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Abstract Treatment of triketoindan-2-oxime with a-
phosphonyl carbanions in sodium ethanolate solution
at reflux temperature led to a number of the corre-
sponding substituted spiroisooxazole-, fused 1,3-oxa-
zole, and 1,4-oxazine phosphor esters in moderate to
high yields. Mechanisms for the formation of five-
and six-membered rings are provided. A comparison
of Wittig-Horner and Wittig reagent counterparts in
reactions with the oxime is discussed. The various
biological properties of selected examples of the syn-
thesized products were studied.

Keywords Triketoindan-2-oxime; «-Phosphonate carban-
ions; Spiroisooxazoles; N-Five- and 6-membered rings.

Introduction

Over the last two decades we investigated reactions
of phosphorus ylides [1] and phosphonate carbanions
[le, 2] with a-imino carbonyl compounds (oximes
and hydrazones). The final products obtained depend
on the nature of the above reactants. Wittig olefina-
tion products were formed either as stable com-
pounds [1b, le] or as intermediates [1, 2], which
were further transformed to stable spiro, linear,
or fused heterocyclic derivatives. In some cases,
“Wittig-type” reaction [1f-h] of the oximino group,
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or participation [la—c, e, 2] of the 1,4-oxaza-1,3-
diene system leading to the formation of oxazole de-
rivatives were observed. However, it has been found
that some a-imino carbonyl compounds [lc, 1i] re-
acted exclusively in the nitroso tautomeric structure
whereby the attack by the nitroso-oxygen atom on the
alkylidenephosphoranes was the first step.

One of our research programs has centered on
the synthesis of spiro-oxazole- and fused pyrrolo
compounds from the reaction of 1,3-dioxo-4>°-
indanmonoxime (1) with different types of alkylidene-
phosphoranes [1b]. As a sequel, the work detailed
here involves further studies of reactions of 1 with
some a-phosphonyl carbanions with the objective of
finding new routes for the synthesis of new deriva-
tives of heterocyclic systems bearing a phosphonate
substituent with expected biological potency. The
reactions studied and the products obtained are de-
picted in Schemes 1-4. Similarities and differences
in the reactivity of a-phosphonate carbanions and
phosphorane counterparts toward oxime 1 are also
discussed. Selective examples of the synthesized
products were pharmacologically screened.

Results and discussion

We found that treatment of an ethanol solution of
one equivalent of methyl diethyl phosphonoacetate
(2a) with 1 in the presence of 2 equivalents of
EtONa, followed by heating the reaction mixture
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under reflux for 18h afforded the phosphonates 4
(42%) and 5a (22%) along with the substrate 1
(8%) (Scheme 1). Carrying out the reaction using
two molar equivalents of the phosphonate anion
2a instead of one, led to the formation of adducts
4 and 5 in equal yields (=~34%). Further treating 4
with one equivalent of 2a in a boiling mixture of
EtONa/EtOH for 4h, adduct 5a was obtained in
88% yield.

A similar treatment of 1 with an equimolar amount
of 2b in sodium ethanolate solution at the reflux tem-
perature gave 4 (46%) along with Sb (16%), whereas a
better yield (39%) of Sb was obtained when 1 was
reacted with 2 molar equivalents of 2b.

The structure elucidation of 4 and 5 was based on
their elemental analyses, molecular weight determi-
nations (MS), and their spectroscopic data. The IR
spectrum (7/cm~") of diethyl (2'-ethyl-1,3,5'-trioxo-
1H,3H,5' H-trihydrospiro[indane-2,3’-4’ H-isooxazol-
4’-yl]phosphonate (4) showed the presence of 1- and
3-carbonyl stretching vibration bands at 1761 and
1733cm™!, thus excluding any cycloaddition reac-
tion involving these moieties. The spectrum also ex-
hibited the lactone-carbonyl frequency at 1782 cm ™!
[3], as well as the phosphonate species at 1258 cm ™!
(P=0) and at 1083cm™~!' (P-O-C). The 'H NMR
spectrum (CDCls) of 4 (6, = 25.6 ppm) displayed sig-

