7026

There was no sign of any induced decomposition at the temperatufe
of our experiments and the concentration of 1 and 2 under steady il-
lumination had the required dependence on the light intensity.”-!!

Results and Discussion

The data used to derive k;/2k; are listed in Table I. These
results come from three separate experiments, in each of which
the temperature was changed in a random manner. A least-
squares treatment of these data gives the Arrhenius equa-
tion

log(ki/2k¢/M) = (0.57 £ 0.71) — (3.69 + 0.45)/6

where the errors are standard deviations and 8is 2.3RT kcal/
mol.

The data used to derive 2k, are listed in Table I1. Radical
2 was generated by photolysis of tert-butyl cyclopropylper-
acetate in methylcyclopropane at temperatures where only 2
was present in detectable concentrations. Least-squares
treatment of these data gives

log(2ky/M~1s=1y = (11.91 £ 0.15) — (2.25 £ 0.12)/6

Since the solvent and reactant are identical in the two sets
of experiments the Arrhenius equations can be combined. This
gives

log(ki/s~1) = (12.48 + 0.85) — (5.94 + 0.57)/6
which yields
ki=1.3X 108 M—!s~1at 25 °C

in satisfactory agreement with our earlier estimates.’ The
pre-exponential factor is within the expected range, ' though
a value closer to 10130 s~! seems more likely to be correct, !5

in which case the rate constant for isomerization at room
temperature would be about 2 X 108 M~1s~1,

The present results and our earlier data on the isomerization
of other primary, nonstabilized,!®!7 alkyl radicals are collected,
for convenience, into Table III. The wide range in the rates of
isomerization of the radicals in this table illustrate both the
utility and the versatility of our EPR spectroscopic techniques.
We hope that our data on these isomerizations will provide
useful standards for future kinetic investigations.
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Abstract: The 3-tricyclo[3.2.1.027]octyl (3-homonortricyclyl) cations (5-H, -CHj3, and -Br) generated from different precur-
sors under stable ion conditions underwent degenerate cyclopropylcarbinyl rearrangement, shown by their temperature-depen-
dent proton and carbon-13 NMR spectra studied between —85 and 20 °C. The tertiary 3-chloro-3-tricyclo[3.2.1.027]octyl cat-
ion 5-Cl was shown to be static and did not undergo cyclopropylcarbinyl rearrangement. lon 5-H was unexpectedly also formed
from the allylic 2-bicyclo[3.2.1]oct-3-enyl cation (12). The mechanism of rearrangement of 12 into 5-H is discussed. Based
on both carbon-13 and proton chemical shifts and one-bond coupling constants (Jc_g) in a series of cyclopropylcarbinyl type
cations, the classical vs. nonclassical nature of cyclopropylcarbinyl cations (1) is discussed.

The structure of cyclopropylearbinyl cations has received
much attention? and has also been subjected to theoretical
treatments.> While all experimental evidence supports the
static carbenium ion nature of long lived secondary and tertiary
cyclopropylcarbinyl cations*3 (with varying degrees of charge

delocalization into the cyclopropyl ring), the parent, primary
cyclopropylcarbinyl cation undergoes rapid degenerate rear-
rangement. The facile degenerate cyclopropylcarbinyl-cy-
clopropylcarbinyl rearrangement taking place in the parent
primary ion 1 (R; = R; = H) is absent when replacing hy-
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drogen with methyl groups at the carbenium center (R; =
CH3, R; = Hor CH3), i.e., in secondary and tertiary systems,
We recently have also found that the secondary 8,9-dehydro-
2-adamantyl cation (2, R = H) is undergoing rapid degenerate
equilibrium under stable ion conditions.® The cyclopropyl-
carbinyl-cyclopropylcarbinyl type rearrangement is, however,
blocked when substituting hydrogen with methyl, i.e, in the
tertiary ion 2 (R = CHj).

