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Oxymercuration-sodium borohydride reduction of endo-tricyclo[5.2.2.026]undeca-3,8-diene (1) was found to
proceed highly regioselectively and stereogpecifically, giving 4-exo-hydroxy-endo-tricyclo[5.2.2.026jundec-8-ene
(8). Saturation of the 8,9 ethylenic bond in 1 resulted in a great reduction in the reactivity as well as the stereo-
selectivity. In contrast to this, hydroboration of 1 proceeded stereospecifically but not regiospecifically, to give
three exo-hydroxytricycloundecene isomers. The result suggests a trans addition mechanism for the oxymercura-
tion of 1 with the attack of mercuric ion from the endo side of the diene, the transition state being stabilized with
the coordination of the 8,9 ethylenic bond to the mercuric ion.

In a series of the studies on biological activities of substi-
tuted polycycloalkanes,! we have been interested in the
plant-hormonal properties of hydroxypolycycloalkanes.
After some hydroxynorbornanes and -adamantanes as well
as 3-2 and other hydroxy derivatives of 4-homoisotwistane
(tricyclo[5.3.1.0%8|undecane) had been tested,® examina-
tion of the activity of tricyclo[5.2.2.026]undecane (2) with
hydroxy substituents was planned. The hydrocarbon 2 was
prepared for the first time by us*® through hydrogenation
of the Diels-Alder adduct (1)7 of cyclohexa-1,3-diene and
cyclopentadiena. Although adamantane rearrangement of 2
under the catalysis of Lewis%® and Bronsted5#8 acids was
studied, no functionalization reaction has been attempted
to date. In this paper, oxymercuration-demercuration and
hydroboration-oxidation of endo-tricyclo[5.2.2.026]undeca-
3,8-diene (1) giving a variety of hydroxy compounds related
to 2 are described.

©+DA,

Results

Oxymercuration-sodium borohydride reduction®!® of
endo-tricyclo[5.2.2.028]lundeca-3,8-diene (1) in aqueous
tetrahydrofuran at ambient temperature for 1 hr gave in
96% yield a mixture of 92% 4-exo-hydroxy (3) and 8% 3-
exo-hydroxy (4) derivatives of endo-tricyclo[5.2.2.026]un-
dec-8-ene (13) (Scheme I). The ratio of the two isomeric al-
cohols in the product was determined on a Golay GC-MS,
since conventional VPC could not separate them. However,
a pure sample of 3 could be isolated by repeated recrystalli-
zations.

The structure of the alcohol 3 was established as follows.

1. Hg(OAcy, Scheme 1
2. NaBH,
+
A OH
H
(92%)
3
+
/A /
0
5 0
LiAlH 6
AL, lLiAlH,
a /A
OH HO "
7 H

The 3C NMR spectrum indicated that the molecule had a
C, symmetry, showing a correct chemical shift,!! fine struc-
ture, and relative intensity of the signal for the hydroxy-
substituted 4-carbon atom. The structure assignment was
supported by the TH NMR spectrum, which had a olefinic
proton signal corresponding to that of bieyclo[2.2.2]oct-2-
ene,!? and in which no resonance similar to that of the ole-
finic protons of 3,4-dimethylcyclopentenel® was observed.
Jones oxidation!? of the above oxymercuration—-demer-
curation product from 1 gave a mixture of endo-tricy-
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clo[5.2.2.026lundec-8-en-4-one (5) and -3-one (6) (Scheme
I), which could be separated on preparative VPC. The ke-
tone 5 gave endo!®-17 alcohols 7 on lithium aluminum hy-
dride reduction (Scheme I), which was found different
from the original alcohol 3. The exo configuration of the 4-
hydroxy group of 3 was thus established.

IH NMR of the ketone 6 showed the presence of intact
8,9-ethylenic bond in the molecule. Since the endo alcohol
8 obtained on lithium aluminum hydride reduction of 6
(Scheme I) was different from 4, the original alcohol 4
should have an exo configuration.

Tricyclo[5.2.2.026]undec-3-ene (9), prepared by partial
hydrogenation of the diene 1 over palladium catalyst
(Scheme II) was found to react quite sluggishly with mer-
curic acetate at ambient temperature. The decrease in the
reactant 9 was only 33% at the end of I week, as monitored
by VPC. Golay GC-MS showed that the product consisted
of 43% 4-exo-hydroxy (10), 22% 4-endo-hydroxy (11), and
35%  3-hydroxy (12) derivatives of endo-tricy-
clo[5.2.2.026]lundecane (2) (Scheme II). The configurations
of the 4-hydroxy groups in 10 and 11 were determined une-
quivocally by comparison of the VPC retention time and
mass spectrum with those of authentic specimens prepared
by the hydrogenation of the corresponding unsaturated al-
cohols, 3, and 7, obtained above (cf. Scheme II). The struc-
ture of 1218 was proven by Jones oxidation of the mixture
of 10, 11, and 12 obtained above, whereby 12 was converted
to tricyclo[5.2.2.0%8Jundecan-3-one (22) which was identi-
cal with the specimens prepared by hydroboration-sodium
dichromate oxidation of 9 (Scheme IV) as well as by hydro-
genation of 6.

