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Abstract 
A push-pull olefin, E-2, was prepared highly stereoselectively by reaction of ethyl (2-
cyanoacetyl)carbamate, 1, with ethyl orthoformate in the presence of acetic anhydride.  Forty 
percent of E-2 was isomerized to Z-2 after two hours of irradiation at 254 nm.  All the Z-2 was 
isomerized back to E-2 spontaneously and irreversibly with Ea = 19.6 kcal mol-1, ∆H‡= 19.0 kcal 
mol-1, ∆S‡ = -17.5 cal K-1 mol-1, and ∆G‡ = 24.4 kcal mol-1. The negative entropy of activation 
for this isomerization indicates that the transition state has much more charge separation than the 
ground state. The low rotational barrier of this isomerization and very big chemical shift 
difference (∆δC=C = 85.83 ppm) of two sp2-hybridized carbons of C=C partial double bond 
confirm 2 is a push-pull olefin. 
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Introduction 
 
5-Fluorouracil is an effective antitumor agent1 and we are trying to prepare its derivatives by 
multi-component reaction (MCR).2  To prepare an intermediate to the uracil derivatives, ethyl (2-
cyanoacetyl)carbamate, 1, was treated with ethyl orthoformate in the presence of acetic 
anhydride in our laboratory, and only E-ethyl (2-cyano-3-ethoxyacryloyl)carbamate, E-2, was 
found. In addition, we found that isomerization of E-2 to Z-2 is driven only by ultraviolet light 
while the backward isomerization can be driven by heat. On the other hand, when we treated 
ethyl acetoacetate with ethyl orthoformate and acetic anhydride, both E-3 and Z-3 were obtained 
at a ratio of 1:1. Even though both 2 and 3 are push-pull olefins, Z-E isomerization equilibrium 
of 2 is completely different from that of 3. 
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Z-E isomerization of some alkenes by light or chiral light may function like molecular switch 
or motor and has applications in optical data storage system, image processor, laser-addressable 
device, erasable optical recording support, and so on.3  It turns out that 2 can be a prototype of 
molecular switch. Dynamic NMR spectroscopy has been used to determine rotational barriers of 
push-pull olefins, but the rotational barriers of push-pull olefins with only one geometric isomer 
detected, such as 2, cannot be measured by the DNMR.4  Therefore, both UV and NMR 
spectrometers were used to study the Z-E isomerization of 2 in this article. 
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Results and Discussion 
 
Reaction of 1 with ethyl orthoformate in the presence of acetic anhydride in chloroform was 
carried out under reflux for 2 hours, and only E-2 was isolated in 75% yield.  No trace of Z-2 has 
been found. The E-2 is well characterized by its 1H and 13C NMR spectra.  Its vinyl proton has 
characteristic resonance absorption at δ 8.17.  The 3J coupling constant between the vinyl proton 
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and nitrile carbon is 11 Hz while the one between the vinyl proton and amide carbon is 2 Hz.  
Electrons delocalize preferentially through trans configuration, and this is confirmed by much 
larger vicinal spin-spin coupling/interaction for trans than for cis configurations in NMR 
spectra.5   It indicates that the vinyl proton of the isolated product is trans to the nitrile group and 
its structure is E-2, instead of Z-2.  NOESY (Figure 1) of the isolated product provides another 
evidence to support that its configuration is E-2. In the NOESY, vinyl proton at δ 8.17 correlates 
with both imide proton at δ 9.12 and methylene protons (δ 4.39) of ester group, while methylene 
protons (δ 4.12) of vinyl ether don’t correlate with both vinyl proton at δ 8.17 and imide proton 
at δ 9.12. The configuration assignment for E-2 is consistent with the one for E-4 Ceder and 
Stenhede did.6 Compounds 5~8 were also prepared highly stereoselectively with one geometric 
isomer isolated, but their configurations were not assigned.4a 
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Figure 1. NOESY of E-2 in CD3CN. 
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After E-2 in CD3CN has been subjected to 2 hours of irradiation at λ = 254 nm, intensity of 
the vinyl proton resonance absorption at δ 8.17 decreases and another resonance absorption at δ 
7.80 appears.  After stopping the irradiation, the peak at δ 7.80 disappears slowly while intensity 
of the original peak at δ 8.17 increases, indicating that the resonance absorption at δ 7.80 belongs 
to the vinyl proton of Z-2. (Figure 2) 
 

 
Figure 2. Part of 1H NMR spectra of E-2 in CD3CN measured (a) before ultraviolet irradiation, 
(b) 5 min, (c) 10hrs, and (d) 1 day after 2 hrs irradiation at 254 nm. 
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Around 40% of E-2 was isomerized to Z-2 after 2 hours of ultraviolet irradiation at a 
wavelength of 254 nm. Ultraviolet spectrum of the whole sample in acetonitrile displayed a blue 
shift. Two days after stopping the irradiation, most of Z-2 was isomerized back to E-2 at room 
temperature, and ultraviolet spectrum of the sample shifted back to original position (red shift).  
The isomerization is faster at higher temperature. 

