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3-Acylmethyleneoxindoles (Ia—d) reacted with active methylene compounds (Ila—d) in
EtOH, in the presence of NaOC,H; as a catalyst at room temperature, to afford the corresponding
normal Michael adducts (I1Ia—f). The reactions of Ia with Ila, Ic with Ila and Id with ITa in EtOH
under reflux, in the presence of Et,NH as a catalyst, produced the corresponding 2’,4’-substituted
3-(5’-amino-2’ H-furan-3’-ylidene)oxindoles (IVa—c), while the reactions of Ib with Ila, Ib with ITb
and Ic with IIb afforded the 2’,4’-substituted 3-(5’-amino-3'-furyl)oxindole compounds (Va—c),
respectively. The Michael adducts (IIla—c), on being refluxed in EtOH with base catalyst, gave
IVa, Vb and IVb, respectively, in high yields, whereas IIId—f did not change at all. X-Ray
crystallographic analyses of IVb and Vb were performed.

Keywords——3-acylmethyleneoxindole; active methylene compound; Michael reaction; 1-(3-
oxindolyl)acetonylmalononitrile; 3-(2’H-furan-3’-ylidene)oxindole; 3-(3’-furyl)oxindole; X-ray
structure analysis

In connection with our studies on the synthesis of spiro[oxindole-3,4’-(4’ H-pyran)] and
spiro[oxindole-3,4’-(1",4’-dihydropyridine)] compounds,’? we further investigated the syn-
thesis of the homologous spiro-systems by employing the Michael reaction of 3-acylmethyl-
encoxindoles with active methylene compounds. Although we could not obtain the desired
compounds by this method, some unexpected results were obtained and are reported in this
paper.

The reaction of 3-acetonylideneoxindole® (Ia) with malononitrile (Ila) in ethanol, in the
presence of a catalytic amount of sodium ethoxide at room temperature (method A), afforded
colorless crystals (IIla) in 76% yield..Michael reaction of the deep red-colored Ia gave a
colorless product, which suggested that the conjugated oxindolylidene system changed into an
unconjugated oxindole.! = The mass spectrum (MS) of IIla showed the molecular ion peak
(M ") at m/z 253, corresponding to the Michael adduct, and the infrared (IR) spectrum of Illa
showed a weak peak at 2250cm ™! due to a non-conjugated CN group. The proton magnetic
resonance (H-NMR) spectrum of I1Ia showed a'set of signals at 64.22 (1H, d, J=3.7Hz), 4.23
(1H, dd, J=3.7 and J=8.2Hz) and 5.1 (1H, d, J=8.2Hz), which could be assigned to a
>CH-CH-CHc< unit. From the above results and the analytical data, the structure of IIla
was designated as 1-(3-oxindolyl)acetonylmalononitrile. Thus, the product Illa can be
regarded as a normal Michael adduct formed by attack of the carbanion of the active
methylene group at the exo-methylene carbon of Ia. The similar reactions of [a—d with active
methylene compounds, such as IIa, ethyl cyanoacetate (IIb), cyanoacetamide (Ilc) and diethyl
malonate (IId), afforded the corresponding products IIIb—f. Some of the reactions gave
amorphous and unworkable products or high-molecular-weight solids of unknown structure.
The results thus obtained are summarized in Tables I and II. Compounds IITa—f could have
four or eight diastereomers due to the chiral carbons, but the products obtained (Illa—f) each
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showed a clear 'TH-NMR signal pattern of the > CH-CH-CH < moiety, which indicated the
presence of a single isomer.

