benzene
solution was.driéd with anhydrous MgSO4 and was evaporated to a dark
brown, thick viscous, liquid residue. N.m.r. aﬁalysis of this residue
indicated several gpurious peaks in both the methylene and methyl
_regioés. The ;esidue was chromatographed on silica gel using a 10%
benzene/35-45° petroleum ether mi#furé as the eluent, |
34keqq;-1—ﬁethoxymethylnaphthalene was oktained in 77% yield;
i.r. (£ilm) 3150, 3075 (aromatic C-H), 3000, 2940, 2900,l2825
(aliphatic C-H), 1680.(aromati¢ ketone C=Q), 1115, 1095 (—CHZ-O-CH2—),

845, 766, 760, 735 cm = (1,3-disubstituted naphthaleme); n.m.r. (CCI,)

105%
7.56 p.p.m. (s, 3, COCﬂs); mass spectrum (70 eV) m/e (relative
- 12 . 1 " :

"t 1.8-2.85 (m, 6, C,gH), 5.42 (s, 2, CH,0CH,), 6.79 (s, 3, CH,0CH),

2

1
Ciq Hyy

186 (15), 183 (35), 181 (22), 171 (27), 149 (29), 141 (15), 139 (46),

intemsity) 214.108 (75, M_ ( 602).=_21_4.099), 199 (67) ,

115'(9),n84-(100).. The procedure followed here is based-on that of

‘Callen et 120

]
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3-Acety l-1-bromome !:h_i,*Znaph thalene (81)

The bromide (81) was prepared from the methg, ether (80) in
quantitative yield with dry HBr gas in benzene. The solution was
stirred aﬁ room temperature for 12 h and at 60° for 2 h. The solid
residue was recrystallised three times from a 10% bcnzenc/loo-lloﬁ
petroleum cther mixture to give colourless crystals of (81), m.p.
109-110.5°; i.r. (nujol) 3030 (aromatic C-H), 1680 {aromatic ketone),
845, 775, 730 (1,3-disubstituted naphthalene), 570 cm™ (aliphatic
C-Br); n.m.r. (CCl,) © 1.4-2.75 (m, 6, Cyollg)s 5:17 (s, 2, CHyBr)s 7.4

Lrd

p.p.m. (s, 3, cocgé); mass spectrum (70 ¢V) m/e (relative intensity),

12. 1, 16, 81 _ , g 12, 1
264 (1, M_ (C°C o "Hj, 0, "UBr) = 264), 262.009 (1, M_ ("°C o "Hj,
16, 79

0, "“Br)) = 261.999), 220 (1), 218 (1), 183 (93), 141 (13), 140 (84),
. IJ .

139 (100), 115 (14).
Anal. Caléd. for CiSHIIOBr: C, 59.35; H, 4.21. Found: C, 59.09;

H, 4.01.

3-Carbamoy L-1l-naphthy lecarbinol (83) (4-Hydroxymethyl-2-naphthamide)

3-Carbamoy1-l-naphyhylcarbinol was prepared from its 3-cyano
precursor {76) by means of the reaction between the niirile, caustic
soda solution, and hydfogen peroxide, in ethanol. The yiéld of amide
was low, only 50%. The product was recrystallised froﬁ 95% ethanol
three times to give colourless crystals of carbinol (83), m.p. 155-1563;
i.r. (nujol) 3400 (hydrogen bonded OH), 3150 (bonded NH), 3075, 3050,
3030 (arqmatic ¢-H), 1695 (primary amide C=0), 1595 (primary amide), 850,
835, 735 em” ! (1,3-disubstituted naphthalene); n.ﬁ.r. [(CDS)ZCO] Tt 1.4- -

2.5 (m, 6, C 4.92 (s, 2, CH,OH), 7.0 p.p.m. (s, 3, CONH, and

1) | d
CHZOEJ. The broad singlef at © 7.0 p.p.m. disappeared when the solution

1
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0; mass Spcctrum‘(70 eV) m/e (relative intensity)

16. 14
11 9

155 (20), 141 (3), 139 (25), 129 (100), 128 (48), 127 (44), 115 ' (11).

was shaken with D2

| 201,088 (54, M_ (lzcl2 oy N,) = 201.079), 185 (15), 172 (38),

1271172
C, 71.50; H, 5.43, N, 6.71.

Anal. Caled, for C ,H,,0,N: C, 71.63; H, 5.50; N, 6.96. Found:

ngcetyz-lzf;uorametkgZnaphthaleée'(82)

3-Acetyl -1-fluoromethylnaphthalenc'was'preparéd_from 3-ace£y1_

bromomethylnaphthalene by bromide;fluori&e exchange at 130-140° for 4 h.
The yield following chroﬁatography on §{1ica gel was 36%; i.r. (film)
3040 (aromatic C-H), 2985, 2980 (aliphatfc C-H}, 1680 (aromatic}

ketone C=0), 1060 (aliphaticC-F), 850, 765, 735 em * (1,3-disubstituted
naphthalene); n.m.r. (CCl,) T 1.67-2.62 (m, 6, C oH/), 4las @, 2, CH,F,
J = 48 ﬂz), 7.43 p.p.m. (s, 3, COCES); mass sﬁectrum (70 eV) m/e
(relative intensity) 202.084 (90, hr (lzc13 1“1i ?601 lgFl) = 202.079),
188 (34), 187 (100), 160 (17), 159 (91), 157 (24), 141 (3), 139 (26),

133 (55), 115 (7).

e
v
)

/o .
1-Bromomethyl-3-carbamoylnaphthalene (84) (4-Bromomethyl-2-naphthamide)

3
_33% yieldtbf tbe‘bromide (84). Re-extraction of the aqueous residue with

The carbinol (83) was brominated with PBr, in benzene to give a

g P .
CH Cl2 plus,so§h1et extraction of the residue following evaporation

2 , X

to dryness of the aqueous residue could not improve the yield obtained{
The solid was recrystallised from a 10% benzene/100-110° petroleum
ether mixture to give colourless crystals, m.p. 204-5°. Bromide-fluoridé

exchange was not attempted because of the small amount of the bromide
he —

2

- !



"'-amlde C=0), 860 780 750 (1,3- dlsubstltuted naphthalene), 550 cm
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(84) available and because of the lack of success encountered;during
the attempted preparation of the 1 4-isomer of this‘compound;.i T.

(nugol) 3350, 3180 (amlde N-H), 3110 (aromatlc C-H), 1665 (aromatlc
~1

- (aliphatic C-Br); n.m.r [(cos) coj < 1.4-2.6 m, 6, C10—6]’ 4, 95 (s, 2,

CH Brj, 6.8 p.p.m. (s, 2, CONHz), mass spectrum (70 eV) m/e (relatlve

1,, 16.° 14, 81
12 Ho . 01 .‘Nl

1 16 14.. 79

. (10, .M ( 2 12 Hyo 0 Nl opr ,) = 262.995), 185 (17), 184 (100),

141 (6), 140 (20), 139 (22}, 115 (2)

1nten51t }-%65 (10, M ( C

S M‘

Brl) = 265), 262. 991

Anal: Calcd. for CIZHIOOVBr .C, 52.56;'H, 3.26; N, 5.11. Found:

¢, 52, 69: H, 3. 48 N, 5.05. - . PIESTVRTE

. IRV
e
-
-

e
ey

3~Carboxy-Z—naphthylcarbinoZ (85).(4—Hydroxymethylw -napihoic Aeid)

, S-QarboxyLl-naphthylcarbinol was‘preparedlfrom 3¢ ano-1- .
‘.naphthylcarbinol Thls synthetlc transformatlon was\attempted by aciaic"

-ihydroly51s of the n1tr11e ‘but all attempts were'unsuccessful A The
*‘nltrlle (76) was hydrolysed to the carboxylle ac1d in quant1tat1ve

i

yleld by reflux1ng the nltrlle w1th~6‘ﬂ'§olutlon of NaOH in water unt11

only one phase.was present 1n.the reaction mlxture (15 h). The white

solid obta1ned after work-up was recrysta111sed from 95% ethanol to

: glve colourless crystals of the ac1d (85), m. p 293 295 i.r. (nujol}

‘3050 (bonded OH), 1680 (aromatlc carboxyllc ac1d C= 0) 860 775 740 cm -1
/

(1, 3-dlsuhst1tuted naphthalene); . [(CD3) Ccol = 1.47—2.65 (m, 6,

_ 10__6), 4.9 (s, 2, CH. OH), 5.95 p p.m. (s, 1, CH, ,0H). 'The broad singlet ,

“:-_ at T 5.95 p .p.m. dlsappeared on the addltlon-of D O to the solutlon,

mass Spectrum (70 eV) m/e (relatlve 1nten51ty) 202 057 (86, Mrf(lzclz 1H10"
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10—6

-'(100 M, (T H 0

114

0 202.063), '173 (52), 157 (25), 155 [42), 141 (13), 124 (100),

3)
123 (52), 115 (21). ‘ ' ' !

Angl Calcd for C12H1003 C, 71.30; H, 4.47. Found: C, 71.60;

H, 4.69.

!
e SR,

3-Methomycarbonyl-1-naphthy loarbinol (86) (4-Hydromymethyl-2-methyl-

r

naphthoate)
" The methyl ‘ester of 34carbpxy:1-naphthyfcarbinol was prepared in
90% yield from the reaction between an ethereal suspeﬁsion of the

carboxylic acid and an ethereal solution of CH2N2.~ The white solid

ester was recrystallised from a 10% benzene/petroleum ether mixture

I

and was then vacuum sublimed to glve colourless crystals, m.p. 79-80°;

i.r. (nuJol) 3200 {bonded OH), 1710 (aryl ester C= 0), 850, 765 735 cm -1

‘(1,3—d15ubst1tuted naphthalene); n.m.r. [(CDSIZCO] T 1.3-2.7 (m, 6,

) 5-540..(8, 2,--CH, OH), 6.15 (s 3, COOCH;), 6.65 p.p.m. (s, 1,
CH OH).- The 51ng1et at T 6. 65 p.p.m. dlsappeared on addltlon of D O

to the solutlon mass 5pectrum (70 eV) m/e (relative 1nten51ty) 216.076

s 12 1,.. 16
13 Hip 3) = 216.079), 187 (61), 185 (31),.183 (20),

157 [29), 155 (42}, 143 -(19)," 141" (9), 139" (21) ----- 129m{321,mm12§m£46),
127 (32), 115 (). o
fon T o
~Anal. Calcd for C13H1203 €, 72.25; H, S‘ng Found: -C,IY;.QY;

H, 5.50.
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'Z-BromomethyZ—s-methomycarbonyZnaphthalene (87)'(4-Brbmbﬁethyl—2—

115

methylnaphthoate)

1- Bromomethyl 3- methoxycarbonylnaphthalene was prepared from the -

-corre5pond1ng carbinol" (86] in 80% yield u51ng PBr in benzene as the

reagent. ' The bromide (87) was recrystalllsed from 60-75° petroleum ether
to long white needles, m.p. 125-126.5°; i.r. (nugol) 3070 (aromatlc

C-H), 1710 (aromitic ester C=0), 800, 775, 725, 715 (L,S—dlsubstltuted

naphthalenej, 590 c:m_1 {aliphatic C-Br);- JM.T. (CCl T '1.3-2:8 (m, . 6
10—6)’ 5.15 (s, 2'-CH Br), 6.12 p. p m. (s, 3, COOCHS), mass spectrum |
| (70 eV) m/e (relative intensity) 280 (6, M_ ¢ %L, 1“11 }902 Slgpl) -
T 12, 1. 16, 79, . oo -
| 280), 277. 997 (6, M ( Ciz Hyy =0, "TBr)) ='277.994), 249_(21£

”247 (2), 199 (100), 141 (13), 140 (22), 139 (23), 115 (3)

Anal Calcd. for c13 11°25r C, 55.95; H, 3.97. Found: C, 56.60;

H, 4.05.

Z-FluoromethyZ-3-meth0mycafbonyZnaphtkalene (85) (4-Fluoromethyl-2-

methylnaphthoate) ' ‘ o | - S ..

1- Fluoromethy}—S;methoxycarbonylnaphthalene wascprepared fr0m
the bromide. (87) in 40% yield by bromide-fluoride exchange with
anhydrous KF. The fluoromethylnaphthalene was a clear liquid; i.r.

(fllm) 3075, 3050 (arOmatlc C-H), 2960 2925 2865 (allphatlc C- H),

. ~_.“1725 (aryl ester C=0), 1055 (allphatlc C-F), 865, 850, 765 753.cm” (1,3;

dlsubstltuted naphthalene), n.m (CCI ] T 1.5~ 2 7 (m, 6, C 0—6)
4.3 (d, 2, CH F J = 48. 0 Hz), 6.15 p. p.m. " (s, 3, COOCHSJ, mass

spectrum (70 &V) m/e (relatlve 1nten51ty) 218.074 [94 M ( C 12

11
16, 19 h>

02 Fl) = 218. 074), ZQ? (93}, 187 (100), 159 (71), 157 (14), 141 (7),

139 (14), 133 (26), 115 (4}

\\ 1
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—Ethoxycarbonyl Z-ethomymethyZnaphthalene {89) and 3- Ethomycarbonyl—

Z—naphthglcarbznol (90) (4—Ethomymethy2 2- ethylnaphthoate and 4.

Hydromymethyl 2-eth anphthoate)

The carboxyllc acid (85) (1. 0 g, 0.005 mol) was d1ssolved 1n 100%
~ethanol (50 cm ) in a 100 cm3 o-necked flask equlpped W1th double surface ¢
reflux condenser, nltrogen_;nlet, magnetlc stirrer and heatlng mantle.
Freshly distilled boron'trifluoride-étheraté < (4 cms),was added and
the solution stirred under'reflﬁx for 20 h. , |

The reaction mixture was allowed to cool and was poured into

\Mglstllled water (200 cm ) This was extracted with CH2C1 washed and

27
dried. N.m.r. spectroscopy of the residual 'oil, fOllOWlng evaporatlon
of thé éoivent, showed that both carbinol-ester and ether:ister were
preéént. Theif identifies Wefe confirmed by accurate ma;s méasuremeﬁt;
of the mole;ular ion peaks of both specieé.__Sepa%atiéH was'nop
éttempted as it was'immateriaiﬂwhether the bromide ;as prepafgd from

:thq ethef or the ‘alcohol. Either funétion would ?e transformed to the
brﬁmide on‘treacment with anh}drous Hﬁr in dry benzene; n.m.T. (CCI#)

4.8 (s, CH, OH), 5.05 (s, CH

T 1.3-2.7 (m, 0C,Hg), 5.2 (s, OH),

C10fg)

=2
5.72 (q, coocwzcu3 and CHZOCH CH,, J = 0:6 Hz), 8:6 p.p.m. (t,CH20CH2CE5 and
.COOCHZCQS, J= 0.6 Hz}); mass spectrum_(?O eV} m/e (relative intensity) |
' 12, 1, 16, . oy 12, 1, 16, . _
) 4258.142 (""Cie H g 0,) = 258.126), 230.00{ ( C14 Hy 4 03) =

229.996.
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1-Bromomethy 1-3- ethoxycarbonyZnaphthalene (91) (4- Bromomethyl 3_, «

ethylnaphthoate)

Treatment of the mixture of ester-ether (89) and-este;-alcohoi
(90) with HBr-in benzene afforded 3—ethokycarbonylri-broﬁbﬁethyl? -
‘naphthalene iq 93% overall'yiéld, calculated £rom.the carboxylic
', acid (85). The wﬁité solid bromide‘(Ql) waﬁ recrystaliised twice from
60-75° petroleum ether to long‘white needlés, m.p. 114-115°; i.r.
(nujol) 3040 (aromatic C-H), 1710 (aryl ester €=0), 855, 770, 740
(1,3- dlsubstltuted naphthalene), 555 cm 1 (allphatlc C-Br); n.m.r.

S 4
S (€C1,) < 1,2-2.s|(m, 6,‘c10g6), 5.1 (s, 2, CﬂQBrJ,.5.6 @, 2, CH2CH3,

J = 0.6 Hz), 8.55 p.p.m. (t, 3, COOCH,CH_, J = 0.6 Hz); mass spectrum

(70 eV) m/e (rélative intensity) g94'(1o,_Mr'(12C' Iy _ 16, Slsrl) -

14 s 0
294y, 202010 (10, M_ (L2, Au._ 1. "8y ) = 202.010), 250 (4), 248 (4),
» 292.010 (10, M, (TC), /H) 5 =70, TBry -010), 2 > 248 (4),.

214 (41), 213 (100),.133 (19), 169 (54), 141 (31), 140 (20), 139 (21), 115'(@
" Anal. Calcd. for 614 130,87 C, 57.35; H, 4.47, ° Found: C,

57.28; H, 4.43.

/:

'S;Ethoxycarbonyl—Z-quoromethyZnaphthalene (92) (4-Fluoromethyl-2-

ethylnaphthoate)

The fluorlde (92) was prepared from the bromlde (91) in 35%
yield.  The Whlte sol1d fluoride melted at ?2 73° i.r. (melt) 3030
(aromatlc C-H), 2980, 2920, 2850 (allphatlc C-H), 1720 (aromatlc ester':

C=0), 1060 (allphatlcC-F); 800, 760, 740 cm, (1,3-d15ubst1tuted
K @ _
10_6),v4.3'>5 (d, 2, CEZF,

J = 48.0 Hz), 5.7 (q, 2, COOCH,CH,, J = 0.8 Hz), 8.65 p.p.m. (t, 3, i

{naphthalene); n.m.r. (CC1y) 7 1.6-2.9 (m, 6, C

—273

.COOCH2CH3, J = 0.8 Hz); mass spectrum (70 eV) m/e (relative intensity)
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-

12, 1, 16, 19, - _ N
232.088 (95 Mo CCy My 100, Ry = 252.090), 214 (67, 204 (36),

188 (25), 187 (100), 186 (27), 169 (71}, 159 (75), 141 (40), 139 (18),

Y

133 (20), 115 (15).

1, 3Bisbromomethy lnaphthalene (94); 3-Bromomethy L-L-methylnaphthalene

(95) and Z—BromomethyZQS-methyZn&phthaiene (96) |
1,3—Dimetﬁy1naphthalene (Aldfigh) (6.04 g; 0.0sﬁéﬁmdl) was
dissolved o cc1, (500 em®) in a 1 2 flask equipped with double- &
surface reflux condenser, heating mantle and magnetiC'stirrer. N-
Bromosuccinimide (6. 89 g, 0. 0396 mol) was added. and the solutlon
stirred under_reflux for 10 h. A sample was w1thdrawn for n.m.r.
analysis after 4 h anﬁfld h. The mixturé was allowed to cool and the
,succ1n1m1de on the, surface of the 11qu1d was flltered off. The CCi
. solution was washed w1th water (6 x 200 cm ) and drled Wlth anhydrous

MgSO The solutlon was evaporated to 2 pale yellow 11qu1d”r sidue

4
(9.16 g).

I

: . . - e
N.m.r. analysis of this residue indicated that 1,3-dimethyl-

'naphthélene' 1, 3435bromomethylnaphthalene, _—bfomoﬁethYI—l—methyl—
naphthalene and 1-bromomethyl- 1—methy1naphtha1ene were all present in
the.mlxture. The residue was subJected to solid-1liquid chromatography_
using 400 g silica gel and eluting with 35-45°-petroleum<5:iiz. Two ,

. 600“cm3 fractioﬁs were collected and thereafter 200 cm3 frac ‘nmg,;>1hé.'

fractions were analysed by n.m.r; spectroscopy. The first two

contﬁineé unreacted 1,3~diméthy1napﬁthal¢ne (0.94 g), the néxt nine the
two 1,3-methyl bromomethyl v'isomers in'approximately constant
proportions. The last two fractions collectéd cémprised 1,3—bisbromd—

methylnaphthalene (1.2 g).
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Crystallisation of .the mixture of the two isomers was attempted

»

. and'this reveﬁled’fhat'the S—bromometﬁylrl;methyl isomer was Significantly .
"less soluble in 60-75° petroleﬁm ether than the 1,3 isoﬁér.: Fractional
_grjstallisatipnuof the comﬁined chromatographic fractions wa§ carfied‘
out. In all, nine cfystéllisation ffactions were colieéted.and these
comprlsed 1.88 g i- bromomethyl -3- methylnaphthalene 1.05 g 3 bromo-
methyl-1- methylnaphthalene and the re51due which was a mlxture of the
two.

o All"thrge compounds (94), (95) and.(96) were récrystallised from
70-85b petroleum ethé;-to‘long white needles. _

1,SJﬁsBromomethylnaphthalene (94) had a m.ﬁ; 111-112°; i.r. (nujol)

3020 (aromatic C—H), 850, 780, 755 (1, 3-disubstituted-naphthalene),

- 580 em’! (aliphatic C-Br); n.m.r. [(CD ),C0] T 1.7-2.7 (m, 6, Clo_ﬁj,

5.0 (s, 2, a—CﬂzBr), 5.28 p.p.m. (s, 2, B—CﬂzBr); mass spectrum (70 eV)

_m/e (relative intemsity) 315.914 (12, M_ (*2C_, 1H10 Slgr) = 315.911),

314.(25), 312 (13), 235 (100), 233 (100), 154 (94), 153 (45), 152 (12),
141 (3), 128 (9); 115 (6). |

Anal. Caled. for CleloBr2 F, 45.9; H, 3.21. Found:_‘C,_45.92r

H, 3.19. | |
;-Bromomethyl—l—methylhaphthalene (95) had a m.p. 86.5-87°; i.r.

(mujol) 3075 (aromatic C-H), 870, 850, 775, ?52 (1, 3-disubstituted

. naphthalene), 548 cm * (aliphatic ciprj; . (CC14} v 2.0-2. 85

| [m, 6, C 5.55 (s, 2, B-CH. Br) 7.35 p.p.m. (s; 3 a-CH. ),

10—6)’
mass spectrum (70 eVv) m/e (relative 1ntens1ty] 236 (8 M ( C12 1Hll

81 _ 12, 1 )
“Br)) = 236), 233.994 @8, M. (7Cp, “11 Bry) = 234.004), 156 (29),

155 (100}, 153 (13), 152 (11),=149'(7),-141 (15), 115 (9).
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~ Anal. Calcd. for C12”11Br ~61.55; H, 4.73. Found: C, 61.82;
H, 4.76. | . v<j}ifk\ N h o
1-Bromometh}l#3—methylnaphtﬁalene (96) had a m.p.'63;63.5?; i.r.
(nujsl) 3060 (aromatic C-H); 872, 860, 849, 775, 745 (I,S;disubstituted

naphthalene), 570 cm™ ' (aliphatic C-Br); n.m.r. (CC1,) T 1.9-2.85

{m, 6, C ), 5.28 (s, 2, a—CEZBr}, 7.59 p.p.m. (s, 3,-8-6@5);'

10*6 '
mass spectrum {70 eV) m/e (relative intensity) 236 (11,-& {12C 12 1Hll-

81, ) = 256), 234.002 (11, M (lzcl2 1“11 79y 1) = 234.004), 186 (9),

156 (25), 155 (100}, 153 (17), 149 (20),°141 (14), 115 (10).

