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The existence of complex chromophoric systems in 1,3-diazaadamantanoid derivatives la-c, 
which manifests by absorption bands of the intensity e ~ 10~ cm2 mol- 1 , was confirmed. This 
conclusion is based on confrontation of the electronic spectra of model compounds 2, 3a - c, 
4a, 4b, 5a- c, and of dihydrochlorides 6a - c and on discussion of symmetry of interacting orbitals 
on the basis of extended Hucke! theory. A new synthesis of 1,3-diazaadamantane (3b), using 
corresponding 6-ketone as a starting compound, is reported. 

An interaction of various unconjugated groups in organic molecules "through bonds" or "through 
space" belongs to interesting problems of current theoretical chemistry1. While various long-range 
effects via delocalized n-bonds are well-known property of a variety of conjugated systems, 
analogous effects through more or less localized a-bonds are rarer and also less studied . If inter­
acting groups are chromophors, then convenient experimental method for studying their mutual 
influencing may be electronjc absorption spectra2

. The absorption of interacting chrdmophors* 
differs in excitation energy and oscillator strength from the absorption of noninteracting chromo­
phors. 

The aim of this study was to investigate to a greater detail the interaction of three 
simple chromophors _:::c= X and -N- in 1,3-diazaadamantoid derivatives la-c. 

I 
Fixed arrangement of the bonds in these substances (Fig. 1) ensures that the lobes of 
non bonding AO's on nitrogen atoms, cr-MO's of central C- C bonds and of n-MO's 
of _:::c=X groups are approximately parallel. 

It has been shown 3
-

8 that in the spectra of various compounds containing this fragment 
there occurs additional red shift, and, particularly, the intensity of the absorption maximum of 
long-wavelength band is increased, compared to the compounds which are not able or are unlikely 
to attain the geometry A because of steric reasons. Cookson, Henstock, and Hudec6 termed the 
interaction of this type "sigma coupling" and it has been recently considered 8 to be the conse­
quence of the splitting of n and n* levels of the chromophor _:::c = X by n levels on - N-. 

I 

Strictly speaking, each two chromophors present in a given molecule are perturbated by 
the other bonds and atoms. The term "interaction" refers in this work to such an influencing which 
significantly affects the above mentioned spectral characteristics. 

Collection Czechoslov. Chern. Commun. (Vol. 39) (1974) 



Electronic Spectra of 1,3-Diazaadamantanoid Derivatives 751 

Hoffmann, Imamura and Hehre9 predicted for simplified carbon model B (Fig. 1) on the basis 
of quantum chemical calculations considering all valence electrons the possibility of relatively 
strong interaction of the depicted non bonding orbital lobes through central a-bonds. 

FIG. 1 

Spatiat Orientation of Bonds in System of Interacting Chromophors 

Our findings concerning the electronic spectra of compounds I b, c were in part 
reported in short communications4

•
7

• In the present work the study was extended 
to further model compounds and complemented by interpretation on the basis of 
EHTmethod. 

EXPERIMENTAL 

Temperature data are uncorrected. Melting points were~ determined with Boetius hot plate microscope, except for com~ 
pounds lc and 2 which were measured in sealed capillary tubes. 

Chemicals 

The preparation and some physical properties of spectrograde compounds fa, Jb, 4a, 4b, and 6a 
were reported in a previous study10

, characteristic data for compounds 5a and 5b have been 
determined only recently11 . Diethyl ester Jc (m.p. 117-l18°C) and tetramethyl ester 2 (m.p. 
283- 284°C) were prepared by condensation reactions4 •12 and 1 ,3-diaza-6-hydroxyadamantane 
(Jc) was obtained by the procedure13 (colourless crystals, m.p. 295-299°C, mass spectrum; 
[M] t mje 154, relative intensity 100%; ref. 13 records m.p. 270°C/ dec.) . Dihydrochlorides 6b 
and 6c were prepared by mixing ethanol!c solutions of appropriate bases Jb and Jc with an 
excess of ethanolic solution of hydrogen chloride and by evaporating the reaction mixture under 
vacuum. Substance 6b had m.p. 184-186°C. An analogous constant for substance 6c could not 
be determined due to extreme sensitivity of this compound to air moisture (in both cases colourless 
crystals). The urotropine used (Ja) was commercial preparation of analytical purity grade. 

1 ,3-Diazaadamantane (3b) was prepared by Kizhner-Wolff reduction of 6-ketone lb. A mixture 
of 1·0 g of compound 1 b, 2·0 g of anhydrous sodium acetate, 13 ml of c. 90% hydrazine, and 46 ml 
of diethylene glycol was refluxed for 18 h. After cooling and ac:dification by ethanolic 6M-HC1 
to pH 3-4, the hydrochlorides formed were separated by filtration with suction and an additional 
portion of the salts was then obtained by evaporation of solvents under vacuum. Combined 
portio'ns were then treated with 50 ml of 40% NaOH to release the bases which were subsequently 
continuously extracted with pentane, for 20 h. The extract was dried over sodium hydroxide, 
the solvent removed by distillation, and the distill~tion residue was sublimed at 120- 130°C to 
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give 678 mg (82%) of 3,7-diazabicyclo/ 3,3,1 /nonane, m.p. 203-205°C (refs14•15 record the 
compound as liquid boiling 154-l56°C/ 1 Torr, without giving analytical data). The mass spectrum 
shows [M] t mje 126, relative intensity 68%. TheIR spectrum (CCI4 ): 3300-3 350 cm ~ 1 

