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Introduction

Recently, the reactions of adenosylcobalamin (AdoCbl) and
methylcobalamin (MeCbl) (for XCbl see Chart 1) with cyanide
have been reinvestigatéd. The AdoCbl has been shoWwto
react by attack of the cyanide ion on tieadenosyl side. On
the contrary, no cyanation reaction between MeCbl and cyanide
has been observed under the same conditiANMR resultd
suggested the formation of an ion-pair species Me@¥t, with
the potentiallys-interacting cyanide ion located close to the
corrin ring, on the side of dimethylbenzimidazole ligand.
Association between MeCbl and charged species, particularly
anions such as P#X or AuCl,~, has been reported in a few
case$ and ion-pair formation, prior to substitution, has been
suggestetlin the displacement of thg-H,O ligand in aquo-
cobalamin. NMR studies on the dimerization of RCbl, with
several R groups, indicated that all the RCbl, whether forming
dimers (R= Me, Et) or not (R= n-Pr, Ado, CN, HO), showed
NaCl specific (although not easily interpretable) shifts of some
resonances. All these results suggest the existence of weak
bonding interactions between corrinoids and charged species
which influence the corrinoid solution behavior. The interest
in the study of the interactions, involving corrinoids and charged
species, resides in the possible role that they could play in
determining the organo-group transfer and electron-transfer
reactions of B, compound£:>¢ Furthermore, such interactions
are potentially important in the binding of corrinoids tq,B
proteins, via charged amino acid residues. With the aim to
obtain, at least in the solid state, a structural picture of the
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on synchrotron data, of crystals of chloro- and azidocobalamin
containing LiCl,1 and 2, respectively.

Experimental Section

Preparation of the Crystals. Crystals were grown by the hanging-
drop method of vapor diffusion. Crystallization df 2 4L of a (H.-
OCDbI)ClI solution at 25 mg/mL were mixed withi2_ of a precipitant
solution containing PEG and LiCl. Typical ranges of concentration of
the precipitants are 2530% PEG and 2:63.0 M for LIiCl. The
droplets were suspended over the same precipitant solution and allowed
to equilibrate at room temperature. Parallelepiped-shaped red crystals
appeared in the drop whithin 2 days. Crystallization 2f Red
parallelepiped-shaped crystals were obtained with the same procedure

interactions between corrinoids and charged species, we havesf 1, with precipitant solutions also containing 0.02 M NaN

tried to crystallize cobalamins in the presence of highly
concentrated salts, using the well-known hanging-drop tech-
nique, usually employed for obtaining protein single crystals.

Crystal Structure Determination. The data collections were
carried out at the X-ray diffraction beamline of the Elettra Synchrotron
(Trieste, ltaly), using the rotating crystal method with 0.8 A mono-

We report here the preparation and the X-ray analysis, basedchromatic wavelength and a 30 cm MAR image plate with maximum
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resolution of 0.89 A. Friedel equivalent reflections were not merged.
Crystal data forl and 2 are given in Table 1. The structures were
solved by conventional Patterson and Fourier methods and refined by
full-matrix least-squares df?. No absorption correction was applied.
Anisotropic refinements of all non-hydrogen atoms with full occupancy
(H atoms were included at calculated positions with fixed thermal
parameters) gave a find&l of 0.0486 forl and of 0.0512 for2,
calculated with 10543 (995 variables) reflections with 20(1) for 1

and 11683 (1016 variables) reflections with > 20(l,) for 2.
Calculations have been carried out using the SHELXL programs.

(7) Sheldrick, G. MSHELXL-93 Program for Crystal Structure Deter-
minationr University of Gdtingen: Germany, 1993.
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Notes

Table 1. Crystallographic Data for Compoundsand 2

Inorganic Chemistry, Vol. 37, No. 20, 19985391

compound 1 2
formula Gs2H105Cl3COLIoN 15021 P Gs2H106.64C1,COLIoN 16023 P
fw 1584.7 1623.71
T, K 100(2) 100(2)

A 0.8000 0.8000

cryst syst, space group orthorhomt@,2,2; orthorhombicP2,2:2;
a A 15.468(5) 15.434(1)

b, A 22.588(8) 22.679(1)

c A 23.561(4) 23.450(1)

vV, A3 8232(4) 8208.1(7)

Z, Dcaics Mg/m@ 4,1.279 4,1.314

w, mnmt 0.398 0.372

F(000) 3348 3436

cryst size, mm 0.4 0.2x 0.2 0.3x 0.2x 0.2
no. of reflcns collcd 10621 11 828

no. of data/parameters 10 543/995 11 683/1016
GOF 1.037 1.098

R1(Fo), Ru(Fo?) [I > 20(1)]?
R1(Fo), Ru(Fod) (all data}
absolute struct parameter

0.0486, 0.1462
0.0489, 0.1467
—0.079(16)

aR1 = 3 ||Fol — IFcll/X|Fol, Ry = [XW(IFol — [Fc))?/3|Fol]">

0.0513, 0.1450
0.0519, 0.1457
0.009(15)