X
—
He ?H*‘\Y
@—L—cm—co—m
N YO
R:
EtONa, (Ja+IIa) — Illa —
room temp.) (Ib+IIb) — IIIb
(method A (Ie+1la) —— Il
(Ta+1Ic) —— IIId
(Ib+1lc) —= Ile
<:ﬂ\——/ECH—CO—R2 + H2C<}Y( (Ib-11d) —=— IIIf
N~ Y0
! 8%
Ia:Ri=H, Ro=Me Ila:X=Y=CN yield - 4%
Ib: R,=H, R,=Ph IIb: X=CN, Y=CO,Et
Ic: Ri=Me, R;=Ph IIc: X=CN, Y=CONH,
Id: Ri=R;=Me IId : X=Y=CO0,Et
g
(Ia+1la) — IVa ]
Et:NH, (Ic+1la) —= IVb
reflux, v
(method B) (Id+11a) —=— IVe piperidine,
reflux,
0-R, ) R o (method C)
v He yield 76.4%
i NH,
N”N0” “NH, N0 Y
R: R,
- (Ib+1la)—= Va
L (Ib+Ib)— Vb S

(Ie+1Ib)—= Ve

Chart 1

On the other hand, the same reaction of Ia with Ila in ethanol under reflux, in the
presence of diethylamine as a catalyst (method B), gave a sole product as yellow needles (IVa)
in 409 yield. This product showed the same M™* as IIla in the MS. The IR spectrum of IVa
showed an absorption peak at 1680cm ™! due to C=0 of oxindole, a strong peak at 2190
characteristic of a conjugated CN group, and NH and NH, bands at 3450—3300. The
presence of NH, was also observed in the 'H-NMR spectrum as a singlet at §9.18 which
disappeared in the presence of D,0. The 'H-NMR spectrum also showed a set of signals at
61.56 (3H, d, J=6Hz) and 6.39 (1H, q, J=6Hz), indicating a CH;—~CH < unit in the
molecule. In view of these spectral and analytical data, the above yellow product was assumed
to be 3-(5’-amino-2’-methyl-2’ H-furan-3’-ylidene)oxindole-4'-carbonitrile (IVa). This might
be formed as a result of cyclo-addition between one of the CN groups and the enolized OH
group of the normal Michael adduct I11a. Malononitrile (IIa) reacted with Ic and Id to afford
the similar compounds IVb and IVc, respectively, as yellow products. An alternative structure
VI for the compounds IVa—c was ruled out by the absence of an R,—~CO- signal, which
usually appears at below 200 ppm, in the !3C-nuclear magnetic resonance (**C-NMR) spectra.
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TaBLE 1. Michael Reactions of 3-Acylmethyleneoxindoles (Ia—d)
with Active Methylene Compounds (ITa—d)

, Analysis (%)
Yield mp Recryst. Calcd (Found)

ARG solvent

Compd.

No | R R X %

Formula

C H N

Mla H Me CN CN 762 171 CHCl,  C,H,N,0, 6639 438 16.59
(66.14 473 16.80)
Mb H Ph CN COOEt 410 152 MeOH  GC,,H,)N,0, 69.60 500 7.34
(70.03 500  7.49)
Mlc Me Ph CN CN 700 182 CH,ClL,  GC,H;N,0, 7293 459 1276
(72.99 469 12.57)
Md H Me. CN CONH, 87.0 267 B+M C.HsN,0, 6198 483 1549
(61.66 4.54 15.60)
Me H Ph CN CONH, 734 19  B+M CoHsN,O, 6846 454 1261
(68.04 4.40 1227)
IIf H Ph COOEt COOEt 556 105  Ether C,,H,,NO,  67.46  5.66  3.42
(67.54 572 3.23)

IVa H Me CN 406 320  EtOH C.H,N,0, 6639 438 16.59
(66.02 428 16.60)

IVb  Me Ph CN 630 227 B+M CoH s N;O, 7293 4359 1276
(7324 484 12.69)

IVc Me Me CN 426 248  B+M C,H;3N,0, 6740 490 1572
(67.65 4.71 15.78)

Va H Ph CN 400 253 B+M CHsN,0, 7237 416 1333
(7212 439 13.13)

Vb H Ph COOEt 480 25  EtOH C, H;zN,0, 69.60 500 7.73
: (69.37 5.04  7.52)

Ve  Me Ph COOEt 58.0 185  EtOH C,H,N,0, 7020 536 7.44

(6991 557  1.52)

B +M; benzene-methanol (1:1).

