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1H, 13C and two dimensional NMR analyses were applied to determine the NMR
parameters of 2-(2’,3’-dihydro-1’H-inden-1’-yl)-1H-indene. The chemical shifts of all
the H- and C-atoms, as well as the appropriate coupling constants were determined and
the complete NMR resonance assignments of the molecule are given. The predicted pat-
terns of the four different H atoms of the two methylene groups of the indane structural
element coincided completely with the complex patterns in the NMR spectra.
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INTRODUCTION

The reaction of indene in the presence of Friedel-Crafts acids gives a product
mixture containing dimers, trimers and higher oligomers.1,2 Their yield and relative
quantity depends highly on the reaction temperature and the acid used. The main com-
ponent of the dimer fraction is 2-(2’,3’-dihydro-1’H-inden-1’-yl)-1H-indene. This
compound has been described in the literature3,4 but has not been analysed by NMR in
detail. It was shown in this study that this compound represents an interesting model
substance for NMR analysis. It was possible to determine the most important NMR pa-
rameters and to give unambiguous proof of its chemical structure. Derivatives of indene
are among the major components of the pyrolysis oils and their NMR data could be
useful in environmental research.
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EXPERIMENTAL

2-(2’,3’-dihydro-1’H-inden-1’-yl)-1H-indene

The compound was isolated by HPLC from the reaction mixture obtained by reacting indene
in the presence of H2SO4, as has been described earlier.2

NMR analysis

The 1H- and 13C-NMR spectra were acquired in CDCl3 on a Bruker AMX 600 spectrometer:
The 1H-(frequency: 600.13 MHz) NMR spectra were internally referenced to the residual CHCl3 sig-
nal (7.26 ppm) and the 13C-(frequency: 150.94 MHz) NMR spectra to the CDCl3 signal (77.70 ppm).
A 5 mm multinuclear probe with a z-gradient was used for the standard 1D 1H experiments and 2D
(COSY, HMQC, HMBC) experiments. A 13C sensitive dual probe was used for the 1D 13C-NMR ex-
periments. The 1D 13C spectra were acquired with a sweep width of 35000 Hz in 64 K data points with
zero filling to 128 K. The relaxation delay was 1.5 s.

RESULTS AND DISCUSSION

The structure of 2-(2’,3’-dihydro-1’-H-inden-1’-yl)-1H-indene with the usual
assignment of the C-atoms is shown in Fig. 1 and its 1H-NMR spectrum in Fig. 2.
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Fig. 1. Structure of 2-(2’, 3’-dihydro-1’H-inden-1’-yl)-1H-indene with the assignment of the
C-atoms used in this study.

Fig. 2. 1H-NMR spectrum of 2-(2’, 3’-dihydro-1’H-inden-1’-yl)-1H-indene.



The following peaks originated from the investigated sample: four multiplets
from 4H at 2.13; 2.50; 2.98 and 3.08 ppm; AB system doublet from 2H at 3.31 and 3.38
ppm; a triplet from 1H at 4.36 ppm; a singlet from 1H at 6.64 ppm and aromatic H atoms
at 7.14 – 7.39 ppm.

On the basis of a comparison with the 1H-NMR spectra of indene, indane and
diphenylmethane,5 it was possible to locate the following H atoms.

2H on C-1 – 3.31 and 3.38 ppm, (in the case of indene distorted singlet at 3.35
ppm). The H-atoms of the CH2 group of the indene structural element are not equiva-
lent, as in indene. This is a consequence of the influence of the substitute on C-2. They
represent an AB system and create two typical doublets centered at 3.31 and 3.38 ppm
(see Fig. 2). The Differential Functional Theory (DFT) calculation of the structure
shown in Fig. 1 gave clearly different values of the natural charge of these two
H-atoms;6 1H on C-3 – 6.64 ppm, singlet; 1H on C-1’– 4.36 ppm, triplet (in the case of
diphenylmethane singlet at 3.95 ppm); 2H on C-2’– 2.13 and 2.50 ppm, multiplets (in
the case of indane peak at 2.09 ppm); 2H on C-3’– 2.98 and 3.08 ppm, multiplets (in the
case of indane peak at 2.90 ppm).

