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Abstract - Bridgehead aldehydes of bicyclo[3.2.1]}octane (11a), bicyclo-
[3.3.11nonane (12a), and bicyclo[3.2.2]nonane (13a) have been subjected to
acylative ring-expansion by using benzoyl trifluoromethanesulfonate (trif-
late) to give mixtures of two or three bicyclic 1,2-diol monobenzoates
containing the hydroxyl group on the bridgehead carbon. Control experiments
have shown that the reaction is kinetically controlled. The direction of
the ring-expansion has been found to be predictable by comparing the strain
energies calculated by molecular mechanics of the parent hydrocarbons corre-
sponding to the produced diol monobenzoates. The major monobenzoates, easi-
ly isolated in practical yields by crystallization or column chromatography,
have been converted to the corresponding diols, and their structures deter~
mined. For synthetic purposes, 11a gives bicyclo[3.3.1]nonane~1,endo~2-diol
(27), and 12a the endo and exo isomers of bicyclo[4.3.1]decane-1,2-diol (33
and 35, respectively). From 13a is furnished bicyclo[4.2.2]decane-1,2-dio]l
(42). Diols 27, 33, and 42 are conveniently oxidized to the corresponding
ketols by using silver carbonate in 50 - 807 yields. The oxidation of diol
35 to 1-hydroxybicyclo[4.3.1]decan-2-one (34) failed under similar condi-
tions, but it was achieved by the Corey oxidation by using dimethylsulfide -
chiorine complex.

Bicycloalkanediols containing the hydroxyl groups on the bridgehead and the vicinal position are
potentially useful starting materials leading to vicinally bifunctional, bicyclic compounds.
Recently, we reported that the acylative ring-expansion of various bridgehead aldehydes with
benzoyl trifluoromethanesulfonate (triflate) gives 1,2-diol monobenzoates in good yields.! The
monobenzoates are readily saponified to 1,2-diols (Scheme 1).1'2 Some diols were converted to
the corresponding ketols, which were successfully used for the synthesis of the substrates
generating a-keto cations in solvolysis.?
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Scheme 1
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Besides this method of Scheme 1, four processes have been reported, to our knowledge, on the
synthesis of some limited bicyclic 1,2-diols. Wiseman reported the oxidation of a bridgehead
olefin, bicyclo{3.3.1]non-1-ene, with osmium tetroxide.* McKervey obtained 1,2-adamantanediol
starting from protoadamantan-4-one ethylene ketal.® Eaton beautifully applied acyloin-like
coupling to the preparation of the diol intermediate leading to pentaprismane.® Recently, Hua
synthesized a bicyclic 1,2-diol by demethylation of the corresponding bridgehead monomethyl
ether.” At the present stage, however, the scope and generality of these methods remain to be
clarified. Accordingly, we wished to investigate the present reaction (Scheme 1) more exten—
sively.

In the previous work we described that the acylative ring-expansion of the bridgehead
aldehydes of adamantane (1), noradamantane (2), bicyclo[2.2.2]octane (3), 7,7-dimethylbicyclo-
[2.2.1]heptane (4), and bicyclo[2.2.1]heptane (5) furnish the diol monobenzoates 6, 7, 8, 9, and
10, respectively, in good yields.! In these cases the direction of the ring-expansion was
self-evident for the aldehydes with C3V symmetry (1 and 3), or it was easily predictable for
the cases containing a highly strained C-C bond (2, 4, and 5).

CHO
1 2 3 4 5
0COPh OCOPh  Ix-0coph H~Z-0coPh H~/L-OCOPh
A
OH H
OH OH oH
6 7 8 9 10

In the present work the reaction was extended to bicyclo[3.2.1]octane-, bicyclo[3.3.1]-
nonane-, and bicyclo[3.2.2]nonane~ 1-carbaldehydes (11a, 12a, and 13a, respectively) which were
expected to give rather complex mixtures of diol monobenzoates. Fortunately, isolation of major
products was relatively easily attained by crystallization and/or column chromatography, pro-
viding a convenient route to various bicyclic vicinal diols. We herein describe the character-
ization of the products and their conversion to diols. The oxidation of the diols to the
corresponding ketols is also described.

R R
R=CHO Ha 12a 13a
R =CHOH 11b 12b 13b

R=CO:H 11c 12¢ 13¢c
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RESULTS AND DISCUSSION
Synthesis of Aldehydes 1la, 12a, and 13a. A1l the aldehydes were obtained from the corre-

sponding known carboxylic acids 11c,® 12¢,® and 13¢,'® via lithium aluminum hydride (LAH)
reduction followed by pyridinium chlorochromate (PCC) oxidation'! in overall yields of 80-90Z.
Since these aldehydes were unstable to air, the crude aldehydes were used immediately after
being prepared.

5683

Mechanism and General Procedure for Acylative Ring-Expansion of the Aldehydes. As previously

described,»2the reaction proceeds following Scheme 2 via the rapid nucleophilic attack of the
aldehyde oxygen to benzoyl triflate giving a benzoate-triflate 14 1n carbon tetrachloride at
0°C. Addition of three equiv of trifluoromethanesulfonic acid (triflic acid) causes rearrange-
ment of 14 which is presumably in equilibrium with ionized species 15. Perhaps, the protonated
dication 16 is so unstable that this rearranges to the bridgehead cation (dication) 17, where
the two cationic centers are more separated than in 16. Addition of water at 0°C yields diol
monobenzoates. A strong acid is indispensable to cause the ring-expansion as demonstrated 1n
the case of 13a (vide infra).

otf 0
PhCO2TE/CC .
CHO ;fc/ le ‘c—o -C-Ph = .-c-&&- :

9” 9
-ott dH 0-GPh 0-C-Ph
.%oc-ph o, ” o T
OTf oc OH
17
Scheme 2

Acylative Rina-Expansion_of Bicyclo[3.2,1]octane-1-carbaldehyde (11a). This aldehyde was

presumed to give six diol monobenzoates 18 - 23 in principle. However, HPLC analyses on the
crude product exhibited only three components in a ratio 81:11:8. Crystallization followed by
MPLC of the crystallization residue afforded the three products in 64%, 6.2%, and 4.2% yields.
These products were identified as 18, 24 (an unexpected product; Scheme 3), and 19, respec-
tively, as shown in Scheme 3.

H OPh PhCOO
PRCOTHACY,
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Ha 19 20 21
OH OH
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The diol obtained from 19 by saponification showed a '°C NMR spectrum identical with that of
bicyclo[3.3.1]nonane-1,exo-2-diol (25)* which was prepared by permanganate oxidation!? of
bicyclo[3.3.1]non-1-ene (26). The major monobenzoate 18 was saponified to diol 27, which was
then oxidized with silver carbonate on celite!? to give ketol 28 in a two-step yield of 44%.
The Wolff-Kishner reduction of 28 under Huang-Minlon conditions!* afforded bicyclo[3.3.1]nonan~
1-01 (29). LAH reduction of 28 furnished diols 25 and 27 in an approximate ratio 1:4 as
determined by '3C NMR. Thus, the structures of 18, 19, and corresponding diols 27 and 25 were

unequivocally determined.

ﬁuﬁ)com KOH KMnO, Agy0
OH 90%« MeOH OH H,0 *NMe; [~
19 25
H KOH % Ag;CO ﬁlro N, , KOH ﬁlﬁ'
OHY'ocoPh 90°/sMeOH OH OH
27 28 29

18

\\ KOH

90°/.MeOH
OPh Scheme 3

24

The structure of unexpected endo-2-hydroxybicyclo[3.3.71]non-1-y1 benzoate (24) was elucidated
from the 1°C NMR signals at 87.3 (s) and at 73.7 (d) ppm. For comparison, 18 showed the
signals at 69.8 (s) and at 79.8 (d) ppm. The other skeletal carbons of the two monobenzoates
exhibited similar spectrum patterns. Finally, 24 gave 27 on saponification. Presumably, 24 was
formed from 18 (or the corresponding bridgehead carbocation) via intramoiecular ester inter-
change under strongly acidic conditions.

