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Abstract : Naturally occurring hemiacetals DIBOA and DIMBOA were synthesized by the first a-hydroxylatim of 
N-hydroxylactams via m-chloroperbenzo~c acid oxidation ofamesponding cycl~ilyl enol ethers. 

The cyclic hydroxamic acids 2,4-dihydroxy-2H- 1,4-benznxaz&3(4H)one (DIBOA) 1 and 2,4-dibydroxy- 

7-methoxy-2H- 1,4-benzoxazin-3(4H)-one (DIMBOA) 2 have been found to occur in tbe form of B-D-ghrcosides 

as allelochemicals in diRerent species of the Graminew’ Acantha~eae~ and Ramumrla~eae.~ Recently, 

isolation procedures fix the &cosidic precursors 2-gDghtcopyrauosylo~-4-hydrony-2H- 1,4-benzoxazin- 

3(4H)-one (GDIEIOA) Corn rye (Grartrineae)4 and its 7-methoxy derivative (GDIMBOA) corn Coix lachqma 

jobi (Gramineae)’ and maize (Gr~~mineae)~ have shown that these compounds have 2&configuration. The 

hemiacetals DIBOA 1 and DIMBOA 2 are set free by I.Lghtcosidase after injury of the plants and act as plant 

resistance factors. 6V7 However, both hemiacetals thus obtained were proven to be optically inactive and did not 

undergo enantioseparatior~ by chiral HPLC* or HPCE9 methods due to a fast racemization of their lactol unit 

during the separation process. 
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Scheme 1. Enzymatic hydrolysis of 1,4-bewxrxazL3(4H)-one ghtcosides 

This circumstance allows syntheses for both natural products to be racemic. In principle, previous syntheses 

for 1 and 2 can be divided into two groups according to the way of generating the hemiacetal unit. The feature 

of the first group consists in hydrolyzing appropriate 2-halogen precursors 10-12 Recently, we reported on a new 

general synthesis ofthe 2-hydroxy-2H-1,4-benz.oxazin-3(4I-I)-one skeleton13 by chemoselective reduction of 2,3- 

dioxo- I .4-benznxazines. 
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It was the aim of this project to develop an oxidative approach for the hemiacetal unit of 1 aud 2. Hitherto, 

oxidations using m&loroperbenzoic acid for a-hydoxylation were known to give rise to a-hydroxy 

aldehydes, * 4 a-hydroxy ketones, L5 and a-hydroxy carboxybc acids, 16 respectively. Analogous oxidations of N- 

hydroxylactams have not been cited yet. 

The starting 4-hydroxy-2H-l.4-benzoxazin-3(4H~ones 5 (mp. 169170°C (Iit.17 16&169’C), 82%) and 6 (mp. 

122-123°C (lit.9 121-123”C), 68%) were prepared by reductive cychzation of ethyl 2-nitrophenoxyacetates 3 

and 4 with sodium borohydride as recently described for 4-hydroxy-2-methoxy-2H-1.4-benzothiazin-3(4H)- 

one.‘* The oxidative transformation intended causes a need for protection of the hydroxamic acid moiety. 

Several kinds of protecting the 4-position have been tahen into consideration to yield precursors for oxidizable 

silylenol ethers. Fist, 4-acetoxy derivatives have been excluded due to their ability to act as strong electrophiles 

under heterolysis of the N-O bond. I9 We have found this effect to be enhanced in the presence of the electron- 

donating Fmethoxy group. Protection of the 4-position has been tried by benzylation of S and 6 to yield the 4- 

benzyloxy derivatives 7 and g,z” respectively. However, all attempts to transform them into the corresponding 

silyl en01 ethers by means of LDA/TBDMSCI led to unsuitable decomposition products only. 

“ail, 
7 R-H 
0 R-Ok A-CH,-Ph 

0-CHa-CO&t 
i c 

NDz 
3 R=H 
4 R=OMs 

11 R-H, R’==t-Bu 

Reagents and conditions : (i) NaBH4, Pt-C, MeOHH20,25”C, lb; (ii) BzCl, K2CO3, Me2CO,reflux, 2h; 

(iii) Cl3GCH=N-COMe, THF, 25”C, 3Omin; (iv) 2 LDA, tohtene, -78°C t-Bu2SiCl2, 6h; (v) MCPBA, 

CH2C12, -PC, 2h; (vi) Bu4NFx3H20, THF, 25°C 2h 

Scheme 2. Oxidative generation of hemiacetal units 
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Bringktg to mind the 8bihty of azavinylogous carbony compounds like N-(2,2,2-trichloro~~e~~d~t 

for the addition of acidic compotmds, Iike shown by us for substituted 2-pyran~tin-5-ones ~reviousiy,~ we have 

then prepared 2-ac&yb&no-2-(2H- I ,4-benzox8ziu-3(4H+on-4-yloxy)- 1, 1, I-tricbloroetlmne 9 and its 7- 

methoxy derivative 1ti3 under mild conditions.U~ommately, both compounds showed a simil8r tendency to 

decompose by N-O fission under the silyhttiott conditions following like the bacetoxy compounds unmtioned 

above. Eventual&, several attempts fir silylating the acidic N-OH., e.g. with T3DMSCHmidazol~~ were 

unsuccessfid. However, two equivalents of lithium ~r~y~de allowed tbe enolia8ble hydroxamic acids 5 

and 6 to react with ~t~-~~~oro~e in absohtte tohrene to give the protected t,4-benzox8zines 11 end 

12 in form of stabie cycloailylenol ethers. 

