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Abstract - Vitamin B12 is an efficient catalyst in electroorganic synthesis
since it acts as a mediator in the transfer of electrons from the cathode
to electrophilic organic substrates. At the surface of the cathode B12 is
fast reduced to Co' at an electrode potential, at which organic substrates
remain electroinactive. Go' reacts with electrophilic substrates R-Y as e.g.

alkyl- and vinyl halides, ct-halo ethers and acyl derivatives with formation
of organocobalamins Co-R. As a result of further reduction, thermal or photo-
chemical excitation, the Co-R bond is cleaved; R undergoes follow-up reac-
tions via a radical- or carbanion pathway and the catalyst is recycled by
reduction. Synthetically usefull B-catalyzed reactions are the reductive
s-elimination and the conjugate addition of R-Y to activated olefins. The
reductive s-elimination has been applied in the removal of s-halo ethyl
protecting groups and the stereoselective synthesis of olefins like trans—
5-decen-l-yl acetate and trans—lO-propyl-trideca-5,9-dien-l-yl acetate. The
B-catalyzed addition of R-Y to activated olefins has been applied in radi-
cal-type cyclisations and intermolecular additions of prim. and sec. alkyl-
halides leading to: trans—9-oxo-2-decenoic acid ethylester, (1R,5S)—(+)—
frontal in , (iS, 5R)—(—)—frontal in, (JR, £9, ?S)—(+)—endo—brevicomin , (JR,5S, 7R)—
(+)—exo—brevicomin as well as to (iS, 2R, 4S 5R)—(—)—ct—, (1S 2S3 4R, 5R)—(—)——3
(JS,2R,4R,5R)—(—)—y- and (1S,2S34S5R)—(—)—6—multistriatin. The C-glycosides,
3-(2,3,4,6-tetra-O-acetyl-a-D-glucosyl)propionitrile and 3-(2,3,5-tri-O-ace-
tyl-—D—ribofuranosyl )propionitrile are obtained from the 1-bromo-sugars and
acrylonitrile. The conjugate addition of acid anhydrides to ct,13-unsaturated
aldehydes and ketones affords l,4-dioxo compounds, the precursors of 2-cyclo-

pentenones.

INTRODUCTION

Vitamin B12 1 (ref. 1) is a "pigment of life". It forms part of enzyme systems known to pro-
mote biochemical transformations (ref. 2) of no precedent in organic chemistry. Up to now
only few applications of vitamin B12 as catalyst of in vitro organic reactions are reported
(ref. 3). Nevertheless we believe,that cobalamins and their derivatives will be of potential
interest to the synthetic chemist for the following reasons:

- vitamin B12 is a natural, nontoxic, chiral and enantiomerically pure catalyst,
- vitamin B12 and related metal complexes are powerfull mediators in electron-transfer reac-

tions,
- according to Eschenmoser's most fascinating hypothesis on the prebiotic origin of porphi-

ne-type coenzymes (ref. 4) the cobalt corrins belong to the group of "first hour catalysts"
taking part in the development of organic chemistry on earth,

- the accumulation of knowledge in B-chemistry may contribute to a deeper understanding of
the ( partially still unclear) mechanisms of coenzyme B12-dependent biochemical transforma-
tions,

- the three acetamide and four propionamide side chains of B12 offer a large potential for
chemical modifications without touching the central cobalt corrin system (orientation of
the side chains; axial—s: a and c, axial-a: b, d and e, equatorial: g and f),

— last but not least: vitamin B12 is produced by industrial fermentation and is commercially avai-
lable (ref. 5) (world market 1980 ca. 12000 kg/year; bulk selling price ca. 3 to 20 US $
per gram hydroxocobalamin hydrochloride la or cyanocobalamin ib). Despite of the relative-
ly high costs, vitamin B12 and their derivatives might be applied as catalysts in organic
synthesis, if te catalytic turnower is sufficiently high and if fine—chemicals are produ-
ced in selectiveNreactions at clean conditions.