Due to the free rotation of the sp2 – sp3 C–CH bond between C-2 and C-1’all the
four H-atoms of the methylene groups of the indane structural element are chemically
non-equivalent and, due to the chiral C-1’atom, diastereotopic. This was confirmed by
the DFT calculation, giving clearly different values of the natural charge for these
H-atoms.6 Therefore, they have different chemical shifts and show geminal and vicinal
coupling being present as four complex multiplets, as can be seen in Fig. 3.

The H-atoms of C-3’differ in chemical shift by only 0.1 ppm, i.e. �� = 60 Hz in
this particular case. Their geminal coupling constant was 2JHH = 15.7 Hz (see Fig. 4)
and ��/J = 60/15.7 = 3.8. Consequently, they must give and AB pattern. Both of them
must show vicinal coupling with the H-atoms on C-2’. Fig. 4a shows that in the case of
the H-atom with a chemical shift of 3.08 ppm, the vicinal coupling constants 3JHH were
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Fig. 3. The four multiplets of the H atoms of the methylene groups of the indane structural element.



8.4 and 4.8 Hz, respectively. The predicted pattern is then like that illustrated in Fig. 4a’,
which coincides with the pattern of the 1H-NMR spectrum shown in Fig. 4a.

In the case of the H-atom with a chemical shift of 2.98 ppm, the vicinal coupling
constants (see Fig. 4b) 3JHH were the same, i.e., 7.8 Hz. The predicted pattern (see Fig.
4b’) coincides with the pattern of the NMR spectrum shown in Fig. 4b.

The pattern of the H-atoms on C-2’ must be more complex, as in addition to the
geminal coupling and the vicinal coupling with the H-atoms on C-3’, there is also a vici-
nal coupling with the H-atom on C-1’. The chemical shift difference of these H-atoms
(2.50 – 2.13 = 0.37 ppm) is, however, much larger than in the previous case and it
amounts to 222 Hz in this particular case. Consequently, the ��/J is greater than 10 and
the obtained patterns are not distorted, i.e., they are symmetrical in relation to the verti-
cal axes passing through the middle point of the patterns (see Fig. 5a and 6a).

Figures 5 and 6 show that the geminal coupling constant 2JHH of the H-atoms on
C-2’ is 12.6 Hz. They must give an AX pattern. Both of them must show vicinal cou-
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Fig. 4. Patterns of the H-atoms with chemical shifts 3.08 ppm (Fig. 4a) and 2.98 ppm (Fig. 4b) that
were located on C-3’ and the predicted patterns (Figs. 4a’ and 4b’).



pling with the H-atoms on C-3’ with the already given values of 3JHH (8.4 and 4.8, and
two times 7.8 Hz, respectively). The triplet of H-atoms on C-1’ showed the same vicinal
coupling constant with both of the H-atoms on C-2’ having the value: 3JHH = 7.6 Hz.

Taking all these facts into account, the predicted patterns of the H-atoms on C-2’
are shown in Figs. 5a’ and 6a’. As can be seen they coincide with the patterns of the
1H-NMR spectra shown in Figs. 5a and 6a completely, in terms of both the intensities of
the peaks and the distances between them.

The COSYspectrum in the region 2.0 – 4.5 ppm showed clearly the coupling be-
tween following H-atoms: H (4.36 and 2.50 ppm); H (4.36 and 2.13 ppm); H (3.38 and
3.31ppm); H (3.08 and 2.98 ppm); H (3.08 and 2.50 ppm); H (3.08 and 2.13 ppm); H
(2.98 and 2.50 ppm); H (2.98 and 2.13 ppm); H (2.50 and 2.13 ppm).

