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Infrared, ultraviolet, and NMR spectral data are presented to show that the structure of enaminonitriles (p-amino- 
a,p-unsaturated nitriles) is best represented by the tautomeric form 111. Pertinent correlations and observations with 
other closely related systems are made. 

I n  the previous papert1b the synthesis of 4-amino- 
spiro[A3 - cyclohexene - 1,9’ - fluorene] - 3 - car- 
boiiitrile (I) is described. We have also prepared 
4 - amino - 1’ - oxo - 3’,4’ - dihydrospiro [A3 - cyclo- 
hexene - 1,2’(1’H) - naphthalene] - 3 - carbonitrile 
(11) by the same general procedure. I n  this system 
there is the possibility of tautomerism among 
forms 111, IV, and V. It will be shown in this paper 

R 
I.  R=NHz 

VII. R = OH 

I1 

that  the infrared, ultraviolet, and NMR spectral 
data support form 111 as the true structure for this 
type of compound. 

Infrarrd absorption spectra. The infrared data for 
the spiro compounds I and I1 are compiled in 
Table I together with the published data for acyclic 
as well as other similar five-, six-, and seven- 
membered ring compounds. The enaminonitrile 
structure 111 rather than the tautomeric imino- 

I I  
HN=C-CH--CN 

I I  
H,N-C=C-CS 

I11 IV 

HN=C- & ‘  =C=NH 
V 

nitrile structure IFr2 has previously been assigned 
to the acyclic compounds3 and to the five-membered 
ring compounds4 on the basis of their infrared 

(1) ( a )  Presented in part before the Division of Organic 
Chemistry a t  the 137th meeting of the American Chemical 
Society, Cleveland, Ohio, April, 1960, Abstr. p. 29-0. 
( b )  S. Baldwin, J .  Orq. Chem., 26, 3280 (1961). 

(2 )  The alternative tautomeric form V is considered 
unlikely for reasons which will be discussed later in the 
paper. 

( 3 )  ( a )  W. J. Middleton and V. A.  Engelhardt, J .  Am. 
Chevn. SOC., 80, 2788 (1958); ( b )  R. A. Carboni, D D. Coff- 
man, and E. G. Howard, J .  Am. Chem. Soc., 80,  2838 
(1958); ( c )  P. Kurtz, H .  Gold, and H. Disselnkotter, Ann., 
624, 1 (1959). 
(4) (a )  C. F. Hammer and R. A. Hines, J .  Am. Chem. 

SOC., 77, 36-19 (1055); (b)  Q. E Thompson, J .  Am. Chem. 
Soc., 80,  5483 (1958). 

~ p e c t r a . ~  The infrared data for the six-membered 
ring compounds I and I1 from the present work 
agree so closely with that for the foregoing com- 
pounds that the enaminonitrile structure 111 is 
likewise assigned to them. The data for the six-mem- 
bered ring pentacyano compound g6 are not clear- 
cut and will be discussed later in the paper. The 
data for the seven-membered ring compounds 11- 
13,7 although incomplete, still favor their formula- 
tion as enaminonitriles rather than iminonitriles. 

The infrared spectral data for some enamino- 
nitriles wherein tautomerism is precluded by the 
substitution of alkyl groups for hydrogen atoms on 
the amino g r o ~ p ~ ~ J  are presented a t  the bottom of 
Table I. It can be seen that  the spectral data for 
these N-disubstituted enaminonitriles correlate 
well with those for the N-unsubstituted compounds. 
It is therefore concluded that I11 is the most likely 
structure for the N-unsubstituted compounds. 

From Brown’s useful generalization regarding 
the behavior of five- and six-membered ring com- 
pounds9 one would predict that  the enaminonitrile 
structure for the six-membered ring should be 
favored oyer the same structure for the five- 
membered ring. Alternatively, more of the fivc- 
membered ring should assume the iminonitrile 
structure than the six-membered ring. The infrared 
data in Table I cited above, however, demonstrate 
that  this is not the case, and also that both thc 
five- and six-membered ring compounds are almost 
exclusively in the enaminonitrile form.1° Thus, 
this system apparently does not behave according 
to Brown’s generalization. 

(5)  The enaminonitrilr structure, l-amino-l-methyl- 
2-cyanoethylene (6-aminocrotononitrile), was first assigned 
to the product obtained from the dimerization of aceto- 
nitrile with sodium on the basis of its ultraviolet absorption 
spectrum. See J. J. Conn and A. Taurins, Can. J .  Chem., 
31, 1211 (1953). 

(6)  J. C. Westfahl and T. L. Gresham, J .  Orq. Chem., 21,  
319 (1056). 

(7)  ( a )  P. Xewman, P. Rutkin, and I<. Rlislow, J .  Am. 
Chem. Soc., 80,465 (1958); ( b )  K. Mislow and F. A. SlcGiiin, 
J .  -4m. Chem. SOC., 80, 6036 (1958). 

(8) 31. E. Kuehne, J .  Am. Chem. SOC., 81, 5400 (1959). 
(9) H. C. Brown, J. H. Brewster, and H .  Schrchter, 

J .  Am. Chem. Soc., 76, 467 (1954); H. C. Brown, J .  Ory  
Chem., 22, 439 (1957). 

