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Introduction

Vitamin Bs» has two forms (adenosylcobalamirAdoChl);
methylcobalamin£MeCbl)) which are essential for a number
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demonstrates that ligand substitution reactions for cobalamins
(not involving Co-C cleavage) occur dissociativélyand
displacement of the bulky-DMBI by CN~ would not be
expected to be an exception. This has led us to re-examine the
reaction between methylcobalamin and cyanide. We were
surprised to find that no substitution reaction occurs. We did,
however, find evidence for association between the two species.
Our findings are reported in this note.

Experimental Section

Methylcobalamin (MeCbl>99%) was obtained from Sigma. All
other chemicals were of AR grade and supplied by either Merck (NaCN,
NaClQy), Aldrich (CAPS buffer, CROD, D;O), or Fluka (Nal).

Solution pH was measured at 25:C using a pH 537 WTW
microprocessor pH meter equipped with an Ingold 402.M657 electrode.
A saturated NaCl solution was used for the salt bridge solution, and
the electrode was standardized using standard pH 6.86 and 9.18 buffer

of enzyme reactions. Recently we re-investigated the reactionsolutions. Measurement in alkaline solution was carried out under a

between adenosylcobalamin and cyahided found, contrary

to earlier literaturé, that the reaction proceeds in only one
kinetically observable step, with rate-determining attack of the
first cyanide. This reaction is of particular interest as it provides
a convenient means of examining factors which influence the
rate of heterolytic cobattcarbon cleavage, an important reaction

in the methylcobalamin-dependent methyltransferase reaétions.
Two key pieces of evidence led us to postulate that the attack

of the first cyanide occurs at thizadenosyl site rather than at
the a-5,6-dimethylbenzimidazolen¢ DMBI) site, as proposed
by other author4:(i) the large negative values faS" andAV*

for the rate-determining step-0274 3 J moirt K1 and—10.0

+ 0.4 cn? mol~1, respectively) and (i) the observation that there

N2 atmosphere.

UV —vis spectra were measured using a Cary 1 spectrophotometer
equipped with a thermostated cell compartmei@.(1L °C). Preliminary
experiments demonstrated that decomposition of MeCbl by the light
beam of the spectrophotometer was negligible. Stopped-flow experi-
ments were performed using an Applied Photophysics SX-18MV
stopped-flow spectrophotometer.

1H-NMR spectra were obtained on a Bruker Avance DPX 300
spectrometer equipped with a BC-70/52 magnet system and a B-VT
3300 temperature control unit ugim 5 mm QNP H, 1°F, 31P, 13C)
probe. For this probe th&#H-7/2 pulse width is 10.4s. The data
were acquired with 128 scans, a spectral width of 5995 Hz, 32 K data
points, and a corresponding acquisition time of 2.73 s using the digital
quadrature detection acquisition mode. For the acquisition we used a

was no evidence for a reaction between adenosylcobalamin andeélaxation delay 62 s and ax/6 pulse width. All solutions were

other strong nucleophiles.

In the 1960’s Dolphin et al. reported that no reaction occurs
between MeChbl and CN® More recently, however, it was
reported in the literature that C\can displace the-DMBI of
MeCbl

Me Me
| ‘ |
Co +CN° —>» Co
| {
~ L

with k = 2.8 x 1072 s for 0.10 M KCN, 0.1 M buffer
(NaHCG;), pH 10.5, and 25C2 Further information on the
mechanism of the reaction between methylcobalamin and
cyanide could in principle be obtained by examining the ™CN

prepared in either B or CD;OD, and TSP was added as an internal
reference (0 ppm).

MeCbl solutions were prepared in a dark room using red light and
were always protected from light during transportation. All solutions
were aerobic. Experimental errors are given as one standard deviation
of the mean value.

Results and Discussion

We first tried to repeat the experiment performed by Ruda-
kova et aF A MeCbl solution (ca. 2x 1074 M MeCbl, pH
11.0+ 0.1) was mixed with equal volumes of a NaCN solution
(0.20 M NaCN, pH 11.0t 0.1) in a tandem cuvette to give
[CN~] = 0.10 M (where f= final concentration of CN after
mixing) and the absorbance change of the mixture monitored
spectrophotometrically (366600 nm). No reaction was ob-
servable for up to a period of 24 h after mixihgA comparison

concentration, pH, temperature, and pressure dependences. Inf the spectrum before and after mixing (ca. 10 s later), however,
addition, measurement of activation parameters for this reactionshowed that aery small absorbance decrease had occurred

could further confirm that associative attack of the first cyanide
occurs at thgg-adenosyl site of AdoCbl during cyanation, since

cyanation of MeCbl would be expected to be dissociative in
nature. There is a substantial amount of literature which

