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The synthesis of 5,6-dihydro-1H,3H-pyrrolo[3,2,1-5][3,1]benzoxazine-1,3-dione (2a), a new ring system,

from N-acetylindoline is described.
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Isatoic anhydrides have been shown to be valuable in-
termediates in organic synthesis [2-5]. The nature of the
hetero portion of the molecule makes it behave like an ac-
tivated, internally protected anthranilic acid where the C-4
carbonyl becomes extremely susceptible to nucleophilic at-
tack.

In 1978 the synthesis of the tricyclic anhydride 2b (a
bridged isatoic anhydride) was accomplished in this labo-
ratory and its reactivity with a variety of nucleophiles was
investigated [6].
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It was of interest to us to prepare the five-membered
ring analog 2a due to the fact that it represents a new ring
system. Also, as a two carbon bridged isatoic anhydride
derivative, it can be used as an intermediate for the poten-
tial generation of new ring systems,

Since isatoic anhydrides are generally prepared by the
cyclization of 2-aminobenzoic acid derivatives with phos-
gene, our synthetic strategy for the preparation of 2a re-
quired the synthesis of indoline-7-carboxylic acid (1a) as
the penultimate intermediate. Since compound la is
known in the literature, we chose a combination of two
procedures [7,8] for its preparation. Although the route
shown in the following scheme was rather laborious, we
were able to prepare over 100 gm of la.

The treatment of la with phosgene according to the
procedure described by us for the preparation of 2b fur-
nishes the tricycle 2a in 35% yield. This result is in sharp
contrast to that of 2b where the conversion is essentially
quantitative. A plausible explanation for this disparity is
that the ring strain inherent in the S-membered ring of the
indoline la places the nitrogen slightly farther from the
carboxyl group, thus allowing intermolecular reactions as
well as neutralization of the carboxylate anion to enter

competitively with the desired intramolecular cyclization.

Although 2a and 2b only differ by one bridging methy-
lene unit, their physical properties differ markedly. Com-
pound 2b is highly soluble in chlorinated solvents such as
methylene chloride and chioroform, whereas 2a is virtually
insoluble in these solvents. In fact, 2a is only sparingly so-
luble in DMSO and heating is required to effect solution.
In addition, the melting point for 2a is nearly 50° higher
than that of 2b.

These deviations originally led us to believe that we did
not have the desired compound, however a detailed spec-
tral examination (see Table and Experimental) of the pro-
duct confirmed that the material is indeed 2a. Investiga-
tion into the reactivity profile of this interesting tricycle is
presently underway.
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Table
Carbon-13 Shifts for 2a and 2b [a]

Carbon No. 2a [b) 2b [c]
1 167.15 158.44
3 158.63 146.60
5 46.72 43.40
6 26.75 19.28
6a 129.89 —

7 131.38 25.45
Ta — 125.08
8 123.77 [d] 136.00
9 124.36 [d] 122.61
9a 107.26 —
9b 145.56 —
10 — 126.77
10a — 110.51
10b — 138.08

[a] Assignments are interchangeable. [b] In ppm from tetremethyl-
silane. [c] Spectrum taken in DMSO-d¢ at 120°. [d] Spectrum taken in
DMSO-d; at 80°.

EXPERIMENTAL

Melting points were determined on a Thomas-Hoover Unimelt ap-
paratus and are uncorrected. The infrared spectra were recorded on
either Perkin-Elmer Model 257 and 457, or Analect FX-6200 spectropho-
tomers. Absorption frequencies are quoted in reciprocal centimeters.
The proton NMR spectra were recorded on EM-360 and Jeol FX-90-Q
spectrometers using TMS as an internal reference. Chemical shifts are
quoted in parts per million (s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet).

