
Multicomponent reactions (MCRs), in which multiple re-
actions are combined into the synthetic operation have been
used extensively to form carbon-carbon bonds in the syn-
thetic chemistry.1—4) Such reactions offer a wide range of
possibilities for the efficient construction of highly complex
molecules in a single procedural step, thus avoiding the com-
plicated purification operations and allowing savings of both
solvents and reagents. In the past decade, there has been
tremendous development in three- and four-component reac-
tions, and great efforts continue to be made to develop new
MCRs.5—9) In this context, oxindole derivatives show inter-
esting features that make them attractive for use in MCRs.
Oxindoles are known to possess antibacterial, antiprotozoal,
and anti-inflammatory activities and are also patented as PR
(progesterone receptors) agonists.10—14) The naturally occur-
ring oxindole derivative convolutamydine has been found to
exhibit potent activity in the differentiation of HL-60 human
plomyelocytic leukemic cells.15) The varied biological activi-
ties of oxindole derivatives have attracted the synthetic
chemists to a number of synthetic strategies.16—20)

Pioneering work on P–C bond formation was carried out
by Arbusov in the early 20th century, culminating in the
well-known Michaelis–Arbusov reaction.21) In the following
decades the chemistry of phosphonates developed relatively
slowly because of the difficulty in formation of the C–P
bond. Its renaissance came after 1959 with the discovery of
naturally occurring aminophosphonic acids22) and new bio-
logically active phosphonates.23) Organophosphorus com-
pounds have found a wide range of application in the areas of
industrial, agricultural, and medicinal chemistry owing to
their biological and physical properties as well as their utility
as synthetic intermediates.24—26) a-Functionalized phospho-
nic acids are valuable intermediates for the preparation of
medicinal compounds and synthetic intermediates.27—29) Nat-
ural products containing P–C bonds also show interesting bi-
ological activities.30,31) Among various methods to generate
P–C bonds, the addition of P(O)–H bonds across alkenes is
one of the most utilized.32,33) There are three general ap-
proaches: (a) the phospha-Michael reaction of activated
alkenes, most commonly promoted by catalyst32—37) or mi-
crowave38); (b) addition to inactivated olefins promoted by
radical initiators39); (c) hydrophosphorylation of inactivated
alkenes catalyzed by transition metals.40,41) Recently, three-
component methods have been reported for the synthesis of
organophosphorus derivatives.42,43)

Considering the above reports, and as a continue of our

work on the synthesis of heterocyclic compounds,44—58) we
are currently investigating the synthesis of various 2-oxoin-
dolin-3-ylphosphonates via a facile, atom-economical, and
one-pot, three-component condensation reaction of isatins 1,
malononitril 2 and dialkyl phosphites 3 under solvent-free
conditions at 50 °C (Chart 1).

Results and Discussion
In a pilot experiment, the reaction of isatin 1a, malononi-

tril 2 and diethyl phosphite 3a in the absence of any catalyst
proceeds under solvent-free conditions at 50 °C. The
progress of the reaction was monitored by TLC. After com-
pletion of the reaction after 2 h, the product diethyl 3-(di-
cyanomethyl)-2-oxoindolin-3-ylphosphonate 4a was ob-
tained in 81% yield.

Then, to delineate this approach, particularly in regard 
to library construction, this methodology was evaluated 
by using eight substituted isatins 1a—h, three dialkyl 
phosphates 3a—c and malononitril 2 and corresponding dial-
kyl 3-(dicyanomethyl)-2-oxoindolin-3-ylphosphonates 4a—t
were selectively synthesized by the one-pot, three-component
condensation reaction in good yields under similar condi-
tions for 1—8 h (Table 1).

To the best of our knowledge, this new procedure provides
the first example of a three-component and catalyst-free syn-
thesis of dialkyl 3-(dicyanomethyl)-2-oxoindolin-3-ylphos-
phonates. The reactions under catalyst- and solvent-free con-
ditions are considerably safe, nontoxic, environmentally
friendly, and inexpensive. The absence of catalyst for the re-
action allows avoiding the use of moisture sensitive and
heavy metal Lewis acids. This method, based on catalyst-free
reaction under solvent-free conditions, is the most simple
and convenient and would be applicable for the synthesis of
different types of dicyanomethyl-oxoindolin-3-ylphospho-
nates.

1H- and 13C-NMR spectra of the crude products clearly in-
dicated the formation of 2-oxoindolin-3-ylphosphonates 4.
Compounds 4 are stable solids whose structures were estab-
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Chart 1. Synthesis of 2-Oxoindolin-3-ylphosphonates 4



lished by IR, 1H-, 31P- and 13C-NMR spectroscopy and ele-
mental analysis.

The formation of products 4 can be rationalized by initial
formation of 2-(2-oxoindolin-3-ylidene)malononitriles 5 by
standard Knoevenagel condensation of isatins 1 and mal-
ononitrile 2. Subsequent Michael-type addition of dialkyl
phosphates 3 to the intermediate 5 afforded the correspon-
ding products 4 (Chart 2).

As expected, when the isatin 1 was replaced by acenaph-
thylene-1,2-dione 6, dialkyl 1-(dicyanomethyl)-2-oxo-1,2-di-
hydroacenaphthylen-1-ylphosphonates 7a—c was obtained
in good yield under the same reaction conditions (Chart 3).
These reactions proceeded very cleanly under mild condi-
tions, and no undesirable side reactions were observed. The
acenaphthylen-1-ylphosphonates 7a—c were synthesized for

the first time.

