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AS methods for the interpretation of X*»;pay 

diffraction patterns obtained from single crystals 

develop, it becomes Increasingly possible to apply 

them to the determination of structures of compounds 

of unknown chatalcal formulae* TOis may be invaluable, 

particularly when chemical degradative methods have 

failed to Indicate the formula, the determination of 

the structure of vitamin B^g gives an example of the 

power of this method, for, while the structure of part 

of the molocul© has been found chemically from 

hydrolysis, there remains a part which ha® so far 

defied chemical attempts at a eongplete identification 

by degradation.

At Cambridge, Todd and his co-workers isolated a 

degradation product from hydrolysis mixtures, and this 

contained only the unknown part of the molecule. It was 

obtained in a crystalline form in October 1953, and, in 

this thesis, X-ray studies of these crystals, to give a 

complete determination of th© structure of this eonpound, 

will be described.



methods used were empirical, but studies, 

"by other workers, on the vitamin, had indicated a 

possible mode of approach to the calculations* 

Fortunately the method used wa0 successful and has 

since "been applied to T^pay data from the vitamin* 

This investigation has reised many points of 

crystallographic interest during its coarse.

The chemical formula suggested is a little un*« 

expected, "because it "bears a very close resemblance 

to that of a metal porphyrint and yet there are some 

very significant differences which will be discussed.

I should like to thank Mr®, D.M* Hodgfcin who 

mpervieed all this work. She has provided help, 

encouragement and inspiration throughout all these 

studies. Dr. J"«H. Hoborteon taught me and assisted 

with all the procedures in the preliminary eicperimental 

work*

The crystals which were investigated were kindly 

provided by Dr. J.R. Cannon, Br» A«W« Johnson and 

Professor A. R. Todd, with whom T have had many interest­ 

ing and helpful discussions.

Two of tho three-dimensional electron density



calculations which vrlll bo described were done in 

Oxford, Such large problems can only be tackled if 

ipeedy and officiant calculating equipment ia 

available. All the other three-dimensional calcula­ 

tions ware* mado "biy Br* K.N. TrusbloocI and Dr. H»J« Prosan 

on an electronic machine in California* Without this 

assistance the work would have te&on many more yaap»t

84jr thaidcs extend to all colleagues for their help, 

and especially to Mrs. U.K. Ledwith who drew out most of 

the three-dimensional series, and to Mrs. H.M» Oliver* 

who assisted with computing*

I wish to acknowlodge grmtafully a maintenance 

gm*nt from the D<5psrtmont of Scientific and Industrial 

Hesearch.



Vitamin
Mill II..II .....I -._r.

The effectiveness of liver In the dietary

treatment of pernicious anaemia was reported by Minot
1) 

and Murphy In 1"'36. In this disease the red blood

cells divide but do not mature. They »*e reduced In 

number and are larger than usual. The stomach lining 

atrophifje ond no hydrochloric acid Is secreted. 

Degeneration of tha spinal cord results In the death 

of an untreated patient. At first, ^hole liver WRS 

jrlven sr» treatment, "but there must be s particular 

component present In this Hiich prevents the disease.

For mtMiyjeare workers attempted unsuccessfully to
2) 

isolate It. Castle suj?ge6tad that there was a

preliminary reaction betwrai an extrinsic Sector present 

In food (for example liver) and an intrinsic factor in 

the stomach to rive a factor which IB active in the body, 

Pernicious nneemi& is then an unusual deficiency disease 

for it results from an inability to absorb a factor

present in food.
3 s 

Folkero and hio co-workers ; at Merck Laboratories



in teorica isolated 4 he f*nti~per»niciouG f naarnia 

factor from liver in 1943, using chroma tography and 
microbiological asftsys. They named it vitamin B^s
because it wa© found to be an essential growth factor

+ \ 
for c«rt- in organisms* Loster Smith '' at Glaxo
Laboratories isolated it Independently in tha same year.

He had usod only clinical methods of aes?y. The vitamin 
is present only to the extent of one part par million in 
liver "but it is extremely pot®nt f the effective dose 
being about on© rnierogpazn dt»ily. It is now generally 
prepared from culture broths of gtrop.tomgc.oqt 
tiBsd for tha preparation of streptomycin .

This vitamin is Castle's extrlnoic factor. 
Folic aoid fl)————

^'COOH 
CH

i - CH2— COOH

once f riven in the treatment of perniciauo anaemia,



will restore the red cell count to normal but will 

not r^liav© the accompanying spinal cord degenera­ 
tion5 ). Latner7 ) hae recently described tho isolation 

of intrinsic factor from hog gastric mucosa. It is 
probably roucoprotoin in nature. Further researches by 
many workers on intrinaic factor are now in progress* 
It h&s been ouggeoted ' that vitamin Bg * Q bound by

one protoin in the liver, where It ia stored, and 
carried "by another __ , which binds it more fiiroly —— in 
the sorua to the tieauos. The Imnortnnce of e binding 
factor is being stressed increasingly, for it sooms 
that without intrinsic factor in the stomach nearly all 
vitamin B^s taken orally is excreted,

It is difficult to find all the functions of a 
vitamin in tha body* Vitamin B^g is involved in tho 
biosynthesis of methyl #*»oups^ lc>'. It takes part in 
the synthesis of the essential amino acid f 

methionine (II), probably at the sta^e of tho m<* thy lotion 
of homocyeteine (III)* It may also be concerned in
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I 
CHt

CH—NHj. 

COOH

CH2 — SH

CHa

I
CH— NHj.

COOH

reduction of disulphide groups. The vitamin, like 

folic ncldf probably also takes part in the synthesis 

of nucleic acids. Folic r^cld may be involved In th© 

formation of thymine (IV) nnd vitamin B.,g with its 

convarsion to thymldino

/NH\
CO CX5

FOUC ACID

SOURCES OF
N AND C

VITAMIN 812.

THYMINE •> NUCLEIC ACID
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Chemical Jvldoncg on the Structure gf Vitamin B „
<MM«W*MIH**<MM*»*MM»» JL <O

Vitamin B^ IG Isolated in the form of Seep red 

crystals. These, however, ©lowly lose solvent of 

crystallisation on exposure to air, and this fact

complicates chemical analysrao and cry stall o#:^phlc

molecular weight determinations. X-ray studies at
1°) 

Oxford suggested that tha molecular weight of the

vitamin llee "between 1560 end 1575, Th© molecule 

contains cobalt, phosphorus, cnrbon, hydroi^m, nitrogen 

oicyiPren* Verious molecular formula ̂ hava "bean

13) Brink &t £],, 1949; ^61-64 7T8g-.9g H14 015 I Co

14) Loiter Smitli gj ,s^ t

1°50: C65 H83 N14 013 P Co * 

1C) Allcino, 1951i C6£ H84 N14 014 P Co

(complex rith 6 HC104)

A study of tha ts^gnotlc oueceptlbility^^ of 

vitamin B har. shown that it is a COYS lent cobaltic

Tho first publleh0<3 formulo of Los tar Smith had H*7 and 

but the ea'nple hod been insufficiently drlod. The 

nn nbovo r.ro derived assuming loss of 7 HpO.



complex* uix groups ore arranged octahadrally around

tlie cobalt atom. One of those groups is a cyono
IT)group * This is non- ionic oince experiments have

shown ' that excessively largQ aoses of the vitamin

are not toscic to mice.

The ohomic&l nature of almost half of the molecule 

has "boon found by acid hydrolysis and chroma tographie 

separation of the products, Their identification showed 

the presonco of 5j6~diffiothylben2sirainasjole t a
nf\ \ n<* \

phosphate group < 9 L>-ribose"'i '? » D-l^andno-S
$>$} and five or six amida groups J ' in the vitamin*

ri^
and co-f.roi*k^rs'J ' annnuncod the isolation of

5:6-dimt3tIiyl-l-oC-B-ri"boi\iranosyl benaiminasol© (VI) from 

the hydrolysis mixture,

OH



confirming this by comparison with a synthetic 

specimen. Tha phosphate group must be linked to the 

ribose on C? or G3 ao the bon^iminagole nucleotide
«*» **r

contains no free oc-glyccl souping . Ultra-violet 

epeetroscopic studies suggest th*t the H$ of the 

benzirninasols is linked co-ordinately to the cobalt

Other forms of vitamin B^g have been isolated. 

Certain organ 1 cms, for instances those in the gut, can 

synthesize not only vitamin B- g but also vitamin 

B^j^like factors, friven suitable precursor© such raa 

adonino or S-mothyladonine instead of BrS-dimetl^l-* 

benaiTuinasolo, Theao factors probably play the sama 

part no tho vitamin in the metabolism of the micro- 

organiorru Thoy aro not absorbed 'by the animal, 

possibly bocause they do not form a ccregplox with Intrinsic 

factor. Tho cysni " -r»oup in vitanin B^g msy be replaced 

by other groups such ao hyclra^yl or chloride*

Thore remains, from tho hydrolysis mixture, a red 

gmaray mass still containing cobalt but otherwise of 

tufcnorm chemical structure. Its ultra-violet

the ; noar 360 rnji considered characteristic of



the ehpnmophople frpovm Mthln the molecule* This 

must contain a system of con lusted double bonds* 

l^ypolysls of the vltwmin ^Ith «lfeall is said to lead 

to the formation of V&POUPS rlvlnf « test character! 

of pyrroles '  Tt was supposed that vitamin B^g 

contained a porphyrln pt*oup» but ^s this suroestlon was 

r>ot confirmed by the ultra -violet sr^etrum such a fifpoup 

If ppesent, rnuet bo modified lr srme way*

All attempted ox1 dative depredations pesultod in 

the loss of cobalt cmd the complete disruption of the 

molecule. This? is not ehnpactepistie of t>orphyrins 

which r>'^y lose only the metal. Kapi*©p"' isolated 

oxalic, sueeinicj methvimj.ccl.nlc «nd ditnethvlmalonic 

acids and fotip unidentified acids from the potassium 

pepme.njrmnate oxidation of the vitamin. At Cambridge, 

.XT contpolled experiments wePe cappied out to 

if any derivatives of malolmide, dejfirpadatlon 

ppoducta of popphypins, wepe formed on oxidation. None 

w»pe found, Oxamic acid was isolated. These pesa^pcho 

indlcnted that thepe epe many functional jrpoups within 

the molecule but tho ^renepal disposition of these could 

not be deduced.
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Ci*yatRllop;raphic Studio^ TQ|\.,Vitamin B^%

A crystRllographic investigation of vitamin 
B^£ w<ie started in Oxford In 194812 ' under the 
supervision of Mre. D.M, Hodgkin. The molecule contains 

a fairly h«ovy atom, cobalt, The spece #roup for thie 
compound «nd its direct derivatives is non^e'sntrosyrametr 
PS^S-p but it was hoped that the cobalt atom contribu­ 
tion might govern the phas^j anple for each reflection 

to a eufficiont extant to allow a complete utructure 

determination to be mad©*

Threo rfjlated corrgpounds were studied. Dr. June 
Broomhoed collected throo-dimensional intensity data 

for cryotale of tho vitamin rhich had been dried in &ir. 
Similar data were collected by Dr. J.G> White at 
Frinceton. These crystals, however, deteriorate in time 
owing to loss of solvent of crystallisation. Dr. Clnra 
Brink ' therefore collected dota for tha crystals 

surrounded by th«ir aether lipuor. Dr. J'.H. t^obsrteon 
worked on e eelonocyanato derivative of ^he vitamin. 
It was hoped that uncertainties of phase determination 
from the cobalt atom ponition alone would be overcome 
by the introduction of a second, and heavier atom into



the raoleculs.

All of the thr^e-dimenRlonal election density 

calculations, with phases determined toy the heavy 

atom posit ions, ahowod an extremely high peak in the 

position of the cobalt atom and similar ari»ani*©mant8 

of low peelcs around this. It was possible to recognise 

from this pattern of posks some which corresponded to 

atoms in the cyanide #roup and the nucleotide part of 

the molecule. In tho aelenocyaneto derivative the 

selenitmi otom was found to be at the position postulated 

for th© £yanido j^rmip in the vitamin itself end this was

the first confirmation that the choices made for atomic
29)positions were reliable. Dr. J, Callomon studied

ori«nted cr^/stals with polarised infm~r«d radiation and 

confirmsd th^ apppoximcto direction of the cyanide $roup 

in the crystal. More recently Miea M.J* Harrison^' has 

worked on a vitsinin B^r^lik© factor oyntheeised by 

micro-ormni^Hm in a culture meditam containing 5j6-dl~ 

ehlorobenslmin^^ole inete^.d of 5i6*dlra«th2rlbeni!iminasBole» 

The positions of the chlorine atoms TO*« those expected 

for such a cubetltntion in isomomhous crystals.

The innermost part of the moloctile appeared to "be



in dimensions end nearly 

Detailed sorting of pap.fca, eanfselnlly frcsr? the electron 

density distribution for th* Pftlenocyanato derivative, 

suggested that this j^raup around t,M cobalt ?>tom 

contained four f 1 vc-membered rin#TB with T>r1d??!» atoms, as 

in ft porphyrin, "font with one "brid.fr> atom wifisincr (VIII).

Cm)

BR\OCE CARBON ATOM 
MISSING

Dr. White had att<»mpted to rsfin** « structure containing 

a true porphyrin-lik« arrfinjpvsfn^nt of atoms. In his 

cslcxilated distributions, however, there was always an 

enomaly in this region of the direct link ??hich suggested 

that this porphyrin-llke arrsBgomant was incorrect.