Z,&JﬁsfluoromethyZnaphthalene,46¢;'
4 : ‘ .
Halogen exchange was carried out on 1,3bis bromomethylnaphthalene

‘by heating with anhyérous KE for 4 172 h. Chromatography of the reaction
: reSidue'on silicé_gel and'subsequent n.m.r. analysis of the products ;
‘indicatéd éhat methylnaphthalene as well as fluoromethylnaphthalene

had Eeenlformed.during the poufse ofitﬁis_reacfion. Alﬁbgether fhree  7
chrdmﬁtographic separations were necessary to obtain the 1,3-bisfluoro-
methylnaphthalene in a pure state. The overall yield of blsfluoromethyl
compound (97) which was a clear 11qu1d was very low, only 5%; i.r.
»(fllm] 3075, 3020 (aromatic c- -H}, 2975, 2950 2900 2850 (allphatlc
C-H), 1060 (allphatlc C-F), 865 850, 840 765, 730 cm (1,3—
disubstituted naphthalene); n.m.r. (CC14} T 2;0—2.9-[m,,6, Cloﬂﬁj, 4.45
(d, 2, a-CH,F, J = 48.0 Hz), 4.75 p.p.m. (4, 2, B-CH,F, J - 48.0 Hz)..

—2
mass spectrum (70 eV) m/e (relatlve intensity) 192.073 (97, M (126

12
1310 19F2) = 192, 075), 191 (20), 170 (13), 159 (100, 141 (6), 139 (5),

133 (8), 115 (2).
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 L-Fluoromethyl- 3-methdlnaphthalene {98)
| 1-Fluoromethyl- 3 methylnaphthalene was prepared from 1- bromomethyl-
S—methylnaphthalene in 38% yield. The fluoromethylnaphthalene was
a cieér;liquid, and its idenpity was confirmed spegtrQSCOpically;
.r. (film) 3050, 3025 (arométic C-H), 2975, 2920, 2860,(g11phatié
C-H), 1065 (aliphatic C-F],-SGO 850, 830, 769, 730cm‘1(l,s-disubstituted

naphthalene); n.m.r. (CCl,) T 2.0-2.95 (m, 6, C 4.45 (d, 2, a-CH,F, .

108> _
J = 48.0 Hz),'7.65 p.p.m. (s,_3, B-Cﬁﬁ),‘mass spectrum (70 eV)-h/e-

(relative intensity) 174.081 (100, M_ (*°C_, MH | "9F)) = 174.084) 5

173 (27), 159 (90), 141 (31), 133(9), 115 (9).

' 3-Nitro-Ll-naphthylearbinol (100) ' o S

118 4 pat by means of the

It was reported by Brown and_SubbarRao
‘reagent sodium borohydride and anhydrous aiuminum chioride in diglyme,
itlwas possible to selectively reduce a nitro functipﬁ in the presence
of a carﬁoxYlic acid or its dérivative. Diglyme {diethylene glyéol
dimethyl ether) was drlcd with L1A1H4, filtered ~and distilled undér -
vacuum, at 49-50° /3.3 mm. Sodlum borohydride was dissolved in thls
and 3~nitro—l;methylnaﬁhthoatg (Alfred ‘Bader) was added. Anhydrous
AICL, (BDH) dissolved in diglyme was added to the stirred mixture.
Thls suspen51on was stirred at 10° for 1 h, 20 for 1 h, 40° for 2 h,
and at 70° for 1 h: The reaction mlxture was worked up by extraction
with ether: ﬁ:m.r. and i.r. spectra of the ;e51due 1nd1cated that no

reduction had taken place.
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The reaction was repeatéd at a higher temperéture, 80° for S ﬁ and
ﬂith iarger and 5maller amounts of.spivent, but all attempts were
: unsuccgssful. The purity of the reagents was checked by cérrying out
'this reduction-on‘E;nitrobenzoic acid (sée'page' 124)'thch was
reédily reduced to Efnitrobénzyl alcoﬁol. i
This method was abandoned and a differenﬁ feactioq éttempted;l
) The.procedure is that oerystroﬁllgiin which the'reducing agent is l '
finlithium aluminium hydride‘and anhydrous aiumiﬁum chloride in anhydrous
ether. Nystrom deécribed the'selecfivé reduction of p-nitrobenzaldehyde
. and the 1ack.of reduction of Rfﬁitrotoluene and nitrobenzene.
LiA1H4‘(O.3é g;.O.dl mol) was suspended in 10 cmsAanhydrous'ether
in a 100 cm3 3-necked flask fi;ted.with reflux condenser and drying
tube, 25 cm3 equilibrating-droﬁping funnél énd magnetic stirrer. The .
:;ﬁsﬁénsiog was stirred vigorously for 10 min; anhydrous AlCl3 (1;33‘g;
9.01 mol) in 15 cm3 ether was added(pﬁddy‘ and the ﬁixture stirred
for‘a further_s min. A sugpension of 3-nitrp-l—methylnaphthoate (2;0 g;
0.0087 mol) in 50 cm3 ether was added dropwise oygr“sﬁ min. During |
this addition the reaction‘mixture effervesced and a yeiioﬁ-gregn
solid appeared on the surface of thé liquid: This mixture was poured
into.a beakér.and.the béaker‘placéd in an iég-bath. Ice-cold water .
(100 cms) Qas:added cautiously éna the two“iﬁfers which resulted were
separated and’ the aqueous layer éxtracted twice‘with.ether; .Thgfcombined
organic extract was_wésheﬁ with water (2 f_SO cms) with 10% NaHCO3
(2 x 100’cm3) and again’with water (2 x 50 cms), ‘The ethereal solution
was dried and evapoféfed to a }elloﬁ-brown solid residue (1.26 g; 84%

-yield) which was recrystallised from a 10% benzene/lOO;iqu petroleum



[(GD,), CO] 7 1.2-2.4 (m, 6, C

. three times from a 10%‘benzéne/1007110 petroleum ether mixture to pale

'[(cn ),C0] 1 ' 0.8-2.8 (m, 6, C

i A .
i - 123

ether mixture to light brown needles, m.p.'131.5-133"5°; i.r. (nﬁjol)
3200 (bonded OH), 3010 (aromatic C-H), 1530, 1349 (aromatic nitro -
N-0), 860, 848, 765, 755 cn ' (1,3-disubstituted naphthalene); n.m.T.

10_6), 4.77 /(d, 2, CEZOH, J=6H), 5.4

p.p.m. (t, 1, CH,0H, J = 6 Hz). On addition of D,0 the triplet

centred at T 5.4 p.p.m. éﬁsappeared and the doublet centred at T 4.77

P- p m. collapsed to a s1ng1et mass spectrum: (70 eV) m/e (relatlve

intensity) 203.065 (100, M_ cd c11 lug ?603 MN)) = 203:088), 186 (20),

158 (25), 156 (23), 139 (36), 128 (98), 127 (80), 115 (10).

Anal. Caled. for C11H90 N: C, 65.01; H, 4.47; N, 6.85. Found:

C, 64.87; H, 4.48; N, 6.99.

1-Bromomethy l-3-nitronaphthalene (101)
The alcohol (100) was brominated in 87% yield using the standard.

reagents previously described. The yellow solid r351due was recrystalllsed

l
4
|

yelldﬁ érystalline needles, m.p. 149- 151°, i.r. (nujol) 3010 (aromat}c "
C- H), 1515 (aromatlc NO ), 1545 (aromatlc NO ), 870, 855, 785, 770 ‘760

(I,S-dlsubstltuted naphthaleneL 545 cm_ (allphatlc C,—Br),~ LML T. ..,}

' ' CL
10—6]’ 4.8 p.p.m. (s, 2, CEQBr); mass :3&5 .

1. 16

spectrum (70 eV) m/e (relative 1ntensity) 267 (10"Mr (12C H 0

11 8 2
: 12 1 16 14 79
. = N . ) =
Ny Pler)) = 267), 264.981 (10, w (e tHg T, My Par)

264.968), 202 (8), 200 (8), 187 (13), 186 (100), 141 (4), 140 (28);

14 81

139 (19), 127 (6), 115 (2).

, 11782 |
C, 49.56; H, 3.13; N, 5.20, | o | | .

Anal. Calcd. for C) HgONBr: C, 49.63; H, 3.03; N, 5.26. Found:
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‘ : ' »
L-Fluoromethyl-3-nitronaphthalene (102)

1~F1udromethyl-S-nitronéphthalenebwas obtained from its‘brom&mgéhyl
preéursﬁr in.lég yield The fluoromethylnaphthalene was a bright
) Eyellow solld whlch melted,at 98.5-99°%; i.r. (nugol) 3020 (aromatic C- H),
° “1510, 1345 (aromatlc NO,), 1060 (aliphatic C-F), 875, 855, 790, 775 cm ; /
(1,3- dlsubstltuted naphthalene), o n.m.;. (CCl ) T 1.2-2.7 (m, s
CIOES)’ 4,25 p‘p.mi (s, 2, CHZF, J = 48.0 Hz); mass spectrum (70 eV)
n/e [felgtivé°intensity)205.072.(150, M_ (12C11 1H8-14N1 lﬁoé lgFiJ =
205.054), 159 (90j, 157 (30); 147 (35), 141 (8), 139 (35), 133 (90},

115 (10).

/’r,“ﬁpaNztrobenzyL aZcohoZ (104)

This prepration was undertaken for two reasons: to ascertain

if the reported selective reductlon of a carboxyllc acid function in

e,

the presence of a nitro function could be carried out. The previdusly

attempted reductions of 3-nitro-1-methylnaphthoate (p. . 1217 ) were

- unSuccessfuilunder the conditions reported by Brown and Subba Rao.118

The reduction of E;nitrobénzoic acid to é;nitrobenzyl‘alcohol was one

of the examples recorded by these authors and so verification of their
procedure ‘and, at the same time, the purity of the reagents used in

this»éttempt was appropriate at this point., Secondly, the alcohol

(104) ﬁouid subﬁequently.be broﬁinated and fluorinated to field'E: '
nitrobenzyl fluori&é._ This cémpound'could be ﬁséd to verify the repor;ed :
n.m.r. paramefers by Béguiﬁ45‘and to éohpare Béqzyl fluofide and
fidorome;hylnaphthaiene data directlf.r

o Sodium-bdrdh&dridef(ﬁ.és g; Ql175 mol) was éuspended in diethylene- <

élycol dimethyl ether ("diglyme") (175 cms) in a 3-necked, 250 cmsr'

o

e
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' flaék fitted wifh.thefﬁomgter, reflux.condenser, dropping funnel and
magnetic stifrer é;NitroBén:oic acid (Aldrich) (8 35 g; 0.05 mol).
was added to the stirred Suspen51on Wlth con51derable effervescence,

| which qu1ckly~sub51ded. A sclution of alumxuum chlorlde (7.74 g5 0.58

mon in diglyme (29 cm3} was added to‘the stxgred mixture from the -

SN
P

dropping funnel over 1/2 h; the reaction flask wﬁgﬁmgintained at 20°

' \\.‘\\

in a water bath. At the end of the addition the reactiﬁn\@ixture was

T

‘pale yellow in colour. This mixture was heated and stirred‘é%g]5° for

' . R

. 1 h and was then poured onto crushed ice (250 g) and concentrated ﬁGL\

I

(25 cms). The't;ear solution which resulted as left to stand overnight,
muéh of the water and diglyme was tﬁen removed on a rotary evﬁﬁorator, - \*:
leaving a pale yellow slurry Tﬁis sldrryIWas extracted three times

with ether (3 x 100 cm ], the solution was drled flltered and
evaporated-to a clear solution which still contalned diglyme. Petroleum
ether (60-75%) (100 cms) was‘added to the solution and inmmediately a
white salid precipifatéd‘oué The solid was fiitered dried and -
recrystalllsed from hot water to yleld 4.7 g {76/) of E:nltrobenzyl

118

alcohol whlch melted at 92.5- 93 (1it. m.p. 92-93°%; 1.r.-(pu301) 3525~

(hydrogen bonded O-H), 1500 (aromatic -NOZJ, 1340 (aromatic -NOz),
825 em T (E:disﬁbstituted benzene); n.m.r. (CDCl.) t 1.78-2.6 (m, 4,

_4J, 5.24. (s, 2 CH OH), 7.22 p.p. m. (s 1, OH). The singlet at t 7.22

p.p.m. dlsappeareé_dheﬁ the solution was shaken with D 0; mass _spectrum’

27’

_(70 eV) m/e (relatlve 1nten51ty) 153 (73, Mr ( C7 lH7 1603 14 Nl) =

183), 136 (17), R4 (11), 108 (22), 107 (42), 106 (37), 105 (18), 89 (70),

79 (30), 78 (50), 77 (100).
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'p-NztrabenzyZ bromzdb (L08) .

E;N1trobenzyl alcohol (3.06 g; 0. 02 mol) was dissolved in benzenc
(50 cm J and brominated with PBr3 in the usual way to give 3.65 g (85%)

of the bromidé (105) .as long white needles which melted at 98.5-99.5°

41 97.5-99) after tWO:recrystallisations from petroleum ether

Qit.
(60-75°); i.r. (nujol) 3125, 3100, 3075 (aromatic C-H), 1540 (aromatic

-NO ), 1350 (aromatic -NOZ), 805 (E;disubStituted benzene), 590 t:m'1

(aliphatic C-Br); n.m.r. (CC14) T 1.7-2. 6 (m 4 C H ), 5.5 p.p.m.

(s, 2, CH. Br), mass spcctrum (70 eV) m/e (relatlve intensity) 217

1, 16, 14, 81 - 1, 16
(9, br-( c7 Hg-7 0, TNy TUBry) = 217), 215 (9, M, ¢ c7 e 0,
14, 79

N, Br)) = 215), 171 (1), 169 (1), 137 (15), 136 (100), 106 (15),

90 (35), 89 (27), 78 (30).

p-Nitrobenzyl fluoride (106)

p-Nitrobenzyl bromide (105) was fluorinated with anhydrous KF iﬁt
N-methylpyrrolidone. The first'compqund eluted from.the chromatbgraphi¢
column in 20% yield was p-nitrotoluene. Spectra’and the m.p. were

identical to those of an authentic sample. The fluoride was isolated

" as a solid in 35% yield, m.p. 37-38° (lit. 40, 41 o, p. 32-38.5 ){hh

i.r. (melt) 3040 (aromatlc C-H), 2950, 2925 (allphatlc C-H), 1530
‘(aromatic -NOZ), 1330 (aromatlc -NOZ),.1065 (aliphatic C-I), 805 cm-1
(p-disubstituted benzene); n.m.r. (CCl,) T 1.65-2.7 ;m; 4, CH,),

4.62 p.p.m. (d, 2, CHF, J = 48’0 Hz); mass spectrum (70 eV) m/e

(relatlve 1nten81ty) 155 (82, M % 71‘6 16o2 lfnl Fp) = 155),

154 (26),.136 {100), 125 (10), 109 (5), 91 (3), 65 (2)

-

f’““\\\
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:ﬁenayl FZuoride fZOB)

a_ Benzyl fluoride was prepared from benzyl bromide (Aldrlch) in 509
'yleld by fluorination with anhydrous KF; i.r. (fllm) 3120~ 3100 3050
(aromatlc C- H),‘2975 2980, 2920 {allphatlc C-H), 1065 (allphatlc C- F),
'745 695 cm’ (monosubst1tuted benzene), .n.r. (CC14} T 2.5- 3 2 (m,
s,

Ce—s)’ 4. 76.p.p.m. W, 2, CH2F J =.48.0 Hz); mass spectrum (70.eV)
1, 19

' m/e (relative 1nten51ty) 110(100 M ( C 7

91 (10), 63 (8).

-'Other'Syntheses

Severd& syntheses 1nvolvang 1- naphthonltrlle were. carrled out
prlor to the attempted reaction with the dlsubstltuted naphthalenes in
order to establlsh the appropriate reaction condltlons Not all.of these
were used subsequently but are 1nc1uded here. - ‘ |

«Aeetylnaphthalene (ZZO)

Magne51um turnlngs (0.3 g; 0.013 g atom) were placed in a dry 50 cm
3-necked flask fitted with magnetlc stlrrer reflux condenser with
drylng tube, 25 cmz equrllbratlng dropping funnel and a nltrogen inlet.
The magne51um turnlngs were covered w1th anhydrous ether (5 cm ) and
.stlrred under nltrogen A solutlon of CH I (0.85 g, 0 006 mol) in ether
'(5 cm® J was added from the dropplng funnel over 1 1/2 h.- Dry benzene
(15 cm ) was added and the ether was dlStllled off l-Naphthonltrlle.
(0. 5 2, 0 003 mol) was added and the solutlon refluxed for 5 h.. This.
‘“solutlon was cooled and 6 N HC1 (6 cm ) added Refluxlng was continued

for a further 8 h The ‘two layers were separated and the aqueous

,layer extracted w1th benzene\\\The comblned benzene extracts were washed-'

fw1th water w1th 10% NaZCOS’ andagalnuath water. The benzene solutlon

‘was dried and’ evaporated to a brown viscous residue. This residue was

o

H, "“F,) = 110), 109 (63), o

.
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dlstllled under vacuum between 100-103° at 4 mm (11t 121 b.p. 143-5°/6 mm)

to glve an 80 yleld of the methyl ketone (110), i.r. (fllm) 3040
(aromatlc C-H), 2975, 2950 (allphatlc C- H),-1680 (aromatlc ketone C=O),
800 ‘768 cm” (1 substltuted naphthalene), n.m.r. (CC14) T 1.8- 2.85
(m, 7, C10H7), 7 4.p.p.m. (s, 3 COCH ), mass spectrum (70 eV) m/e

1 -
12 “10-' 01) = 170),-169‘(2),

(relative 1nten51ty) 170 (30‘ M— ( £
o~ T 120 NP -
155 (100), 129‘(10). This methiod was described on page 109 for the

prepafation'of S-awtylll—methoxymethylnaphthalene.

» Iuwaphthammdé (13T ' S

1-Naphth0n1tr11e (1 53 g,_O 01 mol) was dlssolved in 95° EtCH

(5.5 cm ) and 6 N NaOH (0.5 cm ) in a 50 cm3 3 necked flask’ fltted with

magneplc stirrer, reflux condenser and thermemeter. This solution was

cooled in an ice bath to about 10°. Hydrogen peroxide: solution (30%)
(4 cm3; 0.035 mol) was added and the mixture stirred et 16-20° for 1 h.

hGradually'a,suspension formed‘which subsequently cleared.~ The

mixture was warmed and stirred et_50—55° for 3 h, it was then cooled,

the EtOH femoved'on a rotary evaporator ana the aqueous solution made

neutral to 1litmus w1th 5% H2504 A whlte prec1p1tate g ~f6rmed which

‘was . flltered off auirecrystalllsed from b0111ng water to a white.

12

crystalllne SOlld whlch melted at 202-3° (1it.” 204 )5 i.r. . (nujol)-

3350, 3175 (prlmary amlde N-H),- 3060 (aromatlc C-H),. 1660 1655 {aromatic -

prlmary amlde C=0), .810, 775 cm - [1 substltuted naphthalene), n.m.r.

The

[ccn ),C0] T 1.45-2.95 (m, 7, C 7.25~p.p.m. (s, 2, CONH

10“7)’ 23' .
51ng1et at T 7.25 p.p.m, dlsappeared on addition of D20 mass spectrum-

(70 eV) m/e (relatlve 1ntens;ty} 171 (62, Mr ( C11 ng 16O1 4N1) = 171},

169 (I8), 155 (56), 127 (100), 126 (25).
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I-Nephthoic Acid (28) | .
ThiS~compdﬁnd was prepared in two ways:-

(a) 1-Naphthamide (111) was diazotised and hydrolysed to 1-

123

' naphthoic acid by the method of Whitmore and Langlois. Treatment.of

1-naphthamide (0.34 g; 0.002 mol) with a solution of NanNO, (0.2 g;
( | 3
0.003 mol) in water (5 cms) and 15% stO4 (5 cm ) at 70-80° for 36 h gave

& 50% yield of 1- naphthoic acid. ' ' e S

(b) -Naphthonitrilé'(log) was hydrolysed in 25% yield to 1-
naphth0¢c ac1d by the method of Clarke and Taylor 124 I-Naphthonitrile

=(1.S g; 0.01 mol) was added to a stirred solutzon of 75¢ H SO4 (3.5 g} ..

2
at 100°. The solution was stlrred at 100° for 4 h and at 150°  for 1 h.
~The react1on mlxture was poured onto ice and the white, §011d carboxyllc
:ac1d filtered off, After recrystallisation from 95°‘EtOH both

sémﬁles gave spécpra identical to an authentic sample'pf 1-naphthoic
acid and melted at 161°. |

L-Aminomethylnaphthalene (112)

The reagents ‘and the method in thls reduction of the nitrile to

the am1ne were the same as those used in the selectlve reductlon of

-

3-nitro—l-methylnaphthoate (p. 122 _); A mlxture 0f.L1A1H4, AlClS'and

1-naphthonitrile were reacted together in equimolar proportions. The

reactlon mixture was' ‘taken up in CH2C12 and the acidic solution extracted.

The aqueous solution was made basic with 10% NaOH solution and extracted -
" with CH,C1,. - The CH2C12 solutioﬁ was dried witﬁ anhydrous MgSO,,
filtered and evaporated to an 0ily liquid. The yleld was 40%; the iiquid a

- was distilled under vacuum, b.p. 150 °/10 mm (11t. "b.p. 155°/12 mm);
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" i.r. (£ilm) 3090 (bonded N-H), 3030 (aromatic C-H), 2975, 2880 (aliphatic

C-H), 800, 785 cn™l (1-substituted naphthalene); n.m.r. (CCl,). 7 1.8-

2.9. (m, 7, C 4.82 (s, 2, CH,), 8.76 p.p.m. (s, 2, N)); mass

10872 |
1. 14

spectzun (70 eV) m/e (relative intemsity) 157 (85, M_ (*°C,, "H ‘*N) =

157 ), 156 (100), 141 (28), 129 (90}, 128 (65), 127 (40}, 115 (22).



131

The schemes  depicted on pages 132-145 represent the synthetic

- routes followed and the essential reagents required to.effect the
transformations.
A key for the purposéfof'ﬁomenclature of all compounds is to be

found on' pages 146-149.
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*6.
. 8.

. *10.
*11.
*12,

13.

14,

15.

*16.

*17.
*18,
19.

20.

21.
22.
23.

*24.

25,
*26.
27,
' 28.
29,

-~ 30,
%31,
32,

33,

34.

