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The isolation of (1S,2E4R,6R,7E,118,125)-11,12-
epoxy-2,7-cembradiene-4,6-diol ** (1), the (1S,2E,-
4R,6E,8R,118,12E)- and (1S,2E4S,6E,8R,118S,12E)-
8,11-epoxy-2,6,12-cembratrien-4-ols (2, 3) and
(1S,2E 4R,6E,8R,115)-8,11-epoxy-2,6,12(20)-cem-
bratrien-4-ol (4) from Greek tobacco is reported.
Of these 1 is a new natural product, whereas 2 —4,
previously found in other tobacco varieties, are
new to Greek tobacco. The structure of 1 has been
determined by synthesis and X-ray analysis of the
corresponding mono-acetate 5. Compounds 2 and
3 have been correlated by dehydration and com-
pound 4 has been used as the starting material for a
synthesis which confirms that the structure of a
previously isolated tobacco diterpenoid is (1S,2E,-
4R,6E,8R,11S,12R)-8,11-epoxy-2,6-cembradiene-
4,12-diol (6).

The acid rearrangement of I, a reaction which is
proposed to mimic the biogenesis of some of the
8,11- and 8,12-epoxy bridged tobacco cembranoids,
is discussed.

Recent studies have shown that depending on their
genetic origin tobacco cultivars produce cembranes,
labdanes or both.>* These diterpenoids, which are
present in the gummy exudate of the tobacco leaf
and flower, are prone to biodegradation thus

* For part 50 see Ref. 1.

** We have abandoned the thunberganoid nomencla-
ture and adopted the nomenclature and structural
representation recommended in a recent review on
naturally occurring cembranes.> This representation,
although advantageous in most instances, has also certain
drawbacks as is evident from the illustration of the
formation of the 8,12-epoxy bridged compounds in
Scheme 1.
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accounting for the presence of the unusually large
number of odoriferous nor-diterpenoids encoun-
tered in tobacco.®* We now report the isolation of
four cembranoids from Greek tobacco, which is a
producer of both cembranes and labdanes. Of these,
one is a new natural product, whereas the other
three are new to this tobacco variety.

RESULTS

The elemental composition, C,oH340;, and the
presence of an isopropyl group (methyl doublets at
5 0.81 and 0.86; v,,, at 1375 and 1390 cm™ ') and
three methyl groups, of which one was vinylic and
two attached to fully substituted oxygen-carrying
carbon atoms implied that the first tobacco isolate
(1) was a diterpenoid.

A secondary (one-proton multiplet at 6 4.85 in 1
and at  5.82 in the monoacetate 5) and a tertiary
hydroxyl group (Vpax at 3620 and 3500 cm™! in 5)
accommodated two of the oxygen atoms. The
remaining oxygen atom was evidently present as an
epoxide group extending from a methine to a fully
substituted carbon atom (doublet of doublets at
2.83; 13C NMR signals at 6 61.0 (d) and 59.3 (s),
¢f. Table 1). Furthermore, since the '*C NMR
spectrum was consistent with the presence of a di-
and a trisubstituted double bond, it followed that
1 was carbomonocyclic and a cembrane structure
seemed most plausible.

A spectral comparison, which showed that
fifteen signals in the '3C NMR spectrum of 1 were
of appropriate multiplicities and had chemical shift
values close to those assigned to the C-1 to C-8
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and C-13 to C-19 signals for (1S,2E,4R,6R,7E,11E)- This assignment was verified by chemical means.

2,7,11-cembratriene-4,6-diol (7), corroborated this  Thus, treatment of the 4,6-diol 7 with m-chloroper-
view and provisionally identified 1 as an 11,12- benzoic acid afforded the two diastereomeric
epoxy-2,7-cembradiene-4,6-diol. epoxides 1 and 8, the most polar of which was

Fig. 1. Stereoscopic view of (1S,2E4R,6R,7E,118,12S)-6-acetoxy-11,12-epoxy-2,7-cembradien-4-ol (5).
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identical in all respects to the new tobacco con-
stituent. This result settled the structure and the
(1S,2E,4R,6R,7E)-configuration but left the chirali-
ties at C-11 and C-12 to be accounted for. An X-ray
analysis of acetate 5 using a direct phase determina-
tion procedure was therefore undertaken.

