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2,7-Dihydroxy-2H-1,4-benzoxazin-3(4H)-one 11 (DHBOA) and 2,4,7-trihydroxy-2H-1,4-benzoxazin-
3(4H)-one 14 (TRIBOA) representing aglucones of naturally occurring acetal glucoside type allelo chemicals
found in Gramineae have been for the first time synthesized by two pathways both involving selective reduc-
tive cyclizations of appropriate 7-benzyloxy-2-nitrophenol derivatives as precursors. TRIBOA 14 and its
bioactive naturally occurring 7-methyl ether DIMBOA have been found to undergo a hitherto unknown trans-
formation to the corresponding 2,6-dibromo substituted lactam forms 20 and 21 in the presence of hydrogen
bromide in acetic acid, which is of value in a better understanding of the possible mode of bioactivity.
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The hemiacetalic cyclic hydroxamic acids 2,4-dihy-
droxy-2H-1,4-benzoxazin-3(4H)-one (DIBOA) and 2,4-
dihydroxy-7-methoxy-2H-1,4-benzoxazin-3(4H)-one
(DIMBOA) have been found to occur in the form of 2-B-
D-glucosides as allelo chemicals in various species of
Gramineae [1-3], Acanthaceae [4) and Ranunculaceae
[5]. Recently, we have reported on isolation procedures
for the glucosidic precursors 2-B-D-glucopyranosyloxy-4-
hydroxy-2H-1,4-benzoxazin-3(4H)-one from rye (Secale
cereale L.) [6] and its 7-methoxy derivative from maize
(Zea mays L.) [7] and have shown that both compounds
have 2R-configuration. An injury of the plant by a pest
attack causes liberation of the aglucone hemiacetals by
B-glucosidase. Both hemiacetals have been found to act as
plant resistance factors against microbial diseases and
insects [8,9]. Hitherto, spectroscopical evidence has also
been given for the natural occurrence of 2,4,7-trihydroxy-
2H-1,4-benzoxazin-3(4H)-one (TRIBOA) [10], a proba-
ble biological precursor of the 7-methoxy compound.
Similarly, the 2-B-D-glucoside of the corresponding lac-
tam 2,7—dihydroxy—2H-1,4-benz0xazin-3(4H)-one
(DHBOA) has been isolated from a gramineous plant [3].
Investigations of the bioactive lead prompted several
groups to develop independent chemical syntheses both
for derivatives of the 2-hydroxy-2H-1,4-benzoxazin-
3(4H)-one [11-13] and the 2-hydroxy-2H-1,4-benzo-
thiazin-3(4H)-one skeleton [14]. Thus, we have, after
describing a special synthesis for DIBOA [15], recently
reported on two general synthetic approaches to the 2,4-
dihydroxy-2H-1,4-benzoxazin-3(4H)-one skeleton either
by chemoselective reduction of appropriate 2,3-dioxo-1,4-
benzoxazine precursors [16,17] or by a-hydroxylation of
corresponding cyclic hydroxamic acids [18]. In summary,
though a number of 7-substituted 2,4-dihydroxy-2H-1,4-
benzoxazin-3(4H)-ones have been synthesized [19,20] or
isolated, neither the 7-hydroxy compound of the natural
constitution (TRIBOA) nor the corresponding lactam
DHBOA have been described yet.

We wish to report here on the first syntheses of natural

products with the 2,7-dihydroxy-2H-1,4-benzoxazin-
3(4H)-one skeleton and some of their derivatives.

Results and Discussion.

We decided to introduce the 7-hydroxy functionality
aimed for in the form of a benzyloxy group into the syn-
thetic pathway due to the ease of its deprotection by cat-
alytic hydrogenolysis. This caused a need for the hitherto
unknown 5-benzyloxy-2-nitrophenol as starting material.
The synthesis of this compound via a regioselective nitrosa-
tion of 3-benzyloxyphenol followed by a nitric acid oxida-
tion of the pure 5-benzyloxy-2-nitrosophenol thus obtained
will be reported elsewhere [21]. Potassium (5-benzyloxy-2-
nitrophenolate) 1 was precipitated in very good yield by
neutralization of an ethanolic solution of 5-benzyloxy-2-
nitrophenol with concentrated potassium hydroxide.
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The dry potassium salt 1 was then reacted with methyl
bromoacetate, methyl 2-bromo-2-methoxyacetate and
ethyl chloroformylformate to form methyl (5-benzyloxy-2-
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nitrophenoxy)acetate 2, methyl 2-methoxy-2-(5-benzyl-
oxy-2-nitrophenoxy)acetate 3 and (5-benzyloxy-2-nitro-
phenyl) ethyl oxalate 4, respectively, as starting materials
intended for the investigation of different synthetic path-
ways. First, we have been interested in the behavior of the
benzyloxy substituent of these esters towards different
reducing systems. Therefore, nitro ester 2, which was
expected to be stable against cleavage of its nitrophenyl
ether unit has been used as a probe for several reductive
cyclizations. Thus, methyl (5-benzyloxy-2-nitrophenoxy)-
acetate 2 on catalytic hydrogenation did not undergo
reductive cyclization to form a cyclic hydroxamic acid by
ring closure of the intermediate hydroxylamine. This find-
ing is in contrast to derivatives of the 2-nitrocinnamoyl
series [22]. Hence, hydrogenation over a 3% Pt-C catalyst
in acetic acid afforded 7-benzyloxy-2H-1,4-benzoxazin-
3(4H)-one 5, the protecting group of which was removed
by a standard hydrogenolysis procedure using a 10% Pd-C
catalyst leading to 7-hydroxy-2H-1,4-benzoxazin-3(4H)-
one 6. On the other hand, 6 was also accessible directly
from catalytic hydrogenation of 2 over this Pd-C catalyst,
expectedly. Transfer hydrogenation of 2 by means of
sodium borohydride as hydrogen donor for a 3% Pt-C cat-
alyst in connection with the Coutts’ method [23] led to
7-benzyloxy-4-hydroxy-2H-1,4-benzoxazin-3(4H)-one 7
without problems. Finally, the 7-hydroxy group was again
unmasked by catalytic hydrogenolysis of 7 over Pd-C to
afford 4,7-dihydroxy-2H-1,4-benzoxazin-3(4H)-one 8.
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In contrast to the robust nature of the ether 2 the acetal 3
proved to be more difficult to handle in reductive cycliza-
tions due to its instability towards hydrolytic conditions.

