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Abstract. The fusion temperature of 2-cyano-3-[5
(phenyl)-2-furyl]-2-propenamide and 2-cyano-3-[5-(4-me-
thylphenyl)-2-furyl]-2-propenamide and their temperature
dependence of dissolution in acetonitrile, benzene,
dimethylketone, ethyl acetate and 2-propanol have been
determined. According to the temperature dependence the
differential enthalpies and entropies of the solution were
calculated. Taking into account the entropies of fusion the
entropies and enthalpies of mixing were calculated at
298 K. The effect of intermolecular interaction in the
investigated solutions on their solubility and enthal pies of
mixing has been analyzed.

Keywords: enthalpy of solution, entropy of solution,
enthalpy of mixing , entropy of fusion, differential thermal
analysis.

1. Introduction

A great number of modern drugs are created on the
basis of five-term heterocyclic compounds with one or two
heteroatoms. Their application has become possible due to
a biological activity of natural heterocyclic compounds [1-
2]. Thorough investigation of their synthetic andogues
provides the synthess of drugs of new generation.
Alkylfuran derivatives belong to the compounds, which
have diverse biological activity and may be used for the
cregtion of new drugs with different pharmaceutical
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properties, namely antimicrobial activity, as well as for
treatment of neurodegenerative and cancer diseases[3-4].

2-Cyano-3-[5-(phenyl)-2-furyl]-2-propenamide and
2-cyano-3-[5-(4-methyl phenyl)-2-furyl]-2-propenamide
are the derivatives of akylfuranes. They contain electron-
donor and electron-acceptor functional groups which may
be reactive centers at new drugs synthesis. The synthesis
is usualy conducted in the solvent medium, using
especialy purified reactants. The compounds purity is
provided by a multistep purification including distillation,
sublimation and recrystallization. The latter process is
redlized with widely used solvents. Therefore the
investigation of solubility and thermodynamic parameters
which accompany the solvent interaction with a solute is
an actual problem to optimize extraction and purification
processes of the organic compounds.

2. Experimental

The scheme of 2-cyano-3-[5-(phenyl)-2-furyl]-2-
propenamide (1) and 2-cyano-3-[5-(4-methylphenyl)-2-
furyl]-2-propenamide (11) synthesisis presented in Fig. 1.

The compounds | and I were obtained via interaction
of equimolar quantities of corresponding aldehyde and cyan-
acetic acid amide. The reaction proceeds in the ethanol me-
dium at heating in the presence of piperidine. The resulting
precipitate was filtered, washed by ethanol and fourfold
recrystallized from ethanol-di methyl formami de mixture.

The samples were identified by NMR spectro-
scopy. The spectra were recorded using Varian 600
instrument (600 MHz). DM SO-d6 was used as a solvent.
The chemical shifts (d, ppm) relative to DMSO signa
(2.5 ppm) are represented in Table 1. Compounds purity
was determined using Agilent 1100 HPL C equipped with
diode matrix and mass selective detector on the column
Zorbax SB-C18, 4.6x15mm, An acetonitrile-water with
0.1 % TEA (95:5) was an eluent.
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Fig. 1. Scheme of 2-cyano-3-[5-(phenyl)-2-furyl]-2-propenamide
and 2-cyano-3-[5-(4-methyl phenyl)-2-furyl]-2-propenamide synthesis

