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ABSTRACT: Active vinylidenetriphenylphospho-
ranes are nucleophilic reagents which can be con-
sidered as versatile synthons for the synthesis of new
heterocycles. The active phosphacumulene ylides,
namely N-phenylimino-2a, 2-oxo-2b or 2-thioxo-
vinylidenetriphenylphosphoranes (2c), react with
benzil- (1a,b), o-naphthoquinone- (8), or triketone-
monoanils (11), to give the corresponding phenyl-
imino- (3a, d, 9a, 12a), oxo- (3b, e, 9b, 12b), or
thioxoazetidinones (3c, f, 9c, 12c), respectively,
which constitute an important class of organic
compounds with medicinal and biological im-
portance. On the other hand, quinone monoanils
1a, 8, 11 can be converted by reaction with the
stabilized alkylidenephosphoranes (5a–d), namely
acetylmethylene- 5a, methoxycarbonylmethylene- 5b,
ethoxycarbonylmethylene- 5c, and benzoylmethylene-
triphenylphosphorane 5d, into the phosphoranyli-
denes (7a–d, 10a–d, 13a–d). No reaction was
observed between iminophosphorane (14) and the
monoanil (11). The structures of the new products
were assigned according to consistent analytical
and spectroscopic data. C© 2005 Wiley Periodicals, Inc.
Heteroatom Chem 16:476–483, 2005; Published online
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INTRODUCTION

Azetidinones and their derivatives constitute an
important class of organic compounds with medici-
nal and biological importance. The most interesting
aspects of these compounds are their antimicrobial
[2,3], anticonvulsant [2,3], antiinflammatory [2], an-
tidepressant [4], and antitumor properties [5]; be-
sides their action on the central nervous system [6],
sulfonated azetidinones are used as antibiotics [7]
and are also useful for the preparation of the no-
cardicins and monobactams [7]. On the other hand,
they possess insecticidal [8], herbicidal [9], gameto-
cidal [10], dwarfing action [11], and are used as in-
hibitors of pollen fertility [12]. Moreover, they have
industrial importance, since, they possess good cor-
rosion inhibition effects [13].

Active phosphacumulenes are nucleophilic
reagents which are shown to be versatile synthons
for preparing new heterocycles [14–16]. It was there-
fore of interest to continue our studies [17–19] on
the use of these reagents for the synthesis of new aze-
tidinone derivatives. Therefore, we investigated the
reaction of the active phosphacumulenes, namely
(N-phenyliminovinylidene)- 2a, (2-oxovinylidene)-
2b, and (2-thioxovinylidene)-triphenylphosphorane
(2c) with benzil (1a,b), o-naphthoquinone- (8), and
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triketone-monoanils (11), and compared the reac-
tivities of the active phosphacumulene ylides (2a–c),
with those of the stabilized phosphonium ylides
(5a–d), toward the above-mentioned monoanils (1a,
8, 11).

RESULTS AND DISCUSSION

We have found that the reaction of benzil monoanil
(1a) with one equivalent of (N-phenyliminovinyl-
idene)triphenylphosphorane (2a) proceeds in dry
tetrahydrofuran at room temperature in 5 h to give
the new four-membered ring compound, namely
1,2-diphenyl-4-(phenylimino)-3-(triphenylphospho-
ranylidene)-azetidin-2-yl phenyl ketone (3a), which
can be represented by the resonance structures A
and B, by addition with subsequent cyclization.
Carrying out the reaction using 2 mole equivalents
of the active phosphacumulene 2a instead of 1 led to
the formation of the same product 3a. The 31P-NMR
data support structure 3a and fit with a phosphorane
with a four-membered ring [20,21]. On the other
hand, when compound 1a was allowed to react with
(2-oxovinylidene)triphenylphosphorane (2b) for
8 h, under the same experimental conditions, 1,2-
diphenyl-4-oxo-3-(triphenylphosphoranylidene)-
azetidin-2-yl phenyl ketone (3b) was obtained. From
the point of preparing heterocyclic compounds with
a thioxo group, the behavior of benzil monoanil (1a)

SCHEME 1

toward (2-thioxovinylidene)triphenylphosphorane
(2c) was also investigated. Thus, 1,2-diphenyl-4-
(thioxo)-3-(triphenylphosphoranylidene) azetidin-2-
yl phenyl ketone (3c) was isolated (Scheme 1). The
structures of compounds 3a–c were verified through
elemental analysis and spectroscopic results.

