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Abstract: Biindenylidene isomers are components of pyrolysis oils. The mass spectra were re-

corded and the fragmentation of the following biindenylidene isomers: (E)-2,3,2’,3’-tetrahy-

dro-�1,1’�biindenylidene, (Z)-2,3,2’,3’-tetrahydro-�1,1’�biindenylidene, 1,3,1’,3’-tetrahydro-�2,2’�bii-

ndenylidene and 2,3,1’,3’-tetrahydro-�1,2’�biindenylidene, as well as of spiro�1,1a,6,6a-tetra-

hydrocyclopropa�a�indene-1,1’-2’,3’-dihydro-1’H-indene� is discussed.
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INTRODUCTION

Biindenylidenesare, asderivativesof indene, among the important componentsof thepy-

rolysis oils and their MS data could be useful in environmental research.1,2 They are also very

appropriate model substances for NMR and X-ray analysis. Theoretically, there are four

biindenylidene isomers (Fig. 1): (E)-2,3,2’,3’-tetrahydro-�1,1’�biindenylidene (structure 1),3,4

(Z)-2,3,2’,3’-tetrahydro-�1,1’�biindenylidene (structure 2),3,5 1,3,1’,3’-tetrahydro-�2,2’�biinde-

nylidene (structure 3)3,6 and 2,3,1’,3’-tetrahydro-�1,2’�biindenylidene (structure 4)3,7. The MS

data of spiro�1,1a,6,6a-tetrahydrocyclopropa�a�indene-1,1’-2’,3’-dihydro-1’H-indene�8 (struc-

ture 5 in Fig. 1) are also presented in this work. It is an indene dimer without a double bond and

is of interest for comparison. All five isomers have been described in the literature but their

mass spectrometry have not been discussed hitherto.

EXPERIMENTAL

(E)-2,3,2’,3’-Tetrahydro-�1,1’�biindenylidene (1) Compound 1 was synthesized through the reductive

coupling of 1H-indan-1-one according to the method of Lenoir and Lemmen9 and isolated as yellow crystals

(m.p. 418 K) by crystallization from propan-2-ol. The structure was confirmed by X-ray analysis.4

(Z)-2,3,2’,3’-Tetrahydro-�1,1’�biindenylidene (2). Compound 2 was isolated from the above product mixture9

by two-step chromatography using column chromatography in the first and HPLC in the second step. Recry-

stallizationfrompropan-2-olgavecolourlesscrystals (m.p.328K).ThestructurewasconfirmedbyX-rayanalysis.5
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1,3,1’,3’-Tetrahydro-�2,2’�biindenylidene (3). Compound 3 was synthesized by reductive coupling of

1-H-indan-2-one and crystallized (colourless crystals m.p. 448 K) following the method described by

Czogalla and Boberg.10 The structure was confirmed by X-ray analysis.6

2,3,1’,3’-Tetrahydro-�1,2’�biindenylidene (4). Compound 4 was isolated from the product mixture ob-

tained by reaction of 1H-indene with H2SO4
2 by HPLC on a preparative normal phase column (VP 250/10

Nucleosil 100-7) by isocratic LC elution using n-hexane. Recrystallization from propan-2-ol gave colorless

crystals (m.p. 359 K). The structure was confirmed by X-ray analysis.7

Spiro�1,1a,6,6a-tetrahydrocyclopropa�a�indene-1,1’-2’,3’-dihydro-1’H-indene� (5). Compound 5 was

synthesized in two steps according to the method of Bell and Spanswick.11 In the first step, the aldol conden-

sation of 1H-indan-1-one was accomplished and the self-condensation carbonyl product was reduced in the

second step by the Huang-Minlon reduction. The final product was isolated by crystallization (m.p. 367 K)

from propan-2-ol. The structure was confirmed by X-ray analysis.8

MS-spectra

A GC-MS Shimadzu GC 17A and a Shimadzu QP 5000 were used.

Gas chromatography: on-column injection (temperature 60–295 ºC); column DB-5, 30 m, 0.25 �m i.d.;

�m i.d. FT; flow 0.8 ml He/min; temperature program 60 ºC (5 min) – 4 ºC/ min – 300 ºC (30 min); interface

280 ºC.

Mass spectrometry: EI ionisation energy: 70 eV; vacuum: 1.5 � 10–3 Pa; ion source 200 ºC; detector

gain was set to 1.75 kV; mass range 45 – 700 u.

RESULTS AND DISCUSSION

Compounds 1 – 5 show similar mass spectra. In the region under m/z 100 they are

nearly identical showing only slight differences of relative abundances (RA) of the ions.

Above m/z 100, five abundant peak groups are presented with the RA of the highest peak

of the group being above 10 %, at least in one of the compounds 1 – 5. The most prominent

ions of the groups are: m/z 232 (M+); m/z 217/215; m/z 202; m/z 117/116/115 and m/z
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Fig. 1. Compounds studied.



