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Abstract—The reaction of cyanomethylene(triphenyl)phosphor@evith isatin (1) in dry benzene at room temperature for 1 h led to the
formation of (1,2-dihydro-2-oxo-3H-indol-3-yl)acetonitrile as a mixtureEefand Z-stereo isomer8 and4. Trialkyl phosphites’ reacted

with (E)-nitrile 3in dry benzene at 7€ for about 10 h to give the phosphona8ess two isomers together with the unexpected spiro products
of isomers9. When the E)-nitrile 3 was allowed to react with dialkyl phosphiteklj without solvents at 10C for about 30 h, a mixture of

the phosphonate derivativ@sand one isomer of the dimeric struct@evere obtained. The reaction mechanisms are considered and the
structural assignments of the new compounds are based on chemical and spectroscopic &iZed@dlsevier Science Ltd. All rights
reserved.

Introduction (triphenyl)phosphorane2). Also, our studies include the
reaction of alkyl phosphites withEj-oxindolylideneaceto-
Pietrd reported that the reaction of isatif)(with cyano- nitrile (3).

acetic acid afforded oxindolylidenecyanoacetic acid, which

upon heating with pyridine, lost carbon dioxide with the

formation of oxindolylideneacetonitrile. This product was Results and Discussion

separated as two isome){(3) and ¢)-(4) by Long et al

Now, we report the one-step synthesis of the two forms via The reaction of isatinl) with cyanomethylene(triphenyl)-
Wittig reaction between isatinl] and cyanomethylene- phosphorane?) in dry benzene at room temperature for 1 h
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led to the formation of orange yellow crystals &){(1,2-
dihydro-2-oxo-3H-indol-3-yl)acetonitrile 3f (79%) and
(2)-(1,2-dihydro-2-oxo-3H-indol-3-yl)acetonitriled) (3%)

Reaction of compoun8 with methyl iodide in presence of
acetone and anhydrous potassium carbonate afforded an oily
product could not be solidified of (2,3-dihydro-1,3-

(Scheme 1). These two isomers were separated by colummndimethyl-2-oxo-1H-indol-3-yl)acetonitrile6] (Scheme 1).
chromatography on silica gel and identified by spectral data The structure of compoun@ was elucidated by correct

and elemental analyses. Thid NMR spectra of the two
isomers in DMSCGCdg showed the resonance of the olefinic
proton of3 (6 6.51) at higher field than of (6 6.94). The
aromatic proton at C-4 in compouds 7.85) is deshielded
more than that of compound (6 7.70) due to the nitrile
group® 'H NMR measurements showed equilibration of the
pure @)-nitrile 4in DMSO-dg to a mixture of both isomer

and3 in 44/56 ratio after about two weeks.

The double bond 08 is reduced with zinc dust in boiling
acetic acid to give (2,3-dihydro-2-oxo-1H-indol-3-yl)aceto-
nitrile (5) in quantitative yield (Scheme 1). TH&l NMR
spectrum of5 (CDClz+drop DMSO4dg) included three
doublets of doublets foABX system of the CbCH side
chain (as=17 Hz, Jax=8.4 Hz, Jsx=5.0 Hz)* Also its
structure was supported BYC NMR results (cf. Experi-
mental).

elemental analyses, molecular weight determination (MS)
and compatible spectroscopic results. Its IR spectrum
disclosed the absence of absorption band of NH group.
The 'H NMR spectrum, of6 showed two singlets for the
C-Me andN- Me groups and AB pattern for the Gldroup
(JAB—16 8 Hz)® Also, further evidence supporting structure
6 is 1*C NMR spectral data (cf. Experimental).

Trialkyl phosphites 7) reacted with E)-nitrile (3) in dry
benzene at AC for about 10 h to give dialkyl [cyano(2,3-
dihydro-2-oxo-1H-indol-3-yl)methyl]phosphonate8) ( as

two isomers together with the unexpected product of
isomers9, and 95 (Scheme 2). These compounds were
separated by column chromatography using silica gel with
n-hexane/acetone as eluent. The colourless crystalline
product8 was found to be a mixture of two diastereomeric
forms8, and8g. We separated small amounts of one isomer
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by column chromatography with identification B NMR, displacement of Rin the intermediatel2 (Arbuzov-type
whereas the other isomé¥% could not be isolated. The reaction).
suggested structures of the phosphon&gesnd 8 were
supported by'H and **C NMR chemical shifts. ThéH The two isomer€, and 9 were separated as colourless
NMR spectrum of isomeiBa, showed two doublets of crystals and their structures were established by spectro-
doublets ats 4.17 @Jyp=25.4 Hz, Jy,=3.4 Hz) and s scopic techniques as well as elemental analyses and molec-

4.49 ¢3,,,=23.6 Hz,Jyy=3.4 Hz) for H-3 and H-8, respec-  ular weight determination (MS). Their IR spectra showed
tively, whereas these two protons in the other iso®ay two absorption bands near 3419 and 3316 tnior
appeared ab 4.05 £J,p=16.6 Hz,J,y=2.4 Hz) ands 4.43 asymmetric and symmetric NHstretching frequencies.
(J4p=24.6 Hz, J4,=2.6 Hz) as two doublets of doublets. The 'H NMR spectra of both isome®, and9; contained
Moreover,*C NMR spectrum of8a, exhibited a doublet  a singlet ats 6.30 corresponding to the NH, group and
at 6 28.9 (Jpc=141.6 Hz) corresponding to C-8 and for the another two singlets a8 10.69, 11.03 for the two indole
other isomeag a doublet aB 29.2 {Jp=145.3 Hz). N-H protons, which are exchangeable with,(D By
comparison of théH NMR spectra of the two isomers the
The*H NMR spectrum of the pure isom& in DMSO-dg chemical shift of H-4in 9a, (6 8.21) is downfield about
changed with time, showing after about 3 h the two equi- 0.59 ppm from that of9as (6 7.62). This reflects the
librating species, and8g in a 67/33 ratio, which became  deshielding effect of the nitrile group on H-#Also, H-8
57/43 ratio after 24 h. in 95 and 9 is a singlet atd 3.94, 4.27, respectively. The
downfield effect of H-8 in case dJz than9, can be attri-
The proposed mechanism for the formation of phosphonatesbuted mainly to the effect of neighboring carbonyl functions
8 from the reaction offf)-nitrile 3 with trialkyl phosphites (C-2' and C-2). These data were supported'g NMR
is depicted in Scheme 3. This involves primary nucleophilic results (cf. Experimental) which showed the appearance
attack by phosphite-phosphorus on the exocyclic methide C-10 as a doublet af 86.1 (Jpc=199.0 Hz)?® for the
carbon in3 to yield the dipolar speciel2. The intermediate  isomer9a, and for the other isome®ag, the doublet ab
12 undergoes addition of water due to the non-avoidable 87.1 {Jpc=195.3 Hz).
moisture to givel3, which eliminates alcohol to form the
phosphonate structure8. Another proposed pathway The postulated mechanism for the formation of the spiro-
for formation of 8 could take place via nucleophilic  products9, g illustrated in Scheme 4 shows the reaction of
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the phosphonat& with (E)-nitrile 3 involving the spiro-
intermediatel5. The latter collapses to the final isolable

