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Ahetr&-The reaction of some cnamincs with N-substitutal 3-oxindolidcncacetophenoncs has been 
investigated. When the oxindole N-substituent is an scyl group, 1.4~cycloaddition occurs leading to 
2.3dihydropyrano[2.3-blindole derivatives. when the N-substituent is an alkyl group. 1.2-cycloaddition 
takes place and spirocyclobutanoxindolc derivatives are formed. Some intcrmcdiate cases arc also 
presented. A possible rationalisation of the electronic effect N-substituent on the reaction pathway is 
proposed. 

IN PREVIOUS papers we have shown that the a&unsaturated carbonyl system of 
N-acyl-3-benzaloxindoles reacts with vinyl ethers” and enamines4 undergoing 
l&cycloaddition. 

This reaction has been successfully extended to a large series of other heterocyclic 
derivatives3*s and the only products obtained have always implied a l+cyclo- 
addition. 

Since in all heterocyclic compounds tested the heteroatom in a-position to the 
carbonyl group carries one or more lone pairs, we have investigated the role played 
by this lone pair in the cycloaddition. In theory the lone pair delocalization, due to 
different groups being located e.g. on the nitrogen atom, could perturb the a$- 
unsaturated system in opposite directions : 

In the present paper the reaction of enamines with 3-oxindolideneacetophenones, 
N-substituted either with electron-attracting (acyl) or electron-repelling (alkyl) 
groups or with intermediate (H, benzyl or substituted benzyls) groups, is reported. 

I 

la:R = &CO- 
i 

Ic: R = H-- 
b: = PbCO-- f: = PbcH,-- 

= Mc- 
:; = Et- 

8: = p.McO.C,H,.CH,- 
h: = p.NOI.C,H,.CHI-- 
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Moreover oxindolidene derivatives (I) possess a second a$-unsaturated carbonyl 
system in the side chain, which can be regarded as a new reacting center for the 
cycloaddition. A priori, in addition to the different possible cycloaddition reactions, 
a Michael addition involving both unsaturated carbonyl systems should also be 
considered, all the more since such a reaction has been invoked for analogous 
derivatives.6 We have therefore tested two different enamines, 1-piperidino-1-propene 
(E,) whose structure would allow a Michael type addition, and l-pyrrolidino-l- 
isobutene (Es), for which this reaction is obviously impossible. 

The stereochemistry of the initial oxindolideneacetophenones is probably truns, 
since all their NMR spectra show a sharp singlet between 7.82 and 7.98 6, which can 
be assigned to the vinyl proton. These values are fully consistent with previously 
described trans-oxindolidene derivatives’ and the small paramagnetic shift with 
respect to trans-3-oxindolideneacetones* is probably due to the deshielding effect of 
the benzene ring. 

1,4-Cycloaddition 

All N-acylsubstituted oxindole derivatives reacted with both enamines El and El 
and colourless but quite unstable adducts were obtained in high yields. The results 
are reported in Scheme I. 

ScwMe I 

I 

la?b 

I 
q 

CH,-CO-Ph 

K 0 

(‘0 
I 
R 

Ila. h 

Illa: R = Me; R’ = H; N 

0 

= pip. 

Illb:R=Ph:R’=H: N 
0 

= pip. 

IVa. R = Me; R’ = MC. N 

0 

= pyrr. 

IVb: R = Ph: R’ = MC. = pyrr. 

In addition to the adducts IIIa, b and IVa, b, we prepared starting from the reactants 
Ia, b the hydrogenated derivatives, since a comparison of the IR spectra of all these 
compounds would allow us to infer the nature of the addition reaction, as Table 1 
shows. 

From the data reported above it can be seen that all adducts have: (i) no lactam 
C=O band; (ii) no exocyclic C=C band; (iii) a shift of the a&unsaturated C=O 
band, attributed to relief of conjugation. 

Therefore, both the double bond and the lactam carbonyl group must have 
participated in the reaction, and hence a 1,4cycloaddition is strongly suggested. 
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Compd “- 
cxocyclic 

Ia 

IIa 

llla 

IVa 

1628 m 

absent 

absent 

absent 

lb 

Ilb 

IIIb 

IVb 

1625 m 

absent 

absent 

absent 

VC==C 

dihydropyr. 

- 
1630s 

1631 s 

- 
1638 s 

1641 s 

1745 s 

1743 s 

absent 

absent 

1730 s 

1730s 

absent 

absent 

vc=o 
acyl 

.-___- 

1720s 

1720 s 

1690s 

1710 s 

1692 s 

1701 s 

1685 s 

1685 s 

VC=G 

ketone 

1660s 

1680 s 

1678 s 

1673 s 

1665 s 

1684 s 

1680 s 

1680 s 

Furthermore all adducts show a strong band in the region characteristic of C=C 
double bonds in dihydropyran rings condensed with oxindoles4 

The NMR spectrat of adducts IIIa. b were, due to their instability, registered at 
-20” and they exclude the presence of isomers; the main values are reported in 
Table 2. All other protons of the base and of the aromatic rings showed consistent 
chemical shift values. 

TABLE 2 

Compd 
Methyl 

dihydropyr. % H. R 

----------- - --.- - -.--- -----..-.-.-.---.- - - 
IIIa l.lOd 4.47 d 4.37 d methyl H, is 

J 6.5 J,,, 100 J,.. 9.0 2.66 s overlapped by 

IIIb 0.97 d 4.57 d 4.34 d phenyl H, of the 

J 6.5 J,., 10.0 J,.. 9.0 (atom) pipcridine 

The chemical shift of the dihydropyran methyl,group is consistent with its being 
located on a six-membered ring.’ The small paramagnetic shift of HZ in IIIb, com- 
pared with IIIa, is probably due to the deshielding effect of the benzene ring of the 
N-acyl group. 

