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Figure 1. Collisional activation mass spectra of the acetic acid enolate
anion and of the acetate anion,

question can be answered by a consideration of the collisional
activation (CA) and charge reversal (CR)!? mass spectra of I and
II determined in a conventional mass spectrometer. Thus ions
I and IT were formed in the chemical ionization source of a ZAB
2HF mass spectrometer.!*'¢ The CR spectral’ are quite different,
emphasizing the initial difference in structure of the two anions.
For example, I shows major peaks corresponding to CH,** and
HCO,*, while II correspondingly yields CH;* and CO,*t. The
CA mass spectra of the two anions are shown in Figure 1. The
major fragmentation of I yields m/z 41 (eq 6), while II forms

(14) We have calculated (6-311++G) that CH,CO~ (DePuy, C. H,;
Bierbaum, V. M.; Damrauer, R.; Soderquist, J. A. J. Am. Chem. Soc. 1985,
107, 3385) should convert by 1,2 H transfer to the acetaldehyde enolate ion
over a barrier of 56 kcal mol™! (Downard, K. M.; Sheldon, J. C.; Bowie, J.
H. Int. J. Mass Spectrom. Ion Proc. 1988, 86, 217). In practice this does not
occur because of the availability of a more facile decomposition channel
(CH;CO™ — CH;™ + CO). Although we have not carried out the appropriate
calculation, conversion of I — II should be a more likely process since the
barrier for the 1,3 H* transfer should be lower than that for a 1,2 H transfer.

(15) V.G. Analytical Ltd., Wythenshawe, Manchester, M23 9LE, U.K.,
Model ZAB 2HF; helium collision gas, single collision conditions—for full
experimental details of operation of the instrument, see: Stringer, M. B;
Bowie, J. H.; Holmes, J. L. J. Am. Chem. Soc. 1986, 108, 3888.

(16) Ions I and IT were formed by the following reactions in the ZAB 2HF:
CH;0(CH;ONO) + (CH;);SiCH,CO,H — 1 + (CH;);SiOCH; and
CH;0°(CH;0NO) + (CH3);SiOCOCH, — II + (CH,);SiOCH;,.

(17) CR (positive ion) mass spectra—m/z (abundance): I, 45 (65), 44
(18), 42 (100), 41 (22), 31 (23), 29 (49), 28 (21), 17 (5), 15 (4), 14 (26), 13
(6), 12 (4); I1, 45 (27), 44 (100), 43 (36), 42 (46), 41 (18), 31 (4), 29 (28),
28 (30), 16 (1), 15 (31), 14 (18), 13 (3), 12 (1).

I — [HO(CH,CO)] — HC=CO" + H,0 (6)

CH;" and eliminates H* to yield *CH,CO," (m/z 58). There is
a minor formation of CH;™ from “I”, and this together with the
formation of m/z 41 from “II” 1% indicates that the acetic acid
enolate anion and the acetate anion are interconvertible under
conditions of collisional activation.
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(18) The conversion of a carboxylate anion by 1,3 H* transfer to the
enolate anion prior to fragmentation is a standard reaction of alkyl carboxylate
anions, see: Stringer, M. B.; Bowie, J. H.; Eichinger, P. C. H,; Currie, G. J.
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We wish to report that the hydroxide-induced deprotonation
of acetic acid proceeds in the gas phase to give significant amounts
of the carboxylate and enolate ions (eq 1).! The enolate anion

i
o) CH3—C-—0" + H0 (1a)
HO™ + CH3—C-—OH o-

H,C=—C—O0H + H,0 (1b)

of acetic acid is found to undergo no significant unimolecular
isomerization, to display a chemical reactivity distinctive from
that of the isomeric carboxylate, and to have a gas-phase basicity
20 kcal mol™! greater than that of the isomeric acetate [AG® ¢4
(CH;COOH)? = 341.5 £ 1.9 kcal mol™!; AG®, 4 (CH;COOH)
= 361.2 = 3 kcal mol™'].

