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This thesis repor.ts a quantitative assessment of the varj-ous faotors

that contribute to ttre proton chemical shifts in 2r2r-, 3r3t-, and.4r4r-

bipyridyl ard their mono- and. di-cations. The effects of ttre neigþbouring

ring current, nitrogen anisotropy and. the nitrogen lone-pair on the chemical

shifts of the ring protons have been calculated as a fi¡nction of the djheclral

angle between the planes of the two rir¡gs.

On the basis of tl¡ese calculations, the erçerjrnental clata suggested.

a p1anr, trans confornation of 2r2t -bipyridyl in inert solvents, but large

angles of twist for the 3r3r-, and 4r[r-bípyrid¡r1s" Ihe interaction of the

methyl groups in 3r3' -dirnethyl-Z¡Zt -bipyridyl was for¡nd to twist the mole-

cule approximatelJ¡ 55o. Ihe stereochemistry of these molecules was found.

to be only sligþtþ solvent d.eperd.ent. Hyd-ncgen-d.onor solvents, i-nclud.i-ng

strong aciês, caused. or¡ly smaII increases in the d.ihed.ral arrgle. A stu(1r

of the ultraviolet spectra of ttrese compounds was also carried. out and' the

resrrlts were fou¡rd. to be in agreement wÍth the stereochenristry suggestecl by

the n.m.r. døta.

Further stud,ies were nad.e on the stereoclrenistry of bridged. biquater-

nary salts of 2r2t -bipyridyl. The interplanâr angles in compounds of varying

brid.ge lengths were calculateit from ckremical shift d.ata and. the results com=

pared with estimated dihed.ral angles jn singly bridged biphenyls. Evidence

for nobite and. frozen confo¡:mations is also presented.. Ultrauiolet spectra

stuùies of these salts provicled. further support for Uae values of the

d.ihed.ral angles obtained" from the Jlolnorc stufir.
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The solvent d.epend.ence of the n.m.r. spectra of the pyridine

system in kryd.rogen-d.onor solvents has been investigated. and. the ar¡omol"ous

variation in solvent shifts among tJle d,ifferent ring pltotons interpreted.

in te:rrs of a relæcation of ttre nitrogen lone-pair effect. The importance

of the nitrogen an:isotropy and. lone-pair effects were also stud.ied. in

oxazoles, tli:ezoles, isoxazoles and. isothj-azoles. The rnagnítud.e of both

of these terms was fourd. to be much smaller thar¡ in pyrid.ine; the reduc-

tion of the lone-pair d.ipole effect being attributed to the lower basicity

of the nitrogen atoms in these systenrs. Solvation and protonatj.on stud.ies

further suggested. a correlation between the magnitud.e of the solvent shifts

and. ttre basicity of tlre nitrogen atom.

FinaILy, the pzroton shífts in the borcn trihalíd.e complerces of

alþI-substituted. pyridines were stud.j.ed. ar¡d rationalised. in terms of the

effects operatlng in the correspond.ing catiorrsn In acetone solution

interesting solvation phenomena were detected. which sqggested. the fornetion

of mod.erately stable I acetone complexesr . Evid.ence regard.ing the confo::na-

tion of Z-elinyL anl. 2-benz.ylpyrid.ine complexes was also obtained. from the

orr1o r. spectrao Chemical shift d.ata of these complexes showed. no comelation

with the relative acceptor strengths of the d.ifferent boron ha1id.es, but

a correlation of 1b* coupling constants with the strengttr of tkre donor-

acceptor bond. is p:resented.

,**+
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High tresolution Ìruolear rngnetic resonance (n.m.r.) spectroscoPy

provi-d-es two basic pararneters as probes of molecu1ar stnroture, the

chemical shift and. the spin-spin ooupling oonstant. Both of these çLìlarp

tities have been treated from quantum mechanical consid.erations in order

to obtain r¡sable expressions in terms of atonric electron orbitals. The

chemioal slúft para-meter is d'irectly related- to the nragnetic scneening
1

constant Cfn' This arises from second.ary magnetic fielcls experienced. by

a nucleus rxrd"er the influence of an external- magnetic field which induces

inter- a¡rd. i-ntra-atorric electron currents, ttrus:

t+ ¡Í ffio ( 1",0Ê')

uhere # i" the total field. at nucleus .{h., Ho the applied external field.

"oA d the magnetio screening constant. lhe La¡rb forrm¡la2 describes

d.iamagnetic contributions to the screening constant arising from spheric¿tl

eleotron ctistrj-butions uÈrereas the calculations of n*t # includ.e parâ*

magnetic terms arising from non-spherioal eleotron cloud.s, but neither are

real\r usable expnessi-onso Saika and. Slictrtu"4 d."rru1.opecl a theory of

chem:ical shifts in terns of an atosric breakd.ov¡n of d.iamagnetic currents.
.Ã
Pople/ later obtained. si¡nilar nesuJ-ts, and expressed the screen:ing constant

d, ,o" an atom A as¡

O'A dÀp"r*
fp-é_ | r]Jrg

B(A)

^AA
ç" rspresents the local d.iamagnetic currents, whictr turr¡gout to be

similar to the Lamb forrnr-rIa. dt ís the local paramagnetic term forp
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u,hich Popte6 has derÍved. an expression in terrns of the paramagnetio

susceptibility of atom A in the molecule for first-ro\n elements. Z æ"
t*")

refers to shielding effects from inter-atonric eleatron currents. If a

d.ipole approximatj-on is ad.opted., dB'a.p"rras on the magnetic anisotropy

of neigþbouring atoms or bond.s:7

I

XKtl-3.o"z(i)
í= 1'2J

ne"" 4 is the vector joining A arid. B and. X" tiru molar magnetio sus*

ceptibility of atom B- in the molecule which has three principal components

(totrz¡). Y is the angle between the direation of Xu "- Ç *tl rv

is Avograd.or s numbero

fhe ri-ng current *"* 4** was added to d.escribe inte¡-atomic

ring ourrents in aronatic compound.s. Various approaches have been mad.e

on the basis of the abiJ-5-ty of a cyclic f*electron system to sristain a

superconducting ring current. Ihe more corûnon method.s either equate the

effect of the eurrent with a magnetj-c ùipoJ-e at the centre of the 
"i.rg8 

o"

d.ivicle the 1f -electrun current j-nto two loops r above and. belon the plane of

the ringog'1o Musherll on the other hand disclajms arly il.oshi-eld,ing of

ring protons d.ue to ring currents and showed. that ttre magnetic suscepti-

bility d.ue to a ri-ng ourrent exactly equals the sum of the sr:,sceptibil-ities

of eleatror¡s J.ocal-ised. j-n segments of the rir¡g" His calculations however

involve the empirica.Ily estimated Pasca.l constants for arornatic oarbon

atoms vrhich wouJ.cl tend. to make his argument circular since argr effects d.ue

to ring currents are naturally inch:ded" i¡¡ these constants. Dailey and.
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. 12.
oo..r¡r¡orkers'- have calculated. the chemical shifts for a nr¡nber of poly-

cyclic aromatic hyd.roca.rbons and heterocyclic compound.s using the Johnson

and. Eovey ring current app:roximationlO and. for:nd. that the pred.icted-

chemical shifts for ring protons were j¡rvariably too snelI, while the

pred.ioted" figurre for the d.iamagnetic anisotropy of benzeræ gave chemioal

shifts appnoximately 6U/" greater than those obsenred.n It was suggested.

that the experirnental anisotrrcpy be red.uced by a factor of O.6 to

accommod.ate these d.ifficu1ti"".lJ Recent calcuLations by eopI"1' have shown

that almost JÚ/o of the dianagnetic anísotropy in aromatic systems ca.n be

ascribed to local pâramagnetic terms on the carbon atoms due only to their
2.sp nyþnld.r-satr.ofro

In arpmatic molecr¡l-es it has been accepted for some time that tlee

p:roton resonance shifts of the ri-ng protons tend to reflect the ff-electron

d.ensity on the oarbon atom to which the proton is bond"d.nlF21 llhus i¡r

sr:bstituted. benzenes, a strrong electron-withd.rawing substituent d.ecr:eases

the shield.ing of ring protoriF, ïÈrereas electron-releasing groups oause

increased. shiel-d.ingn22 S;imple linear se¡r€latior¡s were actopted. to relate

the chenricaL shjJt Ç with the local t excessr electron charge 6 p (J-oaated-

on the carbon atoms), thr:s:11+'23

6 KAP

flhe empirioally d.eterrnined. constant k, was found- to have t]re value of 8*10

parts per nillion (p.p.m.) p"" electron"lS'11+t?)+ Ar further stufrr i¡rto the

quantitative nature of this empirioal linear correlation was mad.e by
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Schaeffer and. Sctrnei.d.""r16 *ho poi-nted. out the fail-ure of this equation

in the pyrid.ine molecule. Bald.eschwieler and- Rand.al-t25 f,"a earLier

d.emonstrated. that the nitrr¡gen atom in pyrid-ine gives rise to a nagnetic

anisotropy which strongly contributes to the screening constant of the

nitrogen atom and. ring protonso They.suggested. that this large Iara-

rngnetic contribution to the magnetic susceptibility was due to the low-

lying n+r¡+ transition.26 lhis poJ.nt was later further corrsiilerect by GiI

and. Murre].]l27 *no mad.e a semi-quantitative estj¡nate of the importance of

this effect and. further caLculated. the effect on the proton ckremical shift

d.ue to the change j¡r t^tre eleotrie fieId. vuhich arises .¿vhen a C-II group is

replaced. by a nitrrcgen lone-electron pairn Gawer and. Dailey28 1.t"" prlb-

l-ished. sinrilar ca.lculations except that in their method. they faiJ-ed to

ca.Iculate the magnitucle of the nitrogen anisotropy term as a ôiffer€nce

between the magnetic susceptibility tensors of the ca.rbon and. nj-trogen

atomsr ineo the effeot on the elremical shifts on replacj¡rg a rj.ng carbon

by a nitrrcgen atomo

Beca.use of the unique d.etail nernrro spectra can provid.e in the

d.ete¡rnination of molecul,ar structure, this technique has been widely used.

in the elucidatlon of stereochemical problems. In parùicular, extend.ed.

conjugated. systems constrained. to non-planar conforrnations by sterio factors

have attracted. attentj.on. Here both lJa and proton resonance spectroscopy

have been used. to investigate such sterj-c inhibition of conjugation. 15C

chemical shifts have been used. i¡r compouncl.s containirg, a carbor¡yl g"ouprzg

and. prrcton shifts have been correlated. with interplanar angles in benzoyl-

thiophene"rJO bj-nner¡yrsr'1 1-ph"r¡ylcycrohexenes ,32 o-út"otn:i1j-n""r3j
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3\ 35
5-pher¡ylplridazine, te t rapher¡ylnaphthalene, forman:ilid.es, stilbenes,

azabj-pher¡rtsJ8 "r¿ l-pher¡ylpy"*1"*.59 In the fj-rst section of this work,

the theory of Gil ar¡d. Murre3-l has been used to obtain information regard.irg

the stereochemistry of various bipyridyls. Of particular interest was the

2r}t-bipyridyl moleor!"e (r) ana sqne of its dimethyl tierivatives.

3 t{ 6t

5 5t +

36 37

I

N3t

(r)

N
lr

H

(rr)

(f) is known to prefer a near planar configuration with the nitrogen atoms

trans to each oth"=.445 fhe mono-protonatea oation (II) on the other hand-

is claimed. to exist preiloninantly in the cis formr& wtrich is thougþt to be

d.ue to hydrogerr-bond.ing as shown aboven A full analysis of the variation

of the chemical shift of ttre 3¡3|*protons relatj-ve to the l¡5r*prttons due

to the nitrogen effects and. ring current of the ad.jacent ringr as a funotion

of the èiheclral angle between the two rings is presented. i.:r this work. fhese

resurts were then compared' with the obsen¡ed chenrical shifts i-n vari'ous

solvents ard. apprcximate values of the cLiJled.ral angle thr;.s obtaj¡red. CaL-

culations were also performed. on the monoÊ ar¡d. di-Protonated. bases and.

their stereochemistry esti¡nated." Ilhese calcr:Iations r¡ere nepeated. for the

methyl protons in 5ít*di¡nethyl-2t2t-bipyriclyl (fff)" The effect of the
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bu1ltr methyl groups on the planarity of the system was thus d.ete unj:recl.

cHj

(rrr)

Further comparisons were mad.e by a stu{¡f of the rlolllorc speot::a of the

two other bipyridyJ- isomers, nanely 3r3r-bipyriayf (fV) and. l+r4r-bipyridyl

(v).

5 2t 6 551 6t

6 6t N

4 3t 2t

(v)

N

2

(¡¡)

In these two oompou¡¡d.s the effect of the nitrogen atom

shifts i:r the adjaoent ring can be negleeted..

The n.moro speotra of 2r?t-bipyri{Y1 arrd' other

recentJ-y been reported. by several workersrSS'45-l+8 and

calculation of the various effects nesponsible for the

of the 3t}r-pratons has been attempteil. These reports

on the proton

apabiphenyls have

a quantitative

].ow-fieLd. shift

appeared. during
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the aorrpletion of this work but d.iffer significantly from the caLculations

presented. here. A general comparison between these approaches will be

mad-e in the d.iscussion. In tÌ¡e calculations of the prctonated bipyridyl

systems, both the nitrogen anisotropy and. lone*pair d.ipole ter:ns are

removed, but the effect of the positive charge i-n the neigþborrring ring

must be carculated' instead.. Both Buckinghanh9 an¿t ¡n'"rt"f,O have obtai¡red'

ssmí-empi::ioal ocpnessions vûrich relate ttre electric fielil 8,, associated-

with a positive charge¡ with a change i-n the screening constant:

I = -A!.u * Bü2

InBuckinglo*rots formula, A = 2 x 10'12 anàB r 10-18 a¡rd. in Musherrs,

A^ = 2n9 * 10-12 ard. B = 7n38 * 1o-19n In this work Musherts expression

has been r.¡sed. to cal-culate the effect of the positive charge in one ringr

on the 3 arld I protons in the adjacent ring" A correlation of these cal*

cr:lations with the observed. chemical shifts in the cations tkrus enablecL the

stereochenristry of these compor:nd.s to be d.etermined.n

Ihese calcr:lations prs\¡ed. also usefr¡-l in the elucid.ation of tho

stereochemistry of some brictged. biquaternary salts of 2r?-r*bipyrid,yf (Vf)

and. those of the d.imethyl d.erivatives, in particular the JrJl-d.irnethyl

isomer (vrr)

++

\o.(
N

(vr)

2 Br-
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++
N N

2Br

(vrr)

Systems with brid.ge lengths from trvo to four oarbons have been studied.

These salts were first pre¡nred. by Homer and. Tomlinson5l *o later i¡r-

vestigateit the stereochemistry of these cønpounds from an exarnination of

their r:ltraviolet speotra ard. reduction potentía1sn52 lhe brütged. bi-

pyridyls are more suitable for n,mnr. analysis than the analogous brid.ged.

biphergrl compor.mdso T:he presence of the eleotronegative ni-trrrgen atom in

the aromatio ring produces ælatively large ctremical shift di-fferences

between tlre ring protorrs so that the speetra can be satisfactorily ana-lysed.

$ome attention has also been given Ín this work to the ultra-

violet speotra of the various bipyrictyl compound.s rrentionecl, wittr parbi-

cular reference to the stereochemioal problems involved.o fn a conjugateil

system of type Ri'r$,, changes in steric conformations about the síngle bond.

joining R ar¡d. S; are cLaimed. to give rise to changes in the wa,velength of

the absorption, j-ts intensity or ¡ott.5j Suzr:ki has formulated. an empirioal

appncach from the ul-traviolet speotra d.ata to estj-urate the d.egree of non-

planarity j¡r such systemsr54 brr, in general the maj¡: diffioultíes ín a

quantita'bive evaluation lie in the lack of d.etailecl knorvled.ge about the

\cr*rll
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origj-n and. precise location of the various absozption band.s that malae up

the total speotral pattern observed.. For this reason an attempt has been

nn.d.e to resolve the long-wavelength band. system into separate components

by the nethod. of Jaffe"55 r#avelength ar¡d. intensity changes were tLren d.j-s-

ctrssed. j¡r teru¡s of the stereochemical features arll comparecl with ttre resul-ts

obtained. frpm the rr.mrro speetra.

lhe nomor. studies on heterocyolÍc compound.s were further pursued.

alrcng two lines. Firstly, in chapter III, a bri-ef qualitative analysis

is macle of the qhemical shjfts of protons j-n some t-memberecl hetero-

aromatio compound.s containing a pyrid.ine-type nitrogen" Oxazoles, thiazoles,

isoxazoles and. isothiazoles were studied. (pig. 1).

c)ö n
\S,/n\0./

oxazol'e thiazo].e isoxazole isothiazole

Fig. I

lhere is alread.y consid.erable n.m.r. data avajJ-able in the Literature on

threse cornporrnd.s, but no seriou,s interpretation of the chemical shifts has

yet been attempted.. As j-s the case with pyrid.ine , l-eLeetron densitiès

alone do not account for the obsen¡ed. chemical- shift differences between

the ring pnctons. lhis is also the case wi-th fi:ran and. thiophen whietr

bear an obvious nelation to the compound.s stud.ied. here. In this work, the

accent has been placed. on the effeat of, the ni-trogen atom on the chemical
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shifts of the ring pnrtons. îhe GiL and. MurreII concepts have again been

j¡rvoked. and. the apparent observed deviations explained. qualitatively.

Solvent shifts in the rt¡rrrrrr speotra of nitrogen heterocyclic compouncls

have been investigaterl, and the shifts in hyd.rogen-d.onor solvents exH

plai-ned.o A. series of phenyl substitr-rted. thiazoles, isothiazoles ancl isoxa*

zoles were also stud.ied- during the course of thj-s work. The n.m.r. d.ata

of these compounds provid.erl" valuable ir¡forrnation as to the degree of co-

planarity of the trvo rings, and a surxrey of these resulbs inclucling the

conc.l-usj-ons reackred. earLier from the bipyri{y}s systems suggested. an

impoztant factor in the general prclblem of co-planarity in bi-ar¡rl systemsn

In the final chapter, the stud,¡r of protonation effects in nitrogen-

heteroarc¡matio systems¡ was extend.ed- by an exa¡nination of the n.m. rn spectra

of some Lewis acid. oomplexes. The boron trihalid-es are powerful Lewis aaid.s

and. are lcrolwl to form stable ad.d.ition compound.s with nitrçg"r, b.""*o56 Â

nunr1¡er of such complexes with alþI-substituted. pyridines, thiazole and.

isothiazoles were prepareri. and. studied.. Numercus rlourore stud.ies have been

re1rcrted. for complexes of boron halid.es with organic bases, but irvariably

they have been concerned. with establishing some correlation betrveen chemieal

shift d.ata and- the ord.er of accepting pov,rer in the boron halid.e seriesn

This order is known from heats of forrnation stud.ies and. i-s generalþ accepted.

as bei-ng:57*60

\\
BBr, ) B cL') B î j

It was the purpose of thi-s stu{¡r to compare protonation effects wj-th those

founcl in these complexes, and. to d.eterrnine whethêr norncr. data provid.erl ar¡y
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guide as to the relative ability of the d.ifferent boron trihalicl-es tc¡

for:n suctr compountls.



CIÍAPIER I

The nnm.r. speotra and stereoohemistry

of bipyri{yls.
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1"1 The interpretation of the rl¡In¡r¡ speotra of pyríd.ine and. the

pyrid.inium cation.

Gil and. Murre]-J- ín 1964 described. for the first time in d.etajJ-

the various factors r:nd,erlying the anomalous chemical sh:lfts in the Plri-

d.íne mole ouLuo2T ït had. earlier been realised. that the chemical shífts of

the ring protons i-n pyrid.ine cannot be d.ireotly correlateil. with fl-electron

d.ensities on the ring carbor, "to^".16 this is evid.ent from the lf-electron

d.ensíties obtainect by Brovrn and. Heffe *n61 frorn a seLf-consistent fie]-d.

ca.lculation (f) ; and the obsenred ctremical shifts in COIL soLution 1ff),1'8

0.991 -2.285
1 .00/+

o.952
N

-1.966

-3,335

p.pol[r from internal

CH2CAL2

(u)

N

1.107

(r)

In orrd,er to account for thi-s discrepancy, Gil and. MurreII cpnsid.e¡red. two

other factors to influence the chemical shifts in the pyrid.ine molecu1e.

The first is the Iarge paramagnetic contribution to the magnetic suscepti-

bility due to the lorv-lying n +L* transition.25 This j,s knom to give

rise to an absorption band. àl 4.5 "V.26 S-tre second. is the effect of the

eleotric field. associated. with the nitrclgen J-one-electron pair.

Itre effect of the paramagretíc contribution to the nøgnetic
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susoeptibility was d.ete:rnined. by first calcrrlating the molar ragnetíc

susoeptibitity components of both the nitrrogen atcm in pyrid.ine and. aro*

matic oarbon atoms in benzene. Using Pop]-eis equationrí 
"n 

following

results were obtaineit (in p.p.m.):

Pyridirn; 10"85 Benzene¡ 7.89(x å ),*

* 1Q"76

6.\ß

T,he effeot on the prcton shifts was then calculatecl. by using these values

in the general Mc0onnellr s equationaT

(xi)
(X"* ) 10"76

)oc

J{v

zztXi I 6.46

rXfr o
cX | 1,"

dr¡
-53R{3N :X:( r - t.oszf,)1

l=1r2r3

Çu 
j.s the veotor joining A and. B; X 

" 
the molar magnetic su.soeptibility

of atom B in the no]-eorrle (d.ue to electrons aror¡r¡d. n) nrfricfr has ttrree

princípal componentsn Yf= the angte between the d-ireation ofXu 
"na

-)Çr ana N is.Avograd.ors nrüriber. the follorving results (in p.pomn) were

found.¡

Pyrj-dine: q{"¡[ r -O.25

qtfl ='0'06
(,. U E -0.04.ilr

Benzenei {ro0 E O.08

qaet e *o'o5

Çra s -o.07

Analogous calculations r rene performed. on the pyrid.irrir:n system. The
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nagnetic susceptibility ter¡sors were fou¡¡l to be (in p.p.m.):

c X fi.1*. (X fiÐJry 9.69 i tX ;*)u" t 6.L67.54 ¡

and the resr:J-tant effeot on the proton shifts:

ÇJ* 0.05 i

Es

çd.