The COSYspectrum in the region 3.2 – 7.5 ppm showed clearly that there is no cou-
plingwith theH-atomonC-3(6.64ppm).Thechemical shifts andpatternsof thesevenaro-
matic H-atoms, as is shown in Fig. 7, are as follows: at 7.39 ppm – 1H doublet; at 7.32 ppm
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Fig. 5. Pattern of the H-atom with chemical shift 2.50 ppm (Fig. 5a) that was located at C-2’ and
the predicted pattern (Fig. 5a’).



–1Hdoublet; thehigh fieldpeakof thedoublet coincideswith the lowfieldpeakof thedou-
blet at 7.31 ppm; at 7.31 ppm – 1H doublet; the low magnetic field peak of the doublet coin-
cides with the high field peak of the doublet at 7.32 ppm; at 7.26 ppm – 1H triplet; the peak
in the middle coincides with the peak of CHCl3; at 7.22 ppm – 1H triplet; distorted; at
7.20–7.17 ppm – 2H peaks; the pattern is complex and the chemical shift difference be-
tween H-atoms is below 0.01 ppm. If they are coupling with each other they would repre-
sentanABsystemwith twohigh innerpeaks.The lowerfield innerpeakcouldbelongto the
H-atom which undergo vicinal coupling with another H-atom giving practically a doublet
with thehigher fieldpeakoverlappedwith thehigher field innerpeak. In thatcase thechem-
ical shifts of these two H-atoms are 7.18 and 7.17 ppm, respectively, and at 7.14 ppm – 1H
triplet distorted.

The 13C spectrum in the region 25 – 155 ppm obtained by DEPT experiment is
shown in Fig. 8. Three peaks originating from the three sp3 CH2 groups (32.2; 34.2 and
39.1 ppm) and one peak originating from the sp3 CH group (47.8 ppm) are present. The
13C peaks of the aromatic and the olefinic sp2 CH are in the regions 120 – 130 ppm with
the following chemical shifts: 120.6; 124.0; 124.3; 124.9; 125.1; 126.7; 126.7; 127.1
and 127.7 ppm. The group of the five less intensive peaks in the region 140 – 155 ppm
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Fig. 6. Pattern of the H-atom with chemical shift 2.13 ppm (Fig. 6a) that was located at C-2’ and
the predicted pattern (Fig. 6a’).



represents the quaternary C- atoms at 143.7; 144.3; 145.6; 146.2 and 152.9 ppm. The
exceptionally large chemical shift of the quaternary C-atom at 152.9 ppm indicates an
alkyl-substituted olefinic C-atom,5 as is the C-2.

The couplings between the following C- and H-atoms were determined on the basis
of the 1H – 13C COSYspectrum (HSQC experiment): C-atom at 32.2 and 1H-atom at 3.08
and 1H-atom at 2.98 ppm; C-atom at 34.2 and 1H-atom at 2.50 and 1H-atom at 2.13 ppm;
C-atom at 39.1 and 1H-atom at 3.31 and 1H-atom at 3.38 ppm; C-atom at 47.8 and
1H-atom at 4.36 ppm; C-atom at 120.6 and 1H-atom at 7.32 ppm; C-atom at 124.0 and
1H-atom at 7.39 ppm; C-atom at 124.3 and 1H-atom at 7.14 ppm; C-atom at 124.9 and
1H-atom at 7.31 ppm; C-atom at 125.1 and 1H-atom at 7.17 ppm; C-atom at 126.7 and
1H-atom at 7.26 ppm; C-atom at 126.7 and 1H-atom at 7.22 ppm; C-atom at 127.1 and
1H-atom at 7.18 ppm; and C-atom at 127.7 and 1H-atom at 6.64 ppm.

These data enabled all the C-atoms of the sp3 CH2 groups and the sp3 CH group, as
well as of the olefinic C-atoms (C-2 at 152.9 and C-3 at 127.7 ppm) to be located, as given
in the Table I and Fig. 9. To locate the aromatic H- and C- atoms, the COSY spectrum of
the aromatic H-atoms and the long range 1H – 13C COSY (HMBC experiment) spectra
were required. The COSY spectrum of the aromatic H-atoms showed coupling between
the following H-atoms: H 7.39 and H 7.14 ppm; H 7.32 and H 7.26 ppm; H 7.26 and H
7.14 ppm; H 7.31 and H 7.22 ppm; H 7.22 and H 7.18 ppm; H 7.18 and H 7.17 ppm.