The large values for the coupling constants of the dihydropyran protons, compared 
with similarly condensed dihydropyran derivatives,’ clearly indicates that in all 
cases a CWLS coupling occurs, the relationship between the hydrogens being largely 
axial-axial. Whereas this is to be expected between H, and Hs, owing to the stereo- 
chemistry of the starting enamine,“’ a similar coupling between H3 and H, is very 
interesting, since it confirms the strong stereospecihcity of the reaction. A similar 
stereospecificity has been shown to control the cycloadditions between cis- and 
truns-propenyl propyl ethers and arylidenepyrazolones or isoxazolones.” 

The proposed orientation of the cycloaddition was confirmed by hydrolytic 
cleavage of all adducts under mild conditions (Scheme II). 

t Chcm shifts arc reportal in ppm on the b scale, coupling constants in cps; CDCI, was the solvent 

and TMS the internal standard. 
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Illa, b; IVa, b - 

it 
Vab;VIa,b 

Open-chain 3-substituted oxindole derivatives (Va, b; Via. b) were obtained and 
their structures, shown by their NMR spectra, which are reported in the experimental 
section (Tables 11-12). allow us to exclude a 14cycloaddition reaction on the 
unsaturated carbonyl system of the side chain. 

Some of the above mentioned aldehyde derivatives existed as a mixture of two 
configurational isomers, the presence of two or three chiral carbon atoms in their 
structures fully explaining this occurrence. 

1,2-Cyclwddition 

N-Methyl and N-ethyl-3-oxindolideneacetophenones (Ic, d) reacted with the 
enamines E, and Es in an entirely different manner (Scheme III). 

H Me 

R’ 

CO-Ph 

Ic. d 

it 
Ilc. d 

Ilk: R = H; R’ = H; N 

0 

= pip. 

Illd: R = Me; R’ = H; N 

0 

= pip. 

lVc:R=H;R’= Me; N 
0 

= pyrr. 

IVd: R = Me; R’ = Me; N 
0 = pyK. 

The IR spectra of the adducts, reported in Table 3 together with those of the 
starting compounds and their hydrogenated derivatives (1Ic.d). again allow us to 
deduce what type of reaction has taken place. An inspection of the data clearly shows 
that the labile point on the substrate now is only the exocyclic double bond. 

All adducts lack the band due to stretching of the exocyclic double bond and 
show a corresponding shift in the band due to the a&unsaturated ketone system 
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Compd vc=c vc=o “0 
cxocyclic lactam ketone 

IC 

IIC 
IIIC 

IVC 

Id 
lld 
llld 
IVd 

1625 m 
absent 
absent 
absent 

1620 m 
absent 
absent 
absent 

1700s 
1700s 
1700s 
1705 s 

1700s 
1705 s 
1692 s 
1695 s 

1660s 
1685 s 
1680 s 
1680s 

1658 s 
1670 s 
1685 s 
1683 s 

deriving from relief of conjugation ; moreover no trace appears of the band assigned 
to the dihydropyran double bond. 

Starting from E, there is no valid alternative to a 1,2cycloaddition scheme; 
starting from E, the presence of a hydrogen atom in the b-position does not allow 
us a priori to exclude a Michael type reaction. However, this latter possibility is very 
unlikely, since in the IR spectra of the adducts the band due to the enamine double 
bond no longer appears. The NMR spectra, registered at -20” (Table 4) allow us 
to neglect this last remote possibility. The relevant details are the chemical shift of 
the methyl group, whose value is consistent with its location on a four membered 
ring,” and its coupling constant, which excludes the allylic coupling required in a 
Michael type adduct. 

TAEU 4 

Methyl H 
‘OmPd (cyclobutane) ’ H.. 

N 
Aromatics 

-__-__-------------_-- 
Ilk 1.38 d 3.79 d 6.39 m methyl 6.7-7.5 m 

J 5.5 J 9Q 3.05 s 

Illd 1.35 d 
J 6.0 

3.83 d 6.48 m ethyl 6.9-7.1 m 
J9Q lQ7 t 

3.74 q 
J 5.5 

The low field doublet is assigned to the proton a- to the carbonyl group (H,), the 
proton a- to the base (HJ is partly overlapped by the N-Me signal and by the 
equatorial protons of the base. The signal near the aromatic region can be reasonably 
attributed to the proton in position 4’ on the oxindole ring, which is particularly 
shielded by the cyclobutane substituents. 

Decoupling experiments were performed on 111~ (Fig l), in order to discover the 
chemical shift of the third cyclobutane proton (H,); the only position where both the 
signals of the cyclobutane methyl group and of H, become singlets is 308 6. The 
proximity of the H, and H, signals can probably be explained in terms of the 
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combined dcshielding effect of the carbonyl and the piperidine nitrogen, if we assume 
for these adducts a stereochemistry analogous to that in the previously described 
dihydropyran derivatives, i.e. with the methyl group trans both to the benzoyl and 
to the base group. 