Acylative Ring-Expansion_of Bicyclo[3.3.1]nonane-1-carbaldehyde (12a). This aldehyde is
expected to give the diol monobenzoates 30, 31, and 32, but separation of the crude product by
MPLC gave the endo and exo isomers of 1-hydroxybicyclo[4.3.1]dec-2-y1 benzoate (30 and 31,
respectively) in 347 and 427 yields, respectively. No trace amount of 32 was detected.

e H Ph
1. PhCO2T#/CCl,
2 'l'fOH2 2 o \‘
Ph
O dcoph o p OH
30 31 32

The structures of 30 and 31 were determined following Scheme 4. Saponification of 30 to diol
33, followed by silver carbonate oxidation afforded ketol 34 in a two-step yield of 81Z. The
diol 35 was obtained from 31. Reduction of 34 with LAH gave a mixture containing diols 33 and
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35 1n an approximate rat1o 4:1 as estimated from '°C NMR spectra, indicating that 33 and 35
possess the same carbon skeleton. On the other hand, the structure of 35 was elucidated from
its 13C NMR spectrum which was identical with that of diol 35 unambiguously synthesized from
bicyclo[4.3.1]dec-T1-ene (36) by permanganate oxidation'?. The bridgehead olefin 36 was prepared
as a mixture with bicyclo[4.3.1]dec-1(9)-ene (37) by thermal elimination'® of bicyclo[4.3.1]-
dec-1-y1 acetate (38).

KOH/90*/MeCH
OCOPh
30
KOH/0"aMeOH IS
OH OCOPh
H
31 38

Scheme 4

In contrast to the successful oxidation of 33 to 34 with silver carbonate, 35 gave 34 in a
yield as low as 12%Z. The major product obtained in 32% yi1eld was an unidentified unstable
aldehyde which was presumed to arise due to C-C bond cleavage of the 1,2-diol unit of 35.
However, application of the Corey oxidation by using dimethyl sulfide — chlorine complex!®
afforded 34 in 457 yield.

Acylative Ring-Expansion of Bicyclo[3.2.2]nonane-1-carbaldehyde (13a). Aldehyde 13a 1s
presumed to yield diol monobenzoates 39, 40, and 41, Actually, the three products, 1-hydroxy~
bicyclo[4.2.2]dec-2-y1 benzoate (39), 1-hydroxybicyclo[3.3.2]dec-exo~ and endo-2-yl benzoates
(40 and 41, respectively), were formed, with a ratio between 39, 40, and 41 being 71:19:10, as
determined by '3C NMR and HPLC for the crude product. Unfortunately, difficulties were
encountered in completely separating 39 and 41 from each other either by MPLC or by HPLC;
however, separation by MPLC followed by one recrystallization of a mixture of 39 and 41 afforded
39 of 947 purity in 397 yield based on 13a. A further recrystallization increased the purity
to 97%. Purification of 41 failed, and this was obtained as a 1:1 mixture with 39 in the
recrystallization residue. Isolation of pure 40 was only successful by using HPLC.

Z.I;%H 0OCOPh H

H 3

cHo 0COPh or H OCOPh
13a 39 40 4
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Structural determination was arrived at by working similarly to the preceding description
(Scheme 5). Saponification of 39 to diol 42 followed by silver carbonate oxidation afforded
ketol 43 in a two-step yield of 702, The symmetric structure of 43 was unequivocally shown by
130 NMR.

KOH/30°/MeOH Ag,L0yfcelitefacetone

OH
GeorR (A
33 42 43
Scheme 5

Saponification of pure 40 gave a diol whose '*C NMR spectrum was 1dentical with that of diol
44 prepared from bicyclo[3.3.2]dec-T-ene (45) by permanganate oxidation'? (Scheme 6). The
bridgehead olefin 45 was obtained by thermal elimination®® of bicyclo[3.3.2]dec~1-y1 acetate
{46).

When the crystallization residue containing 39 and 41 in ca. 1:1 was saponified and the
resulting diol mixture (42 and 47) oxidized with silver carbonate, a mixture of ketols 43 and 48
was obtained (Scheme 6). These ketols were easily separated from each other by MPLC,

Reduction of ketol 48 with lithium trimethoxyaluminohydride in THF'7 afforded a mixture of
diols 47 and 44 in a ratioc of ca. 2:1 (Scheme 6). In this way the structures of monobenzoates
39, 40, 41, and respective diols 42, 44, and 47 were unequivocally determined. In cases where
ketols 43 and/or 48 are required, a mixture containing 39, 40, and 41 can be subjected to
saponification and the d1ol mixture directly oxidized to give a mixture of ketols 43 and 48,
which can eas1ly be separated by MPLC.

o KOH/90*sMeOH KMnO4 A
OH OH OAc
40 44 45 46

ca.33%
LIAIHICH3O)s/THF
ca.67%
KOH/90%/.MeOH Ag elitefacetone
H
 Yocoen OH B oH
41 47 48
{mixture with 39) {mixture with 42)
Scheme 6

Requirement of a Strong Acid in Ring-Expansion. As previously described,® the present

ring-expansion reaction requires the presence of a strong acid. With a view to test the effect
of various acids on the yields of diol monobenzoates, bicyclo[3.2.2]nonane-1-carbaldehyde (13a)
was subjected to the reaction in the absence and presence of three molar equiv of a strong acid.
As the acids were employed fluorosulfonic acid and 98%7 sulfuric acid, besides abovementioned
triflic acid. As shown in Table 1, the distribution of the three monobenzoates 39, 40, and 41
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as determined by '3C NMR was essentially unchanged. In contrast, the combined yield of the
monobenzoates markedly increased in the order, none < 987 sulfuric acid < fluorosulfonic acid <
triflic acid.

Table 1. Distributions and Combined Yields of Diol Monobenzoates 39, 40,
and 41 from bicyclo[3.2.2]nonane-1-carbaldehyde (13a)

strong acid® distribution of monobenzoate/Zb combined yield/2°¢
39 4

none 64 21 15 18

987 H2S04 7 20 9 52

FSOsH 73 18 9 66

CF3S03H 7 19 10 79

a) Three molar equivalent based on 13a. b) Determined by '*C NMR.
c) The combined yield of 39, 40, and 41.

The major product 1n the absence of strong acids was an acylal of 13a, (bicyclo[3.2.2]non-
1-y1)methane-1,1-diyl dibenzoate (51). The structure of 51 was determined from the 13C NMR
signals showing the symmetric structure and the presence of methine carbon (d, § 95.1 ppm), and
the 'H NMR spectrum consistent with the structure. The acylal 51 was also detected in small
amounts by TLC when fluorosulfonic acid or sulfuric acid was employed, but the use of triflic
acid completely eliminated its formation. Probably, 51 resulted from benzoylation of a
short-lived intermediate 50 which would arise from 49 on addition of water. Apparently, trifiic
acid faci1litates the rearrangement of 14 to 17 (Scheme 2).

PhCO,Tt Hz0 PhCO4Tt
—_— —_— _——
15 CHO lg HC-0CPh }; HC-0,CPh IE HC-0,CPh
OH 5,cPh
50 51

OTf
13a 49

Evidence for Kinetic-Control Nature of the Acylative Ring-Expansion. In order to examine

whether the 1someric diol monobenzoates are formed following kinetic or thermodynamic control,
each of monobenzoates 31 and 39 was treated in carbon tetrachloride in the presence of 3 equiv
of triflic acid and 1.5 equiv of triflic anhydride at 0°C. After usual work-up, the starting
monobenzoate was recovered quantitatively, as revealed by the 13C NMR spectra. This shows that
the present acylative ring-expansion is a kinetically controlled process.

