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Structure of a Monocarboxylic Acid Derivative 
of Vitamin BIZ 

One particular monocarboxrlic add derived from cyanocobalamin 
can be grown in very large crystals on which both X-ray and neutron 
dlffraaion measurements have been made. Calculations lead t o  the 
placing of some 205 atoms in the crystal asymmetric unit. Including 
98 hrdrogen atoms. and thus t o  the detailed definition ofthe chemicai 
a r u a u r e  of the molecuie. 

Crystal and Molecular S t ruc ture  from X-ray 
Analysis 

TEE mild wid hydrolysis deysnocobalamin gives rise to a 
mi~t- of mono- and di.carboxylic acids and one tri- 
h x y l i c  acid, a Iinding conaktent with the view that the 
pmpionamide side chains on the molecule am the first 
.,biceta of attack. The exact structure of one of tbeae 
bfds. which has partieulartp interestinz properties, ia the 
.~trjuct of the p-nt invosiigntion. m-&aekl first called 
E,. constitutes more than 90 por cant of tbe monocarboxy- 
lie acid fmtion of the B.. hvdmlventa': it cmtaliizoe in 
h e  monoclinio eryatala;-&iy &parated hj. fractions1 
rrystsllization from the iaomeria acids. It also oDcura es a 
natural pmduct in the fermentation liquors of Pmpiari- 
M u m  ahnmonii (CMS,'. CMS4; Zone 1') w h  i t  
hefml-es as an intarmediate in the bioaynthesk of the B,. 
sitaminsa. It has antimetsboiite activity eompared with 
B,, in E&ridrio mli and Od,mmma &me&. 

The very large aim of the wryatals of the mid 
~ m m ~ t a d  M attack on its structure hv a combination of 

and oeutmn diffmaion. I t  w& hoped by ouch 
measummente to d e h e  the crystal etruoturs of tho acid 
iLwU, to pi- the soid p u p  on the moleeuie and to d d  
tho dotaila of the -mont ofths hydmgon aton!* to the 
structure of vitamin U,,. The X-my anaiysia hegm on 
Gm air &ad crystals b e c a w  particularly perfact a@- 
mem of thee, several mm on edge, itad already been givon 
la as l,v Dr. E. Lester Smith. Later. ss emorieneo with 
n e u t m n d i M o n  indicated that the more A l e  crystals 
in their mother liqoor should be the main aohj~ct  of 
attsck, wet orgstsla warn slao investigated by X-ray. 
P m l i i  data on the c-la sre given in Table 1. 

easily obtained fmm an eleotmn deusity distr~bution 
~aiculated with 2.567 tern. phased Lom the Bijvoet 
Me-ces, with ~l ehoaen es the alternative neareat the 
mbalt atom wntdbntion. The structure was, in fact, 
solved &st fmm a leas fawunbie approximation and the 
stomio positions improved in me-ve electron density 
diehibution. and laad squares dculetiiona. Tho preamt 
d i b i l i t y  index ia 0-142; the average standard doviation 
in the aubon-bon single bonds is 0.04. Fig. 1 ahom the 
sgresment a t  this stage between m.. dculatad on the 
-nt atomic parametan, and is. tho phsse angles 
derived fmm the Bijvoat effect. The m e  shorn that for 
72 per cent of the d8xions. the Ant ph- angle c h a m  
wae within 4 F  of the finel vslue. 

Onea the shucturs of the sir dried crystah was knov. 
it wm essg to derive that of the wet crystals, dartmg 
fmm s mbalt atmn phasad map alone. and sorting out the 
m m t  mirror image atama by inspection of the thee 
dimonaional distribution. Thi. mute fallowed at  
EuweU (F.M.M.). h.lternativam~~touaingBijvwtpsirs 
of d x i o n n  m r v s d  on -illation photopphe Was 
taken at  Auddand (T. N. M. W.. J. M. W.). This altama- 
tive has aome gsnenrl intoreat ~s s possible mothed for 
deriving rapidly the gsnerd atomia diitribution within a 