F’IO 1. NMR spectrum of spire [(2-pipcridyl-3-mcthyl-4-benzoyl)cyclobu~ne-1.3’~l’-methyl) 
oxiodole] (Ilk) and its spin decoupling spectra 

ScHEMe IV 

cxi- ,C‘O-Ph 

1llc.d;IVc.d - 
C-H ,O 

‘c-c’ 

0 hi/, ‘RI 
‘H 

L”, 

b 
Vc, d ; WC, d 

Hydrolytic cleavage of the adducts under mild conditions (Scheme IV), yielded 
the aldehyde derivatives Vc, d and WC, d, whose structures, demonstrated by NMR 
spectroscopy (Tables 1 l-12 in the experimental section), again confirm the direction 
of the cycloaddition. A fully decoupled spectrum of Vc is shown in Fig 2. 

Intermediate Cases 
Since the oxindole N-substituents seemed to play a leading role in the electronic 

control of the reaction, we next investigated substrates with substituents having 
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intermediate effects to those in the previously considered cases. N-Unsubstituted (Ie) 
and N-benzyl-3-oxindolideneacetophenone (It) reacted with the enamines E, and E2 
following the Scheme V. 

H Me 

= pip. 

= pyrr. 

He, f 
l.Ve: R = H; R’ = Me; N 

0 

= pyrr. 

IVf:R=CH,--Ph;R’= Me; N 

0 

= pyrr. 

A comparison between the IR spectra (Table 5) of the adducts (IIIe, f; IVe, f, T) 
and those of the starting material (Ie, 1) and of IIe, f gave conclusive evidence of the 
nature of the reactions. 

TABLE 5 

Compd vc=c vc==c vc==o vc==o 
exccyclic dihydropyr lactam ketone 

le 
lle 
Hle 
1Ve 

If 
Ilf 
IIlf 
IVf 
IVP 

1620 m 
absent 
absent 
absent 

1620 m 
absent 
absent 
absent 
absent 

1710 s 1655 s 
_- 1705 s 1685 s 

absent 1705 s 1679 s 
1625 s absent 1680 s 

1710 s 1659 s 
1710 s 1688 s 

absent 1708 s 1675 s 
1630 s absent 1672 s 
absent 1710 s 1670 s 
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When the oxindole is unsubstituted (Ie) the reaction with the enamine E, gives a 
1,2cycloaddition product (IIIe), whereas the reaction with the enamine El yielded a 
1,4cycloaddition product (IVe). 

When the oxindole is N-benzyl substituted (If), the enamine E, still gives a cyclo- 
butane adduct (IIIf), while the enamine El gives random results In the first experi- 
ments the only reaction product was IVf, whose spectrum lacks the lactam C=O 
and the exocyclic double bond, indicating a l+cycloaddition. However, further 
experiments afforded, besides the fast adduct, a second compound (IVT), which has 
an IR spectrum fully consistent with a cyclobutane structure, as Fig 3 clearly shows. 

The dihydropyran adduct IVf is not stable and, even if stored at - 18” in a dark 
dry place, is slowly converted into the cyclobutane isomer IVP. 

In an attempt to rationalize the results, we changed the molar ratios of the reactants, 

Ph 

I I I I I I 

RG 3. IR spectra (aujd mulls) of 2~1-pyrrolidinyl)-3$~~byl~yl-9-~l-~3- 
dihydropyrano[2,3-blindok (IVf) (above) and of spire [(Zpyrrolidinyl-3,3dimetbyl4 

bcnzoyl)cyclobutaae-1,3’~l’-bcnzyl)oxhdole] (IVP) (below) 
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the reaction temperature and the degree of purity of E,. Moreover we studied the 
effect of catalytic amounts of free base on the reaction; but every attempt was un- 
successful and most frequently IVP was the only reaction product. 

In order to study the effect induced by small electronic factors on the two reaction 
types, we have examined the reactions between N-p-methoxybenzyl- (Ig) or N-p- 
nitrobenzyl-3-oxindolideneacetophenone (Ih) and the enamines E, and E3 ; the 
results, summarked in Scheme VI, are interpreted by IR spectroscopy. lb and El 
gave no isolable material. 

CO-Ph 

R R 

Illg: R = OMe; R’ = H; N 

0 

= pip. 

lIlh:R=NO,;R’=H; 

0 

= pip. 

IVg: R = OMe; R’ = Me; N 
0 

= pyrr, 

TABLE 6 

Compd 
VC==C vc=o vC=G 

cxocyclic lactam ketone 

Iis 1620m 1708 s 1660s 
lllg absent 1704s 1675 s 

IVlI absent 1705 s 1671 s 

Ih 
Illh 

1625 m 1708 s 1662 s 
absent 1712 s 1672 s 

The IR spectra, whose essential data are reported in Table 6, clearly support a 
1,2cycloaddition scheme in all cases, and further evident arises from an inspection 
of the NMR spectra, reported in Table 7. IIIe was not measured, owing to its very 
low solubility, while the main values of IVf are also reported. As we have previously 
shown the reported data demonstrate the presence of a cyclobutane ring, and the 
methyl couplings in IIIf, g, h again exclude a Michael type addition. 

Mild hydrolysis cleaved the adducts IIIe, f, g, h; We, f, P, g and the NMR spectra 
of the corresponding aldehyde derivatives (Tables 11,12,13 and 14 in the experimental 
section) support the proposed structures. 
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Methyl 
Compd (cyclobutanc) H, H. 