When, in October 1953, the red cohaIt-containing 

hydrolysis product was finally obtained in x crystalline
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form at Cambridge, a crystallographic investigation 

was Iranediotely started* The compound had a lower- 

molecular weight than the vitamin and so the cobnlt 

atom should be more phase determining. It was hoped 

to find the chemical formula of this degradation 

product and so, posnlbly, that of vitamin B^g itself.



fforfc

nvt 1 ja* t lon

A deep red cobPlt-contaiTJinr OT^ wns p:t*ap»ed by 

Br. »T. R, Cannon33-) et C^mbrid^e by hydrolysis of the 

vitamin Yflth sodium hydroxide solution (30-) at 150° C

for one hcnir* It <b«hsv*<2 .as a mlTtiiiw of tetz^-, penta- 

hornbrtsic acids. (A hepta-field wn.s obtained on sold 

oly^la), 'The he?xfs-scid wae present In the largest 

proportion snd w.n finally 6bt«1nort In o CTT 

form frnn nr> a^taemie ocatone-ether ml^turf** 

were deposited on the bottom of tha flcak in !T.nsr?os with 

B rocl'i-like ftppes.r^nco» 1"heff-o rerc sent to Oxford, Th© 

preparation of these Vocka" har not sinco beon repeated, 

nnd, ao the yield was only of th© order of microfcrams, 

no chemical anp.lysoe could be performed on them.

Fine red needles, irhieh were too smnll to photo- 

^rp.ph singly, i^ere obtained in bulk from the mother 

liquor Attanrpts in Oxford to reerystnllis© some of 

these slowly In order to obtain larfter ci^stels were 

un successful *?.nd only s rt&nmy maes w*?.s obtr.lnod. Lat©r t 

on one occncion at C^rnbrldc:© f the needles In contact 

with their mother llnuor ^ero con.verted into prisms.



SOLUTION OF HEXABASIC ACID

MOTHER LIQUOR

USED FOR THIS dOTSTALUXtRAPHlC

WYESTIQATION 
\

NEEDLES

USED FOR CHEMICAL ANALYSES AND 

SPECTROSCOPIC STUDIED

MOTHER U<$UOR
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t

SHOWN BY POWDER PHOTOQRAPHS 
TO BE IDENTICAL WITH " ROCKS "

Fl;?ur3. £. Crystalline. .moclif Ic^tions of 

Had H£ixa"ba8lo Acid
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Dr. Hobortson showed by powder photograph® the.t these 

were identical with the original "rocks 11 * Tho ^rocks'1 

and noodles did not give tho sirailnr ponder photographs 

"but they may be polymorphic "^vMficatione of the same 

compound or else differ only in solvent of crystallisa­ 

tion.

A chemical analysis of the needles was perfowned 

at Ccjnbridfte. 37*8 mg of the degradation product, dried 

at L4°/0.05 rryn for* cix hours, lost 9,6 mg. Pound I 

G f £:2.S';;:; H f 0,23-.."; K, 7.35;"; for the product* 

4.711 mg of tho material left 0*365 mg of BDn-combu©tible 

matorisl. This WRS presianably an oxide of cobalt* An 

aqxiaaus solution of tho degradation product contained 

chloride iona. fHv<iT»ochlorlc acid had b«en added to 

the orlgirifll p.lknline hydrolysis mixture). A direct 

analysis for* chlorin® we© not performed. 5t6- 

benzimina;5ole y rtbose, phosphate and 

iuid been removed during the hydrolysis end the amide 

groups of tho vitamin had bean converted to carboxylie 

acid groups giving a hexoca^boxylic acid.

Tho infra-red spactinam of the need3.es» determined 

on a ''Bujol'1 mull, shovTod e maximum at 4,67^; indicating
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the presence of R eynnida frovm. l^om its intensity 

it we® supposed that th^re was only one cyanide &roup 

in the molecule. There W«B» nn r*xp@ctod. vary strong 

absorption in the carbonyl region* but almost no 

absorption characteristic of aromatic systems in the 

re^rion 11.6 - 14.5 \i. The ultra-violet spoctrum of 

the do^radntion product is etmilnr to that of the 

vltnrdn, ^specially in the proa^nca of excaes of 

cyanide ions when a dicyanocoinplex is formed* It 

coemed that tho chromoDhorie ?froup in vitamin 

which contains ® system of1 five OT» six c 

double "bonds, had remained essentially unchanged 

durini? the hydrolysis.

The rock-like raarmes of crystfils sent from 

Canfbridpr -»e broken up "but, unfortunately, most of 

the crystals so obtained were not single, In general 

thoy apponrod to bo flat dinraond-shaped -plates- The 

on.^ selected for X-ray studies hftd the dimensions 

0.29 x 0.S5 x 0.0415 rm (fipaire 3), Wha& a solution of 

the hoxabnnlc ncid was run through an lon~@xchange 

column several bands vfe^e obtained. This ?ran, at first, 

conoidered to show that the specimen wao impure but the
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effect is p:!»obol>iy due to the ease of exchange of 

anion® attached to the cobalt atom* All X~ray 

cr^stRlloprephic measurements to bo described ware 

carried out on one crystal* It w^s assumed that 

this was chemically pure. It remained apparently 

unchanged .luring the tvvnty months of this atu^y.

The density «m*5 fotmd fot» two crystals by 

flotation in mirturos of OL -bromonnphthalene and 

toluene. The value weo 1»396 4^ 0,005 g»/c»c.
S*"*^

The spree j^roup WRQ deduced to b» ^*%^i^i 

reflectians hOO^ OkO snd OO1 were ebeont when h» k or 

1 were odd. The origin of the unit cell lies midway 

betreen throe pairs of non-intersecting1 aci^w axes. 

There are four equivalent positions in such a unit cell?'

y
u z 

1-z

Syrnnietric.nl a-nxis OGcillation photo^n»phB were 

taken usinr chromium Kot radiation (X « S 

Reflections with 0 » 80-90° were used to obtain b and
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o. A value for "a" was found from the h<XL layer line

Welssenborg photograph. Copper Kot radiation (X w 1*54

o

A) wfis unad and copper powder linos were superposed on 

this photograph. The cell dimensions for the 

depfradp.tlon product were found to "be:

a « 34.58

b as 15.58

C » 

It is Interesting that the value of about 16 X Is found

in the cell dimensions of all. B^o compounds measured soj»&>

far. It raay represent a similar p#cfctn# of the aan» 

part of the planar groixp*

The cell dimensions and density v»luo give 1072 

&a tho roiftht of the asymnotric unit (one quarter of 

the contents of the unit coll)* The analysis 

then miriest

c44-46 H62 K5-6 °14-15 Co G1

as an approximate forrnuln for the

^^^ ^"bout eoo rtome. A^cluding l^ydrogen

atoms, in the irnit cell, so that it was most \inlikaly

that the molecular structure could bo determined from



work on projections. Three-dimensional intensity 

data wero therefore collected. Multlplo-fll^ 

aqul-lncllnntion '#eis8enber£ photographs ware taken 

with filtered copper KOL radiation. Exposure tiro©® 

were from 48 to 90 hours for the three more intense 

photographs* c-axis photographs with 1 0 to 8, 

"b-axls photographs with k 0 to 9 and the sero layer 

line photograph Okl were taken.

c-axia Weissanberg photographs showed reflections 

to the limit of sin 0 for the copper Ko^ radiation 

•used. An example is shown In figure 4. b~&xi3 photo* 

graphs did not ahow reflections to ouch hiprh sin 0 

values. Very few extra reflections were obtained from 

the sero layer R—axis photograph* ^

Intensities of reflections were estimated 

visually. 4 comparison strip, prepared "by photofrc^hlag 

one reflection from the crystal for varying lengths of 

time, wao used* Dr* Eobortson and MrB. Hodgkin 

assisted with the todlous task of intensity measurOTient. 

The Intensities of a few reflections with very low sin 0 

values were mennured from a-axls oacllletlon photographs 

taken by Dr. Robertson. Of 6360 reflections which
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Figure 4 Typical Weissenber^ Photograph——•



possible when copper Koc radiation was used, 3350 

were measured. S550 were too feint on the 

to be measured. 460 reflections were not photographed 

but most of these were probably nlso too faint to be 

observed, Thene le.et were reflections with k greater 

than 9, 1 *rreater than 8 and h not ssero.

There WP.B «n uneicplsined Intensity anomaly. Some 

reflections with the same h, $c ??nd 1 indices did not 

have the a^me integrities on different sides of the 

syirsnetry axis on a Weiesenberg photograph. The 

•yfitomatle absences of reflections required by the 

space prcmp were rigidly obeyed. The effect was 

probably partly ?m absorption effect as the crystal was 

plate^like in sh*pe. Also the absorption edge of cobalt 

ig near the wavelength of the copper r& diet ion need and

effects due to the asymmetry of the structure might be
53} erp^cted '. A third explanation cnwld be that the

crystal nyw etry is actually lower than orthorhomblc. 

Perhaps, for axnnple, there is a variation in the 

position of a side chain in the unit cell. The effect 

iwie, however, so ssmall that it was neglected in the 

following ^nsly^is. No absorption corrections w«re made<
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All intensities measured ^ere divided by the 

Lorentss factor and the polarisation factor for the 

particular sin 6 value. Tho function sweated by

Cochran ' was used* These values wore derived by 

Mrs. U.K* Lsdwith from 0 reciprocal lattice net. Thus 

relative valuos of Fs were found for each l^yer line.

Initially corrected intensities for the same 

reflection from b~ and c~®xls Welseeriberg photographs 

l*re eoragperad, but the fall-off in intensity, as sin 9 

increases» is greater for the b- than c-axis photogjraphs. 

This is equivalent to different effective Jl tenf>er©ture 

factors'1 for the two sets of photographs. Therefore a 

statistical method w*>s used to find "tempfWtur© factors 11 

and BCfillnp- factors in orclar to convert aorrected inten­ 

sities on each photograph to an it> solute scale* Th® 

data for each layer line were plotted separately using 

a method suggested by Wilson^®' for two and three 

dimensional data. Plots for c-axls ?$ei8&eriberg photo- 

graphs are -shown in figure 5. Eeflections which were 

not observed on a photograph ^r^re given a mean Intensity 

of half the thresh-hold value. The "temperature 

factors", represented by the slopes of the lines in the
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Figure 5". Temperature and Scalmq Factors -Wilson's Method



graphs, were taken to be the 6$m* for ell l^yor lines 
of photographs taken about r frivcn axis. The average

factors'1 , B, TOT**:- 

e exio B * 3,0 A

b ftxis B • 4.6 A
o-S

a *».3cla B » 5.0 A

The data from c-axis photographs wre very 
cxtenoive. Corrected in tensity values? fror^ a- and 
b-exls photographs were therefore multiplied "by

al terra so that all absolute ntructtiro factors 
|F| , hed & to*^f>c return factor of S*0 A . As «

result Intensity m^Qouromentn trer© not all equally 
accurate ^and the threoh-hold intensity v^lu© was not
constant througtiotit tho df»tet naod,

fcwmrds the ond of the crj/stallojPTephic analysia, 
observed structure factors rrare scaled to ealcule.ted

Q Astructure factors in rr»nires of ain 0 *
?he rositlqn of the Cobr.lt At.cm . ,1^, jjjift gtiit. Ce^

The general pooitlon (x f y,s) of the cobalt atom 
in the unit cell woe found by Patters on hkO and hOl 
projections. The result was Ister confirmed by 

« Hobertson who calculated c three-dimensional
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v, VS~QI^<
j^J^O^=a r,. s... (ft

hkO Sharpened Patferson Projecfion

hOI Sharpened Pafterspn Projection.

Figure fc. Patterson Projechons. 

X Cft-Co vechjr peaks



g Patterson series. In all cases the P values

used for the summation ?rere sharpened by multiplying 

them "by a term axp (2B sin2 0 As).

In the degradation product th^ cobalt atom is 

in a ijenernl position in the unit cell. Its pnranvvters 

aret-

x y i
0*15 0.16 0.10

In vitamin B^g and its direct derivatives the x and z 

parameters of the cobalt atora are nearly zero. 

Therefore thrfso-dinoneion.*1!! electron density distribu­ 

tions for thoset based on cobalt atom phases, showed 

similar spurious effects, In the same calculation for 

the degradation product spurious effects wcmld be 

expected to be unrelated to those found for the vitamin*

It WPS hoped that the orientation of the planar 

irroup would be shown by electron density projections 

usin^ sifns for observed structure factor® calculated 

from the position of the cobalt atom. This was not the 

case*



Three-dimensional f»l-Qtpon J3«ttflity .Cnleulft.tl.qnfl
The space group of the dejsrradation product is 

non-c^nti?Q8ymm«tric and so a phase angle, ct , which 
may have <*ny v^luo from 0-360° » must be determined 
for each reflection "before a three—dimensional 
electron density distribution can "be calculated. A 
direct evaluation of d is not practicable "but there 
are two procedures rtfiich may be considered in 
endeavouring to overcome this difficulty* So far the 
only method which has to^en used in an attempt to
determine ot values directly is the study of a pair of

36)isomorphous compounds, as de&eritood "by Bijvoet **t 
This will limit ot to two alternative values. In the 
present structure analysis too little of the material 
was available to allow the preparation of ieomorphous 
compounds. Therefore phaces calculated from the positions 
of the cobalt atom were used, as for the vitomin (see 
page 13 ) , with the hope that at leaet some of the 
molecular structure would be indicated in the resulting 
electron density map«

It has been thctijr*ht ' that, for a successful
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structure determination, even in a controsynifcetrie 

case, the average contributions of the heavy atoms 

to the intensity of a reflection should "bo approximately 

equal to the average contribution of the rest of the 

molecule. Thie io certainly not so for vitamin B^o or 

even the degradation product. For this reason it is 

surpri8in# that it hue been possible to determine the 

structures of theae compounds crystallographlcally.

