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Diastereoisomeric Hydroxy- and Dihydroxy-alkylcobalamins 
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Stereoisomerically pure samples of (2R) - and (2s) -2- hydroxypropyl-, (2R) - and (2s) -2,3-dihydroxypropyl-, 
(3s) - 3,4 -d i hyd roxybu ty I -, and (4s) -4,5 - d i h yd roxypen tyl -coba la mi n have been synt hesised by a I lowing 
cob( i)alamin to react with the appropriate optically pure alkylating agent; these alkylcobalamins and the 
mixtures of diastereoisomers obtained by allowing cob(i)alamin to react with the corresponding racemic 
alkylating agents have been characterised by high field H n.m.r. spectroscopy. 

We describe the first characterisation of both diastereoisomeric 
alkylcobalamins [e.g. (2a) and (2b)l from the reaction of a 

racemic alkylating agent with cob(r)alamin (1). Many authors 
have overlooked the consequences of such diastereoisomerism, 
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although diastereoisomeric alkylcobalamins have been pro- 
posed as intermediates in cob(1)alamin-catalysed reductions of 
unsaturated substrates leading to an excess of one enantiomer 
of product.' Alkylcobalamins that were probably mixtures of 
diastereoisomers, have been described as though they were 
single compounds. The rates of formation of diastereoisomers 
from cob(1)alamin and a racemic alkylating agent should 
differ, depending on the enantioselectivity of cob(1)alamin for 
the R and S alkylating agent. Furthermore, the rates of 
reactions of the resulting diastereoisomeric alkylcobalamins 
should be non-identical. These considerations are important 
in the context of the use of certain alkylcobalamins as model 
compounds for studying the mechanisms of adenosylcobala- 
min-dependent enzymic reactiom2 

Alkylation of cob(1)alamin with 10 mol. equiv. of rac-3- 
chloropropane-l,2-diol gave 2,3-dihydroxypropylcobalamin 
(2) that was purified by phenol extraction and short column 
chromatography on silica gel.3 The 400 MHz lH n.m.r. 
spectrum? of this material showed it to contain a ca. 2 : 3 ratio 
of (2R)-(2a) and (2S)-2,3-dihydroxypropylcobalamin (2b), 
respectively. Theenantioselectivity of cob(1)alamin for enantio- 
mers of 3-chloropropane-l,2-diol is therefore low. After re- 
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crystallising the mixture of (R)- and (S)-2,3-dihydroxypropyl- 
cobalamin from aq. acetone their ratio changed to 5: 4 (cf. 
Figure la). 

For characterising alkylcobalamins with chiral alkyl groups 
we anticipated that their diastereoisomers would show the 
greatest differences in their lH n.m.r. spectra for protons on 
the same side (i.e. p-face) of the corrin ring as the alkyl group. 
It is therefore important to identify the resonances from H-3, 
H-8, and H-13, because the chemical shifts of these protons 
may be very sensitive to subtle changes in the alkyl group. The 
400 MHz 'H n.m.r. spectrum? of MeCbl in D20 shows 12 
resonances in the region 8 3.0-4.8. For 9 of these we agree 
with the assignments of Hensens et al.,4 which we supported by 
double irradiation experiments. We have assigned the remain- 
ing resonances with the aid of double irradiation and n.0.e. 
experiments to H-3 (8 4.17, dd, J 2 and 9 Hz), H-8 (8 3.40, dd, 
J 5  and 11 Hz), and H-13 (8 3.01, dd, J 1 and 11 Hz). Recently, 
Ernst5 and Battersby et a/.6 have located H-3, H-8, and H-13 in 
the lH n.m.r. spectrum of cobester, using different methods 
from those described here. They also found that 8 for H-3 
> 8 (H-8) > 8 (H-13). The values for the chemical shifts for 
H-3, H-8, and H-13 probably depend on the precise orienta- 
tion of these protons with respect to the corrin chromophore 
(in the crystal structure of AdoCbl revealed by X-ray tech- 
niques these protons are quasi-equatorial on each 5-ring 
envelope'), which may be influenced by the sixth ligand 
attached to cobalt [R in (2)-(5)]. 

