Jourral of Chromatography, 191 (1980) 187-198
© Elsevier Scientific Publishing Company, Amsterdain — Printed in The Netherlands

CHROM, 11,302

IDENTIFICATION OF »-HEPTA- AND n-OCTADIENES BY HIGH-RESOLU-
TION GAS CHROMATOGRAPHY USING STRUCTURE-RETENTION COR-
RELATIONS AND MASS SPECTROMETRY

L. SOJAK and I. OSTROVSKY

Chentical Instizute of Comenius University, Bratislava ( Czechoslovakia)

and

P. A. LECLERCQ and J. A. RIIKS

Labaratory of Instrumental Analysis, Eindkoven University of Technology, Eindhoven ( The Netherlands)

SUMMARY

Concentrated dehydrogenation product mixtures of n-heptane and n-octane
were separated on squalane capillary columns. All n-heptadienes and r-octadienes
were identified, with the exception of those with cumulated double bonds.

Because of a lack of standards, retention data and mass spectra, the problem
of identification was solved by using structure-retention correlations derived from
available retention data for alkenes. The identification was then confirmed by using
the ageing effect of a squalane column, which gives rise to characteristic changes in
selectivity for different classes of unsaturated hydrocarbons. Confirmation was also
made by determination of dI/dT values and by gas chromatography-mass spectrom-
etry. The anomalous behaviour of compounds containing C=C-C-C-C structural
elements, as noted before for alkenes, alkynes and alkylbenzenes, was found to occur
also with n-alkadienes.

INTRODUCTION

Catalytic dehydrogenation of n-alkanes yields mainly all the possible isomers
of n-alkenes and characteristic alkylbenzenes with a corresponding number of carbon
atomst. Small amounts of other products are formed®*, of which n-alkadienes are the
most interesting from theoretical and practical standpoints.

In a previous study* the identification of n-hexadienes in mixtures of dehy-
drogenation products of n-hexane was discussed. The identification was based on a
comparison of measured and tabulated retention indices on non-polar (squalane) and
polar (Arneel SD) stationary phases. The identification of n-hexadienes was confirmed
by gas chromatography-mass spectrometry (GC-MS). Identification of dienes with
more than six carbon atoms is more complicated because of the increasing number
of isomers. Only a few retention data and mass spectra of n-hepta- and n-octadienes
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are available in the literature. Of the 17 possible isomers of n-heptadiene, retention
data for only five isomers with isolated 1,6-, 1,5- and 1,4- double bonds®~? are
known. Mass spectra are availablie of 1,6- and 24-hepiadienes’®. Although the
number of isomers is considerably larger for it-octadienes, more reference data are
available in this instance. Of the 26 possible isomers, retention data for 19 n-octadienes,
mostly in ref. 9, are known. The mass spectra of 1,7-, 1,6+, 1,3- and 2,6-octadienes
are available'.

Because of a lack of standards, retention data and mass spectra for many
dienes, we undertook to solve the problem of identification by using structure—retention
correlations derived from available reiention data for structurally corresponding

alkenes and by GC-MS.

EXPERIMENTAL

In dehydrogenation product mixtures, prepared according to a procedure
described earlier’?, dienes are present in only small amounts (totallicg a few tenths
of 12(). Therefor=, the dienes were concentrated by adsorption column chromato-
graphy on silica gel by the FIA method.

Gas chromatography was carried out with a Carlo Erba GI 450 instrument,
equiped with a flame-ionization detector (FID). For the separations, two squalane
capillary columns were used. The first column (SQ-1) was made of stainless steel,
of length 200 m and 1.D. 0.25 mm. This column was operated at temperatures between
30° and 100°. Nitrogen was used as the carrier gas at an inlet pressure of 0.25 MPa.
The average carrier gas velocity was 8.8 cm/sec. The theoretical and effective plate
numbers were 372,000 and 245,000, respectively, at 70° for cis-2,cis-4-octadiene with
a capacity ratio of 4.3. The qualitative reproducibility was 0.2 index ugits (i.u.). This
column was used over 9 years at temperatures up to 130° and showed characteristic
changes in retention indices, particularly for unsaturated hydrocarbons (ageing effzct).
The second squalane column (SQ-2) was a freshly coated glass capillary column of
Izpgth 70 m and I.D. 0.25 mm. The theoretical and efiective plate numbers were
170,000 and 105,000, respectively, for cis-2,cis-4-octadiene with a capacity ratio of 3.7
at 70°. Nitrogen was used as the carrier gas at an inlet pressure of 0.07 MPa. The
average carrier gas velocity was 8.3 cm/sec. The concentrated samples were introduced
in amounts of less than 1 ul via a splitter with a splitting ratio 1:100.