Table 1
NMR *H spectra and purity of investigated compounds
Compound Chemica shifts, d, ppm Purity, %
I TH NMR (600 MHz, DMSO) 6 7.35 (d, J= 3.7 Hz, 1H, Fur), 7.41 — 7.47 (m, 2H), 7.50—7.54 (m, 1000
2H), 7.70 (br.s, 1H, NH,), 7.80 (br.s, 1H, NH,), 7.91 (d, J= 7.6 Hz, 2H, CgHs), 7.99 (5,1H, CH) '
TH NMR (600 MHz, DMSO) § 2.35 (s, 2,5H, CH3), 2.36 (s, 0,5H, CHy), 7.28 (d, J= 3.7 Hz, 1H,
Fur) 7.33 (d, J = 7.9 Hz, 2H, CeH,), 7.41 (d, J = 3.8 Hz, 1H, Fur), 7.67 (br.s, 0.85H, NH,, 16.0/74.0
1T E-isomer), 7.71 (br.s, 0.15H, NH,, Z-isomer), 7.75 (br.s, 0.3 H, NH,, Z- isomer), 7.77 (br.s, 0.7 H, 7 /E' isorﬁer
NH,, E- isomer), 7.80 (d, J = 8.1 Hz, 2H, C4Ha), 7.96 (50.85 H, =CH, E-isomer), 7.97 (s,0.15
H, =CH, Z-isomer)
Table 2
Physico-chemical properties of the solvents
n20 Tooits K Content of themain
Solvents M, g/mol D component, wt %
lit. determ. lit. determ.
Acetonitrile 41.053 1.3442[5] 1.3444 81.6 [5] 814 99.9
Benzene 78.112 1.5017[5] 1.5019 80.1[5] 79.0 99.9
Dimethylketone 58.080 1.3591 [5] 1.3590 56.2 [5] 56.0 99.8
Ethylacetate 88.106 1.3724[5] 13722 77.1[5] 76.8 99.9
2-Propanol 60.096 1.3776 [5] 1.3776 82.2[5] 819 99.9

A series of widely used low-boiling solvents
differed by polarity was chosen for investigations. Before
usage the solvents were purified via fractional distillation
followed by their identification relative to a refractive

index (N3’ and boiling temperature (Tw). The content of

the main component was determined using a gas-liquid
chromatography. Table 2 represents physico-chemical
properties of the investigated solvents and data from the
literature for comparison.

The solvents were saturated in a hermetic glass
vessd equipped with a Teflon dirrer, thermometer and
nipple for sampling. Before the experiments the substance
was kept in the solvent at room temperature for two days.
Then it was dirred at the experiment temperature for
90 min. The water temperature in a thermostat was kept
with an accuracy of £0.1 K. Stirrer rotation speed was 30—
40rev/imin. To confirm the achieved equilibrium the
studies were carried out at higher and lower temperatures.
The absence of hysteresis loop on the temperature depen-
dence curve confirmsthe state close to an equilibrium one.

The sampling was carried out by a series of
2-3 samples which were transferred in previously weighed
bottles. After the bottles were hermetically closed and
weighed they were opened and dried till the constant
weight in the oven at 343 K. The dry sample was weighed
and its mole fraction in the saturated solution was
calculated. The analytical balance VLR-200 was used for
weighting with the accuracy of £0.0002 g.

Derivatographic investigations were carried out
using Q-1500 D Paulik-Paulik-Erdey derivatograph. The
samples were analyzed under dynamic mode with the
heating rate of 3 K/min in the air medium.