Table I Zf,
Degradation Product Vitamin seleno- 

cyanide

Heavy atoms
(Co and Be) 799 7S9 1886

Best of
structure
(one noynmetric
unit) 3500 5469 5469

As the chemical structure of the compound was 

unknown the idee of introducing only a partial structure 

into the phase anglo calculation was, of necessity», 

continued and, at each stage in the refinement, only 

positions of peaks ^hlch w^ra chemically and stereo— 

chemically reasonable were included in the calculation. 

Figure 7 Indicates the electron density calculations
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which were made In the course of the do termination of 

tho structure of the hox^oarboxylic sic id. Unfortunately, 

as showni spurious peaks were chosen as atomic positions 

at some stages.

The first three-dimensional calculation was done 

in Oxford. Structure factors from the cobalt atcin 

position wore calculated usinp B^ overs-Lip son strips 

and the phase angle for each reflection was imposed 

graphically on the observed structure arnplltudes* The 

electron density calculation was performed on Hollerith
-2g\

equipment using th© method described by Ifr« E* Wait0 » 

The formulae used for this Fourier sumnation are given 
in the '* International Tables'*3®). All other structure 
factor calculations and the three-dimensional electron 
^tensity calculations to be described were done by 
Dr» K.H. Trueblood and Dr. H.J, Prosen of the University 
of California, L.OS Angeles, on the electronic computer

The sectiona of the electron density map© were 

drawn out and studied. All high pealca which appeared in 

addition to those Included in the calculation were 

considered to indicate possible po itione for atoms f and



those which T;®r© chemically and storeochomically 

i*«aa0nftble were included in the next structure factor 

calculation* It was found that if positions wore 

ofeoaen incorrectly the corresponding peaks In the next 

electron density maps ware lower than expected, so that 

the correctness of the partial structure** ou^&eoted 

were verified at each stape.

From tho calculation on cobalt atom phases th© 

structure of the inneiroost part of the molecule» around 

the cobalt atom, was determined and this airraod with 

the atomic arrangement (Vlll) suggested by work on the 

vitamin (see pag» 15.). Co-ordinate® for these atoms 

were used in the next calculation which indicates the 

positions of the atoms in almost all the side chains. 

Later calculations merely confirmed most of the fonraila 

sugfjcnasted st this state and indicated, in eom© cases 

not very clearly, the par^metors of the remaining ©tomru 

These density maps will now be described in more detail* 

1* ffftaj-ftr®- -°-£ -Cobnut Atqn

The electron density distribution based on the 

phases of the cobalt atom i© dominated, like similar 

calculations for vitamin B^g, by a high peak in the



position of the cobalt atom ^ith strong diffraction 

maxima and minima arounu it* There were many low 

peeko arotrd this, some representing atomic positions 

and others which wore spurious. The appearances of two 

sections of the calculation ere shown in figure 8.

^hlle, in p-enaral, throughout thia 5ansity map, 

there vrope too many spurious peaks for a selection of 

correct positions to be made. In the inroedlato neighbour­ 

hood of the cobalt atom the choice* was more limited. 

There ^or-5 four peaks, approximately 1.9 A from the 

cobalt atom and, loading out from these, the positions 

of other atoms in four fivo-moRibor»ed rinses could be

found using solely the condition that succeed vely
o

linked atoms should be about 1.5 A apart and have a

stor»eochemical relationship to one another, 

Two of these five-mombered rings were directly linked 

together. Peeks representing a tome bridging t^ro rings 

were quito cloap in two cases. The posi tion of the 

third bridge atom was doubtful since the peak at the 

required jEraomotrical aite was only a protuberance frowi 

the diffraction maxiimsa. This "planar group 4 , ehc«/?n in 

9, ima thernfore similar in form to that
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Bn Fragment Section at x=l. 1954

Ba Fragment. Section at x=!3. 1954.

Figure 8. Two sections of electron density calculation

based on cobalt" atom phases.
Ie/A3. kro level dotted)
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Fi ureg

Bii Fragment. Planar Group June 1954

(Calculation on phases of oobalt atom)

at le/A3 Interval except at* cobalt*i
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mted "by *ror?t on the vitairin, with some doubt 

only about the ^xiBtence of the Isst brld^ln^ atom,

The group «s a whole was not cnlte planer. It 

did not lie parallel to any of th© sidee of the unit 

coll "but lay inclined to rll the cryntal 

axes, Therefore its position in the unit coll

completely different frorr that In the

vitairln end for thlr» roaeon Its t"snor?'l nature wes, at 

this 8t&fte f considered to he entablishod* It was 

BUppooed thnt, chemlenlly* the flvfxneiriber^fl rinrs 

nere pyrrol© or pyrroline rinfs ?,nd thit the "bridging 

atoms were c^rt>on fitoRts*

The second highest peak in the series ??es a 

dif!t«r.ce of oboat S*3 A from tho cobalt atom in a 

direction perpendicular to the plane of the large group 

just described. This p#*av muat h^ve represented a 

ehlorlno at era. The prosonce of this element in the 

degradation product was ch-anlcally very uncertain* The 

atoms of tho cyanide irroup, posalbly present from the 

apectro^copic ^vlionce, w^re not v*ry clearly rosolvod. 

The position of the nitrogen xt-yn *sm3 b?»st sho^ri by the 

projection on (001) based on slnriB from the cobalt atom,
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Those two #roups eomrletad the octahedral configuration 

expected around trivalent cobalt.

Attempts to determine the complete structure at 

this stnrc ^er»- unsuccessful an thar© ims really no 

chemical Indication of the nature -•** +ho si*-? chains. 

All atomic r^nitionn finally chonen for the complete 

structure wera indicated as areas ^bove 1 e/^3 in this 

firnt electron density calculation "but it wns not 

surprising that it was not poi3?ible to select tho 

r»Ai^vant peaks, The^^ wei*e too many which did not 

correspond to actual atomic positionn.

g P.Q.o.k0..1n the calculation on Cobalt Atom

Helpht range llunbor found "Planar" #POUD Side chain
In e/A3 atoms atoms

S-3 84 13 SI
3-4 17 * 3
4-6 «. - •
6-7 11-

10S S3 24

of 26 ato

for the cobalt and chlorine atoms, th© 

atoms of the ''planar jprroap 1* (excluding tho one uncortsin 

brl»i|^o atom) and th^ cyanide jcrrcup ^ere ur-oa for the 

next structure factor a.nd electron density calculation 

which was pozrfoitned in California, The general



nee of ths second throe- dimensional electron 

density distribution was very different from that of 

the first. Aton.6 put into the phase t'.nglo calculation 

appeared with approximates peak heirhte:-

Co 61.7 e/A3

Cl 31.0 3/A3

W 11.6 a/A3
average values 

C 8.fc e/A3

The appo&rsnco of the "planer ^roup" IG ehcrwi in 

figure 10. The atoms are all ^ell»definod and atoms 

put Into the c*.lc\ilation with tho r^ifflw atomic number 

appear as poaks with nljout th© s&me hcirhts. Some atoms 

movod slip-htly fwain tho positions In which they had boen 

put but tho GO rnovenonts v;orc l^cs than 0»2 A (see 

table 10 , page 7"V ). The diffraction -»in^s round tha 

cobalt a tow had gre-tly diminished, in height and a 

peak of height 0.8 e/A^ appeared In tho ^»€Bi6trical 

position oxpocted for thrs third brid^o Rtom. Its 

existence rmo therefore consi.clorod to be established*

There remained several round, well-do fined peaks 

with hoightn up to 4.4- o/A; -. Tho so ipanerclly appeared 

in positions which corronrondod to a poaniblo storoo-
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26 atoms

Contours of atoms in the planar group Each atom drawn in the 

section nearest its centre Interval le/V Zero contour omitted

Picture 10. "Planar qroup" in electron density calculation

based on phases of 2& atoms.



chemical nnd chemical formula. The flrrenjwncoc of 

some of thee© peaks are shown in figure 11. At this 

atage elmont the entire molecular formula (IX), shown 

in figure 12, was deduced, from the positions of thes*

peaks.

Although the cheTTiicr.l nature or most of the 

molecule had, o.t this ots.(ro» "been fueesed, it wma 

necosBar'y to find "by mero electron density and structure 

factor cr.lculntlons whether the formula surges ted was 

correct or not. Therefore it was considered best to 

proceed with caution and so only the highest p^.^hn found 

in the density Tr?*r> r.^re put into the next round of 

cclculetions* The choice ef n l^wer limit of peak 

height is, of course, nrlsltrsry, and here it wae 

determined ir-^lnly l\y the level at which peako did not 

always seem to "bo chamlcellar elrnlfleant. .Ml peaks 

over 2.6 e/A° In heifiht 9 2P in all, re re Included in the 

next phase angle calculation and there stone were given 

a mean atomic number of neven.



45.

Rqure 11.
The Appearance of Some Side Chains in ihe 

26 Atom Fourier.

(Interval te/A3 )
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1 7

HO ———— C NEC —Co —— Ct

c- — CH

2 (E)v 7Figure 1!
Tentatively CJunreootQd fa:

la t ion Product* Oep tcinbor 19



3 Peeks in the. Calculation on Phosan of
At cms

3 Height rang© e/A BMbor found Number in final
total ntructu**®

4. 5 - 2. 6 S8
3. 5 - 1,8 IS t
1*3 - 1.6 55 10

Figure 13 shows all atomic positlfltts
, -»'•

on to (100) and the stages at which they were intro­

duced Into the phrse anglr calculation*
-*

3. Atomic. I'^jJ.i^-", irG|^g^,^^r th o|t

of .

re^ electron density c€*lcul»tions WM made

: positions .foi» atoms chosen frnm peakG in the 

second thx»ee— dirM?nr,i onal calculation just doscrib@d 

Fhs8« t . .of 02 s t oniB V

** Truohlood calculated a throe-dliaonnional

electron dsnaitjr distx»il>ution uainp- phnaes,, calculated 

fron thft positions of f>2 atoms, that is 36 pe^rs ^^re chosen 

from the laet calculation. He ehonn hi^h pe-iks fi*an 

this f "but he «»n« r»r-,t consist tent 'in his choice of a 

loir©** Invol of penk hniptit aa he meiwly selector! peaks

tho shoeta of printed posiiltn. Soese of the poaks he



NEW ATOMS IN TWE PHASE ANQLE CALCULATION 

• ZU

0 LATEP. CALCULATIONS

O

Vitamin B, 2 Fragment; February 1955.

Raure 13. Afomlc posifions prx)jecfed on to (too)

and the calculahons in which the^ were wed.



chose {"below the 2.5 e/As level, of course) were 

incorrect. For instance, one atom was put in the 

middle of a fiveHrnembered. rinfr on a diffraction peak 

there. This calculation was very usefulf however, for 

several reasons. It showed the result of choosing 

wrong positions for atoms although email peaks had 

•ppaared in the previous electron density map in those 

very positions. It also showed that several of the 

positions he chose, not included in the calculation for 

64 atoms, were corr»eet f end that some of the peaks that 

he did not choose still persisted. 

fe) Phases .of 54 atoms

IVo three-dimensional calculations involving 54 

atomic positions WQPO made because, unfortunatelyt in 

the first, one atom wa© put in ^rith one wrong parameter. 

It was found, on comparing this electron density distri­ 

bution with tho correct one, that there *#as very little 

difference in the appeei*anc©B of tho two density maps 

except in the regions directly affected, namely, the 

region into Trhich the atom had been wrongly placed end 

the region in ^hich it should have been put. Those two 

areas are shown in figure 22 (see page 70 ).
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It had been hoped that, ae mof* atoms *?ere in­ 

cluded in the phaoe anrrle calculation, the peaks in 

the positions of tho remaining atoms would become 

progressIvely higher in the staples of refinement. Even 

from the 62 and 54 atom calculations it became evident 

that this would not be the case. Pijwe 14 shows that, 

even when one atom in a side chnin is included in the 

calculation the helrrhts of peaks due to the other atoms 

are scarcely affected. On the other h^nd all atoms, 

once put correctly into tho calculation, appeared with 

about the snme peak height* The atoms loft out of the 

calculation may have contributed mainly to certain 

reflections and their contributions to these were 

ignored by incorrect phasing. There may also have been 

a certain amount of disorder in the positions of theoe 

atoms and it may be significant that, a 8 shown by 

fij?ure 13, the positions of atoms in the longer side 

chains, rer»e the laot to be found, It was disappointing 

that the final complete structure was not obvious from 

the (correct) calculation on phases of 04 atoms.
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fable 4, In tha . Or leist i-"n cm Phn "
of 54 atoms

range

3.8-8,0 
S.0-1.7 
1.7*1.3

Vitamin— —

Number found

7
13
54

Number in 
next calcu 
lation

7 (2

dumber In 
flnnl total
structure

7
7
6

74 14 19

In January, 1^55, Folkors and his co-workers at

Merck Laboratories '' ' announced the isolation of two

degradation T5raductfi from the chromic acid oxidation of

vitamin

CH

Th^se had formula ej

0 —— CO

(S)

This was the first announcement of the isolation of 

large l-lontifiod nitrogen -containing oxidation 

products and it was seen thrit th©Ir fos^milae are con—



sistent with possible depredation products of a com­ 

pound with the formula(XX) tentatively suggested for 

the cobalt-containing degradation product (see 

page 4fe), It was assumed that a hydroxyl group could 

bo introduced into the molecule during the oxidation 

and BO a 1 ;ctone ring could b© formed. It was a little 

ironic that these compounds were probably derived from 

tfee five-membored ring for Trhich, crystalloprrnpMcally, 

it was most difficult to find the lonn; side chain. 

