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Strong electron donor-acceptor (EDA) association between carbazolo[3,4-c]carbazoles and an optically 
active tetranitrofluorenone derivative was detected by W-visible spectroscopy and by 'H NMR shifts. 
'H NMR splittings at low temperatures are due to diastereomeric association complexes and, thus, prove the 
chirality of carbazolocarbazoles. 

INTRODUCTION 

Identification of diastereomeric electron donor- 
acceptor (EDA) complexes by 'H NMR 
spectro~copy'-~ may be used to measure enantiomeric 
purity and to suggest the relative orientation of the 
components in the complex. Recently, this method has 
been applied3 to chiral phenanthrenes and 
benzo[ clphenanthrenes and a tetranitrofluorenone de- 
rivative (R)-1. The observation of significant chemical 
shift differences between signals for the enantiomeric 
donor molecules in the association complex suggested 
a high .rr-donor capacity for these condensed aromatic 
ring systems. Thus, we have selected 5,lO- 
dihydrocarbazolo[3,4-c]carbazole4 (2) and its deriva- 
tives 3 and 4; the helical chirality of these aromatic 
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compounds should give rise to (M) and (P) enantiom- 
ers, which are expected to have a higher ability to 
form n-donor complexes than the previously studied 
donors. 

EXPERIMENTAL 

Preparations 

(*)-( RS)-2-(2,4,5,7-Tetranitrolluoren-9-ylideneaminooxy)- 
propionic acid methyl ester (l)5". ( f )-Isopropylidene- 
aminooxypropionic acid was subjected to reaction with 
2,4,5,7-tetranitrofluorenone and a catalytic amount of 
sulphuric acid. The acid was treated with methanol- 
sulphuric acid to form (*)-1 in 94% yield, m.p. 165- 
166 "C (lit.5a m.p., 161-164.5 "C). 

(- ) - ( R )  -2- (2,4,5,7 -Tetranitrotluoren-9-ylideneaminooxy)- 
propionic acid methyl ester (l)b. This was synthesized 
by the same method as for the previous compound. 
Esterification of the acid yielded 67% (-)-1, m.p. 
194.0-194.5 "C, c = 
2.88 mgml-' in dioxane ( lk6  m.p., 191.0-191.7 "C, 

= -78.7"ml g-' dm-l, c = 0.791 in dioxane). 
The enantiomeric purity of (-)-1 was calculated 
to be 94* 10% from = -97.7" ml g-' dm-', 
c = 2.99 mg ml-' in CHCl,, and [(.U]D2'= 

-104" ml ggl dm-', c = 2.94 mg ml-' in CHCl, for 
pure ( -)-l.3 The 6 values at 25 "C are given in Tables 
1 and 2. 

[ c Y ] ~ ~ ~  = -77.1 " ml g-' dm-', 

(MP)-5,10-Dihydrocarbazoloarbazolo[3,4-E Icarbmole (2). This 
was synthesized as described p rev i~us ly .~  

( M P )  -5,lO -Dimethylcarbazolo[3,4- clcarbazole (3). To 
380mg (1.2mmol) of 2, dissolved in the minimum 
amount of dry tetrahydrofuran (THF), were added 
630 mg (5.0 mmol) of dimethyl sulphate and 1 ml of 
50% NaOH solution in water. The mixture was refluxed 
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Table 1. The chemical shifts, S, for the protons of 1 and 2, the average chemical shifts, 6, and the ditierences of the 
average chemical shifts, A6 = 6(-70 "C) - 6(25 "C), for the protons of a mixture of 1 and 2 (1: 2 = 0.74) in 
acetone-d, upon change of temperature (cf. Fig. 3) (ppm) a 

1 2 

H-1 H-3 H-6 H-8 CMe CHMe OCHo H-1 H-2 H-3 H -4 H-6 H -7 

6(25 aC)b 9.62 9.00 8.95 8.90 1.88 5.42 3.84 7.87 7.15 7.41 7.70 7.73 8.01 
8(25 'C) 9.18 8.71 8.62 8.41 1.68 5.08 3.83 7.75 7.07 7.34 7.61 7.58 7.82 
8(-70"C) 8.31 8.07 7.95 7.35 1.43 4.37 3.86 7.32 6.86 7.20 7.44 7.21 7.40 
A 8  -0.87 -0.64 -0.67 -1.06 -0.25 -0.71 0.03 -0.43 -0.21 -0.14 -0.17 -0.37 -0.42 

a A negative sign means shifts to higher field upon lowering the temperature. 
P. Roza, Ph.D. Thesis, Universitat Regensburg, FRG, 1979. 