During our consideration of the detailed mechanism by which
thermally equilibrated gas-phase anion-molecule reactions take
place, the question was raised as to the selectivity exhibited in
anion-induced proton-transfer reactions when the donor molecule
contains protons of differing acidities. Lack of selectivity in proton
transfers for positive ion systems has been exploited in determining
differences in heats of formation of various reactive intermediates
of organic chemistry.®> However, kinetic versus thermodynamic
control for proton-transfer reactions remains relatively unexplored
in negative ion systems.* The test system we examine here is

(1) O’Hair, R. A. J; Gronert, S.; DePuy, C. H.; Bowie, J. H. J. Am. Chem.
Soc. 1989, preceding paper in this issue.

(2) Lias, S. G.; Bartmess, J. E,; Liebman, J. F.; Holmes, J. L.; Levin, R.
D.; Mallard, W. G. J. Phys. Chem. Ref. Data 1988, 17, Supplement No. 1.

(3) (a) Ellenberger, M. R.; Eades, R. A.; Thomsen, M. W; Farneth, W.
E.; Dixon, D. A. J. Am. Chem. Soc. 1979, 101, 7151-7154. (b) Pollack, S.
K.; Hehre, W. 1. J. Am. Chem. Soc. 1977, 99, 4845-4846. (c) Pau, C. F,;
Hehre, W. J. J. Phys. Chem. 1982, 86, 321-322. (d) Pau, C. F.; Hehre, W.
3. J. Phys. Chem. 1982, 86, 1252-1253, (e) Pau, C. F,; Pietro, W. J,; Hehre,
W. 1. J. Am. Chem. Soc. 1983, 105, 16-18. (f) Shin, S. K.; Irikura, K. K ;
Beauchamp, J. L.; Goddard, [1I, W. A. J. Am. Chem. Soc. 1988, 110, 24-30.
(The experimental results in ref f have recently been challenged: Grev, R.
S.; Scuseria, G. E.; Scheiner, A. C.; Schaefer, H. F., [II; Gordon, M. S. /.
Am. Chem. Soc. 1988, 110, 7337-7339).

(4) (a) Stewart, J. H.; Shapiro, R. H.; DePuy, C. H.; Bierbaum, V. M. J.
Am. Chem. Soc. 1977, 99, 7650-7653. (b) Ingemann, S.; Nibbering, N. M.
M. Can. J. Chem. 1984, 62, 2273-2281. (c) Bartmess, J. E.; Kiplinger, J.
P.J. Org. Chem. 1986, 51, 2173-2176. (d) Damrauer, R.; Kass, S. R.; DePuy,
C. H. Organometallics 1988, 7, 637-640.
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4 Kinetic scheme that describes the reactions that occur when one allows HO" to react with CD;COOH in a flowing afterglow at 300 K and in a
0.30 Torr helium bath gas. The reaction exoergicities are in units of kcal mol™ and are based upon acidities cited in the text and solvation energies

obtained from ref 14.

hydroxide ion [AG®, 4 (H,0) = 384.1 + 0.3 kcal mol™']? with
acetic acid, in which both proton transfers are considerably ex-
oergic, but wherein one proton resides on oxygen and the others
on carbon.

In qualitative flowing afterglow experiments,® anhydrous HO"
is observed to form both (M—-H)~ and (M-D)" in good yield, from
either CH;COOD or CD,;COOH.® Also evident in the qualitative
experiments is fast, acetic acid-catalyzed isomerization of the
enolate ion to acetate ion as well as (presumably) termolecular
formation of the acetate—acetic acid cluster ion.” Reactivity
studies of the enolate anion of acetic acid were carried out under
conditions in which both enolate and acetate ions were present.
Authentic generation of the acetate ion (by dissociative electron
attachment to acetic anhydride) and studies of its chemical re-
activity, in combination with studies on the above mixture, allowed
us to dissect the reactivity due to the enolate ion.

Thus, we find that the enolate anion reacts with dimethyl
disulfide® as shown in eq 2, while the acetate anion, under identical

o
HpC=C—O0H + CH3SSCHs —= CH3S—CHy—C—0" +
HSCH3 (2)

conditions, yields only the cluster ion CH,CO, (CH;SSCH;).
Other chemical reagents that we have used to differentiate between
the isomeric enolate and acetate ions include isoamyl nitrite® (the
enolate anion gives ONCH,CO,™ while acetate does not) and
ethanol-O-D (the enolate anion forms C,DH,0, while acetate
anion does not incorporate any deuterium). Bracketing studies
indicate that the enolate anion will abstract a proton from aniline
[AG®,;«(PhNH,) = 359.0 £ 1.9 kcal mol™]? or any stronger acid
(but not any weaker acid), while (M—-H)"~ is observed from
CH;COOD with benzyl alkoxide ion [AG®,(PhCH,OH) =
363.3 £ 1.9 kcal mol™']? and most stronger bases (but not for any
weaker bases).