The structure of compound 4 was also chemi-
cally verified. When the Wittig reaction was carried
out on the phenyliminoazetidinone derivative 3a,
using p-nitrobenzaldehyde, 4-(phenylimino)-3-[(4-
nitrophenyl) methylene]-1,2-diphenylazetidin-2-yl
phenyl ketone (4) together with triphenylphosphine
oxide was isolated. The structure of the new exo-
cyclic olefin 4 was assigned from its combustion
analysis, IR, and MS spectral data.

In addition, when 2-phenyl-2-(p-tolylimino)-
acetophenone (1b) was allowed to react with the ac-
tive phosphacumulenes (2a–c) under the same exper-
imental conditions, the new azetidinone derivatives
(3d–f) were isolated.

Next, when o-naphthoquinone monoanil (8)
was treated with (N-phenyliminovinylidene)- 2a,
(2-oxovinylidene)- 2b, or (2-thioxovinylidene)-tri-
phenylphosphorane (2c) in tetrahydrofuran at 20◦C
for 4 h in the case of 2a, 6 h with 2b revive 8 h
when 2c was used, the adducts 9a–c were isolated.
Compounds 9a–c were equally obtained, irres-
pective of whether 1 or 2 mole equivalents of the
active phosphacumulene ylides 2a–c were used.
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Their elemental analyses and spectroscopic results
were consistent with the assigned structures, namely
1-phenyl-2-(phenylimino)-3-(triphenylphosphoran-
ylidene)spiro[azetidine-2,1′(2′H)-naphthalen]-2′-one
(9a), 1-phenyl-2-(oxo)-3-(triphenylphosphoranyl-
idene)spiro[azetidine-2,1′-(2′H)-naphthalen]-2′-one
(9b), 1-phenyl-2-(thioxo)-3-(triphenylphosphoranyl-
idene)spiro[azetidine-2,1′-(2′H)-naphthalen]-2′-one
(9c) (Scheme 2).

In addition, the reaction of active ylides 2a–c was
also performed using the triketone monoanil (11).
When 2-phenylimino-1,3-indandione (11) was al-
lowed to react with phosphacumulene ylides (2a–c),
in molar ratio 1:1, in dry boiling toluene for 4 h in the
case of 2a, 7 h with 2b, and/or 10 h when 2c was used,
the corresponding 12a–c were isolated, namely 1-
phenyl-2-(phenylimino)-3-(triphenylphosphoranyl-
idene)spiro-[azetidine-2,2′-(2H)indene]-1′,3′-dione
(12a), 1-phenyl-2-(oxo)-3-(triphenylphosphoranyl-
idene)spiro[azetidine-2,2′-(2H)-indene]1′,3′-dione
(12b), and 1-phenyl-2-(thioxo)-3-(triphenylphos-
phoranylidene)spiro[azetidine-2,2′-(2H)-indene]-
1′,3′-dione (12c) (Scheme 3).

The behavior of the stabilized phosphonium
ylides (5a–d) toward the previously mentioned
monoanils (1a, 8, 11) was also studied to determine
the site of attack. We have found that methylene
triphenylphosphoranes, namely acetylmethylene-
5a, methoxycarbonylmethylene- 5b, ethoxycar-
bonylmethylene- 5c, and benzoylmethylenetriphe-
nylphosphorane (5d) react with benzil monoanil
(1a) (Scheme 1), in dry boiling toluene over a pe-
riod of 12 h to give yellow 1:1 adducts (7a–d).
Compounds (7a–d) are equally obtained whether 1
mole equivalent or 2 mole equivalents of the Wittig
reagents 5 were used with respect to 1 mole equiv-
alent of 1a. The elemental analysis, IR, 1H-, 13C-,

