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STUDH!T .A.MD TEACH! 'S t'CTIVITIES 

·~ rs ll an i c e '·1 • t..v n 1 1 , R • Sc . { Sy d . ) , was a \\I a r de cl the de q re e of 

Docto r of Philosophy ~or her t~esis ' A study of netathesis and 

fine structure in pyrimidine , pteridine, and rellted compounds.' 

''r T.Teitei, ~· .sc.(Tokyo), wns awarrled the ce'1 ree of Doctor 

of Philosophy for his thesis '~soects of tautomerism in the 

oyrimidine series. 1 

Mr I.H.Pitman, B. Sc .(L ond.)(commenced 26th November, 1962), 

has submitted for exa~ination his thesis er.titled 'A Kinetic 

Study of the Dimroth Rearrannement' . 

The followin9 are procee~inn to the degree of Doctor of 

Philosophy: ~r P.V.Foster, v .sc.( Lond .){commence~ 19th Pugust, 1963; 

sub ject, 'Studies in Pyrimidines'); r. r J.G.Catterr111, ,,Sc.(Hul1) 

(commenced llth October, 1963; subject 'Investi~ation of 

Bi-heterocyclvls'); ~·1r r.r-.cayce, 'LA., R.Sc.(f)xford)(co'nmenced 

4th No vember , 1963: subject 'Comnlex-formation between metals and 

sulphur-containinq ligands'); 1r J.SMith, ~ .R.C.S.T.{Glasgow) 

(commenced 2Cth November, 1963; subject 'Studies in quinazolines 

and related compounds'); ~·r •1 .r~ .Paddon-P0w , 8.Sc.(Lonc.)(commenced 

9t~ ~arch, 1964: subject ·~study in pyrimidine and related 

heterocycles')· Mr J.~.Burtinq B .Sc.( ~ .S. W .)(commenced 17th 

February, 1961 as a Commonwealth Postqraduate Scholar; subject 

'Papid Deactinns of ~itroqen Hetcrocycles in Uater'); ~ r P.W.Ford, 

B.Sc.( ' onash)(conrnence<i 15th f=ebruarys 1965 as Ma.sson Memorial 

Scholar, C.S.I.P.'1.: subject 'A Stucy in substituted Pyrimidines'); 

"r H.Yamamoto, ~ .sc.(Tohoku)(com~enced 12th April, 1965; subject 

'InvAstiQations of heterocycles with two er more rin~-nitrogen atoms 1
: 

't. r Tzoonq-Chyh Lee, ·~.sc .( Tohoku)(comrnenced 1°th October, 19f.5; 

subject •p Study of Alkylated Pyrimidines and related heterocycles'); 

Mr IJ.V . Brown, ILSc.( f' urha!i')(commenced 19th October, 1965~ subject 

'Synthesis and kinetics of reaction of nitroqenous heterocyclic 

compounds') · 1·11 r I.P.S.Kariq, ' ".Sc .(C h;inaidar)(commenced 21st October, 

1965: subject 'Soectrftl studies of compoun ds containinn carboxylate 

~nd related ~ro uoin~s ') . 
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Mr .W.~.Remeljej, 8.Sc.(~delaide)(commenced 3rd rebruary, 

1964) resianed July 1965: ur.r . O . ~atts , B.Sc.{Lond.){commenced 

30th ~uqust, 1965) transferred to Pesearch School of Physical 

Sciences, December 1965. 

Throu~hout the year, seminars were or~anized at fortnightly 

intervals by Dr.E.Spinner. 

