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3,3-Dimethyl-2-bicyclo{3.3.1]nonanone (3) and 3,3-dimethyl-7-bicyclo{3.3.1]nonen-2-one (5) have been ob-
tained by methylation of 2-bieyclo[3.3.1]nonanone (1) and 7-bicyclo[3.3.1]nonen-2-one (4), respectively. The
ease of methylation of 1 and 4 is strikingly different and is attributed to the difficulty of generating the enolate
ion from 4. The nmr spectrum of 3 is temperature dependent and analysis of the spectral data assuming boat =

chair equilibrium in the ketone ring gives AH® = 1 keal/mol.
more stable conformer, and some modified Wiberg-type calculations support this assumption.

The chair-boat form for 3 was assumed to be the
Rate of the

bridgehead proton exchange for 3 in deuteriomethanol at 100.8° is 0.67 X 10~¢1./mol sec, and that of 5 is ca.

30 times slower.

The difference is attributed partly to conformational influences.

The chair conformation

assigned the ketone ring of 5 is supported by spectral evidence.

Early in this century Rabe? utilized the bicyclo-
[3.3.1]nonane ring system in studying questions of in-
terest to theoretical organic chemists. Since that
time this bridged ring system has figured quite heavily
in studies of bridgehead reactivity? and of Bredt’s
rule.* It seems proper to return to a new consideration
of the geometric questions relating to bridgehead reac-
tivity and, in particular, of Bredt’s rule at a time when
the geometry of the bicyclo[3.3.1]nonane ring is known,®
and the importance of conformations is better appre-
ciated. As an initial step toward gaining more precise
data about the energetics of bridgehead substitution,
we have examined the rates of bridgehead deuteration
of 3,3-dimethyl-2-bicyclo[3.3.1]nonanone (3) and 3,3-
dimethyl-7-bicyelo[3.3.1 Jnonen-2-one (5).

Preparation and Properties of the Dimethyl Ke-
tones.—The desired dimethyl ketone (3) was prepared
by methylation of 2-bicyclo[3.3.1]nonanone® (1) with

t-butoxide and methyl iodide? (Scheme I). There was
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no evidence in the glpe analysis or from the nmr spec-
trum of the presence of any trimethylation product.
Monomethyl ketone (2) was not present in the reaction
product under the preparative conditions. The nmr
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spectrum of 3 shows, as expected, two singlet methyl
bands. The chemical shift between these is tempera-
ture dependent. We assume that this is due to the

conformational equilibrium 3., = 3. If the chemical
Me d
Me b
Me ¢ = 0
Me a
K 3ch

shifts of the methyl groups are represented by a, b, ¢, d,
as shown and the concentration of 3., = z, then the ob-
served chemical shift A6 = az + b(1 — z)] — [ex +
d(1 — z)]. Substituting (a — ¢) = n(b — d) we find
A = [1 4 z(n — 1)](b — d). This equation cannot
be solved for z, n, and (b — d) on the basis of the nmr
data alone. Since both 3, and 3, are relatively rigid
isomers, the rather reasonable assumption is made that
AS° =~ 0, and, over the temperature range involved,
AH? is a constant.® Using y = A8/(b — d) and equat-
ing AH® at two different temperatures, T log (y; —
n) = Telog (yz — n) = Tilog (1 — y1) — Tplog (1 —
y2). With this equation the nmr data can be used to
calculate n as a function of (b — d). Fortunately most
values of either n or (b — d) turn out to be unrealistic,
and the most satisfactory interpretation of the data
givesn = —1and (b — d)} = 7 ecps. When this inter-
pretation was made, we were unable to find any nmr
spectra of conformationally uniform and undistorted
a,a-dimethyleyclohexanones to check this value of
(b — d). Recently Professor M. J. T. Robinson!® has
kindly informed us that cis-2,2,6-trimethyl-4-¢-butyl-
cyclohexanone exhibits methyl frequencies for the
geminal dimethyl group separated by 8.2 cps. The
agreement with our assumed value for (b — d) is quite
gratifying. '

The equilibrium constant for the conformational
change derived from the nmr data is K = 5 at 18° and
AH° = 1.0 keal/mol. No answer as to whether 3, or
3.p is the more stable conformer is available from these

