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Abstract. The crystal stmcture of air-dried crystals of the O-monocarboxyic acid of 
cyanocobalamin, E2, has been solved by x-ray analysis. The lattice constants are n = 14.51 A 
b = 17-09 A, e = 16-35 A. p = 103"; space group P2,. Phare angles were derived from 
observations on a n e a u s  dispersion effects for 2567 of the measured 2875 pairs of 
reflections, hkl and hkl, and usnf in the solution of the structure The intensities of reflexions 
were eye estimated from Weissenberg photographs. The molecular arrangement is very 
dierent from that of other cyanowbalaminr; the corrin rings of neighbouring molecules are 
at ca 90" to one another. It was not wssihle to r e c o d e t h e  oneacid mouo amone the amides - - & 

with certainty. 

Keywards. Vitamin B,,; air dried crystals of a-monoacid of B,,; anomalous disprsion 
method; Ejsral structure. 

1. Introduction 

~rys ta& of a-mono acid obtained by mild acid hydrolysis of vitamin B,, were first 
given us in 1954 by Dr Lester Smith. X-ray photographs were taken of a chip from a 
large dry crystal by J Kamper who showed that the crystals weremonoclinic. Serious 
structure analysis was not however contemplated until the acid appeared as a natural 
product in Dr Bernhauer's laboratory, in the fermentationliquors ofPropionibacteriwn 
shennanii. 

Both Dr Lester Smith and Prof. Bernhauer attempted to prepare derivatives of the 
acid for x-ray analysis, preferably substituted with a halogen atom. Only one that gave 
crystals was obtained, the ethylamide prepared by Dr Lester Smith. This crystallised 
from 90 "/,acetone in fine needles which were poorly diffracting. Preliminary x-ray data 
from oscillation photographs showed that the crystals were orthorhombic, a = 16-0, 
b = 21.4, c = 24.7 A, space group P2,2,2,. ~ . . 

The a-monoacid itself was given us in the form of very good, chunky, red monoclinic 
crystals. An experiment on recrystallisation of a sample from water precipitated by 
acetone produced a second modiiication in small ortborhombic needles with 
a = 16.4 A, b = 22.0 A, c = 23-6 A, space group P2,2,2,, similar to the ethylamide and 
to cyanocobalamin. It was decided to study the monoclinic crystals, and the following 
data were determined. 

*To whom all correspondence should be addressed. 
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2. Experimental 

2.1 Crystal data 

Formula probably C,3H,,0,,N13PCo. 13H,O, monoclinic, a = 14.51 A, 
b = 17.09 A, c = 16.35 A, B = 103". Density E335 g/cm3, measured by flotation; calc. 
1.335, p = 26.2~11-'. The cell dimensions were measured on oscillation and 
Weissenberg photographs. They were a little variable, probably owing to diierences in 
crystal drying. Those recorded were measured on the crystal from which the main set of 
data was obtained 

Weissenberg photographs of crystals rotating about the a axis, and using CuKa 
radiation showed marked differences in the intensities of the Bijvoet pairs, I(hk1) and 
I(hEf): it was accordingly decided to use anomalous dispersion techniques to solve the 
structure (Peerdemann and Bijvoet 1956; Ramachandran and Raman 1956). Formula I 
illustrates the state of our knowledge of the structure of the acid at the outset of the 
investigation. 

2.2 Data collection 

Equi-inclination Weissenberg photographs were taken of crystals rotating about the a 
and c axes. The layers Okl to 9kl were'obtained from a fragment of a crystal of spherical 
shape witb diameter approximately 0.7 mm. Care was taken to ensure that both the 
Bijvoet pairs appeared on the same side of the & to avoid errors from elongation and 
contraction of the spot<Tbe multiple film technique was used and the intensities were 
estimated visually with the aid of a calibration strip. 6323 individual (MI) and @f) 
reflections were measured. These were made up of 2875 Bijvoet pairs of reflections and 
573 reflections for which only one of the pairs was measured. The corrections for 
Lorentz and polarization factors were made. No correction for absorption was applied 
(gr E 9.2). The absolute scale factor was determined using the Wilson (1942) method 
and an average temperature factor of 2.66 A2 was derived. The final scale factor derived 
from the structure factor calculation differed from the Wilson scale factor by less 
than 1 %. 