Several B12-model compounds have been examined (refs. 3,6). The closest analogy to vitamin B12
in structure and chemical reactivity show complexes of the [1-hydroxy-2,2,3,3,7,7,8,8,12,12,

13,13,17,17,18,18-hexadecamethyl-10,20-diaza-octahydro_porphinato]cobalt(IIJ)_dikation 3 (abbr.
Co[HDP]2) (refs. 7,8). Cheap and well-known B12-models are the cobaloximes (refs. 9,10) and
cobalt phthalocyanines (refs. 11, 12).
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ic (X=5'-deoxy-5'-adenosyl)
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sol.in H20, MeOH, DMF etc.
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insol. in H20, MeOH

3 (X=Y=Br) Dibromo[1-hydroxy-
8H-HDP]cobal t( III)
mw. 778.6

prepared in fife steps
(ref. 7)
sol. in most organic solv.
insol. in H20

FUNDAMENTAL ASPECTS OF B12 ELECTROCHEMISTRY

The electrochemistry of vitamin B12 has been studied intensively by Savéant et al. (ref. 14).
In vitamin Bl2 (and related Co-complexes) generally Co" is ligated by two axial ligands, Co
by one and Cor by none. This trend of decreasing coordination is qualitatively described by the
X-Co-Y three center 4÷5÷6 electron bonding model with metal orbitals of substantial dz2-
character (ref. 15). The corrin macrocycle L represents by itself an electroactive subunit, which

may undergo reduction.
0' 0'

The reduction potentials E iiiiu , E and E T/L are dependent on the axial ligands X and Y,
the solvent and the square planar macrocycle L. As metal reduction 111÷11÷1 is coupled with

axial ligand expulsion, the corresponding reduction potentials strongly depend on the complex
formation constant of ligands with Co in its different oxydation states. Complexes with strong-

ly coordinating ligands require a more negative potential for reduction than complexes with
weakly coordinating ligands. Scheme 1 shows a comparison of the redox potentials of hydoxycob-
alamin laairdmethylcobalamin 1 (X=CH3). The values of E°' are represented by white zones sepa-
rating the (dark) areas of thermodynamic stability of complexes at the indicated formal oxyda-
tion state of Co.

::::.: B121a
__________________________________ Scheme 1. Ranges of Stability at DifferentL_.A!J ' / B2—ALKYL Oxydation State of Hydroxocobalamin (B12 la)

C and Methylcobalamin (Alkyl = Me) separated
2 1 0 —1 —2 —3 VscE) by related Reduction Potentials (white zones).
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negative potential was observed; the current of the first wave decreases as the second
one increases. These findings lead to the hypothesis, that the first (strongly pK-depending)
wave is due to the electron transfer to the base-off form of the organocobalamin and the se-
cond to the base-on form (Scheme 3).

+ e
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•_ i
+e
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The base-on and base-off forms are in equilibrium. If the negative electrode potential is built
up slowly (slow sweep rate), the base-off form is reduced by an electron transfer into the
axial system. The reduced species rapidely undergoes Co-R bond cleavage. On very high sweep
rate hovewer, the base-on form is reduced before dissociation of the benzimidazol-ligand takes
place (very probably by an electron transfer into the lowest vacant r-orbital of the corrin).
In view of reductive B1-catalyzed reactions it is important to realize, that organo-B inter-
mediates containing an electron-withdrawing group at the ligating carbon atom are easily redu-
ced via the base-off form. Their reduction potential is positive enough to be reduced by Co'
(ca. -0.9 V) to form enolates which may be trapped by proton-transfer.

VITAMIN B12-CATALYZED C,C-BOND FORMATION

Some years ago it has been found in our laboratory, that vitamin B12 la and related Co-comple-

xes as e.g. 3 efficiently catalyze the reductive, conjugate addition of alkylhalides to acti-
vated olefins (refs. 17,18) according to equation 1:

z lor2e , Bcat.
R—Y +

R—Y = Alkyl-, Vinylhalide, ct-haloether, acylderivatives
Z = Electron-withdrawing group

