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MOLECULAR STRUCTURES
DEPARTMENT MARY R. TRUTER

Introduc6on
The Molecular Structures Department is new and dates from I April 1923. previously
the permanent gaduate staff had been employed by the Agricultural Research Council
and constituted its Unit of Structural Chemistry (Hon. Director, the late professor Sir
Ronald Nyhotm, F.R.S.). The department is housed temporarily in the Strand where the
Unit started in October 1966, as an out-st2tion of University College. As the present
accommodation is structurally unsound, we are planning to move to Rothamsted early
in 1974 into space kindly provided, temporarily, by other departments pending thl
provision of permanent accommodation,

The general theme of our work is the relation between molecular structure and bio.
logical activity. If new biologically active compounds are to be sought, and if those
occurring naturally are to be modified or manipulated by rational and economical
methods, a fundamental understanding of this relationship is essential.

In the medical field, work on enzymes and drugs is already well-supported and the
depadment (as did the former Unit) concentrates on chemistry of major plant nutrients,
particularly the co-ordination chemistry of alkali netals and alkaline earths.

A characteristic of many biological entities is that when alive they contain membranes
which act as selectiye barriers in alkali metal transport so that on one side there is an
aqueous solution containing a high concentration of potassium and a low concentration
of sodium while on the other there is a low concentration of potassium and a high
concentration of sodium; on death, diflusion results in conc€ntrations of sodium or of
potassium being equal on both sides ofthe membrane. The chemical problem is to explain
this selectivity and to make compounds that simulate membranes by displaying selective
ability to coordinate alkali metal ions. Because the best, and sometimes the only, method
available for determining the environment ofthe metal in a compound is crystal structure
analysis, the original Unit was set up to use this technique. The tecbnique can be applicd
to the solution ofstructural problems in nearly any crystalline compound, as the examples
of our work during the past year will show.

Classical coordination chemishy of aILaIi metals
We sought compounds that would confer on alkali metals the ability to pass through
lipid membranes. Treatment of alkali metals by methods analogous to those used for
transition metals has enabled us to obtain some compounds which can be defined
unequivocally as complexes. We have studied the efect on complex formation of the
nature of the donor atom (usually oxygen or nitrogen) and of the electron attracting
or withdrawing powers of other groups in the molecules.

Coodinative saturation. To confer solubility in non-polar solvents it is usually necessary
to neutralise the charge on the cation with one or more coordinating anions and often to
complete the coordination requirement of the metal by the addition of neutral molecules.
We made sodium, potassium, rubidium and caesium compounds of formula M+(o-
nitrophenolate)(l,lGphenanthroline)z (Layton, Nyholm, Banerjee, Fenton, Nave, &
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Tfiter, lotrnal of the Chemical Socicty (A) 0970) 189'+-1890. Crysbl structure analysis
(s€e DaDer 11.6. ;. 360) has now shown that the mmpounds are uncquivocal complexes,

-ontmeric foi ioOiuir and dimeric for the larger cations but with all donor atoms

coordinated only to one metal.

Adonlc complexes SystEmatic investigation of the efect of chang€ itr the electro-

negptivity ofigana molecules led to novil complexes. rf morc anions are coordinakd to
tni."tui ttuo-*iU neutralise its charge, the metal may be found in an anionic conplex.
yirsatile anions with one negative charge and two donor atoms are p-diketonates

fnCOCffCOn)-; as R and R'change from -{IIg to --{Fr (more electron s'ith-
drawing) so thelossibility of forming complexes with more anions on the metal increas€s.

witn (6r"cocl:gcocf;f as tne inion, compounds containing the complex anions

IM(CF"COCHCOCFg)zI- were obtained for Li, Na, K, Rb while uniquely for sodium

ite'anion tNa(CFsCO'Ci{COCFa)sl2- was obtained ard established by crystal structure

anAy.t oi its'rubidium salt; the iodium is six-coordinated by three chelating anions

*Ul"I occupy tne sides of a trigonal prism (see paper 11.5, p. 360) (Fenton, Nave and

Truter)

Polydentste ligands

Compounds with two donor atoms attached to the same metal, i.e. chelate complexes,

have'higher stability constants than the analogous complexes formed from two separate

iin nA."o"itn the same donor atoms. Molecules with more than two donor atoms in
sriitable positions sterically for complex formation are likely to form still more stable

complexes. We have explored various polydentate ligands with the- idea that high corl-
plexing ability in the ligind may comPensate for the low complex-forming power ofthe
alkali metals.

