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most stable ion can be observed, protonated nor-
tricyclene must represent a lower energy level species
than the norbornyl cation. Based on previous nmr
studies, it was suggested that the 3,2-hydride shift in
the norbornyl cation is relatively slow (AFT ~ 11
kcal/mol in SbF;~SO,) and can be frozen out in contrast
with the exceedingly fast (AF* < 5.0 kcal/mol) exchange
of the 1, 2, and 6 hydrogen atoms. The observed
barrier for the slow 3,2-hydride shift does not appear
to be in agreement with other secondary-secondary
hydride shifts. It is therefore reasonable to suggest
that the activation energy barrier observed in the nmr
spectra also includes the energy difference I — II.
Thus, the 3,2-hydride shift would take place in the
norbornyl cation II, and not in ion I, where it is not
favored. Rapid scrambling of hydrogens 1, 2, and 6,
on the other hand, is possible in 1.

Our study demonstrates the great power of laser-
based Raman spectroscopy in the structural deter-
mination of carbonium ions, particularly when dif-
ferentiation of potentially fast equilibrating systems
from bridged ions is involved.
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Oxygen Exchange between Tris(oxalato)rhodate(III)
Ion and Solvent Water, Exchange of Outer

and Inner Oxygens

Sir:

Acid-catalyzed oxygen exchange between complexes
of the type M(C,0,)," and water has been examined
previously’? for Cr(C;04);*-, Co(C:0,):*", and Pt-
(C:04),*. For each of these ions, all 4n oxygens ex-
change, under fixed conditions, at apparently indis-
tinguishable rates. Similar results were observed for
oxalic acid.’=* In contrast, we find that Rh(C.0,);%"
in acidic media exchanges one-half of its oxygens sig-
nificantly more rapidly than the other half. The result
is of particular interest because of possible relationships
between racemization and oxygen exchange for this ion
and related complexes.

Reaction solutions were prepared from solutions
containing Na;Rh(C,0,);,* HC1O,, NaClO,, and O®*
enriched water. Aliquots were quenched with cooled
AgNO;, and the precipitated Ag;Rh(Cy0,); was dried
and thermally decomposed to Ag, Rh, and CO,. The
CO, 46/(44 + 45) ratios were measured with a Nuclide
6-60-RMS 2 mass spectrometer.

Linear first-order rate plots® for the early stages of
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reaction are obtained only if one uses for the infinity
value the O enrichment expected if very close to one-
half of the oxygens have equilibrated with solvent
(Figure 1A).” Such plots provide pseudo-first-order
rate constants which we associate with exchange of outer
oxygens. After the outer oxygens have equilibrated
with solvent, inner oxygen exchange can be followed.
Linear first-order plots are obtained here if one takes as
the initial time the point when one-half of all oxygens
have equilibrated® (Figure 1B). A modified McKay
equation for the case where one-half the atoms ex-
change at one rate and one-half at a different rate gives
linearity for 909 of all oxygens.® For both inner
and outer oxygens, exchange rates are first order in
both complex and hydrogen ion concentrations. Ar-
rhenius plots show good linearity for each kind of oxy-
gen. At 25° outer oxygens exchange ~60 times more
rapidly than inner oxygens; at 56° the difference is
~20-fold. Thus we have usually equilibrated the outer
oxygens at 25° before following inner oxygen exchange
at higher temperatures. That there are kinetically
distinguishable oxygens in Rh(C,0.);*" and not in the
Cr(III), Co(IIl), and Pt(II) analogs!! is a reflection of
the considerable inertness of the rhodium-oxygen
bonds.!*1¢  While slow, inner oxygen exchange in Rh-
(C:04)s3 is considerably more rapid under comparable
conditions than aquation to give free oxalate. 1518

Table I summarizes our results'” on oxygen exchange
and available data on the racemization®® and aquation?®
of the Rh(C;0,);% ion. A comparison with our earlier
results? is in Table II.

