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The optical rotatory dispersion and the circular dichroism curves were measured for some bicyclo[3.1.1]-

heptane derivatives.

The applicability of the octant rule to a bicyclo[3.1.1]heptane system was discussed in

connection with its preferred conformation; the conformation was determined on the basis of nuclear magnetic

resonance spectrum measurements.

Some questions®-?) have arisen as to the application
of the octant rule to the optical rotatory dispersion
(ORD) and the circular dichroism (CD) measurements
of a pinane system. A combination of the examination
of molecular models and physico-chemical study has
suggested®—19 that the preferred conformation of pinane
derivatives differ from the chair conformation of an
unstrained cyclohexane ring because of the strain caused
by the cyclobutane ring. From this point of view,
the author now wishes to study the applicability of the
octant rule to a bicyclo[3.1.1]heptane system, as well
as the preferred conformation of several pinane deriva-
tives.

Results and Discussion

The Preferred Conformation. The preferred con-
formations of several pinane derivatives were determined
on the basis of the anisotropic effect!?-1% of the carbonyl
group in the NMR spectrum by comparing the chemical
shifts of the sample with those of the corresponding
carbonyl-free compound. The conformers, 1a and 1b,
are proposed as the preferred conformations for
(—)-108-pinan-3-one (1). A large upfield shift may
be predicted for the C-9 methyl group of la, whereas
a downfield one may be predicted for that of 1b, as
is shown in Fig. 1. The signal of the C-9 methyl
resonance shows the upfield shift of 0.12 ppm, when
the chemical shift of the ketone (1) is substracted from
that of 10f-pinane (2). This fact indicates that la is

1) This paper forms Part XX? in the Hiroshima University
series on “Stereochemical Studies of Monoterpene Compounds.”
A part of this work has been read at the 23rd Anuual Meeting of
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Fig. 1. Possible preferred conformations and predicted an-
isotropic effect of the carbonyl group for the ketone (1).

the preferred conformation of the ketone (1). Similarly,
the anisotropic effect of the C-9 methyl resonance
(Table 1) indicates that the preferred conformations of
10a-pinan-3-one (3), 2«-hydroxy-108-pinan-3-one (4),
4a-hydroxy-10a-pinan-3-one (5), 4f-acetoxy-108-pinan-
4-one (8), 3f-acetoxy-10x-pinan-4-one (9), 38-methyl-
nopinone (10), 10p-pinan-4-one (11), and nopinone
(12) are 3a—12a respectively, as is shown in Figs. 2
and 3.

The proposed preferred conformations were further
examined by studying the solvent effect!4-1®) of the
NMR spectrum. As a general rule, 4 values are
positive for protons lying at the back of a reference
plane and negative for protons lying in front of the

14) D. H. Williams and N. S. Bhacca, Teirahedron, 21, 2021
(1965).

15) G. Agami and J.-L. Pierre, Bull. Soc. Chim. Fr., 1969, 1963.
16) D. H. Williams, Tetrahedron Lett., 1965, 2305.
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TABLE 1. ANISOTROPIC EFFECTS OF THE CARBONYL
GROUP FOR METHYL GROUP
A9 reference®-ketone (ppm)
Compd.
C-8 C-9 C-10
1 —0.13 +0.12 —0.15
3 —0.15 —0.08 —0.18
4 —0.11 +0.07 —0.05
5 —0.15 —0.22 —0.12
6 —0.10 +0.18 —0.16
7 —0.10 +0.30 —0.13
8 —0.17 +0.16 —0.24
9 —0.17 +0.09 —0.18
10 —0.17 +0.07 —
11 —0.16 —0.01 —0.16
12 —0.16 —0.01 —
a) The reported value®1%17:18) for methyl signals of

108-pinane, 10«-pinane, 2a«-hydroxy-108-pinane,
4o-hydroxy-10e-pinane, 3f-methylapopinane,
and apopinane, was used as a reference value for
the corresponding carbonyl compounds.

TABLE 2. SoLveNT EFFECTS OF NMR sPECTRA
FOR METHYL GROUPS

49 CCl4—CgHg (ppm) 40 CCl4—C5HgN (ppm)
\——\

Compd. —_— PR —
C-8 C-9 C-10 C-8 C-9 C-10
1 +40.27 +0.22 0.00 +40.17 40.15 —0.02
3 +0.29 +0.32 +0.01 -+0.17 +40.20 —0.01
4 +0.28 +0.28 —0.04 +40.11 +0.08 —0.25
5 +0.29 +0.3¢4 -+0.05 -+0.11 40.17 —0.07
6 +0.34 +0.06 +0.07 +0.14 —0.01 0.00
7 +4+0.29 +40.02 +0.06 +0.10 —0.20 —0.07
10 -+0.3¢4 +0.14 —0.03 +40.19 -+0.08 —0.03
13 +0.47 40.42 +0.05 +40.22 +0.18 —0.03
14 4+0.35 +40.31 —0.19 +40.17 +0.12 —0.19
15 +40.35 +0.13 +0.26 +4+0.19 +0.05 -+40.09
plane. The reference plane was supposed to go through