104/101. They can be seen in Fig. 2 which represents the mass spectrum of compound 4

which is shown as an example. The RAof the ions of the five groups are presented in Table

I. Table II shows the RA of the ions of group m/z 232 (M+).

TABLE I. Relative abundances (%) of the five groups of highest peaks

Compound
m/z

232 217 215 202 117 116 115 104 101

1 100 78 37 21 84 4 45 2 8

2 100 82 29 28 91 4 48 2 12

3 56 13 15 10 20 100 28 20 7

4 28 15 20 11 100 12 32 3 6

5 30 13 15 14 100 2 29 3 5

TABLE II. Relative abundances (%) of peaks around M+ (m/z = 232)

Compound
m/z

232 231 230 229 228 227 226 225 224

1 100 5 5 6 4 3 5 1 1

2 100 1 5 7 3 3 6 1 1

3 56 6 6 6 2 3 4 1 1

4 28 6 8 6 5 2 4 1 1

5 30 0 2 4 3 1 4 1 1
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Fig. 2. Mass spectrum of compound 4.



Group m/z 232 (M+)

The highest peak of this group is the molecular ion (see Fig. 2 and Tables). It is the base

peak of compounds 1 and 2. The explanation for this could be that the positive charge of their

molecular ions is stabilized by conjugation of the double bond with both benzene rings. Com-

pounds 1 and 2 gave nearly identical mass spectra with some small differences of the RA of

ions m/z 215 and 202 (see Table I) and ion m/z 231 (see Table II). This confirms that the double

bond had been ionized, enabling free rotation and giving practically the same molecular ion.

The RA of the molecular ions of compounds 4 and 5 is practically the same (RA 28

and 30 %, respectively). They also have nearly identical mass spectra with some small dif-

ferences in the ratio of the RA of ions m/z 232, 215 and 202 and higher differences of the

RAof ions m/z 231 (see Table II) and m/z 116. They could have the same molecular ion, as

is shown in Fig. 3. The high symmetrical compound 3 gave a more stable molecular ion

(RA56 %) compared to compounds 4 and 5 (RA28 and 30 %, respectively). The explana-

tion for this could be that in compound 3 there is no possibility for cleavage of any C – C

bond, which would require a simultaneous benzylic and allylic cleavage. This cleavage is

the first and the most abundant fragmentation in compounds 1, 2, 4 and 5 (see Figs. 4 – 6).

The group m/z 232 (M+) shows eight small peaks beginning with (M-1)+ and ending

with (M-8)+ (see Fig. 2 and Table II). Obviously, all the eight aliphatic H are involved in

the consecutive losses of H• and H2. Compound 5 is an exception showing no (M-1)+ ion.

The explanation for this could be that it is the only one not having an allylic H and, conse-

quently, H2 is lost in the first fragmentation step. One of the rare differences in the spectra

of compounds 1 and 2 is the RAof ion m/z 231 being much higher in the spectrum of com-

pound 1 (RA 5 and 1 %, respectively).

Group m/z 217/215

The ion m/z 217 is highly abundant in the mass spectra of compounds 1 and 2 (RA78 and

82 %, respectively). Its RAin compounds 3 – 5 amounted to only 13, 15 and 13 %, respectively.

The explanation for this could be that compounds 1 and 2 have two –CH2–CH2– structural ele-

ments. The cleavage of this C – C bond is the first fragmentation step toward the elimination of a

CH3 radical. The fragmentation mechanism of building ions m/z 217 is shown in Figs. 4 – 6.
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Fig. 3. Molecular ion structures of compounds 4 and 5.



The ions m/z 215 are built from ions m/z 217 through a cyclization reaction and a H2

loss (see Figs. 4 – 6).
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Fig. 4. Fragmentation mechanism

of the formation of ions m/z 217

and 215 from compounds 1 and 2.

Fig. 5. Fragmentation mechanism

of the formation of ions 217 and

215 from compound 3.

FIg. 6. Fragmentation mechanism

of the formation of ions m/z 217

and 215 from compounds 4 and 5.

Fig. 7. Condensed structure ions.
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Fig. 8. Fragmentation mec-

hanismof the formationof ions

m/z 117 and 115 from com-

pounds 1 – 5.

Fig. 9. Fragmentation mechanism of the formation of ion m/z 116 from compounds 3 and 4.



Group m/z 202

This ion could arise via loss of CH2 = CH2 and H2 from the molecular ion by a com-

bination of fragmentation, rearrangement and cyclization. The result is usually a more con-

densed structure ion as is shown in Fig. 7. In the mass spectra of compounds 1 – 5, there are

small peaks (RA less than 3 %) at m/z 189, 152, 141 and 128 which also represent con-

densed structure ions (see Fig. 7).