Electron-impact (EI) mass spectra were abtained on a Finnigan 4000 qua-
drupole instrument, coupled directly to the SQ-1 cclumn described above. Helium
was used as the carrier gas at an inlet pressure of 02 MPa. The ssparations were
carried out at 70°. Samples were injected on to the column via a splitter with a
splitting ratio 1:200. Mass spectra were obtained using an ionizing energy of 70V and
an electron current of 0.20 mA. Mass spectra were recorded at a speed of 1 sec per
scan.

FESULTS AND DISCUSSION

The mixtures of concentrated dehydrogenation products of r-heptane and
r-octane were separated at different temperatures on both squalane columns. Represen-
tative chromatograms of these mixtures obtained with the first column (SQ-1) are



GC-MS OF n-HEPTA- AND n-OCTADIENES 189

o nzmT

l‘l
b J'\_}."""z'. ¢

—_—
— i D ! —
[ = [ n ]

——— TR

THLE (WX}
Fig. 1. Chromatogram of the conceatrated dehydrogenation product mixture of n-heptane on the
SQ-1 column at 70°. For identification of n-heptadiencs, see Table 1.

presented in Figs. 1 and 2. Calculated and measured reteation indices of the n-hepia-
dienes and n-octadienes studied are given for both columns in Table L. -

The identification of n-dienes was effected by comparison of measured and
published retention indices, using calculated structural increments for both squalane
columns (59, the ageing effect of the SQ-1 column, df/dT values and GC-MS.
Identification of conjugated frans-isomers was verified by reaction of the sample with
maleic anhydride.

Comparison of measured and literature retention data

Comparison with retention indices of n-heptadienes from the literature shows
systematic differences up to 3.7 i.u. for 1,cis-5-heptadiene’®. For n-octadienes differ-
ences up to 1.2 i.u. are found for cis-2,cis-6-octadiene’-’. These differences can be
ascribed mainly to polarity differences of the squalane columns and the compounds
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Fig. 2. Chromatogram of the concentrated dehydrogenation product mixture of m-octane on the
SQ-1 column at 70°. For identification of r-octadienes, see Table L.
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TAELE X

CALCULATED AND MEASURED VALUES OF RETENTION INDICES AND THEIR
TEMPERATURE INCREMENTS FOR »-HEFTADIENES AND a-OCTADIENES ON SQ-1