SCHEME 2

SCHEME 3

and 31P-NMR were reasons for assigning struc-
ture 7a. 1,2-Diphenyl-2-(phenylamino)-3-(triphenyl-
phosphoranylidene)pentane-1,4-dione (7a), taken as
an example, showed bands at 3400 (NH), 1685 (br,
Ph C O, CH3 C O) and 1436 (P-aryl) cm–1 in its
IR spectrum. In the 1H-NMR spectrum, signals at δ
2.1 (3H, CH3, s), 4.8 (NH, exchangeable with D2O),
and 7.6 (30H, aromatics, m) were observed. In the
31P-NMR spectrum of 7a, a signal at δ 14.9 ppm
was observed which supports ylidene-phosphorane
structure [22,23] (Scheme 1).

In the same way, o-naphthoquinone monoanil (8)
reacts with the stabilized Wittig reagents 5a–d, in dry
boiling tetrahydrofuran over 15 h to give the phos-
phoranylidenes 10a–d (Scheme 2).

We also have found that when 2-phenylimino-
1,3-indandione (11) reacted with the stable phos-
phonium ylides (5a–d), in dry boiling xylene over
20 h, compounds 13a–d were isolated, respectively
(Scheme 3).

The reaction of phosphinimines is often analo-
gous to those of phosphonium ylides. But in their ac-
tivity iminophosphoranes are inferior to phosphine
alkylidenes [24–26]. We have found that triketone
monoanil (11) is inactive against ethoxycarbonyl-
triphenylphosphinimine (14), even when the reac-
tants were boiled in toluene for a long time; they
were recovered practically unchanged.

The results of the present investigation show
that the reaction course of benzil- (1a,b), o-naphtho-
quinone- (8), and/or triketone-monoanils (11) with
active phosphacumulenes (2a–c) differs markedly
from that of the respective stabilized phosphonium
ylides (5a–d) and the phosphinimine (14). Although
the initial step in these reactions is nucleophilic at-
tack by the carbanion center of the phosphoranes,
preferentially at the electron-deficient carbon ni-
trogen double bond [27–29], rather than the car-
bonyl group of the bifunctional monoanils, even
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when we used 2 moles of the phosphoranes 5, the
consequences of the initial step varied markedly
according to the structure of these phosphoranes.
In the case of the reaction of active phosphacu-
mulenes, N-phenylimino- (2a), 2-oxo- (2b), and
2-thioxovinylidene-triphenylphosphorane (2c), the
phenylimino azetidinones (3a, d, 9a, or 12a), the
oxoazetidinones (3b,e, 9b, or 12b), and thioxoaze-
tidines (3c,f, 9c, or 12c) were produced. More-
over, the difference in the nucleophilic character of
(N-phenyliminovinylidene)- 2a, (2-oxovinylidene)-
2b, and (2-thioxovinylidene)- triphenylphosphorane
(2c) can be noticed too (2a > 2b > 2c) [30]. While, 2a
reacts smoothly with monoanils (1a,b, 8, or 11) [30],
the oxo- and thioxo-analogues react less rapidly.

On the other hand, the formation of phospho-
ranylidenes (7a-d, 10a-d, and 13a-d) by the reac-
tion of the stabilized 2-oxoalkylidenephosphoranes
(5a–d), with benzil- (1a), o-naphthoquinone- (8),
and triketone-monoanils (11) can be explained as
follows: The R′ moieties in the stabilized phospho-
nium ylides (5a–d), which are electron withdraw-
ing in nature, stabilize the formation of the phos-
phoranylidenes, via migration of the �-proton of the
first formed phosphonium betaine, such as 6, to the
electron-rich center of the molecule. However, no re-
action was observed between the above-mentioned
monoanil (11) and the iminophosphorane (14).

The new reactions supply a novel and direct
route for the synthesis of nitrogen heterocycles, espe-
cially phenylimino-, oxo-, and thioxo-azetidinones.