the carbonyl carbon at right angles with the carbon-
oxygen bond of the carbonyl group for a benzene-
induced effect, and also through the a-position to the
carbonyl group for a pyridine-induced effect. The
C-10 methyl protons of ketones, 1, 3, 4, 5, 7, 10, and
13, suffer only a small shift when the solvent is changed
from carbon tetrachloride to benzene, and a downfield
shift when a change of the solvent from carbon tetra-
chloride to pyridine (Table 2). These facts show that
the C-10 methyl group of these compounds is equatorial.
However, the preferred conformations of 4f-acetoxy-
108-pinan-3-one (6), 2a-acetoxy-10p-pinan-3-one (14),
and 4p-acetoxy-10a-pinan-3-one (13) were not deter-
mined by means of the solvent effect only because of
the disturbance caused by the acetoxyl group. The
IR spectra of hydroxyketones, 5, 7, and 8, showed,
respectively, an intramolecularly hydrogen-bonded
hydroxyl band at 3536, 3540, and 3514 cm~1, assigned
to the equatorial hydroxyl group. Although the pre-
ferred conformation of the acetate (14) was not assigned
by these methods, the conformer (14a) may be proposed
as the preferred conformation, because of the decrease
in the steric hindrance of the C-10 methyl group and
17) A. F. Regan, Tetrahedron, 25, 3801 (1969).

18) J. M. Coxon, E. Dansted, M. P. Hartshorn, and K. E.
Richards, Tetrahedron Leit., 1969, 1149.
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the stabilization by the dipole-moment of the acetoxyl
and the carbonyl groups. In addition, since 4a and
13a are the preferred conformations for compounds 4
and 13, respectively, similar to the compound (14),
the conformer 14a seems to be appropriate. On the
other hand, conformations keeping the coplanarity of
the C-1—C-5 atoms have been considered® to hold
for pinane derivatives. The coplanar conformation
can, however, be rejected on the grounds of the fact
that the intramolecular hydrogen bonding is formed
in the ketones, 5, 7, and 8. No reason to consider the
coplanar conformation for the other ketones has been
given by the physico-chemical data.

The Application of the Octant Rule. In order to
examine the applicability of the octant rule to a
pinanone system, the present author prepared some
pinane derivatives belonging to two groups as follows:
(A) pinan-2- or 4-one, with the carbonyl group adjacent
to the four-membered ring, and (B) pinan-3-one, with
the carbonyl group at the symmetric position to the
ring.

8a: R=0H
93 : R=0Ac
0}
H
10a
+ -
Me
Me
Me %
OH
11a + | -
Me
0 Me\g
0}
12a

Fig. 2. Preferred conformations and octant projection dia-
grams for ketones (8), (9), (10), (11), and (12).

The compounds of the A group are the ketones, 8,
9, 10, 11, and 12. Octant projection diagrams for the
preferred conformation of these ketones are shown in
Fig. 2. The diagrams indicate a large contribution of
the C-6 gem-dimethyl group to the optical activity.
The predicted Cotton effect is negative for 8a, 9a, and
11a, but positive for 10a and 12a. Even if the pre-
ferred conformation of these compounds is coplanar,
the same sign of a Cotton effect can be predicted.
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The ORD and the CD curves in both polar and non-
polar solvents showed a large, negative Cotton effect
for 8, 9, and 11, and a large, positive one for 10 and
12. In addition, the same sign of a Cotton effect was
observed for various-temperature CD curves in the
EPA solvent!® and in decalin. It was thus established
that a Cotton effect for compounds of the A group is
in good agreement with the predicted one obtained by
applying the octant rule of the cyclohexanone pattern.

RZ O
Me
H R,
la:R,,R,=H

4a:R,;=0H,R,=H
6a:R;=H, R,=0Ac

uH
R
(0]

3a:R=H
5a: R=0OH

Fig. 3. Preferred conformations and octant projection dia-
grams for ketones (1), (3), (4), (5), (6), (7), (13), and (14).
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7a:R,=H,R,=0H
13a:R;=Br, R,=H
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On the other hand, the direct application of the
octant rule to the ketones of the B group presented
complicated problems. Octant projection diagrams of
the conformers, la, 3a, 4a, 5a, 6a, 7a, 13a, and 14a,
are shown in Fig. 3. The predicted Cotton effect is
positive for la, but negative for 3a, 4a, 13a, and 14a.
A Cotton effect for 5a, 6a, and 7a cannot be predicted,
since the contribution of the hydroxyl and the acetoxyl
groups to the optical rotation can not be compared

250 300 350
A(nm)
Fig. 4. CD curves of the ketone (3) in selected solvents at
25°C: ——, in MeOH; —-—, in isooctane; ———, in CCl,.