AND SQ-2 COLUMNS

Peak No. Compound SQ-1 SQ-2
I3 12 ai{dr I3 ) dt{dF
1 1,6-Heptadiene 6688 6683 0.070 665.2 664.8 0.070
2 Vtrans-4- 673.0 §77.2 —0.005 670.1 674.0 —0.9005
3 1,cis-4- 677.1 678.6 0.045 6740 675.1 0.045
4 1,2rons-5- 8343 681.G6 0013 681.3 678.8 0.015
5 1,cis-5- §90.0 688.1 0.055 686.6 6384.5 0.055
6 trans-2,trarns-5- 700.0 708.3 —0.020 6974 705.1 ~—0.020
7 trans-2,cis-5- 795.7 712.3 0.005 7027 T08.8 0.005
8 1,2rans-3- 673.0 713.1 0.035 670.1 708.8 0.035
S cis-2,cis-5- 7114 7164 0.060 T08.0 712.5 0.060
10 1,cis-3- 677.1 716.5 0.050 674.0 7121 0.055
11 srarss-2 cis—<4- 6928 7454 9.020 690.1 740.7 0.029
12 trans-2 trans-4- 688.7 746.5 0.0640 686.4 7422 0.040
13 cis-2,trans-4- 694.4 751.1 0.020 691.5 746.5 0.030
14 cis-2,cis-4- 698.5 7546 0.035 695.4 749.9 0.040
15 1,7-Octadiene 7670 7678 0.060 7636 7642 0060
16 1,trarss-4- 763.6 771.7 0.020 766.0 7168.7 0.020
17 1,trans-5S- 7731 7728 0.022 770.5 769.6 0.020
18 i.cis-5- 774.1 773.5 0.053 7707 7700 0.050
16 L eis-4 7725 775.5 0.055 769.5 7724 0.055
20 1.trans-6- 78289 7833 0.037 77199 779.8 0.035
21 1,cis-6- 787.7 7879 0.076 7842 7840 0.050
2 trars-2, trans-6- 7988 756.0 —0.018 786.2 7934 —0010
23 trans-2,cis-5- 790.0 796.9 0.620 787.7 793.4 0.020
24 trans-2,trass-S- 789.0 798.6 —0.030 786.8 793.5 —0.030
25 cis-2,cis-5- 794.8 800.6 0.060 7913 796.7 0.069
26 trans-2 cis-6- 803.6 801.6 0.022 800.5 798.1 0.020
27 cis-2, trans-5- 793.8 201.7 0.015 791.1 798.3 0.020
28 cis-2,cis-6- 808.4 808.4 0.068 804.8 gLs 9070
29 1, trans-3- 773.1 815.4 0.050 770.5 811.1 0.059
30 1,cis-3- 7741 816.0 0.055 770.7 810.9 0.065
31 trans-3,cis-5- 7802 835.9 0.013 7716 831.1 0.025
32 cis-3,cis-5- 7812 8414 0.030 7718 836.6 0.035
33 trans-2,cis—4- 788.4 841 4 0.030 7858 836.6 G.040
34 trans-2,trans-4- 784.5 8433 0.040 7823 838.7 0.055
33 trans-3,trars-5- 7792 8433 0.040 7714 838.7 0.055
36 cis-2 trarns-4- 7893 846.3 0.023 786.6 8414 0.040
37 cis-2,cis—4- 7932 8519 0.045 7990.1 3169 0.060

to be identified. Because of its relative significance for diencs this cfiect was taken
into account in the identification by comparison of measured and published data.

Structural increment, H>?
From retention indices of structurally corresponding n-heptenes and n-octenes
measured on the SQ-1 and SQ-2 columns and the resulting structural increments
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(H®)5, retention indices of n-heptadienes and n-octadienes were calculated as shown
in the following eguations:

ISQ SQ . rFSQ
x~zlkene — Im-tlkme et Hn«n!kene
HSQ HSQ ySQ
realkeae (2) 4 Helaikene {6) = flx-dtene

H:?ﬂeae + Izs?llhne = Ius-Qdiene (= Ii?lc in Table I)

For dienes with isolated functional groups Schomburg and Dielmann® reported good
agreement between the experimental data and the values calculated on the basis of
incremental contributions to the H¥?values. This agreement diminishes with decreasing
distance between the functional groups. The conjugation causes a considerable and
characteristic increase in 52 (3040 i.u.)° compared with the corresponding alkenes
(conjugation effect). In a previous study on the analysis of n-hexadienes® we also
observed that the agreement between experimental and calculated retention indices
depends on the position of and the distance beiween the double bonds in the
molecules of isomers. This agreement decreases in the order 1,5-, 1,4-,-2,3-, 1,2-,
1,3-, 2,4-hexadienes. The largest difference was observed for cis-2,cis-4-hexadiene
(53 iu).

Values of retention indices of n-heptadienes and octadienes on SQ-1 and
SQ-2 columns calculated from retention indices of the corresponding alkenes also
measured on these columns are given in Table L. The differences between the calculated
retention indices appear to be 3 i.u. on average and are smaller for frans- and higher
for cis-dienc isomers. They are caused by the different polarities of the two squalane
columas.