NOMENCLATURE

3 :
“1-Methylnaphthalene

1-Acetyl-4-methylinaphthalene
4-Methyl-1-naphthoic acid

»4-Méthy1;1-naphthylcarbinol

1-Bromomethyl-4-methylnaphthalene

-1—Fluoromethylu4-methy1naphthalene

1-Chloronaphthalene
l—Acetyl-4-chloroﬁaphthalene
4-Ch1qro—1-naphthoic-acid
4—Chlofo4lfnaphthylcarbinol
1-Broﬂbméthy144—chlorpﬁaphthalene

4-Chloro-1-fluoromeéthylnaphthalene

1-Fluoronaphthalene

1-Acetyl-4-fluoronaphthalene

4-Fluoro-1-naphthoic acid-

'4-F1uoro-l-naphthylcarbinol

1-Bromomethyl-4-fluoronaphthalene

4eﬁludr0;1—f1uoromethylnaphthalene.

l-Bfomonaphthalene
l-Acetyl-4<bromonaphthalepe

4-Brdmo—l—naphth0ic acid

~ 4-Bromo-1-naphthylcarbinol °

4-Bromo-1-bromomethylnaphthalene
4-Bromo-1-fluoromethylnaphthalene

" 1-Methyl-4-nitronaphthalene
'1—Bromomethyl-4-nitronaphthaleﬁe

1-Fluoromethyl-4-nitronaphthalene
l-NaphthoiE‘acid |
l—Nathhylcarbinol
1-Bromomethylnaphthalene  °

'1-Fluoromethylnaphthalene

2-Naphthoic acid

2-Naphthylcarbinol

2-Bromomethylnaphthalene

1

146
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*35. 2-Fluoromethylnaphthalene
*36,  4-Acetyl- 1-bromomethylnaphthalene

*37. - 4- Bromomacetyl -1- bromomethylnaphthalene
*38. 4-Acetyl-1-fluoromethylnaphthalene '
*39. 4-Fluoroacetyl-1-fluoromethylnaphthalene
*40. 1-Acetyl-4-methoxymethylnaphthalene
SE7 S SO 4-Methoxymethyl-1l-naphthoic acid
*42. 4-Methoxymethyl-1-naphthylcarbinol
| *43. 1,4-Bisbromomethylnaphthalene .
*44, 1-Bromomethyl-4-methoxymethylnaphthalene
*45, 1 4;Bisfluoromethylnaphthalene_
*46. 1 Fluoromethyl -4- methoxymethylnaphthalene
*47, 4 -Cyano-l-naphthylcarbinol (4- Hydroxymethyl -1- naphthonltrlle)
*48, 1- Bromomethyl 4- cyanonaphthalene (4- Bromomethyl -I- naphthonltrlle)
*49, 4- Cyano 1- fluoromethylnaphthalene (4- Fluorometﬁyl 1-naphtho-
' " nitrile). |

*50. . 4-Methoxymethyl-1- naphthoyl chlorlde

*51. 4-Carbamoyl-1- naphthylcarblnol (4-Hydroxymethyl-1 naphtham1de)

'*52..‘ 1 -Bromomethyl-4- carbamoylnaphthalene (4-Bromomethyl-1-

" naphthamide).

*53. . 1- Bromomethyl -4~ carboxynaphthalene (4 Bromomethyl-1- naphth01c
' "ac1d)

%54, 1-Bromomethyl-d-methoxycarbonylnaphthalene (4-Bromomethyl-1-

methylnaphthoate). _ )

*55.  1-Fluoromethyl-4- methoxycarbonylnaphthalene (4- Fluoromethyl l—

| methylnaphthoate)

*S6.  4- Ethoxycarbonyl -1- methoxymethylnaphthalene (4—Methoxymethy1 1-
ethylnaphthoate). : )

YR ':l Bromomethyl-4- ethoxycarbonylnaphthalene (4- Bromomethyl 1—
. ethylnaphthoate) - ¥ ‘B,

*58, . 4- Ethoxycarbonyl 1- fluoromethylnaphthalene (4- Fluoromethyl 1-
ethylnaphthoate) '

59. '.l-Methoxynaphthalene

60. "1-Aqetyl-4-methoxynaphthulene

.61, 1-Bromo-4—methoxynaphthalehe



62.

63,
64.

65.

66,

67.
68.

69,

70.
71,
-72.
*73,
*74,

x75,

*76.
77,
%78,
*79.
*80.
%81,
*82.
*83.
*84.

- *85.

*86,
*87.

88.

4-Methoxy-1-naphthoic acid IR L
4-Methoxy-l-néphthylcafbinal .
l‘Bromomethyl 4-methoxynaphihaiene
1- Methyl -4- sulphonaphthalene (4 Methyl- 1—naphtha1enesu1phon1c
acid) ~ ,
4-Chlorosulpho- l-methylnaphthalene (4-Methyl- 1 naphthalenesulphonyl
chlorlde) ' '

-Methoxymethylnaphthalene
1,8~ Naphthal1c anhydride

»\:_Bromo-l,S-naphthallc anhydride

Anhydro-3-bromo-8-hydroxymercuri-1-naphthoic acid
5-Bromo-1-naphthoic. acid o ‘
3-Bromo-1-methylnaphthoate
3-Bromo-1-naphthylcarbinol
3-Bromo-1- bromométhylnaphfhalene . N
3-Bromo-1- -fluoromethylnaphthalene _ " )
3-Cyano-1- naphthylcarblnol (4- Hydroxymethyl -2- naphthonltrlle)

1- Bromomethyl 3- cyanonaphthalene (4-Bromomethyl-2- naphthonltrlle)
3-Cyan0-1—fluoromephylnaphthalene (4—F1uoromethy1-2-naphthon1tr11e)

3-Cyano-1-methoxymethylnaphtﬁalene (4~Methoxymethy1-2Qnéphthonitrile)f

- 3-Acetyl-1l-methoxymethylnaphthalene

3—Acety1-1-bromomethylnaphthalene
3-Acetyl-1- fluoromethylnaphthalene

o 3- Carbamoyl 1 naphthylcarb1nol (4~ Hydro&ymethyl 2 napZz?amide]

1- Bromomethyl 3- carbamoylnaphthalene (4- Bromomethyl 2Lpaphthamide)

- 3-Carboxy-1- naphthylcarblnol (4- Hydroxymethyl -2-naphthoic acid)
'3-Methoxycarbony1 1- naphthylcarblnol (4- Hydroxymethyl 2=

methylnaphthoate) ‘ .
1- Bromomethyl -3- methoxycarbonylnaphthalene (4 Bromomethyl 2-

_ methylnaphthoate)

1- Fluoromethyl 3- methoxycarbonylnaphtha1ene (4 Fluoromethyl ~2-
methylnaphthoate) \



149

*89, " _3—Eth0xycarbony1—1—ethoxymethylnaphthalene'(4-Ethoxymethy1-2-
‘ ethylnaphthoate) | o
- *90. ' 3- Ethoxycarbonyl 1- naphthylcarb1nol (4- Hydroxymethyl 2-
ethylnaphthoate)
*91._ 1- Bromomethyl -3- ethoxycarbonylnaphthalene (4- Bromomethyl 2-
ethylnaphthoate) : , -
*92. 3- -Ethoxycarbonyl- 1 fluoromethylnaphthalene (4- Fluoromethyl -2-
ethylnaphthoate)
-93. 1,3- Dlmethylnaphthalene
*94, 1,3- Blsbromomethylnaphthalene
*95, 3- Bromomethyl 1-methylnaphthalene
*96.‘ 1-Bromomethyl—SJhethyinaphthalene :
*97. 1, 3-Bisfluoromethylnaphthalene o
*98, 1- Fluoromethyi 3- meth&lnaphtha;ene
' 89. " 3-Nitro-l-methylnaphthoate ‘
*100.  3- N1tro 1- naphthylcarblnol (4- Hydroxymethyl 2-n1tronaphthalene)

i

*101. i- Bromomethyl 3- nltronaphthalene_
- *102., 1-F1u6romethy1-S—nitronaphthalene
103. 'E;Nitrobenzoic‘acid ' '
104. P}Nitrobehzyl alcohol
iOSL : B;Nitrbben%yl bromide
106.  p-Nitrobeazyl fluoride
107. - Benzyl. fluoride -
< 108. Benzyl bromide
109.  1-Naphthonitrile
110. leéetylnaphphalene‘
111. ° 1-Naphthamide | | R
112. ° 1-Aminomethylnaphthalene

* .
“New Compour.ds



if the Signal due- to the subs;ituéed'derivative appeared at higher -
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CHAPTER 3

RESULTS

Recording of Nuclear Magnetic Resonance Spectra .
; ‘ :

9F_spectra were récorde&-on”a Varian HA-100 spectrometer
operating at 94.08 MHz 'in frequency sweép mode and on a Varian HA-GO-LL
sﬁectrometer operating at a frequency .of 56.45 MHz in f:eqdency sweep

mode at a probe temperatufe of 27.5 + 1°. External hexafluorobenzene

~and trichlorofluoromethane respectively were used as lock and reference

peaks. To avoid solvent effects on the chemical shifts as far as

possible, measurements of‘lgF substituent chemical shifts were carried

out on carbon tetrachlori&e solutions containing 8% by weight substituted

1-fluoromethylnaphthalene and 4% by;weiéhf 1luoromethylnaphthalene.

- The carbon tetrachloride used was Fisher_?Spectranalyzed” and was not

purified further before use. The substituent chemical shifts were

’

measured directly from the spectra of these solutions as the distance
between the positions of the central peaks of the two triplets. The

substituent chemical shift, A¢, was cbnsidéred:to be-a positive value

field than that due to 1—flubromethylnaphthalene itéelf.
 Proton spectra were recorded on the'same‘specprometers operating

at 100 MHz in frequency 'sweep mode and 60 MHz in field sweep modé. The
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internal reference and lock was the signal due to tetramethylsilane.

19

1, N ' . :
H measurements were carried out on the same solutions as the "°F

mehsu*ements. Proton substituent chemical shifts{ AT; were measured
-directly as the distance Bétweenufhe-centres of the doublets of the
methylenic p;otons. The substituent cheﬁical shift, Af', was cqnsiaefed
to be a poéitive value if the sigﬁal'due to theléubsfituted derivative
appearedlat higher field fhan that due to 1-fluoromethylnaphthalene
itself. | | )

,Thé'conditioﬁs of measurement of proton -and fluoriﬁé substituent
chemical shifts”énﬁ the sign conventions correspond to{those described .
'.by Béguin45 for‘the benzyl fluorides.

Rescnance éignals were integfated in order to assign siénals to
_either tﬁe substituted or unsubstitutéd derivative. Proton:flyorine
cpupling constants were meaﬁured for.all compohnds from both the
fluorine and the proton spectra. - ' : ‘

‘Measurements were reéeéted on solutions coﬁtaining_4% substituted
"fluorOmethylnaphthaleneIand 6% 1-fluofomethylnaphthalene . by weight -
“in carbon tetrachloride using the Vérian HA-60-1L §pectrometef. fhis'was'
done for two rea#oné: ‘to determine if there were»siénifiéant solvent
shifts, and to confirm the sjghal éssignments made on'tﬁe criterion of
' ,spe;tral.integration. |

The chemical shifts of 1—fluorométhy}nﬁphthalene, 2—f1uoromethyl-
naph;halene';nd beﬁzyl fluoridé were recorded under ;hé,standardisation
cqnditionsuof Filipovich and Tiér5126 who report a simplified,_internally
referenced broceduréf;r déterminingand_tabﬁlating,feliable'fluorine'

-n;m.r.lshielding values. They found trichlorofiuoromethane to be an



152
exce}lent-solvent for fluorine compounds; at the same time the solvent
peak was used as internal reference and lock. Chemical shifts were
recorded‘on'aus% solution b}ineight of fluorometh.lnaphthalene or o
: benzyi fluoride -in tricﬁlorofluoromethane.' |

To facilitate the measurement of substitnen' chemical shifts the
‘proton 51gnals were decoupled from the fluorlne)by means of the
appllcatlon of an auxilliary field oscillating 4t the frequency of the .
fluorine resonances. By this means of'heteronuclear\decoupllng the

1

- methy;ene doublets collapsed to tno singlets. 'Recip ocal enpefiments
were carried ontvby observing fluorine absorptions énd irradiating with
a radiofrequency field cortesponding to the frequency of proton'
absorptlons The two characteristic triplets'collapse “to_two singlets.
. Substituent chemical shlfts could then be moasured as the dlstance |
between'the two. 51nglets " Heteronuclear decoupllng exper1ments~nere
lcarried out while observ1ng ‘both proten and fluor1ne resonances u51ng
the 100 MHz spectrometer. leflculty was encountered wh;le attemptlng'
to decouple-fluorine from proton 51gnals u51ng the 60 MHz spectrometer.
‘IOnly partlal decoupllng could be obtalned with the result that elther
the doublet d1d not coalesce to a 51ng1et the dlstance between ‘the.
two lines of the doublet‘51gnals decreased, ‘or the lines only partially
-coalesced to form a broad singlet which_pretented shift differencee
.from being measured accurately . The heteronuclear decoupllng of

proton spllttlng of fluorine spectra was successfully accompl1shed on

the Varian HA-60-IL spectrometer.
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Tables of Results

__The results of these experiments are to be found in Tables I-XI
_on the following'pages. The results for benzyl fluoridés4§ are included

as -Table XII. The contents of @hé tables are as follows:-’

Table I, 100 MHz 19, N.m.r. substituent éhémicql shifts?and coupling
‘ constants for‘Carbon‘tetrachlofide solutions containing ‘4% by weight.

"

'1-fluorometh?lnaphthalene and 8% by weight,substituted-l-fluoromethyl—

naphthalene. -
“

. Table II, 60 MHz 19p Chemical shifts, substituent chemical shifts and
cQupling constants for carbon tetrachloride solutions containing 4% by -
-weight 1-fluoromethylnaphthalene and 8% by weight substituted-1-

fluoromefhylnaphthalene.

Table III, 60 MHz 19F Chemical shifts, substitdent_chémical shift$ and -
‘coupling constants for carbon tetrachloride solutions containing 6%
by weight 1-flﬁoromethylnaphthalene and 4% by weight substituted-1-

f}udromethylnaphthélehe.

Table IV, Substituent chemical shift values. of substituted fluoromethyl-

naphfhalenes taken from Tables I, II and III.

ced

- .

" . ’ . s, - . . N
Table V, {F]H Heteronuclear decoupling frequencies and coupling constants
of substituted fluo;omethyinaphthalénes._

-

Table VI, 100 MHz 1H N.m.r. substituent pbem};ai shifts and coupling

o

constants for carbon tetrachloride solutions containing 4% by weight
1-fluoromethylnéﬁﬁthalenegand 8% by weight substituted-1-£luoromethyl- "

naphthalene.'
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Table VII 60 MHz 1H N.m.r. chemical shifts, substituent cheﬁical shifts

and coupllng constants for carbon tetrachloride solutlons contalnlng

4% by weight 1- fluoromethylnaphthalene and 8% by‘wezght substltuted—lf_:f_ -

.fluoromethylnaphthalene. .

Table VIII, 60 MHz 1H N m.r. chem1ca1 shifts, substltuent chemical -

shifts and coupllng constants’ for carbon tetrachlorlde solutions
.ﬁcontalnlng 6% by welght 1 fluoromethylnaphthalene and 4” by weight

: substltuted 1- fluoromethylnagpthalene

" Table IX, Substituent chemical shift values of substituted fluoromethyl-

naphthalenes taken from Tables VI, VII, and VIII.

 Table X, [H] Heteronuclear decoupling frequencies and ceu 1ihg
2able 4, F P _ , ‘ P

‘constants of substituted fluoromethylnaphthalenes.

Table XI,TChemieal shift values measured under standard conditions. -

Table XII, .60 MHz 19F and 1H Substituent chemical shiftsﬁand'COupliﬁg

-eonstants'for substituted benzyl.flﬁorides. ‘ - Lo

. ‘lgF Substituent chemical shifts were measuredrto;:;O.g Hz.

- et

H - distance between signal due to 1-fluorometﬁylnaphthaleﬁe and

ref

. that due to trichlorofluoromethane measﬁred’in Hz. Hsample distance

- between signal due to sub5t1tuted 1- fluoromethylnaphthalene and that

due to trlchlorofluoromethane measured in Hz, i.e. sample resonant'.
ffrequency relative to CClsF as standard 94, 08 MHz and 56.45 MHz aré
‘the spectrometer operatlng frequenc1es for observ1ng 19 F ebsorptiEns

_ at 1.4092 Tesla. A¢ values are- labelled.—,.
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A (ﬁ) Measuied at 100 MHz on a sdlution‘containing 4% Ey’weighf
1-fiuoiomethylnaphéhalene and 8% by weight,gubstituted—l-fluprbmgthyi—
nﬁphthaiéﬁe. | . I L W |
&b (pj MeaSU?ed'at Gb MHz - concentrations as in (a).
Aé () Measﬁrgd'at 60IMHz on a éolutionldontéining 6% By weight -

1—fluBrdmethylnapﬁthalene and 4% by weight'substituted;l;fluofomethyl-

naphthalene.
bt and Jpc values are labelled similarly. -+ RN
. n . ¢ . ‘l . &
(A
. ' g y
e .
- w .
< > )
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- d. Shift for the BZCHzF group.

Ve .iSQF

Table I. 100 MHz ""F Num.r. substituent chemlcal shifts and coqpllng

' constants for carbon tetrachloride solutlons contalnlng 4%

by weight 1- fluoromethylnapﬁthaiene and 8° by welght PR )

substltuted l- fluoromethylnaphthalene ";“;: \

Substituent - ) Adp(a) - T A$/94.08 Hz Jyp (@)

, T ‘ Hz - ' o -~ Hz

4 CHy . - Z236.0 -2.51 . - 48.2

4 F ' - -264.0 - -2.81- : " 48.4

4 CH,0CHg . . - 18,0 -0.19 L 47.8

3 CO0CoHg- - =120 . -0.13 | - . 48.0

3 COOCHz - . © - 6.5 ‘ | \§§.07 ' 48.1

3 CHg = - R - T -

3 ‘CHyF . +118.0. : +1.25 - 47.7
d. : . +118.0 +1.25 : - 47.75 .
C1. ; .+ 24.0¢ ' ¥0.25 ' - 48.0
CHpF . . .= . - +28.0 . +0.30 . - . 48.0
COCHz .+ 28.0 ' +0.30. ) 48.1
Br N . +0.76 48.0
CHpF - +122.5 : - +1.30 ' 47.75
Br _ +271.5 ' +2.89 . 47.5
N02 i ) - C ' - - ) ‘ ) ) ) -
CN ' +372.0. © ¥3.95 47.1
' COOCoHg +523.0 . 45,56 - . 47,0
COCHz _ '~ . +533.0 - . +5.67 o 47.0
COOCH3 +554.0 - +5,89 : 47.1 -
COCHpF +630.0 . +6.70 47.2
CN - +668.0 +7.10 . 47.0
N, . L L - - Ul

‘o

n



Table II. 60 MHz

emical shifts,
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subst1tuent chemlcal shlfts and

coupllng constants for carbon tetrachlorlde solutions

- contalnlng 4% by weight 1 fluoromethylnaphthalene and 8%

| by.welght substltuted-1-fluoromethylnaphthalene.

/

Hsample

Hz -

11551.0
.11542.5
11686.0 -

11693.5
11700.5
11698.0
1175357
11755.5"

.11702.0

11683.0
117060
11736.0

11774.5

11860.0
11895.5

. 11926.5
12016.5.
12007.0 .
12022.5
'12071.0
12580.0 .

12090.0

112099.0

. Su?stltuent- Href.
Hz

4 CHy . ~  11696.0

4 F ~11704.0

4 CHy0CHz = 11702.0
'3 COOC3Hs 11697.5
3 C00CHz  11709.0

3 CHz.. ©11691.5

3.CHoF - 11683.0

e . )

icl 1168807

2 CHoF ,,ffdjees 5

3 COCHz— 11689.0

4 Br 11689.5

4 CHoF 11700.5

3 Br 11693.0

3 N0 - 11702.5,

3 CN. ©11702.0

4- COOCoHg - 11697.5". -

4"COCHz . 11682.0

“ 4 COOCH3 11681.0
4 COCHpF- . 11683.0
e ] ,

4 CN- 11690.0 .
.4 NO,y . 11678.0.
‘d "Shift for B-Cl>F group.

e

~ Shift for COCHF group. -

+ O+ 4+ o+ +‘+ \ o

86 (b)
Hz

. =145.0

-161.5
16.0

4

Ur;:&rc:dnuzuwbncz

-&H'I—lr—“-l’\i

74 0.
+167.0
+193.0
+224.5
+319.0
+325.0
+341.5
+388.0
.+897.0
+400.0
+421.0

:-\‘

8$/56.45 Hz

-2.57.
-2.86

- -0.28

-~ -0.07.
-0.15
+0.13
+1.25
.+1,28
+0.25

+0.26 7 =

+0.31
+(.82.

- +1.31°
+2.59

. +3.42
+3.98 .
+5.65

_+5.76 -
+6.05
+6.87

© +15.85

+7.09
b +7.46 .

47.

-48.

JHF(b)

Hz

48.

48.
48.
47.
47.
47.
48.

47.
47.
47.7

47.0
47.1

47.5
.47.0

47.1
47.6

o0 a\ufc1c>a§~4to OO =N

48.5

48.0
47.1 -
- 47.0 -
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Table III.

Substituent

AR AR RUWWSEDHND

o A

SRR RN R NN

X

CHz
F .
CH»CCH g
CO0C»Hg
COOCH3
CHsz
CHyF
d
C1
CHpF
CQ;HS
Br-
CHpF
Br
NOo
CN
COOC,Hg
COCHz
COOCH3z .
COCH2F
e
CN

NO,

Sy, . L
. A .,vl-"""
T PRt S
P i

i,

60 MHz F ‘Chemical shlfts, substltuent chem1cal shlfts and
coupllng constants for carbon tetrachloride solutions’
containing 6% by weight l-fluoromethylnaphthalene and 4%

bf weight sﬁbstituted—f-fluoromethylnaphthalene.

AN

Hréf.

Hz, .

-

11708.0

11713.0

11707.0

© 11695.0
11710.0
11702.0

11700.5

11701.5

- 11695.5

11700.5
11704.0
11707.0
11710.5
11706.5

11712.0

11701.0

11704.0
- 11700.0°
11710.0

. 11706.5
117090 -

H
‘sample
- Hz

11562.5

" 11552.0
11690.5 .

'11707.5
11707.5
11711.5
11767.5
11769.0

11711.5

11711.5 - .

11718.0
"11744.5
11781.0
11875.5

 11892.5
11933.0

12018.0
-12027.5
'12034.0
'12096.0

12562.0

12100.0

12111.0

- Shift for B-CH,F group.
- Shift for COCH,F group.

A¢(c) ég‘ A¢/56 45 Hz  Jyo(c)

Hz

-145.
-161.

ONOQOOOUOoOOOoOoCoOUNUMOoOoVaununnnnon

-2.58

.-2.85

-0.29
-0.22
-0.04
+0.17
+1.19

C+1.22

+0.18
+0,28

+0.31 -

+0.72

o .+1.31

+2.92
+3.30
+4.11
+5.62
+5.73
+5.92
+6.84

“+15.09

+6.97

' +7-12

Hz-

48.2

48.2

47.75

48.0 N
48.0
48.0 :
47.52
47.62
48.0
48.0
48.4
47.75
49.0

47.5

47.0
47.2
47.2

- 47.0
. 47.1

47.1
48.0

47.2

46.8
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" Table IV. Substitugnt chemical shift values of Substitutéd fluoromefhyl-
‘ naphthalenes taken from Tables I, II and III.

substituemt ab(a) - A6 (b)

a4 (<)
4 CHz. - - -2.51 - " -2.57 . -2.58
4F . | -2.81 . -2.86 -2.85
4 CH,0CH3 -0.19 .. -0.28 - ' -0.29
3 -C00C,Hg 7 -0.13 _ -0.07 h -0.22
3 COOCHjz 20,07 -0.15 . 20.04 -
3 CHs S - £0.13 +0.17
3 CHoF : . +1.25 » +1.25 o +1.19-
S a0 +1.28 $1.22
4 Cl- : +0.25 © +0.25 . +0.18
2 CHpF +0.30 T +0.26 +0.28
-3 COCH3 S . +0.30 o +0.31 +0.31
4 Br - . Co . +0,76¢ ' ~+0.82 - ‘ +0.72
4 CHpF R +1.30 < +1.31 . +1.31
3 Br : S +2.89 +2.59 - . +2.92
3 NO, a - L +3.42 +3.30
3CN ‘ . ——"¥3.95 o +3.98 ° . +4.11
4 COOCHg  +5.56 : . +5.657°. . +5.62
4 COCHz. - +5.67 o +5.76 - +5.73 .
4 COCCHz : - +5.89 - +6.05 +5.92
~ 4" COCHpF +6.70 - © +6.87. - . +6.84
e - © 415,85 +15.09
"4 CN S L. 7,10 : T %7.09 . +6.97
4 NOy - | 47,46 #7012
d " Shift for B-CHzF group. - .. .