The carbon-13 magnetic resonance spectra were obtained in the
Fourier transform mode on a Jeol FX-200 spectrometer system. The
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spectra were obtained at an observing frequence of 50.1 MHz. Sample
concentrations were ca. 0.1 molar in 5 mm (od) sample tubes. General
nmr spectral and instrumental parameters were employed were: Internal
deuterium lock to the solvents; spectral width of 10000 Hz; a pulse width
of 3us corresponding to a 45° pulse angle, and a pulse repetition time of
1.8 seconds. For all spectra, 16K time-domain points were used. All shifts
reported are referenced to internal TMS and are estimated to be ac-
curate to = 0.05 ppm.

The mass spectra were determined on a Finnegan 4600 spectrometer
either in EI or CI modes.

5,6-Dihydro-1H,3H-pyrrolo[3,2,1-;][3,1]benzoxazine-1,3-dione (2a).

A mixture of 90.0 g of 1a and 60.0 g of sodium carbonate in 2.5 1 of
water was stirred at room temperature for 1 hour after which any in-
soluble material was filtered off. To the filtrate was added dropwise 1.0 1
of phosgene solution (12.5% in benzene) while maintaining a tempera-
ture of 25-30°. The mixture was stirred at room temperature for 3 hours
then a current of air was blown through the vessel in order to drive off
any excess phosgene and benzene. The resulting precipitate was filtered
and washed with water. After drying under reduced pressure, the solid
was triturated with ethyl acetate/methylene chloride (80:20) to give 37.0 g
(35% yield) of 2a. An analytical sample was crystallized from
methanol/chloroform, mp 236-239° dec; ir (potassium bromide): 1780,
1728, 1610, 1520, 1380, 960 cm™'; nmr (DMSO-d¢): 60°, & 7.72-7.60 (m,
2H), 7.20 (1, 1H), 4.19 (1, 2H), 3.33 (1, 2H); ms: (70 eV) m/z 189 (M), 145
(M-CO,).

Anal. Caled. for C (H,NO,: C, 63.5; H, 3.7; N, 7.4. Found: C, 63.6; H,
3.9; N, 75.
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DIRECTIONS TO AUTHORS

Manuscripts on any phase of heterocyclic chemistry will be con-
sidered for publication in the form of articles, communications to
the editor or reviews.

Manuscripts in English should be submitted in triplicate to:
Raymond N. Castle, Editor, Department of Chemistry, University of
South Florida, Tampa, Florida 33620, USA.

Manuscripts in French should be submitted in triplicate to: R.
Jacquier, French Editor, Université des Sciences et Techniques du
Languedoc, Place Eugéne Bataillon, 34060 Montpellier Cédex, France.

Manuscripts in German should be submitted in triplicate to:
Wolfgang Pfleiderer, German Editor, Fakultat fiir Chemie, Universitit
Konstanz, Postfach 5560, D-7750 Konstanz, West Germany.

Manuscripts must be typewritten, double spaced throughout in-
cluding tables and references on good quality paper (8%2 X Il inches, 22
X 28 cm) on one side of the paper only. Manuscripts submitted on
larger pages cannot be accommodated. Copies reproduced by per-
manent duplication processes are acceptable, provided they are clear.
Manuscripts printed on dot-matrix printers are unacceptable. Margins
must be minimum 1% inches (approximately 4 cm) all around.
The double spacing and margins are necessary for satisfactory copy edit.
All Manuscripts except Reviews require an abstract.

Structural formulas should be collected on one or more pages and
arranged so that the reader can assess the contents of the article or com-
munication from the structural formulas. Manuseripts received with
structural formulas carefully drawn with drafting instruments (e.g.,
a Leroy set or similar instrument) can be published more rapidly.

Drawings, graphs and illustrations must be submitted as carefully
prepared line drawings in India ink on good quality drafting paper. Clear
high contrast glossy photographs are suitable. Transparencies are
unacceptable. Photocopies are not satisfactory for reproduction
but may be used for the second and third copies for the benefit of the
reviewers. All structural formulas, drawings, graphs and illustrations will
usually be photo-reduced by 50% and usually placed in one column with
a width of 314 inches (8.25 cm).

