
either for the partial formation of an alkene during 0-elimination, 

or the partial formation of a planar free radical during homolytic 

fission (RUchardt, 1970). The conformational strain for a

five-membered ring would be decreased, and for a six-membered ring

2
increased (RUchardt, 1970), due to the formation of an sp centre.

Homolytic fission under a nitrogen atmosphere is reversible, 

and is accelert "ad by oxygen, alcohols and thiols in the following 

order:

no added reagent < alcohols << thiols << oxygen (Pratt, 1972). 

Acceleration in the presence of oxygen "ay be used as evidence that 

homolytic fission is occuring. B-Elinunation reactions, though 

potentially reversible, are not in practice, as the cobalt hydride 

product irreversibly decomposes to give , with the liberation of 

hydrogen (Grate and Schrauzer, 1979), the process being accelerated 

by buffer anions (Das et al., 1968). The reaction is pH-independer.t 

and is not accelerated by oxygen. For »->me secondary 

alkylcobalamins, however, decomposition at elevated temperatures 

was found to be accelerated by v.xygen e.g. cyclohexylcooal amin 

(Chemaly ant' Pratt, 1980c). This sugges s that some homolytic 

fission can occur In parallel with 8-elimination.

The decomposition reaction of isobutylcobalamin is not 

accelerated by oxygen; the fl-elImination is rapid (21% 

decomposition in one hour at 50 °C), and, being more facile, serves 

as the predominant pathway. Cyclobutylcobalamin, on the other hard, 

was found to have an enhanced reaction rate In a.i m- 3C #C, ^H 1 

(Chemaly and Pratt, 1980c); and i t was sugg -si. C thnt th* 

6-hydrogen atom is less conveniently placed for 3-elImination than 

in isobutylcobalamin, so that steric factors in the transition 

state migtt ultimately favour homolytic fission at elevated 

temperatures (Chemaly and Pratt, 1980c). Evidence for the 

simultaneous occurrence of two mechanisms of decomposition in 

cyclohexylcobalamin was adduced by the nature of the organic 

products: cyclohexane (homolytic fission product) and cyclohexene 

(0-elimination product) were detected in the gas phase (Schrauzer 

et al ., 1970).

a .3 The rSle of aterlc strain in Co-C bond cleavage

The X-ray structure of adenosylcobalamin shows that the Co-C bond
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is surrounded at 6.5 A by two CH_-groups (C_c and C__), and by two

26 37 q

methyl groups (C.c and C_.), forming a square nearly 2 A above the 

4b b4

cobalt atom (Lenhert, 1968). Steric interactions between a bulky

upper ligand and the corrin ring are expected. A further source of

interaction, in the case of adenosylcoo&lamin, would be between the

oxygen atom of the ribose ring and methylene groups (C_c and C__)

co 37

of acetamide side chains, and methyl groups C At. and C_. (Lenhert,

46

1968).

The steric repulsion Is expected to be complemented by 

non-bonded electronic repulsion due to electron pairs in C-C and 

C-H ligand bonds, and non-bonded cobalt electron pairs (t„ 

subshells), as well as lone pairs of nitrogen atoms coordinated to 

the cobalt (Pratt and Craig, 1973). The adenosylcobalamin, where 

the Co-Ca-CB bond angle is increased to 125° from the usual 

tetrahedral value of 109.5°, probably employs this distortion to 

diminish the effects of steric and non-bonded electronic repulsion 

(Lenhert, 1966). Until recently the only organometallic , 

compound for which X-ray structural info'tnation was available was 

coenzyme B ^  (Lenhert and Hodgkin, 1961). In 1985 the structure of

a second B coenzyme, methylcobalamin, was determined by X-ray and

. 0 

NMR methods (Rossi et al., 1985). The Co-C bond length is 1.99 A in

methylcobalamin, as compared to the more sterlcally hindered

o

adenosylcobalamin, where the Co- bond length Is 2.05 A. No X-k-ay 

structures exist for ethyl and cyclobutylcobalamins, but the Co-C 

bond length is expected to exceed that of methylcobalamin, and a

*

distortion in the Co-Ca -Cg bond angle Is likely.

