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Concerning the Intermediacy of Uro’gen III and of
a Heptacarboxylic Uro’gen in Corrinoid Biosynthesis
Sir:

Previous work from this laboratory has provided evidence
that in whole:cell!? and cell-free*# systems, the enzymes of
Propionibacterium shermanii utilize uro’gen III (1) for the
production of cyanocobalamin!:2 (2) via cobyrinic acid?*
(3). These experiments employed side-chain labeled sam-
ples of uro’gen III obtained both by chemical synthesis (in
admixture with types I, II, and IV uro’gens) and enzymatic
preparation (together with uro’gen I). It was clearly demon-
strated in experiments with !3C-enriched substrates that the
label in the side-chain propionate groups was carried to the
corresponding positions in the appropriate corrin. However,
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the intrinsic symmetry of these labeling patterns together
with the problems of employing an isomer mixture left open
the logical (if unlikely) possibility that in vitro dissociation
of the uro’gen into labeled fragments capable of assimila-
tion by the enzyme system could give rise to the observed
regiospecific enrichments without mediation of the intact
uro’gen Il molecule. In order to resolve this question of
vital importance for the mechanism of corrin biosynthe-
sis,>* we have undertaken the regiospecific synthesis of a
set of uro’gens whose patterns of enrichment with both sta-
ble and radioisotopes are designed to provide unambiguous
probes for intact biotransformation and for the nature of
the overall mechanism connecting the uro’gen and corrin
structures.

The regiospecific syntheses of [a,y-14C,]- and of ring B
propionic acid [3Hz]uro’gen III were carried out by the pro-
cedures of MacDonald® and Franck,” modified where ap-
propriate for the introduction of radioisotope.® Incubation
of the doubly labeled uro’gen (*H/!#C, 4.10; Scheme I) in
the cell-free system from P. shermanii® gave, after dilution
with carrier, conversion to cobester (4), and crystallization
to constant activity, a sample of cobester (4) with 3H/4C

Figure 1. (a) Proton noise-decoupled 13C-FT NMR spectrum of
[!3Cluro’gen III enriched cyanocobalamin (D,0; 4K points) and as-
signed labeling patterns. (b) Proton noise-decoupled 13C-FT NMR
spectrum of natural abundance cyanocobalamin (D;0; 4K points).
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4.05. Any randomization via fragmentation-recombination-
would have led, in the case of this unsymmetrically labeled
substrate, to a profound change in the tritium-carbon ratio.
To confirm this result and at the same time locate the site
of label in the corrin, a specimen of [a,y-13C;Juro’gen 111
was prepared via condensation of the dipyrromethane dial-
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dehyde (5) and dipyrromethane (6), with introduction of
13C from dimethylformamide (90% !3C) by a procedure es-
tablished above for the synthesis of the 14C radiomer to give
finally a sample of the «,y-13C-enriched uro’gen (90% 3C).
Administration of 365 mg of this “north-south” labeled
substrate to resting whole cells of 340 g of P. shermanii!®
gave (after the usual work-up)>'! pure cyanocobalamin
(11 mg) (2) whose FT 13C NMR spectrum (Figure 1a) on
comparison with the natural abundance spectrum taken
under identical conditions (Figure 1b) revealed enhance-
ment (4.5% specific incorporation) at only two resonances
in the sp? region, viz., at 105.0 and 108.4 ppm downfield
from Me4Si. These signals had previously been assigned to
C5 and Cs, respectively, both by the correlations of Aller-
hand!? and by biosynthetic labeling.!* This experiment
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confirms the intact incorporation of doubly labeled 1 and
unambiguously locates the labeled sites according to
Scheme I where M now denotes both 14C and !3C.

A complementary set of experiments was then conducted
with a different, multiply labeled version of uro’gen III ob-
tained (in admixture with the types I, I, IV isomers) by in
vitro condensation at pH 7.6 of [9-*H]porphobilinogen (7)
and [!¥C]formaldehyde followed by acidic equilibration!?
of the meso '%C label (see Scheme II). Incubation of this
substrate (*H/!4C 15.3 in recovered uroporphyrin)'# with
the cell-free preparation, recovery, and work-up in the usual
way gave cobester (4) with 3H/14C = 17.8, a value which is
10% below that expected (20.4) on the basis of complete
loss of the “western” (6) meso carbon from the system as
formaldehyde, formate,>!31¢ or possibly CO,. Thus al-
though strict stoichiometry was not realized in this experi-
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ment, there is a clear trend toward a ratio representing the
loss of the 6-meso carbon from uro’gen I11,16-18

