
-l/091’.mm 
Pcrpmon Rnr Ud. 

Tclmkdron. Vol. 37. pp. I779 to 1785. Ml 
Printed in Grcrt Britain 

HETERODIENE SYNTHESES-XXIV' 

CHANGESINTHEREACTIVITYOF2-OXOINDOLIN-3-YLIDENE 
DERIVATIVESWITHETHYLVINYLETHERINDUCEDBY 

ELECTRON-WITHDRAWINGGROUPS. 
THEIMPORTANCEOFTHELUMOCOEFFIClENTS 

P. P. RIGHEII-M,* A. GAMBA, G. TACCONI and G. DESIMOMI 
Istituto di Chimica Organica dell’Universit~, 27100 Pavia. Italy 

(Recrhed in tht UK 5 October N80) 

Abstract-Ethylvinylether reacts in acetonitrile with 1 - acetyl - 2 - oxoindolin - 3 - ylidene derivatives ,9,@ - 
disubstituted with electron-withdrawing substituents. When the @-substituents act by inductive effect alone, a 
regiosp-ecitic &dtackt occurred giving rise, through a I,4 - cycloaddition, to 2J - dihydropyran[2$-bJindoles. As a 
by product Michael adduct can be obtained. When the p-substituent act by conjugative effect also, a regiospecifrc 
a-attackt occurred giving rise to Spiro - dihydropyrane or - cyclobutane - 2 - oxoindolines depending on the nature 
of the substituents. 

In a less polar solvent. the latter ones are formed together with the adduct arising from the regioisomeric 
p-attack. 

The overall reactivity can be rationalized in terms of LUMO coefficients of the heterodiene and of different 
stabilization offered by the solvent to the various reaction pathways. 

It is known that heterodiene syntheses can take place by 
different pathways: 1,4- and 1,2 - cycloaddition,2 Michael 
reactions3 and stable zwitterions’ also (Scheme 1 A-D) 
when enamines and aminals are allowed to react with 2 - 
oxoindolin - 3 - ylidene derivatives. 

The lower the orbital separation between the HOMO 
of the olefin and the LUMO of the a&unsaturated 
carbonyl derivative, the higher is the electron transfer 
from the donor to the acceptor and hence the stronger is 
the zwitterionic character of the reaction.’ 

Similar behaviour was found in the reaction of 2 - 
oxoindolin - 3 - ylidene derivatives with ethylvinylether. 
The higher frontier MO separation involved in 3 - ben- 
zylidene compounds gives rise to I,4 - cycloadditions 
only.’ When the oxoindolin LUMO is lowered by an 
electron withdrawing substituent in the 3 - ylidene posi- 
tion, 3 - (2 - oxoindolin - 3 - ylkiihydrofurans are 
obtained as by-products, via a zwitterionic intermediate6 
(Scheme 1 E). Even if the regioselectivity of the reaction 
could have changed depending on the amplitude of the 
reagent coefficients, a /I attack (Scheme 1) was always 
observed. 

Simple considerations of the effect of sub&rents, 
suggest that two strong electron withdrawing groups in 
the fi position could lower the heterodiene LUMO 
enough to direct the reactivity to a zwitterionic pathway 
with vinylethers also, and could increase the a 
coefficient enough to overwhelm the B one changing the 
regioselectivity of the attack, 

In addition to the amplitude of the LUMO coefficients 
and the eventual steric effects, further points had to be 
taken into account in the balance between a and /3 
attack: (i) the aromaticity which can be gained by an 
adiacent ring when a B attack occurs; (ii) the “al- 
lowance”’ of a reaction which can lower its energy of 
activation. 

tThroughout the text, and II and @ positions refer to the 
unsaturated carbonyl system including the lactam earbonyl. 

To investigate the effect of two #Ielectron withdrawing 
substituents on both the nature of the t.s. and the regio- 
selectivity, we have performed the reaction between 1 - 
acetyl - 2 - oxoindolin - 3 - ylidene /3,@ - disubstituted 
derivatives (l-4) and ethylvinylether (5). 

RFXJLTS AND DtSCl!SSlON 

All reactions were initially performed at room tem- 
perature in acetonitrile, a solvent whose high dielectric 
constant would offer better stabilization to any develo- 
ping zwitterion. 