We have further found that the secondary-secondary cy-
clopropylcarbinyl rearrangement can only be slowed down (at
the NMR time scale at —120 °C) in the parent 2,4-dehydro-
5-homoadamantyl cation (3, R = H), but it is completely ab-
sent when substituting hydrogen with a methyl or phenyl group
at C(5) (3, R = CH; or C4Hs).” The high energy barrier for
degenerate cyclopropylcarbinyl rearrangements is also re-
flected by the direct observation of the secondary and tertiary
3-nortricyclyl cations (4, R = H, CHj3, and C¢Hs) as static
carbenium ions with charge delocalization into the cyclopro-
pane ring.?

4-R 5R

A natural extension of the study of 3-nortricyclyl cations
would be that of 3-homonortricyclyl cations,’ i.e., 3-tri-
cyclo[3.2.1.0%7]octyl cations (5). These ions are also cyclo-
propylcarbinyl-type cations allowing the preferred bisected
geometry for conjugation with the cyclopropane ring. Sauer,
Beisler, and Feilich!© reported that the acetolysis of the p-
nitrobenzoate 6-OPNB gave only the acetate of the unsatu-
rated alcohol 7 (R = H), which was also formed upon the ad-
dition of acetic acid to bicyclo[3.2.1]octa-2,6-diene (8-H).

JH
X
6
HOAc R HOAc
me o [ e (e
H
7(R=H) 8HR=H)

These reactions thus must involve ion 5 as intermediate. Ion
5 was also suggested by LeBel!! and Berson'? to be involved
in the solvolysis of a series of bicyclooctenyl and tricyclooctyl
derivatives. More recently, Grob et al.!3 suggested ion 5 as the
intermediate in the solvolytic cyclopropylcarbinyl-cyclo-
butyl-homoallyl rearrangement of tricyclo[3.2.1.027]octan-
3-ol (6, X = OPNB), exo-bicyclo[3.2.1]oct-2-en-7-0l (9, X
= OPNB), and endo-tricyclo[3.2.1.03-6]octan-4-0l (10, X =
OPNB). In formic or trifluoroacetic acid, deuterium label in
positions 1, 3, or 7 is completely scrambled.!4 To explain the
data in more nucleophilic media (e.g., 70% aqueous dioxane)
the symmetrical, bisected cation is only needed. The study is
thus very similar to that reported by Baldwin and Foglesong
in the solvolysis of 8,9-dehydro-2-adamantyl deriva-
tives,13.30
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In continuation of our preceding studies, we now wish to
report the preparation and NMR spectroscopic study of the
3-tricyclo[3.2.1.0%7]octyl (or 3-homonortricyclyl) cation (5),
its formation from the 2-bicyclo[3.2.1]oct-3-enyl cation (12),
as well as the investigation of the degenerate cyclopropylcar-
binyl rearrangement of the ion.

Results and Discussion

Preparation of the 3-Homonortricyclyl Cation and its 'H and
13C NMR Study. The 2-bicyclo[3.2.1]oct-3-enyl cation (12)
was generated from its alcoholic precursor 1116017 in
SbFs-SO,CIF solution at dry ice-acetone temperature (ca.
—78 °C). The high symmetry of 12 is clearly indicated in its

@ .
OH
H 12 H

11-OH + OH

5-H 6-OH
proton and carbon-13 NMR spectra (Figure 1).18 NMR pa-
rameters and assignments of 12 at —85 °C are summarized
in Table I. When compared with the cyclopentenyl (13) and
cyclohexenyl (14) cations,!? ion 12 is best described as a typical

bicyclic allylic cation.

13 14

When 12 was slowly warmed to 20 °C, the 'H NMR spec-
trum of the ion showed the irreversible formation of a new
carbocation (Figure 2). The '"H NMR spectrum of this new
ion once formed shows reversible temperature-dependent be-
havior between —100 and 20 °C. The same cation 5-H also was
obtained from tricyclic alcohol 6-OH!3 under identical con-
ditions. At temperatures below —95 °C the 'H NMR spectrum
of 5-H (Figure 1b) shows deshielded broad one-proton signals
at 6 3.38 and a four-proton AB quartet centered at 6 2.45. The
13C NMR spectrum of the same solution at —85 °C (Figure
3) allowed the structural assignment of the new species as the
tricyclyl [3.2.1.0%7]octyl-3-yl cation (5-H).

