The syntheses of CsCH, — and the corresponding car benoid cumulene C¢CH>,

in the gas phase
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The ion (C¢CH,) — is formed in the gas phase by the process
—C=C-C=C-C=C-CH,OEt — (C¢CH,)— + EtO, and
charge stripping of the product radical anion yields the
carbenoid neutral C4CH,; this can be either a singlet (the
ground state), which is best represented as the carbene
:C=C=C=C=C=C=CHy,, or a triplet; the adiabatic electron
affinity and the dipole moment of the carbenoid neutral are
calculated to be 2.82 eV and 7.33 D respectively.

Small cumulenes have been detected in circumstellar gas and
dust envelopes which surround red giant stars, in particular, the
bright carbon-rich star IRC-10216.2-3 These include C,, (n = 3
and5), C,H (n = 2-8) and C,H; (n = 2—4 and 6), with neutrals
where n is even generally being more abundant than those
where n is odd.1-5 The high electron affinities of these neutrals
suggests the possibility that the corresponding anions may co-
occur with the neutrals in circumstellar envel opes.5-8 We have
reported the syntheses of anumber of these anionsin the source
of aVG ZAB 2HF mass spectrometer [e.g. CsH—8 and three
isomers of CsHy—9] and have used collision-induced charge
stripping of the anionsto effect the syntheses of the appropriate
neutrals.® Both CsCH, and CsCH have already been detected in
circumstellar envelopes,3 and it has been suggested that CsCH»
should also be present,1© and that it should be an excellent
candidate for detection because of its large dipole moment
[calculated to be 7.33 D (Table 1)].5 The proposed pathwaysvia
which such hydrocarbons can form in the interstellar environ-
ment have been reviewed.11

We describe the synthesis and structures of both (CsCHy)—
and the corresponding carbenoid cumulene neutral.

The radical anion of CsCH, was synthesised in the source of
the ZAB 2HF mass spectrometer as summarised in sequence
(2). The reaction between HO— and DCgCH,OEtt yields the

HO~ + DC=C(C=C),CH,OEt
i (1)

HOD + ~C=C—C=C—C=C—CH,0Et — (C4CH,)~ + EtO’

anion —CgCH,OEt which undergoes facile loss of EtO- toyield
(CeCHy)'—. Source formed (CgCH,)'— ions are then fired
through a collision cell containing O, (at 2 x 10-7 Torr; 1
Torr = ca. 133 Pa) to produce a beam of neutral CsCH, which
then proceedsinto asecond collison containing O, (at 2 X 10—7
Torr) which effects ionisation of the neutral to form a
decomposing CsCH, radical cation. The resultant neutralisation
reionisation spectrum of (CgCHo)— (~NR*)16 is shown in
Fig. 1. The observation of a pronounced recovery signal (at m/z
86) in the spectrum indicates that the neutral has alifetime of at
least 106 s, and the similarities between the “NR* spectrum
and the corresponding charge reversal (CR) spectrum of
CosCHy— (listed inthe captionto Fig. 1) suggeststhat the neutral
formed has the same connectivity as the radical anion.1”

Ab initio calculations for both the neutral and radical anion
were carried out at the RCCSD(T)/aug-cc-VDZ//B3LY P/
6-31G* level of theory using GAUSSIAN941° and MOLPRO
96.4.20 Detailsare summarised in Table 1. Theradical anionand
both the singlet and triplet neutrals are best represented as
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Fig. 1 Neutralisation reionisation (—NR*) mass spectrum of CsCH,—. VG
ZAB 2HF mass spectrometer. O, in both collision cells (measured pressure
outside cells = 2 X 10-7 Torr). CR spectrum of CgCH,— (O in the first
collision cell, measured pressure outside cell —2 X 10—7 Torr) as follows
[m/z (relative abundance)]: 86(49%), 85(88), 84(100), 74(4), 73(57),
72(13), 62(3), 61(43), 60(29), 50(3), 49(19), 48(9), 37(15), 36(9), 25(1),
24(0.5).

Table 1 Ab initio calculations for anions and neutrals

H8
C17C27C3’C4’C5’C6’C7 ‘
\H 9
Neutral Neutral
Anion (singlet) (triplet)
State (2B4) (*A1) (A2)
Symmetry 2v 2v 2v
Energy (hartrees)a —266.969928 —266.866186 —266.833462
Rel. energy
(kd mol—1) 0 272 358
Adiabatic electron
affinity (eV) 2.82
Dipole moment
(Debye) 8.10 7.33 6.40
Bond length (A)P
cicz 1.272 1.289 1.301
czcs 1334 1.301 1.301
C3c4 1.256 1.270 1.274
CACs 1.323 1.293 1.297
CsCs 1.261 1271 1272
CsC7 1.345 1.320 1.329
C7H8 1.090 1.090 1.089
C7He 1.090 1.090 1.089
Bond angles (°)P
Cic2Cse 180.0 180.0 180.0
C8C7H8 121.98 12161 121.16
CEH7H?® 121.98 12161 121.16
H8C7H® 116.04 116.78 117.67
C8C7H8H?® 180.0 180.0 180.0

aRCCSD(T)/aug-cc-p VDZ level of theory including zero point vibrational
energy [calculated from vibrational frequencies at the B3LY P/6-31G* level
of theory, and scaled by 0.9804 (ref. 18)]. » B3LY P/6-31G* level of theory.
¢ All other angles along the carbon skeleton are also 180.0°.
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simple linear cumulenes. The ground state of neutral CsCH,
corresponds to the singlet carbenoid  cumulene
:C=C=C=C=C=C=CH,, (cf. ref. 21) which has a calculated
dipole moment of 7.33 D. The adiabatic electron affinity of this
neutral is estimated to be 2.82 eV; thus we propose that
CsCHy'— aswell asthe corresponding neutral may be present in
the circumstellar environment.
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