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Recently, Joyeau, R. et al, reported the synthesis of 4-me- 

thylene-2-azetidinone analogue 1 from vinylic halide precur

sors by a 4-exo-trig cyclization.1 No substitution on C3 posi

tion exhibited neither antimicrobial nor anti-8」actama몽e ac

tivity. As part of project on the synthesis of new monobac- 

tams, introduction of amino group at C3 position provides 

a better antibacterial activity. Not only Azthreonam (a-methyl 

on C4 position) has good antibacterial activity but other p- 

methyl isomer also shows good activity. In addition, it has 

been great interest to synthesize 3-amino-4-methylene-2-aze- 

tidinone itself, we have attempted to prepare 4-methylene- 

2-azetidinones 2, especially, which has amino아liaz이esubstitu

ted monobactams 3 on C3 position.2 4

4b, R=Se(O)Ph 9a, R3=Z-B0C- & = H 
9b, R3=Z-BOC, Rj-Ts 
9c, R3=H, R4=Ts 
9d, R3 = Tr, R( = Ts

7b, R=H
7c, R=f —BOC

(a) Et3N, CH2CI2, Ot, 2 h, 42%, (b) CH3NHNH2, CH2C12, Ot, 
16 h, (c) ^-Bu-OCOOCOO-/-Bu, CH2CI2, r.t.f 16 h, 62% (steps
(b) and (c)), (d) OsQ, NaIO4, H2O/THF(1:1.8), r.t., 18 h, 98%, 
(e) NaBH* THF-H2O (1:1), O°C, 2 h, 61%, (f)力-TsCl, pyridine, 
room temperature, 16 h, 97%, (g) CF3COOH, (fc, 30 min, 
99%, (h) TrCl, Et3N, DMF, —20M, 30 min, then room temp
erature, 16 h, 97%, (i) PhSeSePh, NaBH4, EtOH/THF, 5此, 

6 h, 63%, (j) NaIO4. MeOH/H2O (6:1), r.t„ 5 h, 99%, (k) Na2CO3, 
toluene, reflux, 10 h, 48%. Phth = phthaloylimino, Z-BOC —/- 
butoxy carbonyl, Tr=triphenylmethyl.

Scheme 1

The target exo- methylidene compound 2a could be syn

thesized from Zraws-selenium oxide 4d as outlined in retrosyn- 

thetic form in Scheme 1. One approach that appeared attrac

tive was to 이iminate good leaving group such as iodo, tosyl, 

mesyl, and oxyselenyl on 4-methyI derivatives. Our initial 

가tempts to prepare 나Hs exo-methylene compound from iodo-, 

tosyl-, and mesyl-methyl analogues by a elimination reac

tion, were unsuccessful. We found that the thermal elimina

tion of selenium oxides 4b afforded 3-amino-4-ero-methylene- 

2-azetidinone 2a.

Tnzm-aldehyde 8 was most conveniently prepared in fair

ly good yield using [2 + 2] cyclization, followed by dephtha- 

lation, protection with f-BOC, and oxidation with OsO4 and 

NaIO4. Yield of [2 + 2] cyclization was only 42% but trans 

isomer 7a was exclusiv미y formed without detecting any cis 

isomer. Aldehyde 8 was reduced to alcohol 9a by NaBH4. 

Tosylation of alcohol and the exchange of /-BOC of 3-amino 

group to trityl afforded tosylate 9d. S시enization with diphen

yl diselenide and mild oxidation of selenide with NaIO4 pro

vided selenium oxide 4b5 in high yield.

Selection of substituents on 3-position, herein, were impor

tant in an elimination reaction. In case that the protecting 

group of 3-amino has nucleophilicity, intramolecular nucleo- 

philic attacking of the protecting group could be occurred 

toward leaving group on 4-methyl, forming a 6-membered 

ring (Scheme 2). As benzyloxy carbonyl (CBZ), f-BOC, and 

phthalimide protective group, which have carbonyl, could not 

be used, we used trityl protected selenium oxide 4b5 at an 

elimination step.

