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Abstrret-Ketones containing a 0.substituent with readily ionizable lone pair or n-electrons are studied by UV 
spectroscopy. When the geometry favours through-bond interaction between the carbonyl group and the 
y-substituent a sigma-coupled transition is observed in the near UV region. Replacement of the CO group by more 
electronegative systems such as the gemdicyanovinylidene group is shown to enhance the intensity of the 
sigma-coupled transition and to shift it bathochromically. These phenomena are interpreted to result from a 
charge-transfer character of the sigma-coupled transition. Furthermore it is shown that intensity borrowing from 
locally excited states plays an important role in determining the intensity of this sigma-coupled transition. 

lNlXODUCllON 

The concept of “through-space” and “through-bond” 
interaction” has greatly aided the qualitative classifica- 

tion of electronic interactions between functional groups 
separated by two or more sigma-bonds. A quantitative 

separation in “through-space” and “through-bond” com- 
ponents has also been attempted but this is much more 
difficult and often rather arbitrary.’ 

Extensive studies have been directedb” towards the 
absorption spectra of compounds in which a CO group and 
a group with lone pair or a-electrons (e.g. amino, mercapto 

or vinyl) are separated by two or more sigma-bonds. For 
such compounds-in addition to change in intensity and 

absorption maximum of the CO n+?r* transition’-a so 
called sigma-coupled transition* is observed in the 230- 

260 nm region of the UV spectrum if their conformation 
fulfills the requirements for efficient through-bond interac- 

tion. Thus in the case of three sigma-bonds between it or s 
electron systems an orientation of their orbitals parallel or 

nearly parallel to the central sigma-bond is required. 

For the /3-aminoketone I-aza-adamantanone la (Table 
I), it was recently shown,’ that the sigma-coupled 

transition is considerably enhanced and shifted to the red 

when the carbonyl group is replaced by the more 
electronegative gem dicyanovinylidene group (lb). From 
the large solvatochromism of the fluorescence for lb it 

was concluded that the sigma-coupled transition has a 
strong charge-transfer character. 

The present paper describes a study on the absorption 

spectra of compounds containing the gem - 
dicyanovinylidene group or a related electronegatively 
substituted double bond and a readily ionizable functional 
group separated by three sigma-bonds. 

RESULTS AM) DtSCUSlON 

The compounds l-7 compiled in Table 1 all contain the 
general array A-C-C-D in which D(onor) denotes a group 
of relatively low ionization potential (D = -NR,, SR. 
-OR or -CR=CRJ and A(cceptor) denotes a group with 
electron acceptor properties. For intramolecular interact- 
ing systems-in contrast to the case of intermolecular 

interactions-dissection into “non-interacting” basis sys- 

tems is a purely theoretical process and always rather 
arbitrary on a molecular level. Nevertheless compounds 8 
and 9 (Table I) and le-6e (Table 2) seem reasonable 
model systems to estimate the properties of the A resp. D 
groups in the absence of interaction. In compounds 1-5 

the relative orientation of D and A is fixed while in 6 and 7 
rotation around the C-D bond is possible. 

For the bifunctional compounds except 2a, c, Sa and 7~. 
c a sigma-coupled transition is observed (Table I). Its 
absence in 2a has been attributed’.’ to the axial position of 
the lone pair on nitrogen which does not fulfill the 
conformational requirements for through-bond interac- 
tion;’ the same explanation apparently applies to 2e. From 

the position of the sigma-coupled transition in the 
oxaderivative 5b (46.700 cm-‘) and the average blue-shift 
of 8000 cm” observed upon going from X = C(CN), to 
X = 0 a sigma-coupled transition in Sa, (if any) is 
calculated to appear at approximately 54,700 cm-’ 
(183 nm). Consequently it is not observed in the near UV 

region. 
The presence of rather strong sigma-coupled transitions 

for 6b and 6e implies that rotamers allowing for 
through-bond interaction, form a sizable fraction of the 
total rotameric distribution around the C-D bond in these 
molecules, but for the nitrogen analogues 7a, c this is 
obviously not the case. The present data do not allow any 
conclusion concerning the eventual influence” of the 
through-bond interaction on this rotameric distribution. 

In a localized orbital description the appearance of a 
sigma-coupled transition in compounds containing the 
array AX-C-D can be attributed to the availability of a 
low lying charge-transfer (CT) configuration A~-C-C-D’ 
(see Fig. I). When A is an electronegatively substituted 
double bond its first ?r +7r* excited state (energy E,) 

provides a locally excited configuration A*-C-C-D which 
is rather close in energy to the CT configuration. 