Conclusion
In conclusion, an efficient, atom-economical, and simple

method for the preparation of dialkyl 3-(dicyanomethyl)-2-
oxoindolin-3-ylphosphonate and dialkyl 1-(dicyanomethyl)-
2-oxo-1,2-dihydroacenaphthylen-1-ylphosphonates using read-
ily available starting materials under solvent-free conditions
is reported. Prominent among the advantages of this new 
catalyst-free method are operational simplicity, good yields
and easy work-up procedures employed.

Experimental
General Melting points were measured on an Electrothermal 9100 ap-

paratus and are uncorrected. IR spectra were recorded on a Shimadzu IR-
470 spectrometer. 1H- and 13C-NMR spectra were recorded on a BRUKER
DRX-300 AVANCE spectrometer at 300.13 and 75.47 MHz, respectively.
Elemental analyses were performed using a Heracus CHN-O-Rapid ana-
lyzer.

Typical Procedure for Preparation of Diethyl 3-(Dicyanomethyl)-2-ox-
oindolin-3-ylphosphonate 4a A mixture of isatin (0.15 g, 1 mmol), mal-
ononitril (0.66 g, 1 mmol) and diethyl phosphite (0.16 g, 1.1 mmol) was
stirred at 50 °C for 2 h. After completion of the reaction confirmed by TLC
(eluent: EtOAc/n-hexane, 1 : 1), the reaction mixture was washed with di-
ethyl ether (5 ml) and residue recrystallized from MeOH–H2O (1 : 3) to af-
ford the pure product 4a as a cream powder (0.27 g, 81%). mp 168—170 °C.
IR (KBr) (nmax/cm�1): 3432, 2249, 1733, 1240. 1H-NMR (DMSO-d6) d :
1.14 (3H, t, 3JHH�7.0 Hz, CH3), 1.25 (3H, t, 3JHH�7.0 Hz, CH3), 3.98—4.16
(4H, m, CH2), 5.90 (1H, d, 3JHP�8.0 Hz, CH(CN)2), 7.00—7.57 (4H, m, H-
Ar), 11.38 (1H, s, NH). 13C-NMR (DMSO-d6) d : 16.3 (d, 3JCP�5.7 Hz,
CH3), 16.4 (d, 3JCP�5.9 Hz, CH3), 27.5, 53.1 (d, 1JCP�137.8 Hz, C–P), 64.7
(d, 2JCP�7.2 Hz, OCH2), 65.4 (d, 2JCP�6.9 Hz, OCH2), 111.1, 111.6 (d,
3JCP�13.7 Hz, CN), 112.0 (d, 3JCP�7.6 Hz, CN), 122.0 (d, 2JCP�5.5 Hz, H-
Ar), 123.1, 126.2, 131.4, 143.4 (d, 3JCP�6.8 Hz, H-Ar), 171.0 (d,
2JCP�3.1 Hz, CO). 31P-NMR (DMSO-d6) d : 13.01. Anal. Calcd for
C15H16N3O4P: C, 54.06; H, 4.84; N, 12.61%. Found: C, 54.15; H, 4.78; N,
12.53%.

Diethyl 1-Benzyl-3-(dicyanomethyl)-2-oxoindolin-3-ylphosphonate 4b
82% yield. Pink powder. mp 177—180 °C. IR (KBr) (nmax/cm�1): 2260,
1720, 1229. 1H-NMR (DMSO-d6) d : 1.07 (3H, t, JHH�6.9 Hz, CH3), 1.24
(3H, t, JHH�6.9 Hz, CH3), 3.89—4.14 (4H, m, CH2), 4.97, 5.06 (2H, ABq,
JAB�15.9 Hz, NCH2), 6.06 (1H, d, JHP�8.1 Hz, CH(CN)2), 6.06—7.63 (9H,
m, H-Ar). 13C-NMR (DMSO-d6) d : 16.3 (d, JCP�5.5 Hz, CH3), 16.4 (d,
JCP�5.6 Hz, CH3), 27.4, 43.9, 52.6 (d, JCP�137.4 Hz, C–P), 65.0 (d,
JCP�7.6 Hz, OCH2), 65.6 (d, JCP�6.8 Hz, OCH2), 110.9, 111.6 (d,
JCP�12.7 Hz, CN), 111.9 (d, JCP�7.9 Hz, CN), 121.2 (d, JCP�5.9 Hz, C-Ar),
123.9, 126.1 (d, JCP�2.9 Hz, C-Ar), 127.7, 128.1, 129.0, 131.5, 135.6, 143.7
(d, JCP�6.5 Hz, C-Ar), 169.6 (d, JCP�3.5 Hz, CO). 31P-NMR (DMSO-d6) d :
13.02. Anal. Calcd for C22H22N3O4P: C, 62.41; H, 5.24; N, 9.92%. Found: C,
62.33; H, 5.29; N, 9.85%.

