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Quadricyclyl-T-carbinol was synthesized from 7-benzyloxymethylnorbornenone via 7-benzyloxynorbornadiene.
The triflate ester of the carbinol upon solvelysis in buffered trifluoroethanol rearranged via a cyclopropylethyl
carbonium ion pathway. This result indicates that the energy gained by rearrangement from a primary to a secon-
dary carbonium ion to form a quadricyclooctyl system is insufficient to overcome the strain engendered in the

new ring system.

Much work has been reported on the solvolysis of
strained ring systems,? and the usual result has been the
formation of less strained ring systems. A problem which
has been less thoroughly investigated is the use of carboni-
um ion rearrangements to incorporate strain into the ring
system. Considerable energy can be released when a less
stable primary carbonium ion rearranges to the highly sta-
bilized tertiary carbonium ion, and it should be possible to
salvage some of this energy in the form of higher skeletal
strain. One such case of such energy salvage is found in the
solvolysis of 1-adamantylcarbinyl tosylate.® In this case,
the stabilization energy gained in going to the tertiary car-

bonium ion outweighs the increased skeletal strain of the
homoadamantyl ring system.

HOAc

NaQAc

“CH,OTs OAc

o,
o’

It is well known that an adjacent cyclopropyl ring can
stabilize a carbonium ion,* but a less investigated problem
is how early in the process of rearrangement does the assis-
tance of a neighboring group take effect. A compound that
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has the potential of providing answers to both the ques-
tions of introduction of strain by rearrangement and par-
ticipation of stabilizing groups in the process of rearrange-
ment is quadricyclyl-7-carbinol (1). Solvolysis of the sulfo-

(‘ CH,OH
+
L -

1 2

nate ester of 1 would give an ion theoretically capable of a
myriad of rearrangements. Of special interest is the most
obvious rearrangement, a 1,2-alkyl shift. In this rearrange-
ment an intermediate with a highly stabilized cyclopropyl-
carbinyl structure would be formed from the unstabilized
primary cation, but the rearranged structure 2 is very high-
ly strained. The strain of 2 is evident both from molecular
models and from the extreme thermal lability of com-
pounds with the same skeleton.? A minimum of 8 kcal/mol
would be gained by rearrangement from a primary to a sec-
ondary cation, and even more if the cyclopropyl ring can
participate in the rearrangement step.® The question raised
is whether the stabilization gained is sufficient to overcome
the concomitant increase in ring strain introduced by the
rearrangement to the quadricyclooctane skeleton.
Compound 1 was synthesized by the route shown in
Scheme I. It was found that the p-toluenesulfonate ester

Scheme 1
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and the p-bromobenzenesulfonate ester of 1 upon acetoly-
sis in sodium acetate buffered acetic acid at 60 and 100°
gave an intractable mixture of ten or more products. This
multitude of products formed in the acetolysis was appar-
ently due to attack of the solvent on the strained quadricy-
clane system, itself.

A manageable solvolysis product mixture was obtained
by solvolysis of the highly reactive trifluoromethanesulfo-
nate ester® in the nonacidic, nonnucleophilic solvent triflu-
oroethanol.” The triflate of 1 was prepared by reaction of
the lithium salt of 1, prepared with n-butyllithium in ben-
zene, with triflic anhydride. Solvolysis of the triflate in tri-
fluoroethanol with 1 equiv of triethylamine, to scavenge the
acid produced in the reaction, led to a mixture of five prod-
ucts. One of these products comprised 80% of the product
mixture, and it was obtained in a pure state by preparative
gas chromatography; the other four products ranged from 1
to 7% of the mixture, and they could not be resolved-into
pure compound on preparative gas chromatography.

The major solvolysis product was assigned structure 6 on
the basis of spectral evidence. The mass spectrum showed a
parent ion at m/e 204, consistent with 6; the infrared spec-
trum displayed no absorptions for olefinic bonds, suggest-
ing a quadricyclic structure. The NMR spectrum also had
no resonance bands higher than é 5.0, a feature also indi-
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cating the absence of olefinic hydrogens. There were eight
resolved signals in the NMR spectrum, as described in
Table 1. The two-proton quartet at § 3.88 is characteristic