(AAmax < 0.05; there were no shifts in wavelength maxima).
Further experiments showed that this absorbance change was
reproducible and not associated with the properties of the tandem
cuvette employed. Similar experiments performed at higher

T Dedicated to Prof. Dr. Wolfgang Beck on the occasion of his 65th
birthday.
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An experiment (using a tandem cuvette) was also performed at exactly
the same conditions as those used by Rudakova et al.; i.e. 0.10 M
KCN, 0.10 M NaHCQ (adjusted to pH 10.5 with NaOH), 2%C.
Once again no reaction was observable directly after mixing and up
to 10 h later.
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Figure 1. (a) Top: *H-NMR spectra for solutions of MeCbl in
NaCN: [CNT] = (from top to bottom) 0, 0.10, 0.20, 0.40, 0.80, 1.30,
1.90 M; [MeCbl]= ca. 1.5-2 mM, pD= 12.0+ 0.2, D,O, 25°C, |
= 2.0 M (NaClQ)). (b) Bottom: Plot of chemical shift versus cyanide
concentration for the B44() and B2 @) a-DMBI signals of MeCbl in
D,0O for the spectra given in (a).
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[CN~]f (0.50 M, 1.00 M) and varying pH conditions (pH 9, 7,
5, and 3) gave identical results.
Stopped-flow experiments with the same solutions showed

that the observed absorbance change was “instantaneous” o

the stopped-flow time scale; i.e. no reaction could be monitbred.
We therefore turned to'H-NMR spectroscopy to further

(8) (a) There was a very small amount of photolysis of MeCbl by the
light source, which could be kept to a minimum by reducing the slit
width of the spectrophotometer. (b) The deadtime of the employed
stopped-flow is 2 ms.

Notes

Chart 1. Labeling fora-DMBI of MeCbl

Co

investigate the reason for the small absorbance change seen by
UV —vis spectroscopy.

Figure 1 gives!H-NMR spectra of the aromatic region for
solutions of MeCbl in NaCN ([NaCN§ 0—1.90 M, pD 12.0
+ 0.2,1 = 2.0 M (NaClQy), wherel is the total ionic strength
of the solution). The uppermost spectrum in Figure 1 is for
MeCbl and thex-DMBI B4, B2, and B7'H signals (see Chart
1) are clearly visible at 6.31, 7.00, and 7.20 ppm, respectively,
and are in excellent agreement with literature vafudhe C10
corrin ring and R1 ribose signals are at 5.97 and 6.25(6)
(doublet), respectively. From Figure la it can be seen that the
B2 and B4 signals move downfield and progressively broaden
as the [CN] increasesAd = 0.36 and 0.33 ppm, respectively),
while the B7, C10, and R1 signals are much less affected by a
change in [CN] (A6 = 0.08, 0.10, and 0.04 ppm, respectively).
Plots of chemical shift for the B2 and B4 signals versus {CN
are given in Figure 1b and are essentially linear.

It has been demonstrated in the literature that substitution of
thea-DMBI of cobalamins by CN (or any other ligand) results
in large absorbance changes and shifts in the absorbance
maxima; however the UVvis spectra showed that practically
no absorbance change occurred upon addition of cyanide to
MeCbl. Such a small absorbance change could be due to some
form of association between MeCbl and CNThe 'H-NMR
measurements of Figure 1a show that MeCbl is in fast exchange
with another species on the NMR time scakecf. 16—10°
s71), and since the U¥vis spectrum of the other species is
practically identical to that for MeCbl, we propose that the new
species is MeCBCN~; that is

MeCbl+ CN™ = MeCblFCN™ K

assoc (1)

If association occurs between MeCbl and Ghthen a plot of
chemical shift versus [CN should exhibit curvature and the
chemical shift should reach a limiting value at high [GNFrom
Figure 1b is obvious that, even at high [CNthere is still a
considerable amount of the cobalamin present as MeCbl rather
than MeCbiCN~.

To further demonstrate that association indeed occurs, the
same experiment was repeated in40D. Since CROD is
less protic compared to £, it would be expected that the
association between MeCbl and CMould be stronger in this
solvent. The results are summarized in Figure 2, which shows
the chemical shift of the B2 and B4 signals of #edMBI of
the cobalamin as a function of [Cllin CDs0D.1° (It was not
possible to work at [NaCN}> 1.12 M due to the limited

r?olubility of NaCN in CQXOD.) Once again the C10 and R1

(9) Brown, K. L.; Evans, D. R.; Zubkowski, J. D.; Valente, Eldorg.
Chem 1996 35, 415.