isomers9, and 9. I 100 °C
AETE 3+ HPORR ——=> Bap+ 9
Treatment of the major isomeBag and 9bg with methyl
iodide in presence of acetone and anhydrous potassium 11a,R=Me
carbonate led to the formation of colourless crystals of b,R=Et

compoundd 0aand10b, respectively, as shown in Scheme
2. The structure of compound®aand10bwas elucidated
by correct elemental analyses, molecular weight determi- The formation of the phosphonat@sg from the reaction of
nation (MS) and compatible spectroscopic results. The IR (E)-nitrile 3 with phosphites 11) can be explained in
spectra of these adducts exhibited strong absorption bandsScheme 3 by initial nucleophilic attack of the phosphite-
around 3462 and 3315 cih corresponding to Nigroup. phosphorus on the exocyclic methide-carborBito yield
Their*H NMR spectra revealed the presence of two singlets the phosphonium specids}, which afforded the phospho-
at s 3.20, 3.23, for the twdl-Me groups, which appearedin  nates8, and8g as two isomers.
3C NMR spectra ab 26.7 and 27.0.

Methylation of the isomeric mixtur8b, and 8bg with
When the E)-nitrile 3 was allowed to react with dialkyl ~methyl iodide in presence of acetone and anhydrous
phosphites 1) without solvents at 10C for about 30 h, potassium carbonate led to the formation of a mixture
a mixture of the phosphonate derivativ8gp (as two of diethyl [1-cyano-1-(2,3-dihydro-1,3-dimethyl-2-oxo-
isomers) and only one isomer of the dimeric structtge ~ 1H-indol-3-yl)ethyl]phosphonatel€g) and diethyl [cyano
were obtained. These products were separated by column(2,3-dihydro-1,3-dimethyl-2-oxo-1H-indol-3-yl)methyl]-
chromatography as colourless crystals. The structures werephosphonatelgb). The colourless crystals of compounds

verified by mp, mixed mp and comparison of IR attd 16a and 16b were separated by column chromatography
NMR spectra with authentic samples (vide supra). on silica gel and their structures were established by
O\\ O\\
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spectroscopic results. THel NMR spectrum of the adduct  the Me at C-3 and a3 3.31, due to théN-Me. Two doublets

16a showed two singlets ai 1.62, 3.19, corresponding to at § 3.81, 3.89 J4p=11.0 Hz) correspond to the methoxyl

Me at C-3 and\-Me, respectively, whereas the Me at C-8 groups attached to phosphorus atom.

appeared as a doublet&tl.95 (yr=15.4 Hz but in case of

product16b, the’H NMR spectum revealed the presence of Also, the phosphonat&9b was obtained from the reaction

a singlet at 3.22, due td\-Me and two doubletes @& 1.57 of compoundL7bwith methyl iodide under the same experi-

(*Jup=2.0 Hz) ands 3.64 (ZJHP=23.0 Hz), for Me at C-3 mental conditions described above fbra Its *H NMR

and H-8, respectively. These data were supported®8y spectrum is compatible with structuf®b and shows the

NMR results (cf. Experimental). The observed transfor- presence of singlets, for the Me at C-3 and thé&le.

mation of 8z to 8, in DMSO-ds explains the highly pre-

dominant stability of the latter species. This may indicate

that the formation ofl6aand16b via thermal methylation Conclusion

reaction of the corresponding diastereoisomeric mixture of

8 must originate from the more stable isorBgr(Scheme 5). The above results demonstrate a convenient new route and
direct approach for preparing oxindolylideneacetonitrde (

Recently, it has been reportethat the methylation of  and @) from the reaction of isatinlj with cyanomethylene-

dimethyl [dicyano(2,3-dihydro-2-oxo-1H-indol-3-yl)methyl]-  (triphenyl)phosphorane?). Also, the reaction ofE)-nitrile

phosphonate 1(78 with methyl iodide in presence of (3) with alkyl phosphites gave the phosphonaeas two

acetone and anhydrous potassium carbonate gave a produdsomers with unexpected spiro produéts

of structurel8a(Scheme 6). On repetition of the same experi-

ment, we have found the reaction was over after about

30 min (examined by TLC) to give dimethyl [dicyano(2,3- Experimental

dihydro-1,3-dimethyl-2-oxo-1H-indol-3-yl)methyl]phospho-

nate (9a) and not the reported structui8a (Scheme 6). Melting points were determined on electrical digital-

On increasing the reaction time, compoul®hain solution melting-point apparatus and are uncorrected. The IR spectra

is transformed into a product insoluble in acetone and were recorded in KBr disks, on a Jasco Fourier Transform

agglomerated with potassium carbonate. For this reason,Infrared spectrophotometer Model FT/IR-3000E. The NMR

we could not isolate it in the pure form. The assigned struc- spectra were recorded on a Varian Gemini 200 spectrometer

ture of 19a was established from elemental analyses and for *H operating at 200 MHz and on a Jeol Ex-270 spectro-

spectral properties. The IR spectrum shows a strong absorpmeter for'*C operating at 67.5 MHz. Chemical shifts are

tion band characteristic for the amidic carbonyl at 1718tm  given in positive values downfield from internal tetra-

and other two bands at 1267, 1031 cincorresponding to  methylsilane (TMS). The mass spectra (MS) were deter-

P=0 and P-O-Alkyl® respectively. However, the spectrum mined at 70 eV on a Finnigan MAT SSQ 7000 spectrometer.

does not exhibit the expected band around 2200ciue

to the nitrile stretching absorption. This observation is not (E)- and (2)-(1,2-Dihydro-2-oxo-3H-indol-3-yl)aceto-

unusual and similar to other previously reported compounds nitriles (3 and 4). A mixture of isatin @) (1.47 g, 10

containing cyano group attached to saturated catbon. mmol) and cyanomethylene(triphenyl)phosphorar®**(