19) The EPA solvent is composed of ether-isopentane-ethanol
in the ratio 5: 5: 2 by volume.
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Fig. 5. Octant projection diagram for the coplanar con-
former of ketones (1), (3), (4), (6), (13), and (14).

with that of the methyl group. The compound 1
showed a negative Cotton effect, while compounds 4
and 14 showed a positive one. The observed Cotton
effect of these samples was not identical with the
prediction. The bromoketone (13), however, showed
a negative Cotton effect which coincides with the
prediction. The ketone 3 in the nonpolar solvent
exhibited a positive Cotton effect at a shorter wave-
length and a weak negative effect at a longer one.
However, the negative effect diminished in the polar
solvent (Fig. 4). The CD curve of the ketone 3 at
lower temperatures (Fig. 7) showed an increase in the
positive strength of the shorter wavelength band and
a decrease in the negative strength of the longer one;
it is temperature-dependent. This double-humped
Cotton effect may result from a solvation, because the
n—7* absorption of a solvated ketone generally appears
at a shorter wavelength than that of an unsolvated
one. In addition, octant projection diagrams for the
coplanar conformations, (1b), (3b), (4b), (6b), (13b),
and (14b), may be possible for the ketones 1, 3, 4, 6,
13, and 14 respectively, as is shown in Fig. 5. The
predicted Cotton effect was positive for 1b and negative
for 3b, while the signs for 4b, 6b, and 14b could not
be predicted, because the rotational strength of the
hydroxyl and the acetoxyl groups could not be esti-
mated. A negative Cotton effect, however, was pre-
dicted for 13b, since the bromine atom contributes to
a larger extent to the optical rotational strength than
the methyl group does. The ketone 15 may be at the

equilibrium among the conformers 15a=15b=15c,
but the preferred conformation was not implied even
by any physico-chemical data.

HOAc AcOR Qu
S0 F AcO,
H H Hl'
15b i5¢

15a

However, all these con-

(0]

+)] -

+ I\'/I - Me
e
OAc %
Me 0 OAc
l Me Me ,

OAc I\I/Ie

Fig. 6. Possible preferred conformations and octant projec-
tion diagrams for the ketone (15).
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TABLE 3. METHYL PROTON SIGNALS OF THE PINANE DERIVATIVES

Cal, C.H, C.H,N
Compd.

C-8 C-9 C-10 C-8 C-9 C-10 C-8 C-9 C-10
1 1.33 0.90 1.16 1.06 0.68 1.16 1.16 0.75 1.18
3 1.35 0.92 1.05 1.06 0.60 1.04 1.18 0.72 1.06
4 1.35 0.88 1.29 1.07 0.60 1.33 1.24 0.88 1.54
5 1.37 1.00 1.06 1.08 0.66 0.99 1.26 0.83 1.13
6 1.33 0.93 1.21 0.99 0.87 1.13 1.19 0.94 1.21
7 1.32 0.86 1.20 1.03 0.84 1.14 1.22 1.06 1.27
8 1.37 0.74 1.23 0.97 0.62 1.05 1.21 0.83 1.26
9 1.38 0.81 1.15 0.92 0.68 0.92 1.18 0.79 1.08
10 1.34 0.71 1.11 1.00 0.57 1.14 1.15 0.63 1.14
11 1.36 1.02 1.17 1.03 0.80 0.89 1.17 0.88 0.98
12 1.34 0.86 — 1.02 0.65 — 1.14 0.72 —
13 1.41 0.91 1.93 0.94 0.49 1.88 1.19 0.73 1.96
14 1.37 0.86 1.49 1.02 0.55 1.68 1.20 0.74 1.68
15 1.35 0.95 1.14 1.00 0.82 0.88 1.16 0.90 1.05

These data are represented by the J value in ppm.

formers are capable of predicting a negative Cotton
effect, as is shown in Fig. 6. The ORD and CD
curves of the compound 15 exhibited a positive Cotton
effect; it is not identical with the prediction.

It was also observed that the amplitudes ([0] ca.
300—2000 in methanol) of the CD curves for the B
group are considerably small in comparison with those
of the A group ([f] ca. 3000—8000). This may be
explained as follows: the symmetric skeleton of the
compounds of the B group to their carbonyl group
necessarily shows a relatively small contribution to the
optical rotatory strength, whereas the gem-dimethyl
bridge occupying unsymmetrically the compounds of
the A group shows a large one. These facts suggest
that the CD curves of the compounds of the B group
are influenced easily by other factors, such as the
temperature, the solvation, and the strain of the
skeleton. Thus, these observations indicate the neces-
sity of prudent care in the application of the octant
rule to the pinan-3-one system.

Experimental

The NMR spectra were taken with a Varian Associates,
HA-100 spectrometer, and a Hitachi Perkin-Elmer, R-20,
High-resolution spectrometer on solutions in concentrations
of 10 per cent, using tetramethylsilane as the internal standard.
The signals of the C-8, C-9, and C-10 methyl protons of
pinane derivatives are shown in Table 3. The ORD and the
CD curves were measured on a Japan Spectroscopic Co.,
ORD/UV.5, Spectropolarimeter, equipped with a circular
dichroism attachment, at 25°C. The variable-temperature
CD curves were obtained by the use of the same spectrometer,
using a low- and high-temperature cell. The IR spectra
in the hydroxyl-stretching region were measured with a
Perkin-Elmer, 621, Grating Infrared Spectrometer in a 0.002m
carbon tetrachloride solution at a spectral slit-width of less
than 2 cm-! at 25°C, using a salt absorption cell 20 mm in
length.