(a) Reaction with 1 - acetyl - 2 - oxoindolin - 3 - ylidene 
diethjhnalonate (1) 

After about 2 weeks a single colorless adduct (6) was 
obtained (reaction a Scheme 2) in a quantitative yield. 
The structure of 2 - ethoxy - 4,4 - dicarbethoxy - 9 - 
acetyl - 2.3 - dihydropyran[tJ - blindole was assigned on 
the basis of the IR spectrum (Experimental) and of the 
chemical shift of the anomeric H. proton whose value at 
5.528 is consistent with an a&al-type proton. 

(b) Reactiti with 2 - (I - acetyl - 2 - oxoindolin - 3 - 
ylidme)lS - indandione (2) 

After 3 days a quantitative yield of a yellow mixture of 
diastereomeric adducts (7r.b) was obtained (reaction b 
Scheme 2). The IR spectra show lactam, acetyl and 
ketone carbonyls and a dihydropyran type double bond. 
The NMR spectra have the X part of an ABX pattern 
resonating at 5.88 (7a) and 5.76 (7b) 8, consistent With 
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acetal type protons. These data suggest that 2 reacted in 
accordance with a 1,4 - cycloaddition, but involving the 
indane fragment instead of the heterocyclic one. Hence 
the spiro[2,3,4,5 - tetrahydro - 2 - ethoxy - 5 - ketoin- 
dano[l+2 - b]pyran - 4 - 3’(1’ - acetyl - 2’ - oxo)indoline] 
structure was assigned to 7. 

Several factors could account for the different 
regioseiectivity of 2 in addition to the Q coefficient being 
greater than the ,!I one because of the effect of two 
largely coplanar CO groups. A new [4 t 21 allowed cyclo- 
addition possibility; the indenone conjugation developed 
in 7 which can partly counterbalance the ungained indole 
aromaticity; the severe hindrance to the approach to the 
heterocyclic C=C-C=O fragment given by the Z-carbonyl 
and the favourable entropy factor due to the rigid c&id 
conformation of the second C=C-C=O system can be 
involved. 

(c) Reaction with (E) 2 - (1 - ocetyl - 2 - oxoindolin - 3 - 
ylidene) - 1 - indunonc (8) 

Some of the above mentioned factors were ruled out in 
the light of the reactivity of (E) - 2 - (1 - acetyl - 2 - 
oxoindolin - 3 - ylidene) - 1 - indane (8) with 5. Even if 
the experimental condition (vinylether excess at 100” in a 
Paar bomb, conditions which wiIl be tested later for all 
substrates) are somewhat different due to the low reac- 
tivity of 8, since a diastereomeric mixture of spiro (2 - 
ethoxy - 9 - acetyl) - 2J - dihydropyran[2,3 - blindole - 
4,2’ - indan - I’ - one (9a,b) was obtained (reaction c, 
Scheme 2), the possibility of a second [4+2] cycload- 

dition and the favourable entropy factor are irrelevant to 
the regioisomeric change from 2 to 1. Similarly the 
hindrance to the approach of 5 to the heterocyclic C=C- 
C=O system and to a certain extent the indenone con- 
jugation seem insignificant since comparable factors can 
be found in 8. Therefore, the regioselectivity of attack 
must be affected by the amplitude of the a coefficient 
being greater than the fi one. Certainly the effect of the 
electron withdrawing carbonyl groups must be greater in 
2 than in 1: we will come back later to the reason of this. 

(d) Reaction with 2 - (1 - acetyl - 2 - oxoindolin - 3 - 
yiidene)hex&oropropone (3) 

The reaction occurs quickly (about 12 hr) and two 
products are separated by fractional crystallization and 
column chromatography. The structure of 2 - ethoxy - 4,4 
- bistritluoromethyl - 9 - acetyl - 2.3 - dihydropyran[2$ - 
blindole was assigned to the high yield isomer 10 on the 
basis of IR and NMR data (Experimental). The low yield 
isomer 11 (reaction d, Scheme 2) has a lactam carbonyl 
at 1765 cm-’ and a vinylether type double bond at 
1670cm-‘. The NMR spectrum shows two coupled 
olefinic protons at 6.45 and 4.416 respectively (J = 7.5 Hz) 
and a singlet (I H) at 5.216. This, and the high field 
olefinic proton are long range coupled (a 1 Hz) with 
fluorine. On the basis of these the structure of 3 -(1’ - 
ethoxy - 3’,3’ - bistrifluoromethyl - 3’ - propenyl) - 1 - 
acetyl - 2 - oxoindoline was assigned. 