7

-onoJ+ ¡ qï N+ E -o.05

þq FI

E r
These values show that the cu-proton signal in pyrid.ine is shifted. to low-

field.O.JJ p.pnm. and. 1"ine N -proton to higþ-fj-eÌd.O.OJ popoltrr rel-ative to

benzene. Hence the &.proton is shj-fted. O.56 p.p.m. to lorv-field relative

to the | -pncton ard. the results of the pyridinium ion show that this

d.ifferenee is practicalþ removed. on protonation.

[']re effect of the eleetric field. d.ue to the nitnogen lone-pair

was calculated. from Buckinghamt"49 u*p*ssion relating nragnetic soreening

constants to eleetri-c field.s:

ú *A Ð- -B E
2

where Eu is the component of the electric fieId. along the C-H bond., and. E

the total e]-ectrj-o fielct at the hyd.rrcgen nucleus. \Íalues of A¡¡ 2 x 10'12

and. B = 10-18 nu"" suggested. by Buckingþanr whereas l¡u"neJo obtai-ned.

.il = 2,9 x 10-12 arú.B z J.J8 * lO-19.

lhe eleatric fieLd. E is obtained. from the expression:

E

u
e

u is the d.ipole moment (in DeUyes)

r the distance of the nucleus from the ùipo1e centre.

Where:
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the unj.t vector along the d.ipoIe.

the r:nit veotor along the line joining the d.ipole centrt

and. the proton nucleu.s.

I[sing a value of 1.63 D for the dipole moment of the lone-trnir and

Musherls constants, the foltowing shifts were formd. for the ring protons:

o'ts
d.

*Q"42 PoPTIIIT t opu 4 4.19 prporn¡ i tf, -O.1,1+ prprllto

lhere appears to be an error in the original papero the correct value of
.R6J o 4"42 and, not -O"52 as stated..q

Correlation of the ckremical shifts wj-th tf -electron densities after

allow5rrg for these two effects then gj-ve the followÍng ff *eleotron i[is-

tribution;
o.974

1.020

o.955

1.076

ïftich is in good agreement witlr the theoretical values obtained. by Brørn

anil Heffernan quoted. earlier.

1.2 Calculations of shielôing parameters in tLre 2r2r-bLpyridyl s¡rstem.

In orcler to determine the ster:eochenÉstry of 2r2r -bipyri{yl (III)

from the obsen¡ed chemical shifts, it is first necessary to calculate as

a function of the cLihed.ral angle (V), the effect that each pyridine rirg

N
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exer+s on the 3- a,r:ð. l-protons j¡l the ad.jacent ring.

3 N
6t

5 I
6 N7

(ur)

Slhese effects oan be summarised. as follows:

îhe ring current effeot of the adjacent ring.

The magnetic an-isotr"opy of the rritrogen atom in the ad.jacent ring.

I.he effect of the eleotric fieltt fbom the nitrogen lens-pair in

the acljacent ringn

4

1 rt

2n

2
Jo

Each of these terms, which are assumed. to be ad.d.itive, have been calculated.

as a function of the d.iJreclral anglen Castellano, Gunther and. Ebersol"45

pr:blished. sj-milar calculations dr:ring the completion of thi-s work. lltreir

rrethod. and. conclusions however d.iffer significantly from that presented. in

this thesis. In partio:1ar, these authors assuned. that Van d.er Waa1ls

d.ispersion fo".*"62-64 but*uen the J-proton and. the lons-pair in the ail*

jacent ring significantþ deshield that proton. îhey estineted. this effect

to be as large as -.21 to -"29 prprrnc In view of the results obtained. here,

this figure appeared. too large ancl in ord.er to test the valid.ity of the use

of a Van der WaaJ. d.eshield.i¡rg terrr, the Gj-I and. Murrell calcr:Lati-ons were
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perfomed. for the mett¡rI protons ín 2- an¿ lrpicoline. llhe resuLt of

these calculations are summarised. inTable 1.1.

TÂSËE 1"1

Deshield.ing of the methyl protons in 2- ana À-piooline due to the nitrogen

atom¡

2*pi.coline

Nr'.arrisotzopy: -On200 prprre

Nc.ciipole tems: -Oo 1 2l p.p.m.

aùo

a€ o

Total effeot: û.327 popolllo û.O72 prporno

lhese calculations show that the 2-methyl pnotons are d.eshie1d.ed. 4"255

prporrrr relative to the l¡-methyJ- protons due to the effect of the n:itrogen

atom, whereas the observed. d.ifference was found. to be -O.zU p.pumn (CCl+

solution). [he close agreement between these two sets of resu]ts suggests

that Van der t¡Yaalr s dispersion forces between protons and. lone-electron

pairs d.o not appear to have a major effect on the chemical shift of those

protons, Castel-lanors calculatior¡s are thus alread.y open to serious

criticism.

I'Ìre folLowing paraneters are used in the oalcr:lations perfo::neÉl

in this worko In the absence of experjmental figures for the d.iamagnetic

susceptibility of the pyrid.ine ring thi-s was assuned. to be equal to that

of benzene for vrhich the experi¡nental figure of 59"7 x 10-6 *"" ,r"ud..65

lhe values for the magnetic susceptibility tensors of the aromatic nitrogen
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ard. aarbon atoms are those of Gil and. MurreIL listed. earlier. f,'or the

eleotric field. effeot, Mr¡sherr s coeffioients were chosen and. the value

of the 1e¡s-pair d.ipole moment taken as 1.63 D placeÈt O.àÅo out from the

n:itrrogen atomr (eif t s figunes). In aJ.} calculations, the pyrid.ine rings

in bipyri{¡rl were assumed. to be regular hexagons with the following bond.

d.istances (in Ao) obtai¡reit frrcm Suttorr'" t"ble:66

1.09
H

/
c

1.09

1.50 1.52

1.40

the results of these calculations are grafrical-ly d.isplayed. as a frmction

of the d.ihed.ral angleV itr fi-gure 1.1n More d.etailecl tables of all cal-

cr:-l-ations in this work are listed. in the Appenùix.

It is inter.esting to note that tkre nitrogen anisotr"opy effeot

(ú*) nroa,rces a negligibte contribution to the shielding at proton J,

whereas the d.ipole term is very significant for planar or near planar

trans-conformations, falling to a negligible value above V = 600' lhe

ring current fi:nction j-s obviousþ s¡rmmetrical about lll = 9Oo , and'

d.om:inates the total d,eshield.ing experienced. at proton J.

Castellano a4d. co-rvorkers obtai¡led. the fo].J.owing values for the

d.eshield.i¡lg of pnoton J in a trans-planar conformation (in p.p.m.):

H
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Fig. 1.2
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-o.49

-o.16

*o.25

-o.29

-1n19

M

-O.49

-o.16

-O.33

-Oc21

-1.19

B

.$,nisotropy of ring

Anisotropy of N

Dipole effect

Van d.er ìIlaa]-t s forces

[otal d.eshieJ.ding df

aa¡

aaa

aoa

oaa

%

Í r
d*

o
ìtv

aa

aa

oa

aO

she figures listed. und.er B and. M refer to the use of Buckinghaml s or

Musherl s coefficients i¡r the calculation of the electric field. term.

llhelr sreller value of O"r is a consequence of the use of Johnson and.

Boveyls tab1eslO fo" ring current effects, but the value for Ú* is eerr.

taidy too large. this is due to the use of an aver€'ge value "f X #
for the nitrogen atom, whereas a value of onJ.y On06 pnp.m. resu.l"ts íf the

calcul¿tions are performecl using the three components of f,fi along the

xt It arrd- z axisn In the calcr¿lation of the d.ipole term, Castellano

placecl the d.ipole on the nitnogen atom and. used. the d.ipole moment of tk¡e

pyrid.ine molecule, which as GiI pointed. out, is ernoneous si-nce part of

ttris is due to the polarisation of the lí-electrons and. part to the Ú-

el-ectrons. [his resu]-ts in ttre much smaller value for $ obtained. If

it is furbher consid.ered- that ttreir Van d.er rtrIaalr s d.eshield.ing factor is

i-rnralid., then no reliance can be placed. on their final conch:,sions.

[tie calculations were repeated. for the mettgrl prctons i¡r both 3 ¡3t -

(rV) arr' 5¡5t-dimethyL-Zr2r -bipyridyl (V).
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N
ao
N

3trc
at3

N
6

N

(ru)

Incl,ud.ed. in these calcr:l,ati.ons ia an esti¡nte of tkre effect of the *j

bond. anisotropy as suggested. by Garbisch.S2 The results are skror¡rn in

X'ig. 1n2n the N anisotropy tern 6* is not includ.ed- since it was found.

to be negligible"

(v)

1.3 Àpplication of experÍmental d.ata with theoryo

The stereochemistry of 2r?t-bÍpyridyls"

In ord.er to avoid. complications arising out of solvent interac-

tj.onsr only the results of speotra oþtained. in CCIU solution ar:e consid.ered.

at this stage. Ihe nnm.r. parameters of 2r2t-bipyrid¡rl ar¡d. the climethyl

d.erivatíves are given in labl'e 1.2o the speetra wer€ satisfactorily

analysed. as either -qBMX. or 48X spin syst 
"r*67 

ancl the results agree well

with those obtained. by other workers. I'he speotra of 2r2r -bipyridyl is

shovm in Ïri.go 1"3 àù that of t]ne J rJr-dj:nethJrl isomer in Fig. 1.4. The

speotra of the methgrl oompouncls are i¡rter"esting because of large sgirr

spin coupling between ring and. methyl protons (0.7-1 
"O c/s). This is

clearly illustrated. ín Fig. 1.4 at ttre þproton.
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TABI;E 1.2

OherÈoa1 shifts of 2r2r-bipyrid.yls in CCln

(in cyoles/sec. from 5lnß. at 60 uo/seo.)

ÍI-3 H-4 H-5 ni.6 3.5

222r -bipryrid,¡rI:

3 ¡3r *dixlet}Srl* :

4¡4r-d.imethYl- :

5r5t-dimethyl* :

5o7"2

129"7

t+97.1

496.8

\ß5"1

451.4

1I¡5 "6

uß"3

t+3o"5

+26.O

l+2O.3

158.9

511+"7

503.2

5U+.7

5O1.5

76.7

76"8

B:ipyridyl:

Coupling constànts (in Cycles/sec.)

J3-4 J+-5 J5-6 r3-5 JtF6 J3*6

2r2r -bípyridyl:

J rit -di¡rethYl- :

4r4r-d!rÞtþI- :

5 ¡5r -d.irnethyl- :

7"68 7.56

7 "60

l+"77

5.oo

5.ol

1"40

1.40

1,86

2.00

2.1&

ongS

0.80

0"70

F

-

-0

8"20 Ë
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Lo obtain an estj¡rate of the d.eshield.ing effect on proton J oaused.

by the various factors outLined- in the previous section, j-t is neoessary

to compare the chemíca1 shift of this p:roton with that of the l-proton¡ since

the latter is al-so situated. þrelative to the nitrogen atom, as weII as

being along the axis of rotation. Rotati-on about this axis shoufd have

littIe effect on the chemical- shift of proton !. In dilute cC].O solution P-5

ties /6./ c/s or 1"278 pop.Ino to low-field. of P-5r this value being beyond

the rraximum calculated (*1..95.8 p.p.mn ât V = Oo). It is realised however

that the calcu-Lations involve consid.erable approximations not the least of

which is the precise Iocation of the lens-pair d.ipoJ.e" For ir¡stancer with

the d.ipole Looated. 0.6 Ao out from the nitrogen atom instead. of 0.4 Ao, "
vaLue of 1,267 poporrro is obtained, at ì[ = Oo" A.s it is felt ttrat the ring

current calculations, which involve experimentaL anisotrrcpy d.ata are

probably fairly rellabJ-e, it wouId. appear that the lone-pair d"ipole term has

been nrrd.eresti:nated. by approximateLy O.? popotrlo

tðIhat appears certain from these figures however i-s that 2r2'-

bipyridyl prefers a -!glg, near planar conformation in an inert solvent,

wkr-ich is in agreement with observations mad.e from other pksrsical U"ar.4O-4J

It is interesting to note that bipher¡yl on the other hand is consid.ered to

be higþty twisted. or possibty freely rotatingo5etE It follows thereforre

that the nitrogen atoms exert significant forces that maintain a co-planar

conformation, a point ui'rich is further considered. in Chapter III.

[he case of 3t3' -d.imethyl-2r2' -bipyri{yI is imporfant because the

sterj-c interaction of the br:J-þ methyl groups is ex¡ected- to forse the two

rings out of plane. An intra-molecular comparison of chemical shifts is
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not possible 1n thris system, but a ¡reasonabl,e esti¡rate of the d-eshielding

of the J-methyl protons can be nracle by a comparison with the chemical shift

of the mettSrl protons in the þrlr-isomer. It is thren for.rnd. that the 3r3r-

nethyl protons are in fact shield.ed, by 9.2 c/s (O"153 p.p.mn). Reference

to the calculated. currre (nigurc 1.2) then yield. two possible solutions,

6¡o -g¿g or transo ÎLris arises because of tt¡e s¡rmmetry of the cuï\re near

Y . 9Oo. The higþ d.egree of steric interference oaLrsed- by the methyl

groups is thus clearly iltustrated. and. is in accor.d.ance with results

obtai¡red. for org-bisubstituted- biphenyls.54'68 f,he results for the l¡r[r*

a-nd. 5e5r*djmethyl compound.s are id.entical with that of 2r2t -bipynidyl

itsel-f as expected.n Althougþ j-t is realised- that no great irnportance can

be attached. to the absolute values of the d.ihed.ral angles obtai¡ed", tkre

genera.l featurres of the stereochemistry of these systems are qulte clear and.

in accorrd.ance with previous conclusions by other t¡v-orkerso

lnlr. Solvent shifts in the rrornorc spectra of heterocyclic compound.s.

During the stucl¡r of the n¡rnore spectra of the bipyridyls in iliffer-

ent solvents, interesti.ng solvent shifts were observed. in strong hyd.rugen-

donor solvents which prompted. an examination of the general problem of suskl

effects in n:Ltrogen heterpcyclic compound.s. This was consid-ered" essential-

before the stereochemistry of the bipyridyls is d.eterm:ined, i¡r these ned.ia.

f,'o exarnine these effects the n"m.r. spectra of 2l h àrrd. l¡-picoline wer€

stud"ied. in a m:rnber of solvents. The resul-ts are shown in Table 1.J. All.

spectra were calibrated. relative to internal tetramethylsilane (tlg) except



-2ð-^

those in DrO solution which wer€ meâsured. relative to an internal d.ioxan

refe¡ence. In a separa.te experJ:nent the d.ioxane signal ín water was found.

to have al -value of 6n11, arñ, not 6.50 as suggested by Jones and- co-

.69
WOIKCXSo

T'he chemical shifts in liabte 1.3 show trend.s vrùrich are not satis-

factorily er,plained. by the reaction fieJ.d- theory of Bucking¡^*r4g 
"=-

pecially those for the ø-protons. Acoortling to this theoryr ctremicaJ-

shifts in such polar molecules shoul-d- be nnrked.Ly d.ependent on the d.i-

electric constants of the med-ía whieh is not obser:vetl for the ø-protons

and. onlJr very irregularly for the other pnctons. In DrO solution fairþ

Iarge dovr¡nfield. shifts (approx. 16 c/s) are obse:tred for the þ ancl f, *

protons, whereas tkre s-pr¡tc,ns are l-ittle affected. (approx. -Z c/s)n Ihe

internal separations between the q-pr'otons and. the F* utd f *prrctons (aIso

tisted. j-n Table 'l ¿) are thus markedly red.uced. in water, and. their absolute

vafues very simil"ar to those in methanolsoltttion.

This phenomenon is renÉr:;iscent of the pr.otonation shifts j¡r these

compound.s aLso includ-ed" i¡r the above tablen It appears therefore that the

explanation of these sofvent shifts rny be found. along the same liries as

the theory outlj-ned. by GiI and. Murrell to explain tkre protonatlon sh:ifts.

îhis will be discussed- in d.eta.il in a l-ater section of this chapter, but

the basic factors may be summarised" as follows:

1 o The change in the N-magnetic anisotropy on prntonation.

['he removal of the d-esirield.ing due to the lone-pair dipole"

Effects due to the positive charge in the molecule.

2.

z)¡
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rAiBI,E I.J

Chemical shjfts of 2- s 3- t a:rú' lr'.picolj.rres

(in cycles/sec. from TDE,.)

2-picoline

H-3

H'-4

H.5

H-6

A 416

l+27.1+

)+52.7

)¿+.4

508.7

56.O

506.9

t+47"7

)+29"6

5ol+.4

56.7

74.8

506.9

tÊ5 
"1

g1 .8

431.O

t+56.8

t+27.7

506.1

49.3

504.5

452.6

432"3

5O2"3

49.7

70.o

504.5

\29.2

75.3

¿+36.3

lól+.2

452.6

504"5

40.3

5Q2.O

)+59n8

437"1

+99.6

39"8

62'.5

503.O

t+33.5

70.O

l+37.5

tú5.9

)+33.5

504.9

39.o

5OO"2

l+59.2

439"O

5OO,2

41.0

61.2

506.3

459"4

66.9

478.3

512.6

)+74.9

517.5

4"9

517.9

512oO

482.2

517.9

Ão

35.7

517 n9

1+76.6

41 "5

cDct, Aaetone Me0H Deo ffi'5cooD
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îhe effects of the first two faotors are experienced. most intenseþ at the

orprotons, so that the overall d.ownfield. shj-ft on protonation is quite small

compared. to the P- and f, -pnctons. It is here suggested. that solvation of

the nitrcgen lone-pair by strong hyd.r'ogen d.onor solvents such as methanol

and ïuater, pa¡tly or wholly remove the d,i-pole term d"ue to t'his lone-pair

and. probably infh:ence the N-a.n-isotrrcpy terrn as welJ-. llhe notmal d-ownfield

sh-ifts are thus opposed by the upfield. shifts arising from the rerooval of

tire d-ipole terils. [hese upfietd- shífts are gr\eatest at the ø-protons, which

thus aacount for. the smalJ solvent skrifts of this proton compared to the

other ring protons. lt is interesting to note that changes in the ultra*

violet spectra. of pyrid.ine in uater compared to i-ner*b solvents are also

very sirni-lar to those produced, on protonotionrTo and. that the d.ipole moment

of pyridine in water is consideïEbJ-y reducedo7l *nr* solvent shift theory

was further stud,ied and. verified. in a nunber of otlier nitrogen hetencc¡rsl'is

compound.s dj-scrrssed- ín chapter III. An interesting corre]ation of these

shifts with the base strength of the nitrogen atom was found.o

1.5 Solvent effects in the Zr7t-:Þi.pyridyl systen.

The n.mnro spectra o1 2r2t -bipyridyl- was fi.rrther stud.ied" in a

nu¡nber of d.ifferent solvents to d.etermine whether the ;!93¡g-coplanar

conforrnation is retai¡led. in sr,:ch polar solvents as nethanol and ïuater.

The chemical shift data in a range of seven solvents is shown in taþIe 1 n4"

rt is i¡nraed'iatery obvious from these figures that proton J wtdergoes

r:rrusually la:.ge upfield. shifts in both methanol and. water. llhese were al"so
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Ctremi.oal shifts of 2e2t-bípyridyl in tliffe:¡er$

solvents (cycles/sec. from ltr6).

Proton æ14 cmb ær2ca2 *.rt Aeet¡-.- , CEI

one

5O9,.5

l+74"5

1145"7

520"2

76"5

65-8

l+5.7

t@ Dzo

H-3

H-l+

H4

H4

L516

L 315

A t+r6

5o7"2

tß3"7

430.5

514.7

Íil+.2

76.7

51.6

504.4

tó7.9

436.9

52O.5

83.6

67.5

52"6

5O5.1+

468.O

437.J

518.5

81.2

68.1

50.5

505.O

t$8"6

l+37.O

517.5

80.5

6g.o

48.9

497.7

475.O

)tl'r.9

579.4

73.5

52.8

43',4

479.3

)+75.5

å48.0

515.3

73.o

31.3

39.8

tJ.

¡
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obse:¡red. by other *o"k"""45t58 *ho attributed. them to large j-ncreases in

the angte of twist j¡r these sofventso The speatrum in DZO, jJx which bi-

pyridyl is only sparingþ soluble is shown i-n Fig. 1.5. If the shift

d.ifferences between protorrs J and.5 àTe d.j-nectly appJ.ied. to fig. 1.1, then

jndeed. Iarge increases ," !/ are evid.ent, but this approaokr is invalid.

consid.ering the solvent effects outlined j¡r the previous section. llhere

it was shovm that the 1e¡s-pair d-eshield.i-ng term is practically removed in

strong tSrd-rregen-donor solvents, and. proof that this effeot also operates

in bipyrid.yl is illustrated. by the negligibJ-e shift of P-6 compared. to P-5

in both methanol and. watern îhe currre in Fig. 1"1 is therefore not valid.

for the system in nrethalol or water since the d.ipole term must be removed

from the calculationsn Such a curîre is skrown inFig. 1.6, and. applying

tlre observed. chemical skrift d.ifference between pnctons 3 arf, 5 (r2"8 c/s

in methanol and. J1.J c/s in water) to this cur\re it is founcL that this

r¡plecule still prefers a co-planar confotmation in these solvents with

on\r a stight twist (eOo) i¡r watero Because of the s¡ønnetry of tå.e curve

no firm conclusion can 'be reached whether a gig- or @-cor¡formation is

preferred. 1o investigate this problem the spectra were record"ed. in

various D.r0-acetone solvent mixtures. lhe resul-ts are shor¡vn graphically

in Fig. 1"J which al-so includ-es the resufts for an id.entical stud¡r of 4 -

picoline ag a reference system. Tn no case line broad.ening was observed,

which cou1d. be i-nterprreted. as a sLow stereochenrical- irnrersion from cis to

trans, but the shifts in fact sÏrcw a graclual trerdr'¡'ith P-5 moving to ]ow-

field. on increa.sing the water concentration and. P*3 to high-field. due to

the grad.ual reLaxation of the d.ipole-effeate It ca.n be conclud.ecl therefore
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that the conformation of 2 r2r úípyridyl j.n water remains pred.orninantly gþ.