QESEARCH PROGRAMME 

INTRODUCTION. The broad concerns of this Department are 

investioations of substances, of low molecular weiqht, which 

belonq to chemical families in which powerful, but specific 

bioloqical effects have been foun~. These aims are pursued 

by (f) organic chemical work involvinq synthesis, isomerization, 

deqradation and analysis; (ii) physical chemical work involving 

electrochemistry, cryoscopy and osmometry, and spectroscopy of 

many kinds (ultraviolet, infraredt Raman , and nuclear magnetic 

resonance); (iii) inornanic co-orrination chemistry. The 

main lines of research beinq develooed are (u) heterocyclic 

chemistry with special reference to vital cell constituents such 

as the nuc1°ic acids (especially the chemistry of pyriMidines, 

purines, and pteridines; also analoques and inhibitors), and 

(b) quantitative studies of equilibria in mixtures of 

bioloqically-occurrina heavy metal cations with bioloaically­

occurrinq ligands (metal~bindinq substances) or simplified models 

of these. 
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~·a ny molecules containin11 a fuserl nyrimidine rino have been 

shown, in this Deoart~ents to co~binc covalently with one Molecule 

nf water. Accordinqly purines were investiqat ed for evidence 

of this oroperty. It was found that even ex~mples having 

substituents that would soeci~lly fav0ur hvdration (Ps in 

2-hydroxy-~-trifluoromethylnuri~ e } oave rise to no detectable 

aMount of hydration (~lbert). 

In recent years, there has been a r enewa l of interest in the 

biolooical uses of acridines, as mut1qen s, as vital stains, and 

as nucleic acid intercalators w~ich selectively inhibit the 

synthesis of pr•p and proteins. Pccordi no ly, this Department 

has resumed the study of acridine chemistry. A new oxidative 

method has been found for convertinq 9-chloroacridines (and hence 

acridones) into acridines through the corresrondinq 

9-hydrazinoacridines. f.ontr~dictions in the literature are 

resolved reoardir.o the oroo~rties of 9-hydrazincacridine. This 

oxidative method has also heen examined in the quinoline and 

isoquinoline series with a view to findina the best reaction 

conditions, as well as the ~ost li ~ely reaction mechanism. 

In a new reaction. it was fo~nd that acridines, heated with 

sodium carbonate in boiling ethylene qlycol, give the 

corresonndinq bi-acri~anyls (~lbert, Catterall). 

Somewh ,t surprisingly, 7-hycroxypteridine, which has 

no tendency to add water or eth~nol across a double-bond, 

nevertheless re .d ily adds acetylacet0ne and various other 

tyoes of ·:ichael reaoents. This reaction can be carried out 

in alkaline or neutral solutions, or at oH 2. Sodium hydrogen 

sulpbite for~s a similar 1:1 ~drluct. There are indications 

that many other pteridines behave in this way (Albert, ~cCo rmack ). 

Investioation of the ooly:ners. forrnerl froJTl 2-arninobenzaldehyde, 

on storaae at room teMperaturc, has shown that they are ca~e-like 

molecules and do not have the si~ple constitutions assigned to 

the~ in the literat ure { A lb ert~ Yamamoto}. 
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The followinn thrse ryaraarao~~ qive r~ccnt results in a 

lonq ter~ study o~ nucleophilic disolace,e~ts in oyrimidines. 

~ quantit~tive study oc th0 anination of ~e thoxy- and 

11.ethylthio- oyrir.iidires has been extended to th ~ hiqher 

alkoxy- an~ alkylthio- boMo loo ues, which were found to be 

replaced only a littl e l Pss r ~p idly . 2- and 4-Methylt~iopyrimidine 

~ m i n a t e a t e o u a l r .:- t e s i 1 c o . t r a s t w ~ t h t11 e u n e CJ u a 1 am i r. a t i o n r a t e s 

for the corresnondinq ~ethnxynyri~i~ines ( P.J . Brownj Foster). 

The first sirn lR methylsulphonvl- and methylsulphinyl­

pyrimidines have been orepared 1nd their facile dis placement 

reactions are bein~ studied ( O.J.Brown, Ford) . 

Chloropteridines ~ave been shown to aminate more rapidly, 

but chloro~urines less raoidly , than the corresponding 

p y r i m i d i n e s ( [I • J . R row n ? Ly a 1 l , E r1 o 1 a n d ) • 

The Pimrcth Pearranqe~ent. Pccordin~ to the reaction 

conditions~ 5-cyano-1,2-dihydrc-2-imino-1-~ethyloyrimidine 

unclerriot:s norm~ r 0bnorr1al r ~2. rr anqelll ent via an acyclic 

intermediate . The ~bnormal product, l-am ino- 5-fo rmyl- 2 ,3-di hyd ro-

2-inino-3-methylpyrimidine, undernoes a sec ond abnormal rearrange­

ment to 5-carb~M~yl-2-rnethvlaminopyrirnidine (D.J.Brow~, Paddon-Row). 

