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(M —-92)/(M —106) Ions in the Mass Spectra of Carotenoids
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Steric factors are shown to allow rationalisation
of hitherto unexplained variations of the ratio
(R) of the (M —92)/(M—106) ions in the mass
spectra of Cg-carotenoids. It is suggested that
this ratio may be used to provide information
about the position of the extra prenyl groups
relative to the chromophoric system in acyclic
C;,-carotenoids.

Characteristic ions at M —92 and M — 106 mass
units are observed in the mass spectra of
virtually all carotenoids.!-* These ions are
attributed to species where six consecutive
carbon atoms of the conjugated chain and the
substituents carried by these atoms have been
extruded. The mechanism shown in Scheme 1
has been proposed for the formation of both
M—92 and M — 106 mass unit species and may
be applied to their genesis by either direct
electron bombardment or through the inter-
mediacy of prior thermal decomposition.*
The values obtained for the intensity ratio
(R) of the (M — 92)/(M — 106) ions can be related

* Part 11, Acta Chem. Scand. 27 (1973) 2321.

to the chromophoric system present in most
cases.»® In particular, in the case of C,-
carotenoids lacking substituents directly con-
jugated to the acyclic chromophore, the R-
values found decrease as the number of double
bonds in the acyclic chromophore (DB) in-
creases from 9 to 13; representative examples
and the observed limits for R are cited in
Scheme 2.2 The R-values found when carbonyl
or aromatic functions are directly conjugated
to the acyclic chromophore vary from those
found in the above case, but may be rationalised
in terms of the type of substitution present.®
The ratio R may thus be used to obtain informa-
tion about the chromophore of C,,-carotenoids.

RESULTS AND DISCUSSION

The R-values found with Cg,- and Cgy-
carotenoids are often markedly different from
those obtained with C,,-carotenoids having the
same chromophore.” Consideration of work ® on
the responsibility of steric factors, particularly
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Scheme 1. Proposed mechanism for the formation of M —92 and M — 106 mass unit species found

in the mass spectra of carotenoids.®®
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TYPE EXAMPLE R DB

BICYCLIC
NONAENE w 15910 9

MONOCYCLIC
DECAENE A XD N 0.44-1.0 10
HO
ACYCLIC
UNDECAENE ™ RN 0.26-0.36 1
ACYCLIC MeO
DODECAENE S S IR 0.057-0.068 12

OH

ACYCLIC MeO
TRIDECAENE WMNK/WWOM 0.018-0029 13
e

Scheme 2. Range of values for the intensity ratio (R) of the (M —92)/(M — 106) ions in the mass
spectra of C,,-carotenoids having various numbers of double bonds (DB) in the acyclic chromo-
phore. A typical example of each structural type is shown.?

end group bulk (see Fig. 1), for variations in
this intensity ratio in the case of C,,-carotenoids
suggested that steric effects might also be of
decisive importance in the present case.

The end groups found in carotenoids with

CAROTENOID

N S S T e e e e P \CHZOR'
ROCH;

7,

R CH2
ROCHZ\ EH\R,\ IR N
2

supernumerary carbon atoms may be cate-
gorised according to whether the additional
prenyl unit is immediately adjacent to the
acyclic chromophore or not. Those compounds
(1—10) shown in Scheme 3 have only end

R Ret

R+R™=H+H 227 9
R+R™=Ac *Ac 7.35 9
R+R'=Ac+G 7.35 10
R+R=G+G 7.15 10

B K 1N -

R=H R*R=H+OH 1.84 1
R=Ac R*R%H+OAc 1.68 1

I

+R’=H+0Ac

o, R
RCH , TR0 e on
RCHZ S I ~y” CHoR ReR'~ HOAd
8 1.79 12

CHoR’

RYR% H+0Cd

HOCH,
HOCH%WW*:Q\/\;/ 9 288 13

HO

NN R

)
1 0.22 134
OH

Ac = CH3CO G = Peracetylglucopyranosyl
Ad = CD5CO Gd= Per(dy-acetyl) glucopyranosy!

Scheme 3. Observed values for the intensity ratio (R) for Cg,-carotenoids showing R-values similar
to those found in C,,-carotenoids. The compounds I-—9 have nine double bonds in the acyclic
chromophore (DB =9), while the compound 10 has DB=11.
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Fig. 1. Steric conflict in the cyclisation process
required to provide M — 106 mass unit species
by rearrangement of the terminal double bond
of the acyclic chromophore in the presence of
(4) cyclic end groups,® and (B) acyclic end
groups carrying an additional prenyl group.

groups belonging to the latter category and all
show values *-** of the ratio (R) close to those
found with C,,-carotenoids having the same DB-
values, ¢f. Scheme 2. The R-values are thus
normal and in agreement with the structural
classification of these compounds (I—10) as
remotely-substituted C,,-carotenoids.