The regioisomeric structure of 11 arising from attack 
in the a position was ruled out since it would lead to a 
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Scheme 2. 

-CH(CF3~ group with a proton havi~ a coupling con- 
stant with fluorine much larger than that detected in 11. 
These results reflect a tendency towards both a zwit- 

E 

. _. . I 
terion pathway (11 comes from this mechanism oniy) and 
a high fi - ~~oseiectivjty of attack. 

This di~tomy can be rat~~l~ed if we consider that 
eiectron withd~wi~ substituents (Z) can simply act 
throu~ the inductive effect (Zi such as CF, or non planar 
CO groups?) or also by conjugation (Zc coplanar carbonyis 
of the indaod~one de~vatjve 2). 

If we take the acrolein LUMO as a model {Fig. I), the 
coefficient is larger than the d! one.” 

Simple considerations of substituent effects suggest 
that Zi substituents decrease the LUMP energy and, 
lowering the larger coefficient (@ and raising the smaller 
(ar), make the a and jl coe~cients ~ompa~bIe. 

Since it is wetI known that simple conjugation lowers 
the LUMP and decreases the c~~cieot at the C atom 
carrying the conjugating group, Zc substituents m~kedly 
lower the LUCK and make the Q c~~~ie~t larger than 
the 4 one because of the sum of inductive and con- 
ju~t~ve effects. 

Whe o~ercrowdn~ss of the J3 position of 1 ~~0~ cause a 
strong twisting out of conjugation of -CoOEt groups with the 
oxindoli~ - 3 - yiidmc fra~ent. 

b 

39 
Zi 

1?81 

Fii. 1. Estimated effects of elGc~o~w~rawi~ substi~n~s 
(e.w.s.) (Zi = G.W.S. acting by inductive effect only; Zc = t_w.s. 
acting by resonance ah) on LUMO energy and ~~c~n~s of 

acrolein. 

Hence Zi s~bsti~ents are evcn~l~y expected to act 
as “zwi~erion-promoters” through a #4 attack. The Zc 
su&stitue~ts should act as “a attack promoters” giving 
rise, if no other allowed reaction is possible, to a zwit- 
~~0~~ ~thway. That is what is expected for the fol- 
lowing reaction. 

fe) &z&on with 1 - ~ce~y~ - 2 - ~~o~ndo~~ - 3 - 
yl~e~~~l~n#~~~~ (4) 

The reaction occurs within a few days and two colour- 
less adducts 12 and 13, with a total yield of about 95% 
were isolated. Both isomers have an IR spectra showi~ 
the la~~rni~ ~ar~nyl at about I%Ocm-‘. The NMR 
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excludes a Michael addition for both since no AX system 
of olefinic protons occur; both have ABX systems whose 
chemical shifts are consistent with cyclobutanic struc- 
tures arising from [1,2] cycloaddition on the exocyclic 
double bond. 

AC F AC 2 
- 

Two regioisomeric structures are possible (F and G), 
each having two diastereomeric possibilities. 

It is known that cyclobutane derivatives undergo 
cycloreversion to two olefins under the conditions for 
mass fragmentation’ and also under thermal condi- 
tions,‘“*” especially when the high energy of activation 
required For a 2s t 2a mechanism is lowered by stabilized 
intermediates.” 

Since the mass spectra of both adducts gave a frag- 
ment at m/e 122 consistent with 1,l - dicyano - 2 - 
ethoxyethene and two ions at m/e I87 and 145 consistent 
with 3 - methylene - 2 - oxoindoline, both 12 and 13 are 
(F) diastereoisomers. 