Oxymercuration of endo-tricyclo[5.2.2.026]undec-8-ene
(13), prepared either by partial hydrogenation of the diene
1 in the presence of Wilkinson complex [(PPhs)sRhCi]!®
(Scheme III) or by Diels—-Alder addition of cyclohexa-1,3-
diene and cyclopentene, proceeded also fairly slowly, 33%
of the reactant 13 having disappeared in 24 hr at ambient
temperature. The products were 71% 8-exo-hydroxy-endo-
tricyclo[5.2.2.0%6lundecane (14) and 29% of its acetate (15)
(Scheme III). The structures of 14 and 15 were unambigu-
ously established by comparison of VPC retention time and
mass spectrum with those of authentic specimens prepared
by hydroboration-oxidation of the olefin 13 and subse-
quent acetylation, as described below {Scheme IV).
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Hydroboration-hydrogen peroxide oxidation?® of the
diene 1 gave three hydroxytricycloundecenes, 3, 4, and a
compound of unknown structure, in the ratio of 30, 67, and
3%, respectively. The alcohols 3 and 4 obtained in this reac-
tion were in complete agreement on examination by Golay
GC-MS with the 3 and 4 formed in the oxymercuration—
demercuration of the diene 1 (Scheme I). The third compo-
nent in the product mixture was identified as 8-hydroxy-
endo-tricyclo[5.2.2.028]undec-3-ene (16)2! by the following
reactions (Scheme IV). Jones oxidation of the above hydro-
boration product gave a mixture of ketones, 5, 6, and endo-
tricyclo[5.2.2.026]lundec-3-en-8-one (17),2! from which 17
could be separated on preparative VPC. The ketone 17
gave on reduction with lithium aluminum hydride followed
by hydrogenation over palladium catalyst 8-endo-hydroxy-
endo-tricyclo[5.2.2.028Jundecane (19) which was identical
with the specimen prepared from 13 through hydrobora-
tion, Jones oxidation, and lithium aluminum hydride re-
duction (Scheme IV).

Hydroboration-sodium dichromate oxidation?® of tricy-
clo[5.2.2.028lundec-3-ene (9) gave two ketones, tricy-
clo[5.2.2.028Jundecan-4-one (21) and -3-one (22), in 33:67
ratio (Scheme IV), that was almost the same as that of 3 to
4 (30:67) in the hydroboration of the diene 1. The 4-one 21
separated on preparative VPC exhibited a correct 13 NMR
spectrum corresponding to the structure. Structures of the
ketones 21 and 22 were unambiguously established by com-
parison with authentic specimens prepared by hydrogena-
tion of unsaturated ketones 5 and 6, respectively.

Discussion

Oxymercuration of endo-tricyclo[5.2.2.026]undeca-3,8-
diene (1) was found to proceed highly regioselectively
(92%) and stereospecifically (practically 100%). The high
stereospecificity as well as the high reactivity of 1, as com-
pared to those of tricyclo[5.2.2.0%8]undec-3-ene (9) and -8-
ene (13), could be interpreted most reasonably in terms of
trans addition of mercuric ion and nucleophile with the at-
tack of the mercuric ion from the more hindered, endo side
of the diene molecule. Although this assumption might ap-
parently be inconsistent with the established cis addition
on the exo side in bicyclic olefins,522-25 no better alterna-
tive seems to be at hand, as will be discussed below, for the
explanation of the whole experimental results presented
here. '

Oxymercuration of the monoolefin 9 progressed quite
slowly (33% completion in a week) with a loss in regio- and
stereoselectivity (Scheme II).28 It would be rational, in ac-
cordance with the preferential exo attack of mercuric ion in
oxymercuration of bi- and polycyclic olefins,!522-25.27 t¢
presume also the exo attack for the monoolefin 9. If this is
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the case, predominant formation of 10 (Scheme II) would
be explained, based on the above exo attack of mercuric
ion, by cis addition, and that of 11 by trans addition, of the
reagents. The slow formation of 10 then could be attributed
to a high activation energy associated with cis addition,2®
while an unusually low trans addition rate for the forma-
tion of 11 might be a result of steric hindrance to the ap-
proach of the nucleophile from endo side. An exo cis addi-
tion mechanism also in the oxymercuration of 13 (Scheme
ITI) is indicated by its low reactivity (33% completion in 24
hr) and exclusive formation of the exo products (14 and
15), especially that of the exo acetate®324 15,

Contrary to the monoolefins 9 and 13, the diene 1 shows
high reactivity and selectivity in oxymercuration. It would
be apparent that this cannot be explained by a mechanism
involving exo attack of mercuric ion. If exo attack occurred,
the high reactivity and selectivity of the diene 1, as com-
pared to the monoolefin 9, has to be attributed to the pres-
ence of the 89-ethylenic bond in the former compound.
However, it is quite improbable that the 8,9-unsaturated
bond exerts such a large influence on the reactivity and se-
lectivity of the remote 3,4 bond. Furthermore, exo attack of
mercuric ion on 1 should give a 8- (and/or 9-) substituted
derivative(s), since the 8,9-ethylenic bond would be more
reactive than the 3,4 bond, as is shown in the reactivity dif-
ference between the model compound 9 and 13. This is also
contrary to the experimental results.
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On the other hand, a supposition of the transition state
28, that corresponds to a trans addition mechanism involv-

ing endo attack of mercuric ion with some stabilization by
coordination of the 8,9-ethylenic bond to the mercury atom
(chelate effect), seems to best explain the whole experi-
mental results. A high rate of reaction for 1 would be a
characteristic of the trans addition, while the high stereo-
specificity is a result of an exclusive approach of nucleo-
phile from the exo side.