Finally, in order to test the earlier hypothesis® that decar-
boxylation of the acetic acid side chain in ring C takes place
at the uro’gen level, a regiospecific total synthesis of the
type III heptacarboxylic acid (9) was carried out as sum-
marized in Scheme III. The melting point (238-240°) of
the heptamethyl ester (10) was in excellent agreement with
that reported by Battersby et al.!? for this isomer (prepared
by an analogous route), and spectroscopic and mixture
melting point comparison confirmed their identity.!® The
synthesis was repeated (using '“C-dimethylformamide) and
the resultant [a,vy-14C,]heptacarboxylic uro’gen III incu-
bated with the cell-free system? to afford (after crystalliza-
tion to constant activity) cobester (4) (0.1% incorpora-
tion).2 This experiment provides the first clear indication
that the hepta acid (9) is an intermediate in corrin biosyn-
thesis (Scheme IIT) and that uro’gen III suffers decarboxyl-
ation prior to the reductive methylation sequence necessary
to generate the rearranged corrin structure. It is of consid-
erable interest to note that, since phyriaporphyrinogen I11'°
(11) is considered to be the obligatory biosynthetic precur-
sor for coprogen and heme, the new isomer (9) represents
the branchpoint at which the heme and corrin pathways,
having shared a common route from glycine and succinate
to uro’gen III, diverge.?!
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Photodecarbonylation of Methyl
Benzobicyclo[3.2.1]octen-8-one-3-exo- and
-endo-carboxylate. Orbital Symmetry Control in
the Chemistry of a Twisted 0-Quinodimethane
Sir:

Photochemical elimination of carbon monoxide or carbon
dioxide from appropriate precursors has been successfully
used to produce o-quinodimethanes.! Photodecarbonyla-
tions of 2-indanones have been studied by Quinkert and
coworkers.'? Their work focused mainly on phenyl substi-
tuted 2-indanones where for example it was elegantly shown
that cis- and trans-1,3-diphenyl-2-indanone afforded di-
phenyl substituted o-quinodimethanes in a two step non-
stereospecific decarbonylation from the singlet state, These
underwent subsequent thermal and photochemical reactions
but could be observed by low temperature ultraviolet spec-
troscopy and trapped with dienophiles. Jones and coworkers
have examined the photochemical production of relatively
strain-free o-quinodimethanes related to 2,3-dihydrona-
phthalene.!® These molecules were found to be detectable
by ultraviolet spectroscopy if the facile 1,5-suprafacial hy-
drogen shift was prevented by appropriate substitution and
isolable if in addition 1,4-diphenyl substitution was present.

We have examined the photochemistry of methyl benzo-
bicyclo[3.2.1]octen-8-one-3-endo- and -exo-carboxylate, 1
and 2.2 Our principal goal was to determine the effects of

phenyl substitution absence coupled with structural con-
straints on the propensity for formation and subsequent
reactions of the expected o-quinodimethane, 4. Due to the
constraining influence of the three-carbon bridging group 4
must exist in the Z,Z configuration and must be substan-
tially twisted. We anticipated that this effect coupled with
the absence of phenyl substitution would destabilize 4 rela-
tive to the strain-free biradical 3 and a one- or two-step
photodecarbonylation would perhaps lead to products de-
rived from the biradical. These reactions might show stere-
ospecificity since inversion of the benzylic radical requires
transient formation of 4 and the pendant carbomethoxy
group would serve as a nonparticipating stereochemical

probe.
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Irradiation® of 1 or 2 gave rise to several products:*
methyl benzobicyclo[3.2.0]hepten-3-exo- and -endo-car-
boxylate, 5 and 6, 7-methoxy-2,3-benzo-8-oxatricyclo-
[4.2.1.0%7]nonene, 7, and methyl 1,2-benzo-1,3-cyclohepta-
diene-5-carboxylate, 8, in a nonstereospecific reaction; see
equation.’ The reaction is moderately efficient,® not sensi-
tized by acetone, and only slightly quenched by trans-1,3-
pentadiene.” These facts indicate that the reaction may
occur from the excited singlet state.

Product formation can be rationalized in terms of an in-
termediate biradical, 3, or o-quinodimethane, 4, undergo-
ing closure to epimeric bicyclic benzocyclobutenes, 5 and
6;' 1,5-hydrogen shift to 8,18 or an intramolecular Diels-
Alder reaction to 7.°

Experiments in which temperature and excitation wave-
length were varied (Tables I and II) showed that 5, 6, and 7
are produced in a common reaction independent of forma-
tion of 8. Thus the ratio of 5:6:7 remains essentially con-
stant and irradiation at low temperatures (Table I) or si-
multaneous irradiation with 366 and 313 nm light (Table
IT) results in striking decreases in the relative amount of 8.

Table I. Effect of Temperature on Photochemistry of 1 and 24
Temp, % 8 in
Compound °C Solvent product mixture 5:6:7
lor2 35 Cyclohexane 86.2 1.00:0.07:0.19
1 0 Cyclohexane—Benzene (1:1) 48b 1.00:0.05:0.2
2 0 Cyclohexane—Benzene (1:1) 47b 1.00:0.05:0.23
1 -40 Dichloromethane 0 1.00:0.06:0.13
2 --40 Dichloromethene 0 1.00:0.08:0.15

4Rayonet reactor 3000 A lamps. #Cyclohexane—benzene (2:1) is the solvent in these experiments.
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