N--CH,-R 
Aromatics 

CH, R 

IIIf 1.37 d 392 d b-33 m 
J 5,5 J9Q 

IIIg 1.36 d 
J 5~5 

3.87 d 
J 9.0 

6.35 m 

fllh 1.41 d 
J 5.5 

4Q5 d 6.25 m 
J9Q 

IVP 1.51 s 3.89 s 6.72 m 
168s 

6,492 
6,4.71 
J AB - 16Q 

6,489 

a, 4.52 
J An - 15.5 

5Qos 

5Q2 s 

PhenYl 
(arom) 

b&-76 m 

pQM.c-phmyl 
3.75 s 

6.7-76 m 

p-NO,-phenyl 
(arom) 

69-8.2 m 

phenyl 
(arom) 

7Q-7.9 m 

I 
R 

12 
I I 

I 
Alk 
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CONCLUSIONS 

From the above facts it is reasonable to conclude that the influena of the 
N-substituents in 3-oxindolideneaatophenones must be regarded as the sole 
determinant of the mode of cycloaddition. Their influena may possibly be 
rationalized as follows: nucleophilic attack of the enamine on the cationic end of the 
a&unsaturated carbonyl system could give rise to a “zwitterionic” intermediate13 
(Scheme VII). 

When the nitrogen lone pair is preferentially delocalized on the acyl group, it does 
not perturb the succeeding ring closure if it follows a 1,4qcloaddition scheme; 
however, when the same lone pair is free and enhanced by the inductive effect of the 
alkyl group, the 3-position of the oxindole becomes mon activated and the ring 
closure occurs by a 1,2cycloaddition. 

When the activation energies for the 1,2- and 1Pcycloaddition are not comparable, 
the reaction follows the most favourable reaction coordinate. When the electronic 
effects modify the energy level of the zwitterion or the activation energies so that 
these become comparable, a border region is reached, where unknown, but never- 
theless very small effects can decide the fate of the actual q&addition. 

Two facts support these assumptions. First, the spontaneous interconversion, even 
under very mild conditions, of dihydropyran into cyclobutane derivatives, which 
can reasonably involve a “zwitterion” intermediate, and secondly the easy modifica- 
tion of the adducts at room temperature, to which we will refer elsewhere. 

We believe that such a high sensibility to small electronic factors is noticeable and 
further work is in progress to provide evidence for the connection between electronic 
factors and the mode of cycloaddition. 

EXPERIMENTAL 

AU m.ps an uncorrcctcd. IR spectra (nujol mulls) run on a Pcrkin-Elma 257 spcctropbotometer; 
NMR spectra, unless othcrwisc statad. run on a Varian Aa spectrometer; microanalyses by Dr. Lucia 
Maggi Dacrcma. 

I-Subaituted isatins 
The following isatins, not previously reported. wen prepared : 
1-p-methoxybenzylisarin. Obtained from isatin and pmethoxyhcnzyl bromide in accordana with the 

method dcscriba! for the preparation of I-bcnzylisatin.’ Orange platelets (58x), m.p. 171-172” (EtOH). 
(Found: C, 7218; H. SW: N. 5.24. Calc for C,,H,,NO,: C, 7190; H. 490; N, 5.24%). 

I-pnitrobenzylisntin. From isatin and p-nitrobcnzyl bromide by the above method.’ Red orange 
crystals (53%), m.p. 188-189” (AcOH). (Found: C, 63.77; H, 3.74; N. 1012. Calc for C,,H,,N,O,: C. 
63.83 ; H. 3.57 ; N, 9.93%). 

1-Substiruted-3-oxindolideneacetopheMnes (I) 
I-acetyf-3-oxindolideneocetopkonone (la). Prcparcd by a reported method.‘* NMR: vinylic proton at 

7.82 6 (s). 
1-benroyl-3-oxindolideneacetophenone (Ib). To a coolai and stir& soln d3-oxindolidcncacctophenone” 

(12.4g) in pyridinc (190ml) benzoyl chloride (62ml) was added dropwise. Cooling and stirring was 
continual for 1 b then, after standing overnight at O”, @7 N H,SO, was cautiously added to the cookd. 
stirred mixtun down to pH 3. lb scparatai as a yellow ppt (14*45g 83%), m.p. 170-171” (EtOH-soft 
yellow nccdks). (Found: C, 77.89; H, 4.27; N. 399. Cak for C,,H,,NO,: C. 78.17; H, 4.28; N. 3.96%). 
NMR: vinylic proton at 7.82 6 (s). 

3-oxidolideneacetophone (1~). Prepared by a reported method.‘” NMR: vinylic proton at 7.89 6 (s). 
1-nuthyl-3-oxlndolld~~etophenone (1~). Prepared by a repotted method.” NMR: vinylic proton at 
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7.89 6 (s). Following this method, from the appropriate isatins, the derivatives reported below were 
obtaincd : 

TABLE 8 

Compd 
Physical 

aspbct 
Weld %) 

m.p. 
(solvent) 

Elementary analysis 
NMR 
VpiliC 

proton 

Id red crystals 
(98) 

If red crystals 128-129” 

(93) @OH) 

Ig orange acodlcs 
(85) 

141-142 
(EtOH) 

Ih orange sort 
nccdla (92) 

129-131” 
(EtOH) 

168-169” 
(EtOH) 

found : C. 77.95; H, 564; N, 5-04 
for C,sH,,NO, talc: C, 7796; H, 5.45; N, 595% 

7.89 6 

found: C, 81.39; H, 5.39; N. 4.19 
for C,,H,,NO, talc: C, 81.39; H, 5a5; N, 4.13% 

7.95 d 

found : C, 77.59 ; H, 5.38 ; N, 404 
for C,,H,,NO, talc: C. 77.29; H. 5.36; N, 3.92% 

7.94 6 

found: C. 7191; H, 4.26; N, 7.59 
for C,,H,,N,O, talc: C, 71.87; H. 4.20; N, 7.290/, 

798 6 

I-SubstitutedJ-oxindolylocetopheno~s (II) 
I-methyl-3-oxindolylerophnone (11~). Prcparai by a reported mctbod.” 
3-oxin&ly&acctophmone (II+ Prepared by a reported method.” The following previously unreported 

3-oxindolylacctophcnoocs were prepared by hydrogenating at NIP tbc corresponding 3-oxindolidenc 
acctophenoncs with CPd lCJ%, (Raker-Enghclhard) catalyst. 