(10) The detailed discussion of the infrared spectral 
data which support this contention will be presented a t  an 
appropriate point later in the paper. 



T.4BLE I. INFRARED ABSORPTION BANDS OF ENAMINONITRILES ( C a - l )  

S-UnsuLstitutrd 
Acyclic. Compounds Phase XH? C-N C=C 

b 1600 
b d 
b d 

1. CHjC( KH2)=CHCIK' 3450, 3350, 1645 2180 
2.  C2H,OC( NH,)=C(CS),' 3279, 3135, 1653 1543 
3. (NH1),C=C(CN),C 3300, 3175, 1656 1555 
4 SC:CH2(KH2)C=C(CN)le r, 0 3356, 3226, 1664O 2370, 2217, 2108 l55Sg 

Cvclic Five-3lembered Compounds 
h 

I 3512, 3420, 1645 2189 1 GO5 
\--ill- 

J 
I;  3520, 3440, 1640 2180 (conjd.) 1608, 1575 

2240 (unconjd.) 

Cyclic, Six-llembered Compounds 
1 2169 3448, 3356, 1645 
m 3378, 3279) 1645 2165 

1 3436, 3333, 1637 2179 
3460, 3390, 1642 2188 

7. I 

8. I1 
11 

(CN>r 

9. . ( N O  QXH 0 P 3425, 3356, 3236, 1G31 2212g 

c s  
Cvclic Seven-Membered Comuounds 

1608 
1616 
1616 
1610 

1650' (C=N) 

NCCH2 CH2CN 

10. (/M 
\ /  
CH3 C H ,  

S H z  
\ C N  

ll. 0 I< R 

(+ )  R = 3 ' 0 2  
12. (+ )  It = CHI' 

NHz 

8 ,  i m 

S m 

m 

U m 

a b 

U b 

u h 

0 b 

?\'one 

3325, 1635 

3333, 1635 

3266, 3170, 1646 

?Tone 

Xone 

Yone 

Sone  

2255 Sone  

21 i 4  d 

2167 d 

2190 

,2185 

1590 

1570 

a Ref. 3c. Phase not specified. Ref. 3a. 
Pr ivak  commiinication from I h .  R .  A.  Carboni. 

S o  value reported. e Ref. 3b except where otherwise noted. f S u j o l  mull. 
2.5% by wt. in chloroform. I Ref 4b. I ;  Dilute chloroform 

solution. ' hlineral oil mull. Ref. 6. Y Fluorlube mull. Q Ref. 21. 
' Probably C-S  rather than C=C stretching. This compound is included to  demonstrate that  the normal 
unconjugated C-S stretching frequencv is unaffected by incorporation into the potassium hromide pellet. The shifts 
observed for enaminonitriles in this medium are therefore dirertlv comparnhle to those obtained from a solution or mull. 
Sese also C-=S valiie for I in pot:tssium hromide. Ref. 7h. " R.ef. 8, 

Ref. 4a. 
Potassium bromide pellet. :3cx (w/v) in chloroform. 

Ref. 7a. 
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TABLE I1 
I N F R A R E D  FREQUENCIES FOR &ALKOXY- A N D  H Y D R O X Y - c r , P - U N S . 4 T L R A l ~ E ~  KITRILES 

Compound Phase C-N (Cm.-I) 

Pure liquid 2174 

3. CN OHc 
I 1  c=c 

/ 
C1 

HN=C 

CN OH d 

CN OH e 

5 .  0 
6. Oc&’ 

I 

I 

CHSC=CHCN 
7 .  OR 

CHsC=CHCN’ 
R = C2H5, n-C4Hp, CHy=CHCHt, 

CoH5, C,H,Cl, 2,4-CsHd212 
OR 

8. CHf=CHCH2CH2A=CHCK~ 
R = GHs, n-ChH9 

9. OH CY 
I t  

CH$CC-=CCH&H=CHz’ 

Compound 

10. R O C N  

R = HI n = 2, 3, 4, 5, 6 (trace) 

on 

(CHdn 

R = CH,, n = 3 
R = CeHs, n = 3 

11. VTIh 

CHCl, solution 2169 

Not specified 2198 
(NS) 

ITS 2200 

Dilute CHCll solution 2190 

NS 2210 
2240 (unconjd.) 

NS 22 10-2220 

NS 

NS 

NS 

2210 

2200 
2240 (unconjd.) 

2220-2210 
2265-2255 (unconjd.) 

2215 
2265-2260 (unconjd.) 
2198 
2252 (unconjd.) 

a G. S. Skinner, J. A. Gladner, and R. F. Heitmiller, J .  Am. Chem. SOC., 73, 2230 (1951). P.  B. Russell and E. Csendm, 
B. H.  Chase and J. Walker, J. Chem. Soc., 3518 (1953). e Ref. 18. 1 Ref. 3c. J .  Am. Chem. SOC., 76,57141 (1954). 