Acetate 5 formed orthorhombic crystals of space
group P2,2,2,. The crystal data, obtained on a
computer-controlled Philips PW 1100 diffractom-
eter, were: a=21.501 (3), b=12.882 (3) and ¢=8.032
(3) A, Z=4. The present R-value including aniso-
tropic thermal parameters for all non-hydrogen
atoms is 0.115, location of the hydrogen atoms and
further refinement being under way. A stereoscopic
view of acetate 5, which summarizes the X-ray
results and demonstrates that 5 has the 118S,12S-
configuration, is shown in Fig. 1.

The second isolate from Greek tobacco was
identified as (1S,2E,4R,6E,8R,11S5,12E)-8,11-epoxy-
2,6,12-cembratrien-4-ol (2). A compound of this
structure has previously been reported as a constit-
uent of flue-cured tobacco.® However, since its
physical or spectral data were not included in that
report, a brief account for our structural assign-
ment is given here.

It followed from the 'H and !3C NMR spectra
that 2, C,,H;,0,, contained an isopropyl group,
two methyl groups linked to fully substituted
oxygen-carrying carbon atoms, one vinylic methyl
group and three double bonds, of which one was tri-
and two disubstituted. One of the oxygen atoms
was accommodated by a hydroxyl group and the
other by an ether group (Vm., 3600 and 3400
cm™!; 13C NMR signals at & 73.3 (s), 82.1 (d) and
83.0 (s)). These results inferred that 2 was a diter-
penoid of the cembrane type. Moreover, a com-
parison of the 13C NMR spectrum of 2 with that of
(1S,2E,4S,6E,8R,11S,12E)-8,11-epoxy-2,6,12-cem-
bratrien-4-ol (3), now isolated from Greek tobacco
but previously known as a constituent of other
tobacco varieties,® " ® suggested that 2 was the 4R-
epimer of 3.

Conclusive evidence for this assignment was
obtained by chemical means. Thus, treatment of 2
with KHSO, yielded a product, which was identical
in all respects to (1S,2E,6E,8R,118,12E)-2,4(18),6,12-
cembratetraen-8,11-epoxide (9),” the major de-
hydration product obtained from 3.

The isolation from Greek tobacco of the fourth
compound, (15,2E,4R,6E,8R,115)-8,11-epoxy-2,6,12-
(20)-cembratrien-4-ol (4),”"® offered a possibility to
confirm chemically the structure of another tobacco
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Table 1. Carbon-13 chemical shifts and assignments for compounds 1 —4, 7—9, 14—16 and 19—21.°

Com-

C-12 C-13 C-14 C-15 C-16/C-17C-18 C-19 C-20

C-10 C-11

c8 C9

C4 C5 C6 C7

C-3

C-2

C-1

pound

16.1
14.2
143
113:0

29.5 28.7

288 16.1
244 285
246 28.6

36.7° 28.0 33.1 204/19.0

1347 121.8 292 322 20.6/19.9

824 1346
85.7 1500
1245 1330

62.1

1222 295 323 20.7/199

610 593
82.1

249
830 341 311
83.1 343 309
83.1 335

644 1330 1354 357°

733 463 1227 1396
737 455 1234 1400

736 465 1211
71.7 527

714 524
713 511

468 1304 137.1
500 1319 1379
500 129.5 138.5
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317