M. Kluge, H. Hartenstein, A. Hantschmann, and D. Sicker

Vol. 32

Therefore, catalytic hydrogenation of 3 over the Pt-C cata-
lyst gave only rise to 7-benzyloxy-2-methoxy-2H-1,4-
benzoxazin-3(4H)-one 9 in acceptable yields on addition
of 2,2-dimethoxypropane to the solvent for chemical trans-
formation of the water formed during hydrogenation.
7-Hydroxy-2-methoxy-2H-1,4-benzoxazin-3(4H)-one 10
was available by hydrogenolysis of 9 or directly by cat-
alytic hydrogenation of nitro ester 3 over Pd-C under the
precaution against hydrolysis mentioned. The cyclic
hydroxamic acid 12 was only accessible by the aqueous
procedure of transfer hydrogenation of nitro acetal 3 under
strict observation of several parameters for the preparation.
Hence, the yield of 7-benzyloxy-4-hydroxy-2-methoxy-
2H-1,4-benzoxazin-3(4H)-one 12 depends distinctly on the
rate of addition of the nitro compound 3 to the excess
sodium borohydride/Pt catalyst suspension prepared. The
dropwise addition should take place slowly at a rate not to
allow the color of the reaction mixture to turn to yellow,
which would indicate the formation of undesired nitrophe-
nol. Furthermore, the rate of addition should be decreased
continuously. Unmasking by means of hydrogenolysis
gave rise to 4,7-dihydroxy-2-methoxy-2H-1,4-benzoxazin-
3(4H)-one 13, unproblematically.
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The cyclic methyl acetals 10 and 13 thus obtained can
be regarded as direct precursors of DHBOA 11 and
TRIBOA 14 if an ether cleavage can be realized. Hence,
10 and 13 have been subjected to an ether cleavage by
excess boron trichloride following a literature procedure
[12]. DHBOA 11 was obtained in moderate yield when the
reaction was not complete until 48 hours. However, exam-
ples for such slow cleavages have been reported recently
[19]. We found 11 also to be accessible in the same yield
by cleavage of 9, with the benzyl ether being split before
the methyl ether, as expected. TRIBOA 14 was obtained
also in moderate yield from cleavage of its precursor 13
after 3 hours. Analogously, 14 can also be obtained from
12. Concerning the synthesis of the hemiacetal units of 11
and 14 by hydrolysis of the intermediate 2-chloro-2H-1,4-
benzoxazine derivatives formed by the action of boron
trichloride it seems worth mentioning that in no case was
the use of silver carbonate necessary as described for
related cases [12]. Ice-water was sufficient for complete
hydrolysis. Hence, the natural aglucones DHBOA and
TRIBOA have been for the first time synthesized.

However, the limitation of the yields for DHBOA and
TRIBOA obtainable by this substitutive pathway
prompted us to investigate an alternative route based upon
the generation of the target hemiacetal unit by appropriate
reduction of a lactone unit. Therefore, 7-benzyloxy-4H-
2,3-dioxo-1,4-benzoxazine 16 and 7-benzyloxy-4-
hydroxy-4H-2,3-dioxo-1,4-benzoxazine 18 have been pre-
pared as precursors starting from the nitrophenyl oxalate
4. Thus, our procedures recently described for a synthetic
route to DIBOA and DIMBOA [16,17] proved to be
applicable to the synthesis of the natural products 11 and
14. Any procedure for the reductive cyclization of 4 has
to take into account its extreme sensitivity towards
hydrolysis as a feature of a nitrophenyl ester. Hence, a
transfer hydrogenation was excluded as the method of
choice for the hydroxamic acid 18. However, 18 could be
obtained by catalytic hydrogenation of nitro oxalate 4 in
glacial acetic acid over 3% Pt(S)-C in the presence of 2,2-
dimethoxypropane for the chemical transformation of the
water resulting from the partial hydrogenation of the nitro
group. Changing the solvent of the hydrogenation to
methanol alone gave rise to the ethyl N-(4-benzyloxy-2-
hydroxyphenyl)oxalamide 15. Recently, we have dis-
cussed mechanistic aspects of these hydrogenations over a
strongly deactivated catalyst in detail [16]. The oxalamide
15 underwent lactonization to form the required lactone
16 on heating in a Kugelrohr apparatus to its melting
point. The 4H-2,3-dioxo-1,4-benzoxazines 16 and 18
have been chemoselectively reduced by means of
diisobutylaluminum hydride in toluene to form 7-benzyl-
oxy-2-hydroxy-2H-1,4-benzoxazin-3(4H)-one 17 and
7-benzyloxy-2,4-dihydroxy-2H-1,4-benzoxazin-3(4H)-
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one 19, respectively, as protected forms of 11 and 14. We
have found the use of two equivalents of the reducing
agents most suitable, the first one for deprotonation of the
acidic functionality, the second one for the lactone-lactol
reduction. Attempts to make use of a third equivalent of
the hydride for simultaneous unmasking of the 7-hydroxy
group proved to be unsuccessful. It was shown by tlc
monitoring of the reaction mixture that cleavage of the
benzyl ether under this condition only occured at a very
low degree, which was still detectable but not of prepara-
tive value. Hence, the natural aglucones DHBOA 11 and
TRIBOA 14 were liberated by standard hydrogenolyses
of 17 and 19, respectively. In contrast to the substitutive
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pathway (Scheme 3) all steps of the reductive pathway
(Scheme 4) are accompanied with good to excellent
yields, thus giving rise to both natural products in accept-
able overall yields.