Articles must report the results of comprehensive research and will
usually amount to at least four final printed journal pages. Shorter
papers usually classed as notes are no longer acceptable for publication
in this journal and should be directed to journals accepting fragmentary
research classed as notes.

Communications to the editor may be of any length but should
report new, important and timely research for which rapid publication is
warranted. We require that communications include procedures, com-
pound preparation and related data in sufficient detail that the work can
be duplicated by an experienced chemist. Elemental analyses and spec-
tral data are a requirement for publication and will be published. A state-
ment that these data are available is absolutely unsatisfactory. Thus pro-
cedures and data reported in a communication to the editor must stand
alone if for some reason a full length article is not published at a later
date. A communication to the editor must not be considered as a
substitute for a note.

Reviews may be exhaustive or may be short indicating only the
highlights of a given area. It is wise to communicate with the editor in
advance of preparation and/or submission to determine the timeliness of
any given review.

Literature references and footnotes are to be numbered consecu-
tively in order of appearance of the reference or footnote in the text and
are to be placed at the end of the manuscript under the center heading:
REFERENCES AND NOTES. Reference and footnote numbers are to be
placed in square brackets on the same line as the text. PLEASE
NOTE: We now require that the reference numbers and letters
be enclosed in square brackets [ ] and placed on the same line.
We also require that the footnote letters to tables be enclosed in
square brackets and placed on the same line, eg.: [a], [b], [c], etc.
UNDER NO CIRCUMSTANCES should the footnotes and
literature references be superscripted! Authors are encouraged to
include all pertinent references. The abbreviations of journals should be
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those in CASSI with a few exceptions. Names of authors in the
references must not be reversed. All authors’ names and initials must
be listed; et al may not be used. The journal abbreviations must be
italicized with the punctuation shown in CASSI. Following the journal
name, the volume number must be in bold face type, illustrated with a
wavy underline. The first page number of the article must follow, then
the year of publication in ordinary type in parentheses. Sample citations
appear below: S. D. Phillips and R. N. Castle, J. Heterocyclic Chem., 17,
1665 (1980); A. B. Trenwith, J. Chem. Soc., 4426 (1963). References to
books are illustrated as follows: M. Shamma, ““The Isoquinoline
Alkaloids’’, Academic Press, New York, NY, 1972, p 341. A reference to
a book written by various contributors should be cited as follows: G.
Feuer, ‘‘Progress in Medicinal Chemistry’”, Vol 10, G. P. Ellis and G. B.
West, eds, North-Holland Publishing Co, Amsterdam, 1974, p 85. Patent
citations must be followed by the Chem. 4bstr., reference. A sample pa-
tent citation is as follows: A. Van Schoor, W. Schumann, S. Lust and H.
Flemming, German Patent 1,141,487 (1962); Chem. Abstr., 58, 12470g
(1963).

Nomenclature should conform to the recommendations set forth in
the following sources: [1] A. M. Patterson, L. T. Capell and D. F. Walker,
**The Ring Index’’, ACS, Washington, DC, 1960. {2] *‘Selection of Index
Names for Chemical Substances’’, Chem. Abstr., 76, 211-ff (1972). [3]
Ring Systems Handbook, Chemical Abstracts Service, 1984.

Tables. In general the use of tables in this journal is discouraged,
because tables are very expensive to produce and in many instances the
data which would be placed in a table are better placed in the Experimen-
tal under the named compound. If tables must be used, they should be
carefully constructed with the printing area (634 x 9 inches; 17 x 23 cm)
in mind. All information in tables must be double spaced and one space
is required after each comma and before each parenthesis. The use of
semicolons and colons in tables is discouraged. Structural formulas may
be placed at the top of a table but may not be placed in the body of a
table. Only linear formulas on a single line are permitted in the body of
the table. Chemical names of solvents are to be used in tables rather than
chemical formulas. Footnotes in tables must be designated by lower case
letters in square brackets. They must be on the same line both in the
body of the table and at the bottom of the table where the footnotes are
collected. Under mno circumstances may footnote letters be
superscripted.