These conclusions are at variance with those of Castellano, but ad.d.itional

evjdence from ultraviolet spectra sturdies outlined. in e l"ater section

suggest the results presented. here to be correct. The chemical shifts in

the other solvents used. give no clear j¡rd"ioation as to ar¡y change in

stereochemistry. It would. be unrealistio to relate the small ohanges

observed. with variations in the clihed"ral" angle of ttre'mo1ecule.

1.6 Nnm.r. speatra and. sterreocheraistry of 3r3t - and 4r4t-biPJfrid¡fl.

It was consid.ered. usefi¡L to supplement the rI¡IIr¡r¡ studies of the

2r2r-þ.tr¡ridÇ¡ilL system with an analysis of the spectra of the other two

isomeric ccimpounds, namely 5r|t-biryriayf (VI) and [r[r-bipyridyf (Vff).

5 42t N 5 6t

6 6r H

N 21 5t 2t

(vr) (vrr)

In both these systerns the effeot of the nitrogen atom on the ckremical

sh-ifts of pnotons j¡r the other ring can be oonsid.ered to be smallr so that

onJ-y ring current terrns need. to be consid.ered" i¡r estimating the stereo-

chemistryr The nom. r. spectra of (Vf ) appeared as a wel-l- separated 4ts¡/t[

spin system (nig" 1.8) and that of (ifff) as a clea" L*Z case (fig. 1 n9.)

Ihe chemical shift of the ring protons j¡r various solvents are shown in

5

3

6

N

2
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f,able 1.5. Ehe most rel-iable information for an esti¡nation of the d.iJreclraJ.

angle in (Vf) is the chemical shift d.ifference betr¡reen P-2 and. P*6 since

both are cúÉprctons. In CCIU solution P-2 is for:nd. 12.f o/s to lovr-field.

of P-6 and if this d.i^fference is wholly attributed to a ring current effeat,

an appnoxjmate val-ue of 55o is obtained. for the cU-hed.ra1 angle. It is thus

apparent that consid.erably more r¡otational fleedom exists in (ff) compared.

to the 2r2Î-isomer. As will be shown later, thi-s conclusion is further

sulcstantiateci by a stud¡r of the r.rltraviolet speetra of these molecules.

In DrO solution the resonance lines of P*2 and. P-6 overlap which

implies that P-2 is now little affected. by the neigþbouring ring current.

This thus suggests a further easi:rg of the rotational freed.om in DrO, whíctr

is further confirmed. by the sligþt r4¡*¡is1d. stÉft of P-L from its value i-n

CC1., soJ-ution (rather than the down-field. shift usually obsenred.). lhe
+

solvent shifts in the other solvents d.o not justify argr serious consid.eration

in terrns of stereoohem'istry.

fn (Vff) , there is no .'rray in which i-ntra-molecular shift d.iffenences

can be r.r^sed. ùirect\r, It was consid.ered. best to compare the chemical shift

of the 5- and 6-protons in (Vff) with those in 2r2r-bipyrid,yl, since at

Ieast they are simj-larly located. with respect to the rritrogen atcrn. In 2r2r*

bipyridyl, the difference between the chemical shifts of P-6 and. P-5 in CCJ''

solution is J2.6 c/s, wtrereas in (Vff) this is &+.2 c/s. ll,pproxirnately

therefore , P-5 in (Vff) is deshieJ-d.ed- onJ.y 11.6 c/s by the neigþouring

ring current. This value i-s close to that for.¡nd. in (Vf ) so that in th:is

oase too, oonsid.erable rotationaL freed.om exists, a conclusion again backed.
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ÎABL,E 1.5 a

Proton

Ctrenriaal shifts of 3 Õt -bipyri{y1 (cycles/seo.

from t[ß).

*t4 cDcl, Acetone MeOH Dzo

H-2

H-l+

H-5

H-6

L516

a2$
A 416

Proton

526.O

468.9

438.6

511.5

7+.7

12n7

¿+l+.4

53O"9

457.8

Uttt.5

519.3

7¿+.8

11.6

¿+5"5

534"1

)+85.9

U+9"6

51l9"2

69.6

15 "9

32"3

511"1

1489.5

t+53"9

516"1

62.2

15"o

26.6

514.O

474.5

l+¿+8.9

Gts)

65.1

2.o

29.5

Dzo

Chemical shifts of 4r4r -bipyri{yI:

ccl, gDc]-,+) A,cetone MeOH

H-3 t5

H-2 t6

L,516

)*7.2

52O.1

72.9

452"4

524.1+

72"O

465.2

523.4

58.2

4ß8"7

521',5

52.8

t+71.9

525.O

53.1
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Fig. 1.8

rrorlr.¡. Bpectra of 3J r-bipDrridyl in CC14

H-l+

J4-5

J/r-2

J14

H-5

Jt*-2

J2-5
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J46

J/'-5
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513 lr39
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rl.n.r. spectra of l+rf-bipyzidyl in CCla
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IIABLE 1,6

U,l-travioJ.et spectra analysis of zrzr-bipyridyl

I Cyclohexane solution.

Band. ). rn^'a. 
(d â IÍ18-X,C f

4,

B

c

D

283.5

267.4

257"9

280.0

12r7OO

81560

5 1300

2r8oo

2 mâJßo

o.238

0.074

o.453

o"o35

il Mettranol solution.

Band. À mæcn 
(ry')

{
A

B,

c

D

283."1

266,9

254.8

2BO.o

12rgoo

9 rooo

5 1500

3,360

á møx.

o.218

o.096

o.056

O.Ol+3

fiI T[¿ter so]ution.

Band, 2. *æcn 
(tP) f

A

B

c

D

E

285"4

266.5

25O.7

281.7

305"5

911oo

5,8oo

S rooo

2rO00

JrO00

o.157

o"Q77

0.06¿f

0.017

o.o41
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trâBLE 1.7

Ultraviolet speotra analysi-s of J rJl *bipyri{yl

I C-yclohexane solution.

Bar¡d. À **. (tP) I ^r*. f
A

E

268o9

238.O

7 
'9oo

11 ,5OO

I rnaJco

0.218

O1329

II Methanol solution.

BancL a o,r*. (ou) f
A

B

268.9

238"7

8rlOo

11 ,260

t IIIâJ(¡

o"17+

o.312

III ÏVater so].utionn

Band. a or*. (mP) f
A

B

269"5

2J6"8

9 r4oo

121110

0.200

0"J90
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T*BL,E 1.8

Ultraviolet speot r"a analysis of 4r4r -bipyridyJ-

I Gyclohexane solution.

Ba.nd. a nu*. (*P) l^"*. f
A

B

G

259.9

236.9

29O"7

5 
'7oo

It 1560

2r5OO

I ^*.

o.118

o.33+

0.0lr0

II Methanol solution"

Band. }. maJco
(qr) f

A

B

III lflater solutiono

Band.

261+.9

238"1+

, 2¡ or*. (o'l)

6,1to

ltù1080

z mAJ(.

on15g

o.351

f
A

B

261 "6

258"9

9 t31O

I 1 ,8OO

o.257

o.277
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(vrrr)

In this .w.ork n.mnrn spectrcscopy is "æirl u,sed to d.educe the

stereoohemi-stry of these systemsn ll.l-e effeot on the chemical shift of

proton J due to protonation of tkre adjacent ring was first calculatecl

theoreticallyr and. these resrrlts then comparecL with the experimental d.ata.

As mentioned. in seotion 1 ¡l¡, the basic terms arísing in these calculatiorus

a]îe:

1 n lhe change in the N magnetic anisotropyn

2. The removal of the eJectric field. associatect with the nitrogen

1e¡s*pairo

3. lhe effect of the positive charge.

In the Git and. MurreIL calcr:l-ations the values of the magnetic sr:.soeptibility

tensors for a prrctonated. pyrid.ine nitncgen are:

(lt)

c X fi.1-. 7"54i CXfi.lo e.6e ; tXfi.¡"" EE

lhese values are 1rery sj¡nilar to those for an aromatic carbon atomc

6.1+6
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\
Ghanges in magnetic shieLd.ing due to the replacement of a O funotion

\-,/
by an Nt*fl group can therefore be regallaled. as small and r:nimporbant.

,/
The lone-pair effect oan also be omitted. from the calculations since the

lone-pair is rramovecl on prrctonation. Only the effeot of the positive charge

i1 the adjacent ring need. therefore be considereil. Tlús '¡ras ca]culated from

the electric field. assoeiated. rfith a posi-tive ckrarge, gíven ioyraO

4.8o5 * 1o-lo Aq cos ø+
BI

E:coess positíve

charge

R?L

l\lhere R, is the d.istance of the proton from the charge A q, and. þ *. angle

between the line joining the clrarge with the pncton arrl the C*lI bond¡ lhe

location and. valrre of the slÉrge A q werre taken from the ,ff -efeotron den*

sities i¡r the pyrid.inium cation as calculated, by Brovvn and. Heffetr"r, (X),61

0.1?

0.0?

0.11-+
N

O./+7

(x)

Tlie effect of the positive charge d.eLocalised. in the rir\g was consid.ered.

as a resultant d.ipole, a value of 2.29 D, LoeateiL in the centre of the ring,

being obtainecl by taking moments of the excess positive charges in the

ø, B, and. f, -positions about the centre. This d-ipole effeot ott p-l in

the ad.jacent ring was found. to be negligible, but the d.eshield.ing due to
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the E,+ term (1.+) is consj-d.erable; a constant *.165 prporïtr for al.l values-,

"f 
\Y. From results obtained. in Chapter III in whieh brid.ged. bi-quaternary

salts are consid.ered., it appears that l.* i" in fact not completely incle-t
pendent "t V, but that the fuLt valrre is only realized, a'b large angles

of twist. A,dmittedly, this tezrn 1s small and quantities of this natune

could. well- be accounted. for by bhe irùrerent appro:cimations invol-ved. j-n this

approach, but in ord.er to compJ¡r with the obsen¡ed. facts found. in the next

Chapter, a linear variation of d.+ was usecl in the calculation ( from,
o.0oo popomo at V =oo, to -0.15þ p.p.m. atll/= 9oo). Althougþ the final

conclusions are not altered, by this approximation, the resultant calonla-

tions better accommod-ate the magnitud.e of the che¡nical shift d.ifferences

observed. lhe fi-nal cunre of A 5¡5 versus V i" shourn in n'igure 1.1J but

is only valid. for the d:iprotonated molecrrle; for the monoprptonated. system

in aqueous sulphuric acid-, the positive charge cal-culations must be averageil

bebween the d-eshielcling i¡ riirater and that in the d.i-oationn Îhe results

are also shown in n'j-g. 1.13 t and. those of id.entical calculations for the

netliyl protons in 3r1r-d.Í:nethyl-?-t?r-bipyridyf in tr'ig" 1o1l¡n

Experimentaln

fhe chemical shifts of the protons in jarl¡r-di:nethyL-Z¡2-r *bipyridyl-

in vari-ous concentrations of aqueous sulphuric acid. are shown Ín FJ-g. 1.15.

This compor:nd, was stud.ied. rather tløn 2r2r -bipyrid.yl itself in order to

facilitate the spectra analysiso Ëpectra were record.ed- for solutions of

ccnstant concentratíon with respect to base and. calibrated. relative to an

external d.ioxan reference" As onþ shift djl'ferences between protons were
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Variation in the chemj-cal shift ot CH3-3 uith dihedral angle
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Chenj.cal shifts of ring protons in

4rl*r-dinethyL-2r2t-biryri- yl in aqøus sul¡fnrric acid.
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required this was consid.ered. ad.equate. .A,n interestíng phenomenon occurred.

in the spectra for a 0.5 N solution, whi-ch uras not observed. for ar¡y of the

other isomeric bipyridyls nor for the speotra of the 323r*dímethyl d.eriva-

tive. lhe speotra at this concentration appeared. as a broad. urtresolved.

band. covering a region of nearly 1OO c/s. (nlg. 1.16)o lhis is i-r¡ con-

trast to the much sharper peaks obtained. in higþer acid strengths. The

relevance of this phenomenon wjII be treated. j¡r the following d.iscussion.

Discussion.

The experjmental d.ata nequired. to d.eterrnine the stereochemistry

of the monæ ard. d.i-oations are ttre d.ifferenees in chemical shifts between

the J-proton ard !-proton ( Ã 5rS). X'or the mono-cation this difference

was obtained from a plot of A 5¡5 versus acid. strengthr as shown in Fig. 117.

The central , level lnrtíon of the cunre was taken as the recluired. value

for the ¡ene-qatj.ono Appþing this value (-'t2.J c/s) to Fig. 1.15 then

results in two solutions of the d"ihed-ra} angle:

a) Y=38o trans b)Vo5to ciê

Both these values are consid.erably smaller than the values suggested. by

CasteLlano (aO-tOOo¡, but an examination of the ultraviolet speotra d.ata

of Kru¡ntrolu74 "ho*= 
that the mono-cation absorbs as far as JOO m¡r whickr

is j-n better agreement with the smaller angles obtai¡ed, heren Chemi-cal

shift d.ata cannot d.ifferrentíate between the two solutions okrtained. from

X',ig. 1.1J, but the problern may possibly be resolved. from the broad.ening
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effeat obset:ved- earlier in O.5 N acid.. It was suggested. that tl::is phenorn*

enon was due to a slow stereochemical irwe¡sion uniler these oond.itions, as

shoun below:

N

+ +
N N

E

Tkris suggestion was confirmed. by coolirrg the solution to near freezing. It

was then for:nd. that the speotrum sharpened. up consid.erably as sholsn in Fig.

1 "15n If it is assumed. that the conformation of the free base in water is

-!g3!Ê¡ then these arguments irnply a cis-conformation of the mollo-cation in

aqueous acid. in agreement with the original conclu.sions of Baxend.ale and.

e"orgen& It rray be argued. that the broad.ening effeçt obserrred. is d.ue to

slow proton exchange between the two ríngs, but this appears r:r¡like1y since

thi-s effect was not obsenred. in the other bipyridyl j-somers in aoid. strengths

d.ovnn to 0.25 Nr nor was it obsen¡ed. jn 3Õ'-d)methyl-2r2r-bipyridyl.

In 18 N sulphuric acid the value of A3r5 is only 9.1 c/s. Both

rings are expected. to be pnrtonated. in this solvent and. reference to nìig.

1.1J suggests angle of twists of 40o trans or 620 ois" The trans value

appears more attr"active because of the strong eleotrostati.c repulsions

between the two positive charges in a cis-conformatíon. Because of the

approxinrations im¡olved. in these calcrrlations, the dihed.ral angles obtained.

N

\H
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(")

200 350
(a) roon tenperature

(U) near freezing point

(u)

200 350
( Cycles/sec. fron external dioxan )

Fig. 1.16

norrlor. s¡rctra of 4r4r-dinettryl-Zr?t-bipyridyl in 0.5 N

¡IeF04
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are ind.j-cative rather than conclusive. llhe results terd to show that pro-

tanation of 2r2t -bipyridyl causes 
"otns 

¡sfaxation of the forces that constrain

the free base to a co-planar confomation and. further suggest a t'¡¡isted cj-s-

conformation for the mono-protonated. base.

the chemical shift variation of the methyl protons of 3Õr-

d.imethyl-Ze2l*bípyririyt j¡ d.j.ffe¡ent acid. strengths is shown in Fig" 1.18.

The molecule appears to be mono-protonated. in 4 N acj-d" and. a comparison

with the rethyl frequency of the 5¡tr-dimethyl comporrrxl in 4 N acid. shows

the former to be at higþer field. by 23 c/sn. lhis acoorrd,ing to Fig. 1.1/+

irnplies a near rigþt angle betrveen the two rings i¡r the rnono-cation of the

3 Jr -dinetkgrl isomer.

the stereochemistry d.oes not appear to be altered. in the di-cation.

The shift d.ifference betrveen the J* and.5-met?grl protons in 18 N acj-d, is

still 21 e/s which aceording to X'ig. 1"1,1¡ again suggests a value of about

90o for the ùi-cation¡ Both these results are consistent with the gene:a}

pattern of conclusions reached. in this workn As was shorvn earlier, t}re JrJt-

d-irnethyl compound. is alreadJ¡ higþly twisterl in the frree base so that a

further rel,axation of co-planarity prrod.uces the large d.iheclraL angles found.

heren

Protonation effects in J.Jr- and. 4.J+r.ßipyridvl"-

Both 3Õr- (rúI) and. l+r4r-bipyrid,yf (Vff) are stronger bases than

t"lne prår-isomef,r in particular wj-th regarrls to the second. pr.otonation step

as Kruntrolzr s experj¡norrtrlT4 figures j-nd.icate. (tatte 1.9.) lhe d.i.-

eations in thesa bipyridyls are thus easily formed. and wiLl on-ly be
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I^ABLE 1.9

AcicL d.issociation constants of bi-pyrj-d.Ínium cations

in water.

Kz

-63.6x10'
-62.5 x 10'
.E

1.5 x 10' -4

Kl

2r2r,,,ili-pyridyJ.

3 r3¡ -'pi:pYridYl

4rhr*bipÍridyl

-711x10'

6.8 x 10

d.iscussed. hert. îhe ckrenÉcal shifts in CF

Eable 1.10.
,cooD

solutiorrs are shown in

TÂBI,E l NIO

Chenical shifts of 3¡31- and.4r,l+1-bipJrrid.yl in CFJCQQD,

solution. (Cycles/see. from TIr,Ê) "

H-Z H-3 H-¿+ H*5 f1-6

3 r|t -b$ri{y1
4rhr -biplridyl

564.1+

55O.6

5¿ú'.4 5ol+.3

515.7

5t+6.4

55O.6515.7

fn (Vf) ,P-2 is 18 o/s d.ovt'nfieLcl from P-6r but calculations showed. that

as much as lþ.5 c/s of this amount can be attributeil to the effect of the

positive onarge in the ad.jacent ring on P-2 for Yl* 9Oo. This Leaves
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orlty â small ring current contribution to t'Lre cleshíeld.ing at' P-2 vrÈrich

frcm the previous ring current calcurations imprÍes a verv large dihed'ral

angle for the cli-cation of (Vf). The same conch¡sion oan be d.rawn for the

protonated- form of (Vff). îhe pzotonation shifts he¡e were for.urd. to be

almost identical with those in N*picoline (nante l.J) which implies no

major clrange in stereochemistry on protonation. In conclusion therefore

the di-cations of boür (VI) ana (Vff), like the free bases themselves

enjoy consid.erable rotatÍonal freed.om about thre long arcis of the molecules.

It is interesting that the ultraviolet spectra data of Knmùrolz show no

abnormally large wavelength shj-fts on protonation, in good. agreement with

the conclusions reached, heren
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2.1 Introduction.

.A set of compound.s whicfr are of par-Eicular relevance to the cal.-

culations perforrrecl in Chapter I, are the briclged. biqr:aterrlary salts of

2¡?-r -bþyridyl (Xf). [hese salts were fi-rst itescribecl by Homer and.

Tornlir¡son51 ir, 1g58, ar-Lð, the stereochemistry of these comtrnund.sr j..ê.

the clihectrral angl-es between the planes of the two rings, lvaË later ir¡ves-

tigateiL by these authors from a stu{¡r of their uLtraviolet spectra and.

reduction potentÍals.52 [he analogous briilged bipher¡¡I compour¡d.s have been

stud.íed. both by ultravioretS4'79 and ¡¡nm.rn31c'ð''f 'g' spectroscopy, but ttre

clífficulty of anaþsing the oomplex rromof,e spectra of the phenyl ring pro-

tons preclud.ect quantitative corælations with interplanar angles. This is

not the case w'ith the brid.gecl biqrraternar¡r salts stuùiecl here, si.nce tl¡e

presence of the electrcnegative nitrogen atom in the aromatic ring produces

N
\ / 2Br-'(cHr¡l

+
N

+

(xr)

relatively large chemical shift ilífferences between tkre ring protons. trhe

spectra can thus be satj-sfactoriþ ana\rsetl as ABMI spin systems to give

precise values for the chemical shifts and. coupling constants.
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the stereoct¡emical prcblem ín these salts ís npne cilearly d.efinecl

than in the compor¡nd.s studiecl. in Chapter I, since the briclging gnoup locks

the molecule in a gie conformation witl¡ a di^treclral angle whj-ch i.s erçectecl

to incnease with the length of ttris'briiLge. A further point of intenest

is t'he amount of fleed.om for the enantiomeri.c confo¡mation^s to suffer

interconversion. Such confomational stability has been extensively

studied in the brid,ged. bipher¡yt compound.s rchere a number of singþ briclgect

molecules with br¡J.hf ortlro groupings have been resolved into their optical

i"o*"r*.51t No singly bntdged. bj.pher¡yl r¡r¡substituteit in the aromatic ring

has been nesolved., and. the magnetic equivalence of the brid.ge protons in

gr1O-dihyd.rophenanthnene (XIt), ttre oxepin (Xfff) and. the ketoae (X¡¡)

irÉ.icate a rapid, conformational inversion.3lc tdn

2H

(:xrr) (xrrr)

c 2 2112 g/
(xv)

(xrv)

I¡,ittle is lmornrn about ttre cor¡fomrational stability of systerns with brid.ge

lengths greater t}:.arr2 atoms, but a preliminary report of yet unpublishecL

0



4S-

work indicates that the oxepin (Xfff) shows nagnetÍc non-equivalence of

the met\rlene protor¡s at J.ow temperatu¡re, the energy barrier for the

irnrersion being appnoxirnat elï 9.6 kcalrlmole.8O A. poorþ nesolved AB

quartet r¡¡as also obtained. for the briiLge pnotons in ttre thj-epin (X¡) .11"

Magnetic non-eçLuivalence of the methylene protor:s in tÌ¡e brictging group

is goocl evidence of conformational stability, since in a locked. cor¡fomation

these protons subtend. ctifferent angles at the arorratic rings.