The *H NMR spectrum shows two singlets &t1.90, for (3.06 g, 10.2 mmol) in dry benzene (15 mL) was stirred at
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room temperature. After 5 min, the isatin dissolved due to
the exothermic reaction with the formation of orange yellow
precipitate. Stirring was continued for 1 h. Then, the solid
product was filtered off, washed with dry benzene and
crystallized from benzene to give theE){nitrile (3)
(0.50g), mp 206-20T (lit.> 202—203C), [Found C,
70.50; H, 3.63; N, 16.52. {gHsN,O requires C, 70.58; H,
3.56; N, 16.46%],rmax M ' 3160 (NH); 2218 (&=N);
1718 (G=0); 1610 (G=C), 84 (200 MHz, DMSO¢)
6.51 (s,=CH); 6.92 (d,Jyy=7.6 Hz, H-7); 7.10, 7.43 (2t,
Jun=7.6 Hz, H-5, H-6); 7.85 (dJuy=7.6 Hz, H-4); 10.88
(s, NH),m/z170 (M", 100%), 142 (36), 115 (29), 88 (5), 75
(2), 63 (3) and 52 (4).
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ganic residue, the solution was evaporated under reduced
pressure to give an oily produéf0.66 g, 83%), purified by
column chromatography using 10% acetorkeéxane as
eluent. [Found C, 71.91; H, 6.10; N, 14.04,,8,,N,0O
requires C, 71.98; H, 6.04; N, 13.99%}mx cm * (thin
film): 2249 (G=N); 1714 (C=0). 1614 (G=C), &4
(270 MHz, CDC}) 1.45 (s, Me at C-3); 2.50, 2.78 (2d,
Jap=16.8Hz, H, H"; 3.17 (s, N-Me); 6.84 (d,
Juw=7.6 Hz, H-7); 7.06, 7.29 (2t)yn=7.8 Hz, H-5, H-6);
7.40 (d,Jyy=7.3 Hz, H-4),6¢ (67.5 MHz, CDC}) 22.0 (Me

at C-3); 26.1 (CH); 26.3 (N-Me); 44.7 (C-3); 108.6 (C-7);
116.5 (CN); 122.9 (C-5); 123.1 (C-4); 129.0 (C-6); 130.8
(C-3a); 142.5 (C-7a); 177.3 €€0), m/z 200 (M", 57%),
194 (7), 160 (100), 145 (4), 130 (9), 117 (9), 115 (4), 89 (3),

The benzene filtrate was evaporated to dryness on silica gel77 (3) and 51 (2).

and separated on column chromatography uskigexane
and acetone as eluent. The first fraction (87—8bBexane)
gave an additional amount 8f(0.85 g) (total yield 1.35 g,
79%). The second fraction (85—80%hexane) afforded
orange yellow crystals of-nitrile (4) (0.05 g, 3%), recrys-
tallized from acetonethexane, mp 193-19¢ (lit.> 170—
171°C), [Found C, 70.65; H, 3.51; N, 16.39.;¢EN,O
requires C, 70.58; H, 3.56; N, 16.46%}na CM * 3220
(NH); 2212 (G=N): 1720 (G=0); 1618 (G=C), 6y
(200 MHz, DMSO¢) 6.87 (d,Juy=7.6 Hz, H-7); 6.94 (s,
=CH); 7.02, 7.39 (2t,Jy4=7.6 Hz, H-5, H-6); 7.70 (d,
Jun=7.6 Hz, H-4); 10.87 (s, NH)m/z 170 (M*, 100%),
142 (43), 115 (30), 99 (2), 88 (9), 75 (4), 63 (6) and 52
(6). The third fraction (75—70%-hexane) yielded a colour-
less crystals of triphenylphosphine oxide (2.5 g, 90%), mp
and mixed mp with an authentic sample.

(2,3-Dihydro-2-oxo-H-indol-3-yl)acetonitrile  (5). The
orange solution of E)-nitrile (3) (0.68 g, 4.0 mmol) in
acetic acid (10 mL) was heated under reflux. Zinc dust

Reaction of E)-nitrile (3) with trimethyl phosphite (7a).

To a suspension of compourdd(1.40 g, 8.0 mmol) in dry
benzene (30 mL), freshly distilled trimethyl phosphita)

(4 mL) was added. The mixture was heated under reflux at
70°C for about 10 h. Then, the solvent was evaporated under
reduced pressure and the residue was chromatographed on
silica gel withn-hexane and acetone (increasing amounts) as
eluent to give four fractions. The first fraction (65—60%
n-hexane) afforded a small amount of colourless crystalline
product of dimethyl [cyano(2,3-dihydro-2-oxo-1H-indol-3-
yl)methylJphosphonate (isomé&a,), examined byH NMR
spectrum, mp 164-166, [Found C, 51.35; H, 4.59; N,
10.08; P, 11.12. GH13N,O4P requires C, 51.43; H, 4.68;

N, 10.00; P, 11.05%]ymax cM * 3209 (NH); 2241 (E=N):
1724 (G=0); 1622 (G=C); 1240 (P=0); 1028 (P-O-Me),

én (200 MHz, DMSO¢dg) 3.51, 3.68 [2d,J4p=11.2 Hz,
P(OMe)]; 4.17 (dd,Jyp=25.4 Hz,Jyy=3.4 Hz, H-3); 4.49
(dd, J4p=23.6 Hz,J44=3.4 Hz, H-8); 6.89 (dJ44=7.6 Hz,
H-7); 7.04, 7.27 (2t,J44=7.6 Hz, H-5, H-6); 7.49 (d,

(0.5 g) was added in small portions and the mixture was Jy,=7.6 Hz, H-4); 10.67 (s, NH)$c (67.5 MHz, DMSO-

refluxed for about 1 h. After removal of the inorganic
residue by filtration, the filtrate was concentrated followed
by addition of water (10 mL) and extracted with ethyl

de) 28.9 (d,2Jpc=141.6 Hz, C-8); 43.1 (C-3); 53.4, 53.8 [2d,
2Jo=7.4 Hz, P(OMe)]; 109.7 (C-7); 116.1 (d,’Jpc=
8.6 Hz, C=N); 121.4 (C-5); 124.7 (C-4); 1255 (d,

acetate. The extract was dried over anhydrous sodium3J,c=8.5 Hz, C-3a); 128.8 (C-6); 142.97 (C-7a); 175.2 (d,
sulfate and concentrated under reduced pressure. Then®Jp=14.6 Hz, G=0), m/z 280 (M", 100%), 252 (3), 233
n-hexane was added to give colourless crystalline product (2), 185 (2), 170 (91), 154 (13), 145 (50), 132 (29), 110 (90),