After 2 hours of photo-isomerization at λ=254 nm, the mixture of E-2 and Z-2 was used for 
kinetic study of the isomerization of Z-2 back to E-2.  The isomerization in acetonitrile at 25°C 
was monitored by UV spectrophotometer at λ = 272 nm, where both isomers have the biggest 
absorption difference, at six different short time intervals distributed evenly throughout the 
whole isomerization. The plots of absorption vs. time are fitted with a first-order exponential rise 
very well and they are shown in Figures 3 and 4.  The kinetic studies were carried out at 25, 30, 
35, 40, and 45° C, respectively, and the corresponding rate constants are shown in Table 1. The 
Ea, ∆H‡, ∆S‡, and ∆G‡ for the isomerization of Z-2 to E-2 were determined to be 19.6 kcal mol-1, 
19.0 kcal mol-1, -17.5 cal K-1mol-1, and 24.4 kcal mol-1 according to the Eyring equation.7 
 

 
 

Figure 3. Plots of absorption vs. time for the isomerization of Z-2 to E-2 at 25 (●) and 30 °C (■) 
and their curve fitting with first-order exponential rise by SigmaPlot. 
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Figure 4. Plots of absorption vs. time for the isomerization of Z-2 to E-2 at 35 (▲), 40 (♦), 45 °C 
(▼) and their curve fitting with first-order exponential rise by SigmaPlot. 
 
Table 1. Observed Rate Constants for Isomerization of Z-2 to E-2 

Temp. (°C) 25 30 35 40 45 
kobs (s-1) 1.05 ×10-5 1.71 ×10-5 3.15 ×10-5 5.03 ×10-5 8.28 ×10-5 
 

It was reported that reactions generating electric charge exhibit negative entropies of 
activation.8  For example, solvolysis of t-butyl chloride in 80% aqueous ethanol displays negative 
entropy of activation (-6.6 cal K-1mol-1) even though two particles are being generated from one 
in the transition state.9  Similarly, negative entropy of activation (-17.5 cal K-1mol-1) for the 
isomerization of Z-2 to E-2 indicates that the transition state has much more charge separation 
than the ground state.  Because of more polar character, the transition state requires a greater 
degree of ordering of solvent molecules than the ground state,9 leading to the negative entropy of 
activation. 
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Rotational barriers in alkyl-substituted ethylenes are >55 kcal mol-1,10  while those of push-
pull olefins, whose π-bonds are dramatically polarized,11 are significantly lowered and shown in 
Table 2.4a Rotational barrier (∆G‡ = 24.4 kcal mol-1) of the isomerization of Z-2 to E-2 is much 
lower than those of the alkyl-substituted ethylenes, indicating that Z-2 is a push-pull olefin. 
However, the rotational barrier of Z-2 is around 9.4 kcal mol-1 higher than those (∆G‡ = 9.9 ~ 
15.0 kcal mol-1) of push-pull olefins 9~12. It was reported that the sequence of π-donating ability 
is N > S > O.4a  Compounds 9~12 all have two strong π-donors (N) while Z-2 has only one less 
strong π-donor (O). Therefore, it is reasonable that the rotational barrier of Z-2 is much higher 
than those of 9~12.  
 