EXPERIMENTAL

All melting points are uncorrected. The solvents were
dried and distilled by usual techniques. Reactions
were carried out under a nitrogen atmosphere. Ele-
mental analyses were carried out at the Microanaly-
sis Department of National Research Center. The IR
spectra were measured in KBr on a Perkin-Elmer in-
fracord spectrometer model 157 (grating). The 1H-
and 13C-NMR spectra were recorded on a Varian
spectrometer at 90 MHz, using TMS as an inter-
nal reference. 31P-NMR was run, relative to exter-
nal H3PO4 (85%), with a Varian FT-80 spectrometer;
mass spectra were obtained on a Varian MAT CH-4B
instrument.

Reaction of Benzil Monoanil (1a) with the
Active Phosphacumulene Ylides 2a–c. Prepara-
tion of Azitidinone Derivatives (3a–c)

To a solution of benzil monoanil (1a) (0.01 mol) in
20 mL of tetrahydrofuran was added dropwise,
with stirring at room temperature, a solution of

(N-phenyliminovinylidene)- 2a [32], (2-oxovinyli-
dene)- 2b [33], and/or (2-thioxovinylidene)-triphe-
nylphosphorane (2c) [33] (0.01 mol) in 30 mL of
THF. The reaction mixture was stirred for 5 h in the
case of 2a, 8 h with 2b, and/or 10 h with 2c. The
precipitate that had formed was filtered off and crys-
tallized from a specify solvent.

When the reaction was performed using 1 mole
of the benzil monoanil (1a) and 2 moles of the phos-
phacumulenes 2a–c, the same azetidinone deriva-
tives 3a–c were obtained respectively.

Yields, analytical, and physical data of com-
pounds 3 are shown in Table 1.

Wittig Reaction of 1,2-Diphenyl-4-(phenlimino)-
3-triphenylphosphoranylidene)azetidin-2-yl
Phenyl Ketone (3a) with p-Nitrobenzaldehyde

A mixture of compound 3a (0.001 mol), p-nitro-
benzaldehyde (0.0011 mol) and toluene (20 mL) was
refluxed for 6 h. Toluene was distilled off, and the
residue that remained was crystallized from benzene
to give exocyclic olefin 4 as greenish crystals.

The benzene filtrate afforded, upon concentra-
tion and addition of n-hexane, colorless precipitate
crystals of triphenylphosphine oxide, with mp and
mixed mp 151o (40%) [34].

Reaction of 2-Phenyl-2-(p-tolylimino)-
acetophenone (1b) with Phosphacumulene (2a).
Preparation of Azetidinone Derivative 3d

To a solution of 2-phenyl-2-(p-tolylimino) acetophe-
none(1b) [29] (0.01 mol) in 20 mL of tetrahydro-
furan was added a solution of (N-phenylimino-
vinylidene)triphenylphosphorane (2a) (0.01 mol) in
15 mL of THF. The reaction mixture was stirred for
7 h at 20◦C until no starting material could be de-
tected (TLC). After THF was distilled off under re-
duced pressure, the residue that remained was redis-
solved in 50 mL of acetone and evaporated to dryness
in the presence of silica gel (5 g). The mixture was
then added to a column previously charged with sil-
ica gel in light petroleum. The column was developed
with light petroleum followed by the same eluent
containing increasing amounts of acetone. The frac-
tion eluted with (70:30 v/v) light petroleum: acetone
yielded azetidinone derivative 3d as orange crystals.