TABLE 9 

Hydrog 
Compd solvent 

Physical aspect 
(yield %) 

m.p. 
(solvent) 

Elcmcntary analysis 

IIa EtOH pale yellow needles 

(50) 

IIb AcOH soft white needles 
(80) 

IId AcOH colourlcss crystals 

(86) 

Ilf EtOH colourlcss crystals 
(73) 

121-122 
(EtOH) 

142-143” 

@OH) 

22>226 
(EtOH) 

M-167’ 
(EtOH) 

found : C, 73.92 ; H. 508 ; N, 4.79 
for C,,H,sNO, talc: C. 73.70; H, 5.15; N. 4.78% 

found : C. 77.93 ; H. 4.83 ; N, 3.78 
for &,H,,NO, talc: C, 77.73; H, 4.82; N, 3.94% 

found : C. 77.21; H, 5.91; N. 500 
for C,sH,,NOs talc: C, 77.39; H. 613; N, Sal% 

found: C. 8065; H. 567; N, 4.17 
for CIJHleNOl talc: C. W91; H, 561; N. 4.100/, 

Reactions of I with enaminest 

2-(1-piperidyfj-3-mcrhyl4benzoyl-9-acetyH,3dihydropymno [2.3-b] tile (Illa). To a cooled and 
stirred suspension of Ia (@87 g @3 mmole) in light petroleum (100 ml), l-pipcridino-1-prope (E,) 
(Q75 g, 06 mmole) was add& The yellow colour slowly disappurcd and after 2 b stirring at room temp. 
the pak pink coloural ppt was fdtcrcd off and washed with a Iargc amount of cold light pctroleum IIIa 
(1.23 g; 99%) was obtainal, m.p. MO-1Oz”. (Found: C. 74.84: H. 6.53; N, 644. Calc for CreH,,N,O,: 
C. 74.97 ; H, 6.78 ; N. 673%). 

t All adducts described berc are only stable under vacuum at low tcmp; correct values for the ekmentary 
analysu wcm obtained from crude samples dried for 2 h at room temp, 01 mm pressure. 
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Z~l-pynolidinyl)-3,3dfmethyl4-bcnzoyl-9~cetyf-2,3d~hydrop~~ [2.3-b] indole (IVa). I-Pyrrolidino- 
I-isobutene (E,) (1.87 g, 1.5 mmole) and powdered la (087 g, @3 mmok) were mixed with stirring After a 
few mins the cream coloured mass was ground with cold light petroleum and IVa was filtered off and 
washed with a large amount of tight petroleum. Small lightcream coloured crystals (105-1.17 g; 8494%) 
m.p. 7475”. (Found: C. 74.79; H. 6.78; N, 6.70. Cak for Cs,Hs,N,O,: C, 74.97; H, 6.78; N, 6.73%). 

2-(1-piperidyl)-3-methy(-4,9dfbenzoyl-2,3-dihydropyrarto [2.3-b] indole (IIIb). From Ib (@3 mmole) and 
E, (06mmole) in light petroleum, as previously described for IIIa IIIb was obtained (1.35g; 95%) as 
light yellow solid, m.p. 93-95”. (Found: C, 77.89; H. 6.31; N, 5.80. Cak for C,,H,,N,O,: C. 77.80; H. 
6.32; N, 5.85%). 

2~1-p~olidiny[)-3,3dlmethyl4,9dibenzoyl-2.3dihydrop~a~ [2.3-b] indoie (IVb) From Ib (@3 mmole) 
and E, (1.5 mmole), as previously described for IVa, IVb was obtained (1.35g; 94%) as light cream 
coloured crystals product m.p. 90-92’. (Found: C. 77.83; H, 6.55; N, 611. Cak for C,,H,,N,O,: C, 
77.80; H, 6.32; N, 5.85%). 

Spiro [(2-piperidyl-3-methyl4-benzoyl)cyclobutane-1,3’~1’Jnethyl)oxindole] (111~). From a suspension of 
Ic (@3 mmole) in light petroleum (100 ml) and E, (06 mmolc), 111~ was obtained, in accordana with the 
method previously described for Illa, as white crystalline ppt (Cr95-lQ5 g; W-91%) m.p. 97-98”. (Found: 
C, 77.11; H. 7.22: N, 6.95. Calc for C,,H,sN,Os: C, 77.29; H, 7.27; N. 7.21%). 

Spiro [(2-p~oltdinyl-3,3d~thyl4benzoyl)cyclobutone-1.3’~1’-mcthyl)oxindole] (IV+ Following the 
method described for IVa, from Ic (0.3 mmole) and Es (15 mmole), 1Vc was prepared as wbite solid (195 g; 
91%) m.p. 92-93”. (Found: C. 77.30; H, 7.35; N, 7.20. Calc for Cs,H,,N,Os: C. 77.29; H, 7.27; N, 7.21%). 

