
www.elsevier.nl/locate/jorganchem

Journal of Organometallic Chemistry 607 (2000) 57–63

(h6-Cyclohepta-1,3,5-triene)(h4-cycloocta-1,5-diene)iron(0) complex
as attractive precursor in catalysis

Chiara Breschi, Loris Piparo, Paolo Pertici *, Anna Maria Caporusso, Giovanni Vitulli
Dipartimento di Chimica e Chimica Industriale, Centro di Studio del CNR per le Macromolecole Stereordinate ed Otticamente Atti6e,
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Abstract

The catalytic activity of the complex Fe(h6-CHT)(h4-COD), (CHT=1,3,5-cycloheptatriene; COD=1,5-cyclooctadiene), 1, has
been evaluated in some reference reactions such as the hydroformylation of 1-hexene and styrene and the cyclotrimerisation of a
wide range of terminal and internal acetylenes. The title complex has been found to be a convenient catalytic precursor and it
resulted more active than other iron catalysts in the investigated reactions. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

The design and preparation of efficient catalysts rep-
resent crucial issues of organotransition metal chem-
istry. According to the literature, a possible way to
obtain active catalysts is to synthesise complexes con-
taining unsaturated organic ligands, such as cy-
cloolefins, bonded to the metal. Ni(h4-COD)2,
(COD=1,5-cyclooctadiene) [1], [RhCl(h4-COD)]2 [2],
Ru(h6-cycloocta-1,3,5-triene)(h4-COD) [3], are well-
known examples of compounds that have played an
important role in organometallic chemistry and cataly-
sis as very reactive starting materials. In such com-
pounds the organic molecules can be easily displaced
from the metal, thus making available coordination
sites that are required for substrate activation of stoi-
chiometric and catalytic reactions.

The complex Fe(h6-CHT)(h4-COD), (CHT=1,3,5-
cycloheptatriene), 1, containing only cycloolefins
bonded to the metal, belongs in this class. Complex 1

was synthesised by us via co-condensation of iron
atoms with COD at −196°C followed by condensation
of CHT in a Metal Vapour Synthesis (MVS) apparatus
and its reactivity with small molecules as CO and
P(OMe)3 was also studied [4]. It can be now obtained in
larger amount (10 g for run) using a new MVS reactor,
elsewhere described [5], making possible a more de-
tailed study about its chemical properties. Complex 1 is
an attractive compound in catalysis and its activity was
examined in well known processes such as the hydro-
formylation of olefins [6–12] and the cyclotrimerisation
of acetylenes [13,14], previously investigated using other
iron complexes.

2. Results and discussion

2.1. Hydroformylation reactions

1-Hexene and styrene, two olefins largely studied in
hydroformylation reactions [15,16], have been used as
substrates. The runs have been performed in toluene as
solvent, at 100°C and 100 atm CO/H2 (1/1) total pres-
sure using a substrate/catalyst molar ratio=150 (Table
1).
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Table 1
Hydroformylation of 1-hexene and styrene catalysed by Fe(h6-CHT)(h4-COD) (1) a

Conv. (%) Reaction mixture composition Chemo-selectivity cReaction time (h) Regio-selectivitySubstrate
(%) b (%)

H1 H2 N B C

60 40 – 36 24 – 20 d 16
84 16 – 5012 341-Hexene – 19 d 1

24 96 4 – 58 38 – 21 d 1

S Ns Bs

18 82 56 13 44 e

12Styrene 34 66 9 25 47 e

65 35 1724 48 48 e

98 2 26 72 47 e48

a Reaction conditions: Substrate (17.6 mmol); catalyst (0.117 mmol); 1:1 CO–H2 pressure, 100 atm; temperature, 100°C; solvent, toluene (10 ml).
b H1=1-Hexene; H2=2-Hexene; N=Heptanal; B=2-Methylhexanal; C=2-Ethylpentanal; S=Styrene; NS=3-Phenylpropanal; BS=2-

phenylpropanal.
c {[N]+[B]}/{[N]+[B]+[C]+[H2]}.
d 100×{[N]−[B]}/{[N]+[B]}.
e 100×{[Bs]−[Ns]}/{[Ns]+[Bs]}.