For the SQ-2 columpn the calculated and experimental data are in good
agreement for dienes with more isolated double bonds. For 2,5-hepta- and -octadienes
the differences between the experimental and calculated values are larger (6 i.u. on
average). The interactions of the double bonds result in an increased retention index
for these types of dienes. As expected, this effect is considerably lower for 1.4-isomers:
for example, 1.5 iu. for I,cis-4-heptadiene, although the “distance” between the
double boads is the same as for 2,5-dienes. Compared with 1,cis-4-heptadiene the
difference for 1,frans-4-heptadiene is significantly higher (4 i.u.). Considering the fact
that the retention index of the latter is calculated from AHS? values of 1-heptene and
trans-3-heptene, this can be explained.

In a previous paper!! it was shown that in a graph of structural increments of
n-alkenes (HS?) versus the number of carbon atoms for the homologous series of frans-
3-alkenes, some anomaly was observed for frans-3-heptene. A similar anomaly was
observed for trans-4-octene in the homologous series of trans-4-alkenes. Their retention
indices are lower than expected from this relationship. A corresponding effect was
also observed for their boiling points. This effect was ascribed to a particular stereo-
specific ring arrangement of the frans-3-heptene molecule. This arrangement is not
possible for 1,frans-4-heptadiene. The discrepancy between the calculated and
measured retention indices for 1,frans-4-heptadiene is in good agreement with the
observed value of the anomaly effect with frans-3-heptene (about 3 i.u.).

For 1, trans-4-octadiene, however, the retention index is calculated from structus-
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al increments (H®?) of i-octene and anomalous frans-4-octene. In this instance there
is no significant discrepancy between the czlculated and measured data, because the
stereospecific arrangement responsible for the anomalous behaviour is also present
in the 1,frans-4-octadiene molecule:

c=C—C
<=
FARN
v £
‘¢c—C

For conjugated dienes the difference between measured and calulated retention indices
is considerably larger (3942 iu. for 1,3-hepta- and -octadicnes, 52-59 i.a. for 2,4
hepta- and -octadienes and 55-63 i.u. for 3,5-octadienes). For 2,4-heptadienes the
Iargest differences were found for frans-2,frans-4- and cis-2, trans-4-isomers. Both were
calculated from A2 values of anomalous frans-3-heptene. While this particular stereo-
specific ring arrangement is not possible for either of these heptadienes, in this in-
stance also the difference between calculated and measured retention data is
hizher. For conjugated octadienes the A2 values increased in the order, 1,3-, 2,4-,
3,5-isomers. Thus the effect of conjugation in 3,5- is greater than that in 2 4-isomers.

We could prove that the structural increment, H52, for the individual types of
dienes decreases characteristically with the number of carbon atoms in the molecule
in a magner similar to that for n-alkenes!!.

To permit the identification of the dienes in the dehydrogenation product
mixture the approach described before was used to predict the eluiion order and
retention indices of the compounds for which no reference data or standards are
available. The corrections for effects due to stereospecific arrangements, as discussed
above, were taken into zccount in this preliminary identification.

Ageing effect of squalane column

The measured retention indices on the two squalane columns (Table I) are
different owing to a difference in polarity caused by ageing of the SQ-1 column. This
ageing effect enables one to distinguish between different classes of hydrocarbons
(AT values are on average 2 i.u. for alkenes, 4 i.u. for n-dienes and 10 i.u. for alkyl-
benzenes). It is even possible to discriminate between different types of compounds
within a class of hydrocarbons. For instance, the A7 values of cis-n-alkenes are higher
than those of frans-isomers. For dienes with isolated double bonds mean AF values
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Fiz. 3. Separation of 1,frars-G-octadiene (1) and 1-octene (2) on SQ-1 and SQ-2 columns at 70°.
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of 3 i.u. are observed, while AJ values for conjugated dienes are significantly higher
(5 i.u.). The effect of ageing on the separation of the compounds in the mixture being
analysed is exemplified in Fig. 3 with l-octene ard 1,trans-6-octadiene, and in Fig. 4
with ethylbenzene and 2 4-octadienes. In this way the ageing of the columa can be
used either to confirm a preliminary identification or for group identification of the
compounds to be analysed.

1 |
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Fig. 4. Separation of ethylbenzene (1) from cis-2, frans-4-octadiene (2) and cis-2 cis-4-octadiene (3)
on SQ-1 and SQ-2 columas at 70°.