5(0.58 g, 84%), recrystallized from ethyl acetatéexane,
mp 164-168C, [Found C, 69.69; H, 4.75; N, 16.34.
C10HgN,O requires C, 69.76; H, 4.68; N, 16.27%lmax
cm ' 3136 (NH); 2248 (&=N); 1707 (G=0); 1620
(C=C), 84 (200 MHz, CDCk+drop DMSO4g) 2.77 (dd,
Jyap=17.0 Hz, Jyax=8.4Hz, H); 3.08 (dd, Jyppe=
17.0 Hz, Jpx 5.0Hz, H); 3.65 (dd, Jyye=8.4 Hz,
Jyp=5.0 Hz, H); 6.94 (d,Jyy=7.6 Hz, H-7); 7.05, 7.27
(2t, Jyy=7.6 Hz, H-5, H-6); 7.43 (dJyy=7.8 Hz, H-4);
10.09 (s, NH),6¢ (67.5 MHz, DMSO€dg) 17.6 (CH); 41.3
(C-3); 109.6 (C-7); 118.3 (CN); 121.7 (C-5); 124.3 (C-4);
127.2 (C-3a); 128.7 (C-6); 142.8 (C-7a); 176.50), m'z
172 (M*, 69%), 146 (3), 132 (100), 117 (14), 104 (16), 89
(20), 77 (11), 63 (7) and 51 (10).

(2,3-Dihydro-1,3-dimethyl-2-oxo-H-indol-3-yl)aceto-
nitrile (6). To a solution of compouné (0.69 g, 4.0 mmol)

95 (10), 80 (20), 77 (12) and 51 (5). The second fraction
contained a mixture of the two isome3a, and8ag (0.43 g,
23%). The isomer8ag could not be isolated by either
column chromatography or fractional crystallization. The
H NMR and **C NMR spectra of8ag were taken from
the isomeric mixturedy (200 MHz, DMSO+¢) 3.81, 3.84
[2d, Jyp=11.2 Hz, P(OMej; 4.05 (dd, Jyp=16.6 Hz,
‘JHH:2-4 HZ, H-3), 4.43 (dd,JHp:246 HZ, ‘JHH:2-6 HZ,
H-8); 6.91 (d, Jyn=7.6Hz, H-7); 7.04, 7.29 (2t
Juw=7.6 Hz, H-5, H-6); 7.59 (dJyu=7.6 Hz, H-4); 10.80
(s, NH), 8¢ (67.5 MHz, DMSO#dg) 29.2 (d,"Jp=145.3 Hz,
C-8); 43.0 (C-3); 53.1, 54.4 [2dJp=7.4 Hz, P(OMe)];
109.7 (C-7); 114.4 (d°Jp=7.3 Hz, C=N); 121.6 (C-5);
124.6 (C-3a); 125.9 (C-4); 129.0 (C-6); 143.0 (C-7a);
174.3 (G=0). The third fraction (40—35%-hexane gave
colourless crystals of the dimeric structu®a, (0.23 g,
12%), recrystallized from acetomehexane, mp 263-

in dry acetone (20 mL), anhydrous potassium carbonate 264C, [Found C, 58.63; H, 4.28; N, 12.50; P, 6.93.

(39g) was added. The mixture was heated under reflux.

Then, freshly distilled methyl iodide (4 mL) was added
with continuous heating for 6 h. After removal of the inor-

CooH1gN4OsP requires C, 58.67; H, 4.25; N, 12.44; P,
6.88%], vmax €M ' 3419, 3318 (NH); 3185 (NH); 2254
(C=N); 1730, 1702 (€=0); 1635 (G=C); 1213 (P=0);
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1057, 1018 (P-O-Me)y (200 MHz, DMSO¢g) 3.26, 3.43
[2d, J4p=11.2 Hz, P(OMe); 3.94 (s, H-8); 6.27 (s, Nb};
6.88, 6.97 (2d,Juy=7.8 Hz, H-7, H-7); 7.09, 7.12 (2t
Juw=7.6 Hz, H-5, H-B); 7.26 (d,Ju,=7.2 Hz, H-4); 7.28,
7.35 (2t, Juy=7.8 Hz, H-6, H-8); 8.21 (d, Juy=7.6 Hz,
H-4'); 10.69, 11.03 (2s, 2NH)3¢ (67.5 MHz, DMSO#)
45.2 (d,%Jp=13.4 Hz, C-8); 51.3, 51.9 [2dJp=4.9 Hz,
P(OMe)]; 61.4 (d, 3Jo=14.6 Hz, C-3); 63.6 (d,
2Jpc=17.1Hz, C-3); 86.1 (d,'Jpc=199.0 Hz, C-10);
109.7, 110.4 (C-7, C{, 116.0 (C=N); 122.1, 122.3
(C-5, C-5); 124.0, 126.8 (C-4, C&% 127.0, 129.3 (C-3a,
C-3a); 129.9, 130.9 (C-6, C1j§ 141.8, 142.9 (C-7a, C!a);
163.1 (d,2Jp=17.1 Hz, C-9); 176.0, 177.8 (2=€0), m/z
450 (M", 100%), 422 (15), 358 (3), 355 (8), 341 (69); 313
(15), 296 (9); 270 (3), 142 (4), 110 (5) and 79 (2). The fourth
fraction (35—-30%n-hexane) yielded colourless crystalline
isomer 9ag (0.55 9, 29%), recrystallized from acetone/
n-hexane, mp 249-28Q, [Found C, 58.73; H, 4.18; N,
12.39; P, 6.95. §H:N,OsP requires C, 58.67; H, 4.25;
N, 12.44; P, 6.88%]pmax cm ' 3411, 3316 (NH); 3240
(NH); 1726 (C=0); 1620 (G=C); 1213 (P=0); 1026
(P-O-Me), 8y (200 MHz, DMSOds) 3.16, 3.46 [2d,
Jup=11.2 Hz, P(OMey; 4.27 (s, H-8); 6.32 (s, Nb;
6.89, 7.01 (2d,Jyy=7.6 Hz, H-7, H-7); 7.12, 7.20 (2t,
Juw=7.8 Hz, H-5, H-B); 7.30, 7.40 (2tJy=7.8 Hz, H-6,
H-6'); 7.56, 7.62 (2dJuu=7.2 Hz, H-4, H-4); 10.69, 11.01
(2s, 2NH), 8¢ (67.5 MHz, DMSOds) 45.3 (d, Jpc=
14.7 Hz, C-8); 51.5, 51.6 [2d%Jp=4.9 Hz, P(OMe})];
61.3 (d,3Jp=14.6 Hz, C-3); 64.0 (d,?Jpc=17.1 Hz, C-3);
87.1 (d,%Jpc=195.3 Hz, C-10); 109.8, 110.7 (C-7, )7
115.5 (G=N); 121.7, 122.4 (C-5, C&; 125.1, 125.6
(C-4, C-4); 126.9, 129.3 (C-3a, C8); 129.6, 130.2 (C-6,
C-6)); 142.0, 143.1 (C-7a, C!&); 162.1 (d2Jp=17.1 Hz,
C-9); 175.8, 178.5 (2€-0), m'z 450 (M', 26%), 422 (11),
408 (4), 390 (3), 355 (23), 341 (100), 296 (22), 270 (11), 247
(4), 203 (2), 184 (4), 170 (28), 142 (28), 109 (72), 79 (31)
and 77 (4).