Based on studies of Pt(C.O4):* and HC.O, it was
predicted,? as a first approximation, that under com-
parable acidic conditions all nonlabile oxalato com-
plexes of type M(C:0.),” will exchange oxygen at
similar rates. Our results for Rh(C;0,);%* are in ac-
cord with this idea (Table II). Outer oxygen exchange
in Rh(C,0,);% is therefore considered to proceed by the
previously suggested A2 mechanism,!®

(7) If for N, one assumes 13/;; of the oxvgen has equilibrated, as
might be suggested by the formulation of KsRh(C:04)s-4.5H:0 pro-
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longer reaction times.
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Q h/O‘—C=O H* rapid

While the observed rate constants for inner oxygen
exchange and racemization are remarkably similar at
56.3°, the activation parameters appear to be signifi-
cantly different (Table I). This implies the rates for the
two processes would become quite dissimilar at tem-

Table I. Kinetic Data on Acid-Catalyzed Oxygen
Exchange, Racemization, and Aquation for Rh(C;Oy);%

Tonic ks X 108, AHF, kecal
strength M~1sec™! V7 mole™! AS¥F, eu
Outer oxygens 0.54 9.2(25.1°) 16.9(%£2) -—20(=*6)
Inner oxygens 0.54 8.4(56.3°) 23.6(x2® —6(*6)
0.24 10.2(56.3°)
Racemizationc 0.23¢ 14.24(56.3°) 19.4(£1l)r —18(%3)
Agquation 0.23 0.687(56.3°) 26.4(x1) —2(x£3)

¢ From T = 25.1, 45.0, and 56.3°. ®From T = 45.0, 56.3, and
67.0°, c¢Calculated from data in ref 18. ¢ A corrected value
which is (2.303)? times the value reported. ¢Measured at ionic
strength 3.0. / Measured by us using the method ofref 15. ¢ From
ref 15b for ionic strength 1.00, with our estimate of error limits.

Table I, Acid-Catalyzed Oxygen Exchange
for Three Ions of Type M(CyO4)»"~

Oxalato Ionic k; X 104(25°), AH¥, kcal
species strength AM~1sec™! 17 mole™! ASF, eu
HC, 04 ¢ 0.055 2.6 14.4 (£1.5) —-28(=*4)
Pt(C;0,).2 0 0.020 3.5 14.1 (£1) —27(£3)
o
RIGO™ ) 499 2.2 16.9 (£2¢  —19 (£6)

Outer oxygens

e From ref 2. % Measured at ionic strength 0.54.

peratures significantly removed from ~56°. How-
ever, a nonidentity of observed activation parameters
does not rule out the possibility that both processes
proceed through a common intermediate, such as a
monodentate oxalato species, 20 e.g.

+
0—C=0H _

OB H — cort
— =O

/
No—C=0

This is because the additional but different processes
required to consummate inner oxygen exchange and
racemization could contribute to the measured rate
constants and activation parameters for the over-all
reactions.

(20) H. Kelm and G. M. Harris, /norg. Chem., 6, 1743 (1967).

3885

m

'

¥

< o
g &

— ~~

ap; e

) L]
] 213

g e
g 1]
k: k1

TIME IN MINUTES

Figure 1. Oxygen exchange in Rh(C;O,);% at ionic strength
0.54. (A) Outer oxygens at 25.1°, [H*] = 0.0978 M, [Rh(C:04);:37]
= 0.0100 M; N, is for natural abundance and N, for equilibration
of 6 oxygens.” (B) Inner oxygens at 45.0°, [H*] = 0.205 M,
[Rh(C:04);:%1 = 0.0100 M,; N, and N.,, are for equilibration of 6
and 12 oxygens, respectively. (C) Data as for A, with Ny =
natural abundance, and N, assuming equilibration of all 12
oxygens.

We are continuing our investigations in an effort to
resolve some of these interesting problems,
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Dichlorocyclopropenone
Sir:

Tetrachlorocyclopropene (1) reacts with aluminum
chloride to form the salt trichlorocyclopropenium
tetrachloroaluminate (2).! Quenching of 2 with water
regenerates 1.2 We now find that very slow hydrolysis
of a suspension of 2 in methylene chloride produces an
aluminum complex (3) from which dichlorocyclo-
propenone (4), the first dihalocyclopropenone, can be
isolated as a dangerously unstable liquid.

As a stirred methylene chloride suspension of 2 ab-
sorbs moisture from the atmosphere, the insoluble salt
gradually dissolves to a clear solution. Evaporation
of the solvent affords a viscous residue which slowly
crystallizes to a colorless solid, 3: mp 103-106°; vpax
(CH:Cl;) 1860 and 1545 cm~!. A satisfactory analysis
could not be obtained, but the properties of this solid
suggest that it is an aluminum chloride complex of 4.
The solid was redissolved in methylene chloride, cooled
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