In the meantime much information and some new insights have been accumulated.
The dissociation energy of the Co,C-Bond in organocobalamins strongly depends on the size of
the group R bound to Co. Primary alkylcobalamins are stable at room temperatur(the dissocia-
tion energy is in the range of 20-30 kcal/mol (ref. 19). Sec. and tert. alkylcobalamins howe-
ver decompose rapidely. In B12-models like cobaloximes and 3 organocobalt-derivatives with Sec.
alkylgroups have been crystallized und their structure.has been determined by X-ray analysis

(refs. 20,21). The apparent stability of organocobalt complexes can be rationalized., by rever-
sible bond-fission and bond-formation a process often invoked for B-coenzyme dependent bio-
chemical reactions (ref. 22). Radical scavengers as e.g. Sn'11or Au" species as well as Co

effect transalkylation (refs. 23,24). The decreasing stability of organocobalamins with gro-
wing size of the alkyl group has been attributed to a distortion of the Co,C-bond (ref.25).
With regard to the large difference in stability of organocobalamins in which Co is formally
bound to prim. alkyl-, sec. alkyl- or acyl groups, it is not surprising, that the reaction-
pathway in the reductive conjugate addition of R-Y to (activated) olefins strongly depends on
the structure of R. Different pathways of the the C,C-bond forming reaction (eq. 1) are outli-
ned in scheme 4.
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R

{F [ior [O] Scheme 3. Reductive
Co-R bond Cleavage via
base-on and base-off
Form (N represents the
benzimidazol 1 igand
bound to side chain f).
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Experimental facts

Prim. alkyihalides (and vinyihalides) react with activated olefins in presence of catalytic
amounts of ( 0.1 to 5 mol% with respect to R-Y = 100 mol%) in the dark at potentials more
negative than ca. -1.5 V (vs. SCE). In this text the abbreviation B12/EC is used for B12-elec-

tro catalysis.

Sec. alkylhalides (as well as allylhalides and a-halo ethers) react in the dark already at po-
tentials more negative than ca. -0.9 V (abbr. B12/EC) or in presence of metallic Zn and NH4C1

as reducing agent (abbr. B12/Zn).

Prim. alkylhalides and acid anhydrides react in presence of visible light (400 to 600 nm) al-
ready at potentials more negative than ca. -0.9 V (abbr. B12/PEC for B1-photo electro cata-

lysis).

Mechanistic interpretation (Scheme 4)

Reaction with prim. alkylhalides a' in the dark:
Co' (generated at ca. -0.9 V) and the alkylhalide a' undergo oxydative addition to form b.
At potentials more positive than ca. -1.4 V and in the dark, the alkylcobalamin b remains un-
changed. On lowering the potential to values more negative than ca. -1.5 V, b is reduced via
the short lived "one-electron intermediate" c , which immediately decomposes. In presence of
an activated olefin, the group R is transferred to its s-carbon to give d. Protonation and
reduction of Co" (or alternatively H'-transfer to d) affords the product e and recycled Co'.

Reaction with sec. alkylhalides a'' in the dark:
Co' and react (most probably in a multistep reaction via electron transfer) with formation
of a radicalpair-type organocobalamin f. If a radical scavenger, here the activated olefin,
approaches the intermediate f , R' is transferred to the s-carbon of the olefin with formation
of the intermediate ( compounds of type with R=CH3 and Z=COOCH3 etc. have been isolated).
According to values recorded in scheme 2, type organocobalamins are reduced (in their base-
off form) already at ca. -0.9 V with formation of the intermediate d. Again protonation and
reduction affords e and recycled Co'. In sharp contrast to prim. alkylhalides, the reaction of
sec. alkylhalides already proceeds at potentials of ca. -0.9 V. Stereochemical information lo-
cated at the sec. carbon atom will be lost during the reaction.

Reaction with prim. alkyihalides a' in presence of visible light:
Oxydative addition of Co' to a' affords b. On irradiation of visible light (minimum energy ca.
600 nm) f is produced via the excited state h (the photochemical activation is formally a ver-
tical redox reaction since a ir-electron of the corrin is transferred into the axial system).
If f is not quenched efficiently, it will deactivate to b (refs. 26,27).In presence of activa-
ted olefins however, the radical transfer of R' is a concurring reaction to give . Formation
of final products see above.