Pt€nrcyt Xoiate. Simple salts of alkali metals with a halide or thiocyanate as the anion

form c6mpllxes with phenacyl kojate (5-Phenacyloxy-2-hydroxymethyl4l{-pyran'4-one)

a molecule with four (or possibly five including the ring oxygen O(5)) potential donor
oxygen atoms. Most of these sals form complexes wittr the formula MX (phenacyl

tojite)z wtrich give similar crystalline forms. One of them, the KI complex, has been

investigated by iomplete crystal structure analysis and the potassiurn found to be eight-

coordinated by oxygen atoms. Three oxygen atoms from each of two triply-chelating
molecules (O(l), O(2) and O(3) attached to the sane potassium) provide six donor atoms

and a stoicheiometry corresponding to the formula KI (phenacyl kojate)2; contacts from
the hydroxy-oxygen atoms, O(4), of two further phenacyl kojate molecules complete the
coordination of potassium, and give a polymeric structurc. There is no K+I- interaction.
For all the thiocyanates and for the larger cations and halides, i.e. those for which the
lattice energy of MX was less than 150 kcal/mol, a I : I stoicheiometry was found (see

paper 11.4, p. 359) (Fenton). The caesium thiocyanate derivative was taken as typical
Lflhis ctasiana its crystal structure was determined; it is a complicated polymer, the
caesium ion being co-ordinated by thiocyanate ions and by oxygen atoms from phenacyl

kojate molecules. Althougt the phenacyl kojate molecule has several single bonds about
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:,H. lf.::f,.o is pmsibte, 
.the Dolecule exhibits the same motecular geometry,

:lp^rJ-..j:": -.111!H 
eroup, io the.potassium complex, in the caesium compo'una, an'drn rne nyorate ot the pure comDound; thus no, or very little energy is requi."il to 

"hargethe shape of the motecule on comptex formation. (ri;jG;it'fr; and Truter)

'Gowtr' conltouds It is a common feature of_ complexes of natrlrally_occurring anti-biotics with, alkali metarsthat oxygen atoms ofthe anibiotics repliice most or a, of thesorvent molecules around the central metal, while the surface consists of carbon andhydroge-n atoms. Howeyer, thcse naturat 
"omi"ula", 

naring-Go-fitO lfrom a cnemicalpoint of view) by chance, differ among themilves irthe "Gt"i-"Jout*" of the donor
:|.r,T: l1dJ:._TTy orher particutars,io that it is diftculi to aiiitnguisn tre principra on
Y^.:i.T.::I":!f::ld !-p"rtiT ure_ based. Accordingty for a introueo investigation
y:1_..:: r:.,1 .{"rl"g" 

:o.g.o^lojr -9f 
a.series described by pedersen (Journal-of the

:.y.::"y,y!r^::d .Socie-ty (1967) t9, 7ot7_:7$q, and given semi_sysiematic n-amesw cn lndtcate the srzE of the macrocyclic ring and the number of oxygen and hence ofdonor atoms present. Examples are jven in fd. i ;bi"h;;;s?it tney are a[ multi_dentate ligands.