nals at 6 =1.15, 1.31 ppm (2dt, Jy_py=8.2, “*Jp_py =
4.6 Hz, 2 x3H, 2 x H;C.C-0), and at 3.89, 4.18 ppm
(2qt, Jp_y = 13.5Hz, 4H, 2 x H,CO) due to the phos-
phonate moiety [P(OC,Hs),], whereas the N-ethyl
moiety was located at 0.88 ppm (t, Jy_y="7.7 Hz,
3H, H3C.C-N) and at 3.67 ppm (q, Jy_y="7.2Hz,
2H, H,CN). On the other hand, the doublet (2Jp_yg =
21.4Hz, 1H) at 4.87 ppm was assigned to the ox-
azolinone H-4'. In the '*C NMR (CDCls, § ppm)
spectrum [3] of 4 the phosphor-carbon (4'-C-P)
appeared at 49.7 ppm (d, 'Jp_c = 147 Hz), while the
spiro-carbon (3'-C) located at 74.8 ppm (d, 2Jp_c =
33 Hz). Other signals were displayed at 169.6 ppm
(d, 2Jp_c =28 Hz, 5'-C=0), 181.4, and 193.6 ppm (d,
3Jp_c ~14Hz, 1-, and 3-C=0). These spectroscopic
data indicate that 4 presents in the keto form and rule
out the formation of its enol structure. Formation of
4 might involve an initial nucleophilic attack of the
phosphonyl carbanion 2a or 2b on 2-hydroxyimino-
carbon (2-C=NOH) in 1 yielding the phosphonate 3.
Subsequent ring closure the spiro product 4 would be
obtained under elimination of an appropriate alcohol
moiety with concomitant N-alkylation. Considering
the N-alkylation by WH-reagents, an analogous
process has been observed in their reactions with
pyrimidines [4a], quinonimines [4b], pyrroles [4c,
4d], and thiazolidinones [4e].
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On the other hand, the spectroscopic analysis
of the second product clearly demonstrated that the
olefinated products Sa and Sb were formed. The
structure of which was established to be S rather
than the regio-isomer 6 based on the NMR data as
well as by analogy with structure 4. The '"H NMR
(CDCls) spectrum of methyl [4'(diethoxyphosphonyl)-
2'-ethyl-3,5'-dioxo-1H,3H,5' H-spiro[indane-2,3'-4' H-
iso-oxazol]-1-ylidene]acetate (5a) (6, =24.8 ppm)
showed the presence of a singlet at 7.34 ppm as-
signable to C8-olefinic proton. Furthermore, the
structure 5 was investigated by nuclear Overhauser
effect (NOE) experiments, which were also useful
for the assignment of the '>*C NMR signals. The ir-
radiation of the H7-proton (7.64 ppm) resulted only
in the enhancement of the C8-doublet (d, *Jp_c =
4.6Hz, 1-C=CH) at 113.6 ppm, and the C1-doublet
(d, *Jp_c = 14Hz, 1-C=CH) at 144.8 ppm. Irradia-
tion of the exocyclic olefinic H8-proton (7.34 ppm)
produced an NOE at the Cl-doublet (144.8 ppm),
C8-doublet (124.4 ppm), and C9-doublet (146.3 ppm)
indicating the syn-configuration of the H7 and the
olefinic H8-proton. The diastereomer S obtained as
a sole product would be, however, the favored one
from the kinetic and thermodynamic viewpoints.
From the viewpoint of kinetics we presume that
the substitution pattern in 4 is such to obstruct (for
steric hinderence reasons) a nucleophilic approach
by the phosphoryl carbanions to the 1-carbonyl.
The effect of the neighboring phosphonate moiety
on 4'-C would be expected to be quite unfavorable
[5]. From the viewpoint of thermodynamies, struc-
ture 5 is the favored one, because the substitution on
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the methine carbon in the 4'-position with electron
withdrawing carbonyl-, and phosphonate-groups re-
sults in an increased acidity of the corresponding
methine proton H4' that would be enough acidic to
epimerize under the reaction conditions. Considering
the earlier report [1b], the mechanism of the reaction
of the alkylidenephosphorane counterparts (Ph;P=
CHCO,R") with 1 had suggested similar initial nucle-
ophilic attack. However, subsequent transformations
were quite different.

