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285. Physical Properties and Chemical Constitution. Part VI.
Some Saturated and Unsaturated Cyano-esters.

By Davip M. CowaN and ARTHUR I. VOGEL.

The refractive indices for the C, D, F, and G’ lines at 20'0°, and the surface
tensions and densities over a range of temperature, have been determined for the
following compounds: ethyl cyanoacetate, ethyl «-cyano-fSf-dimethylpropionate,
cyano-esters of the general formula CR;R,C(CN)-CO,Et and CHR,R,-CH(CN)-CO,Et,
where R;R, = Me,Et, Et Et, Me, Pr®, Et,Pr%, and Pr®,Pr®. The molecular refractiv-
ities and parachors have been evaluated.

THE results now obtained are summarised in Table I; the calculated values of the
parachor, P, based on Sugden’s constants (J., 1924, 125, 1180),* and of the molecular
refractivities (Eisenlohr, Z. physikal. Chem., 1910, 75, 585; 1912, 79, 129) are also included.
It will be noted that (i) for most substances the observed parachor values are less than
those calculated—the differences being far in excess of the experimental error of the

* Sugden’s more recent values (see Mann and Purdie, J., 1935, 1549) are not sufficiently complete
to permit the calculation of the parachors of the cyano-esters.
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TasLe 1.

P. [Rzlo. [Ri]p- [RL]r. [Rrla- Ma2e°
et e et e et D’
CR,R,.C(CN)-CO,Et. Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. obs.
R;R, =Me,Et ............ 403-0 407-8 45-73 44-41 46-03 44-65 46-80 45-19 47-44 4565 245-40
=Et,Et ......... 4404 446-8 50-30 49-01 50-79 49-27 5146 49-86 52-13 50-36 265-85
=Me,Pr¢ ceececreee.. 441-2 446-8 50-59 49-01 50-92 49-27 51-77 49-86 52:45 50-36 266-10
= Et,Pre ............ 477-7 485-8 5525 53-61 5561 53-89 56-51 54-53 57-26 55-07 286-72
= Pre,Pre ... 516-6 524-8 59-99 58-21 60-19 58-50 61-34 59-20 62-15 59-78 307-16

CHR,R,- CH(CN) ‘CO,Et.
RiR, = Me,Me ........... 377-3 379-8 4048 40-31 40-67 40-50 41-09 40-93 41-42 41:30 22077
= Me,Et .. 4143 4188 44-90 44-91 4510 45-12 45-58 45-60 45-92 46-01 241-65
=EtEt .. .. 450-4 457-8 49-40 49-51 49-62 49.73 50-15 50-27 50-52 50-72 262-69
= Me,Pro ............ 451-6 457-8 49-63 49-51 49-86 49-73 50-37 5027 50-76 50-72 262-41
= Et,Pre ............ 4887 496:8 5407 54-11 54-29 54:35 54-87 54-94 55-28 5543 283-32
= Pro,Pre ............ 527-1 5358 5898 5871 59-42 5897 59-90 59-60 60-39 60-14 304-25
CH,(CN)-CO4Et ............ 262-4 262-8 26-63 26-52 26-74 26-64 27-03 26-93 27-24 27-17 160-35

determinations, and (ii) the molecular refractivities exhibit an exaltation for the un-
saturated cyano-esters—this is probably due to the presence of the conjugated system
>C=C—C=N.

The various differences are shown in Table II. No comment is now made upon them
except that attention is directed to the parachor differences, which are less than the
accepted value of 39—40 units.

TaBLE II.
CR,R,C(CN)COEt. AP.  A[Rje. A[Rip. AlRgs. AlRge. AM#".
RyR, = Me,Et 374 457 476 466 469 20-45
= Et,Et
e 373 495 482 505 513 20-87
= Et,Pre
} 339 474 458 483 489 20-44
o PI“,PI'“
R,R, = Me,Et
o Pra} 382 4-86 4-89 497 501 20-70
= e,
} 365 466 469 474 481 20-62
= Et,Pre
CHR,R,"CH(CN)-CO,Et.
R;R; = Me,Me } 37-0 442 443 4-49 4-50 20-88
= Me,Et
} 361 4-50 452 457 4-60 21.04
= Et,Et
} 383 4-67 4-67 472 476 20-63
= Et,Pre
— Propra) 384 491 513 503 511 20-93
R,R,; = Me,Me } 37-0 442 4-43 4-49 450 20-88
= Me,Et
} 37.3 473 476 479 4-84 20-76
= Me, Pre
} 371 444 443 450 452 20-91
= Et,Pre
EXPERIMENTAL.

Preparation of Unsaturated Cyano-esters, CR;R,:C(CN)-CO,Et.—Most of these were pre-
pared by the condensation of the appropriate ketone with ethyl cyanoacetate in the presence
of anhydrous sodium sulphate and a little piperidine at 100°. Normal pressure was employed
for acetone and methyl ethyl ketone; for the higher ketones the reaction was carried out in
sealed pressure bottles. The unsaturated cyano-ester was separated by repeated fractionation
through a Pyrex Scorah flask. Full experimental details will shortly be published.