Complete kinetic studies are necessary to determine the yields
of enolate and acetate ions from the proton abstraction by hy-
droxide from acetic acid because of rapid acid-catalyzed isom-
erization.!® A further complication, but of little consequence in
uniquely determining the initial product distribution, in the 0.30

(5) (a) Grabowski, J. J.; Melly, S. V. Int. J. Mass Spectrom. Ion Proc.
1987, 81, 147-164. (b) Graul, S. T.; Squires, R. R. Mass Spectrom. Rev.
1988, 7, 263-358.

(6) CID studies on acetate ion in Professor Squires triple quadrupole
flowing afterglow have also implicated enolate ion formation for proton ab-
straction from acetic acid. Graul, S. T.; Squires, R. R. J. 4m. Chem. Soc.,
in press.

(7) Bohme, D. K.; Raksit, A. B. J. Am. Chem. Soc. 1984, 106, 3447-3452.

(8) Grabowski, J. J.; Zhang, L. J. Am. Chem. Soc. 1989, 111, 1193-1203.

(9) (a) Klass, G.; Bowie, J. H. Aust. J. Chem. 1980, 33, 2271-2275. (b)
Noest, A. J.; Nibbering, N. M. M. 4dv. Mass Spectrom. 1980, 8, 227-237.
(c) King, G. K.; Maricq, M. M.; Bierbaum, V. M.; DePuy, C. H. J. Am.
Chem. Soc. 1981, 103, 7133-7140.

(10) The lack of enolate ion formation noted in the reaction between HO"
and Et;CHCO,D may in fact be due to complete removal of the enolate, by
acid-catalyzed isomerization, prior to probing the reaction mixture. Stringer,
M. B,; Bowie, J. H.; Eichinger, P. C. H.; Currie, G. J. J. Chem. Soc., Perkin
Trans. 11 1987, 385-390.

Table I. Quantitative Results for Enolate versus Acetate Formation
in Proton Abstraction from Acetic Acid by Hydroxide and Fluoride
Ions

B- + CL,—C(=0)—OL’ ken/ Ko e
HO- + CH,—C(=0)—0D 50:50 4
HO" + CD,;—C(=0)—OH 60:40 2
F + CH;—C(=0)—0D 18:82 2
F- + CD;—C(=0)—OH 24:76 2

4The number of independent experiments which were averaged to
give the reported branching ratio.

Torr (helium) environment of the FA is acetic acid cluster ion
formation. The results of our quantitative studies, analyzed ac-
cording to the kinetic scheme of the type shown, are collected in
Table I. We expect that the yield of (M—D)™ for the CH;COOD
reactions reflects not only acetate ion but also a small amount
of enolate ion formed from acetic acid that has suffered deuterium
loss via H/D exchange on the walls of the apparatus.!' The results
for CD,;COOH are a more accurate representation of the ab-
straction process; for hydroxide 60% of the abstraction occurs from
the carbon and 40% from the oxygen. Even fluoride [AG®,q(HF)
= 365.7 £ 0.5 kcal mol!)? gives appreciable amounts of the
enolate anion (24%) upon interaction with acetic acid.

While neither hydroxide nor fluoride show a statistical proton
abstraction result, both demonstrate that competition among
available exoergic proton-transfer channels is fierce (i.e., both
observed!). A number of control experiments together with those
experiments reported above allows us to discount unimolecular
isomerization (300 K) and to eliminate acetic acid dimers as being
active participants in the helium rich reaction environment. The
absence of multiple H/D transfers within one ion—dipole collision
complex is demonstrated by the lack of formation of m/z 61 ion
(e.g., HCD,COO") in the deuteron abstraction process between
HO" and CD,COOD.!? Other preliminary experiments indicate
that a variety of carboxylic acids (propionic, isobutyric, and phenyl
acetic acids) display the same lack of selectivity. With acetic acid,
a large number of bases (amide, phenide, methoxide, ethoxide,
benzyl alkoxide, in addition to hydroxide and fluoride) show both
proton abstraction processes. The conjugate base of acetonitrile
[AG°,(CH,CN) = 365.2 £ 1.9 kcal mol™]? and propene
[AG®,o(CH,=CH—CH,) = 384.1 £ 1.9 kcal mol™']? are the
only bases that we have examined which do not remove a car-
bon-bound proton from acetic acid, even though such reactions
are exoergic. Further investigations into this and various other
aspects of these competitive proton transfers are in progress in
order to understand why CH and OH abstractions are competitive
in spite of long-held beliefs which predict that OH (good hydrogen
bonding site and an oxygen acid) should be much faster than CH.!3