Diethyl 3-(Dicyanomethyl)-1-methyl-2-oxoindolin-3-ylphosphonate 4c
85% yield. White powder. mp 100—104 °C. IR (KBr) (nmax/cm�1): 2260,
1713, 1256. 1H-NMR (DMSO-d6) d : 1.16 (3H, t, JHH�6.9 Hz, CH3), 1.24
(3H, t, JHH�6.9 Hz, CH3), 3.23 (3H, s, CH3), 3.96—4.15 (4H, m, CH2), 5.95
(1H, d, JHP�8.4 Hz, CH(CN)2), 7.22—7.61 (4H, m, H-Ar). 13C-NMR
(DMSO-d6) d : 16.3 (d, JCP�5.7 Hz, CH3), 16.4 (d, JCP�5.8 Hz, CH3), 27.4,
27.5, 52.6 (d, JCP�137.8 Hz, C–P), 64.8 (d, JCP�7.4 Hz, OCH2), 65.5 (d,
JCP�8.1 Hz, OCH2), 110.3, 111.5 (d, JCP�12.4 Hz, CN), 111.9 (d,
JCP�7.6 Hz, CN), 121.2 (d, JCP�5.5 Hz, C-Ar), 123.7, 125.9, 131.5, 144.7
(d, JCP�6.5 Hz, C-Ar), 169.4. 31P-NMR (DMSO-d6) d : 12.75. Anal. Calcd
for C16H18N3O4P: C, 55.33; H, 5.22; N, 12.10%. Found: C, 55.27; H, 5.15;
N, 12.17%.

Diethyl 3-(Dicyanomethyl)-5-nitro-2-oxoindolin-3-ylphosphonate 4d
70% yield. Yellow powder. mp 185—190 °C. IR (KBr) (nmax/cm�1): 3458,
2260, 1742, 1250. 1H-NMR (DMSO-d6) d : 1.17 (3H, t, JHH�6.9 Hz, CH3),
1.27 (3H, t, JHH�6.9 Hz CH3), 4.04—4.21 (4H, m, CH2), 6.17 (1H, d,
JHP�8.7 Hz, CH(CN)2), 7.23—8.40 (3H, m, H-Ar), 12.13 (1H, s, NH). 13C-
NMR (DMSO-d6) d : 16.3 (d, JCP�2.0 Hz, CH3), 16.4 (d, JCP�2.2 Hz, CH3),
26.8, 27.5, 52.8 (d, JCP�136.3 Hz, C–P), 65.3 (d, JCP�7.5 Hz, OCH2), 66.1
(d, JCP�6.9 Hz, OCH2), 111.1, 111.6, 121.9 (d, JCP�3.1 Hz, C-Ar), 123.0,
128.5, 143.0 (d, JCP�3.0 Hz, C-Ar), 149.5, 149.6, 171.4. 31P-NMR (DMSO-

July 2010 897

Chart 2. Possible Mechanism for the Formation of Products 4

Chart 3. Synthesis of 2-Oxo-1,2-dihydroacenaphthylen-1-ylphosphonates
6

Table 1. 2-Oxoindolin-3-ylphosphonates 4

Compound 4 X R R� Time (h) Yield (%)a)

a H H Et 2 81
b H PhCH2 Et 3 82
c H Me Et 5 85
d NO2 H Et 2 70
e Br H Et 1.5 83
f H H Me 2 71
g H PhCH2 Me 1 75
h H Me Me 3 70
i H Et Me 3 86
j NO2 H Me 2 72
k Br H Me 2 88
l Br Me Me 4 82

m H H i-Pr 8 81
n H PhCH2 i-Pr 3 76
o H Me i-Pr 7 72
p H Et i-Pr 8 74
q NO2 H i-Pr 3 71
r Br H i-Pr 2 79
s Br Me i-Pr 6 80
t NO2 Me i-Pr 6 81

a) Isolated yields.



d6) d : 11.60. Anal. Calcd for C15H15N4O6P: C, 47.63; H, 4.00; N, 14.81%.
Found: C, 47.70; H, 3.92; N, 14.72%.

Diethyl 5-Bromo-3-(dicyanomethyl)-2-oxoindolin-3-ylphosphonate 4e
83% yield. White powder. mp 182—185 °C. IR (KBr) (nmax/cm�1): 3421,
2254, 1723, 1245. 1H-NMR (DMSO-d6) d : 1.15 (3H, t, JHH�6.9 Hz, CH3),
1.26 (3H, t, JHH�6.9 Hz CH3), 3.98—4.19 (4H, m, CH2), 5.99 (1H, d,
JHP�8.4 Hz, CH(CN)2), 6.98—7.63 (3H, m, H-Ar), 11.54 (1H, s, NH). 13C-
NMR (DMSO-d6) d : 16.3 (d, JCP�5.1 Hz, CH3), 16.4 (d, JCP�5.2 Hz, CH3),
27.1, 52.9 (d, JCP�137.1 Hz, C–P), 65.0 (d, JCP�7.4 Hz, OCH2), 65.7 (d,
JCP�7.0 Hz, OCH2), 111.3, 111.8 (d, JCP�8.4 Hz, CN), 113.1, 114.3, 124.3,
128.8, 134.2, 142.8 (d, JCP�6.9 Hz, C-Ar), 170.5. 31P-NMR (DMSO-d6) d :
12.30. Anal. Calcd for C15H15BrN3O4P: C, 43.71; H, 3.67; N, 10.19%.
Found: C, 43.64; H, 3.60; N, 10.11%.

