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Abstract: In this short note we describe the photochemical synthesis of (2E,4Z)-5-(anthracen-9-yl)-
2-cyanopenta-2,4-dienamide (4) from the corresponding (2E,4E)-5-(anthracen-9-yl)-2-cyanopenta-
2,4-dienamide (3) and subsequent purification by precipitation from aqueous surfactant. Com-
pound like 4 belongs to a family of anthracene derivatives capable of forming crystals that can
photo-mechanically deform with light. Synthesis of 3 was achieved with high yields and in less than
one minute via secondary amine-catalyzed Knoevenagel condensation between commercially avail-
able (E)-3-(anthracen-9-yl)acrylaldehyde (1) and 2-cyanoacetamide (2). Photochemical conversion
of a solution of the 3 in acetonitrile using light > 475 nm from a commercial blue LED leads to a
mixture of 4 (87%) and unconverted 3 (13%) due to the presence of a photostationary state from
overlapping absorption spectral regions. Pure 4 ( >99%) was later obtained by precipitating an or-
ganic sltution of the photoproduct from aqueous surfactant Sodium Dodecyl Sulfate (SDS). Pure 4
was collected in the form of acicular micro crystals that are photomechanically responsive to UV
light. The products were analyzed using 1H NMR, 13C NMR, IR, UV-Vis, and HPLC.
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Photo-mechanical molecular crystals are an emerging class of smart materials that can convert UV or visible light to
mechanical motion of the crystal[1,2]. Our group has pioneered the use of photomechanical crystals made from anthra-
cene derivatives as the photo-harvesting chromophore[3-7]. To achieve diversity in photomechanical responses like
bending[8,9], peeling[10,11], jumping[12,13], etc. different analogs of anthracene derivatives were synthesized and

tested (Figure 1).

OOO X, X' = CN, COOMe, CONH,

Figure 1: General chemical structure of anthracene derivatives that are photomechanically active as crystals.
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In this short note, we describe the photochemical synthesis of (2E,4Z)-5-(anthracen-9-yl)-2-cyanopenta-2,4-dienamide 4
from (2E,4E)-5-(anthracen-9-yl)-2-cyanopenta-2,4-dienamide (3).

Results and Discussion

To achieve the synthesis of the title compound 4, the reaction depicted in Scheme-1 was followed. The starting
materials 1 and 2 were readily available from commercial sources such as TCI, Sigma-Aldrich, or Santa Cruz Biotech-
nology. However, due to the rising cost of reagents and global inflation derivatives such as 1 have been discontinued,
or increased in retail price. However, compound 1 can be conveniently synthesized using Mizoroki—-Heck reaction[14]
between 9-bromoranthracene and acrolein diethyl acetal using palladium acetate as a catalyst[15]. The Knoevenagel
condensation[16][17] between 1 and excess of 2 in Pyridine solvent and piperidine as the catalyst yields compound 3
in high yields. Although the use of Pyridine is undesirable due to its potential health hazards, the amount of solvent
used was small relative to the amount of reactants. The use of a catalyst such as piperidine is crucial for the reaction to
proceed with a high yield[18]. When the reactants are dissolved in pyridine, a faint yellow color solution forms with
no product formation as indicated by TLC analysis, silica gel 50%:50% Ethyl acetate, hexane mobile phase. When a
catalytic amount of piperidine is added the reaction mixture immediately turns red color indicating product for-
mation. The reaction can be accelerated by heating to 100 °C for less than 1 minute. If piperidine was unavailable, mor-
pholine or a secondary amine works just as well as a catalyst. Using excess 2-cyanoacetamide (2) ensures the complete
conversion of the more expensive starting material 1 and simplifies subsequent purification steps. The excess 2-cyano-
acetamide can be easily washed away with water or efficiently removed from the product via crystallization from ace-
tonitrile/ water mixture. The Knoevenagel condensation affords the thermodynamically more stable trans or in this
case E-isomer of 4. An analogous reaction between trans-cinnamaldehyde and 2-cyanoacetamide affords the E,E-iso-
mer in high yields [19].