9 Ref. 8. Present study. 
Ref. 3a. 

Perhaps the most compelling infrared spectral 
evidence in favor of the enaminonitrile structure for 
the compounds in Table I is the unusually low 
C-T\: stretching frequencies observed for all of 
them. It is reported” that 2218 cm.-l is the lowest 
frequency observed for an a,@-unsaturated alkyl 
nitrile and 2221 cm.-’ is the lowest frequency ob- 
served for a benzonitrile-type structure. Bellamy12 
lists 2215 cm.-’ and 2220 cm.-l as the lower limits 
for C=Y stretching frequencies of a,@-unsaturated 

(11)  R.  E. Kitson and N. E. Griffith, Anal. Chem., 24, 
343 (1952). 

(12) L. J. Bellamy, The Infra-red Spectra of Complex 
Molecules, 2nd ed., Methuen & Co., Ltd., London, 1958, 
p. 263. 

alkyl nitriles and beneonitriles respectively. The 
values of the nitrile frequencies in Table I have 
been depressed by 17-38 cm.-’ below 2215 cm.-’, 
the lowest value for normally conjugated aliphatic 
nitriles quoted above. This additional lowering is 
roughly equivalent to  the average decrease (25 
cm.-l) observed in going from an unconjugated ali- 
phatic to a conjugated aliphatic nitrile, that is, 
from 2250 cm.-l to 2225 cm.-1.11~12 Therefore this 
abnormally large shift by a factor of two must be 
due to  some influence other than simple conjugation 
with the a,@-double bond. It has been stated4” that 
the amino group was presumably responsible for the 
further shift of the nitrile frequency to  2189 cm.-’ 
in compound 5, Table I, but no further explanation 
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was offered. It is proposed here that this abnormal 
shift can be explained in terms of the enaminonitrile 
structure I11 with the resultant increased interac- 
tion between the p-electrons on the nitrogen atom 
with the n-electrons of the double bond and in turn 
with the a-electrons of the nitrile group itself. That  
is to say, the enaminonitrile structure allows charge- 
separated resonance forms such as VIa, VIb, and 

- + - + 
H%X--C--CPC=N H z N = C - C 4 c N  +-+- 

I I  I I  
VIa VIb 

- + 
H*N=C--C-C--N 

I /  
I /  

VIC 

VIc to contribute to thc ground state of the mole- 
c ~ l e . ' ~ ? ' ~  It would be difficult to  reconcile this ob- 
served shift in the C=X frequency with the imino- 
nitrile structure IV. 

Similar lowering of the nitrile stretching fre- 
quency has been recorded for the related p-hydroxy- 
and p-alkoxy-a,p-unsaturated nitriles listed in 
Table 11. The extreme charge-separated resonance 
form VI11 analogous to VIb can be written to  ac- 

+ 
RO=C-C=C=V 

I 1  
VI11 

count for thc pronounced shift. I n  general, i t  ap- 
pears that the shift of C=K frequencies for the com- 
pounds in Table I1 is less pronounced than that for 
the corrciponding p-amino compounds in Table I. 
This may be due to the greater electronegativity of 
oxygen compared to nitrogen. Consequently, the 
p-electrons in the oxygen-containing group may not 
be as delocalized as those in an amino group result- 
ing in a le35 pronounced shift. 

Another example of nitrile frequency lowering 
occiirs in the anions of nitroacetonitrile.16 The 
data are recorded in Table 111. Again the resonance 
form IXc corresponding to VIa can be written for 
the ground state of these molecules to account for 
this shift. Here the shift is not as  pronounced as 

(13)  Corm : i d  Taurins (rcf. 5) used rrsonance structures 
VIa :rntl  VIh to explain the ultraviolet spectrum of p-amino- 
crotononitrilc. 

(14) In  this conncrtion it is interesting t o  note thc strong 
1):rnd :it 2015 cm. reportcd for the lwteniminc, ethyl-n- 
t,utylkcteri-d~u tyliniine 

:issigncd t o  the >C=C=N-group (ref. 15). The latter is iso- 
c k t r o n i c  with thrs >C=-C=N moiety nppraring in rcsonancc 
forms VI:% :md VII). It i s  tliercforr inferrrd that  these forms 
arc ni:rking appreckhle contributions to thcx ground state of 
the en:~minonitrile moleculo. 

(15) ('. I,. Strvcns atid J. C. French, J .  .4m. F h ~ m .  Soc., 

(16) J. C. Grivas and A. Taurins, Can. J .  Chein., 37, 1266 
76, .4:3!)8 (1!154). 

(1959). 

-0 

N-CH-C-X t3 h=CH-C=N t-, 
\+ 7; \+, 

/ 
0 -0 

IXa IXb 

[ -; 
N--CII=C=N -1 -0 

\+ 

// 
0 

IXC 

in enaminonitriles because therc are competing 
resonance forms IXa and IXb  which do not con- 
tribute to thc nitrile frequency lowering. Thcre 
must, however, be sufficient contribution from 
form IXc to produce the lowering observed. 