Spiro [(2-piperidyl-3-mrthyl4bentoyl)cyclobut~ne-1,3’~1’~1hy[)oxlndole] (IlId). In accordana with the 
above method for 111% from a suspension of Id (03 mmole) in light petroleum (1043 ml) but using 13 mmole 
of E,. IIId was obtained as white solid (0968; 81%) m.p. 105-106”. (Found: C, 77.34; H, 7.77; N, 686. 
Calc for Cr,H,,N,O,: C. 7758; H, 751; N, 6.96%). 

Spiro [(2-pyrrolidinyl-3,3-dimethyl4b~zoy[)ct~e-l~’~l’-rthyl)oxindole] (IVd). As described for 
IV& from Id (@3 mmolc) and Ea (1.5 mmolc), IVd was prepared as pale pink solid (1.08g; 90%) m.p. 
113-115”. (Found: C, 77.37; H, 7.50; N, 680. Calc for Cs,H,,N,Or: C, 7758; H, 7.51; N. 6%%). 

Spiro [(2-piperidyl-3-methyI46entoyl)cyc(obuzone-1,3’-oxindoIe] (111~). To a suspension of Ie (@3 mmole) 
in benzene (3a ml), E, (1.2 mmok) was added. In about 1 h all the starting material had dissolved and, 
after evaporation of the benzene at room tcmp, the residue was ground with cold light petroleum IlIe 
(O-87 g; 80%) was obtained as small light pink crystals m.p. 95-97”. (Found: C, 76.85; H, 7Q7; N, 7.35. 
Cak for C,,Hs,NsO,: C. 76.97; H, 7W; N, 7.48%). 

2~1-py~olidinyl)-3,3dimerhyl4-benroyl-2,3-d~ydropyra~ [2.3-b] indole (IV@. As described for IVa. 
from Ic (63 mmolc) and E, (1.5 mmole). 1Ve was obtained after standing for a long time at 0”. in quantita- 
tive yield (102 g) as small white crystals m.p. 75-77”. (Found: C. 76.75; H. 6.80; N, 7.74. Calc for 
C,~H~,N,O,: C. 7697; H, 7a; N, 748%). 

Spiro [(2-piperidyl-3-methyl4b~zoyl)cyclobuttne-1.3’~1’-benzyl)oxindole] (Ills). Following the method 
described for IIIa but from If (@3 mmolc) and E, (I.5 mmole) in light petroleum, IIIf was obtained (1.2 g; 
87%) as a wbite solid m.p. 111-113”. (Found: C. 8050; H, 691; N. 6.12. Cak for C,,H,,N,O,: C, 8014; 
H. 6.94; N. 6+)3x). 

Reaction o/ If with Es. (a) 2-(l-pyrrolidiny~3.3-di~thyl4~enzoyl9~enzyl-2,3dihydrop~~ [2.3-b] 
indole (1Vf). Powdered If (0.34 g; 0.1 mmole) and Es (0.2 or 0.3 or @5 mmole) were mixed at 0” and after 
respectively 1 week, 3 days. 1 night. the red colour disappeared and a light green crystalline solid separated 
in near quantitative yield. If the reaction was performed at room temperature, it was completed ina shorter 
period and with almost the same yield. IVf is obtained as light green crystals m.p. %91”. (Found: C. 7960; 
H. 7.16; N. 5.80. Cak for C,,H,,N,O,. C. 80.14: H. 694; N, 603%). 

(b) Spiro [(2-pyrrolidinyl-3,3dimethyl4benroyl)cne-1.3’-(1’-benzyl)oxindole] (IVP). From the 
same reactants in the same ratios and at the same temp. IW was obtained as light cream coloured crystals 
in nearly quantitative yield m.p. 89-91”. (Found: C, 79.80: H. 7%; N, 627. Cak for C,,H,,N,Os: C. 
8014; H. 694: N, 693%). 

(c) Sometimes at 0”. light green crystals of IVf and cream prisms of IW are forma! together. When 
mechanically separated, they give IR spectra superimposable on those from the products respectively 
obtained from (a) and (b). 

(d) A sample of IVf (02 g), stored at - 18”. fully isomer&d after about 1 month into IVT as shown from 
the IR spectrum. 

Spfro [(2-piperidyl-3-methyl4b~zoyl)cyclobutMe-l,3’~1’-p_mothoxybenzyl)oxi~le] (IIlg). As prc- 
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viously described for llla but from Ig (@3 mmolc) and E, (1.2 mmole) in light petroleum at 0 , lllg was 
obtained (1.2g; 82%) as small light cream crystals m.p. 98-101”. (Found: C, 77.36; H, 7.15; N. 5.75. Calc 
for C,,H,,N,O,: C. 77.15; H, 7.10; N, 5.81%). 

Spiro [(2-pyno/iding/-3,3-dimet~y/-4-bmroylk_n~~- 1.3’-( I’-pmPrhoxybenzyl)oxindole] (IV g). As 
for IVa. but from Ig (@3 mmole) and E, (1.5 mmole). IVg was obtained (1.2 g; 820/,) as lrgbt cream crystals 
m.p.98-100withsofteningatabout76’.(Found:C.77~47:H.7~;N.580.CalcforC,,H,,N,O,:C.77~15: 
H, 7.10; N, 5.8 1 %). 