The temperature-dependent 'H NMR spectra of ion 5-H
show that as the temperature is raised to 20 °C:20 (a) the sig-
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Table I.  Proton and Carbon-13 NMR Parameters of Bicyclo[3.2.1] oct-3-en-2-yl and Tricyclo[3.2.1.0*7] oct-3-y] Cations?

Ton T, °C 1 2 3 4 5 6 7 8
5-H 5‘H -85 5.84 5.08 10.44 3.38 3.38 2.45 5.84 2.45
(b) (b) (b)
20 7.32 5.05 7.32 2.82 3.44 2.82 7.32 2.82
(d-h, 6.2, 1.5) (q, 6.2) (d-d, 6.2, 1.5) (q, 1.5) (b) (q, 1.5) (d-d, 6.2, 1.5) (q, 1.5)
6‘3C -85 85.64 81.26 234.12 43.62 31.56 31.56 85.64 31.56
d, 175.7) (d, 192.7) (d, 168.1) (t, 129.8) (d, 152.1) t, 137.0) d, 175.7) (t, 137.0)
20 (135.8) 82.28 (135.18) 36.19 32.47 36.19 (135.18) 36.19
S-CH3” 8, —85 498 4.30 3.18 3.00 exo 1.80 4.98 exo 1.80
H (, 5.8) t, 5.8) () (b) «, 13.6)
endo 2.50 endo 2.50
(d-d, 13.6, 4.2)
b1a -85 72.6 70.8 260.5 46.9 29.7 30.7 72.6 30.7
@, 183.6) (d, 192.0) (s) (t,130.0) (d, 149.2) (d-d, 136.3, 138.6)
5-Br - -85 4.2 4.2 3.14 3.10 exo 2.04 4.2 exo 2.04
(m) (m) (s) (b) d, 14.8)
endo 2.54 endo 2.54
(d-d, 14.8, 4.0)
6130 -85 81.5 81.5 229.8 51.9 329 31.4 81.5 31.4
(d, 189.8) (d, 189.8) (s) (t, 132.1) (d, 149.5) (d-d, 137.7, 138.2)
5-Cl 5‘H —60 5.39 4.78 3.28 3.22 exo 2.16 5.39 exo 2.16
(d, 5.6) t, 5.6) (s) (m) @, 14.2) d, 5.6) d, 14.2)
endo 2.72 endo 2.72
(d-d, 14.2,4.2) (d-d, 14.2,4.2)
6‘3C -60 79.13 76.94 234.01 48.91 31.23 31.49 79.13 31.49
(d, 187.5) (d, 194.9) (s) (t,133.8) (d, 149.2) (t, 136.8) (d, 187.5) (t, 136.8)
12 6‘H -85 4.70 10.22 8.24 10.22 4.70 exo 3.38 syn 2.24
(b) (d-d, 7.8, 7.0) (t,7.8) (d-d, 7.8, 7.0) (b) (b) anti 1.94
endo 1.48
@)
6‘3C -85 50.50 212.54 136.10 212.54 50.50 19.41 19.41 40.43
(d, 153.7) (d, 163.4) (d, 177.8) (d, 163.4) (d, 153.7) (t, 144.0) (t, 144.0)

4Proton and carbon-13 chemical shifts are in parts per million from external Me,Si (capillary). Multiplicities and coupling constants (/¢ _y in hertz) are in parentheses; b = broad, d = doublet, m=
multiplet, d-d = doublet of doublets, d-h = doublet of heptets, q = quartet, t = triplet. >CH,: 5 - 2.95 (s); 8 13e 32.8 (q, 130.8).
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Figure 1. (a) '"H NMR (60 MHz) spectrum of ion 12 in SbFs-SO,CIF

solution at —85 °C. (b) '3C proton noise decoupled NMR spectrum of jon
12. (¢) '3C proton coupled NMR spectrum of ion 12.

nals that are present in 5-H at —85 °C at 6 10.44 and 5.84
become equilibrated to give a three-proton doublet of heptets
centered at § 7.32 (8., caled = 15(10.44 + (2 X 5.84) = 7.37);
(b) the one-proton signal at 6 5.08 becomes a quartet centered
at 6 5.05; (c) the broad signal at 6 3.38 and the AB quartet
become equilibrated to give a six-proton quartet centered at
5 2.82 (0, caled = Y[(2 X 3.38) + (4 X 2.45)] = 2.76); and
(d) the one-proton signal centered at 6 3.38 remains almost
unchanged.