(10) Signals attributable to the amidl’s of the corrin ring of MeChbl
were also observed for MeCbl in GOD (2 M NaClQi). These
signals disappeared on addition of x5.073 M NaOH (6uL of 1 M
NaOH added to 4 mL of solution) to give similar pH conditions to
the solutions which contained CN
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0.10 M, pH 11.7, 25C!1). Alternatively, a reactant may have
contained an impurity. It is rather “suspicious” that the rate
constant for the “fast” reaction between AdoCbl and Cahd
their rate constant for the reaction between MeCbl and CN
are identical within experimental error ((2490.1) x 102s71
and (2.84 0.3) x 1072 s71, respectivel§).

MeCbl can be regarded as a zwitterion, with a localized
negative 1) charge located on the phosphate residue and a
localized positive1) charge located in the vicinity of the Me
Co(lll). Crystal structures of cobalamins have shown that the
o-DMBI is always located perpendicular to the corrin ring, with
the B7 proton pointing away from the corrin ringt?2 Only

, —— : : . : the B2 and B4 signals of the-DMBI of MeCbl-CN~ are
0.0 0.2 0.4 0.6 0.8 1.0 1.2 significantly different from those of MeCbl. This suggests that
[CN]/ M the potentiallyz-interacting CN could be located in the vicinity

Figure 2. Plots of chemical shifts versus cyanide concentration for of the corrin ring, so that the MeCIN™ species could be

the B4 @), B2 (@), and B7 ) a-DMBI signals of MeCbl in CROD regarded as an ion-pair (or solvent-separated ion-pair), rather
([MeCbl] = ca. 1.5-2 mM, [NaCN]= 0-1.12 M, 25°C,| = 2.0 M than just an association complex. Examination of the effect of

(NaClQy). The data are fitted to (2) in the text (solid lines), fixing CN~ on all of thelH-NMR signals of MeCbl could probably
Owmecn = 6.43 ppm (%f), 7.11 ppm (B2), or 7.21 ppm (B7) and giving  pinpoint the exact location of the CNwith respect to MeCbl.
Kassoc= 2.6 £ 0.1 M™%, Owectien = 7.55% 0.02 ppm Kassoc= 2.49 There are a few examples of association between MeCbl and

1 - = = . . . . .
K_LAE'OSMN;;,?M?;NM Sos S.porﬁ ppm, anasso™> 2532 003 charged species in the literature. Fanchiang et al. found ion-
’ e . . ’ ’ i

8.0

respectively. pairing occurs between MeCbl and Pt(11) s&its® from kinetic
measurements, UWis and 'H-NMR spectroscopy (their
signals were much less affected by the addition of CNlow observations using U¥Vvis spectroscopy for ion-pair formation

the expected curvature to a limiting chemical shift value typical Petween MeCbl and Pt(Cl¥) are very similar to our"). It
of association is visible. It can easily be shown that is also proposed that pre-association occurs between MeCbl and

AuCl,~ 53¢ FeCP* 13 and tetracyanoethylerdd. lon-pair forma-
_ - - tion prior to substitution is also well established in the
Aops= (Kasso®mecnren- [CN"] + Opect)/ (1 + Kassof CN 1) substitution reactions of th@-H,O ligand of HOCbI.24

) Interestingly, the'H-NMR spectrum of MeCbl in 2.00 M Nal
(in D,O) gave much smaller and almost identical chemical shift
changes for all the aromatitd signals (spectrum not given),
unlike MeCbl in 1.90 M NaCN (B4;-0.08 vs 0.33; B2;-0.07
vs 0.36; B7,—0.07 vs 0.08; C10;-0.04 vs 0.10; R1;-0.07 vs
0.04 ppm). This further supports the idea that there is a specific
. . : localized interaction (which could involve bonding) between
1
+0.06, and 2.51+ 0.03 M™, respectively (see figure caption the MeCbl and CN in MeCbl-CN~. Further NMR studies

for furt.her_ detfauls) for the assoqaﬂon in QOD. ) and a crystal structure of MeCbl in CNsolution could in
In principle it should be possible to observe separate signals principle substantiate this.

