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Methylation of 1,4- -quinones' by" methylcobalt complexes has been studied in the
‘presence or absénce of some metal salts. Methylcobaloximes were found to afford mono-
methylated quinones though the yield was very small in the absence of metal salts. The

 transmethylation was, however, remarkably promoted in the presence of transmon metal‘
salt-such as Pd(II) and reached nearly 70% at the highest. '

Methylcobalamins were also found to methylate 1,4-quinones to a sllght extent but no
promoting effect was recognized with PA(11) probably due to complexing side reactions.
Nevertheless, the observations may indicate that methylcobalt complexes act as methy-

“lating reagents not only for mercuric salts but also for organic compound such as 1,4-
quinones. Reaction mechanisms are briefly discussed. '

Much attention has been drawn to the similarity of the Co-C.bond in the Co- alkyl derlva-
tives of several model compounds of vitamin By, to that in alkylcorrinoids. Transalkylation,
therefore, to some compounds such as Hg (II) by the complexes has been a subject of current
interest in relation to the role of vitamin B,, group in biological systems.2~%

We were much concerned with the possible cleavage of the Co-C bond by organic com-
pounds. Previously, only two kinds of chemical cleavage of the Co-C.bonds in the methyl-’
cobalamin and in the model compounds by strong organic nucleophiles were studied: the
cleavage by rercaptide anions as exemplified by the S-methylation of homocysteine to
afford methionine, and that by an alkyl amide anion leading to N-methylation. Recently,
however, the transmethylation to olefins by methylcobalamin as well as some corresponding
model complexes in the presence of Pd (II) salt has been briefly reported.5>® Thus C-methyl-
ation of organic compounds has also become an object of interest.

After some preliminary survey, quinones were found to be C-methylated in the absence
or presence of some additive such as Pd (II) by the Co-methyl derivatives of cobaloxime.
Preliminary part of this work has been reported already,” and we wish to report in this paper
the details of work.

Experimental

Materials——Methylbis(dimethylglyoximato)cobalt(I1I), methylbis(diacetylmonoxime-imino)-1,3-propa-
necobalt(III), and methylcobalamin were prepared respectively according to the reported methods.®® p-

1) Location: Bunkyo- -ku, Tokyo, a) Present address: College of Pharmacy, Yeungnam University, Kyungsan,
Korea.
2) J.M. Wood, F.S. Kennedy and C.G. Rosen, Nature, 220, 173 (1968). ,
3) J.Y. Kim, N. Imura, T. Ukita and T. Kwan, Bull. Chem. Soc. Japan, 44, 300 (1971).
4) N. Imura, E. Sukegawa, S.K. Pan, K. Nagao, J.Y. Kim, T. Kwan and T. Ukita, Science, 172 1248
(1971).
'5) M.E. Volpin, L.G. Volkova, I. Ya. Lev1t1n, N.N. Boronma and AM. Yurkevich, Chem Commun,
- 1971, 849.
6)  R.F. Heck, J. Am. Chem. Soc., 90, 5518 (1968).
7) J.Y. Kim, (the late) T. Ukita and T. Kwan, Tetrahedron Letters .» 1972, 3079. ' o
8) a) G.N. Schrauzer and R.]J. Windgassen, J.4Am. Chem. Soc., 88 3738(1966) H b) G Costa, G Mes’crom
and E. de Savorgnani, Inorg. Chim., Acta, 3, 323 (1969).
9) H. Weissbach, A. Peterkofsky, B.G: Redfield and H. Dickerman; J. Biol. Chem., 238, 3318 (1963).
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Benzoquinone(supplied by Wako), 1,4-naphthoquinone (Tokyo Kasei) were employed as the substrates
aftersublimation in vacuum. PdCl,(Engelhard)was used as either 1.5 x 10-1m LiPdCl; solution in acetoni-
trile or 3 X 10~*m Li,PdCl, solution in methanol after Heck’s method.® Methyl substituted quinones were
synthesized after Fieser'® when requlred for the 1dent1ﬁcat10n of products “All' the other reagents were
commercial. .