3. Determination of the heavy atom position 

The Bijvoet pairs of reflections 1 F (hkl) l 2  and I F  (hkf)lz were averaged and the Harker 
section at y = 4 was calculated using the coefficients sharpened to point atoms. The 
highest peak was chosen as the cobalt-cobalt vector and the coordinates derived were: 

x = 0.6328, y = 0.2500, z = 0.1646. 

After refinement the positional coordinates were x = 0.6339, y = 02500, z = 0-1645. 

4. Calculation of the phase angles from the anomalous data 

It has been shown (Peerdemann and Bijvoet, 1956; ~amacha*dran and Raman 1956) 
that the phase angle q associated witb a reflection, can be calculated from the relations: 
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where *is the angle between the non-dispersive structure factor F' and the imaginary 
component F:. In our case 

F; = F& = 2f& cos2n(hx,+ ky, + lz,)exp (- B sinz @/A", 
and 

F ' ~  = + { ~ F ( W ~ ~ ) . ~ ~ + I F ( T B ) ~ ~ } - I F & ~ ~ .  
The two possible values of the phase angle associated withFr(hkl) are a,,, = a, + 4 2  
+ @. Since in our case, the two cobalt atoms are centrically related, a, is O" or 180" and - 
the two alternative phase angles are a, 'and 180 -u,. There is usually a strong bias 
towards the alternative phase angle nearest a, and this was chosen in the very 
successful structure determination of factor V,,, (C,,H,,O,N,, CO . 11 Hz?) 
(Venkatesan et a1 1971). However in the case of factor V,, the heavy atom to light atom 
ratio, Zfi/Z(fz+fi), r = 0-135 while in our case r = 0.084. A program was therefore 
written to calculate F&, F'(Wc1) and cos* = AF2/41F:,I IF'/. The phase closer to the 
heavy atom phase was then selected by a routine which should place it in the 
appropriate quadrant of the phase circle, 

If A F 2  > 0 and u, = 0 , l )  between 0 and 

If AF2>Oand~o=z ,3 )be tweennand  -42, 
If AF2 < 0 and a, = 9 4 )  between - n and 0, 

If AF2 < 0 and a, = x, 2) between n/2 and n. 

In the calculation of Fa, B was assumed to be zero instead of the average 2.66 A2 
found. This approximation had been adopted in the analysis of factor Vla and found to 
improve the anomalous phasing, perhaps because no absorption correction had been 
applied and the effects of absorption and .temperature oppose one another. 

Owing to inaccuracies in the intensity measurements, cos $ = AFz/41F;,l IF'] was 
found to be greater than unity in a number of cases. Where the effect was small, for 81 
reflections, for which 1.0 < cos@ < 1.2, sina was set equal to 1.0. Where cos* > 1.2, 
the reflection was rejected. The 265 reflections in this category were usually ones in 
which either F' or F" or both were small. 

It was decided to compute two three-dimensional electron density distributions 
(i) the usual 'heavy atom' phased Fourier and (u) one using the phakes calclzlated from 
the anomalous differences. this the hol reflections were omitted to reduce the effects 
of pseudo mirror symmetry, as well as the imperfectly phased terms described above, 
giving a total of 2567 reflections introduced into the calculation. These were weighted 
as suggested by Sim (1960) where the weighting fraction used in our calculation was 
l+exp(-2xsin$) where x = 21FIIF,F,l/Zf2. 