The announceraant of the ieolation of these can*p«wxdB at»

thla Btage showed the validity of this crystallographic 

method of etpucture determination* 

5. Pl^He o£ 68...at^s,

In the finni stages of th© ritructuria analysis 

attention was centred on the determination of the posi­ 

tions of atone in one side chain ( X in figure 1<5 on 

page-48 ). i^ai*ametcrr for all the other atoms in the 

molocule woro included in the calculation on the 

pteoea of 68 at-cms. By this time, however, the chemical 

nature of thic last Dido chain __ a prop ionic acid 

group L > wtte ^nor^n from -v he formulae of the succini- 

mide derivatives (X and XI, see pafra 52). Very recently,



Fourier refinements for vitamin B-^g have confirmed 

this and havo also indicated its stareoehemical 

relationship to the planar group* All this had "boon 

guessed previously from the nature of tho rc^st of the 

molecule.

Thore are several poaka in this ar*oa, ao ohoim in 

one three-dimensional section in fi,«mre 15 (A and B)> 

and it Is difficult to chooso the corroet ones* It is, 

of crrapuo, not iinpoGsibld for s disordered state to 

exiat here. Three three-dimensional calculations 

involving phases of 62 atoms, 68 atorrss and 72 storn3 

have "been inado in which atcnc, corresponding to a 

possible side chain* have "bean put in various positions 

in this cirecu In all these cases the positions were 

shorn, "b;/ the lo*7 heights of the re suit ing peaJce, to

fee wron#. For inetance, in the calculation **fith phases
ft 

of 68 atcmsy poaks of heights 5.6 o/A , com»:)at»ad ^ith

Taluks of 6.8-10.9 -^A*5 for rai other truch peaks, 

appeared in the ponitione chosen for* ttfo atoms. One of 

these pe*ks ia shovm In figure 15 (D) and the positions 

whiohwu'fs finally suprested, are indicated. FOP a 

etructure determination of this Kind, such threo-di-nen—
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slonal trl^l~nnd~:"jrror methods would not "be generally 

practicable ao the porrer of the ros-olt does not 

warrant such lengthy methods of calculation, 

$* The Uoo of Difference Syntheseo ii> the 

.Stages of the.. 3tru.ctur

While the structure, ?~s a ^hole, ie non-contro- 

symmetric, tho projoctlons for this space group have 

centres of symmetry Rnd BO only sl^tis for structure 

amplitudes must "bo determiner! from a calculated 

structuro. Torrardn the ^nd. of ?. structure analysis 

of this complexity the signs of tho real structure 

factors Trill bo correct in nearlly all cases. It 

was found that» for the projection on (001), sho-.Ti 

in figure 16, the sipanui of 70;' of th9 structure factors 

were dotomlnofi correctly from the position of the 

cobalt a ton alon®.

used an ?*error synthesis*1 with coefficient© 

^ ^° i:n<3ice<t^ discropnnciQB betrroon the 

real and postulated structure of aodiutn "benzylpenlcillin* 

Ho u»»A terms for wfeiich Fobs is smnll and F^^ larpe.

In tho la tor stafros of a Four i or refinement of a
^<->\ 

structure all tonca may be used* Cochran**'' called this



o

hkO projection Signs from cobalt atom position

hkO projection. Signs from positions of 68 atoms

Interval of contours. 2e/\a

Figure K>. Projech'ons on (001)
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a "difference syntheGis' 1 and used It to show, very 

alepantly, tho positions of hyO"»----<3n atome in ndenine 

hydt»ochloi*ido,

Such methods were usod in an etton^pt to 1 oca to 

a tons in the last sldo chain in the degradation 

product of vitamin B^g. In earlier* stages of ttary ,

refinement %tons of a raolocule of acetona and 

of crystQlllcation war© indicatocl "by diffaroncs 

Fouriers, as chomi in figure l/« Peaks appoarod in 

the threo-dimennionfil maps in pocitionc with theo© 

parameters* In all casq» only re flee ti one vritli 

intensities wore ur>od, Ilie nppor-^ancen of dlffornnce

oGS in th^ region of ttie lost nide chain aro ''/

in firwe l r 'f. The x and y pfirafnetero of th» atoms 

were indicated clearly "but the s ' •'•^.m^teps initially 

chosen wera shown, "by a th»eo-dim--y,^AGnf».l o 

density calculation on phases of 73 etomr , to 

incorrect. Revised co-ordinates, differing only in 

a parameters, were ohooen from these three-dimensional 

maps, bul" the agreement bel-ween calculated and observed 

shrucVure Cacl-ors was no beHer in toe nesulh'na calculah'on. 

Ih seems Iholr there is definite^ some disorder here, possibly 

caused BNJ the swingina o^ fhe -CHX-COOH parh of the aroup 

in tVie space, available.
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for 54 atoms.

a—>

t 
b

Fiaure Difference Fbuners showma acetone 

and water molecules.

(Colour larval | e /A*: Shaded obms «oh included 'ln Fcok )



fcO.

bI

atoms.

atom
atom calculation 

ij: J5 pSS)

a—^

Figure 18 Difference Fouriers : side chain.
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j>ljBcu0sIon , off^Three^Birnonai cpal Refinements.

The entire arrangement of atoms in the hexa- 

eartaoxylic acid degradation product of vitamin B-^g* 

shown in figure 15, has "bean deduced solely "by X-ray 

crystallogrephic studies. Th@ question then arises: 

To ^hat extent is this physical method of structure 

determination valid, and Is it posoible that a structure 

which is partly or* totally incorrect has "boon found? 

One of the main fee.sons for considering this question 

carefully Is that, in a non-controsyranetrical arrange­ 

ment of atoms* there is a tendency, already described, 

for any structure introduced into the phase angl® cal~ 

culatl-n to be reproduced in the resulting electron 

density mnps. Thoro are several methods ?rhlch may 1>e 

conaiderod as tests of the possible validity of a 

otructure determination.

Ideally the aim is to postulate an atomic arrange* 

went which will five the same intensities for 

reflectlone as those observed. As the agreoment 

between calculated and observed structure factors 

increases it may ba aesumed that the structtiro

is tending towards tho correct one, Th©
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Is usually express Bad t.v the rstio:

»

the summation fixtendinjr over all reflections. In 

table 9 norno values of H ere listed. H is shown to 

Iner'*'* ~^ if the structure :* f" wonpr and to decrease 

alowly a& more stone erf? up.ed in the calculation 

unlor>e several of those are incorroctly placed. R 

mirht be e^tpectad to decreeee namowhnt, however, if 

spurious peaks trhich appear in the electron density 

n?rrn ^ro included in the stoxctur^ factor ceTcul^tion 

end 30 its slrnll!*ic»nco IG limited.
rjv-Vl ** Q i.r«nT r, ^'" o-f* r' ^-t rst'". nv>«» 1f- fhr_.*--• ^ ty.A. .^ O _;_•. J.d._-..' :-->_ *~>4-. .•**•. ...J'vV v> v. L •jf'i wLfi'i. _.4"J.i . V»* •

Fourier

64 atoms 51.
£4 atms ^ on/-» ^rong) 03.3? One wrongly placed 
68 atoms 07.6^ Two wrongly placed
72 a tens 23. V ' {two wrongly placed*

\Some moved incorrectly.
73 atoms " ~~

The lr.3t valuer listed for it may bo congpared vrith

Vala.iB of SS,' and 24"" -rhich ••--T-- r."-^ted for sodium and
41) 43)pr.tr:.7-siiLT. D^nrvlrj.'ininillin roop-^ctively • A



comparison of calculated and dbn^rrnf? structure* 

factors is irivon in table 24 on pager* I3S to (St. 

accuracy of th^ experimental data will, necessarily, 

affoct a and also details of the structure finally 

obtained* In this work intensities were estimated 

visually and no corrections for absorption were made. 

Furthermore the date from each leyor line were only 

roughly scaled and these do not extend equally in all 

three directions in reciprocal epnco, No hydrogen 

atom positions were used in the calculation of 

structure factors "but, in the calculation for 72 atoms, 

the hydrogen a tome wore conoidered* for purposes of 

calculation, to "bo concentrated at the nuclei of the 

atono to \rhich they nore attached.

In figures 19 and 20 tho appeattincefi of two 

three-dimensional sections at various stages in the
;\

rofinsmont arc showi. Thore ^rero no unexplr.inod peaks 

over 1-J- c/A3 in height in tho cr.lculation on phases of 

72 atoms (soo ta"blo 6, page ^1.)* Th© coure® of tho 

selection of high peaks in each calculation is 

followed in tables 2*6, Perhaps, however, if th© 

appearances of eloctron density calculations are
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saccess'ive calculahons.



54 atoms 68 atoms

Vitamin B a Fragment Sections at i '-%Q for 4 successive three-dimensional Fourier syntheses
/

Figure 20. One sechbn in [our successive calculahbns.

x= G.



considered, the fnct that the positions 

for atoms fit the controsyrmetric projections In tho 

beet proof of their validity. The situation for the 

project ion down the shortest aiclo is ohcrcm in fifrare 

16. The heights of peaks in each calculation were 

used as a test of th^ correctness of their positions 
"but this method IB not infallible.

The rjannimcenierit of the isolation of succinirnid* 
derivatives, which cnme after tho tentative 

of the formula given in fig-are 12 (soe p- ro 4fc), 

provided independent evidence thet tho su^frentecl 

structure is essentially correct, raring the last-.

months Fourier refinements on wet and dry crystals of 

vitamin B^ 0 have been made. The method which hae "beenJL '*)

fonrtd to b*? suceessf'ul for the degradation ppodxict was

tise<-. Atoms of the "planar rroup'* Rr.d the nueleotide 

p€irt of the molecule were used in tho phase anple 

calculations* Additional pea!rs which cr " "'od in the 

electron aeiiaity calculations were consistent, in most 

B^a* with the ^ tn->an^a»ient found by work on the

fttion product, "but there wore also other 

unexplained peaks in tile sories. This work TSS done



"by Mrs. M.P. Mnckay and Miss tf.J. Harrieon. 

Incorrect Atomic. Position.*

At several ntnpoo In this work electron density 

calculations hnvo boon rcede rith ccne atomic positions 

Incorrectly chosen. As a result, it in ponslble to 

revi--** the offset or the introduction of atoms in

g position.'; into the phfin-^ p^rle cplculntion.

o arc t^c poosl'blo situations: tli^ pooition may 

be totally incorroct, or olno. it rry lie neni* an actual 

atomic position. These are shoirm, in part, in figure 21»

It. hfso alrr»f?./!v b^«r- mentioned thrt .. - ^*=Tm *^nn 

eccidortellr Intr-educed in en incorrect position into 

the phase a-npls calculation for 54 stems* Tills provides 

a good sxampls of the firct situation listed above. Tho 

R values, llet^d in tablo 6, sho*" increase from 

51,8 to 52.3 . ?ho tr-.: thrcn-dimensional calculations 

showed dlfforenccG only in the regions directly affected* 

The atom should have "boon put st x *» 4,3 (A; figure 22} 

Irut -:;- put, instead, J: ". =s lo, 0 (B; figure 2£). The 

peak h^^^s arc priv-^ in ta"bl« 9*
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70.

6

x- 13 Incorrect Position

Correct Position
x-13 x-4 

The Effect of One Atom in the Wrong Position.

Figure 2.2..



71-

9 Correct and Incorrect Portions for Peaks
Peak ifoirrhfa e/A3 x » 4 x « 13 Total
Wrong Fourier 3.6 6.0 9*8 Correct Fourier 9.7 - 9.7
Approximate tota^ e^octrin count (electrons)

x » 4 x =s 13 Total
Wrong: Fourier 4.7 1.8 6.5 
Correct Fourier 5.5 ©. 5

The situation IB not quite Ideal because» at x * 

the atom is very near ©cme other atoms. It seems that t 
In this case, tha introduction of an atom In a totally 
Incorrect position gives a peak which ie probably some­ 
what lower than expected rand a small peak appears In 
the correct position. Apart from this the raape are 

har*dly affected by the effor.

Figure 23 shows the effect of the choice of a peak 
which ie near (within 1 A of) the correct position* 

The situation ie similar to that shown in figure 15. 

There was an ambiguity in the choice of the position of 
one atom in the S6 atom Fourier calculationf as shown. 

As the two atoms shown are carbon atoms of a group

O

OH



•, O

Cobalt 26 atoms

62 atoms 54 atoms 68 atoms

Fiaure 2.3. Al'om near correcl" posiKon.

(Three- oirme«sioAa( section ah x=



of which positions for Cg and the oxygen atoms are 

known, the position of C^ is stareocheislcally rigidly 

defined* The wrongr position was chosen in the 62 atom 

calculation and, dramatically, a Tmlge is shown towards 

the correct position.