In this work the conformati.onal stability of these systerns was also

investigated.. As weII as (Xf), with ßZri and. 4r the brictgecL salts of the

JrJt-ði.tethyl- (x¡f), 4r4t-d.imetlryl- (wff) a;rÊ. 5rlr-cl.imettryl-2r2t -bipyrisrl
(X¡fff) rcer€ prepaned. and stuËLied. In adcl.ition, througþ the kincl assi.stance

of Drn c"lderr8l compor:nd,s (x¡r, ]ß.) and. the oxepin (nrr) were also avaíIable.

3

+
N N

\/
n

2 Br- 2 þr'

(xvr¡

)

N

rcHz{î

(xvrr)

3H

+++
N

++
N

\.',

\r.t l"

CH

+
N N

2 Br-

c

N

(xvrrr)

2Br

3

.*><4
HO- OH

(XIÐ
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N

H

cH3

2 Br-
o'/ 2Br

HO OH

(rx) (sr)

2.2 Analysis of n.m.r. spectra.

the assigrunents and. analysis of the rr¡mof,o spectra of all the

compor:rrd.s stud.iecl were straigþtforrvard., and, marked. changes in the appear

ance of the spectra on increasing the chain length of the briclging-group

fr"om two to four carbon atoms are apparentn This is ú,lh¡strated. in the

speetra of (Wff) with ¡l= 2rJ, anÅ.[¡ shorrn inFigu:res 2.1 to 2.3n lhe

spectra were satisfactoriþ analysed as ABI'0( spin systems for the r¡nsub-

stituted bipyrid,yls, and as ABX systens for the mettSrJ. sr¡bstituted. com-

pounds. The n'm.r. ilata ís sr¡nmariseil in Table 2.1n Sipectra were record.ed.

in DrO solution at approximateþ eonstant molar concentration (O.1tvt), Uut

clilution shifts weræ for¡nd. to be negligible. Magnetic non-equivalence for

retÌgrlene protons in the bricl.ging group was obsenrect in (XfX) ivtrere the

signal due to these protons appeared as a clear AB quartet (nig. 2.5) añ
also i-n (nrr) ¡r-2 rvtrich appeareil as an a,prnarter:e (Fig. 2.t+). such

mr:ltiplicity uras also obserr¡ed. for the bridge p:otons in (Xf , WI, )SIII,

XíIII) with æJ t¡¡d 4r but these patterns coulct not be fulfy analysed.

because of thej-r complexity and. the superposition of the HOD signal on

+++

,'oil>.<
N

I
cHz

N

\
2HC

N

I
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the nrlJ-tiplet assigned to the netþ¡r1ene pzotons ø to the pyridinium nitrogen

2.3 Discussion.

The theory relating the chemical shift difference between the J anil

the 5 prcton (A lrO) as a function of the dihed.ral angleV , ¡^ been fully

treated. in Chapter I and. w'iLJ. tt¡enefore not be expanded. bere. the calcu-

lations applicable in these systems are of course those for the cli-protonateil

bases as illustr"a.ted in tr'ig. 1.13. The d.ibromid.e salts stud.íecl here behave

as typical ioníc corn¡porurds ar¡cl ar"e al¡rost conpletely d.issociateiL in water.

It has been shourn that ín the pyridi:riur t¡ydrchalides, the nature of tbe

cor:nter ion prod.uces small variations in the chemical shifts of tlre ring

protor:s Í-n solvents of varying d.ielectric constantrS' bo, these effects are

probably of i.mportance onJ.y for intjma.te i-on-pair:s, and. not for the d.is-

sociated. saltsn PoLa.n-zati-on of soLvent molecules by the chargedbic¿uaternary

bipyridyl wiLL produce an electric field a.t the h.ete:rocyclic ring p-ton"r49

but since it is d-ifficult to estirnate its nøgnitude or ðir"ection, it is

assurned. in the present series of compound.s ttrat the effect on proton J is

the sane as that on proton 5 ar¡d that argr clrange in the magnitude of this

effect with increasíng cliheci¡al angle will be cancelled- by internal compari-

son of the shifts of ttrese protons.

The calcrrlations ca:ried. out previously should. firlly account for

the range of values of AJr5 four¡ct in these compor.md.s" In thj-s regand.

some corrnents are requined. in retrospect to the theory outlined. earlier.

îhe data in Table 2.1 shows that values of A 3 15 range between -40 c/s and.



Fig.2.1

rlo[I¡]ro spectra of XVII n=2
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n¡rnero spectra of XIIII n=3
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Fíg. 2.3

Ilonr¡r¡ spectra of XVII n=/r

(in oro)

Io\r
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( cycles/sêc. fron dioxan )
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Fi-g. 2.1ç

nollor¡ spectra of nethylene protons

in XVf n=2

HOD reduaed gain.

FLg. 2.5

lI.llI¡To spectra of nethylene proto¡g in XIX.
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lable 2.1

Glremical shifts of ring protons in bridged biquaternary 2r2t -

bipyridyls; ABID( anaþsis (Cyctes/sec. frcm T16;.)

Compotrnil BrS.dge Chemical shifts;

H-t H-4 H-5 H-6 3.5

4-

(xr)

(xr)

(xr)

(nrr)

(x¡r)

(xvr)

-(ffi2)

-lerr)

-(ffi2)

l-

3

-çcnr) 2-

-(æz) ï
-(cnz)a-

5l+6.8

518"9

512.7

541.7

fl+1.7

539.1

5o9.2

511.7

516.O

559.6

563'2

568.O

37.6

7.2

-3.3

165.9

155.1

1l+7 "9

531.8

535.5

531.5

500.1

5O3,3

507.1

5r4.4

553.1

560.5

(n¡rr)

(x¡rr)

(xrrr)

(nrrrr)

(xurr¡)

(wrrr)

-(ær) z-
-(ffi2) 3-
-(cnz)f

,35.5

503.4

496.0

176.o

17/{-.7

173"6

494.5

496.0

50o.0

5l+3.5

5l+5.1

551.2

39.o

7.4

-3.5

-(æz) z-
-(æz) f
-(cnz)4-

534"7

5ù5 "8

499.2

524.2

527"7

525.1+

166.5

166.5

167.8

547.O

55O"8

557.8

(xs) -(arrc(oo) rær)-
(æt) -(cncmrc (on) 

rcmrcm) -
(æc.r) -lcnrocrr)-

527.1

523.5

531+.1

547.1

5U+.3

553.3

515.7

516.5

522.3

565.5

562.1

575.7

11.4

7.o

1l .g
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lable 2o1
(contd.)

Goupling constants for ring protons (Cyc1es/sec) $OUr or I8X

analysjso

Compouncl Brictge J3,4 J4þ J5 16 J3 15 J4r6 J3,6

3-

4-

(x¡r)

(nrr)

(x¡r)

(x¡rr)

(wrr)

(xvrr)

(xr)

(rr)

(rr)

(nrrrr)

(nrru)

(¡rurrr)

-(æz) z-
-(æz) f
-(cuz)4-

-(ffi2) z-

-(æz) z-
-(cnz)a-

-(ffi2)

-(ffi2)

-(ffi2)

0.9

0.7

0.6

(o.a)

(o.a)

(1 . r)

0.9

(0.7)

(o.e)

8.2

8.1

8.1

9.6

8.2

8.,

7.5

7.7

717

8.o

8.J+

9.3

7.6

7.9

7.8

6no

5.9

5.9

5"7

5.7

5.8

6.3

6.1

6.3

5.8

5.8

5.9

1.9

1.8

1.8

.6

I

1.9

1.5

1.7

1.5

1.4

1.5

1.5
2

a

1

I

-(ffiù z-

-(æz) z-
-(cmz)f

1.4

116

(z.o)

1.¿+

1 .¿ù

1.5

(-*) -(ærc(om) røtr)-
(xx) -(cicnrc(cm)rcnrcr:)-

(ur) -(cnroorr)-

7.8

7.8

7.8 o.7
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+j.5 c/s (or -O.667 arf, +0.058 p.p.m.), but this ranç must be accomnod.ated

between appro<imateLy 20 ancl !Oo, since from molecular rcd.els the tlro-

menbe:red. brid.ge compouncis are twisted at least 2Oo. If the deshield.ing

effect due to the positive charge on P-þ in the adjacent rtng (dr) is

t¡eated. nozuralþ, then the theoretical cu:¡re d.oes not satisfactorily

accormod.ate the e:çeri-urental range of 
^5r5, 

It is her"e suggested. that in

a plarurconfornatiott Ot, is sharp\r attenuated., since in this confo¡mation

tbe 5 proton is in fact well shiel¿Led from the positive charge by the

inten¡ening ring stmcture. At larger values of V, the nitrogen atom i-s

lifted. above ttre plane of the adjacent ring arrd. a more direct contact wittr

P-5 is possible. The only exper5-mental evid.ence that migbt be accountecl for

by this hypothesis is the gradual itown-field shift of P-5 in a given series

(wfricf, is not accouuted for in the calculations since d, i" cor¡stant for aII

V). the actual value of this shift is about 7 c/s between w'2 anÅ. r:r'[,

,ùicti compares weIL with the calculated, value of { (lO c/s). In ortLer to

allpw for the obse:¡¡ed shift of P-5 in the calculationsr a linear variation

is assuned. for the vatue "t O*5 between V/- Oo ({ - O¡ anâ,!í= 9Oo (d5 =

-1O c/s). [his approximation does not alter the final conclusions to arSr

extent, but the calculations then accor¡nt better for the range ot, A t 15

found. and, also gives reasonable values of the iLihed.ral angle in the two-

nenrbered brid.ge corpound.s from a d.irect application of L3r5 to Eigure 1.13.

Actua} values of the ctihédrel angte V, h these com¡rour:d.s are thus

obtaineil by appþing the experimental value of A 3 þ ¡o Figure 1.1J, at'È.

for compor-yras (nff) to nigu¡re 1"11+. In ()ff1tl) ¿,1r5 is not obtainable
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from an int¡ra-molecular difference, but here the chemical, shift of P-, $as

cmpared wittr the shift of P-5 in (Wff). lhe values "f V so obtaineil

stilJ. agr€e remarkabþ well with those obtaj¡reil in the other câs€so The

final results are shown ín Tab.Le 2.2. Esti-nateil. dihecl.ral angles in a

nr¡mber of bricl.ged. biphe4yls obtai¡red. by a nr.¡rber of lrcrkers are shown in

Tab1e 2.3 for comparison

Tab].e 2.2

Estimated. cliheclral- angles in brid.ged biqr.nternary

salt's of 2r2t -bípyrÍ{yl,

CompounÉl Nr.¡mber of briilge atoms

tvZ w3 n¡4

(xr)

(nrr)

(xuu)

(x¡rrr)

60

6S

56

26

55

23

21

(xlt)

(nc)

(lon)

o
6t+o

68

64

61

g20

90

82

77



-74-

TalbLe 2.3.

Esti¡natecl cLihed.ral angles in biphenyl clerivatives.

x

Êeferences Interplanar angle

X= 0 NMe ffiz s (ffi2) 
zs0

15;5o

20

20

1B

o
1 l+5. go 60 52J+o 56.6050n

5o

¿ó

l+4.

5o

21

31a

e3

8¿+

85

6oo

6c

lhe interesting and. encouraging aspeot of the resul-ts obtained in

this work is the re¡narkable agreement betrreen compounds with similar briilge

lengths, md also the general agreement with djhed.r"al angles obtained. in the

bipheryl system.

It is interesting to note hov¡ever tt¡at in everx¡ case the values

obtained here are someuilrat greater than those esti¡rated. in the bipherlyls.

This is not u¡rreasonable if it is considered. that the electnostatic repul-

sion between tlre ¡nsitive charges on the n:itrogen atoms wor¡ld. ocert adcli-

tional forces and- slightly trvist the two rings fr-rrther out of pIane.

lhe value of 58o j¡r the oxepin (ng) is smal1.er tha¡r the average
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value for the three-nembered carbon brid,ge compounds r.rhlch is consLstent

with the snaller size of an olcygen atom conpared to a carbon atom. The

results for (XVI) are particularly j-nteresting because it clearly illus-
trates the sterd-c cror¿ding caused by the two methyl groups 1n the 3-

position. fn (XVf) n=2r tbis steric interference íncreases the dihedral

angle to 55o t h¡t for tbe conpound.s with n=J and. ¡=/* the values of 1[ arc

onþ slightly greater the^n those in the courpounds unsubstltuted in the 3-

position. The large tr"rist already caused by the bridging group mrst re-

Iease the interaction betr¡een the two methyl groups tlus allowinglfto

assumê a nornal value.

As nentioned. earlier, some evidence was obtained regarding the

cor¡fornational stability of these salts. This was obtained. fron an examina-

tion of the n.m.r. spectra of the bridge protons ln these conpounds, and is

best ill-ustrated by the appearance of the rrorn¡ro signal of the nethylene

protons in (XUf) tu=Zt as shouû in Fig. 2./+, a:ad those fn (XfX) as showr in

Fig. 2.5. It is obvlous in the case of (xuf) that the methyl groups are

respons5-ble for the locked conformation sinee the analogotrs conpounds unsub-

stituted in the 3-position show only a slngle sharp peak due to rapid inter-

conversion betr¡een the two equivalent cor¡formatlons.

The appearance of the nethylene protons signals in the tb¡ee- and

four-menbered. bridged conpounds also suggests that they prefer a frozen

conformation, brrt the complexity of tbe patterns and the zuperposition of the

HOD signal on the mrltiplet ¿seigned to the nethylene protons d to the p¡¡ri-

diniun nitrogen made further analysis inposible. Those s¡rctra which showed

magnetic non-equivalence for the bridge protons were further nrn at tenpera-

tures up to
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fable 2.1+

Ultravj-olet spectra d.ata of the brid.gecl biqnaternary salts of 2 r?r-þipyridyl

Band. X marc. (np) lo,ax. f
(xr) w2

(xr) n'J

(xr) w4

(xrr) ræz

A

B

D

A

B

U

A

B-

c

A

B

t

A

B

c

311+.1

298.1

298.7

279.8

287.9

273.7

264.6

274.1+

263.9

255.5

**rf

tO,9.O

29o.6

281.5

298.o

271'.O

257

17 r71o

10,77O

l+r52o

21260

15 rt-¡6O

3 
'390

2ro7o

15 rO70

1r25O

2r91O

15,950

5 Õ90

3 ra5o

1l¡r800

41580

216æ

o.1g

0.06

0.O2t+

0.010

0.1 g0

o.o23

o.o13

o,169

0.006

o.o23

o.1gg

o.o31

0.011¡

o.165

o.CI+7

o.ol g

(x¡r) ¡r¡
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Table 2.4 (contd.)

Band. À narc.(qr¡ lnøx. f
(x¡r) r¡h

(xrrr) nce

(xrrr) ruJ

(xrrr) rh

(xlrrr) æz

A

B,

c

279

267.5

257.5

1*tl

311'.5

297.2

286.5

283.7

266.O

27O.6

252.5

*r*t

325.7

tog.6

295.4

296.7

278.2

267.o

l¿1r180

5 1560

4,580

19,38O

15 1630

8r150

14t77o

3þffi

12r1to

¿Èr00O

20 r19O

15 t75o

5,550

10r27O

21260

2,760

0,1h1

O.0lr5

0.024

o.159

0.088

O.0lr4

o.182

oro3o

o.160

o.or8

o.174

o.11t

o.026

o.137

0.018

o.o17

.A

B

c

A

B

A

B

A

B

c

A

B

c

(wrrr) n'5
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tab1e 2.h (oontcl.)

À nax. (4¡) lmøx. f
(nrrrr) n'+

(vtv)

(xr)

(ner)

A

B

A

B

281.7

259.1+

*|lt

289'9

27O.3

**.

288.8

268.2

251¡1+

t'**

295.6

276J+

265.4

257.6

rt*rl

11 r1g0

3 1380

15 165o

lrr09O

il+rl6a

l¡rt¡lo

8r0go

15 t53o

1r69a

2rl+ßA

2''38o

0.16¿l

o.o¡J

a.aat

o.o4l

Or2O5

O.0l+5

o.082

O.208

0.030

0.01 I

o.012

A

B

c

A

B

c

D
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3.1 Introd.uction.

With the und.erlying factors d-etennining t'tre proton resonance

spectr"a of pyriùlne no'w well establishecL, it is surprising that the general

concept has not yet been extended. to other hetænocyclic systems contain-ing

a pyrid.ine-t¡pe nitnogen atom. It ís d.isconcer-bing in fact that in mar\y

cases crude corelations of pr.oton shj-fts with local f-electron d.ensities

are still attempted. without neference to the basic ttreory aIæafir available.
86t87t88 It was for this reason that an investigation vras commenced. on a

nur¡icer of such nitrogen heterocyclic compound.s, even thougþ extensive rI¡IIl¡ro

d.ata for sone of these compound.s have been, and. still are bei.ng, published..

the compor.u¡d.s chosen form a group of five-me¡nlcened. heterocyclic a:¡omatic

compor:nd.s containing two d.iffezent heteroatoms, nameþ oxazoles (XCff),

thiazoles (y,frll) , isoxazoles (xXltrt) ana isothiazofes(nv) o The parent

members of this group are sholwr below with the nurbering of the ring systems

inch:d.ed..

5

o("
õ '0

N

), 5 5

(ncrr) (nrrrr) (xxv)

The stufir reportecl here, is confi¡recl to ttre effects of the nitnogen

aton on the chemical shifts of the ring protons in terrrs of the theory of

Gil ar¡d. Murrell. Since the effects of the o4ygen and. suL¡ùur atoms are not

(l0rrv)
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âs yet fu].ly r:nd-erstood. i.n furan and. thiophen, no atternpt is mad.e to evah:ate

the contribution to the chenical shifts by these atoms j.n the cornpound.s stu-

d,ied- here.

The n.ra. r. spectra of oxazoles arrcL thiazoles have been neported by

Bak arrd. "o*o"k"*r89 Haeke and. Mi11e"r90 st*ub and. co¿vork"*9î '92 ^r¡
CJ-arke ar¡d. Wi11i"*r.95 Comprehensive d.ata is alread.y available on the

recentþ synthesised. isothiazole ring syst.#4r e.g. th€ work by Staab

and. Ivfanr¡s crrreckrgS And.erson96, arrd. olofsenrgT urot no systemati-c stud.ies

have been reported. for i-soxazoles.

In this rivork a number of unsr.¡bstj-tutecl and mettgrl-substítuted.

memberÊ of this set of compowrd.s have been s¡mthesised. and. their rlom¡ro

spect::a re-examined., i-n parbicrrlar with negarrls to solr¡ent and. protonation

effects.

3.2 Resr¡l,ts of n.m.r. speotrao

The comporxrds studied. together with the resonance frequencies of

tlre various pmtons are listeit in Table 3.'1, and the nnm.r. spectra of the

unsr¡bstituted. compound.s shoun in Figs. J.1 to 3.4. The oxazole spectra

showrr is taken from the work by Staab and. csworLnn.92 Inteqpretation and.

anaþsis of the spectra was str¿rigþtfonrvazd. in all cases and. the assignments

of the ring pnotons confirmed by the spectra of the metlgrl compounrls. Speotra

necorrled in C$rC0OD solution tended. to be broad, thus reducing the accuracy

of the ctreuuical shj-fts to + 1 c/s. Althougþ ctilution shi-fts wene found. to

be negligible (less than O"J c/s), the spectra were all :¡ecozd-ed. at the same

concentration. Coupling constants are shown in fable j.2o



Fig.3.1

DoEor¡ Spectra of oxazola

in CCI4
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Fig.3.3

nots¡r gpectra of isoxazole

in CC1O
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rroBoro spectra of isothÍazole

in CC14
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[able 3.1

Chemical shift d.ata of oxazoles, t}:¡iazo]-es, isorazoLes, ar¡d.

isothiazoles (Cycles/sec. fron fIrB)

Solvent H-2 H-5 H-¿l H-5

ccI.
+

oc1.+
lrmet$loxazoLe

cc1.
+

2-raetl¡rloxazoLe

thiazole

2-netþlthiazole

Þmethylthiazole

Dzo

c$,lc00D

Deo

cF,rcocD

cFlcocD

ccl,
+

Dzo

CFrjC0m)

1l+L.8

15O.6

'176.1

\ß1.9

489.1

567.4

5ú.2

599

161.5

166.O

187.1

515.5

536.t+

585.5

5O9.5

,5O.7

582.2

+12.O

l+26.8

tß1.7

130.7

133.8

150.0

475.O

507

451.5

1ú2.6

48r+.4

1J+8.0

15O.6

163.4

t+47.3

461''6

lß2.6

l4+7.2

tß9.6

l+89.0

t+39.5

l+61,7

481.8

439.5

493

¿c3.o

t+7.6

474.2

l+08.9

l+32.9

tß3.1

1l¡9.9

152.6

164.7

,c0@
cF

cct,
+

Dzo

ccI.+
Ðzo

5-r¡etbylthíazoLe

cFrcooD
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table J.1 ( contctl .

Solvent H-2 H-3 If-4 H-5

isoxazole

J-methylisoxazole

isothiazole

5-nett¡ylisothiazole

Þmethylisottriazole

cc1.
+

Dzo

cElco@

cc1.
+

Dzo

cE'5cocn

cct.4
Dzo

qFrcooD,

æL,+
Ðzo

cr'lcooD

cc1.
+

Dzo

cF¡rcooD

491.4

51+.6

507.9

156.9

1H+.6

1¿18.1

508.0

520.8

5tß"7

152.5

153.8

173.8

t+91.5

506.3

532'8

379.5

398.2

t93.3

366.1+

389.4

39O.1

435.8

45O.6

1169.8

¡*21.5

434.5

450"7

lJ+0.4

153..7

154.6

506.O

526.2

51t.8

l+94.9

514.6

507 "9

517.8

5\2.5

571+.6

512.7

531"7

561.5

tlgg.J

511+.7

548.3

*tlt
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Goupling constants in oxazoles, thiazoles, isoxazoles, and.

isothiazotes ( Cycles/seo. )

(n.obs. = Coupling not obsenrecl)

Conpound. Solvent J2)+ J2r5 J3 r4 J5 ¡5 J4r5

2-mettgrloxazoLe

þnetlsrloxazoLe

ccL.+
Ðzo

qE'rcooD

oct,+
Dzo

%cooD

Ilo ObS o

n.obs.

D¡obSo

(0.¡)

(o.e)

II¡obS¡

n.obs.