No definite explanation can be given to the orientation
of nucleophile to the 3,4-, rather than the 8,9-, ethylenic
bond to give 23. The orientation of ndcleophile should be
interpreted in terms of the relative reactivity for trans oxy-
mercuration of the two ethylenic bonds in 1. However, it
seems difficult to estimate this because no appropriate
model is available at present.?® Steric hindrance might be a
predominating factor to control the orientation of the nu-
cleophile, which attacks the less hindered 3,4 bond. Selec-
tion between the 3 and the 4 position (8 and 92%, respec-
tively) within the bond by the nucleophile seems to be de-
termined, as in ordinary Markownikoff additions, mainly
by the charge distribution on the mercury-bridged 3,4
bond.2® _

Stabilization of the transition state of oxymercuration
reaction by coordination of a p orbital to the mercury atom
has some precedents.?!-33 Thus coordination of hydroxyl,3!
cyano,3! carboxyl,32 and carbamate3?® groups -determined
the regio- and stereoselectivity of the reaction in these ex-
amples. It would be probable, therefore, to assume a similar
role of the 8,9-ethylenic bond in the oxymercuration of 1
which leads to a more or less stabilization of the transition
state 23. This stabilization would also contribute to a coun-
terbalance to nonbonded repulsions between endo hydro-
gens and the mercury atom.3¢

The oxymercuration of the diene 1 can be contrasted to
that of endo-dicyclopentadiene, a lower homolog of 1.
endo-Dicyclopentadiene gave a mixture of 8- and 9-exo-
hydroxy-endo-tricyclo[5.2.1.026]dec-3-ene as sole prod-
ucts.?#28.27 The result is in complete agreement with what
is expected from the oxymercuration reaction of norbor-
nene.?528 Norbornene has been shown to undergo oxymer-
curation quite rapidly, yet with exo c¢is addition mecha-
nism. This exceptional reactivity was ascribed to a high
strain of the molecule with steric congestion on the endo
side.?® The 8,9-ethylenic bond of 1 is not so strained as the
corresponding bonds in endo-dicyclopentadiene and nor-
bornene.?® Therefore, the same, exo cis addition mecha-
nism must be unfavorable for the reaction of the 8,9 bond
of 1, and the activation energy for the transition state 23 is
possibly smaller than that for the exo cis attack to the 8,9
bond.

In contrast to oxymercuration, hydroboration of the
diene 1 proceeded with a loss in regiospecificity (Scheme
IV). However, stereospecificity of the reaction was high,
giving predominantly exo alcohols (3 and 4). Prevalent for-
mation of 3 and 4, in turn, may indicate a smaller steric
congestion around the 3,4 bond as compared to that around
the 8,9 bond. This result, coupled with those for the mo-
noolefins 9 and 13, confirmed the preference to exo attack
by diborane that had been demonstrated in many other bi-
and polycyclic systems.16:17:19.36,37 The loss of regioselectiv-
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ity in hydroboration was observed also for endo-dicyclo-
pentadiene,???7 in spite of the large difference in the reac-
tivities between the two ethylenic bonds in the molecule.

Experimental Section

All melting and boiling points are uncorrected. Ir spectra were
obtained for neat samples on a Hitachi 215 spectrophotometer. 'H
NMR spectra were obtained on a Varian T-60 instrument, and 13C
NMR spectra were measured at 15.03 MHz on a Jeol JNM FX-60
spectrometer, both using deuteriochloroform as solvent. Chemical
shifts are reported in § for protons and in parts per million down-
field from the internal Me,Si standard for 13C nuclei. Golay col-
umn GC-MS measurements were done with a combination of a
Jeol JGC-20-KP gas chromatograph and a JMS-D-100 mass spec-
trometer. Capillary columns used were of the dimension of 0.01 in.
X 150 ft, packed with Apiezon L or silicone SE-30, and the VPC
was run at 60-70°. A Varian Aerograph 700 instrument was used
for the preparative VPC. Preparation of endo-tricy-
clo[5.2.2.0%8]undeca-3,8-diene (1) is described in the previous
work. 57

Tricyelo[5.2.2.0%¢Jundec-3-ene (9). A mixture of 29.2 g (0.2
mol) of endo-tricyclo[5.2.2.0%6lundeca-3,8-diene (1}, 800 ml of
ethyl ether, and 1.5 g of palladium on charcoal catalyst (containing
5% metal) was placed in a 500-ml autoclave, After being flushed
thoroughly with hydrogen, the vessel was charged with 10 kg/cm?
-of hydrogen. Hydrogenation was done at room temperature with
efficient stirring until about 0.2 mol of hydrogen had been ab-
sorbed. The catalyst was filtered off, and the filtrate was concen-
trated to give 23.8 g of a mixture consisting of 48% tricy-
clo[5.2.2.026]undec-3-ene (9) and 52% tricyclo[5.2.2.028]undecane
(2). Purification on a preparative VPC gave a pure sample of 9: ir
3040 cm™1; 'H NMR § 1.0-3.0 (m, 14), 5.83 (s, 2); mass spectrum
‘m/e (rel intensity) 148 (51, M*), 120 (46), 105 (41), 92 (48), 91 (78),
81 (49), 80 (90), 79 (88), 87 (65), 66 (100).