Table 2. Co—X and Co-N Axial Coordination Distances in Cobaloximes, in Cobalamins, and in 10-Cl-cobalamins

XCo(DH)zpy? cobalamin 10-Cl-cobalamin

X Co—X Co—X Co—N Co—X Co—N
H,O 1.916(3) 1.926(3Y 1.952(2y 1.925(2y 1.948(3Y 1.967(4Y
Cl 2.229(1% 1.959(2% 2.262(1) 1.990(4)
Cl 2.259(5Y 1.954(13Y
N3 1.950(2% 1.973(1Y 1.985(3) 1.999(3)
CN 1.937(2) 1.995(2) 1.858(12) 2.011(10) 1.97(2) 2.04(1y
CHs 1.998(5) 2.068(3y 1.99(2) 2.19(2) 1.979(7Y 2.200(7Y
ado 2.015(2) 2.072(2y 2.023(10% 2.214(9y
adePr 1.959(10) 2.212(8%

2 DH = monoanion of dimethylglyoxime?. Reference 16: Reference 12¢ Reference 13& Reference 17.Present worky Reference 8 Reference
18. Reference 19.Reference 157 Reference 207 Reference 21, %= (5-deoxyB-p-ribofuranos-5-yl)methyl° Reference 11; ade= 5'-deoxy-
5'-adenosylP Reference 13b; adePr adenylpropyl.

Results and Discussion

To obtain single crystals, many attempts were carried out by
adding either NaY (Y= CI, CN) or LiY (Y = Cl, Brand I) to
water solutions of several cobalamins. When LiCl was added
to (H.OChI)CI, good-quality crystals were obtained. The
structure analysis (see below) revealed that the crystallized
compounds was actually CICBLiCI-nH,0 (1), formed from
the starting aguocobalamin by displacement of the axially
coordinated water molecule by Tt Recently, it has been
shown that CI substitutes water in the aquocobalamin at high
chloride concentratiof? By addition of NaN to the aquoco-
balamin water solution, in the presence of LiCl good quality
crystals of NCbl-2LiCl-nH,0 (2) were obtained using the same
technique. The X-ray diffraction data ferand2 were collected
at 100 K, using the synchrotron radiati$h. The present
structural determinations have high resolution, and, among the
previous cobalamin X-ray analyses, only those of the aquoco-
balamins (HOCbI)CIQ;*? and [(H0)(10-CHChl)]CIO,* (10-
CI-Cbl = 10-chlorocobalamin) are of comparable accurancy.
Since the crystal structures bfand2'4 are very similar, if the
X axial ligand is excluded, the description bfapplies also to
2. The ORTEP diagrams df and 2 are given in Figure 1.
With the exception of the acetamide side chajrinvolved in

an intramolecular H-bond with the X axial ligand, all the other

side chains interact with Cland Li" ions (Figure 2). The
distances between N40 of tleechain and the Cl ligand il
and the N donor of the azido group2rare 3.312(6) and 3.131-
(6) A, respectively. An intramolecular H-bond between the
chain and the X axial ligand was also observed inQgbl)-
ClO4'2 involving the O39 atom of thec chain and the
coordinated water molecule. The cations are coordinated to the
amidic O atoms of the chaires d, e, andg and to OP4 of the
chainf, whereas the anions are held by NI H-bonds to
the amidic N atoms of the chaimsb, e, andg, as shown in the
sketch of Figure 2. The side chaiase, andg interact both
with Li™ and CI ions,d andf only with Li™ andb only with

(8) Kratky, C. Private communication. The crystal structure of the free

(10) Diffraction data were collected fdrand2 also at 275 K. Comparison
of the refined parameters at 275 K with those at 100 K, showed a
significant increase in the thermal parameters essentially of the side
chains, but their order is maintained. A similar influence of the
temperature was observed when the AdoCbl structures, determined
at 279 and 15 K, were comparé&tOnly slight differences in the esd’s
of the coordination geometry were detectable at the two temperatures.
A shrinkage of about 3% in the unit cell determined at the lowest
temperature is found. Diffraction data fdat room temperature were
also collected using a conventional X-ray source (Mo KA detailed
comparison of the five data collections will be given elsewere.

(11) Bouquiere, J. P.; Finney, J. L.; Lehmann, M. S.; Lindley, P. F.; Savage,
H. F. J.Acta Crystallogr. B1993 49, 79.

(12) Kratky, C.; Faber, G.; Gruber, K.; Wilson, K.; Dauter, Z.; Nolting,
H.; Konrat, R.; Kraitler, B.J. Am. Chem. Sod.995 117, 4654.

salt CICbl was performed from crystals obtained by crystallization of (13) Brown, K. L.; Cheng, S.; Zou, X.; Zubkowski, J. D.; Valente, E. J.;

“aquocobalamin hydrochloride” from water/acetone, as reported in

reference 17 of ref 12.

(9) Prinsloo, F. F.; Breet, E. L. J.; van Eldick, R.Chem. Soc., Dalton

Trans.1995 685.

Krapton, L.; Marques, H. Minorg. Chem.1997, 36, 3666.