However, the formation of this type of compound was limited to the above reactions.
The reactions of Ib with Ila, Ib with IIb and Ic with IIb under the same reaction conditions
afforded the colorless products Va—c, respectively. All of the products Va—¢ showed M ™
corresponding to the Michael adducts and are assumed to be the saturated oxindole
compounds as judged from their ultraviolet (UV) spectra. Their IR spectra showed the
presence of an NH group and a conjugated CN group, and their 'H-NMR spectra showed a
singlet due to NH, and a methine proton in the region of ¢4.74—4.89, which could be
assigned to 3-H of oxindole. In the case of the reactions of Ia, b with IIc by method B, the
results were the same as those obtained by method A. Thus, the spectral and analytical data
supported the structures of Va—c as 2’,4’-substituted 3-(5’-amino-3’-furyl)oxindole
compounds.

The fact that the different products III and IV or V were formed depending on the
reaction conditions suggested that the initially formed III was transformed into IV or V. When
I11a—f were refluxed in ethanol using less volatile piperidine as a catalyst (method C), ITTa—c
changed into IVa, Vb and I'Vc in yields of 88, 76 and 949, respectively, whereas IIId—f did
not change at all. Attempts to interconvert IV and V were unsuccessful.

Finally, in order to verify the above structural assignments of IV and V, X-ray
crystallographic analyses of IVb and Vb were performed. Bond lengths and angles for IVb
and Vb are listed in Tables III and IV and perspective drawings of IVb and Vb are shown in
Figs. 1 and 2, respectively. It is clear that sp* and sp® carbons are located at the 3- and 2’-
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TasLe II. UV, IR and ‘H-NMR Spectral Data for Michael Products III—V

Compd. E(OH IR cm ™! (Nujol)

No. UV Ao nm (loge) NH,NH CN c=0

Ila 3150 2250 (w) 1720 1700

IIb 3150 2250 (w) 1720 1700 1680

Ilc _ 2250 (w) 1710 1690

I11d 3450—3150 2250 (w) 1700 1690 1670

Ille 3450—3250 2250 (w) 1720 1690 1680

IIIf 3350 1740 1720 1680

IVa 245 (5.11) 287 (5.07) 388 (5.45) 3450—3300 2190 (s) 1680

IVb 247 (5.05) 289 (4.98) 387 (5.26) 3400—3300 2190 (s) 1700

IVc 246'(5.16) 289 (5.14) 1386 (5.42) 3400—3250 2200 (s) 1670

Va 237 (5.07) 258 (5.18) 303 (5.27) 3450—3150 2200 (s) 1700

250 (5.05)
Vb 236 (5.05) 293 (5.27) 303 (5.27) 3400—3150 1690 1670
} 257 (5.09) ‘ -

Ve 238 (4.89) 294 (5.27) 303 (5.27) 3430—3250 1700 1670
Compd. 'H-NMR (DMSO-d;); 6 ppm, J in Hz

No. R, R, H, H, H, NH, XorY

Ila 10.74 (IH, s, NH) 2.22 3H, s, CH;)  4.22 (d) 4.23 (dd) 5.01 (d,
Jw=3.7, J,.=8.2)

IIlb 808 (IH,s, NH Ar-H 3.86 (d) 4.55 (dd) 4.44 (d, 1.22 (3H, t) 4.17 (2H, q,”
Jp=2.0, J,,=6.4) J=7.1, OCH,CH,)
Illc  3.01 3H, s, CH,) Ar-H 4.00 (d) 4.55 (dd) 5.01 (d, o

T =56, Jy,=6.4)
IIId 10.49 (1H, s, NH) 1.31 (3H, s, CH;)  3.70 (d) 3.30 (dd) 4.31 (d,
Jp=3.33, J,,=2.1)