Table 1
NMR Resonances of Compound 6
Pro-  Assign-
) tons ment Coupled to protons
0.20 2 C-4 C-3,C-5;J=2.8 Hz
0.92 1 C-5 C-3,C-4,C-6 (J=1.0 Hz)
1.37 2 C-2,C-3 C-1, C-38,C4, C-6,C-8
1.80 1 C-1 C-2, C-6,C8
1.86 1 C-8 C-1, C-2, C-7
2.88 1 C-6 C-5 (J=1.0 Hz), C-2 (J = 0.4 Hz),
C-1, C7
3.88 2 CH,CF, Fluorine (J = 8.8 Hz)
4.03 1 Cc-7 C-6 (J = 3.4 Hz), C-8 (/= 1.8 Hz)

of the trifluoroethyl group. The two-proton multiplet at é
0.2 is assigned to the two secondary cyclopropyl protons on
C-4. The doublet of doublets integrating for one proton at §
4.03 is assigned to the proton on the carbon bearing the tri-
fluoroethyl group, and the doublet of multiplets at 6 2.88 is
ascribed to the proton on the tertiary noncyclopropyl car-
bon, C-6. The remaining protons were assigned by exten-
sive homonuclear decoupling, as summarized in Table I,
except that carbons 2 and 3 could not be distinguished
owing to overlapping of their signals. The stereochemistry
of the cyclopropyl ring at C-3 and C-5 is assigned exo for
two reasons. First, the most plausible mechanism suggests
such an arrangement. Second, a coupling constant of 1 Hz
between the protons on C-5 and C-6 is in line with a large
dihedral angle relationship. Inspection of models of the exo
and endo ring fused isomers show a dihedral angle of 55°
for the exo and 15° for the endo; using the Karplus® equa-
tion these values suggest coupling constants of 2.5 and 7.5
Hz, respectively. An enlarged CCH angle at C-5, due to the
cyclopropyl ring, could cause a reduction of the predicted
coupling constants, but the magnitude is not known.? In
view of the fact that the exo stereochemistry is mechanisti-
cally predicted, it is assumed that bond angle changes
would not reduce the coupling constant sufficiently to indi-
cate an endo stereochemistry. All other coupling constants
are consistent with the assigned structure 6.

The solvolysis of 1 involves a cyclopropylethyl carboni-
um ion, and a close analogy to it is to be found in the sol-
volysis of 7.19 In the latter case, the major products were 8,
9, and 10, and the primary difference in these two systems
is that in the case of 7, the product 9 only comprises 35% of
the reaction mixture whereas 6 makes up 80% of the prod-
ucts from 1. Consideration of other possible results of the
Wagner-Meerwein rearrangement of 1, in analogy to 7,
shows that all such detectable products should be olefinic.
Not only should 2 continue to rearrange by one or more cy-
clopropylcarbinyl-homoally! openings, but if trapped as 2,



3758 J. Org. Chem., Vol. 40, No. 25, 1975

OTs
AcOH
7
OAc
tH tH
8
AcO AcO
9 10

the observed product should be a bicyclooctadiene in view
of the known lability of the quadricyclooctyl system 2.5

+

2

Olefinic materials account for less than 2% of the reaction
mixture. The stabilization that is obtained by conversion of
primary to a secondary carbonium thus is insufficient to
overcome the increase in strain engendered in such a sim-
ple 1,2 shift. With such a shift ruled out, the more obscure
cyclopropylethyl carbonium ion rearrangement becomes
the main path of the rearrangement process.

Experimental Section

7-Benzyloxymethylnorbornadiene (4). A solution of 27.8 g
(0.12 mol) of 7-benzyloxymethylnorbornenone (3)!! and 22.7 g
(0.12 mmol) of p-toluenesulfonylhydrazine in 100 ml of THF was
heated under reflux for 12 hr. TLC with 25% ether—pentane on sili-
ca gel G indicated the absence of ketone (Ry 0.7) and the presence
of tosylhydrazone (R; 0.05). The solution was diluted with 400 ml
of benzene, and the mixture distilled until the distillation temper-
ature reached 80°. The residue was cooled to 0° and treated with
153 ml (5.49 g of methyllithium, 0.25 mol) of 5.07% methyllithium
solution. The addition was done slowly with a syringe; foaming oc-
curred during the first part of the addition. A Gilman test of the
solution after the addition was complete was positive.

The orange solution was stirred under nitrogen at room temper-
ature for 6 hr, 150 ml of water was added, and the organic layer
separated. The extract was washed with water and saturated NaCl
solution, filtered through MgSQO4, and concentrated at reduced
pressure. The residue was Kugelrohr distilled to yield 10.62 g
(41%) of 4: NMR 6§ 2.74 (tr of m, 1), 3.24 (d, J = 8 Hz, 2), 3.35 (sex-
tet, J = 2 Hz, 2), 4.30 (s, 2), 6.45 (tr, J = 2 Hz, 2), 6.70 (tr, J = 2
Hz, 2), 7.14 (s, 5); ir 3080, 2980, 2970, 2850, 1080 cm™!; mass spec-
trum m/e 212, 145, 91.