v(NHassoc), 1470cm- 1o (NH), and 1062cm-I, presumably v(C-N). The 1H NMR spectrum 
(CCI4 ): multiplet 8 H at 3·02o(N-CH2-:-C), singlet 2 H at 1·96 o, the residence of which is 
dependent on the concentration of measured solution, (C- NH- C), and two broad signals 
2 Hat 1·79 o and 2 Hat 1·45 o, which on decoupling with respect to the above mentioned methylene 
signals are converted to two triplets of the A2 X 2 system (JHH!:::::. 4Hz) and can be then assigned 
to the CH- CH2- CH grouping. The above spectral characteristics are in agreement with 

CH2-CH- CH2 

the presence of conformationally nonhomogeneous structure N:H:' tH2 'NH in the com-

"' I / CH2-CH-CH2 

pound obtained via reduction and hydrolytic cleavage of the methylene bridge N-CH2- N in 
the starting ketone lb. For that reason 585 mg of the product was reacted14 with 1·58 g of methyl­
ene iodide in 23 ml of methanol for 3 h. Crude, sublimed product was chromatographed on 
140 g of aluminium oxide (Brockmann activity II-III, '· column was 26 em long) wi th 
an ethanol-chloroform mixture (2: 98, 25 ml-fractions being collected. Fractions 8 - 16, 
which according to thin layer chromatography (detection by iodine vapours) contained 'only 
substance 3b, yielded after acidification with ethanolic hydrogen chloride the dihydrochloride ' of 
substance 3b. This was reacted with 60% NaOH and worked-up as reported14 to give 415: mg 
(64·8%) of the pure derivative 3b, m.p. 264- 266°C (after sublimation at 110-120°C), refs 14 -l 6 

R2, r1N')l 
x~¥ 

1a-c 

la, X= CH2,R1 = R 2 = H 
b, X= 0, R 1 = R 2 = H 
c, X= 0, R 1 = R 2 = C02 C2 H 5 

XJO 
. 4a,b 

4a, X= 0 
b, X= CH2 

x~g)~ 
5a-c 

5a, X= 0, R = H 
b, X= 0, R= OH 
c, X= H 2 , R= H 

3a, A = N, R = H 
b, A = CH, R= H 
c, A= CH, R= OH 

6a, X = CH2 , R 1 = R 2 = H 
b, X = 0, R 1 = R 2 = Hj . 
c, X= 0, R 1 = R 2 = H 
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record m.p. 264- 265°C. The mass spectrum shows [M] + mje 138, relative intensity 100%. The 
IR spectrum (CCI4 ): no maxima above 3 000 em- 1 , 2 920, 2 900, and 2 852 em - 1 v (CHand CH2), 

1450, :1 300, 1280, and 1270 em - 1 i5 (CH and CH2). 

In, another experiments general Caglioti's procedure was used to reduce ketone lb. A mixture 
of 456 mg of substance lb and 600 mg oftosylhydrazine dissolved in 7·6 ml of ethanol was refluxed 
for · 4 h and then it was evaporated to dryness. The residue was chromatographed on 160 g of 
ah.\mihium oxide (activity Ill, the column was 31 em long, 4% ethanol in chloroform was used as 
eluent, the extract was cut to 25 ml - fractions, the composition of which was followed by thin 
layer chromatography, detection by iodine vapours). The evaporation of fractions 18-25 afforded 
480 mg of the tosylhydrazone of substance 1 b. The compound was dissolved in 20 ml of tetrahydro­
furane, 730 mg of lithium aluminiumhydride was added and the mixture was refluxed for 10 h. 
After cooling and decomposition by 3·2 ml of 4% NaOH, the inorganic salts were separated by 
filtration with suction, washed twice with 5 ml of hot ethanol and combined filtrates were acidified 
with ethanolic hydrogen chloride. Evaporation of the solvents under vacuum followed by crystal­
lization of the residue afforded 93 mg (14·7%) of the dihydrochloride 6b, m.p. 266- 268°C. 

Solvents. Ethanol and methanol were dried with magnesium 17
, dioxane and cyclohexane were 

purified in the usual way18
•
19

. 

Spectroscopic Measurements 

Unless stated otherwise, the spectra of 4·10 - 4
M solutions of studied compounds were recorded 

with 0ptica Milano CF4 NI spectrometer, using 1 em thick cells. Characteristic data for absorp­
tion maximum were read with the accuracy ),max ± 2 nm and £ ± 10. Examples of absorption 
curves are shown in Figs 3 and 4, spectral characteristics are given in Tables II and III. The infrared 
spectra were recorded with Perkin-Elmer 325 instrument, the 1H NMR spectra were taken on 
Varian XL-100 and the mass spectra on LKB 9000 instruments (direct inlet, source 70eV, 
temperature 230°C) . 