1-A l kyl-2-alkyli~ino-1,2 -~ ihy~ ropyrimi dines (with differing 

alkyl qrours) un rierqo Qi~roth rearran~emc nt to an equilibrium 

mixture of two isomers whose r ~t io is ~ f unction of the nature 

of the 3lkyl qrours . This ratio w~ s conve ni entl y determined 

by n . m. r . snectra (O . J.~rown, Harner~ Enaland) . 

~ork on the kinetics ~nd equilibria of the ni mrot h 

rearranqement has b~en comnlet erl, and a mechanism which involves 

several equil i bria has been pronosed ( 0 errin, Pitman) . 

Equilibri , involvina m0tal comp exes in aa ueous solution 

hnve been further r-xa~ined . Stu dies of th e eff2ct of hydrolysis 

in systems containin~ conper(II) and nt utral linands show that 

binuclear comolexes are frr~erl . Stability constants of ~TP 

coMplexes of bioloqicallv i mpo r t ant metal io ns have been measured 

( re r r i n , Sharma ) . i' o en er·-~ 1 con !Jute r or 0 '1 r r1 mm e has bee de v e l 0 o e d 
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for calculatinq the stabilitv constants obtained when a metal 

si~ultaneouslv for~s several rifferent kinds of coMplexes, 

i n c 1 u d i n q ~ r o t o n .:i t e 1 • n n d !1 o 1 ~' n u c 1 e a r s o e c i e s . An improved 

titration cell for orecisc 0otentionetric titr~tion has been 

desi0nej an~ bui1t (Perrin, Saycc). The nature of the bindinq 

of tetracyclines to the ~iner r l fraracwork of bone has been 

exolained (Perrin). 

Preli~inarv studies n~ the addition cf water to 8-az~ourines 

and 2,4,f-tri-substituted oteridines have been made in the new 

rDpid-reaction aooaratu3. The true p~a values (anhydrous soecies) 

of severcil substances (e . n. auin,.zoline) which hydrate covalently 

have been measured similarly (Perrin, ~untinq). 

Vibration-spectroscopic sturlies of carboxylate ions have 

beer. extended into the aro~atic series. It is found that the 

two (0 2- stretching frequencies are affected differently by 

substituents in the aromatic nucleus (Spinner). 

A coMoarison of the infrared snectr~ of some hydrated and 

some anhydrous hexachloroantimonates of 2-hydroxypyridines has 

revealed unexoected effects of interionic hydroaen-bondinq on 

somE aromatic skeletal stretc~inq bands: the infrared spectra 

of the anhydrous h'.?xacrloroe1ntimorc.tes closely resemble those 

of 2-methoxy- and other 2-substituted oyridinium ions, whereas 

those of the hydrated salts, like those of 2-hy~roxypyridine 

hydrochlorides, arE r~ther different {Soinner). 

A study of the effect of rin~-d e uteration on the vibration 

snectra of aminot:yri 'incs, amiropyridine cations, anc pyridones, 

with a view to establishinq d0tails of bond structures and band 

assianMcnts, is in oroo.ress (Batts, Soinner). 

In extension of some rrevious work, the infrared spectra of 

corce~tr~ted solutions of methvlfor~amide and dimcttylfor~amide in 

aq~eous ~cid have bPen detcr~in0~. It has been sho~n that two 

acid-?~ide rr~cticn oro~ucts exist~ and in hydrochloric acid 

(both HC1 i!'l H2fl ,'>.nd OCl in D2") the t1"0 nroducts are in 

cquilibriu~ with 0ne another {Sninner). 
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~ • .i:i me t h c d h as b e en w o r k e d o u t f o r t h e d e t e r m i n a t i o n o n 

sulohur in orqanic c0mooun~s on the sub-nilliqram scale reauired 

for specimens sub~itted by bioloqists. The procedure known as the 
11 H o t- r.i '1 s k Me t ~' o d B f o r ms t h e b a s i s f o r t h e n e w r r o c e s s ( F il d e s ) . 