In both homolytic H\*ion and 3-elimination mechanisms, the 

lablli'-v of the Co-C bond may be ascribed to the distortion of the 

bond angi<' around Ca , and the consequent lengthening and weakening 

of the Co-C bond. Increasing compression around the

coordinated carbon has been t .stituting various alkyl

ligands (Grate and Schrauzer, emaly and Pratt, 1980a;

1980b; 1980c; Schrauzer and Gr«. , 1981). Increasing steric 

compression in organocobalamins In the series methyl < ethyl < 

Isopropyl (I.e. Increasing substitution of CQ Herreases the

A

Co-Ca -C^ bond angle), ethyl \ n-propyl < isobutyl < neopentyl (I.e. 

increasing substitution on C, increases the Co-Ca-Cp bond angle) 

and cyclopropyl < cyclobutyl < cyclonentyl < cyclohexyl (decreased



Co-C^-Cg bond angle), gave rise to parallel changes in the spectra, 

equilibrium constants and lability of the Co-C bond in 

organoeobalamins. The five-coordinate alkyl corrinoid complexes 

showed increasing stability relative to the six-coordinate 

complexes nnd decreased half-lives for Co-C bond fission in the 

same order, with increasing steric compression. The absorption band 

at ca. 460 nm in six-coordinate cobalt(III) complexes was shifted 

to ca. 440 nm in the spectra of five coordinate forms (with 

increased steric compression).

It was found that homolytic fission could be induced to the 

same extent by increasing or decreasing the Co-C -C bond angle.

Q g

Finally, organoccbalamins show increasing eaie of decomposition

with increasing steric compression regardless of the mechanism

operative, thnt is, ho- _ytic fission and/or 6 -«j1 imination: the

alkyl ligands can be arranged in virtually a single order:

methyl < cyclopropyl < ethyl ^ cyclobutyl < isobutyl < neopentyl -v.

cyclohexyl < cyclopentyl a, isopropyl (Chemaly, 1980).

Grate nnd Schrsuzer (1981) have shown that homolysis of an

alkylcobinamide is negligible relative to that of the corresponding

base-on alkylcobalamin (K x lo"' K ). This result has

b* '-off ba»»-on

been given support by Fink'. *nd Hay (1984). In the present work the 

rates of homolysis of moth ^thyl and eyclobutylcobalamin were 

compared with those )f the corresponding coblnamides.

4.4 Photolyn Is of orgruv oc. >la*ins

The first step in the photolysis of orgnnocobalamins is homolj 'c 

fission (Pratr. and Wh.tear, 1971; EnJ'cott and Ferraudi, 1977). 

Flash photolysis has indicated that ^  ar.i methyl or adenosyi 

radicals are products in th* decomposition of methylcobalamin and 

adenosylcobalamln (Endirott and Ferraudi, 1977; £ncij.u’t and 

Netzel, 1979). Ethyl and adenosyi radicals have also been observed 

in spin trapping experiments (Joblin et al., 1975). The photolysis 

results of methyl, ethyl, cyclob> /I and adenosylcobalsmins are 

reviewed here for the insight they lend into the corresponding 

thermolysis decomposition reactions.

4.4.1 Methy1 coha1 amin

A 81o w , reversible photolysis occurs under nitrogen giving P

12r

(Pratt, 1964; Yamada et al., 1966), methane (where the methyl
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radical abstracts a solvent or corrin ring hydrogen atom) and 

ethane (where dimerisation of the methyl radical occurs) (Dolphin

et al., 1964). The free radical/B,_ recombination occurs very

9 -1 -1 l2r 

rapidly (K ^ 1.5 x 10 mol S ) (Sndicott and Ferraudl, 1977)

which accounts for the slow rate. Oxygen accelerates photolysis

giving B (Pratt, 1964) and formaldehyde (the methyl radical Is 

lb*

converted to methyl peroxy radical in the presence of oxygen, 

giving formaldehyde) (Dolphin et al., 1964a; Pratt, 1972). 