3. Results and Discussion

The investigation results are given in Table 3:
experimental temperature (T); weight (mp) and mole
fraction (xp) of dissolved compounds. The results of the
temperature dependence are approximated by the equation
Inx,= 4 — BIT (Table 3). Hereand hereinafter the errors of
all values are given for the significance level of 0.95.
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Table3
Temperatur e dependence of investigated compounds solubility
in the or ganic solvents
T,K | my10° g | x10° T, K my10°, g | %p-10° T,K [my10° g| %10° | T, K | m:10% g | x-10°
1 2 3 4 5 6 7 8 9 10 11 12
Compound |
Acetonitrile
296.8 2.90 0.48 309.6 5.85 0.92 323.0 11.70 143 3395 18.95 2.81
296.8 3.00 0.47 309.6 5.95 0.89 325.6 10.70 1.59 3395 1955 2.79
296.8 3.30 0.49 3145 6.75 1.10 325.6 15.40 1.68 3395 20.70 2.82
299.4 3.20 0.53 3145 7.95 1.03 332.0 13.50 2.09 3434 21.80 3.10
299.4 3.70 0.58 3145 8.85 1.00 332.0 15.85 2.10 3434 23.00 3.14
299.4 3.80 0.57 320.1 10.45 1.37 332.0 25.40 211 3434 23.95 3.10
303.3 4.00 0.67 320.1 13.80 1.35 336.0 17.20 242 346.5 17.65 3.69
303.3 4.30 0.67 323.0 8.60 1.39 336.0 | 14450 241 346.5 18.30 3.67
303.3 450 0.67 323.0 9.50 143 336.0 | 179.50 2.45 346.5 21.60 3.61
Inx, = (6.13+0.21) — (4081+67)-1/T
Benzene
298.4 0.80 0.20 314.0 1.80 0.43 323.2 4.00 0.63 3315 4.20 0.82
298.4 0.90 0.19 314.0 2.35 0.43 3279 3.00 0.70 3315 5.10 0.86
298.4 1.00 0.20 314.0 2.60 0.46 3279 3.00 0.72 3335 5.45 0.97
304.9 1.20 0.28 3175 2.00 0.50 3279 4.10 0.73 3335 550 0.99
304.9 2.20 0.29 3175 2.05 0.51 329.0 3.00 0.81 3335 6.00 0.97
304.9 2.30 0.28 3175 3.20 0.51 329.0 3.30 0.77 3374 4.05 1.18
309.1 1.20 0.34 320.7 2.00 0.59 329.0 4.60 0.75 3374 4.30 1.20
309.1 1.40 0.33 320.7 2.05 0.56 330.3 1.60 0.87 3374 4.80 1.20
311.8 3.00 0.37 320.7 3.80 0.58 330.3 2.20 0.88 343.6 3.80 1.44
311.8 3.65 0.40 3232 2.00 0.64 330.3 2.20 0.91 343.6 6.00 1.40
311.8 4.30 0.38 323.2 3.30 0.62 3315 3.80 0.88 343.6 8.00 1.40
Inx, = (6.44+0.31) — (4436+100)-1/T
Dimethylketone
297.0 8.45 211 3029 7.90 2.56 306.5 14.40 2.82 315.0 | 13.90 3.65
297.0 9.85 2.16 3029 9.95 248 308.0 12.40 2.90 315.0 | 14.70 3.68
297.0 9.95 2.13 303.3 11.55 2.64 308.0 12.75 2.92 315.0 | 15.90 3.64
2975 7.95 2.19 303.3 12.55 2.62 308.0 16.30 2.87 3175 | 10.05 3.86
2975 8.10 2.18 303.3 12.65 2.65 3109 10.45 3.10 3175 | 10.90 3.82
2975 9.15 2.22 3035 9.65 251 3109 11.05 3.13 3175 | 1340 3.85
301.0 8.50 247 3035 10.70 2.49 3109 13.60 3.14 321.6 9.70 431
301.0 10.60 2.36 3035 11.10 2.49 3124 10.25 3.34 3216 | 1755 4.24
301.0 10.90 245 306.5 9.35 2.86 3124 17.70 2.29 3216 | 17.80 4.25
3029 7.60 2.45 306.5 9.95 2.84 3124 21.20 3.30
Inx, = (2.90+0.28) — (2688+85)-1/T
Ethylacetate
296.1 4.20 1.25 309.1 6.75 1.88 323.7 8.00 2.75 3320 | 27.50 3.39
296.1 490 1.27 314.0 8.25 2.16 325.6 9.55 3.02 3335 | 14.60 3.73
296.1 5.20 1.22 314.0 10.95 2.10 325.6 10.25 2.84 3335 | 14.75 3.66
299.7 4.10 1.37 314.2 6.95 2.14 325.6 11.15 2.96 3335 | 1845 3.62
299.7 4.20 1.40 314.2 8.55 2.07 327.0 9.15 3.10 3374 9.05 4.02
299.7 4.30 1.39 314.2 9.00 2.15 327.0 11.30 291 3374 | 1265 4.08
3039 6.00 1.67 320.7 7.35 2.46 329.0 8.65 3.24 3374 | 16.20 4.08
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Table 3 (continued)
1 2 3 4 5 6 7 8 9 10 11 12