Investioation of a series of methylindolizines by nuclear 

ma~netic resonancP. snectrnscopy revealed that oro ~ onation can 

occur on two different carbon ators althouah the positive charge 

~lways resides on the brid1eheact nitroqen atcM (Armarego). 

The svnthescs of four unsubstitute~ naohthyridines heve 

been imoroved so as to ner~it the preoaration of larg e r quantities 

and the investi~?.tion of their reduction. 80th th~ cis- and 

trans- fusee! forms of decahycro-1,5-nriohthyridine have been 

orepcr~d anct their structures nssi~r.ed from physical data 

{Armare10). 

A detailerl study was Made of the electronic effects of 

substituents (in the 2-position of s~me twenty auinezolines) on the 

covaler.t hydration that occurs across the 3~4-double bond. The 

res ults showed t~at althouryh the first step in the covalent 

hycration is a nucleophilic attack by (i l - or H2o on the ll, -position, 

t h e :H.:! i:! i t i o n ( a n d re t e n t i o n ) o f a p r o to n o n rJ - 3 ( o r ii. - 1 ) co n s t i t u t e s 

another critical ste~ in the re~ction ~echanism ( Arnareqo, s~ith) . 

The liter~ture describes a Product of unknown composition 

which arises fro~ the conders?tion of £-~Minoacetophenone and 

methazonic acid. With the aid of nuclear maqnetic resonance and 

other ohysical 111cthotls 9 t : is is sho1.1rn to be a constant meltin<! 

mixture of £-aminoacetoDherone (25%) and l,2-dihydro-4-methyl-

2-nitromethylouin~zoline-3-oxi~e (75%}(Armareqo, 8atterham) . 

A lonq-standin~ problem in heterocyclic chemistry is how to 

Measu ~ the resultant of two onoosinq influences in 5-membered rings 

which contain two or rore nitronen atons . These influences arise 

fron the elcctron-with~rawinn effects of a doubly-bound nitrogen 

atOMs and the electron-re1easinq effect of a sinnly-bound nitrogen 

atom. n ste~ towar~s the solution of this oroblem has been taken 

by mea suri ng the kinetics of the reaction of b r o~o-~-methyl­

tetrazoles ant t-methyltri2zolcs with piperidine . Great differences 
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,·' t:\-f 2- . ·--- .. ·r..t ;· 9 ·~- s 1 '~ti::ut;.. ·· l;i3, ~~ -t r icz :1_ infen :s have 

t fJ. n n r 2". r' · · . • F> '· i ,, 1 ? t i 0 r. '"! f ? ·· '1 e t h v 1 t h i c - 1 , .; ~ 5 - t r i a z a i n r. e n e 

"! Cl v ~ s i r. u 1 t ri :; r 1 • s ·1 '' : '.1 r e i :. o .,, .· r i r 

.'· s ·, u · v o <- i n n i 7. : t i :i r. r 0 .• ~; I a :- t ·:; ~ r. . : 11 1 t r ' ,, i o . t s :; i. ·~ t r a r s v c :i 1 e d 

t h ~ t } 1 3 , 5 •· t r i ."l z "l i c ~1 2 • c s ~- ·1 11 _, ,.i i F f r c n t _ i t e c; • f p r · t o n '.!. t i o n 

Th ,· r "~ i .. i o n s r f h ,, · r ;, t i r ··; i '.'" s ( v E: r c 1 s u s c e ':' t i b 1 e x ;_s -