(11) For example, the tert-butyl cation undergoes moderately fast H/D
exchange with ethanol. Examination of the tert-butyl-d, cation with etha-
nol-O-D revealed a trace of some H-for-D replacement, a process indicative
of a minor amount of hydrogen in the ethanol. Cheng, X.; Grabowski, J. J.,
unpublished results.

(12) Squires, R. R.; Bierbaum, V. M.; Grabowski, J. J.; DePuy, C. H. J.
Am. Chem. Soc. 1983, 105, 5185-5192.
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Since the discovery of the high conductivity of its chloride salt,!
tetrathiafulvalene (TTF) and all its derivatives have become the
most investigated donors for the generation of organic metals and
superconductors. In the TTF family, the organic metallic state
can be achieved with the unsubstituted and variously substituted
sulfur, s* enium, and tellurium heterocycles but the supercon-
ducting - ate can, so far, be achieved only with derivatives akin
to tetramethyltetraselenafulvalene and bis(ethylenedithio)tetra-
thiafulvalene (BEDT-TTF, a.k.a. “ET”).2 The highest recorded
superconducting transition temperature for an organic super-
conductor is T, = 11.2 K3 for (BEDT-TTF-d;),Cu(NCS),, pre-
viously reported by Saito’s group® as T, = 10.4 K for the protio
sample. While these temperatures are considerably lower than
those of the inorganic ceramic, copper oxide based, supercon-
ductors (125 K),” the rate at which the organic superconductor
transition temperatures have been rising with time is still quite
impressive [(TMTSF),PF,, 0.9 K/25 kbar in 1980 (BEDT-
TTF-d3),Cu(SCN),, 11.2 K/1 bar in 19883,

The eruption in solid state science publications caused by the
discovery of the copper oxide superconductors’ has inspired a
number of theorists to suggest that the chemical species responsible
for the mixed valence in these solids is not the copper couple
(Cul'/Cu'l) but essentially oxygen radical cations (“holes on
oxygen”).2 Some have gone as far as suggesting that results of

(1) Wudl, F.; Wobschall, D.; Hufnagel, E. J. J. Am. Chem. Soc. 1972, 94,
670.

(2) Proceedings of recent international conferences contain detailed ac-
counts: (a) Aldissi, M., Ed. Synth. Met. 1988, 27(1-4); 1989, 28-29. (b)
Shirakawa, H.; Yamabe, T.; Yoshino, K., Eds. Synth. Met. 1987, 17-19. (c)
Pecile, C.; Zerbi, G.; Bozio, R.; Girlando, A., Eds. Mol. Cryst. Lig. Cryst.
1985, 117-121. (d) Comes, R.; Bernier, P.; Andre, J. J.; Rouxel, J., Eds. J.
Phys. (Paris), Collog. 1983, 44, C3.

(3) Schweitzer, D., et al. communicated to and reported by: Saito, G.
“Organic Conductors—40 years”, International Seminar, Okazaki, Japan
November 8-11, 1988,

(4) Urayama, H.; Yamochi, H.; Saito, G.; Nozawa, K.; Sugano, T.; Ki-
noshita, M.; Sato, S.; Oshima, K.; Kawamoto, A.; Tanaka, J. Chem. Lett.
1988, 55.

(5) Parkin, S. S. P.; Lee, V. Y.; Engler, E. M,; Nazzal, A. I; Huang, T.
C.; Gorman, G.; Savoy, R.; Beyers, R. Phys. Rev. Lett. 1988, 60, 2539.
Parkin, S. S. P;; Lee, V. Y.; Nazzal, A. I.; Savoy, R.; Beyers, R.; La Placa,
S. J. Phys. Rev. Lett. 1988, 61, 750. Parkin, S. S. P.; Lee, V. Y.; Nazzal, A.
I.; Savoy, R.: Beyers, R.; La Placa, S. J. Phys. Rev. B 1988, 38, 6531.