Sentences may not start with a numeral.

Experimental. The experimental part of the manuscript should pro-
vide the reader with a clear and unambiguous description of the work
reported. It should not be verbose, but should be sufficiently detailed
that it is readily reproducible. The title of each experiment should in-
clude the chemical name of the compound and the assigned compound
number (either bold fice Arabic or ordinary type Roman numerals may
be used, but once selected, either system should be used consistently
throughout the manuscript) following in parentheses. Cryptic presen-
tation of data in the experimental is unacceptable. There must be
at least one complete sentence per paragraph. Each previously unre-
ported compound must be supported by adequate spectral data and
elemental analyses for at least two elements agreeing with the theo-
retical value to within 0.4%. The elemental analytical data will be
published. Chemical names must be used throughout the manu-
script including the experimental in place of chemical formulas. The
following abbreviations and conventions should be used: g, mg, ml, mp,
bp, tlc, hple, ge, uv, ir, nmr, pmr, cmr, ms, lit, dec, mole, mmole, moles,
mmoles. Other abbreviations are to be avoided using in place of an ab-
breviation, the complete word. It is requested that simple punctuation be
used in the experimental.

Examples of Experimental Procedures.

The following typical experimental procedures illustrate the re-
quired format.

343"-Thienyl}-2-cyclohexen-1-one (15).

A solution of 3.13 g (0.019 mole) of 3-bromothiophene (12) dissolved in
50 ml of dry ether was cooled to —78°. The 3-bromothiophene (12) was
lithiated by slowly adding 12.4 ml of a 1.55 M solution of n-butyllithium
in hexane. After the addition was complete, the solution was stirred at
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—78° for 30 minutes. A solution of 3.0 g (0.019 mole) of 1,4-dioxaspiro-
[4.5]decan-T-one in 25 ml of dry ether was added over a period of 20
minutes. The solution was allowed to warm to room temperature over-
night. The solution was then neutralized with 10% aqueous ammonium
chloride solution. The ether layer was separated, dried and the solvent
was evaporated. The residue was then refluxed in aqueous 1.4 M hydro-
chloric acid for 1 hour. The organic product was isolated by extraction
with ether. The ether was dried (sodium sulfate) and evaporated to yield
an oil which was crystallized from benzene-hexane as yellow needles, 1.4
g (41%), mp 100-102°; nmr (deuteriochloroform): 2.0-3.0 (m, 6H), 6.3 (s,
1H), 7.3 (m, 2H), 7.5 (m, 1H); ms: 180 (3.0), 179 (6.4), 178 (54), 150 (95),
122 (100), 121 (84), 39 (86).

Anal. Caled. for C,oH,,08: C, 67.38; H, 5.65; S, 17.99. Found: C, 67.06;
H, 5.75; S, 17.69.

General Procedure for the Reaction of Tropone Hydrazones 1-3 with
Phenylketene (8).

All of these reactions were carried out under a nitrogen atmosphere.
To a stirred and cooled (0°) solution of tropone benzoylhydrazone (11)
(1.12 g, 5 mmoles) and triethylamine (0.61 g, 6 mmoles) in dry THF (15
ml), a solution (5 ml) of phenacetyl chloride (0.77 g, 6 mmoles) was added
drop by drop for ten minutes and the reaction mixture was allowed to
stand at that temperature for an additional thirty minutes. After being
warmed to room temperature gradually, the mixture was stirred over-
night. The resultant triethylamine hydrochloride was filtered and the
filtrate was evaporated in vacuo to give an oily residue. The residue was
separated by column chromatography (silica gel-chloroform) to give 9a
and 10a in 25 and 9% yield, respectively.

1-Benzamido-1,2,3,3a-tetrahydro-2-oxo-3-phenyl-1-azaazulene (9a).

