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Biosynthesis of Vitamin B;: Experiments on Loss of C-20 from the
Precursor Macrocycle

By NorMaN G. LEwis, REINHARD NEIER, GEORGE W. J. MaTcHAM, EDWARD McDoONALD, and ALAN R. BATTERSBY*
(University Chemical Laboratory, Lensfield Road, Cambridge CB2 1IEW)
Summary N.m.r. studies on }3C-labelled trimethyliso-

bacteriochlorin from the B,-producer P. shermanii
confirm C-methylation at C-20 and it is shown by 3H-14C

double labelling that this C-20 methyl group is lost (A) ¢-20
during contraction of the macrocycle to the corrin
system.

THE surprising structure (as 5) recently elucidated® for the
trimethylisobacteriochlorin isolated?® from Propionibacter- c-10
ium sheymanii, a producer of vitamin B, raised two

fascinating possibilities for the biosynthesis of cobyrinic c~-15

acid (11), the precursor of the vitamin itself: (a) the neces- i
sary loss of C-20 from the precursor macrocycle might occur
as a Cy-unit or as two C;-units (C-20 is reported? to be lost
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as formaldehyde); (b) the methyl group at C-1 of cobyrinic
acid (11) may arise by migration from C-20.

Firstly, [5-13C}8-aminolaevulinic acid (as 1), ALA, was
incorporated into the dimethylisobacteriochlorin (siro-
hydrochlorin) (3) and into the trimethyl relative (5) by
resting cells of P. shermanii;> the pigments were isolated as
their octamethyl esters (4) and (6), respectively. The
13C-signal from C-20 in the H-noise decoupled spectrum of
sirohydrochlorin ester (4) was unambiguously assignable (cf.
ref. 6) since it was the only singlet and the tallest signal
{8 93-4 p.p.m.), see Figure (A). The signal for C-15 is also
directly assignable by having 5 lines and C-5 and C-10 were
distinguished by off-resonance decoupling.® C-Methylation
at C-20 should, by comparison of benzene and toluene,’
move the singlet ca. 9—10 p.p.m. downfield and should
greatly reduce the size of the signal owing to loss of Over-
hauser enhancement. In fact, the 3C-singlet for the
trimethylisobacteriochlorin (therefore certainly from C-20)
appeared as the smallest signal at 8 104-3 p.p.m., a shift of
10-9 p.p.m., see Figure (B). The structure (as 5) for the
trimethylisobacteriochlorin was thus rigorously confirmed.t

Sirohydrochlorin (8) and the trimethyl system (10) were
prepared biosynthetically in doubly-labelled form by adding
both [methyl-*H]methionine (2) and [4-1*C]JALA (as 1) to
the medium containing the P. shevmanii cells. The two
isobacteriochlorins were carefully purified as their octa-
methyl esters (7) and (9) for determination of SH:uC
ratios; the values given under structures (7) and (9) show a
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2:3 relationship. The corresponding doubly-labelled acids
(8) and (10) were then separately incorporated into coby-
rinic acid (11) by the cell-free system?® from P. shermanii;
isolation of the product as the crystalline cobester (12)
allowed accurate assay of H : 14C ratios (see under structure).

No 1C-labelled carbon is lost during conversion of (8) or
(10) into cobyrinic acid (11). Nor was any loss of tritium
expected during the conversion of sirohydrochlorin (8) via
a dihydro-derivative} into cobyrinic acid (11) because of
earlier *C-labelling experiments;? the values found for (8)
and for (12) derived from (8) matched this expectation and
independent work® is in agreement. This result acts as a
standard for incorporation experiments with the trimethyl-
isobacteriochlorin (10) for which almost exactly one third
of the *H-activity was lost during the conversion (10) — (11),
isolated as (12); see *H:1C ratios under structures.§
Thus, the C-methyl group at C-20 of the trimethyl macro-
cycle (10) is not transferred to C-1 and is lost at some stage
during contraction of the macrocycle to produce the corrin
system (11).
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+ Also confirmed by Professor A. I. Scott in a similar way, Ziirich, March 1979.

1 It had been generally recognised that a dihydroisobacteriochlorin is the probable form on the biosynthetic pathway since two C-
methylations of uro’gen-III should afford such a dihydro system. Dr. G. Miiller (Stuttgart) reported fluorescence measurements
(B, Symposium, Ziirich, March 1979) indicating that this is almost certainly so.

§ Exactly parallel results were reported in Ziirich, March 1979 by Dr. G. Miiller (Stuttgart) using the same approach.

1 A. R. Battersby, G. W. J. Matcham, E. McDonald, R. Neier, M. Thompson, W.-D. Woggon, V. Ya Bykhovsky, and H. R. Morris,

J.C.S. Chem. Comm., 1979, 185.

2 K. H. Bergmann, R. Deeg, K. D. Gneuss, H.-P. Kremler, and G. Miiller, Z. physiol. Chem., 1977, 358, 1315.

3 A. R. Battersby and E. McDonald, Bio-org. Chem., 1978, 7, 161. ]

4 Cf. M. Kajiwara, K. S. Ho, H. Klein, A. 1. Scott, A. Gossauer, J. Engel, E. Neumann, and H. Zilch, Bio-org Chem., 1971, 6, 397.
5 A. R. Battersby, E. McDonald, H. R. Morris, M. Thompson, D. C. Williams, V. Ya Bykhovsky, N. I. Zaitseva, and N. V. Bukin,

Tetrahedron Letters, 1977, 2217.

8 Cf. A. L. Scott, A. J. Irwin, L. M. Siegel, and J. N. Shoolery, J. Amer. Chem. Soc., 1978, 100, 316, 7987.

7 J. B. Stothers, ‘Carbon-13 NMR Spectroscopy,” Academic Press, London, 1972, p. 95. )

8 A. R. Battersby, E. McDonald, R. Hollenstein, M. Thara, ¥. Satoh, and D. C. Williams, J.C.S. Perkin I, 1977, 166.
9 A. R. Battersby, E. McDonald, M. Thompson, and V. Ya Bykhovsky, J.C.S. Chem. Comm., 1978, 150.