‘e - Shift for COCHzF group.
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Table V.”“[F]H Hetefonucléar’decoupling frequencies and coupling

constants of substituted fluoromethylnaphthalenes.

Sgbstituent

4
4

4
3‘.‘

3
53
-3

NSO O N I TORF SR N RN

E R

o' o

CHg
F

CHoO0CH3 .

' COOCHH

COOCH3
CHz
CHyF
d
Cl .
CH,F
CO%H3
Br
CHyF
Br
NO,,
CN ,
CO0C4Hg
COQCII3
COCHz
COCHyF
. .
CN
NO2

Decoupling frequencies
MHz

59.9968310

59.996974
59.996974

- 59.896867
- 59.896964

59.9968310
59.996952
59.9965967
59.996978

'59.996976

59.99680

.59.99697

59.9969810
59.9964974

| '59.,996972
'59.996994
59.997014 |

59.996984
59.996770

JHF(&)

Hz '
99.999309 48.2

99.999 . 48.4
"99.999 - 47.8
99.999 48.0
$9.999 - 48.1
99,999 47.70

47.75
99.999 48.0
199,999 48.0
99.999 48.1
. 99,999 48.0
99,999 47.75
99.999 " 47.5
99,999 47.1
99.999 47.0

99.999 S 47.1
99.999865 47.0
99.999 - 47.2
99.999 47.0

anupling constant ‘for B-CHyF grOUp.

o,

Coupling constant for COCHaF group.

47.

.....

46..

. S
vavers eyt

Jyr (b) Jup(e)
Hz Hz
48.5 48.2
48.2 48.2
47.7 47.75
48.0 48.0
48.0 48.0
47.9 48.0 .
47.70 47.52
a7.75 47.62
48.0 - 48.0
48.0 1  -48.0
47 .9 48.4
47.6 - 47.75

- 47.8 49.0
47.7  47.5
47,0 . 47.0
47.1 - 47.2
47.5 47.2
47.1. 47.1
47.0 47:0
47.6 47.1

48.0 . 48.0 -
"47.1 47.2
0 8.

_ae0



"Table VI. 100 “Hz 1H N m.T. chcmlcal shlfts, substltuent chemlcal

‘'shifts and coupllng constants for carbon tetrachlorlde

~solutions" containing 4% by w31ght 1- fluoromethylnaphthalene

and 8% by weight substituted-1- fluoromethylngphthalene >

Substituent  H H
L ref. sample
Hz - Hz
4 CHz © 595.0 - 592.5
- 4 F -613.0 604.0
4 CH,0CHz .~ 607.5 .607.5
3 COOCoHg - 628.5. - 628.5
-3 COOCHz 610.5 607.0
- 3°CHz - - ro-
3 CHpF - ' 606.5 603.0
,ood - . 57200
4 Cl- . .- 600.0 591.0
..2°CHpF $626.5 596.5
-3 COCHz .631.5 628.5
"4 Br 1 616.5 610.0
4 CHyF 580.5 . 578.5 .
-3 Br . 612.0 604.0
3 NGOy - . 616.0 - 615.0
. 3 CN 615.5 610.5
4 COOCoHg . 630.5 630.0
4 COCHz - © 606.0 - . 605.0
4 COOCHz- .~ . .,631.0 \ 630.5
4 COCHQE oL .-
: 613.0 613.0

d Shift for B CH2F group

\j% ke e

" +6.

o4l

‘Af(a)

+
0o
L]

MOoOUmMooooOULooo

+30.
+3.
+2.
+8.
‘45
+0.

+1.
+0.

0.0

AT/lOOﬁ Hz

40,025

+0.090
0.0
0.0

40.035

+0.035

+0.345

+0.,090

_+0.30

+(0.030

+0.065"
+0.020.
- +0.080

+0.010
+0.050
+0.005

+0.010°
- +0.005

0.0~

JHF(a)
Hz

- 48.0
48.1

47.8
47.75
48.7

47.75
47.5 .
48.0 .
47.75

. 47.75
- 47.75

49.6

-47.0

47.5

47.3

47.5

© 46.95
47.3

47.25
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Table 'VII, - 60 MHz 1H N.m.r. chemical shifts;,substltuent chemical ShlftS
and coupling constants for carbon tetrachlorlde solutions
containing 4% by. weight 1- fluoromethylnaphthalene and 8%

3

by weight substituted-1-fluoromethylnaphthalene.

Substituent H H . At (b) 47/60.0 MHz . * J . (b)

ref. sample .
-Hz Hz Hz - : . Hz
4 CHy J 337.0 335.5 +1.5 ~+0.025 . 49.0
4F . . 344.0 339.0 +5.0 +0.083 48.7
4 CHJOCHg - . 340.0 .  340.0 0.0 - 0.0 47.8
3 COOCHz—" " 340.5 '--  339.0 +1.5 +0.025 - 487
3 COOCoHs . 340.5° 340.0° +0.5 +0.008 48.0
3CH;. - . -336.0 - . 334.5 +1.5 +0.925 .49.0
3 CHZF . 338.0 335.5 +2.5 +0.042 47.6
d 317.0 +21.0 +0.350 48.2
4 C1 1 339.5. . 334.0 +5.5- +0.092 - 48.8
2 CH,F 339.5  © 321.5 +18.0 - +0.30 . 48.2 .
.3 CoCilg . -340.5. . 338.0 ° +2.5- +0.042 48.6
4 Br . 344.0 340.5 +3.5 +0.058 48.05
4 -CHyF 340.5  339.5 +1.0 +0.017 . 50.3
3Br .. - 339.5 333.0 +6.5 +0.108 48,15
3 NOp ©342.5  342.5 0.0 0.0 48.4 -
3eN. 343.5 340.5 +3.0 +0.050 - 48.05
'4:CO0C2Hs - 343.0 342.75 #0.25° * +0.004 o 48.7
4 COCH3 338.0 336.0 +2.0 +0.033 - 48.2
4 coocn3 . 337.5 . - 336.0 +175 +0.025 . 48.3
4 COCHyF 341.5 . 340.0 +1.5 +0.025 46.8
e L - 313.0 ~  +28.5 +0.475 48.6
4 CN . - 343.5 343.5 0.0 0.0 , -48.05
4 NOy . 343.5  ,343.5 0.0 0.0 47.25
—_— —_ ‘(Tf_w_;im_ e T g

d Shift for B-CH,F group.
. € Shift for COCHgF group.



Table VIII.

Substituent

RE R RR RGN

PEBRBRENENOEEWN S,

4.

4

CHz

F
CH,0CHz
COOCHz

~C00C5Hg

CHz
CHoF
d
c1l .
CHsF
COCH+

Br

. CHyF

Br

NO»

CN .

CO0C4Hs

COCH7

coocis
COCHoF
e

CN

NOs .
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60 MHZ 'H N.m.r. chemical shifts, substituent chemical

shifts and coupling constants for carbon tetrachloride -

solutions containing 6% by weight 1-flgordmethylnaphthaiene

and 4%jby-ﬁéight substituted-1-fluoromethylnaphthalene. -

H
Hz

340,
343.
341,
341.
340.
340.
340.
341.
340.
341.
343,
342.
341.
342.
342.
-340.
339.
339,
'340.

342.
343.

d Shift for g-CHaF
Shift for COCH,F

"

réf,

E-R-RLR-R=-X" R~

SO OoOWLnNNoO.OOo

own’

group.
aroup.

- 338.

- 341.

.-336.

- 538.
. 338.

310.
342.

Hsample.'

Hz

338.
341.
340.
340.
338.
338.
319.
336.
322.
339.
339.

334.
338.

340.

338.

N e : &

343.

. 0.

© At (e)- At/60.0 MHz
Hz ' '
+1.5 +0.025
+5.0 +0.083
. 0.0 . 0.0
+0.5: +0.008
+0.5 -+0.008
#2.0 - +0.033
+2.0 +0.033
f'~+20.5 +0.342
T +5.0 +0.083
+17.5 +0.292
- +2.0 +0.033
+4.5 +0.075
+1.5 +0.025
+6.5 .+0.108
+3.5 +0.058
+6.0 . +0.10
. 0.0 0.0
- +1.5 ©+0.025
. +1.5 +0.025
+1.5 - +0.025
+30.0 . +0.50
+0.5, +0.008
0 0.0

<
,

Tyr (),
Hz

"49.0

49.0
47.75 .
48.9 .
48.2

49.0

47.4

- 48.1

48.8
48.4

485 .

48.5
50.3 -
48.15
48.3
48.2

- 48,7
. 48,2

48.3

- 47.2
48.4

47.7
48.7
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Table IX.  Substituent chemical shift values of substituted fluoro-

ﬁethylnaphﬁhaienes'taken5frpm Tables VI,.VII and VIII.

Substituent o At(a) S At(b). S At (c)
CHz _ +0.025 +0.025 E -+0.025
F ) +0.090 ... +0.083 _ +0.083
CHy0CHz - - 0.0 L 0.0 . 0.0
COOCHz : +0.035 +0.025. . +0.008
CO0CoHs = , 0.0 © . +0.008 , +0.008.
CHz o L - +0.025 - 40,033
CH,F +0.035 : +0.042 - +0.033

d S 40,345 . +0.350 - +0.342
Cl1 : +0.090 +0.092 +0.083 . -~
CHaF - | _+0,30 | +0.30 . , +0.292
COCH3 40,030 +0.042° - ++0.033
Br : +0.065 ‘ ~ +0.058 +0.075
' CH>F , +0.020 +0.017 - +0.025
Br ' +0.080 . 20,108 +0.108
NO, .  +0.010 T +0.058
CN : . +0.050 . . +0.0650 ~ - . +0.10
COQCoHg | +0.005 . +0.004 0.0
COCHz . - +0.010 - +0.033 +0.025
COOCH3 +0.005 - +0.025 . © o -+0:025 .
COCH2F. - - ; +0:025 - .+ +0.025

e S - +0.475 .. . . +0.50
CN 0.0 0.0 - +0.008
N9y - 0.0 . © 0.0

d Values for B-CHyF group..

44

Values for QOCHZF'group.
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" Table X. [H]F Heteronuclear decoupllng frequenc1es and coupllng constants |

- of substltuted fluoromethylnaphthalenes

i

d Values for B-CHZF group.
e . Values for COCHzF group.

I3

Substitgent . .Decoupling frequency JHF(a} JHF[b) JHF(Q)
‘MHz Hz Hz Hz
4 CHgz 94.0770050 48.0 49.0 -49.0
4 F : 94.,0764020 48.1 '+ 48.7 49.0
4 CH,0CH3 94.,050330 47.8 47.8 47.75
3 COOCHz 94.0764700 48.7 48.7 48.9
3 COQC,Hg 94.0763850 47.75 48.0 48.2
3 CH3 - - 49.0 49.0
'3 CHoF - 94 .0763500 . 47.75 . 47.6 47.4
d 47.5 48.2 . 48.1
4 C1 94.,0767200 48.0 48.8 48.8
2 CHpF 94.0763350 47.75 48.2 48:4°
3 COCHgy 94 .,076400 47.75 48.6 . 48.5
4 Br 94.0763600" 47.75 48.05 48.5
4 ‘CHpF 94 ,Q765000 . 49.6 : 50.3 50.3
3 Br 94 .0764855 47.0 S 48.15 48.15
3 NOp 94.0762150 . 47.5 48.4 - 48.3
3'CN .94.0755998 47.3 48.05 - 48.20
4 COOC,Hg 94.0760000 47.5 - 48.7 48.7
4 COCH- "94.0699000 46.95 48.2 48.2
4 COOCHgz - 94,0760950 . 47.3° 48.3 48.3
4 COCH,F C- .- 46.8 47,2
e ‘ o - 48.6" 48.4
4 CN © 94.07558995 47.25 48.05° 47.7
4 NOgy - - 47.25 48.7

o



5% in CClSP ox CCl1

A
'

" Table XI; Chemical shift values measured under standard conditions

166

: d d e
Compound “¢0 o JyF
. ‘\’__,.
1-Fluoromethylnaphthalene 208.7 4.35 48.0
2-Fluoromethylnaphthalene 209.2 4.68 48.0
| . . 211.0 4.76" 48.0
Benzyl fluoride £ £ £

211.3 4.76

48.0

d_Measﬁred in p.p.m. - -

€ Measured in Hz. -

£ Values from C. Bééuin}iBull.

'Soc. chim. France,(3?, 4214 (1967) |
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Table XII. 60 MHz lgF and 1H Substltuent chemical shifts and- coupllng

. constants for substituted benzyl fluorldesd

Substitueqt : A¢e. | I bt - : _‘HF 
. ‘Hz
p-OCH, - -7.99 . 20.005 487
peHg - -2.95 | - v0.048 _1' 1 45.3.
p-F o S -2.82 © 40,044 ‘1 DT
p-C1 o | «0.49 w2 Y asa
p-Br 0.9 o ©#0.050 479
p-CN- S +7.68 f‘_ . 0.08s 47.2
p-NO, _ C.s0 + -0.140 A" - 6.9
~ m-0Clly o +0.94 o ; '¢0.d§6?’ﬂ i j48.21“'\
| m-CH, | 0.44 - 40.038 © 48.0
nE. . w82 0.00 480
n-C1 . 22,09 w0023 47.2
moN s -0.047 - 47.4
E;Ndz o | 45100 | -0.125 a2

d Valués from C. BBguin, Bull. Soc. chim. France, (3), 4214 (1967)

e -Measured in p.p.m..
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Analysis of the Data . ' B S

(1) Dual_Substituent Parameter Correlations
Fluorine substituent chemical shifts, proton substituent chemical

shift and coupling~constant values Qere-correlated with the'sets of .
16

. resonance ‘and polar effect- parameters descrlbed by Taft et a1.1® ana

with the resonance and inductive parameters of Swaln and Lupton. 127

" The dual substltuent parameter treatment descrlbes substituent
effeets in‘terms ofﬁahwadditive biendlot polar and pi deloeaijsation.
effects each of nhich-is-the"nroduet_ef a reaction paraneter and‘ar
sﬁbstitdent'parameter :“specifieally for lgF'snhstituent chemical -

shift data:-
Ad = pIUI + pRGR

The'cI séaie of polar effects has'been'Shown to be widely appiicahle_in

-3 L
cases where the substltuent is bonded to an sp oTr Sp carbon atom. -

In contrast Taft et al. 16 demnnstrated that a s1ng1e OR parameter

“.scale applled only to’ systems whlch were 51m11ar in reactlon type and

‘1n partlcular in their w- electronlc frameworks and that four such scales

s

were "both practlcable and dlscernlble These authors also c1a1med -

that these dlfferent scales were of partlcular advantage in that they

.

were capable of d15cr1m1nat1ng between dlfferent reactlon types and

w -

- . S : o R
' The four different resonance parameter sets\are: R(BA)’ s Oy

and(h(A) and are appllcable to the followlng p1 delocallsatlon classes -

>~

-tran51t1on states.’ P 1' - R TN
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Scale C e - .
R(BA) -x o -
f_ These parameters are
- ' Lo

c!enerally appllcable to ben201c ac1d (BA)
type reactlons 1n whlch the 51de chaln (Y) 1s‘a

Iﬁeak to moderate N

o

p1 electron acceptor group

- ¢
; : o
. PR Y groups of thls.-ype ;ncluded COC t’(p), —C H F(p) -SCl F(p),
e L andy CHZF" The fluoromethyl group was presuwed to.act: as a wcak pi-":
B _.:.' e~ !. / - '
- = electron acceptor through contrlbutlons fromwa hyperconjugatlve form. .
B . . e -
'-' : < ’ - ’
S o !
; e  :-A'j_ S e | |
' This group includes strong pi-electron dccepting groups suéh‘as Nz i
i and several clectrophilic aromatic substitution transition states. ” <
| s S e
L GR(A) Scale - . 3 . . . _.r' - :
. ' S
These values apply to rcactlons 1nvolv1ng strong pl electron B _
donntlng side. chai ' _f" L o .
P '.
- Y] ’é‘. ) :.} . ‘



s

-

. in .terms of F‘ahd R. A single unlvengal resgnance_parameter scale is ©°

.

]

.0
oy’ Scale

These values apply. in caSes where there is no resonance interaction

‘across the Ar Y bond, between the side chain and the aromatic system,

.fhe diffefene sets of. values fof the substifgenté invoivqg in
thls study are llsted in Table XIII.

Swaln and Lupton12 have recently proposedha dual substltuent‘ .
perémeter éreatment of:substituent effects;' They claimed‘that'all.
prevlous scales of substltuent effect ”constants" could be reduced to.

Just two scales, F and R, where e.g.

o fF + TR 4

F'end.R are field (or.”iﬁductive”) and,resonanee'eohstanté.which differ -

€

for each substltuent and f and. r are emplrlcal welghlng factors wnlch

.‘" -; ‘r. .

.

- are 1ndependent of the substltuent but dlfferenb for each set of -

- * ' 1]
substituenP cOnstants_(g{ o ’:qI’ R’ etc ) Wthh are to 'be expressed’
) ) e ]

-

[

“



Table XIIT. Valﬁes

Substituent o1
~0CHz - +0.27 .
-=CHz~ - -0.04
-F . - +0.50 .
.=Cl' 40,46
-Br. . +0.44
-COOR +0.30
-CN - '+0,56
-NO, +0.65
~COCH3z +0.28
. ~CHF T o+0.12
-CH,0CH3 . -0.01 -
+
g
.omo
-0CHz . +0.047 -
-CHy - -0.066
-F- +0.352
- -Cl1 +0.399
-Br’ +0.405
-COO0Me . . +0.368
~COOEt . +0.366
-CN 7 +0.562
-NO7 +0.674

substituent parameters.

=0,

-0.

- -O-'
-0

~0.
+0
+0
+0,
+{)

-0.
-0.

o

-0.
-0.

T -0.
40, -
.150

.489
.482
.659
790 -

+0
+0
+0
+0Q
+0

778
311
073

R (BAY.

61
11

19.

14
.13

15

.16

02
06

+.

114

45
.23

+
UR -

-1.02

-0.25
© -0.57 .
- -0.36
. =0.30°
. +0.14

+0.13

+0.15
+0.16.

-

Sr(a}

.-0.45

-0.11
-0.45

-0.23
=0.19
“+0.34

+0.33

+0.46

+0.47

+0.413

-0.052

+0.708 .

+0.690

+0.727
+0.552 -
+0.847.

+1.109

+0.534

171

"R

20.500
-0.141

-0.336
- -0.461

. -0.- 176 V
+0.140

. +0. 184

+0.155 .
+0.202



172

'-applled in thls treatment a 51gn1f1cant dlfference from Taft s

treatment7 In order to determlne the appllcaolllty of these values
to the fluoromethylnaphthalene system A¢'s were also correlated w1t ethe;\;\
F'aﬁd R valuee of Swain and thton“ P

Substltuent constants for the vCHz_uand—FCHzOCH groups are.not

"

llsted~an-ref“"16 However Sheppard 52 has reported oy and p values

19
for these substltuents derlved from F measurements of meta- and
par fluorotoluenes and these values were used 1n the correlatlons

_ fﬂzhg,dua’ substltuent parameter correlatlons were carried out on:

' ‘/_

“an IBM System/370 Model 145 computer using the Unlver51ty of Vlctorla

<

program ‘MULREG', a program which performs a multlple linear regre551on

for a sét of independent variables (in this case GI and UR) and a
- . ke , b =

_deperident variable (Aé¢, AT or-J). Ouput from the program as listed .

in Tables XIV-XXI includes the folloeing:—

SR - multiple correlation coefficient for the multiple linear
‘regression.’ c, .

o ‘ '_'. . ) ) ) » o L L/\ -
FPROB,- a confidence measure of. the total regression derlvedffrom‘
eomputed-t-values.

“.pI - the regression coeff1c1ent assoc1ated w1th o

. FPROB pI - a measure of confldence in the regre551on coefflelent Py
This parameter is the 51gn1f1cance leveLfaSSQC1ated w1th the

regre551on coefficient pI//,Based on a null hypothe51s . that .

is zero, : thls-parameter is the stat15t1ca1 measure of the

e

P1
probablllty that the null hypotheelixis true --the chances that

-

&

these data or any 51m11ar subsequent data would conflrm ‘the null

,hypothe51s: A small value of FPROBpI'reJects the null hypothe51s

L'J

and at the same tlme;conflrms the magnitude of pp- A suitable
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/

acceptance crltcrlon is chosen and values outside this - 11m1t are
Jrejected and 1nd1cate that pI 1slnot 51gn1f1cant1y dlfferent from

- ‘ - /C.,.-‘.A_‘
: zero. For phy51calrdata of thls’type an acceptablc_valpc is 7

0.001, i.c. th‘at‘ only 1 in 1000 casg's, would confirm the null'
_ hypothosis.aad that tHe v_aluc‘ofbpI is_Significantly differeht from:
' zero by. the magnitude lndicatedl ,
FPROBpR - a mcasare.of confidcnco ln the tegression coofficiont‘pR:
INTERCEPT . | |
' S.E. of lNTERCEPT - Standara efrot'of‘iﬁtorcept(
-§.b. - Standard dev1at10n of total regression difrelatloa.
"lwo.other quantities are- llstod 1n the results tables ’
n - Lhé\EﬁmES;,e data p01nts included in the corrclatlon.
.;‘l ?{the ratio 'QR/QI. ) |
In the daal SUbstituontrparametorranalysis reported by Taft et a1.16
Ithc flttlng of the data was constralncd tovzero.intcrcept behaviour.
‘ _Whllc rccognls:ng that thc data for the unsuostitutod_ﬁeabor of any sct
may_oe as SUbJCCt{tO experimental error as.anylothor mémoet, they

femarkedvthat‘such'error is‘gcnéralfy relatively small-for a sgt'of“{

reliablc data.l In\a data set’ the point P=0 for the H'substituent is
'crltlcal and' valuable in 10cat1ng the - scale origins. -.Thls point cannot

.klnfluence tho rho values (all 51gmas are constralned to ero)_and_so

,/thls polnt does not affect the statlstlcs. | g |
- We chese tor adopt a sllghtly d1fferent approach to tho flttlng of

A'the data to. thls equatlon We belleve that by allowlng a free flt

and by ‘not rostralnlng the equatlon to zero 1n+orcept behav1our thls

Ty

H ' . . : -



provides yer another measure of fhe‘“goodneSs of fit}. Theﬁmultlple
cerrelstloh'ceefficieﬁr,.R,’and the statistical co fideece'measures

‘or the form of the overall-eqhaiion and for the sep rste coefficients
of the 1ndependent varlables allows one to analyse the d1fferent aspects
~of the flttlng of the data to the dual substltuent parameter equatlon
‘The value of the 1ntercept and- the compar1son of- thls Value to the

standard error for the 1ntercept‘affords another-means of monltorlng

~."a good flt” or probably more 1mportant1y 1n what- respects a flt was

'not "a good fit". The hydrOgen data p01nt was 1nc1uded as a normal data

point in order to pcrmlt thls free flttl g to the equatlon

The blendlng factor l defined as pR pI is an 1nd1cat1on of the
relatlve tran551551on of resonance and polar'effects. *For EEEE‘
"substltuents A is’ normally 1 or greater whereas for me*a substltuerts
it is typlcally less than 0.4. This . reflects thc poorer transm1551on.of

,.'Pl delocal1sat10n efrects from the meta- than from thée E Ta- p051t10n

k

Large A values ;are. assoc1ated with phy51cal property measurements whlch

1nvolved prcdonlnantly the w electrons; 1on15at10n equlllbrla are
characterlsed by a value of A much closer to unrty 1nd1cat1ng a hlgher

blend of polar effects Aﬁ 1ntercst1ng study in thls respect is the

.)
©128
1on1sat10n oF - substltuted E;tolu1c ac1ds in 50° aqueous ethanol

.