This compound was obtained as colorless needles (isopropyl alcohol),
mp 179-180°; ir: » NH 3200, » CO 1725, 1675 ¢cm™; pmr: 6 3.12 (br, 1H,
3a-H), 3.86 (br d, 1H, 3-H,] = 5.7 Hz), 5.24(dd, 1H,4-H, ] = 3.0,9.0 Hz),
5.44 (d, 1H, 8-H, ] = 6.3 Hz), 6.1-6.5 (m, 3H, 5-, 6-, and 7-H), 7.2-7.9 (m,
10H, phenyl protons), 9.3 ppm (br s, 1H, NH); ms: (m/e) 342 (M"), 224
(M*-PhCHCO), 119 (PhNCO*), 105, 77.

Anal. Caled. for C;;H,;sN,0,: C, 77.17; H, 5.30; N, 8.18. Found: C,
77.16; H, 5.28; N, 8.35.

1,2,3,3a-Tetrahydro-2-oxo-1-phenylacetylbenzamido-3-phenyl-1-azaazu-
lene (10a).

This compound was obtained as colorless prisms (isopropyl alcohol),
mp 158-159°; ir: » CO 1755, 1730, 1705 em™; pmr: 6 2.86 (br, 1 H, 3a-H),
3.82(br d, 1H, 3-H,J = 5.4 Hz), 4.15, 4.37 (2d, each, 1H,-CH,_,J = 15.3
Hz), 5.25 (dd, 1H, 4-H, ] = 3.2, 9.6 Hz), 5.44 (d, 1H, 8-H, ] = 6.3 Hz),
6.0-6.7 (m, 3H, 5-, 6-, and 7-H), 7.1-7.7 ppm (m, 15H, phenyl protons); ms:
(m/e) 460 (M*), 341 (M*-PhCH,CO), 224 (hydrazone 1°), 119 (PhNCO*),
105, 77.

Anal. Caled. for C;H,4N,05: C, 78.24; H, 5.25; N, 5.97. Found: C,
78.23; H, 5.25; N, 6.38.

Methyl = 5-Cyanomethyl-1{2-deoxy-3-D-erythro-pentofuranosyl)pyrazole-
4-carboxylate (14).

To a solution of 9 (0.80 g, 1.54 mmoles) in dry methanol (25 ml) was ad-
ded 1M sodium methoxide in methanol (1.25 ml) and the mixture was
stirred at room temperature for 1 hour. The reaction mixture was
neutralized with Dowex-50 H* resin and filtered. The filtrate was
evaporated to dryness. The residual semisolid was purified on a silica gel
column (2.5 x 45 cm), prepacked in chloroform. Elution of the column
with chloroform:methanol (19:1, v/v) gave a homogeneous residue, which
was crystallized from aqueous ethanol to yield 0.17 g (37%), mp
118-120°; ir (potassium bromide): » 1700 (C = 0), 2260 (C =N), 3400 (OH)
cm™; uv: A max (pH 1) 218 nm (e 11,000); A max (pH 7) 218 nm (e 11,100);
A max (pH 11) 224 nm (¢ 10,200); 'H nmr (DMSO-d¢): & 3.82 (s, 3,
CO,CH,), 4.40 (s, 2, CH,), 6.16 (t, 1, peak width 14.5 Hz, C).H), 8.18 (s, 1,
C;H), and other sugar protons.

Anal. Caled. for C,;H,sN,05 (281.17): C, 51.24; H, 5.33; N, 14.94.
Found: C, 50.99; H, 5.43; N, 14.80.

