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Abstract: The aldol condensation product of 1H-indan-1-one, (2E)-2-(2,3-dihydro-1H-in-
den-1-ylidene)-2,3-dihydro-1H-inden-1-one, subjected to Huang—Minlon reduction condi-
tions was shown, via 1D and 2D NMR analysis, to be a mixture of (15,1aR,6aR)-2,3’,6,6a-te-
trahydro-spiro[cycloprop[a]indene-1(1aH),1’-[1H]indene] and its 1R,1aS,6aS enan-
tiomer and not 2,3,1°,3’-tetrahydro-[1,2’]-biindenylidene as originally expected. The full
NMR assignment, the coupling constants in the proton NMR, and the couplings in the
HMBC and NOESY of the title compound are summarized in the Table.
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INTRODUCTION

Pyrolysis oil from petroleum and coal contains usually several percent of
indene. Therefore, condensation and dimerization products of indene are often
found in the pyrolysis oil, generally at concentrations of 0.001 — 0.05 % or even
more if it has been in contact with acidic materials.! By bonding two indene mole-
cules it is theoretically possible to obtain at least 19 isomers and we have analysed
these over the last few years, especially the group of tetrahydro-biindenylidene
isomers.2:3 During this investigation we attempted to synthesize 2,3,1°,3’-te-
trahydro-[1,2’]-biindenylidene (1). According to Bell and Spanswick,* 1 can be
prepared via (2E)-2-(2,3-dihydro-1H-inden-1-ylidene)-2,3-dihydro-1H-inden-1-one (2),>
obtained by aldol condensation of 1H-indan-1-one followed by a reduction of the
carbonyl function to the corresponding CH, group under Huang—Minlon reduction
conditions.* The compound we obtained following this procedure had the same
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melting point and molecular weight as reported.* However, its GC retention time
and 'H and 13C-NMR parameters clearly distinguished the obtained compound 3
from 1. The biindenylidene 1 has already been isolated and characterized from the
product mixture obtained from the reaction of 1H-indene with H,SO,.6 Therefore,
the structure of the thus far unknown compound 3 was elucidated by NMR experi-
ments to be a racemic mixture of (1S,1aR,6aR)-2°,3’,6,6a-tetrahydro-spiro[cy-
cloprop[a]indene-1(1aH),1’-[1H]indene] (3) and its 1R,1aS,6aS enantiomer. This
proposal is confirmed by an X-ray analysis.” Obviously, a cyclization reaction oc-
curred during the Huang—Minlon reduction, as has also been reported, for instance,
during the reduction of cinnamic aldehyde, which has been described to give
cyclopropylbenzene.?

Recently, 3 was used as model compound to establish a new NMR technique
for the determination of relative configurations of small organic molecules.’

EXPERIMENTAL

(1S,1aR,6aR)-2",3",6,6a-Tetrahydro-spiro[ cycloprop|alindene-1(1aH), 1 -[ IH]indene] (3) was
syntehsized in racemic form together with its 1R,1aS,6aS enantiomer according to the method of
Bell and Spanswick.* After aldol condensation of 1 H-indan-1-one, the carbonyl product 2 was re-
duced applying Huang—Minlon reduction conditions. The resulting product 3 was isolated by crys-
tallization from propan-2-ol (m.p. 367 K).

Spectra

The 'H and 13C-NMR spectra were measured in CDCl; on Bruker AMX 600, DMX 600, and
Varian INOVA 600 NMR spectrometers. 'H-NMR spectra were calibrated to the residual CHCly
signal (7.26 ppm) and the '3C-NMR spectra to the CDCl; signal (77.00ppm). A 5 mm triple probe
with a z-gradient was used for standard 1D and 2D experiments. For 2D NOESY experiments, a
mixing time between 800 and 1000 ms was used.

RESULTS AND DISCUSSION

Via 1D and 2D NMR analysis, using COSY, NOESY, HSQC and HMBC mea-
surements, it was possible to assign all protons and carbons of 3, despite the fact that
several of the aromatic ring protons were not resolved clearly in the IH-NMR at 600
MHz. Therefore, Jyp for some of the aromatic protons could only be determined by
measuring these coupling constants in the HSQC spectrum. Since the resolution of
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the Jyypy coupling constants was limited to 1 —2 Hz in the HSQC, 4Jpy; couplings are
not shown in Table I. The full assignment of 3, the coupling constants in the proton
NMR, and the couplings in the HMBC and NOESY are summarized in Table I.

The 'H-NMR spectrum showed some interesting details. The H-6a proton is
represented as a doublet of doublets with 35y 6.7 and 6.5 Hz. Taking into account
that H-6a is coupling with H-1a and the two, chemically non-equivalent H-6 pro-
tons, a more complex pattern could be expected. Obviously, the dihedral angle be-
tween H-6a and H,-6 amounts practically to @ = 90°, giving, in that case, J(Ha 6,
H-6a) = 0 and thus meaning that the values for the other 3J(Hb 6, H-6a) and J(H la,
H-6) must be similar (they amounted to 6.7 and 6.5 Hz, respectively). As the H, -6
proton with 0y 3.011 ppm is represented as a doublet (Hy,-6 with 0y 3.365 ppm is
represented as a doublet of a doublet), 3J(Ha_6’ H-6a) = 0. Some of the long range HC
couplings (HMBC experiment) could not be assigned unambiguously, since C-6a
and C-3’ possess both the same chemical shift ¢ at 30.71 in the 13C-NMR. Also
several signals in the aromatic region show nearly identical chemical shifts in the
13C or the 'H-NMR. Only by separately acquiring HSQC and HMBC measure-
ments from the region at 0y 6.7 — 7.4 ppm and d¢ 110 — 130 ppm, the resolution
necessary to assign these signals could be achieved.