By treatment of compound 1 with diethyl cyano-
methylphosphonate (7) in a way analogous to the
one described for 2, diethyl (2-amino-5-oxo0-4,5-
dihydroindeno-[1,2-b][1,4]oxazin-3yl)phosphonate
(9, 48%) together with 4-oxo-4H-indeno[2,1-d][1,3]-
oxazole-2-carbonitrile (11, 21%) were obtained
(Scheme 2). The '"H NMR (CDCl3) spectrum of 9
(6, =22.7ppm) showed two types of the NH,-pro-
tons [6 (H*)=6.55 (br, 1H) and § (H”)=10.08 (br,
1H)]. The different chemical shifts of the NH,-pro-
tons are the spectroscopic evidence for the presence
of intramolecular hydrogen bond between one of the
hydrogens of the NH,-protons and the oxygen atom
of the P=0 bonding in the phosphonate group [6].
The 3-C atom appeared as a doublet (!Jp_c =205 Hz)
at 103.5 ppm in the '?C NMR spectrum of 9. Further-
more, the lack of NOE between NH-proton and NH,
in 9 can be explained by preferential conformation
due to the intramolecular hydrogen bonding between
one of the NH,-protons and the phosphonate-oxygen
atom. Therefore, the oxazine-NH proton is too far
from NH, to give an observable NOE even with the
difference spectroscopy technique.
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Fused oxazine 9 was formed most probably
through cyclization and transformation of the cyano
group of initially formed condensation intermediate
8. A similar observation was previously reported by
Coppola et al. [7] for the reaction product of N-
methylisatoic anhydride with Wittig-Horner (WH)
reagent 7 as well as it was evoked by Neidlein
et al. [8] and by us [2, 9] on similar instances. On
the other hand, elimination of [OP(=0)(OE¥),] moi-
ety from initially formed addition intermediate (to
give 2,3-dihydro-oxazole 10) followed by autooxi-
dation could provide 11. However, formation of 11
from 8 via extrusion of diethyl phosphonate cannot
be overlooked.

A noteworthy contrast exists between the present
behavior of WH reagent 7 with oxime 1 and that
reported previously [1b] for the behavior of reso-
nance stabilized phosphorus ylide, cyanomethyltri-
phenylphosphorane. Thus, the results of the former
investigation [1b] pointed out that the ylide [Ph;P=
CHCN] reacted exclusively at the carbonyl group or
further with the other carbonyl group in the oxime 1
to give the corresponding mono- and diolefines
whereas compounds derived from an addition-elim-
ination reaction at the oximino-species were the
products of the reaction of 1 with the WH-reagent 7.

The behavior of oxime 1 towards the unsaturated
phosphonyl carbanion, diethyl vinylphosphonate (12),
was next undertaken under similar reaction condi-
tions to give diethyl (5-oxo0-4,5-dihydroindeno[1,2-
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b][1,4]oxazin-3-yl)phosphonate (15, 46%) along
with 1-ethoxy-8-oxo-8H-indeno[a]pyrrole (17, 14%).
According to the mechanism outlined in Scheme 3,
the addition of 12 to 1 affords the intermediates 13
and 14. Under elimination of a molecule of water
from 13, oxazinephosphonate 15 would be formed.
On the other hand, the pyrrole 17 is regarded as
a product of an intramolecular WH reaction of 14
[10]. However, the dealkylated derivative of the pyr-
role 17 was exclusively obtained from the reaction
of vinyltriphenylphosphonium bromide with the sub-
strate 1 [1b].