5-Amino-1-[4{methylsulfonyl)phenyl}-1 H-pyrazole-4-carbonitrile (5b).
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A solution of 50.0 g (0.268 mole) of 4{methylsulfonyl)phenylhydrazine
(3b) and 34.3 g (0.281 mole) of ethoxymethylenemalononitrile (4) in 250
ml of ethanol was heated at reflux. A precipitate was observed after 15
minutes. After 15 hours, the mixture was cooled and the yellow solid was
collected and air-dried to yield 51.4 g (73%) of 5b, mp 236-238°; ir (Nu-
jol): 3450, 3315 and 3170 (NH), 2225 (CN), 1635 cm™*; nmr (dimethylsulf-
oxide-de): 6 8.11 (d, ] = 8 Hz, 2H, phenyl), 7.89 (s, 1H, C3-H), 7.84(d,J =
8 Hz, 2H, phenyl), 6.94 (broad s, 2H, NH,, deuterium oxide-exchange-
able), 3.25 (s, 3H, CH,); ms: (70 eV, electron impact) m/e 262 (molecular
ion).
Anal. Caled. for C,;H,o,N.0,S: C, 50.37; H, 3.84; N, 21.36. Found: C,
50.40; H, 3.87; N, 21.57.

3-Methoxy-4H-pyran-4-one-2-carboxaldehyde.

2-Hydroxymethyl-3-methoxy-4H-pyran-4-one (700 mg) was dissolved in
50 ml of methylene chloride. Barium manganate (7.5 g) was ground to a
fine powder and added immediately to the methylene chloride solution.
The mixture was stirred with the aid of a magnetic stirrer for two hours
at room temperature. Inorganic by-products were removed by filtration
of the reaction mixture through Celite. The Celite was washed with me-
thylene chloride; the latter solution was added to the methylene chloride
filtrate previously obtained. Evaporation of methylene chloride in vacuo

gave a white residue, which was recrystallized from cyclohexane to give
635 mg (92%) of 2-methoxy-4H-pyran-4-one-2-carboxaldehyde, mp
85-86°; nmr (deuteriochloroform): 6 4.16 (s, 3H, OCH), 6.43 (d, 1H, Hy),
7.73 (d, 1H, H,), 10.14 (s, 1H, CHO); ir (potassium bromide): 3100 (CH),
1695 (aldehyde CO), 1655 (pyrone CO), 1575, 1460, 1430, 1395, 1275,
1225, 1200, 1175, 1050, 950, 850, 830, 750, 640 cm™'.

Anal. Caled. for C,Hs0,: C, 54.55; H, 3.92. Found: C, 54.58; H, 3.91.

The above experimental procedures illustrate the following:

1. The requirement of the chemical name and assigned compound
number in the heading.

2. The requirement of a sufficiently detailed experimental description
to enable an experienced chemist to repeat the experiment successfully.

3. The manner in which physical, spectral and analytical data must be
reported.

4. In the case of a general procedure for the synthesis of two or more
compounds, this must be followed by a heading composed of the
chemical name and the assigned compound number of each compound
prepared by the general procedure. At least one complete sentence must
be included in the paragraph followed by the physical, spectral and
elemental analytical data as illustrated for 9a and 10a above. Simply
listing data in cryptic fashion is unacceptable in this journal.

Percentage yields may be reported to the nearest whole percent. The
reporting of fractional yields is valid only for yields of less than 10%.

Authors bear the sole responsibility for the contents of manuscripts
and the accuracy of the data therein.

Proofs of each manuscript are sent to the submitting author for cor-
rection. The authors should correct each proof quickly and should print
in red or type each correction explicitly so there will be no doubt by
the typesetters what the corrections mean. Authors are urged to pre-
pare manuscripts with care and accuracy. Poorly prepared manu-
scripts will be returned to the authors without review. Any changes from
the author’s copy-edited manuscript at the galley proof stage will result
in additional charges. The minimum charge for changes will be $25.00.

A page charge of thirty-five dollars ($35.00) per page will be assessed
uniformly for the publication of each manuscript and all manuscripts
must be accompanied by a letter from an officer of each institution who
can obligate the institution to accept the page charge and that the page
charges will be paid promptly upon invoice. Requests for waiver of page
charges cannot be considered. One hundred reprints without covers will
be supplied to the submitting author at no additional charge above pay-
ment of the page charges.

Authors are urged to examine recent issues of this journal as an aid to
manuscript preparation.