(8) The assumption that AH® is constant over a temperature range of
about 80° is not unreasonable. It has been pointed cut? that over tempera-~
ture ranges of 100°, AH® is generally nearly constant.
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data. Clearly it would be of value to establish this
point. In many cases with saturated bieyelo[3.3.1]-
nonanes the appearance of high-frequency stretching
bands near 2990 and bending vibrations near 1490 cm—!
has been used as a means of identification of the double
chair conformation.}! Unfortunately, the presence
of bands at 2981 and 1475 cm~! in the spectrum of 3 is
not definitive as to conformation. Similarly, their ab-
sence in the spectrum of 1, though it may suggest that
the chair-boat conformation is preferred, does not
provide definitive evidence.

Methylation of 4 could not be achieved under eondi-
tions which led to rapid methylation of 1. Sodium
hydride and methyl sulfate also failed to bring about
methylation. We attribute the problem to an unfavor-
able equilibrium constant for formation of the eno-
late with these bases. This would imply that the pres-
ence of a double bond in one ring makes it more difficult
to form a double bond in the other ring. There is some
evidence which appears to support that supposition.
Meerwein!? reported that 2,6-bicyclo[3.3.1nonadiol
could be dehydrated to the monoene but not to the
diene. Musso'® has repeated the experiment and has
found a significant difference in the ease of removal of
the first compared with the second hydroxyl, but he
was able to prepare the diene. By way of contrast
Meerwein'? also reported that the 2,6-dione “smoothly”
converts into a double enol acetate when heated with
acetic anhydride and sulfuric acid at 145°. Similarly
Knoevenagel®* found that formation of substituted
3,7-bicyclo[3.3.1 Jnonadiene-2,6-diones occurs with ease.
Thus the evidence does not provide unambiguous sup-
port for this idea.

Whatever the reason for the lack of success with the
methods above, a relatively slow but successful reaction
was achieved with triphenylmethide ion and methyl
iodide. Reaction leads to a rather complex mixture
from which the desired 5 was separated with difficulty
by preparative glpe. The prolonged exposure of 4 and
5 to strong base could lead to a produet with a rear-
ranged double bond. That this has not occurred in the
major product isolated here and used in our studies is
clearly indicated by ultraviolet spectral data. The
ultraviolet spectrum of 4 showed a band at Apax 297 mu
(e 181) and that for 5 had a band at Apay 301 myu (e 198).
The ultraviolet spectrum for 6-bicyclo{3.3.1]nonen-
2-one had a band at Ayay 293 mu (e 15).%3  Thus both 4
and 5 showed the bathochromiec and hyperchromie
effects associated with a g,y-unsaturated ketone of
proper geometry.’® The great similarity between the
spectra of 4 and 5 point to a similar geometry for the
two ring systems. Not only does this indicate that
both have the 7-ene structure, but it suggests also that
the keto ring has a chair conformation in both mol-
ecules. MacKenzie? has developed a method for
correlating the molar extinction coefficient at 290 mu
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with the geometry of the B,y-unsaturated ketones.
Using his procedure we calculate e 135 for the con-
formation with the chair cyclohexanone ring and
€290 3049 for the conformation with a boat cyclohexa-
none. Clearly the spectral data support the assignment
of a chair conformation to the ketone ring in both 4 and
5.

The 4 needed for the preparation of 5 was synthesized
from (-(3-cyclohexen-1-yl)propionyl chloride wui¢ a
Friedel-Crafts reaction. A mixture of three prod-

$nCl,
CHCY,

CH,CH,COCI 4 0

ucts was obtained, from which the desired 4 was
separated by distillation. Compound 4 is readily
reduced to the known 2-bicyclo[3.3.1nonanone,!?
which serves as a proof of structure. It is easily dif-
ferentiated from the known 6-bicyclo[3.2.2]nonen-2-
one, g possible product of this reaction, by its spectral
properties and melting point.