Ile 10.51 (IH, s, NH) Ar-H 3.56 (d) 3.41 (dd) 4.27 (d, 9.37 (2H, s, CONH,)
Jp=28, J,,=11.1)
IIf 8.72(1H,s, NH) Ar-H 3.74 (d) 5.07 (dd) 4.34 (d, 1.12 (6H, t) 4.05 (4H, q,”
: Jp=2.1, J,,=11.5) J=7.1, OCH,CH,)
IVa 10.24 (1H, s, NH) 1.56 (3H, d, 6.38 (1H, q, 9.18
J=6.0, CH,CH)  J=6.0, CH,CH)
IVb  3.25(3H, s, CH;) Ar-H 7.22 (s) 9.27
IVe  3.15(3H, s, NH) 1.55 3H, d, 6.39 (1H, q, 9.21
J=63,CH,CH) J=6.3, CH,CH)
Va 1070 (1H, s, NH) Ar-H 4.89 (s) 7.55
Vb 1043 (1H, s, NH) Ar-H 4.74 (s) 721  0.85(3H, t) 3.77 (2H, q,
J=1.0, OCH,CH,)
Ve 3.20(3H,s, CH;) Ar-H 4.83 (s) 720 0.75 (3H, t) 3.67 (2H, q,

J=6.8, OCH,CH,)

@) In CDCL.

positions of IV, but at 2’- and 3-positions in V, respectively. Consequently, it was concluded
that the initially assumed structures for IV and V are correct.

Experimental

All melting points were determined in capillaries and are uncorrected. IR spectra were recorded with a Hitachi
model 215 instrument and MS with a JEOL D-300 at 70 eV. Nuclear magnetic resonance (NMR) spectra were taken
on a JEOL FX-100 (100 MHz) using tetramethylsilane as an internal standard. The lattice constants and intensity
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TaBLe III. Bond Lengths and Angles for IVb with
Estimated Standard Deviations in Parentheses

Bond length (A) Bond angle ©)
C2-C3 1.480 (26) C2-N1-C7a 11,1 9)
C2-09 1.237 (12) C2-N1-C8 124.0 (6)
C2-N1 1.356 (12) C7a-N1-C8 124.9 (12)
C3-C3a 1.455 (10) C3-C2-09 128.3 (10)
C3-C3’ 1.365 (10) _ C3-C2-N1 107.3 (6)
C3a-C4 1.393 (22) 09-C2-N1 124.4 (9)
C3a—CT7a 1.405 (14) C2-C3-C3a 105.7 (9)
C4-C5 1.410 (14) C2-C3-C3’ 120.7 (7)
C5-Cé6 1.396 (16) C3a-C3-C3’ 133.4 (10)
C6-C7 1.397 (23) C3-C3a-C4 134.7 (6)
C7-C7a 1.377 (14) C3-C3a—C7a 107.0 (12)
C7a-N1 1.394 (19) C4-C3a-CT7a 118.2 (12)
C8-N1 1.471 (21) C3a—C4-C5 118.6 (7)
C2’-C3’ 1.542 (11) C4-C5-Cé6 121.6 (10)
C2'-Ce6’ 1.509 (11) C5-C6-C7 120.0 (13)
c2-01’ © 1.470 (11) C6-C7-C7a 117.6 (8)
C3-C4 1.432 (23) ' C3a—C7a-C7 1239 (9)
C4'-C5’ 1.402 (12) C3a-C7a-Nl1 109.0 (13)
C4'-C12’ 1.408 (20) "~ C7-C7a-N1 127.1 (7)
C5-01” 1.319 (21) C2-01'-C5’ 109.7 (12)
C5'-N14’ 1.321 (13) C3-C2'-Cé6’ 113.6 (6)
C6’-C7’ 1.398 (24) C3'-C2-0Ol’ 103.7 (13)
C6'C11" 1.388 (10) Ce6-C2-Ol’ 106.1 (10)
C7'-C8’ 1.405 (12) C3-C3'-C2’ 120.6 (12)
C8-C9’ 1.394 (13) C3-C3'-C4’ 134.6 (6) .
C9-C10’ 1.400 (24) C2'-C3'-C4’ 105.0 (12)
C10’-C1Y1” 1.400 (12) C3'-C4-Cs’ 108.4 (7)
C12-N13’ 1.157 (19) . C3'-C4'-C12’ 131.5 (12)
C5-C4'-C12’ 120.0 (7)
C4'-C5-01” 112.8 (6)
C4'-C5'-N14/ 131.1 (9)
01'-C5-N14’ 116.1 (12)
C2-C6"-C7’ 119.0 (7)
C2'-C6’'C11” 120.6-(10)
C7-C6"-C11’ 120.3 (8)
C6'-C7-C8’ . 119.1 (8)
C7'-C8-C9’ 120.5 (11)
C8-C9-C10’ 120.3 (10)
C9’-C10-C11’ 119.0 9)
C6’-C11'-C10’ 120.9 (10)