2.1.1. Hydroformylation of 1-hexene
Under hydroformylation conditions 1-hexene, H1,

can give the normal aldehyde heptanal, N, and the
branched aldehyde 2-methylhexanal, B, as reaction
products. The internal olefins 2-hexene, H2, and 3-hex-
ene, H3, deriving from the isomerisation of H1, the
2-ethylpentanal, C, deriving from the hydroformylation
of H2 and/or H3, and hexane, deriving from the hydro-
genation of the olefins, are also formed as outcome of
by reactions (Scheme 1).

Among the possible products, only heptanal, N, and
2-methylhexanal, B, are formed with 1 (Table 1) with
complete chemoselectivity and with regioselectivity,
100×{[N]− [B]}/{[N]+ [B]}, of ca. 20%. Hexane and
2- or 3-hexene have not been detected in the reaction
products, pointing out the absence of hydrogenation or
isomerisation reactions. Under the adopted conditions,
conversion 60% and 96% is obtained after 6 and 24 h,
respectively.

2.1.2. Hydroformylation of styrene
The hydroformylation of styrene, S, gives the 3-

phenylpropanal, NS, and the 2-phenylpropanal, BS.
Compared with 1-hexene, the conversion of styrene to
aldehydes is lower being of 18% after 6 h and of 65%
after 24 h. The branched aldehyde BS is the main
product and the regioselectivity, 100×{[BS]− [NS]}/
{[NS]+ [BS]}, representing the regiomeric excess of the
branched aldehyde, is 47%. Ethylbenzene, deriving
from the hydrogenation of styrene, was not detected in
the reaction products.

In agreement with literature reports [15,16], the re-
gioselectivity in the hydroformylation of styrene is the
reverse of that with 1-hexene ([BS]\ [NS], for styrene;
[N]\ [B], for 1-hexene), the formation of the branched

aldehyde as main component in the hydroformylation
of styrene being ascribed to the different stability of the
metal-alkyl intermediates [16].

Iron compounds are generally considered very poor
hydroformylation catalysts [12,17–22]; however, the re-
sults obtained using complex 1 as precursor, mainly in
the hydroformylation of 1-hexene, were quite promis-
ing. In order to better evaluate the peculiarity of com-
plex 1, the hydroformylation of 1-hexene and styrene
has been also performed using Fe(CO)5, a traditional
iron hydroformylation catalyst [17,22]. The results are
reported in Table 2 and compared with those obtained
using 1 as precursor.

Scheme 1.
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Table 2
Comparison between the catalytic activity of Fe(h6-CHT)(h4-COD) (1), and Fe(CO)5 in the hydroformylation of 1-hexene and styrene a

Conv.CatalystSubstrate Reaction mixture composition Chemo-selectivity c Turnover frequency d

(%) b (TOF, h−1)(%)

H1 H2 N B C

96 4 – 58 38Fe(h6-CHT)(h4-COD) 1 6
68 32 11 351-Hexene 21Fe(CO)5 1 0.82 3.6

S Ns Bs

65 35 17Fe(h6-CHT)(h4-COD) 48 4.1
9 91 3 6 0.6Fe(CO)5Styrene

a Reaction conditions: Substrate (17.6 mmol); catalyst (0.117 mmol); 1:1 CO–H2 pressure, 100 atm; temperature, 100°C; time, 24 h; solvent,
toluene (10 ml).

b H1=1-Hexene; H2=2-Hexene; N=Heptanal; B=2-Methylhexanal; C=2-Ethylpentanal. S=Styrene; NS=3-Phenylpropanal; BS=2-
phenylpropanal.

c {[N]+[B]}/{[N]+[B]+[C]+[H2]}.
d TOF=mol aldehyde/mol catalyst×h.

It appears from the reported data that complex 1 is
more active than Fe(CO)5 under the adopted reaction
conditions. Such difference is more evident in the case
of styrene where the TOF numbers are 4.1 h−1 and 0.6
h−1 in the presence of complex 1 and Fe(CO)5,
respectively.

It is worth knowing that theoretical investigations on
hydroformylation reactions [23] indicate that, in the
Reppe synthesis catalysed by Fe(CO)5, an effective
catalyst should be CO deficient hydrido species such as
H2Fe(CO)3 and HFe(CO)3

−. Such species could be
probably involved in the above hydroformylation reac-
tions and it appears that they can be more easily
formed starting from complex 1, containing weakly
bonded ligands, and where, moreover, hydrogen atom
migrations between the cycloolefinic ligands and the
iron are likely to occur [24].