140.2

50.5 1315 1381

357 269 320 20.7/19.8
36.5 27.7 330 205/19.4

36.7° 26.7 327 19.7/19.1
819 1352 121.0 29.8 323 20.7/203 1122 277

150

28.7 159

23.1

64.5 131.3 1365 389
647 1304 1378 36.0°
137.6° 1452 377 1242 1359°

463 1305 136.1
514 1327 1375

16.8

296 152

62.0

243

464 1289 135.7
499 1321

1
2
3
4
7
8

14.2
24.7
250
25.3
16.3%

247 29.5
241 322

308 323

357 269 324 208/19.9
249 260 314 208/20.8

248 259 315 20.8/20.6
36.7 28.7 332 209/19.1

37.2% 270 33.1

87.5
679
67.8

313
24.7
234
235
250

82.6 349
83.5 340

745 373
756 373

1429

733 461 1225 1402
731 472 1198 1438

731 462 1211

722 533

516 1319 139.2
51.4 1285 1395

9
14
15
16
19
20
21

300 16.0°

292 151

74.8
78.3
78.4
60.2

61.3

659 1332 1345 358

471 127.6 138.7

19.4/19.3 16.2
301 161 150

369 28.1 331 20.7/194

243 628 620
234 1246 1332

668 1306 1362 37.0°
662 131.0 1359 389

727 49.6

725 525

455 1278 1362
46.5 127.7 1377
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4 3-Values in CDCl, relative to TMS. ® Assignment may be reversed.
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constituent, which had been formulated as (1S,2E,-
4R,6E,8R,115,12R)-8,11-epoxy-2,6-cembradiene-
4,12-diol (6) on the basis of spectral evidence.’

Treatment of 4 with m-chloroperbenzoic acid
furnished two 12,20-epoxides (10,11), which were
assigned the 12R- and 12S-configurations, respec-
tively, by a comparison of their 'H NMR spectra
with those of the (1S,2E4S,6E8R,118,12R)- and
(1S,2E,4S,6E,8R,118,125)-8,11;12,20-diepoxy-2,6-
cembradien-4-ols (12, 13).° Thus, the most polar
epoxide of each pair, i.e. 11 and the 4S,12S-isomer
13, exhibited the signals due to H-20a and H-20b
as one-proton doublets at 6 2.46 and 2.79 (J=4.5
Hz) and at § 2.48 and 2.80 (J =4.5 Hz), respectively,
whereas the corresponding signals for the least
polar epoxides, 10 and the 4S,12R-isomer 12,
appeared as two one-proton doublets at J 2.65 and
2.71 (J=5 Hz) and a two-proton singlet at & 2.68,
respectively.

Reduction using LAH converted the 12S-epoxide
11 to (1S,2E,4R,6ES8R,11S,12R)-8,11-epoxy-2,6-
cembradiene-4,12-diol, which proved to be identical
to the tobacco diol 6, and the 12R-epoxide 10 to
the epimeric 4R,12S-diol 14, which has hitherto not
been encountered in nature.

The 11,12-epoxide 1 is a plausible intermediate in
the biogenesis of some of the 8,11- and 8,12-epoxy
bridged tobacco cembranoids from the 4,6-diol 7.
This hypothesis was reinforced experimentally by
treatment of 1 with acid, which yielded as isolable
products (15,2E4R,6E,8R,118,12E)-8,11-epoxy-
2,6,12-cembratrien-4-ol (2) and (1S,2E,4R,6E8R,-
118,12R)-8,11-epoxy-2,6-cembradiene-4,12-diol (6).
A third product, as yet not known as a natural
product, was also obtained. It was tentatively

identified as (1S,2E4R,6E,8R,118,12R)-8,12-epoxy-
2,6-cembradiene-4,11-diol (I15) on the basis of the
following evidence.

Its '3C NMR spectrum differed from that of
(1S,2E4S,6E,8R,11S,12R)-8,12-epoxy-2,6-cembra-
diene-4,11-diol (16)'° solely with respect to the
shieldings of C-2 and C-18 (¢f. Table 1), a result
which implied that 15 is the 4R-epimer of 16. This
conclusion was in harmony with their 'H NMR
spectra, which displayed the signals due to the
isopropyl group, tl\le methyl groups at C-8 and C-12
and the proton attached to the hydroxyl-carrying
carbon atom at virtually invariant positions but
showed divergent chemical shift values for the
signals assigned to the methyl group at C-4, 1.41
as against 1.35 ppm for 15 and 16, respectively.
An analogous correspondence was found for the
'H NMR spectra of acetates 17 and 18.

Acid rearrangement of the (115,12S)-epoxide 19,
epimeric to 1 at C-4 and obtained together with the
(11R,12R)-epoxide 20 on epoxidation of (1S,2E,-
48,6R,7E,11E)-2,7,11-cembratriene-4,6-diol (21),*
gave analogous results and lead to the isolation of
(1S,2E,4S,6E,8R,118,12E)-8,11-epoxy-2,6,12-cem-
bratrien-4-ol (3), (1S,2E,4S,6E,8R,115)-8,11-epoxy-
2,6,12(20)-cembratrien-4-ol (22), (1S,2E,4S,6E.8R,-
11S,12R)-8,11-epoxy-2,6-cembradiene-4,12-diol (23)
and (1S,2E4S,6E,8R,118S,12R)-8,12-epoxy-2,6-cem-
bradiene-4,11-diol (16), all of which are tobacco
constituents.5"!! The formation of these com-

* It should be pointed out that conclusive evidence of

the assignments of the 6R-configurations to compounds
19—21, and 25 is, as yet, not available.