The HMBC experiment showed long range 1H – 13C COSYcoupling between the
quaternary C-atoms at 143.7 and 145.6 ppm and both of the H-atoms at 3.31 and 3.38
ppm. It proved that these C-atoms belong to the indene structural element (C-3a and
C-7a). The exceptionally low chemical shift of the aromatic CH C-atom at 120.6 ppm in-
dicates the position C-4, as in the case of indene (C-4 at 120.9 ppm).5 Consequently, the
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Fig. 7. 1H-NMR spectrum in the region 7.10 – 7.45 ppm.



chemical shift of the H-atoms on C-4 is 7.32 ppm (see the result of the HSQC experi-
ment). The H-atom (doublet) at 7.32 ppm couples with the H-atom (triplet) at 7.26 ppm
and, hence, is located on C-5 having a chemical shift of 126.7 ppm. Using the same logic,
the assignments on C-6 and C-7 were made as shown in the Table I and Fig. 9.

The HMBC experiment showed long range 1H – 13C COSY coupling between
the quaternary C-atoms at 145.6 ppm and the H-atom (7.26 ppm) on C-5. Conse-
quently, the quaternary C-atoms C-3a and C-7a have chemical shifts of 145.6 and 143.7
ppm, respectively. This was confirmed by the long range coupling of 1H at 7.14 and 13C
at 143.7 ppm. The HMBC experiment showed long range 1H – 13C COSY coupling
between the quaternary C-atoms at 144.3 and 146.2 ppm and H-atom at 4.36 ppm (trip-
let). It proved that they belong to the indane structural element (C-3’a and C-7’a). As the
chemical shift of the quaternary C-atoms becomes greater if they are bonded with sp3

CH3, CH2, CH and quaternary C-atom, respectively,5 the peaks at 146.2 and 144.3 ppm
were assigned to C-7a’ (bonded to CH) and C-3’a (bonded to CH2), respectively.

The HMBC experiment showed the correlation peak for the C-3’(32.2 ppm) and
H-atom at 7.31 ppm. Therefore, this H-atom must be on C-4’. On the basis of this infor-
mation, the COSY spectrum of aromatic H-atoms and the HMBC experiment which
showed the long range coupling of 1H at 7.22 and 13C at 144.3 ppm, but not with 1H at
7.18 ppm, and of 1H at 7.18 and 13C at 146.2 ppm, but not with 1H at 7.22, it was possi-
ble to assign the aromatic C- and H-atoms of the indane structural element as shown in
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Fig. 8. 13C-NMR spectrum in the region 25 – 155 ppm. The upper spectrum was obtained by
DEPT experiment.



the Table I and Fig. 9. The coupling constants were determined as usual on the basis of
the 1H-NMR spectra.

As depicted in the Table I and Fig. 9, it was possible, on the basis of the described
analysis, to locate the chemical shifts of all the C and H atoms of 2-(2’,3’-di-
hydro-1’H-inden-1’-yl)-1H-indene, and to give the values of the appropriate coupling
constants JHH (see the Table I).

TABLE I. Chemical shifts ��ppm� of the H- and C-atoms and JHH coupling constants of 2-(2’,
3’-dihydro-1’H-inden-1'-yl)-1H-indene

C-atom
13C 1H JHH HMBC experiment

Remark
� � Hz 2JCH

3JCH

C-1 39.1 3.31; 1H d
3.38; 1H d

2JH(C-1)H(C-1) = 22.4 H-3; H-7; H-1’ AB system

C-2 152.9 – – 2H-1; H-3;
H-1’

2H-2’ Quaternary
C-atom

C-3 127.7 6.64; 1H s – 2H-1; H-4; H-1’

