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158-159° (83%); ir, 3175, 1760 cm~!; nmr, § 4.62
(1 H, singlet), 4.92 (1 H, singlet), 6.9-7.7 (15 H, aro-
matic multiplet)]. The rate of inversion of the benz-
hydryl grouping of N; of compound Ia was measured
utilizing the method of Mannschreck.# In dimethyl-
de sulfoxide compound Ia had k. = 102.8 sec™! and
AG¥F = 18.4 kcal/mol with a coalescence temperature
(T.) of 97°,

Reduction of azomethine imide Ia with Raney nickel
in ethanol gave a-diphenylmethylaminoacetamide (mp
109-110.5°), which was prepared independently from
ethyl «-diphenylmethylaminoacetate® and ammonia;
its formation from Ia follows a well-established precedent
for N-N bond cleavage of both acyclic’® and cyclic?® 10
acylhydrazides. However, catalytic reduction of azo-
methine imide la with deactivated Raney nickel!! gave
2,2-diphenyl-4-imidazolidinone (I1I) [mp 165-166.5°
(67%); ir, 3410, 3100, 1680 cm™!; nmr, § 3.96 (2 H,
singlet), 6.34 (1 H, broad N-H), 7.43 (10 H, complex

/§—0=0 /N—C=O
(CeHC{ CaHuc(| |
N—CH, N—CH,
H
I v

aromatic multiplet); m/e 238]. The structure of III
was confirmed by dilute acid hydrolysis to benzo-
phenone and glycinamide hydrochloride.

The formation of III from the azomethine imide Ia
suggests the possible intermediacy of the bicyclo-
diaziridine valence bond tautomer IV, which was pre-
viously implicated as an intermediate in the pathway to
Ia from the chloroacetylhydrazone of benzophenone.?

Our new route to cyclic azomethine imides? has been
extended to the use of the homologous 8-chloropro-
pionylhydrazone of benzophenone (V), which yielded VI
with sodium hydride in benzene. The structure of VI
was confirmed by its spectroscopic and chemical proper-

(N =0
(CeHy),C=NNHCCH,CH,Cl 22> —¢
v (CeHy)C=N_ CH,
N,
K*"0But VI
lNaB}L
HIF—?=O HN—C=0
(CeHs)chN\ /CH (CGH5)2CHN\ /CH2
CH o,
VIII VII

ties. Mass spectroscopy and microanalysis confirmed
its molecular formula as C;,H;sN.O (/e 250), mp 228~
230° dec (77%). Its uv spectrum (ethanol) showed

(4) E. Fahr, W, Fischer, A. Jung, L. Sauer, and A, Mannschreck,
Tetrahedron Letters, 161 (1967).

(5) A. Mannschreck, G. Rissmann, F. Vogtle, and D. Wild, Chem.
Ber., 100, 335 (1967).

(6) H. H. Fox and W, Wenner, J. Org. Chem., 16, 225 (1951).

(7) C. Ainsworth, J. Am. Chem. Soc., 76, 5774 (1954).

(8) C. Ainsworth, ibid., 78, 1636 (1956).

(9) E. C. Taylor, J. W. Barton, and T. S. Osdene, ibid., 80, 421 (1958).

(10) E. C. Taylor and J. W. Barton, ibid., 81, 2448 (1959).

(11) This deactivation was carried out by boiling commercial Raney
nickel catalyst in water for 30 min.

maxima at 240 mu (e 13,400) and 335 mu (e 23,600); its
ir spectrum, in contrast with that of Ia, revealed a car-
bonyl band at 1685 cm—!, consistent with a five-mem-
bered cyclic lactam. Finally, its nmr spectrum showed
two triplets at 6 2.59 and 4.12 (/ = 7 Hz, with further
fine splitting) and a complex eight-proton aromatic
multiplet centered at 7.40, with an additional two-proton
multiplet at 7.95. Acid hydrolysis of VI in aqueous
ethanol gave benzophenone and 3-pyrazolidinone hy-
drochloride (mp 195° dec, 747%;), identical with an
authentic sample.'? Sodium borohydride reduction of
VI gave 1-diphenylmethyl-3-pyrazolidinone (VII) [mp
158-160° (6697); ir, 3150, 1680 (split) cm—!; nmr, &
2.38 (2 H, triplet; J = 8 Hz, with finer splitting), 3.18
(2 H, triplet; J = 8 Hz, with finer splitting), 4.57 (1 H,
singlet), 7.0 (broad N-H singlet), 7.34 (10 H, aromatic
multiplet)]. Reduction of VI with Raney nickel in
ethanol gave 3-diphenylmethylaminopropionamide (mp
99-100°).