(6) Jérome, D.; Mazaud, A.; Ribault, M.; Bechgaard, K. J. Phys., Lett.
1980, 41, L95.

(7) Bednorz, J. G.; Miiller, K. A. Z. Phys. 1986, B64, 189.
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2(i) CH,;CN/reflux, 48%; (ii) 110 °C/DMSO, 58%; (iii) Br,/
CH,Cl,, 0 °C, 84%; (iv) 110 °C/25 Torr, 92%; (v) H;Se/MeOH,
room temperature, 89%; (vi) (MeO),P/C¢Hy, reflux, 63%.

Table I¢
lE'"./z, 2Er"|/2, AE, ilpav ¢,
compd mV mV mV HA mM
TTF 367 748 381 50.1 1.58
BEDT-TTF 567 829 262 0.205%  0.03%
BEDO-TTF 435 699 264 184 0.53

¢Conditions: acetonitrile/0.1 M TBAPF,, T = 22 + 1 °C, glassy
carbon working electrode, scan rate 0.1 V/s, Ag/AgCl reference elec-
trode. ®Saturated solution, Pt electrode.

Table IL. Interatomic Distances (A)

bond dist bond dist bond dist
S(1)-C(3) 1.754 (4) S(3)-C(1) 1.758 (5) O3)-C(9) 1.444 (6)
S(1)-C(2) 1.757(5) C(1)-C(2) 1.357(6) C(3)-C(4) 1.336 (6)
S(2)-C(4) 1.752(5) C(7)-C(8) 1.329 (6) C(3)-O(1) 1.365 (6)
S(2)-C(2) 1.771 (4) C(7)-0O(3) 1.366 (5) 0O(2)-C(4) 1.368 (5)
S(4)-C(8) 1.759 (5) O(4)-C(8) 1.372(6) O(2)-C(6) 1.441 (7)

S(4)-C(1) 1.761 (5)
S(3)-C(7) 1.752 (5)

O(4)-C(10) 1.448 (6) O(1)-C(5) 1.452 (5)

their calculations can be extrapolated to the design of organic
polymeric superconductors.® Inspired by these results, we have
been thinking about the possibility of observing metallic and
perhaps superconducting behavior with charge-transfer salts based
on oxygen-containing donors. Indeed, if the organic supercon-
ductors were BCS superconductors,? the lighter the component
atoms within a series of identical donors, the higher the T is
expected to be (BCS isotope effect applied to organic supercon-
ductors). Also, assuming that the TTF core could be equated to
copper, the following analogy may obtain:

o—iZtbuZ o—tuZo—tu”
/lu /lu (0] /(llu /(llu (0]

o} b 0 RGP °© ’
=G0 — (1=

However, TTF derivatives with resonance electron-donating
substituents, such as sp>-hybridized oxygen or nitrogen directly
attached® to TTF do not exist; the same can be said for tetra-

(8) (a) Yamaguchi, K.; Takahara, Y.; Fueno, T.; Nasu, K. Jpn. J. Appl.
Phys. 1988, 27, L509. Yamaguchi, K.; Takahara, Y.; Fueno, T.; Nakasuji,
K.; Murata, 1. Jpn. J. Appl. Phys. 1988, 27, L766. (b) Emery, V. J. Phys.
Rev. Lett. 1987, 58, 2794. (c) Hirsch, J. Ibid. 1987, 59, 228. (d) Chen, G.;
Goddard, W. A., III. Science 1988, 239, 899. Guo, Y.; Langlois, J.-M.;
Goddard, W. A, I11. /bid. 1988, 239, 896.

(9) Chen et al. (Chen, W.; Cava, M. P,; Takassi, M. A.; Metzger, R. M.
J. Am. Chem. Soc. 1988, 110, 7903) prepared a pyrrole-annulated TTF where
the nitrogen is not directly attached to the TTF. Hsu and Chiang (Hsu, S.-Y;
Chiang, Y.-L. Synth. Met., in press) prepared tetrahydrofuran-annulated TTF
where the oxygen is not directly attached to the TTF.
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