Reaction of 2-Phenyl-2-(p-tolylimino)aceto-
phenone (1b) with Phosphacumulenes (2b,c).
Synthesis of Azetidinone Derivatives 3e,f

A mixture of 2-phenyl-2-(p-tolyl-imino) acetophe-
none (1b) (0.01 mol), and (2-oxovinylidene)- 2b
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TABLE 1 Physical and Analytical Data for N-Phenylimino- (3a, d, 9a, 12a), 2-Oxo- (3b,e, 9b, 12b), 2-Thioxoazetidinones (3c,
f, 9c, 12c), and Phosphoranylidenes (7a–d, 10a–d, and 13a–d)

Analysis Calcd/ Found (%)

Comp. No. Solvent of Cryst. m.p. ( ◦C) Yield (%) Mol. Formula (M. wt.) C H N P S

3a Acetone/light pet. 198 75 C46H35N2OP 83.38 5.28 4.22 4.68 –
(662) 83.62 5.40 4.43 4.32 –

3b Chloroform/light pet. 165 72 C40H30NO2P 81.77 5.11 2.38 5.28 –
(587) 81.43 5.35 2.54 5.43 –

3c Chloroform/light pet. 175 78 C40H30NOPS 79.60 4.97 2.32 5.14 5.30
(603) 79.43 4.62 2.66 5.02 5.11

3d Acetone/light pet. 162 68 C47H37N2OP 83.43 5.47 4.14 4.58 –
(676) 83.62 5.13 4.00 4.22 –

3e Acetone/n-hexane 147 70 C41H32NO2P 81.86 5.32 2.32 5.15 –
(601) 81.65 5.10 2.01 5.30 –

3f CH2Cl2/n-hexane 170 72 C41H32NOPS 79.74 5.18 2.26 5.02 5.18
(617) 79.52 5.32 2.42 5.21 5.32

4 Chloroform/light pet. 175 68 C35H25N3O3 78.50 4.67 7.85 – –
(535) 78.62 4.75 7.63 – –

9a Acetone/n-hexane 192 70 C42H31N2OP 82.62 5.08 4.59 5.08 –
(610) 82.41 5.35 4.66 5.32 –

9b Acetone/n-hexane 288 78 C36H26NO2P 80.74 4.85 2.61 5.79 –
(535) 80.86 4.92 2.42 5.52 –

9c Acetone/n-hexane 186 75 C36H26NOPS 78.40 4.72 2.54 5.63 5.80
(551) 78.62 4.85 2.65 5.45 5.32

12a Acetone/light pet. 263 65 C41H29N2O2P 80.39 4.74 4.58 5.06 –
(612) 80.26 4.52 4.65 5.21 –

12b Et. acetate/n-hexane 232 77 C35H24NO3P 78.21 4.47 2.60 5.77 –
(537) 78.53 4.55 2.42 5.54 –

12c Et. acetate/n-hexane 210 79 C35H24NO2PS 75.95 4.34 2.53 5.61 5.79
(553) 75.65 4.22 2.62 5.32 5.55

7a CH2Cl2/light pet. 137 78 C41H34NO2P 81.59 5.64 2.32 5.14 –
(603) 81.40 5.42 2.10 5.00 –

7b CHCl3/light pet. 130 75 C41H34NO3P 79.48 5.49 2.26 5.00 –
(619) 79.20 5.25 2.02 5.15 –

7c CHCl3/light pet. 160 78 C42H36NO3P 79.62 5.69 2.21 4.89 –
(633) 79.50 5.43 2.01 4.53 –

7d CHCl3/light pet. 175 78 C46H36NO2P 83.00 5.41 2.10 4.66 –
(665) 83.20 5.20 2.32 4.52 –

10a Acetone/n-hexane 178 65 C37H30NO2P 80.58 5.44 2.54 5.62 –
(551) 80.72 5.30 2.76 5.33 –

10b Et. acetate/n-hexane 180 65 C37H30NO3P 78.30 5.29 2.46 5.46 –
(567) 78.45 5.46 2.65 5.66 –

10c Et. acetate/n-hexane 188 66 C38H32NO3P 78.48 5.50 2.41 5.33 –
(581) 78.69 5.21 2.01 5.65 –

10d Acetone/n-hexane 196 65 C42H32NO2P 82.21 5.22 2.28 5.05 –
(613) 82.46 4.99 2.00 5.42 –

13a Acetone/light pet. 176 72 C36H28NO3P 78.12 5.06 2.53 5.60 –
(553) 78.53 5.45 2.66 5.72 –