Finally, because of our interest in the synthesis of acetal
glucosides [24] and in the mode of bioactivity of cyclic
hydroxamic acids, we tried to convert both TRIBOA 14
and DIMBOA into suitable precursors for their acetal glu-
cosides by reaction with excess gaseous bromine-free
hydrogen bromide absorbed in glacial acetic acid. As a
feature, benzannelated cyclic hydroxamic acids with an
unsubstituted position para to the N-OH function are
known to rearrange in aqueous hydrochloric or hydro-
bromic acid to form the corresponding para-hydroxy or
para-halogen lactams. Several examples have been
reported for 3-amino-3,4-dihydro-1-hydroxycarbostyril
[25] as well as for 4-hydroxy-2H-1,4-benzoxazin-3(4H)-
one [26]. However, first of all we did not expect a
rearrangement of this type on account of the 7-positions
being blocked by a hydroxy or methoxy group in our
case. Hence, we aimed for esterification of the hemiacetal
hydroxy group to a 2-bromobenzoxazinone derivative
which should be able to react under conditions recently
described in a synthesis of the natural acetal glucoside
blepharin [27]. However surprisingly, work-up yielded
2,6-dibromo-7-hydroxy-2H-1,4-benzoxazin-3(4H)-one 20
from TRIBOA 14 and 2,6-dibromo-7-methoxy-2H-1,4-
benzoxazin-3(4H)-one 21 from DIMBOA. The mecha-
nism for the formation of both dibrominated lactams has
not been investigated yet. Probably, a resonance stabilized
cation resulting from protonation of the hydroxamic acid
followed by elimination of water [28] may play a central
role. It could be stabilized by conjugate addition of bro-
mide to the 6-position of the quinoid system [29].
Eventually, esterification of the hemiacetal unit can hap-
pen at the end or at any other stage of this sequence.

Thus, this hitherto unknown reaction of DIMBOA and
TRIBOA places emphasis on a feature of both hydrox-
amic acids that should also be important for understand-

+
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ing their biological activity, i.e. the ease of generation of a
reactive electrophile by the 7-donor supported elimination
of water from the protonated 4-hydroxy group. This
behavior shows some analogy to the formation of an elec-
trophile bioactive towards proteins and nucleic acids from
4-acetoxy-7-methoxy-2H-1,4-benzoxazin-3(4H)-one [30].
Transformations of cyclic hydroxamic acids into lactams
without rearrangements have hitherto been only reported
using thiols as reducing agents [19,31].

EXPERIMENTAL

Melting points were determined on a Boetius micro hot-stage
apparatus and are corrected. Elemental analyses were performed
on a Hereaus CHN-O-Rapid analyzer. The nmr spectra were
recorded on a Varian Gemini 200 spectrometer at 199.975 MHz
for 'H and at 50.289 MHz for 13C with hexamethyldisiloxane as
the internal standard. The ir spectra were obtained on a Carl
Zeiss Jena Specord M 80 spectrometer in potassium bromide.
Mass spectra were recorded on a Varian MAT CH6 spectrometer
(70 eV EI jonisation, source temperature 200°). Hydrogenation
catalysts used have been received from Engelhard De Meern
B.V. 3% P¢(S)-C: ESCAT Q118-01; 3% Pt-C: ESCAT 22) and
MERCK (10% Pd-C), respectively. 2,4-Dihydroxy-7-methoxy-
2H-1,4-benzoxazin-3(4H)-one used was synthesized according
to the literature [16,17].

Potassium (5-Benzyloxy-2-nitrophenolate) (1).

5-Benzyloxy-2-nitrophenol (24.5 g, 0.10 mole) was dissolved
in ethanol (100 m!) at 50° with stirring. To this solution was added
potassium hydroxide (6.7 g, 0.12 mole) in form of a 50% aqueous
solution. The precipitate is filtered off and dried at a temperature
not exceeding 80° (to avoid thermal decomposition) to yield 26.8
2 (95%) of the potassium salt 1 as a pale orange solid.

Methyl (5-Benzyloxy-2-nitrophenoxy)acetate (2).

Caution: Do not try to minimize or reduce the amount of
methyl bromoacetate used in the following preparation due to
the danger of explosion or popping that may happen on uncon-
trollable overheating of the reaction mixture in the case of a too
small amount of the bromo ester!

Powdered potassium (5-benzyloxy-2-nitrophenolate) 1 (28.3
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g, 0.10 mole) was suspended in methyl bromoacetate (100.0 g,
0.66 mole) and heated with stirring at 120° in an oil bath. At this
temperature the nucleophilic substitution begins with an observ-
able brightening of the suspension from an orange to a yellow
color and reaching the reflux temperature of the methyl bro-
moacetate. After the reaction is completed the suspension is
cooled to 20° and diluted with chloroform (150 ml). The potas-
sium bromide precipitated is filtered off. From the filtrate, chlo-
roform and excess methyl bromoacetate are removed in vacuo.
The remaining solid is recrystallized from methanol to yield
26.5 g (84%) of 2 as pale yellow needles, mp 122-123°; ir: v CO
1740 cml; 1H nmr (DMSO-dg): & 3.69 (s, 3H, CHj), 5.06 (s,
2H, OCH,CO), 5.22 (s, 2H, Ph-CH,-0), 6.77-6.90 (m, 2H, 4-H,
6-H), 7.38-7.48 (m, SH, phenyl), 7.98 (d, 1H, 3-H, I = 9.0 Hz),
13C nmr (DMSO-dg): 8 52.3 (CHj), 65.8 (OCH,CO), 70.5
(Ph-CH5), 102.0 (C-6), 107.5 (C-4), 128.0 (C-3), 128.2 (C-2,
C-6"), 128.5 (C-4"), 128.8 (C-3', C-5), 133.2 (C-2), 136.2 (C-1),
153.4 (C-1), 163.5 (C-5), 168.6 (CO); ms: m/z 317 (M, 34),
258 (14), 180 (10), 137 (10), 91 (100).

Anal. Calcd. for C,gH sNOg: C. 60.57; H, 4.76; N, 4.41.
Found: C, 60.18; H, 4.77; N, 4.58.

Methyl 2-Methoxy-2-(5-benzyloxy-2-nitrophenoxy)acetate (3).