Inadvertently, in the first phase angle calculation there was an error in the program 
which placed phase angles which should have been in quadrant (2) in quadrant (3) and 
vice versa, i.e. wben a, was equal to n the program chose -a instead of a. This could 
have given a distribution p, anom. similar to the cobalt phased map, p,, with a mirror 
plane at  y = $. However the larger number of terms in the category a, = 0 produced 
an inbalance more favourable to the actual structure solution though much less 
favourable than the correctly phased distribution evaluated later and used to compute 
p, anom 



Part I. X-ray difraction studies of air-dried crystals 201 

Flow diagram of strneture refinement 
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5. The determination of the light atom positions 

The structure analysis was carried out through a series of calculations of electron 
density and ditrerence maps, structure facto~calculations and cycles of least squares as 
illustrated k~ the flow sheet. The coefficients of the Fourier series were used in the 
form F' = [0.51F(hkI)l% 0.5)F(T;kf)rIZ- I F ~ ( h k l ) j 2 ] 1 ' .  These strictly should be 
modified as the cobalt atom parameters are relined and a facility to do this was 
introduced when computing was moved to Atlas after set 7. At set 4 it was observed that 
the low order structure factors werecalculating too low, suggesting extinctionand these 
were corrected by the method of Pinnock et a1 (1956). 

The two three-dimensional series pa and p, anom first computed were compared in 
paralleL The 23 atoms in the corrin nucleus surrounding the cobalt atom were selected 
correctly, hut further from the cobalt atom the situation was confused; of the next 26 
selected, 11 proved wrong. These involved placing the benziminazole ring at right 
angles to the correct position linked with an incorrectly placed. phosphorus atom. 
Essentially the correct solution of the atomic positions in the molecule was reached at 
p3 and Ap3. Additional atomic positions were sorted from later difference maps. The 
fact that two of the acetamide groups were disordered appeared at Api. Sixteen sites for 
water molecules, most of them only partly occupied, as shown in table 1, were gradually 
distinguished. At the final merence map, Apiv, there were 45 peaks above 0.5 e/A3: the 
highest of 0.8 e/A3 at the cobalt atom position. Many of these peaks correspond with 
hydrogen atom positions; the others appear to be spurious. 

The refinement of the atomic parameters proceeded throughout the analysis, at first 
derived from the gradients on the difference maps, particularly at Ap4, later from the 
cycles of least squares. The first three cycles, on KDF9 at Oxford were full matrix least 
squares divided into two blocks In the hter two series, on Atlas at the Rutherford and 
Appleton laboratory, the block diagonal approximation was used and all parameters 
refined together. At first isotropic thermal parameters were refined for all atoms; in the . 

. . 

. . 

Table 1. Water molrcdes, ofcupancies and B values. 

W Occupation No. Fqal B (A3 

1 1.0 12-8 
3 1.0 163 1 

4 1.0 9.0 
2 057 8.2 
5 043 5.4 
6 070 105 
7 0% 9.0 
8 030 7.9 
9 050 106 
10 050 18.9' 
11 050 18.1 
12 0M 13.5 
13 034 9.3 
14 034 9 2  
15 050 13.3 
16 030 8.0 
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last rounds, anisotropic thermal parameters were derived for the cobalt atom. The 
owlupation numbers for the water molecules were derived empirically from the peak 
he~ghts. They are listed in table 1. In the first three rounds of the least squares 
calculations the weighting function CW(JF,J - was used with w taken as unity. 
Later the weighting factor was changed to one due to Rollett and Mis (1961) 
with w = I1/1 + { I F ,  I - b)/a)2}t'2 a = 5 and b = -50. At the same timea fudge factor 
of 0-6 for positional and thermal parameters was used. 

The positional and thermal parameters of the atoms are listed in table 2. Table 3 
(Nockolds 1966) records the Bijvoet differences observed, F' observed and calculated, 
and a both determined from the Bijvoet differences and calculated from the structure 
found. The latest R recorded was 0.142. The scattering factors for cobalt, phosphorus, 
oxygen, nitrogen and carbon of Cromer and Weber (1965) were used. The scattering 
factors for both cobalt and phosphorus were corrected for the red part of the 
anomalous dispersion. 

The estimated standard deviations of the atomic positions given in table 2 were 
derived by Crnickshank's (1959) formula and are probably underestimated since the 
least squares analysis depended upon the block diagonal approximation. They lead to 
estimated standard deviations for the bond lengths and bond angles of from 
0.01-004 A and 1-2" respectively, also certainly underestimated. 