303.9 6.90 1.66 320.7 8.00 255 3290 | 13.20 317 3380 | 2165 | 4.01
303.9 7.00 1.63 320.7 8.25 2.66 3290 | 1385 317 3380 | 21.75 | 4.01
3085 6.25 1.78 321.0 8.30 261 330.1 6.70 3.38 3380 | 2885 | 3.93
3085 6.65 1.83 321.0 9.05 256 330.1 8.60 3.32 3436 | 1790 | 4.83
3085 9.30 184 321.0 11.30 2.63 3301 | 10.85 3.33 3436 | 1990 | 4.80
309.1 5.90 192 3237 6.05 277 3320 | 19.15 340 3436 | 21.20 | 4.75
309.1 6.40 1.97 3237 6.45 273 3320 | 2195 340

Inx, = (2.80£0.16) — (2808+51)-1/T

2-Propanol

297.3 115 0.19 306.5 115 0.30 315.0 195 0.46 3216 | 255 0.64
297.3 1.20 0.19 306.5 150 0.30 315.0 2.10 0.47 3216 | 345 0.66
297.3 1.20 0.20 306.5 1.65 0.30 315.0 240 0.45 3216 | 395 0.67
299.2 1.65 0.19 308.0 1.40 0.34 316.0 1.70 051 3230 | 280 0.69
299.2 1.80 0.20 308.0 1.60 0.35 316.0 245 0.50 3230 | 285 0.73
299.2 1.80 0.20 308.0 2.20 0.34 316.0 3.10 051 3230 | 3.00 0.72
302.8 0.90 0.24 310.1 1.80 0.36 3175 1.85 0.53 3269 | 455 0.82
302.8 1.30 0.20 310.1 1.85 0.35 3175 235 054 326.9 | 4.80 0.82
302.8 1.60 0.24 310.1 1.90 0.36 3175 285 054 326.9 7.65 0.84
3035 0.90 0.27 3119 1.35 0.39 3205 2.65 0.64 3281 | 4.20 0.91
3035 0.95 0.26 3119 2.00 0.41 3205 3.30 0.63 328.1 450 0.92
3035 125 0.27 3119 225 0.40 3205 480 0.61 328.1 5.40 0.94

Inx, = (8.45+0.31) — (5072+97)-1/T

Compound I
Acetonitrile

2935 8.50 1.30 3034 11.00 1.76 308.8 14.50 224 | 3127 | 1035 | 251
2935 10.10 131 3034 11.00 1.83 310.0 13.30 238 | 3127 | 1270 | 243
2935 10.75 1.29 303.6 9.40 191 310.0 13.45 224 | 3127 | 1645 | 250
297.6 10.00 153 303.6 12.20 1.90 310.0 13.60 235 | 3169 | 19.00 | 2.79
297.6 10.85 153 303.6 12.30 1.85 3125 12.60 253 | 3169 | 20.30 | 2.79
297.6 12.40 1.48 305.6 11.35 191 3125 13.40 253 | 3169 | 2200 | 2.82
298.0 8.90 154 305.6 12.35 193 3125 | 2235 245 | 3205 | 1855 | 3.16
298.0 10.00 151 305.6 16.15 1.88 312.6 15.30 248 | 3205 | 2325 | 319
298.0 12.00 152 308.8 12.40 213 312.6 17.10 242 | 3205 | 2650 | 3.18
3034 9.30 1.80 308.8 14.50 215 3126 | 2215 244