To a suspension of 1 (5.66 g, 20 mmoles) in absolute toluene
(80 ml), methyl 2-bromo-2-methoxyacetate (3.65 g, 20 mmoles)
in toluene (20 ml) was added rapidly with vigorous stirring. The
suspension was heated to reflux until its color turned to pale
brown. After cooling to 20° the potassium bromide precipitated
was filtered off, the solvent removed in vacuo and the remaining
oil dissolved in absolute diethyl ether. n-Pentane was added to
cloudiness and the solution was allowed to stand in the refrigera-
tor overnight whereupon 5.9 g (85%) of colorless crystals of 3
were obtained, mp 56-57°; ir: v CO 1760 c¢cm-1; IH nmr
(DMSO-dg): 8 3.49 (s, 3H, CH-OCH3), 3.78 (s, 3H, CO,CHjy),
5.25 (s, 2H, Ph-CH,-O), 6.07 (s, 1H, CH-OCH3), 6.88-7.03 (m,
2H, 4-H. 6-H), 7.39-7.52 (m, 5H, phenyl), 8.01 (d, 1H, 3-H, ] =
9.1 Hz); 13C nmr (DMSO-dg): 8 52.9 (CO,CH3), 55.0 (CH-
OCHs,), 70.6 (Ph-CH,), 98.2 (O-CH(OMe)-CO,Me), 104.8
(C-6), 108.9 (C-4), 127.9 (C-3), 128.2 (C-2', C-6'), 128.5 (C-4"),
128.8 (C-3', C-5Y, 134.1 (C-2), 136.1 (C-1'), 151.4 (C-1), 163.2
(C-5), 166.1 (CO), ms: m/z 347 (M+, 7), 245 (10), 228 (94), 103
(23), 91 (100).

Anal. Calcd. for C7H{7NO7: C, 58.79; H, 4.93; N. 4.03.
Found: C, 59.08; H, 4.58: N, 4.11.

(5-Benzyloxy-2-nitrophenyl) Ethyl Oxalate (4).

To a suspension of 1 (14.15 g, 50 mmoles) in absolute toluene
(80 ml) was dropwise added a solution of ethyl chloroformylfor-
mate (6.9 g, 50 mmoles) in toluene (20 ml) at 0° with vigorous
stirring. After 1 additional hour of stirring the potassium chlo-
ride precipitated was filtered off, the solvent removed in vacuo
and the remaining pale yellow oil extracted at 40° with absolute
cyclohexane. Crystallization of the extract yielded 12.8 g (74%)
of colorless crystals of 4, mp 83-84°; ir: v CO 1775 em'}; 1H
nmr (deuteriochloroform): & 1.45 (t, 3H, CH,CHj3, J = 7.1 Hz),
4.48 (q, 2H, CH,CHj3, J = 7.1 Hz), 5.15 (s, 2H, Ph-CH,-O),
6.85-7.03 (m, 2H, 4-H, 6-H), 7.40-7.43 (m, SH, phenyl), 8.21 (d,
1H, 3-H, J = 9.3 Hz); 13C nmr (deuteriochloroform): & 14.4
(CH,), 64.5 (CH,CH3), 71.7 (Ph-CH,), 111.0 (C-6), 114.1
(C-4), 128.1 (C-2', C-6), 128.8 (C-4'). 129.2 (C-3), 129.4 (C-3,
C-5), 134.6 (C-2), 135.3 (C-1"), 145.8 (C-1), 155.6
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(CO-CO,EL), 156.7 (CO-CO,EY), 164.2 (C-5); ms: m/z 345 (M*,
10), 245 (47), 227 (8), 91 (100).

Anal. Caled. for Cj7H;5sNO7: C, 59.13; H, 4.38; N, 4.06.
Found: C, 59.09; H, 4.07; N, 4.26.

General Procedure for the Synthesis of the 1,4-Benzoxazinones
5, 6, 8-11, 13-15 and 18 by Catalytic Hydrogenation.

All catalytic hydrogenations were performed in a sealed 250
ml-Erlenmeyer flask fitted with a side inlet for dry hydrogen and
a magnetic stirrer under normal pressure at room temperature
with 10 mmoles of the appropriate educt (except for 11 and 14
which were prepared on the 5 mmoles scale) in the solvent (100
ml) and with the hydrogenation catalyst (100 mg) cited for each
compound. Hydrogenations were run until the hydrogen uptake
ceased at the calculated amount which was measured by a grad-
uated column as hydrogen reservoir. The solution was filtered to
remove the catalyst. The solvent was removed from the filtrate
in vacuo. The remaining residue was then treated as described.

7-Benzyloxy-2H-1,4-benzoxazin-3(4H)-one (5).

This compound was obtained on catalytic hydrogenation of
nitro ester 2 in glacial acetic acid over 3% Pt-C catalyst.
Crystallization of the residue from methanol yielded 2.36 g
(93%) 5 as a pale grey solid, mp 152-153°; ir: v CO 1695 cm!;
IH nmr (DMSO-dg): & 4.54 (s, 2H, OCH,CO), 5.05 (s, 2H,
Ph-CH,-0), 6.61-6.85 (m, 3H, aromatics), 7.34-7.64 (m, 5H,
aromatics), 10.57 (s, 1H, NH); 13C nmr (DMSO-dg): & 67.0
(C-2), 69.8 (Ph-CH,), 103.7 (C-8), 109.0 (C-6), 116.4 (C-5),
121.1 (C-5a), 127.9 (C-2,, C-6"), 128.1 (C-4"), 128.7 (C-3', C-5),
1373 (C-1Y), 144.3 (C-8a), 154.7 (C-7), 164.5 (C-3); ms: m/z
255 (M*, 74), 164 (27), 136 (25), 108 (17), 91 (100).

Anal. Caled. for C sH 3NO3: C, 70.58; H, 5.13; N, 5.49.
Found: C, 70.38; H, 5.07; N, 5.43.

7-Hydroxy-2H-1,4-benzoxazin-3(4H)-one (6).

This compound was obtained on catalytic hydrogenation of
nitro ester 2 in glacial acetic acid over 10% Pd-C catalyst. The
residue was recrystallized from methanol to give 1.56 g (95%) 6
as pale beige crystals, mp 200-202°. Analogously, hydrogena-
tion of compound 5 under the same conditions afforded 6 in
96% vyield; ir: v CO 1655 cm’!; IH nmr (DMSO-dg): & 4.47 (s,
2H, OCH,CO), 6.34-6.38 (m, 2H, 6-H, 8-H), 6.69 (d, 1H, 5-H,
1 =9.2 Hz), 9.28 (s, 1H, OH), 10.42 (s, 1H, NH); 13C nmr
(DMSO-dg): 8 67.0 (C-2), 103.8 (C-8), 109.2 (C-6), 116.5 (C-5),
119.4 (C-5a), 144.3 (C-8a), 153.7 (C-7), 164.4 (C-3); ms: m/z
165 (M+, 93), 136 (36), 86 (20), 52 (17), 45 (100).