Acceleration of photolysis by the removal o'i‘ the methyl radical la 

effected by various reagents in th*? following order of increasing 

efficiency: no added reagent < alcohols << t-hiols << oxygen (Pratt, 

1972).

4.4.2 Adencaylcobalamin

The rate of photolysis of adenosylcobalamln is similar under both

nitrogen and oxygen (Pratt, 1964); ra'ild cyclizatlon of tne

adenosyl free radical to give 8,5’ - cyclic adenosine occurs

(Hogenkamp, 1963). The rate-determinir.g step Is Co-C bond breaking

rsther than the subsequent reaction of the free radical (Pratt,

1972); recent work supports this conclusion 'Finke and Hay, 1964).

The reaction Is not reversible due to the cyclizatlon of the

radical. The effect of alcohols has been studied: laopropanol

serves to scavenge the adenosyl radiral, producing the strongly

reducing n-hydroxypropyl radical whic .'ed^res to B,_ and is

ler 12s

itself oxidised to acetone (Er.Jlcott < d iletzel, 1979); ethylene 

glycol (Finke and Hay, 1984) provi'1*? a hydrogen radical to 

terminate the adenosyl radical.

4.4.3 Ethyl and cyclobutyIcobalam.

Irreversible photolysis of ethyl i ^yrl>butylcobalamlna is 

similar to that of methylcobalamln. *• nitrogen the products are

mostly alkenes (Dolphin et al., 19€4ij). Oxygen and alcohola 

accelerate the reaction giving B^ (Drlphln et al,, 1964a; 1964b) 

and aliphatic aldehydes (Dolphin et nl,, 1964a). B is a product

A, CD

of photolysis under nitrogen (Yamadr et al., 1966) as well as B,_

I2r

(in contrast to methylcobnlamln). 8, _ formation la due either to

12s

3-elimination or reduction of by the alkyl radical (Yamada et

al., 1966).
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4.5 AdenoBylcobalamin-dcpcndont luomcrasc reactions

The essential first step in the reaction of adenosylcobalamin- 

dependent isomerase enzymes involves the reversible homolytic 

cleavage of the Co-C bond of the coenzyme (Dolphin, 1982) to

yield and the adenosyl free radical. Recent evidence points to

this homolysis as the key (and only) r8le played by the 

adenosylcobalamin cofactor (Finke and Hay, 1984). The next step in 

the reaction is the abstraction of a hydrogen atom from the 

substrate by the radical to give 5'-decxyadenoeine and a substrate 

free radical. The substrate free radical, either directly or via a 

carbocation or organocobalt complex, rearranges to give a product 

free radical which abstracts a hydrogen atom f-om 

5'-deoxyadenosine, ao producing the product and an adenosyl free 

radical; adenosyl cobalamin is then regenerated. The overall 

reaction scheme is presented in Figure 4.1.

ACHj ♦ Co(lll) ACH3 ♦ Co(lll)

♦ SH + s ’
/II ^

M/ |l

•r it,

ACH^-Co v * C°(II) y=-—  - > ACH^ ♦ Co(ll) ACH^ + Co-S

* SH ♦ SH ♦ S*

1! At

H H

ACH2 + Co(I) ^s:isi ^*^3 * ^o(l)

♦ SH 

ACH2-C0 s adenosylcobalamin ^  > more likely pathway*

SH = substrate loss likely pathways

Fig. 4.1 Scheme of possible reaction mechanisms for the 

isomerase enzymes (source: Chemaly (19H0)).