Bridgehead Proton Exchange.—A number of ob-
servations point to the conclusion that the bridgehead
position in the bicyclo[3.3.1]nonane system is surpris-
ingly reactive in anionie,!® radical,® cationic,® and
concerted enol-producing?—2 reactions. However,
there have been few accurate rate studies reported
which would help delineate the resistance, or lack of it,
of this system to bridgehead reactivity. We have meas-
ured the rate of exchange of the bridgehead proton
of 3 in deuteriomethanol containing methoxide ion as
catalyst. At 100.8° exchange proceeds at a rate equal
to 0.67 X 10—4 1./mol sec. The single proton which
undergoes exchange in this reaction must be the bridge-
head proton since the multiplet at 2.38 ppm (furthest
downfield proton) is the one which undergoes exchange.
A similar observation is cited by Schaefer and Lark®s
to support their assumption of the exchange of a bridge-
head proton in 1. The conditions of this study are
much less drastic than those required to bring about
homoenolization with camphenilone.?* The only pro-
ton except the one at the bridgehead that could be
considered as a potential candidate for exchange is the
7 (e) hydrogen. However this proton is not present in
5 which also exchanges only one proton under com-
parable conditions. Thus, the evidence clearly sup-
ports the contention that a normal enolization at the
bridgehead is involved in the exchange process.

It is possible to use this data to derive a rough ap-
proximation of the energy required to place a double

(18) J. A. Berson and M. Jones, Jr., J. Amer, Chem. Soc., 88, 5019 (1964).
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B-keto acid decarboxylations, '
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bond at the bridgehead in a bicyclo[3.3.1]nonane
ring. There are no rate measurements made with
cyclic ketones of an unstrained sort to which the above
rate can be directly related. However, Shechter® has
measured the rate of exchange of cyclohexanone in a
mixture of deuterium oxide and dimethylformamide
using triethylamine as a catalyst. This work
showed that the effective base was deuterioxide ion.
The rate for cyclohexanone would be 1500-fold
faster at 100° than is the rate for 3, a difference in rate
corresponding to AE, = 5.5 kecal/mol. A rough esti-
mate of the ground-state energy difference between the
two molecules can be obtained by adding the 2.7-kcal/
mol difference between the chair and boat forms of
cyclohexanone® to the flagpole methyl to bridge
methylene interaction. We have assumed that this
latter value is slightly larger, <.e., 2.0 keal/mol, than
is the similar interaction in 1-cis-3-pentadiene (1.66
keal/mol).? This gives a very crude estimate of ca.
0.8 keal/mol for the transition-state energy difference.
Since Swain® has suggested that the bond between car-
bon and hydrogen is nearly completely broken in the
transition state for base-catalyzed enolization, the
energy difference between the transition states may
give a good approximation to that between the enolate
ions of cyclohexanone and 3. Owing to the crude-
ness of the present approximation, it is only possible
to conclude that this energy difference is not very
large.

This conclusion is amply verified by the results of
Schaefer and Lark!®® on the exchange of 1. After 6
days at 95° in DyO-dioxane-0.1 M NaOD, 1 was found
to contain 8.19, dy, 32.09% d,, and 58.49, d; species.
Quite clearly the rates of exchange of the protons at C-3
and at C-1 are comparable. Originally we viewed these
results as providing an excellent prognosis for the isola-
tion of a 1-bicyclo[3.3.1]nonene. This expectation
has been borne out by the recent reports? of isolation of
1-enes by two different sets of investigators.

The bridgehead proton in 5 undergoes exchange (k =
1.96 X 10—* 1./mol sec) 30 times more slowly than does
the equivalent one in 3 under the same conditions. At
the first glance this seems to be a surprising result. It
is generally accepted that removal of a proton from the
« carbon of a 8,y-unsaturated ketone is more rapid than
from a saturated ketone,® though quantitative data
are difficult to find. Heap and Whitham?® recently
showed that 3-cyclooctenone undergoes exchange at
C-2 1.2 times faster than at C-8. Against this expected
electronic effect must be balanced the possible in-
creased strain induced in the ring by the second double
bond.

A second rationalization of the slower rate of ex-
change for 5 compared with 3 has a conformational
origin. Schaefer'®* has emphasized the importance of
the boat conformation of the ketone-bearing ring to

(25) H. Shechter, M. J. Collis, R. Dessy, Y. Okuzumi, and A. Chen, J.
Amer, Chem. Soc., 84, 2905 (1962).
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Amer, Chem. Soc., 80, 5885 (1958).