Inx, = (3.89+0.28) — (3094+86)-1/T

Benzene

2974 225 0.58 312.3 10.0 111 3233 8.85 164 | 3333 8.00 249
2974 245 0.58 318.0 4,60 1.39 3233 1155 | 1.68 | 333.3 13.05 246
2974 3.60 054 318.0 7.80 143 325.0 7.35 1.88 | 3333 8.20 255
303.1 3.00 0.74 318.0 8.70 143 325.0 7.85 191 | 3380 12.70 3.06
303.1 3.10 0.74 321.9 6.85 1.67 325.0 1285 | 1.87 | 338.0 15.55 2.99
303.1 3.70 0.73 321.9 8.50 1.67 327.0 9.95 202 | 3380 18.80 314
307.8 3.10 0.92 321.9 755 1.70 327.0 11.95 | 1.93 | 3405 10.90 3.39
307.8 3.60 0.93 3221 545 1.69 327.0 10.15 | 1.95 | 3405 16.70 3.39
307.8 5.80 0.92 3221 5.85 1.63 330.0 8.35 221 | 3405 14.30 3.39
312.3 470 114 3221 6.00 164 330.0 8.35 224
312.3 480 1.16 3233 7.10 171 330.0 13.00 | 216

Inx, = (6.41:0.20) — (4127+65)-1/T

Dimethylketone

2934 | 1400 | 614 | 2948 | 3090 | 618 | 3015 | 3095 | 7.35] 3101 | 2965 | 872
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Table 3 (continued)
1 2 3 4 5 6 7 8 9 10 11 12
2934 15.15 6.02 297 24.85 6.57 303.9 22.50 777 | 310.1 35.60 8.72
2934 19.25 5.99 297 26.90 6.61 303.9 26.50 7.78 | 3125 31.15 9.40
2934 23.00 5.99 297 28.45 6.57 303.9 54.70 785 | 3125 38.55 947
2934 27.85 6.05 297.8 20.30 6.64 306.8 22.80 8.26 | 3125 45.25 941
2934 35.30 597 297.8 24.20 6.52 306.8 24.60 8.18 | 3165 37.55 10.08
294.8 25.65 6.30 297.8 25.45 6.54 306.8 38.60 8.27 | 3165 47.75 10.22
294.8 25.90 6.23 3015 26.90 747 310.1 27.90 8.73 | 3165 59.35 10.32
Inx, = (2.11+0.17) — (2119+52)-1/T
Ethylacetate
2934 7.60 3.61 3034 11.55 4.56 306.7 25.15 514 | 3125 14.45 570
2934 8.55 357 3034 15.40 4.40 306.7 25.35 495 | 3125 16.85 5.60
2934 8.70 353 3034 16.25 452 306.7 27.35 505 | 3125 17.75 559
2935 13.60 351 303.6 14.05 458 308.8 17.10 507 | 3169 14.55 6.31
2935 14.15 352 303.6 16.55 451 308.8 17.55 5.00 | 3169 18.85 6.26
2935 15.85 351 303.6 16.60 4.56 308.8 18.15 5.07 | 3236 26.30 751
297.6 13.50 3.96 3045 12.80 4.61 312.0 15.90 557 | 3236 26.80 7.43
297.6 16.00 3.89 3045 14.45 4.71 312.0 18.95 562 | 3236 38.55 7.41
297.6 20.45 3.92 3045 14.90 4.72 312.0 19.05 555
Inx, = (2.23+0.20) — (2314+61)-1/T
2-Propanol
296.2 3.00 0.78 309.8 7.00 1.54 319.1 12.15 241 | 3305 13.10 354
296.2 3.35 0.76 309.8 9.30 1.58 3220 13.30 2.67 | 330.5 17.20 354
296.2 6.00 0.80 314.9 9.80 2.00 3220 14.80 2.66 | 330.5 16.75 355
299.1 4.60 0.89 314.9 9.35 1.93 3220 9.90 2.68 | 333.3 19.05 4.10
299.1 5.00 0.98 314.9 12.00 1.93 3233 17.20 2.74 | 333.3 16.60 4.10
299.1 8.95 0.96 316.8 9.20 2.22 3233 17.65 271 | 3333 24.95 412
302.7 450 1.12 316.8 16.75 2.16 3233 16.35 2.72 | 338.0 23.70 5.06
302.7 5.00 1.15 316.8 20.15 2.14 327.0 11.80 321 | 338.0 29.40 5.08
302.7 6.75 1.07 318.0 9.75 2.24 327.0 19.358 | 3.10 | 338.0 37.75 5.06