Experimental evidence in support of this scheme is as follows: 

(a' the migrating h.vdrogen atom for all enzymes studied 

equilibrates with both hydrogen atomr n the coordinated (C(J) 

atom of A C H , but not with the solvsnt (Babior, 1975; Abeles,

1979);

(b) thert is evidence for the formation of 5'-deoxyadenosine as an 

intermediate for several enzymes (Babior, Abeles and 

Dolphin, 1976; Abeles, 3 979);

(c) unusual CSR (electron spin resonance) spectra, obtained by

■ >ezing the enzyme djring the steady state, indicate the 

presence of coLnlt(Il) with overlap between the atomic orbitals

of the cot It atom and the carbon atom of the substrate

o

radical, at a distance of >10 A, tor three enzymes (Valinsky, 

1&74; Babior, et al., 1974; Schepler et, a]., 1975; Buettner and 

Coffman, 1977; Boas et al., 1978);

(d) B j a n d  organic free radicals have been detected using 

UV-visible and ESR spectroscopy (Babior, 1975; Cockle et al., 

1972).

(e) the UV-visible spectrum of the enzyme in the resting state 

(maximum about 520 n m ) is virtually identical to that of the 

protein-free coenzvme; but addition of substrate causes partial 

conversion to cobalt(ll) and often the appearance of an 

anomalous band at about 440 nm IToraya et al., 1979; Hollaway 

et al., 1979);

(f) the ribose oxygen itoms do not appear to be necessary for the 

catalytic activity of adenosylcobnlamin (Babior, 1975; Abeles, 

1971; Hogenkamp, 1979).

The combined overall reaction and the two redox reactions can be 

modelled with protein-free reactions.

The prosthetic group, coenzyme R^ ># has been termed an "organic 

radical carrier" (Halpern, 1983); the readily cleaved Co-C bond is 

a prerequisite for the formation of a protein-bound substrate 

radical, which undergoes rearrangement reactions often not favoured 

by the nubstrate radical in the absence of the protein. Analogous 

to haemoglobin, where the protein modulates the ability of the 

metal centre to bind dioxygen, the protein in Bj ,-dependent enzymes



influences the binding of the substrate radical via its ability to 

labilise the Co-C bond.

The Co-C bond in the protein-free coenzyme under physiological 

conditions in the dark is very stable: less than 5 per cent 

decomposition was observed after adenosylcobalamin was held for 

five hours in the dark at 94 °C in water under argon (Hogenkamp et 

al., 1975). The principal r81e of the protein appears to be to 

labilise this bond (by a factor of > 1 0 ^  [see Section 4.11]). The 

manner in which this is accomplished is still a matter of 

controversy. Some of the evidence has implicated repulsive 

interactions between the bulky adenosyl ligand and the corrin 

macrocycle in Co-C bond cleavage (Chemaly and Pratt, 1980a; 1980b; 

1980c; Grate and Schrauzer, 1979; Toraya et al., 1979, Hollaway et 

al., 1978; Dolphin, 1982). Pratt (1984) suggests that the protein 

uses steric distortion of the Co-Ca-C3 bond anjle, caused by a 

substrate-induced conformational change, to promote Co-C bond 

cleavage. The lability of the Co-C bond is increased dramatically 

by increased steric compression: the change in half lives (t/f) for 

decomposition of alkylcobalamins at 25 °C increases as the alkyl 

ligand is changed from methyl ( &  1 year) through ethyl (tJj ^ 6 

months) to isopropyl (t5$ x 3 minutes), neopentyl (tH » 30 minutes) 

and cyclohexyl (t5j * 44 minutes) (Grate and Schrau;:er, 1979). The 

adenosyl ligand, on the basis of spectra and equilibria, would be 

expected to occupy a position between methyl and ethyl. The 

predicted t'4 at room temperature would thus be larger than 6 

months.

At the time that this work was carried out, no value of t)J for

the homolytic fission of the Co-C bond in adenosylcobalamin,

neutral solution, at room temperature, had yet been reported.

However, Finke and Hay (1984) reported a first’-order rate constant 

-4 -1

of 1.12 x 10 s for the homolytic fission of adenosylcobalamin at 

110 °C, in ethylene glycol. The anaerobic thermolysis of 

adenosylcobalamin was followed by optical spectroscopy in the 

temperature range 90 - 120 °C in ethylene glycol using TEMl'O 

(nitroxide 2,2,6,6-tetramethyl- piperidinyl-l-oxy) as a trap for 

5 1 -deoxyadenosy1 radical. Co-C bond energies were estimated in two 

studies (Halpern et al., 1984; Finke and Hay, 1984). Finke and Hay 

(1984) postulated a lowering by at least 14.7 K cal mol-1 of the



barrier for Co-C bond homolysis for a rate acceleration of at least 

1 0 ^  by the adenosylcobolamin-dependent enzyme.