For this”series A=>0 indicating no substituent resonance effects. are”.

pOSSible; the'interpdsition of the methylene moiety‘betweenzthe

substltuent and the aromat1c nucleus does eliminate COD]Ug&thﬂ of the '
'substltuent X W1th the ring. . e

ir

: If pI and pPp AT€ of opp051te sign A will be a- negative quantrty

J

\‘Thls stresscs the fact that thc transmlss1on of I and R effects from

any substitueht need not'necessanily be elosely'related.

SN



, :values (J

Table XVII. Multiple linear regression of 60 Miz 1°F substitutenc

. Table XIX. Hu1t1p1e 11near regre551on of 100 HHz and 60 MHz lH '

: .subst1tucnt chemlcal ShlftS of 3— and 4- substltuted 1 fluoromethyl-

175

1
.

a

Flhoromethylnaphthalene parameters correlated by this equatidn;include

19

F 100 MHz and 60 ﬂHz substltuent chemlcal shlfts (A¢), H 100 MHz
and 60 MHz substltuent chemlcal ShlftS (AT), average coupllng constant

HF) measured from lgF spectra and 1gF 100 MHz substltuent

chemical shlfts for'substltuents‘not‘sUbject to steric twistihg b{ peri—-f
' L 19

Vhydrogens F 60 MHz A¢ and J ‘values for substltuted benzyl fluorldes
v..were also correlated by the multlple linear regre551on treatment. Results |

.‘of these correlatlons ‘are shown in Tables X1V- KXV. The contents of

the tables are as follows:

Téble=XIVf{ Multiple linear regression of 100 MHz }gF'substituent

" chemical éhifts‘of 4Lsubstituted—17fluordmethylnéphthalenes.

v
[

Table XV.. Multiple linear regression of 100 MHzilgF substituent chemical.

shifts of'3—substituted-1—flﬁordmethylnaphfﬁalcnes.

. Table XVI. Hultlple llnear regre551on of 60 “Hz lgF-substituent'

chemlcal ShlftS of 4- substltuted 1= fluoromethylnaphthalenes

PR

chemical shifts of 3-substitutedr1sfluoromethjlnaphtha1Enes;

~ Table XVIII. Multiple'linearzregressiep.of 60 Mz TOF substituent

chemicel shifts of E'and g;substituted beﬁiyl fluorides.

»

naphghalepes.

-

Table XX. Multlple llnear regre551on of 100 MHz and 60 MHz’ JH‘ coupllng
R
constants of 3 and 4 substltuted fluoromethylnaphthalenes and p- and m-

-

a
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substitufedlbenzyl fluoride:.

Table XXI. Multiple linéar*regression of 100°MHz substituent
chemlcal shifts of 4- substltuted 1- fluoromethylnaphthalenes
Substltuents not subject to sterlc tw1st1ng by. perl-hydrogens - Br

C1, F, O, CHy.
Tabié'xxir;.'Multiple linear regression of 100 MHz and 60 iz '°F

v -

- substitﬁeht chemical shifts of_3-substituted—1-fluoromefﬁylnaphthalgnes.'“

-4

Table XXIII.. Linear ieast-5quaréé coffelatioh-of‘substituent chemicalf

shifts and Prown o values for substltuted 1- fluoromethylnaphthalencs

and substltuted benzyl fluorldeg and calculgtcd g values

.Table XXIV. Obéerﬁgd:and calculated substituent chemical shift values

forf4Fsﬁbstjtuted-1—f1uoromethy1naﬁhthalenes..

Table XXV. Observed and célculated supstituent chemical shifts values .

for 3—substituted—l-fluqfométhylﬁaphthalenes:

o



Multlple 11near regreSS1on of 100 MHz‘l

b _These parameters do not have thg

&

i

same

51gn1f1cance as in Taft's ana1y51s

Table XIV'- ngsubstituentvchemiédJ shifts of 4-substituted-1-
| e fluoromethylnaphthalenes o '
. - Correlation n R FPROB  p,  FFROBp,  p,  FPROBp, _ pR INTER- §.E. of. S.D.

: . R R % by CEPT  INTERCEPT
Téff‘gR(ﬁk)f o 10 0.993 '0.0000.:8.48  0.00003 }6.91 £0.00000 2,00 0.25 0.32, 0,53" \\‘—_
Taft opipay * 1. 11 0.993 0.9000 8.32 0.00001 16.91 0.00000° 2.03 0.34  0.28 * -0.51
-with -CILF data® ‘ e ' : i : ' : R
A Oy O an 1 o ggé: 0.0000 8.11 0.00001° 16:85 0:00000 2.08 0.27 drﬁé
with -CHZOCH3 data®™ ° S . SRS . . 16. <000 . .27 .54
BRIV - 12 5-9§2 10,0000 8.05 0.00000 16.85 0.00000, 2.10° 0.24  0.51

. with -CH; OCH3 and CH, F data T T e T e e T
Taft 0R+ o, 10 0.992 0.0000 8.02 0.00007 - 13.21. 0.00000 1.65 o.35. o0.58

" Taft o k* + UI o : _ SR - ’ S -i

with -cuéocas data® S11 0992 0.0000. 8.19  0.00001 -13.21 .0.00000 1.61 0.90 . 0.28 0.55

. Taft UR+ +op o _ o o g o o -

L vith-CLF data® 11 0.991 0.0000 8.17. 0.00001 13.19 0.00000 1:61 0.89, ~ 0.31 0.56
Tdft[qR+ + UI_ﬁ.f R R - g T | "_x, o
i S5 e, G ook, "dat® 12 oiggz ,oioooo 8:27 O'O?OQQ_mf;‘lg 0,00090 1.59.0.8°  0.25 ?.gs

" “Taft aﬂ9»+.01 T 10 - d.991l 0.0000 7.87 .0.00008 18.91  0.00080. 2;40’.0.31 T 10,36 - 0.60

- Taft oy i+ 0 _ 10 0.986 0.0000 '5.87- 0.00145 10.76 0.00001 1.83 -0.32  0.46 0.77 't{

| Sw$12n3n§ Lupton - 10 0.995 0.0000 4.32° 0.00005 - 17.75° 0.00000 - 0.28 . 0.29  0.46

~a i.e. using o; and UR values from ref. 52 for CHZF and 'CH20(3H3 substltuents



-
~

fluorom lpdphthalenes.

© Table XV.. Multibléf%izggr’regfession of 100 Milz '°F substituent chemical shifts of 3-substituted-1-

R . . . I . ] i . p . B
_ , . . R : _ PR INTER- S.E. of ..
Correlatlgn ) ,.-;> o n. . R- fPROB | pi FPROBDI FPRQ?pR A= pI CEPT . INTERCEPT .S'D‘
:laft UR(BA) fﬂ(/ - 8 0.899 0.0173 7.08 0.00656 -5.34  0.10928 -0.75 .-0.61 0.55  0.92
Taft o, 1 : . - o o e R L
t %Ay T % . 9. 0881 0.0118 6.78 0.00414 -5.55 . 0,08422 -0.82 .-0.42  0.50  0.90°
with- —CH F dataa .' . ) R .. - . o - '

| Taff.cRp +o, . . 8 0.899.0.0173-7.08 0.00656 -5.34  0.10928 -0.75 -0.61-  0.55  0.92 -

Taft 0,° + o - .. g . _ " T - o
R 1" .+ 9 0.8 0.0118 6.78. .0.00414 -5.55 ° 0.08422 -0.82 -0.42 0.50 . 0.90
with -CILF data® - o , . I , ,
Taft oé%;ﬁ\ol"' .8 .0.902 0.0159. 7,00 0.00601 -3.60  0.11731 -0.51 ~-0.76  0.55 0.89
Taft o, £%0 0 ' ‘ PP e o o we y , '
- RO - . 9 0.868 0.0158 6.60 0.00556 -3.68 _ 0.12096 -0.56 -0.55 0.54 0.95
with -CHZF data ' o T B ' . . E o _

Taft Opy * O . - .8 0.9087000141 7.67 0.00540 -3.14 . 0.08506 -0.41 -0.43.  0.53 - 0.8,
Taft %y * % 9 0.898 0.0080. 7:.52 0.00283 -3.33 . 0.05261 -0.44 . -0.28 - 0.46 = 0,90
.withr-CH F dataia _ o - ' : ) ' :

"swa;“aizdnkupt°“' . 8 0.829 0.0555-4:24°. 0.02167 -4.75° 0.21885 - - -0.65 _ 0.74  1.17

: ca iee. u51ng UI and GR values from ref..52 for -CHZF and CH200H3 substituents.
b These patameters. do not have the same 51gn1f1cance as-in Taft's analysis:

8L1



Table XVit

\

Wultlple 11near regression. of- 60 MHz
fluoromethylnaphthalenes

19F substituent

chemical shifts of 4-substituted-1-

b These parameters.do not have: the

same

51gn1f1cance as’'in Taft's analysis.

. _ , ‘ . | R ~INTER- S.E. of
. . - e A= — ’ .
Corpelat;?n n R FPROB Pr FPROBpI, .DR FPROBpR o CEPT  INTERCEPT 5.D
Taft GRTBA} + 0 10 0.992 0.0000 8.49 0.00005 17.09 0.00000 2.01 0.28 0.35 0.59
Taft opipay 11 0.991 10,0000 *8.35 o.oooo1l 17.09 . 0.00000 2.05 0.36  0.31 - 0.56
"with -CH,F- data : ' B ' : ' . ’ :
Taft oppay * : 11 0.991 0.0000 8.18 0.00001° 17:04 0.00000 2.08  0.43  0.29 0.57
with -cuzocu~ dataa. ' ' | - B - E | ' _f\\
Taft Opepay * 12 0.991 0.0000 8.11 - 0.00600 17.05 . 0.00000 2.10 0.45  0.26 .  0.55
with -CILF and cuzocu3 data® S o I
 Taft o+ of + 10 0.991 ‘0.0000  8.03° '0,00001 13.36 ° 0.00000 1.66 1.01. 0.38 0.63
: . . +- N e . N ' .h.- . . . ' . " ._»." h ' o
Taft op *oq 11 0.991 -0.0000 8.26 ~0.0000r 13.36 0.00000 1.62- 0.90.  0.31 0.60
with -CH,OCI, data® - ‘ e : - - ' : -
. W20 L e L . R o
Taft g vop 11°0.990 0.0000 8.19 .0.00002 13,33 000000 1.63 0.92  0.33 _  0.60
with -CH,F data = ' ' : R - ‘
- L + . - L ‘ ) o . . ‘-l - Lo . .
Taft op * oy .- .- 12.0:990 0.0000. 8.35 0.00000 13.34 0.00000'-1:60 0.85 - 0:28 0.58
: with -CHQOCII3 and CHZF data _ _ - I S - ‘ o
Taft §R° +'oI © - 10 0.981 0.0000 7.88 .0:00013" 19.11 0.00001 ‘2.43 0.33  <0.39 . 0.65
Taft opiny. * 10 0.984 o.oooo‘ 5.86 f{oﬁqoiéz 10.87  0.00001 1.86- -0.30 0.48  0.80
F“aﬁngﬁ”Pt°“, - 10 0.994° 0.0000 4.33b 0.00008. 17.94° 0.00000 - 0.30 - 0.32 0.5
8 L : o , -
a i. e. u51ng»01 and 9 values from Ref. 52 for_—CH2F and —CHZOCH3 substituents.

6L1
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Table XVII."Muitiple“lineér.regression‘of 60 MHZ.IQF substitdent chemicai shifts of 3-substituted-1-
' fluoromethylnaphthalenes. S ' L . '
. - . ) . . . - ) R - B k N - l- p O ‘.. ,.
. - o - SO . R INTER- S.E. of -
- C . o . . . Az —= -t .
: Correlz‘xt:_m_n L . noo R ,FPR_OB . Py FPROBQ'I ‘pR FPRQB?R o, CEPT-  INTERCEPT S.D.
Taft UR(ﬁAjlf.UI 8 0.882 0.0241 6.86 :0.00914% 24,64 0.17124 -0.68 -0.62  0.58-  0.97
W o%@y %1 " 0 9 " 0.861. 0.0179 6.54 0.00633 -4.87 ~ 0,13858 -0:75 <0.40~ 0.53 . 0.96
- with QHZF-datda LT . : _ - : . i 3 - K
" Taft oR° to 8 0.882 0.0241° 6.86 = 0.00914 -4.64 0.17124 -0.68 -0.62  0.58 0.97
Taft. 0.2 + o I o ) , . ‘ C
AR T 9 07861 0.0179. 6.54 0.00633 -4.87 0.13858 -0.75 -0.40  ~0.53  0.96
yith_GHZF_data- AU _ - - . BRSO )
Taft o,  + o, " 8 0.880 '0.0253;;6.84 0.00958 -3.27 .0.18179 -0.48 -0.78 .0.61  0.98
'Taft,A;J “vo T o . : : S ' t :

AR RS SR 9 0.88 0.0106 6.82 0.00371 -3.26 0.13995 -0.48 -0.77 0,51 _ 0.90
with cazp,dataa S : S ) o ; ] .
Taft %yt %t i - 9 0.878 0.0127 7.22 0.00461 -2.98 0.09039 -0.41 -0.28  0.49  0.90
with CHZ'F ‘data? . . L o , o
Taft-q&(Aj f‘0I'7 | § 0.891 0.0202 7.39 0.00787 -2.77~ 0:13633 -0.37 -0.46  0.56 . 0.94

' Suain and Lupton. 8  0.819 0.0683 . 4.07° 0.02735 -4.08° 0.20437 - - -0.64 0.76 1.2

values from Ref. 52 For ~CH,F and -CIL,OCH, SUbstituents.

R , 2 273 -
b These¢ parameters do mot have the same significance as in Taft's analysis. { R o

a i.e. uSLng=Ui and ¢

0

08T



cJ'Taft,b

. . B C . .- - " - .' . 3 ' ’ - ' ~ - l_x“'--" )
Table XVIII; Multiple linear regression of 60 MHz 9 supstituent. chemical shifts .of p and, m-substituted
- .i--benzyl fluorides. - L -_'i S s T

. - [ ) . ' - ' ¢ . 7 3 . . - p ) R - ] ’ : _-
Correlation "~ . ~n . R FPROB . p . FPROBp,  pp FPROBpy A= —n (R ToBe O0-S.p.
. . - i o p . CEPT  INTERCER

X
“R(BA) | ‘ | U |
L Taft 0% v o | 8 0.990 0.0002 9.25 -0.00127 20.41 (.00010" 2.21 -0.17  0.62  0.87

_ Taft ‘o 8 0.998 0.0000 9.87 0.00007. 16.51° 0.00002 .67 -0.34. '0.25  0.35.

Taft o Yo o .8 0.992 0.0002-9.35 0.00089 11.23 0.00007 1.20 0,26  0.58 . 0.80
Taft d&(A] vy o § -0.962 0.0022 6,94 0.04899 13,04  0.00172 1.88 . 0.96 - 1.19 . 1.74.

*SwaénainggUPFO“ .0 8 "0.998 0.0000 4.98% 0.00016. 18.92* 0.00002 - - 0.00° 0.28  0.39°

n-X _ - - x .
Taft Gy * Oy Lo 07 0.996 0.0005 7.60 0.00031 é?iﬁ//ifo.oozao 0.29  0.09 - 0.18 ~ 0.26
"..'Tél:f‘t »0R—0 :_0 '

. - foed 0.996- 0.0005 7.48 0.00030 2,75  0.00319 0.37 0.2 .0.18  0.25 °
G *Op . oo .77 0.993 0.0007 7.54  0.00047 145 0.00625 0:19  0.16  0.25  0.32

“Taft oR(A) +,ci .77 0.994 0.0007 7.14° 0.00052 1.80 .0.00910 0.25  0.02 ° 0,21 0.3l

Swa;“éﬁﬁﬂRngt°“ 7N 7-0.990 0.0012 4.64% 0.00083 2.16% 0.02475° - .  0.13  0.20 : 0.39

4 Thesc parameters do not have the same significance as ip Taft's analysis::

. " -
'* R A v
. -

SN
" .‘ -

18T



.. Taft-o B
~ 100 MUz 4-X"

..‘100 MHZUS-X '

o Table XIX.. Multlple linear regre551on correlation of 60 MHz and 100 MHz 1H substituént chemicalgshift; of
' ~ 3~ and 4- substltuted 1 fluoromethylnaphthaleneq . ; ’ L -
. ‘o i B N

Ii ‘7" . .

. B - - ]
0 P . . . i

SR o R .Y PR INTER- S.E. of - o .
© Correlation - n" R FPROB p - FPROBp.  p,.  FPROBp,- hé'g—-_CEpT ?NgﬁRgEPT $.0. -

"R(BA) ;I!

-

0.976 '0.0009. 0,08° 0.01189 -0.15  0.00125 --1.97 * 0.01 0.0l 0.01

Taft. UR(BA) Y% 7 B 0.922/0:0099 0.08  0.04475 <=0.11 . 0.02550 -1.29 0.0  0.01 . 0.02
GO MHz- 4-X g : : : | - |

Taft opa)y *91 0 ¢ . 7 0.740 0.1380 0.06 -0.10751. -0.14 0.07969 -2.12° 0.02  -0.01 - - 0.02

1aft GR(BA) + 9

. 7 0.907  0.0330 "0.13° 0.02464 -0.18 . 0.02956 -1.45  0.01. 0.01 0.02 -
.60 MHz :3-X . L A : . : .

Al
3
)
o' -
4 ~ -
AN i)
N .
1
; ¢
o © ~

g

'l\.‘

81
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Table XX. Multlple linear regression of 100 MHz and 60 MHz J
; fluoromethylnaphthalenns and m- and E;substltuted Ben

coupling constants of'3-

zyl fluorides.

and 4-substituted .

-

- . - C. P -

_ o . : L "« PR INTER-'S.E. of
Corrclgt}on ; ',n R FPRQB Py FRBOBpI Pn FPROBpR = pI CEPT" INTERCEPT S.D.
Taft Spn) * 1 . 12-0.954° 0.0000 -0.99 0.00184 -2.38 0.00002 +2.33 47.81. ~0.08  0.18
4-X-fluoromethylnaphthalene . - '

Taft o . “n ]
R(BA) 9 0,803 0.0445 -1.54 0.01647 _ 0.90 0.33217 -0.58 48.13 0.16 0.28
3-X- fluoromethylnaphthalene ’ - “
/ : _
Taft o ) : ’ ) ’ ’ ' :
R(BA) I 8 :0.994 0.0001 -1.08 0.00050 ~-2.20 0.00007 +2.03 48.01 0.06 0.08
p-X-benzyl fluoride ' - ' Y.

Taft o ' : ' '

R(BA) . 7 .827 0.1010 -0.95 0.10341 -0.89 0.12852 +0.94 47.93 0.71 0.3°

m-X- benzyl fluor1de , ) e .
e i v ’

) — . P

)
. N e
/\ .
e
" L]

£81
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Table XXI. Multiple'linear regression of 100 MHz 19F'subst-ituent chemical shifts of 4-substituted-1i-
- fluoromethylnaphthalenes. )
. Substituents not subject to steric twisting by peri-hydrogens, Br, Cl, F, CN, CHS'

Cgr;elation n R FPROB oy FPROBp hB |FPROBpy )= ;%- éﬁﬁ?“’ ﬁﬁgékgng s.0.

oRtth to 6 0.999 0.0010 9.24 0?00100 16.28 0.00072 1.76 -0.18 0.1  0.16

| Taft 0.0 + o, 6 0.990 0.0057 8.67 0.00693 18.89 0.00264_- 2.18 0.02 0.45  0.64

Taft-0R+Z+zoI 6. 0.993° 0.0041 8.67 - 0.00491 12.64 ° 0.00184 1.46 0.54  0.39 0.53

Tagt o&;g) +:cI t‘ 6 0.993 0.0045 6.84 . 0.00827 11.98 0.00275 1.75 -0.42  0.39 0.56
] - —

v81
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Table XXII.

Multxple linear regression of 100 MHz and 60 MHz

lgF substituent chem1ca1 shifts of 3-subst1tuted-

1- fluoromethylnaphthalenes omitting -COOMe and -COOEt points.-
. C e . P
. o : _ PR INTER- S.E. of
_7C0rre1atlpp . -n R _F?ROB P FPROBpI Pr FPI}OBpR A= o, CEPT  INTERCEPT S.Db.
R(BA) 100 MHz 6 0.946 0.0383 6.51 0.01913 -3.03 0.32342 -0.47 -0.20 0.50  0.77
SR(pr) * 1 120 Mz 7 -0.937 0.0168 6.28 0.00762 -3,03 0.27550 -0.48 -0.05 ~ 0.43  0.72
with CH,F - . o |
0% + g, 100 Mz 6 0.946 0,0383 6.51 0.01913 -3.03 0.32342 -0.47 -0.20 0.50  0.77
0 Ty ' . _
o *.op 100 Mk 7 0.937 0.0168 6.28 0.00762 -3.03 0.27550 -0.48 -0.05  0.43  0.72
with CILF - | : - .
o -0y 100 itz 6 0.944° 0.0394 6.48 0.01972 -2.11 0.33670 -0.33 -0.30 0.54 . 0.78
oy ’ ‘ ‘ . ) _ .
Op *+.0p 100 Milz 7 o%;§2 0.0193 6.15 0.00867 -1.92 0.33800 -0.31. -0.10 0.46  0.75
with CH,FE . . :
o&(A) +foI 100 MHz 6 0.960 0.0269 6.98 0.01431 -2.03 0.19347 -0.29 -0.09  0.43  0.67
opea) * Op 100 Mz o - -
with cu - 7 0.954 0.0099 6.85 0.00490 -2.11° 0.12892 -0.31 0.02 0.35  0.62
Spian) * 1 50 an 6 0.935 0.0479 6.26 0.02455 -2.22 0.48064 -0.36 -0.18  0.54  0.82
R(BA) 60 MHz i . Y
g CHZFa (7 0.924 0.0232 6.01 0.01091 -2.22 0.44084 -0.37 -0.01 0.6  0.77
Rewy * Op 60 Milz 6 0.947 0.0372 6.68. 0.02038 -1.62 0.32073 -0.24 -0.11 0.48  0.75
d&(A) + 0 60 MHz . " ‘ 4 : ‘
with CILER S 7 0.999 0.0158 6.53 0.00814 -1.72 0.24163 -0.26 0.03  0.40  0.69

S81
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Table XXII. (Continued)

S .
a -
> - . . P TED. Q* -
. : ST, C _ PR INTER- S:E. of

Correlat_:lon n R FPROB Py FPR?BpI . pR_ .. f;‘P,ROBpR A= p] CEPT- ~INTERCEPT S.D.
v 3

Swain and Lupton - . b, b .

