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A NOVEL (E)-Z-OXOINDOLIN-3-YLIDENEACETONE DIMER 

Faculty of Pharmaceutical Sciences, University of Tokyo 

Hongo, Bunkyo, Tokyo, Japan 

The dimerization reaction of (E)-L-oxoindolin-3- 

ylideneacetone(1) is described. The structure and 

stereochemistry of a novel dimeric product(4) were 

determined by PMR, CMR analyses and confirmed by X- 

ray analysis. 

Barnfield et a1.l) have reported an intermolecular Diels- 

Alder reaction of (E)-2-oxoindolin-3-ylideneacetone(1) to give 

a dimeric product in nearly quantitative yield by heating 1 at 

100' in toluene for 24hr and assigned it planer structure 2. 

In this reaction, however, there is another possible regio- 

chemical mode of cycloaddition to give a novel dimer whose for- 

mation involves a Diels-Alder reaction between a,B-unsaturated 

ketone system and exocyclic carbon-carbon double bond. 

We now report on the structure of a novel dimeric product of 



1 by X-ray crystallography, which gave conclusive evidence for 

structure 4. 

1 was heated at 100" in toluene for 24hr and chromatographic 

separation on silica gel gave 2(22.5&)[pale yellow prisms(AcOEt), 

mp 195.198'; C22H18N204~0.5HZO; m/e 374(~+), 303(base)] and novel 

dimeric products(Z9%)[colorless needles(MeOH), mp 256-25S0, CZ2- 

H18N204; m/e 374(~+), 172(base)] as an isomeric mixture, which 

contained 4 and 5 in a 1:1 ratio as shown in the PMR spectrum 

(DMSO-d6) [4; 6 1.67(s, COCH3), 9.98 and 10.72(s, ZxNH): 5; 6 1.63, 

9.64 and 10.221. 

When 1 was refluxed in acetic acid for 3hr under N2, the mixture 

of 4 and 5 was obtained in 41% yield and 2 was not detected. 

Structure assignments for 2 and 4 were primarily based on PMR 

and CMR spectroscopic analyses. 

Thus, the PMR spectrum(TFA-dl) of 2 showed the presence of two 

acetyl methyl(6 1.84 and 2.68) and the loss of one aromatic pro- 

ton from the 2-oxoindolin system. Spin-decoupling confirmed the 

presence of the sequence -CH-CH-CH-[6 3.6Z(dd,J=ll,lZHz), 3.98 

(d,J=lZHz), 4.38(d,J=llHz)]. Its CMR spectrum(DMS0-d6) revealed 

the presence of two acetyl methyl16 28.97 and 32.48(q)], three 

methine[6 44.83, 45.61 and 60.29(d)] and one new aromatic quater- 

nary carbon[& 126.17(s)]. Acetylation of 2 afforded N,N-diace- 

tate(3)lmp 235-238'; m/e 458(~+)] and its PMR spectrum(CDC13) 

showed signals at 6 1.67, 2.62(s, 2xCOCH3) and 6 2.68, 2.76(s, 

2xNCOCH3). 

All the above spectral data were fully consistent with the 

formulation 2. 2 
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Chart 1 



On the other hand, a single isomer 4(mp 267-270e, CZZHl8N2O4) 

was successfully isolated from the diastereoisomeric mixture by 

silica gel chromatography and recrystallization. Its PMR spec- 

trum in pyridine-d5 demonstrated that the equilibration of 4 and 

5 was reached at the ratio of 38:62 after 5min. The PMR spectrum 

(TFA-dl) showed the presence of one acetyl methyl(6 1.67), -CH-CH- 

system[6 4.38 and 4.54(d, J=4Hz)], no loss of aromatic proton 

from two 2-oxoindolins. Spin-decoupling confirmed the presence 

of a -CH-CH2- system[6 3.25(dd, J=19,9Hz), 3.63(dd, J=19,12Hz), 

4.25(dd, J=12,9Hz)]. 

Further, its CMR data in DMSO-d6 revealed the presence of one 

acetyl methyl[& 29.23(q)], three methine[6 43.14, 55.09 and 59.90 

(d)] and in pyridine-d5 one ring methylene[6 39.16(t)] essential 

for structural evidence. 

Although the gross structure of 4 was deduced from these spec- 

troscopic data, the more detailed structure and stereochemistry 

were established unambigously by single crystal X-ray crystallo- 

graphic analysis. 

The crystal belongs to the triclinic space group Pi with the 
* 

lattice parameters; a=12.561(8), b=8.857(6), 0=8.644(6)A, a=80.39 

(4) ,  8=103.72(4), r=107.28(4)'. Two molecules are contained in 

a unit cell. 

Intensity data were measured on a Philips PW 1100 four-circle 

diffractometer using Cu Ka radiation monochromated by a graphite 

plate. The 28-8 scanning technique was used with the scan speed 

of O.lo/sec. in 8 .  A total of 1707 independent reflexions was 

observed within the 28 range of 120'. The structure was solved 
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Fig. 1. ORTEP drawing of the structure of 4. 



by the direct method. All the 28 non-hydrogen atoms were located 

on a E-map and successive several cycles of block-diagonal least- 

squares refinement established the molecular structure as shown 

in Fig. 1. 

Hydrogen atoms were located on a difference electron density 

map and the R-index was reduced to 0.05 after refinements assum- 

ing anisotropic thermal vibrations for non-hydrogen atoms and 

isotropic ones for hydrogen atoms. 

As is seen in Fig. 1, the stereochemistry about the C(2)-C(9) 

bond is t h r e o  configuration and the two substituents of cyclo- 

pentanone ring at C(9) and C(20), a 2-oxoindolin and an acetyl 

groups, are on the same side of the ring. 

The molecule adopts a folded conformation. The C(2)-C(3) bond 

turns to gauche-gauche direction with respect to the C(9)-C(13) 

and C(9)-C(10) bonds and the two 2-oxoindolin rings come close 

to each other. The two rings stack at the dihedral angle of 21.Z0 
0 

and the mean separation of the two 2-oxoindolin rings is 3.32A. 

The reaction mechanism for the formation of 4 can he proposed 

in Chart 1. 

It shou1.d be pointed out that the first step of the formation 

of 4 is rationalized in terms of a Diels-Alder reaction between 

a,@-unsaturated ketone system and the exocyclic carbon-carbon 

double bond of 1. 
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