The thermal elimination reaction of Zraws-phenylselenoxo 

compound 4b was performed in toluene solution in the pre

sence of N&CO* After refluxing for 10 h, extraction (CH2C12), 

flash column chromatography (SiO2), and recrystallization 

(Et2O) provided 3-amino-4-methylidene-2-azetidinone 2a as 

an white crystal (48%). The total synthesis involved 11 steps, 

providing 4.4% overall yield from 5 and 6.

We have tried to remove protecting groups of 2a (Scheme 

3). First, the treatment of trifluoroacetic acid in dichlorome

thane gave detritylated as well as endoisomerized product 

10. Compound 10 was stable and its ring system would be 

interested for antibacterial activity of its derivatives. The 

alternative approach to remove trityl group was done by hy

drogenation with Pd catalyst, but provided hydrogenated 

product 11.

In conclusion, we have synthesized 4-methylidene P-lactam 

derivative 2a with amino group on C3 positiion by thermal 
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elimination reaction from Zrans-isomer. Further st거dies on 

the removal of protecting groups as w이 1 a응 the attachment 

of suitable groups on N1 and C3 position to the 옹ynthesis 

of useful monobactam antibiotics are currently in progress.
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Fosfazinomycin B (1), methyl arginylmethylhydrazinohy- 

droxyphosphonohydroxyacetate, is a new antifungal substa

nce isolated from the fermentation broth of Streptomyces la- 

vendofoliae1^3. It is 죠 tripeptide which contains a carbon-pho- 

sphorus-amine bond. Mo아 of the organic compounds in na

ture are composed of carbon-carbon bond. But it ha옹 been 

proved that the compounds having carbon-phosphoric bond 

are also stable. Recently aminophosphonic acids and their 

derivatives have attracted attention because of their antibac

terial, herbicidal, pesticidal, anticancer and enzyme inhibitory 

activities, and particularly their structural similarity to the 

biologically important amino acids. Since 2-aminophosphonic 

acid (2-AEPn) was isolated from sheep rumen in 1959 by 

Horiguchi and his coworkers4, twenty six aminophosphonic 

acids and their derivatives have been discovered form living 

organisms. Aminophosphonic acids are also discover은d in 

mammalian tissues like human muscles, sheep liver, and ox 

brain5^11. Their concentrations in human tissues, in heart 

and sk이etal muscles was higher than in liver and brain.

Here we report the synthesis of Fosfazinomycin B (1) from 

methyl methylhydrazinobenzyloxyphosphonoacetate (2)12 

which has carbon-phosphorus bond. N-Carbobenzyloxynitro- 

arginine (4) was prepared in 82% yield from protecting guano 

group and amino group of L-arginine (3) by treatment with 

nitric acid and carbobenzyloxychloride, successively. The pep

tide (5) was prepared by coupling of acetate (2) with 4 in 

the presence of ethyl chloroformate in 67% yi이d. F。동fazino- 

mycin B (1) was obtained by hydrogenation in 62% yi이d. 

In conclusion. Fosfazinomycin B (1), a new kind of phospho- 

rus compound was synthesized from methyl methylhydrazi- 

nobenzyloxyphosphonoacetate efficiently in 4 step오 in 24% 

overall yield.

Experimental

N-Carbobenzyloxynitroar9inine(4). To a 250 mZ th

ree neck round-bottomed flask. 12.5 g (0.057 m시) of nitroar

ginine12, 18.9 g (0.135 mol) of potassium carbonate 거nd 100 

ml of distilled water were added. With stirring at 0t, the 

solution was added with 8.54 m/ (0.06 mol) of benzyl chloro

formate was added carefully through a dropping funnel over 

30 minutes. After being stirred for 4 hours, the reaction mix

ture was washed with chloroform and ether successively, 

nd acidified with dilute HC1 solution. White oily organic layer 

was extracted with ethyl acetate, and the extract was dried 

over anhydrous magnesium sulf간e. After the solvent was 

removed by evaporation in vacuot the crude product was 

chromatographed on a silica gel column by 이uting wi버 ethyl 

acetate. The major compound eluted from the column wa당