Reaction with acyl derivatives (R=R'CO) in presence of visible light:
The B12/PEC reaction using acetic anhydride as acylating reagent has been studied in detail
(ref. 28). Acylcobalamins b (R=R'CO) are formed in the reaction of Co' with acylating agents.
In absence of light acylcobalamins are stable. Photolysis of b takes place efficiently only in
presence of activated olefin. The rate constant of acetylation of Co' by acetic anhydride
(k=0.017 M-1s1), the quantum yield of visible light induced cleavage of b (=0.35) and the
relative rates k(rel.) of acylation of a series of activated olefins has been determined from
catalytic currents. The log k-values of the acetyl transfer reaction correlate well with the
reduction potential of the activated olefin (Scheme 5). Using ap -values of olefins (instead
of their reduction potential) three linear free-energy relationships [for olefins bearing two,
one or none substituent at C(6)] are observed with p= 2.3 , a typical value for the attack of
a nucleophilic radical to an activated olefin (ref. 29).

log k(,f)

Scheme 5. Correlation between Relative
Reaction Rates and the Reduction Poten-
tial of Olefins in the B12/PEC Reaction
with Acetic Anhydride.

o b •.d
a) acrolein, b) methyl vinyl ketone,
c) acrylonitrile, d) ethyl acry late,
e) 2-methyl ethyl acry late, f) acryl
amide, g) croton aldehyde, h) 2-methyl-

-1 k croton aldehyde, i) cyclohexanone ,
k) cyclopentanone, 1) crotonitrile,

'. m) ethyl crotonate, n) 3-methyl-2-bu-
tenal, o) 2-met hyl-4-oxo—2—butene,

-2
" p) 3—methyl ethyl crotonate,

q) 3-methyl crotonitrile.

—3 I Ei,, Olef in
—1.7 —1.8 —1.9 —2.0 —2.1 —2.2 —2.3 —24 —2.5 2.6 '(vs. SCE)
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VITAMIN B12-CATALYZED REDUCTIVE ELIMINATION

Vitamin B12 la and related Co-complexes as e.g. 3 are efficient catalysts in the reductive
elimination of vicinal leaving groups according to equation 2:

X 1Y 2 e , B12 cat. - -_____________ = + X + V (eq.2)
X and V = Leaving Groups

The reaction proceeds at very mild conditions (at an electrode potential of ca. -1.5 V or with
metallic Zn and NH4C1 in presence of catalytic amounts (ca. 0.1 to 5 mol%) la, 2 or other Co-
complexes as e.g. 3.

Experimental facts

In a mechanistic study on the stereochemistry of the B12-catalyzed reductive elimination it
has been found, that threo— and erythro—3-bromo-2-butanol affords mixtures of cis- and trans—

2-butene (refs. 3, 30) (Table 1).

Table 1. Reductive Elimination of threo— and erythro— 3-bromo-2-butanol with Zn/NH4C1

B12

in mol

la

%

Solvent T a)

°C cis

threo—

: trans cis

eryth

:

ro—

trans

1.4 EtOH/H20 20 1 : 99 45 : 55

1.4 DMSO 20 3 : 97 98 : 2

1.4 DMF 20 18 : 72 96 : 4

no EtOH/H20 60 54 : 46 0 : l00

a) Reaction Time 18 h b) contaminated by 6% non-olefinic compound

It follows from the results listed in table 1, that the B-catalyzed elimination (in solvents
like DMF, DMSO etc.) proceeds preferentially as syn—elimination. The same results have been
observed in the elimination of vicinal dibromides (ref. 30), vicinal dichlorides (ref. 30)

and 1-halo-2-alkoxy derivatives (refs. 3, 30, 31).

Mechanistic interpretation (Scheme 6)

It is interesting to note that the B-catalyzed reductions in DMSO yield almost pure trans—
2-butene from the threo—bromohydrin and almost pure cis—2-butene from the erythro—bromohydrin
(Table 1). This is probably due to the ability of the solvent to promote 5N2-reactions. We
therefore favour a mechanism for the B—catalyzed reaction in DMSO , which consists in a
Co,C-bond formation with inversion of configuration at carbon followed by a fast reductive de-
composition of the intermediate organocobalamin inananti—elimination (ref. 3). The over-all
result corresponds to a reductive syn—elimination. Until now the postulated intermediate has
not been isolated, therefore the proposed mechanism remains hypothetic. It is of interest, that
Angst comes to similar conclusions in the reductive eliminations catalyzed by cobester 2in
NH4C1 in THE as solvent (ref. 31).

