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Abstract—The stereochemistry of a-pipitzol (Ia) bas been established by transformation to cedrene (4) and by
single crystal X-ray diffraction of a-pipitzol benzoate (1b). The stereochemistries of the related cedranolides
B-pipitzol (2a), a-{lc), B(2¢) and y-perezol (1d) are assigned from their respective ORD curves.

Although the structures of the naturally occurring a-{1a)
and B-pipitzol (2a) were elucidated more than a decade
ago,’ the stereochemistry of these molecules remained
tentative® due to the lack of adequate models for ORD
and CD comparison. This situation arises from the fact
that in the pipitzols (1a and 2a) the three O atoms are
arranged in such a way that several types® of chromo-
phores could be considered for the interpretation of the
chiroptical data. Since the chiral center of perezone (3)
has been established as R by chemical degradation® and
by ORD measurements,® it follows from the reaction
mechanism of the perezone (3)-pipitzol (1a+2a) trans-
formation® that one of the pipitzols must have the same
stereochemistry as cedrene (4), a related natural product
of known’ chirality. Our original studies suggested that
this should be the case of the a-isomer.

In order to test this assumption, it is necessary to
correlate the two molecules, or, alternatively to establish
the relative stereochemistry of a-pipitzol (1a) using sin-
gle crystal X-ray diffraction, since the chiral center that
arises from perezone (3) is known. The present work
describes both the chemical transformation of a-pipitzol
{1a) to cedrene (4) and the X-ray crystallographic study
of a-pipitzol benzoate (1b), which shows that our ori-
ginal stereochemical assignments are indeed correct.

The transformation of a given pipitzol to cedrene (4)
simply requires the removal of the three O atoms. Many
direct and indirect sequences of reactions were explored
to achieve the overall transformation, until it was found
that two successive formations of dithioethylene-ketals
followed in each case by a desulfurization provide a
satisfactory route.

Treatment of a-pipitzol benzoate (Ib) with ethanedi-
thiol in the presence of boron trifluoride etherate gave
the dithioketal $a. The formation of the heterocyclic ring
was deduced from the disappearance of the CO band at
1690 cm™! in the IR spectrum and the presence of the
dithioethylene protons as a complex signal in the 3.1-
3.5 ppm region of the NMR spectrum.

{Taken in part from the D.Sc. Thesis submitted by L.U.R. to
the CIEA-IPN (1978).
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The sulfur containing ring was eliminated by treatment
with absolutely neutral Raney nickel, in order to
preserve the enol benzoate. This yielded 4-desoxo-a-
pipitzol benzoate (Sb) which showed only one broad CO
band at 1740cm™" due to the cyclopentanone and ben-
zoate in the IR spectrum, while in the NMR spectrum the
benzoate protons are present at 8,12 (2H) and 7.52 (3H),
a new broad band at 2.59 (2H) corresponds to the C-4
methylene protons and the vinylic Me group is found as
a triplet (J = 1.6 Hz) at 1.64 ppm.

Similary, treatment of S-pipitzol benzoate (2b) with
ethanedithiol gave the ketal 6a which after desulfuriza-
tion provided 4-desoxo-B-pipitzol benzoate (6b). Its IR
spectrum showed the two CO groups at 1740 cm™" while
in the PMR spectrum the benzoate signals appear at 8.08
(2H) and at 7.56 (3H), the C-4 methylene protons are
found at 2.95(1H) and at 2.42(1H) representing the AB
portion (Jan = 16 Hz) of an ABX, system formed with
the vinylic Me group which appears as a triplet (Jax; =
Jax, = 1.6 Hz) at 1.64 ppm. .

When both 5b and 6b are treated again with ethanedithiol
in the presence of boron trifluoride etherate, ketalization at
the bridge CO position occurs, which yields the cor-
responding dithio derivatives 7a and 8a. Desulfurization
of these compounds with neutrally washed Raney nickel
in absolute ethanol, gave the enol-benzoates 7b and 8b
respectively. Their IR spectra show the enol ester CO at
1740 cm™'. In the PMR spectra the benzoate hydrogens
appear in the low field region and the vinylic Me group of
each compound appears as a triplet (J = 1.6 Hz) around
1.60 ppm.