(29) J. A. Marshall and H. Faubl, ibid., 89, 5965 (1967); J. R. Wiseman,
ibid,, 89, 5866 (1967).
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stabilization of a bridgehead carbanion. We have
shown that for 5 the spectral evidence favors a chair
form for that ring. Although these data do not pro-
vide much information wvis-a-vis the conformation of
3, it would not be unreasonable to assign the ketone ring
a boat conformation. Then a portion of the ca. 2.2-
keal/mol difference in activation energy between reac-
tions of 3 and 5 could be attributed to the necessity for
a conformational change in 5 which would be absent in
3. The remainder would be due to the increased strain
in the bridgehead enolate caused by the added double
bond. To provide some additional support for this
suggestion of a conformational origin for the rate dif-
ference, we have carried out calculations of the Hen-
rickson—-Wiberg type to determine the relative energies
of the various conformations of the relevant mole-
cules.

Calculations of Preferred Conformation.—Calcula-
tions of the energy differences between conformations
have attained recently a measure of success. Most of
these have, however, been applied to saturated hydro-
carbon molecules.?? Recently Gleicher and Schleyer3?
have modified the program of Wiberg?? to handle mole-
cules having a single trigonal atom in place of a tetra-
hedral carbon. Their parameters were defined for a
carbonium ion rather than a carbonyl group as the tri-
gonal atom. In view first of the considerable difficulties
in defining adequately a number of the parameters
associated with the carbonyl group, and second of our
interest in qualitative rather than accurately quantita-
tive data, a secondary carbonium ion was used to sim-
ulate the carbonyl group. This procedure has been
used previously by Allinger? and amounts to a reversal
of the Schleyer-Foote approach.®* Before considering
the problems associated with this simulation process, let
us consider the results of the calculations. Bicyclo-
[3.3.1]nonane itself was calculated to be 3.7 keal/mol
more stable in the double chair conformation than in the
chair-boat. Although the order of stabilities is cor-
rect,® the calculated AH® is probably too high since
we have found a value of AG®° = 2.5 kecal/mol (362°K).%
For the 3,3-dimethyl derivative the chair-boat con-
former (methyl groups in the boat ring) was calculated
to be 3.9 keal/mol more stable than the double chair.38
This is not an unexpected result.

For the 2-bicyelo([3.3.1]nonyl cation, which is repre-
sentative here of 1, the double chair is caleulated as 2.7
keal/mol more stable than the chair-boat conformer
(sp? carbon in the boat ring). That the energy differ-
ence between the conformers is smaller for the cation
than for the saturated hydrocarbon is to be expected by
analogy with cyclohexanone.® However, the dif-
ficulties associated with finding proper parameters for
energy terms associated with the sp? carbon and the un-
certainties involved with simulating a carbonyl group
by a trigonal cation suggest that this energy value be
examined more critically. The energy relation be-

(32) J. B. Hendrickson, J. Amer. Chem. Soc., 83, 4537 (1961); K. B.
Wiberg, tbid., 87, 1070 (1965).

(33) G.J. Gleicher and P. von R. Schleyer, ibid., 89, 582 (1967).

(34) C. B.Foote, ibid., 86, 1853 (1964); P. von R. Schleyer, ibid., 86, 1854,
1856 (1964).

(85) R. 8. Knutson, Oregon State University, unpublished data.

(36) Calculation of the relative energy of the interesting second possible
chair~boat conformer with the methyl groups on the chair ring was not car-
ried out for economic reasons.
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tween 1, and l,, can be estimated in another
way.

0
lcc lcb

All of the present evidence¥ indicates that 1,4-cyclo-
hexanedione exists largely in the twist boat form. As-
suming that the conformational equilibrium is
tipped toward the boat form by a small —AH® as well as
the expected positive AS®, this supports in a rough
quantitative way the relatively simple analysis of
Allinger.?®  According to his procedure, the energy
difference between the chair and the boat form should
be reduced by 2.4 kecal/mol by the introduction of a
carbonyl group. The experimental evidence relative
to cyclohexanedione suggests that this value is too low
and should be nearer 3.0-3.2 keal/mol. Taken in con-
junction with our experimental value of AG® = 2.5
keal/mol for the double chair to chair-boat conforma-
tional equilibrium in the saturated molecule, these
data suggest that the energy difference between the
double chair and chair-boat forms for the ketone must
be very small and may well favor the 14, conformer. In
any event, the difference does not seem likely to be es-
timated effectively by the calculations involving a
cation carried out in this study.