Compound 3 was obtained in pure E,E-isomeric form with a chemical yield close to 69%. The purity of the product
was confirmed using HPLC, 1H, and 13C NMR. HPLC chromatogram showed the elution of one peak with a reten-
tion time comparable to small molecules with similar chemical structures (Supplementary Figure 7). The UV-Vis
spectrum of 3 in acetonitrile (Supplementary Figure 5) has a broad maximum absorption around 430 nm indicative of
the intramolecular charge-transfer character of these derivatives[9][20]. The title compound 4 was photochemically
prepared by the photolysis of a solution of 3 in a polar aprotic solvent such as acetonitrile. In a typical photochemical
synthesis, a solution of 3 in acetonitrile was purged with argon gas and photolyzed for one day using light from a
commercial blue LED strip having a maximum output at 475 nm. Removal of the solvent under reduced pressure af-
fords a mixture containing roughly 87% 4 with remaining unconverted 3 as was revealed by 1H NMR and HPLC
analysis (Supplementary Figure 15). No secondary photoproducts were detected. Incomplete conversion of 3 to 4 was
due to overlapping absorption spectra of both compounds in the region between 450-475 nm where the charge-trans-
fer band is dominant (Supplementary Figure 17). This spectral overlap reduces conversion to 4 to less than 100%. This
is typical for such anthracene derivatives as was previously shown for similar derivatives [7,10]. We could not sepa-
rate 3 and 4 using column chromatography or prep-TLC due to their overlapping Rf values. Recrystallization from co-
solvents did not improve the isomeric ratio of 4 to 3. More sophisticated techniques such as prep-HPLC must be em-
ployed instead. Unfortunately, not all research groups are equipped with such a specialized instrument. However,
when a concentrate solution (0.2 molar) of the 87% 3 in N,N-DMF was injected in a warm solution of 0.025 Molar
aqueous SDS and was allowed to stand at 45 “C for 24 hours, crystalline microwires of pure 4 separate with roughly
99.7% purity, determined by HPLC (Supplementary Figure 14) and 1H NMR analysis (Supplementary Figure 8, 9).

For compound 3, photochemical isomerization occurs at the double bond adjacent to the anthracene ring as was previ-
ously observed for similar analogs[4,7,9,21,22]. The J-coupling constant of the proton on carbon-16 (du 7.11 ppm) in 3
has a value of 15.5 Hz, typical for an E-geometrical configuration. In compound 4 the coupling constant on carbon-16
(01 7.19 ppm) drops down to 11.8 Hz, typical for the Z-geometric configuration. The chemical shift of the amine pro-
tons is inequivalent which was unexpected given the symmetry of the amide group. However, an 1H NMR of the 2-
cyanoacetamide (2) [23] in a similar deuterated solvent shows that the two amide hydrogens are indeed inequivalent
appearing as two broad singlets with a chemical shift around 7-8 ppm. This chemical inequivalence was observed
with N,N-DMF where the two methyl groups appear as two singlets.
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Scheme 1. Synthesis of 3 and 4. Irradiation of 4 at 365 nm regenerates only 55% of 4 (Supplementary Figure 16)