Anal. Caled. for CgH,NO;: C, 58.18; H, 4.27; N, 8.48. Found:
C,57.95; H,4.36; N, 8.42.

4,7-Dihydroxy-2H-1,4-benzoxazin-3(4H)-one (8).

This compound was obtained on catalytic hydrogenation of
hydroxamic acid 7 in glacial acetic acid over 10% Pd-C catalyst.
The residue was recrystallized from acetone to give 1.72 g
(95%) 8 as pale grey crystals, mp 185-187°; ir: v CO 1650 cm’;
IH nmr (DMSO-dg): & 4.68 (s, 2H, OCH,CO), 6.38-6.49 (m,
2H, 6-H, 8-H), 7.01 (4, 1H, 5-H, J = 8.7 Hz), 9.45 (s, 1H,
7-OH), 10.60 (s, 1H, N-OH); 13C nmr (DMSO-dg): 8 68.3 (C-2),
103.7 (C-8), 109.1 (C-6), 114.1 (C-5), 122.0 (C-5a), 144.8
(C-8a), 153.3 (C-7), 159.1 (C-3); ms: m/z 181 (M*, 13), 165
(77), 136 (49), 52 (28). 45 (100).

Anal. Caled. for CgH,NO,: C, 53.04; H, 3.89; N, 7.73. Found:
C,53.09; H, 4.10; N, 7.37.
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7-Benzyloxy-2-methoxy-2H-1,4-benzoxazin-3(4H)-one (9).

This compound was obtained on catalytic hydrogenation of
nitroacetal 3 in glacial acetic acid containing 2,2-dimethoxy-
propane (2.1 g, 20 mmoles) over 3% Pt-C catalyst. The residue
was recrystallized from cyclohexane to give 1.84 g (66%) 9 as
pale beige solid, mp 136-138°; ir: v CO 1715 cm-!l; 'H nmr
(DMSO-dg): & 3.45 (s, 3H, OCH3), 5.07 (s, 2H, Ph-CH,-0O),
5.32 (s, 1H, CH-OCHy3;), 6.70-6.92 (m, 3H, aromatics), 7.33-7.45
(m, 5H, aromatics), 10.86 (s, 1H, NH); 13C nmr (DMSO-dg): &
55.8 (2-OCH,), 69.9 (Ph-CH,), 96.7 (C-2), 104.8 (C-8), 109.7
(C-6), 116.4 (C-5), 120.5 (C-5a), 128.0 (C-2', C-6'), 128.1
(C-4", 128.7 (C-3', C-5, 137.2 (C-1"), 141.0 (C-8a), 154.9
(C-7), 160.5 (C-3); ms: m/z 285 (M*, 27), 209 (25), 150 (32),
149 (35), 91 (100).

Anal. Calcd. for C,4H;sNOy4: C, 67.36; H, 5.30; N, 4.91.
Found: C, 66.97; N, 5.47; H, 4.76.

7-Hydroxy-2-methoxy-2H-1,4-benzoxazin-3(4H)-one (10).

This compound was obtained on catalytic hydrogenation of
nitroacetal 3 in glacial acetic acid in the presence of 2,2-dimeth-
oxypropane (2.1 g, 20 mmoles) over 10% Pd-C catalyst. The
residue was recrystallized from toluene to give 1.70 g (87%) 10
as pale beige crystals, mp 219-221°. Analogously, hydrogena-
tion of 9 under the same conditions except the addition of the
acetal afforded 10 in 93% yield; ir: v CO 1695 cm'!; 1H nmr
(DMSO-dg): & 3.41 (s, 3H, OCHy), 5.23 (s, 1H, CH-OCH3),
6.42-6.50 (m, 2H, 6-H, 8-H), 6.73 (d, 1H, 5-H, J = 8.5 Hz), 9.33
(s, 1H, OH), 10.67 (s, 1H, NH); 13C nmr (DMSO-dg): 6 55.7
(2-OCH3;), 96.6 (C-2), 104.8 (C-8), 109.9 (C-6), 116.4 (C-5),
118.8 (C-5a), 140.9 (C-8a), 153.9 (C-7), 160.3 (C-3); ms: m/z
195 (M+, 57), 167 (34), 152 (74), 135 (41), 125 (100).

Anal. Calcd. for CgHgNO,: C, 55.39; H, 4.65; N, 7.18. Found:
C,55.25; H,4.85; N, 7.07.

2,7-Dihydroxy-2H-1,4-benzoxazin-3(4H)-one (11).

This compound was obtained on hydrogenation of 17 in
glacial acetic acid over 10% Pd-C catalyst following the general
procedure on the 5 mmole scale. The residue was recrystallized
from diethyl ether/n-pentane to give 0.87 g (96%) 11 as color-
less solid, mp 140-142° dec; ir: v CO 1680 cm-l; H nmr
(DMSO-dg): & 5.41 (s, 1H, CH-OH), 6.35-6.43 (m, 2H, 6-H,
8-H), 6.74 (d, 1H, 5-H, J = 9.0 Hz), 7.98 (s, 1H, CH-OH), 9.03
(s, 1H, 7-OH), 10.50 (s, 1H, NH); 13C nmr (DMSO-dg): & 90.7
(C-2), 104.9 (C-8), 109.3 (C-6), 116.2 (C-5), 118.9 (C-5a), 141.7
(C-8a), 153.7 (C-7), 162.2 (C-3); ms: m/z 181 (M*, 46), 152
(94), 124 (37), 96 (42), 45 (100).

Anal. Caled. for CgH9NOy: C, 53.04; H, 3.89; N, 7.73. Found:
C,52.78; H,4.22; N, 7.44.

4,7-Dihydroxy-2-methoxy-2H-1,4-benzoxazin-3(4H)-one (13).

