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ABSTRACT
Dehydrative cyclization of the condensation product of 2,3,4,5-
tetra-0-acetyl-galactaryl chloride with anthranilic acid gave 1,2,3,4-
tetra<0-acetyl-1,4-bis(4H-benzoxazin-4-one-2-y1)-galacto-tetritol. tts
reaction with aniline in the presence of Ehosphorus Trichloride afforded
%,%-?is%3-pheny1quinazo1in-4-one-2-y1)-1, »3,4-tetra-0-acetyl-galacto-
etritol. - _

INTRODUCTION

Benzoxazines are a well-known class of organic compounds which can
,be transformed into other nitrogen heterocyclic compounds,2 - 6 some of
which may have potential physiological activity7 - 10 5p may be useful
as components of thermostable po1ymersﬂ1s13 As a continuation of our
work for developing new syntheses for C-nucleoside ana1ogsl4’15 and
heterocycles from carbohydrate precursors,16’17 we report the detailsl8
of the synthesis of a new acyclic C-nucleoside analog possessing a
benzoxazine ring, which is the first example of a benzoxazine in the
carbohydrate series. Its rearrangement to quinazolones was also
investigated, as the later heterocyclic ring system has the potential

for pharmacological activit,y.l9 - 25
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RESULTS AND DISCUSSION

2,3,4,5-Tetra-0~acetyl galactaric acid (1, Scheme 1) was selected
as a model starting material for the synthesis of this type of C
nucleoside analog. Condensation of its dichloride 2 with anthranilic
acid afforded a colorless crystalline product 3 whose elemental analysis
indicated that reaction had occurred between 2 and two equivalents of
anthranilic acid. Its infrared (IR) spectrum showed the CO and OH of
the carboxylic acid group at 1690 and 3400 cm'l, respectively, the OAc
groups at 1760 cm'l, and the newly formed amide 1inkage at 1680 cm=1,
These data agreed with the structure 2,3,4,5-tetra-0-acetylgalactaric

1,6-bis[(o-carboxyphenyl)amide] (3).
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Dehydrative cyclization of 3 gave 4 whose structure was deduced
from its spectroscopic data. The IR spectrum of 4 indicated the absence
of bands due to the carboxylic acid and amide groups which appeared in
its precursor 3. In their place bands appeared at 1780 and 1655 cm-1
respectively, attributed to the 0CO and C=N of the newly formed
heterocyclic ring. The 14 NMR spectrum of 4 showed the aromatic protons
of the heterocyclic rings as a multiplet and a doublet respectively at
§7.6 and 8.1, the protons of the tetritolyl residue as two singlets at
§5.58 and 5.77, and the acetoxy groups as two singlets at §2.05 and
2.28. The lH NMR spectrum confirmed the symmetry existing in the
molecule. The mass spectrum of 4 did not show the molecular ion peak
anticipated at m/z 580; however it did show the highest mass at m/z 538,
attributed to the loss of CHp=C=0. The fragmentation pattern in general
could be divided into three distinct series: The first fragmentation

originates from the loss of AcOH, AcO, Ac and CH»=C=0 from the backbone
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of the molecule (Scheme 2). The second series begins by a cleavage of
the molecular ion into two halves to give the ion at 3/5 290, which then
lToses CHOAc to give the ion at m/z 218. Moreover, loss of AcOH and Ac
occurs from each of the principal fragments to give additional ions
(Scheme 3). The third series of ions deals with fragmentations of the
heterocyclic ring (Scheme 4). Structure &4 was therefore assigned to be
1,2,3,4-tetra-0-acetyl-1,4-bis(4H-benzoxazi n-4-one-2-y1)-gal acto-
tetritol.

Reaction of 4 with aniline under any of several conditions (See
Experimental Section) afforded the same product 5. This product was
found to be a result of the condensation of 4 with two molecules of
aniline without elimination of water. The IR spectrum of 5 showed the
C00 group at 1695 cm™! and OAc group at 1760 c¢m~l, in addition to the NH
group at 3190 cm~l, These data confirm that aniline reacted with the
benzoxazine preferentially at the carboimino center, rather than at the
carbonyl group, to afford 1,2,3,4-tetra-0-acetyl-1,4-bis[N-(2-
carboxyphenyl)-N'-phenylamidine]l-galacto-tetritol (5), agreeing with
reported data on simple compounds.3

The attempted cyclization of 5 to a quinazolone derivative using
various dehydrating agents failed; however, a successful synthesis of
the quinazolone could be achieved in one step by the reaction of aniline
with the benzoxazine 4 in toluene in the presence of phosphorus
trichloride.26 The reaction afforded a crystalline product 6, whose
elemental analysis indicated that the condensation of 4 occurred with
two molecules of aniline with the loss of two molecules of water. The
structure was deduced to be 1,2,3,4-tetra-0-acetyl-1,4-bis(3-phenyl-
quinazolin-4-one-2-yl1)-galacto-tetritol (6) from the spectroscopic data.
The IR spectrum showed a band at 1680 cm~l for the OCN group (instead of
a band at 1780 cm~! for 0CO group in the IR of its precursor) in
addition to a band at 1755 cm~! for the 0Ac groups. Its 14 NMR spectrum
showed the aromatic protons as a multiplet and a doublet, respectively,

at §7.56 and 8.25, the protons of the tetritolyl residue as two singlets
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at 85.26 and 5.32, and the acetoxy groups as two singlets at §1.62 and
2.15.

In conclusion, this model study demonstrated the successful
synthesis of a benzoxazine and its transformation to a quinazolone in
the carbohydrate series. The method is of potential value as the 2,5-
anhydroaldonic acids are readily available starting materials for C-

nucleoside synthesis.