(— )-10B-Pinane-3-one (1). Following the procedure
previously reported,?® 20g of (+)-isopinocamphenol (mp

20) H. C. Brown and C. P. Garg, J. Amer. Chem. Soc., 83, 2952
(1961).

55—57°C, [e«]2® +31.6°) prepared from (—)-a-pinene ([x]2®
—39.9°) through hydrobarotion?) was oxidized with sodium
dichromate to give 17.8 g of 108-pinane-3-one (1): [«x]2®
—9.77° (neat) (lit,» [«]2® +10.3° from (—)-isopinocam-
phenol); UV (MeOH) 291 nm (¢ 17.6), (isooctane) 295 nm (g
16.6); ORD (¢ 1.1, MeOH) [¢lagp — 100, [$]z10 —889, [@lars
+1200, [@laas +960, [Plas0 + 1360, (¢ 0.25, isooctane) [¢li00
+30, [¢lse0 —617, [ls13 —440, [Blaee —617, [Pl302 —65,

[6la0s —216, [61ags +277, [Blass +205, [$lsry +617, [Blass
4404, [@]a99 +645; CD (¢ 1.1, MeOH) [0]335 0, [6]204 — 1670,
[0]247 0, (¢ 0.25, isooctane) [@]a3; 0, [O]315 —365, [0]z05 —760,
[0]s0s —832, [0]sss —649, [0]s4 O; variable temp. CD (¢
0.21, EPA) [0]753%° 0, [0]555 —105, [0]ss0 +176, [0]500 —491,
[0z —175, [0]5, —1630, [0], —1020, [0]3, —2380,
[0]206 —1400, [0log —2140, [0]sss — 1160, [6]s — 1230,
[01ss5 O, [0]335° O, [0ss0 +175, [0z —834, [0l —790,
[0]205 — 1010, [6]556 O,

(—)-10x-Pinan-3-one (3). Following the method in
the literature,?) 0.50 g of (—)-108-pinan-3-one (1) was added
to an ethanol solution of sodium ethoxide, which had been
prepared by dissolving 0.12 g of metallic sodium in 25 ml!
of absolute ethanol; then the mixture was let to stand for
24 hr at room temperature. The usual treatment of the
mixture gave 0.35 g of the ketone (3): [«]2® —18.6° (¢ 1.99,
EtOH) (lit,?? o; —15°); UV (MeOH) 295 nm (g 20.0), (iso-
octane) 318 nm (¢ 13.5), 306 (18.0), 296 (18.0); ORD (¢ 0.29,
MeOH) [¢lso0 —45; [$lsar +255, [$larz +230, [la1o +351,
[$ls0s +105, [@ls02 +121, [Plagy —845, [Plosy —860, [$]a4s
—1000, (¢ 0.31, isooctane) [$ligo —37, [Plssa —425, [Plser
488, [#lszo —120, [Flara +450, [glay —50, [Blaoy +375,
[$lass —188, [$lagy +75, [Flogr —300, [$lres —188, [$lze0
—800; CD (¢ 0.29, MeOH), (¢ 0.31, isooctane), and (¢ 0.55,
CCl,) (Fig. 4); variable temp. CD (¢ 0.26, EPA) and (¢ 0.28,
decalin) (Fig. 7).

(+ )-2x-Hydroxy-10B-pinan-3-one  (4). Following the
procedure previously reported,?) (—)-a-pinene ([«]25 —39.9°)
was oxidized with potassium permanganate in 909, aqueous
acetone for 8.5 hr at —5°C to obtain the hydroxyketone (4)
in a 249, yield: mp 34—35°C (lit,29 mp 34.5—35.3°C), [«]2%
+23.3° (¢ 4.64, EtOH) (lit,®) [«]2° —18.56° (¢ 14.44, EtOH)
from (+)-o-pinene) ; UV (MeOH) 308 nm (¢ 28.0), (isooctane)

21) G. Zweifel and H. C. Brown, ibid., 86, 393 (1964).
22) A. Kergomard, Bull. Soc. Chim. Fr., 1958, 394.

23) T. Kuwata, J. Amer. Chem. Soc., 59, 2509 (1937).
24) H. Schmidt, Chem. Ber., 93, 2485 (1960).




3462
15k 4
1.0
i
= o
9 0.
=
0
—05} ]
250 300 - 350
A(nm)
Fig. 7. CD curves of the ketone (3) in selected solvents at
various temperatures: , —-—,and —--—, at —74, +25,

and +138°C in decalin, ~——~- and -++--- ,at —138 and +25°C
in EPA, respectively.