This compound was obtained on hydrogenation of precursor
12 in glacial acetic acid over 10% Pd-C catalyst. The residue
was recrystallized from acetic acid to give 1.96 g (93%) 13 as
beige solid, mp 158-159° dec; ir: v CO 1675 cm!; 'H nmr
(DMSO-dg): 6 3.40 (s, 3H, OCH3), 5.44 (s, 1H, CH-OCHy),
6.47-6.53 (m, 2H, 6-H, 8-H), 7.03 (d, 1H, 5-H, I = 9.4 Hz), 9.51
(s, 1H, 7-OH), 10.84 (s, 1H, N-OH); 13C nmr (DMSO-dg): &
56.0 (2-OCHj,), 98.5 (C-2), 104.7 (C-8), 109.8 (C-6), 114.2
(C-5), 121.3 (C-5a), 141.2 (C-8a), 154.6 (C-7), 155.2 (C-3); ms:
m/z 211 (M*, 55), 195 (20), 166 (41), 151 (100), 135 (39).

Anal. Caled. for CgHgNOs: C, 51.19; H, 4.30; N, 6.63. Found:
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C,51.32; H,4.28; N, 6.94.
2,4,7-Trihydroxy-2H-1,4-benzoxazin-3(4H)-one (14).

This compound was obtained on hydrogenation of 19 in
glacial acetic acid over 10% Pd-C catalyst following the general
procedure on the 5 mmole scale. The residue was recrystallized
from diethyl ether/n-pentane to give 0.94 g (95%) 14 as mono-
hydrate in form of a colorless solid, mp 172-174°; ir: v CO 1650
cml; TH nmr (DMSO-dg): 6 5.63 (d, 1H, CH-OH, J = 6.3 Hz),
6.41-6.65 (m, 2H, 6-H, 8-H), 7.06 (d, 1H, 5-H, ] = 8.5 Hz), 8.07
(d, 1H, CH-OH), 9.45 (s, 1H, 7-OH), 10.76 (s, 1H, N-OH); 13C
nmr (DMSO-dg): & 92.7 (C-2), 104.7 (C-8), 109.2 (C-6), 114.1
(C-5), 121.4 (C-5a), 141.9 (C-8a), 154.4 (C-7), 157.0 (C-3); ms:
m/z 197 (M+, 70), 180 (36), 164 (25), 152 (100), 150 (90).

Anal. Caled. for CgH;NOg x HyO: C, 44.66; H, 4.22; N, 6.51.
Found: C, 44.17; H, 4.33; N, 6.88.

Ethyl N-(4-Benzyloxy-2-hydroxyphenyl)oxalamide (15).

This compound was obtained on hydrogenation of nitroox-
alate 4 in methanol containing 2,2-dimethoxypropane (2.1 g, 20
mmoles) over 3% Pt(S)-C catalyst. The residue was recrystal-
lized from ethanol to give 2.58 g (82%) 15 as yellow crystals,
mp 216-217° (under cyclization to form 16); ir: v CO 1725,
1670 cml; TH nmr (DMSO-dg): 6 1.32 (t, 3H, OCH,-CH3, J =
7.0 Hz), 4.30 (q, 2H, OCH,-CH,, J = 7.0 Hz), 5.06 (s, 2H,
PhCH,0), 6.49-6.59 (m, 2H, 3-H, 5-H), 7.37-7.45 (m, 5H,
Phenyl-CH,0), 7.75 (d, 1H, 6-H, J = 8.7 Hz), 9.57 (s, 1H, OH),
10.19 (s, 1H, NH); 13C nmr (DMSO-d¢): 6 14.1 (CH;-CH;-),
62.8 (CH;5-CH,-), 69.6 (Ph-CH,), 102.7 (C-3), 105.3 (C-5),
118.4 (C-6), 122.8 (C-1), 127.9 (C-2', C-6"), 128.1 (C-4"), 128.7
(C-3', C-5%, 137.3 (C-1"), 149.6 (C-2), 154.6 (NH-CO), 156.7
(CO0), 160.9 (C-4); ms: m/z 315 (M*, 64), 269 (15), 206 (11),
124 (37), 91 (100).

Anal. Caled. for C7H{7;NOs: C, 64.75; H, 5.43; N, 4.44.
Found: C, 64.33; H, 5.24; N, 4.63.

7-Benzyloxy-4-hydroxy-4H-2,3-dioxo-1,4-benzoxazine (18).

This compound was obtained on hydrogenation of nitro
oxalate 4 in glacial acetic acid containing 2,2-dimethoxypropane
(2.1 g, 20 mmoles) over 3% Pt(S)-C catalyst. The solid residue
remaining after removal of the solvent in vacuo was washed
with absolute chloroform (10 ml) which was then discarded to
give 2.31 g (81%) 18 as yellow crystals, mp 184-185° dec; ir: v
CO 1790, 1670 cm-!; IH nmr (DMSO-dg): 6 5.16 (s, 2H,
PhCH,0), 6.99-7.08 (m, 2H, 6-H, 8-H), 7.33-7.46 (m, 6H, 5-H
and Phenyl-CH,0), 9.57 (s, LH, N-OH); 13C nmr (DMSO-dg): &
70.1 (Ph-CH,), 103.1 (C-8), 112.2 (C-6), 114.2 (C-5), 121.6
(C-5a), 128.0 (C-2', C-6"), 128.2 (C-4"), 128.7 (C-3', C-5"), 136.9
(C-1"), 1389 (C-8a), 147.2 (C-2), 154.3 (C-7), 155.4 (C-3); ms:
m/z 285 (M+, 75), 269 (10), 106 (10), 91 (100).

Anal. Calcd. for C sH,;NOg: C, 63.16; H, 3.89; H, 491.
Found: C, 62.87; H, 4.12, N, 5.15.

General Procedure for the Synthesis of the Cyclic Hydroxamic
Acids 7 and 12 by Catalytic Transfer Hydrogenation of the Nitro
Esters 2 and 3.