Methylation of Quinones React1ons were carried out usually in a mixture of equivalent volume of
anhydrous acetonitrile and methanol (10.ml) in a tinted vessel equipped with a reflux condenser. A given
methylcobalt complex (0.5 mmole) plus p-benzoquinone (BQ) (1 mmole) or 1,4-naphthoquinone (NQ) (1
mmole) were dissolved, and they were allowed to react under a nitrogen atmosphere at 40—50° for 1—5 days
in the dark. After the reactions, the solution was concentrated to ca. 1-—2 ml and filtered. All the filtrates
were subjected to gas-liquid chromatographic analysis (GLC).

Reactions were carried out also in the presence of some metal salts. To the mixed solution (10—25 ml)
of LiPdCl; and Li,PdCl, (total 1.5—4.5 mmole), the complex (0.5 mmole) plus either NQ (1—10 mmole)
or BQ (1 mmole) were added, and the resultant solution was allowed to react under a nitrogen atmosphere
or aerobically at 0—40°. Commermal Ni(II), Fe(III), Ag(I) and Cu(II) salts were also subjected to tests.

Reactions were carried out also under irradiation using a 200 W tungsten lamp from a distance of ca.
20 cm under a nitrogen atmosphere. The resultant mixtures were concentrated, filtered and analyzed as
above.

With the use of methylcobalamin: . Reactions were carried out in the dark under aerobic conditions.

1) To methanolic solutions (ca. 1 ml) of methylcobalamin (20 pmole), NQ or BQ (80 pmole each) were
added and allowed to react at 50°. The samples for GLC were obtained by treating the reaction mixtures
as already mentioned. 2) Reactions in the presence of PA(II). To a methanolic solution (ca. 2.5 ml) o
methylcobalamin (50 pmole), solutions (1.5 ml) of the two Pd(II) salts (total 300 umole) and NQ (100, 200
and 400 umole each; the latter two are cumulative amounts due to the addition in increment to the previous
systems) were added, and allowed to react at room temperature. In the case of BQ, the molar ratio of methyl-
cobalamin: BQ: Pd(II) were 1: 4: 6 based on 20 ymole of the methylcobalamin, and the reaction was carried
out at 50° under otherwise identical conditions with above. The reaction mixture was considerably con-
centrated and subjected to GLC.

Analytical Procedure Shimadzu gas chromatograph, Model GC-1B, equipped with flame ionization
detector (FID) and a glass column (¢ 4 mm x 1.8 m) was used to analyze reaction products. Packings used
for the identification of products were 209, Apiezon grease L on Celite 545 (30—60 mesh), 10%, Silicone DC
550 on Flusin T6 (30—60 mesh), 2%, Silicone XF 1105 on Gaschrom-Z (60—80 mesh) or 10% Silicone DC 11 on
Uniport B (60—80 mesh).

Hitachi recording spectrophotometer, Model ESP-3T was employed to investigate the nature of interac-
tion among methylcobalt complex, quinones and metal salts added.

Results and Discussion

As already mentioned, transmethylation reactions were investigated with respect to
three kinds of methylcobalt complexes; these were methylbis (dimethylglyoximato)cobalt(ITI),
methylbis (diacetylmonoxime-imino)-1,3-propanecobalt(III) and methylcobalamin. Because
of no significant difference in the results obtained between the two former complexes, we
shall describe our investigations for simplicity with “methylcobaloximes” and methyl-
cobalamin, respectively.

Methylcobaloxime

Methylation reactions of 1,4-benzoquinone (BQ) and 1,4-naphthoquinone (NQ) were
investigated in CH;OH-CH,4CN solution around 40°. Axial ligand such as imidazole, pyridine
or triphenylphosphine was employed to investigate whether “#rans effect” could be operative
or not in this kind of transmethylation reaction.

No methylated products were detected, in the case of BQ, by FID gas chromatography
whereas a very small amount (~19%,) of 2-methyl-1,4-naphthoquinone, vitamin K, (designated
as VK;) was formed from NQ. When methylating agents such as CHgl and(CH,),SO, were
substituted for methylcobaloxime, no methylated product was detected. The formation

of VK, even though its yield was very low, was confirmed also in another solvent such as
CH,CH,OH.