To confirm this assumption the thermal cycloreversion 
was performed under conditions allowing 3 - methylene - 
2 - oxoindoline eventually formed to be trapped. There- 
Fore both 12 and 13 were heated at 100” in a Paar bomb 
in the presence of 5 For about 2 days. Column chromato- 
graphy of the reaction mixture gave good yields of 1,l - 
dicyano - 2 - ethoxyethene” (14) and 2 - ethoxy - 9 - 
acetyl - 2,3 - dihydropyran[2,3 - blindole (16) clearly 
obtained by a heterodiene synthesis on the second 
fragment: 1 - acetyl - 3 - methylene - 2 - oxindoline (15) 
(Scheme 3). 

These results confirm that both 12 and 13 are the 
diastereoisomers spiro[(2,2 - dicyano - 3 - ethoxy)cyclo- 
butan - I ,3’ - (1’ - acetyl) - 2’ - oxoindolinel with the high 
yield isomer 12 being the one with the lactam carbonyl 
and the ethoxy group in a trans relationship as suggested 
by the shift of the NMR signals of the cyclobutane 
protons. 

The regiospecific a-attack to give cyclobutanes is 
expected on the basis of previous considerations of the 
effect of Zc substituents and can be attributed to the 
development of the greater LUMO coefficient in a. Since 
the u-attack gives rise to a zwitterion which is the 
intermediate along the reaction coordinate, a significant 
contribution to this choice could be offered by the 
solvent which acts by lowering the energy of activation 
of the reaction by solvation of the dipolar intermediate. 
To test this we investigate the reaction of 1-4 with 5 
under conditions consistent with a reasonable rate, but in 
the presence of a solvent of low dielectric constant to 
minimize stabilization of the developing zwitterion. 
Ethylvinylether was used in excess as solvent at 100” in a 
Paar bomb. 

(F) Reactions of ld in ethyluinylether as solvent 
The reactivity of 1,2 and 3 do not change significantly 

meaning that [4 t 21 cycloadditions are rather insensitive 
to the solvent. 

A much different result occurs with 4 since a third 
adduct is isolated in addition to 12 and 13 obtained 
previously. This new colourless compound (17), which 
From the spectral characters (Experimental) is 2 - ethoxy 
- 4,4 - dicyano - 9 - acetyl - 2,3 - dihydropyran[2,3 - 
blindole, is a primary reaction product since it is stable 
and neither 12 nor 13 are transformed into 17 under the 
reaction conditions (Scheme 3). 

Rationalization of this result can be Found in terms of 
loss of solvation energy for the zwitterion which is the 
intermediate in the formation of 12 and 13. The resulting 
increase in the energy of activation For this reaction 

CN H 

E + 13 t 16 + fJ)----!$ 
_1L kc Ha 

Scheme 3. 
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makes the B-attack, whose [4+2] cycloaddition is less 
sensitive to the solvent polarity, comparable. 

CONCLUSION 

Several examples of regioisomeric variation are known 
in the field of cycloaddition. Well studied examples of I,3 
- dipolar cycloadditions**“*” and Diels-Alder reac- 
tions’“.” were rationalized from frontier orbital theory 
considering the overlap between the greater coefficients 
in the dominant HOMO/LUMO interaction. 

From this point of view the factors determining the 
regioisomerism of the above reported adducts are not 
new. The novelty is that these factors do not only give 
different regioisomers of the same ring, but different 
reaction modes giving rise to [4 + 21 or (2 + 21 or Michael 
adducts. 

A further point needs to be considered concerning the 
different behaviour of 4 in acetonitrile and vinylether. In 
the polar solvent K12+*] ti K14+2j since no dihydropyran is 
formed. In the less polar solvent K12+2] =K14+21 since 
comparable amounts of cyclobutanes and dihydro- 
pyranes are obtained. 

In the light of the solvent theory of Hughes and 
Ingold” which can be applied to cycloadditions with 
polar intermediates,19 this can be interpreted as evidence 
for a two-step mechanism in the formation of cyclo- 
butanes and for a largely concerted pathway to dihydro- 
pyrane derivatives. 

The [4+2] cycloadditions, coming from either a /3 
attack on 1,3,4 or from an a attack on 2, occur through 
a t.s. where the synchronous hybrid can counterbalance 
the stabilization which is lost by the zwitterionic one 
when the solvation energy is lacking. 