The cobalt ion appears anisotropic with a marked vibration approximately in the 
direction of the a axis. It is possible that this appearance is an artefact of the data 
collection, since m the main series a was the axis of rotation and only two layers were 
measured around the subsidiary axis. 

6. The use of the anomalous phasing 

The obseived phase angles listed in table 3 are the angles correctly derived from the 
Bijvoet differences. The density distribution p, anom derived using these is much 
clearer than is p, anom and would probably have led to the correct deduction of the 
positions of the atoms in the molecule at the first round. Table 4 summarises the 
distribution of the heavier peaks in p, anom while table 5 lists the heights of peaks 
corresponding to real atomic positions in all threemaps, p. anom, p, anom and p,. It is 
clear p, anom is the best--only two atoms in the molecule have peak heights less than 
1.0 e/A3 and these give peaks of 0.8 and 0.9 e/A3. On the other hand, it is not difficult to 
sort the atoms from the other maps in three rounds of calculation, as experience proved. 
The peaks are in general well resolved, p, anom slightly better than p,. 

Figure 1 shows that the phasing calculation was very successful. For 72 % of the 
reflections, the observed phase angle was within 45" of that finally calculated. 

Figure 2 compares the differences between the k a l  phaseangles and those calculated 
from the Bijvoet differences with B, = 0 and 2.6 A2. It is clear that B = 0 gives the 
better approximation. Further an examination of the effect of various weighting 
schemes proposed by Sim (1960) suggests that the simple empirical weighting W =  0 
when the heavy atom contribution is very low and 1-0 otherwise would in practice b v e  
proved quite effective. Peaks appeared marginally higher in a distribution with terms SO 

weighted rather than with the Sim weighted terms. 
A comparison between the observed 'magnitude of the Bijvoet differences and 

theoretical estimates (Parthasarathy and Srinivasan 1964; Parthasarathy 1965) in- 
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Figure 1. Phase analysis Here n is the number of rdechons in each 10" range and 
N([aa -%I) is the normalised cumulative function for each value of [a. -%I where is the 
phase (comectly dculated) from the Bijvoet effect, rr. the final phase dculated. 

Figure 2. Effgt of BCo on the calculations of a. compared wth 14. 

dicates that those observed were smaller than expected. This may be due to an 
approximation to centrosymmetry in the atomic distribution immediateiy surrounding 
the cobalt atom. At the same time, the effect of the heavy atom was greater than 
calculated, probably owing to the same feature. 

7. Tbe structure of the molede 

The geometry of the molecule and general distribution of bond lengths are very similar 
to those found in other derivatives of cyanocobalamii (Brink-Shoemaker er a1 1964; 
Hodgkin et a1 1962).The bondlengths and bondangles observed are recorded in figures 
3 and 4 and those in the cobalt coordination sphere in figure 5. The cobalt-corrin- 
nitrogen distances are consistent with trivalent cobalt in essentially covalent binding. 
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Table 2. (Continued) g - 
Atom x/a ylb . z/c B Atom x/a y l b  Z/C B 

0,8826 (I 1) 03229 (9) 04318(9) 3.9 
0 

C57 0,9416(14) 0~0842(11) 0,5026 (I 1) 2.3 R7 ' h 
058 0.8860(12) 0.0438 (10) 0.5326 (11) 5.4 R8 0,7376 (12) 0,2902 (I I) 0.6929 (1 1) 5.2 
N59 0.0310(13) 00922(11) 05391 (11) 3.7 P I  . 00457(4) 0,2799 (4) 06714 (4) 3.4 

z 
0.1855 (13) 3.5 P2 09610 (10) 02692 (8) 05924(8) 3.3 

:: 
CM) 0.9773(18) 0,1247 (14) 
C61 0,0693(16) . O.l098(14) 02474 (14) 3.5 P3 0.0982 (10) 01968 (9) 06727(8) 3.4 
062 0.1020(13) 0,1598(12) 0.3018 (12) 6.2 P4 0 W l ( l 3 )  029l2(11) 07484 (11) 5.7 
N63 0,1077 (18) 0.0432 (16) 02437 (17) 6.7 P5 0~1164(14) 03409(13) 06564(13) 6.8 . . 