TABLE I11 
INFRARED FREQLTNCICS FOR C=N IS XITIWACETONITRILE 

A N I O N S a  

+ 
[O~XCHCEX] -HINR 

R 
C--N 

(cm.-l) 

a All data from ref. 16 and determined as Sujo l  mulls. 

Further support for the enaminonitrile structure 
I11 is obtained from the following obwrvatioiis. The 
appearance of two bands in the S H  stretching 
region is compatible only with a primary amino 
group (-SH2).17 If an imino group (=SH) 
were present, only one band should appear in this 
region. l7 Furthermore, it appears that these mole- 
cules exist almost entirely as the enaminonitrile 
tautomer I11 and not as an equilibrium mixture of 
I11 and IV. If the molecule were actually an equi- 
librium mixture of the two tautomers, then two 
C = S  stretching frequencies should result, onc for 
the unconjugated C=K of tautomer IV and one 
for the conjugated C=S of tautomer 111. Thui, 
for the 2-cyanocyclanoiies in Table 11, t r o  C=X 
stretching frequencies appear, one for thc uncon- 
jugated C=S in the keto tautomer and one for the 
conjugated C = S  in the enol tautomer.8,18 Since no 
unconjugated C = S  band is observed for the com- 
pounds in Table 1 , 1 9  it is concluded they are 
essentially in the enaminonitrile form. The abseiice 
of an unconjugated band in the C--N stretching 
region for I confirms that it is a monomer rather 
than a dimer (cf. Table I, G ) . I b  

(17) Ref. 12, 11. 249. 
(18) L. J. Bellnmy and L. Beccher, J .  Chem. Soc.,  4487 

( 1 9.54 1. 
(19) The cxc~t~ption, of roiirw, is cotnpuund 6 wherc: thr 

unconjugated C=K produces a band at the normal fre- 
quency. 
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In  Table I bands appearing a t  1643-1637 em.-' in 
compounds I and I1 have been assigned to KH, 
def~rmat ion , '~  while those a t  1646-1G35 em.-' in 
compounds 11-13 are probably also due to NH, 
deformation rather than C = S s t r e t ~ h i n g . ~ ~ , ~  
The bands occurring a t  1616-1608 in com- 
pounds I and I1 have been assigned to endocyclic 
C =  C stretching by analogy with compounds 14-17 
in Table I. It was recently observed that conjugated 
double bonds in cyclic six-membered enamino- 
ketones have C=C stretching frequencies in the 
range 1573-1360 cm. 2o 

The infrared spectral data reported for compound 
g6 in Table I are difficult to interpret. Since three 
bands are present in the NH stretching region, it 
appears that there is a tautomeric equilibrium 
between the enaminonitrile form I11 and imino- 
nitrile form IV.21 The bands a t  3425 cm.-' and 
3336 em.-' can be ascribed to the -XHz group, 
arising from free S H  and intermolecularly bonded 
S H  respectively.*, Since intramolecular hydrogen 
bonding is impossible in enaminonitriles owing to 
the linearity of the C=S  group, the third band a t  
3236 em.-' ic, most logically assigned to the =SH 
group. l7vZ3 However, as noted previously, in a 
tautomeric equilibrium, one should expect to find 
two C r S  frequencies, but only one band a t  2212 
em.-' was observed.24 This value is not particularly 
low in comparison n-ith the other C=S frequencies 
in Table I. AIoreover, there is apparently no C S K  
stretching band for the gem-dicyano groups in the 
ring. The band a t  1631 cm.-' has been assigned to 
XH, deformation6 while the band a t  1650 cm.-' is 
probably better assigned to C=K stretching rather 
than C=C stretching.*j 

The alternative formulation of the tautomer as 
J' does not seem attractive because of the follow- 
ing reabons. I:irst, it would be difficult to reconcile 
the bands observed a t  2198-2163 cm.-l for the 
compounds in Table I with structure V since the 

(20) X. J. Leonard and J. .4. Adamcik, J .  .4m. Chem. 
Soc., 81, 595 (1959). 

(21)  Stuart-Briegleb scale models of these two tautomeric 
forms of this coinpound show that there is internal steric 
strain in both forms due especially to the bulkiness of the 
C=N groups as well as their mutual electrostatic repulsion. 
From a purely qualitative (visual) inspection, it appears that  
the enaminonitrile form is somewhat less strained than the 
iniinonitrile form. The compound may then be an equi- 
librium mixture of the t x o  tautomeric forms with equi.- 
librium favoring the enaminonitrile form. The exchange 
of deutwiuni for the active hydrogen in this sterically 
crowded system (ref. 6 )  might shift the tautomeric equi- 
librium as well as affect their conformations. The reported 
wide differenw in the infrared spectra of the deuterated 
and undcutcrnted compounds (ref. 6 )  may thus be qiialita- 
tivcly esplnined on this Insis. 

( 2 2 )  J. Weinsteiri and G. 11. II-yman, J .  Org. C'henz., 23, 
1618 (1958). 

( 2 3 )  P. L. Pickard and G. IT-, Polly, J .  r l n ~  Chem. Soc., 
76, dl69 (1954). 