(water-bath) for 2-3 h, THF was partially distilled off 
and water was added. Crude 3 was obtained in quan- 
titative yield by filtration. Two recrystallizations from 
ethyl acetate-THF ( 1 : l )  gave 310mg (75%) of 3, 
m.p. 277-278 "C. For C24H18N2 (mol. wt. 334.4): cal- 
culated C 86.20, H 5.42, N 8.38; found C 86.27, 
H 5.35, N 8.37%. 

( M P )  - 5,lO - Dibenzylcarbazolo[3,4 - clcarbazolo (4). To 
400 mg (1.3 mmol) of 2, dissolved in the minimum 
amount of dry THF, were added 70 mg (2.4 mmol) of 
sodium hydride/20% paraffin oil. The suspension was 
stirred at room temperature for 1 h, followed by heat- 
ing (water-bath) at 40 "C for 0.5 h. A solution of 
690 mg (4.0 mmol) of benzyl bromide in 5 ml of THF 
was added dropwise, and reflux at 40 "C was continued 
for 1 h. Water (25 ml) was added and the organic layer 
was extracted with ethyl acetate, dried and the solvent 
removed to yield crude 4. Three recrystallizations 
from benzene gave 380 mg (66%) of analytically pure 
4, m.p. 255 "C. For C36H26N2 (mol. wt. 486.6): calcu- 
lated C 88.86, H 5.39, N 5.76; found C 88.86, H 5.49, 
N 5.43%. 

UV and NMR spectra 

The UV spectra of 1 were recorded in acetone on a 
Beckman Acta MVI spectrophotometer operating 
with automatic deuterium and tungsten lamps. Low- 
temperature spectra were measured in combination 
with a Beckman Model CTC 250 temperature control- 
ler, with an accuracy of &1 "C. 

The 'H NMR spectra were recorded in the pulse FT 
mode at 90MHz on a Bruker WH-90 spectrometer 
with an 8K data point capacity for FID. For the 
structure determinations and signal assignments the 
measuring conditions were as follows: sweep 

18 Hz cm-', pulse width 2.1 p.s, number of scans 40- 
70. The chemical shifts and frequencies were 
*0.01 ppm and *0.5 Hz, respectively. The tempera- 
ture control was performed with a Bruker BST 
100/700 unit. Tetramethylsilane (TMS) was used as 
internal standard and typical 'H NMR solutions were 
5-40mM. The solvents and the standards were pro- 
ducts of E.  Merck, Darmstadt, FRG. 

Computer simulations 

The simulation of the aromatic proton signals was 
carried out on a TR440 computer (Computer 
Gesellschaft, Konstanz, FRG) using the LAME7a 
(LAOCOON7b with magnetic equivalence) program. 
These calculations require coupling constants, the 
number of non-equivalent nuclei and the estimated 
chemical shifts as input to obtain the best fit between 
experimental and simulated spectra. 

RESULTS AND DISCUSSION 

A charge-transfer interaction between 1 and 2 was 
observed in the UV-visible spectra (Fig. l), which 
exhibited an additional EDA band at 608 nm. This 
band intensified appreciably at lower temperatures, 
consistent with the presence of higher concentrations 
of the EDA complex. A second overlapping EDA 
band is present near 450nm (Fig. 1). 

The 'HNMR spectra of the aromatic protons of 
carbazolocarbazoles are complex; a correct analysis of 
the chemical shifts (Table 3 and Fig. 2) was necessary, 
however, for these studies. Literature data of related 
compounds were not sufficient for an unambiguous 
assignment of H-6 and H-7. Thus, 'H{'H} NOE- 
difference spectroscopy was applied to 3 in CDCl, at 

Table 2. The chemical shifts, S, for the protons of 1 and 3, the average chemical shifts, 6, and the differences 
of the average chemical shifts, AS = 6(-70 "C) - 6(25 "C), for the protons of a mixture of 1 and 3 
(1:3 = 0.90) in acetone-d, upon change of temperature (cf. Fig. 4) (ppm) a 

1 3 
H-1 H-3 H-6 H-8 CMe CHMe OCH. H-2 H-3 H-6 H-7 Me 

6(25 oC)b 9.62 9.00 8.95 8.90 1.88 5.42 3.84 7.17 7.49 7.81 8.11 4.15 
8(25 "C) 9.39 8.83 8.74 8.63 1.75 5.22 3.84 7.11 7.44 7.70 7.99 4.09 
8(-70"C) 8.66 8.21 8.05 7.54 1.52 4.46 3.87 7.03 7.24 7.37 7.66 3.88 
A8 -0.73 -0.62 -0.69 -1.09 -0.23 -0.76 0.03 -0.08 -0.20 -0.33 -0.33 -0.21 

a A negative sign means shifts to higher field upon lowering the temperature. 
P. Roza, Ph.D. Thesis, Universitat Regensburg, Regensburg, FRG, 1979. 
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Figure 1. uv spectra of (RS)-1 (2 .20x10-3~) ,  (MP)-2 ( 2 . 1 6 ~ 1 0 - ~ ~ )  and a mixture of (RS)-l ( 2 . 2 ~ 1 0 - ~ ~ )  and (MP)-2 ( 2 . 2 ~  
M) in acetone at 20°C. 