EXPeRlMENTAL 

Afl m.ps are uncorrected. IR spectra (Nujol mulls) were 
determined on a Perkin-Elmer 257 spectrophotometer. NMR 
spectra were obtained in CDCll on a Perkin-Elmer spectrophoto- 
meter (chemical shifts are reported in ppm on the 6 scale, 
coupling constants in Hz). Mass spectra were obtained on a 
Du-Pant 21492 B mass spectrometer via the direct probe and 
vaporized at temperatures between 50 and 80”. Microanalyses 
were performed by Dr. Lucia Maggi Dacrema. 

I - Acefyl - 2 - oxoindolin - 3 - ylidene derivofives (l-4.8) 
I - Acetyl - 2 - oxoindolin - 3 - ylidene diethylmalonate (1). 

Obtained from 2 - oxoindolin - 3 - ylidene diethylmalonatem by 
acetylation following the lit.” as yellow prisms (Table I). 

2 - (1 - Acetyl - 2 - oroindolin - 3 - ylidene)l,3 - indondione (2). 
From 1 - acetylisatin (0.01 mol) and 1,3 - indandione (0.01 mol) in 
EtOH (ISml) and Et,N (few drops) following the lit.U 2 - (1 - 
Acetyl - 2 - 0x0 - 3 - hydroxy - 3 - indolinil) - 1,3 - indandione was 
obtained (87%): m.p. 135” (benzene) (Found: C. 68.32: H, 3.91; N, 
4.25. Calc. for CIPHIINOS: C68.06; H, 3.91: N,4.18%). The isolated 
product was suspended in SOC12 (20 ml) and refluxed until no gas 
evolution was observed (about 2 hr). The red soln was evaporated to 
dryness and the residue was ground with diethyl ether. thus 
obtaining 2 as red-violet prisms (Table 1). 

2 - (I - Acefyl - 2 - oxoindolin - 3 - ylidene)hexafluoropropane 
(3). An excess of exafluoroacetone sesquihydrate (2ml) was 
slowly dripped into cone H2SO4 (7 ml) under vigorous stirring, 
and anhyd. exafluoroacetone was bubbled into a well stirred soln 
of oxindole (1.4g, 0.01 mole) in 3Oml of anhyd pyridine. After 
stirring overnight, the reddish soln was evaporated, and the 
residue was ground with light petroleum and filtered off. 2 - (2 - 
0x0 - 3 - indolin) - 2 - hydroxyhexafluoropropane was obtained 
(2.5g, 85%) white-pinky needles m.p. 177-178” (benzene). 
(Found: C, 44.34; H, 2.38; N, 4.76. Calc for C,,H7FdNOz: C, 
44.15; H, 2.34; N, 4.68%.) The isolated product was suspended in 
PC& (30ml) and gently refluxed until no gas evolution was 
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observed (5-6 hr). After cooling on an ice bath, red crystalline 
solid separated which was filtered off and washed with water. 2 - 
(2 - Oxoindolin - 3 - ylidene)hexafluoropropane was obtained in 
nearly quantitative yield as orange needles, m.p. 128-129” (EtOH 
dil). (Found: C, 47.10; H, 1.94; N, 5.03. Calc. for CllH5F6NO: C, 
46.98; H, 1.88; N, 4.98%.) By acetylation following the lit*’ 3 was 
obtained as soft yellow needles (Table 1). 

1 - Acetyl - 2 - oxoindolin - 3 - ylidenemalononitrile (4). A 
suspension of 1 - acetylisatin (0.01 mol), malononitrile (0.01 mol) 
in benzene (60 ml) and pip&line (few drops) was stirred at room 
temp. After 45 min the red soln was evaporated and the residue 
was ground with diethyl ether and filtered off. 4 was obtained as 
red-orange needles (l-able I). 

(E) 2 - (I - Acetyl - 2 - oxoindolin - 3 - ylidene) - 1 - indanone 
(8). Following the IitF3 by condensation of equimolecular 
amounts of isatin and 1 - indanone, and dehydration of the aldolic 
intermediate. Deac 8 was obtained (73%) as red needles m.p. 
250” dec. (dioxane); (Found: C, 74.07; H, 4.13; N, 5.41. Calc. for 
C1,HllN02: C. 74.32: H, 4.21; N, 5.36%). A mixture of AczO 
(IOml) and a few drops of cone HISO was added with 1.05g 
(4 mmole) of the 1 - unsubstituted derivative, and refluxed 5 min. 
The soln was cooled and yellow needles of 8 were filtered ofI and 
washed with diethyl ether, NaHCO, (5% soln) and water. The (E) 
configuration was assigned on the basis of the H4 NMR signal 
resonating at 9.308. as compared with H, signal of 2 at 9.106 
(Scheme 2). Table I summarized the characteristics of the above 
mentioned compounds l-4.8. 