^ of

The oib^oct of this research was to find the 

arrangement of atoms in a molecule* "but tho accuracy 

with which toiternuel^nr distances have been detewnined 

i@ not very gi*0at* The electron density was evaluated* 

in three dimensions, at intex*vals of 1/60 each unit call 

edge, that is at intermls of 0.4S, 0»S6 and 0.22 A in 

the dix*ectiasns x, y and s respectively. All peak 

positions wore detei?min®d gi»aphically. In table 10, 

page 74 t the positions of atoms at each stage are 

listed, and final parameters for each peak are given 

to within & 0*1 to 0*2 of l/60th in each direction. 

These values are equivalent to movements of £ 0.05 to 

0.10 X, but this is proWbly much less than the 

accuracy of the determination of atonic positions. The 

data are extensive, but are cut off at the limit of 

sin 6 for coppor KoL radiation, and this will affect



ftKL* 10(A) of

I
2

It
5
6
7
8
9
10
II 
13 
lit 
1$
16
17
18
19
20
21
22
23 
2U
25
26
27

INPUT
FOUWER

OUTPUT 
ATOM

OUTPUT 
54 ATOM FOUWER

INPUT 

feSATOM FOURIER.

60s 6Qy 60« 60x 60y 60* 60*

94
13.7
5.0
2.7
74
7.0

5.2 
64 
7*2
8.0 

11.3
11.2
13.1
134
12.0
10.8

9.5
7.3
5.1
5*lt

13*3
13.3 
13.U 
10.3

94 
13*7

2.8

74. 
6.3 
5.2 
6*0
7*3
8*0

11.3
114.
12.9
13.2
U.9
10.7
9.7
7*3
541
5.1t
6.3

13*3
13*3
13*2
lo.U

9*6
5.3

12.9
1U.2
12 J*

6.U

0.1 
1*0 
34.
14
3.6 

11J* 
16*0 
20.5 
19.6
15*7
15.U
9.5

3-
10*3 
16.2
23*3 
21.3

5.8
9.7
2.7
1.5

17.lt
13.3
1U.6
124. 
6.2

6.1
1.0
2.7 
1*3 
7.0
9.5 

15.7 
2U.U 
22.2

9.7
12.8
16.6

94. 
13.7 
54. 
2.8 
7*2 
74 
6.2 
5.2 
6*0 
7*i* 
8*1

11.3
11.2
12*8 
13.2
12.0
10.7 
9.8 
7.3 
5.2 
5.U
6*3 

13.U
13.U 
13.3
10 Jt

6.2

9.7 
12.8
16.S

OuTfUT INPUT

« ATOM FOUWER 71 ATOM FOUWER

50x 6Qy 60§ 60x 60y 60*

OUTPUT

7Z ATOM FOUWER FINAL CO-ORDINATES 
6Ux 60jr 60s oOx 60y 60*

?,0
13.8
5.2
2,9r.3
6.9
6.1
5.2
5.9
7.6
84 

11.2
11*1
lt.6

9.6
5.3

12.8
llt.6
12.lt
8.2
U.2OT6"
0.7
34.
1.3
8.3

11.5
16.0

5.9
9.7
2.9
1.3

17.8
13.0
15.2
12.1
6.3
2.7^^^"™S

stir
Tjff
2.7

13.3 20.3 Lit
12.2 19.6 7.5
10.6 15.6 9^
10.2 15.6 16.0

7.3 9.7 21t4.
5.3
5.U
6.3

13.5
13.t>
12.9
13*1»

U.8
J$
3.6

10.9
16.4
23.2a. 8

21.8j^r
3.6

10.9
9.3

12.7
16.9

9.0
13.9
5.2
2.9
7.3
6.8
6.1
5.2
5.9
7,6
8.2 

114
114
12.6
13.3

H2.5
10.7

110.3
1 7.3

5.3
5.1t
6.2

13.5
13*6

H2.9
» 10.lt

9.6
5.2

12*9
llt.6
12.U
8.2
lt.2
M
0.7
3*2
1*3
8.3

11.5
16.1
20.3
20.2
15.6
15.7
9.6
U.8
5.7
3*6

10.9
I6.lt
23.6
21.5

5.9
9.7
3.0
1.2

17.8
13.0
15.5
124.
6.3
2.8

"2*5 
6~.lt

.14
2.7
I.k
7.5
9.6

I6a
23.8a.d
1-L
3*6

10.9
9#

12.7
16.9

9*1
13.8
5.2
3.0
7.3
7.0
6.1
5.3
5.9
7.6
8.0 

11.2
11.1
12.6
13.3
12 Jt
10.6
10.3
7.3
5.3
5.5
6.2

13*5
13*6
12.9
10.lt

9.6
5*3

13.0
iii.6
12 .1*
8.2
Ii4o»
0.7
34.
1.3
Q.U

11.5
16.2
20.2
19.9
15.6
15.7
9.6
U.8
M3.6

10.9
16 Jt
23.3
21.7

5.9
9.6
3.1
14

17.8
13.0
15.3
124.
6.3
2.8
2.1
6^2
1.1
2.7
1.3
7.5
9.6

16.0
23.9a. 8
M

11.0
9.2

12.7
17.0

94
13.8
5.2
3.0
7.3
7.0
64
5.3
5.9
7.6
8.0

11.2
11.1
12.6
13.3
12.lt
10,6
10.3
7.3
5.3
5.5
6.2

13*5
13.6
12.9
lo.U

9*6
5*3

13.0
lit .6
12.lt
8.2
hs2.
0.6
0.7
34.
1.3
8.U

11.5
16.2
20.2
19.6
15.6
15.7
9.6u.o
g.y
3*6

10.9
16.lt
23*2
21.6

5.9
9.6
34.
1,1

17.8
13.0
15.2
12.1
6.3
2.8

_2*J
6.2
T4
2.7
1.3
7.5
9.6

16.0
2U.O
21.8
U
J.6
11,0
9.2

12.7
17.0

For numbenna of atoms see figures 25 and 2fc, 

For ew>lemcilrion ot * see pa<je 77-

?1 and
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7»bl« 10(3)

54 ATOM FOURIER 
60x 6Qy 6CW

OUTPUT
5<V ATOM FOURIER. 
60X 6Qjr 60*

INPUT 
ft ATOM FOURIER

60* 60y 60«

OUTPUT 
(# ATOM FOURIER

60* 6Qy 60*

INPUT
71 ATOM FOURIER 

60*

OUTPUT 
71 ATOM FOUWER.

60t
CO-ORDINATES.

60c



Tible 10(C) C»-ordanatas of Atoms at each

50
51

INPUT
ATOM FOURIER 

60s

OUTPUT 
ATOM FOUR.I6R

60JT

20.3
7.7 I18*5 
6*0 I

52

72
73

5*o 

6.7

OUJPU' 

71 ATOM FC'RIER
oOx oqy

FINAL CO-ORPINATES 
60* 6(fr 60s

20.0 '12.3 

2U*3 H^7

a.3 __
20*1 11.7
38.5 20*2 

28.4

2.2
3^ 
6.7

20.0 11*6 
20.2 
28.3

11.3 __
7.7 118.9 11*8
5*li 2lt*5 1*9

^*0 21*5
2.2 I20.0
3.2
6*7

4.8 38.7

USn.6
20.2
28.3
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positions* of peaks . The experimental inaccuracies 

in the initial data will, together with these other 

factors, ^ive peaks ^hich are probably within 

jt 0*8 A of the actual atomic positions.

A three-dimensional refinement of the structure of

1-threonine was described by Schoernaker. Donohue*
48}Schomaker and Gorey '* These workers found that if,

in a non-centrosymmotric refinement, an atomic co-ordinate 

moves a small distance in space from the position in 

which it was put into the calculation, the atomic peak 

should be chosen twice this distance from ito original 

position, This "double shift rule" has some theoretical

The method wag used to refine 

co-ordinates for the degradation product and seemed to 

be valid* In table 10 asterisked atome were moved into 

positions which were considered otex*oochotnically more 

probable. Most of them moved back towards the original 

positions. Table 11 shows movements for two atoms, 

table 11

ApTiesred in 68 
Put in 72 
Appeared in 73 
Final co-ordinates

Atom 56 Atom 46
X

tes

8*8
8,9
8.9
8.9

y
30*7
30*7
50.7
30.7

25
7.0
8.3
7.9
7.6

^^ y1*9 •*** y
2.2
2.0
1.9

£.5
3.7
3.S
3*6

z
9.0
9.8
9*5
9.1



7*.

In both these cases co-or*dlnrxte3 wore wrongly altered 

for the 7S atom calculation* The movement for atom 

46 was extremely large as this was moved so that it 

would lie a reasonable distance frcm positions 

tentatively chosen for atoms In the last side chain* 

These position® were incorrect and the atom 46 moved 

back towards its original position* 

of peas in.

The height of a peak in an electron density calcu­ 

lation will depend osn the form of the scattering factor 

curve of the atom it represents* This monns it depends 

on the atomic nwfo^r and temperature factor of the atom* 

In table IS the approximate heights of peaks in each 

calculation are listed. These heights are sensitive to 

any error in the sealing factor? and, as this is not 

known accurately, the relative values of peak heights 

may have more significance than the absolute values, 

Apart from this thore Is a random background fluctuation 

in electron density which, In the 72 atom calculation!
&

seems to be of the order of £ 1*3 o/A , It is also 

difficult to find the true height of a peak when none of 

its parameters are integral number© of l/60th* In 8pite



Table 12(A) appr«adJMU* l*«fc HajgfrU in g/A3 

in piuM* angl* caiculationi

26

1 Q*
2 Cl
4 N
6
10
Ik
18
3 C
5
8
9
11
13
X5
16
20
22
23
24
26
17
19a
25
27

76.4
7.0
1*5
3*3
3*5
3*3
2*5
2.2
2,5
3.1
2,0
4.0
3.8
2.7
3*2
3.0
4*1
1*8
2*4
2.7
2.6
3.9
4.0
2.5
2,7
2*5

61,7
«&*2
10.9
12.3
12.7
12.5
9.8
9.2
9.4
8.8
3,6
7.9

10.3
9.0
8.3
8.3
8.3
9.0
9.0
7.6
3.0
8,0
8.6
3,6
8*3a, 6

Ci~~ ^5 Qt

^h £S *••*

9.6
11*9
11*6
10.8
10*3

8*4
9,1
8*1
8.S
8*6§*?
8.5
7.2
9*1*
9*6
8*8
8.3

5*6
7*9
8*6
8*6
7*8
8*5

43*6
26,3

***4
O Q

10*09*e
8*7
7.5
8.1
6.1
7.7
7.3
7.9
7*4
7.3
7*07. a
7.3
7*1
5.7
7.7
6.9
7.2
7.7
6.9
6.0

4^.9
26.2

9*2
1^.5
10.5
lo.S6*a
a. 2
8.2
7.7
lit .6
7.7
6.2
7.6'8.3

8.2
7.7
?.?
7*8
7*9
6.2
7.4
7*1
a.o

50.3
ay .3

10*5 
10*0

C 7.1 
8.8 
8.4 
7.3

. 8*5 
7.5 
7.S 
6.9 
7.3 
3.3* 
0*2
7.3
7.4 
T.8* 

08 ?.9*

7.7
8.37.a*

Sec *ae 77



So.

12(8)

Atooa in pha»e angle

5 C put in 
ts H

61
12
30
31
35
itO
55
56
60
20
29
49
64
65
66
67
33 0 put In
34 as H
42
43
47
$9
62
63
66

3,3 
3*1
3.0
2.8
2,7
fe*l
3*3
3*1

3a
3*2
3*3
«*7la
3*0
3*0
2.0
4,0
3*$
4*4
Jut
2*3
2.5
2,6
3*o
3,0

10,5
9,5
9.2
0*1

10.1
10*3

9*4
10.1
10,0
0,6
9*7
9*3
9*4
9.5
0.9
7*3
0*7

10*5
11*6
10*2

9*7
7*9

10,0
7.7
9.6
9.2
8.6

7*9 
7*3
7.7

(3*9)
7*9
9,4i2.i)
6,0

(2,S)
0*4
6.7

(3*4)
S.27*a
0*4
7*3
7*5
6.9
9.2

(4.5)
0*0
8.5
7*4
3,5
6,3
8,2
7*3
7*5

0

0*6 
7,2 
0,60,2
9.S0,6
0*6 
d»^ 
8.2 
8. 2
9,5 
0,2

9*5 
7,6
7*3
7,8

10,9
£0*?
10,9 

8*8

C

0

6.6

7.3*
7,s
9*30.2
9,0

0,7*

7,0
7.S
0.6

10,$
n.u 
10,0
3U>,3

9*5 10.0
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12(c> Approximate peak Heights in 

Atoms in pha*e «n&Le oaloulationi

1.7 2.6 1.9 8 7.4 6
1.5 1.8 1.5 7.2
2.0 3.7 8.2 6.8
1.7 2.0 1.7 6.9 5.6
1.8 1.2 1.5 k.1
2.0 2.6 2.2 6.8 Gib 7.3*
2.1 2.9 2.6 8.1 7.5
1.7 1.8 1.2 6.9 7.0
2a 3.2 74 7.7 7.3
2.3 2*7 5.* 5.6 5.9
1.9 2.6 6.3 6.8 CH3 6.9
1.8 1.1; 1.8 2.0 7.3
2.0 2.1 7.0 0 7.3 0 7.8
2.0 2.8 6.7 9.1 9.6
2.0 1.8 6.8 8.2
1.7 1.6 5.6
1.5 1.7 14 14 6.3
1.5 1.2 6.$ 1.5 6.7
1.5 1.7 14 1.6 HgO 1.7
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of all this it is possible to ina&a some relevant 

remarks on peak heirht®.