Oxid8tkm of 11 and 12 with m-chloroperbenzoic acid in methylene chloride formed the iutermedi8te 

epoxides 13 and 14. F&lly, treatment of 13 and 14 with tetra-n-butylammonium fiuoride in THp caused 

deprotection of the silyl ethers and ring opening of epoxides to yield DIBOA 1 and DJMBOA 2 nfter separation 

from the reaction mixture by cobu.m~ chromatogrsphy.2’ 

In summary, the procedure described here gives for the fist time tise to a-hydroxyl8ted cyclic hydxoxamic 

acids by peracid oxidation. Thus, the main natumhy oozurring hydrox8mic a&is DIBGA 1 and DIMBOA 2 from 

Crumineue have beea synthesized in four steps starting ffom ethyl 2-~h~o~c~ates via m- 

chtoroperbenzoic acid oxidation of ~t~-bu~l~e~~~l protected Utydrow- I ,4-benzox8a&3(4H)ones. 
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4-Benzyloxy-2H- 1,4-benzoxazin-3(4wone 7 and its 7-methoxy derivative 8, respectively, have been 

synthesized by refluxing hydroxamic acids 5 and 6 with benzyl chloride/NaI/K2Coj in acetone : 

7 (mp.97-98“C (cyclohexane), 74 %), lH NMR (200 MHz, DMSG-Q) 6 6.75-7.62 (m, 9H, ar), 5.00 (s, 

2H, GCH2CO), 4.60 (s, 2H, GCH2Ph) ppm; 8 (mp. 83-84’C (cyclohexane), 82 %), lH NMR (200 MHZ, 

DMSO-d6) 6 6.67-7.46 (m, 8H, ar), 5.09 (s, 2H, GCH2CO), 4.79 (s, 2H, GCH2Ph), 3.75 (s, 3H OMe) 

PPm 
Drach, B. S.; Sisa, A. D.; Kirsauov, A. W. Zh. Obshch. Khim. 1969,39,2 193. 

Sicker, D.; B&hnann, W.; Bendler, D.; Mann, G. Synthesis 1987,493. 

A general method for this addition consisted in reacting equivalent amounts of hydroxamic acids 5 and 6 

with N-(2,2,2+richloroethylidcne)acetamide in absolute totrahydrofuran at 25°C for lh, thus yielding 9 

(mp. 157-158’C (ethanol), 87 %), 1H NMR (200 MHz, DMSO-d6) 6 9.44 (d, HI, J=l H-Iz, NHCI-I), 

7.28-7.60 (m,4H, ar), 4.18 (d, H-l, J=l 1 Hz, NHCH), 4.97 (s, 2I-I, CH;?), 2.02 (s, 3H, CH3) and 10 

(mp. 11 l-l 13°C (ethanol), 64 %), lHNMR (200 MHz,, DMSG-d6) 6 9.46 (d, HI, J=l 1 Hz, NHCH), 

6.55-7.67(m,H,ar),6.81 (d, lH, J=lllIz,NHCH), 5.02(~,2H,CH2),3.99(~,3H,GCH3), 2.09(s,3H, 

CGCH3) ppm. 

Greene, Th. W. ; Wuts, P. G. M. Protective Groups in Organic Synthesis; John Wiley and Sons, Inc. : 

New York, 1991; 77. 

procedure for 1 : To a suspension of 4-hydroxy-ZH-1,4-benzoxazin-3(4H)-one 5 (1.65 g, 10 mmol) iu 

tohtene (30 ml) a somtion of LDA iu cyclohexane (10 ml, 2.0 M) was added over 1 mitt at -70°C and the 

mixture was stirred for 30 min. A sohrtion of t-Bu2SiC12 (2.20 g, 10 mmol) in tohume (10 ml) was added 

within 10 miu and the mixture was stirred for 3 h and then allowed to warm up to 25°C. The solvents 

were evaporated in vacua. The residue r emaining was suspended in CH2C12 (50 ml), neutralized with 

acetic acid and cooled to -5°C. To this suspension a solution, obtained by dissolving MCPBA (2.3 g of 

wet 75% MERCK product, 10 mmol) in CH2Cl2 (30 ml) and filtering the mixture for dryiug through a 

filter pad of Na2SO4, was added within 2 min and stirred for 2 h. The solvent was removed and to the 

solid obtained were added THF (50 ml) and t-Bu4NFx3H20 (3.2 g, 10 mmol). The mixture was stirred 

for 2 h at ambient temperature, then the solvent was evaporated in vacua. The remaining oil was purified 

by column chromatography (silica gel 60, tohrene:cthyl acetate 1:2, v/v) to yield DIBOA 1 (mp. 155- 

156°C (ht.13 156-157°C) 41%). DIMBOA 2 (mp. 167-169OC (lit13 168-169Q 32%) was obtained 

analogously. 
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