The temperature-dependent behavior of ion 5-H was further
studied by Fourier transform 13C NMR spectroscopy. At —85
°C six carbon resonances are observed in ion 5-H. As the
temperature was slowly raised, signals due to C(3), C(1) and
C(7), C(4) and C(6) and C(8) became broadened, while those
due to C(2) and C(5) remained sharp. At 20 °C when the de-
generate process became fast on the NMR time scale, carbon
resonances due to C(1), C(3), and C(7) merged into the base
line, those due to C(4), C(6), and C(8) merged into one signal
and appeared at d13¢ 36.19 (813¢_,.q = 15(43.62 + (2 X 31.56))
= 35.58), while those due to C(2) and C(5) remain unchanged.
Both the temperature-dependent proton and carbon-13 NMR
spectra suggest that ion 5-H undergoes an equilibration process
which we attribute to the degenerate cyclopropyl carbinyl re-
arrangement as shown below.

Although the symmetrical 2-bicyclo[3.2.1]oct-3-enyl(12)
was shown to be involved in the solvolytic reactions of bicy-
clooctenyl derivatives,!1-13-17 no evidence was given either for
the formation of tricyclic products 6 or the transformation of
12 into 5-H. Apparently the nucleophilic solvent captures 12
before rearrangement takes place. Under long-lived ion con-
ditions, the transformation of 12 into 5-H is considered to take
place in the manner shown in Scheme I.
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Figure 2. Temperature-dependent proton NMR spectra of ion 5-H in
SbF5-SO,CIF solution.
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Figure 3. '3C NMR spectra of ion 5-H (a) proton noise decoupled: (b)
proton coupled.

In principle, the 2-bicyclo[3.2.1]oct-3-enyl cation (12) might
undergo facile 1,3-hydride shift!%2! (process I) or Wagner-
Meerwein rearrangement (processes II or I1I). If process I
takes place, the 3-homonortricyclyl cation would be the
product, while process II (or I1I) would give the isomeric 6-
homonortricyclyl cation (18). Both 'H and '3C NMR spectra
show that the ion formed is symmetrical. Therefore 5-H is the
rearranged product from 12. In contrast, solvolytic studies
indicate the opposite direction, e.g., products formed via 12
being isomeric with 18.22

In order to further confirm the structure of the 3-homo-
nortricyclyl cation (5-H) and the mechanism of the rear-

Olah, Liang / 3-Tricyclo[3.2.1.0%7 Joctyl
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Figure 4. '"H NMR (bottom trace) and '3C NMR (proton noise decoupled)
-spectra of 3-methyl-3-homonortricyclyl cation (5-CHj;) in FSO3;H-
SO,CIF solution at —85 °C.
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rangement of bicyclo[3.2.1]oct3-en-2-yl cation (12) to 5-H,
we were able to show that protonation of bicyclo[3.2. l]octa-
2,6-dienes (8-R, R = H, CHj3, Cl, and Br) also give their cor-
responding 3-homonortricyclyl cations (5-R). When the parent
diene (8-H)?? 3-methyl-(8-CH3), 3-chloro-(8-Cl), and 3-
bromo-(8-Br) bicyclo [3.2.1]octa-2,6-dienes were treated with
FSO;3;H-SO, CIF solution at =78 °C, the corresponding 3-
homonortricyclyl cations (5-R) were cleanly formed (Figures

@W (D'R_’@R

+ R-H,CHS,CI or Br
R
H%
15-R
+
19-R 20-R 18-R

4-6). The structural assignments of these ions are further
confirmed by their !3C NMR spectra (spectroscopic data are

CiCeCr
CeCa
c, e TI
WJWWWWWMUWWMVVVW
260 240 220 200 ISO |60 |4O IZO IOO 80 60 40 20

Ll

Figure 5. 'H (60 MHz, bottom trace) and '*C (proton coupled) NMR
spectra of 3-bromo-3-homonortricyclyl cation in FSO;H-SO,CIF solution
—85°.
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i
Figure 6. (a) Proton NMR spectrum of ion 5-Cl in FSO3;H-SO,CIF so-
lution at —60 °C. (b) Proton coupled '3C NMR spectrum.