Alkylation of cob(1)alamin with (R)-glycerol 1 -0-p-  
toluenesulphonate (prepared from 2,3-di-O-isopropylidene- 
sn-glycerol by tosylation and hydrolysis of the acetaP) gave 
(2R)-2,3-dihydroxypropylcobalamin (2a). The 400 MHz 'H 
n.m.r. spectrum? (8 2 . 7 4 . 7  region) of this substance is 
shown in Figure lb. Assignments were made principally by 
n.0.e. difference experiments and comparison with the spec- 
trum of MeCbl. Using these results the spectra (cf. Figure la) 
of the mixtures of (R)- and (S)-dihydroxypropylcobalamin 
(see above) can now be rationalised. The assignments to the 
(S)-isomer are supported by the synthesis of (2S)-2,3- 
dihydroxypropylcobalamin (2b) from (27)-glycerol 1 -0-p- 
toluenesulphonate (prepared from L-ascorbic acide) and 
examination of its lH n.m.r. spectrum. Note that H-13 and 
H-19 and all protons under the cc-face of the corrin have almost 
identical chemical shifts in the two diastereoisomers. How- 
ever, for (2R)-2,3-dihydroxypropylcobalamin H-3 is at 8 4.60, 
whereas it absorbs at 8 4.1 7 in the (S)-isomer. The proton H-8 
absorbs at 8 3.40 in the (R)-isomer and at 8 3.29 in the (S) -  
isomer. These data suggest that the dihydroxypropyl group of 
(2a) and (2b) lies over the corrin ring in the vicinity of rings A 
and B. Changing chirality in the dihydroxypropyl group 
affects H-8 (ring B) and especially H-3 (ring A). Changes are 
also seen for the chemical shifts of some of the methyl groups 
of (2a) and (2b), but are always < 0.1 p.p.m. 

The reaction of cob(1)alamin with 10 mol. equiv. of rac- 
epoxypropane gave a 3: 1 mixture of (2R)- and (2S)-2- 
hydroxypropylcobalamin [the pure diastereoisomers (3a) and 
(3b) were prepared from (R)- and (27)-epoxypropane, respect- 
i~ely'~].  Alkylation of cob(1)alamin with rac-2,2-dimethyl- 
4-(2'-hydroxyethyl)-1,3-dioxolan p-toluene-sulphonates and 
hydrolysis of the acetal (4c) gave 3,4-dihydroxybutyl- 
cobalamin (4). This was a 1: 1 mixture of (3R)- and 

t The spectra were recorded for solutions (ca. 0.02 mol dm-3) in 
D20 (Me,Si [CH,],SO,Na internal standard) or in CD30D (Me,Si) 
using a Bruker WH-400 spectrometer. For compounds (2b) and 
(Sb) differences between chemical shifts and coupling constants 
for their solutions in these solvents were g O . 1  p.p.m. (6 values) 
and negligible (J values). N.0.e.  experiments were successful with 
MeCbl in D20 at 25 "C and cobalamin (3b) in CDBOD at - 10 "C. 
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Figure 1. 400 MHz ‘H n.m.r. spectra (6 2.7-4.7) of (a) rac-2,3-dihydroxypropylcobalamin and (b) (2R)-2,3-dihydroxypropylcobalaniin. 
The peaks between ca. 6 3.6 and 3.7 in spectrum (a) are due to 3-chloropropane-1,2-diol. The triplet at 6 2.91 in each spectrum is due 
to Me,Si [CH,],SO,Na. 

(3s)-diastereoisomers according to its ‘H n.m.r. spectrum? 
and comparison with (3S)-3,4-di hydroxybutylcobalamin 
(4b) [prepared from (S)-2,2-dimethyl-4-(2’-hydroxyethyl)- 
1 ,3-dioxo1an8J1]. With 4,5-di hydroxypentylco balamin (5) ,  it 
was not possible to distinguish the (4R)- and (4s)-diastereo- 
isomers by examining the resonances from H-3, H-8, H-13, 
and H-19 of the corrin, because C-4 is too far removed 
from the corrin. However, these diastereoisomers can still be 
readily distinguished [(5) is a 1 : 1 mixture of diastereoisomers] 
because the diastereotopic protons at C-2 of the dihydroxy- 
pentyl group have quite different chemical shifts in each 
diastereoisomer [(R)-isomer : 8 -0.24 and +0.29; (S)-isomer : 
6 -0.37 and $0.38 p.p.m.1. Cobalamin (5 )  was prepared 
from rac-2,2-dimethyl-4-( 3’-hydroxypropy1)- 1,3-dioxolan tol- 
uene-p-sulphonate8 via acetai (5c). The (S)-diastereoisomer 
(5b) was obtained from (S)-glutamic acid via (S)-pentane- 
1 ,2,5-trio1.*J2 
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