Calculations 

Fifty six MO's of EHT models of substances Jb and 6b (dication) and 58 MO's of compounds 
]a and 4a were computed using standard segmented program on ICL-4-50 and Tesla 270 digital 

FIG. 2 

Octant Projection of Molecule Ja 
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computers (one calculation took 30-90 min). The procedure reported by Hoffmann20
•21 was 

employed. The orientation of the models of molecules in coordinate system is shown in Fig. 2. 
The ideal geometry with bond angles of 109°28' and bond lengths N+ - H 1·02 A, C- H 1·09A, 
C=O 1·22 A, C=C 1·34 A, C- C and C-N 1·54 A was adopted. The values of ionization 
potentials / 5 and /P for states s and p, as well as Slater exponents were taken from literature22 - 24 

and are listed in Table I. Diagonal matrix elements Hii • approximated by ionization potentials 
of corresponding states, were used to calculate nondiagonal elements Hij according to the re­
lation21 

where Sii denotes the corresponding overlap integral. 

RESULTS AND DISCUSSION 

Spectroscopic Verification of Interaction of Chron;ophors 

Irrespective of any theoretical aspect, we first attemped to verify empirically the 
presumed interaction in systems 1 a- c by studying in more detail their absorption 
spectra in the 200-400 nm region. 

Structural disposition. The necessity of rigid spatial arrangement of nitrogen 
n-chromophors- N- and of n-carbonyl chromophor "C=O for formation of long-

1 / 

wavelength absorption band of intensity s ~ 103 in the case of compounds 1 b and 
1 c has been convincingly shown earlier6

-
8

• We have therefore centered on investigation 
of finer aspects of this interaction, in particular, the extent of spectroscopic mani-

'~: /\ ~l 
' j 

.,\~:-J 
d 

2u0_0------~24L0~----~260 

FIG. 3 

Ultraviolet Absorption Spectra in Ethanol 
Full line, cone. 4. 10- 4; dashed line, 

cone. 3·25. 10- 3M. 

1a 

3b 

90 

220 250 nm 260 

FIG. 4 

Ultraviolet Absorption Spectra in Ethanol 
Full line, cone. 4. 10-4M; dashed line, 

cone. 3·32. 10- 3M. 
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I 
festation of a) partial interaction in the arrangements 0 =C- C- C02C2 H 5 (in 

I _ _ _ I 
compound Jc), 0 =C-C- CH2- N- and --N- CH 2-N- (in compounds lb and 

I I I I 
Jc), b) the effect of the replacement of the carbonyl chromophor ::.:c=O in compound 
lb by the olefinic chromophor ::.:c=CH2 (compound la). 

The examination of relative role of partial interactions in the s'ence of aspect 
a) was made possible by confrontation of spectral data in Table II and III. An 

I 
interaction of partial chromophors in the 0 = C- C- C02C2H 5 and C2H 50 2C-
I I I 
C-CO-C-C02C2 H 5 groupings does not manifest itself through stronger absorp-
1 I 

TABLE I 

Data Used in LCAO-EHMO Calculations 

Atom / 5 , eY /P, eV 
Slater 

exponent 

H -13 ·6 1·0 
c -21-01 -1 1·27 1·625 
N - 26·92 - 14-42 1·95 
N+ - 30·52 - 15·62 1·95 
0 - 36·07 - 18·53 2·275 

TABLE II 

Longest Wavelength Electronic Absorption Bands of I ,3-Diazaadamantoid Compounds la-c· 
(cone. 4. 10- 4

M) 

Derivative Solvent 

Ja ethanola 224 3 600 
lb water 248 I 700 
lb ethanolb 250 1 400 
lb dioxane 255 I 700 
Jc water 254 1 700 
lc methanol 260 1 700 
Jc ethanol 258 1 700 
Jc acetonitrile 258 2 000 
Jc dioxane 262 2 200 
Jc cyclohexane 260 1 900 

a Unicam SP 800 spectrometer, cone. 4·1. 10- 3M; b cone. 5·1. 10- 4
M. 
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tion in the values of molar extinction coefficients higher than tens in the region of 
wavelengths above 220 nm. This follows from the fact that diketo tetraester 2 does 
not show the higher intensity in this region. Second argument in favour of this 
assumption is the fact 7 that removal of ester groups from I c does not lead to 
the disappearance of absorption band at 250-260 nm with the intensity c: ~ 103

, 

.as evident from comparison of the data give~ in Tables II and III. The strong band 
with Amax 212 nm found for methanolic solution of substance 2 could have been 
.attributed to the interaction of the ester with keto chromophor, more plausible 
seems, however, to ascribe it to the keto chromophor itself, since analogous absorp­
tion can be observed also with substances lb andJc. The interaction in the-N-

- I 
- CH2-N- grouping is spectroscopically little significant, as it is shown by mi-., 
nimum absorption of urotropine (3a) and of 1,3-diazaadamantane (3b), in which 
·cases the molar extinction in this region amounts only to several tens (Fig. 3). These 
facts led us to conclude that, in agreement with earlier assumption6 ·7, the formation 
.of long-wavelength band with a~ 103 is mainly due to the interaction in the O=C-

TABLE III 

Electronic Spectral Characteristics of Model Compounds 

Substance Solvent .l.max• nma e, cm2 mol- 1 
C. 104

, M 

2 methanol 269 IOO 11 
Ja ethanolb 209 200 36 

248 40 
Jb ethanol 210c ,__,400 4 
Jb cyclohexane 242c ,__,300 4 
Jc ethanol 212c ,__,700 4·4 
4a ethanolb 209 70 33 

290 30 
4a methanol 287 50 4 
4a cyclohexane 294 80 4 
4b ethanol (205) (600) I 
5a ethanol 235d 900d 31 
5b ethanol 217d I o8od 

5c ethanol (205) (600) 4 
6a ethanolb 212 2 800 41 
6b ethanolb 243 10 32·4 

6c ethanol 262 10 4 

a Values in parentheses refer to final absorption (without maximum); b determined with Unicam 
:SP 800 instrument; c data for inflex; d taken from ref. 11

. 