Prediction of the Direction of Ring-Expansion Based on Strain Energies of Intermediates and

Products. The present ring-expansion reaction is kinetically controlled. Therefore, the product
distribution 1s expected to be pricipally determined by the stability of carbocation 17 which is
irreversibly generated from 16 (Scheme 2). Recently, Miller and his coworkers calculated steric
energies of various bridgehead carbocations by Allinger's force-field which was modified for
calculation of carbocations, and showed that the 1-bicyclo[3.3.1]nonyl cation is more stable than
the 1-bicyclo[3.2.2]nony] cation by 6 kcal mol1.'® If we neglect the effect of the benzoyloxy
group on the C(2) position on the relative stability of the carbocations, the calculation is in
harmony with our observation that any trace amount of 20 or 21 was not detected in the product.
Unfortunately, the steric energy of the 1-bicyclo[4.2.1]nonyl cation has not been reported.
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Miiller reported that bicyclo[3.3.1]nonane is also more stable than bicyclo[3.2.2]nonane by 6 kcal
mol~!.*® Thus, the relative stability of the parent hydrocarbons coincides with that of the bridge-
head carbocations. This suggests that the strain energies of the parent hydrocarbons may be
employed to evaluate the relative stabilities of the relevant bridgehead carbocations, if the ring
size is great enough to make the cationic center planar without much strain. In other words, for
practical purposes the product distribution may be predicted by comparing the stabilities of the
parent hydrocarbons corresponding to the diol monobenzoates, again by neglecting the effects of
the benzoyloxy and hydroxy groups.

Maier and Schleyer'® calculated strain energies of a number of bicycloalkanes by using MM1

m?® . In Table 2 are summarized the possible monobenzoates which would arise from aldehydes

progral
11a, 12a, and 13a, and the strain energies of saturated parent hydrocarbons corresponding to the
monobenzoates in their most stable conformations. The strain energies of Table 2 suggest that 18
and 19 are more stable than 20 - 23 by 6 - 7 kcal mo1™. Actually, only 18 and 19 were formed,
although 24 was also produced, perhaps via intramolecular ester interchange. Similarly, 30 and

31 which are supposed to be more stable than 32 by 6 kcal mol~! were the products isolated. In
contrast, 39 and 40 (or 41) are supposed to be of similar stability: indeed, all the three
products were formed. Although more examples are required for generalization of the present
predictions, the direction of the ring-expansion of 11a, 12a, and 13a are nicely explained in
terms of the strain energies of the products. For rationalization of the exo:endo product ratios,
more rigorous calculations are required.

Table 2. Possible Monobenzoates and Strain Energies of the
Corresponding Parent Hydrocarbons

starting monobenzoate and strain energya of parent
aldehyde hydrocarbon in parenthesis
Na 18, 19 20, 21 22, 23
(9.04) (14.92) (15.88)
12a 30, 31 32
(14.64) (20.50)
13a 39 40, 41
(20.35) (20.50)

a) In kcal mo17'; ref. 19.

The present reaction resembles the solvolysis of (1-bicycloalkyl)methyl arenesulfonates or the
Koch-Haaf carboxylation of (1-bicycloalkyl)methanol in that ring-expansion products are obtained.
Graham and Jonas reported the solvolysis of (1-bicyclo[3.3.1]nonyl)methyl tosylate (52a) and brosylate
(52b) in acetic acid, formic acid, and trifluoroacetic acid in the presence or absence of buffer.?
In many cases, they obtained bicyclo{4.3.1]dec-1-y1 derivative 53 alone, but only the acetolysis
of 52a buffered with sodium acetate afforded 54 as the major product.?! They postulated different
ionic intermediates in the solvolysis of 52a and 52b.

o e, R

“H; OCOR %

X 0
52a;X=0Ts 54

52b;X=0Bs 53
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Riichardt and coworkers reported the Koch-Haaf carboxylation of 12b and 13b by using formic acid
in sulfuric acid.!® In the both cases they isolated bicyclo[3.3.2]decane-1-carboxylic acid (55)
in 642 (from 12b) or 20% (from 13b). Notably, the major product 55 obtained from 12b is supposed
to be more strained than the other expected product, bicyc]o[4.3.1]decane—l—carboxy]ic acid (vide
supra). Thus, the results of solvolysis and the Koch-Haaf reaction do not wholly in harmony with
the present results. Although the diversity in the product may be attributed to different charac-
teristics of carbocation intermediates under different conditions, the present acylative ring-
expansion appears to reflect most closely the stab11ity of intermediate carbocations.

HCO2H/H2506 + unidentified

or — e R carboxylic acids
H, CHi 5% @0
H OH

12b 13b 55

EXPERIMENTAL

M.p.s and b.p.s are uncorrected. Elemental analyses were performed by the Microanalytical
Center, Kyoto University. *H NMR spectra were recorded with a Hitachi R-24 (60 MHz) or a JEOL
FX90 (90 MHz) instrument. !3C NMR spectra were measured with a JEOL FX90 (22.5 MHz) or a JEOL
FX100 (25 MHz) instrument. IR spectra were obtained on a Hitachi 215 spectrophotometer,

Materials. All reagents were of reagent-grade quality except when otherwise noted.
Bicycio[3.2.1]octane-1-carboxylic acid 211c).° bicyclo[3.3.1]nonane-1-carboxylic acid (12¢),?®
b1C{c1o[3.2.2]nonane—1-carbox tic acid (13c),1° and bicyclo[3.3.1]non-1-ene (26)* were prepared
following reported methods. Benzoyl triflate?? was prepared by the method of Brown and Koreeda.
Silver carbonate on celite containing ca. 48wtZ Ag,C0, was prepared following the
literature method.!? Dichloromethane and carbon tetrachloride were refluxed over P,0; and
distilled. Tetrahydrofuran was dried over Molecular Sieves 5A and distilled from LiAlH,.
Triethylamine was distilled from KOH.

Bridgehead Methanols 11b, 12b, and 13b. The bridgehead methanols were prepared by L1AlH,
reduction of the corresponding carboxylic acids in THF. A typical procedure follows. To LiAlH,
(2.43 g, 64.0 mmol) in THF (50 m1) was added bicyclo[3.2.1]octane-1-carboxylic acid (11¢) (7.59
g, 49.2 mmol) 1n THF (40 m1) under nitrogen over 35 min and then the reaction mixture heated at
reflux for 2 h. Excess LiAlH, and alkoxides were decomposed by slowly adding water (2.4 ml),
157 NaOH (2.4 ml1), and water (7.2 ml) in this sequence. White precipitates were filtered and
thoroughly washed with THF., The filtrate was dried (MgSO,) and evaporated to give 11b (7.22 g)
as a colorless viscous 1iq in 100Z yield. An analytical sample was obtained by distillation;
b.p. 71 - 72°C/1mmHg; m.p. 31 - 33°C; IR (CCl1,) 3640 m, 3350 br, 1450 m, 1020 m cm~'; 'H NMR
(€CC1,) 6 0.8 - 2.4 (br, 13 H), 3.23 (s, 2 H), 3.5 (br, 1 H, -OH); *3C NMR (CDC1,) & 45.5 (C);
35.6 (CH); 19.3, 28.9, 31.0, 32.2, 34.5, 41.2, 70.8 (CH;). Found: C, 77.34; H, 11.79. Calc for
CoH160: C, 77.09; H, 11.50Z. 12b and 13b were obtained from 12¢ and 13¢, respectively, n a
similar manner. 12b; viscous liq (1it.?! b.p. 82°C/0.5 mmHg). 13b; m.p. 40 - 42°C; IR (CCly)
3650 m, 3400 br, 1460 m, 1070 m, 1035 m, 1020 m cm™'; *H NMR (CC1,) & 0.7 ~ 2.7 (br, 15 H),
3.00 (sy 2 H), 3.6 (br, 1 H, -OH); '3C NMR (CDC]a) 6 31.0 (C); 28.8 (CH); 22.1, 25.6, 27.9,
35.8, 36.6, 73.7 (CH2). 13b has been reported,'® but no spectral data given.