Reaction of E)-nitrile (3) with triethyl phosphite (7b).
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in the pure form. ThéH and**C NMR spectra oBbg were
taken from the isomeric mixturéy (200 MHz, DMSO#)
1.29 [t, Jyu=7.2Hz, P(OCHMe),]; 3.60—-4.50 [m,
{P(OCH;Me),, H-3 and H-8}]; 6.90 (dJyy=7.4 Hz, H-7);
7.02, 7.26 (2t)yu=7.4 Hz, H-5, H-6); 7.62 (dJy,=7.4 Hz,
H-4); 10.77 (s, NH),8¢ (67.5 MHz, DMSO#dg) 15.9, 16.0
[2d, 3Jp=7.4, 6.1 Hz, P(OChMe),]; 29.9 (d, Jp=
145.3 Hz, C-8); 43.1 (C-3); 63.7, 63.9 [2dJ)o=7.4,
8.9Hz, P(GCH,Me),]. 109.7 (C-7); 1145 (d,
2Jo=7.3Hz, C=N); 121.6 (C-5); 125.4 (C-3a); 126.0
(C-4); 129.0 (C-6); 143.0 (C-7a); 174.3%€0). The third
fraction (40-35% petroleum ether) afforded colourless
crystals of isomeBb, (13%), recrystallized from acetone/
n-hexane, mp 293-29¢, [Found C, 60.29; H, 4.79; N,
11.76; P, 6.51. &H,3N,OsP requires C, 60.25; H, 4.85;
N, 11.71; P, 6.47%]pmax M = 3417, 3323 (NH); 3240
(NH); 2245 (G=N, very weak); 1728 (€-0); 1635
(C=C); 1200 (P=0); 1024 (P-O-Et), 64 (200 MHz,
DMSO-dg) 0.93, 1.12 [2t, Jyy=7.0 Hz, P(OCHMe),];
3.57-3.82 [m, P(GQH,Me),]; 3.94 (s, H-8); 6.23 (s, Nb;
6.88, 6.98 (2d,Jy4=7.6 Hz, H-7, H-7); 7.09-7.13 (2t,
Jun=7.8 Hz, H-5, H-8); 7.26 (d,Jyy=7.4 Hz, H-4); 7.28,
7.36 (2t, \]HH=7-8 Hz, H-6, H'6), 8.22 (d,JHH=7.8 Hz,
H-4"); 10.69, 11.04 (2s, 2NH)5¢ (67.5 MHz, DMSOel)
15.6, 15.8 [2d,3J,=7.3Hz, P(OCHMe),]; 45.2 (d,
3Jp=14.6 Hz, C-8); 60.3, 61.0 [2d,2Jp=4.9 Hz,
P(OCH,Me),]; 61.5 (d, 3Jp=14.6 Hz, C-3); 63.5 (d,
2Jp=18.3Hz, C-3); 87.4 (d,'Jpc=197.8 Hz, C-10);
109.6, 110.3 (C-7, C4}; 116.0 (C=N); 122.0, 122.2
(C-5, C-B); 124.2, 126.8 (C-4, C4¥; 127.0, 129.2 (C-3a,
C-3'a); 129.8, 130,8 (C-6, C1j§ 142.0, 142.9 (C-7a, CL&);
162.5 (d,2Jpc=15.9 Hz, C-9); 176.0, 177.8 (2=€0), m/z
478 (M, 95%), 450 (10), 405 (2), 376 (4), 341 (100), 314
(17),233(3),171(7), 111 (3) and 82 (2). The fourth fraction
(35—-25% petroleum ether) yielded colourless crystalline
product of the dimeric structure, isom@g (33%), recrys-
tallized from acetonehexane, mp 279-28G, [Found C,
60.31; H, 4.76; N, 11.79; P, 6.50,1,3N,OxP requires C,
60.25; H, 4.85; N, 11.71; P, 6.47%}ax CM * 3423, 3320

Carrying out the same experimental procedure as describedNH,); 3253 (NH); 1737, 1706 (€0); 1624 (G=C); 1190

above gave also four fractions. The first fraction [70—-65%
petroleum ether (bp 60—80)] afforded a small amount of
colourless crystals of diethyl [cyano(2,3-dihydro-2-oxd-1
indol-3-yl)methyl]phosphonate (isom&b,), examined by
'H NMR spectrum, mp 154-186, [Found C, 54.62; H,
5.51; N, 9.02; P, 10.11. {{H;/N,O4P requires C, 54.54;
H, 5.56; N, 9.09; P, 10.05%}max cm * 3192 (NH); 2239
(C=N); 1724 (CG=0); 1620 (CG=C): 1280 (P=0); 1014
(P-O-Et), 64 (200 MHz, DMSO¢ds) 1.13, 1.19 [2t,
Jun=7.0 Hz, P(OCHMe),]; 3.69—-4.08 [m, P(CH,Me),];
4.16 (dd, J4p=27.0 Hz, J44y=3.4 Hz, H-3); 4.36 (dd,
Jwp=23.4 Hz, Jyy=3.4 Hz, H-8); 6.87 (d,Jyy=7.6 Hz,
H-7); 7.02, 7.26 (2t,J44=7.6 Hz, H-5, H-6); 7.47 (d,
Jun=7.8 Hz, H-4); 10.63 (s, NH)¢¢ (67.5 MHz, DMSO-
ds) 15.9, 16.0 [2d3Jp=7.4, 6.1 Hz, P(OCkMe),]; 29.2 (d,
1Jp=141.6 Hz, C-8); 43.1 (C-3); 63.0, 63.2 [2dp=7.4,
6.1 Hz, P(QCH;Me),]; 109.6 (C-7); 116.4 (d*Jp=7.3 Hz,
C=N); 121.3 (C-5); 124.7 (C-4); 125.5 (C-3a); 128.7 (C-6);
143.0 (C-7a); 175.3 (dJp=14.6 Hz, C=0), 2308 (M",
100%), 263 (11), 208 (5), 199 (3), 171 (74), 170 (45), 138
(63), 111 (77), 82 (47), 81 (39), 77 (33) and 65 (17). The
second fraction contained a mixture of the two ison@hs
and8bg (20%). The other isomedbg could not be isolated

