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Abstracti The syntheses of five homoserine phosphate analogs (1-4,Z-5) are described. A brief summaf~ of 

their potential to inhibit threonine synthase from ficherichiu coli is given. 

Bacterial threonine synthase (TS) [EC 4.2.99.21. a pyridoxal phosphate (PLP) dependent enzyme, catalyzes the 

final step in the biosynthesis of L-threonine from L-aspartic acid, i.e. the conversion of L-homoserine 

phosphate into Lthxeoniue. The reaction involves the non-hydrolytic elimination of phosphate from the PLP 

bound substrate and subsequent addition of water to a PLP bound vinylglycine intcrmtdiate”. We were 

interested in homoserine phosphate analogs both as potential inhibitors of TS and also in order to study 

intermediates of this enqmic reaction by UV spectroscopy. 
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nitrogen analog L-2 to possess N-methyl-D-aspartic acid (NMDA) antagonistic activity3’. Since no 

experimental details for the synthesis of these two compounds have been published yet, we developed syntheses 

for racemic and enantiomerically pure phosphonic acid 1, as well as for the racemic analogs 2 and 3. 

The pentynoic acid 4 not only resembles homoserine phosphate, it is also a simple derivative of 

propargylglycine, which is a well known inhibitor of various PLP dependent enzymes4’. 

Amino acid 26 qresents the C-terminus of two classes of naturally occuring di- and tripeptide& the 

rhizocticins and the plumbemycins. Z-Ga has the L-configuration in the fungicidal rhizocti~ins~, whereas 

the D-enautiomer is in the plumbemycins”, which are active against bacteria. Moteover, Natchev has also 

reported that the Lenantiomer of Z-6 displays herbicidal and fungicidal activity@. Inhibition studies with 
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racemic 26,pe1fdinour laboratory ‘@, clearly showed that this compound is an inhibitor of bacterial TS 

(Table 1). The amino acids E-5”) and E-6’” have already been described in the literature as NMDA 

antagonists. Therefore, we undertook the synthesis of the unsaturated amino acid Z-S to complete the series of 

pentenoic acids 5 and 6. In this letter we describe the facile syntheses of phosphonic acids l-4, and Z-5, and 

give a brief summary of their action on bacterial TS. 

The syntheses of compounds 1 and 2 are described in scheme 1. Michael addition of phosphonates 713) and 

814) to methylacetamido-acrylate b in tbe presence of triethylamine in refluxing methanol’~ yiekled the 

protected ammo acids 10 and 11, respectively. Deprotection of the sulfur compound 10 in refluxing 6N 

hydrochloric acidlo and subsequent purification by ion exchange chromatography’e afforded racemic 

phosphonic acid llr’ as an amorphous solid. 
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Scheme 1. Reagenta and Mndirions: i. JZt,N, MeOH, reflux. for 10: 8h :62w; for 11: 2d 93% ii. I) 6N HQ. reflux. 8h; 2) Dowex WC- 

200, W-form, eluent: &O 9%; iii. I) 3.5N N&H, reflux. 16h; 2) Dowex 50X-200, IT-form ehmt: E&O + 2N pyridioe ia &a 3) 

TMSBr, py&inc, CH,CN, 20°C. zd; 4) Dowex 50X-200, IT-fcm, ehsntz &O -B 2N pyridine in I-&O :85%. 

The attempted depmtection of the nitrogen analog 11 under these conditions resulted mainly in a fragmentation 

of the molecule in a retro Michael sense, the ammo acid 2 being obtained in only 29% yield. Alternatively, in 

a two step sequence with refluxing 3N sodium hydroxide followed by trimethylbromosilane/pyridine in 

acetonittile’Q all protecting groups were removed. After purifiiation by ion exchange chromatography the 

amino acid 21r) was obtained as a white powder in 85% yield. Since the synthesis of the oxygen analog 3 via 

the Michael additon route described above failed, the reaction sequence shown in scheme 2 was pursued 

0 0 

(Eto),b(“OACI + ( (co2J3)2 i_ (R3 0)2b! A0 

NPhth 

12 13 

!?ckeme 2. Reagents and cwndik i. 13, NaH, DW, 2) l2,80-lWC, 5h :5246; ii. 1) fiN HCl/HOAc (S/l, v/v), reflux. 8lx 2) Dowex 

50x-zoo$ II+-fom& ehlenc H@ 56%. 