Dimethyl 3-(Dicyanomethyl)-2-oxoindolin-3-ylphosphonate 4f 71%
yield. White powder. mp 192—194 °C. IR (KBr) (nmax/cm�1): 3416, 2260,
1717, 1254. 1H-NMR (DMSO-d6) d : 3.57 (3H, d, JHP�11.1 Hz, OCH3), 3.75
(3H, d, JHP�11.1 Hz, OCH3), 5.96 (1H, d, JHP�8.1 Hz, CH(CN)2), 7.00—
7.54 (4H, m, H-Ar), 11.38 (1H, s, NH). 13C-NMR (DMSO-d6) d : 27.4, 53.2
(d, JCP�138.9 Hz, C–P), 55.0 (d, JCP�7.5 Hz, OCH3), 55.8 (d, JCP�6.7 Hz,
OCH3), 111.2, 111.8, 121.8, 123.1, 126.1, 131.5, 143.3, 143.4, 170.8. 31P-
NMR (DMSO-d6) d : 15.42. Anal. Calcd for C13H12N3O4P: C, 51.16; H,
3.96; N, 13.77%. Found: C, 51.08; H, 3.91; N, 13.70%.

Dimethyl 1-Benzyl-3-(dicyanomethyl)-2-oxoindolin-3-ylphosphonate
4g 75% yield. Brown powder. mp 125—130 °C. IR (KBr) (nmax/cm�1):
2255, 1719, 1237. 1H-NMR (DMSO-d6) d : 3.66 (3H, d, JHP�11.1 Hz,
OCH3), 3.75 (3H, d, JHP�11.1 Hz, OCH3), 4.99, 5.08 (2H, ABq,
JAB�15.6 Hz, NCH2), 6.16 (1H, d, JHP�8.1 Hz, CH(CN)2), 7.07—7.63 (9H,
m, H-Ar). 13C-NMR (DMSO-d6) d : 27.3, 52.8 (d, JCP�138.2 Hz, C–P),
55.3(d, JCP�7.6 Hz, OCH3), 56.0 (d, JCP�6.7 Hz, OCH3), 111.0, 111.9,
120.9, 124.0, 126.1, 127.5, 128.123, 129.0, 131.6, 135.6, 143.6, 143.7,
169.5. 31P-NMR (DMSO-d6) d : 13.27. Anal. Calcd for C20H18N3O4P: C,
60.76; H, 4.59; N, 10.63%. Found: C, 60.85; H, 4.53; N, 10.70%.

Dimethyl 3-(Dicyanomethyl)-1-methyl-2-oxoindolin-3-ylphosphonate
4h 70% yield. Cream powder. mp 148—150 °C. IR (KBr) (nmax/cm�1):
2260, 1708, 1266. 1H-NMR (DMSO-d6) d : 3.25 (3H, s, NCH3), 3.68 (3H, d,
JHP�11.1 Hz, OCH3), 3.75 (3H, d, JHP�11.1 Hz, OCH3), 6.05 (1H, d,
JHP�8.7 Hz, CH(CN)2), 7.24—7.61 (4H, m, H-Ar). 13C-NMR (DMSO-d6)
d : 27.4, 52.8 (d, JCP�138.8 Hz, C–P), 55.2 (d, JCP�7.4 Hz, OCH3), 56.0 (d,
JCP�6.7 Hz, OCH3), 111.4 (d, JCP�12.4 Hz, CN), 111.8 (d, JCP�8.0 Hz,
CN), 121.0 (d, JCP�7.5 Hz, C-Ar), 124.0, 125.9 (d, JCP�3.1 Hz, C-Ar),
131.6, 144.6 (d, JCP�6.6 Hz, C-Ar), 169.3 (d, JCP�3.1 Hz, CO). 31P-NMR
(DMSO-d6) d : 15.16. Anal. Calcd for C14H14N3O4P: C, 52.67; H, 4.42; N,
13.16%. Found: C, 52.55; H, 4.33; N, 13.09%.

Dimethyl 3-(Dicyanomethyl)-1-ethyl-2-oxoindolin-3-ylphosphonate 4i
86% yield. Cream powder. mp 124—126 °C. IR (KBr) (nmax/cm�1): 2254,
1712, 1277. 1H-NMR (DMSO-d6) d : 1.13 (3H, t, JHH�6.6 Hz, CH3), 3.65
(3H, d, JHP�10.8 Hz, OCH3), 3.74 (3H, d, JHP�11.1 Hz, OCH3), 3.80 (2H, q,
JHH�7.2 Hz, NCH2), 6.03 (1H, d, JHP�7.8 Hz, CH(CN)2), 7.22—7.61 (4H,
m, H-Ar). 13C-NMR (DMSO-d6) d : 12.4, 27.5, 35.5, 52.6 (d, JCP�138.9 Hz,
C–P), 55.2 (d, JCP�7.3 Hz, OCH3), 55.9 (d, JCP�6.7 Hz, OCH3), 110.5,
111.3 (d, JCP�13.4 Hz, CN), 111.8 (d, JCP�7.6 Hz, CN), 121.2, 123.8,
126.2, 131.7, 143.6 (d, JCP�6.8 Hz, C-Ar), 169.0. 31P-NMR (DMSO-d6) d :
15.22. Anal. Calcd for C15H16N3O4P: C, 54.06; H, 4.84; N, 12.61%. Found:
C, 54.16; H, 4.77; N, 12.55%.