(P=0); 1026 (P-O-Et),6, (200 MHz, DMSOd), 0,82,
1.16 [2t, Jyy=7.2 Hz, 6H, P(OChKMe),]; 3.38—-3.87 [m,
4H, P(QCH,Me),]; 4.27 (s, H-8); 6.28 (s, NbJ; 6.88, 7.00
(2d, Jyu=7.6 Hz, H-7, H-7); 7.11, 7.20 (2tJy=7.6 Hz,
H-5, H-5); 7.29, 7.39 (2tJuy=7.6 Hz, H-6, H-6); 7.52,
7.59 (2d,Jy=7.6 Hz, H-4, H-4); 10.67, 10.99 (2s, 2NH),
8¢ (67.5 MHz, DMSOd,) 15.6, 15.8 [2d,3Jp=7.4 Hz,
P(OCHMe),]; 45.3 (d, 3Jp=14.7 Hz, C-8); 60.3, 60.9
[2d, 2Jpc=4.9 Hz, P(Q@CH;Me),]; 61.4 (d, *Jpc=14.7 Hz,
C-3); 64.0 (d, p=17.1Hz, C-3); 88.1 (d,'Jp=
195.3 Hz, C-10); 109.7, 110.7 (C-7, C)7115.6 (G=N);
121.6, 122.3 (C-5, C%5; 125.0, 125.7 (C-4, C4% 127.0,
129.1 (C-3a, C-&); 129.1, 130.1 (C-6, C14§ 142.1, 143.0
(C-7a, C-7a); 161.6 (d*Jpc=15.8 Hz, C-9); 175.8, 178.5 (2
C=0),m/z478 (M", 40%), 450 (10), 376 (8), 369 (15), 341
(100), 296 (26), 233 (9), 229 (3), 199 (2), 170 (24), 142 (15),
115 (12), 82 (6) and 69 (12).

Reaction of methyl iodide with 9a. A mixture of
9a85(0.23 g, 0.5 mmol), freshly distilled methyl iodide
(2.5 mL) and anhydrous powdered potassium carbonate
(1 g) in dry acetone (15 mL) was gently heated, under reflux
for about 5 h. After removal of the inorganic residue and
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volatile materials, the solid product (0.20 g, 83%) was crys-
tallized from acetone—diethyl ether to git8aas colourless
crystals, mp 259-26C, [Found C, 60.31; H, 4.78; N,
11.66; P, 6.54. gH,3N,OsP requires C, 60.25; H, 4.85;
N, 11.71; P, 6.47%]pmax cm ' 3462, 3315 (NH); 2245
(C=N, very weak); 1736, 1707 (€0); 1628 (C=C);
1240 (P=0); 1012 (P-O-Me),84 (270 MHz, DMSOelg)
3.17, 3.43 [2d,Jyp=11.6 Hz, P(OMej; 3.20, 3.23 (2s,
2N-Me); 4.31 (s, H-8); 6.34 (s, Ng; 7.09, 7.20 (2d,
Juy=7.8 Hz, H-7, H-7); 7.21, 7.29 (2tJyn=7.4 Hz, H-5,
H-5'); 7.41, 7.50 (2tJyy=7.6 Hz, H-6, H-8); 7.62, 7.68
(2d, Jyy=7.3 Hz, H-4, H-4), 6. (67.5 MHz, DMSO#)
26.7, 27.0 (2N-Me); 44.7 (d,3Jpc=14.6 Hz, C-8); 51.4,
51.9 [2d,%Jpc=3.7 Hz, P(OMe)]; 60.9 (d, 3Jo=13.4 Hz,
C-3); 63.5 (d, 2p=17.1Hz, C-3); 87.1 (d,Jp=
196.5 Hz, C-10); 108.7, 109.7 (C-7, C}7115.6 (G=N);
122.3, 122.9 (C-5, C/%; 124.6, 125.4 (C-4, C4¥, 126.4,
128.8 (C-3a, C-&); 129.4, 130.2 (C-6, C4§ 143.5, 144.6
(C-7a, C-7a); 161.8 (d?Jp=15.9 Hz, C-9); 174.0,176.9 (2
C=0).m/z478 (M", 100%), 450 (5), 383 (6), 369 (96), 341
(26), 324 (40), 294 (84), 261 (9), 247 (5), 194 (3), 184 (61),
155 (27), 130 (10) and 79 (3).

Similarly, compoundlOb was obtained as colourless crys-
tals from the reaction d®bg with methyl iodide under the
same experimental conditions described above.

Compound 10b (88%), crystallized from chloroform—
petroleum ether (bp 60-80), mp 256-257C, [Found C,
61.71; H, 5.45; N, 11.01; P, 6.08,81,;N4,OxP requires C,
61.66; H, 5.37; N, 11.06; P, 6.12%]},.ccm * 3411, 3313
(NH,); 2240 (C=N, very weak); 1728 (E=0); 1635, 1612
(C=C); 1209 (P=0); 1049, 1018 (P-O-Etp4 (270 MHz,
CDCly) 0.75, 1.20 [2t,Jyn=7.0 Hz, P(OCHMe),]; 3.21,
3.23 (2s, 2N-Me); 3.35-4.10 [m, P(OH,Me),]; 4.46 (s,
H-8); 5.16 (s, NH); 6.84, 6.92 (2dJyy=7.6 Hz, H-7, H-7);
7.15, 7.21 (2t,dyy=7.4 Hz, H-5, H-8), 7.32, 7.40 (2t,
Jun=7.8 Hz, H-6, H-8); 7.49, 7.59 (2d)y,=7.6 Hz, H-4,
H-4'), 8¢ (67.5 MHz, CDC}) 15.5, 15.8 [2d3Jp=7.4 Hz,
P(OCHMe),; 26.7, 27.1 (N-Me); 44.5 (d,*Jpc=13.5 Hz,
C-8); 60.9, 62.0 [2d%Jp,=4.9 Hz, P(GCH,Me),]; 61.3 (d,
3Jpc=14.7 Hz, C-3); 63.9 (d,2Jp=18.3 Hz, C-3); 91.3 (d,
1Jp=192.8 Hz, C-10); 108.3, 109.2 (C-7, C)7 115.4
(C=N); 1225, 123.5 (C-5, C&; 125.1, 125.3 (C-4,
C-4); 125.4, 128.9 (C-3a, C!8); 129.5, 130.6 (C-6,
C-6); 143.6, 143.9 (C-7a, C!d); 160.6 (d,*Jpc=15.8 Hz,
C-9); 174.3, 176.5 (2 €0), m's 506 (M", 100%), 478 (4),
404 (3), 397 (13), 369 (85), 324 (26), 322 (44), 310 (13), 265
(4), 247 (16), 225 (3), 184 (36), 155 (25), 138 (11) and 111 (6).