At this point it was decided to establish the identity of
cither 7b or 8b with a compound derived from
cedrene(4). Epoxidation of the double bond of the
hydrocarbon followed by boron triffuoride rearrangement
gave the known® cedranone. This ketone was treated
with benzoic anhydride in the presence of perchloric acid
to yield the corresponding enol benzoate which was
identified as 7b by mixed m.p. and spectral comparison.
It is interesting to mention that both the UV and IR
spectra of 8b and of samples of 7b derived from either
a-pipitzol (1a) or cedrene (4) are quite similar, thus
precluding a definitive identification. However the high
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field, region of the PMR spectra clearly allowed cor-
relation, since in the a-isomer (7b) the gem-dimethyl
signals appear at 1.15 and 1.01 and the secondary Me
group is found at 0.89, while in the S-isomer (8b) the
secondary Me appears at 0.97 and the gem-dimethyl
signals at 1.17 and 0.98 ppm. A more objective differen-

tiation of 7b and 8b and therefore a better criterion for
identification of the samples arising from a-pipitzol (1a)
and from cedrene(d) is obtained by comparison of “*C
NMR spectra which are more sensitive to stereochemical
changes. The most significant differences are found at
the C-3 chiral center. In the case of the a-isomer the
secondary Me group is found at 15.4, the C-3 signal at
41.2 and the C-2 methylene at 36.0 ppm while the same
signals for the S-isomer appear at 13.6, 34.4 and also
34.4 ppm respectively. The remaining signals show small
chemical shift differences for the two isomers.

If the secondary Me group of either pipitzol would have
the opposite configuration, the two molecules (7a and 8a)
would be enantiomeric and their **C NMR spectra in
achiral media would be identical. However the difference
in stereochemistry of all centers except one, produces
significant changes in the spectra. This observation sug-
gests that *C NMR spectroscopy provides a more
adequate criterion to establish the identity of organic
molecules arising from different sources than the widely
used IR comparison. *C NMR provides other advantages
since one is more concerned with chemical shifts and
solutions of different concentrations can be compared and
even sample purity is not as critical as in IR spectroscopy.

conversion of a-pipitzol (1a) to cedrene (4) was
completed by hydrolysis of the enol ester of 7b to the
corresponding ketone identified as isocedranone.®
Reduction of the CO group with NaBH, gave neoiso-
cedranol® which was treated with POCl; in pyridine to
yield cedrenc (4), identical in all respects with an
authentic sample.

Although the above reactions define the stereochemis-
try of a-pipitzol (1a), independent evidence was obtained
by a single crystal X-ray diffraction investigation® of
a-pipitzol benzoate (1b). The results are summarized in
Fig. 1, which shows that the S-membered ring containing
the ketone function exists in a distorted half-chair con-
formation while the other S-membered ring exhibits a
normal half-chair conformation. The conjugated portion
of the molecule (3a, 4, 5, 6, 7) is planar, which forces the
6-membered ring into a 1,2-diplanar conformation with
the 7-membered ring having atoms 8 and 8a folded

Fig. 1. Perspective view of the molecular structure of a-pipitzol benzoate (1b).
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sharply out of the plane. The bond lengths and angles are
normal and the relative stereochemistry is that shown in
(Ib).

Once the stereochemistry of a-pipitzol (1a) is unam-
biguously proven, that of 8-pipitzol (2a) follows from the
reaction mechanism of the perezone-pipitzol transfor-
mation.® Furthermore the ORD curve of a-pipitzol (1a)
shows a positive Cotton effect in the 310 nm region while
that of B-pipitzol (2a) shows a negative one. Since both
a{1c)"° and y-perezol (1d)"' show positive Cotton
effects, they possess the same stereochemistry as a-
pipitzol (1a) while 8-perezol (2c) with a negative effect'®
has the stereochemistry of B-pipitzol (2a).