C4'-C12’-N13’ 175.1 (8)

data were collected on a Rigaku AFC-5 FOS diffractometer using MoKu« radiation monochromated by means of a
graphite plate.

Reactions of 3-Acylmethyleneoxindoles (Ia—d) with Active Methylene Compounds (Ila—d)——Formation of
IIIa—f (Method A): In a typical experiment, a solution of Ia (2.0 g) and malononitrile (ITa, 0.71 g) in EtOH (30 ml)
was treated with 0.1 g of NaOC,H; and the mixture was stirred at room temperature for 2h. A colorless solid
that separated was collected and recrystallized from CH,Cl,. Yield, 2.06 g (76.2%;). Analogous products (IIIb—f)
obtained are listed in Table I.

Formation of IVa—c and Va—c (Method B): In a typical experiment, a solution of Ia (2.0 g) and malononitrile
(0.71 ) in EtOH (30ml) was treated with 5 drops of Et, NH, and the whole was refluxed for 1h. The solvent was
removed and the residual product was treated with a small amount of MeOH to give a yellow solid. Yield, 1.1¢
(40.6%).
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TaBLE IV. Bond Lengths and Angles for Vb with Estimated
Standard Deviations is Parentheses

Bond length A) Bond angle ©)
C2-C3 1.536 (20) C2-N1-C7a 110.4 (12)
C2-08 1.219 (16) C3-C2-08 126.4 (9)
C2-N1 1.358 (17) C3-C2-N1 108.9 (13)
C3-C3a 1.513 (21) 08-C2-N1 124.6 (12)
C3-C3"- 1.493 (15) : C2-C3-C3a 101.3 (12)
C3a-C4 1.380 (16) C2-C3-C3% 1123 (9)
C3a—C7a 1.397 (20) C3a-C3-C3%’ 119.3 (10)
C4-C5 1.407 (21) C3-C3a-C4 131.5 (11)
C5-Cé6 1.398 (23) C3-C3a-C7a 108.0 (12)
C6-C7 1.409 (18) C4-C3a-C7a 120.4 (11)
C7-CT7a 1.403 (20) C3a-C4-C5 117.8 (13)
C7a-N1 1.396 (16) C4-C5-Cé6 121.6 (13)
C2’-C3’ 1.353 (28) C5-C6-C7 121.2 (12)
C2'-Cé6’ 1.448 (31) C6-C7-CT7a 115.7 (12)
C2’-01’ 1.405 (18) C3a-C7a-C7 123.3 (11)
C3'-Cc4 1.441 (24) C3a-C7a-N1 110.4 (11)
C4'-C5’ 1.360 (12) C7-C7a-N1 126.3 (12)
C4'-C12’ 1.443 (35) C2-01'-C5’ 106.9 (12)
C5-01’ 1.355 (31) C3'-C2'-Cé¢’ 134.3 (14)
C5-N17’ 1.362 (21) C3-C2-ol’ : 109.4 (11)
C6'-C7’ 1.411 (22) C6'-C2-01’ 116.3 (12)
C6’-Cl11” _ 1.400 (16) C3-C3'-C2’ 123.7 (10)
C7'-C8’ 1.405 (31) C3-C3'-C4 129.4 (14)
C8'-C9’ 1.399 (18) C2'-C3'-C4’ 106.6 (16)
C9-C10’ 1.399 (22) C3'-C4’-C5’ 106.6 (17)
Cl10’-C1V’ 1.387 (30) C3'-C4'-C12’ 132.6 (11)
C12-013’ 1.216 (20) C5'-C4’-C12’ 120.7 (14)
C12-014’ 1.338 (10) C4'-C5-0V’ 110.5 (16)
C15'-C16’ 1.474 (19) C4’-C5’-N17’ 132.0 (13)
C15-014’ 1.487 (35) 01'-C5’-N17’ 117.5 (11)
C2'-C6’-C7’ 119.9 (13)
C2’-Cé6-C11’ 119.9 (12)
C7-C6-C11’ 120.2 (15)
C6’-C7-C8’ 119.4 (14)
C7'-C8’-C9’ 119.8 (13)
C8'-C9'-C10’ 120.3 (15)
C9'-C10’-C11’ : 120.2 (14)
C6’-C11'-C10’ 120.1 (12)
C4'-C12-01%’ 124.9 (11)
C4'-C12’-014’ 112.5 (14)
013'-C12’-014’ 122.7 (16)
C12’-014'-C15’ 119.1 (13)
014-C15'-C16’ 105.9 (12)