Furthermore, the reactions of oxime 1 with diethyl
[(alkylthio)methyl]phosphonates 18a and 18b were
investigated. Compound 1 was treated with an equiv-
alent amount of diethyl [(methylthio)methyl]phos-
phonate (18a) in an alcoholic EtONa solution at
room temperature. Subsequent heating the reaction
mixture at the reflux temperature for 6 h gave diethyl
(3-ethoxy 4-oxo-4-hydroindeno[2,1-d][1,3]oxazol-
2yl)phosphonate (20, 72%), and unidentified ma-
terials (Scheme 4). Compound 20 is somewhat
compromised as occurring through the intermediate
19, initially formed. Further elimination of R*SH
(R*> = Me) molecule and ring closure with concomi-
tant alkylation the fused oxazole derivative 20 would
be formed. The preferential extrusion of R’SH (as
it is monitored by the distinct smell) than H,O mol-
ecule [11] was driven from the result of the reaction
of 1 with diethyl [(ethylthio)methyl)]phosphonate
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I
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(18b). Thus, when 1 was reacted with 18b, com- Experimental

pound 20 was again obtained.

The structures suggested for all new compounds
are in good agreement with their analytical and spec-
tral data (experimental section).

Biological screening

The synthesized phosphorylated compounds 4, 5,
9, 15, and 20 were screened against bacteria, such
as Bacillus polymixa, Bacillus subtilis (Gram posi-
tive), and Proteus vulgaris (Gram negative) by us-
ing the filter paper disc diffusion technique [12].
Compounds 4, and 9 showed feeble activity against
Gram positive bacteria but are non-toxic to Gram
negative bacteria. Other compounds 5, 15, and 20
displayed no activity against bacteria tested. The
same compounds were also evaluated against fungi,
such as Dreschlera specifera and Fusarium oxys-
porum by adopting the food poisoning technique
[13]. Compounds Sa, 5b, and 15 are moderately ac-
tive against D. specifera at 780 ug/ cm® while com-
pounds 4, 9, and 20 are more active against the same
fungi at the same dose level. Compounds 4, 9, and
20 registered 100% spore germination inhibition of
F. oxysporum at 320 ug/cm’.

Conclusion

From the foregoing observations, the four studied
reactions of 1 with WH-reagents 2, 7, 12, and 18
lead to a methodology for the synthesis of 5- and
6-membered heterocyclic phosphor esters of poten-
tial fungicidal activity.

All melting points are measured on an Electrothermal melting
point apparatus. The IR spectra were recorded on a Perkin
Elmer 317 Grating IR spectrophotometer, using KBr pellets.
The 'H and '*C NMR spectra were measured on a Joel E.C.A-
500 MHz instrument using SiMe, as an internal reference. The
3lp NMR spectra were recorded with the same instrument,
relative to external H;PO, (85%). The mass spectra were
performed on a Joel JIMS-A X 500 spectrometer. Elemental
analyses were carried out at the Microanalysis Laboratory,
Cairo University, Cairo, Egypt. Their values agreed favorably
with the calculated ones. The appropriate precautions in han-
dling moisture-sensitive compounds were observed. Solvents
were dried by standard techniques. TLC: Merck 0.2 mm silica
gel 60 F154 anal aluminium plates. Column chromatography
(CO): silica gel (Kieselgel 60 mesh, particle size 0.2—0.5 mm;
E. Merck, Darmstadt). The substrate 1,3-dioxo-4*“-indanmon-
oxime (1) was prepared according to the reported method
[14].

Treatment of 1,3-dioxo-A**-indanmonoxime (1) with diethyl
phosphonoacetates (2a, and 2b). Synthesis of compounds 4,
5a, and 5b

EtONa, 0.7 g, (10 mmol) dissolved in 25 cm® absolute EtOH,
was added to a stirred mixture of 4.7 mmol of 2a (or 2b) and
0.8g 1 (4.57 mmol). After heating under reflux for ~18h
(TLC control), the crude mixture was concentrated, poured
into 100cm® of dist H,0, acidified with conc HCI and ex-
tracted with CHCl; (2x 100cm®). The combined organic
extracts were washed with 50cm® of dist H,O and dried.
After evaporation of the solvent under reduced pressure, the
residue was purified by column chromatography (n-hexane/
AcOEY) yielding 4 and 5a or 4 and Sb.