13b Acetone/light pet. 203 78 C36H28NO4P 75.92 4.92 2.46 5.44 –
(569) 75.53 4.70 2.60 5.65 –

13c Acetone/light pet. 163 75 C37H30NO4P 76.15 5.15 2.40 5.31 –
(583) 76.52 5.63 2.12 5.00 –

13d Et. acetate/light pet. 198 77 C41H30NO3P 80.00 4.87 2.28 5.04 –
(615) 80.26 4.66 2.23 4.52 –

or (2-thioxovinylidene)-triphenylphosphorane (2c)
(0.01 mol) in toluene (40 mL) was refluxed for 8 h
when 2b was used, for 10 h with 2c. Toluene was dis-
tilled off, and the precipitate that formed was crys-

tallized from the specify solvent to give the azetidi-
nones 3e,f respectively. The starting materials were
recovered unchanged when reactions were done in
THF.
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TABLE 2 NMR and IR Data for Azetidinones (3a–f, 4, 9a–c, and 12a–c) and Phosphoranylidenes (7b–d, 9a–c, 10a–d, and
13a–d)

NMR
Comp.

No. IR (cm−1) 1H-NMR 31P-NMR 31C-NMR

3a 1670 (C O), 1610 (C N), and 1439
(P-aryl) [31]

δ 7.13 (m, 35H, Ar) δ 26.20 δ 206.89 (C O)

3b 1722 (N C O), 1641 (Ph C O),
1436 (P-aryl)

δ 7.57 (m, 30H, Ar) δ 14.69 δ 179.0 (Ph C O), δ 169.0
(N C O), δ 143 (C P)

3c 1660 (C O), 1438 (P-aryl), and 1210
(C S) [31]

δ 7.77 (m, 30H, Ar) – δ 209.5 (C S), δ 190.0 (C O),
δ 158 (C P)

3d 1670 (C O), 1606 (C N), and 1438
(P-aryl)

δ 1.42 (s, 3H, CH3), δ 7.23 (m,
34H, Ar)

– δ 206.1 (C O), δ 28.3 (CH3)

3e 1646 (C O, Ph), 1610 (C O, N),
1490 (P-aryl)

δ 2.34 (s, 3H, CH3), δ 7.15 (m,
29H, Ar)

– δ 198.5 (N C O), δ 191.5
(Ph C O), δ 22.3 (CH3)

3f 1662 (C O), 1448 (P-aryl), and 1211
(C S)

δ 2.1 (s, 3H, CH3), δ 7.45 (m,
29H, Ar)

– δ 198.5 (C S), δ 194.5 (C O),
δ 24.4 (CH3), δ 135 (C P)

4 1662 (C O), and 1620 (C N), 1440
(P-c).

– – –

7b 3500 (NH), 1730 (br, Ph C O, C O,
ester), and 1470 (P-aryl)

δ 3.5 (s, 3H, O CH3), δ 7.0 (s,
1H, NH), δ 7.45 (m, 30H, Ar)

δ 29.24 –

7c 3450 (NH), 1702 (Ph C O), 1627
(C O, ester), and 1435 (P-aryl)

δ 1.1 (t, 3H, CH3CH2), δ 4.1 (q,
2H, CH3CH2), δ 4.75 (s, 1H,
NH), δ 7.6 (m, 30H, Ar)

δ 27.70 –

7d 3400 (NH), 1720; 1620 (Ph C O),
and 1436 (P-aryl)

δ 4.9 (s, 1H, NH), δ 7.64 (m, 35H,
Ar)

δ 17.2 –

9a 1727 (C O), 1620 (C N), 1440
(P-aryl)

δ 7.35 (m, 31H, Ar) δ 17.18 δ 168.0 (C O), δ 162 (C N), δ
154 (C P)

9b 1720 (C O, naphthalenone), 1640
(C O, azetidinone), and 1440
(P-aryl)

δ 7.2 (m, 26H, Ar) δ 16.1 δ 192.0 (C O azetidinone), δ
163.0 (C O
naphthalenone), δ 150.5
(C P)