A difference of 4.4 keal/mol is calculated between the
chair~boat and double chair forms of the 3,3-dimethyl
2 cation. In this case the chair-boat conformation is
favored. The reasonableness of this as an approxima-
tion for 3 needs examination. The most important
difference between the parameters of the Gleicher
and Schleyer calculation and those which might be
expected to pertain to a cyclic ketone is in the “torsional
barrier” to rotation about the sp®-sp® carbon-carbon
bond.® For reasons quoted in their paper Gleicher and
Schleyer®® have justified the use of a negligibly small
barrier. For aliphatic aldehydes and ketones the mi-
crowave measurements give a value of 0.8-1.2 keal/mol
for the barrier.®3 The minimum value for this rota-
tion occurs in acetaldehyde when a hydrogen is eclipsed
with the carbonyl oxygen, or in propionaldehyde where
either a hydrogen or a methyl group eclipsed the oxy-
gen.® Both chemical and thermochemical evidence
with respect to cyclohexanone,*! as well as the data® re-
lating to 1,4-cyclohexanedione, shows that the direct

(37) P. Groth and O. Hassel, Proc. Chem. Soc., 218 (1963); A. Mossel,
C. Romers, and E. Havinga, Tetrahedron Lett., 1247 (1963); N. L. Allinger
and L. A. Freiberg, J. Amer. Chem. Soc., 88, 5028 (1961); C. W, N. Cumper,
G. B. Leton, and A. I. Vogel, J. Chem. Soc., 2067 (1965); M. V. Bhatt, G.
Srinivasan, and P, Neelakantan, Petrahedron, 21, 291 (1965).

(38) Gleicher and Schleyer®’ separate the calculation of torsional strain
energy and nonbonded interaction energy. Thus they assume the torsional
barrier to be independent of the groups attached to the two atoms about
whose bond the rotation is to occur. The barrier obtained from microwave
spectroscopy is an experimental quantity which includes all contributions,
s.¢., the intrinsic torsional barrier due to bonding electrons, nonbonded inter-
actions, and electrostatic effects. Thus the measured value can be equated
to the calculation parameter only when reasonable evidence can be presented
to show that other energy terms aside from the “‘intrinsic torsional barrier’’
can be neglected.

(39) E. L. Elie], N. L, Allinger, 8. J. Angyal, and G. A, Morrison, ‘“Con-
formational Analysis,”” Interscience Publishers, New York, N. Y., 1966,
p 140.

(40) See ref 39, pp 19, 20.

(41) H. C. Brown, J. H. Brewster, and H. Shechter, J. Amer. Chem. Soc.,
76, 467 (1954).
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application of this information to eyclic ketones would
lead to conclusions in direct conflict with chemical ex-
perience. Since all the evidence thus supports the
theory that replacement of a methylene by a car-
bonyl unit favors the boat form, we feel that, since
the calculations favor the chair-boat conformation
for both the dimethyl derivatives of the saturated ring
and the cation, the conclusions derived from the cation
can indeed be considered significant for the ketone.
Thus the ealculations do give some reasonable support
for the assignment of a chair-boat conformation to 3.

Experimental Section

3,3-Dimethyl-2-bicyclo{3.3.1]nonanone (3).—Sublimed 2-bi-
cyclo[3.3.11nonanonet (1.43 g, 10.4 mmol) was stirred for 20 min
at room temperature with a solution of 4.4 g (40 mmol) of potas-
sium ¢-butoxide in 125 ml of {-butyl alcohol. Excess methyl
iodide (11.0 g, 77 mmol) was added quickly, and the mixture
was stirred at room temperature for 5 hr. Water was added, and
most of the solvent was removed under reduced pressure. The
residue was acidified, and the organic materials were taken up in
hexane. Removal of the hexane followed by distillation, bp ca.
80° (0.05 mm), gave 1.23 g (73%) of 3: n? »p 1,4869; mol wt (via
mass spectrum) 166. The infrared spectrum shows bands at
2981, 1475, 1385, 1363, and 1720 cm ™. The nmr spectrum ex-
hibited a complex band between 1.25 and 2.5 and two singlets
(3 H each) at 1.16 and 1.08 ppm.