(14) The structure of the free salts@bl is refined to R= 0.20, but

coordinates are not available. Hinrichs, W.; Klar, G.; Kopf, J.; Wiese,

J. Acta Crystallogr. A1984 40, C304.
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Figure 1. ORTEP drawings of the cobalamin h(a) and in2 (b).

CI=. Eightions bind each corrin, three of which (on€ laind
two CI7) lie above the3 face and five (four Lt and one Ct)

of which lie above thex face of the corrin (Figure 2). This
could suggest that the face is more negatively charged than
thes one. The H-bonding scheme, involving also the ord€red
water molecules with full occupancy, is shown in Figure 2.
Chainsa andg are bridged by the CI1 ion, whereas chaes
andf are held together by a H-bond between the sugar OR8
hydroxyl group and the amidic O51 atom (2.810(6) Aliand
2.827(6) A in2). Because of these interactions, all the side
chains, including the sugar moiety, are found completely
orderedt® The side chain conformations differ from those found
in the free salt CICbl, which exhibits however a similar
intramolecular H-bond of 3.31 A. The total water content
is significantly less than that found in the free salt
cobalaming:1-13.15 This is probably due to the occupation by

Notes
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o, \.

ows @

Figure 2. Sketch of the structure ofl, which evidentiates the
interactions of ions and water molecules with the amide side chains.
The intramolecular H-bond, involving theside chain is also shown.

A similar sketch applies t@. The corrin O atoms and water molecules
make a distorted tetrahedral geometry around Li ions and theLi
distances range from 1.895(10) to 2.103(16) Aliand from 1.880(7)

to 2.041(8) A in2. The shortest distance involves OP4, and the longest
involves the water molecule OW3. h CI1 completes the distorted
trigonal geometry with one more amido N atom (N34) of a symmetry-
related corrin, whereas CI2 a distorted pyramidal geometry with
two water molecules. The €tHN distances range from 3.125(6) to
3.340(11) A, and CI2-0 distances are 3.125(6) and 3.232(13) A. The
sum of the angles around CI1 and CI2 are 356.6(2) and 268,5(2)
respectively. Very similar figures are found n

the fold angle ranges from 10.9 to 18.generally increasing
with the shortening of the CeNB3 axial bondt?13 The high
accurancy of the equatorial €N distances found il and2
together with those reported for §8Cbl)CIO;12 and [(H:O)-
(10-CI-Cbl)]CIOs!2 allows us to observe that the two €bl
bonds, involved in the corrin five-membered ring, are signifi-
cantly shorter than the other two €&l bonds (Table 1S). The
axial coordination distances for several cobalamins are given
in Table 2. It is apparent that the axial €NB3 distance
increases by about 0.3 A with the increase in the electron
donating ability of the trans ligand from,® to adenosyl. The
comparison of the axial distances in cobalamins and in the
analogous cobaloximes, XCo(Dipy (DH = monoanion of
dimethylglyoxime, py= pyridine), a vitamin B, model is also

of interest!6~1° The Co-N axial distances in the latter follow
the same, although less enhandeainsinfluence trend. With

the exception of the cyano derivatives, the-Codistances have
similar values in cobaloximes and in cobalamins, although for
nonorganometallic derivatives these distances appear to be
longer in cobalamins. The latter differences may be a conse-
guence of the combined effect of the differeig-influence of

the equatorial ligand and of the intramolecular H-bond, present
only in cobalamins.

anions and cations of the sites occupied by some ordered wate

molecules in the crystal structures of the free salt cobalamins.
The distortion of the corrin ring from planarity, as measured
by the fold anglé>!® (17.8(1) and 16.7(2)in 1 and 2,

respectively), is close to those found in other cobalamins, where (18)

(15) (a) Kraitler, B.; Konrat, R.; Stupperich, E.; Bzer, G.; Gruber, K.;
Kratky, C.Inorg. Chem1994 33, 4128; Glusker, J. P. IB;2; Dolphin,
D., Ed.; Wiley: New York, 1982; Vol. 1, p 23. (b) Rossi, M. Glusker,
J. P.; Randaccio, L.; Summers, M. F.; Toscano, P. J.; Marzilli, L. G.
J. Am. Chem. S0d.985 107, 1729.

[
F

(16) Attia, M. W.; Zangrando, E.; Randaccio, L.; Lopez,Atta Crystal-
logr. C 1987, 43, 1521.

(17) Geremia, S.; Dreos, R.; Randaccio, L.; Tauzher, G.; Antolinndrg.

Chem. Actal994 216, 125.

Clearfield, A.; Gopal, R.; Kline, R. J.; Spaski, M.; Urban, L. O. J.

Coord. Chem1978 8, 5.

(19) Attia, M. W.; Zangrando, E.; Randaccio, L.; Antolini, L.; Lopez, C
Acta Crystallogr. C1989 45, 1500.

(20) Randaccio, L.; Bresciani-Pahor, N.; Zangrando, E.; Marzilli, L. G.
Chem. Soc. Re 1989 18, 225.

(21) Clegg, N.; Anderson, R. J.; Golding, B. Acta Crystallogr 1989
C46, 383.
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