Th© teirperature facto** for this eoinpaund is 

much lower than for th© vitamin, so that the data 

are more extensive and atomic peaks much higher.

Th® position of the first diffraction ring is about
o1.4 A fi*om the centre of the peak so that this will

enhance any peak due to a "bonded neighbouring at cms. 

This affect may also have helped the structure 

determination greatly.

As more atoms are included in the phase angle 

calculation the heights of peaks due to these atoms 

decreases* In the initial stages too imich electron 

density i© pushed into peaks on kno«m atonic positions* 

The rest #oes into small peak® in atomic positions and 

into spurious peeks. The change in heights is 

indicated in table 13 which prives average peak heights 

for atoms in the "planar jfroup**,

Table 12 also shows the heights of peaks which 

are in atomic positions but were not included in the 

phas© angle calculation. These are generally much lees 

than half the expected peak hoists. The height® of



S3-

Table 13 ftivera& .,^LT>r o^lma te_jfe .
JPeaka lTL..t4e_irPlanar Group, (e/A3 )

Atoms In phase
angle calculation: Co 86 04 68 7S

Atom Go 76.4 61.7 58.8 49.9 §0.3
Cl 31.2 S3, 5 26.2 S7.3
H 11,6 10.8 10.2 9,5
C 8.6 8.6 7.9 7,9

Table 14 Average Apprcncimate Heiffht.n for.
Atonic. Pe^ks

Atoms in phases 
anfrle calculations

Atom C

0%

0%

0

in ttye

M
9.4 K

9.5

9.0

9.5

Bide CJpins

68

7.8 R

8.S

8.S

9.7 0

8.0 CHg

8.3 OHg

9.7 0



15 Raiua&s. of Heights of Peaks (e/A 3)

A, Atoms included In the phase angle calculation

26

N 

C

CH 

CH,
2

9. 8-12. 5 

7. 6-10. 3

9. 6-11. 9 

7. 2~10. 5 

8. 1-10. 3 

7*8- 9.7

7.9-11.6

9* 2-10. 5 

6.8- 9.0 

6.8- $.5 

6.8- 9.5 

7.3-10.9

8. 3-10, 0 

8.4- 8.8 

5.9- 9.3 

6.9- 9.3 

6. 3-11. 4

B. Atoras not included in the phase angle calculation

0

CH2

CH3

0

1. £-3. 0

1. 7-4. 1

1* 0**3» 3

1. 5-4. 4

1. 3-3. T

1.8-3.8

1.4~3»6

1. 7-2, 8



such peaks depend on the atomic number of tho atoms 

they represent and, apparently, the rigidity of the 

structure in which they 11©. The v^lactone*1 ring 

provides a very rigid structure and exemplifies this 

point* In tho 26 atom calculation heights of peaks 

in this arat

but other side groups era less rigid. The positions 

of atoms In the propionlc acid side chains wore the 

last in the molecule to be found. The peaks are very 

low and diffuse presumably because the group IB not 

very rigidly held in the crystal. This fact compli­ 

cated the structure determination. If, however, the 

carbo3rylic group of the side chain IB hydrogen 

bonded to a ririd part of the structure, then peak 

heiirhts are higher.
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LACTONE RINQ

peak heights In chans in

The structure analysis must o?ro a considerable 
part of its success to the low temperature factor 
found for the crystal* Peaks due to atoms not in­ 
cluded in the calculation are higher than the general 
fluctuations in electron density and so their 

selection has "been, with a few exceptions (which are 
no doubt du© to the non-rigidity of the irroup 

considered)* comparatively simple.



3jd ...J;Ao^laturo o '^ach Atom

chemical formula of the hexacarbozyllc acid 

degradation product of vitamin B-^g, suggested by this 

investigation, is given in figure 24. In the 

following discussions atoms will ba referred to by the 

numbers icrlvon in figures 2© and 96* 

A* 3h* Inner Fart of foe .Moleoula 

1. fh ..Panari ..c th

molecule is a totrapyrrole derivative and 

resembles a porp^Qrrin except that two of the 

five-membared rln^s (A and 0) are directly linked* 

Approximate internuclear distances and interbond angles 

are shown in figure 97. Within the axporimental 

accuracy of £ 0*8 A the system of atoms immediately 

eurraundinp the cobnlt atom, with due exception of the 

two atoms* (5) and (19), at the direct link, IB planar 

(i»e» etome (6) to (18) are cqplanar).

ultraviolet spectrum of the vitamin and th®

product shows a strong absorption band near 

360 mM-» rfhls must eu.rely mean that there la a 

con,1ujmted system of double bonds in those confounds ,
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90.

Figure Numbermg of ahoms 'in the side chains.
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1-63

Internuclear dishances.

Inter boncj angles .

Fijure a]. Dimensions of the 'inner nucleus

(from final co-orcUnates in T^ble 10)



0-11

0-54 0-06

0-2.2. 0-2.S

picture 1$. Heiqhlrs oP above and below

an arb'ihnarv/ plane throuqV\ the moteoule. (A) J i J



and it seems most likely that it should li© in this 
planar arrangement of atoms* As there is an odd 
number, 15, of "bonds irs this syatem it ia not possible 

to havo a closed system of conjugated double bonds* 

A comparison of wavelengths of maximum absorption for 

some open chain compounds suggests that there are 

five or six double "bonds in this system, 

Ifeblo 3,6 lptr^~Tio3^it AbflprDtl.Qffi ffiax^fena of Soma

011

HOOC- 0<(CH3)-CH=CH-C«=C (CH3)-OI = C«)2- c(CHj)= CH - CH = CM - CJ*

«**

rw/4. (4)

The question remains , ar© theso localised? Onfortun- 

ately tha experimental rasults are not sufficiently 

accurate to riv© an answer* Possible arrangements of
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localised doubl© bonds are shown in figure 39. 

Cobalt is trlvalfmt in the vitamin and thero is no 

reason to mippose that its valency state has changed 

in the degradation product* It is bonded to the 

chloride and cyanide groups* and so rnust be b«md»d to 

one of the nitrogen atoms of the fivensiembered rin&« 

to make three bonds in all. Two possible mirror-imaiere 

ai*ranp'ero<<mt6 of doable bonds are shown in I and II 

(figure 89) but in III the con^wated system of double 

bonds is b7*oken* The carbon atoms in the A-and 

positions in the fiv©*«?nember»0d rings, (atcms (20) to 

(27)} ai*e fully sattmited so that there is no gueotion 

of the double bond system including these. The atoms 

(2®) and (30), on two of the bridge atoms aw also 

part of the planar &nronff&nont t atid> as the bond 

between atoms (16) and (50) was found to be rather 

shortj it was thought that this raipfct be included in 

the double bond 8y0tem as shoim in IV (figure 29)* 

From th© bond distances found, it aoems that* if thare 

is localisation of doublo bonds, then the arrangements 

of these shown in 1 and IV are the most likely*

fhe planar part is strained by the puckering of
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Some possible arrancjemenhs of double

bonds in the planar aroup-
f J [



the p-pjid A1- positions of the f ivo-4nemtro?ed rings, 

tfhio ie shown well in figure 3£ (see p&ge 108) and 

aleo in figure 88. The eerbon atoms (30) to (27) lie 

alternately above and below the plane of the 

molecule*

down

down

If, for axsairrplQt a planar arrangement is to exist 

Eround atoms 15 and 17, atom 16 will b® forced 

in opposite directions by thaso nairfiboura (!•«• to 

keep the asrotem of stome, (14),(15)t(16) and (S5) 

planart atom (16) must 11© ^bove the plane of the ring, 

but if the cgr&tem (16)»(17)»(18) and (16) is planar (16)
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2* stltruens on <Pw ..of

tn this structure analysis it was not 

ble to distinguish peaks due to ear*bon* nitrogen 

or oxygon atoms ^en they appeared in e calculation 

which had not inrolved thorn (se*5 table 15). The 

situation was comcplicated "fey the rigidity of certain 

parts of the structure and the non-rigidity of other 

parts* Tho at<arnic nunibars of the Bubetituent atoms 

on two of the bf»idjtf« atoms cannot be found either 

cry s toll ogrraphically or chemically* 1*he "hcmd from 

atom (3) to atom (S9) la ^."bout the lenrkh of a 

C— JCH3 or C. — C^I "bond, "but it is not certain if the 

"bond from atom (16) to atom (50) is double or single, 

17 Atoms (89) an

Bond length to bridr^ atom (A) 1.57 1*38 
(in 68 atom calculation)

Peak height in 26 atom cnlcu- 3*5 3*7 
lation

Peak heic^ht in 68 atom calcu- B. 2 8.2 
letion (d/A*5 ) put in atomic 
ntunbor 7



It ia lather lonr for the jsroup to be a carbonyl

possibilities are:*-

____at Atop* ^9 Off Off* ,&t Atom .30. 

a) *-CHg c) 

1>) -OH d)

«) -OH 

f) =0

A combination of b) and f) would give a keto-enol 

system and so It mi/srht be possible to obtain two 

non-identical foisns.

The infra-rod spectrum Is dominated by oarbonyl 

(from eapboxyl groups) and con3u|3fat0d (C»G and C«K) 

d4N£ble bond vlbratlonal bands so that no concltisions 

draTTi from this. The analytical figures are 

inconclusive* 

Table. .13 Analytical FlimreB for the

Atoms (29) and (30) C? 8;

SO 
0,0 
3G 
Found

Neither of these atoma f (29) or (30) f ia within 

a hydrogen bonded distance (about 2,7 8) of another

52.7
54.0
55*3
52.8

5.33
5*54
5.76
6.28

6.99
7,00
7.02
7.06



atom so that this mi^ht wwest that they are carbon 

frathor than oxygen a terms.

3» Ifee Atq%.,l%Bl> .% t....the ^ifloqt jLin?£ 

There is an atom, (£8), connected to one of thd 

atoms, (5), of the direct link* A peak due to this 

atom was found to appear in the threo-diimmsional 

electrcm density calculations based on heavy atom 

phases for vitamin B^g (wet and dry crystals) and the 

selenocyanide,,

Bond length to atom (5) 
(in 68 atom calculation)

Peak height in 86 atom 
lation (e/A3 )

Peak height in 68 atom calcu­ 
lation (e/A5 ) (put in atomic 

7)

An interesting point arises in this connection. In 

the depredation product the atom, (S8)» is on the same 

side of the "planar group** as tha cyanide group 

whereas in vitamin B^g it is on the opposite Bide. An 

inversion seemn to hn.ve occurred durinr the hydrolysis* 

Thie is confinnsd "by the stereochemieal arran^mant of 

the other side chains in the two compounds.



100.

\ \ CM
GROUP *

a

VITAMIN BI» DEGRADATION PRODUCT

Daring the alkaline hydrolysis the cyanide group 

b^nn replaced by a group > presumably a hydroxyl group 

and tha nucleotide by a cyanide irroup* The 

is later replaced 'by chloride during the 

of th© hydrolysis mirture,

flie at<3Ri (28) uiu©t "be the caribou atom of a methyl 

group. It is then effectively the misfdnfr bridge atom* 

If it were a hydroxyl group the riner to ^hich it is 

attached should open readily. Also the tertiary 

alcohol it would represent should dehydrate easily.

-.Co

A

P
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Arrnnfsanent of Atqqg A? 00114 Cobalt

Aa vitamin B^ contains trivalent cobalt an 

octahedral arran^amant of atoms is expected around 

this. In the degradation product the four nitrogen 

atoms of the "plnnar jyroup'*, and the chloride and 

cyanido groups surround the cobalt tnit the configura­ 

tion is not that of a regular octahedron, for the 

Cl~Co~CsN1ine is not quite perpendicular to the planar 

group* Also in tha "planar group" the K — Co—- $ angles 

are not all 90° owing to tha disssrrsnetry of the 

arrangement due to th© Isck of one "bridge atom*



101

B* Side

!• l~I^actone

Attached to ring B there is a five-raembered 

The peaks due to this In the 26 a ton electron density 

maps were high, especially for atoms (42) and (43) 

(see figure 11} , possibly "because this ring represents 

a rigid structure, As atom (^3) is about &*7 A from 

an isolated peak, (68), a water molecule f it was 

supposed to TSie an oxygen (or nitrogen) etom. The 

other hi^rh peak, (42), is abcait 1.2 X from another 

psafc (41), Thus© must th®n t>9 in a earbonyl grcxqp* 

The oxygsn atom, (42), of this is hydpogan bondod to 

the os^-gen atom of a earboicyl graap (58)*

The electron density series for vitamin E.^ (wet 

and dry crystals) show that there is no ecfuivaletit 

ring, not evon a hydrojcyl group which eomld have formed 

such a ring* in this compound. Therefore a hydroacyl 

group rraiot have been introduced into the molecule by 

aerial oxidation during the alkaline hydrolysis. On 

acid hydrolysis a hepta-scid is formed so that this 

oxidation has not occurred*
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•41 /• /
\

The mechanism of th® introdueticm of a 

group into ouch a system is not cl^ai*. A deficit of 

electrons an the nitrogen atom i® Implied, regardless 

of the positions of the double "bonds in the conjugated 

syst0m> an^. thie is possibly aido-a "bsy the eobalt atom, 

Alternatively peroxldetion may have occupied. These 

suggestions war© macl© by Sir Hobort Hdblnson*

C ———C—— HI ,



lOf

Two compounds have been isolated with hydroxyl

on /3-positions in tha 

nitrogen-containing rings. A hydroaeyl grroup has "been 

introduced by aerial oxidation into ring B in the 

degradation product studied hero, tn the ®uceiniffiide 

derivatives from ring C a hydroxyl group has been intro- 

ducnd bv chromic acid oxidation. Th«r© are three 

equivalent rings (A, B and C) in the degradation 

product and BO three equivalent positions which could 

bo hydroocylated* Therefore mixtures due to degradation 

products differing in the position© of hydroxyl groups 

(or lacton© rings) may result.

hydrogen

1) ixydroxyl .croup in
acid'

2) hydroxyl frroup in
succinimicle derivative
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Tli© ring could *be either a lactone or lactais

The nitroisean analysis figures give 5*5 atom® 

p-er molecule of which 5 have been accounted for* 

Again tho evidences from tho infra-red spectrum is 

inconclusive* Tho present studios? cannot differentiate 

between the two possibilities.

