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The role of shikimic acid (1) as precursor for a number of antibiotic phenazines' has been 

established among others for iodinin (2). Our previous results" have led to the conclusion 

that for iodinin the possible pairing schemes of two shikimic acid molecules can be narrowed 

down to schemes A and B. We have been able to eliminate pairing scheme A by the direct 
13 

C-NMR method for elucidating the biosynthetic pathway. 
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Acetic acid-2-13C, 91.92% enriched, was converted via its potassium salt with benzoyl bromide 

into acetyl bromide3. The acid bromide was treated with cuprous cyanide to give pyruvoni- 

trile3 which was hydrolyzed with aqueous hydrochloric acid to pyruvamide3 and then to pyruvic 

acid-13C.3 The pyruvic acid was brominated to bromopyruvic acid4 and phosphorylated with 
13 5 trimethylphosphite to yield phosphoenol pyruvic acid-3- C (3), which was converted to its 

analytically pure monocyclohexylammonium salt (dec. 130-142") in 27% overall yield from AcOH. 

Its l3 C-NMR spectrum confirmed this structure and the compound showed 91.9% enrichment. The 

phosphoenol pyruvic acid was coupled with D-erythrose-4-phosphate (4) via 3-deoxy-D-arabino- 

2-heptulosonic acid-7-phosphate-3- 13 
C (5) to shikimic acid-6-13C (1) by a cellfree extract 

of r. coli 83-24. The method was a 45-fold scaled up adaptation of a known procedure.6 

The overall yield from phosphoenol pyruvic acid was 40-60%. The 13C enrichment in (1) had 

dropped to 40% as evidenced by mass spectrometry. 
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After it had been ascertained that a concentration of shikimic acid of 2 g/E, as required for 

a reliable l3 C-NMR analysis, fed to Brevibacterium iodinum (strain 26) did not upset the 

metabolism as to prevent production of iodinin, two 250 ml erlenmeyers with 50 ml production 

medium each2 were inoculated with B. iodinum, agitated on a rotary shaker at 60 rpm at 29" 

and fed each with 25 mg shikimic acid-6-13C, 40% enriched, on the 3rd, 4th, 5th and 6th day 

after inoculation. Thus, a total of 200 mg shikimic acid was fed. The total yield of crude 

iodinin was 179 mg. Because of its poor solubility in suitable NMR-solvents, it was reduced 

with H2/Pt in dioxane to 1,6_dihydroxyphenazine 
10 

and recrystallized from dioxane, mp 268- 

269". The l3 C-NMR spectrum of a saturated dioxane solution of this 1,6_dihydroxyphenazine 

was measured (Varian XL-100, D20 lock, external TMS, pulse width 25 us Q 45", 7s delay, 

6940 scans (unlabeled), 6956 scans (labeled), ’ H frequency 100 MHz, decoupling with 2000 Hz 

band width, FT mode, coupled to a Nicolet TT-100 data system). The spectra of unlabeled 

1,6-dihydroxyohenazineand 1,6_dihydroxyphenazine resulting from the feeding experiment are 

shown below and a comparison of chemical shifts and relative peak intensities is made in the 

subsequent table. Thus, the labeled spectrum shows a 5.8-fold enrichment of the equivalent 

positions C-5a and C-1Oa with a calculated 8.4% incorporation of the label8 in agreement 

with a biosynthetic pathway 
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Moreover, our results show that the hydroxyls in iodinin must have arisen by decarboxylative 

hydroxylation. If those hydroxyls had been the original 4-hydroxyls in shikimic acid, the 
13 

C-NMR spectrum would have shown enrichment of the equivalent positions 4a/9a. This direct 

evidence complements and confirms Holliman's recent conclusions arrived at by D-exchange 

rate measurements. 
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C-1/6 

C-4a/9a 

2 

3 

labeled 

Peak Assigned ppm Relative 
(from left to right) position7 TMS in CDC137 

to ppm in dioxane Rel. intensity labeled 
(this work) Rel. intensity unlabeled 

unlabeled labeled 

1 l/6 153.4 153.5 153.6 1.1 

2 4a/9a 142.2 142.5 142.7 1.0 

3 5a/lOa 135.9 136.4 136.4 5.8 

4 318 131.3 132.0 132.1 1.0 

5 419 119.3 119.5 119.6 0.9 

6 2/7 110.6 110.1 110.3 1.0 
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