/ o--1z\.p )lild
\..\o \\ e-/--\.,,

trnze I 5-crown-s

a"-)ry" )3
(.-\,

dib€nzo-18.crown5

dib. o-3ocrown-lO

dibenzo-2+crortn-8

Fto. I

The.e_crown compounds had been shown to extract some alkali metar sarts into non-polar solvents. We conpared the be-hlviour of potassium and sodium salts of chelating
anio-ns, e.g. o-nitrophenolate, and of simple anions, bromide,loaiai or ttiocyanate, witi
9_"J:l: :1"_y -f-Oouuds 

of Fig. I . Foi potassium the ratio of mital to -ow; J;;;od.
pnmanty upon the number oforygen atoms, being I : 2 for (crown-S), I : I for (crown_e,2: I for (c-r,own-8) and I : I for (crown- I0). ne*iou" woik revi;ed recently (Trud:
see paper 1l.l' p. 359) had showr that one potassinm ion is sandwiched teiwien two
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molecules ofthe crown-s compound, so that it is lGcoorditrated; on€ ocruPies the c€njre

; fi;;;-6 ring; two potassium ions occuPv the crown-8. ri-ng 
-which, 

like the smaller

;;;;;p.;-i-";iy pla'nar; in contrast the iiown-l0 ring is folded up to wrap around

oo.'pot itir- ior. in-the last compound the end-product has. all the ten oxygen atoms

".a 
i,o ..f"*t or iodide ions coor?inating the metal' Recently we haYe isolated inter-

-.Ai"i" ..ftrt"O pioducts which should help our understanding of the stePwise forma-

tion process.--f#*ai"* tt".itoation is more complicated, the product depending upon the nature

or-the anion and the presence of watir. one of the products was (sodiurr,,-o-nitro-

iil*.r"i"U alu""ro-2,1-crown-8, in which unexpectedly two of the atoms of the crown

;"-;;;;e";; 
"oo.oiout 

aio the cation; tie ctvJtat structure is still being refined

irt ,ttlr "L"i 
tn"t tle two sodium ions are bridged by cnitrophenolate ions above and

6Jto* itt" ptao" of the crown compountl of which three orygen atoms are coordinated to

oo" roanit ioo u"d another three to the other sodium ion' (Hughes)--i*".iig"ti* *rtn the large (and usually non-complexing) anion, tetrapheDylborate'

sPh.:, rf;"*rlhat this favoirs iormation of I : I complexes with the 8 and l0 orygen

;;#y"l;; i;;;dium, potassium and caesium' Anhvdrous compounds a1e 
- -f-ormed

*E"n u'." ptoUUfv ofthi wraparound type. For sodium tetraptenylborate and dibenzo'

fO-oo*n-iO lor"ir"r, in the lresence of water, complexes with tw9 sodium ions to one

cro-n with vatious degrees oi hydration are obtained' (Wingfeld)

Membrane shdies. The influence of various crown compounds on the efrux of potas-

rir- 1i". i.o blood cells, from 'ghosts' of these and from liposomes prepared from

i""itt io ,"u. -"**.a with a potasiium-sensitive electrode. With erythrocytes or ghosts

",r.o"rra"o 
in u" uqueous medium the potassium potential was measured after the addition

.i i, *"-""pii"iragent (to maintain^electrical neutrality by allowing H+ to pass into the

;l ;. gh;i;;ai-f"n) uoa then of the test substance dissolved in a small volume of
;;;-a;;; toGot. rot tposomes the test substance had to be added during their

,Lrut'"ii"", they were tten suspended in an aqueous medium, the 'uncoupler' was

Ioo'"J 
"ro 

tu" ptassium potential measured' In ill cases higher conc€ntrations of the

"r"*" "o-poria. 
were iquired to produce effects .comparable with those of dilute

,oi"tioo, Jr the naturally_occurring' antibiotic, vatinomycin. The small differences

GG"o tn" 15 crown compounds eiamined were not significant. From the expeliments

tt;;b- that a critical iactor is the solubility; complex-forming compo.nds with.a

;;;G J"btltty in water and/or hydrocarbon lolvenls- Te required' (Gossett with
il.. ii. Co-p"tti, Department of Chemical Pathology, University College Hospital)

Stability cotrstants' Crown compounds more soluble in water have b€en made but not

yJ."tj."t"a to the tests with membranes; these are amino derivatives synthesised for

stability constant measurements.-'stutifity 
constants in water and in methanol have been measured for potassium