Inspection of the data from Table I reveals that the 
appearance of a sigma-coupled transition is accompanied 
by weakening of the s + s* transition for A as compared 
to its value in the model compounds 8 and 9. Furthermore 
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Table I. Absorption data for sigma-coupled systems (l-7) and some reference chromophores (g-9). Near UV transitions are 
given as: A,.. (nm); [&&cm-’ x IO’)]: c&l . mole ’ cm-‘) 

Structure No. X 

(C-X) 

n-n* Sigmacoupled nda’ Solvent Ref. 

x- 
d ki, 

X 

x- 

Ia 0 
lb COO, 
lc C(CN)COOEt 
Id CHCOOEt 

228[43;]8300 
243[41.1]1366 
317[31.5]4500 

229[42.7]8780 316[31.6]4900 

207(48.3]12630 275l36.414530 

290[34.5]33+ 
- 
- 
- 

2a 0 
2c C(CN)COOEt 

- - 
240[41.7]14200 - 

- 
- 

n-hexane I 
n-hexane I 
n-hexane 1 
n-hexane I 

cyclohexane 
cyclohexane 

3a 
3b 
3c 
3d 

:(CN), 
C(CN)COOEt 
CHCOOMe 

- 233142.91640 29lI34.5121 cyclohexane I5 
230[43.5]13500 294[34.0]2860 - cyclohexane 
229[43.7]ltMOO 288[34.7]2100 - cyclobexane 
210[47.6]15700 254[39.4]2920 - cyclohexane 

4a 
4b &CN), 

% 
228[43;]13000 272[36.8]3300 

- cyclohexane I6 
- cyclohexane 

5a 0 
5b C(CN), 
SC C(CN)COOEt 

251[39~]13ooO 214[46;]2300 
248[40.3]13000 210[47.6]5500 

288[34.8]30 
- 
- 

cyclohexane I7 
cyclohexane 
cyclohexane 

6s 0 - 233[42.9]420 2%[33.8]35 cyclohexane I8 

6b C(CN), 238[42.0]12900 286[35.0]1680 - cyclohexane 

6c C(CN)COOEt 234[42.7]13800 278[36.0]2150 - cyclohexane 

& 0 
8b C(CN), 
8c C(CN)COOEt 
Ed CHCOOEt 

9a 
9b 
9c 
9d 

0 
CHCOOMe 

- - 
213[46.9]15300 - 

242[41~]12ooO 1 
242[41.3] 14400 - 
224[44.6]18150 - 

:(CN), 235[42;]18200 1 
C(CN)COOEt 235[42.5]14700 - 

CHCOOMe 218[45.9]15400 - 

- cyclohexane I9 
- cyclohexane 

290[34.5]19 
- 
- 
- 

280[35.7]26 cyclohexane 
- cyclohexane 
- cyclohexane 
- cyclohexane 

n-hexane I 
n-hexane I 

n-hexane 1 
n-hexane I 

Ghoulder. 
#Not obtained in pure form (cf experimental). 

Table 2. Energies of sigma coupled transitions (hv,) in in- 
tramolecular donor-acceptor systems and vertical ionization 
potentials (I,) for model donor compounds as measured by He-I 

photoelectron spectroscopy 

Compound hv.(eV) donor model l,(eV) Ref. 

lb 3.90 le 7.94 2 

3b 4.21 e 3e 8.45 I9 

Jb 4.56 && 4e 8.34 + 

6b 4.34 Et> 

Sb 5.79 @ 

+This work (see Experimental). 

6e 8.44 23 

se 9.50 20 

a blue-shift of the rr +rr* transition generally occurs 
when the sigma-coupled transition is located at its 
long-wavelength side (e.g. 1. 3,4,6). but a red-shift when 
the sigma-coupled transition lies at its short-wavelength 
side (e.g. 5). 

These phenomena can be rationalized by assuming 
interaction between the A--C-C-D+ and the A*-C-C-D 
configurations (see Fig. 1) leading to two excited states of 
“mixed character” with energies E, and E2 (see Fig. I). 

A”-C-C-:, 1,’ EZ AE 
E, ~ L______ _. 1 

E _i___---_. 
CT &_c_c_p.. 

El 
t AE 

Fig. I. Interaction diagram for the Charge-Transfer and the first 
locally (in A) excited configuration. 
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