Reaction of ai~hloroether 12’” with the sodium salt of aminomalonate 13’” in De afforded 14. 

Depmtection and decarboxylation could be achieved by refluxing compound 14 in 6N hydrochloric acid/acetic 
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acids”, and after purification by ion exchange chromatography the target compound 3’” was obtained as a 

white, amorphous solid 

A similar reaction sequence could be used for the preparation of the L-enantiomer of the sulfur containing 

amino acid 1 (scheme 3). Alkylation of the protected Lcysteine derivative 16” with hiflate lSp’ in THF 

23) in the presence of uiethylamine afforded cleanly the protected phosphonic ester 17. Deprotection and 

purikation was carried out in the same manner as described for the racemic derivative 10. 

Using this reaction sequence, it should be possible to prepare the phosphonic acids 2 and 3 in enantiomerically 

pure form as well. 
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The synthesis of pentynoic acid 4 is outlined in scheme 4. Bromination of propargylalcohol 18%) with 

triphenylphosphine/ tetra bxomomethane in dichl oromethatu? yielded propargylic bromide 19. Its reaction 

with the ardor? of glycine derivative 2p, and subsequent cleavage of the phosphonic esters and the imine 

with trimethylbromo&ne&yridine afforded cleanly methyl ester 22. After saponification of the ester with 2N 

LiOH and pmification by ion exchange chromatography, amino acid 4”) was obtained as a white amorphous 

SOlid. 

Ph 

‘CT lll:X=OH 20 
19:x=Br 

The synthesis of amino acid Z5 (scheme 5) was accomplished in a similar manner to the synthesis of 

pentynoic acid 4. After bromination of the allylic alcohol fl), the resulting bromide 24 was alkylated with 

the anion of amimmalonate 25’% to yield Eolefin 26. Isomer&&on of the double bond by irradiation with a 

Hg odium pressure lamp (Philips HPK 125W) for 2d in a quartz vessel gave a 3:l mixture of isomers 26 and 
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27, that could be separated by chromatography on SO,. Complete deprotection and decarboxylation of Z- 

isomer 27 was achieved in refluxing 6N hydochloric acid. Purification by ion exchange chromatogmphy 

afforded the desired amino acid Z-5’n as an amorphous solid 

Scheme 5. Reagents and conditions: i. FFh,, CBr,, CH.& S”C, 18h :4746; ii. 1) 25. NaH, DMR 2) 24, DMF. 80-100% 8h :279b; iii. hV, 

cdr, 2d. 27~16% amI 26: 43%; iv. 1) 6N HQ, I&IX. 8h; 2) Dowex 50X-200, IT-ffor eluent: KO :52%. 

The amino acids described above, as well as the aheady known unsaturated amino acids E-5, Z-6, and E-6 

wem tested for their potential to inhibit T!3 from Escherichiu coli [EC 4.2.99.21 (table 1). Compounds 3,4, and 

2-5 did not inhibit the enzyme at all. although the unsaturated amino acids 4 and Z-5 did bind to the enzyme, 

as was shown by W-spectroscopy to) The sulfur compound 1 and olefin E-5 wem competitive inhibitors. . 

Amino acids 2, Z-6, and E-6 were found to be irreversible inhibitors of the bacterial enzyme. Detailed 

experimental, kinetic, and spectroscopic data, as well as a discussion of these results will be published laterrO’. 

Table 1: Kinetic constants’) for inhibitionb’ of threonine synthase from Escherichiu coli 

compound Ki/l-M L / [min-‘l 

1 3.3 - lo5 

L-l 1.1 * 10“ 

2 5.9 * lo5 

3 c) 

4 c) 

Z-5 c) 

E-5 5.4 * 104 

Z-6 1.0 * 104 

E-6 4.0 * lo-4 

d) 

d) 

1.44 

4 

1.50 

0.25 

a) mean of two determhhw b) for experimental cmditions SW ref. 1429); 

c) no inhibition at 1OmM inhibitor concentration; d) competitive inhibitor 
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