Materials and Methods

All the organic solvents used were a reagent grade. Spectroscopic grade solvents were used as received. Thin
layer chromatography (TLC) was performed on 5x2.5 cm pre-coated silica gel GF2s4 on an aluminum sheet. Spots on
TLC were visualized using UV light (254 nm) or developed chemically using KMnOs solution. Reagents such as (E)-3-
(anthracen-9-yl)acrylaldehyde and 2-cyanoacetamide were purchased from TCI America and Santa Cruise
Biotechnology and were used without further purification. 'H and spectra were recorded on JEOL (400 MHz) at 298 K.
Abbreviations were used to describe peak splitting patterns: s = singlet, d = doublet, dd = doublet of doublet, ddd =
doublet of doublet of doublet, m = multiplet. *C NMR spectra were recorded JEOL at (100 MHz) spectrometer with
complete proton decoupling at 298 K. Proton chemical shifts were reported in ppm (0) (DMSO-ds, d 2.50 ppm) and |
values are reported in hertz (Hz). Carbon chemical shifts were reported in ppm (d) (DMSO-ds, 6 39.52 ppm ). A 33%
(V/V) mixture of DMSO-d6 in CCl4 was used instead of pure DMSO-ds to increase the solubility of the compound and
prevent the solution from freezing. IR measurements were performed on an IR Affinity-1 FTIR from Shimadzu. A
sample (~1%) was pulverized with spectroscopic grade KBr and pressed into a transparent pellet. High Performance
Liquid Chromatography (HPLC) analysis was performed on a Shimadzu (LC- 20AD) using a Thermo Scientific
general purpose BDS Hypersil C18 column (250 x 4.6 mm dimensions) held at a constant temperature of 35 °C. A
gradient mobile phase was used starting with 50% aqueous acetonitrile in water (pH = 2.5) and finishing with 100%
acetonitrile at a flow rate of 1.5 mL/min. The detector wavelength was set to 254 nm. UV analysis was performed on
Spectro UV-Vis (UVD 2950) from Labomed Inc with a 1 cm quartz cell and a slit width of 1.0 nm. The wavelength
range was selected between 200-600 nm. A solvent blank was collected before each measurement. Melting points (un-

corrected) were measured on a 1101D Mel-Temp digital melting point apparatus

Synthesis:

(2E,4E)-5-(anthracen-9-yl)-2-cyanopenta-2,4-dienamide (3): The following synthesis was performed under dim light or
inside an Amber-colored vial. A reaction vial with 40 mL capacity was charged with (E)-3-(anthracen-9-
yl)acrylaldehyde 1 (0.232 g, 1mmol, 1 equivalent ) and 2-cyanoacetamide (0.21 g, 2.5 mmol, 2.5 equivalent). The reactants
were dissolved in 4 ml of dry pyridine then piperidine (0.025 ml, 0.25 mmol, ¥4 mole equivalent) was added and the
reaction was stirred at 100 ©C for roughly 4 minutes or till the (E)-3-(anthracen-9-yl)acrylaldehyde was consumed. The
reaction progress was monitored by TLC using activated silica gel ad 50%/50% by volume of ethyl acetate and hexane
(Rf =0.22 for 3 and Rf = 0.53 for reactant 1 ). The reaction was cooled to room temperature followed by adding 40 ml of

DI water to precipitate the orange product 3 which was suction filtered and washed with copious amounts of DI water
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to remove pyridine and excess 2-cyanoacetamide. The product was recrystallized from boiling acetonitrile triturated
with boiling water to obtain orange needle-like long crystals with a 69% yield (0.21 g). Mp 226-228 ©C . IR vinax/cm™ 3395
(strong), 3171 (medium), 2225 (weak, cyano stretch), 1709 (strong, CO stretch), 1395 (strong, C-N stretch)
(Supplementary Figure 6). 1H NMR (400 MHz, DMSO-D6) o1 8.54 (s, 1H), 8.40 (d, | = 15.5 Hz, 1H), 8.31 (dd, | = 14.6,
10.0 Hz, 3H), 8.05 (d, 2H), 7.71 - 7.39 (m, 6H), 7.11 (dd, | = 15.5, 11.4 Hz, 1H) (Supplementary Figure 1, 2); 13C NMR
(101 MHz, DMSO-Ds) 6c 161.94, 151.13, 143.29, 131.92, 131.01, 129.67, 129.20, 128.80, 128.49, 126.43, 125.24, 124.90, 115.07,
108.58 (Supplementary Figure 3, 4)