8 
C64 0,5991 (16) 01798(12) 00772 (12) 2.9 Pr l  0.0765(18) 00652(14) 0631 1 (14) 3.9 

!i 
VI 

N65 05881 (14) 0.1389 (12) . 00165 (12) 4.1 Pr2 00489 (16) 01261 (13) b6906(13) 3:2 
B1 07001 (1 1) 03680 (9) 0,3919 (9) 2.2 Pr3 00977(18) 01017(15) 07825 (15) 4.2 , 3 
B2 0.6906 (14) 0.3049 (10) 0.3428(11) ' ' 2.0 Wl 01861 (24) 01588 (23) 0,4691 (22) 12.8 
B3 0.6672 (12) 03294(9) 02618 (9) .2,6 W3 00752 (27) 0.3730 (29) 04753 (26) 16.2 % 
B4 0.6443 (16) 0.4624 (12) 0~2040(12) 2.9 W4 07226(17) 0.4584(17) 0.6574 (16) 9.0 g 

0.7827 (14) 3.6 W2 09636 (28) 0.4106 (28) 08419 (26) 8.2 
3 

B5 0.3526 (16) 0.0458 (13) 
B6 0.3332(16) 0.0687 (13) 06993 (12) 3.1 W5 0.0206 (32) 04023 (30) 08694 (28) 5.4 
8 7  0.3140(16) 0,0155 (12) 0.6304 (12) 3.2 W6 05549(42) 0.2398 (46) 0.6839 (39) 105 
B8 0,6824 (13) 0,4365 (10) 0.3446(10) 1.8 W7 , 04999(6l) 0.3162(61) 0,6275 (55) 9.0 
8 9  0.6591 (14) 0,4102 (1 1) 0.2635(10) 2.0 W8 0.4412(55) , 0.3275(53) 0.6756 (49) 7 9  
BlO 0.3639(19) 0.1076(16) 0.8550(17) 4.9 W9 0,3923 (41) ' 0.3479 (41) 0.7432(38) 10.6 

E l l  0.3369(19) .0.1579(16) 0,6766 (16) 4.9 WlO 0.2808 (62) 0.2883 (68) 0.5402 (60) 189 
R1 ' 0.7454(16) 0.3626(12) 0.4957 (13) 3.0 Wl l  0.3187 (59) 0.3394 (65) 0,4868 (53) 18.1 
R2 1 , ;: 0,8558(14) 0.3617(11) 0.5032 (1 1) 2.1 W12 0.8071 (46) 0.0123 (46) 0.6778 (43) 13.5 

0.8771 (14) 0,3111 (11) 05818(11) 2.3 ' W13 01162(58) 0.3112(58) 0.2893 (54) 9.3 
@7h2(15) 0.2567(14) 03688 (12) 3.4 W14 05725 (75) 0,2762(78) 0,7508 (69) 9.2 

R5 0.7615 (16) 0.2250 (I 2) 0.6460 (12) 3.1 Wl5 01694 (48) 0.3447(50) 0.1850 (45) 13.3 
R6 0.7128(10) 0,2960(8) . 03171 (8) 3.4 W16 01659 (58) 0,2637 (58) 0.0203 (50) 8.0 

*Final anisotropic temperature factor parameters for cobalt in the expression exp- ( ~ , , h ' +  B , , k 1 + ~ , , l 1 + f l , , h k + B , , h l + ~ ~ ~ k l )  ( x  10'). 
B i t  = 418, Bl l  = 144, = 118, BtL = 35, B13 = -233, BZ3 = -22. 
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Table 3. The column headings represent the following terms 

F, IS the calculated smcture amplitude 
a(A) 1s the phase determined from the Bijvoet differences 
a(C) is the final calculated phase. 

The table is available in the Radclitfe Library, Oxford - 

Table 4. Peaks in p, anom, a summary. 

Peak Height (e/A3) Total No. atom peaks No. spurious peaks 

> 3.0 12 11 1 

There are marked differences in the cobalt-carbon and cobalt-nitrogen distances in the 
axial positions. 