9c 1650 (C O), 1440 (P-aryl), and 1240
(C S)

δ 7.4 (m, 26H, Ar) δ 22.52 –

10a 3357 (NH), 1700 (C O,
naphthalenone), 1621 (C O,
acetyl), and 1440 (P-aryl)

δ 7.1 (m, 26H, Ar), δ 4.25 (s, 1H,
NH), δ 2.63 (s, 3H, CH3)

δ 13.32 δ 180.6 (OCOCH3), δ 171.7
(C O naph-), δ 30.0 (CH3),
δ 150 (C P)

10b 3400 (NH), 1720 (C O, naphtha-),
1640 (C O, ester), and 1457
(P-aryl)

δ 3.8 (s, 3H, O CH3), δ 4.75 (s,
1H, NH), δ 7.3 (m, 26H, Ar)

δ 29.58 δ 177.5 (C O, naph), δ 166.3
(C O, OCO C2H5), δ 16.59
(CH3)

10c 3400 (NH), 1720 (C O, naphtha-),
1640 (C O, ester), and 1440
(P-aryl)

δ 1.15 (t, 3H, CH3CH2), δ 3.4 (q,
2H, CH3CH2), δ 4.8 (s, 1H,
NH), δ 7.9 (m, 26H, Ar)

δ 29.72 –

10d 3300 (NH), 1700 (C O, naphtha-),
1640 (Ph C O), and 1436 (P-aryl)

δ 4.2 (s, 1H, NH), δ 7.8 (m, 31H,
Ar)

δ 18.01 –

12a 1706 (C O), 1604 (C N), and 1438
(P-aryl)

δ 7.57 (m, 29H, Ar) δ 27.6 δ 200.60 (C O), δ 152 (C N),
δ 148 (C P)

12b 1702 (C O, indanone), 1621 (C O
azetidinone), and 1440 (P-aryl)

– δ 22.39 –

12c 1710 (C O), 1440 (P-aryl) 1232
(C S)

– δ 21.52 δ 203.4 (C S), δ 200 (C O), δ
148 (C P)

13a 3357 (NH), 1700 (C O, indanone),
1621 (C O, acetyl), and 1434
(P-aryl)

δ 2.1 (s, 3H,CH3), δ 3.65 (NH),
and δ 7.04 (m, 24H, Ar)

δ 15.35 δ 199.5 (C O, indanone), δ
189.7 (C O, acetyl), δ
145(C P), δ 27.8 (CH3)

13b 3367 (NH), 1706 (C O, indanone),
1654 (C O, ester), and 1405
(P-aryl)

δ 3.63 (s, 3H, OCH3), δ 3.75 (s,
1H, NH), δ 7.3 (m, 24H, Ar)

δ 29.95 δ 200.3 (C O, indanone), δ
180.5 (C O, ester), δ 146
(C P) δ 23.8 (CH3)

13c 3330 (NH), 1702 (C O, indanone),
1623 (C O, ester), and 1436
(P-aryl)

δ 1.25 (t, 3H, CH3 CH2), δ 4.2 (q,
2H, CH3CH2), δ 4.75 (s, 1H,
NH), δ 7.27 (m, 24H, Ar)

δ 26.67 δ 200.6 (C O, indanone), δ
181.3 (C O, ester), δ 66.2
(CH2), δ 14.5 (CH3)

13d 3360 (NH), 1700 (C O, indanone),
1620 (C O, Ph), and 1436 (P-aryl)

δ 3.68 (s, 1H, NH), δ 7.3 (m, 29H,
Ar)

δ 17.64 δ 199.4 (C O, indanone), δ
183 (C O, Ph), δ 146
(C P)
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Reaction of o-Naphthoquinone Monoanil (8)
with Phosphacumulene Ylides 2a–c. Prepara-
tion of Azetidinone Derivatives (9a-c)

A solution of o-naphthoquinone monoanil (8)
(0.01 mol) in 50 mL of tetrahydrofuran was added
drop by drop with stirring at room temperature,
to a solution of phosphacumulene ylides (2a–c)
(0.011 mol) in 50 mL THF. The reaction mix-
ture was stirred for 4 h in the case of 2a, 6 h
with 2b, and/or 9 h with 2c, during which color
changed from deep yellow to deep red. After THF
was distilled off under reduced pressure, the residue
was triturated with ether, filtered, and crystallized
from specify solvents to give the new azetidinones
9a–c.