IIoObgo

IlrObSo

2.4

2.)+

2.+

0.8

0.9

1.5

1.2

1.4

1.4

3.1

t.6

3.4

3.5

4.1

l.O

1.O

0.9

tbiazole

cFJcooD

2-metlgrlthiazole CC14

2
0

cF,rcooD

ÞmethylthLazoLe CClh

Dzo

cFrrcooD

cc1,
+

005

0.9

(0.+)

(0.+)

Doobsc

1.8

2.2

il$,

2.1

2.5

D

n.obs. Il¡ obs c

n.obs. î.obso

n.obs. n.obs.
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table J.2 (contL)

Compound. Solvent JzrL J2r5 J3r4 J3r5 JÈrS

5-methylthiazolo

isoxazole

J+nethylisoxazole

Isothiazole

J-methylisottriazo1e

ÞmethylisothiazoLe

J3 r4 J.t 15 J4r5

eÆ1,+
Dzo

cErcooD

D. ObS ¡

Il. ObS ¡

rtrobs.

0.6

0"6

1.1

1.2

1.2

1.2

cc1,4
Ðzo

cFrcocD

cc1,
+

Dzo

cF5c0@,

ccI,
+

Dzo

cErc00D

cc1,+
Dzo

Dzo

cc1.
+

Dzo

cF,lc00n

1.5 n.obsn 1.6

2.O rroobs¡ ú.8

2.O [.obs. 1 n8

0.5 (0.¡) 1.7

(0.¡) 0.6 1.7

spectrun very broail

1 "7 n.obs o 5 nO

1 .8 n.obs. 4nB

2.6 rrobs¡ 5.5

lroobso 0.1+ 4.,1+

rtr obs. 0.4. 416

n.obs¡ n.obs. 5.5

(0.+) nrobS, 1 oO

(0.¿*) n.obs. ('¡ .o)

noobso n.obs. (t.O)

***
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Table J.4.

Íí -eLect:rpn d,ensities in oxazoler thiazole, ísoxazole and.

isothiazole.

1.031

1.205

1.103

1.0?0

1.1+39

ref. 98 1.090 0.82 1.1u .050

0.86 1.1+2 1.016 I{ 1 .28
S./

1.80 1.51

ref. 100 ref,99

Chemioal shift separations between ring proton"s d.ue to d.jfferences

in ff-electron d.ensities. (osing 10 p.p.m. per electron).

A calculatecl A for¡¡rcl 6

/-l\o/

B.

0xazole

lhiazole

Isoxazole

A ,,,*

A 215

A 2'4

Á2þ

63rL

L315

ù 3r4

a5þ

- 74 c/s

+ 30 c/s

+ 76 c/s

+ 56 c/s

+ 162 c/s

+ 2l+

+ J6 c/s

- 21 c/s

+ tl+ c/s

+ 12 c/s

+ 53 c/s

+ 86 c/s

+ 112 c/s

1J c/s

+ 75 c/s

1o c/s

- 118 c/s

+ 18 e/s

+ 2J c/s

- 30 c/s

+ 50 c/s

+ 39 c/s

- 19 c/s

- 11 c/s

Isothiazole

**j
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3.3 Disct¡ssion.

f,he obsen¡ed. chemical shifts shovnn in [able J.1 are' clearly not

satisfactorily explained. by variations in local ff -electron d.ensities

alone, as is evid.ent from the d.ata and. caLculations lísted. in îable 3.3.

Because of the large d.iscrepancies between chemical shifts artd, lî -electron

d.ensities and the r¡¡rknown effects of the oxygen and. sulphur atoms, the only

real estimate of the effectiveness of the nitrogen anisotropy (Cf*) ana lone-

pair dipofu (%) terms can be mad.e frrcm changes j.n resonance frequencies on

protonation or solvation in strong hyd.rcgerrbond.ing solvents suctr as vrater.

As was shown in Chapter I, protonation of the nj.trogen atom removes tlre

paranagnetic shift of both of these effects; the protons q to the nitrogen

are rnost affected. and. changes in the chenrical shift of these protons on

protonation are thus consiiterably smaller than those for the other ring

protonsn The magnitud.e of ttre C" antt Cfn terms can thus be estimated. from

the relative changes j¡r chemical shifts of the various ring protons on

protonation. lhe main d.ifficulty irvolveil in this approactr horvever is that

possible clranges ín I -electron distributions can serior:sly affect the

relative strifts. It seems more profitable the¡rgfore to examirp first the

solvent shi-fts in aqueous med.ia, as it was sholcn earlier in this work that

tgrd.::ogen-bond.ing of solvent with the nitrogen lone-pair also causes a

rela¡ration of the d.ipole d,eshield.ing term. lhe total skrift in rresonance

frequency of eactr proton on protonation (A n+) and. on solvation in water

(a nrO¡ are shown in Tab1e 3.4 arÈ. 3.5. For comparison, ttre d.ata for the

picolines are inch¡ded. in these tables.
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À comparison of the A HrO values with those of the picolines show

that the solvent slrifts in the five-menrbered. hete:rocyclic series ar€ cor-

sistent\r greater than those obse¡¡¡ed. in the picolines in particular for

protons acljacent to a nitrogen atom. The A H+ values folIow a simjJ-ar

trnttern, with large values of A H+ for prctons adjacent to a nitnogen atom

compared. with those obserwed in the pyrid.ine systen. lhe r.:nusualþ snall

values of A H+ for the isoxazoles seem to j-nclicate that they are in fact

not protonated. in CFTCOOD ancl these values are therefore of no use in ar\y

comparison.

lhe above oþssrvations suggest tlxat the d* "td % te::nis are much

Iess effective ín these compound.s than in pyrid.ine, a conclu-sion which is

not in cor¡flict w:ith the theory proposed by Gil and Murre11, since they can

be explained. qualitatively as follows:

1) dmr- Ilhe magnitude of Cf* in pyri<1ine is a consequence of the

1ow-lying n+fi+ transition found. at l+. 5 "V26 
(or zJ6 rn¡t).

lhe uttraviolet spectr-a of the compound.s studied. here have

been stud.ied. by a nr.unber of workers and is summarised. in

lable J.6. This shows that t'tre position of the n-)ff*

transition must be muck¡ higþer than 4.5 eV since in no

case is there absorption above 24o mp. lhis must therefone

imply a reÉluction i¡r tire {t term rel¿tive to pyricline'

The magnitud.e of this effect shor¡-Ld. se:='ç]ate with tÏ¡e

d.onating property of the lone-pairr i.Qn ¡ with the basÍ-city

of the nitnogen atom. n'rom the available pKa d.ata' i-n

2> $:-
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lable 3.1+

A H+ values, calcrtlatect from CFTCOOD ancl CCln solution clata (Cyclesr/sec.)

(figur.es marked- 'f are for pnotons c to a nitrogen aton)

Compound H-2 H-3 H-l+ H-5 CHt

2-methyl-oxazoLe

lç-methyloxazole

1"I¡íazole

2-nethylthiazole

[-rnetfiylthíazoLe

f -netþlthiazoLe

isothiazole

J-methylisothiazoJ.e

l¡-nethylisothiazole

isoxazole

J-methylisoxazole

2-picolirre

J-picoline

{-picoline

49.T

3+*

70 0*

t 55.3*

,4.0.7* 35 "Q

B 29,2

41.5*

16.5+ 14.o

23.7

105.5*

74*

41.8

42.3

5¿+

51.2

54.2

31.3+

19.3*

25.6+

15.4*

14.8

21.3*

1l+.2

11.*

70.0{'

71.7*

56"8

48.8

60.0

7.8

13.o

H-2 H-ã H-¿+ H-5 H-6

1 I .0{'

1 I .0'l'

5Q"g

51.5

59.9

6L.3

50.5

52.6

51.5

8.9*

13.5+

11.æ

****
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Table j.5

Â firO values, calculated from DrO anct CC1U solution data (Cyctes/sec.)

(figures marked* are for protons ø to a nitrogen atom).

Con1rcund. H-2 H-3 H-4 H-5 crf
3

2-nethyloxazole

l+-nethyloxazoLe

2-methylthiazole

þmethylthiazole

l-methylthiazole

isothiazo]-e

J-rethylisothiazole

,l¡-nethylis oth iazole

isoxazole

J-mett¡rlisoxazole

2-picoline

J-pico1Íne

lrpicoline

H-3 H-4 H-5

27.2*

20"9*

22"2*

11.1*

1\..3*

16.9

11.o

1B. g

22"o

1Li.El 21.4

22.2

24.6

214..O

5.8*

5.1*

4.5t

2.6*

2,7

1 "3*

3.1

7.7*

12.8*

14..6*

23.24

24.7

19.0

26.4

20.2

19.7

H-2 H-6

17 "3

20.7

19.4_

16.2

16.5

15.6

20"7

1.7*

1.7*

5.1'*

-o.3*

5.1*

***
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Tab1e J.6

Ultraviolet spectra d.ata for oxazoLe, t-},íazo].e, isoxazole

ancl isothiazoLe.

Oompound.
[JJJ. absorption bar¡ds" \*. in mp.

BA $olvent Reference

0xazole

lhiazole

Isoxazole

Isothiazole

Little or no abso4rtion above 22O u'¡t

231.5 2o9 ghexane

absent 211 ethano]'
(z= zgat)

101

102

105

992+1.5
(t =6¡tl)

not
reported.

lable 3.7

¡iKa ctata of pyridi-ne, t"}ríazole and. isoxazole in aqueous

--i--!r -- 10.l+SOIütaOllo

¡Ka temperature

250

200

Fyridine

ThiazoLe

Isoxazole

5"25

2.t*
1.3

ú**

25
o
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aqueous solution (shown in fa-ble J./) it is obvious that these compound.s are

much weaker bases than pyrirline. If it is assumeil that red.uced basioity

irnplies a lower dipote rnoment for tkre lone-pair, then it follows that t'tre

$ term in these compotrnds is much smal-ler than the value in pyrid.ine.

From th.is l-ast argument an important point follo'ws, sjnce A H20

values, and. possibly AHt values, shor:Id then refl-ect the basicity of the

nitrogen atom in these compowtds; the smaller the value of A HrO, for

prntons ø to the nitrogen atom, the greater tL¡e basicity of the nitrogen

atom. Inspection of Teble 3.5 gives the following oniler of A HrO values

(aiscor:nting the values lot H-2 in oxazole and. thiazole):

isoxazole ) oxazole ) isotrr iazoLe ) tr,:-t"ore ) nrridine

and. Iab1e J.Ja. gives the following order of AHt values:

oxazore ) isotiria uorc ) thiazole ) rrri*ine

Ihe order of basicity in these cornpound.s as suggested. by the above argument

then is:

pyridl-ne ) *i^zore ) isotir 'razoLe ) o*"uotu )i"o*"uor"

From the knovrn basicity of pyridine, thiazole and. isoxazole (faUfe 5.7)

and the fact that isoxazole is obvior.¡sIy a weaker base than either oxazole

or isothiazoLe since it failed. to protonate in CFJC0CD, the lorovrn o¡d.er of

basioity can be written as:

pyrid,ine ) tirit"ole > isothi-azor) o*"roLe > isoxazole

The order suggested by both AnoO arll A H+ j-s üu¡.s in excellent agreement
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with the kr¡own experimental d.ata.

In conclrrsion it can be said therefore that the effect of the

nitrogen atorn on the chemical shift of the ring protor¡s in these five-

menbered heterocyclic compound.s are still satisfactorily explai-necl by the

theory of Gil arrd Mu¡reII. The srnller magnitud.e of the C* "td6 terrns

in these compound.s is a ¡reflection of the smaller basicity of the nitrogen

atoms in these ri-ng systerns¡ compared. to pyridJ-ne. More extensive stud.ies

of the phenomer:on may therefore prove it to be valuable in the esti¡nation

of pKa d.ata.

It is not possible at thi-s stage to obtain qr:antitative esti¡nates

of the q{ "r,Å 
6n values in these compouds because of the marqy other factors

that contribute to the chemical shifts. The very large dipole moment of

isoxazore (3.o1 D in d.iox*rr1o5) for ir¡stance ray well partly account for

the anoralor.¡s lovr-fielcl chemical shift of both H-J anð. H-5 in this compound.

And. this effect probabþ also operates in isothiazole as wel.I. Ring cu:rent

cqrtributions are also d.ifficrrlt to estj¡uate, but from the fact that tt¡e

chemical shifts of H-5 ín oxazole and 1.,]nj:azoLe, and H-4 in isoxazole and.

isothiazole are not very d.ifferent from those i¡ sj¡rilar positions in

f.r".rr106 (n$ff) and thioph"rlo7 ()Qßfff), ít can be concluded that ring

currrents in these mo].ecu]-es are prrcbably not very d.ifferent than the

correspond.ing furan or thiophen.
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Chemical shifts of ring protons.

O 375 c/s.

/*38 c/s

C/s. fronr TMS.
(xxvr) (xxvrr)

3.4 Nrrn.r. spectra and. stereochemistry of phergrlthiazoles,

isothiazoles a¡rd. isoxazoles.

During the n.m.r. stufir of the five-membered. treterocyclic compound.s

clescribed. in the l-ast section, a number of nead.iþ accessible pherSrl deriva-

tives of tini-'azole and. isoxazole were al.so prelnred. and. studied.. As a result

of this stud.y interesting evidence vas obtained. negard.Í:rg the co-pl'arerity

of the tluo rings i-n these conrpounds which was furbher investigated. using

the r.esults of phergrlisothiazoles published. recentþ by Olofson arrd. co-

.,oo"k"*.97 From this stu$r, and. from the conclusior¡s reached earlier

regard.ing the stereocherristry of various bipyrid.ylsr an ì'nFortant factor

was establisheil in the gernral pncblem of the stereochenistry of aryl-

subst itutect nit ro gen heteroaronåti.c compounds.

lhe chemioal shjJts and. cor4rling constants of the 2-, \-, and- !-

pher¡y1 thiazoles, J-pheqylisoxazole anil 4r4r -bithi:azo1,e str¡died here,

toçthe.n¿¡¡ the clata obtained. by Olofson are shown in lable J.8. the
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spectra in general were complicated, by the wide spnead. of the signals d.ue

to the phenyl protons, but the heterocyclic ri.ng p:rotons could be assigned.

without difficulty.

Because of the complexity of the spectra irr CFTCOOU, and- the

insolubility of the pher5rl compor:nd.s in water, no usefirl ir¡formation coulcl

be obtained. about the anisot*py of the nitrogen atom. However, important

evid.ence negard.ing the planarity of the two rings was obtained. from two

ind.epend.ent obserrrations. The first of these ïvas a compari-son of the

chemical shifts of protons ortho to the phergrl group with those in the

r¡nsgbstituted. molecu.Le. In a co-planar conforrnation of the two rings, tlrese

protons in the phenyl compounds wiJ.l be consid.erably deshielcled by the ring

current of the pher¡yt group, w?rereas in non-planar conformations t'hey wilt

be less affected.

T.able 3.8

N.m.r. spectra d.ata for pher¡y1 substituteð- thiazoles, isoxazoles,

and. isothiazoles. (CCfU solution)

Chemiga] shifts. (cycles/sec" from lIt'S,)

Compounds H-2 H-5 H-4 H-5 . Phenyl. .Pher¡rl.(average) (spread)

A

2-pher¡ylthj-azo1e

,l¡-phenylthíazol-e

l-pher¡ylthiazole

l-pher¡ylisoxazoJ'e

4r¿+r -bithiazoLe

525"7

516.6

tú5.9

478"0

3u.g

432.O

468.8

458

t+58

H+3.4

l+¿+8

5o

5o

%

25

521.3

488"2

471.O
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lable 1.8 (conti[.)

H-2 H-5 H-4 H-5 Phergrl PherSrI
(aver"age) (spread.)

Olofsonrs data: 1in coCfr)

J-pher¡ylisothiazole

l¡-phenylisothiazole

!-phenylisothiazole

506

509

Iú4

?

528

516

¿+71

l+4o

t+9

57

,lÉ

30

B. Couplirç constants (Cyctes/sec.)

Comoound J,1-tr- J),-5 J2.5

2-pher¡ylthiazole

l¡-pher¡yJ-t}:ri:azole

l-phenylth,iazoLe

5-phenylisoLazole

J-phenylisothiazoLe

la¡-phenylis oth iaz o le

l-phenylisothiazole

4r4f -bithíazoLe

7Z

1"9

1.8

5.0

2.O

2.O

+**

Second.þ, a similar ¡feenomenon must be expecteiL for the g!þ protons in

the phenyl ring due to contributions from the hetenocyclic ring. The

esti¡nated. stereocheuristry of each compor:nd. can be sumnarised. as follows:



Ph g

COMPOIII{D

Ð )

)

-1OlF

Confomration Eviclence

uean-planar a) very J.arge spread. of

É¡ervl protons (Zo c/s)

near-planar a) H-5 shifbea. -29 c/s

relative to thiazole.

b) Vely large spread. of

pheqyt protons (SO "¡r¡

nol-planar a) H-h shifteil onl¡r -5 e/s,

relative to thiazole.

b) S;pneacL of phergrl protons

onJ--y 2a c/s.

¡¡en-planar a) If-4 shifted. orrly -5 c/s.

relative to j.soxazole.

b) Spreact of phenyt pro-

tons only 25 cfs.

C\,

Ph



Ph

COMPOUTüD

Ph

s )

s

-105-

Confo¡mation

near-planar

nen-planar

non-planar

nea:r-planar

(assume trans)

Evid.enoe

a) H-h shifteð. -26 c/s

relative to isothiazole.

b) S,pread. of pher¡yl pro-

tons as much as 5'l c/s.

Ð H-J shifted. on\r -8 c/s,

and. H-5 onLy -6 c/s

relative to isothiazoLen

b) Smal.J-er spread. of pher¡y1

protons (+o .7"¡ cor¡F

pared. to J-pher5ll

isomer.

a) Pher¡y1 protons spread.

orùy JO c/s"

b) H-4 overlapped by

phergrl protor:s. ïIpper

J-irrit of shifb 26 c/s.

a) H-! shifted. -32 c/s

relative to thiazole.

b) H-2 not shifte¿l.

s

l=*
N

ì
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Ultraviolet spectra of such systems are also markedly d.epencLent

on the d.egree of planarity as was found. Í.n Chapters I ar¡d. II. Suctr clata

is available in the literature and j-s shown in lab].e J.9.

[ab].e i.9

U,ltravioLet spe ct r:a of pher¡y1-subst ituted. thiazole s, isoxazoles,

and isothiazol,es. (or,ly the long-wavelength band is listed)

]..os.I0ompound

þpher¡ylthiazole

l-phenylthiazole

J-pher¡ylisoxazole

4-pher¡ylisoxazole

!-phenylisoxazole

J-pher¡ylisothiazole

þpher¡ylisothiazole

5-pherlylisothiazoJ-e

\ n+st

252 rqt

275 ryL

2¿É np

256 rql

260 m¡t

2)1 n¡t

ZBJ m¡t

27O wtt

266 ny

266 ryt

4.14

+.11

4.09

4.08

l+.26

3.81

3"99 (shoulder)

4.18

4"1/+

1.9Q

References

108

108

109

1q

109

97

97

97

*4ú



-107-

An inspection of this table shows that on].y in tire i.sothiazole series

d.oes the ultraviolet absorption d.ata appear to agree w:ith the rr¡rnoro conclu¡.

sions, but it is possible that otirer factors may play a role in d.eternrinir¡g

the position of the long-wavelength band..

The i:nporbant conch¡sion that can be reached from the results of the

D¡rn¡To stu$r is that only i-:e those compor:nds rutrere the pherSrl group (or

heterocyclic ring) is substitutecL g to the ring nitr"ogen atom are the two

rirrgs held. in a planar or nealLpJ.anar conformation. Ehis conclusion is j-n

accoz€.ance wj.th the resr:J-ts of the bipyridyls stuitj.ecL in Chapter I, '¡ehe¡s i¡

was fonnd. that only 2r?t-bLpyridyl preferred. a planar conforuation w:ith the

3 ,3'- anil [¡J+r -isoners both enjoying a consid.erable amor¡nt of rotational

freed.omn J-Pher¡ylpyridazine (fWfff) has al-so been assigned a planar con-

fonnation by Crrcssl^ñr34 a result in agreement with the above Lgrpotheses.

(:oarrrr)

It appears evid.ent therefore that a heterocycli.c nitrogen atø,
probably througþ the influence of its lone-pair is possible to hold. a4y

aromatic ring gþþ to it in a co-planar conformation. Substitution at other

positions j¡rmeiliately results i-n greater rotatj-onal freed.om.

This Ìqrpothesis may prove to be usefrrl in the prediction of the

stereoctrernistry of such compound.s, and. also i.n tlie interpretation of their
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rrrrrtrr¡ and. ultraviolet spectrao A mr.¡ch wider application of this concept,

both elçerimentally ard. theoreticalþ, is need.ed. at this stage in orr:ler to

gain a full insight into the entire problem.



CHAPIER ry

lûre nr¡clear nagnetic resonance

spectra of pyricline-jboron trihalid.e complexes



-'l09-

l+.1 Introduction.