306.4 5.25 1.40 318.0 12.80 2.21 327.0 23.05 3.22 | 3405 36.30 6.08
306.4 7.80 1.42 318.0 12.60 2.25 330.2 19.30 3.65 | 3405 25.95 6.11
306.4 10.00 1.36 319.1 16.05 243 330.2 18.20 3.68 | 3405 38.80 6.06
309.8 6.20 1.58 319.1 12.75 2.35 330.2 24.90 3.73
Inx, = (7.760.27) — (4409+85)-1/T
Table4
Ther modynamic parameter s of compounds | and Il solubility in the or ganic solventsat 298 K
e AgH’ | AmidH’ AgS | AnixS
Solvent *>10 Kdmol Jmol K
Compound |
Acetonitrile 0.508+0.015 33.93+0.56 6.9+1.9 51.0+1.7 0.6x2.9
Benzene 0.1997+0.0064 36.88+0.83 99+2.1 53.5+2.6 3.1+3.6
Dimethylketone 2.198+0.069 22.35+0.71 -4.6£2.0 24.1+2.3 —26.3+3.4
Ethylacetate 1.320+0.035 23.35+0.42 -3.6t£1.9 23.3+1.3 —27.1+2.8
2-Propanol 0.1870+0.0042 42.17+0.81 15.242.1 70.3+2.6 19.9+3.6
Compound ||
Acetonitrile 1.515+0.042 25.72+0.72 —-4.1+1.9 32.3+2.3 —26.9+3.4
Benzene 0.576+0.020 34.31+0.54 4.4+1.9 53.3+1.7 -5.9+2.9
Dimethylketone 6.73+0.16 17.62+0.43 -12.2+1.8 17.5+1.4 -41.7+2.8
Ethylacetate 3.95+0.10 19.24+0.51 -10.6+1.9 18.5+1.7 —40.7+3.0
2-Propanol 0.868+0.032 36.65+0.71 6.9+1.9 64.5+2.2 6.3+3.2
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Differential changes of enthalpy (DgyH®) and
entropy (DyS)) of the solution are calculated using the
coefficients from Table 3 according to Egs. (1) and (2).
The results of the calculation are presented in Table 4.

D, H°=RxB (1)

D, S’ =RxA )

where R — absolute gas constant, JJmol-K; A and B —
constants of the equation Inx,=4 — B/T.

Calculated thermodynamic parameters of solutions

DyHC and Dy, S’ (Table 4) involve the process of solution

forming (AmisH® AmixS’) and phase transfer of the crystal

compound to the liquid phase of the solution (AwH’;

ArsS), see Egs. (3) and (4).

Dsol H ° = DmixH ° + DfusH ° (3)

Dsol SO = DmixSo + DfusSO (4)

Enthalpies of fusion (AwH® are calculated

according to Eq. (5), where correction for weight loss
during fusion is taken into account [6]:

K >6 = qfus + qvap = rT'b >{)fusH + I:]T‘l/ap >{)vapH (5)
where ggs and Qe — amount of heat absorbed during
fusion and vaporization, respectively, J; mg—weight of the
sample at the moment of fusion, g; Dmy,, — weight |oss of
the sample during the period to determine area S, g; AqdH
and ApH — specific enthal pies of fusion and vaporization
at the fusion temperature, respectively, J/g; K — coefficient
of heat transfer for the correspondence between the
process heat efficiency and response as a peak area under
DTA curve, JK's. The coefficient K was determined in
[6] using standard solutions of silver nitrate, biphenyl,
adipic and benzoic acids: K-10% = 3.668 — 1.128-10°7 +
+2.72310°7% S =5.96-10".