2.2. Cyclotrimerisation of alkynes

Complex 1 easily catalyses the cyclotrimerisation of a
wide range of terminal and internal alkynes to benzene
derivatives (Scheme 2).

The reactions, performed in THF as solvent at room
temperature, afford the cyclotrimerisation products in
high yield and complete chemoselectivity (Table 3).

1-Hexyne, the simplest alkyne used, is completely
converted into a 1:1 mixture of 1,3,5- and 1,2,4-tri-n-
butylbenzene, 2a and 2b, in 46 h. Under the same
reaction conditions, the conversion of 3-methyl-1-pen-
tyne to 1,3,5- and 1,2,4-tri-sec-butylbenzene, 3a and 3b
(3a: 3b=53: 47), is 70% (run 6), the lower reactivity
probably being due to the steric effect of the methyl
group in a position to the triple bond that hinders the
coordination of the alkyne to the metal. With 4-methyl-
1-hexyne, 5-methyl-1-heptyne and 6-methyl-1-octyne, in

which the methyl group is shifted successively further
from the triple bond, the conversion into the corre-
sponding cyclotrimers 1,3,5- and 1,2,4-tri-(2-methyl-
butyl)benzene, 4a and 4b, 1,3,5- and 1,2,4-tri-(3-methyl-
pentyl)benzene, 5a and 5b, and 1,3,5- and 1,2,4-tri-(4-
methylhexyl)benzene, 6a and 6b, increases to that of
1-hexyne (runs 7, 8 and 9; conv. 85, 90, and 100%,
respectively). In the mixtures the regioisomers a and b
are present in ratio of ca. 1:1.

tert-Butylacetylene, which has a bulky group near to
the triple bond, exhibits a low reactivity (run 10, conv.
45% to 1,3,5- and 1,2,4-tri-tert-butylbenzene, 7a and

Scheme 2.
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Table 3
Catalytic cyclotrimerisation of terminal and internal alkynes promoted by Fe(h6-CHT)(h4-COD) (1), according to Scheme 2 a

Conv. (%)Run Products bAlkyne

5 1001-Hexyne 1,3,5-Tri-n-butylbenzene (2a), (50) and 1,2,4-tri-n-butylbenzene (2b) (50)
703-Methyl-1-pentyne 1,3,5-Tri-sec-butylbenzene (3a) (53) and 1,2,4-tri-sec-butylbenzene (3b) (47)6
857 1,3,5-Tri(2-methylbutyl)benzene (4a) (45) and 1,2,4-tri(2-methylbutyl)benzene (4b) (55)4-Methyl-1-hexyne
905-Methyl-1-heptyne 1,3,5-Tri(3-methylpentyl)benzene (5a) (52) and 1,2,4-tri(3-methylpentyl)benzene (5b) (48)8
100 1,3,5-Tri(4-methylhexyl)benzene (6a) (48) and 1,2,4-tri(4-methylhexyl)benzene (6b) (52)9 6-Methyl-1-octyne
45tert-Butylacetylene 1,3,5-Tri-tert-butylbenzene (7a) (30) and 1,2,4-tri-tert-butylbenzene (7b) (70)10

Trimethylsilylacetylene11 85 1,3,5-Trimethylsilylbenzene (8a) (5) and 1,2,4-Trimethylsilylbenzene (8b) (95)
Phenylacetylene12 75 1,3,5-Triphenylbenzene (9a) (65) and 1,2,4-Triphenylbenzene (9b) (35)

1002-Butyne Hexamethylbenzene (10) (100)13 c

3-Hexyne14 d 50 Hexaethylbenzene (11) (100)
20Diphenylacetylene Hexaphenylbenzene (12) (100)15 e

a Reaction conditions: Alkyne (29.25 mmol); Fe(h6-CHT)(h4-COD), 0.05 g (0.195 mmol); THF (5 ml); time 46 h; room temperature.
b The regioisomeric composition (a and b%) was determined by GC-MS and 1H-NMR analyses.
c Carried out for 28 h.
d The conversion to 11 is quantitative at reflux for 30 h.
e The conversion to 12 is quantitative at reflux for 50 h.

Scheme 3.

