
Chem&to' oflteteroo'clic Compounds, Vol. 35. No. 10. 1999 

cis-trans I S O M E R I S M  O F  INDOLYL- 

ENAMINOCARBONYL COMPOUNDS 

S. A. Yamashkin and M. A. Yurovskaya 

Analysis of  the PMR spectra of  a series o[' inch~O,lenaminocarbonyl compounds: 3-(indoO,lamino)vinyl 
ketones, fl-indolylaminocrotonates, N-(indolyl)aminomethylenemalonates have been perIbrmed. We have 
established that in the soh,ents used to record the spectra, the studied enamines exist in the cis-S-cis.[brm. 

Cis-trans isomerism of  conjugated enamines has been widely studied [I-5]. The compounds under 
consideration can exist in the S-cis or S-trans form. 
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Usually the cis form is the most stable in nonpolar solvents, while the trans structure is the most stable in 
associating or polar media. But most authors agree that monosubstituted enamines tend toward preferential 
existence in the cis fon'ns, due to the possibility of tbnnation of a chelate ring as a result of hydrogen bonding. 
Interconversion of  the cis-trans forms has been observed with a change in solvent and temperature. The most 
effective method of studying the structure of enamines, especially aromatic enamines, is PMR spectroscopy. For 
compounds containing at least one proton on the nitrogen atom, the test for the isomer structure is the chemical 
shift of the Nit proton, which has characteristic values for the different isomers. For example, in a mixture c( 
isomeric crotonates, the signal from the NH proton tbr the c/s-chelated form is observed in the region of 
7.7-8.9 ppm; for the trans form, in the 5.3-5.6 ppm region: in 13-alkylaminovinyl ketones (aldehydes), in the region 
of  9.7-14 ppm (cis) and 5.0-6.75 ppm (trans). For enamines with R ) = H, the chelate-bonded cis-S-cis form is 
responsible for the anti arrangement of the HxHy protons and the high values of  the spin-spin coupling constant 
(J~,,(,,,,,i) ~ 13 Hz). In S-trans systems, the H., and Hy protons are situated in the svn position, and the magnitude of 
this constant is 7-8 Hz. 
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The J,y constant increases as the substituent R becomes more bulky. 
It is difficult to study cis- trans isomerism of the indolylenamines we have obtained because of  their low 

solubility in nonpolar solvents. Most of  the PMR spectra for enamines I, 11, and III were taken in DMSO and 
acetone, and CC14 was used as the solvent only for some individual compounds. Nevertheless, the PMR data 
(Tables I-3) make it possible to decide on the specific form of  the enaminocarbonyl compound. Thus for 
3-(indolylamino)vinyl ketones I, depending on the substituents, the chemical shifts of  the NH proton fluctuate 
within the range of 12.07-13.50 ppm, and the chemical shift of  this proton in the spectra of phenyl-substituted 
enamino ketones is always higher than for enamines containing alkyl groups. Occurrcnce of alkyl and methoxy 
group on the benzene ring of  indole insignificantly shift the signal from the NH proton upfield. We do not observe 
a substantial effect of the solvent nature on the position of  the signal from the NH proton. In the PMR spectra 
taken in CCh, only a weak downfield shift of the signal under discussion is observed. Comparing our results with 
literature data, we can conclude that according to the PMR spectral data, indolylaminovinyl ketones la-x (Table 1) 
exist in the cis-chelated form. 
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Polar solvents (DMSO, acetone) do not promote isomerization of the title compounds, at least at room 
temperature. 

For compound le (Table 1), in addition to the chemical shift of  the signal from the NH proton, evidence for 
cis arrangement of substituents comes from the value of,fxy (16 Hz), which suggests an anti arrangement of protons 
Hx and Hy. 
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Furthermore, ,fxy (8 Hz) supports cis arrangement of protons Hx and Hz relative to each other, and consequently a 
trans arrangement relative to the acetyl group. 

For 3-(IH-indolylamino)vinyl ketones, in the PMR spectra a signal from the indole NH proton in the 
region of  10-11 ppm, i.e., upfield from the amine NH is observed. The signals from the indole NH protons are 
assigned based on the absence of  signals in the 10-11 ppm region for enamines obtained on the basis of the 
corresponding N-methyleneindoles. Thus for all the indolylaminovinyl ketones, 5NH(amine) is always 1-2 ppm 
greater than 6NH(indole). In contrast, in the PMR spectra (Table 2) o f  indolylamino crotonates II, the signal from 
the NH(amine) proton is shifted downfield and, depending on the position on the benzene ring and the nature c~ 
the substituents, appears in the 8.46-10.10 ppm region, while the position of the signal from the indole NH proton 
is unchanged. As already noted, such chemical shifts of the enamine NH proton are typical for amino crotonates 

possessing the cis structure. 
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We should note a single case when a mixture ofcis and trans isomers in 1:1 ratio is detected in the PMR 
spectrum of compound Ilh in DMSO-d6. 

CH, CHx 
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While the chemical shifts of the indole moieties of the isomers are practically identical, in the enamine 
moiety we observe considerable differences. In addition to the chemical shifts of the signals from the NH(amine) 
protons, which differ by 2 ppm, the cis-ethoxycarbonyl group affects the chemical shift of the signal from the 
protons of  the I~-CH3 group. The signal of protons of this methyl group in the PMR spectrum of compound IIh qrans) 
is shifted 0.5 ppm downfield compared with the signal from the IIh (cis) isomer. The absence of interaction 
between the ethoxycarbonyl group and NH leads to upfield shifts of the signals from protons of the OC2H5 group. 
The signal from the vinyl proton also undergoes an upfield shift (0.4 ppm). Formation of a mixture ofcis-trans 
isomers for the crotonate IIh probably should be explained by the fact that during purification, due to the low 
solubility, a heptane-benzene--ethyl acetate mixture heated to boiling was used, while all the rest of the amino 
crotonates were isolated from benzene or from a heptane-benzene mixture. In fact, after boiling amino crotonates 
IIi,k (isolated from heptane) in ethyl acetate followed by driving off the solvent, in the PMR spectra of  these 
compounds in addition to the signals from protons of the cis form we also observe the appearance of proton signals 
typical for the trans isomer. The ratio of  the characteristic signals from protons of amino crotonates ofcis and 
trans structure is 5:1 (for compound IIi) and 6:1 (for compound Hk). The PMR spectra of indolylaminomethylene 
malonates IlI (Table 3) clearly support an anti arrangement of the vinyl and amine protons (J.~y = 14-15 Hz). 
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EXPERIMENTAL 

The PMR spectra were recorded on a Bruker AS-200P and a Varian S-100X instrument, internal standard 
TMS. The solvent is reported in the tables. 

The synthesis of the studied enamines has been described previously [6-16]. 
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