Spiro [(2-piperidyl-3-merhyl-4-benzoyl)cyclobut~~-l,3’~1’-p-nitrobenzyl)oxindoleJ (Illh). As described 
for llla. but from lh (03 mmole) and E, (I.2 mmole) in benzene (1.5 ml). and after dilution of the reaction 
mixture and grinding of the ppt with cold light petroleum. lllh was obtained as white solid (1.35 g; 90%) 
m.p. 112-114”. (Found: C, 7360: H, 6.13: N. 8.20. Calc for C,,H,,N,O,: C, 73%; H. 6.13; N, 8.25%). 

Hydrolytic cleouuge o/Ill cad IV 
a-nwrhyl-~-benzoyl-~~l-acetyl-3-oxindolyl)propionoldchy& (Va). llla (1.23 g: 03 mmolc) was added to 

a cooled and stirred mixture of AcOH (6 ml) and H,O (1 ml). Stirring and cooling was continued for 

TAB= 10 

Hydrolysis conditions 
Zompd _-------___.- 

AcOH HI0 Reaction Yield % 
m.p. 

(solvent) 
Elementary analysis 

(ml) Oh time 
~____--______-_--____________-____.___._.___.__________________ 

Vb 18 

vc 5 

Vd 6 

VC 6 

Vf 9 

Vg 21 

Vh 13 

Vla 6 

Vlb 13 

Vlc 9 

Vld 12 

Vle 6 

Vlf 9 

Vfg 12 

3 2t h 

5 1 h 

6 1 h 

6 30 min 

9 3h 

21 6h 

13 24h 

12 5 min 

13 15min 

9 lh 

24 lh 

6 15min 

9 20h 

12 2Oh 

84t 

95 

84 

90 

76 

89 

95 

51t 

91t 

95 

99 

71 

88$ 

93 

148-149” found : C, 75.87 ; H. 4.92 ; N, 3.47 
(EtOH) for CllHl,NOI talc: C, 75.89: H, 5.14; N, 340:/, 

114-115” found: C. 74.52; H, 5.98; N, 4.60 
(EtOH) for CI,H,,NO, talc: C. 74.74; H. 5.96; N, 4.36% 

122-124” found : C, 7546 ; H, 646 ; N, 4.18 
(EtOH) for C,,H,,NO, talc: C. 75.20; H.6.31; N. 418% 

159-161” found : C, 74.15 ; H, 5.69 ; N, 46 1 
(EtOH) for C,,H,,NO, talc: C. 74.25; H. 5.58; N. 4.56% 

143.5-1445 found: C. 78.81; H. 6a; N. 3.41 
(PhH/dlPE 1:3) for C,,Hs,NO, talc : C, 78.57; H, 5.83 ; N, 3.52% 

105-107” found : C. 75.98 ; H, 603; N, 341 
(PhH/dlPE 1:3) for Cr,H,,NO, talc: C, 75.86; H, 5.90; N. 3.28% 

135-136 found : C. 70.70; H. 4.84; N, 630 
(PhH/dlPE 1:3) for C,,H,,N,O, talc: C. 70.58; H, 591; N, 633% 

104-105” found : C, 72.41; H, 5.84; N. 3.88 
(EtOH) for C,,H,,NO. talc: C. 72.71; H. 5.82; N, 3.85% 

153-154” found : C, 76.51; H. 5.45 ; N, 3.25 
(EtOH) for C1,H1,NO1 talc: C, 76.22; H, 5.45; N, 3.29% 
150-151” found : C, 75Q8; H. 6.38; N, 4.28 
(EtOH) for Cz,Hs,NOJ talc: C. 75.20; H, 6.31; N. 4.18% 

164-166 found: C. 75.84; H. 665; N. 4.16 
(PhH/dlPE 1:2) for C,,H,,NO, talc: C, 75.62; H, 6.63; N, 4Qlo/. 

178-179” found : C. 7447; H, 603 ; N, 4.42 
(EtOH) for C,cH I s.NO, talc : C, 74.74; H, 5.96 ; N, 4.36% 

114-116” found: C, 78.57; H, 611; N. 3.61 
(PhH/dlPE 1:3) for C,,Hs,NO, talc: C. 78.81; H, 6.12; N, 3.40% 

128-130 found : C. 7698; H, 6.15 ; N, 3.39 
(PhH/dlPE I :2) for C,,H,,NO, cak: C. 76.17; H, 6.16; N, 3.17% 

+ Together with byproducts referred to elsewhere 
$ Same conditions and yields from IVf and IVP 
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40 mins, then the white ppt was Altered and washed with a large amount of water. Va (09 g; 87%) was 
obtained as small white crystals m.p. 134-136”. Small samples of Va could be crystallized from EtOH 
(m.p. I36137”), taking care to avoid prolonged boiling (Found: C, 7244; H, 5.55; N. 4.21. Calc for 
C,,H,,NO,: C, 72.19; H, 5.48; N. 4Ql%). 

Following the previously described method. from 0.3 mmok of addua, the following aldehyde derivs 
(V and VI) were obtained (Table 10). 

The main values for the NMR spectra cif V and VI are summarized in Tables I I-14. 

