Notes

2,4-(CH3)2C6H3), 27675-05-4; ATTIFQ (AI‘ = 2,5'(CH3)2C6H3),
29396-64-3; ArTIF; (Ar = 2,4,6-(CH3)3CsH2), 27675-11-2; ArTIF; (Ar
= 4-CgHsCgHy), 60705-29-5; ArF (Ar = 4-CH3CgHy), 352-32-9; ArF
(AI‘ = 4-CQH5C6H4), 459-47-2; ArF (AI‘ = 2,4-(CH3)QC5H3), 452-65-3;
ArF (Ar = 2,5-(CH3)206H3), 696-01-5; ArF (Al’ = 2,4,6—(CH3)3CGH2),
392-69-8; ArF (Ar = 4-C¢H;CgHy), 324-74-3.
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Preparation and studies of strained ring compounds have
long intrigued organic chemists. Especially bicyclo[1.1.0]-
butane, which has the highest strain energy in bicyclic ring
systems, has provided many interesting aspects as regards
relationships between strain energy and reactivity.! However,
only a few solvolytic studies with bicyclo[1.1.0]butane deriv-
atives have been reported.? Thus, we synthesized tri-
cyclo[4.1.0.027}hept-3-y]l and 3-methyltricyclo[4.1.0.027]-
hept-3-yl p-nitrobenzoates (1-OPNB and 2-OPNB, respec-
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tively), and investigated their solvolytic reactivity in order to
determine whether the tricyclo[4.1.0.027]hept-3-yl carbonium
ion is a nonclassical ion by bicyclobutane ring participation
or a classical ion associated with a relief of its ring strain.

Synthesis of the parent tricyclic ketone was carried out as
described in the literature.? Treatment of this ketone with
sodium borohydride or methyllithium gave alcohol 1-OH or
2-OH, wihch was converted to its corresponding p-nitroben-
zoate 1-OPNB (mp 92.0-93.0 °C) or 2-OPNB (mp 79.5-80.5
°() in the usual fashion.

The hydrolysis rates of 1-OPNB and 2-OPNB were mea-
sured in aqueous acetone mixtures by titrating the liberated
p-nitrobenzoic acid displaying nice first-order behavior. The
kinetic data are summarized in Table I with literature values
for related compounds.

The p-nitrobenzoate (1-OPNB) undergoes hydrolysis at
arate 5 X 107 times faster than does cyclohexyl p-nitroben-
zoate (3-OPNB), while the rate of 1-OPNB is essentially the
same as that of methyleyclopropylcarbinyl p -nitrobenzoate
(5-OPNB). It has been suggested that an «-CHs/H rate ratio
in solvolysis reaction of a charge-delocalized system would
decrease when compared to that of a charge-localized system.*
Thus a rate ratio of 2-OPNB/1-OPNB was compared to that
of 4-OPNB/3-OPNB (a charge-localized system), as well as
that of 6-OPNB/5-OPNB (a charge-delocalized system). As
seen in Table I, the rate ratio of 2-OPNB/1-OPNB exhibits
approximately the same as that of 6-OPNB/5-OPNB within

Q.

OPNB CH,
_2O0PNB oo OPNB
4OPNB o0
v O
OPNB OPNB
1-OPNB 3-OPNB
I
>— (IJ—OPNB
CH3
6-OPNB
}I{ = 8700
[>—T——OPNB
CH,
5-OPNB

a factor of 3, whereas it is about 100 times less than that of
4-OPNB/3-OPNB. Consequently, these findings suggest that
the importance factor underlying the solvolytic reactivity of
1-OPNB is stabilization of its transition state by assisting in
charge delocalization rather than by a relief of angle strain.
Hydrolysis of 1-OPNB gives rise to anti-7-norbornenol
(7-OH) as an only alcoholic product (89%, GLC analysis).