Preparation of Saturated Cyano-esters, CHRR,"CH(CN)CO,Et.—These were prepared by
the reduction of the unsaturated cyano-esters with aluminium amalgam in moist ethereal
solution (Vogel, J., 1927, 597) and purified by fractionation under diminished pressure.
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Physical Measurements.—The densities, surface tensions, and refractive indices were deter-
mined as described in earlier papers of this series (compare Part III, J., 1938, 1325). The
surface-tension apparatus 4, B, and C were employed, the constants of which, when determined
with pure benzene, were 1:8725, 2:3449, and 2:3740 respectively.

In the tabulated results, ¢ is the temperature, # the observed difference in height (in mm.)
in the two arms of the U-tube, H the corrected value, di. the density (calculated from the
observed densities by assuming a linear variation with temperature), ¢ the surface tension
(dynes/cm.) computed from the equation y = KHd, P the parachor, M the molecular weight,
and M»¥? the molecular refraction coefficient. The parachor was calculated in the usual
way. The number in parentheses following the values of 4,4 is the temperature coefficient
of surface tension. All the measurements of the refractive indices were carried out at 20-0°
0:05°. Where 20° is used, 20-0° is to be understood ; #n, #np, %y, etc., are to be taken as referring
to n®%, etc., and R, etc., to [R,]o, etc.

Ethyl cyanoacetate. Boots’s pure product was shaken several times with 109, sodium
carbonate solution, washed well with water, dried (anhydrous sodium sulphate, shaking
machine, 2 hours), and distilled from a fractionating Claisen flask. B. p. 85°/6 mm.; M =
113°12; ng 1'41540, ny 1'41751, np 1°42263, ng 1'42639; R, 26'63, R, 2674, Ry 27'03, R,.
2724; Ry o 0°61, Rp o 0:40; Mn%" 160-35.

Densities determined : d2* 1-0648, d%91° 10262, d&7%" 0-9990, dl1e%" 0-9682.
Yoo = 3666 (0-11). Apparatus B.

t. ko H y. P. ‘. k. H. y. P.
19-1° 1495 1471 1.0657 3676 261-4 88:5° 11756 1151 0-9980 29-21 2635
61-9 1353 1329 1.0245 3193 2625 Mean 262-4

Ethyl o-cyano-B-methyl-n-butyvate. B. p. 78'5°/4 mm.; M = 155'19; ng 142041, =,
1-42256, ny 1-42773, ng 1-43160; R, 4048, R, 4067, Ry, 4109, R, 4142; Rg. o 094, Rpo
061; Mn¥ 220-77.

Densities determined : 42%° 0-9710, d§41° 0-9307, dgf,’"" 0-9109.
a0 = 30-46 (0-09). App. C.

19-8 1346 13-22 0-9712 30-48 3756 87-3 1149 1125 0-9106 24-32 3785
61-6 12-28 1204 0-9330 26-67 3780 Mean 377-3

Ethyl a-cyano-B-methyl-n-valerate. B. p. 98°/6 mm.; M = 169:22; ng 1°42576, ny 1:42797,
np 1'43316, ng 1°43689; R, 44'90, R, 45°10, Ry 4558, Ry 4592; Rg.¢ 102, Ry, 0°68;
Mn¥%" 24165,

Densities determined : df?° 0-9653, d§l'1* 0-9310, d}f"" 0-9089.
¥age = 3078 (0-08,). App. 4.

186 17-31 17-07 0-9666 30-90 412-7 869 1475 14-51 0-9089 24-70 4150
6156 15-82 15-568 0-9306 27-15 4153 Mean 414-3

Ethyl a-cyano-B-ethyl-n-valevate. B. p. 99°/4 mm.; M = 18325; ng 143127, n, 143350,
np 1°43880, ng 144264, Ry 49°40, R, 4962, Ry 5015, R4 50'52; Rg.o 112, Rpg 075,
Mnr¥" 262-69.

Densities determined : d2" 0-9608, d51¢* 0-9276, 527" 0-9084.
Ygor = 30-98 (0-09,). App. 4.

180 1753 17-29 0-9624 31-16 4499 85-7 1490 14-66 0-9084 24-94 450-8

61-1 15-86 1562 0-9279 27-14 450-8 Mean 450-4

Ethyl a-cyano-B-methyl-n-hexoate. B. p. 101°5°/4 mm.; M = 18325; mng 142976, n,
1'43199, np 1'43722, ng 1'44103; Ry 49°63, R, 4986, Ry 50'37, Ry 50°76; Rg.o 113, Rpgo
0'74; Mn2" 262-41.

Densities determined : 4% 0-9534, d$1'>* 0-9199, 4565 0-8991.
g = 30-11 (0-08,). App. A.