309 nm (¢ 24.6); ORD (¢ 0.61, MeOH) [¢]soo +220, [¢]5s,
41680, [flsss +1300, [¢lszs +1530, [Bloss +237, [$laos
—1010, [Plage —1740, [Plogs —1940, (¢ 0.61, isooctane)
[6lio +387, [6lsss +2460, [$luss +1520, [$lsss +2370,
[#1sso +83, [$lsra +690, [$lsos — 1350, [$ls00 — 1100, [glssr
—2180, [@laes —2040, [@lage —2320, [@]asp —900; CD (¢
0.61, McOH) [0]s47 0, [0lsee +2360, [0]a1s +2740, [Olss
+2290, [6]260 0, (0 0.61, iSOOctane) [0]343 0, [0]335 +1920,
[@]320 +3550, [6]510 +3780, [0]501 3010, [0]s60 O; variable.
temp. CD (¢ 0.68, EPA) and (¢ 0.70, decalin) (Fig. 8).

[6] x 10-2

0
250

A (nm)
Fig. 8. CD curves of the hydroxyketone (4) in selected sol-

vents at various temperatures: , —=-—, and —--—, at
—74, +25,and +138°C in decalin; ——— and -----+ ,at —138
and 425°C in EPA, respectively.

Acetates (6), (14), (15), and (16). (See Ref. 25 for the
details of this reaction) A mixture of (4 )-hydroxyketone
(4) (22.0 g) and acetic anhydride (35.0 g) was refluxed for
6 hr at 160°C. The reaction mixture was then extracted
with ether to obtain an oily product (22.9 g), which was
composed of (4 )-4S-acetoxy-108-pinan-3-one (6) (17%, yield),
(+)-2-acetoxy-108-pinan-3-one (14) (149,), (—)-4p-acetoxy-
10-pinan-3-one (15) (209%), and (—)-4x-acetocy-10a-pinan-
3-one (16) (39%).

a) (4 )-4p-Acetoxy-10B-pinan-3-one (6): mp 100.5—101.0
°C [«]2® +66.1° (¢ 6.0, EtOH); UV (MeOH) 292 nm
(e 27.7), (isooctane) 297 nm (¢ 24.2); ORD (¢ 1.3, MeOH)
[flaoo +48, [Glses +232, [Blazs —175, [$lage —38, (¢ 1.1,
isooctane) [@lae +29, [@lass +151, [Plase —99, [#lase —30;

25) T. Hirata, This Bulletin, 45, 599 (1972).
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CD (¢ 1.3, MeOH) [0]lss7 0, [0ls01 +262, [0la50 0, (¢ 1.1,
isooctane) [01ss0 0, [0]sos +147, [0]a60 O-

b) (+)-2u-Acetoxy-10B-pinan-3-one (14): mp 38—40°C,
[e]2® +23.1° (¢ 0.26, MeOH); UV (MeOH) 300 nm (¢ 29.5),
(isooctane) 301 nm (¢ 23.0); ORD (¢ 0.26, MeOH) [¢]s00
+ 163, [@lase + 1470, [$]305 -+ 1840, [Bl317 4990, [$lago —2970
[@lass —2640, [@]as0 —3010, (¢ 0.19, isooctane) [Plyo + 164,
[lota +1470, [§lsss +1140, [Blas +1720, [glsy +326,
[lots +622, [Plos —1080, [Bluy —982, [glues —2180,
[3lass —2110, [glogy —2540, [Blagg —2470, [plssg —2570,
[#lasr —2210, [@lass —2470; CD (¢ 0.26, MeOH) [6]34 O,
[0]s17 +1120, [0]s1y + 1710, [0lgee + 1650, [B]o60 O, (¢ 0.19,
iSOOCtane) [0]349 0, [0]337 +820, [0]333 +800, [0]324 +2030,
[0]s19 +1770, [0]512 +2550, [Ols0s +2030, [0]s02 +2200,
[0]a92 1560, [0]s60 O-

¢) (—)-4B-Acetoxy-10a-pinan-3-one (15); [«]2® —8.5° (¢
0.37, MeOH); UV (MeOH) 302 nm (¢ 27.1), (isooctane)
304 nm (¢ 25.4); ORD (¢ 0.37, MeOH) [¢]ao0 +67.0, [¢]s30
+905, [Plsss +1070, [Plare —2180, [Plasa —2110, [@]oss
—3150, (¢ 0.15, isooctane) [@lio +42, [Plsss +807, [Plss
+7213 [¢]332 +975’ [¢]328 +2979 [¢]319 +339’ [¢]308 _636s
[$laos —1400, [$lars —1780, [@lre —1700, [@]aes —3140;
CD (0.37, MeOH) [0]s47 0, [0]305 +1790, [0]2ss O, (¢ 0.15,
isooctane) [0]s51 0, [0]s3s +443, [0]3e5 + 1100, [6]55 -+ 1070,
[0]31s 41440, [0]s0; +1230, [01505 + 1280, [0]240 O.

d) (—)-4u-Acetoxy-10o-pinan-3-one (16):  [a]Z —78.1°
(¢ 0.49, MeOH); UV (MeOH) 298 nm (¢ 30.2), (isooctane)
294 nm (¢ 28.4), 302 (27.1); ORD (¢ 0.49, MeOH) [¢]400
—596, [Plase —2680, [Plszy —3020, [Plsz +3150, [@]ase
11450, (¢ 0.32, isooctane) [¢ls0p —463, [Plsss —2580, [@]sss
—2450, [Plss0 —2970, [@lase —1390, [Plsos +859, [$laes
42640, [@lass +3370, [Plas +1720; CD (¢ 0.49, MeOH)
[01s50 0, [O]a0s —4440, [6]250 0, (¢ 0.32, isooctane) [@]ss5 O,
[0]s2 —3400, [0]315 —4540, [0]s0s —4190, [0]a9s —3230,
[0]254 O.