Reaction of 1 with 2a afforded 4, and 5a

n-Hexane/AcOEt (up to 8/2, v/v), afforded yellowish green
crystals of unchanged substrate 1, 64 mg (8% yield), mp 203—
205°C (EtOH) (Ref. [14] 205°C).
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Diethyl (2'-ethyl-1,3,5'-trioxo-1H,3H,5' H-spiro[indane-2,3'-4' H-
isooxazol-4'-yl)phosphonate (4, C17H,,NO,P)

Eluent: n-hexane/AcOE: (3:7, v/v), straw-yellow crystals
(735mg, 42% yield), mp 176-178°C (acetone); IR: v =
1782, 1761, 1733 (C=0), 1258 (P=0), 1083 (P-O-C) cm™!;
'"H NMR (CDCl,): 6§ =0.88 (t, Jy_ = 7.7 Hz, 3H, H;CC.N);
1.15, 1.31 (@2dt, Juyu=282, Jp_u=4.6Hz, 2x3H, 2x
H3CC.O), 3.67 (q, Ju_u=7.7Hz, 2H, H,CN), 3.89, 4.18
2qt, Ju-u=38.2, Jp_y=5.3Hz, 4H, 2x H,CO), 4.87 (d,
2Jp_y=214Hz, 1H, 4-CH), 746, 7.74 (2m, 3H, H-Ar),
8.33 (dd, J=2, 7Hz, 1H, periH) ppm; *C NMR (CDCl5):
6=13.5 (CH3C-N), 16.3 (CH5C-0), 44.4 (NCH,), 49.7 (d,
Up_c =147Hz, 4-C-P), 62.6 (OCH,), 74.8 (d, *Jp_c =
33Hz, 3'-C-spiro), 122.6, 127.7, 129, 133.2, 1348 (C-
Arom.), 169.6 (d, %Jp_c=28Hz, 5-C=0), 1814 (d,
3Jp_c =14Hz, 1-C=0), 193.6 (d, 3Jp_c = 14Hz, 3-C(0)]
ppm; *'P NMR (CDCly): §=25.6ppm; EI-MS: m/z
(%) =380 (33) [M"-1], 362 (12), 333 (17), 305 (22), 276
(25), 194 (67), 172 (100), 137 (29), 77 (55).

Methyl [4 (diethoxphosphony)l-2' -ethyl-3,5 -dioxo-1H,3H,5' H-
spiro[indene-2,3'-4' H-isooxazol]-1-ylidene Jacetate

(5a, CyoH4NOgP)

Eluent = n-hexane:AcOE? (2:8, v/v), yellow crystals (250 mg,
22% yield), mp 245-247°C (CHCly); IR: v=1783, 1758
(C=0), 1638 (1-C=CH), 1256 (P=0), 1088 (P-O-C)
cm™'; 'H NMR (CDCly): §=0.87 (t, Jy_u=7.4Hz, 3H,
H3;CC.N), 1.13, 1.36 (2dt, Jy_y="7.8, Jp_u=4.6Hz, 2 x 3H,
2x H;CC.0), 342 (s, 3H, H3CO, ester), 3.73 (q, Ju_
u=74Hz, 2H, H,CN), 4.04, 436 (2qt, Ju_u=74, Jp_
u=>5.4Hz, 4H, 2 x H,CO), 4.89 (d, %Jp_y=18.4Hz, 1H,
4'-CH), 7.34 (s, 1H, 1-C=CH), 7.64, 7.88 (m, 3H, H-Ar),
8.41 (dd, J=2, 7Hz, 1H, peri-H) ppm; '*C NMR (CDCl5):
6=13.8 (CH3C.N), 15.4 (CH;C.O), 45.2 (CH,N), 48.6 (d,
lJp_c=147Hz, 4-C-P), 61.6 (CH,0), 76.4 (d, *Jp_c=
33Hz, 3'-C-spiro), 113.6 (d, *Jp_c =8.6, 1-C=CH), 124.2,
127.7, 129.3, 133.2 (C-Arom.), 144.8 (d, 3Jp_c =14, 1-
C=CH), 164.3 (C=0, ester), 167.9 (5-C=0), 182.5 [d,
3Ip_c =15.5Hz, 3-C(O)] ppm; 3lp NMR (CDCly): 6=
24.8 ppm; EI-MS: m/z (%) =437 (18) [M™], 436 (17), 421
(9), 393 (11), 349 (36), 336 (48), 307 (24), 277 (29), 196 (77),
174 (100), 137 (27), 77 (58).