Table 4
Cyclotrimerisation of 2-butyne with iron complexes

T (°C)Catalyst Reaction time (h)2-Butyne/catalyst (mol/mol) Conv. (%) Turnover frequency (TOF, h−1) Reference

25 24 18158 1.2Fe(COT)2 [27]
90Fe(HMB)2 45 42 16 0.35 [28]

25 28 100 5.4 –150Fe(CHT)(COD)

7b, 7a:7b=30:70). In contrast, a high conversion (85%)
to 1,3,5- and 1,2,4-tri-trimethylsilylbenzene, 8a and 8b,
(8a:8b=5:95) has been found with trimethylsily-
lacetylene (run 11), probably because the trimethylsilyl
group makes the triple bond more reactive. Pheny-
lacetylene is fairly reactive [25] and furnishes a mixture
of 1,3,5- and 1,2,4-triphenylbenzene, 9a and 9b
(9a:9b=65:35) with conversion 75% (run 12).

As far as the oligomerisation of internal alkynes is
concerned, 2-butyne cyclotrimerises quantitatively to
hexamethylbenzene (10), in 28 h at room temperature
(run 13). The conversion of 3-hexyne to hexaethylben-
zene, 11, is 50% at room temperature after 46 h (run
14), and becomes quantitative when working at the
solvent boiling point (65°C) for 30 h. Diphenylacetylene
is less reactive than the aliphatic acetylenes, the conver-
sion to hexaphenylbenzene (12), being 20% after 46 h at
room temperature (run 15) and quantitative at reflux
after 50 h.

Complex 1 also catalyses the selective cyclodimeriza-

tion of 1,7-octadiyne to the alkynylbenzocycloalkene
derivative 13, with a conversion of 65% in 46 h at room
temperature (Scheme 3). No other product was formed
in the course of the reaction, which was quantitative
after 4 days.

In the previous reports on alkyne cyclotrimerisation
reactions promoted by iron precursors, compounds
such as iron carbonyls [26], bis(cyclooctatetraene)iron,
Fe(COT)2 [27], bis(hexamethylbenzene)iron(0),
Fe(HMB)2 [28], iron atoms [29], (h6-toluene)(h2-
olefin)2iron complexes [30] were used, the Fe(COT)2

and the Fe(HMB)2 being largely the most effective
catalytic precursors. Comparison of the activity of these
two systems with the title complex, Fe(h6-CHT)(h4-
COD), in the cyclotrimerisation of 2-butyne under quite
similar reaction conditions (Table 4) shows that com-
plex 1 is the most active with TOF number of 5.4 h−1

versus 1.2 h−1 and 0.35 h−1 for Fe(COT)2 and
Fe(HMB)2, respectively.
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3. Conclusions

It appears from the reported results that the complex
Fe(h6-CHT)(h4-COD) (1), is an efficient catalytic pre-
cursor for olefin hydroformylation and alkyne cyclo-
trimerisation, being more active than previously studied
iron complexes. As often observed in cyclo-
olefin transition metal chemistry [1–3], the cyclolefin
ligands in 1 are probably easily removed, even under
mild conditions, in the presence of additional organic
substrates, accounting for the good catalytic activity
exhibited by 1 in the reported reactions.

These results make of interest a broader study of the
chemical properties and the catalytic activity of com-
plex 1.

4. Experimental

4.1. General

All operations were performed under dry argon. Sol-
vents were purified by conventional methods, distilled
and stored under argon. 1-Hexene and styrene were
distilled before use. The commercial acetylenes were
degassed and stored under argon. 3-Methyl-1-pentyne
was prepared in 70% yield by reduction of 1-bromo-3-
methyl-1,2-pentadiene with lithium aluminium hydride,
according to the Miginiac procedure [31]. 4-Methyl-1-
hexyne (70% yield), 5-methyl-1-heptyne (80% yield) and
6-methyl-1-octyne (60% yield) were prepared by bromi-
nation–dehydrobromination of the corresponding 1-
alkenes. The olefins were treated with equimolecular
amounts of bromine and the crude products reacted
with sodium amide in mineral oil at 160°C [32].
Fe(CO)5 (Aldrich product) was used as received. The
complex (h6-cyclohepta-1,3,5-triene)(h4-cycloocta-1,5-
diene)iron, (1), was prepared using a new reactor else-
where described [4,5]. In a typical experiment iron
vapours (20 g) were co-condensed with cycloocta-1,5-
diene (50 ml) and cyclohepta-1,3,5-triene (30 ml) fur-
nishing red–brown crystals of 1 (10 g; yield 22% with
respect to vaporised iron).