Temperature increments, dIjdT

In addition to n-dienes, cycloalkenes and alkynes are also present in the
dehydrogenation product mixtures. The similarity of their mass spectra is a serious
complication for structural elucidation by GC-MS.

The d#/dT values®.1%.12 which are significantly higher for cycloalkenes than for
dienes, can be used to distinguish between these classes of compounds. This is illustrat-
ed as an example in Fig. 5. At 50° the cycloalkene (1-ethylcyclopentene) is eluted
before the diene (cis-2,trans-4-heptadiene) on the SQ-1 column. At 70° these compounds
are not separated, while at 80° the elution order is reversed. Because d7/dT values of
n-hepta- and n-octadienes (ranging from —0.02 to 0.07 i.u./°C) are of the same order
as those of n-hepta- and n-octaalkynes (—0.07 to 0.00), these classes cannot be dis-
criminated in this way. However, n-alkynes with an internal triple bond (2-, 3-, 4-) have
characteristically higher negative values of df/d7T*3-*%, Data for non-linear hepta- and
octaalkynes are not available.

In a previous paper!! we discussed the relationship between dJ/dT values and
geometry and the position of the double bond for n-alkenes on squalane as the
stationary phase. It was shown that the existing correlations can be used to op-
timize the separation and can be applied for the identification of isomers. For dienes,
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Fig. 5. Separation of cis-2,zrans - heptadicne (1) and 1-cthylcyclopentene (2) on the SQ-1 column at
50°, 70° and 80°.

however, this type of correlation is less evident. For isolated dienes the dI/dT values
for cis-isomers are relatively high and larger than for the corresponding frans-
isomers®. For conjugated dienes this phenomenon cannot be observed. They have
relatively high d//dT values. For cis—trans alkenes, dI/dT depends on the symmetry
of the molecule. The asymmetric cis-isomers have larger df/dT values than the
corresponding symmetrical frans-isomers. Probably the efiect of symmetry of the
molecule on dI/dT plays a similar role for the conjugated dienes. For instance, the
dl/dT values of 2,4-heptadienes increase in the order trans-2,cis4-, cis-2 trans-4-,
cis-2, cis-4-, trans-2 trars-4-isomers.

Reaction of n-dienes with maleic anhydride

Identification of i,rrans-3- and trms—Z,trms%heptadxen&e was verified by
reaction with crystalline maleic anhydride by heating for 30 min at 50°. As demon-
strated in Fig. 6, only conjugated n-dienes in the frans-configuration take part in this
reaction?® 19,

Mass spectra

While the chromatograms in Fig. 1 and 2 were obtained afier repeated con-
centration of the dienes, GC-MS was carried out earlier on samples concentrated
only once by adsorption column chromatography on silica gel. The mixtures sub-
jected to GC-MS still contained alkenes in relatively high concentrations. Some
dienes were coeluted with and hence obscured by these compounds.

As mentioned before, only a few reference spectra of n-dienes are avazilable.
It might be expected that alkynes, cycloalkenes and branched alkadienes will yield
similar spectra. Moreover, as discussed below, the relationship between structure and
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Fig. 6. Chromatogram of conjugated n-heptadienes on the SQ-1 colump at 70°: (A) before reaction
with malefc anhydride and (B) after this reaction.

mass spectra of dienes is not evident. Owing to these circumstances, mass spectrom-
etry could not be used as a positive identification method. It was rather used as an
elimination method, mainly based on molecular weight determinations, to distinguish
dienes from alkenes and other hydrocarbons. The EI mass spectra of n-heptadienesand
n-octadienes are summarized in Yables II and III, respectively.

From these tables the following conclusions can be drawn. Within the groups
of r-heptadicnes and n-octadienes (except for those with cumulated double Gonds),
all positional isomers yield different spectra and hence can be identified on this basis.
The only exceptions are 2,4- and 3,5-octadienes, which give similar spectra that
cannot be distinguished.