When oxime 1 was reacted with two molar amounts of the
carbanion 2a under the previous experimental conditions and
the same working up, the products 4 (36% yield) and Sa (34%
yield) were again isolated.

Reaction of 1 with 2b afforded 1 (8%), 4 (800 mg, 46%),
and 5b

Ethyl [4'(diethoxphosphony)l-2'-ethyl-3,5'-dioxo-1H,3H, 5 H-
spirofindene-2,3'-4' H-isooxazol]-1-ylidene Jacetate

(Sb, C,H26NOgP)

Eluent: n-hexane/AcOEt (2:8, v/v), straw-yellow crystals
(256 mg, 16% yield), mp 233-235°C (EtOH); IR: v=1778
(5-C=0), 1730 (3-C=0), 1632 (1-C=CH), 1262 (P=0),
1105 (P-O-C) ecm™!; 'H NMR (CDCl3): 6=0.87 (t, Jy_.u=
7.4Hz, 3H, H;CC.N), 1.15-1.52 (3t (m), 9H, 3 x H3CC.O),
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3.64 (q, Jy_-u="7.4Hz, 2H, H,C-N), 3.89-4.36 (3q (m), 6H,
3 x H,CO), 5.01 (d, 2Jp_y = 18.4Hz, 1H, 4-HC), 7.31 (s, 1H,
1-C=CH), 7.57, 7.88 (m, 3H, H-Ar), 8.46 (dd, /=2, 7Hz,
IH, periH) ppm; *C NMR (CDCls): §=12.8 (CH;C.N),
15.4, 16.3 (CH;C.O), 46.2 (CH,N), 48.8 (d, 'Jp_c = 158 Hz,
4-C-P), 63.2 (CH,0), 76.4 (d, 2Jp_c =33 Hz, 3'-C-spiro),
116.6 (d, *Jp_c =6.6Hz, 1-C=CH), 121.4, 123.7, 126.5,
129.3, 134.2, 137.4 (C-Arom.), 144.5 (d, 3Jp_c = 14.5Hz, 1-
C=CH), 163.9 (C=0, ester), 168.4 (d, 2Jp_c =38Hz, 5'-
C=0), 185.6 [d, *Jp_c=16Hz, 3-C(0)] ppm; *'P NMR
(CDCl3): 6 =26.5ppm; EI-MS: m/z (%) =450 (15) [M*-1],
421 (9), 393 (16), 349 (31), 307 (55), 277 (26), 196 (62), 174
(100), 137 (27), 77 (44).

When oxime 1 was reacted with two molar amounts of the
carbanion 2b under the previous experimental conditions and
the same working up, the products 4 and Sb in 34 and 39%
yields were again isolated.

Conversion of 4 to 5

A solution of 0.3 g 4 (0.78 mmol), and 0.8 mmol 2a (or 2b)
in 15 cm® EfONa was heated under reflux for 4 h. The product
mixture was worked up in the usual manner and purification of
the resulting crude product by crystallization from ethanol
gave 5a or 5b in ~ 88% yield.