1H-NMR spectra were recorded on a Varian Gemini
200 instrument at 200 MHz. Chemical shifts were deter-
mined relative to internal Si(CH3)4 (d=0 ppm); cou-
pling constants J are in Hz. The aromatic protons have
been numbered as shown in Fig. 1.

GC-MS spectra were recorded on a Perkin–Elmer
Q-Mass 910 spectrometer connected with a Perkin–
Elmer gas chromatograph, equipped with a ‘split-split-
less’ injector, using a SiO2 capillary column and helium
as carrier gas. The GLC analyses were performed on a
Perkin–Elmer 8600 gas chromatograph, equipped with
a ‘in column’ injector and a flame ionisation detector
(FID), using a SiO2 ‘Wide Bore’ column (DB1, 30
m×0.53 mm, 5 mm) and helium as carrier gas. Micro-
analyses were carried out by the Laboratorio di Mi-
croanalisi, Facoltà di Farmacia, Università di Pisa,
Italy.

4.2. Hydroformylation of 1-hexene and styrene with
Fe(h6-cyclohepta-1,3,5-triene)(h4-cycloocta-1,5-diene)
(1), and Fe(CO)5; general procedure

A solution of substrate (17.6 mmol), catalyst (0.117
mmol), internal standard (2 ml) in toluene (5 ml),
(cooled to −20°C when the catalyst is complex 1), was
introduced by suction into an evacuated 50 ml stainless
steel autoclave. Carbon monoxide was introduced, the
autoclave was stirred and heated at 100°C and hydro-
gen was rapidly introduced up to 100 atm total pressure
(1:1 CO–H2). The progress of the reaction was checked
by removing liquid samples through a tap and
analysing them by GLC. Benzene and o-xylene were
used as internal standards in the hydroformylation of
1-hexene and styrene, respectively.

4.3. Cyclotrimerisation of alkynes to substituted
benzenes with Fe(h6-cyclohepta-1,3,5-triene)(h4-
cycloocta-1,5-diene) (1)

Only the reaction with 1-hexyne (run 5, Table 3) is
described in detail, the experimental procedure being
the same with the other alkynes.

A 25 ml, round-bottomed flask, containing a solution
of complex 1 (0.05 g, 0.195 mmol) in THF (5 ml)
cooled to −20°C, was charged with 1-hexyne (3.4 ml,
29.25 mmol). The mixture was stirred at room tempera-
ture (r.t.), the progress of the reaction being monitored
by GLC. After 46 h the 1-hexyne had disappeared
completely. The solvent was evaporated giving a crude
oily product that was chromatographed on alumina
(Merck product, activity II-III, 70-230 mesh) using
THF as eluent and successively purified by vacuum
distillation (Tbp=95–98°C, 17 mmHg). A mixture of
1,3,5-tri-n-butylbenzene (2a), and 1,2,4-tri-n-butylben-
zene, 2b (2a:2b=50:50) was obtained (2.35 g, yield
97%).

GC-MS (m/z): 246 [M+]. 1H-NMR (CDCl3): d 0.95
(18H, t, J=7.7, CH2CH3); 1.35 (12H, m,
CH2CH2CH3); 1.55 (12H, m, CH2CH2C2H5); 2.55
(12H, t, J=7.6, PhCH2CH2); 6.80 (3H, s, H1, 2a); 6.92Fig. 1.
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Fig. 2.

(12.6H, s, CMe3, 7b); 1.57 (12.6H, s, CMe3, 7b); 7.12
(1.4H, dd, J32=8, J34=2, H3, 7b); 7.20 (1.8H, s, H1,
7a); 7.51 (1.4H, d, H2, 7b); 7.62 (1.4H, d, H4, 7b). Lit.
[30,35].

4.3.6. 1,3,5-Trimethylsilylbenzene (8a), and
1,2,4-trimethylsilylbenzene (8b), from
trimethylsilylacetylene (run 11, Table 3, 8a:8b=5:95)

GC-MS (m/z)=294 [M+]. 1H-NMR (CDCl3): d 0.23
(17.1H, s, SiMe3, 8b); 0.26 (2.7H, s, SiMe3, 8a); 0.42
(17.1H, s, SiMe3, 8b); 0.45 (17.1H, s, SiMe3, 8b); 6.75
(0.3H, s, H1, 8a); 7.49 (1.9H, dd, J32=7.5, J34=1.5,
H3, 8b); 7.66 (1.9H, d, H2, 8b); 7.84 (1.9H, d, H4, 8b).
Anal. Calc. for C15H30Si3: C, 61.14; H, 10.26. Found:
C, 61.03; H, 10.11%. Lit. 8a [25].