TABLE I. NMR-Data of 3 (CDCl;, 600 MHz, 293 K)

Atom ¢ Oy J/Hz HMBC NOESY

1=1" 37.65 - —

la 3944 2692(d1H) 65 (Jiape)  C-1%C-6,C6a, H-2 H-6a, H-T’

C-2, C-5a, C-7a'
1b 143.55 — — — —
12451 7247 (d, 1H) 7.2 Clyga i) C-la,C-4,C-5a  H-la, H-3

3 126.08 7.135 (dd, 1H) 72(JH3 o) 6.5 C-5,C-1b H-2, H-4
Cis, na)

4 12561 7123 (dd, 1H) 7.0 (g sh 6.5 C-2,C-5a H-3, H-5
Cia, 1)

5 124.44 7.178 (d, 1H) 7.0 Cigs, 110) C-1b, C-3,C-6,  H-4, H,-6, Hy-6

5a 143.72 — - - -

6(H,) 33.19 3.011 (d, 1H) 178 CJigasibg)  C-1,C-la, C-1b,  H-5, Hy-6, H-6a,

C-3),C-5,C-6a  H,-2'

6 (Hy) 3365 (@d 1H) 178 (hgg g C-1 C-1,(C3), HeS, Hy6, Heba
6.7 ( JHb.- 6. H- 62) C-5, C-6a

6a 3001 2207(d, 1H) 6.7 Clyesmsg).  C-1,C-la, C-1b, la-H, 6-H,, 6-H,,
6.5 CJis 1y C-52,C-6,C-Ta7  T-H

2'(Hy) 2376 1758 (ddd, 1H) 138 (gern ). C-1, C-la, Co6a, Hy2' H-3', Hy6
94( Ha-2’, H3)’ C3",C3a C-7a
7.1 e 1o3)

2’ (Hy) 1.305 (ddd, 1H),  13.8 (g 1152 a, C-6a, M2, He3'

86(JHbz 1.3):
6.1 Clypo 113)
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TABLE I. Continued

Atom dc Oy J/ Hz HMBC NOESY
3 30.01  2.929 (m, 2H) - C-1,C-2,C-32, Ha-2', Hb-2', Ha-6
C-4', (C-6'), C-Ta'
30 14343 - - - -
4 124.24 7.187 (d, 1H) 7.6 Gy 1s?) C-3°,C-6’,C-7a> H-3, H-5'
5 126.00 7.150 (dd, 1H) 7.6 CJys 1ya)s  C-3a°, C-7° H-4’, H-6’
7.0 (s, o)
6 126.57 7.188 (dd, 1H) 7.0 CJye 1.7)s  C-4°, C-Ta’ H-5°, H-7’
7.0 G, o)
7 118.63 6.795 (dd, 1H) 7.0 G/ je)  C-1,C-3a’,C-5"  H-la, H-6a, H-6’
Ta 14759 - - - -
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TToka3zano je momohy 1D u 2D NMR ananuse na (2E)-2-(2,3-nuxuapo-1H-unnen-1-umn-
1eH)-2,3-nuxuapo-1 H-nHieH-1-0H, JOOMBEH anoTHOM KoHAeH3anujoM 1 H-mHaan-1-oHa, nop-
BPrHYT XyaHr—MmUHIOHOBO] peayKuuju gaje cmemry (1S,1aR,6aR)-2’,3°,6,6a-TeTpaxugpo-CIu-
po[uuknonpon|a|unaen-1(1aH),1’-[1H|unagena] u werosor 1R,1aS,6aS eHaHTHOMEpA, a HE
2,3,1°,3’-TeTpaxuppo-[ 1,2’ ]-OUMHAECHUINEH KaKo ce MpBoOuTHO oyekuBaio. [Tornynu NMR
pacnopesi, KOHcTaHTe KymoBamwa nporoHa 1 HMBC u NOESY KkynnoBame jeiUmbema y
HACJIOBY 1aTH Ccy 30MPHO y Tabeu.

(pumibeno 24. pebpyapa 2005)

REFERENCES

. M. Spiteller, J. Jovanovié, Fuel 78 (1999) 1263

. P. Spiteller, J. Jovanovi¢, M. Spiteller, Magn. Reson. Chem. 41 (2003) 475

. S. Fiser, J. Jovanovi¢, J. Serb. Chem. Soc. 69 (2004) 749

. F. Bell, J. Spanswick, J. Chem. Soc. (C) (1966) 1887

. S. Felsinger, H. Kalchhauser, H. Neudeck, Monatsh. Chem. 132 (2001) 267

. J. Jovanovi¢, M. Spiteller, W. Elling, J. Serb. Chem. Soc. 67 (2002) 393

.J. Jovanovi¢, W. Elling, M. Schiirmann, H. Preut, M. Spiteller, Acta Crystallogr. E58 (2002) 67

. R.J. Petersen, P. S. Skell, Org. Synth. Coll. 5 (1973) 929

.J. Freudenberger, P. Spiteller, R. Bauer, H. Kessler, B. Luy, J. Am. Chem. Soc. 126 (2004) 14690.

O 001N N A~ Wi —