Treatment of the azomethine imide VI with potas-
sium ¢-butoxide in refluxing benzene resulted in its
conversion in 759 yield into an isomer, mp 179-180°,
Spectral data [nmr, § 7.12 (10 H, aromatic multiplet),
6.5 (1 H, singlet), 5.6 and 7.0 (2 H, doublet; J = 3.5
Hz); ir, 2625 (broad), 1675 cm~! (weak); uv, Aj™
230 mu (sh)] showed that this isomeric compound must
possess structure VIII, It formed a monobromo deriva-
tive and both a hydrochloride and a sodium salt. The
mechanism of the conversion of VI to VIII, as well as
cycloaddition reactions and further chemical trans-
formations of the cyclic azomethine imides I and VI,
will be described in the full paper.

(12) 1. C. Howard, G. Gever, and P. H. L. Weli, J. Org. Chem., 28,
868 (1963).
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The Reaction of Vitamin B,,, and of Cobaloximes
with Carbon Monoxide. Evidence for Self-Reduction
of Vitamin B,,, in Neutral Solution!

Sir:
Bayston and Winfield? recently reported the reduction

of vitamin By,. with carbon monoxide in aqueous solu-
tion (eq 1). This reaction suggests a unique reactivity

2B + CO + H,0 —> 2By, + CO, + 2H* (1)

of the Co(Ill) ion in vitamin By,,, since conventional
Co(III) chelates are known to be unreactive with CO.
Cobaloximes(1II), e.g., hydroxy(aquo)- or hydroxy-
(pyridine)bis(dimethylglyoximato)cobalt(Ill), are like-
wise not reduced by CO, but if a trace of a cobaloxime-
(1) is added, reduction to the Co(I) derivatives is ob-
served. The reduction of cobaloximes(III) with carbon
monoxide yields the Co(I) nucleophiles under extremely
mild conditions and is recommended for the synthesis
of sensitive organocobaloximes. The reaction with
CO proceeds in a manner typical of autocatalyzed
reactions (Figure 1) and appears to be similar to that

(1) Supported by National Science Foundation Grant GB 6174.
(2) 1.N. Bayston and M. E, Winfield, J. Catalysis, 9,217 (1967).
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Figure 1. Reduction of hydroxy(aquo)cobaloxime(III) with CO

(1 atm, 25°) at pH 8.2 and 12.9 in the presence of various amounts
of added bis(aquo)cobaloxime(II). The reaction was followed by
measuring the increase of absorbance 4 at 525 mu. Log A4 =
log (4o — Ao

observed for reduction with molecular hydrogen.® The
carbon monoxide evidently interacts with the Co(II)
species present in solution whose concentration in-
creases in the course of the reduction. Since CO is a
two-electron donor, the reduction of the cobaloximes
to the Co(I) derivatives is seen to involve intramolecular
electron-transfer reactions as shown by eq 2 and 3.

0

_- C
co, 08" HOl _A¥ OH~

A ((c@ —— 2(Col)” @
(Co™™) + CO, + HO
OH
(€™ + (CdM) == 2(Co™) + OH~ @)

Equation 2 is similar to the mechanism proposed for
the reduction of Agt or Hg?* by CO in aqueous
solution.*5 However, we find it preferable to regard
the first step as a displacement of the coordinated water
rather than an insertion reaction.

The reduction of the cobaloximes is pH dependent.
Above pH 8 the Co(I) nucleophiles are formed, but
between pH 7 and 8 a slow reduction to the Co(II)
derivatives takes place.

Vitamin By,, reacts with carbon monoxide following
a pseudo-first-order rate law, at least in the initial stages
of reduction.? An induction period is not observed.
This suggested that vitamin By, in solution is at equilib-
rium with a Co(II) derivative formed via a self-reduction
process. Self-reduction of vitamin B, was shown to
occur slowly in alkaline solution®® but has not been
considered to occur in neutral or weakly acidic medium.
The self-reduction is pH dependent since it is initiated
by the removal of a proton from an activated 8 position
primarily on ring B of the corrin system.®%* Subse-
quent electron transfer to cobalt yields Co(II) or Co(I)

(3) G. N. Schrauzer, R. J. Windgassen, and J. Kohnle, Chem. Ber.,
98,3324 (1965).
(19(2)1)A. C. Harkness and J. Halpern, J. Am. Chem. Soc., 83, 1258

(5) S. Nakamura and J. Halpern, ibid., 83,4102 (1961).

(6) R. Bonnett, J. R. Cannon, A. W. Johnson, and A. R. Todd, J.
Chem. Soc., 1158 (1957).

(7) 1. M. Pratt, ibid., 5154 (1964).