Reaction of oxime 1 with diethyl cyanomethylphosphonate 7.
Synthesis of 9 and 11

A mixture of 0.8 g 1 (4.57 mmol), and 0.88 g 7 (5 mmol) in
20cm® absolute EfOH containing EfONa (~10mmol) was
heated under reflux for 12h. After the usual workup, the resi-
due was chromatographed with n-hexane/AcOEt to give 11,
and 9, respectively.

4-Oxo0-4H-indeno[2,1-d][ 1,3 Joxazole-2-carbonitrile

(11, C1H4N>0,)

Eluent = n-hexane:AcOEr (1:1, v/v), colorless needles
(188 mg, 21% yield), mp 158-160°C (CH,Cl,); IR: v=
2218 (CN), 1728 (C=0), 1616 (C=N) cm™!; 'H NMR
(CDCly): 6=7.55Hz, 7.88 (2m, 3H, H-Ar), 8.32 (dd, J=2,
7Hz, 1H, periH) ppm; 13C NMR (CDCl;): 6 =108.6 (CN),
120.2, 124.5, 126.3, 128.4, 130.6, 133.8 (C=C), 137.3 (2-
C=N), 1504 (12-C-0), 181.3 (4-C=0) ppm; EI-MS: m/z
(%) =196 (100) [M™], 170 (26), 142 (36), 128 (24), 77 (72).

Diethyl (2-amino-5-oxo-4,5-dihydroindeno[1,2-b][1,4]-
oxazin-3-yl)phosphonate (9, CsH;7N,OsP)
Eluent = n-hexane:AcOEt was obtained (1:9, v/v), yellow
crystals (735mg, 48% yield), mp 188-190°C (ErOH); IR:
v =3336w (NH, NH,), 1728 (C=0), 1224 (P=0, bonded),
1084 (P-O-C) cm™!'; '"H NMR (CDCl3): §=1.16Hz, 1.24
2dt, Jy_y=6.7, Jp_y=4.12Hz, 6H, 2 x H3;CC.0), 3.89, 4.17
2qt, Ju_u=06.7, Jp_y=4.8Hz, 4H, 2 x H,CO), 6.55 (s, br,
1H, H°N), 7.44, 7.82 (2m, 3H, H-Ar), 8.32 (dd, J=2, 7Hz,
1H, periH), 9.78 (s, br, 1H, 4-NH), 10.08 (s, br, 1H, HhN)
ppm; °C NMR (CDCl3): §=15.8 (CH5C.0), 59.6 (CH,0),
103.5 (d, 'Jp_c =205Hz, 3-C), 111.3, 124.5, 126.2, 133.3,
1424 (C-Arom), 136.4 (d, 2Jp_c =37Hz, 2-C), 183.1
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(C=0) ppm; *'P NMR (CDCls): § =22.7 ppm; EI-MS: m/z
(%) =335 (15) [M*-1], 321 (23), 184 (100), 159 (61), 137
(38), 77 (67).

Reaction of oxime 1 with diethyl vinylphosphonate (12).
Synthesis of 15 and 17

A solution of 0.8 g 12 (4.8 mmol), and 0.8 g 1 (4.57 mmol) in
20cm® EfONa was heated under reflux for 12h. The reaction
mixture was worked up in the usual manner and separated by
column chromatography, using n-hexane/AcOEt as the elu-
ents to give the products 17, and 15, respectively.

1-Ethoxy-8-oxo-8H-indeno[2,3-d[pyrrole (17, C;3H;1NO,)
Eluent = n-hexane:AcOEt was obtained (6:4, v/v), colorless
crystals (362 mg, 42% yield), mp 115-118°C (cyclohexane);
IR: 7=1728 (C=0) cm™'; 'H NMR (CDCl3): §=0.89 (t,
J=17.7Hz, 3H, H,CC.O.N), 3.78 (q, /= 7.7 Hz, 2H, CH,ON),
6.36, 6.76 (2d, 2H, Jy_y=2.8Hz, 3-HC, 2-HC), 7.45, 7.78
(2m, 3H, H-Ar), 8.35 (dd, J=2, 7Hz, 1H, peri-H) ppm; '*C
NMR (CDCls): 6§ =15.2 (CH3C- O -N), 55.4 (CH,ON), 106.6
(3-0), 135.5 (2-0), 121.4, 126.3, 129.1, 131.7, 133.8 (C=0),
180.2 (C=0) ppm; EI-MS: m/z (%) =213 (12) [M*], 168
(100) [M"-OC>Hs), 167 (42), 140 (17).