Bridgehead Aldehydes 11a, 12a, and 13a. These aldehydes were prepared by PCC oxidation!! of
the corresponding methanols 11b, 12b, and 13b 1n 89 - 93Z yields 1n the manner described for 1 -
5. Since the aldehydes were unstable in air, they were used immediately after being prepared
without further purification. *3C NMR spectra showed the purities of higher than 95%. 1la“;
semisolid; *°C NMR (CDC1;) & 54.6 (C); 35.6 (CH); 18.2, 28.6, 29.4, 30.3, 31.6, 40.1
(CHz); 204.9 (C=0). 12a; waxy solid; 3C NMR (CDC1,) & 44.3 (C); 27.1 (CH); 20.9, 29.7, 30.3,
33.4 (CH,)Y; 206.0 (C=0). 13a; m.p. 70.5 - 72,5°C; %3C NMR (CDC1,) & 46.3 (C); 28.0 (CH); 21.0,
24.3, 24.8, 32.9, 34.7 (CH,); 204.0 (C=0).

Acylative Ring-Expansion of Bicyclo[3.2.1]octane-1-carbaldehyde (11a). The procedure is
essentially similar to that previously described.” To a magnetically stirred solution of
benzoyl triflate (5.8 ml, 35 mmol) in CCly (27 m1) cooled 0°C under nitrogen was added a
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solution of crude 11a (3.88 g, 28.1 mmol) in CC1, (15 m1) over 9 min., After stirring for 20 min
at 0°C, triflic acid (7.4 m1, 84 mmol) was slowly added. Ice~cold water (16 ml1) was added
dropwise over 9 min and then stirring continued for 25 min at 0°C. Water (80 m1) and ether (160
ml1) were added. The organic layer was washed with saturated NaHCO; (4 x 70 ml), saturated NaCl
(75 m1), and dried (MgS0,). Evaporation of the solvent afforded a brown solid (7.71 g). An
HPLC analysis of the crude product by using a u~Porasil column (8 mm x 30 cm) and hexane - ether
(3:1) showed endo-2-hydroxybicyclo[3.3.1lnon-1-y1 benzoate (24), 1-hydroxybicyclo[3.3.1]non-
exo-2-yl benzoate (19), and 1-hydroxybicyclo[3.3.1]non-endo-2-yl benzoate (18{ in a ratio
11:8:81, which eluted in this order. Recrystallization of the crude product from hexane -
benzene gave 18 as pale brown crystals (4.26 g) in 597 yield. MPLC over Si0, (hexane - ether)
of the crystallization residue furnished 24 (0.45 g; 6.2%), 19 (0.31 g; 4.27), and 18 (0.39 g;
5.3%2). The total yield of 18 was 64%7. 18; m.p. 106.5 - 107.0°C; IR (CC14) 3600 w, 3470 br,
1720 s, 1270 s, 1110 s, 710 s cm™: *H NMR (CC14) & 1.2 - 2.3 (br, 13 H), 2.47 (s, 1 H, -OH),
4.97 (t, 1 H, J = 8.5 Hz), 7.2 - 8.1 (m, 5 H, Ph); *3C NMR (CDC1s) & 70.3 (C); 30.9, 80.1 (CH);
22.1, 28.5, 29.2, 29.8, 33.5, 41.5 (CH»); 128.0, 129.4, 130.3, 132.6, 166.3 (PhCO). Found: C,
73.86; H, 7.74. Calc for CygHa00s: C, 73.82; H, 7.74Z. 19; oil; IR (CC1,) 3610 w, 3430 br,
1720 s, 1270 s, 1100 s, 710 s em™; H NMR (CC1,) 6 0.7 - 2.2 (br, 13 H), 2.37 (s, 1 H, -OH),
4,97 (s, 1 H), 7.1 - 8,0 (m, 5 H, Ph); 23C NMR (CDC1:) & 69.3 (C); 30.7, 77.0 (CH); 21.9, 25.6,
28.1, 29.5, 35.3, 36.6 (CH.): 127.8, 129.1, 130.2, 132.3, 165.5 (PhCO). Found: C, 74.00; H,
8.03. Calc for C,gH2003: C, 73.82; H, 7.74%. 24; oil; IR (CC1,) 3430 br, 1710 m, 1690 s, 1290
s, 1125 m, 1070 m, 710 s cm*; *H NMR (CCl,) 6 0.9 - 2.8 (br, 13 H), 4.12 (br s, 1 H, -OH)
[overlapped with & 4,07 (t, 1 H, J = 8.5 Hz)], 7.2 - 8.0 (m, 5 H, Ph); *3C NMR (CDC1;) & 87.3
(C); 30.5, 73.7 (CH); 21.5, 28.6, 28.8, 29.0, 30.9, 37.7 (CH,); 127.8, 129.2, 130.8, 132.4,
166.4 (PhCO). Found: C, 73.04; H, 7.81. Calc for C,eH2003: C, 73.82; H, 7.747.

Bicyclo[3.3.1]nonane-1,exo-2-d1ol (25) by Saponification of 19. A solution of 19 (277 mg,
1.06 mmo1) and KOH (1871 mg, 2.7 mmol) in 90%Z MeOH was heated at reflux for 3 h. After most of
the methanol had been evaporated, CHC1s (7 m1) and water (0.5 ml) were added. The aqueous layer
was extracted with CHC1s (3 x 5 m1). The combined extracts were dried (MgSO.) and evaporated
to give a pale brown solid (153 mg). Recrystallization from hexane - benzene afforded 25 (132
mg; 80%) as white crystals. An analytical sample was provided by sublimation at 50 - 80°C/2
mmHg and further recrystallization; m.p. 216 - 220°C (Tit.* 219 - 221°C); IR (CHC13) 3560 m,
3420 br, 1450 m, 1080 m, 1045 m, 1020 m, 980 m, 920m cm; 'H NMR & 1.1 - 2.3 (m., 13 H), 2.8}
(s, 2 H, -OH), 3.67 (br s, 1 H, width at half height 6.5 Hzg; 13C NMR (CDC13) & 71.1 (C); 31.3,
73.3 (CH); 22.4, 25.2, 29.6, 29.8, 35.7, 35.7 (CH;). The !°C NMR spectrum was superimposable
with that for 25 prepared by permanganate oxidation of bicyclo{3.3.1]non-1-ene (26).

Bicyclo[3.3.1]Inonane~1,exo-2-diol (25) from Bicyclo[3.3.1]non-1-ene (26). The oxidation was
conducted by using KMnOu - in the place of OsO«°. To a vigorously stirred solution of 26 (154
mg, 1.26 mmol) in t-BuOH (12 m1), water (2.5 m1), and 1ce (6 g) chilled in an ice-salt bath was
added a cold solution of KMnO, (295 mg, 1.87 mmol) and NaOH (95 mg, 2.4 mmol) in water (20 ml)
all at once and then the mixture stirred for 30 min, After concentration by simple distilla-
tion, the residue was extracted with CH,C1, (3 x 15 m1), the combined extract dried (MgS0O,), and
evaporated to afford crude 25 (49 mg; 257). The !3C NMR spectrum was superimposable with that
for 25 obtained by saponification of 19.

Bicyclo[3.3.1]nonane-1,endo-2-d1o1 (27) by Saponification of 18. A solution of 18 (1.10 g,
8.07 mmo1) and KOH (1.23 g, 18.7 mmol1) 1n 90Z MeOH (45 ml) was refluxed for 3 h. After most of
the methanol had been evaporated, CHC1; (30 ml) and water (3 m1) were added. The aqueous layer
was extracted with CHC1; (2 x 8 m1). The combined extracts were dried (MgSO4) and then
evaporated to give a pale brown solid. Recrystallization from hexane - benzene afforded 27
(1.05 g,; 83%) as needles; m.p. 228.0 - 228,5°C; IR (CHCY;) 3590 m, 3430 br, 1450 w, 1460 w,
1050 s, 995 m cm™'; 'H NMR (CDC1;) 6 0.9 - 2.3 (br, 13 H), 3.23 (s, 2 H, -OH), 3.65 (t, 1 H, J =
8.0 Hz); *3°C NMR (CDC13) & 72.1 (C); 31.3, 77.1 (CH); 22.0, 29.6, 30.0, 30.8, 32.2, 41.2 (CH.).
Found: C, 69.05; H, 10.60. Calc for CoH 6022 C, 69.19; H, 10.32%.