Dimethyl 3-(Dicyanomethyl)-5-nitro-2-oxoindolin-3-ylphosphonate 4j
72% yield. Orange powder. mp 197—199 °C. IR (KBr) (nmax/cm�1): 3111,
2255, 1747, 1257. 1H-NMR (DMSO-d6) d : 3.72 (3H, d, JHP�11.1 Hz,
OCH3), 3.81 (3H, d, JHP�11.4 Hz, OCH3), 6.25 (1H, d, JHP�9.0 Hz,
CH(CN)2), 7.24—8.40 (3H, m, H-Ar), 12.14 (1H, s, NH). 13C-NMR
(DMSO-d6) d : 26.7, 52.9 (d, JCP�137.4 Hz, C–P), 55.6 (d, JCP�7.3 Hz,
OCH3), 56.3 (d, JCP�6.6 Hz, OCH3), 111.5, 111.7, 121.8, 122.8, 128.6,
143.1, 149.4 (d, JCP�6.4 Hz, C-Ar), 171.3. 31P-NMR (DMSO-d6) d : 13.81.
Anal. Calcd for C13H11N4O6P: C, 44.58; H, 3.17; N, 16.00%. Found: C,
44.51; H, 3.09; N, 15.93%.

Dimethyl 5-Bromo-3-(dicyanomethyl)-2-oxoindolin-3-ylphosphonate
4k 88% yield. Pink powder. mp 182—186 °C. IR (KBr) (nmax/cm�1):
3432, 2260, 1726, 1251.1H-NMR (DMSO-d6) d : 3.70 (3H, d, JHP�10.8 Hz,
OCH3), 3.78 (3H, d, JHP�11.1 Hz, OCH3), 6.07 (1H, d, JHP�8.4 Hz,
CH(CN)2), 6.98—7.65 (3H, m, H-Ar), 11.58 (1H, s, NH). 13C-NMR
(DMSO-d6) d : 27.1, 53.1 (d, JCP�138.3 Hz, C–P), 55.3 (d, JCP�7.5 Hz,
OCH3), 56.1 (d, JCP�6.8 Hz, OCH3), 111.1, 111.6, 113.3, 114.5, 124.2 (d,
JCP�5.9 Hz, C-Ar), 128.6, 134.4, 142.7 (d, JCP�6.8 Hz, C-Ar), 170.4. 31P-
NMR (DMSO-d6) d : 14.25. Anal. Calcd for C13H11BrN3O4P: C, 40.65; H,
2.89; N, 10.94%. Found: C, 40.53; H, 2.81; N, 10.84%.

Dimethyl 5-Bromo-3-(dicyanomethyl)-1-methyl-2-oxoindolin-3-ylphos-
phonate 4l 82% yield. Pink powder. mp 168—171 °C. IR (KBr) (nmax/
cm�1): 2260, 1724, 1250. 1H-NMR (DMSO-d6) d : 3.25 (3H, s, CH3), 3.70
(3H, d, JHP�10.8 Hz, OCH3), 3.79 (3H, d, JHP�11.1 Hz, OCH3), 7.26 (1H, d,
JHP�8.4 Hz, CH(CN)2), 7.68—7.93 (3H, m, H-Ar). 13C-NMR (DMSO-d6)
d : 27.1, 27.6, 52.5 (d, JCP�138.4 Hz, C–P), 55.4 (d, JCP�7.3 Hz, OCH3),
55.2 (d, JCP�6.6 Hz, OCH3), 111.5, 112.6, 115.3, 123.2, 128.5, 134.5, 144.0
(d, JCP�6.6 Hz, C-Ar), 168.9. 31P-NMR (DMSO-d6) d : 14.48. Anal. Calcd
for C14H13BrN3O4P: C, 42.23; H, 3.29; N, 10.55%. Found: C, 42.32; H, 3.23;
N, 10.48%.

Diisopropyl 3-(Dicyanomethyl)-2-oxoindolin-3-ylphosphonate 4m
81% yield. Cream powder. mp 199 °C dec. IR (KBr) (nmax/cm�1): 3185,
2260, 1723, 1219. 1H-NMR (DMSO-d6) d : 1.03—1.29 (12H, m, CH3),
4.40—4.50 (1H, m, OCH), 4.62—4.70 (1H, m, OCH), 5.73 (1H, d,
JHP�7.8 Hz, CH(CN)2), 6.98—7.59 (4H, m, H-Ar), 11.32 (1H, s, NH). 13C-
NMR (DMSO-d6) d : 23.0 (d, JCP�6.7 Hz, CH3), 23.8 (d, JCP�5.2 Hz, CH3),
24.0 (d, JCP�4.0 Hz, CH3), 24.4 (d, JCP�2.3 Hz, CH3), 27.8, 53.0 (d,
JCP�138.6 Hz, C–P), 73.8 (d, JCP�7.6 Hz, OCH), 74.6 (d, JCP�7.1 Hz,
OCH), 111.0, 111.7 (d, JCP�14.4 Hz, CN), 112.1 (d, JCP�7.1 Hz, CN), 122.2
(d, JCP�5.4 Hz, C-Ar), 123.0, 126.3, 131.3, 143.5 (d, JCP�6.8 Hz, C-Ar),
171.0 (d, JCP�3.4 Hz, CO). 31P-NMR (DMSO-d6) d : 11.30. Anal. Calcd for
C17H20N3O4P: C, 56.51; H, 5.58; N, 11.63%. Found: C, 56.60; H, 5.50; N,
11.74%.