CH3 H
Scheme 6. Proposed Mechanism for

H CH3 the Vitamin B-catalyzed reduc-
tive elimination of vicinal lea-

NSS ving groups.

H20

anti-A CHj 4-H2o

H

If vitamin B-catalyzed reactions ( C,C-bond formations and eliminations) are carried out in
protic solvent, the hydrogenolysis of R-Y to R-H might occur as a side reaction. This hydro-
genolysis might become a main reaction, if the organocobalt intermediate is fast reduced at a
very negative potential (at the carbon electrode) and if the scavenger concentration is low.

le
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VITAMIN B12 IN NATURAL PRODUCT SYNTHESIS

The application of vitamin B12 and related compounds as catalysts in organic synthesis has
been reviewed 1983 (ref. 3). Until now there exist only few reports on B-catalyzed reac-
tions directed to organic synthesis. In a series of publications Fischli et al. report on the
reduction of functional groups (ref. 32), enantioselective hydrogenation of a,-unsaturated
carbonyl derivatives (ref. 33) and C,C-rearrangements (ref. 34) using B12/Zn/CH3COOH. Very
recently 2 has been applied as catalyst in the synthesis of ,y-unsaturated amino acids by
reductive ring opening of chloromethyl oxazolines (ref. 31). We are studding the chemistry of
vitamin B12 and B12-derivatives with regard to applications in electrochemical processes.

Electroorganic synthesis is not a mystery

Many chemists, interested in organic synthesis, will never deal with electrosynthesis because
some other hardware than round bottem flasks are needed. In fact, for small-scale synthesis
exeedingly simple equipment is used (cf. Baizer's classical textbook , ref. 35). In this stu-
dy different types of divided H-type cells and Sandwich cells (ref. 36) were used. The working
electrode (cathode) is carbon-felt (non-toxic, cheap, large surface). As cell divider a glass
frit or Nafion foil is used. The electrolyte is in most cases 0.2 M LiCTO4 in DMF or H20/EtOH.
The electrolyses are performed at constant potential.

Syntheses via reductive eliminations

Protecting group chemistry:
The -chloro- and B-bromo ethyl group (and analogues) attached to electronegative atoms are
easily removed by B-catalyzed reductive elimination (Table 2).

Table 2. Reductive cleavage of -haloethyl protecting groups

Entry Functional group Protected functional

group

Method
of depr

a)and
otect

conditions
ion

Vi

%
rneld

(isol.)

Ref.

1

2

Carboxylic acid

Aldehydes and
Ketones b)

R-CO0-CH2-CH2-Cl (Br)

RL (Br)

R2k.—CJ

B12/Zn
B12/EC

B12/Zn

r.t.
00

r.t.

5 -

ca.

5 -

30
10

30

h

h

h

>
>

>

90
90

90

3,30,37
3,30,37

3,30

3 Alcohols,Phenols
Enols

R-0-C00-CH2-CH2-Cl (Br) B12/Zn r.t. 5 - 30 h > 90 3,30

4 Amines
2N-C00-CH2-CH2-Cl(Br) B12/Zn r.t. 5 - 30 h > 90 3,30,37

a) B12/Zn : 1 mol % la, excess Zn-powder (activated by washing with 1 N HC1,EtOH, drying),
NH4C1, MeOH ( or other protic solvent), stirring under N2.

B12/EC : Constant potential electrolysis at Hg-pool or carbon-felt electrode at -1.7 V,
0.2N LiC1O4/ MeOH or DMF in presence of 1-5 mol % la , NH4C1 (buffer) under N2

b) Protection: Carbonyl compound in ct-epichlorohydrin in presence of Et4NBr heating at rf.
for ca. 5 hs., then evaporation of excess a-epichlorohydrin and dist.