Collectian Czechoslov. Chern. Commuil. (VoL 39) (1974) 



Electronic Spectra of 1,3-Diazaadamantanoid Derivatives 757 

I -
-c~CH2-N- grouping. This conclusion agrees also with the finding that the 

I I 
removal of both nitrogen chromophors from 1b, i.e. as in 2-adamantanone (4a), 
results in the disappearance of strong absorption maximum (Fig. 3). On the other 
hand, the presence of only one nitrogen atom, as in the case of 1-aza-4-adamantanone 
(5a), has been recently shown10 to lead to smaller blue shift of the maximum to 
235 nm (in ethanol), its intensity being however still unusually high (e ~ 900). From 
this fact it follows further that three partial chromophors in compounds 1 b and 1 c 

I -
form by bonding four fragments (0=C)-C-CH2-{N- ) one chromophoric 

I I 
system, which is indicated by strong absorption band located within 250-260 nm. 
Convincing evidence for decisive role of free electron pairs on nitrogen atoms in this 
system is characteristic disappearance of the above mentioned absorption band on 
formation of salts 6a-c (Fig. 3 in this work and Fig. 3 in ref. 4

). 

In view of aspect b) we compared the spectral characteristics of exomethylene 
derivatives 1a, 4b, and 6a. As follows from Fig. 4, 1,3-diaza-6-methylenadamantane 
(1a) shows strong absorption band with Amax 224 nm and e ~ 3. 103

• This does not 

E,&V 

12 

13 

14 

15 

FlG. 5 

Schematic Correlation Diagrams of 1,3-Dia~a-6-methylenadamantane (Ja) and 1,3-Diaza­
-6-adamantanone (Jb) 
Formulae correspond to projection of molecules to yz plane. 
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TABLE IV 

Significant EHMO's of Substances la, lb, 4a, and 6b as Linear Combinations of p~AO's of 
Individual Atom Centers 

Substance EHM? Symmetry Type Energy Linear combination of p-AO'sb 
order eV 

la 27 SA a* - 2·02 - 0·57 Nx(l, 3) - 0-44 Cx(4, 8, 9, 10) -
- 0·10 Cx(5, 7) =f 0·28 Cz(4, 9) (8, 10) 

28 AS (nan*) -7·58 0·87 Cy(6)- 0·75 Cy(6') + 
+ 0·10 Cy(4, 8, 9, 10) - 0·11 Cz(8, 9) + 
+ 0·11 Cz(4, 10)- [0·05 Ny(l, 3)] 

29 AS (nan) - 12·08 - 0·25 Cy(6)- 0·54 Cy(6') + 
+ 0·31 Ny(1, 3) + 0·29 Cy(5, 7)-
- 0·19 Cy(4, 8, 9, 10) =t= 0·12 Nz(1, 3) 

31 ss (na) -12·46 0·34 Cz(5, 7) + 0·31 Nz(1, 3)-
- 0·30 Cz(6) + 0·23 Cz(6')-
- 0·19 Cz(4, 8, 9, 10) =t= 0·18 Ny(1, 3) ± 
± 0·11 Cy(8, 9) (4, 10) 

32 AS (nan) -13·02 - 0·45 Cy(6)- 0·45 Cy(6') -
- 0·32 Ny(1 , 3)- 0·18 Cyf5, 7) + 
+ 0·15 Cy(4, 8, 9, 10) 

33 AA a -13-03 ± 0·33 Cy(5, 7) =t= 0·32 Cy(4, 9) (8, 10) 

37 SA a -14·26 =t= 0·25 Cz(5, 7) ± 0·1 5 Cy(4, 8) (9, 10) 

38 AS (nan) - 14·45 ± 0·31 Nz(l, 3) ± 0·20 Cz(4, 10) (8, 9)-
- 0·18 Cy(6) - 0·11 Cy(6')-
- 0·16 Ny(1, 3) - 0·11 Cy(4, 8, 9, 10) 

39 ss (na) -14·64 =t= 0·36 Ny(1 , 3) ± 0·15 CyC8, 9) (4, 10) + 
+ 0·13 Cz(4, 8, 9, 10) + 0·11 Cz(5, 7) 

lb 25 SA a* -1·97 0·58 Nx(l, 3) + 0·45 Cx(4, 8, 9, 10) ± 
± 0·29 cz (4, 9) (8, 10) 

26 AS (nan* ) -8·88 - 0·98 Cy(6) + 0·36 Oy(6')-
- 0·12 Cy(4, 8, 9, 10) + 0·11 CyC5, 7) =F 
=t= 0·13 Cz(4, 10) (8, 9) + [0·09 Ny(l, 3)] 

