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Abstmt-The long wavelength UV absorption band present in the spectra of some alkylidene malononitriles and 
cyanoacetates is shown lo be a consequence of anion formation and not of nitrile sz ketenimine tautomerism as was 
claimed recently. 

Cyan0 compounds which contain one or more H atoms on 
the a-C atom are in principle capable of tautomeric 
equilibrium between the nitrile form and the prototropic 
ketenimine form. However, the majority of nitriles appear 
to favour the cyan0 form strongly in this equilibrium.’ 
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Consequently, only a very small number of cyano 
compounds with special structural features has been 
reported to contain the ketenimine tautomer in detectable 
amounts, e.g. tricyanomethane.’ 

In a recent publication’+ Kasturi et al. conclude from 
UV spectroscopic data that the condensation products of 
p-keto-esters with malononitrile or ethyl cyanoacetate 
under certain circumstances also contain the ketenimine 
species. According to the authors, the presence of such a 
tautomeric form in these alkylidene malononitriles and 
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cyanoacetates (which normally should show UV absorp 
tion only at co. 240~1) could be inferred from the 
existence of a long wavelength UV absorption band 
around 35Onm, indicative of extended conjugation. 
Noteworthy, this absorption band was only observed in 
polar, protic media such as ethanol and not in hexane or 

even acetonitrile. Furthermore, A, was unaffected by 
the addition of alkali, but E was tremendously increased. 
This intensity of absorption in alkaline solution was 

tWe thank Prof. Kastmi for communicating his results to us 
prior to publication. 

*Not much significance can be assigned to the absolute 
magnitude of c of neutral solutions unless the pH and the 
concentration are accurately known. 

ascribed by the authors to the increased concentration of 
the ketenimine tautomer.’ Finally, it was stated that the 
chemical transformations of the alkylidene malononitriles 
in the presence of alcohol or water, e.g. the formation of 
pyridine derivatives, SUPpofi the idea of 
nitrile a ketenimine tautomerism; therefore the authors 
assigned to the ketenimine tautomer an essential role in 
the mechanism postulated for the formation of heterocyc- 
lit compounds and their precursors. 

In the course of our own work on the Knoevenagel 
condensation of @-keto-esters with malonic acid deriva- 
tives’ we have observed similar phenomena in the UV 
spectra of the reaction products, including 1,2,3,4,5 and 
6. 
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1: R=CN 3: R=CN 
2: R-COOEt 4: R=COOEt 

5: R=CN 7: R=CN 
6: R = COOEt 8: R=COOE1 

However, we have ascribed the presence of a long 
wavelength UV absorption band in the spectra of these 
products to partial dissociation to the corresponding 
anions. In our view, this assignment is supported 
convincingly by the following observations: 

(1) The pH at half neutrality of 1 lo 6 (which is roughly a 
measure for the PK. of these compounds) was deter- 
mined in 80% aqueous ethanol by potentiometric titration 
with 0.1 N aq. NaOH (Table 1). 

From these data it followed that 1 and 3 must be ionized 
appreciably in neutral solution, but similar solutions of 4, 
5 and especially 6 contain the respective anions in hardly 
detectable amounts, whereas 2 has an intermediate 
position. This trend is supported by the t-values at ca. 
355 nm @5% ethanol solution) reported by Kasturi for 1 to 
5 and is also in accordance with our own measurements in 
8096 ethanol solutions (Tabk l).$ 
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Table I. Physical data of some alkylidene rn~ono~~es and cyanoasetates 

a 

0 

- 

A 23s m i 232 h” 
8. 10.500 * 7,500 

6.2 

A 346 nm A 346 na 
c 10,000 t 36,300 

k 234 nn A 247 nn 
P 10.600 f 11,5oa 

8.6 
* 349 nil A 349 nn 
‘ 2oa t 34,200 

A 243 nm A 235 "rn 
c 9,300 L 7.300 

6.7 1 35, nm 1 3S3 nn 
, 2,8W L 22.800 

L 237 N )r 248 n. 
f 12,100 t 9,600 

10.7 
)r 357 "ml A 357 nn 

c 12,500 

* 242 nn * 233 nr 
c 13.400 i 14,000 

10.8 
A 358 nm A 3Sb km 

c 10,100 

1. 238 n. i 233 nn 
c 12,900 c. 13.000 

>12 
A 355 n. * 385 "II 

i 4,500 

, 

- 

F’urther proof that ionisation phenomena are responsi- 
ble for the appearance of the 35Onm band could be 
deduced from the fact, that Beer’s law was not obeyed (c 
increased with dilution) and that no absorption band was 
observed around 350 nm in aprotic apolar media such as 
hexane. In thu latter case only a band at co 24Onm was 
present in the UV spectra of 1 to 6 with approximately the 
same shape and intensity as was found with cyclohex- 
ylidenemalononi~ie 7 and ethyl cyclohex- 
ylidenecyanoacetate 8. 