15 4R
16 45

Scheme 1. Proposed mechanisms for the acid-induced rearrangements of compounds I and 19.
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pounds may be envisaged to proceed as shown in
Scheme 1.

An anti addition of water to the 11,12-epoxide
group of the 4R,6R- and 4S,6R-diols 1 and 19
would produce the (1S,2E.4R,6R,7E,115,12R)- and
(1S,2E,4S,6R,7E,118,12R)-2,7-cembradiene-4,6,11,-
12-tetrols (24, 25), which suffer an attack of the 11- or
12-hydroxyl group on the 7.8 double bond and
a concomitant elimination of the hydroxyl group
at C-6 to yield the 8R,11S-epoxy bridged 4R,12R-
and 48,12R-diols 6 and 23, formal precursors of the
dehydration products 2, 3 and 22, or the 8R,12R-
epoxy bridged 4R,11S- and 4S,11S-diols 15 and 16
respectively.

EXPERIMENTAL

With the exception of accurate mass measure-
ments, which were carried out on a Kratos MS 50-
Stereo DS 50 SM/DS 50S mass spectrometer-com-
puter system. the instruments specified in Ref. 12
were used.

Isolation. (1S,2E,4R,6R,7TE,1185,125)-11,12-Epoxy-
2,7-cembradiene-4,6-diol (1) was isolated from frac-
tion A 3,13 (IS,2E,4S,6E,8R,11S,12E)—8,11-egoxy-
2,6,12-cembratrien-4-ol (3) from fraction B 5,'3 and
(1S.2E,4R ,6E,8R,11S,12E)-8,11-epoxy-2,6,12-cem-
bratrien-4-ol (2) and (1S,2E4R,6E,8R,115)-8,11-
epoxy-2,6,12(20)-cembratrien-4-ol (4) from fraction
B 713 of an extract obtained from 295 kg of sun-
cured Greek Nicotiana tabacum L. by column
chromatography over silica gel followed by HPLC
using columns packed with Partisil-PAC (What-
man) and y-Bondapak/CN (Waters).

(18,2E,4R,7E,118,125)-11,12-Epoxy-2,7-cembra-
diene-4,6-diol (I, 28 mg) was an oil, [«], +66.4°

(¢ 1.1 CHCly) (Found: [M—18]"* 304.2389. Calc. .

for C,oH;,0,: 304.2402); IR (film) bands at 3400,
1390and 1375¢cm ™~ !; '"H NMR (CDCl,): 6 0.81 (3 H,
d, J=6 Hz), 0.86 (3 H, d, J=6 Hz), 1.20 (3 H, s),
138 3H,s), 1.72 (3 H, d, J=1.3 Hz), 2.83 (1 H, dd,
J=2 and 7.5 Hz), 485 (1 H, dt, J=2 and 9 Hz),
520(1 H,dd, J=7.5and 16 Hz), 5.35(1 H,d, J=8
Hz) and 5.48 (1 H, d, J=16 Hz); MS [m/z (%)]:
322 (M, 1), 304 (7), 286 (6), 261 (9), 243 (7), 233 (3),
205 (4), 163 (18), 150 (17), 136 (54), 121 (41), 107
(43), 95 (51), 81 (70), 69 (57), 55 (58) and 43 (100).
(1S,2E.4R 6E,8R,118,12E)-8,11-Epoxy-2,6,12-

cembratrien-4-ol (2, 10 mg) was an oil, [a], +63.6°
(c 047, CHCI,); (Found: M'* 304.2398. Calc. for
Cs0H3,0,: 304.2402); IR (CHCI,) bands at 3600,
3400, 1380 and 1370 cm™!; 'H NMR (CDCl,):
5087 3 H, d, J=6.5 Hz), 091 (3 H, d, J =6.5 Hz),
129 (3 H, 5), 1.31 (3 H, s), 1.49 (3 H, broad s), 4.42
(1 H, m, Ww,=14 Hz), 502 (1 H, dd, J=8.5 and
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16 Hz), 543 (1 H,d, J=16 Hz), 565 (1 H,d, J=16
Hz) and 48-5.6 (2 H, obscured signals); MS
[m/z (%)]: 304 (M, 1), 286 (5), 261 (1), 243 (7), 228
(3), 209 (5), 179 (6), 161 (27), 160 (30), 145 (14),
126 (45), 111 (28), 93 (29), 81 (43), 71 (38), 55 (36) and
43 (100).