28 AS (nan* ) -12·57 0·44 Ny(1, 3) + 0·32 Cy(5, 7)-
- 0·21 Cy(4, 8, 9, 10) + 0·21 Cy(6)-
- 0·11 Oy(6') =t= 0·13 Nz(I, 3) 

29 ss (na) -12-83 ± 0·22 Ny(l, 3) ± 0·10 CyC4, 10) (8, 9)-
- 0·41 Nz(l, 3)- 0·32 Cz(5, 7) + 
+ 0·19 Cz(4, 8, 9, 10) 

30 AA a -13·03 =t= 0·34 Cy(5, 7) ± 0·33 Cy(4, 9) (8 , 10) 
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TABLE IV 

(Continued) 

Substance EHMO Symmetry Type Energy Linear combination of p-AO'sb 
ordera eV 

34 SA -14·45 - 0·34 C.(2) =t= 0·29 Cz(5, 7) ± 
± 0·16 Cy(4, 8) (9, 10) 

36 ss (na) -14·77 =f 0·22 Cx(5, 7) ± 0·14 Cx(4, 9) (8, 10) ± 
± 0·13 Ny(1 , 3)- 0·14 Cz(4, 8, 9, 10)-
- 0·30 Nz(1, 3) 

38 AS (na) - 15·03 0·48 Ny(1 , 3)- o-20 cp, 7) + 
+ 0·17 Cy(4, 8, 9, 10) =t= 0·10 Nz(l, 3) 

46 AS - 18·84 0·19 Cy(6) + 0·94 Oy(6') 

4a 27 SA a* -1·23 - 0·59 Cx(5, 7)- 0·42 Cx(4, 8, 9, 10)-
- 0·27 Cx(l, 3)- 0·39 Cx(2) ± 
± 0·18 Cz(4, 10) (8, 9) 

28 AS (an*) -8·93 - 0·98 Cy(Z) + 0·37 Oy(Z') -
- 0·12 Cy(4, 8, 9, 10) + 0·10 Cy(1 , 3) =t= 
± 0·14 Cz(4, 9) (8, 10) 

31 AS (an*) -12·29 0·44 Cy(6) - 0·34 Cy(5, 7-
- 0·24 cp, 3) + 0·19 Cy(4, 8, 9, 10)-
- 0·15 Cy(Z) + [1)·08 Oy(Z')] 

33 AA -13-00 ± 0·22 C.(5, 7) :f 0·24 Cx(4, 9) (8, 10) ± 
± o-22 cp, 3r± 9·24 CyC4, 1o) (8, 9) 

35 AS (an*) -13·63 0·29 Cy(6) + 0·43 Cy(1, 3) + 
+ 0·16 Cy(Z)- 0·11 Oy(Z') ± 
± 0·33 Cz(5, 7) =f 0•22 Cz(4, 9) (8, 10) 

36 ss a -13·72 =t= 0·24 Cy(5, 7) ± 0·15 Cy(4, 9) (8, 10)-
- 0-42 Cz(6)- 0·27 Cz(I, 3) + 
+ 0·11 Cz(5, 7) + O·ll Cz(2) - 0·12 Oz(2') 

39 AS -14·49 - 0·28 cp, 7)- o-22 Cy(4, 8, 9, 10) + 
+ 0·19 Cy(6) + 0·16 Cy(1, 3) 

48 AS n -18·83 - 0·18 Cy(Z) - 0·93 Oy(Z') 

6b 27 SA a* -1·96 - 0·56 Nx(l, 3)- 0·45 Cx(4, 8, 9, 10)-
- 0·16 Cx(6) ± 0·29 Cz(4, 9) (8, 10) 

28 AS (an*) -8·93 - 0·99 Cy(6) + 0·37 Oy(6')-
- 0·12 Cy(4, 8, 9, 10) ± 0·14 Cz(8, 9) (4, 10) 

30 AA -13·03 =t= 0·34 Cy(5, 7) ± 0·33 Cy(4, 9) (8, 10) 

31 AS (an*) -13·13 0·34 Cy(S, 7)- 0·28 Cy(4, 8, 9, 10) + 
+ 0·18 Cy(6)- 0·10 Cy(6')- 0·14 Cy(2) 

Collection czec hoslov. Chern. commun. (Vol. 39) (1974) 



760 

TABLE IV 

(Continued) 

Substance EHMO Symmetry Type 
order0 

32 ss 

35 SA 0" 

36 AS (an*) 

48 AS n 

Kuthan, Palecek; Musil: 

Energy Linear combination of p-AO'sb 

-13-36 =t= 0·10 Cy(4, 10) (8, 9) + 0·35 Cz(5, 7)-
- 0·24 Cz(4, 8, 9, 10) + 0·24 Nz(1, 3) -
- 0·14 Cz(6) + 0·14 Oz(6') 

-14·44 - 0·34 Cx(2)- 0·17 Cx(5, 7) ± 
± 0·16 Cy(9, 10) (4, 8) =t= 0·29 Cz(5, 7) 

- 14·56 0·16 Cy(5, 7) + 0·14 Cy(6) -
- 0·11 Oy(6') ± 0·25 Cz(4, 10) (8, 9) =t= 
=f 0·19 Nz(l, 3) 

-18·84 0·19 c-~(6) + 0·94 Oy(6') 

a The highest level has the order 1; bas a rule, only expansion coefficients with absolute value 
higher than 0·1 are listed. The numbering of positions (cf formulas 1, 4, and 6) is given in paren­
theses. 

