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(1 1 S)-[1 I-*H1]Porphobilinogen ( la )  and the (1 1 R)-isomer (lb) are incorporated biosynthetically into precorrin-2 and 
precorrin-3 which are isolated as the aromatised esters (7) and (9) for 1H NMR studies; the unexpected results are 
discussed. 

The biosynthesis of vitamin B12 involves the stepwise intro- 
duction of eight C-methyl groups into the macrocycle of 
uro'gen-I11 (2) which is built from four molecules of porpho- 
bilinogen (l), PBG, by a largely understood sequence.1 The 
first C-methyl group is inserted at C-2, the second at C-7, and 
the third at C-20;2 the two initial C-methylations generate, 
respectively, precorrin-13 (3a or 3b) and precorrin-24 (4). It is 
highly probable, by analogy with precorrin-2 (4), that the third 
biosynthetic intermediate, precorrin-3, is formed and further 
transformed enzymically at the dihydro-aromatic oxidation 
level (5). These three intermediates are all readily oxidised by 
air, the di- and tri-methylated products being, respectively, 
sirohydrochlorin (6) and 2,7,20-trimethylisobacteriochlorin 
(8). 

The aim of the experiments here outlined was to study the 
incorporation of PBG (1) , stereoselectively labelled with 
deuterium5 at C-11, into precorrin-2 (4) and precorrin-3 (5) 
and to isolate them after aromatisation as the octamethyl 
esters (7) and (9), respectively, for analysis by NMR spectro- 
scopy. Previous analyses by degradation and NMRs had 
shown that the (11S)-[11-2H1]PBG contained 83% S (la) and 
17% R whilst the (11R)-sample contained 83% R (lb) and 
17% S. These values were confirmed, within experimental 
error, by NMR with a chiral shift reagent? on the R- and S- 
PBG lactam esters from which the samples of PBG are derived 

f Tris[3-(Heptafluoropropylhydroxymethylene)-( +)-camphorate]- 
europium(m) . 
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(4) R = H c (5) R = Me 

A =CHzCO2H 
P = CH2CH2C02H 

A ~ :  = CH~CO~R’  
pR = CH~CH~CO~R’ 

(6) R’ = R2 = H 
(7) R’ = Me, R2 = H 
(8) R’ = H, R2 = Me 
(9) R’ = R2 = Me 

(2) X = H  
(2a) X = D 

by hydrolysis. Earlier work had shown6 that PBG (la, b) 
stereoselectively labelled at C-11 is converted enzymically into 
stereoselectively labelled uro’gen-I11 (Za) but the configura- 
’tions at the labelled sites are unknown. The simplest results 
from the present study should be obtained if the hydrogen loss 
from C-5, C-10, and C-20 to generate (4) and (5) is 
stereospecific. In that case, the (11s)-precursor (la) should 
give mainly retention or mainly loss of deuterium at each site 
and the (11R)-PBG (lb) should lead to a set of complemen- 
tary results. The removal of hydrogen from C-15 by air 
oxidation was expected to be non-stereospecific leading to a 
large retention of deuterium from both S and R precursors, 
(la) and (lb), due to the expected significant kinetic isotope 
effect. 

(11S)-[11-2H1]PBG (la) and, separately, (11R)-[11-2H1]- 
PBG (lb) were incubated anaerobically with an enzyme 
preparation containing hydroxymethylbilane synthase, uro- 
porphyrinogen I11 synthase, the appropriate methylase en- 
zyme(s),7 and all necessary cofactors to form in two separate 

7 

Figure 1. Low-field 1H NMR signals at 400 MHz using CD2C12 from 
(a) unlabelled (7); (b) (7) derived from (11R)-[11-2H1]PBG (lb); (c) 
(7) derived from (llS)-[ll-*H1]PBG (la). 