Diethyl (5-oxo-4,5-dihydroindeno(2,3-b][ 1,4 ]oxazin-3-
yl)phosphonate (15, C;sH;sNOsP)
Eluent = n-hexane:AcOEt (1:9, v/v), straw yellow crystals
(675 mg, 46% yield), mp 168—170°C (EtOH); IR: v =3330
(NH), 1734 (C=0), 1238 (P=0, bonded), 1100 (P-O-C)
cm™!; 'H NMR (CDCly): §=1.16Hz, 1.28 (2dt, Jy_n=6.7,
4Jp_y=43Hz, 6H, 2xH;C.C.O), 3.93, 4.18 (2qt, Ju_
u=0.7, Jo_.u=5.8Hz, 4H, 2 x H,CO), 7.47, 7.79 (2m, 3H,
H-Ar),8.32(dd, J=2,7, 1H, peri-H), 9.81 (br, |H, HN) ppm;
13C NMR (CDCls): § = 15.8 (CH;C.0), 59.6 (CH,0), 103.9
(d, "Je_p=211Hz, 3-C), 111.3, 121.8, 126.2, 130.3, 139.4
(C-Arom.), 1314 (d, *Jp_c =37Hz, 2-C), 180.1 (5-C=0)
ppm; *'P NMR (CDCly): 6§=22.7 ppm; EI-MS: m/z (%)=
321 (8) [M™1], 320 (23), 183 (100), 158 (67), 137 (28), 77 (53).

Reaction of 1 with (alkylthio)methyphosphonyl carbanions
18a and 18b. Synthesis of the phosphonate 20

At —10°C, 0.7 g EtONa (10 mmol) in 15 cm® ErOH was added
to a stirred mixture of 5 mmol diethyl [(alkylthio)methyl]phos-
phonate 18a (or 18b) and 0.8 g 1 (4.57 mmol). After an addi-
tional hour at rt, and further for 6 h (TLC control) at the reflux
temperature, the solvent was concentrated to half of its volume
in vacuo, poured onto ice, acidified with conc. HCI, extracted
with CHCl; and dried. After evaporation of the solvent, the
crude residue was purified by column chromatography to give
in each case compound 20.

Diethyl (3-ethoxy-4-oxo-4H-indeno[2,1-d][1,3 Joxazol-2-
yl)phosphonate (20, C;sH,0O¢NP)

Eluent = n-hexane:AcOEt (7:3, v/v), colorless crystals (~72%,
yield), mp 110-112°C (cyclohexane); IR: v=1733 (C=0),
1268 (P=0), 1128 (P-O-C) cm™!; 'H NMR (CDCls): § =
1.07Hz, 1.15-1.34 (3t (m), 9H, 3 x H;CC.0), 3.73, 4.04-4.21

623

(3q (m), 6H, 3 x H,CO), 5.12 (d, 2Jp_y =24.1Hz, 1H, HC-
P), 7.42, 7.78 (2m, 3H, H-Ar), 8.12 (dd, J=2, 7Hz, 1H,
periH); '3C NMR (CDCly): §=16.7 (CH5C.0), 57.7
(CH,ON), 62.8 (CH,0), 1032 (11-C), 114.8 (d, Jp_c =
196 Hz, 2-C), 121.1, 123.5, 126.2, 132.3, 136.9 (C-Arom.),
151.5 (12-C), 184.8 (4-C=0) ppm; *'P NMR (CDCl5):
6=18.7ppm; EI-MS: m/z (%)=353 (9) [M'], 307 (39),
170 (100), 137 (35), 133 (28), 128 (16), 77 (46).
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