Group m/z 117/116/115

Ions m/z 117 could be formed directly from the molecular ions of compounds 1 – 5 by

elimination of an indene radical, instead of a CH3 radical. Ions m/z 115 could be obtained

from ions m/z 117 by a loss of H2 (See Fig. 8). In the mass spectra of compounds 4 and 5,

the ion m/z 117 is the base peak and it is the second most abundant ion in the mass spectra

of compounds 1 and 2 (RA 84 and 91 %, respectively). These results, as well as the RA

values of ion m/z 215, which do not differ much in compounds 1, 2, 4 and 5, indicate the
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Fig. 10. Fragmentation mechanism of the formation of ions m/z 101 and 104 compounds 3 and 4.



same fragmentation route (see Fig. 8). In the mass spectrum of compound 3, the RAof ion

m/z 115 (RA 28 %) is higher than RA of m/z 117 (RA 20 %). This indicates the formation

of a less stable ion m/z 117 (see Fig. 8).

Ion m/z 116 is present only in the mass spectra of compounds 3 (base peak) and 4 (RA12

%), the double bonds of which are formed from carbon atoms C2–C2’and C2’–C1, respectively

(see Fig. 1). The fragmentation mechanism of the formation of ion m/z 116 is shown in Fig. 9.

Group m/z 104/101

The fragmentation mechanism of the formation of ion m/z 101 is shown in the upper

part of Fig. 10. This fragmentation is energetically favoured by the elimination of the

indene molecule. Ion m/z 104 is significantly abundant only in the mass spectrum of com-

pound 3 (RA20 %). The fragmentation mechanism of the formation of this ion is shown in

the lower part of Fig. 10. Ion m/z 116 could be, theoretically, formed also from compound

4 (see Fig. 10) but is present in its mass spectrum only with a RA of 3 %. Obviously, the

ionization of the double bond of compound 4, which gives a benzylic-type ion, is preferred

to the ionization of the double bond in the benzene ring. Ionization of the double bond of

compound 3, on the contrary, can not give a benzylic-type ion and could therefore make

the ionization in the benzene ring concurrent.

CONCLUSION

The mass spectra of biindenylidene isomers, as well as of spiro�1,1a,6,6a-tetra-

hydrocyclopropa�a�indene-1,1’-2’,3’-dihydro-1’H-indene� differ sufficiently from each

other to make their identification in complex mixtures possible by comparison with the au-

thentic mass spectra presented in this work. The similarity of their mass spectra was, how-

ever, so great that they could not be used to prove the individual structures unambiguously.

For this purpose 1H, 13C and 2D NMR and X-ray analysis must be used.
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Maseni spektri ~etiri izomerna biindenilidena: (E)-2,3,2’,3’-tetrahidro-[1,1’]biin-

denilidena, (Z)-2,3,2’,3’-tetrahidro-[1,1’]biindenilidena, 1,3,1’,3’-tetrahidro-[2,2’]biindenilide-

na i 2,3,1’,3’-tetrahidro-[1,2’]biindenilidena, kao i jediwewa spiro[1,1a,6,6a-tetrahidroci-

klopropa[a]inden-1,1’-2’,3’-dihidro-1’H-indena] su snimqeni i diskutovani. Kao derivati

indena, biindenilideni se nalaze me|u komponentama piroliti~kih uqa i wihovi maseni

spektri su korisni u analizi zaga|iva~a `ivotne sredine. Oni, istovremeno, predstavqaju

zgodne model-supstance za NMR i analizu pomo}u X-zraka. Pored ~etiri teorijski mogu}a
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izomera biindenilidena, u radu se daju i MS podaci za jediwewe: spiro[1,1a,6,6a-tetra-

hidrociklopropa[a]inden-1,1’-2’,3’-dihidro-1’H-inden]. To je dimer indena koji nema dvostru-

ku vezu i interesantan je za pore|ewe. Svih pet izomera je opisano u literaturi, ali disku-

sija wihovih masenih spektara nije do sada prikazana. Maseni spektri izomera biindenili-

dena, kao i jediwewa spiro[1,1a,6,6a-tetrahidrociklopropa[a]inden-1,1’-2’,3’-dihidro-1’H-inde-

na], dovoqno se me|usobno razlikuju da se svaki od wih mo`e pouzdano identifikovati u

slo`enim sme{ama pore|ewem sa autenti~nim spektrima prikazanim u ovom radu. Me|u-

sobne sli~nosti wihovih masenih spektara su, me|utim, toliko velike da ih nije bilo

mogu}e koristiti za odre|ivawe kona~nih struktura ovih izomera. Za to se moraju kori-

stiti 1H, 13C i 2D NMR analiza, kao i analiza pomo}u X-zraka.

(Primqeno 17. februara 2004)
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