_ l ~ - '{ i '~· t i c r ~ . r, t Pr i rl ~ n 2 

to t ~. e s , ~-. 1..~ c i". r ; o r c t n "-: ~ .., c; t !'". e ( 1.·: ? • e r - :-l 2 i v c r } h yr r '.) x v - g r c u ~ 

c- 1rir1 y- -.'"' i rc-· -l1·l·t-·rrcvc11c b;s ·s ~i:.s bu:>n sturfied . - - Tr12 ~'fork 

iS fic in ~~X'!:i..rrl(d t(1 irclud•·. ( · n1tr'.:s-t i on i-HHl l.tdrolytic 

d2n 1itt=>tior ( Ki'>1•·~zi• ) . 

i'1..;r;n~ r r~10net i 1 r.s·)r::.-rc:; teci1r.i:;u ·~ s s' DY.J th;-t C;)t i r_:ns of 

nrsiticr.s 

(' = ' t-nnr!s n f t h ,. n '',,." z 1· c r; • n ( ' · + -~ ~ r i· ... -,, ) ..._ ~• \... · to\ I. 1. v Li.- · 'U •, • 

v r..·,... 
J. .. ~' 

S y ,: n e v ' · r i v f; r s i t .'! i l'I F t: b r u a ; '' . 

n " '" r • o ~ h t ;' u s t r "' 1 i ' r · · r , r. . ';;1 11 '1 ~ .: i £: :-i c e ' s S v •; '1 o ~ i ~ m o n 

lrs Perr i r. and 

: ·- ? r - ;i \~ ": 2 ~ ., "I "' ,.. ".' r i ... t \., " • 1 ,, t ~ ~ - ,.... r ,, ::-.. n i (' "I r. r -: () - ~ r 'j i r. 3 t i 0 n c h ; m i s t r v 



• Spinr.er ~00ke i 1 th\:? Fiftr: .rius~r:ili r <;~ectrosc<'.\py ConfE-rencc, 

Chf!i:1istry, h::-l(i it r,uriust at ~ n:;sf> L'niv~rsit11, the followinq 

ar.r! Srii th . 

r·, r i" • ,J • 11 n w r. v i s i t •-! ~ ~ 1 1 t h •- p r i r. c i n a i c e n t r t.: s o f p y r i m i d i n e 

re s c.:- r r; h i n t. '1 ~ " • '.'.J • i' . . , E i · r r N· ~ and I s r - e 1 , du r i n '1 ·"a y - J u n c , 

~-r ,J ,Filrcs retun:~r· in Serte :~:!: er ~r :::"": mr-111ths stucy leave 

Grit~in, an'' tl-:2 !l.c:. r . :is nart of :i prc·qri!· ·.-.. p t 0 exar;iine the 

cr~~~rativc perfornrnc~s n~ s~vcrAl coMmerc 1al ly avail~ble 

vl'tCm."'1.". ic instru':)ents -For t:i;~_ simultcneous ,.,,icrodeterri!ination of 

carhor-, hycro('lP.n! r:'n'"t nitroqen in or,..anic r;- ::; teri a l~. 

S' c 0lso >.tte--;dpr3 the :.~ci.=tv rf i' r.alytic;l Cheriistry's Conference 

at f'. ottinah.;.'1 l'riivcrsit.v .... nr1 nrest-::nt2rl ~, researc h pilper t'lt tht: 

PcLnsy1v;ni:- Ste.te "r:iversitv . 

Tufts Vrivarsitv M·rical School) Po. tnn); Dr.C.S cho ltissek 

l'niv:-rsity)· i'r · ,t;ordr·r. (Snith 11.lire u :d !'""rcr.ch Lahcr '! tories, 

and i r !_' • Si· u ("I :i r { T n s t i tut•: 'J f 

C 1 i n i c fi 1 t r i a 1 s o f r: r r . ~ . t; r m•1 .-; ' s rH' 1, •. 1 ~ u b s ta n c e 

(2~r·- di?r;ii1"-7-l1y-'.rnxv11cthvl"t('ridine) -~ s an :rnti-leuk ::H~mic ai:ent 

.::. r e i n n r o '1 r c s s ( !" r ' 1 
• . 1 c c 0 b c; !' n , S t r v: n e w~ v s L ?. b o r a t o r i e s ,, C i'\ m b r L :: c~ , 

, I • , . . r. . 1 '"' ' ' . t 1 ~ t '·i ) an c r _ • ,· • L• 1 i' m or• c1 3 ~ i 1.. r f. n s . : 0 s p l a . ~ :;. c.<; n r, ~ ass • • 

~bsalut 0 ~n~ ~ . V .P. 8th; rc. 4ere rurifi~~ routinely fo r the 

S~ver~l u~Bvnil~tle che~icals were 

synth~size: ~or ~t~nr rc p=rtm~nts. 
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r 0 erkin-r1~er ~in rucle~r manretic resonance sp~ctro~etEr 

for tliis arc~ ether r 1 <.'".l i'trn nts. 