(1S,2E,4S,6E8R,118,12E)-8,11-Epoxy-2,6,12-cem-
bratrien-4-ol (3, 70 mg) had m.p. 93—94 °C, [«],
+83.8° (¢ 0.42, CHCl,) (reported m.p. 95—96 °C;
[«]p +86°)7 (Found: M'* 304.2447. Calc. for
C,0H;3,0,: 304.2402); IR (KBr) bands at 3440,
1385 and 1370 cm™!; 'H NMR (CDCl,;):  0.85
(3H,d,J=6Hz),090(3H,d, J=6Hz), 1.27 (3 H,
s), 1.31 3 H, s), 445 (1 H, m, W, =14 Hz), 5.13
(1 H,dd, J=9 and 15.5 Hz), 542 (1 H, d, J=15.5
Hz). 544 (1 H, m, W, =11 Hz) and 56—5.8 (2 H,
overlapping signals); MS [m/z (%)]: 304 (M, 1),
286 (10), 243 (10), 228 (3), 209 (8), 179 (9), 161 (55),
160 (75), 145 (28), 126 (100), 111 (46), 93 (41), 81
(71), 71 (47), 55 (48) and 43 (88).

(1S,2E,4R,6E,8R,1185)-8,11-Epoxy-2,6,12(20)-cem-
bratrien-4-ol (4, 14 mg) had m.p. 103—-108 °C
(hexane); [o]p +73.6° (c 0.67 CHCl,) (reported m.p.
108—109 °C; [a]p +72.5°);" IR (CHCI;) bands at
3600, 3430,1385and 1375cm™!; 'H NMR (CDCl,):
40.85(3 H,d,J=6.5Hz), 089 3 H,d, J=6.5 Hz),
132 3 H, s), 1.37 3 H, s), 444 (1 H, m), 4.89
(1 H, m, W; =4 Hz), 500 (1 H, m, W, =4 Hz), 5.11
(1 H,dd, J=9 and 16 Hz), 5.28 (1 H, dt, J=6.5 and
16 Hz), 542 (1 H, d, J=16 Hz), 552 (1 H, d,
J=16 Hz) and MS [m/z (%)]: 304 (M, 2), 286 (4),
271 (2), 261 (3), 243 (11), 225 (5), 209 (10), 203 (9),
185 (11), 159 (13), 133 (25), 123 (21), 109 (21), 95 (30),
81 (39), 71 (38), 55 (34) and 43 (100).

Preparation of the (1S,2E4R,6R,7E,11S,12S) and
(1S,2E4R,6R,7E,11R,12R )-11,12-epoxy-2,7-cem-
bradiene-4,6-diols (1 and 8). To a cooled (0 °C)
solution of 226 mg (0.74 mmol) of (1S,2E,4R,6R,-
7E,11E)-2,7,11-cembratriene-4,6-diol (7) in CHCl,
was added a solution of 153 mg (0.88 mmol) of m-
chloroperbenzoic acid in CHCl;. The reaction
mixture was kept at room temperature for 1 h,
washed with aqueous NaHCO; and water, dried
and evaporated. The residue was separated by
column chromatography over silica gel and HPLC
using a column packed with p-Bondapak/CN
(Waters) into two diastereomeric epoxides, the most
most polar of which, (1S,2E4R,6R,7E,11S,125)-
11,12-epoxy-2,7-cembradiene-4,6-diol (128.4 mg),
gave [o]p, IR, 'H NMR, '*C NMR and mass
spectra indistinguishable from those of the new
tobacco epoxide (1).

