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Isomerization of 5 with DBU 

Isomerization of 5 over time 

After CNCA dye 5 was allowed to stand on a benchtop at rt for several months, the sample was analyzed 

by 1H NMR spectroscopy and it was noted that isomerization of the alkene had occurred to form a mixture 

of trans and cis isomers; neither CNCA dye 3 nor 4 exhibited similar behavior under these conditions. The 

isomerization of 5 was evident based on the appearance of new resonances in the 1H NMR spectrum that 

mirrored those of the original trans compound (trans-5), but sometimes appeared at different chemical 

shifts (Figure S1). For example, the aromatic singlet at 8.90 ppm, the vinyl singlet at 6.63 ppm, and the 

methylene triplet at 4.52 ppm each had mirrored resonances that were shifted up field in the spectrum to 

8.20, 6.56, and 4.17 ppm, respectively. Integration of the resonances that were attributed to the cis isomer 

(cis-5) showed a trans-5:cis-5 ratio of 2.2:1. The remainder of the resonances characteristic of cis-5 were 

overlapping with those belonging to trans-5. 

 

 

Figure S1.1H NMR Spectrum of 5 after Several Months  
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Treatment of 5 with DBU and K2CO3 

In an attempt to isomerize the mixture of cis- and trans-5 to the original and thermodynamically preferred 

trans compound, the sample was reacted with both 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) and K2CO3 

at 50 °C for several hours. For reaction with DBU, a crude 1H NMR spectrum of the reaction mixture 

appeared nearly identical to that of trans-5, with the addition of resonances characteristic of DBU; no cis 

isomer was present (Figure S2). However, after purification by silica gel column chromatography, both 

isomers were once again noted by 1H NMR spectroscopy in a 3.4:1 ratio of trans-5:cis-5 (Figure S3). The 

degree of isomerization resulting from purification was not as great as when the sample was allowed to 

stand on a benchtop at rt for several months (3.4:1 vs. 2.2:1 ratio of trans-5:cis-5, respectively). In addition 

to isomerizing under the purification conditions, aldehyde 9c was isolated in a 1:1 ratio with 5; 9c is 

believed to form via a retro-Knoevenagel reaction that occurred between 5 and water retained by the silica 

gel.  

When a mixture of cis- and trans-5 was reacted with K2CO3 under similar conditions, undesired 

isomerization occurred to provide additional cis-5, which yielded a 1.4:1 ratio of trans-5:cis-5 based on 1H 

NMR spectroscopy of the crude reaction mixture (Figure S4). See Table S1 for a summary of the conditions 

used and the isomer ratios observed. 

Procedure for reaction of 5 with DBU 

To a NMR tube was added CNCA dye 5 (5 mg, 0.011 mmol), deuterated chloroform (0.5 mL), and DBU 

(2 µL). The NMR tube was heated at 50 °C in an oil bath for 2 h. A crude 1H NMR spectrum was obtained 

showing complete conversion of the cis to trans isomer (Figure S2). The reaction mixture was concentrated 

under reduced pressure and purified by silica gel flash column chromatography (pipette as column, 40-50% 

ethyl acetate/hexanes) to yield 5 as a red solid and a 3.4:1 mixture of trans:cis isomers (2 mg, 40% yield, 

Figure S3). Aldehyde 9c was also isolated (1 mg, 38% yield). The recovery of the material from the column 

may have been reduced due to the small amount of the sample being purified.  
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Figure S2. Crude 1H NMR Spectrum of 5 after Treatment with DBU 
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Figure S3. 1H NMR Spectrum of 5 after treatment with DBU and Purification 
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Procedure for reaction of 5 with K2CO3 

To a NMR tube was added CNCA dye 5 (2 mg), deuterated chloroform (0.7 mL), and K2CO3 (1 mg). The 

NMR tube was heated at 50 °C in an oil bath for 4 h. A crude 1H NMR spectrum was obtained showing a 

1.4:1 mixture of trans:cis isomers (Figure S4). No purification was performed for this experiment.  

 

 

Figure S4. Crude 1H NMR Spectrum of 5 after treatment with K2CO3 and Purification 

 

Table S1. Isomer Distribution of 5 after Treatment of 5 to Various Conditions 

entry conditions used trans-5:cis-5a 

1 several months at rt 2.2:1 

2 DBU, CDCl3, 50 °C, 2 h 1:0 

 after purification by SiO2 chromatography 3.4:1 

 after SiO2 column pretreated with 10% Et3N 1:0 

3 K2CO3, CDCl3, 50 °C, 4 h 1.4:1 

trans-5 
cis-5 trans-5 trans-5 cis-5 

cis-5 

trans-5 cis-5 
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Purification of Isomer Mixture by Silica Gel Column Pretreated with Base 

Repetition of the DBU experiment with the original mixture of isomers of 5 (2.2:1 ratio of trans-5:cis-5), 

once again showed isomerization of the mixture to exclusively the trans isomer during the reaction as 

observed by 1H NMR spectroscopy. When the reaction mixture was concentrated under reduced pressure 

and the resulting solid allowed to sit at rt for several days, no isomerization to cis-5 occurred. This crude 

solid was then subjected to purification by column chromatography on a silica gel column pretreated with 

10% Et3N to reduce the column’s acidity. No isomerization to cis-5 occurred under these slightly basic 

purification conditions, but the retro-Knoevenagel reaction did take place to produce aldehyde 9c in an 

approximate 0.5:1 ratio with trans-5 as observed by 1H NMR spectroscopy (Figure S5). The amount of 9c 

produced was less than the 1:1 ratio of 9c:5 that was isolated when the silica gel column was not pretreated 

with base. The small scale of this reaction (~2 mg) prevented separation of 9c from 5 during the purification. 

 

 

Figure S5. 1H NMR Spectrum of 5 after Purification by Silica Gel Column Pretreated with 10% Et3N 
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