Snertrnscnoi~ s2rvice ~~rk ir J~CS co~rris~~ th e deternination 

1f J.f.il ultrc.violet ard 3" ir~fr31·ec' sl'"'cctra: lE of the lattc·r w<:re 

for other "~oart~Prts i~ tt~ ~chc0l. r Perki~-Elner €21 dua l 

oratirq inf arrrl srcctro'Jhoto"'rter v10s acouire •. in 1'. uqust 19GS. 

t t o t 1 n f l 7 f, ? re Q L: _ ~ t s f o r e 1 2 m 2 r ~~ c 1 a n a 1 y ~ e s a t : d s r 2 c i a 1 

,,.,, e i h i n as were con" 1 e -r- er' o" t h e 7 5 " s "m !'." i e s s ll b ~ i t t e d t c t h e 

rnicroanalytic;il s ?ctic"~, SP))c.rvised by .' r Filct~ s. This 

renreser;ts ;; 2r i rcrcasc; ver that for 196li . ~ bout ~~ % of the 

en lutical work was c 0ncrrne~ witb ~icro~eterninations of carbon, 

~v0rcnen, anr nitr~~cr.. The ~ata i~ the co~~arison tables 

indicates an lU' ir.cre r:sc ir: the reou .sts r e ceived from other 

Oeoartm.ents ir this School . t more uPiv ~ rsally an~licable 

packin'l has no•1 bet:>n •'e 1 ised for th0 routirie an;ilysis service, 

02rticularlv to cooe with fluorin~ 9 ~erc~ry, ~rti~0ny, an~ other 

~etallic co~nounrls subritte~ by the Bi0l0~ical Inor~anic Che~istry 

lln it. 

1 
• v- P • T • E n ,, 1 :i n rl • a S e "' i o r T e c h n i c;-, 1 '"! f f i c 2 r i n t h i s 

Oeoe1,,..tm.ent, sucr0ssf 1Jll·1 cnr1nl~tec' his 13.Sc. col!rse at tht: School 

of benercl Studies. 

P\'P! IC/'.TI'"'S 

~ L. P. E P T • f.1 • 

S e 1 l c t i v e To x i c i t. / ( t h i r r. i:: d i t i on ) • ~ 1 et h u en and Co • Lon rl on 1 

( Poo~~) xiii + 39 • 

' ;'I c ri di n e Sy 11 ~- l' c s.:: s a n (~ , .. ea c t i ons . Part VI • :: '. s w 0 eh a 1 o ri en at i on 

of 9-fhloroacridine an~ its ~erivative~ . Further ~cridine 

Ionisation C"r·stants c:inr' l'ltr?violct Spectra.' 

'Fundarner~2l -soects nf ~ e lective T0xicity.' 

Ev;ilvvtior. ar- .: '"ech"'r.is1 s o·F ~·· ru11 Tox·i :: ity. 

fl r. n :i 1 s 0 f Th G . ! e w Y or k "' c ll <"! E ,., v of S c i er c e s , , 

12". rrt.l~ n.~. 
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" (] I! J n c '' s i n l ' ·. ~~E.: r ·1 (. y c 1 i c r h l"! :-; i s ·t :- \1 • 1... 1 . 

/
1 l B ft' 1 s !• • , <: : T 1 [ R /'. L , r.. • 

t\ L ,, r r T ., / • • (' L ,'.\ i . K ' ,J • 

Jour~3l of t~~ C~~ r 1c a 1 Soci etv, 27 . 
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