In this study the ratio of rates of decomposition of 

adenosylcobalamin and ethylcobalamin at 96 °C, together with the 

rate of decomposition of ethylcobalamin at room temperature, were 

used to calculate a value of for the room temperature

decomposition of adenosylcobalamin. Hence an estimate of the 

labilising effect of the protein could be calculated and v.ompared 

to the Finke and Hay (1984) value. The effect u». values of

decomposition of the heterocyclic base was assessed using ethyl and 

methylcobinamides. Finally, the decomposition of cyclobutyl- 

cobalamin, expected to decompose at elevated temperatures by both 

8-elimination and homolysis mechanisms, was examined.

The scheme in Figure 4.2 illustrates the complexity of 

reactions initiated by homolytic fission, both thermal and 

photochemical (R is methyl, ethyl or adenosyl). Recent evidence 

shows that overall 3-elimination also proceeds via initial 

homolytic fission to give the caged pair (Baldwin et al., 1985a) 

and by detection of the unstable hydride (Chemaly and Pratt, 1984).

Co ♦ H •

Cc-H
- <ro2 .ru

V

Co-ll ♦ olefin 

(Et)

n-n (Mr.Et)

radiml ( n •)

Fig. 4.2 Scheme of reactions tiatcd by homolytic fission of 

the Co-C bond in or*, ocorrinoids; R may be methyl, 

ethyl or adenosyl, and Co-R denotes five- and/or 

six-coordinate species.



The rates of thermolysis of methyl, ethyl, adenosyl and 

cyclobutylcobalamins in aqueous solution at 96 °C in this study 

were compared in the presence and absence of oxygen (to ensure the 

maximum rate of Co-C bond fission), and in the case of 

adenosylcobalamin, at varying pH (to confirm that the observed 

reaction is pH-independent homolytic fission, not heterolysis as 

occurs at high and low pH (Pratt, 1982)).

4.7 Experimental procedure

Adenosylcobalamin was purchased from Sigma and used without further 

purification. Methyl, ethyl and cyclobutylcobalamins and the 

corresponding cobinamide complexes, were prepared as outlined in 

Chapter 3. Phosphate buffers at pH 6, 7 and 8, with ionic strength 

a « 0.1, were prepared according to Long (1971).

200 m< of buffer solution was placed in a 500 m< three-necked 

round-bottomed flask, fitted with a water-cooled reflux condensor 

and a gas inlet. The solution was refluxed gently (ca. 96 ®C, 

boiling point at alt. 1760 m) and purged with a stream of fine 

bubbles of nitrogen or oxygen. To decrease evaporation of the hot 

solution, the purging gas was first saturated with water vapour by 

being passed through boiling water. Solid corrinoid was added 

(t * 0) to give a ca. 3 x 10 M solution. For reactions under 

nitrogen, the gas flow was stopped after a further three minutes; 

for those under oxygen, the flow was maintained throughout the 

reaction. 2 m t samples were withdrawn at intervals and placed in a

1 cm silica cuvette, the cuvette immersed in ice-water to quench 

the reaction, and the visible spectrum recorded from 300 - 650 nm, 

at 25 °C.

The decomposition reactions of organocobi.iamides were followed 

with very dilute solutions (absorbance ranges 0 - 0.05 and 

0 - 0.2), necessitated by low overall yields from lengthy 

preparations [Section 3.3). The effect of turbidity * as eliminated 

by adjusting the absorbance at 750 nm (where no absorbance due to 

the corrinoid is expected) to zero, btfore running the spectrum of 

organocobinamides. A plentiful supply of the corresponding 

organocobalamins allowed the use of 0 - 1.0 and 0 - 2.0 absorbance 

ranges. Alkyl corrinoids are very light sensitive (Pratt, 1972); 

appropriate precautions were taken at all stages: the



round-bottomed flasks were insulated and covered with aluminium 

foil and the cuvette seeled from light.