Figure 2. Experimental (above) and simulated (below) 'H NMR spectra for (MP)-5,1O-dihydrocarbazolo[3,4-c]carbazole (2). 
The experimental spectrum was recorded at a concentration of 0.03 M in acetone-d, at 25 "C. The simulated spectrum is 
only plotted for the 1-, 2-, 3- and 4-protons. The parameters are given in Table 3. 
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Table 3. Parameters used for the simulation of the 'H NMR spectra of 
carbazolocarbazoles 2 (cf. Fig. 2), 3 and 4 in acetone-d, at 
25 "C 

61 82 83 SA 66 87 S C H ~  S C H ~ ( P P ~ )  

2 7.87 7.15 7.41 7.70 7.73 8.01 - - 
3 7.85 7.17 7.49 7.73 7.81 8.11 4.15 - 
4 7.91 7.12 7.37 7.61 7.68 7.95 - 5.84 

J(12) J(13) J(14) J(15) J123) J(24) J(25) J(34) J(35) J(45) J(67)(Hz) 

2 7.9 1.3 0.8 0.6 6.9 1.3 0.0 7.9 0.0 0.0 8.7 
3 8.2 1.3 0.8 - 7.0 1.3 - 8.2 - - 9.0 
4 8.0 1.2 0.8 - 7.0 1.2 - 8.0 - - 8.8 

a The coupling constants were directly measured from the experimental 
spectra; no changes were found to be necessary. The chemical shifts were 
initially estimated, then varied until the best fit was found. 

room temperature. A NOE effect was observed for the 
upfield half of the AB system of H-6 and H-7 when 
the methyl protons were irradiated. The low-field half 
remained unaffected and it is, therefore, assigned to 
H-7. The remaining protons form an ABCDE system 
in 2 and an ABCD system in 3 and 4, for which 
computer simulations of the experimental spectra (e.g. 
Fig. 2) were carried out. The parameters of these 
derivatives are found not to vary significantly (Table 

Upfield shifts were observed for all the proton sig- 
nals (except OCH,) at 25 "C on going from the free 
molecules to the mixtures 1-2 and 1-3 (Tables 1 and 
2; Figs 3 and 4). A similar trend of upfield shifts 
(Tables 1 and 2; Figs 3 and 4) was also observed for 
all the proton signals (except OCH,) in the mixtures 
of 1-2 and 1-3 on lowering the temperature from 25 
to -70°C. These findings are in agreement with the 
UV-visible spectral observations that the relative con- 
centrations of the EDA complexes increase at lower 
temperatures. The upfield shifts mentioned ace the 
differences of the average chemical shifts, A 8 ;  the 
difficulties of the experimental work and the condi- 
tions did not _allow the measurement of the limiting 
shifts. The A 8  values for the aromatic protons of 1 
were found to be two to three times larger than for 
other complexes of 1 studied earlier.',, This is be- 

3). 
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Figure 3. Differences of average chemical shifts, A&, for the 
protons of a mixture of 1 and 2 ( [ l ]  : [2] = 0.74) in acetone-d, on 
change of temperature. A negative sign means shifts to higher 
field on lowering the temperature. 

lieved to result from the greater .n-electron donor 
capacity of carbazolocarbazoles. 

It is apparent from Figs 3 and 4 that the aromatic 
proton signals of the acceptor are shifted further up- 
field than those of the donor on lowering the tempera- 
ture. The transfer of .n-electron density from the 
donor to the acceptor is expected' to cause an upfield 
shift of the signals of the acceptor. If this charge 
transfer were the only effect, the signals of the donor 
should be shifted downfield on complex formation or 
on lowering the temperature of the mixtures.' The 
observed upfield shifts of the signals of the donor, 
although smaller than those of the acceptor, are ex- 
plained by a competing magnetic anisotropy in- 
fluence,8 which causes upfield shifts of all aromatic 
signals in T-T complexes. The signals of H-1 and 
H-8 of the tetranitrofluorenone derivative 1 are 
shifted further upfield than those of H-3 and_ H-6 on 
loyering the temperature and, also, IAs(H-8)I > 
lAs(H-l)( (Tables 1 and 2; Figs 3 and 4). This may 
indicate that the acceptor 1 approaches the donor 
molecule-in the average structure of the complex- 
from the aliphatic chain side of its aromatic ring (H-1 
and H-8 side), and more towards the H-8 side because 
of less steric hindrance. 