occur with 2-methylenadamantane (4b). On the other hand, the dihydrochloride 6a 
exhibits another maxim~m located at shorter wavelengths (212 nm). The absorption 
band of the free base 1 a can again be assigned to complex chromophoric system 

- I 
containing four fragments (-N-)CH2-C-(C=CH 2) which are spatially fixed in 

, I I 
the way depicted in ~ig. 1. The occurence of similar long-wavelength absorption 
band in the case of cpmpounds 1 a and 1 b indicates that for complex chromophor 
to be formed it is not necessary to have n-electrons of the oxygen atom of 1 b in 
excitation state. Th,~ existence of intermolecular C- T transition, too, is highly 
unlikely, since the (!~tinction curves of equimolar mixtures of substances 4a and 3b, 
and of 1b and 3b, do not show absorption maxima similar to these observed with 
single substances .Ja and lb. 

Solvent effect. The position of long-wavelength maximum for substances lb and Jc 
is little solvent-dependent (Table II) . On going from more polar solvents to protonic 
ones there occur's small blue shift ( 6- 8 nm), so that the excited state can be regarded 
as being somewhat less polar than the ground state. In this respect the behaviour of 
the followe~i;a:bsorption band resembles that of the bands due to n -> n* transitions 
of simplechromophors2 , the intensity of the absorption remains, however, practically 
constant i.i1 our case. By measuring several solutions differing in concentration of the 
studied compounds·, we have established deviations from Lambert-Beer law. Thus, 
for example, the molar _ extinction coefficient at the band maximum for ethanolic 
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solutions of compound lb at 250 nm attains for the concentrations .'5·1. 10-4M, 

1·0. 10-4 M, and 5·1. 10- 5M the values s 1420, 1560, and 1790. Summarizing, the 
observed effect of solvents support the assumption6

•
7 that we deal here with the 

absorption of specific type which differs somewhat from that of the . so far most 
widely used types of chromophors. 

Theoretical Interpretation by Means of EHMO's 

In this part of the work we will attempt to explain character of electronic excitation 
in the compounds under study on the basis of one-electron approximatiQn, particular­
ly we will try to verify by calculations qualitative assumptions concerning the pos­
sibility of a-coupling6 and of splitting of energetic n-levels8

• With this aim we 
evaluated above all the characteristics of frontier EHMO's which were calculated 
for substances 1 a, 1 b, 4a, and 6b (Table IV). The term "frontier MO" refers here 
not only to LUMO and HOMO, but also to other occupied orbitals differing by 
c. 2 eV from the former ones, the overall energetic difference in the spectrum of 
studied substances being 85 eV. The calculated LCAO expansion includes in the 
case of EHMO's frontier orbitals essentialy only 2p AO's, while the importance of 
2s and 1s spheres (hydrogen) is insignificant. To make the interpretation of directional 
orientation of single EHMO's with respect to partial chromophor =::c=X easier, 
the EHT calculation was made for octant arrangement (Fig. 2) and expansion 
coefficients of single AO' s were expressed by means of its components in the direction 
of proper coordinates (Table IV). 

Symm_etrical properties. Substances la, lb, 4a, and 6b belong to the same point 
group C2 v and all the EHMO's followed can conveniently be classified according to 
their symmetry with respect to the two, mutualy perpendicular planes xz and yz 
(Fig. 2). Table II presents corresponding symbols S and A which denote symmetrical 
or antisymmetrical behaviour with respect to the mentioned symmetry elements; 
the first value relates to the plane of the double bond of the partial chromophor 
=::c=X, i.e. xz plane. We started from working hypothesis that contributions to 
long-wavelenghts absorption may be due to electronic transitions between bonding 
and antibonding levels of the same symmetry, which are further referred to as 
"allowed" transitions. These can be considered as the most probable ones and they 
can be therefore associated with strong absorption bands of substances la and lb. 
From eigenvalues of one-electron EHT-hamiltonians presented in Table IV it is 
evident that only LUMO's of type n* can 'be regarded as antibonding levels, since 
subsequent a* levels are energetically too distant. The symmetry of LUMO, which 
is in all cases of the AS type is then the decisive factor for the choice of appropriate 
bonding levels. 

Orbital interactions and electronic tl'ansitions. In Fig. 5 are · graphically repre­
sented qualitative correlation diagrams of interacting electronic levels in· substantes 
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]a and lb, drawn with regard to the results of EHT calculations. It is evident that 
in both cases there is distinct orbital interaction of two n levels with four u levels 
(in the sense of the situation shown in Fig. 1) "through space", leading to components 
nss and nAs• or to u55, asA• O"As• and aAA· Further interactions of symmetry 
"allowed" levels nAs and a AS depend on their energetic difference from nAs or n!s 
levels. For the olefinic partial chromophor in substance 1 a, the nAs level lies between 
nAs and a AS· As the result, the interaction of these three levels leads to formation of 
new mixed levels of the orbital type (nna)As• which correspond to MO's q>29 , q> 32 , 

and cp 38 of EHT calculation. It can easily be seen that for studied type of ultraviolet 
absorption of substance Ja, the following singlet-singlet transitions has to be con­
sidered: cp 29 ---. cp 28 , cp 32 ---. q> 28 , and perhaps also cp 38 ---. q> 28 . These all are altogether of 
type (nna) 2

---. (nn*at, i.e. between delocalized bonding states of n-electrons and 
antibonding n*-states (Fig. 6). In the case of carbonyl chromophor in substance 1 b 
the bonding nAs level is energetically low lying (cp4~) and then there occurs only 

FiG. 6 

Spectroscopically Significant EHMO's of 1 ,3-Diaza-6-methylenadamantane (I a) 

Only directional components of 2pyAO's are represented . 

