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Figure 2. Temperature dependence of the 100-MHz 'H NMR spec-
trum of 2 in the region of aliphatic 'H resonances: internal reference
TMS, solvent vinyl chloride, concentration 0.42 M, (®) unidentified
impurity, (O) spinning side bands.
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Figure 3. Temperature dependence of the 100-MHz 'H NMR spec-
trum of 7-deuterio-2; experimental conditions as above; (@) unidenti-
fied impurity.

From peak area measurements the concentration of 3
was determined as ca. 3%, leading to AG°(—150°) = 900
cal/mol in favor of 2. According to the high field absorption
of H(7) we conclude that 3 exists as the exo isomer exo-3.
Using model compounds'? 6 0.97 or 0.87 ppm is predicted,
in good agreement with our findings. Additional support
comes from the half-width of ca. 10 Hz measured for the
signal of H(7) in 3 at —150° that is only consistent with a
trans coupling constant.'®

Our results and findings recently reported by Klirner
for 7-methyl-1 and 7-methyl-2 show that an exo-carboxyl
group in 7-position is more effective in stabilizing the nor-
caradiene than an exo- or endo-cyano group. This conforms
to the MO model of norcaradiene stabilization,2!22 since
according to MO energies?? the COOH group should inter-
act more strongly with the Walsh orbital than the cyano
group. For endo substitution the situation is complicated by
sterict20 and additional electronic?* effects.

20
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Reactions of Alkali Ions with Organic Molecules in the
Gas Phase. Low Energy Pathways for Carbonium Ion
Formation and Novel Methods for Generating Alkali Ion
Complexes with 7- and n-Donor Bases

Sir:

While the reactivity of alkali atoms with halogenated hy-
drocarbons has been recognized for several decades, the in-
teresting possibility that alkali ions may also undergo rapid
reactions with these species has not been explored. We have
recently demonstrated that halide ion transfer reactions be-
tween carbonium ions are rapid and can be employed to de-
termine R*-X~ heterolytic bond energies, D(RT-X").!-3 A
comparison of M*-X~ heterolytic bond energies of alkali
halides to D(R*-X7) for various carbonium ions R*, Table
I, reveals several examples of reaction 1 which are exother-

M* + RX — MX + R (1)

mic. To investigate such reactions a thermionic source* was
mounted inside the source region of an ICR cell.5¢ While
the spectrometer was operated in the drift mode for the
studies reported herein, we have also performed trapped ion
experiments using the thermionic source.

Typical results are shown in Figure 1. Double resonance
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Figure 1. Mass spectra observed with (a) Li* source only, (b) propionyl
bromide added at 4 X 1076 Torr and, (c) isopropy! chloride added at 3
X 10~ Torr. Note that species containing Li or Cl show additional
peaks due to the minor isotopic species Li (7%) and *7Cl (24%).

experiments clearly identify Li* as the precursor to the
reaction products observed when propionyl bromide is
added, Figure 1b. The halide transfer process 2 accounts for
the product ion at m/e 57. Quite unexpected, however, is the
product at m/e 63 (reaction 3).

CH,CH,CO* LiBr (2)
Li* + CH,CH,,COBr—E
[CH,CHCOJLi* + HBr (3

Observed halide transfer processes involving Li* are con-
sistent with the thermochemical data in Table 1.7 With
(CH;),CHCI, only the elimination processes 4 and S are

[C,HJLi* + HCl (4)
Lit + (CHQ)JCHCI{
LiCIH* + CH,CH==CH., (5)

observed (Figure 1¢). With (CD;),CHCI, a 1,2-elimination
process is exclusively indicated in both cases. The products
of reactions 4 and 5 react further, transferring Li* to
(CH3),CHCL

Observed Li* transfer reactions indicate the possibility of
determining relative binding energies of Li* to various

Scheme 1 H
M* X
\ |

l

AY
H X~ H M*
\ )
OSSN (S S
/ / M+
]
HXM*+>=< HX+>-—‘——<

elimination

H

MX+>*—<—

| S —

halide transfer

925

Table I. Heterolytic Bond Dissociation Energies for Various
Organic and Alkali Chlorides and Bromides
RY DR*-CIDab  DRY-Brab
iPr’ 169.4 + 1 1629 = 1
CH, CO" 162.5 = 1 1533« 1
+-Bu* 156.9 ¢ 1 148.7 2 1
CJ@CHi+ 1526+ 2 143822
C,H,CO 1505 2 141.3 £ 2
;b+ 144322 138.5+2
@+ <146.3 <137.5
Brt
/AN <143.4 <134.6
Brt
<143.4 <134.6
Li* 155.1+ 3.0 148.7 + 3.0
Na* 133.2£0.5 127.9 £ 0.5
K+ 118.4 + 0.1 113.7£ 0.5