Anal. Caled for C;;HsO: C, 79.46; H, 10.91.
79.27; H, 10.70.

An oxime was prepared by heating 3 with a mixture of hy-
droxylamine hydrochloride, absolute ethanol, and pyridine at
70° for 24 hr. The oxime was recrystallized from methanol-
water: mp 152-153.

Anal. Caled for CiHNO: C, 72.88; H, 10.56. Found:
C,72.79; H, 10.37.

The chemical shift between the two methyl singlets was found
to be temperature variable. Spectra taken in tetrachloroethane
showed the following changes in & with temperature: 67 3.5,
o 4.1, 815 4.7, 85 5.0, -2 5.1. Using the equation (derived
above) Thlog (g1 — n) — Tylog (ys — n) = Thlog (1 — y1) —
Ty log (1 — y.) and the data for 147 and 73° one assumes a value

Found: C,

for (b — d) and calculates n. This gives the series n = —4,
b-d)=5,n=-11,b~-4d)=7n=-10,(b—-d) =
10. Using the data at 147 and 18° the values are n = — 0.8,
b-d)=7n=—209 (b —d) = 10. If the differences

(a — ¢) and (b — d) are assumed to be largely the result of the
spatial relation between the two methyl groups and the carbonyl
group, inspection of models indicates that n should be approxi-
mately —1. Thus the value for (b — d)is between 7 and 10 for
the calculations tabulated above. Over the whole range for the
data (b — d) = 7 gave the best agreement.

7-Bicyclo[3.3.1]nonen-2-one.—To a solution of 18.5 g (0.12
mol) of 3-(3-cyclohexen-1-yl)propionic acid*? and a few drops of
pyridine in 350 ml of anhydrous benzene was added 20 ml (0.238
mol) of oxalyl chloride over a 2-hr period. The reaction mixture
was maintained at 10° during addition and for 5 hr afterward.
The solvent was removed 7n vacuo and the acid chloride was used
directly in the next step.

To a well-stirred solution containing 8.16 g (0.048 mol) of 3-
(3-cyclohexen-1-yl)propionyl chloride in 300 ml of chloroform
was added 11.7 ml (0.10 mol) of anhydrous stannic chloride over
a 1-hr period. The reaction mixture was stirred 5 hr at room tem-
perature. The mixture was shaken with cold 109, hydrochloric
acid and the organic layer separated. The acid layer was ex-
tracted with hexane; the organic/solutions were combined. The
combined solutions were washed with saturated sodium carbonate
solution and then with water. After the solution had been dried
over magnesium sulfate, the solvent was removed in vacuo. The
crude residue was distilled through a column packed with glass
helices, bp 60° (0.05 mm). The product, mp 66-68°, was 96—
97% pure by glpe (Ucon Polar column at 190°): # 3030, 2850,
2750, 1700, 1650, 1270, 1220, 900, 670 cm ™!; Amax297 mu (¢ 181),
202 (2090).

(42) H. L. Finkbeiner and G, D. Cooper, J. Org. Chem., 27, 3395 (1962).
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TasLE I
Substrate 8 (0.61 M)¢ ——Methozide ion (1,25 M)—————
ky X 108,

Time, sec Deuterium, % gec 1
1800 13.4 7.7

5700 40.0 8.8

7200 43.8 8.0

Av 8.2

s Temperature was 100.8°; k = 6.6 X 1075 L. /mol sec

Angl. Caled for CH;O: C, 79.37; H, 8.88. Found: C,
79.17; H, 8.87.

A semicarbazone, prepared according to the procedure of
Shriner, Fuson, and Curtin,*® melted at 197.5-198.8°.

Angl. Caled for CH;s0N;: C, 62.16; H, 7.82. Found:
C, 62.35; H, 7.84.