Bicyclo[3.3.1]nonane-1,endo-2-diol (27) by Saponification of 24. Saponification of 24 (89
mg. 0.34 mmol) in the manner described for 18 afforded 27 (29 mg) in 55% yield after sublimation
at 50 - 80°C/2 mmHg; m.p. 223.5 - 226.0°C. IR, 'H NMR, and '*C NMR spectra were superimposable
with those of 27 obtained from 18.

1-Hydroxybicyclo[3.3.1]nonan-2-one (28) by Oxidation of 27. To a suspension of Ag.C0s -
celiter® (28.2 g) in acetone (300 m1) was added a solution of 27 (981 mg, 6.23 mmol) 1n acetone
(40 m1) under reflux and then reflux was continued for 17 h under protection from moisture.
Filtration of black precipitates followed by evaporation of the acetone afforded yellowish
semisolid. MPLC over Si0, (hexane - ether 1:1) furnished 28 (509 mg; 53%) as white crystals.
An analytical sample was obtained by recrystallization from pentane; m.p. 148.5 - 149,0°C; IR
(CC1,) 3500 m, 1700 s, 1450 m, 1380 m, 1240 m, 1120 s, 1100 s, 995 m, 940 m cm™'; *H NMR (CCl4)
1.5 - 2.7 (br, 13 H), 3.71 (s, 1 H, -OH); 3C NMR (CDC1;) & 75.2 (C); 30.3 (CH); 21.6, 29.9,
30.0, 36.2, 38.4, 41.1 (CHp); 213.5 (C=0). Found: C, 69.54; H, 9.17. Calc for CoHy,0,: C,
70.10; H, 9.15Z.
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Wolff-Kishner Reduction of 1-Hydroxybicycio[3.3.1]nonan-2~one (28) to Bicyclio[3.3.1]nonan—
1-o1 (29). Following Huang-Minlon modification, * a mixture of 28 (101 mg, 0.655 mmol), KOH
(130 mg, 1.97 mmol), and hydrazine hydrate (0.095 ml, 2.0 mmol) in triethylene glycol (1.0 ml)
was refluxed for 40 min and then the temperature of the oil bath raised to 200°C, while Tow
boiling substances were distilled off. The residue was extracted with pentane to give 29 (10
mg; 11%). An analytical sample was obtained by recrystallization from pentane; m.p. 181.5 -
183.5°C (1it.2?3 182.5 - 184.0°C). A mixture with authentic 2922 did not show any m.p. depres-
sion. The IR spectrum was identical with that of authentic 29,

Lithium Aluminum Hydride Reduction of 1-Hydroxybicyclo[3.3.1]nonan-2-one (28). Ketol 28 (100
mg, 0.648 mmo1) was reduced with LiATH, (34 mg, 0.90 mmol) in ether at 25°C to give a mixture
(103 mg; 100%) containing diols 25 and 27 in an approximate ratio 1:4 as determined by 13C NMR.

Acylative Ring-Expansion of Bicyclo[3.3.1]nonane-1-carbaldehyde (12a). The ring-expansion
was conducted in a manner similar to that described for 11a. From 1.78 g (11.7 mmol) of 12a and
3.5 m1 (20.8 mmol) of benzoyl triflate was obtained 4.99 g of brown solid. MPLC over Si0,
(hexane — ether) afforded 1-hydroxybicyclo[4.3.1]dec-exo-2-yl benzoate (31) (1.10 g; 34%) and
the endo isomer (30) (1.35 g; 42%) in this sequence. 30; m.p. 134,0 - 135.0°C (from diisopropy]l
ether); IR (CC1,) 3600 m, 3500 br, 1720 s, 1450 m, 1270 s, 1110 s, 710 s cm~; *H NMR (CDC1;) 6
0.9 - 2.6 (br, 15 H), 2.40 (br s, 1 H, -OH), 4.91 (dd, 1 H, J = 5.0, 10.0 Hz), 7.2 - 8.2 (m, 5
H):; *3C NMR (CDC13) & 73.1 (C); 28.4, 82.7, (CH); 19.6, 21.2, 30.7, 31.4, 32.4, 33.3, 37.1 (CH2);
128.0, 129.4, 130.3, 132.7, 166.2 (PhCO). Found: C, 74.44; H, 8.17. Calc for Ci7H..0s: C,
74.42; H, 8.08%. 31; m.p. 100.0 - 101.5°C (from hexane); IR (CC1,) 3600 m, 3425 br, 1720 s,
1450 m, 1270 s, 1110 s, 705 s cm™; *H NMR (CDC13) & 1.0 - 2.5 (br, 15 H), 2.37 (br s, 1 H,
-0H), 5.10 (br d, 1 H, J = 4.0 Hz), 7.1 - 8.2 (m, 5 H); 13C NMR (CDC1;) & 72.3 (C); 28.0, 78.7
(CH); 19.0, 19.3, 29.5, 30.9, 32.0, 35.2, 36.2 (CH,); 127.9, 129.2, 130.2, 132.4, 165.4 (PhCO).
Found: C, 74.44; H, 8.15. Calc for C,;H,.0s: C, 74.42; H, 8.08%.

Bicyclo[4.3.1]decane~1,endo-2-diol (33) by Saponification of 30. The procedure was
essentially similar to that described for 19. Saponification of 30 (1.16 g, 4.22 mmol) with KOH
(0.75 g, 13 mmol1) in 90%7 MeOH (26 m1) at reflux for 3.5 h followed by sublimation of the crude
product at 130°C/1 mmHg afforded 33 (657 mg; 92%); m.p. 161.0 - 162.5°C (sealed tube) (from
benzene); IR (CHC13) 3580 m, 3430 br, 1455 m, 1465 m, 1040 s cm~l; H NMR (CDC13) 6 0.7 - 2.6
(br, 17 H), 3.30 (dd, 1 H, J = 5.0, 10.0 Hz); 13C NMR (CDC13) & 74.2 (C); 28.7, 80.3 (CH); 19.5,
21.6, 30.8, 31.8, 32.8, 32.9, 37.2 (CH2). Found: C, 70.32; 10,92. Calc for CioH1s0:: C,

70.55; H, 10.667.

Bicyclo[4.3.1]decane-1,exo-2-diol (35) by Saponification of 31. The procedure was essen—
tially similar to that described for 19. Saponification of 31 (902 mg, 3.29 mmol) with KOH
(0.53 g, 9.5 mmol1) in 90% MeOH (20 m1) at reflux for 3.5 h followed by sublimation of the crude
product at 115°C/1 mmHg afforded 35 (467 mg; 83%) as a waxy solid; m.p. 165.0 - 166,5°C (sealed
tube) (from hexane); IR (CHC1a) 3550 m, 3420 br, 1460 m, 1450 m, 1060 s, 1025 m cm™; H NMR
(CDC13) 6 0.9 - 2.4 (br, 15 H), 2.6 (br, 2 H, -OH), 3.60 (br, 1 H); 3C NMR (CDC13) & 73.5 (C);
28.5, 74.7 (CH); 18.5, 19.7, 31.3, 31.8, 32.0, 34.6, 37.0 (CH;). Found: C, 70.26; 10.67. Calc
for CH)H1302: C. 70.55: H, 10.66%.

1-Hydroxybicyclo[4.3.1]ldecan-2-one (34) by Oxidation of 33. To a stirred suspension of Ag,CO;
- celite (18 g) in acetone (200 m1) was added a solution of 33 (657 mg, 3.86 mmol) in acetone
(30 m1) under reflux and then reflux was continued for 30 min under protection from moisture.
Filtration of black precipitates followed by evaporation of the acetone afforded yellowish
semisolid (764 mg). MPLC over $10, (hexane - ether) furnished 34 (571 mg; 88%) as white
crystals. An analytical sample was obtained by recrystallization from pentane; m.p. 122.0 -
123.0°C; IR (CCly) 3570 m, 3475 br, 1690 s, 1460 m, 1075 m, 1060 s cm~*; *H NMR (CDC1;) & 1.2 -
3.1 (m, 15 H), 3.69 (s, 1 H, -OH); '3C NMR (CDC13) & 76.5 (C); 30.7 (CH); 21.5, 22.1, 30.1,
35.3, 36.6, 37.7, 42.3 (CHy); 217.5 (C=0). Found: C, 70.62; H, 9.73. Calc for C;,H,60,: C,
71.39; H, 9.597. The unsatisfactory CZ is due to hygroscopic nature of 34.