EXPERIMENTAL

M.ps are uncorrected. IR spectra in CHCl; were obtained on a
Perkin-Elmer 421 and UV spectra in 95% EtOH on a Unicam
SP-800. '"H NMR spectra in CDCl; or CCl, with internal TMS
were recorded on Varian Associates A-60 and XL-100A-12
Spectrometers in the CW mode. "CNMRspectnweremeorded
on an XL-100A-12-FT-16K in CDCI, using deuterium pulse lock,
Rotations at 589nm in 95% EtOH and ORD in dioxane were
obtained on a Perkin-Elmer 141M. Chromatographic separations
were made on Alcoa F-20 alumina and microanalyses were per-
formed by the Alfred Bernhard Laboratories (West Germany).

Ethylenedithioketal of a-pipitzol benzoate (5a)

A mixture of 1b (15g) ethanedithiol (60 ml) and Et,0:BF,
(60 ml) was stored at room temp during 4 days. The mixture was
poured on ice and extracted twice with ether. The combined
organic layers were washed some 10-12 time with 20% NaOHaq
and then with water until neutral. The ethereal soln was dried
over an Na,SO,, filtered and concentrated. Akktion of hexane
gave 13.8 g of the title compound as white crystals m.p. 218-220°,
The analytical sample was obtained after recrystallizations from
chloroform-hexane and showed m.p. 220-221° (a)p-156° (c, 2);
Amex 231 0m, log € =4.23; yy,, 1740 (cyclopentanone and ben-
zoate carbonyls) and 1270 cm™! (ester O-C); PMR:8.15 (2H) and
7.55 (3H) benzoate, 3.5 to 3.0 (complex, 4H) dithioethyleneketal,
2.60 (m, 1H) H-3, 2.18 (s, 1H) H-7, 1.62 (s, 3H) Me at C-6, 1.32
(d,J =7 Hz, 3H) Me at C-3 and 1.31 (s 3H) and 0.93 ppm (s, 3H)
gem-dimethyl. (Found: C, 67.37; H, 6.62; 0, 11.19; S, 14.91. Calc.
for C,uHx04S;: C, 67.26; H, 6.58; 0, 11.20; S, 14.96%).

Ethylenedithioketal of B-pipitzol benzoate (6a)

A mixture of 2b (10 g), ethanedithiol (40 m,) Et,O:BF; (40 m.)
was treated as in the previous case, yiekling 9.4g of the title
compound as white crystals m.p. 195-197°. The analytical sample
obtained after recrystallization from chloroform-hexane showed
m.p. 198-199°; (@)p+77.5%c, 2); Amax 231 nm, log € =4.23; v,
1740 (cyclopentanone and benzoate CO’s) and 1270cm™' (ester
0-C); PMR: 8.15 (2H) and 7.55 (3H) benzoate; 3.4 to 3.1 (com-
plex, 4H) dithioethyleneketal, 2.55 (m, 1H) H-3, 2.21 (s, 1H) H-7;
1.71 (s, 3H) methyl at C-6; 1.52 (d, J =7 Hz, 3h) methyl at C-3
and 1.29 (s, 3H) and 0.99 ppm (s, 3H) gem-dimethyl. (Found: C,
67.09; H, 6.56; 0, 11.36; S, 14.93; Calc. for C3iHz40sS,: C, 67.26;
H, 6.58; O, 11.20; S, 14.96%).

4-Desoxo-a-pipitzol benzoate (Sb)

A soln of 52 (5 g) in 300 ml abs EtOH was refluxed during 5 hr
in the presence of W-7 Raney Ni. After preparing the catalyst'?
it was washed with distilled water until neutral, then with EtOH
and finally two times with absolute alcohol. This prevents
hydrolysis of the enol benzoate. After completition of the reac-
tion the catalyst was removed by filtration and the solvent
evaporated to dryness. The oily residue was chromatographed
over 50g of alumina. The fractions eluted with hexane and
hexane-benzene (9:1) crystallized after addition of MeOH.
Recrystallization from the same solvent gave white crystals of
the title compound showing m.p. 86-87°; (a)p+2.5%c, 2); Amax
232 nm, log € =4.26; v, broad 1750-1730 (cyclo pentanone and
benzoate carbonyls) and 1270 cm™* ester O-C); proton NMR: 8.12
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(2H) and 7.52 (3H) benzoate, 2.59 (broad, 2H) C - 4 protons, 2.52
(m, 1H) H-3, 2.05 (s, 1H) H-7, 1.64 (t, J = 1.6 Hz, 3H) Me at C-6,
0.85 (d, J = 7 Hz, 3H) methyl at C-3 and 1.28 (S, 3H)and 0.92 ppm
(s, 3H] gem-dimethyl; ORD{c, 0.5): ($)smr + T°, (#)os + 40°, (¢)aos +
61°, (@ags + 200°, (®)313 + 1300°, (Dyor — 160°, (D)o — 968°, (P)a ~
1350°. (Found: C, 77.95; H, 7.71; O, 14.35. Calk. for CHy05: C,
78.07: H, 7.74: O, 14.18%).