Table 2. Barrier of Rotation, ∆G‡ (kcal/mol), about the Central C=C Partial Double Bond of  
Push-pull Olefins in Acetone 

Ph HN

N
H

(CH2)n

N

X
9  :  X = O, n = 1

10  : X = O, n = 2

11  : X = O, n = 3

12  : X = S, n = 1

 
 

Compound 9 10 11 12 
∆G‡ 15.0 12.3 12.7 9.9 
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Push-pull effect of olefins can be recognized by both rotational barrier and chemical shift 
difference (∆δC=C) of two sp2-hybridized carbons of C=C partial double bond.4 Due to 
dramatically polarized π-bonds,11 push-pull olefins display a deshielding effect on the alkenyl 
carbon of donor side and a shielding effect on the alkenyl carbon of acceptor side, causing ∆δC=C 
being around 82 ~ 100 ppm.4  The ∆δC=C of E-2 is 85.83 ppm in CD3CN, and that confirms 2 is a 
push-pull olefin. 
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It was reported that 13/14 are good molecular switches, whose isomerization equilibrium can 
be driven by light for the forward equilibrium and by heat for the backward isomerization.3c  Z-E 
isomerization equilibrium of 2 can be driven by the same way, so 2 is a prototype of molecular 
switch. Next challenge of this issue is to modify structure of 2 in order to make response time of 
the system as short as possible. 
 
 
Conclusions 
 
The highly stereoselective reaction of 1 with ethyl orthoformate in the presence of acetic 
anhydride produces E-2 only.  2 is a push-pull olefin and E-2 is much more stable than Z-2.  The 
Ea, ∆H‡, ∆S‡, and ∆G‡ for the isomerization of Z-2 to E-2 were determined to be 19.6 kcal mol-1, 
19.0 kcal mol-1, -17.5 cal K-1 mol-1, and 24.4 kcal mol-1. The negative entropy of activation for 
this isomerization indicates that the transition state has much more charge separation than the 
ground state. E-2 cannot be isomerized to Z-2 thermally but photochemically.  On the other hand, 
Z-2 can be irreversibly isomerized back to E-2 thermally. 
 
 
Experimental Section 
 
General Procedures. Unless otherwise stated reagents were obtained from commercial suppliers 
and used as received. Ethyl (2-cyanoacetyl)carbamate, 1, was prepared according the literature 
method.12 



General Papers ARKIVOC 2005 (xiii) 131-140 

ISSN 1424-6376 Page 139 ©ARKAT USA, Inc 

E-Ethyl (2-cyano-3-ethoxyacryloyl)carbamate (E-2). To a solution of 1 (0.156 g, 1 mmol) and 
acetic anhydride (1 mL) in 2 mL of chloroform was ethyl orthoformate (0.296 g, 2 mmol) added.  
The mixture was refluxed at 80°C under nitrogen atmosphere for 2 h.  After the reaction was 
complete, the reaction mixture was cooled down and concentrated by rotary evaporator.  Ether 
was poured into the reaction mixture and the mixture stayed in refrigerator for 12 hrs.  After 
filtration of the mixture, white powder was collected and recrystallized from chloroform/ether. 
Yield: 75%; 1H NMR (CD3CN) δ 1.23 (3H, t, CH3), 1.34 (3H, t, CH3), 4.12 (2H, q, CH2), 4.39 
(2H, q, CH2), 8.17 (1H, s, CH), 9.12 (1H, s, NH); 13C NMR (CD3CN) δ 14.80, 15.87, 63.13, 
75.69, 89.30, 114.69, 152.22, 162.01, 175.13; IR (thin film) 2227 (CN), 1774, 1689 (C=O) cm-1; 
MS (EI) m/z 212 (4, M+), 118 (100), 88 (32), 74 (24), 57 (28); HRMS (EI) m/z calcd for 
C9H12N2O4 212.0797, found 212.0801. 
NMR study of isomerization between E-2 and Z-2 
Proton NMR spectra of a CD3CN solution (0.5 mL) of E-2 (0.01 mmol) were measured before 
ultraviolet irradiation, 5 min, 10hrs, and 1 day after 2 hrs irradiation at 254 nm.  The sample 
solution was transferred to a quartz flask with a sealed cap when it was subject to the ultraviolet 
irradiation.   
Kinetic studies for isomerization of Z-2 to E-2 
Kinetics for isomerization of Z-2 was carried out by ultraviolet absorption measurement of a 
sample solution at λ=272 nm, which was approximately 0.1 mM E-2 solution in CH3CN and was 
subjected to 2 hrs of ultraviolet irradiation at 254 nm.  Six different short periods of time, which 
is spaced evenly throughout the whole isomerization, was chosen for each of kinetic studies.  
The kinetic studies were carried out at 25, 30, 35, 40, and 45°C, respectively, in the thermostatic 
UV cell with Perkin-Elmer Lambda 12 spectrophotometer. The plot of ultraviolet absorption vs. 
time was fitted with a first-order exponential rise by the SigmaPlot software to get a first-order 
rate constant.  All rate constants were measured at least in duplicate with maximum deviations of 
±5%. 
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