7.1 The corrin nucleus 

The average bond length in the inner ring of thirteen atoms of the nucleus is 1.39 A, 
corresponding with the existence of the expected resonance system. Within this ring the 
variations are similar in character but less accurately determined than those measured 
in, for example, factor V,, (Venkatesan et a1 1971). The buckling of the ring, which is 
shown m figure 6 is similar to that found in other nucleotide-containing cobalamines. 
Each of the four five-membered rings has a slightly different conformation from the 
others. From the torsion angles, shown in figure 7, ring D is much closer to C,(m) 
symmetry than the rings A, B and C. 

7.2 Conformations of the side chains attached to  the corrin nucleus 

The two acetamide groups on rings A and B both show disorder illustrated by the 
difference maps in figure 8. They appear to have been caught beginning to turn as one 
group does in the change from wet to dry vitamin B,, . Here all observed conformations 
are still nearer to the positions, turning outwards, which are shown in wet B,, rather 
than inwards in the corresponding air-dried B,, crystals. Figures 9 and 10 record the 
torsion angles in the major conformation of the groups on rings A, B, C and D. Two on 
rings A and B are essentially extended; that on C approximates to the gauche form. 

fl 

7.3 The position of the acid 

Formally it might be possible to recognise the single acid among the amides either from 
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Figure 3. Interatomic distances (a) in the nucleus. Only one alternative for each of the 
acetamides in &e A and B rings is shown (b) in the propanolamine and nucleotide. 

the interatomic distances, or the relative electron densities of the terminal atoms or 
their arrangement in the cry*-tal. 

Here the standard deviations of atomic positions are too large to permit differenti- 
ation by the distances within the t e n d  groups. The arrangement in the crystal is also 
inconclusive; there are at least two relatively short contacts with hydrophilic groups for 
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Figme 4. Bond angles (a) in the nucleus @)in the propanolamine and nudeotide. 

every one of the terminal atoms of the acetamide and propionamide or acid side chains. 
This is illustrated diagramaticaily in figure 11. There remains the electron densities 
which are listed in table 6, compared with the identifications suggested by the neutron 
study. 

The electron densities are also clearly affected by the inaccuracies of the analysis and 
the process of crystal dryiing. The two terminal atoms actually nearest to one another in 
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Figure 5. Interatomic distances and bond angles in the cobalt coqr&mtion sphere. 

'0' MONO ACID 

(a) 

A30 i 41 I 

I i 48 
A 2 0  DMBC COENZYME 

Figure 6. Atomic projected onacylinder of 2 . 8  
the least squares plane of N21, 22, 23, 24. (a) 0-mono acid (b) dimethylbe&dazole 
cobamide menyme. 
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Figure 7. Observed torsion angles (in degees) in rings, A, B, C and D. 

Figure 8. Difference electron densityover (@at thealternativepsitio1~1for C38.039, N40 
after removal from the phasing calculations (b) in the region of the awtamide on ring A; C272 
N282 and 0292 not included in the phasing calculations. 

electron density are the acetamide 0, N 391-401 at 4.4 and 4.2 e/A3. As this group is 
certainly from other evidence an amide, the densities must be viewed as unreliable. 
Bearing this warning in mind, it is perhaps still worth noticing that on the density 
criterion the group at b should be the acid with 33 and 34,5.1 and 5.4 e/A3 both oxygen 
atoms. This is the identi6cation eventually found by neutton diffraction; other 
identifications are however different as indicated in the table. 

7.4 The nucleoride and the propanolamine 

The observed distances and angles in the nucleotide and propanolamine are shown in 
figures 3h and 4b. Their confonnations are illustrated in figure 12. The benziminazole 
ring is sensibly planar, as would be expected; atom B10 deviates the most from this 
plane, (0.1 1 A). The nbose ring has the envelope conformation with atom R2 out of the 
plane dehed by the other four atoms. The hydroxyl group R8 is turned, as in air-dried 
BIZ, towards the ring oxygen atom R6, 2.8 A away. 