The compounds 11— 18, shown in Scheme 4,
all contain at least one end group where the

CAROTENOID

A R

17 R=H, R=Peracetylhexopyranosyl
OH 18 R=R'=Peracetylhexopyranosyl

extra prenyl group is carried by the carbon
atom immediately adjacent to the terminus of
the conjugated chain. Before examining the ob-
served R-values %13~ for these compounds it
should be noted that the position of the methyl
groups carried by the conjugated chain is
known to be critical in determining these
values.’'® The compounds 17 and 127 are
thus not directly comparable to the usual C,,-
carotenoid undecaenes which have symmetric
chromophoric systems carrying six methyl
groups, and must be compared with monoecyclic
undecaenes carrying five methyl groups on the
aliphatic polyene chain. Available data *!® for
monocyeclic C,-carotenoids with DB=11 are
compiled in Scheme 5 with R-values (0.052—
0.081) considerably lower than for the acyclic
undecaenes (0.26 —0.36).

Examination of the R-values %13-1% for the
compounds 11— 18 reveals that in all cases the
observed values are considerably higher than

o]:] R RA RB Ref.

0.052-0.08! 0.44~1.0 713

12 1" 023 0.052-0.081 0.44-1.0 7,13
13 12 0.25 0.057-0.068  0.26—-036 7,13
1% 13 on 0.018-0029  0.26-0.36 7,13
15 13 0.23 0018-0.029 0.26-0.36 1,5
16 13 0.25 0018—-0.029 0.26-0.36 7,1
17 3 0.30 0.018-0029 0.26-0.36 15

18 3 0.26 0.018—-0029  0.26-0.36 15

Scheme 4. R-values for C,; and Cy,-carotenoids having at least one acyclic end group with a sterically
hindered double bond (s). DB indicates the length of the acyclic chromophore and RA the range
of R-values found in C,-carotenoids having this chromophoric system. RB gives the range of
values expected for the ratio (R) in compounds lacking the sterically hindered double bond(s).
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UNDECAENE R Ref.

SRV E VOV VS 2 5 0 1 ORh R=H 0.065 17

R R=0H 0.081 17
Rh = Peracetylrhamnopyranosyl

HO

Gl = Peracetylglucopyranosyl

R OH 0.057™" 18

[ Average Value]

Scheme 5. R-values for some monocyelic carotenoid undecaenes (DB=11). The R-value for the

diol was redetermined for this investigation.

those found for C,,-carotenoids with the same
chromophore. Thus, the formation of the
M — 106 species is less favourable than would be
expected by analogy with C,,-carotenoids with
the same chromophoric system.

The critical factor in extrusion reactions
leading to M — 92 and M — 106 mass unit species
is believed to be the initial new bond forma-
tion.® Where the C-2 carbon atom in an acyclic
end group carries an extra prenyl group, as
with the compounds in Scheme 4, the approach
of C-3 and C-10 will be more difficult than in the
absence of such substituents. The extrusion
modes at more distant sites would be little af-
fected. Thus, the only mode affected by this
cause of steric hindrance is one leading to an
M — 106 mass unit species and this steric factor
may thus be applied to explain the observation
that the R-values for the compounds 11— 18 are
only slightly lower than those expected for C,,-
carotenoids lacking the 3,4-double bond. The
somewhat lower values may in fact be the re-
sult of the higher temperatures needed for
volatilisation of Cy and Cg,-carotenoids as com-
pared with those for the C,-compounds: the
contribution of thermal genesis is less for the
M — 92 than for the M — 106 mass unit species.!®

The above argument allows rationalisation of
the recorded R-values for carotenoids with
extra prenyl groups. It should thus be possible
to use R-values for acyclic carotenoids with
extra prenyl groups to indicate the position of
these extra groups relative to the chromophore.
The R-values used in this study were obtained
from spectra previously published or recorded
during previous work on C,; and Cg-caro-
tenoids.”»*-1
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EXPERIMENTAL

The spectra of the C,, and Cg-carotenoids
were recorded on an AEI MS 902 mass spectrom-
eter using the direct insertion probe. All spectra
were recorded at 70 eV, 4 or 8 KV, and with
the ion source at the minimum temperature
required to achieve volatilisation (190 —290 C).
The time elapsing between insertion of the
probe into the ion source and recording of the
spectra was kept to a minimum in order to
reduce thermal decomposition as much as
possible.
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