"o.pf"*"i 
with benzo-licrown-5 and dibenzo-18-crown-6 derivatives substituted in

tn" Ln 
"o" 

Arg. ty amino- or nitro-groups to decrease or increase the electron donating

,"*". .f tn" ,ir'!. fioth types of substitution result in lower stability constants, suggesting

lhat an unfavoirable steric effect operates in solution. These systems and analogous

-"r of rit 
". 

complexes (1 : l, even with the llcrown-5 ligar:ds) are to be studied

further by i.r. and Raman spectroscopy. @arsons and Wingfeld)

syntt€sis. New ligands have been designed and synthesised to produce a stereochemical

grouping of oxyge-n atoms in the free molecules as close as possible to those to be ex-

foA i" *.plr".. For example, potassium forms I : 2 complexes in which it is
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fgdyiched by two molecules of benzo.l5-crown-5 ; the new ligands, shown in Fig. 2,
link the rings together and, through variation in the iength and fiafi of the chair, alowlor change in specificity. (parsons)

Asymmekic carbon atoms have been introduced into the macrocyclic ring; all fve

/--d'\ i1,( ' b-."..O-r.lrco-R -coNH\\Z\-d 'lL-"u u[-" J
B = -lcH,)n

"- -,=l
,=-fl\

Ec.

^- 2,3,4,5

isomers. of the,tetramethyl compound, of which two are shown in Fig. 3, have been
synthesised and isolated. These isomers F and G were found to react with caesium
thiocyanate to_give complexes of different stoicheiometries and quite ditrerent molecular
arrangem_ents (see paper 11.8, p. 360). One molecule of each .hand' of the opticaUy activi
isomer G coordinates a caesium ion so ttrat the cation : crown ratio is I ;2 ind the
coordination number of the caesium is 12, while the meso isomer F, gives a t : I com_
pound in which some coordination is from the thiocyanate ions as wJ[ as from the six
oxygen atoms.

llentification and authentication
Powder photogra$y-- New co_m- pounds.can be authenticated by X-ray methods. A single
crystal 

-specimen_ 
will give a 'finger print'and, with the measured-density, yields fri

molecular (strictly the formula) weight of the new compound; this can be used with
chemical analysis to determine the stoicheiometry and-presence of solvent. Not in-flTuently the ngw compound is not the sole product of reiction and the use ofpowder
d_iffraction on a larger sample will revear this and allow all the components to be identified.
We have used this technique extensively; for example, we fouid that the reaction of
caesium thiocyanate with a macrocyclic ether, isomei F of Fig. 3, gives a 1 : 1 conplex

tetramethyldibenzo.l S.crow|!€

Frc. 3

2t6
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and a new crystalline form of the ether. It was the ess€ntial method for identification of
;h"- ""fi; ;;pds in the svstems with CFgCOCHCOCFa mentioned above (see

paper I1.5, p. 360).'-io .o"ufi othei scientists to identify compounds by X-ray powder diffraction' the

Li"i i.--itt"" r"r powder Difiractioo staoo*ds produces a card file listing standard

""tt"-a 
ior 

"n"-ically-authenticated 
substances olknown unit cell dimensions. Every

il;;ir p;ttern ."t-itt"a must be indexed and the retative intensities estimated.

iDrri;fth. year, 18 of our patterns have been incorporated and published in the File'l

(Nave)

Collaboration with otter IEtitutes ad Units

We have determined crystal structures to solve problems arising from work elsewherc in

the agricultural research service.