AR
- Ay

1~-OPNB

7-OH
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Table I. Kinetic Data for Hydrolysis of Tricyclo[4.1.0.02>7Thept-3-y! and 3-Methyltricyclo[4.1.0.027 Jhept-3-yl p-
Nitrobenzoates (1-OPNB and 2-OPNB, Respectively) and Related Compounds

Registry no. Substrate Solvent,® % Temp, °C ki, 871 keny/ku
6(:595-06-4 1-OPNB 50 99.8 (2.96 £ 0.03) X 10— ¢
80.1 (4.93 £0.11) X 1056
60 80.1 (2.26 £ 0.17) X 1073%
80 25 7.03 X 1079¢
60535-07-5 2-OPNB 60 50.0 (6.90 £ 0.09) X 10—4°%
25.0 (6.05 £ 0.01) X 10=5*%
65 25.0 (4.82 £ 0.09) X 10—%#%
80 25 2.22 X 10-54 3200
7511-32-2 3-OPNB 80 25 1.41 X 10~16e
31058-46-5 4-OPNB 80 25 5.48 X 10~11/ 390 000
18228-38-1 5-OPNB 80 25 4,28 X 10792¢#
23437-99-2 6-OPNB 80 25 3.75 X 1075+h 8700

@Aqueous acetone mixture (v/v). ®The rates are average values for two independent runs. “Extracted from the data at high tem-
peratures and estimated by Grunwald-Winstein equation (m = 0.56). “Estimated by Grunwald-Winstein equation (m = 0.30). ¢Ex-
trapolated from literature data [H. C. Brown and G. Ham, J. Am. Chem. Soc., 78, 2735 (1956)] and converted with a factor of
(kRopPNB s80w/kOTs HOAC)25ec = 3 X 1072 [H. C. Brown, M. Ravindrananthan, K. Takeuchi, and E. N. Peters, ibid., 97, 2899 (1975)]. /E.
N. Peters and H. C. Brown, tbid., 96, 263 (1974). #Extrapolated from literature data [R. A. Sneen and A. L. Baron, ibid., 83, 614 (1961)]
and converted to 80% acetone by a factor of 6.7 for the solvent change. #H. C. Brown and E. N. Peters, ibid., 95, 2400 (1973).

Although 1-OH is found to be unstable under the solvolysis
condition, it does not produce 7-OH. Thus, the formation of
7-OH can be explained as follows: the p-nitrobenzoate (1-
OPNB) produces bicyclobutonium ion 8 first by an anchimeric
assistance of the bicyclobutane ring, and this ion rearranges
to tricyclocarbonium ion 9 which leads to 7-OH through a
stable bishomocyclopropenyl ion 10.

On the other hand, hydrolysis of 2-OPNB proceeds with
stereospecific rearrangement to exo-2-methylbicyclo[3.2.0]-
hept-6-en-2-0l (11)> (71%, GLC analysis) which is not a
product from thermolysis of 2-OH, since 2-OH is stable under
the solvolysis condition. A possible mechanism for the for-

2-OPNB — <\‘+

CH,

solvent
—_ +

CH,
13

LAy

CH,
11

12

mation of 11 is that 2-OPNB produces a classical carbenium
ion 12 which rearranges to 13 by an interaction of the cationic
center with the center bond of the bicyclobutane, and that this
ion may give rise to 11 by a concerted process with the bond
migration and solvent attack.?

Experimental Section”

Tricyclo[4.1.0.027}hept-3-yl p-Nitrobenzoate (1-OPNB). To
a solution of tricyclo[4.1.0.0%7hept-3-one3 (323.9 mg) in 15 ml of
methanol was added a solution of sodium borohydride (60.8 mg) in
5 ml of methanol at 0 °C. The resulting solution was allowed to stir
at 0 °C for 1.5 h. Then water was added to the solution. After removal
of the solvent, the product was extracted with ether three times. The
ethereal solution was washed with water, dried (MgSO,), and con-
centrated to give 234.3 mg (71%) of the crude alcohol (1-OH). Owing
to unstability of 1-OH, the NMR spectrum-of 1-OH was examined
without purification: NMR (CCly) 6 3.52 (m, 1 H), 2.58-2.10 (m, 2 H),
-1.65 (t, 2 H, J = 2.8 Hz), and 1.48-1.20 (5 H).