3,3-Dimethyl-7-bicyclo{3.3.1]nonen-2-one (5).—A solution of
potassium triphenylmethide in glyme was prepared by heating
12.2 g (0.05 mol) of triphenylmethane and 1.84 g (0.047 g-atom)
of potassium in 25 ml of glyme under nitrogen for 12 hr.#¢ To
the cooled solution was added 1.88 g (0.014 mol) of 7-bicyclo-
[3.3.1]nonen-2-one, and, after the solution had been stirred for 20
min, 20.5 g (0.145 mol) of methyl iodide was added dropwise over
a 10-min period. The solution was stirred for 10 hr at room
temperature. After the reaction mixture had been filtered, the
solvent was removed 7n vacuo, and the desired product was iso-
lated (49%) by preparative glpe on a 5 ft X 0.25 in silicone col-
umn. The infrared spectrum showed bands at 3030, 2850, 1700,
1650, 1380, 1360, and 1260 cm . The nmr spectrum exhibited
multiplets at 5.8 (2 H), 2.9 (1 H), 2.2 (2 H), and 1.9 (4 H), and
singlets at 1.1 and 1.05 ppm.

Anal. Caled for C;HisO: C, 80.44; H, 9.82. Found: C,
80.24; H, 9.68. ’

Kinetic Measurements.—A solution of sodium methoxide in
deuteriomethanol (1.5 M) was prepared in a dry nitrogen at-
mosphere. This solution was made up to ca. 0.6 M in the proper
ketone and sealed in carefully baked-out ampoules under nitro-
gen. The ampoules were placed in a constant-temperature bath
at 100.8° and withdrawn at appropriate intervals. Each sample
was immediately placed in a Dry Ice bath to quench the reaction.
The sample tube was opened, an excess of water was added, and
the ketone was extracted with pentane. Analysis of the deu-
terium content of the samples was made by mass spectrometry.
Early runs were made using infrared spectrometry as an analyti-

(43) R. L. Shriner, R. C. Fuson, and D, Y, Curtin, “Systematic Identifica-
tion of Organic Compounds,” 5th ed, John Wiley and Sons, Inc., New York,
N. Y., 1964, p 253.

(44) H. 0. House and V. Kramar, J. Org. Chem., 28, 3362 (1963).
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TasLe IT
Substrate § (2.5 M)% e Methoxide ion (1.65 M)
k1 X 108,

Time, sec X 10-5 Deuterium, % sec ™1
1.00 31.0 0.37

1.44 34.3 0.29

2.59 51.5 0.29

3.46 60.5 0.37

Av 0.33

¢ Temperature was 100.7°; k; = 2.0 X 10-¢1./mol sec.

cal instrument and the rate constants generally agreed within
109, with those using the mass spectrometer. Typical data are
shown in Tables I and II.

Spectral Measurements.—Infrared spectral measurements
were made on carbon tetrachloride solutions on a Beckman IR-7
grating spectrometer. The ultraviolet spectra were obtained
with a Cary Model 15 ultraviolet spectrophotometer. All nmr
spectra were made on carbon tetrachloride solutions using a
Varian A-60 nmr spectrometer,® equipped with a Varian variable-
temperature probe. The mass spectra were obtained with an
Atlas CH, mass spectrometer operated under conditions de-
veloped to give & maximum molecular ion peak.

Calculations.—All calculations were performed on the CDC-
3300 computer at the Oregon State University computer center.*s
The parameters used in these calculations were the same as those
employed by Gleicher and Schleyer,% except that an in-plane
H-~C*-C bending force constant of 158 kecal/mol rad? was intro-
duced. This value is four times the H-C-C bending force
constant, a value in keeping with the C~C*-C bending constant
obtained empirically by Gleicher and Schleyer. 47—

Registry No.—3, 16957-74-7; 3 (oxime), 16969-35-0;
4, 16957-72-5; 4 (semicarbazone), 16957-71-4; 5,
16957-73-6.

(45) Acknowledgment is made to the National Science Foundation for
financial assistance in the purchase of this instrument.

(48) G.J. G. is indebted to the Oregon State University computer center
for financial assistance which paid for part of the calculations made in this
study.

(47) Though this value is larger than those used for H-—C=C in-plane
bending constants by Garbisch# and Allinger, et al.,4? the influence of this
parameter on the calculated energy differences is small since little distortion
of bond angles occurs at the sp? center.

(48) E. W. Garbisch, Jr., 8. M. Schilderout, D. B, Patterson, and C, M.
Sprecher, J. Amer. Chem. Soc., 8T, 29032 (1965).

(49) N. L. Allinger, M. A. Miller, L. W. Chow, R. A, Ford, and J. C.
Graham, ibid., 8T, 3430 (1965),