summarized in Table I with assignments). Both 'H and !3C
NMR spectroscopic data indicate the symmetrical nature of
the observed 3-homonortricyclyl cations (5-R) and thus ex-
cludes the formation of the unsymmetrical 6-homonortricyclyl
cations (18-R). The protonation of dienes 8-R taking place at
C(6) instead of C(8), in the present acid system is thus in
agroezement with the previously reported acetic acid addition
810,22

Steric Hinderance in Degenerate Cyclopropylcarbinyl
Equilibration Process. In view of our studies it seems that the
energy barrier for degenerate cyclopropylcarbinyl rear-
rangements is very sensitive to whether the cyclopropane ring
can achieve proper spacial alignment with the neighboring
carbocation center.2-425 While we were unable to freeze out
on the NMR time scale in the case of the parent cyclopropyl-
carbinyl cation (1, R; = R, = H) the primary-primary or in
the case of the parent 8,9-dehydro-2-adamantyl cation (2-H)
the secondary-secondary cyclopropylcarbinyl-cyclopropyl-
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Table 11
5 'H 8 1°C
Equilibrium Equilibrium
Compd Position Static Exptl Calcd Static Exptl Calcd
AT 1,7 5.85 85.64 1/4((2 X 85.64) + 234.12) = 135.2
\O 3 10.44 732 737 234.12
4
ar
‘Ig 2’9 18'(5)' gz}gg 7.96 7.5 157.0
. 2 6.94 127.83 1/,(127.83 + 239.25) = 183.6
@ 5 10.64 8.78 8.79 239.25
{
N+ 1,2 6.5, caled 65.0, calcd (2 X 65)+220)=117.0
4\ 4 110 calea &30 80 220.0, calcd 37.0 ’

carbinyl rearrangement, the barrier for such processes in either
a geometrically rigid system, i.e., the 3-homonortricyclyl cation
(5-H), or a slightly distorted system, i.e., the 2,4-dehydro-5-
homoadamantyl cation (3-H),” is much higher. In the even
more rigid system, i.e., the 3-nortricyclyl cation (4-H),? the
degenerate rearrangement is absent.

Quantum mechanical calculations seem to agree that the
puckered cyclobutyl cation is involved in the degenerate cy-
clopropylcarbinyl rearrangement.® The fact that such processes
take place at a lower temperature range in 3-H (—120 to —60
°C) than in 5-H (—85 to 20 °C) thus seems to indicate the
reactive formation of the puckered cyclobutyl cation inter-
mediate in the former.2° The geometrically more constrained
system would make the formation of a cyclobutyl cation en-
ergetically less favorable, and thus make the cyclopropylcar-
binyl rearrangement less feasible.3™r-26 Similarly as we have
suggested in the case of 8,9-dehydro-2-adamantyl® and 2,4-
dehydro-5-homoadamantyl’ cations, the degenerate equili-
bration process taking place in the 3-homonortricyclyl cation
(5-H) can be best explained by the following scheme going
through cyclobutyl cation (21).

I

I
[

21 5-H

Question of the Classical vs. Nonclassical Ion Nature of
Cyclopropylcarbinyl Cations. Since the term “nonclassical”
cyclopropylcarbinyl cation was first used by Roberts and
Mazur?’ to describe the nature of the intermediate carbocation
involved in the reactions of primary cyclopropylcarbinyl de-
rivatives, much debate concerning the classical vs. nonclassical
nature of these ions took place.25-228 Whereas the facile cy-
clopropylearbinyl- cyclopropylcarbmyl rearrangement was
orlgmally observed only in the parent ion 1 (R; = R, = H), it
was since also attained, as discussed earlier, in more rigid
secondary ions. Temperature-dependent 'H and '*C NMR
spectra for the secondary carbenium ions in both their static
or equilibrating states are summarized in Table II. The cal-
culated shifts for the series of secondary ions as equilibrating
species are consistent with the experimental values. However,