Attachod to the A-and A! positions of the

rod rings are groups which, from their 

stereochemistry ^nd the original chemical evidence, 

rrere taken to "be acetic acid (<— -CHg«^OOH) and 

proplonlc acid ( — CHg— • CH^ — CO-011) elde chains* Th© 

* sequence of these wo a not regular but, asataning on© 

methyl group came frtjn an acetic acid r©&ldue ^ 

decerbozylation, the ee^uenee wae short, long; short* 

long; short, longj long* short: as in haematln* 

chlorophyll nnfi most naturally oecu^.^ing porphyrins 

(figure 31 ) • ri"ha laolatioo of the succlnimide 

derivatives i^ave the first chemical evidence of the 

full nature of the aide chains*

It 1© found, as shown in figure 38, that all the 

long side chains (proplonic acid groups) lie on th©



V!'

lot

(posihons noV" oerVam

Figure 30.

'aurv:

In^crnuclear disyxxnces w side chams.
(from final (X) -orciinalres in ^able 10).
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Figure 31. Formulae of some porpK^
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Fiqure 32. Diagram of molecule.

Cobalh — purple 
Chlorine .— green. 
n»l*<*oapn— blue 
Carbon — white 

—r«d.
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same aids "f the wplanar group'1 as the cyanide pr<«xp t

the shorter chains (acetic acid groups and the 

-nlaetonen ring) lie on the same side of the 

"planar *rroup* as the chloride. In the vitamin the 

fcansiminazole is smiled in by the longer chains.

There wer*s single atomic r>eak« attached to on© 

A- position in each rin$* These could have "been 

to either methyl or h^droxyl group B» bat the first

suggestion is p-r»ef^ra*ble, otherwise the carbon count 

in the molecule v/mald "be wron^# and Inc tones could t>e

or dehydration could occur. Stirpri singly these 

in a regular sequence r?hich menns that ring B 

qtiitc different frcjm the other three rin,W9* 

2% Peak H«5 .ijhts 3f . o tlsl r cum g in

3*1
3.0

66 3.0
67 2.8

!^
The ehamical foiwul^e of vitamin B^ and its 

carboxylic acid degradation product are given in 

figures 34 and S4 respectively, ^h^ arranp»nent of



V

Figure M. Formula ^fohvety suggested for v'ttotmih
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atoma in the hexacarbosylle acid and in the analogous 
part of the vitamin gives rise to many question©* fo**

instance why ia one bridge atom excluded ftnsrn ft 

porphyrin.* and. does the point in the side chain 

sequence at which the rings are directly linked throw 

any light on the possible biosynthesis of porphyrlns? 

The methyl groups also provide a subject for disctisslon, 

iMMtause ttro and not three of the brid/s® atoms are 

methylated, and the arrangjeraent of methyl groups on 

tho A-po0ition^ ^? t>^ -f^v«-*Tj-3Ribered rinj!» Is regular
I %. *

although the scld side chain sequence is not.

There are four possible arran.fi^sments of short (a) 

and long (b) «?id.e chains in a porphyrln. Theso may be 

represented diagroimiatieally as:

c, \b

a b b b b a, cv

I IE
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III compounds are generally found in nature 

although, rarely, typ© I compounds may toe found. It 

is therefore exceedingly interesting that only one 

arrangement of side chains, and what is more an 

asymmetric arrangement, should "be the one normally 

founds and vitamin B*o is another member of this 

series of type III compounds* Muny people have

puzzled over the possible explanation of tMe die-
43) 

symmetry in porphyrins. Poiphobilinogen (33E } can be

B precursor of papphyrlns and it is tejr$>tlngf from it©

COOH

\ __ /'
5 jj (M) represented

CH /c v
XNH CHj^—NHZ

to suggest that vltswin B- 0 has tho«i» .•* >
precui»soif although, of course, thin idea has no 

experimental "basis* Ro"blnson haa a theory of porphyrln
4?)"biosynthesis which It is Interestinff to discuss
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dlaayran&tziy must be produced first to give a com­ 

pound In ?*hieh the ivjveifssi is no longer possible. 

He postulates tha following1 series of reactions! 
b * t> a a b «, a. b

__^ TYPE 3DC fORPHYRINS

This theory is guotad because the initial stage is 

the formtion of the con^)o\md ("3311) » The idea is that in 

porphabilina£«m the position ortho to the acetic acid 

sida chain is more inactive than the other ortho 

position and so, in the first stage* a compound, with 

two adjacent short side chains is formed*

-OOH

>Ht COOH

:nx r

1 il

H^

COOH

COOH C 
1

C

^. ^

"2 \

Hi
»»

NH

(m)

SuqQESTEJ> FlRST STAQE IN POR.PHrR.lN SVNTHE5I5
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Tot in vitamin B^o the two ndj&cont acetic acid

ai«e cm either side of the direct link

at, c*w cot*

Coon

I i

uV

"i

^NH'

ANALOGOUS PART OF VITAMIN

Sir claims that hio thoorsr cannot be

used for the independent agrnth^ais of vitamin

tt if? diffieti.lt to find « T»*eh*mlsm fo.i» the initial
of two dii»ectXT 1 trite o A 

Vitamin B^s m«y f ho r- •* ^ts, "be formed "by
a po*^hyr»ln akeletcm at one t>ridi?Q atom 

and closing it ngfcin with the exclusion of this 
«ton*
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Bat why is this compound formed In the firat 

place? Cobalt porphyrlns are stable ' but th» 

mtal atom way be removed from them. The ring system 

of vitamin B^g is stable only In the presence of 

cobalt. If it Is postulated that a non-eyclised 

tetrapyrrole compcsund curls round th& cobalt atom 

then the size of the cobalt may determine the point 

of ring closure, as Professor Todd has suggested,
51)

Pauling lists the following octahedral eovalent

radii i TTT 0
xi 1.33 A

Fe 1,20 A

Co111 1.22 X

so that It seems that trlvalent cobalt has about the 

same covalent radius as iron. Therefore, If the else 

of the metal atom were the solo determining factorf on 

analogous* compound with, for example, iron mi#ht be 

eicpected, Trivalent cobalt haa as str<mn a tendency as 

any other element, such as platinum or chromium, to 

form complexes, especially with nitrogen containing
52)compounds * This must b** an iniportant feature In the 

formation of vitamin B^» Alao, as mentioned on page



the puckering of the five-membered **in#» *n vitamin 

B^s causes a strain in the conjugated double bond 

system. The of feet of this will be to cause atom (19) 

to lie above, and not at the asra© level as> atom

If» owing to the stereochemistry about atom (5) f the 

last bridge atom, (S8)» lies in the opposite direction 

to or too far away from atom (19) and a bond between 

tbftfte cannot be formed, then a direct link from atom 

(5) to atom (l$) would form if thie were chemically 

possible. It has been assumed that, whereas porphyrins 

are preformed and th© metal atom enters th© skeleton if 

it can do ao without distorting it too much, the pre­ 

cursor of vitamin B^g undergoes rin& closure after the 

introduction of the metal atom and it is the strength 

of the Co—K link which cause® the steric situation
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above.

the methyl groups are arranged at the /s-positions 

of the five~««B&arad rings In a regular sequence• this 

Indicates t as Professor Totld pointed out, that methyla- 

tlon must have occurred after the formation of a tetra* 

pyrrole confound* rather than whan porphobillnogen was 

formed. If one localised system Is stabilised, perhaps 

"by a substituent on the potential bridge atom, the 

methylatlon of the A-positions could occur as expected. 

The stranpje fact Is not that th© sequence of these methyl 

groups Is regular, hut that only two of th© three bridge 

atoms are methylated, ¥hese could be methylated if they 

were the carbon a tamo of methylen© groups « to —C=H—» 

jrroups and It is difficult to see why. If this Is the 

caso at somo stage, It should not be so for all three 

brldjEr© atoms*

How that the foimila of this compound Is known, 

many such questions will be asked* The ozldatlve 

defrPQdatlon products a?*© consistent r?lth such a formula f 

but chemical verification for none parts of the structure 

Is lacking* At Cambridge, experiments are in progress In 

which atternptss are being mad© to isolate all possible
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dagx»adBtion products, '/men those are con^leted the 

will "be clear for biogrmotic studies cm vitamin 
to proceed.
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of Atoms
A diagram of the molecule i8 |?iven in figuiro 

and the manner in which it packs in the unit cell is 

shown in figures 35 and 56 »

The molecule, which is **athei* an awkwaM shape t 

packs in tho unit coll making contacts whei*e it can. 

It B©ems that it is TOfaly possible TOT short hydrogon 

bond contacts to be made. Thet»e appears to be one 

*ell~d©fin**a and r»i^icl hydfofian bond system, which 

includes the loo tone Ping, one water molecule and two 

carboxyl group 8.

CH

/\

atq hydror^n bond aistanqe.fl

•CHi—— CH Z—— c; " «*\v ,' 33
55 Sfc 57^ C -^_ _x



ta

35. Arrar^emem\r O j- four molecules 'in foe unir

si'ole of planar
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Is also a hydrogon bond between atom (39) of n 

carboxyl group and the nitrogon atom of the cyanide 

group of the next molocul©, as these atoms are about 

2.76 A apart. The distance from atom (33) to the 

chlorine atom of the next molecule is about 3.05 A* 

All other contact distances seem to be about 3«4 A or 

more*. It is remarkable, in vle^ of the fact that the 

compound studied la a hexacarboxylic acid which 

readily forms a gum, that there a*e so few hydrogen 

boada In the crystalline modification studied. There 

teems to be a balance between the tendency to form 

hydrogen bond* and the necessity for close packing of 

at least some parts of the molecule before ci^rotalllaQ- 

tion may occur.

As a result of this manner of packing several of 

the terminating atoms of the ©Ida chains are freer to 

move than they would be if they were hydrogen bonded. 

It is possibly sijmlficant that the atoms described 

above in the hydrogen bond system appeared as relatively 

high peaks in the 26 atom electron density calculation 

and in all subsequent calculations* When the end of a 

©ido chain IB not hold firmly in position by hydrogen
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bonds then It may be free to move in the space 

available or, alternatively, disorder may arise—, 

and this is possibly the case for the last Bid© 

chain— when a wator molecule is lost or moves aa 

the crystal is removed from the mother licyuor* The 

presence of the second water molecule, (76), is un­ 

certain and is not indicated by the chemical analyses* 

It may exist only in some unit calls and so produce 

the disorder found in th© last side chain*
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work represents the nnnlyoie* tjy means 
of successive three-aim^nsional electron density 
calculations, of the stTnictm*?* of 0 vai'y large mole­ 
cule* Alth<w;h tho method has been successful In
this eaa«, It io not oti^p?9Btea thr»t It ecw.ld be

fop nil such oor^licated mol^eulea* Bach 
otructui*e determination presents its ow& problems 
and suitable method© of overcoming these must be 
found.



A .CCTTtn.a.pisgn of H^ectron Density an/y.V'efttQg

Distribution Calculations

In the early stages of the structure determination 

it wss clear that phssa anirle calculations could only 

involve a partial molecular structure* It ^as not 

certain ^rhich Fourier method of calculation would "best 

indicate the structure of the remainder of the molecule,
53}

Beevers and Robertson suggested the us© of a vector 

convergence distribution (V,C.D») in tho determination 

of structures in which there is a heavy atom* The 

Patterson function is set down with ite origin in turn on 

the equivalent positions (four in the ease of the space 

group P2^Bj2^) of each heavy atom in the unit cell. 

Peake in the resulting distribution then indicate the 

positions of other stomB. This calculation may be made 

directly, simply by adding the heights of the Patterson 

function for each superposition, but the method is 

tedious end, for the crlculntion of e throe-dlmensional 

distribution, mochnnical computing is preferable. The

terms which are to be used in such a calculation may be
54) derived as followe »



there are m heavy atoms in the unit 

cell ?fith parameters x,, y l? v> xa , j) x) Zx5 • • •• • ••*»»,

then the vector convergence uiatribution (v.C.D.) 

corroepande to m Pattorson functions (P) with thoir 

origins on each of these positions in turn .

I
V

0 "
m

?or nil the heovy atoms in the unit cell:- 
rw
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.

If tj 9 tho ecetterin^ factor, is the same for all

those heavy atoms, i.e« K = L A
m I T

+ IB^ J 
v= I HA

where A' and & are the geometric values of the 

structure f^ctorr-
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Therefor©:

[AW .i
-K -I "*

result mny bo compared with the corresponding 

equation for the slectron density

calculation of 3 rnrperposed Pattersr^ function is 

then ecativalsnt to c Fourier calculation with

coefficients.