( — )-4a-Hydroxy-10o-pinan-3-one (5) and (— )-3B-Hydroxy-
10a-pinan-4-one (8).2%) The acetate (16) was hydrolyzed
by methanolic potassium hydroxide at room temperature
overnight to give hydroxyketones (5) and (8) (679 and 339%,
yields respectively).

a) (—)-4o-Hydroxy-10e-pinan-3-one (5): [«x]2® —52.8° (¢
0.55, MeOH); IR (CCl,) 3536 cm-! (intramol. bonded OH);
UV (MeOH) 285 nm (¢ 29.7), (isooctane) 283 nm (¢ 35.3);
ORD (¢ 0.55, MeOH) [¢]lso —337, [¢lase —1470, [@lss0
—1500, [¢]ae: +1620, [¢las; +1220, [@]a05 41590, (¢ 0.71,
isooctane) [@lygo —294, [@lses —1850, [$lar+2530, [Plass
+2320, [$laze +5470; CD (¢ 0.55, MeOH) [0 0, [0]300
—2220, [6lss0 0, (¢ 0.71, isooctane) [@]ss5 0, [0 — 3080,
[01240 O

b) (—)-3p-Hydroxy-10o-pinan-4-one (8): mp 44—45°C,
[e]2® —147.7° (¢ 0.27, MeOH) ; IR (CCly) 3514 cm-1(intermol.
bonded OH); UV (MeOH) 282 nm (¢ 36.9), (isooctane)
284 nm (¢ 37.9); ORD (¢ 0.27, MeOH) [¢]s00 —689, [¢]302
—5570, [¢laea +5200, [¢laeg +751, (¢ 0.17, isooctane) [¢]00
—778, [@lage —6610, [Plass +7100, [$lagy +4670, [¢]o1s
+6610; CD (¢ 0.27, MeOH) [0]35; 0, [0]sss —8020, [0],45
0, (¢ 0.17, isooctane) [0]y15 0, [8]s5; — 9860, [6]s04 O.

( -+ )-4B-Hydroxy-108-pinan-3-one (7). The hydrolysis
of the acetate (6) (420 mg) with methanolic sodium hydroxide
gave the hydroxyketone (7) (292 mg): mp 67—68°C, [«x]2®
+33.5° (¢ 0.25, MeOH); IR (CCl,) 3540 cm-! (intramol.
bonded OH); UV (MeOH) 288 nm (¢ 29.8), (isooctane)
283 nm (¢ 31.5); ORD (¢ 0.25, MeOH) [¢]s00 +332, [}ls22
+1660, [@lare —1990, [@ls55 —1590, [Ples —3380, (c 0.22,
isooctane) [@lugo +375, [Bls1; +2480, [@lars —3300, [Plass
—2100, [¢]ss —6000; CD (¢ 0.25, McOH) [0lp4s O, [0s0s
41880, [0]s50 0, (c 0.22, isooctane) [0]3s; 0, [0]ags +2770,
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[0]247 O-

(— )-3B-Acetoxy-10x-pinan-4-one (9). The acetylation
of the hydroxyketone (8) (100 mg) with acetic anhydride in
pyridine gave the acetate (9) (95 mg): mp 38—39°C; [«]%
—135.2° (¢ 0.49, MeOH); UV (MeOH); 284 nm (¢ 54.9),
(isooctane) 290 nm (¢ 63.0); ORD (¢ 0.14, MeOH) [¢]lso0
—1200, [@lsos — 7410, [Plaes +5560, [Plase + 1390, (¢ 0.20,
isooctane) [¢lagy —685, [Plaos —5000, [Plae; +4660, [$laso

+2330; CD (¢ 0.14, MeOH) [0]33, 0, [0]oss —6830, [0]25 O,

(¢ 0.20, isooctane) [0]306 0, [01290 —4870, []445 O.