1-Hydroxybicyclo[4.3.1]decan-2-one (34) by Oxidation of 35. The literature procedure®'!® was
followed. To a solution of C1, (13 mmol) in CH,C1, (14 m1) under argon was added Me,S (1.7 g,
27 mmol) over 10 min with stirring, while the temperature was kept at -23°C - -10°C by cooling
in a dry ice-CC1, bath. The cooling bath was replaced with an ice-water bath and then stirring
continued for 10 min. The solution was again cooled to -23°C and powdered diol 35 (205 mg, 1.20
mmol) was added. The mixture was stirred at -23°C for 3 h and then Et;N (2.72 g, 26.8 mmol) in
CH,C1, (16 m1) was added over 10 min at -23°C - -10°C. After stirring for 10 min at -23°C the
mixture was allowed to warm to room temperature. The mixture containing white precipitates was
poured into dry ether (50 ml) and the precipitates were filtered off. Evaporation of the
solvent afforded an orange 0il, which on MPLC over Si0, (hexane - ether) gave 34 (90 mg; 45%) as
a pale yellow semisolid. The '3C NMR spectrum was superimposable with that of 34 obtained by
Ag,C0, oxidation of 33.

Attempted Oxidation of Bicyclo[4.3.1]decane-1,exo0-2-diol (35) with Silver Carbonate. To a
stirred suspension of Ag,C0; -celite’® (4.39 g) in acetone (50 m1) was added a solution of 35
(163 mg, 0.957 mmol) in acetone (7 ml) under reflux and then reflux was continued for 35 min
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under protection from moisture. Filtration of black precipitates followed by evaporation of the
acetone afforded yellowish semisolid (164 mg). MPLC over Si02 (hexane - ether) furnished 34

(25 mg; 12Z) and an unidentified liquid keto aldehyde (47 mg; 29%), possibly, 4-(3-oxocyclo-
hexyl)butanal, in this sequence. The keto aldehyde showed following spectral data; IR (CCls)
2710 m, 1730 s, 1710 s cm~'; *H NMR (CCl4) & 1.0 - 2.6 (m, 15 H), 9.67 (t, 1 H, J = 1.5 Hz): *3C
NMR (CDC13) &6 19.1, 25.1, 31.0, 35.8, 38.7, 41.4, 43.7, 47.9, 202.0, 211.5.

Bicyclo[4.3.1]dec-1-y1 Acetate (38). Following the procedure of Graham and Jonas,?! a
solution of bicyclo[4.3.1]dec-1-y1 tosylate (m.p. 74.0 - 75.0°C; 1it.2! 75 - 76°C) (2.80 g, 9.08
mmol1) and NaOAc (894 mg, 10.9 mmol) in AcOH (91 ml) was refluxed for 10 h. After usual
work-up, 38 of 977 purity (0.65 g; 36Z) was obtained as an oil by MPLC (Si02: hexane-ether
99:1); 3C NMR (CDC15) & 84.4 (C); 30.3 (CH); 20.5, 24.4, 27.0, 30.2, 34.9, 36.7, 38.2, 38.6 (CH»):
21.8 (CHs): 169.1 (C=0).

Bicyclo[4.3.1]dec-1-ene (36) by Pyrolysis of 38. The acetate 38 (342 mg, 1.74 mmol) in a
simple distillation apparatus was heated by means of a small flame, while a slow stream of
nigrogen was passed through the vapor phase. The distillate was dissolved in pentane and the
solution washed with aq NaHCO; and dried (MgSO,). Evaporation of the pentane furnished a
mixture (211 mg) of two brid?ehead olefins in an approximate ratio 2:1 and ca. 137 of unchanged
38 as determined by '3C and *H NMR. The major and minor olefins were assigned to 36 and 37,
respectively, from integration of the respective triplet signals at 6 5.31 with J = 6.7 Hz
(1it.2* 8 5.27, J = 6 Hz) and at & 5,59 with J = 5.7 Hz (1it.%* 6 5.55, J = 5.5 Hz). The *3C NMR
(CDC13) & values for olefinic carbons were 118.4 (CH) and 141.7 (C) for 36 and 125.3 (CH) and
141.7 (C) for 37.

Bicyclo[4.3.1]decane-1,exo-2-diol (35) from 36. The mixture (211 mg) containing the
bridgehead olefins 36 (117 mg), 37 (58 mg), and acetate 38 (36 mg) was subjected to permanganate
oxidation'? following the procedure described for the oxidation of 26. Oxidation by using KMnO,
(367 mg, 2.32 mmol) and NaOH (77 mg, 1.9 mmol) in aq t-BuOH followed by MPLC (S5i0,, hexane -
ether) afforded a mixture (39 mg) containing diol 35 and most probably bicyclo{4.3.1]decane-
1,ex0-9-diol in an approximate ratio 2:1 as determined by 13C NMR. The '3C NMR signals of the
major component were superimposable with those of 35 prepared by saponification of 31.

Lthium Aluminum Hydride Reduction of 1-Hydroxybicyclo[4.3.1]decan-2-one (34). Ketol 34 (84
mg, 0.50 mmol) was reduced with LiATH, (58 mg, 1.5 mmol) in THF at 25°C to give a mixture (79
mg; 92Z) containing diols 33 and 35 in an approximate ratio 4:1 as determined by *3C NMR.

Acylative Ring-Expansion of Bicyclo[3.2.2]nonane~1-carbaldehyde (13a) by Using Triflic Acid
as a Strong Acid. The ring-expansion was conducted similarly to that described for 11a. To
benzoyl triflate (4.7 ml, 28 mmol1) in CCls (23 m1) were added 13a (3.30 g, 21.7 mmol) in CCl,
(18 m1) and then triflic acid (6.1 ml, 69 mmol) while the temperature was kept below 10°C.

After cold water (13 m1) had been added, the mixture was worked up as described for the reaction
of 11a to afford brown solid (5.53 g), which was found by HPLC (u-Porasil, 8 mm x 30 cm, hexane
- ether) to contain 39, 40, and 41 in a ratio 71:19:10. The mixture was separated by MPLC
(Si02, hexane - ether) into two fractions, the first fraction (4.12 g) containing 39, 40, and 41
in 80:9:11 and the second one (0.64 g) containing 39 and 40 in 13:87. One recrystallization of
the solid from the first fraction gave 39 (2.36 g) of 94%7 purity. Two recrystallizations
afforded 39 (1.50 g) of 987 purity in 25Z yield. From the mixture of 39 and 40 from the above
second fraction of MPLC was obtained 40 (0.11 g) in 27 yield by HPLC (u-Porasil, 8 mm x 30 cm,
hexane - ether) followed by recrystallization from hexane - benzene. Monobenzoate 41 could not
be isolated by our hands, but obtained as a mixture containing 39 and 41 in 1:1. 39; m.p. 114.0
- 115.0°C; IR (CCl,) 3600 w, 3500 br, 1720 s, 1450 m, 1315 m, 1270 s, 1180 m, 1110 m, 1070 m,
1030 my, 710 s cm™; 'H NMR (CC14) & 1.3 - 2.5 (br, 16 H); 4,90 (br t, 1 H, J = 5 Hz); 7.2 - 8.1
(m, 5 H, Ph); *3C NMR (CDC13) & 72.9 (C); 26.8, 80.5 (CH); 19.9, 24.3, 24.9, 27.9, 29.0, 31.0,
36.2 (CH,); 127.8, 129.2, 130.2, 132.4, 165.7 (PhCO). Found: C, 74.57, H, 8.23. Calc for
C17H2203: C, 74.42; H, 8.08%. 40; m.p. 75.0 - 76.0°C; IR (CC]u? 3610 w, 3500 br, 1720 s, 1450
m, 1315 m, 1270 s, 1180 m, 1120 m, 1070 m, 1030 m, 710 s cm™; 'H NMR (CC14) § 1.1 - 2.9 (br, 16
H), 5.17 (t, 1 H, J = 4.0 Hz); 7.0 - 8.3 (m, 5 H, Ph); '3C NMR (CDC15;) & 77.0 (C); 32.1, 82.5
(CH); 21.9, 25.4, 26.7, 29.0, 29.6, 33.2, 38.6 (CHz); 128.0, 129.2, 132.5, 130.4, 166.1 (PhCO),
Found: C, 74.71; H, 8.33. Calc for Cy;H,,05: C, 74.42; H, 8.08%. 41; 3C NMR (CDC1;) & 76.0
(C); 27.3, 82.8 (CH); 21.1, 26.5, 26.8, 31.5, 35.3, 36.9 (CHz) (one methylene missing due to
overlapping); 127.8, 129.2, 132.4, 130.2, 165.7 (PhCO).