Anal. Caled for Ci1Hg: C, 89.12; H, 10.88. Found: C, 89.03; H,
10.59.

endo-Tricyclo[5.2.2.026Jundec-8-ene (13). A. Partial Hydro-
genation of endo-Tricyclo[5.2.2.0>Jundeca-3,8-diene (2) in
the Presence of Wilkinson Complex. A mixture of 43.8 g (0.3
mol) of endo-tricyclo[5.2.2.028]lundeca-3,8-diene (1), 20 ml of ben-
zene, and 0.2 g of tris(triphenylphosphine)chlororhodium(I) in a
500-ml autoclave was hydrogenated with efficient stirring at 50°
under 50 kg/cm? of hydrogen, until the calculated amount (0.3
mol) of hydrogen had been absorbed. The reaction mixture was
concentrated to remove benzene, and the residue was chromato-
graphed with n-hexane through a column packed with alumina
containing 10% silver nitrate, whereby any unreacted 1 and the
catalyst were separated. The eluent was concentrated to give 39.4 g
of a mixture consisting of 52% 13 and 48% 2. Separation on a pre-
parative VPC gave a pure sample of 13: ir 3060 em™!; TH NMR &
0.7-2.75 (m, 14), 6.13 (t, 2); mass spectrum m/e (rel intensity) 148
(7, M%), 120 (4), 92 (8), 91 (12), 81 (9), 80 (100), 79 (20), 78 (), 77
(8), 67 (4), 51 (5), 41 (8), 39 (9).

Anal. Caled for C;Hg: C, 89.12; H, 10.88. Found: C, 88.86; H,
10.87.

B. Diels-Alder Addition of Cyclohexa-1,3-diene and Cyclo-
pentene. Diels-Alder reaction of cyclohexa-1,3-diene and cyclo-
pentene, similar to cyclopentadiene and cyclopentene,®® was found
to undergo endo addition to give endo-trieyclo[5.2.2.026]undec-
8-ene (13). In a 500-m] autoclave were placed 20 g (0.25 mol) of cy-
clohexa-1,3-diene, 79.3 g (1.17 mol) of cyclopentene, and 50 mg of
hydroquinone. After being flushed thoroughly with nitrogen, the
vessel was closed and heated to 200° for 6 hr with efficient stirring.
The reaction mixture was filtered to separate undissolved hydro-
quinone, and the filtrate was fractionated in vacuo through a 1-ft
Vigreux column to give 5.2 g (14% yield) of 13. Ir, '"H NMR, and
mass spectra of a VPC-purified sample of the 13 thus obtained
agreed completely with those of the sample described in the pre-
ceding paragraph.

Oxymercuration-Sodium Borohydride Reduction of endo-
Tricycle[5.2.2.02%]Jundeca-3,8-diene (1). To a yellow solution of
127.4 g (0.4 mol) of mercuric acetate in 200 ml of water and 200 ml
of tetrahydrofuran was added with efficient stirring at ambient
temperature 58.4 g (0.4 mol) of endo-tricyclo[5.2.2.0%6]lundeca-
3,8-diene (1) in 20 min. The yellow color of the solution disap-
peared in a few minutes after the completion of the addition of 1.
The reaction solution was then stirred for an additional 1 hr. The
reaction mixture was cooled down to —10°, to which was added 400
ml of 3 N sodium hydroxide solution followed by a solution of 7.56
g (0.2 mal) of sodium borchydride in 400 ml of 3 N sodium hydrox-
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ide sotution. After precipitated mercury was filtered off, the organ-
ic layer was separated from the filtrate, and the aqueous layer was
extracted once with ether. The combined organic layer and ether
extract were dried over anhydrous magnesium sulfate and concen-
trated. The solidified residue amounted to 62.9 g (96% yield),
which was found on Golay GC-MS to consist of 92% 4-exo-hy-
droxy-endo-tricyclo[5.2.2.026jundec-8-ene (3) and 8% B3-exo-hy-
droxy-endo-trieyclo[5.2.2.026]undec-8-ene (4), Three recrystalliza-
tions of a sample of the crude product from n-hexane gave a pure
sample of 3: mp 98-99°; ir 3290, 3050, 2920, 2860, 1610, 1460, 1370,
1330, 1280, 1210, 1170, 1020, 940, 860, 720 cm™1; 1TH NMR 5 1.0-2.6
(m, 12), 2.02 (s, 1, OH), 4.18 (m, 1, CHOH), 6.12 (t, 2, CH=CH);
13C NMR (multiplicity, rel intensity) 25.3 (t, 2), 34.4 (d, 2), 40.8 (t,
2),42.5 (d, 2), 73.6 (d, 1), 133.7 ppm (d, 2); mass spectrum m/e (rel
intensity) 164 (50, M™*), 121 (18), 108 (17), 92 (13), 91 (19), 83 (55),
82 (31), 80 (100), 79 (43), 77 (13).