( 2 4 )  Private communication from L)r. J .  C. \Vestfnhl. 
( 2 5 )  In  ref. 23, 1845-1639 em.-' is given as the range of 

C=S strcxtching in aliphatic imines. 

-C=C=S-- group absorbs a t  about 2045 
cm. -I 14,15 Second, unsubstituted ketenimines with 
the ;C=C=XH structure have not been pre- 
viously reported in the literature. Furthermore, 
the known substituted ketenimines are low-melting 
solids or liquids and usually have charac~teristir 
colors and In this study, compounds I 
and I1 as well as the rest of the enaminonitriles in 
Table I are high-melting solids. AIoreover, com- 
pounds I and I1 are odorless and colorless, while I 
is unusually resistant toward hydrolysis. Ih 

The intensity of the absorption bands for the 
C=S, SH,, and C=C groups is strong for coni- 
pounds I and I1 and many others in Table I. This 
may be somewhat surprising for the C=C group 
which is normally a relatively weak to medium 
absorber in this region. It appears, however, that 
the enhanced conjugation mentioned previously 
produces a strong intensity band for C=C in this 
case. 

R spectra. The S3IR  spectrum26 was de- 
termined for I1 in deuterochloroform solution with 
added tetramethylsilane as internal reference. The 
tautomeric. structure I11 is supported by the fol- 
lowing data: (1) the KH, signal which appears a t  
266 cps. is in a position typical for this type of group, 
and (2j the areas of the signals for aromatic pro- 
tons, amino protons, and methylene protons are in 
the ratio of 4 :2 :  10. For the alternative imino 
structure IV, the areas would in the ratio of 4 :  1 : 10. 
There is a possibility that the imino proton and 
the proton on the carbon atom attached to the 
C = S  group might have the same chemical shift. 
The absorption spectrum, however, shows no 
evidence of fine structure due to spin coupling with 
the neighboring methylene group, thus definitely 
ruling out structure IV. The insufficient solubility 
of I in a suitable solvent precluded the determina- 
tion of its SRlR spectrum. 

Cltraviolet absorption spectra. The ultraviolet 
absorption maxima for some enaminonitriles are 
listed in Table IP. Since I contains the fluorene 
chromophore and the enaminonitrile chromophore 
which both absorb strongly in the same region of 
the spectrum, it is necessary to subtract the spec'- 
trum of X from that of I and the spectrum of XI 
from that of I1 to obtain the value for thc enamino- 
nitrile c h r o m ~ p h o r e . ~ ~  v X 

& XI  

These data further subst ant iat e the assignment 
of the enaminonitrile structure 111 to these rom- 
pounds with the attendant resonance structures 

(26  j n 'e  are indrbtcd to V:lrinn .issori:itc>s, J ' n l ~  Alto. 

( 2 i )  SPP ref. l h ,  footnote 32.  
Calif. for the determination of the K l I R  spwti-iiin. 
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TABLE I V  
ULTRAVIOLET ABSORPTION DATA FOR EN AMINONITRILES 

L" 
Compound Solvent (w) emsx 

aCN NHz Q 

CN CN 

(I-X) 
(11-XI) 

abs. C2HjOHa 258 
CIHSOHb 258 
CH30Hb 258 

CHsOH 267 

CHaOH 270 

d 254 
d 261 
C9HjOH 276 
HzO 273 

CzHjOH 289 

d 263 

C2HjOH 263 

13,600 
18,500 
19,800 

23,200 

23,800 

strong 
strong 
14,000 
15,700 

17,470 

13,000 

14,400 

CzHsOH 267.5 12 ~ 7 0 0  
95% CZHSOH 261.5 12,300 

Ref. 5. * Ref. 3c. Ref. 3a. Yot specified. e Ref. 3b, 
data courtesy of L)r. R. A. Carboni. f Ref. 8. 0 Ref. 4a. 

Rcf. 4b. 

VI a, b, c, in the excited state.13 The alternative 
iminonitrile structure IV cannot explain the ultra- 
violet maxima observed for these compounds. Thus 
an unconjugated C=S group absorb? betn-een 
160-180 mp,2R129n while the unconjugated imino 
group likewise has no strong selective absorption 
above 200 mp.28v29bJ0 Thus the A,,,, aiid E,,, 
values are consistent only with the conjugated 
enaminonitrile structure 111. 

The absorption maxima for some alicyrlic coii- 
jugated nitriles are presented in Table V. It is 
seen that there is a bathochromic shift of 46-55 
nip and a hyperchromic shift of 1300-4500 when 
the hydrogen atom on the ,&carbon atom is re- 
placed by an amino group t o  form an enaminonitrile. 
Similar hathochromic and hyperchromic effccts 
caused by p-amino groups in conjugated syhtems 
have been reported.2R'31 Thus, enamiiionitrileq 
represent another example of strong a - p  conjugn- 
tion. 

(28) 15. A .  13raiitl<>, A n n .  Rr,pts. on Progr. C I I P ~ ) ~ .  ( C h o n .  
SOC. London), 42, 105 (1!)45). 