Enthalpies of fusion of the investigated compounds
obtained by derivatography are given in Table 5.

The change of entropy at fusion temperature is
calculated according to Eq. (6):

D us H Tfus

f
Dfussrfus - T
fus

The obtained experimental values belong to
different temperatures, because the values of AH™ and
ASD|S° were calculated within the range from 293 to 342 K
(Table 4), the values of AfusH0 were determined at fusion
temperatures (Table 5). So, to generalize the obtained
results and to calculate thermodynamic parameters AmixH0
and Ami,S at 298K it is necessary to recalculate AgeH°

and AwsS’ using Eqgs. (7) and (8) [7]:

(6)

s

DyHy = Dy H §L+T'TfUS‘:J )
fus® T fus Tfusé 1.35 fousa
e TU

Dfussr = Dfussrfus g +0.74Xn—q (8)
é Tfus Q

The values recalculated at 298 K are presented in
Table4.

Differential values AnxH and AniS calculated
according to Egs. (3) and (4) (Table 4) characterize the
interaction of the components in the solution. Their
positive and negative values are connected with the type
of intermolecular bonds, including hydrogen bonds
between component and solution molecules [8]. The
molecules have dectron-donor (carbonyl, nitrile) and
electron-acceptor (hydroxy, amine) groups capable to
form hydrogen bonds, the energy of which is 15—
20kJmal for strong bonds and 4—6 kJ/mol — for weak
bonds [9]. It is known [10, 11] that high specific enthalpy
of vaporization partly confirms the formation of strong
hydrogen bonds. For this purpose the enthalpy of
vaporization of the compounds | and Il determined by
thermogravimetry were recalculated for 298 K according
to the method given in [12] and enthal pies of vaporization
of the solvents were taken from [11]. The results are
presented in Table 6.

Table5
Enthalpies of fusion of compounds| and 11
My, g Drn\/apy g 81 K-s qvapy J DfusHTquy kJmol DfusH2981 kJ/mol [)quSrfLISr kJmol Drusszgs, kJmol
Compound I; Tiws=480.8+1.5K; K=0.04539JK-s
0.2005 0.0023 7045 1.038 36.77 26.41 76.5 49.4
0.1987 0.0022 718.3 0.963 37.93 27.25 78.9 50.9
0.2026 0.0021 731.8 0.922 37.98 27.28 79.0 51.0
Average value: 376+17 270+19 78.1+23 504+ 25
Compound I1; Tiws=461.0+1.1K; K=0.04255JK-s
0.1839 0.0009 690.1 0.3445 39.79 29.8 86.3 58.4
0.1997 0.0006 752.1 0.2109 40.16 29.4 89.0 60.2
0.2017 0.0007 777.2 0.2468 41.04 30.3 87.1 59.0
Average value: 403+16 298+ 18 875+21 59.2+23
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Table 6
Enthalpies of vaporization and ener gy of inter molecular interaction at 298 K (kJ/mol)
Molecular mass, 0 Hypothetic alkane

gimol Compound DyapH 266 AH= Egg Eoun + Ey
41.05 Acetonitrile 33.45+0.21 [5] 15.5+1.8[11 17.9+2.0[11]
58.07 Dimethylketone 30.5+1.5[5] 24.4+3.2[11 6.1+4.7 [11]
60.06 2-Propanol 45.0+2.0[5] 23.0£3.7[11 22.0£5.7 [11]
78.11 Benzene 339+ 10[5 28.7+2.3[11 5.2+3.3[11
88.10 Ethylacetate 35.1+2.0[5] 32.1+3.7[11 3.0+5.7[11
238.25 I 134.1+1.1 85.4+3.7 48.7+4.8
252.27 I 123.4+1.8 90.7+4.7 32.7+6.5