Anal. Caled for C1;H160: C, 80.44; H, 9.83. Found: C, 80.15; H,
9.93.

The mass spectrum of 4 was taken on the Golay GC-MS: m/e
(rel intensity) 164 (26, M*), 92 (14), 91 (20), 83 (64), 82 (27), 80
(100), 79 (49), 77 (15), 41 (14), 39 (17).

endo-Tricyelo[5.2.2.02%]undec-8-en-4-one (5) and endo-Tri-
cyclo[5.2.2,02¢]Jundec-8-en-3-one (6). The crude product of the
oxymercuration-demercuration of 1 was converted to a mixture of
endo-tricyclo[5.2.2.026lundec-8-en-4-one (5) and -3-one (6) by
Jones oxidation. A solution of 32.8 g (0.2 mol) of the crude product
obtained above in 200 m! of acetone was kept at 0-5°, while an oxi-
dizing agent prepared from 14 g (0.14 mol) of chromium trioxide,
20 ml of 95% sulfuric acid, and 60 m] of water was added with effi-
cient stirring in a period of 5 hr. The reaction mixture was stirred
for an additional 4 hr at ambient temperature. Any excess chromi-
um trioxide in the reaction mixture was destroyed by the addition
of a sodium bisulfite solution, and the mixture was extracted with
two 100-ml portions of ether. The combined extracts were washed
with water and dried over anhydrous sodium sulfate. Evaporation
of the ether left a solid, crude product which contained 5 and 6 in
93:7 ratio.

Three recrystallizations of the above crude product mixture
from n-hexane gave a pure sample of 5: mp 38-39°; ir 3040, 2950,
2910, 2870, 1730 cm~%; 'H NMR 4 1.0-2.8 (m, 12), 6.30 (¢, 2,
CH=CH); mass spectrum m/e (rel intensity) 162 (8, M*), 92 (7),
91 (9), 81 (8), 80 (100), 79 (20), 77 (7), 39 (10), 27 (9), 18 (19).

Anal. Caled for Cy1H140: C, 81.44; H, 8.70. Found: C, 81.18; H,
8.75.

Fractionation of the above crude product mixture on prepara-
tive VPC gave a pure sample of 6: ir 8050, 2950, 2870, 1740 cm™1;
H NMR 6 1.0-3.2 (m, 12), 6.22 (t, 2, CH—CH); mass spectrum
m/e (rel intensity) 162 (13, M*), 92 (20), 91 (16), 83 (22), 80 (100),
79 (28), 78 (21).

Anal. Caled for C;;H140: C, 81.44; H, 8.70. Found: C, 81.53; H,
8.90.

4-endo-Hydroxy-endo-tricyclo[5.2.2.02¢Jundec-8-ene  (7)
and 3-endo-Hydroxy-endo-tricyclo[5.2.2.026]undec-8-ene (8).
To a suspension of 1.0 g (0.026 mol) of lithium aluminum hydride
in 50 ml of dry ether was added dropwise under gentle reflux with
efficient stirring a solution of 5.8 g (0.036 mol) of endo-tricy-
clo[5.2.2.026]undec-8-en-4-one (5) in 30 ml of ether. The reaction
was then refluxed for an additional 2 hr and worked up in the
usual manner to give 5.4 g (92% yield) of solid crude 7. Purification
on preparative VPC gave a pure material: mp 101-102°; ir 3280,
3040, 2920, 2860, 1610, 1460, 1440, 1370, 1350, 1290, 1080, 1020,
840, 710 em~1; TH NMR 6 0.8-2.8 (m, 13), 3.8 (m, 1, CHOH), 6.17
(t, 2, CH=CH); mass spectrum m/e (rel intensity) 164 (3, M™*), 92
(5), 91 (6), 81 (8), 80 (100), 79 (15), 77 (5), 67 (3), 44 (3).

Anal. Calcd for C11Hy60: C, 80.44; H, 9.83. Found: C, 80.23; H,
9.90.

A sample (2.9 g, 0.018 mol) of endo-tricyclo[5.2.2.0%6jundec-8-
en-3-one (6) was reduced in ether with 0.5 g (0.013 mol) of lithium
aluminum hydride with the same procedure as above. Crude 8 ob-
tained (2.6 g, 88% yield) was purified on preparative VPC to give a
pure sample: ir 3400, 3050, 2930, 2870, 1620, 1460, 1440, 1370,
1090, 1050, 1020, 960, 900, 870, 850, 820, 710 cm™’; mass spectrum
m/e (rel intensity) 164 (5, M), 92 (14) 91 (11), 80 (100), 79 (27), 68
(24), 67 (10).