When the whole of the nucleotide is projected onto the least squares plane through 
N21, N22, N23, N24, it on be seen to have shifted from the position it occupies in BIZ. 
This seems to be due to a change in the angle between the benziminazole group and the 
plane of the corrin ring whichcames the sugar and phosphate group aboutG5 A nearer 
to ring D. The whole sugar, phosphate, propanolamine chain is rather flexible; this 
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Tabk 5. Peak heights in p. anom, p, anom and pa for the 0 mono acid. 

Atom p. anom p, Mom pa Atom p. anom p6 anom pc, 

P 1 3.1 4.8 4.3 
P2 2.7 3.3 3.5 
P3 1.0 26 1.8 
P4 10 27 1.0 
P5 1.5 2-2 20 

Prl 1.6 1.5 08 
Pr 2 08 1.0 07 
Pr 3 0 9  2.0 04 

*Atom posrtion in negative reL[lon 

B6 1.2 
B7 1.2 
R 8 1.5 
B9 1-1 
B10 09 
Bll 1-1 

R2 08 
R3 1.3 

W 1  1.0 
W 3  08 
W 4  1.1 
W 2  08 
ws 1.1 
W 6  1.2 
W 7 * 
W 8  * 
W 9  09 
WlO 09 

Wll 09 
w 1 2  1.2 
W 13 
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Figure 9. Conformation of acetamide and propionic acid side chains of rings A and B. 

Figure 10. Corformation of acetamide and propionic side chains of rings C and D. 

Table 6. Elmron density over peaks at terminal side chain atoms. 

Position No. Peak height Identi6cation from 
neutron analysis 
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Figme 11. Diagram of intemolecul& contact distances less than 3.4A 

Figore 12. Projestion on to least squares planes (a) through B1-11, (b) R, 1, 2,4 and 6, 
R1346 debhg  the ~ d a z o l e  and ribose lings. 

change may well be a consequence of packing conditions in this particular crystal 
structure (figures 13 and 14). 

8. The crystal structure 

Figures 15 and 16 are projections of the crystal structure along the b and a axes 
respectively.-They show that the arrangement of the molecules is very different from 
that found in cyanocobalamin. Here the plane of the corrin nucleus is nearly parallel 
with the a axis hut inclined at about 45" to the 6 axis and consequently at about 90" to 
the planes in neighbouring molecules. There is a distinct gap between layers of 
molecules in the (101) plane from one side of the crystal to the other. This gap is 
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Figure 13. Projection of the positions oftheatoms in the mono acid molmle on to the least 
squares plane through Co, N21,22,23,24. The figures show the heights oftheatoms inA above 
and below the plane. 

Fignre 14. Projection oftheatomicpsitiors on to thel-1. 
N22, N23 and N24. 
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Figure 15. Atomic positions projected along b. Hydrogen bonds dotted. 

occupied by water molecules and constitutes a strong cleavage plane in the crystals. 
Between the molecules there are eight direct contacts between hydrophilic groups in 

different molecules in addition to contacts through single water molecules which 
appear strongly bound. These contacts are marked in figure 11. Only one of the two 
water molecules found held within a single molecule in many other B,, derivatives is 
present; that usually found between A52 and 058 is missing. It is however present in the 
wet crystal structure. 

It is indeed easy to correlate the sixteen sites for water molecules found in this crystal 
structure with thirteen of the water molecules found in the wet crystal structure, though 
the relation is not 1: 1. Some of the sites in the air-dried crystals clearly represent 
alternative positions to which a single water molecule in the wet crystal could move. 
Three of the water molecules in the wet crystals haveno corresponding sites in the dried 
crystals and represent the three lost in the transformation suggested by the density. TO 
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Figore 16. Atomic positions projected along a 

confirm that there was no loss of water actually during data collection a zero layer 
Weissenberg photograph was taken after the main axis photographs had been 
collected. There was no observable difference in the photograph taken at the end of the 
experiment and that taken before. 

In conclusion it is difficult to see any reason why the introduction of theacid group at 
b, the position found through neutron ditfraction, should favour such a radical change 
in molecular packing from that of cyanocobalamin itself as is observed in this crystal 
structure. 
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