Olefin synthesis:

The B-catalyzed reductive syn—elimination of vicinal leaving groups has been applied in the
synthesis of olefins (ref. 3, 30, 37). A reaction sequenze, originally developed by Boord
(ref. 38), allows the synthesis of olefins from enolethers via 1) addition of X2 (Br2) to
the olefin (anti-A), 2) substitution of the cs-halogen by a Grignard reagent (SN2) 3) reduc-
tive elimination of X and R0 (syn—E). An example is the synthesis of trans—5-decen-1-yl ace-
tate (Scheme 7). This pheromon of the peach borer moth Anarsia Lineatella (ref. 39) was obtai-
ned in four steps (over-all yield 70%, trans—selectivity >93%) from 1-bromo butane and the

1. Mg/EtO 0

_____________________ Scheme 7. Synthesis of
trans—5-decen-1-yl acetate.

2
ci (B12/EC at -1.6 V, in 0.2 N

LiClO4/DMF in presence of
CI. 2 mol % la at r.t. under N2)

ci 3. B/ EC

4. AcCJ
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2,3-dichloro-oxepan (prepared by chlorination of oxepan with SO2C12, 1 h 400 in 68%).
Likewise trans—10-propyl-trideca-5,9-dien-1-yl acetate (Propylure) (ref. 40) was prepared with
the Grignard-reagent, made from 1-bromo-4-propyl-3-heptene (ref. 3, 30).

Synthesis via C,C-bond formation

The vitamin B1-catalyzed C,C-bondforming reaction is a welcomed addition to the tool of synthetic

methods. It may easily be carried out in milligram to multigram scale at mild and non-toxic

conditions (review ref. 41).

Cyclisations by intramolecular B-catalyzed addition:
The B1-catalyzed cyclisation by electrolysis at -1.4 to -1.6V in presence of ca. 5 mol% la or
3 of a,8-unsaturated ketones bearing a w-bromo side chain occurs in excellent yields in case of

5-exo-trig or 6-endo-trig arrangement (Scheme 8),(ref. 17).

Scheme 8. Cyclisations under

B12/EC-condi ti ons
Yield (% isol.)

n A B

3 - 90
4 95 -
5 45 40

n C D

3 - 90
4 95 -
5 70 10

Likewise 6-bromoalkines cyclise under B12/Zn-conditions in 5-exo-dig fashion to afford the
precursors of ct- and 8-methylen lactones (Scheme 9),(ref. 43). Similar cyclisations occur with
tin organic reagents (ref. 42) and cobaloximes (refs. 44 - 46).

B12/Zn '____, Scheme 9. Cyclisations under

I II L ) . ( B12/Zn-conditions (in DMF)
'OH OR 0 OR 0 OR Synthesis of Nethylen-cyclo-

pentan Derivatives.

SIMe3

:
RO"OR

-Br B12/Zn LR
Intermolecular B1-catalyzed additions:
The consecutive addition of R-Y to activated olefins by electrolysis in presence of la (B12/Zn,
B12/EC or B12/PEC-conditions, depending on the structure of R-Y) allows the construction of ex-
tended carbon chains as shown in the synthesis of ethylester of trans—9-oxo-2-decenoic acid
(Scheme 10),(ref. 47),(for earlier synthesis of "Queen substance" of Apis mellifera cf.ref 48).

Scheme 10. Synthesis of the

ethylester of "Queen Substanc'
by two consecutive B12/PEC
steps.

—COOEt

The exeedingly mild conditions of the B12/PEC reaction (-0.9 V) are suited for the addition of

prim. alkylhalides containing a potential leaving group in 8-position. Examples are the synthe-
ses of endo— and exo—brevicomin in opt.active form (Scheme 11),(ref. 49),(for earlier synthe-
sis of these bark-beetle pheromons cf. 50). Scheme 11 reports two remarkable steps: the
highly selective transformation of the sec. alcohols into the prim. iodides bymethyltriphenoxy-

phosphonium iodide (ref. 51) and the very efficient B1/PEC-steps.
Likewise (1R5S)—(+)— and (1S,5R)—(—)—frontalin have been prepared in excellent purity and yield
by B12/PEC-reaction of methyl vinyl ketone with the corresponding halides (ref. 52). The two
R-Y components,(R)—2,2-dimethyl-4-iodomethyl-4-methyl-1.3-dioxolane and (S)—4-bromomethyl-4-
methyl-2-oxo-1.3-dioxolane were made in "classical" steps from 8-methallylalcohol via Sharpless
oxydation using L(+)—diisopropyltartrate. For earlier syntheses of racemic and opt. active
frontalin cf. ref. 50.