Nilrosen fixstion Dinitrogeu complexes of transition metals are investigated in the

a'[C.[-oi, 
"i 

r.fitr.g"n Fixaition, the central problem being how the enzymes of nihogen-

hri"" [""i..it ."n-agp not merely to form iuch compleies, but to carry out reductio-n

;;;;;ilit-; u-qu"o* ."diom at room temperature' A compound with the Nz

motecute attactea to rienium at one end and molybdinum at the other was found to have a

-r"-U i""". N-N .tretching frcquency than othei dinitrogen complexes' Determination of
,n" "r*t"f structure show;d tf,at the nitrogen-nifogen bond was appreciably longer

ii-"iri." *-" *.akenins) than in other complexes and in free N2. The crystal strultule

;;;ftili";il;illlv iilo*io tt ut tn".ompound was not cltPh(cft)zPlrRdNg)Moocla'
;;. ;ffi;;il;i i{"orD but cltPh(cH;),PhRe(Nz)MoclaocH3 a methoxv derivative

.ila"CU. ruft p"trcJai analysii exemplifiei an ideal situation; five weeks elapsed from

id;;]611", if th" obt"*utions to the solution of the structure' (Mercer' with

iiir. fi. ii. Cr""-t 
"" 

and R. L. Richards, ARC Unit of Nitrogen Fixation, see paper I 1 . I I ,

p. 361)

Thdlous tscorbrte. This compound was made as part of their investigations on ascor-

UoI-.i" u"iA Uv i.ofessor R. i. M. Synge and Mr. W. M._ Laird (Food Research Insti-

irt"l A"r"ft.:"r, Eagles, Hegarty, r iiri, Setr a synge, Phytochemisty (1973) 
-12' 

707-

iigj. i, th" 
"ryrt 

t ti"r"'u." ir"o ih"flium ions and two ascorbate anions in the asym-

-aii" orlt. Comparison of the geometry of coordination about the cation with that in

so,dir--u."o.Uut (Hvoslef, Acti Crysrailographica (1969) B25' 2214-2223) showed that

in" 
-tn"ffir- 

** quite different, being very unsymmetrical with aU its orygen neighbous

on one siae. fHs i'as in agreement wlth our findings for thallium compoundssynthesised.

io G """6!.tt tt 
potassirim compounds (Hughes & Trut er^\1972) Jounal of the Chemical

iii"ti-6'it^ ri.i"ta^1, pi. 2214-221i) and .cxts further doubt on the validitv

of usiig Tl* as a 'probe' for itt<iti metals in biological systems' (Hughes)

Computing

Large and small calculations are required to tolve'-crystal structures, i'e' find the

"."'"g.-"ri "iine 
atoms in space, and to determine the molecular geometry' For ttris

*" Uu:"L u a"pu.t-ental computer, an IBM 1130, and the backing ofa largc installation'

C"ri"i Li"* ifaO programmes have been sent and used in other laboratories throughout

th";rid. A. p".tif I continuous proccss of improvement' we.have implemented the
-ootey-tutey'fast Fourier Transform and developed a multi-solution programme'

f"fUi_il' *ni.rU t"" Uo" r."a to solve several centrbsymmetrical crystal structures by
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direct methods. Standard deviations in torsion aDgles are now calsulatcd by rigorous
(SlaT{org & ..w2l€t, .4cta- Crysn ographica Og?:2) A,f., xl+tO tnstcaa of-serni-
emprncat methods. (Hughes, Mallinson, Owen and Teskey)

Stlff ud vid@ mrlers

I",:TS-J* ,*t with.a vacant-post which was filled by J. N. Wingfeld in September;
ne ls worhng oo coordination chemistry. Our computer expert, pl R. Mallinson, lefiat the end of Septcmber to take up an alpointment'in tn" fjoirl."ity of Glasgow, aadwas replaced ty J. D. Owen who bas started to determine tne structure of insecticides
1ii,:lllt:?1i., with M. Euior, rnsecticides and Fu.d;do D;p-"ril"nt). Mary Mercer
fIT.lIo"g l,.r g:..po.t y appointment and C. Nave left to take up i postidoaoral
leuowshrp rtr tbe University of Kcele.
_-Dr. N. S. Poonia of the University of Vikram returned hone in February. D. L.
Hughes, P. R. Mallinson and Mary i. T-t". attended the-nrsJEuropean irystallo-graphic me€ting in Bordeaux.

. One sandwich student, R. Gossett, and one vacation stud€nt, N. Teskey, worked in tbc
department.
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