The reaction products were identified from their main 

absorption bands (Pratt, 1972): cobalt(III) (aquocobalamin) 350 nm; 

cob_lt(II) 473 and 311 nm (slowly oxidised by oxygen at room 

temperature); stable yellow corrinoid (SYC) in which the corrin 

ring has been broken (Pratt, 1972; Gossauer et al. , 1977) ca. 

460 nm (stable under oxygen). The spectral features of the 

organocobalamins and organocobinamides studied were discussed in 

Chapter 3.

For the faster reactions of ethylcobalamin and 

cyclobutylcobalamin, Ax values were deter-nined by following the 

reactions to completion. For ndenosylcobalam'~ the endpoint was 

calculated from the ratio (1.85) of A.,,, i •’vlcobalamin and

ccbalttll), determined by photolysis of » obalamin under

nitrogen. Values for the half-life of dec<j..>^6ition (tH) were 

determined from plots of toglA^-Al against time [see derivation In 

Appendix (a)]. The SAS package on an IBM 3083 computer was employed 

for linear regression analyses.

4.8 Resulta

Preliminary experiments established that adenosylcobalamin 

de^ompoajs at similar rates in the pH range 6 - 8  (i.e. by 

pH-iridepsndent homolytic fis.iion) but more rapidly at pH 5 

(presumably due to acid catalysed heterolytic fission). 

Ethylcobalamin and cyclobutylcobalamin also decompose at similar 

rates pH 6 - 8, but faster under oxygen; the observed changes were 

easier to analyse at the lower pH value. Most experiments were 

therefor** carried out at pH 6.

4.8.” Adenosylcobalamin

Decompos:. tion in a nitrogen atmosphere produced cobalt(ll) with 

good isoi'bestic points at ca. 335, 390, 490, and 585 nm (see Figure

4.3); the changes in spectrum were similar to those reported for 

photolysis under nitrogen (Brady and Barker, 1961). The reaction

(analysed from the decrease in Ar __) followed first-order kinetics

522

(see Figure 4.4a) with t)$ ■ 180 and 190 minutes (duplicate 

experiments) at pH 6 and 170 minutes at pH 7, i.e. the rate is



round-bottomed flasks were insulated and covered with aluminium 

foil and the cuvette sealed from light.

The reaction products were identified from their main 

absorption bands (Pratt, 1972): cobalt(III) (aquocobalamin) 350 nm; 

cobalt(II) 473 and 311 nm (slowly oxidised by oxygen at room 

temperature); stable yellow corrinoid (SYC) in which the corrin 

ring has been broken (Pratt, 1972; Gossauer et al. , 1977) ca. 

460 nm (stable under oxygen). The spectral features of the 

organocobalamins and organocobinamides studied were discussed in 

Chapter 3.

For the faetar reactions of ethylcobalamin and 

cyclobutylcobalamin, values were determined by following the 

reactions to completion. For adenosylcobalamin, the endpoint was 

calculated from the ratio (1.85) of At^  in adenosylcobalamin and 

cobalt(II), determined by photolysis of adenosylcobalamin under 

nitrogen. Values for the half-life of decomposition (t\) were 

determine! from plots of toglA^-Al against time (see derivation in 

Appendix (a)]. The SAS package on an IBM 3083 computer was employed 

for linear regression analyses.

4.8 Results

Preliminary experiments established that adenosylcobalamin 

decomposes at similar rates in the pH range 6 - 8  (i.e. by 

pH-independent homolytic fission) but more rapidly at pH 5 

(presumably due to acid catalysed heterolytic fission). 

Ethyl cobalamin and cydobuty lcobalamtn also decompose at similar 

rates pH G - 8, but faster under oxygen; the observed changes were 

easier to analyse at the lower pH value. Most ex riment3 were 

therefore carried out at pH 6.