Diisopropyl 1-Benzyl-3-(dicyanomethyl)-2-oxoindolin-3-ylphospho-
nate 4n 76% yield. Pale orange powder. mp 117—120 °C. IR (KBr)
(nmax/cm�1): 2260, 1713, 1245. 1H-NMR (DMSO-d6) d : 0.87—1.30 (12H,
m, CH3), 4.42—4.48 (1H, m, OCH), 4.65—4.71 (1H, m, OCH), 4.95—5.06
(2H, m, NCH2), 5.92 (1H, d, JHP�7.8 Hz, CH(CN)2), 7.06—7.64 (9H, m, H-
Ar). 13C-NMR (DMSO-d6) d : 22.8 (d, JCP�6.1 Hz, CH3), 23.9 (d,
JCP�4.3 Hz, 2CH3), 24.4 (d, JCP�2.2 Hz, CH3), 27.6, 43.9, 52.5 (d,
JCP�138.2 Hz, C–P), 74.1 (d, JCP�7.9 Hz, OCH), 74.9 (d, JCP�7.5 Hz,
OCH), 110.8, 111.6, 121.0, 123.8, 126.2, 127.8, 128.1, 129.0, 131.4, 135.7,
143.8, 143.9, 169.7. 31P-NMR (DMSO-d6) d : 11.05. Anal. Calcd for
C24H26N3O4P: C, 63.85; H, 5.80; N, 9.31%. Found: C, 63.97; H, 5.72; N,
9.37%.

Diisopropyl 3-(Dicyanomethyl)-1-methyl-2-oxoindolin-3-ylphospho-
nate 4o 72% yield. White powder. mp 121—123 °C. IR (KBr)
(nmax/cm�1): 2260, 1718, 1261. 1H-NMR (DMSO-d6) d : 1.01—1.30 (12H,
m, CH3), 3.23 (3H, s, NCH3), 4.38—4.48 (1H, m, OCH), 4.61—4.71 (1H,
m, OCH), 5.82 (1H, d, JHP�8.1 Hz, CH(CN)2), 7.23—7.63 (4H, m, H-Ar).
13C-NMR (DMSO-d6) d : 23.0 (d, JCP�6.5 Hz, CH3), 23.8 (d, JCP�5.1 Hz,
CH3), 24.0 (d, JCP�4.1 Hz, CH3), 24.4 (d, JCP�2.2 Hz, CH3), 27.3, 27.7, 52.5
(d, JCP�138.6 Hz, C–P), 74.0 (d, JCP�7.6 Hz, OCH), 74.7 (d, JCP�7.0 Hz,
OCH), 110.2, 111.6 (d, JCP�13.4 Hz, CN), 112.0, 121.3 (d, JCP�5.4 Hz, C-
Ar), 123.7, 126.1, 131.5, 144.7 (d, JCP�6.7 Hz, C-Ar), 169.4. 31P-NMR
(DMSO-d6) d : 11.07. Anal. Calcd for C18H22N3O4P: C, 57.60; H, 5.91; N,
11.19%. Found: C, 57.51; H, 5.84; N, 11.11%.

Diisopropyl 3-(Dicyanomethyl)-1-ethyl-2-oxoindolin-3-ylphosphonate
4p 74% yield. White powder. mp 108—112 °C. IR (KBr) (nmax/cm�1):
3416, 2260, 1708, 1245. 1H-NMR (DMSO-d6) d : 0.97—0.98 (3H, br s,
CH3), 1.19—1.29 (12H, m, CH3), 3.78—3.80 (2H, m, NCH2), 4.41—4.45
(1H, m, OCH), 4.63—4.69 (1H, m, OCH), 5.79 (1H, d, JHP�7.5 Hz,
CH(CN)2), 7.21—7.63 (4H, m, H-Ar). 13C-NMR (DMSO-d6) d : 12.5, 23.0
(d, JCP�6.4 Hz, CH3), 23.8 (d, JCP�6.2 Hz, CH3), 23.9 (d, JCP�4.5 Hz, CH3),
24.4 (d, JCP�2.7 Hz, CH3), 27.8, 35.4, 52.3 (d, JCP�139.0 Hz, C–P), 74.0 (d,
JCP�7.8 Hz, OCH), 74.7 (d, JCP�6.7 Hz, OCH), 110.3, 111.4, 111.6, 121.5,
123.5, 126.3, 131.5, 143.7 (d, JCP�6.7 Hz, C-Ar), 169.1. 31P-NMR (DMSO-
d6) d : 11.15. Anal. Calcd for C19H24N3O4P: C, 58.61; H, 6.21; N, 10.79%.
Found: C, 58.50; H, 6.29; N, 10.90%.