FIG. 7 

Spectroscopically Significant EHMO's of 1,3-Diaza-6-adamantanone (I b) 

Only directional components of 2pyAO's are represented. 
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interaction of energetically highest (no-)' As component with close antibonding level 
n!s to form one bonding and one antibonding level of mixed type (nn*a)As• (Fig. 7). 
For long-wavelength ultraviolet absorption of ketone Ib it remains to consider the 
electronic transition between following delocalized MO's <p 28 ~ <p 26 , and presumably 
also <p 38 ~ <p 26 , of the type (nn*a) 2 ~ (nn*ar, Fig. 5. 

In the case of 2-adamantanone ( 4a) and of isoelectronic dication 6b there occurs 
only the interaction of a As with n* AS components, which leads to smaller mixing of 
bonding level of central a-bonds with antibonding n*-MO and to the formation of 
comparatively more delocalized bonding a-levels mixed with n*-level. Within the 
framework of EHT calculation of substance 4a this situation is represented by MO's 
<p 28 , <p 31 , and<p 35 , and in the case of dication 6b by MO's<p28 , <p 31 , and <p 36 (Table IV). 
The electronic transitions responsible for the formation of long-wavelength absorp­
tion in both compounds 4a and 6b are in the main <p 31 ~ <p 28 , i.e. essentially of the 
a .~ n* type. Transitions of analogous type have been found also when strict sym­
metrical rules have not been applied to substances 4a and 6a because of low intensity 
of experimental absorption bands (Table V). This is, at least to some extent, sur­
prising, since it is generally assumed that the longest wavelength absorption bands 
of ketones are due to n ~ n* transitions of carbonyl chromophors2

•
25

•
26

• We believe 
that this problem, especially in the case of more complex carbonyl derivatives, still 
remains to further investigate. 

From Table V it is evident that the above mentioned electronic transitions satis­
factorily describe the relations in positions of absorption maxima in the electronic 
spectra of substances I a, I b, 4a, and 6b. Remarkable analogy arises also on examina­
tion of unsymmetrical band at 224 nm in the spectrum of exomethylene derivative 
I a, which can be easily separated to two, mutually overlaping bands (Fig. 8). Exci­
tation energies found, 5·41 eV and 5·87 eV, are comparable with analogous data 
calculated for transitions <p 29 ~ <p 28 , and <p 32 ~ <p 28 (Table V). On the other hand, 
the long-wavelength band of 6-ketone Ib at 250 nm is symmetrical and then com­
parable with the energy of the presumed single dominant transition <p 28 ~ <p 26 • 

Even with taking into account the neglection of CI in our approach, these facts seem 
to support our theoretical assumptions, which are then in accordance with empirical 
conclusions drawn from experimental data, particularly that long wavelength ab­
sorption of substance I a and I b is due to excitation of n electrons of nitrogen atoms.* 
Mutual. splitting of levels (Fig. 5) and significant delocalization to the region of 

With the use of the transitions of this type also blue shift of the long wavelength absorption 
maximum of hydroxy derivative 5b relative to desoxy derivative 5a (Table III) can be accounted 
for. The presence of electronegative hydroxyl group in the vicinity of nitrogeneous partial chro­
mophor brings about a decrease of energy of then-level, which results in the increase of excitaton 
energy. 
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central u-bonds (Figs 6 and 7) agree with both alternative qualitative presumptions8
•9 , 

which are not then contradictory. At the same time it is also highly probable that 
the increased intensity observed with substances I a and I b is due to participation of 

275 

TABLE V 

FIG. S., 
Separation of Overlaping Bands in Ultraviolet 
Spectrum of 1 ,3-Diaza-6-methylenadaman­
tane (la) 

A Absorbance. 

Most Probable Electronic Transitions in EHT Models of Substances ]a, 1 b, 4a, and 6b (Cl ·Not 

Cons.ider-'-e_d)_.-'------------"'--------------------'---

Substance 
Transition ifJi ___,.. !fJ j 

i - j typea 

Energy Experiment 
eV eVb 

]a 29-28 (nna) 2 ___,.. (nn*a)0 4·50 5·41 
32-28 (nna) 2 ___,.. (nn*a) 0 5·45 5·87 
38-28 (nna) 2 ___,.. (nn*a) 0 6·87 

Jb 28 - 26 (nn*a) 2 ___,.. (nn*a) 0 3·69 4·96 
38-26 (na) 2 ___,.. (nn*a)0 6·15 

I 

3·36 

} 4·14 4·27 
4·70 

31 - 28 (n*a) 2 ___,.. (n*a)0 

34-28d a2 ___,.. (n*a)o 

35-28 (n*a) 2 ___,.. (n*a)0 

4a 

5·56 } 5·74 5·93 
39-28 a2 ___,.. (n*a)o 

41 - 28d a2 ___,.. (n*a)o 

4·20 } 5·05 5·1 
31-28 (n*a) 2 ___,.. (n*a) 0 

34-28d a2 ___,.. (n*a)o 
6b 

36-28 (n*a)2 ___,.. (n*a)0 5·63 

!' .p~p~l~t\~n nu~ber given by index;bposition of absorption maxima; c beyond the scale of the 
instrument used ( < 200 nm); d symmetry forbidden transitions. 
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mixed levels of the types (nna)As and (nn*a)As representing "a-coupling" in complex 
system of chromophors. Definitive confirmation of this assumption is to be expected 
from explicit consideration of configurational interaction on theoretical treatment. 