In the previous chapters it has been shorvn that lmportant infor-

mation regard.ing the interpretation of ctrenical shifts in nitrogen hetero-

cyclic conpor:nd.s can be obtained. from the relative changes in chernical

shÍfts of ttre ring protor¡n¡ on protonation. It was regarrà.ed. of interest to

examine in thís ligbt the chenical shift ctranges in tåe forrnation of some

pyrüline complexes, where the H+ function is replaced. by a powerful Lewis

acid suctr as a boron triJralid.e. The acid:ity of boron trj]:aliäes can be

regard.ed. as being d.ue to the possession of the boron atom of an unfilled.

low-Iying orbital, and. to some formal positive charge which the atom bears

because of the polarity of the B - X bor¡ls. rautingllo =oggu"ted- that

besides the more conventional stmcture (A) of the boron halid.es, other

strusbuþes involvi¡rg polar contributions (BrC, and. D) could. be expected.

to contribute to the resonance structure.

aa
aa aa

,Å'
ï./lt' .O\-,

I

:Xaa

o
1\.aa

+ lT +x\
B

I
x

\,-/
il

: J!+

(B)

I

x.¿\.
aa

(¿) (c) (o)

îhis is due to the fact that boron possesses a fourbh stable orbital which

can be used for bond. formation,

As a result of this, the borrcn halidles are powerfr-rI complexing

agents with orgarric molecules, in parti.cular amines, carboqylsr nitriles,



and. ethers.111-11¿l 0f par.tioular interest has been the relative acceptor

power of the boron halid.es toward.s organi-c bases. It was ori-ginally thougþt

on electronegativity ground.s that boron trifluoriae (nFr) was the strongest

Lewis aci-d of the group ,t'3 ou, more recently, the:rrod¡rnarric d.ata of ttre

fo:mration of such complexes suggested. a reverse of this ord"r.115 lhe now

accepted, ord.er of acid.ity in the boron halid,e series is:

\\
BEtr, ) BclJ> u*J

Brown al¡il Holme*115 po"tr.r1ated, that structures irvolving back co-ord.ination

(e.g. Structures B, C, and. D) explain the obsenred. ord.er. They reasoned. that

back co-ord.ination is rnore favourable with BF, than in the other halides as

suggestedby the much shorterB -F bond lengthrllo trd.that this results in

a red.uctj-on of the net positive charge on the boron atom as well as satura-

ting the spare orbital'n Cotton ard. Letol 16 
nuuu calsulateil the reoganiza-

tion energies for the boron halid.e molecrrles on ctranging f"o* 
"p2 

to sp'

Ìgrbriitisation. These were for¡nd. to be:

UFJ

)a8.J kcaL/moLe

-110-

BClJ

3O.3 kca]./mo];e

BBr,

26.1 k;caL/mo3e

they thus conclud.ed. that r:n1ess the reorganised BF, molecule forrns a complex

with the release of 18 kcaL/moLe more energy than is released. when reor-

ganised. BCl, fo:rns a bond to the same d.o¡ror, it will be the weaker Lewis

acíd. A nurnber of experirnental techniques have been empl.oyed. to sr-rbstantiate

the relative acceptor strengtfrsl lT-119 *ra in particular, changes in the

chemical shift parameter of prvtons on the ligand. group on complex fornation



-111-

have been correlated with acceptor. strengths.l2O-123 tshe validity of this

approach is cluestionai¡Ie, since the und.erþing theory of sud¡ a coruelation

has never been estabLished. It is also clearly erroneous to interpret

chemical shift d.ata of the complexes in terms of properties of the un-

bond.ed borrcn ha1id.es. ^Àrguments relating such data with the nature of the

donor-acceptor bord. are more meaningful, but no suctr specjfic correlation

has as yet been presented.

Numerous rrorn¡ro stud.ies of the boron halid.e complexes of varior¡s

n:itrogen bases are recorieit in the literature. Gates and. co-wo rk"n123

stud.ied. trietkgrlarúne and. some pyri-d.ine complexes, ancl lú:lller and. OnyszctruJ<

those of' acetonitrilel2l 
^rrð. 

tri-urethyl"*irr".120 A nr.¡nber of arn:ine complexes

were stud.ied. by Coyle and. Stone ,1% t.it=chr122 
^rñ. Greenwood., Hooton anil-

w^Lkur.125 Heitsch conclud-ed. tnat 1b *=orr"nce d.ata gives a poor criterion

of complex stability, whereas chemlcal shifts of protons on either the boron

atom or on the ligand. can be correlated. vrith enthailpies of forr¡:atj-on pro-

vided. the variations in stn-rcture of the compounds are held within narror¡r

U¡nits. The fund.amental questíon regard.ing the exact nature of suck¡ a

correlation with rrorn¡ro data however sti.I1 renrains. Chemical shifts are

strongþ influenced. by mar¡y factors such as 1ocal electron d.ensi-ties ar¡d.

the presence of local shielding or deshietding groups or bond.s. It is

possible that variations in any of these terms between the d.ifferent com-

pounds are responsible for the effects obsen¡ed. by these workers. fn this

work as weJ.l as mahing a comparative stud¡r of the chemical shifts j.n

pyrictirre4or'on halide complexos with those i.n th€ protonated. base, an

atternpt is rnad.e to clarify the relationship between (Iolr¡ro spectra and
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donor-accept or bond. strength.

l+.2 The n,m.r. spectra of boron halid.e complexes of some allryI-

st¡bst ituted. pyrirlines .

lthe aIþl-substituted. pyrid.ines studied here were chosen rather

than pyrid.ine itself in ord.er to si-nplify spectra interpretation and analy-

sis. In add-ition valuable data is also availabl-e from the chemi.cal shifts

of the a1þ1 protr;ns. The stu{¡r at first was confined. to the complexes of

ø, p, and. V-picoline, and. the 2-ethy1 and 2-benzyl-pyridines addecL later

to investigate interesting steri-c and. solvation effects. the chemical shifts

of the various protons ín the free base, the borcn halid.e complex and. in the

cation are listecl in Table 4.1o []re spectra were analysed. as eitherAB]/D(

or L{, spin systems, and. a}though the appro:cimati-ons irwolved. in mar¡y cases

is appr"eci-ated., the rrethod. vías consid.e::ed. ad.ecluate because of the broad.

nature of the spectrao lhe esti¡nated. aceuracy of the chemica*l shifts is

+ 1 c/s.

[he spect::a of the comple?ces were recorrled. both in chloroform and-

acetone solution, anct in a mr¡nber of cases, ínteresting solvent effects

were obse¡ved. in acetone solutiono This phenomenon was most marked. in the

2-substituted. pyriitine complexes and was f\rrther irn¡estigated. in cletail.

The data listed. in table 4.1 however is that of the true complex, record.ecl

jmmed.iately after the preparation of the solutiono The spectra of eactt

cornplex was ehecked carefully using freshly prepared. sarnples, but no

noticeable variations were obserr¡ed. Because of the solvation effectsr it
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was d.ecid.ed. not to recrystallise the complexes. Ihe complexes were pre-

pared. by adding the boron halide to a solution of the base in earbon

tetrachlorid.e. The precipitated. complex was then washed with excess solvenb

and d.ried. r¡nder vacuum. Analysis d.ata confi:med. the presence of 121 coût-

plexes in all cases. fhe BBr, complex of 2-benzylpyriðine were too unstable

i.:n solution and the spectra could. not be interpreted. Si¡rilar d.ifficulties

were founrl. for the BF, complex of 2-benzyLpyridine in chloroform sol-ution

artd. of J-methylpyridine in acetone.

Appreciable spin-spin coupling was found. between q-proton^s and. the
11B nuclei in BCI, and. BBr, complexes. Boron exists pred,ominantly as either
1% o" l1B, th" natural aburd.ance being approxímately 1:l¡ respectlruuLy.lzí

Both isotopes âTs ncrnor¡ active, but onJ'y coupling with the more abund.ant

11.^B nuclei was clearl¡r visible. lhe obsen¡ed. coupling constants were all

fourrd. to be about 3.4 c/sr ad an example of this phenomenon is shon¡n in

tr'ig. 4o1 o Goupling could. not be clearly resolved. in the J-picoline complexes

d.ue to the overla.p of the I{-2 and, H-6 signals.

4.3 Discussion of chemÍcal shifb d.ata.

-An interlgretation of the chernical strifts jn the pyrid.jne complexes

must take into account the followi-ng factors:

1. Removal of the nitrogen anisotropy and. lone-pair d.ipole effects.

2. Deshield.i:rg to ar¡y positi-ve charge on tho nitrogen atom in the

complexes.

3. S.hielding or deshielding contributior¡,s from the BX, groupo
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(")

(u)

Fig. {.1

(a) n.n.r. s¡ncüra of H-2r6 in

{-net \yI pyridf ne ¡ 8013

(b) n.m,r. Ê¡þotra of H-6 in
2-methylpgrrldine : BC13
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Because of the many r.nlmown Iarameters inrrolved., a quantitative d.eter¡rina-

tion of the last two factors is not possible. It is possible however to

dj.scuss the problem qualitatively by a compa.rison with protonation effects

in the pyrid.Jle system. In o¡rier to make such a stu{¡r it is necessary to

carry out a suitable breakdownof the chemical shiftr d.ata inLable 4.1.

Lwo empirical rethod.s were here ad.opted.. table 4.2 slrou¡s the changes in

cherrical shifts of the various protons on complex formation ( A U), using

the d,ata of both free base and. complex in chlorofom solution. Protona-

tion shifts are also includ.ed. and. are for CF,COOD solutions. lhe A H values

forlf'-j ancl H-6 are of special interest since they are positions common to

all the compound.s studieil. Iable 4.J tists ratíos of A H values between

protons in the sare molecufe (n) n îhese were calqllated. to compare relative

changes in chemical shifts withín a nolecrùe on complex foruation with those

d.ue to protonation. Becar.se of the complicating factors arising frør the

presence of the BX, groupr onl.Jr R values betlseen p:rotons non-ad.iacent to

the nitnogen atom can give a reasonable comparison. tht¡s the value of R5 
16

in a given complex is approxfunateþ equal for the J- and. [-methylpyridines,

but is sharply attenuatecl in the 2-substituted compounds. Ottly in the case

of BF, complexes is 8,,,6 comparable to the protonation value whÍch implíes

strong deshield.ing contributions from the BCL3 and BBr, groups since an R

value between two protons non-ad.jacent to the nitrogen atom e.*. *5r4,

remain^s suzprising\r constant between the d.jfferent acid. f\rnctions r¡sed.

and. also l¡etween the d.ifferent pyrid.ine compound.s stud.ied., althougþ a

d.efinite small increase of RrrL i" apparent between protonation ard complex

formation çi¡6 BBrr. Basically these obse:¡rations point to the fact that
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the electronic changes in the pyrid.ine nolecule on complex formation ar¡l

on protonation are cJ'osely related..

the actual magnitud-e of these electronic changes appear to be much

smaller in the complexes ttran in ttre cation as is evi-d.ent from the À val-ues.

îhree nain points are evid.ent from Table 4.2. X'i.rstþ, the A values for

protonation are consid.erably greater than those for complex fo¡mation.

Second.Iy, the Á values for the d.ifferent boron halid.es used are of the saroe

ord.er of rragnitud.e, with smal-l but d-efinite increases betweenBF, anil BBrrr

and lastly the A vall¡es for the 2 and 6 prrctons in the BCIJ and BBr, con-

plexes are unusualþ large, particularly 'in' 2-substituted. pyrid.ines.

Regard.ing the fj-rst point, it seems that this i.s a reflection of a d.iff-

erlence in positive charge d.istribution between the catlon and the complex.

In the cation a fuIl positive charge is d.istributed. in the ring, but since

the complexes are zwíiteríonic, the d.eshiel-ding d.ue to the positive charge

is partþ neutralised.. the second eþse¡yation shows that there are no

major d-ifferences ín the electronic ckra.nges of the pyrid.ine ring on com-

plex fo:mati-on with the d.ifferent boron hal,id.es, and lastly it is very

clear that the BCI, and Bibtr, groups have lar8e d.eshield.ing characteri-stics

compared. to the BF, group. This point is also evid.ent from the unusual

R values irrvolving protons 2 or 6 in the BCl, and. BBr, complexeso It is

possible to esti-mate the magnitude of the deshield,ing due to the BX,

groups at the c-prrotons by using the R vaLues for protonation to calcufate

the theoretical value of An-Z or AH-6" Tire d.ifference betn¡een tluis value

and. the obsenred. one then can be attributed. to the BX, anlsotropy. the
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results of these calculations are surmarised. in t'ab1e l+.4 It is encouraging

to note that the anisotropy term oalculated. for eaoh halid.e is nearþ iden-

tical in each compourrd occept at H-6 i-n 2-sr¡lcstituted. pyrid.ine complexes

for rvhich this term is cor¡sid.erably larger. A possible explanation of this

phenomenon may be found. along the lines of the rrbuttressing effectrr postrr

lated by Adams .127-129 A.ccording to this theory the ínteraction between

the 2-substituent and. the BXj group forces the two groups stigþtIy apartt

thus pushing the BX, Broun closer to the 6 proton as shov¡n in Fig. 4.2.

The closer proximity of H-6 to the BX, group then accor¡nts for the extra

large AH-6 value in these complexes. the effect of this steric strain

caused. by o-substituents has also been stud.ied. by Brolwr and. Holme"lJo ftot

the heats of forrnation of these complexes. Their results show that bullry

q-substituents significantly d.ecrease the strength of the donor-acceþtor

bondn fn the free bases this rrbuttressi¡g effectrr may also explain the

+
N

l
E

;i
X

R

¿
X

x,

Fis,. l¡.2

gradual downfielcL shjft of H-6 on increasi-ng the size of the 2-substituerrt,

as well as the fact that the A values for H-6 on pnotonation become
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progressively smaller as illustrateil ín Iable 4.5.

Table 4.5.

Chemical shifts of H-6 in sr¡bstj-tuteit pyriclines ard' their

cationsn (in cycles/sec. fnon fI,Ê)

Sr¡bsti.tuent

4-methyl 2-nrettgrl 2-elIryL 2-benryl,

H-6 (cDc15)

n-6 (crrcooo)

A H-6

507

518

11

509

518

9

511

518

7

512

517

5

Ehe steric repulsion of the lone-pair from the 2-substituent incroases the

d.eshielding to these electrons at the 6-position, and since this ctipole term

is remorred. on protonation, the resor¡ance frequencies of H-6 become nearþ

i-d.enbical in the cations of these compounds.

From the d.iscr¡ssion so far, the following points have thus emerged.:

1 a The A values of the pyridirres on complex formation paralle1 those

d.ue to protonati-on, but are of small-er magnitud.e due to t}¡e

zwi-tterionic character of the complexes.

[he d.iamagnetic anisotrropy of the BF, Eroun is quite small, urrlike

that of the BCI, ancl BBr, groups r,Èrich cau€re large d.ovn¡fie1d. shifts

of the q,_protons.

2.
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Gonsid.erable steric interference exi-sts between 2-substituents and.

the BX= groups which shows itself by further d.ownfield shifts of)
the opposite @-proton.

It follows therefore that the chemical shifts of the boron tri}¡alide-

pyri-cline complexes interpreteil j-n the light of the above mentioned poi.nts

tiren gi-ve no ind.ication as to the relative strengths of the d.onor-acceptor

bonils.

l+.4 Conformational aspects ín the complexes of 2-e1"}niyrJ- and. Z-benz,yl-

pyrid.ine.

In 2-etlryl arú. Z-benryIpyrid.ine consid.erable rotational freed.omr

can be expected. for the 2-etlyl and. 2-benz6rl groups jn the free base, but

a severe restriction of rotation about the Cr--CHrf bond must occur in their

complexeso thus two extreme conforretions can be drawn for these complexes

as shorrn in Fig. 4.J.

H

---H c'
H

I

H
-'Di -B'R

a

A-

++

N
I

/l\
ï,X X x

x x
Fig. l+.J.

(") (r)

Conformation (t) is expectecL to be sterical\r more favou¡:able, and" eviderpe
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that this conformation is in fact preferred is given by the n¡Ilìrr¡ spectra

of these complexes. In cor¡fo¡mation (t) the metlgrlene protons are in very

close contact with the BXJ group arrd shot¡Id. therefore e:çerience a larger

clornnfield shift than the metlryl protons in 2-nethþlpyriô1ne. Inspection

of the A values of the BCI, and BBr, complexes in lable 4.2 shows this to

be the câsso In 2-et}¡ylpyri&ine complexes, furbher infortation is

available from the very small d.ownfiel-d shift of the 4I, protons (8.6 c/s

and. 11.O c/s for the BCl, and. BBr, complexes respectively), as much Jarger

values would be erpected for these protons in confo¡mation (a). Very

j-nteresting informa.tion regarrling the stereochenristry of 2Ãenzylpyridine

complexes was obtained from inspeations of the signal due to the pheryl

protons and. the resonance frequency of the J-proton. The signal due to the

pherSrl protons appeared. as a rrarrow Ii-ne about 5 "/" wide and. only s1.igþtly

shifted, from its position in the free base. n'urthermore the J-prrcton

absorös at much higþer field. than the 5-prnton¡ which is consistent with

the confo¡mation shown in Fig. 4.4.

ï,

a

Fis. 4.4
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tflith the phenyl ring at right a.r¡gles to the pyrid.ine ring for ¡ninimum steri.c

Ínteraction, proton J is situated. in the shield.ing region of the $tergrl ring

thus accounting for the upfield. shift of H-J compared lo H-5.n lhe pher¡r1

prrctons in this conformation are also removed. frqn the influence of the

B)Lj group, thus explaining the âppearance ând ¡nsition of their rI¡IIt¡T¡

signal. Litt1e steric rigid.ity is appærent in the cations or Bn', complêx€s¡

ÎÌre chemical shifts, Avalues and. R vaLues invotving H-6,H-3 and. the

methylene protons appear norrnal, and. the resonance lines d.r¡e to the phenyS.

pnotons in the cation are spread. over about 2J c/s. lhe much smal-ler steric

yer¿sirements of the prcton ard BF, Broups are therefore insufficient to

prevent free r"otatíon of the 2-substituent"

l+.5 SolvatÍon effects of the complexes in acetone solution.

Strong solvation effects were observed. d.urÍng the recording of the

spectra of the BCI, and. BBr, complexes in acetone solutiono the sohrtions

on stand.ing showed. grad.ual ctranges in the n¡Inor. spectra toçther with the

formation of' a white precípitate in the sample tuben the spectra of a

fresh solution shows a signal d.ue to the c-protons at very low fielcl on

which llB - H coupling is clearly visfbl-e. This signal on stand.ing slowl¡r

d.iminished in si-ze, re-emerging at much higþer fielÉI but without the B - H

corrpling. The phenomenon is íllustrated. in X'ig, l+'5. Ihese solvation

effects were most prÐnouncect with the 2-substituted. pyrirline complexes and.

were investi-gated. in detail j-n the BCI, comPlex of 2-et$lpyrid"ine.



Fig. /+.5 (a)

Brrroro spectra of 2-ethylpyridinezBlL3 in acetone.

Recorded innediately after preparing solution.
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Fig. 1,.5 (b)

rrolr¡r¡ spectra of 2-ethylpyridine:BOl3 in acetone.

Recorrled after 30 nin. of pneparing the solution.
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Several gram of the 2-ettSrlpyridine BCl, comnlex lvas dissolved in

acetone arrl the white precipitate that resrrlteä on stand.ing filtereil ar¡d.

carefully d,ried. und.er hj-gþ nacurxr at rcorn temperatune. The raterial,

which appeared. to be only mod.erateþ stable, was found to be h-lgþIy 5-n-

solubLe in both acetone ar¡d. water, but very soluble in acetone containing

a smaII quantity (S-lq") of water. I.he n.m.r. spectra of such a solution

mad.e up Ín acetone-DrO was identicat with that *rown ín Fig. 4.5 (b),

except that a¡l additional signal appeared in the region J0O-40O c/s from

llvß, the exact l-ocation cLepend.ing on the concentration of DrO used.. lhis

signal grad.ualþ increased. in size, with the final intensity propodional

to the amor-mt of D20 used. å.n id.entical sanple prepareil in acetone {Ir0

produced. a si¡nilar signal which showed. no change in intensity. It is clear

from this stu{y that this signal is d.ue to HrO prctons, and. that a fairly

rapid H-D exchange between the acetone ancl DrO i.s taking place. the pre-

cipitate itself was suspectecl to be a solvated. acetone complex, e.g.

( pyrÍù1ne :Bx3) : n( acetone) .

No suitable solvent was available to veriflr the acetone moiety in

this molecrrle, but a sample of this rraterial was d.ecomposecl by hot Ðr0 in

a sample tube, taking care to anoid. loss of vapourso The n.m.r. spectra

of t}¡e resulting solution was then recozd.ed. and. showed. a sharp acetone

signal which slowly di¡ni.nished in size, with a correspondirrg increase in

tlte signal due to tl¡e water protons. Total integration of both of these

signals amor¡nted to six protons per mole of pyrid.ine base, nvhich shows the

complex to be solrrated. with one mol-e of acetone.
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Ihe donor-acceptor bond. in the solvated. complex has clearly been

affected sínce both the B-H coupling and. the large BX, anisotrr¡py effects

are remo\red on solvation. Solvation of th.e Z-ethyl and. 2-berøylpyrid.ine

complexes al-so have confo:setional- cons¡equences. îhe methylene protons in

both cases are shifted. appreciably upfield and the J-prtton in 1"}:e 2-benryL

cornplexes assume resonance frequencies comparable to that of the l-proton,

It is thus apparent tkrat the strusbure of the pyridline-BX, complexes are

consid.erably affected. on solvation, but the exact nature of these changes still

remain obscure.

4.6 11u-n spirspin coupting in BX, complexes.

As pointed. out in earlier parbs of the discussion, spin-spin coupling

was observed. between the 1lB ,rrr.}"i and. c-protons ín the pyrid.ine riqg in

BCl, and.BBr, complexes. 118 h"" a spin nr"mber of J/2, so that coupling

with protons causes each proton line to be split i-nto an equal quartete

fir" 1% nucleus is also rtllror¡ active having a spin nr¡rber of J, thus

splitting proton Iínes into seven equal lines, but such coupling is d.iffi-

cult to d.etect because of the low abund.ance of this isotope. Because of

the broad. nature of the signals, accurate val-ues of the B-H coupling con-

stants werre not obtainable in this work, but those record.ed. were found to

have a val-ue of JJa c/s. S,uch coupling in BF, complexes was not clearly

visible ar:d. i-f present must be quite small. Ehe phenomenon is well doctr

mented in the literature, but considerable confusion exi-sts at present

about the presence of B-H coupling in BF, complexes of nitrogen bases.
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Gates and co-wo"k"r=123 stateð, that the o-ïlesonance signals of pyrittine

-BX, complexes were complicated by couplíng to either'\, th, or ttre
1% ,r.r"tui, but gave no further details or ilh¡strations of this effect.