Diisopropyl 3-(Dicyanomethyl)-5-nitro-2-oxoindolin-3-ylphosphonate
4q 71% yield. Yellow powder. mp 175 °C dec. IR (KBr) (nmax/cm�1):
3190, 2265, 1729, 1261. 1H-NMR (DMSO-d6) d : 1.12—1.31 (12H, m,
CH3), 4.52—4.58 (1H, m, OCH), 4.66—4.73 (1H, m, OCH), 6.00 (1H, d,
JHP�8.4 Hz, CH(CN)2), 7.23—8.40 (3H, m, H-Ar), 12.10 (1H, s, NH). 13C-
NMR (DMSO-d6) d : 23.1 (d, JCP�6.6 Hz, CH3), 23.6 (d, JCP�5.4 Hz, CH3),
24.0 (d, JCP�3.7 Hz, CH3), 24.4 (d, JCP�1.7 Hz, CH3), 27.2, 53.0 (d,
JCP�137.2 Hz, C-P), 74.7 (d, JCP�7.9 Hz, OCH), 75.4 (d, JCP�6.6 Hz,
OCH), 111.5, 122.0, 123.2, 123.3, 128.4, 142.9 (d, JCP�3.1 C-Ar), 149.6,
149.7, 171.4. 31P-NMR (DMSO-d6) d : 9.78. Anal. Calcd for C17H19N4O6P:
C, 50.25; H, 4.71; N, 13.79 %. Found: C, 50.19; H, 4.76; N, 13.72%.

Diisopropyl 5-Bromo-3-(dicyanomethyl)-2-oxoindolin-3-ylphospho-
nate 4r 79% yield. White powder. mp 175 °C dec. IR (KBr) (nmax/cm�1):
3437, 2260, 1734, 1240. 1H-NMR (DMSO-d6) d : 1.09—1.31 (12H, m,
CH3), 4.46—4.54 (1H, m, OCH), 4.56—4.73 (1H, m, OCH), 4.56—5.06
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(2H, m, NCH2), 5.83 (1H, d, JHP�7.8 Hz, CH(CN)2), 6.98—7.64 (3H, m, H-
Ar), 11.51 (1H, s, NH). 13C-NMR (DMSO-d6) d : 23.1 (d, JCP�6.0 Hz, CH3),
23.7 (d, JCP�5.1 Hz, CH3), 24.0 (d, JCP�3.8 Hz, CH3), 24.4 (d, JCP�1.7 Hz,
CH3), 27.4, 53.0 (d, JCP�137.5 Hz, C-P), 74.3 (d, JCP�7.3 Hz, OCH), 75.0
(d, JCP�6.7 Hz, OCH), 111.5, 111.8, 113.1, 114.2, 124.5, 128.9, 134.1,
142.8 (d, JCP�6.5 Hz, H-Ar), 170.6. 31P-NMR (DMSO-d6) d : 10.57. Anal.
Calcd for C17H19BrN3O4P: C, 46.38; H, 4.35; N, 9.55%. Found: C, 46.30; H,
4.28; N, 9.46%.

Diisopropyl 5-Bromo-3-(dicyanomethyl)-1-methyl-2-oxoindolin-3-yl-
phosphonate 4s 80% yield. Cream powder. mp 110—112 °C. IR (KBr)
(nmax/cm�1): 2260, 1728, 1261. 1H-NMR (DMSO-d6) d : 0.84—1.30 (12H,
m, CH3), 3.35 (3H, s, CH3), 4.43—4.53 (1H, m, OCH), 4.62—4.72 (1H, m,
OCH), 5.91 (1H, d, JHP�8.4 Hz, CH(CN)2), 7.23—7.77 (3H, m, H-Ar). 13C-
NMR (DMSO-d6) d : 23.1 (d, JCP�6.4 Hz, CH3), 23.7 (d, JCP�5.2 Hz, CH3),
23.9 (d, JCP�4.1 Hz, CH3), 24.3 (d, JCP�2.7 Hz, CH3), 27.4, 27.5, 52.4 (d,
JCP�137.9 Hz, C–P), 74.4 (d, JCP�7.6 Hz, OCH), 75.1 (d, JCP�7.2 Hz,
OCH), 111.4, 111.7, 112.4, 115.0, 123.7 (d, JCP�5.9 Hz, C-Ar), 128.7,
134.2, 135.7, 144.1 (d, JCP�6.2 Hz, C-Ar), 169.0. 31P-NMR (DMSO-d6) d :
10.35. Anal. Calcd for C18H21BrN3O4P: C, 47.59; H, 4.66; N, 9.25%. Found:
C, 47.47; H, 4.57; N, 9.15%.

Diisopropyl 3-(Dicyanomethyl)-1-methyl-5-nitro-2-oxoindolin-3-yl-
phosphonate 4t 81% yield. Yellow powder. mp 136—138 °C. IR (KBr)
(nmax/cm�1): 2255, 1738, 1256. 1H-NMR (DMSO-d6) d : 1.03—1.38 (12H,
m, CH3), 3.32 (3H, s, CH3), 4.46—4.54 (1H, m, OCH), 4.51—4.57 (1H, m,
OCH), 4.67—4.73 (2H, m, NCH2), 6.06 (1H, d, JHP�9.3 Hz, CH(CN)2),
7.51—8.53 (3H, m, H-Ar), 11.51 (1H, s, NH). 13C-NMR (DMSO-d6) d :
23.1 (d, JCP�6.4 Hz, CH3), 23.7 (d, JCP�5.3 Hz, CH3), 24.0 (d, JCP�3.7 Hz,
CH3), 24.3 (d, JCP�2.2 Hz, CH3), 27.1, 27.9, 52.2 (d, JCP�137.2 Hz, C–P),
74.9 (d, JCP�7.6 Hz, OCH), 75.2 (d, JCP�7.2 Hz, OCH), 110.9, 111.4, 121.6,
122.3, 128.4, 143.5, 150.2, 150.3,171.2. 31P-NMR (DMSO-d6) d : 9.62.
Anal. Calcd for C18H21N4O6P: C, 51.43; H, 5.04; N, 13.33%. Found: C,
51.52; H, 5.01; N, 13.25%.