(8) R, H. Yamada, T. Kato, S. Shimizu, and S. Fukui, Biochim.
Biophys. Acta, 117, 13 (1966).
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Figure 2. Reduction of vitamin B, vitamin By, lactam, and
factor B with CO (1 atm, 25°) at various pH values. The reaction
was followed by observing the decrease of absorbance A4 at 525 mu.
Log A4 = log (4, — A3).

derivatives depending on the reaction conditions.
Since solutions of vitamin By,, at neutral pH are known
to be sensitive to oxygen, it may be assumed that
equilibrium amounts of Co(II) species are generated by
a process similar to that occurring in alkaline medium,
The reduction by CO would hence involve the inter-
action of CO with a Co(Il) derivative, and not the
original Co(I1II) complex, e.g., according to eq 4. The
OH OH

| | €O, H:0
(Co™ly == ~(Co'l) —> -(Co!) ~————>(Co")~ + CO; + H*

S

initially produced vitamin By, is converted to vitamin
B, On interaction with vitamin By, by the known®
reaction 5.

Bma + Bl?s : 2Bl2r (5)

Our evidence for the self-reduction of vitamin By,
in solution at room temperature and neutral pH can
be summarized as follows. (a) Freshly prepared solu-
tions of vitamin By, exhibit esr signals similar to those
reported® for vitamin By, which are more intense in
alkaline than in neutral medium. The esr spectrum in
water at pH 7 differs from that of vitamin By by a
superimposed free-radical signal at g = 2.029. (b) On
contact with air, the radical species disappear re-
markably slowly as they are continuously regenerated.
The determined half-life times of the oxidation reaction
are 35 hr at pH 5.5 and 7 and 8 hr at pH 10, respec-
tively, if a stream of air is being passed through the solu-
tions at 25°. (c) The oxidized solutions of vitamin
By;. show no esr signal and are not reduced by CO.
Analysis by tlc reveals the presence of significant
amounts of pink oxidation products originally absent
in the fresh solutions. (d) Factor B in solution is re-
duced at a faster rate than vitamin By, (Figure 2). The
solutions lose activity over a period of days on contact
with air. (e) Vitamin By, lactam and factor B lactam
are reduced by CO much more slowly than vitamin By,
or factor B, respectively (Figure 2), demonstrating the
importance of the active 8 positions in the self-reduction
process. (f) The spontaneous formation of Co(Il) de-
rivatives in solutions of vitamin By,, causes the generation

9) G. N. Schrauzer and R, J. Windgassen, Chem. Ber., 99, 602
(1966).

(10) H. P. C. Hogenkamp, H. A. Barker, and H. S. Mason, Arch.
Biochem. Biophys., 110, 353 (1963).
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of equilibrium amounts of vitamin B, under an-
aerobic conditions. This was demonstrated by adding
methyl iodide to a freshly prepared solution of vita-
min By, at pH 7.0 under argon. Methylcobalamin, in
yields approaching 189, was detected after 3 days of
standing at 25° (the methylcobalamin was identified by
comparison of the R; values on cellulose with an authen-
tic mixture of vitamin B,,, and methylcobalamin, using
1-butanol-acetic acid—water 4:4:1). No methylcobal-
amin was formed in vitamin By,, solutions at pH 5.5
under otherwise identical conditions.

The reduction of vitamin By, by CO thus is a con-
sequence of the presence of Co(II) species in the reac-
tion solution and is not indicative of a special reactivity
of the Co(1II) ion in this corrin derivative. Accord-
ingly, all reactions of vitamin B;,, must now be treated
with caution unless self-reduction effects are definitely
excluded. This applies particularly for the previously
reported reaction of vitamin By,, solutions with oxygen,
which were interpreted!! to suggest that vitamin Bj,,
is an oxygen carrier, in fact, the only Co(IIl) oxygen
carrier known. The demonstrated self-reduction of
solutions of vitamin By,, makes this view untenable.

Finally, it should be mentioned that the reaction of
carbon monoxide with Fe(IIT) porphyrins was suggested!?
to initially involve a self-reduction to Fe(II) derivatives
which were considered to be the catalytically active
species.

(11) B. Jaselskis and H. Diehl, J. Am. Chem. Soc., 80,2147 (1958).

(12) E. Negelein, Biockem. Z., 244, 386 (1932).