Acylative Ring-Expansion of Bicyclof3.2.2]nonane-1-carbaldehyde {13a) by Using Fluorosulfonic
Acid or Sulfuric Acid as a Strong Acid. To benzoyl triflate (0.66 ml, 3.9 mmol) in CCl, (3 ml)
were added 13a (457 mg, 3.00 mmol) in CCl, (3 ml) and then fluorosulfonic acid (0.55 ml, 9.6
mmol) or 98% sulfuric acid (0.51 ml, 9.6 mmol), while the temperature was kept below 10°C.

After water (2.0 ml1) had been added, the mixture was worked up as described for the reaction of
11a. A mixture of diol monobenzoates 39, 40, and 41 was obtained by MPLC (Si0;, hexane - ether)
and their percentages composition were determined by 3C NMR. The combined yield of 39, 40,
and 41 was 667 or 52% for the use of fluorosulfonic acid or 98% sulfuric acid, respectively.
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Acylative Ring-Expansion of Bicyclo[3.2,2]nonane-1-carbaldehyde (13a) without a Strong Acid.
To benzoyl tr1f1ate (0.62 ml, 3.7 mmol) in CCly (3 ml) were added 13a (430 mg, 2.82 mmol) in
CCly (3 m1) at 0°C and then water (2.0 m1). The mixture was worked up as described for the
reaction of 1la, and then the fraction containing (bicyclo[3.2.2]non-1-y1)methane-1,1-diyl
dibenzoate (51) (360 mg; 47%) and that containing 39, 40, and 41 (combined yield 138 mg; 187)
were collected by MPLC (Si02, hexane — ether) in this sequence. 51; m.p. 124.5 - 126.0°C; IR
(CC14) 3060 w, 1740 s, 1600 w, 1450 m, 1270 s, 1255 s, 1240 s, 1055 s, 1020 s, 975 s, 705 s
cm™; 'H NMR (CCl¢) 6 1.3 - 2.0 (br, 15 H), 6.87 (s, 1 H), 7.2 - 8.1 (m, 10 H); 13C NMR (CDC13)
39.5 (C); 28.1, 95.1 (CH); 21.5, 24.7, 26.1, 33.5, 35.4 (CH:): 128.0, 129.2, 129.5, 133.0,
164.2 (PhCD). Found: C, 76.25; H, 6.72. Ca1c for CayHz604: C, 76.17; H, 6.92Z.

Bicyclo[4.2.2]decane~1,2-diol (42) by Saponification of 39. The procedure was essentially
similar to that described for 18. Saponification of 39 (400 mg, 1.46 mmol) with KOH (255 mg,
4,54 mmol) in 907 MeOH (10 m1) at reflux for 3.5 h afforded essentially pure 42 (262 mg; 1002)
An analytical sample was obtained by recrystallization from hexane - benzene; m. p 217 - 220°C;
IR (CC14) 3400 br, 1470 m, 1450 m, 1040 m, 1010 m cm™; H NMR (CCl4) & 0.7 - 2.3 (br, 15 H),
3.37 (br, 1 H), 3.67 (s, 2 H, -OH); 3C NMR (CDC13) & 74.2 (C); 27.0, 78.0 (CH); 20.3, 24.6,
25.1, 26.3, 31.3, 31.9, 36.8 (CHz). Found: C, 70.10; H, 10.83. Calc for CioH1802: C, 70.55; H,
10.66%.

Bicyclo[3.3.2]decane-1,exo-2-diol (44) by Saponification of 40. The procedure was essen-
tially similar to that descr1bed for 18. Saponification of 40 (122 mg, 0.445 mmol) with KOH (75
mg, 1.34 mmol) in 90% MeOH (3 ml1) at reflux for 2 h afforded essentially pure 44 (77 mg; 100%).

An ana1¥t1ca1 sample was obtained by recrystallization from hexane - benzene; m.p. 236 -
238°C; 13C NMR (CDC13) 6 77.9 (C); 32.0, 77.5 (CH); 21.3, 26.6, 27.8, 28.4, 30.8, 32.1, 39.5 (CH2).
Found: C, 69.88; H, 10.73. Calc for CioH1e02: C, 70.55; H, 10. GGZ

Bicyclo[3.3.2]decane-1,endo-2-diol (47) in a Mixture with 42. The procedure was essentially
similar to that described for 18. Saponification of a 1:1 mixture (430 mg) of 39 and 41 with
KOH (260 mg, 4.7 mmol) in 907 MeOH (10 m1) at reflux for 3 h afforded a solid mixture (284 mg)
of 42 and 47. '3C NMR (CDC13) § values for 47 were obtained by subtracting the signals due to 42
from the spectrum; 77.1 (C); 26.8, 79.2 (CH); 22.0, 28.8, 29.3, 29.9, 31.5, 34.8, 35.5 (CH:).

1-Hydroxybicyclo[4.2.2]decan-2—one_(43) and 1-Hydroxybicyclio[3.3.2]decan-2-one (48) by
Oxidation of a Mixture of 42, 44, and 47. To a stirred suspension of Ag,C0; - celite’® (43 g)
in acetone (570 m1) was added a mixture of 42, 44, and 47 (71:19:10) (1.63 g, 9.56 mmol) under
reflux and then reflux continued for 1 h under protection from moisture. Filtration of black
precipitates followed by evaporation of the acetone afforded off-white 011 (1.90 g). MPLC
(Si02, hexane - ether) furnished 43 (686 mg) and 48 (400 mg) as white crystals in 437 and 257
yields, respectively, based on 42 and 44 plus 47. 43; m.p. 147.0 - 147,5°C; IR (CCl.) 3490 m,
1685 s, 1470 m, 1450 m, 1380 m, 1300 m, 1260 m, 1080 s em™; 'H NMR (CCl4) & 1.2 ~ 2.9 (br, 15
H); 4.0 (s, 1 H, -OH); *3C NMR (CDC1s) & 76.3 (C); 26.6 (CH); 21.8, 24,2, 30.7, 36.7, 40.6
(CHY); 215.0 (C-O). Found: C, 70.22; H, 9.67. Calc for CioH1602; C, 71.39; H, 9.59Z. The
unsatisfactory CZ is due to hygroscopic nature of 43. 48; m.p. 140 - 145°C; IR (CCl4) 3500 br,
1685 s, 1460 m, 1445 m, 1380 m, 1200 m, 1060 s, 1040 s cm*; *H NMR (CClu) 6 1.2 - 2.8 (br, 15
H), 3.4 (s, 1 H, -0H); 13¢C NMR (CDC13) 6 80.6 (C); 31.6 (CH); 21.2, 26.1, 27.0, 33.7, 33.7,
39.4, 41.1 (CHz) 217.4 (C=0): 2,2,2-trifluoroethanesulfonate; m.p. 67.5 - 68, 5° C; IR (CClu)
1710 s, 1385 s, 1320 s, 1275 s, 1260 s, 1180 53 1135 s, 1095 s, 910 s cm’l. H NMR (CCly) & 1.0
- 3.0 (br, 15 H), 3.93 (q, 2 H, J = 4.0 Hz); '°C NMR (CDC1;) & 98.8 (C); 31.3 (CH); 18.7, 25.5,
25.7, 34.7, 34.9, 40.0, 40.7, 55.3 (q, J = 32.9 Hz) (CH2); 121.1 (g, J = 277 Hz, CF3); 211.4
(C=0). Found: C, 45.59; H, 5.56. Calc for Ci2H17F30.S: C, 45.86; H, 5.45Z.