Reaction of 1 with 5. 
(a) A mixture of l(4 mmole) and 5 (40 mmole) in MeCN (10 ml) 

was kept at room temp for about 2 weeks, and then evaporated 
to dryness. yielding 6 in a quantitative yield as white needles, 
m-p. 84-85” @OH); v,.,(CHCI& 1735 broad, 1712, 1631 cm-l 
(ester, acetyl and C=C dihydropyran respectively); NMR 6 5.22 
(1 H, dd, H,, Jib t Jib’ = 8.4), 2.8 (1 H, dd, H,,), 2.59 (1 H, dd, Hv). 
(Found: C. 62.41; H, 6.37: N, 3.61. Calc. for C21H25N07: C, 62.52; 
H, 6.25; N, 3.47%.) 

(b) A suspension of l(4 mmol) and 5 (12 ml) was heated at loo” 
in a Paar bomb for 5 hr giving 6 in nearly quantitative yield. 

Reaction of 2 with 5 
Starting from 2 and following the previously described method 

(a), after 3 days a quantitative yield of the diastereomeric mix- 
ture of 7~ and 7b was obtained in 6WO ratio (based on the NMR 
acetyl signals). Pure isomers were obtained by fractional crystal- 
lization (la from EtOH; 7b from toluene) or by column 
chromatography (Kieselgel Merk H, CH2C12 as eluant). 70: Yel- 
low needles, m.p. 175-176” (EtOH); IR: 1763, 17OE, 1638cm-’ 
(C=O lactam, C=O acetyl and ketone and C=C dihydropyran 
respectively). NMR 5.88 (I H, dd. Ha; J.,, + Jab’ = 8.61, 2.15-2.55 
(2 H, m. Hb and HU; for H,. H,,, Hb’ see formulae in Scheme 2). 
(Found: C, 70.61; H. 4.94; N, 3.63. Calc. for C2jHIPN03: C, 70.94. 
H, 4.92; N, 3.6@%). 7b; yellow prisms, m.p. 193-W’ (toluene); 
IR: 1750, 1700, 1632 (C=O lactam, C=O acetyl and ketone, C=C 
dihydropyran respectively). NMR: 5.76 (I H, dd, H,; I,,, t Jab’ = 
12.6). 2.52 (I H, dd, H,,), 2.09 (1 H. dd, Hb’). (Found: C, 70.68; H. 
4.83; N. 3.65. Calc. for CUHIPNOJ: C, 70.94; H, 4.92; N, 3.60%.) 

Following the method (b), after 2 hr a quantitative yield of the 
mixture of 7s and 7b was obtained in a 55/45 ratio. 

Reaction of 3 with 5 
Starting from 3, following the method (a) the solid residue 

(12 hr) was ground with light petroleum and filtered off. Pure 10 
(1.32g, 83%): white prisms, m.p. 132-133” (CH3CN): IR: 1725, 
1620 GO acetyl and C=C dihydropyran). NMR: 5.49 (1 H, dd, 
HZ; J2, + J2y = 12) 2.3-2.6 (2 H, m, HS and H1,) (for H2. Hj, Hjs 
see formulae Scheme 2). (Found: C, 51.38; H, 3.58; N, 3.72. Calc. 
for C1,HIsF6N03: C, 51.65; H, 3.80; N, 3.54%.)The mother liquor 
were columnchromatographed (Kieselgel H Merck, toluene as 
eluant) obtaining first a further 5% of 10. followed by 11 (!%) as 
white prisms, m.p. 95-96” (light petroleum); (Found: C, 51.42; H, 
3.88; N, 3.60. Calc. for C1,HIsFeN03: C, 51.65; H, 3.80; N. 
3.54%.) 

Following the method (b), after I hr, 10 and 11 were obtained 
in a 911 ratio. 