The compound vaporization is accompanied by References

destroying al intermolecular bonds provided by
dispersive, dipole-dipole interactions and hydrogen bonds
[10, 13]. If we assume that the intermolecular interaction
in alkanes is provided only by dispersive forces, then the
difference between enthalpy of vaporization of the
investigated compounds and alkane with the same
molecular mass gives the energy of dipole-dipole interac-
tion and hydrogen bonds. Enthalpies of vaporization for
hypothetic alkane were calculated in [11] and given in
Table 6. To calculate the enthalpy of vaporization of
hypothetic alkanes with the molecular mass of dissolved
compounds, we chose three akanes [5]: CigHz
M = 22644 g/mol, AvapHoes = 81.3+1.6 kd/mol; Ci7Hsg
M = 24047 g/mol, AvapHoes = 86.0+2.1 kd/mol; CigHag
M = 25449 g/mol, AvapHoes = 92.0x2.6 kJmol. The
difference between the enthalpies of vaporization for the
compounds |, Il and hypothetic akane refers to the
energy of dipole-dipole and hydrogen bonds in the
investigated compound. The calculation results are
presented in Table 6.

Enthalpies of vaporization are proportionate to the
energies of intermolecular interactions of different
compounds in the solution (Table 6). Thus, the solubility
of the investigated compounds in 2-propanol and benzene
is endothermic (Table 4). The reason is that the energy of
different bonds opening in solvents and investigated
compounds is not equalized by the energy of a new
bonding between the solvent and solute molecules. The
proton-donor properties of the compound 11 are better
compared with those of the compound |. This fact is
confirmed by negative values of differentia enthalpies of
mixing with solvents having proton-acceptor properties.

4. Conclusions

The thermodynamic properties and differentia
heats of solution determined for 2-cyano-3-[5-(phenyl)-2-
furyl]-2-propenamide and 2-cyano-3-[5-(4-methyl phenyl)-
2-furyl]-2-propenamide may be used to optimize the
processes of synthesis, purification and processng with
their participation.
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TEPMOJUHAMIYHI BJJACTUBOCTI PO3UYMHIB
2-IIIAHO-3-[5-(®@EHLI)-2-®YPUT]-
2-IIPOMEHAMIJIA TA 2-IIIAHO-
3-[5-(4&-METHJI®EHLT)-2-®YPUI]-2-
MPONEHAMIJA B OPTAHTYHMX PO3UMHHUKAX

Anomauia. Busnaueno memnepamypy niaeieHHs
2-yiano-3-[5-(penin)-2-pypun] -2-nponenamioa ma 2-yiano-3-[5-
(4-memuncpenin)-2-ghypun] -2-nponenamioa ma ix memnepamyphy
3ANENHCHICMb POZYUHHOCE @ AYeMOHImpuUi, OeH3eHi, OumMemuiKe-
MoHi, emuiayemami, 2-nponaxoni. 3a MemMnepantypHoIO 3aielCHIC-
MI0 PO3YUHHOCI PO3PAX06aHI Ouhepenyitini enmanvnii ma eHm-
X06aHI eHmanbnii ma eHmponii 3MiULy8aHHsl OOCTIONHCEHUX PEHOBUH
npu 298K. I[lpoananizosano 6niue MiscmMoneKkyIsspHux 63acMooill 8
O00CHIOIHCEHUX POZYUHAX HA POZUUHHICTL OOCTIONCEHUX PEHOBUH MA
ix enmanvnii 3MiULY6aHHsL.

Knrwouogi cnosa. enmanvnis po3uuHenHs 1 3MILUYBAHHS, eHM-
PONIsL pO3YUHEHHSL Tl WIAGNEHHS, OUQEPEHYIIHULL MEPMIYHULL AHATIE3.