Cis,trans-isomers are difficult, if not impossible, to distinguish on the basis of
their 70-eV EI mass spectra.
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TABLEIl

RELATIVE INTENSITIES (%) OF MAIN IONS (ABOVE m/e 50) IN THE EI MASS SPECTRA
OF r-HEPTADIENES

mfe Peak No. (Fig. I) *

I 2 3 PR 6 7t 8t 112 14%¢
9¢ 2 24 20 3 53 52 42 51 53
82 2 6 7 2 10 7 3 9 9
81 32 68 59 30 100 100 38 100 100
80 1 4 4 1 8 7 2 7 8
79 2 31 2 5 52 45 16 39 2
78 — 4 4 1 2 2 2 2 4
77 2 10 9 2 12 12 8 1 13
69 1 1 4 - 5 2 2 2 1
68 23 11 15 5 10 10 10 8 10
67 49 63 65 18 36 39 56 25 28
66 4 6 7 3 6 7 6 6 7
& 2 18 15 2 10 15 17 12 11
56 4 8 8 9 12 6 3 2 4
55 75 59 43 100 52 4 27 24 27
54 100 100 100 16 27 45 100 27 30
53 25 38 46 18 54 47 22 37 40
52 3 10 7 3 6 7 5 6 6
51 7 10 11 4 7 6 6 8 9

* For ideatification, see Table I.
** ¢f., Reference spectrum MSDC 4364%°.
*** 1,cis-3-Heptadiene was obscured by trans-3-heptene.
¥ cis-2 cis-5- and 1,cis-3-heptadiene were not separated; spectra omitted.
1% trans-2 cis-4- and trans-2, trans-4-heptadiene were not separated. ¢is-2, trans-4-Heptadiene was
eluted under ethylcyclopentene-1. A reference spectrum of 2.4-heptadiene was present in our
unputlished file.

The stability of the molecular ions is roughly inversely proporiional to the
distance between the double bonds. Conjugated z-heptadienes (1,3- and 2,4-) and
n-octadienes (2,4- and 3,5-) give abundant molecular ions (42-67 %), whereas strongly
isolated double bonds (1,5-, 1,6- and 1,7-) cause weak molecular ions (1-8 %).

Some fragmentation pathways can be formulated by the concept of charge
localization, followed by B-fissions (allylic cleavages) or McLafferty rearrangements.
Simple f-cleavages give rise to the base peaks in the spectra of, e.g., 1,5-hepiadiene
and 2,6-octadiene (m/e 55), and 2,4-heptadiene and 3,5-octadiene (m/e 81). McLafferty
rearrangements expiain the base peaks in the spectra of, e.g., 1,6-heptadiene (mfe
54) and 1,6-octadiene (m/e 68):

In most instances, however, the interpretation of the spectra is more complicated.
For instance, the genesis of the base peaks at m/e 54 from 1,3-heptadiene or 1,7-
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TABLE I , -
RELATIVE INTENSITIES (%) OF MAIN IONS (ABOVE mje 50} IN THE EI MASS SPECTRA
OF a-OCTADIENES
mje Peak No. (Fig. 2}*

I5** 167" 19 I7[I8% 2[%% 22%1% 27%%% 28388 23t 20tt 30t 31 32(3311t 32/35<36 37

i10 1 [ 6 8 2 5 g i3 30 34 2¢ 67 58 52 58 45
95 11 12 9 7 12 1t 13 31 23 5 5 4 2 26 17 16
82 40 14 i1s 4 15 3 4 5 6 5§ 7 9 9 8 8 17
81 32 40 24 32 48 20 33 60 7 27 27 100 100 100 100 100
80 i 3 4 3 2 2 4 2 7 2 3 11 8 8 6 8
9 3 12 18 17 is 5 11 i1 32 15 14 43 45 39 49 50
78 1 2 4 — — 1 1 2 2 1 2 6 4 4 2 3
7 — 12 6 8 3 3 5 6 13 7 8§ 21 18 16 18 12
69 18 100 © 28 40 2 3 3 5 8 8 10 7 7 7 8
68 36 22 24 27 100 6 i8 14 63 26 23 88 175 73 81 84
67 85 53 39 100 76 8 20 25 64 86 I00 93 57 60 S1 S8
6 6 9 6 10 6 1 2 3 6 8 8 7 il 8 10 9
& 4 — g 9 2 2 3 7 8 17 13 15 10 i1 12 9
56 8 — 25 — 3 11 il i1 8 7 5 6 3 3 3 2
55 35 18 100 40 70 100 100 100 100 21 19 60 27 32 26 30
54 100 21 33 36 80 10 11 i1 13100 8 13 11 9 11 11
53 2 21 27 28 38 10 17 18 38 16 13 49 48 27 48 52
52 3 — 9 4 2 -— 1 3 9 8 3 6 S 7 6 6
51 s — 2 10 5 1 3 5 — 3 5 8 5 6 7 6

* For identification, see Table 1.
** of., Reference spectra API 236m and ASTM 1897,
*** See text.