Anal. Caled for C1;H160: C, 80.44; H, 9.83. Found: C, 80.68; H,
9.79.

4-exo-Hydroxy-endo-tricyclo[5.2.2.0>Jlundecane (10) and
4-ende-Hydroxy-endo-tricyclo{5.2.2.02¢Jundecane (11). Au-
thentic specimens of 4-exo- and -endo-hydroxy-endo-tricyclo
[5.2.2.026]undecane (10 and 11) were prepared by catalytic hydro-



endo-Tricyclo[5.2.2.028undeca-3,8-diene

genation of 4-exo and -endo-hydroxy-endo-tricyclo[5.2.2.0%€]-
undec-8-ene (3 and 7), respectively. A mixture of 10 g (0.061 mol)
of 3, 50 ml of ethanol, and 0.5 g of the palladium on charcoal cata-
lyst was stirred at room temperature in a 100-ml autoclave with re-
peatedly charged hydrogen (pressure below 10 kg/cm?), until pres-
sure drop was no longer observed (30 min). The catalyst was fil-
tered off, and the filtrate was concentrated. Recrystallization of
the residue from n-hexane gave 8.6 g (85% yield) of pure 10: mp
98-99°; mmp with 8 65-68°; ir 3250, 1060, 1020 cm~!; TH NMR §
1.0-2.5 (m, 16), 2.17 (s, 1, OH), 4.4 (m, 1, CHOH); mass spectrum
m/e (rel intensity) 166 (3, M*), 148 (71), 120 (35), 119 (27), 107
(33), 94 (54), 93 (30), 81 (41), 80 (100), 79 (50), 67 (38).

Anal. Caled for C11H1g0: C, 79.46; H, 10.92. Found: C, 79.26; H,
10.98.

Hydrogenation in the same procedure of 1.7 g (0.01 mol) of the
crude 7 obtained above gave 1.3 g (75% yield) of the crude crystals
of 11, Purification on preparative VPC gave a pure sample: mp
87-88°; ir 3250, 1090, 1060, 1040 cm~!; 'H NMR § 1.0-2.6 (m, 186),
2.63 (s, 1, OH), 4.13 (m, 1, CHOH); mass spectrum m/e (rel inten-
sity) 166 (1, M%), 148 (32), 107 (29), 81 (33), 80 (100), 79 (47), 67
(40), 66 (35), 41 (35).

Anal. Caled for C1;H130: C, 79.46; H, 10.92. Found: C, 79.88; H,
10.73.

Oxymercuration-Sodium Borohydride Reduction of Tricy-
clo[5.2.2.026]undec-3-ene (9). A sample (1.48 g, 0.01 mol) of tri-
cyclo[5.2.2.0%6]undec-3-ene (9) was stirred at ambient temperature
with a solution of 3.19 g (0.01 mol) of mercuric acetate in 20 ml of
50% aqueous tetrahydrofuran. After 1 week, the reaction mixture
was treated at ~10° with 10 ml of 3 N sodium hydroxide solution
and then with 0.19 g (0.005 mol) of sodium borohydride in 10 m! of
3 N sodium hydroxide solution. After being saturated with sodium
chloride the mixture was extracted with three 10-ml portions of
ether. The combined ether extracts were dried over sodium sulfate
and concentrated to give 0.9 g of residue. The residue was found by
Golay GC-MS to consist of 67% unreacted 9, 14% 4-exo-hydroxy-
endo-tricyclo[5.2.2,026lundecane (10), 7% 4-endo-hydroxy-endo-
tricyclo[5.2.2.0%6]lundecane (11), and 12% a tricycloundecanol of
undetermined structure. This compound was identified as 3-hy-
droxy-endo-tricyclo[5.2.2.02%]undecane (12)!8 since Jones oxida-
tion of the above oxymercuration-demercuration product gave a
mixture comprising 65% unreacted 9, 22% tricyclo[5.2.2.0%6}unde-
can-4-one (21), and 13% tricyclo[5.2.2.026]undecan-3-one (22).
Identification of 10, 11, 21, and 22 was made by comparison on
Golay GC-MS with authentic materials.

Oxymercuration-Sodium Borohydride Reduction of endo-
Tricyclo[5.2.2.02¢Jundec-8-ene (13). endo-Tricyclo[5.2.2.026]un-
dec-8-ene (13, 1.48 g, 0.01 mol) was treated with 3.19 g (0.01 mol)
of mercuric acetate in 20 ml of 50% aqueous tetrahydrofuran for 24
hr at ambient temperature. The reaction mixture was reduced with
0.19 g (0.005 mol) of sodium borohydride in sodium hydroxide so-
lution. The reaction product consisted of 67% unreacted 13, 23%
8-exo-hydroxy-endo-tricyclo[5.2.2.028]undecane (14), and 10% 8-
exo-acetoxy-endo-tricyclo[5.2.2.026lundecane (15). Identification
of 14 and 15 was made on Golay GC-MS by comparison with the
authentic specimens prepared in the following paragraph.