E and RP 100 Miiz 6 0,903 J0.9816 3.917. 0.04208 -2.67 q.45?46 - 0.18 0.68 1.01 __]

, _ . . . f

“Swain apd Lupton - : b o _1 acb L

E and‘RB. 60 MHz 6 0.893 0.093:1 3.747 0.0502.59. +1.95 r(}..58915 0.1§ 0.70. 1.05

a i.e.'using_plland 0, values from Ref. 52 for -CHZF and -cuzocus substituents. )

. o _ - & ' . - :

b These parameters do’'not have the same significance as in Taft's analysis.

f\‘ 3 .
' &
\- N -
-~ 5 “ - :
- ’ ; .
[~
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Table XXIII. Lincar least squares corrclhtion of substituent chemical Y
129

o shifts and Brown . valucs for substituted- f fluoro-
methylnaphthalencs and substxtuted benzyl fluorides and

ecalculated o valucs..

- Corrclatioh n p INTERCEPT ‘r i S.D.

‘A¢ Substituted-l- : o.om

fluoromethylnaphthalcnea 13 9.34 " -0.25 " 0,916 1.48
vs, ot - . - ' ' '
A¢ Substituted benzyl 14  9.92 -0.30  0.982 0.86

fluoride vs. o N

! . . f -
.

? Data for 3-CODMc and 3-COOEt omitted.

-Calculated 0+ values+ ' S a
0"
SJCOCH - +0.059
4 COCH3 ©+0.634

E-CHZF T +0.161

4-CH_F . +0.166,
2 3
_4.'—-CH20CH3 +0.006
4—C0CH2F +0.744
P
f. -
¢ R
- - ) | J,.{\ \ ‘



Table XXIV,

*

188

Observed and calculated substituent chemical shift values

. | ¢
for 4-substituted-1-fluoromethylnaphthalenes measured at ‘\'
. 100 Miz. }
oy = 8.477, pp = 16.912, . INTFRCEPT = 0,252
H ’1 » « : \
. Substituent a Gﬁ(BA) A¢ ad " Difference
' . calculated observed
i, .<0.04  -0.11 -1.95 :2.51 .56~
| - , _
F +0.05  -0.45 ~3.12 C -2.81 .31
c1 +0.46  -0.23 +0.26 +0.25 .01
Br +0.44  -0.19 +0.77.° . . +0.76 .01
N +0.56  +0.13 47,20 - +7.10 ‘.1
,COOCH +0.30 . +0.14 +5.16 - +5:89 ° 73
C00C,H, +0.30  +0.14. +5.,16 | 45.56 .-40
NO, +0.65  +0.15 +8.30 +7.46, .84
COCH, +0.26  +0.16- +5.33 +5.67 34"
L . ‘ —_— .
f -
5 _ s
2 | =
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Table XXV, ObserOOd/aﬁﬂ calculated substituent chemical shift values
for 3-§ﬁbstitutcd-1-fluoromethylnaphthalcncs.measured at
100 Miz,

(@) o = 7.030,-5R = -5.341, INTERCEPT = -0.613

. Substituent o o Y . Ad Difference
1 - R(BA) -calculated observed :
CHz -0/04  -0.11 -0.'31 +0.13 .44
' BI' +0|44 3 -0-19 +3-52 |+2089 . .65 : ' ' -
CN : +0.56  +0.13 +2.66 +3.95 . 1.29
COOCH . +0.30 +0.14 - +0.76 -0.07 .83
: cooczﬁs . 40.30 _+0.14 +0.76 ~ - -0.13 .89
_NO2 "+0.65 . +0.15 +3.19 +3.42 . . .23
| " COCH3 © +0.28  +0.16 +0.51 +0.30 - .21
S - . . . . .
s (b) py='7.672, pp = -3.141, "INIERCEPT'= -0.434-" |
Substituent Oy Uﬁ(ﬁj-»ﬁi - 4Ad . Y TR Di fferénce.
- - -~ calculated observed - = ¢
CH3 .-0.04  -0.11 . -0.40  °  %0.13 - .53
Br +0.44. -0.19 *  +3.54 +2.89° ' .65
b CN - - +0.56 +0.33 . +2.83 +3.95 Sl.12 .
COOCH, 40,300 +0.347 +0.80 -0.07 - .87 N
" COOC,fg +0.30 -+0,34 " +0.80 © -0.13 . .93
. v = NOp = \ +0.65  +0.46 +3.11 +3:42 .31 -
. COCH3z - . +0.28  +0:47 - +0.24 . +0.30 - .06
” . .
-~ ' - . . -
X (c) py=6.978, p, ="-2.026, INTERCEPT = -0.094 e
.o T ’ T Ap . a¢. ‘Difference
Substituent a; UR‘tA) ’- ca'lculftted ) o‘bSer\‘fed o
& CHz " -0.04 -0.11 | -0.15 - . +0.13° .28
Br . - +0.44 - -0.19" +3,36 - +2.89 .47
. CN 0 +0.56  +0.33... ~ +3.14 . +3.95 ~.81
S NO, +0.65  +0.46 +3.51 - +3.42 . .09
STl COCHg; - +0.28  +0.47 +0.91 . +0.30 . .61
O N PR -\ L S
Vr 2 | f | | | . h.._ L |
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x (ii) S.agle Substituent Parameter -Correlations, *

* p-CH,OCH,, m-COCH

: - N . Lot . . R
data were available. This was in order to determin: 'if there were

two series; - R

=y

t

In his a qusiS‘of'lgF substituent chemical shifts'B&guin4$

. - . e + . v
reported a good\corrclation with the ¢ constants of Brown and Okamotolzgz

' y

8 = +9.76 ¢ - 0.27 «(r = 0.976)

. : " : o . . °, :
- A similar correlation was undertaken with the fluoromethybvaphthalene

T

déta_using‘q program to calculate the slope and intercept. for linear

free energy single. substitdent parameter corrclations by a linear

-

least squares method.

Ana1y51s of benzyl fluoride, data was also repeatcd using this
computer program Results for both data setsare shown in ‘Table \KIII
-From the values of slope and 1ntercept obtained for the fluoromethyl-

naphthﬁlenes, o 'values_were calculgted for m-CH,F, p-Ci, F, p-COCH,F,

3 nd. E_-COCH3 substituents. A graph of thls relatlon—

ship was drawn (Fig. 3\) and. these SUbStlulentS are 1nd1cated on thlS graph

Fluoromethylnaphthalene ‘and Benzyl Fluorlde Data
3

A graph (Fig. 4 ) of subst1tuent chemlcal ShlftS was lotted for
P g- P

(i11) Comparlson o

- substituents @here>both'benzy1 fluoride and fluoromethylnaphthalene
any specific deviatiéng between the two data sets. In fact, it
appears thaﬁ the'fiuordmethylnaphthalene data correlates quite well
with - thd benzyl fluoride data and hencc the differences between the

“dual substltuent parameter correlatlons for the two series must. ar1se

from’ the behaviour of those substltuents which are not common to the
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CHAPTER 4

DISCUSSION
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It is appropriate at this point to mention several of the terms used

to describe the various positions and positional rclationships ir the

naphthalene system. Naphthalehe positions arc numbered as shown and may

also be referred to generally as o« and 8 positions.

The 1,8-a,a interaction and the 4,5-¢,a interaction are the 'peri'
g . . P

-—

B 7
8 6

a [+ ]
8 1
23
33
5 4
a a -

~ interactions in the naphthalene system.

Relative dispositions of substituent and reaction site referred to

in this study are:-

QiF
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Y,

In this systcm'of nomcnclature_foé the disubstituted naphthalenes the

.position of the side-chain functldnalgnnﬁatcnzF) is" designated as a or

'8 as appropriate and the position of the substituent is then indicated

by the position number, the ring being numbered from the functional

+

group position as 1 (for &) or 2 (for 8). ..

ra
‘_..

i

i) Infrared Spcetra

Infrared spectra were rccorded of all substituted naphthalenes

synthcs1scd and dcta1la of these spcctra are included in the cxpcrxmcntnl

section. In most cases thefe spectra were used to confirm the identity
of the compcunds. Absorptions were assigned bascd on group absorption

frequencies recorded in 'An Introduction to Practical Infra-Red

-,

Spectroscopy' by Cross and Jonés.lsq However, one or two of the infrared

spectroscopic characteristics are worthy of particular ndte.

Absorptions in the 860-750 cm”! region of the spectTum are due to
C-H out-of-plane vibrations. The hydrogen substxtutxon pattcrn for
each ring can be considered separatcly. -Subst1tuted naphthalencs
show absorptions in the. regions 810-785 and 780-760 cm ~, characteristic
of three and four adjacent.hydrogens respectively. 2-Substituted
naphthalenes absorb at 860-835, 835 805 and 760-735 cm -1 ;haracteristic
of an 1solatcd hydrogen atom, two’ adJaccnt hydrogen atoms and four

adJacent hydrogen atoms respectxvelyi‘g1,4-Disubst1tuted naphthalenes

thercfore show'absorptiéns in the regions 835-805 and 780-735 cm'l, and

1,3-disubstituted naphthalenes in the regions 860-835 and 780-735 cm’l.

Two substituent group frequencies that were of considerable value

in speciral assignments were those due to the aliphatic C-Br stretching

i

w



]

.
.

vibration Letwecn 680.515 en™L nnd.thc aliphatic C-F stretching vibration
at 107G-106 umml. This JIatter band wan very strong and variced chy |
rittle in its penstion.  The force conﬁt:ncs for thoe cnz-x bonds
caleututud from the neasurcd CH,-Br and CH,-F stretching frequencies and

.." -
690 em™) sre C-F, 1.29 x 10%; C-Br,

| 2]

from that :isted for Cﬁz-Cl
1.25 x 106 ad C-C1, 6.01 x 105 dynes/cm.  These values folley trends
for ether bond charucteristics of C-halogen bonds, such as bond energy
an< bond length, |

‘ihe spectruh of 1-fluoromethyinaphthalene is shown ir Figs}“s a&d 6

as characteristic of the spectra of this class of compounds.

1i) Mass Spectra

As is charzcteristic cof aromatic compounds,.und in particular alkyl
substituted aromatic hydrocarbons, the fluoromethylnapisthalenes gave
mass spectra which exhibited strong molecular ion peaks.‘ The most
characteristic cleavage of the aikyl.benzonésAoccurs at the bonds beta
to the aromatic ring, the fraguent ibn :ea}rangcs to the trﬁpylium ion,
which itself loses acetylene in a metastable transition. An analogous
fragmentation pattern is observed -in methylene substiguted-naphppa}enes

and has been described by Budzikiewicz, Djerassi and ﬁilLiamle3L T

o
o
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The metastable peak.correSponding to this fragmentation has an m/e’
) . ' i - .

,: ualue;ef (115)2/141_= 93.8. This peak was not observed and so mus t

have been of very low intensity. Numerous_relatively intense doubly
_ ) : N . .

charged peaks are very prominent, in the spectra of most of the naphthalene -

derivatives prepared * Another mass75pectrai feature worthy of mention

is the increased relat1te -abundance of the molecular ion peak of the
Vfluorbmethylnaphthalenes compared to naphthalenes bearlng other |
substltuents; in many 1nstances the molecular ion peak 1s also the base
peak. Presumably thls is due to thc strength of the- C-F bond "The

mass’ spectrum of 1- fluoromethylnaphbhalene is shown in Elg 7'r.and
exhlblts_many of these spectral featyres discussed.. Details of the most
prominent peaks‘tolbe fbund in tbe spectra ef'the substituted naphthalenes

, N .
prepared together wlth values for thelr relatlve abundances are

»  given in the experlmental section. | :
- - F\"‘ . .
111) Nuclear Magnetic Resonance Spectra

a

Naphthalene itself 15 an elght sp1n system with the chemlcal ShlftS

. of the two multlplets.due to the « and B protons being found at 1 2.315 .

p.p.m. and 7 2.66 p.p.m. respectively. It is only recently132 that

naphthalene'has been analysedras an eight spin system and -‘the sign and

magnitudes; of the various coupllng constants a551gned Previous'to

thlS study, thlS system had always been con51dered as an AA'BB' case,.

In the absence of strongly deshleldlng substltuents two groups of

P4
o 4

multlplets correspondlng to four B and two a protons could be’ dlscerned"
in the 5pectra of 1 4= dlSubstltuted naphthalenes and two multlplets.'

each 1ntegrat1ng for three protons 1n-1,3-d15ubst1tuted naphthalenes.

Ad

&0y
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» patterns were obscured. The n.m.r. 51gnals due to the substituents

-

1

In most Cases deshielding substltuents were present and 50 these
of the substituted naphthalenes were simple in nature.

* The spectra’ of methyl substituted naphthalenes showed an unusual
characterlstlc, whlch at first was thought due. to an 1mpur1ty in’ the

samples. Subsequently a paper appeared 1n*the llteraturel33 which

.reported this 51gna1 as real and not an artefact In the n.m.r. spectrum

- of methyl substltuted naphthalenes the a—methyl absorption is unusualiy

~ ]

complex as a result of benZylic cdupling The signal is an asymmetrlc

-
?

doublet. By use of an iterative cowputer technlque coupllng constants of

(_/ r“ N ':_ - . ' - .
J = -0.75 Hz, J = +0.40 Hz J = 0.65 Hz .

CH3,2 -H CH3,3 -H, : 2 CH3,4 -H

. were.obtained for 1,8-dimethylnaphthalene. To illustrate this benzylic

coupling. the fegioh T 7-8 p.p.m. of the spectram_of 4-methyl-1-

»

~.naphthylcarb1nol is shown in Fig. 8. The splitting, as‘ehown, is

.-

about 0. 7§ Hz.

-
£y

Multlple regre551on ana1y51s)of the 3 substltuted 1- fluoromethyl—

naphthalene ‘series gave rise to resuéﬁf that indicated serlous dev1at10ns

from.the predicted model for this system. The source of five of the

compounds in this series was via.a common route which involved the
“ .. : - -

. . - - oa .
separation of isomers;fand so it was considered necessary to establish

the - authent1c1ty of these derlvatlves ‘The S-acetyl S-bromo, 3-cyano

; methyl ester and 3- ethyl ester derlvatlves were a11 prepared 1nd1rec§g§§
\
from ‘3- bromo l-methylnaphthoate. ThlS ester was prepared from naphthallc

anhydrlde by bromlnatlon to yield 3- bromo 18- naphthallc anhydrlde - One |

IS
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" the orlentatlon of tho substltuents in the naphthalene nucleus

. . -.'. “ 202u

of the carboxylate functlons was removed by merourat1on‘ana subsequent ' '

hydrOIYS15 to Yleld the '3- bromo- and 6- bromo I-naphth01c nC1ds, e

%

the isomers were separated by recr}stall1sat10n from glac1a1 acetlc ac1d

"and the 3-br0mo—l-naphth01c ac1d obtalned was ester1f1ed with’ dlazomethane

—— oy .
» . o . P

to yleld 3-bromo 1- methylnaphthoate It wasftherefbre necessaryﬂto
~ 3 - _.;h'

conflrm the 1dent1ty of the 3- bromo 1- mcthylnaphthoate obtained in thls

manner.; Two n.m.r. spectral methods were used- 1n thls conf1rmat10n of.

.t » " v

A 1anthan1de shlft roagent europlum trls[l 1 1 2,-,3 3 heptaf1u0r0~7,z—:

a

dlmethyl -4, 6 octanedlonate][hu(fod) ] was added to a solutlon of 3 bromo-

i)

C1- methylnaphthoate in carbon tetrachlorlde in one study\and to an
L

* time in the plane of the naphthalene nuclcus and p01ntIng

o It has been shown that the main contrlbutlon to- the observed

authentic sanple of 3- nltro 1- methylnaphthoate in a parallel experlment

t

The‘shlft;reageng'ls known to coordlnate preferentlally<v1a-the carbonyl "

-

oxygen of the ester function1§4; it has.elso been shown by n.m.x.’

'scudiessg that in 1- naphthaldehyde the oarbonyl functlon spends more .

P a

owards tne

8- (peri] hydrogen. If one assumes a similar preferred " con{o mation-'

' .

_in the case of the ester functlon the proton closest to the coordlnated

0

.Shlft reagent is the 8- hydrogen , o ‘~fi . o ;_1“ _ ¢

PR

lanthanide chemlcal sh1ft is the pseudo contact term whlch shows strong
dependence on the geometrlcal position of the observed nucleus w1th — .
respect to che central lon._ There is a T : dependence of thls 5h1ft
and Fhereforé nhebnegnitude decreases fapldly with drstance.;.For thls
reason dt is possible to assign the rarious‘nrotons nithln aimolecule;
the’ profon closesr to the lanthan%de'ionﬁnill show the largest/ﬂégnrield -
shifes R R |

o o IR . .
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‘ shrft was a551gned 8H > 2H > 4H > 5Hm7H > 6H. The 51gnals were tﬁbn S

203

' . In the'case of the two compounds investigated the spectra recorded

"in the absence of shift reagent do not resemble ‘each other nor do they
' -
appear to con515t of- 51m11ar eomponents. However on addltlon of shift

reagent the 51gnals mov1ng to lower field at a more rapid rate are

.v1rtua11y 1dent1ca1 The order of the. magnltude of the 1nduced themlcal

-

a551gned to the various protons in. the specﬂ%um (Flg 11) with no- shlftf'
. ] e z R -
reagent added. The spectra w1th shift reagent adde are shown in Figs 9, 10.

N The second studu 1nvolved the recordlng of the n.m.r. spectrum of

ﬂ -~

3- bromo 1~ methylnaphthoate in carbon tetrachlorlde solutlon at 220 MHz.

PR

‘_At thlS field. strength the’ spectrum 18 approachlng flrst order and is

thus far more readlly 1nterpret\ﬁ . The. spectrum w1th its a551gnments .

@.appears as Fig.' 11, 'The_51gnals_were assigned on the basis of the

S ‘ : - - 132 .

magnitude of coupling constants reported by Crecely and Goldstein

-
-

and chemical ‘shift considerations ‘The largest coupling is between
adjacent a- and B~protons ‘for naphthalene itself this value is 8 28 Hz.

Couplings of 8 5 and 8. 2 Hz were measured in the~£pectrum of 3-bromo-1- .,

methylnaphthoate The doublet of doublets at 1896.2 Hz was a551gned

to the 8-H on the ba51s of 1ts chemlcal shlft This a-proton is positioned

-~

3
adJacent to the carbonyl group of the ester functlon and therefore

-

experlences a large downfzeld shift. The c0up11ng of the 7- H and 8-H -

(8 5 Hz)® 1dent1f1es the group of 51gnals due to the 7—H centred at -

S

1599.75 Hz. The 8-H is also Spllt by the 6-H w1th a coupllng constant

of 1. 1 Hz (1.24 Hz in the case of naphthalene), ‘this 5p11tt1ng 1dent1f1es ’
the 6-H centred at 1579.5 Hz. The 6-H shows three different 5p11tt1ngs."

1 .

6 7 (6 7 Hz), J 5.6 (8 2 Hz) and J6 8 (l 1 Hzae The correspondlng

' . . . '-‘, . .ot
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H N.m.r.-sﬁecprg of'S-bromo—l-methylnaphthoate with

/

Fig. §. 60"MHz T

-

different concentrations of Eu(f&‘od)3 added,

_/-l N ) . N L

.
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sthf?ings are seen in the 5-H, 6-H and 7-H signals. The coupliné

constant J5 6 (8.2 Hz) éSSigns the signal at 1627.75 to the 5-H, This

éignal'isﬁfurther sﬁlit by the 7-H, = 1.5 Hz. The oniy peaks

s, 7
left unﬁssigned are those at 1741.0 Hz and 1712.75 Hz, these being due

to the 2- and 4-protons, coupled to each othef with a coupling constant of
2.0 Hz. The doublet at lowgr field was assigned to the 2-H on chemical
shift;xiterié_(ghis proton is adjacent to the deshielding ester function) ‘f
‘and ‘on thecmifefioh of the two peaks of the doublet being sharper than

in the casevdf the 4-H. The 2-H will only be couﬁied to ;he'4-H, whereas
‘the latterlwill\shoﬁ coupling Qith Fhe 5-H (in‘naphfﬁﬁlene J4’5>= -0.45 Hz).

and thus show broadening of the doublet.

These-values of coupling constants and'chemical shifts measured

fiph-the 220 MHz spectxdﬁwof 3-bromo—i~@ethylnaphthoate'were used as

. , Y5 . ) - _
input data for the iterative computer-program for the.calculation of.

R.m.T. spectfa developed by Harris -and Wquman135 at the University.of-

.

- " . -
East Anglia. The computed spectrum of 3-bromo-l-methylnaphthoate is
shown in Fig.rlZ and the refined chemical shifts and coupiinghconstantS'

together with the values measured from the experimental spectrum appear

- in Fig. 13. o ' o )

“As was nentioned previohsly; theln.m.r. pattern of the aromatic
vprb;pns-of 1,3- éﬁd 1,4-disubstituted naphfﬂé}eneé was in mdst instaﬁces
témplex; Howeverjthére weré one or two exceptions of symmetricaly}i
sﬁbstiguted naﬁhthaienes thgflshowed both~dﬁ§tinctive and relative;; F.
‘more_simpl% pétterﬁs in fhe,aromatic {ég%gp,of'fhéir specﬁra: TQo

examples of-th?se.1,4bisbroméméthylnaphthaleie.and 1,4-dinaph£hqic acid

.-are shown in Fig. 14,  ‘Also included is the Varian bataloguegs spectrum
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Figure 13. 1H n.m.r. chemical shifts and coupling constants for

(a)

(b)

<
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3-bromo-1-methylnaphthoate (a) measured at 220 Miz and, |

(b) generated by iterative n.m.r. computer prbgram UEAVIC. -
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of i,4-dinitronaphtheiene.' These three spectra show two separate multiplets
‘due to the a and B protons on the unsubstituted ring (the a'protons

at lower fleld) and . a sharp sznglet arlslng from the B protons on ‘the

]

-substltuted rlng..bThe chemlcal Shlft of thlS signal is dependent upon
the nature of the 1,4- substituents.

. In Fig. S, -is the speetrum ofinaphthalene'itself.and below this

P 3
PR 2

the7computed spectrim of naphthalene with the‘redevantiearaheters ae
reported by. Crecely and Goldstete 132 |
i .

Flg fB:)shows a typlcal gF spec%rum from whlch Ad and J values
were recorded durlng this study. The lower spectrum shows the triplets
due to 1- fluoromethyl -4- methoxymethylnaphthalene aad 1 fluoromethyl—
-naphthalene. The central peaks of the two trlpletS“are separated by
16.0 Hz, but this value is ‘far more readily measured from the decoupled
'spectrum ThlS comprlses.a pa1r of‘sharp 51nglets Whlch 1ntegrate in
a ratio of approxlmately.Z:l, The_coupllngvconstant in the lower
spegtrum'is 47,7 Hz fdr‘the 4-subst;tuted detivétive; Not ai1 the
sﬁectra were_asdweliireso}ved as this example but the decoupled spectra
‘were in most cases sharp 51ng1ets

The proton spectra were fht more.troublesome in that chemical

shift,dlfferences_were very_small and most of the spectra could not be = -

decoupled so that measurements were often made on poorly resolved spectra.’
. . ! ' ,‘.:,“ ey . . . . o

o o L ®.
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‘El_g. 14._‘__.-;_'_.-H_ N.m.r. spectrum of (a) 1,4-bisbromomethylnaphthalene,
‘ o H(b) l,4-dinaphthoic acid, (c) 1,4-dinitronaphfha-lene.9.5

(b)  cooH
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Fig. 16. 60 Miz '>F N.m.r. spectrum of 8%
1-fluoromethyl-4-methoxynaphthalene and 4%
~ 1-fluoromethylnaphthalene in carbon tetrachloride.

