
Tetrahedron Letters No. 24, pp 2265 - 2268. 
@Pergamon Press Ltd. 1979. Printed in Great Britain. 

0040-4039/79/0600-2265$02.00/O 

INTERCONVERSION AND PREPARATIVE SEPARATION OF ENANTIOMERIC ENAMIDES 

H. Ahlbrechta+ G. Becherb, J. Blechera 

H.-O. Kalinowskia, W. Raaba and A. Mannschreck ’ 'b-1,2 

a) Fachbereich Chemie der Justus-Liebig-Universitat Giessen, Institut fiir 
Organische Chemie, Heinrich-Buff-Ring 58, D-6300 Lahn-Giessen 1, Germany. 

b) Institut fiir Chemie, Universitat Regensburg, Universitatsstrasse 31, 
D-8400 Regensburg, Germany. 

Barriers to rotation about the =C-N singZe bond of enamides (Table 1) are 

rationalised. The barriers of 7 and 8 allow separations of the enantiomers. 

N-Alkylidenecarbamoyl chlorides, e.g. 
A B 

1 (Table l), exhibit anisochronous 

methylene protons H and H and are therefore non-planar, i.e. chiral 4. Fur- 

ther investigations showed this property to be a general one for enamides 

R3R4C=CR2-NR-CR1=O (Table 1). Since the -NR-CR1=O part of these molecules can 

be considered to be planar, the overall nonplanarity must be the consequence 

of a twist between the amide and the alkene a-planes. Consequently, the 

ground-state steric structures of highly substituted 1,3-butadienes3 and 

enamides are analogous. 

With increasing temperature, the HA and HB signals broaden and coalesce 

reversibly; in most cases of Table 1, the sharpening at still higher tempera- 

tures could be observed. Av, the shift difference of HA and HB, depends upon 

temperature. Therefore, Av was extrapolated to the coalescence temperature. 

The topomerization investigated is due to partial rotation about the C-N 

single bond, the barrier depending strongly upon the substituents. Apparently, 

the influence of R1 is mostly ezectronic in origin, i.e. it is qualitatively 

similar to the influence of R1 upon the barrier5 in Me28-CR1=O: 

B (R1 

9 (R1 

= Cl) > E (R1 = OCHq)_> 2 (RI = NHCH2C6H5); 

= C6H4N02[41) > g(R - C6H40Me[41). 

On the other hand, the effects of R', R3 and R4 are roughly rationalised by 

non-bonding interactions between substituents, the effects being similar to 

the ones encountered for rotation about the central single bond in 1,3-buta- 

dienes3'6: 

2 (R2 

8 V2 

= CHMe2) > 2 (R2 = C6H5); 
2 

= H); 

2 (R4 

= CHMe2) > 2 (R2 = C6H5) >> !c (R 

9 (R3 

= Me) >> I! (R4 = H); 

= Me) > 22 (R3 = H). 
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The latter comparison reveals an indirect variation of the barrier by the 

buttressing effect6 of R3. The former comparisons show changes of barriers by 

the substituents R2 and R4 directly hindering rotation about the C-N single 

bond. 

Besides this motion, half rotation about the N-CO partial double bond may 

also give rise to stereoisomers. However, two diastereomers (Scheme l), i.e. 

two corresponding sets of 'H nmr signals, were definitely detected at room 

temperature for enamide ! only (Table 1). The (E/Z)assignment7 is based, among 

other experiments, upon lanthanide induced shift experiments. Two similar sets 

of signals were also seen in the 13C spectrum (COCl,, t36'C) of 2, but not of 

8. We assign' the (E) configuration to 

Table 1. G(lH)-values (t3O'C) and barriers to 
ofdes 2 - AZ in d -nitrobenzene 

5 

4 
2 = 

2 

! 

i 

!? 

7 

i 

9 = 

rod 
lif:: -_--_ 
129 __- 

\ 

R2 R3Rb R4 6/, 

enamide 8. _ 

partial rotation about the C-N single bond 

&R I ha T, *Gjb 

1 [Hz1 ['Cl IkJ/moll 

Cl Cl Me Me 4.37 4.92 d38 >t200 >lOl 

OCH3 Cl Me Me 4.34 4.92 42 t164 91 

NHCH2C6H5 Cl Me Me 4.27 5.28 72 t123 al 

C6H4N02141 'gH5 
Me Me 3.92 5.38 a5 t136 a3 

'gH5 'gH5 Me Me 3.84 5.42 101 t132 al 

C6H40Me141 'gH5 Me Me 3.82 5.45 102 t129 al 

'sH5 
CHMe2 Me Me ' 