EXPERIMENTAL

General procedures. Melting points were determined with a Kofler-
block apparatus and are uncorrected. Infrared {(IR) spectra were
recorded with a Unicam SP 200 spectrometer, and 14 NMR spectra with a
Jeol1-100 spectrometer (on solutions in chloroform-d), with tetramethyl-
silane as the internal standard. Chemical shifts are given on the §
scale. The mass spectrum was recorded with an A.E.I. MS 902 instrument.
Microanalyses were performed in the Faculty of Science, Cairo
University.

2,3,4,5-Tetra-0-acetylgalactaric 1,6-bis[(o~carboxyphenyl)amidel
(3). A cold solution of 227 (4.0 g, 9.6 mmol) in benzene (20 mL)} was
added dropwise to a cold and stirred solution of anthranilic acid (2.63
g, 19.2 mmol) in pyridine (10 mL) at 0 °C. The mixture was stirred for
further 0.5 h, and the solvent was removed under reduced pressure. The
product (4.45 g, 75% yield) was crystallized from ethanol as colorless
needles: mp 283 9C (dec.); \)ﬁ& 3400 (0OH), 3200 (NH), 1760 {0Ac), 1690
(C00), 1680 (OCN), 1605 and 1590 cm=l (c=C). Anal. Calcd for
CogHogNo014: C, 54.54; H, 4.58; N, 4.54, Found: C, 54.42; H, 4.44; N,
4.45.

1,2,3,4-Tetra-0-acetyl-1,4-bis(4H-benzoxazin-4-one-2-y1)-galacto-
tetritol {4). A mixture of 3 (3.0 g, 4.9 mmol) and acetic anhydride (12
mL) was heated under reflux for 2 h, and the solvent was removed under

reduced pressure. The product (2.26 g, 80% yield) was crystallized from
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ethanol in colorless needles: mp 292 °C;\’$§; 1780 (0C0), 1755 {0Ac),
1655 cm=1 (C=N); IH NMR (CDC13): 62.05, 2.28 (2 s, 12 H, 4 COCH3), 5.58
(s, 2 H, H-2,-3), 5.77 (s, 2 H, H-1,-4), and 7.6 and 8.1 {m and d 8 H,
aromatic protons). Anal. Calcd for CpgHpgN2092: C, 57.93; H, 4.17; N,
4,83. Found: C, 57.54; H, 3.91; N, 4.57.
1,2,3,4-Tetra-0-acetyl-1,4-bis[N-(2-carboxyphenyl)-N"'-phenyl-

amidine]-galacto-tetritol (5). a) A mixture of 4 (1.0 g, 1.7 mmol) and
aniline (0.4 mL, 4.4 mmol) was fused on a water bath for 2 h. The
mixture was then triturated with alcohol, and the product 5 was filtered
off and dried (1.16 g, 88% yield): mp »350 O¢; Vv ég; 3190 (NH), 1760
(0Ac), 1695 (C00), 1610 cm=1 (C=C), in addition to a broad band for the
amidine salt at 2500 - 2688 and 1579 cm~l. Anal. Calcd for CqqHagNg012:
C, 62.65; H, 4.99; N, 7.30. Found: C, 62.60; H, 4.90; N, 7.00.

b) A solution of 4 (1.0 g, 1.7 mmol) and aniline (0.4, 4.4 mmol)
in 1,4-dioxane {20 mL) was boiled under reflux for 2 h. The product
that separated out on cooling was filtered off and dried (1.22 g, 92%
yield): mp >350 °C. The product was identical to that obtained from a,
above.

c¢) A solution of 4 (0.5 g, 0.85 mmol) in aniline (1 mL, 11 mmol)
was boiled under reflux for 2 h. The product that separated out on
dilution with alcohol was filtered off and dried {0.56 g, 85% yield): mp
>350 Oc, It was identical to that obtained from a, above.

d) A solution of 4 (1.0 g, 1.7 mmol) in aniline (30 mL) was
stirred for 3 h at room temperature. The reaction mixture was left
overnight, and the product that separated out was filtered off and dried
(1.06 g, 80% yield): mp >350 OC. It was identical to that obtained from
a, above.

e) A solution of 4 (1.0 g, 1.7 mmol) and aniline (0.4 mL, 4.4
mmol) in dry benzene (100 mL) was stirred for 3 h, then 1eft to stand
overnight. The product that separated out was filtered off and dried
(1.15 g, 87% yield): mp >350 ©C. It was identical to that obtained from

a, above.
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1,2,3,4-Tetra-0-acetyl-1,4-bis(3-phenylquinazol in-4-one-2-y1)-

galacto-tetritol (6). To a solution of 4 (0.7 g, 1.2 mmol) and aniline

(0.28 mL) in toluene (15 mL), a solution of phosphorus trichloride
(0,055 g, 0.4 mmol) in toluene (5 mL) was added dropwise. The reaction
mixture was heated under reflux at 130 °C for 4 h, at the end of which
time it was cooled and the toluene was decanted. The residue was washed
with 10% sodium carbonate solution and water, and crystallized from
alcohol (0.68 g, 77% yield) as colorless needles: mp 270 - 272 9¢
(dec.); v BT 1755 (0Ac) and 1680 cm=1 (0CN); L H NMR (CD3C1): 6 1.62 and
2.15 (2 s, 12 H, 4 OAc), 5.26 (s, 2 H, H-2,-3), 5.32 (s, 2 H, H-1,-4),
and 7.56 and 8.25 (m and d, 18 H, aromatic protons). Anal. Calcd for
CqoH34N4010: C, 65.75; H, 4.69; N, 7.67. Found: C, 65.82; H, 4.93; N,
8.13.
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