4-Desoxo-B-pipitzol benzoate (6b)

Treatment of éa (2g) as in the previous case gave 500 mg of
the ltitle compound m.p. 102-103°, (a)p—27° (¢, 2); Amax 2320m,
log € =4.26; ey 1740 (cyclopentanone and benzoate CO's) and
1270cm™" (ester O-C); PMR: 8:08(2H) and 7.56 (3H) benzoate,
295 (dq, Jp=16Hz, 1H) and 2.42 (d,, Js=16Hz, J,=1.6Hz,
1H) C4 protons, 2.49 (m, 1H) H-3, 1.98 (s, 1H) H-7, 1.64 (t,
J=1.6Hz, 3H) Me at C-6, 1.29 (d, J = 7 Hz, 3H) Me at C-3 and
1.26 (s, 3H) and 0.95 ppm (s, 3H) gem-dimethyl; ORD (c, 0.125):
(B)s — 135°, (Pleas—433°, (Qhaas—510°, (Phres—920°, (D)i3—
2000°, (Phor+ 1270°, (D)age+2680°, (D)agg—920°. (Found: C,
78.00; H, 7.71; O, 14.04; Calc. for C,yHx0s: C, 78.07; H, 7.74; O,
14.18%).

Ethylenedithiodetal (7a) derived from a-pipitzol (1a)

A mixture of $b (750mg), 3ml ethanedithio]l (3ml) and
Et,0:BF; (3 ml) was stored at room temp during 5 hr Workup as
in the previous cases gave, after chromatography and recrystal-
lization from McOH, the title compound, m.p. 77-78°; (a)p + 20°
(6, 2); Agax 2890m, log € = 3.52; ¥pax 1730 and 1270 cm™! (ester);
PMR: 8.15 (2H) and 7.60 (3H) benzoate, 3.4 to 3.1 (complex, 4H)
dithioethylencketal, 2.32 (s, 1H) H-7, 1.59 (T, J=1.6Hz, 3H)
methyl at C-6, 1.25 (s, 6H) gem-dimethyl and 0.89ppm (d,
J =7Hz, 3H) Me at C-3. (Found: C, 69.35;:H, 7.29; O, 7.71; Calc.
for CpHx0,S,: C, 69.53; H, 7.30; O, 7.71%).

Ethylenedithioketal (8a) derived from 8-pipitzol (2a)

A mixture of 6b (1g), ethanedithiol (4 ml) and Et,0:BF, (4 ml)
was treated as in the previous case, The crystalline fractions
from the chromatography were combined and recrystallized from
chloroform-hexane to yield the title compound, m.p. 162-163°;
(@)p+76° (¢, 2); Amax 289nm, log €=3.56; »o,. 1730 and
1270cm™ (ester); proton NMR: 8.11 (2H) and 7.51 (3H) ben-
zoate, 3.4-3.0 (complex, 4H) dithioethyleneketal, 2.07 (s, 1H)
H-7, 1.54 (T, ] = 1.6 Hz, 3H) Me at C-6, 1.41 (s, 3H) and 1.29 (s,
3H) gem-dimethyl and 1.23 ppm (d, J = 7 Hz, 3H) methyl at C-3.
(Found: C, 69.47; H, 7.25; O, 7.85; S, 15.45; Calc. for CodH0:S,:
C, 69.53; H, 7.30; 0, 7.71; S, 15.46%).