0
B12 IECIii

CH,)Br EC

QTcH2)n

cXII2)fl

0

fli
B

Ac
95% B12IPEC

OAc a) NaOH/ MeOH

b) PBr3

B1fEc1ss%

1
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For the synthesis of the biologically active elm bark beetle pheromons, the multistriatins
with (1S,5R)—configuration (Scheme 12), the same starting materials as for the brevicomins
(Scheme 11) have been used. The conversion of the sec.alcohols into the sec.iodides with inS-
version of configuration has been achieved with methyl-dicyclohexyl-carbodiimidium iodide

MDCCI (ref. 53). As explained above, the B-catalyzed C,C-bond formation of these sec.iodides
with 2-methyl-3-oxo-1-pentene proceeds already at -0.9 V in the dark (B12/EC or B12/Zn) and
affords a mixture of diastereomers. After acid-catalyzed cyclisation the enantiomerically pure
ci-, -, y- and o-multistriatins with (15R)—configuration were separated by GLC (ref. 54).

Scheme 11. Synthesis of Brevicomins
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Scheme 12. Synthesis of Multistriatins
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The synthesis of C-glycosides may be achieved by B1-cata1yzed C,C-bond formation. An example
is the preparation of 3-(2,3,4,6-tetra-O-acetyl-ct—D—glucosyl )propionitrile (Scheme 13, above)
from acetobromo glucose by reduction with Zn/NH4C1 in DMF in presence of acrylonitrile and
3 mol % la (ref. 55). The same compound was synthesized by Giese (ref.56) using alkyltin-com-
pounds as catalysts for the generation of radicals. Interestingly the B12-catalyzed C,C-bond
formation can also be applied for the synthesis of the corresponding ribofuranosyl derivati-

ves (ref. 43),(Scheme 13, below).

Synthesis of 3-(2,3,5-tri-O—
acetyl --D-ri bofuranosyl)
propionitrile (the very deli-
cate bromide was prepared
from the acetate with tn-
methyl si lyl bromide, the
coupling reaction was achie-
ved with 3 as catalyst in
acetonitrile as solvent).

A useful extension of the B1-catalyzed formation of C,C-bonds is the "nucleophilic acylation"
by acid anhydrides (and other acyl derivatives). Acid anhydrides react under B12/PEC-conditions
(electrolysis at ca. -O.9V in 0.2N LiC1O4/DMF , ca. 2 mol % la under irradiation of visible
light) with c,-unsaturated carbonyl compounds and other activated olefins to give the corres-
ponding 1,4-addition products (ref. 57). An example is outlined in scheme 14.

0

o(L COOCH ) Scheme 14. Synthesis of a 1,4-dioxo derivative by
2 B1-catalyzed photo electro catalysis (B12/PEC).

0 This reaction is a useful extension of the known

"nucleophilic acylation methodologies' as e.g. the
Stetter-reaction (ref. 58), since c,-unsaturated

>65% B12/PEC aldehydes react perfectly and since functional groups

o (like carbonyl, ester, amid etc.) are tolerated
in both starting components.

LH
>9O%

NaOCH3 in CHOH

<COOCH3
CONCLUSIONAND OUTLOOK

Vitamin B12 is a useful catalyst in organic synthesis and electrosynthesis. Itcreates radical
type intermediates under exeedingly mild and non-toxic reaction conditions. Enantioselective
catalysis seems to be possible, first results in hydrogenation of activated olefins (ref. 33)
and C,C-bond formation (ref. 59) are promising. Another field of new development is the modi-
fication of electrode surfaces by immobilized B12-denivatives (ref. 60) designed for appli-
cations in electrosynthesis and as sensors.
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