a All data in keal/mol. & Calculated using D(R*—X ™) = AH°¢(RY)
+ AH°¢(X™) — AH°¢(RX), see ref 5. AH° ¢(C17) and all values for the
alkali halides are from D, R. Stull and H. Prophet, “JANAF
Thermochemical Tables,” 2nd ed, NSRDS-NBS 37, U.S. Govern-
ment Printing Office, Washington, D.C., 1971. AH°f(RCl) from
J. D. Cox and G. Pilcher, “Thermochemistry of Organic and
Organometallic Compounds,” Academic Press, New York, N.Y,,
1970, or calculated using group heats; see S. W, Benson, “Thermo-
chemical Kinetics,” Wiley, New York, N,Y., 1968.

bases. For example, the complex of isobutylene with Li*
formed by reaction of the latter with tert-butyl chloride
transfers Li* to benzene, acetonitrile, acetaldehyde, di-
methyl ether, and HCN. These results indicate reversals of
base strengths when the acid Lit is compared to H*.

To summarize, association of an alkali ion and organic
halide (Scheme I) leads to the formation of a chemically
activated species which may dissociate to an alkali halide
and carbonium ion. The intermediate may also eliminate
HX to give an alkene, with the alkali ion remaining bound
to either species in the products. Thermal generation of re-
agent ions combined with halide transfer reactions provide
low energy pathways to the formation of carbonium ions.
Alkali ions may prove to be useful as specific reagents for
analytical chemical ionization studies;® reactions with other
functional groups will likely be discovered. Of greatest sig-
nificance is the opportunity to determine binding energies
of alkali ions to 7~ and n-donor bases. These data have im-
plications for general theories of acid-base interactions and
may lead to a better understanding of chemical transforma-
tions effected by Lewis acid catalysts.
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Thermolysis of the Cyclic Peroxide
4-Ethylidene-3,3,5,5-tetramethyl-1,2-dioxolane.
Generation and Trapping of a 1,5-Diradical!

Sir:

Due to the short lifetime (7 < 1077 sec) of diradicals, it
has been difficult to trap such reaction intermediates by ex-
ternal chemical means.? Factors that increase diradical life-
times, e.g., electronic, conformational, and steric con-
straints, should enhance the chances of diradical trapping.
Presently we report on such evidence in the thermolysis of
the cyclic peroxide 1. For example, static gas phase pyroly-
sis of 1 at 315° and 10 u resulted in complete destruction of
1 within 5 hr, affording no less than 30 volatile products, of
which 3a, b, 4, 6,8, 9, 11, 12, 15, 17a, b, and 18 (Scheme I)
were isolated and characterized. Also ca. 19% involatile res-
Scheme 1

idue was formed in this thermolysis. Howeser, heating of a
benzene solution 1.3 M in 1 and 2.6 M in benzhydrol at
200° for 48 hr gave 1,3-diol 16 and benzophenone in stoi-
chiometric amounts with no traces of rearrangement or
cleavage products. In the absence of benzhydrol and under
the same liquid phase thermolysis conditions, 1 did not de-
compose even after weeks of heating. Furthermore, in an ef-
fort of testing for surface catalysis and free radical chain
processes, the gas phase pyrolysis was performed in an aged
Pyrex vessel and in the presence of acetone, methanol, heli-
um, nitrogen, and oxygen gases as diluents. The rate of de-
composition and relative product composition of 1 were not
affected, indicating that we were dealing with a clean uni-
molecular decompositon.

In Scheme I we offer a mechanistic rationalization for
the formation of the gas phase thermolysis products of 1 in
terms of the 1,5-diradical 2 as precursor, in analogy to our
previous work on the thermolysis and photolysis of cyclic
peroxides such as the 1,2-dixolanes,? 3-peroxylactones,* v-
peroxylactones,® and 1,2-dioxanes,® which are efficient
sources for diradicals. On thermal activation the oxygen-
oxygen bond is cleaved in 1, affording initially the 1,5-dira-
dical 2, which subsequently recyclizes into the isomeric
epoxyoxetanes 3a and b, fragments into acetone (4) and the
1,3-diradical 5, or double hydrogen.abstracts to give the
1,3-diol 16 as major pathways. The latter dehydrates into
the trienes 17a and b under the thermolysis conditions, as
confirmed by a control experiment for the authentic 16. The
1,3-diradical § undergoes a 1,2-methyl shift to give the
enone 6 or cyclizes to the allene oxide 7a. The latter readily
valence tautomerizes into the cyclopropanone 7b and subse-
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