Lian-Pin Lee, G. N. Schrauzer

Department of Chemistry, University of California, San Diego
Revelle College, La Jolla, California 92037

Received June 24, 1968

Methylcobalt Derivatives of Vitamin B;, Model
Compounds as Substrates in Enzymatic
Methane Formation

Sir:

Extracts of the methanogenic bacterium MOH!
catalyze the formation of methane from methylco-
balamin according to eq 1.2~* This reaction shows an

ATP, Ha

—> CH, + vitamin By, (1)

methylcobalamin _—
factor III enzyme

absolute requirement for adenosine 5’-triphosphate
(ATP). The factor III enzyme* which is involved in the
final methyl transfer reaction leading to the formation of
methane from N3-methyltetrahydrofolic acid and/or
methylcobalamin is inhibited by halogenated hydrocar-
bons such as methylene chloride and chloroform.’

We now find that extracts of this bacterium catalyze
the formation of methane from a number of methyl-
cobaloxime derivatives, e.g., I (eq 2). The reaction
with the cobaloximes shows an absolute requirement for
ATP and catalytic amounts of vitamin By, This is the
first example of a biological system capable of utilizing

(1) Hydrogen-utilizing organism from the culture known as Metharno-
bacillus omelanskii: M. P. Bryant, B. C. McBride, and R, S. Wolfe,
J. Bacteriol., 95, 1118 (1968).

(2) Methylcobalamin is
cobamide.

(3) Vitamin Bjs; is Coll-5,6-dimethylbenzimidazolylcobamide,

(4) Factor III is Col!ll-5-hydroxybenzimidazolylcobamide:

Wood and R. S. Wolfe, Biochemistry, 5, 3598 (1966).
(5) I.M. Wood, F. S. Kennedy, and R. S. Wolfe, ibid., 7, 1707 (1968).

methyl-Co-5,6-dimethylbenzimidazolyl-

J. M.

H..
0”0
CH, CH
B N\l N amn,
/CO\ S factor III enzyme CH, +
HC” N (T) N” cH,
/ N\
H H
OvvgprO
I H..
0~
H H
/
\0
HC IN\Cl H/NiCHS @
[o]
A
1e” SN 4 W eg,
A\
H H
0~‘~.H/0

the simple cobalamin model compounds® as substrates.
The methyl-Co derivatives of a variety of other cobalt
chelates (II-V)"# were tested for their ability to make
methane in this bacterial enzyme system. However,
only the cobaloximes were found to be active. Most
other CH,;-Co compounds were inactive.? This demon-
strates a unique similarity in properties exhibited be-
tween the completely abiogenic methylcobaloximes and
methyl-B;, derivatives in this biological system. A
variety of methylcobaloximes containing different lower
axial ligands were tested as well. Table I shows the

TableI. Rates of CHs Formation from Methylcobaloximes
Spec act.
of CH4
Substrate enzyme®
Methylcobalamin 15.20
Methyl-Co-(aquo)bis(dimethylglyoxime) 10.60
Methyl-Co-(aquo)bis(diphenylglyoxime) 9.60
Methyl-Co-(pyridine)bis(diphenylglyoxime) 9.50
Methyl-Co-~(pyridine)bis(dimethylglyoxime) 8.40
Methyl-Co-(benzimidazole)bis(dimethylglyoxime) 3.50

Methyl-Co-(triphenylphosphine)bis(dimethylglyoxime) 3.40
Methyl-Co-(cyclohexyl isocyanide)bis(dimethylglyoxime) 1.30
Methyl-Co-~(pyridine)bis(glyoxime) 1.20
Methyl-Co-(pyridine)bis(cyclohexanedione dioxime) 0.20

e Specific activity is defined as millimicromoles of CH, formed
per milligram of protein per minute. Each reaction contained 3.5
umol of methylcobaloxime derivative, 1.0 umol of By, 10 umol of
ATP, and 100 umol of TES buffer, pH 7.0. Gas phase H,, incuba-
tion temperature 40°,

specific activity values for the methane enzyme for
several different methylcobaloxime substrates. The
rates of methane evolution evidently depend on the
nature of the in-plane ligands as well as the axial base

(6) G.N. Schrauzer and J. Kohnle, Chem. Ber., 97,3156 (1964).

(7) Preparation and properties of the cobalt methyl derivatives of
chelates II-V will be described in a forthcoming publication: G. N.
Schrauzer, J. W, Sibert, and R. J. Windgassen, J. Am. Chem. Soc., in
press. The cationic complexes II and III were supplied as the per-
chlorates.

(8) The cobalt methyl complexes II, IV, and V were reported inde-
pendently by G. Costa and his coworkers. See, e.g., Tetrahedron
Letters, 1783 (1967); J. Organometal. Chem. (Amsterdam), 6, 181
(1966); 7,493 (1967). o

(9) The cobalt methyl derivative V showed very weak activity (~0_.5),
while IV and the perchlorates of II and III were completely inactive.
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