The chirality of 2 has been suggested earlier, but no 
experimental evidence was given.4 We have proven 
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Figure 4. Differences of average chemical shifts, A$, for the 
protons of a mixture of 1 and 3 ( [ l ]  : [3] = 0.90) in acetone-d, on 
change of temperature. A negative sign means shifts to higher 
field on lowering the temperature. 
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Figure 5. 'H NMR of N-CH, for (MP)-3 and of 0-CH, for (/?)-I 
for an equimolar mixture in acetone-d, at -50°C. The N-CH, 
signal of (MP)-3 is split because of diastereomeric association 
complexes. 

the chirality of 2 and 3 from their diastereomeric 
EDA complexes (shown for 2) with (R)-1. 

(kq-2 + (P)-2 + 2(R)-1 
[(M)-2 . . (R)-1]+ [ ( P ) - 2  . . (R)-1] 

These were detected by low-temperature NMR (e.g. 
Fig. 5 ) .  The measured splittings, A A g  for (MP)-2 and 
(MP)-3  are given in Table 4. Splitting differences for 
H-6 and H-7 are slightlyjarger than for H-2 and H-3. 
The shift differences, AS, for H-1, H-6 and H-7 of 
the donors were also found to be larger than for H-2, 
H-3 and H-4 (Figs 3 and 4). Molecular orientations in 
1 : 1 diastereomeric EDA complexes between hexa- 
helicenes and the acid derived from 1 have been 
suggested previously." It is difficult to explain all the 
upfield shifts in Figs 3 and 4 and the diastereomeric 
splittings of the donors 2 and 3 on the basis of a single 
orientation. The acceptor molecule 1 is only about half 
the size of the donor molecules; a second equilibrium 
may, thus, be involved, as shown for 2: 

2 + 1 e [ 2  * '11 

1+[2 * * *1]e[1*  * . 2 .  * . 11 

Thermodynamic parameters for the EDA association 
of a hexahelicene with 1 have been reported;" the 
authors did not indicate, however, if a second equilib- 
rium could be excluded by their data. 

A lower limit of 57 kJ mol-' for the free enthalpy of 
racemization, AGf, of 2 has been calculated from the 
highest temperature (-30°C) at which a splitting of 
AAS =0.03 ppm at 90 MHz was still visible. Pen- 
tahelicene has a free enthalpy of racemization," AGZ, of 

Table 4. Daerences, AA6, of the average 'H chemical shats 
for the protons of the (M) and (P) enantiomers of 
2 and 3 in the presence of (R)-1 in acetone-d,' 

AAl% A A b  AA& Ah$, 

2 0.01 0.01 0.02 0.03 0.02 
3 0.01 0.01 0.03 0.03 0.04 

a[1]:[2]=0.61 at -61.5"C and [1]:[3]=0.90 at -70°C. In the 
case of H-I and H-4 only broadened lines are observed due to 
the overlapping of many signals. 

AA& is for N-H in 2 and N-CH, in 3. 

101.2 kJ mol-I between 31 and 47 "C. A AGf value 
of 92.4 kJmol-I between 10 and 25°C was deter- 
mined for a heter~hel icenel~" with three benzene and 
three thiophene rings. The carbazolocarbazoles 
studied here are expected to have a similar AGf 
value, since they are of similar size. (The molecular 
sizes of 2 and the above-mentioned heterohelicene 
were compared in models built with estimated13b bond 
lengths and bond angles.) 

The 5,10-dibenzyl derivative 4 was prepared with 
the expectation that the diastereotopic methylene pro- 
tons would exhibit an AB spectrum. Despite numer- 
ous attempts, only a single broadened line was ob- 
served in several media at temperatures between 25 
and -50°C. 

The aromatic proton signals of 1 in some mixtures, 
mostly mixtures of 1 and 3, were seen to be broadened 
on mixing at 25 "C. After several hours this broaden- 
ing disappeared, and the expected resolved signals 
were observed. Apparently, a T-electron transfer from 
donor to acceptor forms a donor cation and an accep- 
tor anion radical. These radical ions have been de- 
tected by ESRl4,l5 in some solutions of strong donors, 
D,  and acceptors, A. 

D+Ae[D]+'+[A]- '  

Our ESR study of a solution of 1 and 3 in acetone- 
d, showed a weak and a broad ESR signal at room 
temperature, which weakened and disappeared after 
several hours. More detailed ESR studies with better 
resolution are now being carried out, and these may 
identify the structures of the species present. 
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