10) L.F, Fieser and F.C, Chang, J. Am. Chem. Soc., 64, 2043 (1942).
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The rate of transmethylation seemed quite fast because the yield did not change from
several minutes to days. In spite of the low yield, the formation of VK, would bear great
significance with regard to the C- -methylation of organic compound. Furthermore, when
Pd (II) salts were added to the reaction system, VK, as well as the methylated product of
BQ, namely, toluquinone (TQ) was found to yield to a remarkable extent. Some typical
results are illustrated in Table 1.

TaBre I. Reactions of Methylcobalt Complexes with Quinones in the Presence of Pd (II)

Complex  Axial Molar ratio Solvent Temp. Time Yield of VK; or

base CH,(Co): NQ: Pd (II) MeCN: MeOH (°C) (hr) TQ (mole %)®
I . H,O 1:2:3 1:1 0—40 24 28
Im 1:2:3 1:1 0—40 24 30
Py 1:2:3 1:1 0—40 24 30
Po, 1:2:3 1:1 0—40 24 20
Im 1:2:3 10:2® 40 16 30
Im 1:2:3 10:2 40 16 25
Im 1:2:6 3:1 R.T. 24 40
II Im 1:2:6 3:1 RT. - 24 43
CH;(Co): BQ: Pd (I1) . :
I Im 1:2:3 1:1 40 2472 4
II Im 1:2:3 1:1

40 48 3

complex I: methylbis(dimethylglyoximato) cobalt(Il)

complex II: methylbis(diacetylmonoxime- 1m1no) -1,3-propane cobalt(]]I)
a) counted per initial moles of CH(Co)

&) H,0 was present.

Because of the drastic effect of Pd(II) salts on the transmethylation reactions, we have
further investigated the reaction characteristics in the presence of Pd(II).

(1) Effect of the Axial Bases——As shownin Table I, the cobaloximes with aquo, imidazole,
and pyrldme bases gave VK; in much the same yield, while that with triphenylphosphine
base in lower yield. Apart from the probable replacement of the aquo base by acetonitrile
in the mixed solvent used, the cause of no reactivity difference among the methylcobaloximes
with the nitrogenous bases and an aquo base was studied by electronic absorption spectroscopy,
the imidazole complex being taken as an example.

The imidazele complex exhibited a weak broad band around 440 nm attributed to the
charge-transfer absorption characteristic of the Co-CH, group, while the tetrachloropalladate
showed a band at 436 nm. When the two were mixed, new and rather strong bands at 443
nm and 384 nm were observed. On the other hand, the aquo complex showed the identical
band at 443 nm with that of the imidazole complex-Pd(II) system. Thus, displacement
of the imidazole from the Co atom by Pd(II) could be postulated. This postulation is sup-
ported by the observation of the identical band at 443 nm shown by the imidazole complex-
hydrochloric acid system in which the imidazole is no doubt displaced from the coordination
as the protonated form.

Now, the band at 384 nm exhibited by the imidazole complex-Pd(II) system is, as was
expected, attributed to the absorption by the displaced imidazole-Pd(IT) complex, as evidenced
by the identical band shown by imidazole-Pd(II) system.

In the case of the pyridine complex, similar phenomena were observed except the 443 nm
band was observed in CH;OH, whereas in the case of the triphenylphosphine complex, no
such phenomena were observed. '

Consequently, it is concluded that the methylcobalt complexes with the nitrogenous
bases change primarily into the aquo complex-like species on interaction with the Pd(II) as a
result of the displacement of the bases from the coordination. “Trans effect” therefore was
not clear in the presence of Pd(II). - '
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(2) “ Effect of Pd(11) Concentration——The 'hlgher Pd(II) concentrations were the
more VK, was formed. Such effect is shown for NQ in Fig. 1 where R denotes the molar
rat1os of varying amounts of Pd(II) to a fixed amount of methylcobaloxime.
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. 12 3 4 5 _ 6 7 8 9 Fig. 2. Effect of Quinone Concentration,
R=[Pd (I1)]/[CH,(Co)] ' on the Yield of VK; or TQ
Fig. 1. Effect of Pd(II) Concentration on the * reaction time: ca. 5 min -
Yield of VK, —O—: VK, —A—: TQ B
: Each yield was obtained from a competitive run

NQ: CH;(Co)=2:1 reaction time: ca.  min using NQ plus BQ simultaneously.