(2E,4Z)-5-(anthracen-9-yl)-2-cyanopenta-2,4-dienamide (4): Into a 100 mL round-bottom Schlenk flask was added (2E,4E)-
5-(anthracen-9-yl)-2-cyanopenta-2,4-dienamide (0.1 g, 0.33 mmol) and dissolved in 60 ml of dry acetonitrile. The
solution was purged with Argon gas for several minutes and then placed in the middle of a loop containing a blue LED
strip with a wavelength output between 450 and 500 nm matching the absorption spectrum of the 3 in acetonitrile. The
solution was stirred making sure the reaction does not warm up by maintaining proper ventilation. After 3 days of
photolysis, the solvent was removed under reduced pressure to yield a yellow solid that was used without further
purification. The product contained roughly 85% compound 4 with 15 % unconverted 3. No other side products were
detected as evident from the HPLC analysis. To obtain pure 4, a 20 mg of the crude product was dissolved in 0.4 ml of
N,N-DMF before rapidly being injected in 20 ml of warm (45 C) aqueous SDS solution (0.025 molar). The mixture was
allowed to rest undisturbed at 45 C for 24 hours until pure crystals of 4 precipitated out of the solution. The crystals
were suction filtered and washed with DI water. Obtained yellow fine crystal with 65 % yield (11 mg). Mp 221-223 °C.
IR vmax/cm™! 3474 (strong), 3389 (strong), 2214-2228 (weak, cyano), 1699 (strong, CO stretch), 1381 (strong, C-N stretch)
(Supplementary Figure 13). 1H NMR (400 MHz, DMSO-D6) o1 8.60 (s, 1H), 8.14 — 8.05 (m, 2H), 8.01 —7.93 (m, 2H), 7.91
(d, ] =10.8 Hz, 1H), 7.58 — 7.47 (m, 4H), 7.42 (s, 1H), 7.38 — 7.25 (m, 2H), 7.19 (dd, ] = 11.8, 0.8 Hz, 1H) (Supplementary
Figure 8, 9); 13C NMR (101 MHz, DMSO-D6) dc 161.94, 151.13, 143.29, 131.92, 131.01, 129.67, 129.20, 128.80, 128.49,
126.43, 125.24, 124.90, 115.07, 108.58 (Supplementary Figure 10, 11).

Conclusion

Photochemical synthesis of (2E,4Z)-5-(anthracen-9-yl)-2-cyanopenta-2,4-dienamide (4) from (2E,4E)-5-(anthracen-9-
yl)-2-cyanopenta-2,4-dienamide using 475 nm can be obtained with a maximum of 87% conversion. Obtaining pure 4
(> 99%) was achieved by precipitating a solution of crude 4 from aqueous SDS and filtering out an acicular crystal of 4.

Supplementary Materials: This section contains 1H NMR,13C NMR, IR, UV-Vis, and HPLC data

Author Contributions: ROK synthesized and characterized the compound. RM determined the MP of the compounds. Il interpreted
the NMR of the compounds, CJB proofread the manuscript.
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Supplementary Figure 3: 13C NMR of 3 in 33% (V/V) DMSO-d6 in CCl,.
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Supplementary Figure 7: HPLC chromatogram of 3 with elution time 6.52 minutes 367
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Supplementary Figure 14: HPLC chromatogram of 4 with elution time 6.28 minutes 468
469
470
471
472
473
474
475
476
477
478
479
480
481

482



Molbank 2022, 2022, x FOR PEER REVIEW 22 of 24

483
899000
799000
699000
. 599000
=
o
> 499000
2
S 399000
)
[
— 299000
199000
99000 } V\
-1000
0 1 2 3 4 5 6 7 8
Minutes
484
Supplementary Figure 15: HPLC chromatogram after photolysis of 3 in acetonitrile using blue-light LEB. Composi- 485
tion is 87% of compound 4 (left large peak)and 13% unconverted 3 (smaller peak) 486
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Supplementary Figure 16:
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Supplementary Figure 17: UV-Vis absorption spectra with relative extinction values of 4 (thin blue line) and 3 (thin

red line). The broad cyan-colored curve is the emission spectrum of the LED light source used.
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