where dops Omecoren- and Omeco represent the observed
chemical shift and the chemical shifts of Me@DN~- and
MeChbl, respectively, anf,ssocis defined by eq 1. Best fit of
the B4, B2, and B7 data to eq 2 ga¥gssoc= 2.6 + 0.1, 2.49

for the MeCbl and MeCbCN™ species at low temperatures.  As mentioned in the Introduction, in an earlier papee
The H-NMR of a solution of MeCbl in 0.50 M NaCN (C® re-investigated the reaction between AdoCbl and~Cand
OD, I = 2.0 M (NaClQy)) was therefore measured-a40 °C, proposed that the first CNattacks the-adenosyl site in the

and twice the number of signals (at 5.69, 5.94, 6.38, 6.46, rate-determining step. No reaction was observed between
6.97, 7.23, 7.44, 7.49, 7.61, and 8.37 ppm) were observedMeChl and CN under the same conditions, however. One
as for the same solution at 2&. A spectrum of MeCbl in  possible explanation is the differences in the polarization of the
CD;0D (2.0 M NaClQ) at —40 °C was also measured (5.94, Co—C bond!®> In MeCbl the Ce-C bond is polarized toward
6.38, 6.98, 7.22, and 7.61 ppm), and a comparison of thesethe Co atom, resulting in an electron-rich Co, and therefore,
two spectra allowed assignment of the signals at 5.69, 6.46, nucleophilic attack is unfavorable. For AdoCbl, however, the
7.44,7.49, and 8.37 ppm in the former spectrum to MeCRf". electron-withdrawing adenosy! group polarizes the-Cdoond

In addition,Kassoc= 10+ 2 M1 (—40°C, CD:0D, | =2.0 M toward the C and, unlike MeCbl, a concerted cleavage which
(NaClQy)) could be estimated, since the peak areas of the does not involve a carbanion leaving group is possible. The
MeCbFCN- signals were ca. 4.8 times larger than the MeChl observation of no reaction between MeCbl and Chlso
signals (the large error is a consequence of broad signals). The

association between MeCbl and Clh CDsOD is therefore ~ (11) Reenstra, W. W.; Jencks, W. . Am Chem Soc 1979 101, 5780.
(12) See references cited in ref 9.

exothermic (sinc&assoc= 2.5+ 0.1 M~ at 25.0°C). (13) (a) Fanchiang, Y.-T.; Ridley, W. P.; Wood, J. B1.Am Chem Soc
We have no explanation as to why Rudakova étatiserved 1979 101, 1442. (b) Fanchiang, Y.-T.; Pignatello, J. J.; Wood, J. M.

. Organometallics1983 2, 1752. (c) Fanchiang, Y.-Tint. J. Chem

a reaction between MeCbl and CNother than to suggest, as Kinet 1984 16, 277. (d) Fanchiang, Y.-T.; Pignatello, J.1dorg.

in the case of the “fast” reaction observed between AdoCbl and Chim Acta1984 91, 147. (e) Fanchiang, Y.-T. Chem Soc, Dalton

CN~ (of which we could find no evidence for its existefe Trans 1985 1375. (f) Fanchiang, Y.-T.J. Chem Soc, Chem

. . Commun 1982 1369.
that the authors may have contaminated their reactant by 14y (a) prinsioo, F. F.; Meier, M.: van Eldik, Rorg. Chem 1994 33,

exposing it to light (as for AdoCbl, MeCbl may have been 900. (b) Marques, H. M.; Bradley, J. C.; Campbell, L. AChem

converted to HOCDI* by the spectrophotometer light source; gﬂi’n?i‘ggg Trans 1992 2019. (c) Stochel, G.; van Eldik. fnorg.
for H2OCbI" + CN™ — CNCbl + CN™ < (CN),CblI™, kobs(1) (15) Hogenkamp, H. P. C Rush, J. E.; Swenson, CJ.Aiol. Chem

= 6.3 x 1073 st andkopszy= 3.5 x 1072 571 for [KCN] = 1965 240, 3641.
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supports our suggestion that rate-determining attack of the first To summarize, the reaction between methylcobalamin and
CN~ occurs at theg rather than thex site of AdoCbl, since it cyanide has been re-investigated. We have found no evidence
is postulated* that o attack would occur via the base-off for a substitution reaction by UWvis spectroscopyH-NMR
AdoChl (1.3% at 25.0C'%) and a small fraction of MeCbl also  spectroscopy showed that the methylcobalamin is in fast
exists in the base-off form (0.22%, 25°G'). Thus, if CN- exchange with a new species (25, D,O), which we propose
can displace the-DMBI of AdoChbl, it should also occur for  to be the association complex Me@bN~.

MeChl, but this is not what we found experimentally. Acknowledgment. The authors gratefully acknowledge
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