4, 9-Bisdesoxo-a-pipitzol benzoate (Tb)

A sofn of 7a (100 mg) in 60 ml abs alcohol was refluxed in the
presence of 2g Raney Ni for 5 hr Workup as usual followed by
chromatography of the oily residue and recrystallization of the
crystalline fractions from MeOH gave the title compound, m.p.
50-51°; (a)p — 65°, Amax 231, log € =4.23, ¥ex 1730 and 1270 cm ™!
(benzoate), PMR: 8.06 (2H) and 7.51 (3H) benzoate, 1.60 (t,
J=1.6Hz, 3H) methyl at C-6, 1.15 (s, 3H) and 1.01 (s, 3H
gem-dimethyl and 0.89 ppm d, J =7 Hz, 3H) Me at C-3. (Found:
8, 8;.‘;7%% H, 8.59; O, 10.04; Cak. for C,H350,:C, 81.44; H, 8.70;

, 9.86%).

4, 9-Bisdesoxo-p-pipitzol benzoate (8b)

A soln of 8a (350 mg) in 100 ml abs alcohol was refluxed in the
presence of 7g Raney Ni as in the previous case. This yielded
the title compound, m.p. 109-110°; (a)p +46° (C, 2); Amex 231 nm,
log € =4.22; v, 1730 and 1270 cm™' (benzoate); PMR: 8.09 (2H)
and 7.53 (3H) benzoate, 1.59 (t, J = 1.6 Hz, 3H) Me at C-6, 1.17
(s, 3H) and 0.98 (s, 3H) gem-dimethyl and 0.97 ppm (d, J =7 Hz,
3H) methyl at C-3. (Found: C, 81.29; H, 8.71; O, 9.87; Calc. for
CxHy0,:C, 81.44; H, 8.70; O, 9.86%).

Cedranone enol benzoate (Tb)

A soln of 4 ml cedranone,® (4 ml) benzoic angydride (8 g), 65%
HCIO, (3 drops) and CH,CL, (25 ml) was stirred under a N, at
room temp during 24 hr. The mixture was poured on ice water
and extracted with ether. The organic layer was washed with
water dried over Na,SO,, filtered and evaporated to dryness. The
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brown residue was chromatographed over 50g of alumina. The
fractions efuted with hexane were rechromatographed. The crys-
talline fractions eluted with pentane and hexane were combined
and recrystallized from MeOH vyielding 28 of crystals, m.p.
49-50°. A final recrystallization gave the title compound, m.p.
50-51°. This specimen was identical to the sample obtained from
a-pipitzol by mized m.p. and comparison of their proton and *C
NMR spectra.

Transformation of 4, 9-bisdesoxo-a-pipitzol benzoate (T) to
cedrene (6)

A soln of 700 mg of 7 in 250 ml MeOH was reftuxed for 3 hr in
the presence of 1g NaHCO; in 1 ml water. The soln was concen-
trated to a small volume, diluted with water and extracted with
cther. The organic layer was washed with water, dried over
Na,SO,, filtered and evaporated. The residue was chromato-
graphed over 25 g of alumina. The fractions cluted with pentane
gave 125 mg of the starting material. Those eluted with hexane
afforded 400 mg of the starting material. Those eluted with hex-
ane afforded 400 mg of isocedranone® as a colorless liquid, (@)~
16° (tit* — 15°%; vmax 1710 (cyclohexanone); proton NMR singlets at
57 and 55 and doublets at 64 and 52 Hz (at 60 MHz) due to® four
Me groups.

A soln of 400mg of the above isocedranone and 400 mg
NaBH, in 10 ml MeOH was stored at room temp for 3 hr Workup
- as usual followed by chromatography over 15 g of alumina gave
150 mg of a colorless oil identified as neoisocedranol. It showed
(a)p-32° (tit*-33.4°); veur 3605cm™ (OH); PMR 3.9 (m, 1H)
H-C-0, 1.26 and 0.93 (two singlets) and 0.98 and 0.83 ppm (two
doublets) from Me groups.

A soln of 100 mg of the above alcohol in 10ml pyridine was
treated at 0° with 10 drops POCl,. The mixture was stored at 0°
during 19hr and worked up as usual. This yielded 60 mg of
cedrene (4) identical in all respects with an authentic sample.
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