(+)-3B-Methylnopinone (10). To a stirred solution of
potassium hydroxide (7.0 g) in methanol (20 m/), was added
a sample of (—)-10p-pinan-2«,3a-diol monotosylate (6.2 g)
which had been prepared in our previous work.2) The
solution was heated to 65°C for 3 hr had then kept further
at room temperature overnight. The reaction mixture was
extracted with ether to give an oily product (2.5 g), which
was subsequently subjected to chromatography on a silica-gel
column to isolate the ketone (10) in an 8.5% vyield: [«]2®
+59.7° (neat); UV (MeOH) 275 nm (¢ 30.1); ORD (¢ 0.64,
MeOH) [@lso +380, [Plsor +3550, [@lses —3380, [@las0
— 1080, (¢ 0.77, isooctane) [@lyo + 157, [Pls0a + 1490, [¢]s6s
—1530, [glssy —315; CD (c 0.64, McOH) [0,y 0, [0l
+2740, [0]a0 0, (c 0.77, isooctane) [0z 0, [0a00 -+ 1240,
[0]sss O; variable temp. CD (¢ 0.61, EPA) [0]7382" 0, [0]as
+2940, [0]a5 0, [01535° 0, [0lsss +2410, [0]p50 O, (¢ 0.59,
decalin) [0]3]%" 0, [0]ss; +2580, [01ssa O, [01%3" O, [0]ass
+1630, [0]254 O, [01*337 O, [0]ass +1920, [0]s55 O.

(—)-10B-Pinan-4-one (11). a) Preparation of (—)-
verbenone: To a stirred sample of 100g of (—)-x-pinene
([«]z® —39.9°), was added a ¢-butyl chromate solution, which
had been prepared from chromiun trioxide (220.5 g), ¢-butyl
alcohol (330 g), benzene (500 m!), glacial acetic acid (150 g),
and acetic anhydride (150 g) following the method in the
literature.?) The mixture was stirred for 12 hr at room
temperature in an atmosphere of nitrogen, and then it was
treated with water and oxalic acid as usual.?? The reaction
product extracted with benzene was subjected to distillation
and then to column chromatography to isolate (—)-verbenone
(39.4 g); bp 80—84°C/9 mmHg, [«]2® —208.6° (neat).

b) Preparation of Ketone 11: (—)-verbenone (1.3 g) in
ethanol was hydrogenated in the presence of palladium hydro-
xide on calcium carbonate, under an atmospheric pressure,
to yield an oily product (1.2 g). The product was rectified
by distillation under a reduced pressure to give the ketone
(11) (1.0g): bp 59—61°C/11 mmHg, [«]Z —47.8° (neat),
d2® 0.9693, n2’ 1.4751; UV (MeOH) 274 nm (¢ 34.5), (iso-
octane) 285 nm (¢ 20.2); ORD (¢ 0.15, MeOH) [¢]400 —250,
[#]s0s —2620, [¢laee +2720, [¢lass + 1250, (¢ 0.17, isooctane)
[#lae —250, [@ls; —1670, [@layy —1450, [@ls, — 1800,
[$laze 11800, [¢lese +7105 CD (¢ 0.15, MeOH) [0]s O,
[01sss —3550, [Oleso O, (c 0.35, isooctane) [Olsgs O, [Olzes
—2380, [@lys 0; variable temp. CD (¢ 0.20, EPA) and (¢
0.27, decalin) (Fig. 9); the semicarbazone derivative, mp
222—223°C.

(+)-Nopinone (12). Into a solution of 5.0 g of (—)-
B-pinene ([«]3® —21.8°) in 30 m/ of dichloromethane, was
passed ozonized oxygen at —60°C. The solution was sub-
jected to steam distillation, and then extraction with chloro-
form to give 2.8 g of an oily product. The distillation of the
product gave 14.5 g of (+)-nopinone (12): bp 76.5—77.5°C
/7 mmHg, [o]% +18.9° (neat), d2 0.9786, n2 1.4761; IR
(lig.) 1713 cm-* (C=0); UV (MeOH) 273 nm (¢ 30.2),

26) T. Hirata and T. Suga, J. Org. Chem., 36, 412 (1971).
27) T. Matsuura and K. Fujita, J. Sci. Hiroshima Univ. Ser.
4-11, 16, 173 (1952).
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Fig. 9. CD curves of the ketone (11) in selected solvents at
various temperatures: , ——, and ——, at —74, 420,
and +-138°C in decalin; ~-—— and ------ ,at —192 and 425°C
in EPA, respectively.

(isooctane) 286 nm (¢ 18.9) ; ORD (¢ 1.3, MeOH) [¢]499 +150,
[51aoy -+3440, [Flogy —4140, 00 — 1800, (c 0.30, isooctane)
[$lao +125, [@lsie +1680, [@ls1 +1600, [Plss + 1850,
[6laes —2230, [@laso —1010; CD (¢ 1.3, MeOH) [6]34 O,
[01gss +4390, [0]es O, (¢ 30, isooctane) [6lssa 0, [0]sge
42220, [0]984 2150, [6],35 0; variable temp. CD (¢ 0.41, EPA)
[0]733%" 0, [0lase —4500, [0lass O, [0]503" O, [0lass —4090,
[0]s22 0, (¢ 0.36, decalin) [0]525° 0, [0]a9s + 3150, [6]5s5 +3000,
[0]2ss +3300, [0laso O, [01%35° 0, [0lase +2710, [0]a5 O,
[01+148° O, (0501 +2560, [0]a50 0.