8-exo-Hydroxy-endo-tricyclo[5.2.2.026Jundecane (14) and
Its Acetate (15). Tricyclo[5.2.2.0%6]lundec-8-ene (13) gave 8-exo-
hydroxy-endo-tricyclo[5.2.2.0%6]undecane (14) on hydroboration—
hydrogen peroxide oxidation. To a suspension of 4.44 g (0.03 mol)
of 13 and 0.57 g (0.015 mol) of sodium borohydride in 15 ml of tet-
rahydrofuran was dropped under nitrogen stream at ambient tem-
perature with efficient stirring a solution of 2.84 g (0.02 mol) of
boron trifluoride etherate in 5 ml of tetrahydrofuran in a period of
45 min. The reaction mixture was then stirred overnight, allowed
to react with hydrogen peroxide, and worked up in the usual way
to give 4.55 g (91% yield) of crude 14. Purification on preparative
VPC gave a pure sample: mp 66-67°; ir 3300, 2930, 2870, 1470,
1360, 1310, 1090, 1070, 1020, 980, 910, 810, 720 cm™}; 'H NMR 5
1.0-2.4 (m, 16), 2.13 (s, 1, OH), 4.07 (m, 1, CHOH); mass spectrum
m/e (rel intensity) 166 (12, M*), 148 (67), 122 (44), 93 (44), 81 (55),
80 (100), 79 (88), 78 (53), 67 (61).

Anal. Caled for C1:H150: C, 79.46; H, 10.92, Found: C, 79.18; H,
11.07.

Acetylation of 14 with acetic anhydride in pyridine at reflux
gave 8-exo-acetoxy-endo-tricyclo[5.2.2.026]undecane (15). Purifi-
cation on preparative VPC gave a pure sample: ir 1730 cm™1; mass
spectrum m/e (rel intensity) 148 (56), 120 (58), 119 (47), 91 (37), 80
(100), 79 (585), 77 (20), 67 (36), 43 (77), 41 (38).

Anal. Caled for C13Hgo09: C, 74.96; H, 9.68. Found: C, 75.10; H,
9.89.
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endo-Tricyclo[5.2.2.026Jundecan-8-one (20). Jones oxidation
of 1.66 g (0.01 mol) of 8-exo-hydroxy-endo-tricyclo[5.2.2.026]unde-
cane (14) with 0.7 g (0.007 mol) of chromium trioxide in 1 ml of
95% sulfuric acid and 3 ml of water gave 1.31 g (81% yield) a crude
endo-tricyclo[5.2.2.028]undecan-8-one (20). Purification on pre-
parative VPC gave a pure sample: ir 1720 em™1; 'H NMR 6 1.0-2.6
(m); mass spectrum m/e (rel intensity) 164 (30, M*), 120 (46), 106
(100), 95 (30), 80 (30), 79 (41), 87 (46), 41 (44), 39 (39).

Anal. Caled for C11H160: C, 80.44; H, 9.83. Found: C, 80.19; H,
9.90.

8-endo-Hydroxy-endo-tricyclo[5.2.2.026]lundecane (19). Re-
duction of 0.66 g (0.004 mol) of endo-tricyclo[5.2.2.026]undecan-
8-one (20) with 0.15 g (0.004 mol) of lithium aluminum hydride in
7 ml of ether gave 0.6 g (92% yield) of crude 8-endo-hydroxy-endo-
tricyclo[5.2.2.026]undecane (19), which was purified on preparative
VPC to afford a pure sample: mp 92-93°; ir 3250 cm™}; 'H NMR 4
1.0-2.3 (m, 16), 2.15 (s, 1, OH), 3.89 (t, 1, CHOH); mass spectrum
m/e (rel intensity) 148 (38), 93 (24), 81 (54), 80 (100), 79 (46), 67
(50), 66 (29), 41 (36), 39 (24).

Anal. Caled for C11H150: C, 79.46; H, 10.92. Found: C, 79.66; H,
10.91.

Hydroboration-Hydrogen Peroxide Oxidation of endo-Tri-
cyclo[5.2.2.026Jundeca-3,8-diene (1). A suspension of 14.6 g (0.1
mol) of endo-tricyclo[5.2.2.0%8]undeca-3,8-diene (1) and 1.17 g
(0.03 mol) of sodium borohydride in 50 ml of dry tetrahydrofuran
kept at 25-30° was treated under nitrogen stream with 5.68 g (0.04
mol) of boron trifluoride etherate in 10 ml of tetrahydrofuran.
After being stirred for 3 hr at ambient temperature, the reaction
mixture was oxidized with hydrogen peroxide and worked up in
the usual manner. The crude product (16 g, 96% yield) was found
by Golay GC-MS to consist of 30% 4-exo-hydroxy-endo-tricy-
clo[5.2.2.02€Jundec-8-ene (8), 67% 3-exo-hydroxy-endo-tricyclo-
[5.2.2.02€]lundec-8-ene (4), and 3% 8-hydroxy-endo-tricyclo{5.2.-
2.028]lundec-3-ene (16).2! Jones oxidation of the above reaction
product gave a mixture of ketones, from which endo-tricy-
clo[5.2.2.0%6]undec-3-en-8-one (17)?! was separated on preparative
VPC. The ketone 17 was reduced with lithium aluminum hydride
to 8-endo-hydroxy-endo-tricyclo[5.2.2.02€]undec-3-ene (18).2! Hy-
drogenation of 18 over the palladium on charcoal catalyst gave 8-
endo-hydroxy-endo-tricyclo[5.2.2.026lundecane (19), which was
identical by comparison on Golay GC-MS with an authentic speci-
men prepared in the preceding paragraph.