The authors thank Dr W. N. Speckamp, Laboratory for Organic Chemistry, University of 
Amsterdam, for providing them with spectral data on substances Sa and 5b prior to publication, Dr 
V. Galik (this Institute) for the gift of samples o/1-aza- and 1,3,5-triazadamantanes, Dr E. Janei'kova 
(this Institute) and' Dr P. Vetesnik, Institute of Chemical Technology, Pardubice, for UV mea­
surements. Technical assistance of Mr S. Hlinka (this Institute) with calculations is gratefully 
acknowledged. 

Note added in proof" After the present work had been submitted to publication, the more 
detailed quantum chemical study of a-aminocarbonyl chromophor was publ ished (Levin Ch. C., 
Hoffmann R., Hehre W. J., Hudec J.: J. Chern. Soc., Perkin . Trans.lf, 210(1973)) in which four 
major types of spectroscopically significant interactions have been recognized. In view of the rigid 
conformation of the cyclic system in substances 1b and Jc in the sense of Fig. 1, especially the 
interactions "through bond coupling" has to be considered in our case, in agreement with our 
conclusions . In accordance with the mentioned authors, the one-electron approximation used in 
this work can be regarded as reasonable approach to interpretation of absorptjon anomalies, 
since one-electron terms in the expression for excitation energy t.Ej-+i = t:i- t:i - Jii + 2Kii 
can be assumed as dominant in the case of transitions of then -+ n* type (cf Ditchfield R., Del 
Bene J. E., Pople J. A.: J. Am. Chern. Soc. 94, 703 (1972)) . 

REFERENCES 

1. Hoffmann R.: Accounts Chern. Res. 4, 1 (1971). 
2. Jaffe H. H., Orchin M.: Theory and Applications of Ultraviolet Spectroscopy. Wiley, New York 

1962. 
3. Wiesner K., Brewer H. W., Simmons D. L., Babin D. R. , Bickelhaupt F., Kallas J., Bogri T.: 

Tetrahedron Letters 1960 (3), 17. 
4. Kuthan J., Palecek J.: This Journal 28, 2260 (1963). 
5. Achmatowicz 0 ., Tsuda Y., Marion L., Okamoto T. , Natsume M. , Chang H. H ., Kajima K.: 

Can. J. Chern . 43, 825 (1965). 
6. Cookson R. C., Henstock J., Hudec J.: J. Am. Chern. Soc. 88, 1060 (1966). 
7. Kuthan J., Palecek J., Musil L. : Z. Chern. 8, 229 (1968). 
8. Hudec J.: Chern. Commun. 1970, 829. 
9. Hoffmann R., Imamura A., Hehre W. J. : J. Am. Chern. Soc. 90, 1499 (1968). 

10. Kuthan J., Palecek J., Musil L.: This Journal, 38, 3491 (1973) . 
1 I. Speckamp W. N .: Private communication. 
12. Bottger 0. : Ber. 70, 314 (1937). 
13. Stetter H., Dieminger K., Rauscher E.: Chern. Ber. 92, 2057 (1959). 
14. Galinovsky F., Langer H.: Monatsh . 86, 449 (1955). 
15. Stetter H ., Marten R.: Chern. Ber. 90, 868 (1957). 
16. Stetter H., Hennig H.: Chern. Ber. 88, 789 (1955). 
17. Bunge W.: Methoden der Organisclzen Chemie (Houben-Weyl), Part J / 2, p. 793. G. Thieme 

Verlag, Stuttgart 1959. 
18. Hess K., Frahm H.: Ber. 71, 2627 (1938). 
19. Crowe R. W., Smyth C. P.: J. Am. Chern. Soc. 73, 5406 (1951) . 

Cl;>llection Czechoslov. Chern. Commun .. [Vol. 39] .[1974] 



766 Kuthan, Palecek, Musil 

20. Hoffmann R., Lipscomb W. N.: J. Chern. Phys. 36, 2179, 3487 (1962). 
21. Hoffmann R.: J. Chern. Phys. 39, 1397 (1963). 
22. Hoffmann R.: J. Chern. Phys. 40, 2745 (1964). 
23. Adam W., Grimison A., Hoffmann R., de Ortiz C. z.: J. Am. Chern. Soc. 90, 1509 (1968). 
24. Hinze J., Jaffe H. H.: J. Am. Chem. Soc. 84, 540 (1962). 
25; Hug W., Kuhn J., Seibold K. J., Labhart H., Wagniere G.: Helv. Chim. Acta 54, 1451 (1971). 
26. HaT. K., Hug W.: Helv. Chim. Acta 54, 2278 (1971). 

Translated !:>y J. Hetflejs. 

Collectioo czechoslov. Chem. commun. [Vol. 39) [1974) 