(— )-2a-Bromo-10B-pinan-3-one  (13).28) a) Prepara-
tion of 3-Acetoxy-pin-2-ene: Following the method in the re-
ference,® the treatment of (—)-108-pinan-3-one (1) with
acetic anhydride in the presence of perchloric acid afforded
(—)-3-acetoxy-pin-2-ene in a 769, yield: [«]2* —35.0° (¢ 0.29,
MeOH) (lit,» [«]2® +36° (¢ 1.00), derived from (+)-108-
pinan-3-one).

b) Preparation of Bromoketone 13: Bromine (0.94g) dis-
solved in carbon tetrachloride (4 m/) was added to a stirred
suspension of (—)-3-acetoxy-pin-2-ene (1.08 g) and anhydrous
sodium carbonate (1.00g) in carbon tetrachloride (5 mi/)
over a 5 min period at 0°C. After stirring for a further 5 min,
the ether extract gave 1.13 g of an oily product, which was
composed of 849, of the bromoketone (13): [o«]2® —101.8°
(¢ 1.18, MeOH); IR (lig.) 1722 cm-* (C=0); UV (MeOH)
313 nm (¢ 135.3); ORD (¢ 1.18, MeOH) [¢]490 —638, [¢]s35
—1620, [¢]50s — 1080, [@les0 —3430, [@laze — 1720, (¢ 0.24,
isooctane) [¢lio —692, [Plsss —1800, [Plsr — 143, [Plaso
—2240, [@lase —1190; CD (¢ 1.18, MeOH) [0]s65 0, [0]a1,
—IOOO, [0]293 —227, [0]258 —1000, (0 0'24‘, iSOOCtanC) [0]334
0, [0]31s — 1700, [0]55s —315.

(—)-4p-Hydroxy-10p-pinane (17) and Its Acetate (18).

A solution of 1.0 g of (—)-108-pinan-4-one (11) in 20 m!/ of
ether was stirred into a suspension of 0.3 g of lithium aluminum
hydride in 50 m!/ of ether. The mixture was then refluxed for
2 hr. The reaction mixture, after having been treated in
the usual manner, afforded 1.0g of 17. The subsequent
acetylation of 17 (100 mg) with acetic anhydride in pyridine
gave the acetate (18) (95 mg).

a) 4p-Hydroxy-10p-pinane (17): Mp 72—73°C, [«]2® —5.1°
(¢ 4.0, benzene); NMR (CCl,) 6 1.22 (s, C4-3H), 1.16, (s,
C,-3H), 1.07 (d, J=7.0Hz, Cy,-3H), and 4.22 ppm (m,

28) T. Hirata and T. Suga, This Bulletin, 44, 2833 (1971).
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C,-H). :

b) 4p-Acetoxy-10B-pinane (18): IR (lig.) 1745 cm-?!
(OCOCH;); NMR (CCly) 6 1.23 (s, Cg-3H), 1.11 (s, Cy-3H),
1.05 (d, J=7.0 Hz, C,-3H), 1.91 (s, OCOCH,;), and 5.08
ppm (m, C,-H).

(— )-3p-Hydroxy-10x-pinane (19) and Its Acetate (20).

Into a stirred suspension of 120 mg of lithium aluminum
hydride in 15 m! of ether, was added a solution of 950 mg of
(—)-10a-pinan-3-one (3) in 15m! of ether, and then the
mixture was stirred for 1 hr at room temperature. After a
usual treatment, the ether extract gave 590 mg of a crystal-
line product, which was subsequently chromatographed on
a silica-gel column with a mixture of n-hexane and ethyl
acetate to yield 50 mg of (4 )-3a-hydroxy-10«-pinane (mp
26—27°C, [o]?® +15.8° (¢ 0.20, MeOH)) and 400 mg of (—)-
3p-hydroxy-10c-pinane (19). The acetylation of 19 (100 mg)
with acetic anhydride in pyridine gave the acetate (20) (92 mg)
a) 3p-Hydroxy-10x-pinane (19): Mp 66—67°C (lit,®)
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mp 67°C), [«]2® —59.0° (¢ 0.40, MeOH); NMR (CCl,) é 1.21
(s, Cg-3H), 0.77 (s, C4-3H), 0.93 (d, J=7.0 Hz, C,-3H),
and 3.99 ppm (t, J=6.5Hz, C;-H); 3,5-dinitrobenzoate,
mp 118—119°C (1it,?® mp 118—119°C).

b) 3p-Acetoxy-10a-pinane (20): IR (lig.) 1744 cm—* (O-
COCH;); NMR (CCl,) 6 1.21 (s, Cg-3H), 0.90 (s, C,-3H),
0.97 (d, J=7.0 Hz, Cp-3H), 1.99 (s, OCOCH,), and 4.66
ppm (m, Cy-H).
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29) H. Schmidt, Ber., 77, 544 (1944).
30) T. Takemoto, G. Kusano, and H. Hikino, Yakugaku Zasshi,
86, 1162 (1966).