(21)) A .  E. Gillnni and E. S. Stcrn, An Introduction to 
Electronic .I hsorpfion Sprc t ioacopy  in Organic Chpt/t ist ty,  
Edward Arnold T,td., IIontlon, 1%4, (:I)  11. 4(i; ( I ) )  1). 5(i. 

(30) 8. A .  Glicknian :ind A. C. Cope, J .  .A),&. Chrni. Soc., 
67, 1017 (194.5). 

TABLE v 

NITRILES 
ULTR.4VIOLET ABSORPTION hfAXIMA O F  CYCLIC COXJUGATED 

L.." 
Compound Solvent fmM) emax 

9570 ethanol 212 11,200 

ethanol 211 11,200 

ethanol 210 0,500 
$CHs e 

9556 ethanol 212 8,900 

CH(CH3)z 

959; ethanol 217 9,900 

OCN 
a 0. H. Wheeler, J .  -4na. Chem. Soc., 78, 3216 (195G). 

E. A.  Braude and 0. H. Wheeler, J .  Chenz. SOC, 320 
(1955). 11. L. Frank, R. E. 
Berry, and 0. T,. Shotwell, J .  d in .  C h e m  Soc., 71, 3889 
(1949). 

J .  ChenL. Soc., 329 (1955). 

As a further test of the enaminonitrile structure 
111, the ultraviolet difference spectra (I-X) were 
determined in 95% ethanolic 0. LV hydrochloric 
acid aiid 0.111: potassium hydroxide respectively. 
The results are recorded in Table YI. It can be 
seen that in acid solution, the major maximum32 for- 
merly at 26'7.5 mp has been shifted to 231 mp and 
226 mp. Practically identical results were obtained 
in 9jyo ethanolic 0.2, 0.4 and 0.8W hydrochloric 
acid. Other workers33 have reported that the ultra- 
violet spectrum of ;l'-buteiiylpiperidiiie in acid 
solution reverts t o  that of the unconjugated ole- 
fin with only low intensity absorption above 210 
mp. Parallcl results have been reported for aniline 
derivatives in strong acid solutioii.31b~c~d Quaterni- 
zation of the amino group in acid solutio11 prcventi 
the p-electrons on the nitrogen from participating 
in rxcited states such as VI a. b, c, with R rcsultant 
hypsochromic. shift The subtractioii spectrum of 
the eiiamirioiiitrile (I-X) should then revert to that 
of 1-cyanocyclohexene (Table Y) in  acid solution. 
The fact that the subtraction spectrum (I-X) 
differs from that of 1-cyanocyclohexene may be due 
to several factors. First, the failure of thc modcl 
compound X to cancel a11 the abiorptioii duc to the 
fluorene chromophore may introduce spurious 
maxima a t  the obscrvcd wave lengths. Second, a 
hypsochromic shift occurs but not  to the extent 
predicted because the proton may attach itself 
t o  other sites in the molecule, for example, to  the 
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nitrile nitrogen atom. Such limited hypsochromic 
shifts have been reported for the analogous enami- 
noketone XI1 in acid solution.34 These workers Hm 0 

CH3 
XI1 

proposed that the proton residues on the carbonyl 
oxygen atom rather than the amino nitrogen atom 
in XII, in analogy to  amides of which it is a vin- 
~ l o g . ~ ’  Thus, in acid solution the proton is pre- 
vented from exerting its maximum hypsochromic 
effect on XI1 with the resulting limited shift to 276 
mp. Complete resolution of this problem of proton 
location in enaminonitriles in acid solution is not 
possible at this stage with the limited data avail- 
able. Nevertheless the results are compatible only 
with the enaminonitrile structure of I and 11. 

TABLE VI 
ULTRAVIOLET ABSORPTION BAKDS O F  (I-x) I N  95% ETHANOL 

L a x  

Medium (mp) Emax 

Neutral 267.5 12,700 
23 1 5,400 
226 4,800 

0 .1N HCl 23 1 11,900 
226 10,800 

0.1W KOH 267 13,300 
229 (infl.) 7,500 
224 (infl.) 12,200 

The ultraviolet data for (I-X) in 0.1N potassium 
hydroxide in 95% ethanol agree with that observed 
for (I-X) in ethanol above. The slight hyper- 
chromic effect in the alkaline medium may not be 
significant, but could be due to the conversion of a 
small equilibrium amount of iminonitrile form 
present in neutral ethanol to the enaminonitrile 
form in alkaline ethanol. Thus, it is well known 

(34) J. .4ustin, J. D. Chanley, and H. Sobotka, J .  Am. 
Chem. SOC., 73, 5299 (1951). From Woodward’s rules (ref. 
35) a X,,, value of ca. 244 mp (corrected to water as solvent) 
has been calculated for XI1 in aqueous acid solution on the 
assumption that  the proton is attached exclusively to the 
amino nitrogen atom. Actually these workers observed 
that  the A,,, value for XI1  is shifted from 203 mp in neutral 
aqueous solution to  276 mp in acid aqueous solution, 32 mp 
higher than the calculated A,,, of 244 mp. See also ref. 36. 

( 3 5 )  R. B. Woodward, J .  Am. Chem. Soc., 63,1123 (1941); 
J .  Am. Chem. Soc., 64, 7G (1942). 