..moleoule in the mrreot abaolute mdguration. 
The wryad stmot- of the air dried monoacid ia 

iilust.ated in Fig. 2. It a h o w  no rssemblanees to that of 
opmmbalamin. wet or dry'... nor to that of S'-dsoW- 
sdenosylmbnlsmin'. The moleouies am arranged in bmad 
kyem within which the planes of the oorrin rinp an, 
inolined a t  about 80' to  one inother. Between the l a F  
them l. a marked clesvsgs; -tact ia mRde arroar the . 
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The air dded cryetals of the acid gave very good X-ray - 

data, extending to  the limit of the copper sphere and 4 

.&wing marked Bij~oet  diirwncea due to anomalous po - 0.4 
dispsrsion a t  the cobalt atom. A total of 6.323 individual 

~~~~ ~- ~-~ 

, 1' %.slues were derived and used for the iditin1 t&- 
. 'llmensid Patterson calculation. to place the cobalt 
atom. Two alternative phase angles were then ealo,llated (I 3 ea 100 1&0 . 180 

the em-&nna even bv and Ra-n*. b . i  
~ ~~~ 

Trials of a numbsr of fudctious and varistions of their N, I. ph- a d m i = .  Ham n i. t+ number or redeuona rn ueh 10- 
Cwn"" , , ,~  ,unc,,on ,or esc,, 'qroasions -re mads which d l  be desmibed els,**here. ; ; ~ ~ ~ $ ~ ~ h ~ a ~ , ,  ,T(Pl _ 

bdenoe for the ~ m t  atomic arrangement nas mast ml phvs  ol~olntnx.  



p p  ~ n r o u g b  hydrogen bonds between wetar molecules 
nud the ao"w groups at  the ends of the side chains. The 
rcrrmrrllrlr8e nrams of two of the aeo-ds p u p a  occupy 
dranmr!ve dlsordmd urns and many of the water mala- 
c d e  vvuuutu dso ahow border. Them does not aurwnr - - 
to be' any obvioua festure of the moiecalsl nmnnpment 
thst rvould suggest tho positmu of the carboryL mid 
groups among the amidas. Dirset obeervstlon of tho 
olacrmn dmsttr maus f s v o m  a definite orientauon of 
each of the th& mb'tnmide m u p s  in amwment with the 
oaumn difirsction data boiaw; the longer aide c h a w  
however, are leae wall d & d  in position snd mnalvslons 
from the m& boi~hta or mwmtomio are un- 
rslieble h&. 

- 
The general atomio distribution in the molecule is cloaaly 

similnrla thst in oyanocobalamin with one quite i n m t n g  
difference. This is Uostrated by Fig. 3, which shour. a 
uro~oction of the ntom'o weitiona mr to a calculated leaat 
aqu-es  plane psssing thmwh thecobalt and four inner 
&mgsn-atomi. the-oo-on+ projmtion of 
~enoeobdamio is campsred with this. it is elear thnt 
there is a variation in the -tion of the nuoleotide.like 
side ohsins in tho two m o l a c h  The phosphate and mgm 
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group partieulsrly have moved about 1 A rblativo to the 
positions they ocoupy in cynnoeob&min7. Tho Inx~z- 
iminnrole. augur, phosphate, and pmpnnolamine group 
am rathor flexible and the n w  positions may mp-nt no 

. more tbm an adjustmrmt to new packing mditiana 
within the prcasnt my& stmot-. They do not 
to be conneDted @wUy with the position of tho noid 
-UP. 
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'Crystal and Molacular Structure from Neutron 
Diffraction Analysis 

The distinction between an amide a d  a csrboxj-lie 
mid be mnde more essiiy by neutmn diffraction than 
by X-ray diffmotion. In contrsat to X-ray eoattering. tk 
coherent neutron scattering l@h of nitrogen (b= 9 . P J  
8nd of oxygen (b=6.8f] sre widely di£f-t and in ad- 
dition the coherent neutmn s~&- length of hydropn 
(b=3,8f), although nsgative, hPs s magnitude appirrsl- 
mataly equal to that of othm atom. Comqusntly it il* 
been possible by  neutmn diffraction to define in detail the 
etruoture of the mon-bomlio anid derivative of ~ - . ~~ ---- ~~ 

cyanowbslamin. 
The neutron dBkction data for this purpose see 

measured ueing a wet crystal of w*ight 11 mg and denst' 
1.339 g1c.c. All unique ratiexiorm fmm planes with inter 
pis- spa*ngs, d>1.3 A, were investigated and 12j3', 
refienorm were k e d  ae O ~ ~ B T ~ ~ ~ I B .  - m e  mean peak 
(including bndsgmund) to backaomd ratio for 
obse-ble r&rions was 1.3 : 1, but the count ra* T'": 

au5cient to give B frsotiond atandad ds~iationo if)!F-' 
par cant for the structnrs ampl i t~~d~s  after wuntio? f"' 

30 min equally divided between pe& and b a o k g r o ~ ~ ~ .  
 he structure &.wis ia in the 5ow ahee" 

The neutron Pattemn 8gn-caldted pro$& 
as expscted. to be uninterpretabls bscauee the*:$ 
-V stoma aesant  in the unit cell. scattering with 