C-3a 145.6 – – 2H-1 H-5; H-7 Quaternary
C-atom

C-4 120.6 7.32; 1H d 3JH(C-4)H(C-5) = 7.3 H-6

C-5 126.7 7.26; 1H t 3JH(C-5)H(C-6) = 7.5 H-4 H-7

C-6 124.3 7.14; 1H t 3JH(C-6)H(C-5) = 7.5 H-5; H-7 H-4

C-7 124.0 7.39; 1H d 3JH(C-7)H(C-6) = 7.3 H-6 H-5

C-7a 143.7 – – H-4; H-6 Quaternary
C-atom

C-1’ 47.8 4.36; 1H 3JH(C-1')2H(C-2’) = 7.6 2H-2’ H-3; 2H-3’ Chiral C-atom

C-2’ 34.2 2.50; 1H m 3JH(C-2')H(C-1’) = 7.6 H-1’; 2H-3’ Ten signals

2JH(C-2’)H(C-2’) = 12.6

3JH(C-2’)H(C-3’) = 8.4

3JH(C-2’)H(C-3’) = 4.8

NMR ANALYSIS OF AN INDEN DERIVATIVE 761

Fig. 9. Chemical shifts (ppm) of the H- and C-atoms of 2-(2’,
3’-dihydro-1’H-inden-1'-yl)-1H-indene.



2.13; 1H m 3JH(C-2’)H(C-1’) = 7.6 Eight signals

2JH(C-2’)H(C-2’) = 12.6

3JH(C-2’)2H(C-3’) = 7.8

C-3’ 32.2 3.08; 1H m 2JH(C-3’)H(C-3’) = 15.7 2H-2’ H-4’ Eight signals

3JH(C-3’)H(C-2’) = 8.4

3JH(C-3’)H(C-2’) = 4.8

2.98; 1H m 2JH(C-3’)H(C-3’) = 15.7 Five signals

3JH(C-3’)2H(C-2’) = 7.8

C-3’a 144.3 – – 2H-3’ H-1'; 2H-2’;
2H-3’; H-5

Ouaternary
C-atom

C-4’ 124.9 7.31; 1H d 3JH(C-4’)H(C-5’) = 7.1 H-5’ H-3’ (2.98 ppm)

C-5’ 126.7 7.22; 1H t 3JH(C-5’)H(C-6’) = 6.7 H-4’

C-6’ 127.1 7.18; 1H d 3JH(C-6’)H(C-5’) = 6.7 H-5’; H-7’ H signal coin-
cides with the

7.17 H

C-7’ 125.1 7.17; 1H s 3JH(C-7’)H(C-6’) = 0 H-6’ H-5’ H signal coin-
cides with the

7.18 H

C-7’a 146.2 – – H-1’; H-7’ 2H-2’; 2H-3’;
H-4’; H-6’

Quaternary
C-atom
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I Z V O D

NMR ANALIZA 2-(2’, 3’-DIHIDRO-1’H-INDEN-1'-il)-1H-INDENA

JOVAN JOVANOVI]1, MIHAEL SPITELER2 i PETER SPITELER3

1Tehnolo{ko-metalur{ki fakultet, Univerzitet u Beogradu, p. pr. 3503, 11120 Beograd, 2Institut za

istra`ivawe `ivotne sredine, Univerzitet Dortmund, Dortmund, Nema~ka i 3Hemijski fakultet,

Univerzitet Minhen, Minhen, Nema~ka

1H, 13C i dvodimenzionalna NMR analiza su primeweni da bi se odredili NMR

parametri 2-(2’, 3’-dihidro-1’H-inden-1’-il)-1H-indena. Odre|ena su hemijska pome-

rawa svih H- i C-atoma, kao i odgovaraju}e konstante kuplovawa i dat je potpun NMR

raspored. Predskazane mustre ~etiri razli~ita vodonikova atoma dve metilenske

grupe indenskog strukturnog elementa potpuno su se poklopile sa slo`enim mustrama

dobijenim na NMR spektru. Derivati indena predstavqaju glavne komponente piroli-

ti~kih uqa i NMR podaci o wima mogu biti korisni u istra`ivawima okoline.
(Primqeno 24 juna 2001)
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