The 3% Pt-C catalyst (100 mg) and sodium borohydride (1.5
g, 0.04 mole) were suspended in 50% aqueous methanol (30 ml)
with vigorous stirring at 0° in a nitrogen atmosphere. After
being warmed up to 25-30°, a solution of the corresponding
nitro ester 2 (for 7) (10 mmoles in dioxane (30 ml)) or 3 (for 12)
(10 mmoles in methanol (30 ml)) was added dropwise with vig-
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orous stirring. The mixture was then stirred for an additional 15
minutes and excess sodium borohydride and the catalyst were
removed by filtration. The filtrate was acidified to pH 1 with
concentrated hydrochloric acid p.A. grade under cooling in an
ice bath to separate the cyclic hydroxamic acids as crystals.

7-Benzyloxy-4-hydroxy-2H-1,4-benzoxazin-3(4H)-one (7).

The crude product was recrystallized from methanol/water to
give 2.15 g (75%) 7 as colorless crystals, mp 128-130° ir: v CO
1700 cml; 'H nmr (DMSO-dg): 8 4.73 (s, 2H, OCH,CO), 5.06
(s, 2H, Ph-CH,-0), 6.65-6.75 (m, 2H, 6-H, 8-H), 7.13 (dd, 1H,
5~H, JS-}I/ﬁ-H = 8.0 HZ, JS-H/S-H =1.7 }IZ), 7.30-7.47 (m, SI'I,
phenyl), 10.57 (s, 1H, N-OH); 13C nmr (DMSO-dg): & 68.3
(C-2), 69.9 (Ph-CH,), 103.6 (C-8), 108.7 (C-6), 114.0 (C-5),
123.6 (C-5a), 127.9 (C-2, C-6"), 128.1 (C-4"), 128.7 (C-3', C-5)),
137.2 (C-1"), 144.8 (C-8a), 155.2 (C-7), 159.4 (C-3); ms: m/z
271 (M+, 53), 255 (24), 152 (18), 91 (100), 65 (15).

Anal. Caled. for CysH{3NOy4 x H,O: C, 62.28; H, 5.23; N,
4.84. Found: C, 62.08; H, 4.91; N, 5.06.

7-Benzyloxy-4-hydroxy-2-methoxy-2H-1,4-benzoxazin-3(4H)-
one (12).

The crude product was recrystallized from methanol/water to
give 2.1 g (70%) 12 as colorless crystals, mp 152-154°; ir: v CO
1680 cm-1; 1H nmr (DMSO-d¢): 8 3.41 (s, 3H, OCH3), 5.05 (s,
2H, Ph-CH,-0), 5.50 (s, 1H, CH-OCH3), 6.74-6.84 (m, 2H,
6-H, 8-H), 7.14 (d, 1H, J = 8.8 Hz), 7.32-7.41 (m, 5H, phenyl),
10.95 (s, 1H, N-OH); 13C nmr (DMSO-dg): & 56.1 (2-OCH3),
69.9 (Ph-CH,), 98.4 (C-2), 104.7 (C-8), 109.4 (C-6), 114.1
(C-5), 122.8 (C-5a), 128.0 (C-2, C-6"), 128.1 (C-4"), 128.7 (C-3,
C-5", 137.1 (C-1"), 141.2 (C-8a), 155.4 (C-7), 155.5 (C-3); ms:
m/z 301 (M*, 28), 182 (24), 92 (100), 91 (75).

Anal. Caled. for C;¢H;sNOs: C, 63.78; H, 5.02: N, 4.65.
Found: C, 63.55; H, 4.96; N, 5.00.

General Procedure for the Synthesis of the Cyclic Hemiacetals
11 and 14 by Ether Cleavage of the Methyl Acetals 10 and 13.

To a suspension of methyl acetals 10 (for 11) or 13 (for 14) (5
mmoles) in absolute dichloromethane (50 ml) was added at -78°
in a nitrogen atmosphere under stirring a precooled solution (at
-5°) of boron trichloride (5.0 g, 42 mmoles) in dichloromethane
(20 ml). After 10 minutes the reaction mixture was allowed to
warm up to room temperature gradually. Monitoring of the reac-
tion by tic showed completeness of the reaction for 11 after 43
hours and for 14 after 3 hours, respectively. Excess boron
trichloride and most of the solvent were then blown out by a
stream of nitrogen. The remaining reddish brown oil was
hydrolized with 25 ml of ice-water. The mixture obtained was
extracted with ethyl acetate (4 x 25 ml). The combined extracts
were dried over sodium sulfate, decolorized with charcoal, fil-
tered and the solvent was removed in vacuo. The residual oil
was dissolved in diethy! ether (10 ml) and n-pentane was added
until cloudiness. The product crystallized on standing.

2.7-Dihydroxy-2H-1,4-benzoxazin-3(4H)-one 11 thus
obtained (0.4 g, 44%), mp 140-142°, showed analytical data
identical with those described above.

2,4-7-Trihydroxy-2H-1,4-benzoxazin-3(4H)-one 14 thus pre-
pared (0.4 g, 37%), mp 172-173° (monohydrate), proved to be
identical with 14 synthesized according to the alternative proce-
dure described above.

7-Benzyloxy-4H-2,3-dioxo-1,4-benzoxazine (16).
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The oxalamide 15 (1.58 g, 5 mmoles) was heated in a
Kugelrohr apparatus under a pressure of 5 mm Hg slowly at a
temperature of 210-220°. Ethanol liberated by the cycloconden-
sation was collected in the outside bulb. The solid crude product
obtained, was recrystallized from acetone to give 1.24 g (92%)
16 as pale brown solid; ir: v CO 1775, 1745 cm’l; 1H nmr
(DMSO-dg): 6 5.13 (s, 2H, PhCH,0), 6.93-7.06 (m, 3H, aromat-
ics), 7.37-7.45 (m, 5H, aromatics), 11.78 (s, 1H, NH); 13C nmr
(DMSO-dg): & 70.1 (Ph-CH,), 103.1 (C-8), 112.3 (C-6), 116.4
(C-5), 119.4 (C-5a), 128.0 (C-2', C-6"), 128.2 (C-4'), 128.7 (C-3,
C-5'), 137.0 (C-1"), 141.4 (C-8a), 150.4 (C-2), 154.3 (C-7),
154.6 (C-3); ms: m/z 269 (M+, 85), 239 (50), 225 (20), 197 (19),
180 (15), 129 (14), 91 (100).