when using classical carbenium ions as models (with usual
correction of replacing a CHj; group with H) to calculate the
primary ion 1, the inconsistency is immediately seen. Although
as explained we do not have experimental chemical shifts for
comparison, extrapolation of values from the classical secon-
dary and tertiary ions can be made. Methyl substitution gen-
erally causes an about 30-ppm deshielding effect at the car-
benium ion center next to a cyclopropyl ring. Carbon shift of
the carbenium ion center of the tertiary ion 1 (R; = R, = CHj)
is d13c 281.9 and that of the secondary ion1 (R, = H,R; =
CH3) is 613¢ 250.8. A similar trend is also seen in several other
series of carbocations for methyl substituent effects at the
carbenium ion centers, We can thus estimate that the shift for
the carbocationic center in the static primary ion 1 would be
about 613¢ 220, while that of the 8-cyclopropane ring carbons
(C(1) and C(2)) would be about &13c 65. The average shift for
the equilibrating classical ion thus would be '5[(2 X 65) +
220)] = 117. The observed shift 613¢ 57.0 is, however, 60 ppm
less shielded. Furthermore, the apical carbon (C(3)) in the
parent cyclopropylcarbinyl cation resonates at di13c 108, which

Scheme 11
|oe(equ11)

57.0 (equil}

82.28 (equll)
81.26 (static)

+ + CH3
23412 (static)
(135.8,equil, cal.)
82.94
*-H

8,1 (equil)

+ CHs
157.0 (equil) 2744

is about 40-50 ppm more deshielded than those in either sec-
ondary or tertiary cyclopropylcarbinyl ions. The difference in
carbon shifts for the apical carbons between secondary and
tertiary cyclopropylcarbinyl cations is only about 10-20 ppm

. CH3

267.2
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(see Scheme II). Apparently the observed shift for the apical
cyclopropane carbon in the primary ion is unusually deshielded.
It is clear that the apical carbon shifts in static cyclopropyl-
carbinyl-type ions should not be much different from those in
the degenerate ions, as seen in the cases of 8,9-dehydro-2-
adamantyl, 3-homonortricyclyl, and 2,4-dehydro-5-homoad-
amantyl cations. This is, however, clearly not the case for the
primary cyclopropylcarbinyl cation (1).

One-bond 3C-'H coupling constants (Jc_y, in hertz) are
known to increase markedly with increasing s character of the
carbon hybridization,?® although charge, substituent effects,
and/or other factors are also considered to be contributors. We
have listed Jc_y for the apical cyclopropane carbons in a series
of cyclopropylcarbinyl-type cations for comparison (Scheme
IIT). The value of J¢_u for apical cyclopropane carbons ap-

Scheme 111
H H H
1800 H 1868 H 185.0 CH,
+ v +
180.0 165.0
177.0
H CH, CH,
1 1-H 1-CH,
H H
204.9 219.4
+ _H + CH;
1828
4-H 4-CH,
H H
186.2 186.9
+ H + CH;
1737
2-H 2-CH,

H
1 CH, H
+ 192.7 1949
H +_Cl

H
188.2 +
1746
+
168.1
3H 3-CH, 5H 5-Cl
parently increases with ring strain, going from the mobile cy-
clopropylcarbinyl cation (1)® to more rigid 8,9-dehydro-2-
adamantyl (2)¢ and 2,4-dehydro-5-homoadamantyl (3)7 cat-
ions, and to even more rigid 3-nortricyclyl (4)% and 3-homo-
nortricyclyl (5). The coupling constants observed for the
methylene group in 1 is, however, larger than those in all other
static or equilibrating secondary ions (2-H, 3-H, 4-H, and
5-H). They are also much larger than the methine coupling
(Jc-u = 165.0) in the secondary ion 1-H. The increase in the
13C-"H coupling constant is therefore consistent with the
postulated increase in ring strain accompanying the formation
of the o bridge. The 13C-'H coupling constant for the apical
cyclopropane ring carbon in 1-H probably would not change
much, although we do not know the exact geometry of the
ion.
Kelly and Brown30 recently criticized our conclusion relating
to the structure of the parent cyclopropylcarbinyl cation (1)
and claimed that the J¢_y value to 180 Hz for the apical CH
group would support an equilibrating classical ion. It is clear
from the foregoing discussion that one cannot differentiate
classical or nonclassical character from this parameter. It is
indeed surprising to see that they attribute to us criteria to

