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THE CYANIDE-CATALYZED CONVERSION OF B-FORMYLMUCONATES INTO TRIGLOCHINATES:
A USEFUL BIOMIMETIC SYNTHESIS

by
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of Copenhagen, Universitetsparken 5, 2100 Copenhagen @, Denmark)

Upom treatment with cyanide under slightly basic conditions, B~formyl-cis,cis-muconic acid
and esters, prepared from vanillin, undergo a sequence of prototropic shifts equivalent to
an internal redox process in which 1,4-reduction of the diene system Zs balanced by
omidation of the formyl group.

T1:*ig}.ochininlm3

(1, R = B~D~glucopyranosyl), unusual in being an enol
glucoside, is one of the most widely distributed cyancgenic principles of
flowering plants.4 The presumed immediate forerunnersz of triglochinin are
the unknown protriglochinins5 (2, R = B-D-glucopyranosyl), epimeric cyano-
hydrin glucosides derived from B-formyl-cie,cis-muconic acid, from which
triglochinin would result by double-bond shift. The prior stages of triglo-

2,6,7 ¢ a

chinin biosynthesis appear to consist in formation from tyrosine
glucoside (3, R = f~D-glucopyranosyl) of an enantiomer of 3,4-dihydroxy-

mandelonitrile, followed by oxidative cleavage of the aromatic ring.
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Hydrolysis of triglochinin with B-glucosidase yields glucose, hydrogen
cyanide, and triglochinic [ (E)-2-butene-1,2,4-tricarboxylic] acid (i).l'z'8
Since the reaction is initiated by glucosyl-oxygen cleavage, the enol 1 (R = H)
is the first intermediate on the path to 4, and 4 should result when the
enol is generated in agqueous medium from any precursor. An evident likely
source of 1 (R = H) is the cyanchydrin 2 (R = H), the aglucone of the pro-
triglochinins. Accordingly, a two-step synthesis of triglochinic acid and
esters from vanillin (5) was realized. Oxidation of 5 with chlorite® at pH 4
affords a means of opening the aromatic ring without oxidation of the alde-

hyde group,lo the product,g_1l

menome thyl B-formyl-cis,cis-muconate (6, R =
CH3, R' = H)}, being stabilized by existing predominantly as the lactol 7 (R =
CH3) in acidic aqueous solution,12 as well as in the solid state and aprotic

media.ll The monomethyl ester was hydrolyzed with base to give 7 (R = Hj
13 14

equivalent to 6, R = R' = H), m,p. 154 Cc (dec.}, or converted

R' = CH3), m.p. 63-64 ¢, 13 Heating (water bath) equimolar amounts of 7 (R =

to 6 (R

CH3) and sodium bicarbonate in 2 M agueous hydrogen cyanide for 15 min and
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fractionation of the product by anion-exchange chromatography (Amberlite

CG-400, acetate form) gave the monomethyl triglochinate 8 (R = CH3, R' = R'' =

H), m.p. 161-162 °c,*3 in 40-50% yield. Similarly, 7 (R = H) and 6 (R = R® =

CH3) yielded respectively triglochinic acid (8, R = R' = R'' = H, equals 4),

m.p. 175 °C (dec.; 1it.% m.p. 167-168 °C), and B (R = R' = CH,, R'' = H), m.p.
13

117-118 oC. When methanol was the solvent, 7 (R = CH3) was transformed to

8 (R =R'" = CH,, R' = H, m.p. 70-71 oc 13

3'
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After conversion of the B-formylmuconates (6) to cyanohydrins [2 (R = F)
or its esters], a base-catalyzed double-bond shift will give enols such as 1
(R = H). The remaining steps to triglochinates can be formulated in a variety
of ways,15 of which ketonization to acyl cyanides (3) corresponding to 8,
followed by solvolysis, appears most straightforward at present. This
synthesis, a medel for the formation and hydrolysis of triglochinin, is
simpler than the earlier synthesisB of 4 and allows preparation of triglo-
chinic mono- and diesters of precisely determined structure. Thus the hydro-

lysis product 8 (R,R' = CF_,H, R'' = H) of a monomethyl ester of triglochinin,

6,16

37
which by one report may occur in Thalictrum aquilegiifolium (Ranunculaceae),
can now be identified. The readily available, highly reactive polyfunctional
intermediate 7 (R = CH3) will be the subject of further papers.

We are grateful to Dr. Reynir Eyjdlfsson for introducing us to this

problem and the Danish Natural Science Research Council for financial support.
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