Hydroboration-Sodium Dichromate Oxidation of Tricy-
clo[5.2.2.0>%Jundec-3-ene (9). A sample (1.48 g, 0.01 mol) of tri-
cyclo[5.2.2.026]undec-3-ene (9) and 0.19 g (0.005 mol) of sodium
borohydride in 5 ml of tetrahydrofuran was allowed to react with
0.95 g (0.007 mol) of boron trifluoride etherate in 2 ml of tetrahy-
drofuran for 2 hr. The reaction mixture was oxidized with 2.4 g
(0.008 mol) of sodium dichormate dihydrate in 1.8 ml of 95% sulfu-
ric acid and 8 ml of water at 20-25° and worked tp in the usual
manner to give 1.5 g (92% yield) of crude product. Golay GC-MS
showed the presence of two ketones in a ratio of 33:67. They were
separable on preparative VPC. The less abundant component was,
as determined by 13C NMR spectroscopy, tricyclo[5.2.2.026]unde-
can-4-one (21): mp 81-82°; ir 1740 ¢cm~!; 'H NMR 5 1.2-3.0 (m);
13C NMR (multiplicity, rel intensity) 19.9 (t, 2), 26.5 (t, 2), 29.1 (d,
2), 36.2 (d, 2), 41.8 (t, 2), 220.6 ppm (s, 1); mass spectrum m/e (rel
intensity) 164 (100, M*), 93 (46), 81 (41), 80 (75), 79 (81), 67 (57),
41 (65), 39 (57).

Anal. Caled for C11H10: C, 80.44; H, 9.83. Found: C, 80.53; H,
9.65.

The more abundant component, tricyclo[5.2.2.028)undecan-3-
one (22): ir 1730 em™}; *H NMR 4 1.0-3.1 (m); mass spectrum m/e
(rel intensity) 164 (17, M+), 83 (100), 80 (30), 79 (27), 67 (17).

Anal. Caled for C11H60: C, 80.44; H, 9.83. Found: C, 80.21; H,
10.02.

The spectra of 21 and 22 were in complete agreement with those
of authentic specimens prepared by palladium-catalyzed hydroge-
nation of tricyclo[5.2.2.02%8]undec-8-en-4-one (5) and tricy-
clo[5.2.2.026}undec-8-en-3-one (6), respectively.
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The Lewis acid catalyzed conversion of homoadamantene-4-'3C in CS; yielded 20% of 2-methyladamantane
with the majority of the label equally distributed between the « position and the methyl group, indicating that
only the olefinic carbons were involved in this rearrangement. The mechanism probably involves protonation of
the olefinic bond by AlXgHgO to form the classical 4-homoadamantyl cation. This cation appears to rearrange
rapidly to an unsymmetrically bridged 2-adamantylcarbinyl cation which yields 2-methyladamantane by hydride
abstraction. The degenerate homoadamantyl rearrangement is retarded in such a low polar solvent as CSp pre-
sumably by intimate ion pairing. 4-Homoadamantanone-5-*3C was prepared in 46% overall yield by addition of
(CH3)3Si!3CN to adamantanone followed by LiAlH, reduction of the a-trimethylsilyloxy nitrile and Demjanow-
Tiffeneau ring enlargement of the resulting ¢-aminomethyl alcohol [(CHz);Si22CN was obtained in 88% yield
from (CH3)38iCl and Ag!3CN). This synthetic procedure appears to be a convenient general method for the prep-

aration of 13C-labeled ketones and their derivatives.

Lewis acid catalyzed rearrangements of polycyclic hydro-
carbons are extremely useful methods for the preparation
of adamantane and other diamonoid molecules.*5 The cat-
alyst reacts with a promoter present in the reaction mix-
ture to form carbonium ions which initiate intermolecular
hydride transfers involving the hydrocarbon.42f The result-
ing carbonium ions then undergo a series of hydride trans-
fers and 1,2-alkyl shifts leading to the thermodynamically
most stable products, diamonoid hydrocarbons.*®£

Although these processes have been known? for some
time to involve carbonium ion intermediates, the first stud-

ies of these intermediates appeared in the literature only
recently, Whitlock and Siefken constructed a rearrange-
ment graph for tricyclodecane isomers showing the interre-
lationships among the isomers.® There are at least 2897
pathways between tetrahydrodicyclopentadiene and ada-
mantane but no studies have yet succeeded in isolation and
identification of intermediates during this isomerization.4
Most of the studies up to 1970 have only provided sugges-
tive mechanistic information.*5287 Schleyer and co-work-
ers® recently proposed a plausible pathway for the rear-
rangement of tetrahydrodicyclopentadiene to adamantane