As shown in Fig. 1, the yield of VK increased with increasing R’s, reaching the maximum
of ca. 40% at R=6; on the contrary, however, higher R’s than 6 unexpectedly depressed
the yield.

(3) " Effect of Qulnone Concentration——The effect of qumone concentratlon was studied
primarily in expectatlon of catalysis with respect to Pd(II) like in certaln other reactions.*V
When Pd(II) was used in very small amounts, no meanlngful effect of qumone concentration
was found. Thus, the effect of Varymg concentratlon of qumone was studled at R 6 and
the results are shown in Fig. 2. ‘

The ylelds of VK, and TQ increased remarkably with mcreasmg qumones amountmg
respectively to the maxima of ca. 70% and ca. 30% at NQ or BQ/CH (Co) 14 over whlch“
they maintained plateau.

‘Effect of some ‘other metal salts was also stud1ed on the yield of VK, and the results are
shOWn in Fig. 8. '

Among them, only Ni (II) exh1b1ted a little promoting effect on the reaction, whereas'
CuCl, decreased the yield almost to none contrary to expectation. Consequently, Pd (II)
was the most effective agent and promoted the transmethylatlon considerably, while Ni-(1I)
was much inferior to Pd (II), and others were ineffective at all. Thus, the apphcatmn of
Pd (II) salt as a very effective additive has been shown to be extensible at least to the methyla-
tion of quinones, leading to a novel and convenient route to the synthe51s of methyl substituents
of qumones

~ Previously, the formation of VK, by the reaction of methy]cobalamm with NQ under
phot01rrad1at1on was briefly reported, other conditions being unspecified.!® Also-the for-
mation of TQ by the reaction of the methylcobalamm with BQ under anaeroblc 1rrad1at10n
was merely suggested in another report.'® :

Therefore, the transmethylation reactions were 1nvest1gated under photolrradlatlon with
methylcobaloxnnes The results are shown in Table II. ’

11) W.G. Lloyd, ]. Org. Chem., 32, 2816 (1967).
12) D. Dolphin, A.W. Johnson and R. Rodrigo, J. Chem. Soc., 1964, 3186.
13) R. Yamada, S. Shimizu and S. Fukui, Biochem. Biophys. Acta, 124, 195 (1966).
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Fig.4. Spectral Changes of Methylcobalamin

Fig. 3. Effect of Metal Salt added on the upon interacting with Pd(II) in Methanol
VK, Yield _ v v : methyleobalamin
: . NO- “1.9.8 =ammmmne? g0ON after mixing with PA(IT)
CHj,(Co): NQ: metal salt 1.. 2:6 o afterlhr

--------- : after 24 hr

- Tasie II, Photochemical Reactions of Complex I (Py)
. ' w1th Qumones under N, .

Molar ratio - - Solvent “ Light source - Temp. ' - Time Yield
‘ S - (°Cy - 1 (hr) (mole %)
| CH,(Co)Py: NQ . Wamp - VEgal
' 1:1 ' benzene (200 W) ~ 50 ¢ : 8 . ’
CH,(Co)Py: BQ o S ' o coe TQ cai 4
1:1

The reactlons respectlvely afforded VK, and TQ as was e}\pectedly though the yields
were very $mall.

Methylcobalamin

To compare the reactivity of methylcobalamin with that of methylcobaloxime, trans-
methylation reactions were investigated with respect to' methylcobalamin under nearly iden-
tical conditions with the methylcobaloxime case. The results are summarized in Table III.

In the absence of any additive, the reactions afforded only a trace amount of VKj instan-
taneously from NQ under aerobic condltlons, while-no TQ was perceptible from BQ. On
the other hand, ‘in the presence of Pd (II) salt, there was a certain trend as to the formation
of TQ and VK; although their yields were stlll Very poor.