4.8.1 Adenosylcobalamin

Decomposition in a nitrogen atmosphere produced cobalt(II) with 

good isosbestic points at ca. 335, 390, 30, and 585 nm (see Figure

4.3); the changes in spectrum were similar to those reported for 

photolysis under nitrogen (Brady and Barker, 1961). The reaction 

(analysed from the decrease in A, ,,) followed first-order kinetics 

(see Figure 4.4a) with t)J ■ 180 and 190 minutes (duplicate 

experiments) at pH 6 and 170 minutes at pH 7, i.e. the rate is
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Fig. .3 Spectral changes observed during the decomposition of 

adenosylccbalamin at 96 #C under nitrogen: A » 2 minutes, 

B * 66 minutes, C » 145 minutes and D » 345 minutes.

Fig 4.4 First-order kinetic plots of the decomposition at 9t °C of 

a) adenosylcobalalamiti under nitrogen and b) 

ethylcobalamln under oxygei,.



pH-independent. Decomposition under oxygen is more complex; the 

spectra indicated the formation of cobalt(III) with some SYC with 

reasonable isosbestic points, followed by the slow conversion of 

cobalt(III) to cobalt(II). The ra*->- of decomposition under oxygen 

was comparable to that under nitrogen but the complexity of the 

reaction and the absence of a reliable end-point precluded a 

quantitative analysis of the kinetics.

4.8.2 Ethylcobalamln and r chylcoblnamide

Decomposition of ethylcobalamin in a nitrogen atmosphere produced 

cobalt(II) with good isosbestic points at ea. 335, 390, 485 ar.d 

585 nm (see Figure 4.5). The reaction followed first-order kinetics 

(based on the decrease in A ^ Q ) with t)< ■ 15, 15 and 16 minutes in 

separate experiments. Decomposition under oxygen produced 

cobalt(III) and a little SYC with isosbestic points at about 335, 

364, 455, 480 and 600 nm, followed by a much slower conversion of 

cobalt(III) to cobalt(ll). The reaction followed first-order 

kinetics (based on the increase in a ^q) f°r over three half-lives 

(see Figure 4.4b) with t)J * 9, 9.5 and 9.5 minutes in separate 

experiments, i.e. significantly shorter than under nitrogen.

The decomposition of ethylcobinamide was followed under oxygen 

to assess the effect of the heterocyclic base on the reaction rate. 

A gradual decrease in the whole spectrum (i.e. destruction of *he 

corrin ring) was observed, without the appearance of cobalt(IIl) 

(350 nm). Unchanged ethylcobinamide was indicated by the shape oT

the spectrum even after ^Alr. had fallen to 20 per cent of the

460

initial absorbance (see Figure 4.6). The reaction under oxygen

followed first-order kinetics (based on the decrease in A and an

460

estimation of ca. 0.02 (by graphical extrapolation) for the

end-point); t)J ■ 370 and 380 minutes at pH 6 and 390 minutes at pH 

7, in separate experiments, i.e. the rate is pH-independent (see 

Figure 4.7). No significant changes were observed in the 

ethylcobinamide spectrum under nitrogen at 96 #C over several days.

4. b . 3 Methylcobal amln and m.-tny lcobinamide

No significant changes were observed for mothylcobalamin under 

nl*.rogen over six days. The presence of oxygen, as observed with 

ethylcobinamide, caused a gradual decrease in the whole spectrum
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4.5 Spectral changes observed during the decomposition of 

ethylcobalamin at 96 #C under nitrogen: A ■ 1 minutes, 

B ■ V minutes, C ■ 18 minutes and D ■ 37 minutes.