To a solution of 1-OH (234.3 mg) in 7 ml of dry pyridine was added
p-nitrobenzoyl chloride (438.0 mg) in one portion at 0 °C. The re-
sulting solution was allowed to stand in a refrigerator for 2 days, and
then poured onto ice~water. The product was extracted with chloro-

form to give 288.3 mg (52%) of 1-OPNB: mp 92.0-93.0 °C; IR (Nujol)
1731 em™!; NMR (CCly) 6 8.19 (s, 4 H, aromatic), 4.96 (m, 1 H), 2.72
(m, 1 H), 2.43 (m, 1 H), and 1.94-1.02 (m, 6 H).

Anal. Caled for C14,H304N: C, 64.86; H, 5.05. Found: C, 64.57; H,
5.07.

3-Methyltricyclo[4.1.0.027]Thept-3-yl p-Nitrobenzoate (2-
OPNB). To freshly prepared methyllithium in ether (ca. 27 mmol)
was added dropwise a solution of tricyclo[4.1.0.0%"]hept-3-one (848.7
mg, 7.86 mmol) in 5 mi of ether at room temperature under nitrogen.
The resulting solution was stirred for 30 min. Then the excess
methyllithium was destroyed with ammonium chloride. Ether ex-
traction gave 3-methyltricyclo[4.1.0.027]hept-3-ol (2-OH) as a clear
liquid (619.9 mg, 64%): bp 52-54 °C (6 mmHg); NMR (CCly) 5 2.38
(m, 2 H),2.02 (s, 1 H, OH), 1.67 (t, 2 H, J = 2.4 Hz), 1.58-1.20 (4 H),
and 1.10 (s, 3 H, CH3-).

The alcohol 2-OH (301.2 mg, 2.4 mmol) was converted to its cor-
responding p-nitrobenzoate 2-OPNB as described above for 1-OPNB
to yield 104.9 mg (16%): mp 79.5-80.5 °C; IR (Nujol) 1727 cm™!
(>C=0); NMR (CCly) 6 8.20 (AsB,, 4 H, aromatic, / = 10 Hz), 3.10
(2d,1H,J = 28,70 Hz), 2.46 (m, 1 H), and 1.90-1.30 (9 H).

Anal. Caled for C;5H;504N: C, 65.92; H, 5.53. Found: C, 65.86; H,
5.90.

Kinetic Measurement. The p-nitrobenzoates were hydrolyzed
in aqueous acetone mixtures (v/v), and the rates were measured as
previously described.® The kinetic data are shown in Table I.

Solvolysis Product Study. p-Nitrobenzoate 1-OPNB (32.2 mg)
in 16 ml of 50% aqueous acetone containing 1.4 equiv of sodium bi-
carbonate was sealed in a test tube under nitrogen and heated for 8
h at 100 °C. The tube was cooled and opened. To the cooled solution
was added 8.8 mg of cyclohexanol as an internal standard, and the
product extracted with ether-chloroform was analyzed by GLC on
a 15% FFAP column at 115 °C to indicate presence of anti-7-nor-
bornenol 7-OH (89%) which was identified by GLC and NMR com-
parisons.

p-Nitrobenzoate 2-OPNB (18.3 mg) was solvolyzed as mentioned
above except for being heated in 60% aqueous acetone for 3 h at 50 °C.
The GLC analysis using the internal standard showed formation of
exo-2-methylbicyclo[3.2.0]hept-6-en-2-0l (11, 71%), which was
identified by GLC and NMR comparisons.