To examine the cause, the electromc absorption spectra were studied on the methyl-
cobalamin-Pd (II) system. . :

As shown in Fig. 4, when a mlxture of each solution of them was recorded soon after the
mixing in the dark, new absorption bands appeared at 351 and 468 nm while the bands at
340 and 522 nm, attributed to the cobalamin, ‘disappeared to a certain extent. As time
elapses, the former absorption became strong, while the latter band shifted to 472 and finally to
496 nm. On standing the solution further, precipitates were formed, - '

In the cobalamin, apart from the Co-bound methyl group, there are three p0551ble com-
plexing moieties, namely, the benzimidazole, amides in the side chains, and the orthophosphate.
In the presence of Pd (II), the benzimidazole would be displaced from the coordination as a
result of complexing with Pd (II) and the amides might also complex with Pd (II), whereas
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TaBre ITI. Reactions of Methylcobalamin with Quinones in the Absence
or Presence of PA(II) in MeOH

Reactants Reaction temp. Monomethylated products
(molar ratio) (°C) (mole %)
CH,(Co): BQ: Pd (II)
1:4:0 50 not detected
1:4:6 trace
CH,(Co): NQ: Pd (II) -
1:4:0 50 trace
1:2:6 5.
1:4:6 } room temp. 5
1:8:6 8

reaction time: ¢a. 5 min

such behavior by the orthophosphate is the least considered. Such speculation is supported
by similar observations in cyanocobalamin-Pd (II) system.4 v

Therefore, although the cause of the very low reactivity cannot be elucidated, an explana-
tion for it would be that the complexations might take place before the Co-C bond was cleaved,
which might bring about the increased stability of the Co-C bond.

Possible Mechanisms. Studymg the demethylation of methylcobalamm in the presence
of Hg (II) salts, we have proposed that HgL* attacks the cobalt-carbon bond!® leading to
the cleavage of the bond. In other words, the methyl acceptor was considered to act as a Lewis
acid. Since quinones are known also to be soft Lewis acids, it seems likely that quinones
may attack the Co-C bond as electrophile, leaving the Co moiety in the trivalent oxidation
state. On elimination of the hydnde from the intermediate adduct, the product will be formed.
This king of reaction scheme is illustrated in the Chart 1.

no additive : ‘
(0] { (0] N (6]

] Il ]
¢ 1/\||/\u —_— |/\|;/.\,|<CH3 + (Co) —> |,/\n/\u/'CH3 + B
(Co) \/\”/ \”/\ N ” (Co)
0 L 0 ) 0
with Pd(II) :
s PdCl. = CHPACI + (Co) + CI-
(Co) ‘
o / 0 N 0
. AN N AN\, CHs .
cupact + ) = ' u i/CHs . ' “ “ + Pd + 2HCI
\/\.(,)/ NN R NN
L 0 0

Chart 1. Possible Reaction Pathways for Transmethylation

As to the promoting effect exerted by Pd (II), methylpalladium intermediate could be
postulated.. Studying the demethylation reactions of methylcobalamin spectrophotometrically,
Yamamoto has actually found that the reactions were promoted in the presence of Pd (II).1%
The finding may strongly support the postulation that the overall transmethylation proceeds

14) R.N. Havemeyer and T. Higuchi, J. Amer. Pharm. Assoc., Sci. Ed., 49, 356 (1960).
15) H. Yamamoto, T. Yokoyama, J.L. Cheng and T. Kwan, Bull Chem Soc ]apan 48, 844(1975).
16) H. Yamamoto, unpublished.
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via methylpalladium intermediate. The methylation of quinones in the presence of Pd (II)
is also schematically illustrated. When methyl radicals are generated from the complex
upon photoirradiation, part of them may add to quinone, because the latter is well-known
‘to be radical acceptor.

The results of the reaction in the absence of any additive might give a biochemical implica-
tion on the possible direct C-methylation unknown thus far of some substrates leading to the
methylated products such as mitomycin, an antibiotic having quinone ring and produced in
certain bacteria which have B,,-dependent methionine biosynthesis system, by methylcor-
rinoids 7 vivo.

On the other hand, those in the presence of Pd (II) might give another biochemical im-
plication of the probable transmethylation to some substrates wia biocatalyst.
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