The least polar epoxide, (15,2E,4R,6R,7E,11R,-
12R)-11,12-epoxy-2,7-cembradiene-4,6-diol (8, 4.0
mg) had m.p. 120—125 °C; [a], +18.8° (c 0.17,
CHCl;) (Found: [M—18]* 304.2411. Calc. for
C,0H3,0,: 304.2402); IR (CHCl;) bands at 3600,
3450, 1380 and 1370 cm™!; 'H NMR (CDCl,):
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60.83(3H,d,J=6Hz),0.84 (3 H,d, J=6 Hz), 1.27
(3H,s),1.40 (3 H,s), 1.86 (3 H, broad s), 2.68 (1 H,
broad d, J=10 Hz), 4.85(1 H, dt, J=3.5 and 10 Hz),
536 (1 H,d, J=8 Hz), 544 (1 H, dd, J=6 and 16
Hz) and 5.70 (1 H, d, J=16 Hz); MS [m/z (%)]:
304 (M —18, 3), 286 (3), 263 (2), 243 (3), 203 (6),
163 (12), 136 (20), 121 (28), 109 (28), 95 (38), 81 (43),
71 (32), 55 (35) and 43 (100).

Preparation of (1S,2E4R,6R,7E,118S,12S )-6-
acetoxy-11,12-epoxy-2,7-cembradien-4-ol (5). Acet-
ylation using acetic anhydride in pyridine converted
1 into (1S,2E,4R,6R,7E,118,125)-6-acetoxy-11,12-
epoxy-2,7-cembradien-4-ol (5), which had m.p.
103—-105 °C; [a]p +750° (c 022 CHCl,); IR
(CCl,) bands at 3620, 3500, 1740 and 1720 cm™*;
'H NMR (CDCl,): 6 0.82 (3 H, d, J=6 Hz), 0.87
(3H,d, J=6 Hz), 1.21 (3 H, s), 1.37 (3 H, s), 1.88
(3H,d,J=1Hz),204 (3 H,s),282(1 H,dd, J=2
and 7.5 Hz), 5.20 (1 H, dd, J=7.5 and 16 Hz), 5.32
(1 H, m), 546 (1 H, d, J=16 Hz) and 5.82 (1 H,
ddd, J=2, 7.5 and 10 Hz); MS [m/z (%)]: 304
(M—60, 1), 286 (3), 268 (2), 243 (3), 225 (3),
215 (1), 145 (12), 132 (26), 118 (28), 106 (45), 93 (21),
81 (44), 69 (20), 55 (28) and 43 (100).

Dehydration of the (1S,2E4S,6E8R,11S,12E)
and (1S,2E4R,6E,118,12E )-8,11-epoxy-2,6,12-cem-
bratrien-4-ols (3 and 2). To a solution of 10 mg of
3 in dioxane was added 20 mg of KHSO,, and the
mixture was refluxed for 6 h. Work-up and HPLC
using a column packed with u-Porasil (Waters)
furnished as the major component (1S,2E,6E,8R,-
11S,12E)-2,4(18),6,1 2-cembratetraen-8,1 1-epoxide (9,
1.6 mg), which had [a]p +12.9° (c 0.14 CHCl;); 'H
NMR (CDCl;): 6 0.86 (3 H, d, J=6 Hz), 093 (3 H,
d, J=6 Hz), 1.31 (3 H, s), 1.50 (3 H, broad s), 2.88
(2 H, t, J=5 Hz), 445 (1 H, m, W, =14 Hz), 482
(1 H, m), 499 (1 H, m), 5.1-5.5 (3 H, overlapping
signals), 5.56 (1 H, d, J=15.5 Hz) and 5.84 (1 H, d,
J=15.5 Hz); MS [m/z (7)]: 286 (M, 7), 243 (8), 203
(8), 189 (18), 173 (19), 159 (18), 145 (72), 133 (24),
119 (28), 105 (42), 91 (48), 81 (67), 69 (29), 55 (100),
45 (58) and 43 (63).

Using the same procedure 2 (4 mg) was de-
hydrated to a compound (0.2 mg), which gave
[o]p, "H NMR and mass spectra identical to those
of (1S8,2E,6E,8R,118S,12E)-2,4(18),6,12-cembrate-
traen-8,11-epoxide (9).