1-Hydroxybicyclol 3.3.2]decan-2-one (48) by Oxidation of a Mixture of 42 and 47. A mixture
(239 mg) of 42 and 47 (approximately 1:1) was oxidized with Ag,C0; - celite™ (12.7 g) 1in
acetone (94 m1) at reflux for 3 h. Filtration of black precipitates followed by evaporation of
the acetone gave a yellowish semisolid (220 mg). MPLC over $i0, (hexane - ether) afforded 43
(30 mg) and 48 (30 mg). The '3C NMR spectrum of the latter was superimposable with that of 48
obtained in the Ag,C0; oxidation of a mixture of 42, 44, and 47.

Bicyclo[3.3.2]dec-1-ene (45) by Pyrolysis of 46. Bicyclo[3.3.2]dec-1-y1 acetate (46) (550
mg, 2.80 mmol), which was obtained by separation from a mixture with bicyclo[3.3.2]decan-1-o01,
was heated with a free flame in a simple distillation apparatus under a slow stream of nitrogen.
The distillate was dissolved in pentane and the solution washed with aq NaHCO; and dried
(MgSO, ). Evaporation of the pentane afforded a mixture (193 mg) of 45 and 46 (90:10 by '3C NMR)
as a semisolid; 'H NMR (CC1,) 8 5.57 (dd, J = 10.0, 6.0 Hz); *°C NMR (CDC1;) & 142.6 (C); 31.1,
127.4 (CH); 25.7, 26.0, 27.2, 27.3, 33.1, 39.0, 39.4 (CH.).

Bicyclo[3.3.2])decane~1,exo-2-d1o] (44) from 45. The crude bridgehead olefin 45 (153 mg) was
subjected to permanganate oxidation™? folTowing the procedure described for the oxidation of 26.
Oxidation by using KMnO, (267 mg, 1.69 mmol) and NaOH (57 mg, 1.43 mmol) in aq t-BuOH followed
by purification over silica gel afforded a semisolid (21 mg) whose '3C NMR spectrum was super-
imposable with that of 44 obtained by saponification of diol monobenzoate 40.
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Lithium Trimethoxyaluminohydride Reduction of 1-Hydroxybicyclo[3.3.2]decan-2-one (48). Ketol
48 (740 mg, 0.83 mmol) was reduced with LiATH{CH30); " (2.08 mmol) in THF (5.7 m1) at 0°C for 1 h
to give a white solid (138 mg) containing diols 44 and 47 in an approximate ratio 1:3 as deter-
mined by *3C NMR.

Control Experiments for the Acylative Ring-Expansion. To a solution of 1-hydroxybicyclo-
[4.3.7]dec-exo-Z2-y1 benzoate (31) (179 mg, 0.652 mmol) in CCl, (2.2 ml) was added a mixture of
triflic anhydride (0.17 m1, 1.0 mmol) and triflic acid (0.27 ml, 3.1 mmol) at 3 - 6°C. After the
dark brown solution consisting of two phases had been stirred for 10 min, cold water (0.51 ml) was
added over 3 min. To the resulting mixture were added water (2.5 ml1) and ether (20 ml), and then
the organic layer was worked up in a usual manner to give a yellow solid (179 mg). The !3C NMR
spectrum of the recovered solid was superimposable with that of 31, no signals of endo isomer 30
being detected. A similar control experiment for 1-hydroxybicyclo[4.2.2]dec-2-yl1 benzoate (39)
showed no isomerization to 1-hydroxybicyclo[3.3.2]dec-2-yl benzoates (40 and 41).

Acknowledgment - This work was supported in part by the Ministry of Education, Science and Culture
through Grant-in-Aid for Scientific Research.

REFERENCES

1. K. Takeuchi, I. Kitagawa, F. Akiyama, T. Shibata, M. Kato and K. Okamoto, Synthesis 1987, 612.

2. K. Takeuchi, F. Akiyama, T. Miyazaki, I. Kitagawa and K. Okamoto, Tetrahedron 43, 701 (1987);
K. Takeuchi, T. Miyazaki, I. Kitagawa and K. Okamoto, Tetrahedron Lett. 26, 661 (1985).

3. K. Takeuchi, J. Kamata, T. Shibata and K, Okamoto, Studies in Organic Chemistry, Vol. 31

(Edited by M. Kobayashi), p. 303. Elsevier Science Publishers B. V., Amsterdam (1987): K.

Takeuchi, F. Akiyama, K. Ikai, T. Shibata and M. Kato, Tetrahedron Lett. 29, 873 (1988).

J. R. Wiseman and W. A. Pletcher, J. Am. Chem. Soc. 92, 956 (1970).

B. D. Cuddy, D. Grant and M. A. McKervey, J. Chem. Soc. (C) 1971, 3173.

P. E. Eaton, Y. S. Or, S. J. Branca and B. K. R. Shankar, Tetrahedron 42, 1621 (1986): P. E.

Eaton, Y. 5. Or and S. J. Branca, J. Am. Chem. Soc. 103, 2134 (1981).

D. H. Hua, W.-Y. Gung, R. A. Ostrander and F. Takusagawa, J. Org. Chem. 52, 2509 (1987).

A. W. Chow, D. R. Jakas and J. R, E. Hoover, Tetrahedron Lett. 1966, 5427; W. R. Vaughan, R.

Caple, J. Csapilla and P. S. Scheiner, J. Am. Chem. Soc. 87, 2204 (1965).

9. R. C. Bingham and P. v. R, Schleyer, J. Org, Chem. 36, 1198 (1971).

10. V. Golzke, H. Langhals and C. Richardt, Synthesis 1977, 675.

11, E. J. Corey and J. W. Suggs, Tetrahedron Lett. 1975, 2647.

12. K. B. Wiberg and K. A. Saegebarth, J. Am. Chem. Soc. 79, 2822 (1957).

13. M, Fetizon and M. Golfier, Compt. rend. 267, 900 (1968); M. Fieser and L. Fieser, Reagents for
Organic Synthesis, 2, 363 (1969).

14, Huang-Minlon, J. Am. Chem, Soc. 71, 3301 (1949).

15. K. B. Becker and R. W. Pfluger, Tetrahedron Lett. 1979, 3713; VY. Sakai, S. Toyotani, M.
Ohtani, M. Matsumoto, Y. Tobe and Y. Odaira, Bull. Chem. Soc. Jpn. 54, 1474 (1981),

16. E. J. Corey and C. U. Kim, Tetrahedron Lett. 1974, 287.

17. H. C. Brown and H. R. Deck, J. Am, Chem, Soc. 87, 5620 (1965).

18. P. Miller, J. Blanc and J. Mareda, Helv, Chim. Acta 69, 635 (1986).

19. W. F. Maier and P. v. R. Schleyer, J. Am. Chem. Soc. 103, 1891 (1981).

20. N. L. Allinger, Adv. Phys. Org. Chem. 13, 1 (1976).

21. S. H. Graham and D, A, Jonas, J. Chem. Soc. (C) 1969, 188.

22. a) F, Effenberger, G. Epple, J. K. Eberhard, U. Buhler and E. Sohn, Chem. Ber. 116, 1183

(1983); b) J. Brown and M. Koreeda, J. Org. Chem. 49, 3875 (1984).
23. P. v. R. Schleyer, P. R. Isele and R. C. Bingham, J. Org. Chem. 33, 1239 (1968).
24. P. G. Gassman, G. M. Lein, Jr. and R. Yamaguchi, Tetrahedron Lett. 1976, 3113.

00~ o
. P