Diethyl 1-(Dicyanomethyl)-2-oxo-1,2-dihydroacenaphthylen-1-ylphos-
phonate 7a 89% yield. Green powder. mp 158—162 °C. IR (KBr)
(nmax/cm�1): 2249, 2223, 1723, 1240. 1H-NMR (DMSO-d6) d : 0.095 (3H, t,
JHH�6.1 Hz CH3), 1.18 (3H, t, JHH�7.0 Hz, CH3), 3.83—4.11 (4H, m, CH2),
6.15 (1H, d, JHP�8.6 Hz, CH(CN)2), 7.87—8.48 (6H, m, H-Ar). 13C-NMR
(DMSO-d6) d : 16.2 (d, JCP�5.5 Hz, CH3), 16.4 (d, JCP�5.5 Hz, CH3), 27.0,
57.4 (d, JCP�135.8 Hz, C–P), 64.7 (d, JCP�7.4 Hz, OCH2), 65.2 (d,
JCP�6.7 Hz, OCH2), 111.9, 112.3, 124.4, 124.6, 127.7, 129.5, 129.8, 130.9,
134.0, 134.2, 142.2, 195.1. 31P-NMR (DMSO-d6) d : 13.47. Anal. Calcd for
C19H17N2O4P: C, 61.96; H, 4.65; N, 7.61%. Found: C, 61.89; H, 4.60; N,
7.55%.

Dimethyl 1-(Dicyanomethyl)-2-oxo-1,2-dihydroacenaphthylen-1-yl-
phosphonate 7b 80% yield. Green powder. mp 125—130 °C. IR (KBr)
(nmax/cm�1): 2234, 1718, 1251. 1H-NMR (DMSO-d6) d : 0.62—1.25 (12H,
m, CH3), 3.78—3.80 (2H, m, NCH2), 4.22—4.32 (1H, m, OCH), 4.58—4.68
(1H, m, OCH), 6.02 (1H, d, JHP�8.1 Hz, CH(CN)2), 7.87—8.47 (6H, m, H-
Ar). 13C-NMR (DMSO-d6) d : 27.0, 55.1 (d, JCP�7.3 Hz, OCH3), 55.6 (d,
JCP�6.7 Hz, OCH3), 57.5 (d, JCP�136.8 Hz, C–P), 111.7 (d, JCP�13.7 Hz,
CN), 112.2 (d, JCP�7.6 Hz, CN), 124.5 (d, JCP�2.9 Hz, C-Ar), 124.8, 127.8,
129.5, 129.7, 129.9, 130.7 (d, JCP�5.0 Hz, C-Ar), 130.9, 134.3, 142.2 (d,
JCP�6.1 Hz, C-Ar), 195.0 (d, JCP�3.5 Hz, CO). 31P-NMR (DMSO-d6) d :
15.98. Anal. Calcd for C17H13N2O4P: C, 60.01; H, 3.85; N, 8.23%. Found: C,
59.92; H, 3.78; N, 8.14%.

Diisopropyl 1-(Dicyanomethyl)-2-oxo-1,2-dihydroacenaphthylen-1-yl-
phosphonat 7c 92% yield. Green powder. mp 160—162 °C. IR (KBr)
(nmax/cm�1): 2254, 2228, 1734, 1229. 1H-NMR (DMSO-d6) d : 0.62—1.25
(12H, m, CH3), 3.78—3.80 (2H, m, NCH2), 4.22—4.32 (1H, m, OCH),
4.58—4.68 (1H, m, OCH), 6.02 (1H, d, JHP�8.1 Hz, CH(CN)2), 7.87—8.47
(6H, m, H-Ar). 13C-NMR (DMSO-d6) d : 22.6 (d, JCP�6.7 Hz, CH3), 23.8 (d,
JCP�5.2 Hz, CH3), 23.9 (d, JCP�3.8 Hz, CH3), 24.3 (d, JCP�2.4 Hz, CH3),
27.2, 57.4 (d, JCP�136.4 Hz, C–P), 73.9 (d, JCP�7.1 Hz, OCH), 74.5 (d,
JCP�7.1 Hz, OCH), 111.9, 112.0, 112.3, 112.4, 124.4, 127.6, 129.4, 129.8,
130.8, 131.0, 134.1, 142.2 (d, JCP�5.8 Hz, C-Ar), 195.0. 31P-NMR (DMSO-
d6) d : 11.67. Anal. Calcd for C21H21N2O4P: C, 63.63; H, 5.34; N, 7.07%.
Found: C, 63.70; H, 5.39; N, 7.01%.
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