Anal. Caled. for CysH;jNOy: C, 66.91; H, 4.12; N, 5.20.
Found: C, 66.68; H, 4.06; N, 5.23.

Géneral Procedure for the Synthesis of the Cyclic Hemiacetals
17 and 19 by Diisobutylaluminum Hydride Reduction of the 4H-
2,3-Dioxo-1,4-benzoxazines 16 and 18.

To a suspension of the lactone precursor 16 (for 17) or 18 (for
19) (5 mmoles) in toluene (30 ml) in a nitrogen atmosphere was
added at -78° under stirring a solution of diisobutylaluminum
hydride in toluene (8.5 ml of a 1.2 M solution, 10 mmoles) via a
syringe. After 10 minutes the reaction was allowed to warm up to
room temperature gradually. Monitoring of the reaction by tlc
showed completeness of the reaction after 2 hours. The reaction
mixture was then hydrolized by dropwise addition of water (20
ml) under cooling in an ice-bath. Concentrated hydrochloric acid
(p.A. grade) was added until pH 1. The resulting suspension was
filtered. The toluene phase was separated from the filtrate. The
aqueous phase and the filter cake were extracted with ethyl
acetate (3 x 25 ml each). The combined organic phases were
dried over sodium sulfate, decolorized with charcoal and filtered.
The solvent was removed in vacuo. The remaining pale yellow
oil was dissolved in diethyl ether (10 ml) and n-pentane was
added until cloudiness. The product crystallized on standing.

7-Benzyloxy-2-hydroxy-2H-1,4-benzoxazin-3(4H)-one (17).

This compound was obtained as dark yellow crystals (1.22 g,
90%), mp 180-181°; ir: v CO 1650 cm-1; 'H nmr (DMSO-dg): &
5.03 (s, 2H, PhCH,0), 5.42 (s, 1H, CH-OH), 6.65-6.80 (m, 3H,
aromatics), 7.33-7.40 (m, 5H, aromatics), 7.93 (s, 1H, CH-OH),
10.59 (s, 1H, NH); 13C nmr (DMSO-dg): 8 69.8 (Ph-CH,), 90.7
(C-2), 104.7 (C-8), 109.1 (C-6), 116.1 (C-5), 120.6 (C-5a), 127.9
(C-2, C-6"), 128.0 (C-4"), 128.7 (C-3', C-5%), 137.3 (C-1'), 141.7
(C-8a), 154.7 (C-7), 162.2 (C-3); ms: m/z 271 (M*, 35), 241
(90), 124 (30), 91 (100).

Anal. Calced. for C;sH 3NOy4: C, 66.42; H, 4.83; N, 5.16.
Found: C, 66.18; H, 4.78; N, 4.89.

7-Benzyloxy-2,4-dihydroxy-2H-1,4-benzoxazin-3(4H)-one (19).

This compound was obtained as pale yellow crystals (0.88 g,
61%), mp 115-117°; ir: v CO 1680 cmrl; 'H nmr (DMSO-dg): &
5.10 (s, 2H, PhCH,0), 5.68 (s, 1H, CHOH), 6.75-6.82 (i, 2H,
6-H, 8-H), 7.18 (d, 1H, 5-H, I = 9.5 Hz), 7.33-7.45 (m, 5H,
phenyl), 8.17 (s, 1H, CH-OH), 10.84 (s, 1H, N-OH); 13C nmr
(DMSO-dg): § 69.9 (Ph-CHj), 92.7 (C-2), 104.6 (C-8), 108.9
(C-6), 114.0 (C-5), 123.0 (C-5a), 128.0 (C-2', C-6'), 128.1
(C-47, 128.7 (C-3', C-5"), 137.2 (C-1"), 141.9 (C-8a), 155.4
(C-T), 157.2 (C-3); ms: m/z 287 (M*, 15), 271 (30), 269 (38),
241 (85), 124 (40), 91 (100).

Anal. Calcd. for C;sH3NOs: C, 62.72; H, 4.56; N, 4.88.
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Found: C, 63.05; H, 4.66; N, 4.87.

General Procedure for the Transformation of TRIBOA 14 and
DIMBOA into the 2,6-Dibromolactams 20 and 21.

To a solution of gaseous hydrogen bromide (2.0 g, 25
mmoles) in glacial acetic acid (25 ml) was added the cyclic
hydroxamic acid 14 (for 20) or 2,4-dihydroxy-7-methoxy-2H-
1,4-benzoxazin-3(4H)-one (for 21) (0.5 mmoles). The solution
was stirred at room temperature for 24 hours. The solvent was
removed in vacuo. The remaining residue is sensitive to hydrol-
ysis and was therefore washed with cold, absolute diethyl ether
(5 ml), which then was discarded. The oil remaining crystallized
during evaporation of traces of ether in vacuo and has been ana-
lyzed as received.

Due to the extreme sensitivity of 20 and 21 against hydrolysis
we had to abstain from an elemental analysis of these com-
pounds.

2,6-Dibromo-7-hydroxy-2H-1,4-benzoxazin-3(4H)-one (20).

This compound was obtained as brown crystals (0.132 g,
82%), mp 300-303° dec; ir: v CO 1705 cm-!; 'H nmr
(DMSO-dg): 6 5.44 (s, 1H, 2-H), 6.63 (s, 1H, 8-H), 7.01 (s, 1H,
5-H), 10.61 (s, 1H, NH); ms: m/z 321 (M*, 3), 243 (80), 241
(75), 216 (32), 214 (30), 79 (100).

2,6-Dibromo-7-methoxy-2H-1,4-benzoxazin-3(4 H)-one (21).

This compound was obtained as colorless crystals (0.124 g,
74%), mp 205-208° dec; ir: v CO 1700 cm-1; 'H nmr
(DMSO-dg): & 3.80 (s, 3H, OCH3), 5.49 (s, 1H, 2-H), 6.85 (s,
1H, 8-H), 7.11 (s, 1H, 5-H), 10.70 (s, 1H, NH); ms: m/z 335
(M, 38), 256 (100), 230 (22), 212 (17), 200 (8), 149 (31).
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