experiments di-, and in a third experiment, tri-methylated 
products. These products were aromatised in air before the 
pigments (6) and (8) were trapped on a basic ion-exchanger, 
eluted with aqueous piperidine and esterified under basic 
conditions using trimethyloxonium tetrafluoroborate.4 The 
purified esters (7) and (9) gave 1H NMR signals from positions 
5, 10, 15, and 20 which appear uncluttered over the region 
8 6.4-8.6, Figure 1, and the amounts of protium they 
represent were determined. Table 1 gives the averaged values 
which were not as expected. However, some clear deductions 
can be made and reasonable rationalisations suggested. 
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Table 1. Low-field 1H NMR signals from (7) and (9) derived from 
(11s)- and (11R)-[11-2H1]PBG ( la  and lb).  

Signal intensities relative to standarda 

(7) from (7) from (9) from (9) from 
Position S(la) R(lb) S(1a) Wlb)  

H-5 1.05,0.95 1.0,0.95 1.05 0.8 
H-10 0.35,0.6 0.2,0.4 1.0 0.75 
H-15 0.15,0.25 0.6,0.4 0.3 0.2 
H-20 0.85,l.O 0.8,0.85 - - 

a The integrated signal intensities from H-5, 10, 15, and 20 for the 
unlabelled sample of (7) were standardised against signals from H-3 
and H-8 plus the acetate methylenes at C-2,7,12, and 18 together with 
the b-methylenes of the C-13 and 17 propionates for a total of 14H. 
The signals used as standards for unlabelled (9) were this same set plus 
those from the C-20 methyl and the b-methylene of the C-8 propionate 
for a total of 19H. The 1H signals from the labelled samples were 
integrated and standardised in exactly the same way. The Table gives 
the ratios of standardised intensities from labelled relative to 
unlabelled samples rounded to closest 0.05. 

whilst a substantial part of the precorrin-2 is still bound to 
protein, one face could be preferentially protected. 

(d) Loss of almost all the deuterium from C-5 of (9) in both 
S-, and R-series interlocks with the foregoing results. Now, 
though, there was also substantial exchange with the medium 
at C-10 and mainly deuterium retention at C-15, in each case 
from both labelled precursors (la) and (lb). A possible 
rationalisation of the results at C-10 and C-15 is that they are 
both a reflection of the long life of precorrin-3 (5 ) ;  experience 
in our two laboratories shows that (5) is much more stable to 
oxidation than (4). This stability (i) gives time for slower 
exchange with the medium at C-10 via enamine-imine 
tautomerisation before aromatisation and (ii) could lead to the 
aromatisation of precorrin-3 (5 )  occurring after leaving the 
protein when it is reasonable to expect the kinetic isotope 
effect to operate. 
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(a) Almost complete loss of deuterium had occurred from 
C-5 and C-20 of the isolated sirohydrochlorin ester (7) from 
both (llS)-(la), and (11R)-[11-2Hl]PBG (lb) showing 
exchange with the medium at these positions. Control 
experiments with [5,10,20-2H3]sirohydrochlorin (see 6), pre- 
pared by acid-catalysed exchange ,8 proved that the work-up 
and esterification procedures caused no significant exchange 
at positions 5, 10, or 20. This loss of deuterium from C-5 and 
C-20 could occur by equilibration on the enzyme of two 
possible forms,3 (3a) and (3b), of precorrin-1 or at C-20 via 
imine-enamine tautomerism of the initial product from 
C-methylation at C-2 and subsequently at C-5 in the same way 
after C-methylation at C-7. 

(b) The deuterium retention values at C-10 of (7) from both 
(11s)- and (1 1R)- precursors point to largely non-stereo- 
specific loss of hydrogen from this position as the main process 
with only a small preference for loss of deuterium from (la) 
compared with (lb). 

(c) Surprisingly more protium was retained at C-15 of (7) in 
the R than in the S series. A possible explanation is based on 
the known rapid air-oxidation of precorrin-2 (4). If this occurs 
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