Anal. Caled for Ci5H160 (212.29): C, 84.87; H, 7.60. Found: C,
84.66; H, 7.73.

7-Benzyloxymethylquadricyclane (5). A solution of 10.8 g
(0.048 mol) of 7-benzyloxymethylnorbornadiene (4) and 250 mg of
triphenylene in 840 ml of benzene was irradiated with Vycor-fil-
tered light from a Hanovia 450-W lamp for 6 hr. The benzene was
rotary evaporated, and the residue chromatographed on 500 g of
silica gel. The triphenylene was eluted with twelve 200-ml frac-
tions of 10% benzene-pentane and the 7-benzyloxymethylquadri-
cyclane with three 200-ml fractions of 10% ether—pentane: yield
7.47 g (73%); NMR 6 1.2-1.6 (m, 6), 2.74 (tr of m, 1), 3.39 (d, 2),
4.40 (s, 2), 7.25 (s, 5); ir 3030, 2850, 1090 cm™1,

Anal. Caled for Ci5H;60 (212.29): C, 84.87; H, 7.60. Found: C,
84.61; H, 7.37.

Quadricyclyl-7-carbinol (1). A solution of 7.25 g (34.2 mol) of
7-benzyloxymethylquadricyclane in 500 ml of ammonia (distilled
from blue sodium-ammonia solution) and 500 ml of THF was
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stirred at —78° and 0.47 g (2 equiv) of lithium wire was added in
1-cm long pieces. The mixture was allowed to reflux for 90 min and
an additional 50 mg of lithium added (blue color remained). To the
solution was carefully added 200 ml of water and 200 ml of ether;
the ammonia was allowed to evaporate. The residue was chromato-
graphed on 800 g of silica gel with 10-30% ether—pentane. The
most polar fraction was quadricyclyl-7-carbinol, crude yield 4.02 g
(96%), and the material recrystallized from pentane: yield 1.92 g
(47%); mp 42.0-43.5°; NMR 5 1.20-1.60 {m, 6), 2.65 (tr of m, J =7
Hz, 1), 3.56 (d, J = 7 Hz, 2), 4.26 (s, 1, variable with concentra-
tion); ir 3330, 3075, 2920, 1230, 1030 cm™!; mass spectrum m/e 122,
91

Anal. Caled for CgH150 (122.17); C, 78.65; H, 8.25. Found: C,
78.66; H, 8.09.

Quadricyclyl-7-carbiny] Triflate. A solution of 221 mg of the
carbinol in 10 ml of anhydrous benzene was cooled to 0° and al-
lowed to react with 0.84 ml of a 2.27 M butyllithium solution. At
0°, 525 mg (1.8 mmol) of triflic anhydride was weighed into the so-
lution, with swirling. A gelatinous precipitate of lithium triflate
formed within 1 min and the precipitate was removed by centrifu-
gation. The benzene was rotary evaporated to yield the crude tri-
flate, which decomposed on attempted purification. The crude
product had the following spectral properties: NMR 4 1.2-1.8 (m,
6), 2.95 (tr of m, 1), 4.45 (d, 2); ir 3080, 2940, 1740, 1410, 1240,
1140, 930 cm™1; mass spectrum m/e 254, 105, 91.

Trifluoroethanolysis of 7-Quadricyclylcarbinyl Triflate. A
solution of 450 mg of crude triflate and 250 mg of triethylamine in
10 ml of trifluoroethanol was allowed to stand at room tempera-
ture for 20 hr, at which time the NMR spectrum of an aliquot indi-
cated the absence of triflate (doublet at § 4.46). The solution was
diluted with aqueous sodium bicarbonate solution and with pen-
tane. The pentane layer was removed and the aqueous trifluo-
roethanol solution extracted three times with pentane. The com-
bined extracts were washed with saturated NaCl solution, dried
(MgSO4 and NaHCOg3), and the solvent removed as samples stud-
ied. The mixture was analyzed by VPC (6 ft X 0.125 in., 10% Car-
bowax 600-10% KOH, 80°).

The major product (80%) was the only one of the six products
which could be isolated. The NMR spectral data are given in the
text; mass spectrum m/e 204, 139, 105, 91, 78, 77.

Registry No.—1, 56817-37-9; 3, 56817-38-0; 4, 56817-39-1; 5,
56817-40-4; 6, 56817-42-6; quadricyclyl-7-carbinyl triflate, 56817-
41-5; triflic anhydride, 358-23-6.
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