' 1,cis-5- and 1,frans-5-octadiene were not sepamted.
¥ of  Reference spectrum ASTM 1896™. 1, trans-6-octadiene was obscured by 1-octene.

1 of  Reference spectrum ASTM 1895%°, which matches best with the spectrum of frans-2,
trans-6-octadiene. trans-2,cis-6- and cis-2,trans-5-octadienc were poorly separated. However, the
former appears to be the main compound (compare with the spectra of frans-2 trans-6- and cis-2,
cis-g-octadiene on the one hand, and frans-2,cis-S-octadiene on the other).

t trans-2, trans-5- and ¢is-2,cis-5-octadiene were obscured by frans-2-octene; the latter also by
n-octane. cis-2frans-3-octadiene was obscured by frans-2.cis-6-octadiene (see 19¥§),
tt A reference specttum of 1,3-octadiene was present in our unpublished file.

11t cis-3,cis-5- and trars-2,cis-4-octadicne were not separated, but have similar spectra (compare

with spectra of peak numbers 31 vs. 36 and 37).
® trans-3,trans-5-octadiene was not scparated from frans-2,frans-4-octadiene (see also t11),

octadiene through McLafferty rearrangemenis, or the loss of 2 methyl radical from
1,6-heptadiene (m/e 81, 329) through B-fission, cannot be explained in this way. The
formation of these ions must involve double bond migration, often to the conjugated
position, followed by zallylic cleavage or rearrangement reactions'’.

The mass spectrum of peak 16 (Fig. 2, Table III) needs further comment.
Because this spectrum differs considerably from all other spectra in Table HI, peak 16
was originally rejected as being an octadiene. However, there is reasonable proof that
peak 16 represents 1,frans-4-octadiene. The results of the FIA method, by which
n-alkadienes are concentrated compared with n-alkenes and cycloalkenes, support this
assignment. Morcover, other hydrocarbons with a molecuiar weight of 110 having
F2 values between 750 and 790 are not found in the literature.
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If peak 16 is indeed properiy assigned, it is tempting to relate its spectrum,
which differs distinctly from the mass spectrum of 1,cis-4-octadiene, to its anomalous
chromatographic behaviour. Keeping in mind the proposed stereospecific arrangement
of 1,trans-4-octadiene, as a rationale for the observed chromatographic anomaly, one
might tentatively postulate the rearrangement of its moiecular ion to the allylcyclo-
pentane ion uader 70V EI conditions. This intermediate (which cannot be formed
1n the case of 1,cis4-octadiecue) can easily fragment to produce the cyclopentyl icn,
which is the base peak in the spectrum of peak 16:

OFf O -0

mfe 63

The spectrum of peak 16 indeed shows close similarities to the spectrum of
allylcyclopentane (API 1988)%. (153 for allylcyclopentane is unknown, but is expected
to be above 800; for propylcyclopentane I3 — 834). Exciting as this speculation
might be, scveral objections can be made. Firstly, the mass spectra of cis-2-hexene
(API 406) .and anomalous #rans-2-hexene (API 99) are very similar and completely
different from that of methylcyclopentane (API 117)'°. Secondly, while the mass
spectra of cis-3-heptene and cis-4-octene were not found in the literature, the spectra
of anomalous trans-3-heptene (API 931) and trans4-octene (API 129) are again com-
pletely difierent from those of ethylcyclopentane (API 184) and propylcyclopentane
(API 199), respectively!®. In conclusion, the best guess seems to be that peak 16 is
actually composed of a mixture of 1,trans-4-octadiene and an unknown compound.
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