Milter arrd Orgrszchuklzo ""po-ted. 
the methyl resonance of (Ue)rtU:BF, ín

chl-onoforrn solution as a slightly broactened. singlet, vùrereas Heitscbl22

d.escribed. the spectra of the sarie comporrnd i.n acetonitrile solution as an

approxi.mafe 1-J-\-Çl+-l+-4+3-1 d.ecet d.ue to coupling of the metlo¡r1 protons

with both the 1'U, t%, and F nuclein He also reported a similar pattern

tor (C¡r)rUrnf, ard. further coûrnented. on the failure of pnevious workers

to obsen¡e these splittings, suggesting that this was d.ue to a lack of

spectrometer sensitivity. 0n a careful inspection of the original paPers

of these authors however, this conclusion seems to be unfourded.o On the

other hard,, Greenwood, Hooton ard. r¡Valkerl"5 uru fird. B-H coupling in a

number of prinary and. second.ary amine BF, complexes in aqueous solution.

'Ihe mechanism of this B-fl coupling and the factors affecting it have

so far remained. cibscure. lfiJ-]-er and. Orgrszchukl20 h^u. sqggestecl that re-

stricted rotation about the B-N borxl is necessarxr for such coupling to be

appneciablen This appears to be an unlikely explanation sj¡rce primary anl

second.ary amine BF, conplexes clearly show coupling whereas j-n the stericalþ

unfavourable tertiary amine this is d.isputed.. It was shown in the last sec-

tion that solverrt interaction caused. the removal of B{l coupling whiah

suggests that the nature of the solvent, r.secl uray well ir¡fluence the ob-

ser:\rance of coupling with the boron atom.
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Spin-spin coupli-ng is transmitted preilcninantþ thrrcqgþ the Ø-bonil

fra¡nsse¡¡ of molecules, and. j-s strongþ influenceiL by the r¡ature of chemical

bond.s and, the presence of strong electron withd.r^awing or releasing sub-

stituents. For insta¡rce in the olefÍnlc series it has been shown that the

vicinal coupling constant across the d.ouble bond. is rnrkedJ.y d.ecreaseil by

electron-withctrawing gto..p".l'1 .A possible explanation of the B-trl couÞIing

effects obsenred. here may thus lie in the naturre of the B-N bond.s. îhe

stronger BCI, arrl BBr, co4>lexes shoïr B-trI coupling in aIl- cases reportecl

both in the literature and. in this work, ldrereas the weaker (therrnocl¡mami-

cafþ) BF, conplexes show, if at alJ-, very mrrch srnaller coupli:rg constants.

The neported values in the (Cttr)rU:AX, complexes are:

(c,nr)ru:ar3"'

(cn )rrv:n,r3'"o

(arr)ru:ne r't'o

.l 11g-H

1.54 c/s

2.f c/s

2.8 c/s

[his ord.er agrees well with the obsen¡ed order of B-N bond. strengths.

Furthermor=, the sterically more favou::able mettgrlami^ne and. dimethylamine

BX', comftexes show coupling constants of 2.O and 1 .8 c/s respectiver*r1"

greater than the value for the trimethylamine complex listed. above, The

solvated. pyridine:B)1, cortplexes discussed. earlier also showed. no couplfug,

which nay be due to the weakening of the B-N bond. by the acetone, but si¡rce

the exact structure of this system is stilt uncertain no reliable informa-

tíon can be obtained. from this phenomenon¡
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It does eppear hq¡rever from the above obsen¡ations, that tlre factors

infh.¡encing the presence and ragnitud.e of B-H coupling in these complexes

include strong contributions from the amount of orbital overlap in the

donor.-acceptor bond., i.e.r from the actual strrngth of this bond. [his

shows that coupling constants and not ctremical shift data can be cor"r'elatecl

with the heats of formatíon of these complexeso A more comprehensive stud¡i

of tkris effect incluùing the effects of solvents on the B-H coupling con-

stants will prove vaLuabl-e in the fuJ'l interpnetation of this phenomenono

4,7 Boron halide eomplexes of tkri:azoles and. isothiazoles.

In o¡d.er to further test the conclusions reached in this cleapter,

the boron halide complexes of some of the hetenccycles stu¿Iieil in Chapter

III were pr"epareËl and stud.iecl. Some metkgrt-substitutecl thiazoles ard iso-

thiazoles were chosen in this studlr becar:se of the inert behaviour of the

sulphur atom tona¡d.s the bo:ron halid.es¡ oogo ttriophen itself showed. no

abiJity to fem cøplexes whereas fi¡ran at rcom temperature reacted vío-

lentþo lable 4.7 lists the chemical shifts and Tables l+.8 and 4'9 the

I and. R values respeotiveþ.

lhe d.iscussion of these results fol-lows from that cleve1.oped. in

section 4.J. Isothiazole itself has two protons non-ad.jacent to t*re nitro-

gen atom and. the R value for these two protons is reu¡arkably constant in

all cases, thus verifying the basic sirniJ-arity betneen protonation ard complex

formation in tbis systemo *n" Orr4.values again cJ.early demonstrates the

B¡1= an:lsotropy terms, but its actual rngnÍtud.e, calculated by the methoil
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d.escribed ear1i.er, is smal'Ier than that fou¡rd in the pyrid.ine system

(faUte 4"10). Ihis hor¡'l'ever is reasonable consid-ering the different geo-

metry of a five-mernbered ring which allc'vis slightly greater separation

'betvreen the BX, grorlp and the J-proton.t
þì,[ethylisothiazole complexes closeþ fo].lorv the lnttern of

isothiazol-e ltself a-s expected, but the J-methyl i-somer due to the steric
j-ntera.ctíon of the methyl grrcup is more analogous to the 2-substituted.

pyridine complexes. It also very c1ea.rly' shov"s the solvation effects for

the BCl= and BBr, complexes in aceton-e solution. lhe complexes of ,h-))
methylthiazole show spectral featu.res typical- of the sterically hind.ered,

systems and. d.o not appear to be anomalous in any wayo

B-H coupling was again clearly d.etectecl in the BC1, anl BBr,

conrplexes (¡'ig. 4.6) Uut not in the BF, complexes. [he coupling cor¡-stants

are: listed- in Table l+.11o It is interesting to note that these coupling

constants are appreciably smaller than those found. in the pyridine com-

plexes, rvhich âgrees with the tglpothesis put fo¡war<l in the last section

rega.rd.ing the relationship of B-I1 coupling consta.nts and. the strengths of

the donor-acceptor bords since thiazoles ancì isothiazoles are u'eaker bases

than pyrid.ine. Furthermore B-II coupling constants in l¡-methylthiazole are

somevi,hat greater than those in the isotliiazole complexes rn¡hich correlates

weIL with the order of basicity in these compounclso 0f some interest is

the long range B-H coupling obsenred between H-5 und 1b in the BCI, and

BB,r, coruplexes of isothiaz,ole. this is ill-ustrated. in l-ig" l+./.

In conclusion therefore the present work irdicates that the

behaviour of chemical shifts on complex formation in the heterocyclic
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compounds stuùied. show a close sim.ilariþr with the changes that occur in

these systems on protonation. A. full i:rterpretation of the chemical

shifts in these cornlplexes show that ttrey bear no relation to d.ono:r-

aeceptor bond. strength, .¿vhereas 11g 
- H coupling constants appear to

cor¡:elate we1l" with such bond strengths" .A fuII investigation into the

nature and, theory of this relatior¡ship won1d. be of consid.erable interest"
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. lable 4"1.

Chemical shifts in suhstituted" pyridines. Free bases, cations and.

(cycles/seoo from internal lIÊ)

Protons

BX, complexes.

Substituent.

H-2 H-5 H-,1+ H-5 H-6 -Crr2-R

(A) Free bases- in CDCII

t¡-methyl 506.9

J-mettryl 506.9

2-rnetkgrl

2-eth;yl

2-henz,yL

(n) free bases- in Acetorre

þmethyl 504.5

J-methyl 504"5

2-methyl -
2-ethYl È

2-benzy} -

,cocD

)+25"1

427"1+

1+28,2

l+r5"1

l+29.2

It1.O

ì+32"o

t+31.8

478.3

479"6

477 "6

tù7 "7

+52.7

455"O

)+53"6

452"6

456'-8

J+58.0

458.8

512.O

512"6

514.8

513"5

)¿5.1

429,6

4U.+

J+24.8

1P9.8

I+29"2

t+32"3

)+26.7

429.3

428.3

t+76.6

482.2

l+74"9

t+76.o

l+73"o

506,9

5ol+"4

5O9"7

51O.9

512.O

5ol+.5

5O2.3

506"1

506,1

508.9

517 "9

517 "g

517.5

518"2

516"8

1l+-O.2

159.9

1r3"1

169.8

24t9.5

2l+6.3

167.6

160"7

175 
"1

193,3

271,8

(C) Gations- in CF

þmettqrl

J-methyt

2-metlgrl

2-ethyl

2-.n.enryT

517.9

517.9

476.6
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Table l¡..1 (contcl.)

Substituent. Protons

H-2 H-3 H-4 H-5 H-6 4i2-R

(P) BF, Comflexes- in CDCI,

4-mettryl 513"2

J-methyl 511.9

2-metlryL r

2-ethy1

2-benz.yL

(s) nr, C,omplexes- in Acetone

Þmettryl 516"7

J-methyl

2-nethyl

2-ethyl

2-benz.yL

(x') BCl, Comnlexes- in CDCI,

l¡-methyl 5r$"9

J-metfryl 5\.6,9

2-metlSrl

2-etbYl -
2-benzYL á

468.9 t$8.9

Samp1e too r.¡nstable

)+77.O 509.1 47t"O

t+78"7 511"8 47+.8

476.0 513.9 478.0

455"5

455.9

458"5

461"7

I+54"5

w"o

453.5

úz.o

+53.9

454.8

unstable

513.2

511"9

527"2

527.1

,16"7

528"5

528"8

53O"9

5ú.9

5l+2.5

581.6

579.2

583.3

156.O

1r1.5

172"1

'196.1

189"6

273.O

159"2

156,1

196.8

225.5

303.9

)ß5 "6

l+f.5"5

490.0

Sample too

458.À-

490.5

490.4

491"3

l+82.O

l+58.À-

tó7.9

459.O

1+63.7

454.0
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lable 4.1 (contd.)

Substituent. Protons

H-2 H-3 H-4 H-5 H-6 -{[r2-R

(e) BC1, complexes- in Acetone

l¡-netl5r1

J-metlgrl

2-mettryI

2-ethyL

* Z-benryL

551.4

551"3

475.6

478.1

487.O

4,80.0

505.1

507,O

521.O

517"5

475 "6

480.8

474.5

1183.2

l+83.4

551,4

551.3

591'-7

577.O

528,7

562.Q

56t"9

601.0

5g+"6

56+,2

563.5

598.4

595"4

207,.O

222."0

276.7

I 60.0

157"o

2o3.2

227"9

202"1

227.9

(¡t) BBr, Complexes- in CDCI,

þmetþl 562.0

J-nnettryl 563.9

2-netfurI

2-ethYl -
2-benryL

(f) EtBr, ComÉexes- in Acetone

Þmetlr¡r1 564"2

J-methyl 563.5

2-netl5r1

2-ethyl *

2-benzyl

460,5 - \60"5

- 487.8 l+66,6

¿+61"1 l+91.o ¿$1.3

t+69"L L96"7 )ú1.t+

Sample too r:r¡stable

t+76.ù. 476"4

506.2 tß1"7

J+80.0 507,7 476.5

486.0 518.5 ¿+75,9

Sample too unstable

* Data for solvated. complex- Spect:rrm changecl too fast for
unsolvated complex to be measurecl, except:

H-6 z 583 -cfI?-R . 3O5
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lable h.2o

A Va1ues in chlorofo:sr solutions (in cycles/sec.)

A = ø" (comnlex) - lH (free base)

Protonation (u+)

LH-z LH-3 A H-4 AH-5 À H-6 A-{Íf2-R

1 .o 51"5

(a)

þmettgrl

J-nethyl

2-metl5rl

2-ethyl

2-benzyL

(n) BF, complexes

[-methi¡¡I

J-metÌgrl

2-methyl

2-et}:'yl-

2-benzyL
(acetone)

1

1

1 o0

5O"g

51.ù.

)+"5

26'.5

30.4

\4.2

64"5

59.9

59"8

59"9

37.9

32.8

35 "o

55.1

,1.5

52.6

50..5

51.2

1u3.2

28"4.

32"4

29"5

30,o

49.7

11.0

13,5

8.8

7.3

4.8

6.3

7.5

18.5

16"2

22"O

27"4

21.8

22"O

23.5

22.3

15 "8

12"6

19.o

26,3

26.7

6,3

5.o

28.1+



-136-

îable 4"2 (contd..l

A H-2 LH-l A H-4 AH-5 A H-6 A -.GI2-R

(c) BCI, complexes

|-metlU¡I

J-methyl

2-nettgrl

2-etly1

2-benzyL

(n) BBr, conplexes

[-methyl

J-metlgrl

2-metÌ5rI

2-etþyl

2-henryL

40.0

40"o

55.1

57.O

34.1

26.3

9.9

35"9

41.2

ù2.8

37"7

59"3

28"1+

33.3

39"3

3l+"6

3g"g

ù"2

35.4

37.o

56.9

36"6

40.O

38.1

72.9

6g.t

71"3

55.1

59.5

92.4

83.7

19.0

17.2

45.7

55.7

5l+.4

19.8

18.1

50"1

58"1

33"3

55"4

,+0.1

38"3

41.7
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Tab1e 4.3n

R values of pyriitÍrles on protonation and. complex

formation in chlorpfom sorrrtions. (R*ry " ffil

W 16 R5,cH2-& RS rE

(+) Protonation

l¡-mettgrl

J-metfurl

2-retþI

2-ethyJ'

2-benzyL

(g) BFrcomprexes

4-methyl

J-netYryL

2-netÌ5r1

2-ethyl

2-benz'yl

4.68

3"9O

5"74

7oO1

9.00

4.51

4.32

1,59

O.l+7

0.40

1.gg

2.+1

2"29

2"18

1.94

1 "80

2.57

1.55

1 "14

o.82

o.84

0.85

o.72

0.86

0.go

0.86
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Íable l+.J (contc["1

W rG W rffiz-R Wr4

(c) BCl, complexes

l+-metWI

J-metlSrl

2-methyl

2-etltyt

2-benz,yL

(p) BEr, complexes

l¡-methyl

J-methyL

Z-metl:yL

2-etLryL

2-benzryl

o,8J

1.01

o.\.7

o"57

0.J4

0.64

o.62

0"40

0.ù4

1"75

2.23

o.7g

0.70

o.+5

1"79

2.O5

0"74

o"65

o.89

0"91

1"01

o. 85

o.g2

o"96

on 88
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Table 4.4-

Calculation of the d.eshielding effect of the

protons. (in cyctes/sec,)

Wr6 Au-6

protonati.on value oalculateil

BX, group at the 6

Air-6

obsen¡ed.
"*5

anísotropy

(A) BF, complexes

[-metþ1

J-metl¡yl

2-netþI

2-ethyl

24enz,yL

(g) BCI, complexes

¿+-methyl

J-mettryJ'

2-rnetfqrl

2-etllyi

2-benz,yL

4.68

3.90

5.74

7.o1

9.oo

4.68

3"9O

5,74

7 'o1

9000

6,1

9"3

5"1

4o5

5.5

7"1

9.8

6.0

5.6

2.7

7.6

9"5

6 "l+

5.2

6.3

7.5

18.5

16n2

22"O

40.0

38"1

72.9

68"3

71"5

55.1

59.5

92.4

85.7

o"2

13.4

11.9

16"5

32"9

28.1

66.9

62.7

69"6

47"5

50.0

86.0

78"5

(c) BB,r, complexes

/¡-metþ1

J-metlgrl

2-retþ1

2-etn-yt--

2-benz.yL

4"68

5.9Q

5"74

7.o1

9o0O
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table 4"6.

Chemical shift d.ata for solvated complexes" Orùy values for

H-2, H-6, and. for -CII,-R coultt be accuratelJr

deterr¡ined.o (in cycles/sec. from flrß)

H-2 H-6 -crl2+

(¿) BCI, complexes

166Þmethyl.

J-mettryI

2-mettgrl

2-et}:yJ-

2-ioenzyL

(e) BBr, complexes

þmethyl

J-methyl

2-methyl

2-ethyL

2-benzryL

529.5 529'5

not clearly obsenrable

- 526,2

529'2

529.7

193

276.7

not clearly obsenrable

not clearly observable

not clearþ obsewable

528 195
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Table l+.7

Chemiaa.I shift data for some metlSrl-substitutect thiazole an¿l isothlazolc

bor¡on trihalicle complexos" (in cycles/seo" fron f[6)

H-2 H-5 H-¡+ H-5 ffi¡

(A) BF, oorrnlexes (cmrr)

Isothiazole

J-mettSrlisothiazole

l¡-metWl'sothiazole

[-metrUrLthiazoJ.e

(g) BF, oornnlexes (aoetone)

isothiazole

J-methylisothiazole

l¡-metþIisothiazolo

lr-metWltlriazole

(o) Bot, eomntexes (in cocrr)

isothiazols

J-methylisot}riazo.Le

þmethylisothiazole

þnethylthiazole

O

e

Ê

527"8 450.3

- 4JO"0

511+.6 F

551"O 45t.9

- 439.1

535"7 '

539.2 t+ß2.6 569.7

F u+g.g 559.2

525"9 - 51il+"5

Sampl.e too r¡¡¡stablo

54t"8

533"3

518,5

439.9

164.9

1l¡7"O

157.9

F

560.1+

-
166"2

7l¡7"5

-

-

551"O

534.O

528.O

448"0

180"6

1l¡9'4

776"9602.8 - -
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lable 4.7 (oontct")

(o) BCl, connlexes (in aoetone)

isothiazol,G -

J-nethylisothiazole ô

lç-methyllsothiazol@ r

|-nettrylthjazoLe 618.rl

560"5

5l+9"2

a

(B) 3Br, oonplexes (in cmrr)

isothiazole

5-rne tÌÐ¡I is othiazole

f-metl¡yllsothiazole

þnetÌrylthiazole

H-2 H-5 H-4 n-5 *,

tß7.9

456,9

58t.o

565"2

558"8

477.4

556.4

536"J

5t4.3

À49.8

-

Ç

-

563"2 456"2

F +37"9

5I+8"5 *

F

187.6

1lê.5

133"862o"8

(r) BBr= oomploxes (in aeetone))

isothiazole -

J-nettylisothiazole c

,l¡-methyligothiazoLe r

þmetbylthiazole 63t"4

577,6 t.7l.6

- 462.2

560.6 ñ

589"6

566.7

566.5

!ß2.1

786"5

199'5
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fable lr"8

¿\ values of i.sothiazole andl thiazole complexes rneasured. in

ohlorofo:m solutions (in cyctes/sea")

A H-Z LH-l Á H-J+ A E-5 A C%

(n) Protonation:

lsothiazole

J-nethylisothiazole

l¡-rne thylissthiazol e

l¡-netlgrJ.tlrÍazoLe

(s) 
"F.ã

complexes:

isothiazole

J-retl¡ylisothiazole

þmethylisothiazole

þnethylthiazole

(o) BCI, oompl-exes:

isothiazole

J-methyLisothlazole

þnetfurLtsottriazole

þrctl1ylthiazole

(o) nnr, complexes:

ísothiazole

J-nethylisothiazole

[-metlUrLisothiazole

l+-netlo¡rl,thiazoJ-e

62"7

-

-
)

-

-

-

-

-
a

-

-

-

3+"9

39"5

31"o

29"2

-
c

12"5

9"5

52.8

48.8

49.6

tß.2

22.Q

20"6

25"o

25"1

29.2

21.5

34"5

53.1

3l+"6

11.6

40.8

34"9

21.3

1l¡.3

15.2-

-

-

57"6 !

llro o

15"9

57"2

37.O

-

¿+9.8

16"7

17.6

12.4

6.7

7.7

J8.f

9"1

26.6

h

-

-

-

-

80.0

49.J+

-

I B.l+

16.4

-

15"1

9.2

t3.6g8.o -
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fab]"e lr,9

R valt¡es of isothi"azole ancl thiazole complexes

isothiazole BJr4 &15

H+

u*J

BBr,

B0rJ

1"13

1.12

2.31

2"69

o"5g

o"57

o"55

o.53

5*netltylisothiazole E4r5 gLrffi.l

H
+

BX,

o.60

O"l+l

o"8J

o.8g

1"37

o.69

O.¡+6

o.h6

3

BC1,

BBr,

lr-rnetlyl'sothiazole R3ñ &J'ffi3

H+ o"79

0.6rù

I 
"07

1.22

2"75

2"39

lrooT

5.1ê

"".5
801,

*=.5

l¡-metlgrlthiazole M15 85 rffi,

H+

u",

1.30

1"50

2"1+2

2.81

5.65

3.26

7 "?5

1 oo4

BGL

*tJ
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table l+.10

Calaul-ation of dloshiel¿ting effeot of UXJ group ln isothi,azole ând thiazolo

oomplexes" (io cyoles/seoo) (usiag B values for protonation)

Proton A calsu-
].atecl.

A f,ound. B5
anlsotropv

BF'. oomplexes!

l.sothiazole

þ-ett¡ylisothiazole

J¡-nethylthiazole

BGI, oompll€xes3

isothiazole

l¡-methylisothiazole

4-rcttrylthiazole

BBr, complexes:)
isotlaiazole

þnethylisothiazole

,l¡-metlyltl¡.iazo]'e

H-52

H-3?

H-22

E-J:

E-J:

H-22

I{-J:

tl-5t

H-2:

l,lro I

I B"r+

52.6

1B.l

25"o

43"o

20"7

25"3

l+5 "4

llro o

l5.g

37,6

37"2

t7.o

80"o

l+9.4

¿+9.8

98.o

I
2"5

5.Q

79.l

I 2"0

t7 "o

28o7

24.5

56.6

tt
B

table l+ol!,

- H coupling constants in lsothiazoLe antl thiazole compLexes

Bcb oomplex
BBr-, complex

isothÍazol-e

þnetþIisothiazole

H-3t
ll-52

H-5:
trúz

2"2
0.8

7"9
o.7

e/s
c/s

c/s
c/s -

l+l-tnethylthiazole H-2'. 2.5 c/s 2.8 c/s
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(A) Instn¡nentationc

Norß.ro speotras - Ã1I n¡Btoro spectra Trere deterrnj,ned. on TTari¿n

Op6O an¿ IDâ"6O-II, speotrometers operati¡g at 60 Mc/s. Ietramethylsilane

was used as Ínternal standarrl for a1l solvents exce¡rb d.euterir¡n oxicls

(OZO) wtrere díoxan ( 6 ' 3.W) was ¿"u¿n Calibration of speetra recorrled

on the DP60 spectrometor ms by the r¡sual sj.cle bandt technique, using a

Muirheait-Wigan D-8!04, auclio-oscillator. At least eígþt separate d.etemlna-

tj.ons with i¡rcreasing and. d.ee¡¡easing nagnetie fietd were recorded. r¡nd.er

sLow-sean eond.itions. Speotra obtainecl using the ÐÀ6O-It speotrometer

reene measured. d.iæctly with the aid. of a B.A.C.â.L. SA5l5 frequency

cor¡ntero Ohemioal shifts aæ believed. to be accu::ate to I O"0O5 pcporao

unless othenrlse stated., and. coupl-íng constants to at least 0.2 cycles/sec.