TABLE I I 

Compd H, Hll 

Va 3.88 d 
Jd 3.2 

464 q 
Jas 3.2 
J, IO.0 

H, 
-_-- 
361 0 
J, IO.0 
J,, 7.2 

Hd H, 
.--_- 
957 s 

R Aromatics 
----- - 

6.75-8.38 m 

6.8@840 m 

6.61-8.25 m 

6668.16 m 

6658.30 m 

lQ4d 
J,* 7.2 

acetyl 
2.75 s 

Vb 399d 
J,, 3.5 

4.69 q 
J, 3.5 
J, IO0 

465 q 
J, 3.5 
J, 100 

3.75 0 
J, IOQ 
J, 7.2 

3.49 m 
J, ID0 
J, 7.1 
J,, I.5 

lQ3d 
J, 7.2 

9.61 s benzoyl 
(arom) 

vc 3.74 d 
J, 3.5 

I.01 d 
J,, 7.1 

953d methyl 
J, 1.5 3.21 s 

Vd 3.73 d 
J, 30 

463 q 
Jb 30 
Jk 9.5 

3.50 m 
J,95 

J,, 7Q 
J,, I.2 

l.lOd 9.57 d 

J, 7Q J,, I.2 
ethyl 
1.30 t 
3.78 q 
J7Q 

VC 3.80 d 468 q 3.56 m IQSd 96Od hydrog 
J., 3Q Ja, 3Q J, 95 J,, 7.2 J, 1Q 8.83 

J, 9.5 J,, 7.2 broad signal 
J, 10 
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Compd H, H, H, H, 

Ratio 

R Aromatics of 
isomers 

Isom A 

We 

lsom B 

410d 
Jd 6.0 

4.51 d 

J., 6Q 

1.15 s 
1.55 s 

9.65 s 
aatyl 
2.58 s 683-8.15 m 

392 d 
J, 22 

4.51 d 
J, 2,2 

1.26 s 
1.29 s 

967 9 

lsom A 

VIb 

Isom B 

4.01 d 
I, 3Q 

4.62 d 
J, 31) 

1.25 s 
1.26 s 

9.67 s 6.838.15 m 
4.21 d 
J, 6Q 

4.61 d 
J, 6Q 

1.17 s 
1.47 s 

benroyl 

Worn) 

Isom A 

VIC 

Isom B 

3.84d 
J,* 45 

4.41 d 
I,, 4.5 

1.17 s 
1.29 s 

9.80 s 
methyl 
2.96 s 

6.35-8Q6 m 
3.73 d 
J,, 2.5 

4.55 d 
Jab 2.5 

1.50s 9.75 s 
methyl 
3Q5 s 

Isom A 
3.88 d 
Jd 5.0 

448 d 

J., 5Q 

1.52 s 
1.27 3 

9,82 s 

ethyl 
IQ81 
3.57 q 
J ?+I 

VId 6.4S8.15 m 

Isom B t 
457 d 
Jd 2.5 

1.17 9 

Isom A 

Vie 

Isom B 

3.80 d 
J,, 2.5 

4.59 d 
J, 2.5 

1.17 9 
1.19 s 

9.77 9 

973 s 

ethyl 
1.ll.t 
0) 

J 7.0 

651-8Q5 m 
3.89 d 
J, 5Q 

4.50 d 
Jd 5Q 

1.25 s 
1.49 s 

hydrog 
9Q5 
broad 
signal 

66% 

34% 

70% 

30% 

70% 

30% 

19% 

21% 

49% 

51% 

t Ovcrlapptd by protons of the other isomer 
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TALIL~ 13 

cxf 

CO-Ph 
/ 

?I” +o 

I 0 

C”;_C, 
He 

CHLf 
C”,d 

I 

Compd H, Hb H, Hd “. Hf R Aromatics 
_~~~~_~~_~-~------_---~-~~___~_~_~__~_____-~ 

VT 390 d 4.73 q 3.75 0 lQ3d 965 s 495 s phenyl 6.55-8.20 m 

J,, 3.4 J,, 3.4 J, 9.4 J,, 7.7 (mom) 
J, 9.4 J, 7,7 

Vg 3.84 d 4.68 q 3.59 m 1.01 d 9.61 d 4.86 s p4Wphenyl 656-8.16 m 
Jsb 3.5 J,, 3.5 J,, 9.5 J,, 7.0 J,, 1.0 3.74 6 

J, 9.5 Jd 7Q 

J,, 1.0 

Vh 3.95 d 477 q 3.85 m lQ7d 9,73 d 6* 5.18 p-NO,-phcnyl 6.45-8.41 m 

J,b 3.5 Jib 3.5 J, 9.7 Jc6 7.5 J,, 075 bB 4.95 (mom) 
J, 9.7 J, 7.5 J, - 16.0 

J,, 0.75 

TABLE 14 

Ha CO-Ph 

w 

+b 

C-c.+u 

/\ ‘“d 
H,C C’H, 

CHle u 
I - 
R 

H, H, H, H, H, R 

Ratio 

Aromatics of isomers 

Isom A 

VIF 

Isom B 

4Q7 d 

Jib 5.15 

3.93 d J,, 2.25 

460 d 

J,, 5.15 

471 d J,, 2.25 

1.30 s 

160s 

1.22 s I.24 s 

6* 489 

9.75 s g$?$5.4 50% 

phmyl 
kuom) 

6+Q-8QO m 
6*, 4.87 

971 s &, 4.72 50% 
JAB - 1425 

Isom A 
4Ql d 

J,b 5.5 

VI&! 

Isom B t 

4.54 d 1.23 s 6,& 471 

J,b 5.5 I.56 s 9.80 s be 4.56 79% 

J - 15.5 Al p4MephenyI 
6.368QO m 

t 1.15 s 
9.70 s t 

3.75 s 
21% 

1.17 s 

f Overlapped by protons of the other isomer 
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