Reaction of E)-nitrile (3) with dimethyl phosphite (11a).

A mixture of compound3 (2.55 g, 15 mmol) and freshly
distilled dimethyl phosphitel(l8) (4 mL) was heated with-
out solvent at 100—10&. After 30 h, the excess dimethyl
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NMR spectrum compared with an authentic sample
previously reported).

Similarly, compoundsb (as a mixture of the two isomers
8b,, 8bg) and isomeBbg were formed from the reaction of

3 with diethyl phosphite{1b) under the same experimental
conditions described above. The first fraction yielded a
colourless crystals of the phosphonaté (34%) as a
mixture of the two isomer8b, and8bg (shown by its'H
NMR spectrum). The second fraction afforded a colourless
crystals of the isomeBbg (25%) (identified by its mp,
mixed mp and comparativéH NMR spectrum with an
authentic sample previously reported).

Reaction of methyl iodide with the phosphonate 8b as a
mixture of the two isomers 8k, and 8bs. To a solution of
the mixture8b (0.93 g, 3 mmol) in dry acetone (30 mL),
anhydrous potassium carbonate (2 g) and freshly distilled
methyl iodide (4 mL) were added. The mixture was gently
heated under reflux for about 8 h. Then, the inorganic
residue and volatile materials were removed and the
residual substance was chromatographed on silica gel
usingn-hexane and acetone as eluent to give two fractions.
The first fraction (80—75%-hexane) gave colourless crystals
of diethyl [1-cyano-1-(2,3-dihydro-1,3-dimethyl-2-oxo-1H-
indol-3-yl)ethyl]phosphonatel6a) (0.34 g, 33%), recrystal-
lized from benzenethexane, mp 89-9C, [Found 58.23; H,
6.59; N, 8.04; P 8.79. GH,3aN,O4P requires C, 58.28; H,
6.62; N, 8.00; P, 8.84%]pymax cM * 2237 (CG=N); 1711
(C=0); 1612 (CG=C); 1261 (P=0); 1049 (P-O-Et),64
(200 MHz, CDC}) 1.05, 1.18 [2t, Jyu=T7.2 Hz,
P(OCHMe),]; 1.62 (s, Me at C-3); 1.95 (d}4p=15.4 Hz,

Me at C-8); 3.19 (sN-Me); 3.39—-4.15 [m, P(CH,Me),];
6.83 (d,Jyy= 7.6 Hz, H-7); 7.07, 7.31 (28p=7.6 Hz, H-5,
H-6); 7.72 (d,J4n=7.4 Hz, H-4), 8¢ (67.5 MHz, CDC})
16.0 (d, 2Jpc=6.1Hz, Me at C-8); 16.1, 16.4 [2d,
3Jpc=4.9, 3.6 Hz, P(OCBMe),]; 21.3 (d, *Jpc=9.8 Hz,
Me at C-3); 26.3 l-Me); 43.1 (d, Jpc=144.1 Hz, C-8);
47.0 (C-3); 637, 63.8 [2d, 2p=7.3, 8.5Hz,
P(OCH,Me),]; 108.0 (C-7); 118.8 (d, %Jpc=8.5Hz,
C=N); 122.3 (C-5); 124.6 (C-4); 128.8 (C-6); 130.7
(C-3a); 142.2 (C-7a); 175.7 (€0), m/iz 350 (M", 36%),
305 (1), 249 (1), 213 (1), 191 (2), 160 (100) and 132 (3). The
second fraction (75-72%-hexane) afforded colourless
crystals of diethyl [cyano(2,3-dihydro-1,3-dimethyl-2-oxo-
1H-indol-3-yl)methyl]phosphonate 16b) (0.39 g, 38%),
recrystallized from benzenehexane, mp 132-13G,
[Found C, 57.20; H, 6.33; N, 8.27; P, 9.28,¢8,:N,O,P
requires C, 57.14; H, 6.29; N, 8.33; P, 9.21%},,c cm *
2241 (G=N); 1709 (G=0); 1614 (C=C); 1265 (P=0);
1020 (P-O-Et), 8y (200 MHz, CDC}) 1.02, 1.23 [2t,
Juy=7.2 Hz, P(OCHMe),]; 1.57 (d, *J4p=2.0 Hz, Me at
C-3); 3.22 (s,N-Me); 3.23-4.09 (m, P(OH,Me),]; 3.64

(d overlaped,?J;»=23.0 Hz, H-8); 6.88 (dJy.=7.8 Hz,

phosphite was removed under reduced pressure and the oiyH-7); 7.09, 7.33 (2t,Jyy=7.6 Hz, H-5, H-6); 7.58 (d,
residue was chromatographed on silica gel, using acetonely=7.6 Hz, H-4),6¢ (67.5 MHz, CDC}) 15.9, 16.0 [2d,

andn-hexane as eluent to give two fractions. The first frac-
tion (65-60% n-hexane) vyielded colourless crystalline
product (1.31 g, 36%), proved to be the phosphor&se
containing a mixture of the two isomer®a, and 8ag
examined by its'H NMR spectrum. The second fraction
(40-35%n-hexane) gave a colourless crystalline product
(1.12 g, 31%) proved to b8&ag (mp, mixed mp andH

3Jo=2.4 Hz, P(OCHMe),]; 24.6 (d,3Jpc=13.5 Hz, Me at
C-3); 26.6 N-Me); 37.2 (d,'Jp=141.6 Hz, C-8); 45.8 (d,
2Jp=2.4Hz, C-3); 63.2, 63.4 [2d%Jp=7.3, 6.1 Hz,
P(OCH,Me),]; 108.5 (C-7); 115.0 (d,%Jpc=9.8 Hz,
C=N); 122.4 (C-5); 123.9 (C-4); 129.1 (C-6); 129.4
(C-3a); 143.3 (C-7a); 176.6 (€0), m/z 336 (M", 36%),
183 (3), 160 (100) and 130 (4).
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Preparation of 3-dicyanomethylene-2-oxindole. A
mixture of isatin () (1.47 g, 10 mmol) and malononitrile
(0.73 g, 11 mmol) in absolute ethanol (30 mL) was stirred at
room temperature for about 15 min. During this time, the
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amide); 1267 (P=0); 1031 (P-O-Me),dy (200 MHz,
CDClg) 1.90 (s, Me at C-3); 3.31 (s, 3H\-Me); 3.81,
3.89 [2d, J4y=11.0 Hz, P(OMey; 6.96 (d, Jyy=8.0 Hz,
H-7); 7.22, 7.49 (2t,J44=7.8 Hz, H-5, H-6) 7.85 (d,

isatin dissolved and a deep red precipitate was formed. It Jyy=7.6 Hz, H-4),5¢ (67.5 MHz, CDC}) 22.2 (d,3Jp=

was filtered off and crystallized from absolute ethanol to
give 1.7195 of 3-dicyanomethylene-2-oxindole, mp 237-
238C (lit.™ 235°C). The filtrate afforded upon concen-
tration an additional amount of 0.14 g (total yield 1.85 g,
95%), vmax CM * 3261 (NH); 2240 (&=N, very weak):
1730, 1716 (€=0); 1620, 1585 (€=C).