(36) E. RI. Kosower and D. C. Remy, Tetrahedron, 5 ,  
28 (1959), and references therein. It is pointed out that  a 
quaternary nitrogen atom bearing a formal positive charge 
causes a significant decrease in the position of the short wave 
length maximum of a bicyclic a,p-unsaturated ketone. Thus 
the value calciilnted from Woodrmrd’s rules in footnote 
34 ahove should be cvcn somewhat less than 231 mp, say 
234 in@. 

(37) Ser, lion ever, E. Skinner, Specfrochim.  i lc ta ,  95 
(1R.i9), ~ h o  conclitdrs tha t  the infrared arid Ramnn spectra 
of thc hydrochloridcs of urea and scc+m1ide indicatc that  
the proton resides on the nitrogen atom rather than the 
oxygen atom. 

that allyl cyanide (structure analogous to the imino- 
nitrile IV) tautomerizes to  crotononitrile (structurc 
analogous to the enaminonitrile 111) in basic 
solution. 38 

There is an interesting side light to the assign- 
ment of the enaminonitrile structure to the com- 
pounds discussed above. Enaminonitriles are 
vinylogs of cyanamides. Therefore, cyanamides 
might well be expected to  exhibit a lowered C=N 
stretching frequency in their infrared spectra. 
That this is in fact the case is revealed in Table 
VII. Here the C=N frequency is approximately 
intermediate between that for conjugated nitriles 
and enaminonitriles (cf. Table I and previous dij- 
cussion thereof). Analogous resonance forms such 

as R2N=C=N - R2S-C=N can be wr:t- 
ten for these substituted cyanamides to explain the 
decrease in nitrile absorption frequency. In  this 
connection i t  was found39 that the C=N absorp- 
tion frequency increased to 2300 cm. -l in the deca- 
borane diethylcyanamide complex, BloHlz. 2 (C2Hs)2- 
NCX. This frequency increase is attributed to the 
decreased availability of the p-electrons on the 
amino nitrogen of the diethylcyanamide moiety 
for participation in the resonance forms shown 
above, thereby indicating a boron-amino nitrogen 
bond. Apparently, the contribution of t h e x  reso- 
nance forms to the ground state is not appreciable 
enough to effect a frequency lowering equal t o  that  
for the vinylogous enaminonitriles in Table I. 

The ultraviolet absorption data for these substi- 
tuted cyanamides support this view for the excited 
states as well. Thus diethylcyanamide shows only 
weak end absorption at 210 mp ( E  400),40 while 
diallylcyanamide shows weak absorption in t h? 
near ultraviolet region increasing with shorter wave 
lengths to E 855 at 210 mp.41 These values should be 
contrasted with those for the vinylogous enamin+ 
nitriles in Table IV where the large bathochromic 
and hyperchromic effects are operative. 

In  Table VII, there is also shown a decrease in  
the C=iX frequency, relative to benzonitrile, of p- 
aminobenzonitrile, an aromatic vinylog of cyanam- 
ide. It appears that here too resonance structures 

such as H , h O C = f i  - must be contributing to the 

gound state. The ultraviolet spectrum of p-amino- 
benzonitrile has been reported as A,,, 277.5 mp 
(E 24,000)42 and AQ5% CzH60H 278 mp ( E  22,390)43, 

c -  - + 

CiHs 0 II 

max 

(38) B. Belleau, J .  Am. Chem. Soc., 73, 5140 (1051); 

(39) RI. F. Hawthorne and A. R. Pitochclli, J .  Am. 

(40) G. W. Stevcnson and D. Williamson, J .  Am. Chcln. 

(41) New Product Biill,, Coll. Vol. I, American Cyanamid 

(-12) A. Burawoy and J. P. C‘ritchley, Tetruhedron, 5 ,  

(43) P. Grammaticakis, Bull. SOC. Chim., Prance, [SI 20, 

H. A. Bruson, J .  Am. Chem. Soc., 64,2457 (1942). 

Chenc. Soc., 80, 6685 (1958). 

SOC.,  80, 5043 (1958). 

Co , Yew York 20, N. Y., p. 76. 

340 (1059). 

207 (1953). 



SEPTEMBEH. 1961 ABSORPTIOK SPECTRA OF AROMATIC AZO COMPOUKDS. 111 3295 

while that for benzonitrile as 225 mp (e 
12,000)42 and Xi::ho1 225 mp (e 12,600).44 Again the 
role of the amino group is clear in producing a large 
(3 mp) bathochromic shift as well as an appreci- 
able hyperchromic effect. 

TABLE VJI 
NITRILE FREQUEKCIES FOR SUBSTITUTED CYANAMIDES 

C = S  (cm.-l) 
Pure CHCla 

Compound Liquid Soln. 

Ilimethylcyanamide 2200,a 2212b 2218' 
Diethylcyanamide 2202,a 2210d 2209' 
Dially lcyanamidc 2215' 
p-Aminobenzonitrile 2221e 
Benzonitrile 2230e 

a Private rommunication from I h .  G. H. Dorion, Ameri- 
can Cyanamid Co., Stamford, Conn. hl. navies and 
\V. J. Jones, Trans. Faraday Soc., 54, 1454 (1958). ' J. P. 
Jcsson and H .  W. Thompson, Spectrochiin. Acta, 13, 217 
(i058). Ref. 39. e Ref. 1 1 .  