C 
d24 >+210 >102 

CH3 CHMe2 Me Me 4.07 5.20 d57 >+200 >98 

CH3 'gH5 Me Me 3.51 5.26 103 t167 a9 

CH3 
H Me Me 4.56 looe c-110 

f 
<31 

f 

CH3 'gH5 Me H 4.42 laoh - 56 42 

CH3 C6H5 H Me 3.65 5.50 139 +120 78 

a Shift difference of HA and HB at 100 MHz, extrapolated to the coalescence 

temperature Tc by linear regression. b Calculated for Tc from k = IT(AV~ 
2 0.5 

+ 6J,qB) 

/n, whereby JAB = 14 Hz. Errors of AG $ range from +l to + 2 kJ/mol. 

' In this case, the signals of (E)-1 (AA = 4.40, ?ia = 5.22,N85 %) and (2)-z 

:"A' = 4.67, 6B, = 4.30, ~15 %) appear at t30°C (see text and cf. Scheme 1). 

Solvent C02C12. e Estimated Av-value. f 
Sample solidified as a glass. 

g From a mixture [A&] : [AZ]= 3 : 2. h Measured at -8O'C. _- 
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The barriers of 'l, z and 8 are high enough to allow the separation of enan- 

tiomers (Table 1) at room temperature. Subsequent thermal racemization of these 

enantiomers should yield more precise values for the barriers to rotation about 

the C-N single bond than the ones given in Table 1. 

A separation of the enantiomers via dias'tereomeric salts did not show much 

prospect of success because of the low basicity of enamides. Therefore we applied 

low-pressure liquid chromatography on microcrystalline, swollen triacetylcellu- 

lose*" with ethanol/H20 (96:4) as an eluent. Separations of 200 and 500 mg 

quantities of (2) - z and (2) - f& respectively, were performed by the recycling 

technique' using two equal columns (30 cm length, 2.5 cm i.d.) and yielded 50 

to 100 mg of both enriched enantiomers (Table 2). The enantiomeric purities P 

of the samples of i could be measured by means of the Ct13C0 nmr signals in the 

presence of an auxiliary compound (Table 2). No suitable signal was found for i; 

Scheme 1 
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Me 
-represents partial rotation about the C-N single bond. 

dr 
represents half rotation about the N-CO partial double bond. 

however, the comparision of chromatograms *" and specific rotations of the 2 

and 8 samples gives a rough estimate of 10% and 30% for the P-values of (+)- 

and (-)-l,respectively. 

Thermal racemizations of the above samples were monitored during 2 half- 

lifes by polarimetry. They turned out to be of the first order and resulted in 
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Table 2: Partially separated enantiomers 
about their C-N single bond, obtained by 
monitored by polarimetry at 365 nm 

Predominant [Rl [ I,lZ2 

No. 24 

of enamides 7 and 8; barriers to partial rotation 
thermal racesizations in benzene solutions, 

P 1 104r, T AG 4 

enantiomer (h)[nmla [%I Is-l1 LOCI [kJ/moll 

(+)-! 'sH5 
+2.7' + 0.8' NlO 1.09 

(365) t25.0 95.5 + 0.2 

(-)-2 'gH5 
-6.2' t 1.8' -30 

b 
1.16 

(365) 

(')-8 CH3 
taa” t 4O 1.00 

(5ag) 
40 + 2c 

t59.6 

(-)-8 CH3 
-1llO t 5O 

(589) 
47 + 2csd 1.04 

107.1 + 0.1 

a 0.4 g/100 ml of CC14. b Estimated enantiomeric purity (see text). ' Enantio- 

merit purity, measured by means of the Cti3C0 signals (6(+) = 6.03, 6(_) = 5.60) 

of 8 in Ccl4 with 0.4 equivalents of (t)-tris(3-heptafluorobutyryl-D-camphora- 

to)europium(III). d CD (n-hexane, 

(AE = -15.0 1 cm-' mol-l). 

25'C, talc. for P = 100%): h,,, = 214 nm 

the barriers to partial rotation about the C-N single bond given in Table 2. 

The agreement with the nmr results (Table 1) is satisfactory if the different 

conditions are taken into account. In accordance with the above mentioned elec- 

tronic influence of R1, the order of barriers is 8 (R1 = CH3) > 2 (R1 = C6H5). 

Further investigations are in progress in order to find out, tiJhich elemen- 

tary step or steps (cf. Scheme 1) determine the rate of the overall enantio- 

merization (R)+(S) described in Tables 1 and 2. 
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