Reaction of 2-Phenylimino-1,3-indandione (11)
with Phosphacumulenes (2a–c). Synthesis
Azetidinone derivatives 12a–c

A mixture of 2-phenylimino-1,3-indandione (11)
(0.01 mol), phosphacumulene ylides (2a–c)
(0.01 mol), and toluene (40 mL) was boiled for 8 h
when 2a was used, for 10 h with 2b, and/or 11 h
in the case of 2c until no starting material could be
detected. Toluene was removed under vacuum, and
the residue that remained was crystallized from the
specify solvents to give azetidinones 12a–c respec-
tively. No reaction was observed between the phos-
phacumulenes (2a–c) and the compound 11 when
the reactions were performed in THF.

Reaction of Benzil Monoanil (1a) with
Methylenetriphenylphosphoranes 5a–d.
Preparation of the Phosphoranylidenes 7a–d

To a solution of benzil monoanil (1a) (0.01 mol)
in 20 mL of dry toluene was added a solution of
methylenetriphenylphosphoranes 5a–d (0.011 mol)
in 30 mL of toluene, and the reaction mixture was
refluxed for 12 h until all the benzil monoanil was
consumed; the reactions were monitored by TLC.
After the solvent was distilled off under reduced
pressure, the residue was crystallized from the ap-
propriate solvents to give the phosphoranylidenes
(7a–d).

Reaction of o-Naphthoquinone Monanil (8) with
the Stabilized Wittig Reagents 5a–d. Preparation
of the Novel Phosphoranylidenes (10a-d)

A solution of o-naphthoquinone monoanil (8)
(0.01 mol) in 20 mL of THF was added to a solu-
tion of the 2-oxoalkylidenephosphoranes (5) [35,36]

(0.01 mol) in 20 mL of THF and drops of triethyl-
amine (1 mL) as a basic catalyst. The reaction mix-
ture was refluxed for 15 h until no reactants could
be detected (TLC). After removal of the solvent, the
residue was chromatographed on the silica gel with
n-hexane containing increasing amounts of ethyl ac-
etate as eluent. Fractions eluted with 80:20 v/v n-
hexane: ethyl acetate yielded phosphoranylidenes
10a–d, which were recrystallized from the specify
solvents.

Reaction of 2-Phenylimino-1,3-indandione (11)
with Stabilized Phosphonium Ylides (5a–d)

To a solution of 11 (0.011 mol) in dry xylene (30 mL)
was added a solution of the stabilized phosphonium
ylides (5a–d) in the same solvent (20 mL) containing
drops of triethylamine (1 mL) as a catalyst; the reac-
tion mixture was refluxed till no reactants could be
detected (TLC). The reaction mixture was then evap-
orated at 60◦C under reduced pressure. The residue
was redissolved in methanol (100 mL) and evapo-
rated to dryness in the presence of silica gel (5 g).
The mixture was then added to a column previously
charged with silica gel in petroleum ether (br. 60–
80◦C). The column was developed with petroleum
ether followed by the same eluent containing in-
creasing amount of acetone. Fractions eluted with
65:35 v/v petroleum ether: acetone yielded phospho-
ranylidene derivatives 13a–d, which were recrystal-
lized from the specify solvents.

Attempted Reaction of 2-Phenylimino (11) with
Ethoxycarbonyl Triphenylphosphinimine (14)

No reaction was observed between 2-phenylimino-
1,3-indandione (11) and phosphinimine 14 [37]
even when the reactants were boiled in THF and/or
toluene for a long time, and they were recovered
unchanged.
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