4.3.7. 1,3,5-Triphenylbenzene (9a), and
1,2,4-triphenylbenzene (9b), from phenylacetylene (run
12, Table 3, 9a:9b=65:35)

GC-MS (m/z)=306 [M+]. 1H-NMR (C6D6): d 6.85–
7.30 (30H, m, C6H5, 9a+9b); 7.35 (0.7H, d, J23=5,
H2, 9b); 7.49 (0.7H, m, H3, 9b); 7.65 (0.7H, d, J34=1.8,
H4, 9b); 7.74 (3.9H, s, H1, 9a). Lit. [25,36].

4.3.8. Hexamethylbenzene (10), from 2-butyne (run 13,
Table 3)

MS (m/z)=162 [M+]. 1H-NMR (CDCl3): d 2.21 (s,
CH3). M.p.=162°C.

4.3.9. Hexaethylbenzene (11), from 3-hexyne (run 14,
Table 3)

MS (m/z)=246 [M+]. 1H-NMR (CDCl3): d 1.27
(18H, t, J=8, CH2CH3); 2.75 (12H, q, CH2CH3).
M.p.=130°C. Lit. [37].

4.3.10. Hexaphenylbenzene (12), from diphenylacetylene
(run 15, Table 3)

MS (m/z)=534 [M+]. 1H-NMR (CDCl3): d 6.81 (s,
C6H5). M.p.=462°C. Lit. [37].

4.3.11. 2-(5-Hexynyl)-5,6,7,8-tetrahydronaphthalene
(13), from 1,7-octadiyne

GC-MS (m/z)=212 [M+]. 1H-NMR (CDCl3, Fig.
2): d 1.57 (2H, m, Hh); 1.72 (2H, m, Hg); 1.78 (4H, m,
Ha); 1.93 (1H, t, Jli=2.5, Hl); 2.20 (2H, dt, Jih=7.5,
Hi); 2.55 (2H, t, Jfg=7.8, H f); 2.74 (4H, m, Hb); 6.87
(1H, s, Hc); 6.89 (1H, d, Jed=7, He), 6.96 (1H, d, Hd).
Lit. [38].
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4.3.1. 1,3,5-Tri-sec-butylbenzene (3a), and
1,2,4-tri-sec-butylbenzene (3b), from
3-methyl-1-pentyne (run 6, Table 3, 3a:3b=53:47)

GC-MS (m/z)=246 [M+]. 1H-NMR (CDCl3): d 0.81
(18H, t, J=7.6, CH2CH3); 1.20 (18H, d, J=7.8,
CHCH3); 1.57 (12H, m, CHCH2CH3); 2.53 (4H, m,
PhCH, 3a+3b); 2.95 (2H, m, PhCH, 3b); 6.78 (3H, s,
H1, 3a); 6.95 (m, 2H, H3+H4, 3b); 7.11 (1H, d,
J23=6.5, H2, 3b). Lit. [34].

4.3.2. 1,3,5-Tri(2-methylbutyl)benzene (4a) and
1,2,4-tri(2-methylbutyl)benzene (4b), from
4-methyl-1-hexyne (run 7, Table 3, 4a:4b=45:55)

GC-MS (m/z)=288 [M+]. 1H-NMR (CDCl3): d

0.75–1.05 (36H, m, CHCH3+CH2CH3); 1.20–1.60
(18H, m, CHCH3+CH2CH3); 2.30 (6H, m, PhCHH);
2.60 (6H, m, PhCHH); 6.73 (2.7H, s, H1, 4a); 6.88 (m,
2.2H, H3+H4, 4b); 7.0 (1.1H, d, J23=6.5, H2, 4b).
Anal. Calc. for C21H36: C, 87.41; H, 12.59. Found: C,
87.29; H, 12.40%. Lit. [33].

4.3.3. 1,3,5-Tri(3-methylpentyl)benzene (5a), and
1,2,4-tri(3-methylpentyl)benzene (5b), from
5-methyl-1-heptyne (run 8, Table 3, 5a:5b=52:48)
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