14.0  17-31 17-07 0-9583 30-63 4499 870 1466 14-42 0-8986 24-26 452-6
62-3 1561 1537 09190 2645 452:2 Mean 451-6
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Ethyl a-cyano-B-ethyl-n-hexoate. B. p. 108°/5:5 mm.; M = 197-27; ng 1'43396, np, 1:43620,
np 144145, ng 1'44531; Ry 54'07, R, 5429, Ry 54'87, Ry 55°28; Ry 1'21, Ry 0°80;
Mn¥" 28332,

Densities determined : d%° 0-9504, d$31* 0-9185, d87'%" 0-8971.
Yoo = 30-49 (0-08). App. 4.

t. h. H. dy.. . P, t. h. H. diy. y. P.
15-0° 17-556 17-31 0-9543 30-93 4875 86-1° 1497 14:73 0-8978 24:76 490-2
61-2 15-81 15-57 0-9192 26-80 4883 Mean 488:7

Ethyl a-cyano-B-n-propyl-n-hexoate. B. p. 120-5°/4 mm.; M = 211:30; ng 1'43778, =y
1-43993, ny 1-44569, ng 1:44994; R, 58:98, R, 5942, Ry 5990, Ry 60°39; Rg o 141, Rpg
0:92; Mn%" 304-25.

Densities determined : ax° 0-9401, dﬁ}'“‘ 0-9089, dﬁ?'“’ 0-8900.
Yoo = 30-06 (0-08;). App. 4.
204 1730 17-06 0-9398 30-02 526-3 86:5 14:82 14-58 0-8900 24-30 527-1
62:0 15-86 1562 0-9086 26-58 528-0 Mean 527-1

Ethyl a-cyano-B-methyl-B-ethylacvylate. B. p. 95°5°/3 mm.; M = 167'20; ng 146410, ny
1:46771, np 147685, ng 1'48446; R, 4573, Rp 46'03, Rg 46'80, Ry 47'44; Rg o 171, Rgq
1:07; Mn%" 24540,

Densities determined : dﬁ‘." 1-0091, dg?'l' 0-9699, d8¢%° 0-9488.
Yoo = 34-43 (0-10). App. 4.

16-9 1858 18-3¢ 1-0119 34-76 401-2 855 1591 1567 0-9495 27-86 404-5
61-3 1676 16-52 0-9706 30-02 403-2 Mean 403-0

Ethy! a-cyano-pR-diethylacvylate. B. p. 96:'5°/3 mm.; M = 181'23; ng 1'46343, np 1°46692,
np 147594, ng 1'48327; Ry 50°30, Ry 50°79, Ry 51'46, Ry 52°13; Rg.o 183, Rpo 1°16;
Mn¥ 26585,

Densities determined : df?' 0-9931, dgf'l’ 0-9561, dg?"’ 0:9362.
Yo = 33'53 (0:09,). App. 4.
19-1 1830 18:06 0-9938 33-61 439-1 860 1568 1544 0-9370 27-09 441-3
620 1664 1640 09571 2939 440-9 Mean 440-4

Ethyl a-cyano-B-methyl-B-n-propylacrylate. B. p. 100°/3 mm.; M = 181:23; ng 1'46471,
np 146829, ny 1'47740, ng 1'48484; Ry 50°59, Ry 5092, Rp 51'77, Ry 5245; Rg.o 1°86,
Reo 1°118; Mn2" 266°10.

Densities determined : d'ﬁ?’ 0-9899, dﬁ?'l' 0-9523, d‘j‘."‘” 0-9335.
ape = 3321 (0:09,). App. 4.

19-3 1818 17-94 0-9905 33-27 439-4 86-3 1572 1548 0-9328 27-04 443-

617 16-67 1643 0-9536 29-3¢ 4412 Mean 441-2

Ethyl a-cyano-B-ethyl-B-n-propylacrylate. B. p. 104'5°/3 mm.; M = 195-26; ny 146486,
ny 146839, n, 147732, ng 1'48468; R, 5525, Ry 5561, Ry 5651, Ry 57-26; Rg_ o 201,
Rpo 1:26; Mn%° 286-72.

Densities determined : 42" 0-9768, d2'4° 0-9420, 458" 0-9221.
Yoo = 3246 (0-09,). App. A.

19-7 1800 1776 0-9770 3249 4772 86:3 15-30 1508 0-9221 26-00 4782

619 1625 1601 0-9424 2825 4777 Mean 477-7

Ethyl a-cyano-BB-di-n-propylacrylate. B. p. 116'5°/4 mm.; M = 209-28; ny 146422,
np 146771, ng 147648, ng 1'48380; Ry 5999, R, 60°19, Ry 61:34, Rg 62°15; Rg.o 2°16,
Rg o 1'35; Mn¥" 307°16.

Densities determined : 2° 0-9630, d83* 0-9287, %% 0-9115.
Yoo = 31:81 (0-09;). App. 4.

187 17-83 1769 0-9641 3193 5158 856 1532 1508 09113 2573 517-2
617 1619 1595 0-9298 2777 5167 Mean 5166
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