Decoupling frequency 59.9968310 Miz.
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60 MHz is eXtremely good (in most cases + 0.06 p;p;m.; in the.case of

—

. Fluoromethylnaphthalene N.M.R. Parameters - - e

The 19 substltuent chemlcal Shlft values A¢, are listed together

-

in Table IV, With only a few exceptions discussed further below- the -

'degree of correspondente between shifts measured at 100 MHz and"

3-Br + 0.30 p. bnm ). The substltuent chemlcal shifts are dlscussed

below in groups accordlng to theéir electronlc effects 1n\thls System:-

_(a) Substituents w1th a net electron—donatlng effect (4—CH3,.4—F,‘
 4-CH,0CH,) | o o

O . . &

These: substltuents all give rise to a fluoromethylnaphthalene

LY

51gna1 at 1ower field than in the reference compound Both ~CH3 and ~F

exhlblt strong electron donatlng 1nf1uences through resonance 1nteract10ns

,with-the aromatic nucleus; the —CH3 group does this by means of proton

'hYperconjugetion and the -F group by means . of fesonance ouerlep between

electrons in the 2p orbltals on the f1u011ne and 2p orbitals on the carban

atom. The 4- CHZOCH3 group, accordlng to Sheppard 52 has a GI value of-:

. -0.01 and ‘a o_ value of ,~0.06. This substituent is therefore thought to

R

~eXxert an electron donatlng 1nf1uence tthugh 1nduct1ve and resonance

interactions. The sma11 values for-the sigma constants indicate that‘
this influence is small and this is observed in the subétituent chemical
shift which is only -0.29 p.p.m. at 56.45 Mdz. Presumably the electron-

donating resonance effect is through.hyperconjugation as in the methyl

_ group itself; the electron W1thdraw1ng effzct of the electronegatlve

_ether oxygen must be more than offset by the electron donating effect

L]

of the methylene m01ety ‘The S—GH3 substltuent surprlslngly does:not

' fall into th15 group. ThlS is a departure from expected behav1our whlch

is difficult to explaln



»
A

e o as.

(b). 4 Halogen Substltuents (4-C1 4 -Br}

The fluorine 51gna1 is, shlfted to hlgher field by these substltuents
f

an | ;

dlSCUSSed under (a). These substltuents have net e1ectron—w1thdrawing

and this is con51stent w1th the effect of the electron dojating subsmltuents

effects, since the electron-withdrawing inductive effect =is only

 partially offset by the electron—aoﬁatiﬁg resonance'effect. Orbital

overlap with the orbltals of the carbon atom is consrderably less good

for chlorlne or bromine than fbr fluorlne fbr which the resonance

effect can offset the 1ﬂductive'effect The p-orbitals are much larger

"with chlorine -and bromlne and do not correspond in size to those on

carbon as well as do those of fluorlne.

2)

All substltuents grve a shlft dlsplacement towards hlgh field as

(h) Electron-withdrawing 3-substituents (3—Br, 3-NO,,, 3-CN, 3-COCH)

would be expected from the behav1our of the substituents dlscussed

4 above. .The order of decre;sing_magnrtudeof substituent chemicalﬂshift

is 3-CN > 3-NO, > 3-COCH, > 3-Br. This is the order that Would be
. F] . ‘ e .

2

PR

'expected based o.i clectron-withdrawing effetté, except-that the positions

of the CN and NO groups appear. to be reversed The NO group is usually

. accepted as havrng a greater electron~w1thdraw1ng effect than CN.

(d) Strongly electron-w1thdraw1ng 4= substltuents (4 COOCH3
4 COOCZHS, 4- COCHs, q COCHZF, 4-CN, 4-NO )
All substltuents in thlS group ‘'show . the large, p051t1ve substiz::ht'

chemlcal.shlft,as]goold_be expected. -Induetlve and particularly

“resonance withdrawai'is'an'important characteristie of these fﬁnctionali-

tiee. From the1r A¢ values the orxder of 1ncrea51ng electron w1thdrawal

is 4-COOEt < 4 COCH3 °4 COOCH3 < 4-C0CH2F -Their magnitudes dlffer by

very 11tt1e, in the same substltuent order the values are 5.65, 5. 76
. . N Q ) -

&
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o

6.05, 6. 87. The flrst three’ all have a similar electrQn W1thdraw1ng

T
effect only 4 CDCHZF exerts a sllghtly larger 1nfluence than the. other

three substltuent groups. -,

_(ei Fluoromethyl substltuents ' R

e

In a blsfluoromethyl substltuted naphthalene 1t is p0551b1e to
view elther fluoromethyl group as substltuent or side- chaln probe.

Thus: the Sa—-derlvatlve is also a 45b15fluoromethylnaphthalene. The

resonance positionfof the B—QHZF group was measured in B(Zg—fluoromethyl-

naphthalene itself for'comparison.. The B-CH F‘*roup lgF resonance
appears at higher field than that for the - CH F In the-lH n.m.r.

spectrum of naphthalene 1tself the B protons resonate at higher’ f1eld

© than the a-protons. e
‘The o, valué for -CHF is+0,12.and oy value is -0:02,%? thus this

substltuent is electron—w1thdraw1ng overall The 3- CHZF substltuent
dlsplaces the probe, resonance signal (of the u—CH F group) towards high

*\ ‘
fleld as a result of 1ts strong 1nduct1ve 1nf1uence If the CHZF

group 1nteracts with the aromatlc system via hyperconjugatlon then the -

sign of .the UR constant should in fact be p051t1ve, as is not the case.

substituent-chemical shift of the CH F of the 1,4bis CH F derivative

" reflects thls large 1nduct1ve W1thdrawa1 However, the magnltude of

the shlft is a 11ttle surprlslng consrderlng the resonance electron-‘
wlthdrawlng effect of thls substltuent

"~ As has been noted, the- 3.CH F probe resonates at hlgher field than
the a-CHzF The dlfference is +14.5 Hz, at 56 MHz, or +0.257 p.p.m. ,'-

a con51derab1e Shlft. One would therefore expect to see two quite

distinct separate grOups of trlplets for the 1 3415”H F compound This

',15, in fact not the case. The observed s%gfts.for‘each —CHZF group

Cy

The



'

‘are very similar at 56 Mz, one triplet appears 72.5 Hz towards higher

-

field_than the'standard, the other triplet at 70.5 Hz, ‘and at 94 MHz

the two triplets are superimposed and cannot be resolved. The 56 MHz
. . . > .
values correspond to A¢ values of +1.28 and +1.25 respectively.

Clearly,_in 1 34ﬁ5fluoromethylnaphthalene the substituent chemi

shift of the .3 CHZF substituent actlng on .the a- CHZF probe is grcatcr

than the - substltuent chem_gg&”hlft of the 4- CH F substituent actlng on

2

.the B-CHZF probe, the difference between_the substituent chemical shifts

. : {
being 0.257. . : -~

For the B-CHzF group regarded as a functiohai group in 133-bisf1uq£9;d

: wem . . ) -~
methylnaphthalehe the mcasured substituent chemicaltshift (from -~
L~
- /

1- fluoromethylnaphthalenc) is +1.28. ~of thls +O 257 15 attrlbuted to

the quoromethyl proh\,\31ng located in the B- rather than the a-p051t10n

and the remainder (1.28-0.26 = 1 02) 1is thcrefore attrlbuted to the _

.
F group actlng on the B- CH F probe We

substituent.effect of- the 4- CH2

- may compare this 48 ec‘ffect(l 02 p.p.m. ),wrth that of da (1.31 p.p.m. ) and

3a (1. 25 p.p.m.}. The response of the 19F n.m.r. signal to the
substituent ‘effect of the —CHZF functlon is greater when the functional
centre or probe is 51tuatcd in -the a-p051t10n in the naphthalene A I

51m11ar observatlon was noted by Wells, Ehrenson and Taft 17 regardlng the

data of Adcock and Dewarzs concernlng the lgF shlfts of substltuted

. L \
fluoronaphthaleneg and also £or data concernlng naphthalene reactlgithes
* P ’ . :

(see below).

%

n - R ) - )
It is impossible to assign the two signals due to.1,3-bisfluoromethyl-

, :
‘naphthalene on chemical shift;criteria‘and so a comparison

x
It is of interest to, attempt to 3551gn the two CHyF 51gnals of 1, 3—

blsfluoromethylnaphthalene measured at 56 MHz, even though the 51gnals are

nearly. coincident and have been assuied so in the above discussion.

o
3%

TR
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of varibus coupling constante was~made The JHF coupling cohstants of
1- fluoromethylnaphthalene and 2- fluoromethylnaphthalene are both 48.0
HF appears to be 1ndependent of p051t10n For the two 4 2

.,
signals due to -CH
En N

Hz and so J

2F in l Sblsfluoromethylnaphthalene to appear S0 close

to one another the 3a (i.e. con51der1ng the S-CHZF funetlon as the-w

sﬁBStltuent) orlentatlon must be more sen51t1ve to the 1nf1uence of
- '\“ - -

the substltuent than the 48 crlentatlon (the (1)4 CH F’ functlon belng

.

the substltuent in this case) The~va1ue of J appeared to correlate

.

with the substltuent chcm1ca1 shlft belng larger for negatlve shifts

: aand simaller as the shifts became more p051t1ve " Hence the —CH2F group

with the larger J value was- the one whlch had suffered a. smaller snbstl-
tuent chemical Shlft effect, i.e. the B-CHZF group.

Thls a551gnment is supported by the JHF'valueé measured from lH

¢+
N \

n.m.r. spectra . The chemical shlfts for these two functions are readily
isti i - “n.m.r. S . J
dlerlngglshable 1n‘the prgzopjn m.r spectrum The HF value 3551gned
to the a:CHZF in the "H n'm.r. spectrum was smaller, in agreement with - «
the assiénment a?rived at above. . ' ’ . .

¢ T

(5 The COCH F substltuent
' Although substltuent constants for the COCH F group are not known

the group‘wou}d be expected to be electron—w1thdraw1ng! as is -COC“3-

In accordance with this expectation the substituent chemical ehjft of

o

- this group{is large'and positive~(¥6-87.p p. m.j. The'infiuence of the§

4—C0CH2F;5 stltuent appears to be the sum: of the substituent effects of

what might'be considered its ‘components', i. e —COCH3 and CHZF The-
substituent efﬁéct_of introducing a fluorine atom into the 4-me;hy1

. _ " _ )
group of 4-methyl-1-fluoromethylnaphthalene is given by the,shift difference



/ﬁ/“‘(the substltuent chemlcal Shlft for 4- COCH

i

'ShlftS for these. substltuents exhlblt the most serlous deviati

. ' - . ' . ' . ‘. -- e .., 21:9.

.~ betwéen 4Lmethyl-i-fluoromethylnaphthaiene and_1,4—difluoromethy1—

naphthalene, i.e. 3.81 p;p.m.: Substituent effects are atténuated by

'a factor of. approximately l/3'per'carbon—carbbn bend, thus the effect of

1ntroduc1ng a fluorine into 4 acetyl -1~ fluoromethylnaphthalene at the
acetomethyl group should be 3 81/3 = 1.27 p.p.m. “Thus the total
substltuent effect of the FCH CO“substituent is calculated to be +5.67
1tse1f) -+ 1. 27 6. 94

3
The measured value is 6. 70 and the good agreement suggests that the °

substituent effects for thlS form of multlple substitution are addltlve

_(g) Substltuents_show1ng deviations from expected beﬁgviour

2.

The two ester substltuents show serlous deviations from predrcted

~(4-&H OCH,, 3-C00CH, 3-COOCH) -~ =

-

rbehav1our. They appear to have an overall electron- donatlng effect in

- B
thlS system, the substltuent chemlcal Shlft having the same 51gn as

-

‘those for the 4-F and 4- CH substltuents. Both functlons are normally

3
electron- wlthdrawrng through 1nduot1ve ( -1) and resonance ( M) mechanlsms,

and yet here they appear to dlsplay electron- donatlng behavrgy The
B{Ls from

from=pred1cted behav1our, and the reason for this is not readrly'apparent,

. - ‘ -
v o, . o

They exhibit opposite behaviour in dilution shift (Table IV) which is
most surprising considering the'Structural_and electronic similarities
of these two<iistems. An exﬁlanation is offered jp. 235 ) for these: y

observations. It is not obvious why'the 60 and 100 MHz values for the .

4-CH OCH substltuent should be so different (Table IV); the spectra "

2

were recorded on the same sample.



o e 220

Effect of Dilution | o . G

Comparison of the values df n”m T parameters neasured'from lgF

n.m.r. spectra obtalned from the two dlfferent concentratlons of solute

would suggest that solvent effects are not apprec1ab1e in thlS system
J
: The general trend of the effect of dllutlon appears.to decrease the-

- . ) ~

magnltude of A values As mentioned above the substitUent;which
~appear to have anomalous effects (- CODMe and -COOEt) also show the most -

1

“drastic dilution effects.

Proton N.M.R, Parameters-.

' _Proton'n,m.r. parameters show'considerably greater deviations from

consistent behaviour. .JHF values measured from the 1H spectra differ J
4 -

at dlfferent spectrometer operatlng frequencies and when different
dllutlons are observed at a single operating frequency; it 1s.not
surprlslng that. these J values do not exhlblt respectable correlatlons
Furthermore Ar values show chemlcal shlfts due to dllutlon effects -

comparable in size to the shift values themselves. Values of zero for

the 3-NO,, 4-NO. and 4-CN substituents are impossibie to rationalise

27 2

-except perhaps in terms ofnagnaﬁc.anisotropy, and'yet -COCHs-and ~COOR
do not gppear so aberrant and the arbitrary exclusion of these data from
the correlations severely_limits the value of any .conclusions (Table XIX).

. . : L Q ) R N
The .values for the halogens are particularly interesting. 'These are

very large and it is well established that halogens show deviations in

plots ‘of substituent chemical shifts which cannot be attrlbuted to.

magnetic anisotropy effects136 13?, these effects are, however, magnetic

[ e . . -
. RPETND 1 R ' ‘
in .origin. e . : - R
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Correlatlons of N M.R. Parameters of Substituted Fluoromethylnaphthalenes

O

Correlations carried out are shown in Tables XIV- XXIII Slgma

'values for -CHZF and CHZOCH substltuents were those of Sheppard52

ks

and so these data points wote not included in the initial correlation
for' two reasons._ Sioce thesé_were not valuesAdertved by Taft et alg
and so did not corro5pond to any of the four distihct.pi—dalocalisation.
Behaﬁiour scalos, inclusioa-of tﬁeae talues might tend to obscure
diffarent trends apparent from the data when analysed in conjunction-

with substituent constants derived from Taft's analysis. A prellmlnary
@
ana1y51s of the data excludlng these p01nts allowed a comparison to be

L8

made with results of other workers for similar analyses of other data
sets.

. Correlatlon of 4-substituted-1- fluoromethylnaphthalene 100 MHz
data (Table XIV) clearly shows a better correlatlon with Taft s GR(BA)

'values; o} values are the next best data set i descrlblng fluoromethyl—

R .

Jnapﬁthalene behavzour. Inclusion of-the 4-CH2F and 4~CH20CH3

does ot improve the correlation but changes the p values and statistical

data points

parameters vory slightly. - In the correlation of these data with GR(BA)

and o1 Substituént'COnstants all the statistical confidence measures -
tend to an optimum. These statistical confidence measures,and specificai&y
Y g - .

the correlation coefficient (R) of 0.993 indicaté a very good fit.

o
.| -- te

¥

Moreove the valpe of the 1ntercept (1dea11y zero) is wlthln the standard
q#ﬁ@‘srgn and magnltudes of the regr9551on coeff1c1ents pI and.

error.

pRe are. +8. 477 and +16.912 respectlvely, and . the 51gn1f1cance of these

I

w1114be dlscussed later.

- ot

B N

The corresponding 60 MHz data correlate slightly less well with the

]

Taft parameters‘(Table XVI), R = 0.992, but again the'beat correlation
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is observed with cR(BAJ‘values. For this data set the p values arc

-

slightly larger than those derived in the 100 NEmwgnalysistbI is +8.489

and p, +17.094. The néxt bestﬂfit~is"é§5in achieved with the ¢ + set
R R

for whlch.R "0.990.
o /i :
' 3 Correlatlon of the 3-substituted fluoromethylnaphthalcnes is far

“less good (Tables XV and XVII).. The °R(A) scale fit for the 100 Mlz
- data (Table XV) is a55001ated with a correlatlon coeff1c1ent of 0.908

.and the confidence measures locate most of the departures from the model
S g : R _
’ iﬁ\;he PR parameter. It is intérestingjto note that by omitting the two-

abérrant_&ata'values~for 3-COOCH3 and 3—COOC2H5 the correlation

- coefficient is improved to a value of 0.959, a barely respectable

i

_correlation but a far better fit than is obtained when the two points .

are included.

-

Analyéis of Béguin's benzyl fluoride data (Table XVIII) indicates
: L

a good correlation With UR(BAJ,IR = 0.998. The regression coefficients

are Py +9,868, PR +16.512 for par -substituted derivatives. For the

meta—substltuteu bénzyl fluorides the best fit is achieved with GR

\ PR SO

substltuent parameters but the resultlng correlatlon is only marglnally.

'be;ter than that g51ng the GR(BA) scale. The qprrelatlon coeff1c1enp
in thg former case is 0.996 with.p, = +7.599 and p, = +2.176.

The 1nf1u?nce of a perl steric-twistiﬁg, fesonance—inhibiting ‘
effect is observed -in the 4 substltuted 1-fluoromethylnaphthalérne data.
A corre%atlon.of.data (Table XXI) for substituents not subject to .this
effect: Br, Cl.rF,.CN aﬁd-CHs, gives a correlation'boefficient of :

©0.999. The associated’ regre551on coeff1c1ents are pI +9.243 and PR +16.284.

Exclu51on of strongly resonance 1nteract1ng groups such as 4- NOZ’ 4-C0C33,

-
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2
and 4-COOR results in a proportxonately larger part of the total effect

being located in the inductive parameter at the .expense of the resonance
parameter
Proton substltuent chemical shift and J HE coupling constant h
: correlatlons were carried out (Table XIX) although little hope of -
. . . L.
obtaining successful correlationﬁ was anticipated éince there are very
.féw reports of good correlations with these parameters. ;However,
correlatlon of 100 MHz At values for 4- substltuted fluoromethylnaphthalenes
gives a correlatlon cocfflclent of 0. 976 with p, = +0.08 and Pp = -0.15.
60 MHz 3-5ubst1tuted derivative correlatlons with UR(BA) show only a poor
Jcorrelatlon, R = 0 907 and pI =-+0.13 and pR —0 18.
) Coupllng constant correlatlons are’ also s;rprlslngly good (Table -
XX); the §-subst1tuted series show a correlation ‘coefficient of 0.965,
with p; = -0.99 and p, = -2.38. Ifor benéxl fluorides tﬁe Egzg;substituént--

correlation coefficient‘is-o 994 with p; = -1.08 and Pp = 10.22.and

\

for the meta series, R = 0. 827 wlth pI

ST —

-0.95.and py = -0.89. The
3- substltuted 1- fluoromethylnaphthalene data also show a poor flt W1th
substituent constants: R = 0.80, p, = -1.54 and p, = 0.90. |

' It should be noted that corfelatigns with the-F and R pafametcrs‘
of Sﬁéin and Lupton inbmost cases are éppreciébly poorer than with Taft's

" values for substituent constants. The\lgF‘A¢ data for the 4-substituted-

1-fluoromethylnaphthalenes measured at both 60 MHz and 100 MHz give
'slightly better fits with the F and R.paramet;}s than'with |
Taft's values.

BEguin reported a good correlation between A$ values for substituted

benzyl fluorides and Brown ¢ values. The results of the linear least
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dsquares correlatlon of these data and the fluoromethylnaphthalene data
o ‘ _ '-(Table XXIII) 1nd1cate a substantially poorexr f1t for the fluoromethyl-
| naphthalenee_than for the benzyl fluorldes.'.The oorrelat;on_ e

coefficients are 0.916 and 0.982 respectivelye With the valﬁes of A4,
. "l
and the slope (p) and intercept genorated in this correlatlon,Brown c+

values were calculated for 4- CHZOCH 3-COCH3, 3- CHZF, 4- CHZF, 4- COCH3

“and: 4-C0_C£.12'F substituents (Tdble XXIII).

: n.' '-rl

T

]

Intefpretation of the Results . ' ' ' o

W Proton Substltuent Chemlcal Shlfts
139 140

Ig’has been shonn that the subst;tuent dependence of proton“
- chemical shifts for many aliphaticwcompounds may be described in ‘terms
ofathe dipolar‘electric field effect and the anisotropic magnetic
.easceptibility of the substitnent. The nature.of this dependence»for
aromatic compounds is less ‘certain. A study of the transmission of
electronlc effects in benzyl halldes 1nvolv1ng proton magnettc resonance
: subst1tuent~ohemtoal ShlftS'haS been carried out by Yokoyama et al.46
'.Theee workgre established that at'finite concentration moleculee of the
-;Q ‘ﬁ;;; _' same[ér’different.compounds interact specitically nith'solvents 50 that _
ll ‘.the ;ubstltuent chem1ca1 shifts are solvent dependent ‘and not merely the
shifts - | themselves Even when comparlng substituent effects with .

- substituent. chem1ca1 shlfts measured at infinite dllutlon benzyl halides .

oo were shown to interact with the solvent in a.manner peculiar to the

partlcular compound The attempted correlatlons of infinite dllutlon

e ' 'j.substiiuent chemlcal ShlftS accordlng to Hammett and Yukawa-Tsuno relationaf‘

»

-

. .=.*. - . . - T ' R . ’ - : :
k\h\\”:)_ A dual substituent parameter treatment. / = o _
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were poor. Yokoyama et al; carried outa 11terature survey of- approxlmately

. "one hundred Hammett correlatlons of proton n.m.r. data and found that

’

the ma;orlty of these had unsatlsfactory correlatlon coeff1c1ents

< 0.90-0.95. The p. values appeared to have no pattern and in general
could not he used'in the same fashlon as reactlvlty p's are used as
an indexlof effieiency of ttansmission oﬁrsubstituentfeffects‘in aryl -
systems. Plots of p;values"against chain lenéth 'between the proton

and the aromatic nucleus showed’no‘relationship between p and. chain

length. One would expect such a relationship if the substituted

electronic effects on the proton n.m.r. are regular and systematic.

Examples where p is-radically inflnenced by geometry, .and through-space
and solvents effects were also clted

In the 11ght of these observatlons we, report a correlatlon coeff1c1ent

of 0.976 for the‘dual substltuent parameter treatment for’ the.substltuent
- a N
chem1ca1 ShlftS of the methylenlc protons of the 4 substltuted 1- -

fluoromethylnaphthalene serles” The pI value is +0 076 and ‘the pR

-0.15, The small magnitudes of’the regre551on coefficients reflect the

-

-

low sen51t1V1ty of proton magnetlc resonance,chemlcal shifts to
substltuent effects and‘the blendlng factor, A =4-1 975,‘1nd1cates

the . dem1nant role of resonance effects " The 51gn of og for Y nomr.