V¡rriable temperatu¡r studies¡ reere perfonred. on the DP6O i¡st,nment using

the special probe assemb\r supplíecl by the Varian eon¡laqy. tJ-l solvents

used. çere of spectroseopíc grad.e a¡rd. carefrrlþ purifiecl arrd. ckleel befone

usê o

Eleotro¡ric spectra¡- 5l'hese were d.ote¡srined. in 13. Oo5 x lO-4 lû

sol-utions on a Unica¡n æ7O0 speetrophotometero For the curre nesolutions

the spectra were neeord.ed. at scan rate 2 a.ni[ a chart speed. of 12Or per

hourc Each speotra Tyas calibrated. using a hoLmir¡m oxid.e glass filter at

the wavel,engths 278"5 and 286"/+ n¡r"
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I o Preparation of bipyri{¡r1s.

2r?t-bípyridyl a¡rd. íts 4tbt- and 5¡tr-d.i.uretfurl d.erivatives wene

pre¡arecl by the aotion of degassed. raney nickel catalyst (WZ-l) on

pyriannelS2 o, the appnopriate picoliræ.U The three bipyri{yls were ob-

taj.ned. as eolourless cryst aLsi 2tTr-Ðípyrictyl mop. 69.5-70.5o 1ir*.13t

mnpo 69.5), 4r4t-¿i-nettryJ.-2r2r-btpyråd¡rl m.po I 7C-l172o 1lrit.77 m.po 17O-

172\r and. 5r5r-itl¡aeliryrL-Zr}r-bipyriityt ln.p. 1ItA15o (fit.77 m.po llJ+o!-

rr51.

5 rJr -ilinett¡yl-2 r2r -bipyrl4yl was obtainect by heating Z-bnorao..J-

nettr¡rlpyriilíne with copper b*ro".134 fhe product was obtainecl as a eolorrr,-

less riquid. b.p. 166-170o/ß ran (Litol'4 b.p. zg]'-zgIo).

3,3r -bLWridyJ- was pæpaned. by oxidlation of ¡-phenanthroU-¡:e

followecl by cteeartor¡rlatlon of the clÍ-carbo:çylic aci¿.155 1he procluct vas

obtainecl as a colourress oil b¡p. 285-2950 1tit"115 bop. 2J1-z9zo).

4r,t+r-bipyridyf nesultecL from the aotlon of sod.ir:m or, ¡y"iai"rell¿
and, ras obtaineil as colourless nee¿Les¡ rrropo '113-114.5o (t*.135 11¿+o).

2o Preparation of the brlclged bÍqrraternary sa].ts of 2r2r -bipyriélyL.

llre general methoel cleseribed. by Homer anct To¡nli*oo52 was used. for

the pzeparation of aII the biquaternary salts ilescribect belono @uimolar

arnounts of the appropriate 2r2r -bipyridyl or ciimetÌprJ- dlerlvative ard' the Ort^r -
d.:ibromo¿alka¡re were heated. for l+ hor¡¡s at 12ù18Oo in o-ilichlorcb ertzenß
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(rather than nitrobenzene as suggestecl. by the above authors). lfhe pæ-

eipitated. salts rere fiLtenecl, yashed. r:Lth aeetone, d.issolved. in methanoL

andl treate<l wlth eharreoal. the filtrate r¡vas reduoed to half its voluoe by

clistÍUation and. the biquatenrary saLts precipitatedl. by the additisn of

acetone' Seve¡:al reerystallisations frome meth¿¡6fra@etone gave the pune

salts.

Compoundl.s (Xf) n-Z (lrtO-aif,yclzo-$¿r1ga-d.iazon'aphenanthnene itibnomlile),

mop.328-3.¡oo (aeo.), (xf) E=J (Zr&.ititurdro..6H-itipyrictoþrr-^r2r¡lr-c]-

[tr+]dliazopidäniun òibrrmide)r D.po j00o, ana (xr) È4 G¡7¡Br9-getra-

þdroitipyrnoþ ,2ràZ2r ,1t-e] þ r+] ut"uoclnicLiinir¡m br.omlde) mop, z6trz65o

have been reporbed. by Homer ancl TonLi^o"52 a¡d. the dlata above agrees wlth

the resul-ts ùtainect by these authors.

componnd.s (gr) (6r8-cfhydrcclipyriaofl rz-o: zt ,ir-"] [t J rdu*^aiazepictiinir:m

clibnomí<te), (XfX) (7rA-aifryaro-7r?diþd.ro:cy-6H-dipyridoþ ,2-a;2t rt,-o_l-

[,r+]ut"uepitliirrir.un dibromlcte), ana (Xf) (Zre-aifry¿prJrJ-il.i]rydrorry;6rB-

cli.urethyl-6lil-d.ipyriao ft ,2-a:ar ,trr-d þ ,d ut"uepiitiinir.nn itibronide) **
pre¡nred. by Dr" I.C" Cald.er

the studl¡r in this worko

8t in this deparbment and ki.ndly supplied. for

(xr:) n=z )

Prepanedl f rcn J rj r -d.imetlryrL-2 ¡2r -blpyrlclyl ar¡il 1, 2-d.ib rcmoe tha¡6 o

oorourless crystaLs, D.p. ,5oo (Iit .92 3goo).
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(nru) u¡ (7.8-dihvaro.l.la-d.i¡iethvl-6H-ùi.pvr¿aoF.z-a;2r .1r-e-1ft .¿r-l-

dliazepictiinir:m cl.ibrcnicb)

Pre¡nnecl from J,Jr -cli.methyl-2 r2r -bipyri{¡rl and. I ,J-ilibrcnopropane.

Oolorrriless crystalsr D.p. JIO-JIJo. (normAt tr, l*.69; H2 DoO2; Nr'1.2f ;

Brr l+0.5o Cf¡HfdP"Z" t,ffr0 nequi¡,es O, l&.57¡ E, 4.99i N, 6.9j; Br,

39.6Í4).

(Xff) n-h (6.1.8.c-tetrahndro-1,.1J,-d.jrouthvl,aipvrj.Aofl.2--E:2t .1, -o-ll-l .L-l-

d.iazocinicliiniu¡r clib ro¡n:lite)

Pnepaned from J ¡Jr -d.i-metþl-2 r2f -bipyri{yl and l rlrctibromobutaneo

@olourless \¡rgrrseopic solid. r*rich could. not be recrystarrised.o A satis-

f,actory sampJ,e for analJrsis coul¿l not be obtal¡red.o

(nru) n=z )

Pnepared. frør l¡rl¡r -d.Lmett¡r1*2 r2r -bLpyridyf ancl 1 r2-dibnomoetharæo

r,ight green erystals¡ Dcp. 265-27ga 1trt.52 26&¡2T00).

(x¿II) n'¡ (7.&-dihvc[ro.2.12-dinethvr-6H-d.ipvrid.dl.z-a:zr.1,-c-l l-1 .hl:
cliaz epid iinir:m d.ibrcnicle)

Pnepanecl from l¡rlar -cti.netþl-2 r2r.hípyricl.yl ancl I rj-dlbromopropane.

Colour.Less orystalsr E.p. 355:J\Oo (aec.) (For.rncl: C, t+5o61; E, j.11i

DÍ, 6.7+; Br¡ lÉ.Jo Ct5Htdf"Z" þHZA roquínes Cr LD.59i N, h.8gi Nr To09;

Br, tþ.516) 
"
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(Nlfr¡ n¡h (6.7.8.q*tetrahvd.ro.2.l¡-d.imethvldipyriaol-1.2-a:2r .1r-olfl .¿l-l -
d.j.azociaitLilnir¡n d.íb romide)

Prepaned. from l¡rllt-cLi-æthJ¡1-2r2-r-bipyridyl ar,d. 1¡Jp4¡þ**oþutanoo

Ool.ourless crystals Er.p. Ð5-Z6Oa (aec") (founa: A, h4.86i Hr 5.6Zi

N, 6.26; Br, Jf .1. \6HZëÐeZ. LHZO :¡equires ¡ Ê¡ \4o98; H, 5.tQ¡ W, 6.56;

Br, Jf .la$).

(xrrrr) n z )

Prepanecl fnon t¡$r -cti.methyl -2 r2r -bipyrldyl and. 1 r2*d f b rcmoethane.

Green needtesr rnnpr 53o-34oe (aec.) çttt.52 35oú35o (aee,) )"

(Wffr) n=5 ( 7 .8-d.ihva¡o-z .1 I -ai.nethvl-68-¿ipvrldr; h ,2-a: Í r .2t -ol I-1 .¿r'l -
ctiazcpicliinir¡m clibrquicte )

Prepaned. from lr5l-d,i.methyrL-2¡2J-d.lByri{yl and. 1¡)-dibronopropane.

Col-ourless orystals¡ Eropo above SOOo (aeo") (frorua: C, l+4.66¡ n, L,76;

N., 6o60¡ Br, 39"2n CfSHtflf*2. Hro :reeuires C, 4+.57; H, 4"99i Nt 6"95i

Br, 39.61ô).

(xlrrr) n=+ (6.1 .8^g-tetrahvdro-1-12-dimethvl-dipvriao [-l -z-a: 2r -1r-ol [t -r'-l-

cliazoo j-niclíinir¡sr clibromüIe)

Pnepared. from 5 rþ 
r -di-metþI-z r2r -bipyrid¡r1 ar¡d. 1 rÞilibrcmsbutane.

col-ourLess crystarsr nop. 3ooúo2o (aec.) (souatL c,47"60; H,5.19i N,6.63;

Br¡ lÉooo ctgHeoNfr, reQuine¡ c, lr8o01i H, 5"o3; N, J.oO¡ Br, 39.ñ)"
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t a Pnelnration of the oxazoles, thiazolesr æd isoxåzoLesn

Ihe various conpounds studied. ín th:is group wer€ aLL pæpaned, by

established. æthocls and. their ¡*qrsical, proprtles wer€ in agneenent with

those reeord.ed. in the literatuneo They aæ sununrisecL as follsws;

!rcP. Of, boPo
Gompound. appearslnce

Refer-
enoes

For¡ncl lit"

2-metlU¡Ioxazole

l¡-metl¡rloxazoLe

thiazole

2-nethyLthiazole

l¡-netr¡ylthlazole

!..metþlthiezole

iso:razole

oolourless

1Íquid.

colourless

liquiit

colourless

liquid

colou¡less

liquicl

colourless

J.iquict

colourless

J.iquid

colourless

Iiquid

colourless

J-iquitl

87-88o 87-88o 136

87*89o

57-6aoßz ulrl

95-960

l1ÍJ-1190

zre¡lz"/

l¡l run

94.8o/

769 m

t lgo

o
87-89 137

11tr-117o 116. go 1¡,g

1zo-l5oo 129-13eo 15g

133)5-150o 15t-ú\o Up

140

1lç1

J-metþl-i-soxazo].e l¿e
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Gonpound. apPearanoe
Bcpo Of bopo refe¡:t

eno6gFouniL litc

l-pher¡ylthiazole

[-pherfyLthiazoJ.e

!-phergrlthiazoLe

l-pher¡rlisoxazole

4¡l¡r -5i¡1¿azoLe

eoLourloss

ol-l

oo].ourless

oil

aolour:Less

plates

colourless

oi.I.

eolou¡less

orystals

Z6i-2-75o 26f-259o¡ 1t+3

732 sw

52-5t+o 5zo EB

Ð+-Iß l+54+60 il¡l

241-25Oo 2+6-Z4Ao 1U+

169-1710 17c-,171f l'9'

o

tt*

Isothiazole, J-netb¡rlisothiazoLe ancl l+-metþ¡rlísothlazoLe we¡re kir¡d\r

d.onated. by Dr" B'. Hubenett of the lfar¡s J. Ei.rnner lÍerfahrenstechaiko

À* Preparation of the borcn trihalÍdle oompLexes of alþL-sr.¡bstitutedl

pyr^C-cllnes, thiazoles and. isothiazoles.

l1l compl-exes were prepaneil by the dlirect ad.ctitlon of the boron

trlhallile to a solution of the base i.n ear¡bon tetract¡-loriil.e çtrioh rvas fLrst

caæf,uJ-ly ctriedL over potassir¡m þilrcxidle pellets ancl then fIlte:¡edc lEhe

BF, was actclecl by bubbltng the gas (trtut<a) tnrougn the solution, but BC15



-155-

and. BBr" were adcled. as chlorofonn solutions.
J

fhe reactions are strongly exotherr¡ic and were eontrolled. wtth the

aid of an aoetone-d4/ ioe-bath where necessaryo the complexes prccipitated.

on stand.ing and, afüer several washings rith oa¡þon tetraehl-oricle, were

d.rÍeit ln vacuo at r.oom temper.ature. Beeause of the stroag sslvation effects

obsenred., they reæ not further purifÍecl but satisf,aetory analyses were

obtained. ercept for a nrmber of BF, complexes rvhieh wene too r¡nstable.

Ehey anq listed ln the fol.Lowing tabIe.

Comp.Lex. Ànalvsls data.

A¡-ne tlrylpyrid.ine ¡BF

J-net}¡ylpyriùine¡BF

o6Efl.BF5
3

5

Fotrnd.r È, l&"97i tI, 4.55¡ F, JJ.O.

requinesr C, \4.77; fi, 4.J8; ß, 35o4#^.

Sound.¡ C, 20.51¡ Ht 2.2Qi N, 3"95i B, J.JO.

requires Ç, 2O.96i fr,, Z.OJ; N, 4.08; B, 5.15%.

Fou¡rd.¡ C, ,b4.00i f,, 4.1ú; B, 5.4i fr, 35"4"

rreqnines c, l*.77i E, 4"38; E, 6.72i Ê, 35.1+4.

þmetl¡ylpyricline:BGl, Iror.¡¡rcL¡ C, 15.56i H, 4.193 N, 7"89¡ B, 5o4ß.

C5HrN$tl, requirres C, 34.26i H, 5.35i N, 6.66; Br 5.1t$Á.

lr-rre tþIByrid ine :EB r,
C5H'N:BBr,

c5ErN:BF,

J-retlrylpyrid.ine:B0l, For¡nd.¡ G, 35.5I+; H, 3.92; N, 6.82¡ Br 5.\2.

C5ÌI'N:BC1,, requires C, 34.26i f , 3.35¡ N, 6.66i B, 5.1.,$Ã.

J-methrlpyridÍne:BBr, Fou¡rck C, 21.77i H, 2.1*i Be 2.92,

C5H'N:BBr, requiræe E, Ð.96i H, 2.Oi; B, 3.151".



Gompl-ex

-15tF

ånalysis d.ata.

2-ne tlgrlByridli-ne :BF

c5llf :BF,

2-ethylpyridline:BS,

cfrN:nr,

2-e tþIpyri-iLine :BCI,

ofUN:Bc1,

2-b enzylpy riilin e : BC 1,

Isothfazole:BF,

For.urd¡ C, 59"73i H, l+.8J; E, 6.1i E¡ 33.9.

nequines C, t+4"Tli H, 4.58; Ð, 6.f2; P, 35.t+#.

Xtoundr C, 21.57i H¡ 3"17; Bt 2.79.

nequines C, 2O.96i H, 2.Oj; B, 3.15Í4.

Four¡dt¡ e, 47.37i ÍT, 5.67; B, 6.3i ß, 32n9.

¡equÍl:es C, 48.05 ¡ H., J"19; B, 6,18i Ì, J2.5So

Four¡d.: 8t 57"23; H, 4.48; B¡ 5.1Ji, CLt 45"5"

nequirres At 37.47; H, 4.Ol+; B, J¡.82; e]-, 47.t+194"

5

2-$ethylpfricline:BCl, Founik C, 35"6; fr, 5.96; B, 5"23.

O6H/!I:8O1, regulnes C, 5t+.26i H, 3.35i B, 5.7W6.

2-rc tt¡þ1py ri- cline : BB r,
c5HfrI:BBr,

2".etlrylpyriclinelBtslr, Fou¡rd.¡ C, 2\.6J; H,, 2o95i B, t.Oz.

CfrN:Btsrr, requires G, 25"5Oi.H, 2.5t+i B, 3.O4"

2-b e nzyLpryr ri cl.ine :BF, No crystalline sample could. be obtainecL for

analysfso

No crystalJ-ine sa.rnple could. be obtained. for

anal-ysis.

SanpJ.e too unstable,

Fon¡d: C, 18.16; fi, 1"76i S, 15.45; B t 5.5"Igothiazole:8C1,

OfrlE:BC,t, :reeuires 0,, 1J.81; H, 1.t+9i S, 15.85; B t 5Õ514"
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ånalvsis d.ata.

Isothiazole:BB.r,

5-re ttfylis of hiazo l"e tU CI,

CnIrrlS:BCI,

For.¡nd.: c, 21.78; Hr 2.23i S, 14,37¡ B2 5o5n

nequines C, 22.21; fr., 2.!Ji S, 14"82i Bt 5"Oøo

Eounct¡ C, 10"50; H, 0.81i N, 4..ã5; B, 3.5O.

CfrlW:nnr, regui.nes Q, 10.73; H, O.9Oi N, 1r.17; B, 3.2$.

J-æ tltylis ot hiazol e rBF, Four¡d.: C, 27.77; H, 3"37; N, 1.22c

J-ætlrylisothiazole:BBr, Sou¡¡cl¡ C, 14.28¡ H, 1.lO; S1 gol0; Br, 68ejp ,

,l+-nettfylisothiazole:BF, Sample too unstable.

þnetþylisothiazole:B0l, For¡¡rcl: C, 21"71i H, 2.59; S, 14.60; B, 5.1O.

ehlil5lËsBc1, reeuires Q)r 22o21¡ H, 2"33i S, ll+.82; Br 5.W.

þnetlr¡rlisothiazole:BB.r, Dor¡nd: C, 13.89; H, 1.1\; $, 9.1!¡; Br, 6f .5.

þnethyl,thiazole:BF, Found: Q, 27"79; fl, 1.1ßi N, 8"18; F, 55.3.

CnHrIß:BIr, neguines C, 28.17; lI, 3"O2; N, 8.J9; E, t+"1#.

Þnetþyl,thiazole:BC For¡nd.: a, 22.¿ú; H , z"7li s, 1l+"53; dL, 47"5o

C4H5N$:BCI, reeuiæs A, 22.21; H, 2.53; S, ll+.82i CLt t+9.1VÃ,

¿t-InethJ¡rthiazolelBBl, Fow¡cL: c, 7L.56i H, l.7Ji s, 1o.o5i Br, 67J.
OnHrN$:BBr, reguires ë, 13"7\i H, I,t¡J¡; S, 9.17; nr, 68o5ffir

Itj
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Appendix.

Summary of calorlations outlined j.n Chapter I.

1) Deshielding due to point-clipoles:

fAB =
3 q;

1

i=1
('t-l"o"zl)

N ,2t3

{t tu the vector joining A and, g;Xa the nolar magnetic zuscepti-

bility of B. Niu tfr" angle between the di-rectlon ofXg *d ñË,
and N 1s Avogradols nu¡nber.

2) Deshielding due to etectric fields ( e ):
crE = -2.9 * 10-12 Eu - ?.3g x to-19 n2

where Eu is the conponent of the electric field along the C-H bond.,

and. E the totar erectric fietd, at the hydrogen rn¡cleus.

Ð The electric fie1d, is obtained. from the expression:

n = -I3 [r"o, / tDì] - tt'l I
r¡here u is the dipole noment in Debyes, r the dista¡rce of the nucleus

fron the dipole centre, fut] tne unlt vector along the dipolo, and

L¡e] the unlt vector along the line joining the d.ipore centre and,

the hyd.rogen ntrcleus. / is t,he e^ngIe between ffiana ["t] .

/) The electric field due to a¡r electronic charge is given by:

É = /+.803* 10-10 -!-7-:::!--
Ri

v¡here \- iu the d.istance of the proton fron the charge Aq, and

Ø tne angle between the line joining the charge with the prot,on a¡d

the C-H bond.
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Notes to Tables A-1 a¡rd A-2.

Table A-1. Thre 2 r2r -bif¡rridyl systen Flg.

I
II

III

ry

v

VI

WI

WII

IK

Ring otrrrent effect (tt-¡ - H-5) . 1.1

Lone-pair dipole effect at H-3. 1.1

N-anisotropy effect at, H-3. 1.1

Total effect I + II + III. (free base) 1.1

Total effect I + III. (free base in water) 1.6

Effect of positive charge (U+) on H-3.

Effect of positive charge (U+) on H-5.

Effeet of delocalised positive charge on H-3.

Tot,al effect I + VI + VIII - VII (for di-cation)

Totar efJteot (v + w)/z(for mono-catÍon) 
'a"tt,

Table A-2

XI Ring current effect (H-¡ - H-5).

Page

19

19

19

19

33

5z

52

20

20

20

20

Tlej, 3 | -dimetþI -2 12 
| -biçryídyl systen

X

ruI

XIII

xrìI

)rv

rVT

rVII

X\ÆII

Effect of C-CH3 bond a¡risotropy on H-3.

Lone-pair d.ipole effect on H-3 .

Total effect XI + XII + XIII. (free base)

Effect of positive charge (N+) on II-J

Effect of positive charge (N+) on II-5

Effect of delocalised. posÍtive charge on H-l

Total effect NI + XIf + XV + Xì/II - XVI.(for d1-cation)

Total effect (xrv - XIII + Wrrr)/2
(for mono-aation)

1.2:

1.2

1.2.

1.2

1.14 53

XIK 1.14 53
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