“decide” the question of nonclassicality, based on a single value
of Jc-u i.e., of the apical methine group, which incidentally
is not participating in the overall equilibration process. In any
case couplings are affected by many factors and their theory
is quite complex. We know of no treatment which allows a
quantitative evaluation of J¢_y either in carbocations or their
neutral precursors, at the present time in cyclopropylcarbinyl
systems. Our views on the nonclassical carbonium ion nature
of the cyclopropylcarbinyl cation remain unchanged.

Experimental Section

Materials, Bicyclo[3.2.1]oct-3-en-2-0l (11),'6%!7 tricyclo-
[3.2.1.027]octan-3-01(6-OH),!5 bicyclo[3.2.1]octa-2,6-diene(8-H)??
3-bromobicyclo[3.2.1]octa-2,6-diene(8-Br),24 and 3-chlorobi-
cyclo[3.2.1]octa-2,6-diene (8-Cl)?4 were prepared as previously de-
scribed in literature.

3-Methylbicyclo[3.2.1]octa-2,6-diene(8-CH;) was prepared by
stirring 8-Cl or 8-Br in dry ether with excess of methyl magnesium
iodide at room temperature for two days: bp 34 °C (0.2 mm); 'H
NMR (CDCl;, capillary MesSI) § 1.95 (s, 3 H), 2.0-2.9 (m, 6 H),
3.16 (m, 2 H), 6.18 (d-d, 2 H), and 6.64 (d-d, 1 H).

Preparation of Ions. A freshly prepared FSO3;H or SbFs solution
in SO,CIF (w/w) was cooled at dry ice-acetone bath temperature (ca.
—78 °C). Into the acid solution was then slowly introduced with vig-
orous stirring a cold solution of bicyclic or tricyclic precursors in
SO,CIF to give an approximately 15-20% solution of the ion, which
was then immediately transferred into a precooled NMR tube for
study.

Proton and Carbon-13 NMR Spectroscopy. 'H and '3C NMR
spectra were obtained using Varian Associates Models A56/60A and
XL-100-15 NMR spectrometers, respectively. Both proton and car-
bon-13 shifts were measured from the external tetramethylsilane
(capillary) signal, Details of the CFT spectroscopic conditions used
were as described previously.!
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Abstract: The kinetics of the reduction of compound II of cytochrome ¢ peroxidase as a function of temperature have been de-
termined for a variety of iron(II) reductants of varying redox potential. A linear free-energy relationship has been obtained
between free-energy changes for the reactions and the activation free energies consistent with the Marcus theory for outer-
sphere electron transfer. Application of the Marcus theory to these reactions has permitted a calculation of the previously un-
known redox potential for the compound II, native enzyme couple, and the homonuclear electron self-exchange rate between
native enzyme and compound II. The values so obtained are 1.087 V and 7.5 X 1075 M~ s~!, respectively, at pH 5.26 and 25
°C. The activation free-energy barrier for this self-exchange process is 23.2 £ 0.2 kcal mol~!. The kinetics of the peroxidase-
catalyzed oxidation of ferrocytochrome ¢ can be accommodated by the Marcus theory as well if a more stable precursor com-
plex is assumed for the cytochrome c-cytochrome ¢ peroxidase reaction than for the reaction between the small inorganic com-

plexes and the enzyme.

Cytochrome ¢ peroxidase! is an enzyme present in yeast
mitochondria which catalyzes the oxidation of ferrocytochrome
cto fgrricytochrome ¢ by hydrogen peroxide according to the
reaction sequence

kapp
CcP + H,0; —> CcP-1

k 52PP
CcP-1 + cyt ¢’ —> CcP-11 + cyt ¢ (1)

k 3app
CeP-II + cyt ¢”” —s CcP + cyt ¢

Cytochrome ¢ peroxidase, which has been the subject of a
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