Analogous yellow products (IVa—c) were obtained from the reactions of malononitrile with Ic and Id.

From the reactions of Ib +1Ia, Ib+IIb and Ic +1Ib, the corresponding colorless products (Va—c) were obtained.

The reactions of Ia, b with cyanoacetamide (IIc) gave the same products Ille, d as in method A.

Comversion of IIla—c into IVa, Vb and IVb (Method C): In a typical experiment, a solution of ITla (1.0 g) and 3
drops of pipeidine in EtOH (30 ml) was refluxed for 30-min. The solvent was removed, a small amount of MeOH was
added to the residual product and the solid that separated was collected. Yield, 88.0%. By similar procedures,
I1Ib, ¢ were converted into IVb and Vb, respectively. Compounds IIId—f showed no change.

X-Ray Structure Analysis of IVb——The crystal data are: monoclinic, space group P2,/c, a=9.554 (2), b=
15.728 (3), c=12.289 (4) A, f=120.22 (2)°, V'=1595.6 (8) A3, z=4, D,=1.37g-cm™>. A total of 1554 independent
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Fig. 1. A Perspective View of IVb Fig. 2. A Perspective View of Vb

reflections were measured with 20 less than 46° as above the 2¢ (F) level and used in the structural analysis. The
structure was solved by the direct method and refined by the block-diagonal least-squares method. The final R factor
without hydrogen atoms was 0.082. :

X-Ray Structure Analysis of Vb——The crystal data are: triclinic, space group P1, a=10.383 (3), 5=10.523 (2),
¢=9.682 (3) A, 0=91.18 (2), f=114.25 (2), y=107.66 (2)°, ¥=906.0 (5) A3, z=2, D,=1.33g-cm ™3, A total of 1665
independent reflections were measured with 26 less than 46 ° as above the 2¢ (F) level and used in the structural
analysis. The structure was solved by the direct method and refined by the block-diagonal least-squares method. The
final R factor without hydrogen atoms was 0.090.

References

1) K. Higashiyama and H. Otomasu, Chem. Pharm. Bull., 28, 648 (1980).

2) K. Higashiyama and H. Otomasu, Chem. Pharm. Bull., 28, 1540 (1980).

3) H.G. Lindwall and J. S. MacLennan, J. Am. Chem. Soc., 54, 4739 (1932); F. Brande and H. G. Lindwall, ibid.,
55, 325 (1933).

4) H. Otomasu, K. Natori, and H. Takahashi, Chem. Pharm. Bull., 23, 1431 (1975).

5) H. Otomasu, T. Tanaka, and M. Aoyagi, Chem. Pharm. Bull., 24, 782 (1976).

NII-Electronic Library Service