Th«ee take tho plnce of A,^ end B^rhlch are u&ed 

in electron density cr-1 dilutions, The values of 

flPe sharpened, as for a simple Pattarson

summation.
2«) 

Dr» Brink invootif^stocl the relative merits of
*

three? Pourior methods In the deteTmimtion of a 

structure in which there is a hee.vy P. torn* She calcu­ 

lated ^n electron density diotri"butionf a vector

convsrgenco distribution and a distribution "by Rogers 1

hoavy atom method , ( ' p l . as coefficients /(see7

2.1 ) using data for a non»centrosyitffj»etric



Table 21.

Coefficients uaQfl In tha Il

Electron density dlstpi- 

bution (heavy atom phasos)

S « sharpened data 

geometric part

, V.C.D.

Bogero 9 heavy atom |p»fa»|* Cos c< HA ! F̂ 1 

method FHA HA

a



projection of sodium bensylpenicillin. Holers* 

heavy atom method, in which the contributions of the 

lighter atoms to the structure amplitude® a**$ we 

was found to five too many false maxima in the 

density nw.p. She sti^gosted that the vector convergence 

distribution method of calculation should "be used with 

the three^dtawnsionel Patters on series for farther 

investigation?; on the structure of vitomin B-g.

She worked ^ith experimental data but it seemed 

bettor to review the situation using c&l<ral*3ted data* 

A hypothetic*! structure in a non-e«itro»ymmetrlc -nlane 

fToup Fb, *r^s chosen. An arrangement of six atom?-, one 

doubly rr^irfited mad^ *he eeymr^^f.rlc unit, Electron 

density nnd vector convergence fMntrl Trot ions w;re 

cclculoted usinr phnses from the tthftavj'' tf (doubly 

weirhted) atom, from a partial structure of three atoms 

and f^on a totel correct structure*

The api ncof of these electron density and 

vector convergence distribution maps are oho-^n In 

figure 37 • ^h^n on"?.y on'5* rtom i^ used in the phr-se 

pn.^rle cnlcul^tion a false centre of symmetry is 

introduced into the density maps. The calculations
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Electron density
One Atom

Electron density
Three Atoms.

V CD

VCD

\0

Electron density. VCD.
Six Atoms.

Figure 37- Comparison of h*»o Fourier methods. ?
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hoavy atom phases indicated atomic positions 

but showed several spurious peaks. In tho other 

vector convergence distribution cnlculetions there 

are hipfc dencity linos at *• o, #, %, %, % of the

unit call. All the x parameters of atoms in tho 

hypothetical rtructuro lie near tho last four of these 

values. Tho roflection h «= D, k » 0 hes a hifdi 

stmcturo fnet or, A, and all atoms contribute to it in 

the same cenr-o, so that tho rocultin# temn, F""-, used 

In thr? calculation, in oxcoptionnlly hifrh and dominates 

ell tho othor ternic. Thin is cho-m in tablo 22- . Of 

crsuree the aims of torws put into th« two types of 

celculntion fire the seme and it is only their magnitudes 

which effect the spponranees of the resulting maps, 

The vector convergence distributions method of 

calculation is really t<oo scncitive to any symmetry in 

the srrenflenont of atoms in tho unit coll. It may be 

noted that one spurious peak (A) persists even in the 

calculation ucinr correct phases. Other disadvantages 

are f.-*tind in this method of calculation:- There is 

very little distinction between the heights of peaks 

due to atone of different a torn! e n»rabore and peaks are
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Table 22

|tnjctui?a Factor Calculi
C^ffi.ct'-jrvV: us^$ in th<5
X» CAD • Ca 1 cul a t i one

k m 0

Atcyi h « 4
1 .59

S 1.00

3 .95

4 (twice) .81 x

6 1.00

6 oTsi

8 X Tot£l a Ag 3- 10

(! 8.00

IF! 6.2
(Fl 1 38.4
lei*lns 63.0
(pl^Aj 195.3

Relative Values _
F 1

KAO i

tlon nnd the Resul
;ioctt»on Density

h m 5

*93

.69

.93

2 .69 X 2

.73

1.00

11.32

1.40

15.9

252.8

556. 2

6396.8

g.6

52.4

tljig
an4

h * 6

.13

0

.49

.59

0

.81

5.80

1.03

6.4

29.3

37.9

467.1

579

274

= she.rpenod



not as round ae in electron density calculation. 

It is easier to soloct atomic positions from the 

electron cLemsity calculation vrhen a partial structure 

is used* but one atom (0), Is not indicated in this 

calculation. It llos on e "breed maximum in the 

vector convergence distribution calculation. A com­ 

parison of the density maps from those two Fourier 

methods mi^rht indicate raoro of the structure than the 

distributions separately, "but the extra calculations 

that this would involve would not make it worth while.

A three-dimensional vector convergence distribution 

map was calculated in Oxford for- the degradation 

product usiner cobalt atom phaoes. It provided a tost of 

the validity of these remarks* Figure 38 comparer the 

appear -nee of atoms in the "planar-* prroup in the two 

motliods of calculation* There is very little 

difference* Several high, spurious pee.ks were found 

which had no equivalent in the electron density calcula­ 

tion. Moat of these were related to the position of 

the cobalt atom. A comparison of the numbers of high 

peaks and the proportions of these which indicate atomic
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Electron Density

J

V.C.D

appearance, of p\omar aroup

colpallr airom but oliTterenr mef^ods of



13*.

positions in the two calculations is ^ivon in table 23. 

If this method had "been the only one u/jad for either 

vitnr-V^ B-j^o or* tho degradation product man;/ rrong 

positions rr^tiltt hnve been chosen for »tnms as ecvsral 

of the hlgjhest peaks are spurious*

All stfbr -nt calciilo.tionB on the dssredat 

product nnd the vitamin ?/ere popforroed as Fourier 

electron density calculations.



23 .

Eaaks.JLn.thg Slectr.on T^naifrr and. V..C.V C^lcaHationa
j^qr t*|e Do£rrae|at3

1. Electron Density, Ca^ct

Peak Helrhto *A*

•

3-4

5-6
6-7

2. Vector Conversance? Dij

Arbitrary poalt.
Heights

200-300
3OO-4DO
400-500
500-600
600-700
7OO-800
80O-900

. O|\,JPl*G|dt|Ct

lllpt ̂ O||S

fotpl Wo* Pr»nVn•V Vf V--'-J* ,t-™^V* A %^i,^rf^.WJ

84
17

1
102

*trn*ut,l^n CKlquIat;

IJo^al Not l*^ta

34
11

5
1
3
-
o

HQ: atomic
iw *«*4^ -ji. v 3, C^Jil S

t Y\ f ' "i ^T* ^ T* f%Cl

34
IS

•
1

47

Tlo: at<pm^
•poBitio^^j^4^ca^4

17
6
2
1
~
-

(1?)

55 27



For each reflection the uppor value is that dbeervadt 

tlia lowet* valtie th*t cetlomlata^* Observed 3tTnictu2«e 

aiaplitudos hfivo "bean roughly scaled to the calciilated 

ones. Hie calculated ones a**e those at the 79 atom stag©*

Teir?p®i*atui!*e 'factors • 2.77

Mean iralu<3 of F obal 34.7 

value of

Mean value of 

Fobs not

13.6
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ABSTtACT

Vitamin B^s has been shown, by hydrolysis esepori- 
«*nto f to contain 52S~dimettylben2lntlna&old» ribose, 

phoaphats, propanolamine, five OP als amide groups, a 

cyanide group, and a cobalt containing fragment of 

unlcnowi chemical composition* Todd and hie co*woi»kers 

at Cambridge dbtalnsd a odbalt-eontalnlng fragrant, a 

he3tscai*l3oxyllc acid with a gre^t tendency to form gums* 

In a crystalline form and in this thesis an X-r@y 

analysis of these crystals is doscribed.

Vary little of the material was available, and 

chemical analyse3 were performed on only a polymorphic 

modification which was not suitable for X-ray studies* 

The space group is £*%%%» non-c®ntr»o8ytm»@tt»ic in 

three dimensions* Inhere ar® four molecules in the unit

cell* ^e unit coll dimensions of the compound are
o o oa m 24,58 A, b * 15»5g A and c » 13.3S A, The woight

of the asyiwnetric unit is ^bout 1073. The analytical 
figures suggest that the fonmiln of the dried compound



t» approximately

chroraophoric group of the molecule tms found, spactro-

fccoplcally, to have remained ui&heinged during the

hydrolysis.

Throe dimensional intensity data were collected 

on ^eissoribcrrsr photographs, some of which wai*a fc«incl to 

hav- spotf? to the limit of sin 0 tiding copper radiation* 

The intensities, estimated visually, ^r® corrected and 

scaled*
*Fh® position of the h«avy «mtomt cdbaltt was found 

"by two dimnsionai Ffitterson «ynth0®ee» It i» in a 
more gonei»»l p€>aition in the unit eell than it is in 

vitaisin %g and its selenocyanide»
A thr»e dimensionftl electron density calculation 

using obn^rved structtare ^piitudes and phase angles 

determined hy the positions of the cobalt atom was 

calculated* The resulting sections show many peaks f 

name of which rmist "be spurious, and others which w©r@ 

considered to correspond to actual atomic peaks* 

There are hi£>h diffraction maxima and minima aromnd 

the cobalt atom Tjut peaks corresponding to a

(I) t with oiia "bridge atom missing.



Ill

clearly <il8tliigalsh'»&. This ©£T**ed with en

BRIDQE. CARBON ATOM 
Missirsq

tentatively Isy cryst allograph! c studies on 
tho vitamin. There ma a hlprh peak at afcout 2.3 A

the cobalt a ton and it was suggested that this 
the chlorine atom,

Prom this eta^e onwards work continued In 
collaboration with Dr* K»N» Trucblood and Dr» R.J. Froson 
In California* They calculated structure factors and 
three dimensional electron density series on the 
electronic conqputor SWAC*

The co-ordinates of the 86 atoms around the cobalt 
etora (leavinr c?ut one uncertain atom on the ed&e of a 
diffraction maximum) and Including chlorine and a 
cyanide ^roup w®^ used In the next phase angle cnlcula-



IV

tion* The general appearance of the resulting 

three«~dimcn0ionnl ®lcGtr»o& density seH.es was 

different frcra that of the previous canes. Cartoon 

and nitrogen atoma put into tho calculation appeared 

with poak heights of 7*6 ~ 12.7 e/A3 , ishile ©mailer 

round peaks up to 4*5 ®/A® appeared in positions which 

corresponded stereoeh&nie&lly to a reasonable formula* 

While almost tho entire! arrangement of ntom© T?ae 

found at this sta,g© th^s«5 w^re not all put into the 

next calculation, 1*he highest pe*fcB 9 over 2*5 o/A3 in 

heirht, ^ere included in the next phasa angle calcula­ 

tion involving 54 atoi?i©* %e method used in the 

structure analysis was to CGrapite phase angles for 

gradually increasing groups of sccepta'ble atomic 

positions and ii«pos® those on observed structure 

factors* *£hs resulting tevma were used to calculate 

the three dimensional electron density series* Several 

such series ware calculated and only the positions for 

atoms in one side chain have not been found satisfactorily, 

Thar^ has recently been chemical evidence which 

establish** th® n&tur© of the last side chain and 

0apports the forrnula (II) tentatively suggested for the



CHi

CH C-—v

r/X HOOC-CHj.—°Hi C

COOH
COOH

(I) Formula suggested for me hexacarbailie ao4.



degradation product,

It was found that, in a non-centroeyxnraetric 

atructur© of this kindf an atom appeared in the 

position in which it was put in tho phase angle

calculation, regardless of whether that position was 

correct or not. If the position WBS totally incox»rect 

the peak height v;aa ofton rather lower, "but certainly

msro than half that expected* If the position was 

only slightly incorrect a "bulge was shown towards th« 

correct position* the 'heights of peaks were determined 

to a certain extent by the rigidity of the structure in 

which th0y ta&e part* There are very few hydrogen 

"bonda in tha crystal structure. In the calculation 

involving 73 atoms thore were no peaks ovor 1*5 e/As 

which did not correspond to atomic positions.

The geneml 'arrnngeraent of a terns has "boon found 

"but the chemical nature of each a team is not always 

clear. The molecule is povphyrln-lifcd but one "bridge 

atom Is miBBlnpr. The central ring system round the 

cobalt is planar except at the points where thn bridge

is missing. The four five*-m0mbered rin^s hava 

A «nd A* positions fully saturated. Acetic acid



Hg—COQH) and propionlc acid (—OHg—CHg—GOOH)
attached In the sentience found for most 

naturally occurring porphyrina. Peaks, probably due 
to methyl groups, ?»T»*» found attached to two of the 
bridge atoms, at the direct link, and in a regular 
sequencer on the positions of the flve-^^b^^d rings. 
fhare Is a j( -l^etone or Y-lactam ring attached to on© 
of the fivo«membeped rings.

ThQ atomic arrangement suggested hao bean 
confirmed lay othor workora for vitamin B^rj, except 
that, during the hydrolysis, a iQrdroKyl ^roup has been 
Introduced into the molecule to &lve a lactone (or 
loctara) ring, and nn inversion has occurred ©o that 
the mzcleotido group in the vitamin i8 replaced "by a 
cyanide group, nnd the cyanide ^roitp tigr chloride*

rs