Preparation of dimethyl [dicyano(2,3-dihydro-2-oxo-
1H-indol-3-yl)methyllphosphonate (17a).A mixture of
3-dicyanomethylene-2-oxindole (3.0g, 15.4 mmol) and
freshly distilled dimethyl phosphite (3 mL) was heated
under reflux at 100—10&. After about 2 h, the reaction
mixture was allowed to stand overnight. The colourless
crystals, thus formed, was filtered off and washed with dry
ether. Recrystallization from ethyl methyl ketone afforded
the phosphonatd7a (3.2 g, 66%), mp 226-22C (lit.°
222C), [Found C, 51.24; H, 3.90; N, 13.74; P, 10.21.
C13H1oN3O4P requires C, 51.15; H, 3.96; N, 13.77; P,
10.15%)], vmax Mt 3151 (NH); 1724 (€&=0O, amide);
1255 (P=0); 1026 (P-O-Me), &y (200 MHz,
CDCl;+DMSOds) 3.66, 3.69 [2d, Jup=11.0 Hz,
P(OMe}]; 4.81 (d, J4p=6.8 Hz, H-3); 6.88 (d,Jun=
8.0 Hz, H-7); 7.00, 7.25 (24=7.8 Hz, H-5, H-6); 7.53
(d, Juy=7.8 Hz, H-4); 10.90 (s, NH),6¢ (67.5 MHz,
DMSO-dg) 27.0 (C-3); 52.9 (d*Jp=139.2 Hz, C-8); 55.5,
57.7 [2d,"Jp=7.3 Hz, P(OMeg)]; 110.9 (C-7); 111.1, 111.5
(2d, 2Jpc=14.6, 8.6 Hz, 2 &N); 121.4 (d,%Jp=5.1 Hz,
C-3a); 122.8 (d, °Jpc=2.5Hz, C-5); 125.8 (d,
4Jp=2.4 Hz, C-4); 131.2 (d®Jpc=2.4 Hz, C-6); 143.0 (d,
4Jp=7.4 Hz, C-7a); 170.6 (FJpc=2.5 Hz, CG=0).

Diethyl [dicyano(2,3-dihydro-2-oxo-H-indol-3-yl)methyl]-
phosphonate (17b)(69%) was obtained similarly from
3-dicyanomethylene-2-oxindole and diethyl phosphite,
recrystallized from ethyl methyl ketone, mp 175-1C6
(Iit.° 164C), [Found C, 53.97; H, 4.92; N, 12.55; P, 9.38.
CisH16N3O4P requires C, 54.06; H, 4.84; N, 12.61; P,
9.29%), Vmax €M+ 3124 (NH); 1726 (E=0, amide); 1248
(P=0); 1020 (P-O-Et)$4 (200 MHz, CDC}) 1.35, 1.39 [2t
overlaped, Jyy=7.2Hz, P(OCHMe),; 4.25 [m,
P(OCH;Me),]; 4.77 (d, J4p=6.6 Hz, H-3); 6.82 (d,
Jun=7.8 Hz, H-7); 7.18 7.35 (2t}4u=7.6 Hz, H-5, H-6);
7.71 (d,Jyu=7.6 Hz, H-4); 9.00 (s, NH).

Dimethyl [dicyano(2,3-dihydro-1,3-dimethyl-2-oxo-H-
indol-3-yl)methyllphosphonate (19a).To a solution of
17a (0.31 g, 1 mmol) in dry acetone (20 mL), anhydrous

4.9 Hz, Me at C-3); 27.1N-Me); 35.4 (d,%Jp=2.9 Hz,
C-3); 54.4, 56.1 [2d,%Jo=7.8 Hz, P(OMe); 55.7 (d,
13,=140.4 Hz, C-8); 109.3 (C-7); 113.6, 113.9 (2d,
2Jp=4.9, 7.8 Hz, 2 &=N); 120.3 (d,%Jpc=5.9 Hz, C-3a);
123.8 (C-5); 126.7 (d,*Jpc=3.9 Hz, C-4); 131.3 (d,
Jp=2.0 Hz, C-6): 144.4 (d}Jp=6.8 Hz, C-7a); 168.5
(C=0), Mz 333 (M*, 77%), 318 (2), 254 (100), 224 (20),
198 (25), 171 (20), 146 (35), 117 (11); 109 (25), 93 (83), 79
(10) and 63 (7).

The phosphonatel9b was also obtained as colourless
crystals whenl7b reacted with methyl iodide under the
same experimental conditions described above.

Diethyl  [dicyano(2,3-dihydro-1,3-dimethyl-2-oxo-H-
indol-3-yl)methyllphosphonate (19b)(72%), crystallized
from benzenel-hexane, mp 136-13C, [Found C, 56.43;
H, 5.62; N, 11.58; P, 8.65. &H,oNsO,P requires C, 56.51;
H, 5.58; N, 11.63; P, 8.57%]ymax cm™ ! 1720 (G=0,
amide); 1263 (P-0); 1018 (P-O-Et), 6y (200 MHz,
CDCl;) 1.222, 1.689 [2dt, Jyy=7.0 Hz, Jyp=0.8 Hz,
P(OCH Me),]; 1.92 (s, Me at C-3); 3.29 (\-Me); 4.19
[m, P(OCH,Me),]; 6.94 (d, J4,=7.8 Hz, H-7); 7.20, 7.47
(2t, Jyp=7.8 Hz, H-5, H-6); 7.82 (dJ44=7.6 Hz, H-4).m/z
361 (M", 100%), 346 (4), 282 (92), 254 (6), 224 (7), 210
(25), 198 (72), 171 (11), 146 (42), 109 (7) and 58 (13).
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