4.6 Spectral changes obi»*.M vud during the decomposition of

ethylcobinamide at 96 °C, pH 7, under oxvgen: A ■ 3

minutes, B ■ 46 minutes, C « 264 minutes and D ■ 1598 

minutes.
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(i.e the destruction of the cnrrin ring), together with the 

increasing prominence of a shoulder at about 480 nm, but no 

cobalt(III) was apparent (350 n m ). The presence of unchanged 

methylcobalamin, even after A, haa fallen to 20 per cent of the 

initial absorbance, was indicated by the shape of the spectrum and 

confirmed by photolysis to give cobalt.( III). It appears that the 

rate-determining step Is Co-C bond fission in methylcobalamin and 

that the initially produced cobalt(Il) and/or cobalt(III) are 

destroyed relatively rapidly in subsequent reactions (involving CH^ 

and CH^O.^ radicals, etc.). cf. the reaction of aquocobalamin with 

ascorbic acid in air at 65 °C, whi h also causes complete 

destruction of the corrin ring via an intermediate which absorbs at 

about 480 nm (Pratt, 1972). The reaction under oxygen followed 

first—  rder kinetics (based on the fall in -,0 and assuming that 

A__  * 0 for the end-point) for over two half-lives (see Figure

4.8 w.rh tH * 8n hours. Two other, more qualitative, experiments 

In u r  also gave as ca. 80 hours.

qualitative experiment following the decomposition of 

nctn. .cobinamide und*^r oxygen showed a similar pattern of corrin 

ring destruction to the ethylcobinamide reaction under oxygen, with 

ess than 10 per cent decomposition in 24 hours (following the fall 

n A ), i.e. slower than methylcobalsmin.

A '8 •a • Cyclobutylcobalamln and cyclobutylcoblnamide 

Cyclob1 tylcobalamin decomposed in a nitrogen atmosphere producing 

cobalt(II) with reasonable isosbestic points at ca. *40, 394, 490 

and 580 nm. The reactior followed first-order kinetic"' (based on 

the fall in Ar__) (see Figure 4.9), with tK • 80 and 75 minutes at 

pH 6 and 80 minutes at pH 7, in separate experiments, i.e. the rate 

is pH-independent. Decomposition under oxygen produced cobalt!Ill) 

ar.d very little SYC with reasonable isosbestic points at ca. 329, 

371, 395 and 428 nm, followed by the slow conversion of 

cobalt(III) to cobalt(II). One ■sriment at pH 6 gave t)f

ca. 5 0 - 6 0  minutes (though the exact value is uncertain given the 

absence of a reliable end-point), i.e. the rate of decomposition is 

accelerated by oxygen.

A qualitative experiment with cyclobutylcobinamide under oxygen

at pH 7 was followed from the decrease in A : a r ugh value of

460

t)$ ca. 200 minutes was obtained.
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Mirvjte*

Fig. 4.7 First-order kinetic plot of the decomposition at 96 *C 

of ethylcobinamide under oxygen.

Fig. 4.8 First-order kinetic plot of the decomposition at 96 °C 

of meth.y lcobalamin under oxygen.
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Fig. 4.9 First-order kinetic plot of th»* decomposition at 96 °C 

of cyclobutyIcobalamin under nitrogen.
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The results are summarised in Table 4.1.

TABLE 4.1: The half-lives of decomposition of some organo­

corrinoids under nitrogen ann oxyg'jn, at pH 6 and 7 

(pH- ; .idependent), at 96 ’C.

A . Organocoba1amins

GAS METHYL ADENOi. YL CYCLOBUTYL ETHYL

N2

No decomp­ 180 min- es 75 minutes 15 minutes

osition in 

6 days

°2

80 hours Comparable to 

the rate under 

nitrogen1

5 0 - 6 0

minutes1

9 minutes*

R. OrganocobInnaIdes

GAS METHYL ADENOSYL CYCLOBUTYL ETHYL

N2

No decomp­

osition in

--- No decomp­

osition in

No decomp­

osition in

3 days 3 days 3 days

°2

Decomposition 

ca. 10% in 

24 hours

’' 200 minutes 370 minutes

‘ The absence of a reliable end point precluded a quantitative rate

analysis.

i

Chemaly (1980) quotes 10 per cent decomposition at 80 °C under 

oxygen, pH 6 and V in one hour.

Chemaly (1980) gives • 30 minutes in under oxygen, pH 6 ami /, 

at 80 °C,






