19

substltuent chem1ca1 shifts is negatlve whereas that for the E A¢ values

. is p051t1ve. The 51gn of the slopes ‘of the graph of o agalnst substltuent

m‘ '

- chemlcal shlft for the methylenlc protons and the fluorlne atom in
'benzyl-fluorlde are'EUgIQZ;:ndlnglyopp051te in sign. The reaSon for
the positive value of pI 1s ‘not, clear nor is the reason these tT o .

.'eorrelatlon'coeff1c1ents are‘opp051te in sign. Sufflce it to say that

¥
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it appears that the introduction of, +M (—R) resonance interacting

PR
!

.groups into the naphthalene nucleus para to the -CH2F function results

~

in a- Shlft towards hlgh fleld of the methylenlc proton 51gna1 as one
~m1ght predlct Increased - electron den51ty is transmltted along the

C-C bond from thegaromatlc nucleus towards the methylenic protons,

v

resulting in increased shielding In view of the uncertainty.
N
surroundlng the nature of the response of proton cnemlcal sh1fts

. further analysls of the'parameters‘would be-lnapproprlate.

IuF Coupling. Constants

)

Proton—proton sp1n spin coupling in high resolutlon nuclear

141
magnetic resonance spectra _is due tosanteractlons ef molecular

A
-

electrons. There‘are three possible mechanisms.

.

1. Nuclear magnetic moment interaction with-erbitalrelectronic . (
. currents. . ' _ _ N

2. The dipoleﬁinteraction between nuclear magnetic moments and the

i3

electron spin magnetic moment.

.3.- An addltlonal 1nteract10n between nuclear magnetic moments
o

'and the electron SplnS 1n s orbitals due to oN-2€To, values of the
electron;c’waye_functlon_at the nucleus. This last term_ls known as
the confact-termiend fbr'lH—IH couplingé dominates to such an extent’
thac:the:ether_two_terms aye negligihle: In fluorocerbons,the complex .

H . ) ‘ ] .
mechanism for F-F .and H-F coupling #lso involves. the electron orbital :

and dipole-electron spin terms. At the present time the fheeretical
‘interpretation oflobseryeg coUpling"conscants is inadequate. It has = -.
been.shown that the value of the coupling constant decreases with increased

°
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" electronegativity of the substituent group in a manner: analogous to

_v1c1nal 1H lH coupllng  Geminal H-F coupllng constants have/ Bpt been

[..

discussed in detall in the 11terature and so the observed gubst1tuent

effects will be interpreted in terms -of the ideas associated with 1H-IH

~

geminal couplings.

. Pople and Bothner—B§}42 have developed a theory for the nuclear

i

spin coup11ng between gemlnal hydrogen atoms This theory suggests that

the value 6f the gemlnal coupling constant provides a means of

Lot

distinguishing between inductive and hypercen3ugat1ve electronmtransfer.
fhe& predict that withdrawal of eleCtrons'from'orbitals‘symmetrie

between “hydrogen atoms (generally inductive effects) should lead to a
.p051t1ve change in the coupllng constant and that w1thdrawal of electrons
from orbltals antisymmetric between hydrogen atoms (generally hyper-

conjugative effects) should lead to a_negative change in the coupling
. ' > '
constant.

'If'ene assumes that the sign of the coupling congtant JHF in

fluoromethylnaphthalenes is positive, as was found for the H-F geminal

143 then these foregoing ideas:i -

¢oupling in 2,6—dichlorobenzyl flupride,

‘would fully account for the direction of the trend ‘in the value of the -

~

coupling constant (i.e. the value is reduced becomes mpre negative, with

. the 1ntroduct10n of resonance electron-w1thdraw1ng substltuents) The

opposite effects on coupllng constant for inductive and resonance withdrawal

e,

are not~reflected in the p-values - both,are negative. ,However,.l';

+2.328 and reflects the dominant role of the resonance effect.
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 (iii) Fluorine Substituent Chemical ‘Shifts

The 3-subetituted-1;fluoromethylnaphthalene substituent chemical

'shift values were found to correlate with the UR(A) pi delocalisation

R

substituted derivatives achieved the best fit to the dual substituent

. behaviour scale of Taft marginally better than the o7  scale. The 4-

parameter equatlon when correlated with UR(BA) substifuent constant
values. Values of'pI, pR{ A , and the correlation coefficient for these
systems plus the best fit values for the benzyl fluoride data are shown

below. Data for fluoronaphthalenes ‘and. fluorobenzenes are 1nc1uded for

) comparlson.

) sttem . : Py ‘pR . D ." R Source

t‘4-X-1-f1uoromethy1— +8.48 . +16.91- +1.20 0.993 this
naphthalene ' ' ) . B work |
3-X-1-fluoromethyl- - +6.98 - 2.03 -0.28 0.959 this
naphthalene : .. . T : . work:
P- X benzyl fluorldes +9.87 ~ +16.51 7 +1.67. 0.998 this*

" - ‘ . o - work

n-X-benzyl fluorides +7.48 +2.75  +0.37 0.996 this

‘ : o . : , ’ L : work
4-g-fluoronaphthalenes - -12.77 -30.44 . +2.65 : ref., 17
3-a-fluoronaphthalenes  -6.85 -"2.68 +0.41 ¢ - “ref. 17
p-X-fluorobenzene . : -9.02  -31.17 ' +3.46 ‘ref. 16
(in MeOH) . ' : _ :
p-X-fluorobenzene -7.03, -30.58 +4.35 o }fef;.lﬁ -

(in cyclohexane)

The data used in these correlations were those of Béguin.45
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' From‘theSe_data it can be seen that the nature of eitherftﬁe |
| res?onse to the_substitueﬁt or the respense-to the_fluerine'chemical
shifr is totally_differeﬂt for_the‘sitﬁatioﬁs-where the fluorine atom
is bonaed directly to the aromatic nucleus and the'situetion when a methyiene
.moiety rs interposeﬁ between the aromatiC'nueleﬁs‘ehd the fluorine.probe.
Attenrion will first be direcfed towards the reiative mégnitudee ef‘f

the p-values, and the striking difference in sign of the p-values between :

‘fluoroaryl and fluoromethylaryl series will be discussed separately

Compariéon of Fluorobenzenes. and Fluoronaphthaienes

.

- . . . . . v . .
. From reactivity, studies carried out on naphthalene derivatives it
. . I““ . '-‘ .‘ . |
~has been shown that resonance interactions are more import-nt than in

)
the corresponding benzene system. This is attrlbuted to the con51derab1y
greater stablllty, and therefore greater contrlbutlon to the resonance
hybrid, of the naphthoquln%iq resonance structure over the qe1n01d
resonance structure. On‘fhrs basis pR‘would_be expecteq;to be larger '
in the 4a naphthalene series than in the para benzene series. On the
other hand, since the 4a and‘Egrg_distance relationships are closely
s}milar, Py valees for 4a,naphthalenes_and'gérg_benzene series shouldl
Be-closely similar; However, the p—Substituted'fluorobeﬁzenee show -

; iarger Pr value’tﬁaﬁ.the 4a—f1uoronephthalenes. This isrmest
>surpr151ng, "butt even more surprising is-the comparison of the Py values
.fbr the 3a- en 4a fluoronaphthalene series and the E;X fluorobenzenes
It is 1nconce1vab1e that the inductive effect from the 4-p051t10n should

be nearly twlce that;from the 3-position or tw1ee_that in fluorobenzenes '

as these,levalues imply.
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In their analysis of substituent effects infihe'naphthalene series
Taft et ai;ly make’reference.to the effect which gives_rise'to_these
disCrepancies. _" A third effect on orpg (of a somewhat indirect nature)
may be expected in the substituted naphthalenes In the cases where the
substltutlon is in the 4,5 and 8 positions, the perl—hydrogen exerts
a twisting effect on those systems having planarltycbnmnds with the rlng
system. ThlS effect would tend to decrease the effective % value . for.

these. substltuents Consequently, we would expect that in ‘the usual

" . cases where p. and p, are of the same 51gn, this steric 1nh1b1t10n of

I R
the: resonance ‘effect would be reflected in an 1ncrease in the- magnltude :'
of Pr> eoncomltant w1th a partlal decreagg in pR This would have the
effect of maklng the 4a, 5c¢ and 88 P proportlonallty factors appear -~

. somewhat greater than they would in the absence - of such sterlc effect,
as.well'as‘eontributing to.somewhat decreasee vaiueS'of Pp* Such an‘l
influence appeare to‘exist for the vdlue for‘the ee;'end 88- cases..."
_ft seems clear that peri steric twitifig is an important factor influenc-

.

ing transmission .of electron.effeet in fluoronaphthalenes.

Fluoromethyl Derivatives

. The fluoromethylnaphthalene an&'benzyl'flueride'fluorine'substituent
chem1ca1 shifts correlate best w1th the GR(BA) p1 delocallsatlon parameter

series. The most obv1ous 1nterpretatlon of this is that the CH,,F
-‘7

functlon behaves as a weak w electron acceptor through the hyperconjugatlve
form already dlscussed (p. 33' ). Correlatlon of the - series wlth

che R(A) set is marglnally better than with the UR(BA) set and in turn

better than.w1th‘the $+ set {Table XXII). However, 51nce the dlfferences

_between these three correlations are almost certalnly-not slgnlflcant
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(for o ='0.959, for o," R = 0.944, for o R = 0.946, but.the

R(A) R ; tor op » R(BA)
‘standard error of the-estimate of the pR_valueslere 1.21, 1.84 and 2.57

‘ fespectively),‘no interprmwtkﬁ.}s offered. The effects of'Efsubstituents;
have been considerea'generally to be of the op 'typehbut various -meta
series Were.subjected to multiple‘linear regression statistical analysis
by Taft hho'conelﬁeee'thet Eéii data_eofnot diécriminate between the
different series, probably mainly because mgtg{fesonanee effects are -

small. \He concluded that while the assignment of meta-substituent

] .
R

not prov1de a sound basis of support for the unlque -applicability of the

effects to the o typétis-not inconsistent, the available data did

scale to meta serles In fact ag scale derived from the

R R( t)
meta ba51s sets themselves did not f1t the. meta sets significantly better.
: Comparison of the p values of the fluoromethylnaphthalene series
with the fluoromethylbenzenes reveals some unexpected results. For the
4a—naphtha1ene series PR is sllghtly larger than 1n the EEEE benzene
series. It is not surprls;ng that pR is larger in the naphthalene
system and the reasons for this expectation haﬁe beeh dealt with earlier'
(p. 44 ). What is 5urpr151ng is that pI for the 4a naphthalenes is
smaller than that for para benzenes ‘and the same is true when the 3u-
seg%es‘is compared with the méta benzenes. The 4a- and Eggg_distaﬁce
relationship should be the same as should the 3a- and EEEE and no
dlfference in 1nduct1ve effects would be anticipated. -Moreover, somewhat
unexpectedly the Py values for 4a ‘are larger than the 3a--and 51m11ar1y
for E____are larger than for meta The PR for the 3a- series is negatlve
but this yélﬁe is probably not signlflcantly_elfferent from zero;.pRF

is equal to -2.0 and-the standard error in this estimate is 1.2.



The sferlc 1nf1uence o% the perl—hydregen was detected in the o
4- substltuted 1-fluoromethylnaphthalene data. by the 1mprovement of the
‘correlatlon by the exclu31on of +R groups ‘'such as -NOZ, -COOR and -COCHj..
-It mlght be noted here that the -CH2F group itself ma( be subject to

a sllght per1 effect, 51ncejfhere are spec1f1c steric requlrements ‘at

the functlonal centre associated with ﬁyperconjugative forms of the

type, -

CHZF

: . _ v,
thnomethylnaphthalenes which\éontained_suitable strong -R sﬁbstituen;s Q
whieh.would provide a test for this effect were unfoftunately not

'evailable; ‘ | |
The ;ign of the p Qalues for the 5enzy1 fluorides and‘fluofometﬁyl-
naphthalenes is not readily ratlonallsed in the terms usually applled

- to shielding effects of the fYuorine nucleus. The behav1our shown by
the fluorobenzenes and fluo;onaphthalenes where p's are negatlve is
"normal" behav1our for the effect of a substituent on the fluorine )
chemlcal shift. In’ fluorobenzene ;he‘lntroductlon-of‘an electron-

'denating'substituent'into the system reSulte in'increased shielding of
the fluorine nucleus. and a correspondlng upfleld Shlft relatlve to

the unsubstltuted derivative. Introductlon of an E&ectron donatlng
substituent into the fluoromethylnaphthalenes 1nduce;\a fluorlne n.m.r.

signal at lower fleld,than the signal due’ to 1-flupromethylnaphthalene

’

itSelf.i o : .
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These observations could be rationalised in terms of alternation -

~

of charge etfect at'adjacent carbon atoms along the chain of transmission.
Thls explanatlon is precluded by the data for E:substltuted l-phenyl-
2- fluoroethanes4 (fluorldes of ethyl benzene) where correlation W1th
i the Hammett ¢ parameter gave a positive p value (+0.73), the substituent ‘

chemical shiftsfbeing.in.the same direction as those for correspondingly
i ’ :

substituted benzyl fluorides. . Absence of an alterrating effect is also

'supported by the charge density calculations of Brownlee and TaftS?

. for m- and p-substituted fluorobenzenes and p-substituted fluorostilbenes,

among others. These authors noted that neither the pi-electron density.

e

at the carbon bonded, to the fluorine nor the fluorine g-orbital charge

- density appeared related to the electron density at any of the’ intervening

carbon atoms.

The w-inductive model (p. 38 ) would not appear to rationalise'the

observations to any better degree than the more generally accepted . BN

theories of transmission of electronic effects.

<+

In this model the’ dlpole due to the CH F Eunctlon Fcts externally on the
naphthalene rlng polarising the - system and in this manner induces .-

“the withdrawal of electrons Ffrom the 4 p051t10n through the rlght-hand

dipolar resonance structure Thls would result in the 1ncreased
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ahielding,of tée'fluorine nucleus by electron—donatingﬂsubstituents as
in the,fluorohenzenes and contrary to obaerratiens.« |
‘Sheppard's theory ef fluorine.p-w interaction (p. 38) is a more
attractive alternative in explaining the reversairin the response to'
substituent effects in g01ng from fluoroaryl to fluoromethylaryl series.

-

The chemical shifts of both basal and apical fluorines of -SF5 exhiblt

positive p value behaviour, likewise the ~CF. and -SOZF.substituents as

P

3.
this theory would predict. The distances involved in the overlap and

l thersize of the erbitals on the.halogen appear to be important in the
degree of electronegativity_returned to the ring throngh'the Sheppard
mechaniem; ’ 11 | . L ‘\ N
This mechanism woulduexhlain the i?F'resonance signal of the ﬁ
: fluoromethylarenes appearing at lower field with the 1ntroduct10n of
Aelectron-donating substituents. If this mechanism is- operating, electron
density'increaaes at the_carben atom bearing the fluorine and at the
fiuorine atom itself., This;charge is centred on the 2p (o) orbitals
Irather than the 2p (n] orbitals since the charge density is transmitted
from the aromatic ring through the sigma bonds of the system. The
electron return via p- ™ 1nteract10n reduces the charge density in the
,sz[“) orbitals on fluorine. Electron den51ty chemical shift correlations

36 37

of Karplus and Das, 35 Paleta ét al. Brownlee and Taft and Dewar

Aana Kelemen38 all report correlation w1th the 7 electron den51ty on
fluorine rather than the total charge den51ty Thus electron donating
-substltuents which increase the overall charge den51ty at fluorlne
do.so by 1ncrea51ng the o charge densrty vhich is partially offset by
a decrease in~a'chargelaensity It is the decrease in T charge den51ty

which is of maJor importance in: determining the chemical shift and the



eignai‘therefore appears at lower field-
The 3-subst1tuted 1- fluoromethylnaphthalene data whlch exhlblt
.a small negative PR value may also be ratlonallsed in terms of the p T
1nteraetlen model. If the electron return from the fluorine Zp (n)
] , - N
erbitals to the eromatlc rlng ;e by means of thlS mechanism, then the
fluorine‘atom‘of'the‘fluorometﬁyl group will bejdisp05ed very close to
_the 2-p?eten on the_naphthalene nucleue_end‘will distdrt this profoﬁ'
from its original sp2 hybridieed position'- Substituents in the-3-
.p051t10n w111 begln to experlence sterlc effects as a result of this
proxlmlty to both the hydrogen and the highly electronegatlve fluorlne.
‘Thls will tend to reduce thelr resonance 1nteract10n with the’ aromatlc |
' nucleus. Likewise,‘the-proximity of.the 3-substituent will reduee the
teneency of~the.fluorine atom te retufﬂ electron density to the aromatic
ring. Boeh these effects will-result_in the fluorine exhiBiting the
ﬂ'normal' n.mlr.fresponée,.i.e,\it'wiil be shie{ded by'electron;dohating
eUbstitueets. Of the 3-substituted deriyatives the twovester.f_
subsiifuents shoﬁ the most'serious deviations. This-is not surprising,
con51der1ng thelr steric bulk and electronlc character. The values for
3- COCH3 and 3-N02 are both smaller ‘than antlclpated again thlS could |
be due to their relatlve bulk and subsequent ster&g interaction with the
- CH F fhnctlon. The only substltuents which appear to behavgaln the same

2
manner as the 4~ substltuted derivatives. are the 3-CN and 3- Br groups;

a

both are lincar and would show the smallest tendency to interact with
t

the.CH F functlon " C
- It is not surprlslng that this phenomenon is not observed ‘with the

benzyl fluorldes since there are two ortho positions in these compounds

through whlch electron return may take place In oqe'of these-eter;c"
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iﬁteraetions would not be involved and'se_return would'teke place
through tﬁis positien preferentially. - Also,~iﬁ tﬁe case of the benzyl
fluorides all of the.3—substituents investigated, apart from 3-NO, and
S-CHS,_were'linear. |

In the fiuoroatene systeme the ZPZ("]' orbitals'on fluorine are
direetly cenjugated with the arometie * system. Introduction of
resonance electron donatlng substltuents increases the = electron
density at fluorlne, resultlng in 1ncreased sh1e1d1ng and the 51gnal
appearing at higher field. | B | ('D'

" Sheppard offered his'model as an alternative explahation for the
observed apparent electron-w1thdraw1ng resonance .effect of the -CF
substltuent.. The more accepted explanatlon for the Tesonance effect of -
. this.substittent is fluorlne hyperconjﬁ_ﬁtion (p.', 525. Fluorlne
therconJugatlon cannot, at’ flrst 51ght explaln the reversal in
substltuent effect between the fluoromethylarenes and the fluoroarenes
Electron donatlng 4- substltuents should 1ncrease the electron density
at fluorlne.ln‘tﬂes model and should produce 1ncreased shielding at
the fluorlne nucleus.'"Howeyer, if, as-ls likely, ‘the sh1e1d1ng
.experjehced by the'fluorine nucleus is eot solely a function of the ¢
total'electrbnjdensity‘then it is possible to rationaiise the dpwﬁfield
shift produced by electroh-donating substituents in the fluorometh}larenes,;;
within the framework of the hyperconjugatlon model The hyperconjugatlve
mode1l predlcts that the 1ntroduct10n of a resonance electron donatlng
substltuent.shOuld-decrease the ArCHzeF bond order and 1nerease the
T charge onﬁfleorine.‘fHMO calculationslef Béguiﬁ support this'eonciuSion'
~ based on “pictoriai" resonanceltheory. | : |
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. If we now consider the equation of Prosser and Qoodman34

_ 488 |
§ = = [11.98P, + 0.1 APC + 3.94P ]

_ﬁhere AP, apd APCF'are changes in the = electron deﬁsity'at F and the C-F
\npbond order respectively, these terms“*are important but stréngly'
opposed. If the relative magn1tudes of these two terms are suff1c1ent1y
'dependent upon the electronlc structure of the chemical bonds in the
v1c1n1ty of the fluorine and not solely on the value of the electron
density on fluorine itself, then possibly»eithef'term migﬂt”predomiﬁate
over the ofher._‘For a negative'b value APF>wduid be the domiﬁant

was the leading term..
34

term whereas a éhange in sign would indicaté APC
In the orlglnal presentatnn1of this equation, Prosser and Goodman
use such a ratlonale to explain the dlfferenceln 51gn of p values for
. 2;subst1tuted benzoyl fluorldes and E;substltuted benzenesulphonyl

fluorldes and obviously a similar rationale might well apply to the

fluoromethylarenes and fluoroarenes. ;
|

The complexity of this problem is illustrated by the following
* table which giveé'the‘sign of the p values for various substituted

" fluoroaromatic series.

Substituent F ,CﬂzF ;FS \ COF ‘ SO?F ,SFSCapex) Sst SOZCE3

p - + + L + _ + - oo -

"It is not likely tﬁaf‘this problem will be resolved until the nature
of the factors affecting the chemical shift of a fluorine nucleus are

“better understood.
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. Conclusions

The study of the F ‘and 'H n. mfr 'speétra of a series of-22 .

fJ

- substltuted 1- fluoromethylnaphthalenes has yielded 1nformat10n of

19
con51derable 1nterest in the conéext ‘0f 7F nuclear magnetlc resonance,

S

of substltuent.effects in aromatlc compounds, and of the effects

_pecullar to the naphthalene system 1tse1f

ThlS work substantlated a?é extended the observatlons of earller

igations of the benzene analogue of the
— "

- The data from thlS study were analysed

'u51ng dlfferent substituent. para%bter scales, and subsequently 1nterpreted

models. The unexpected nature of the

in’ terms of the series Whlch gave the best frt ‘to the .dual substltuent

3

parameter model. In several 1nstanc s the: f1t obtalned w1th one scale

was only marginally better than thét with another. If it had been ...

, p0551b1e to synthe51se CQEEEdes w1th strong +M(- R) resonance electron—

donating substltuents these differences would have been much greater.

The nature of the response of the fluorine'n.m.r..signal to the

substltuent effect is the same in both fluoromethylaryl serles. We have.

‘offered an 1nterpretat10n of the sign of the response of the Substltuent

chemlcal shrft to the substltuent effect in terms of currently accepted :
19F n.m.r. response {the positive

s

p -value) of thls and other phenyl fluorlne dBTlYathGS is dlfflcult

to 1nterpret in terms of the current theorles of substltuent effects in

'.aromatic_systems and the factors contributing to the screening of the.

k=

' fluorine nucleus. Further WOrk-WEII'be.necessar§ in both fieldS'before

all experlmental observatlons are adequately ratlonallsed

A fnrther study in the fluoromethylnaphthalene system whlch would

A AN
AL o '

a e ¢
-
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'givg.mbrg insigh; info this frobleﬁ wou;d‘be'the;§oivolysis of the
series of compdﬁnds SynthesiSed iﬁ‘this_wqu. .Véiy few side-chain
' reactions of naphthalénéslhav¢-béen studied previously which involve -
'_én eigctron defi;iéﬁt transition state.. The éélvolysis reaction.woﬁld
provide.aﬁ example of this type of Teaction. The.reéction is carried
-out in formic aéid:—- i

© CH,00CH

2

and thus allows one to observe the enhanced resonanCe'effecfs of +M{-R)

. substituents presumed to operéte“in a naphthalene system of this type.
R R . - . ‘n(‘ . . - n

r ' . /
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