Stability of 1-OH and 2-OH under the Solvolysis Conditions.
Alcohol 1-OH (51 mg) in 13 ml of 50% aqueous acetone containing 1.3
equiv of sodium bicarbonate was sealed in a test tube under nitrogen
and heated at 100 °C for 7 h. After workup, the crude product was
examined by NMR and GLC analyses to indicate formation of bicy-
clo[3.2.0]hept-6-en-2-one but no observation of 7-OH and 1-OH. On
the other hand, 2-OH was found to be stable under the solvolysis
condition (60% aqueous acetone, 50 °C, 3 h).
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Registry No.—1-OH, 60595-08-6; 2-OH, 60595-09-7; 7-OH,
694-70-2; 11, 53585-67-4; tricyclo[4.1.0.027}hept-3-one, 37939-70-1;
p-nitrobenzoyl chloride, 122-04-3.
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Conformational analysis of 1,3-dioxacycloalkanes has re-
ceived considerable attention.!-5 Equilibrium studies on
substituted 1,3-dioxacyclopentanes and 1,3-dioxacyclohep-
tanes indicate that numerous low-energy chair conformations,
which are interconnected by pseudorotational pathways, are
available to an equilibrating pair of diastereoisomers. In
contrast 1,3-dioxacyclohexane has only one favorable low-
energy chair conformation for each isomer of a cis-trans
pair.

Examination of models of 1,3-dioxacycloheptanes reveals
that when pseudorotation at C-5,6 is prohibited, only one chair
conformation is possible. The pseudorotation pathway of the
chair form may be excluded by introduction of a double bond
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at C-5,6 or by construction of a small ring containing C-5 and
C-6. Studies of the conformations for compounds which
contain a double bond at C-5,6 indicate that 2,2-dimethyl-
1,3-dioxa-5,6-benzocycloheptene,’ cis- and trans-4,7-di-
methyl-1,3-dioxacyclohept-5-ene, and r-2-tert-butyl-c-4,t-
7-dimethyl-1,3-dioxacyclohept-5-ene® exist in twist-boat
conformations.

Our interest in twist-boat conformations in the 1,3-dioxa-
cyclohept-5-enes has led to an investigation of the effect that
the construction of a small ring would have on the confor-
mation of these compounds. Recent reports that cycloheptene
oxide’ exists in an equilibrium of two chair conformations and
that cycloheptene is also in a chair conformation are of special
interest. The conformation of 1,3-dioxacyclohept-5-ene is
unsettled.® Low-temperature proton magnetic resonance
studies failed to indicate line broadening at —120 °C. How-
ever, carbon-13 magnetic resonance data strongly suggests
that 2,2-dimethyl-1,3-dioxacyclohept-5-ene is in a twist-boat
conformation.?

It is evident that the epoxide ring does not impart sufficient
strain to force cycloheptene oxide into a twist form nor does
the double bond make the twist form the more stable con-
former for cycloheptene. It seemed probable that 3,5,8-
trioxabicyelo[5.1.0]octane (1,3-dioxacyclohept-5-ene oxide)
might be more stable in a twist-boat than in a chair confor-
mation. In addition to the strain provided by the epoxide ring
an unfavorable interaction due to an anomeric effect® could
be anticipated for chair conformations 1 and 3 which is re-
lieved in the twist-boat conformation 2.

6

The 1,3-dioxacyclohept-5-ene oxide was synthesized by
epoxidation of 1,3-dioxacyclohept-5-ene with m-chloroper-
benzoic acid. The proton magnetic resonance spectrum of this
compound remained unchanged in the temperature range 30
to —160 °C. This fact suggested that this molecule might in-
deed be in a twist-boat conformation. However, it is possible
that the coalescence temperature is below —160 °C and that
the compound exists as an equilibrium of conformations 1 and
3.

Supporting evidence for a twist-boat conformation comes
from coupling constants for exo- and endo-2-isopropyl-1,3-
dioxacyclohept-5-ene oxide, 4 and 5, respectively. The endo
isomer gave the following coupling constants: J1,2 (—13.67),