Addition of a drop of hydrochloric acid to a IO-‘M 
solution of 1, 2 or 3 in ethanol (80% or 95%) caused 
complete disappearance of the 350nm band because of 
suppression of the ionisation, whereas in alkaline solution 
(80% EtOHL?O% 1 N NaOH or O-1 N NaOH in EtOH) the 
ionisation is more or less complete, causing maximal 
appearance of the long wavelength UV band (with 
possible exception of 6, the pH at half neutrality of which 
could not be determined by titration in protic solution). 

(2) In principle, proton abstraction from atkylidene 
malononitriles or cyanoacetates in protic solution will 
lead to an equilibrium mixture of the anions A and B.Jb 

The intensjty of the absorption at 35Onm can be 
connected directly with the concentration of anion A 
(with extended conjugation), whereas the UV absorption 
of anion B with unconjugated ester group does not differ 
considerably from the absorption of the unionized 
molecule (A,, cu. 240 nm) as was inferred from the UV 

tEthy1 cyanoacetete itself has a strong absorption at A, 
24s MI (E 1 t dOtI) in basic solution? 

Sit seems reasonable to assume that the alkylation rates of the 
anions A and E of a given compound will not be very different. No 
double bond isomtrisation was observed in the alkyiation 
products thtmselves under simiiar conditions. 

UU 
sosmrdinq to K..turi' IR 

Ns1 ctw’ PM LtOH.NmOH 
(0.1 nf CHC$ 96s cton 96s fto” + tt,n 

A 232 nm A 229 II CN iN CN 
‘ 13,261 c 13,940 2235 (9) 2240 (n) - 

2190 (vu) 2190 (us) 
2160 I vu) 2160 (WI 
2140 uu) 2140 (w) 

A 355 nm A 365 n, 
c 34,aoo I 41,530 17:o"(d . 174: . O(.), C.0 

- 

1 236 nr A 246 n. 
c 14,910 t 15,275 223:N(.I 224: CN 

(m) - 
2180 (a1 

A 35s ns )r 35s n. 
c 7,2os * 38,970 

17:L l74Ff,) Z74Y0(.) 

A 22E nn )r 224 nn 
c 13,700 ‘ 24,700 223:'(m) 

CN 
:24r (n) - 
21SO (vu) 2100 (v*) 
2145 (urf 2145 (~8) 

1. 356 nm 1 356 n. 
‘ 19,604 c 3s1430 . 

17:00(.) 17*% I74to*~"") 

A 238 "ill A 241 n. 
c 11,lloo L 9,400 222% 224: (D) ;:;y I:,' 

A. 356 nm A 356 0, 

t 270 c 12,SSO t=lI 1720 (4) 1730 (w) c*o 173: . '(,I 

1240 nn )i 230 fta 
c 13.200 t lS,bS3 223:Hfm) 224:' (n) 224: (n) 

2185 (n) 
2140 (m) 

h 356 nn * 3% nn 

c 65 L 12,790 17:00(.> . 17d:"(,> 174co'"(sl 

not not 2225CN(d 22SEN ( I ) 225F ( n ) 
a8~4urwl m.."r,d 

CUP . 
1726 (e) 174i='(a) 174: 'fs) 

A R=CNorCOOEt _ B 

spectra of 7 and 8 in neutral and basic solutiont (only 
qualitatively determined because of the rapid decom- 
position of these compounds by base). 

The approximate position of this equ~ib~~ mixture of 
anions (which presumably is governed mainly by steric 
factors) could be judged not only from the a values of 
basic solutions of the respective compounds at co. 350 nm 
and 24Onm (Table l), but also from the results of 
alkylation experiments. $ 
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