EXPERIMENTAL45 

4-A niinospiro [ ~3-cyclohexene-l ,9'-$zcoren,e] -3-carbonilrile 
(I) .  This compound was prepared as described previously.lb 

(44)  R.  .4. Morton and A. L. Stubbs, J .  Chem. SOC., 1347 
(1940). 

4-Amino-1 '-oxo-Sf,&'-dihydrospiro A3-cycloh~xene-l $'( 1 '- 
H )-naphthalene] -3-carbonitrile ( 11) and 1 '-oxo-Jf,4'-dihydro- 
spiro [cyclohexane-l,Z'(l 'H)-naphthalene] (XI). The prepa- 
ration of these compounds will be fully described in a subse- 
quent communication. 

3-Cyanospiro[cyclohexane-1,9'-j2uoren]-4-one (VII).  This 
compound was prepared by the published pro~edure.~s  
It was found that  dilute solutions of VI1 in chloroform or 
methanol decomposed within 2-3 days to produce a yellow- 
ish brown color with an unmistakable cyanide odor. Refrig- 
eration and/or exclusion of air and moisture retarded this 
decomposition only for a day longer than before. These 
decomposition products were not investigated further. 
vmai . 2252 (unconjd. C=S),  2198 (conjd. C=N), 1736 
(C=O in six-membered ring with C=N substitution on 
o-carbon)*, and 1639 cm.-l  (conjd. C=C). It appears that  
this compound is essentially in the enolized form VI1 for the 
following reasons: The absorption band at 2198 cm.-1 is 
much more intense than that at 2252 cm.-l. The appearance 
of a well-defined band at 1639 cm.-l indicates a conjugated 
C=C group while the intensity of the C=O band a t  1736 
cm.+ is relatively weak for this group. 

-CHCIS. 

WRIGHT-PATTERSON AIR FORCE BASE, OHIO 

(45) All melting points were taken on a Fisher-Johns 
apparatus with a calibrated thermometer. Infrared spectra 
were determined on a Perkin-Elmer Model 21 Spectro- 
photometer. Ultraviolet spectra were determined on a Cary 
Model l l M S  Spectrophotometer in 9570 ethanol (distilled) 
solutions ca. 5 X lO-6M. 

(16) D. A. Stauffer and 0. E .  Fancher, U. S. Pat.  2,647,- 
896 (1953); cf. Chem. Abstr., 48, 9405 (1954) and J .  Org. 
Chem., 25, 935 (1960). 
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Thc ultraviolct and visible spectra of a number of mono- and dihalogeno azobenzenes are reported. The changes in wave 
length and intensity produced by the substituents are correlated with their electronic and steric effects, and are compared 
with analogous results previously obtained for azoxybenzeneu. 

Although the spectra of individual subst'ituted 
azo1)enzenes can be found in the literature, t'here 
have been few attempts at  a systematic study of the 
effects of substituents on the light absorption of the 
nzobenzene system. In this paper results have been 
obtained for a series of mono- and dihaloazoben- 
zencs (see Table I) and the spectra are discussed and 
compared with our previous data on substituted 
nzoxykxnzenes. Our measurements were deter- 
mined in absolute ethanol solutions [in which 

(1 )  Pxrt 11; J .  Am. Chem. Soc.,  78, 3363 (1956). 
( 2 )  (:L) Brunel Col l~ge of Technology, London, W. 3; 

(:3)(:t) .4. I3ur:tsoy, J .  C'heni. SOC., 1865 (1937): ( b )  
( I ) )  Uriivcwity of Purrto Rico at  hlayaguez. 

, ,  , I 

A .  H. Cook, 1). G. Jones, and J. B. Polya, J .  Chem. SOC., 
1:315 (1x39). 

( 4 )  1'. I I .  (;ore and 0. H. Wheeler, J .  Am. Chem. SOC., 
78,21M)(1956). 

solvent the photochemical (trans + cis) isomeriza- 
tion is most suppressedsa] after standing overnight 
in the dark, and there is little doubt that the data 
refer to solutions containing negligible amounts of 
the c i s - i~omers .~~  

The azobenzenes showed three distinct regions of 
absorption in the ultraviolet and visible parts of 
the spectrum, with bands a t  220-240 mp, 320-360 
mp, and 430-460 mp. The first two bands were 
relatively intense (A, 10,000-20,000), whereas the 
visible band was considerably weaker (A, 400- 
1000). This low intensity band has been assigned 
by Burawoy3" to a radical transition in the azo 

(5)(a) W. R. Brode, J. H. Gould, and G. hI. Wyman, 
J .  Am. Chem. Soc., 75, 1856 (1953); ( b )  W. R. Brode, J. H. 
Gould, and G. M. Wyman, J .  Am. Chem. SOC., 74, 4641 
(1!)52). 