Preparation of the (1S,2E.4R,6E.8R,118S,12S )- and
(1S,2E4R,6E,8R,118,12R )-8,11-epoxy-2,6-cembra-
diene-4,12-diols (6 and 14). To a cooled solution
(0 °C) of 13.3 mg (0.044 mmol) of (1S,2E,4R,6E,8R -
115)-8,11-epoxy-2,6,12(20)-cembratrien-4-ol (4) in 2
ml of CHCI; was added a solution of 8.6 mg (0.050
mmol) of m-chloroperbenzoic acid in 1 ml of
CHCI,;. The reaction mixture was kept at room
temperature for 7 h. Work-up and HPLC using a
column packed with p-Bondapak/CN (Waters)
furnished two diastereomeric epoxides, the least

polar of which, (1S,2E,4R,6E,8R,11S,12R)-8,11;12,20-
diepoxy-2,6-cembradien-4-ol (10, 1.5 mg) had [a]p
+11.3° (¢ 0.15 CHCl,); IR (CHCI,;) band at 3600
cm™!; 'H NMR (CDCl,): 6 0.85(3 H, d, J =6.5 Hz),
087 (3 H,d, J=65Hz),1.33 (3 H,s), 1.40(3 H, s),
265(1 H,d, J=5Hz), 2.71 (1 H, d, J=5 Hz), 348
(1 H,m), 5.15(1 H,dd, J=8.5and 15 Hz), 5.32 (1 H,
dt, J=6.5 and 15.5 Hz), 543 (1 H, d, J=15 Hz) and
5.55(1 H,d, J=15.5 Hz); MS [m/z (%)]: 320(M, 1),
302 (3), 284 (2), 259 (3), 241 (3), 225 (3), 207 (5), 189 (4),
161 (5), 137 (13), 121 (13), 109 (22), 95 (28), 81 (30),
71 (26), 55 (27) and 43 (100).

The most polar epoxide, (15,2E,4R,6E,8R,118S,-
125)-8,11;12,20-diepoxy-2,6-cembradien-4-01(11,1.6
mg) had m.p. 135-137.5 °C; [a]p +36.7° (c 0.24
CHCL,); IR (CHCl,) band at 3600 cm™!; 'H NMR
(CDCl,): 6 0.84 3 H, d, J=6.5 Hz), 0.86 3 H, d,
J=6.5Hz),1.34 3 H, s), 1.38 (3 H, s), 246 (1 H, d,
J=4.5Hz),279 (1 H, d, J=4.5 Hz), 3.52 (1 H, m),
510 (1 H, dd, J=38.5 and 15.5 Hz), 532 (1 H, dt,
J=6.5 and 15.5 Hz), 545 (1 H, d, J=15.5 Hz) and
5.59(1,H,d, J=15.5 Hz); MS [m/z (%)]: 320(M, 1),
302 (3), 284 (2), 259 (3), 241 (4), 225 (5), 207 (5), 189
(4), 161 (6), 137 (18), 121 (19), 109 (22), 95 (30), 79 (33),
71 (27), 55 (30) and 43 (100).

A solution of 2.8 mg of 10 in ether was reacted
with LAH at room temperature for 1 h. Work-up
in the usual manner and purification by chromatog-
raphy over silica gel afforded 0.8 mg of (1S,2E 4R-
6E,8R,118,12S5)-8,11-epoxy-2,6-cembradiene-4,12-
diol (14), which was an oil and had [«], —4.0°
(c 0.05 CHCl,); (Found: M'* 322.2548. Calc. for
C,0H3,05: 322.2508); IR (CHCl;) bands at 3600
and 3500 cm™!; 'H NMR (CDCl,): 6 0.86 3 H, d,
J=6.5 Hz), 090 3 H, d, J=6.5 Hz), 1.12 (3 H, s),
128 3 H, s), 1.34 3 H, s), 3.89 (1 H, m), 5.19
(1 H,dd, J=8.5 and 15.5 Hz), 548 (1 H, d, J=15.5
Hz) and 5.5-5.7 (2 H, overlapping signals); MS
[m/z (94)]: 304 (M— 18, 8), 286 (2), 261 (4), 243 (3),
217 (3), 206 (5), 177 (12), 159 (22), 133 (17), 121 (27),
109 (26), 95 (25), 81 (29), 71 (34), 55 (28) and 43 (100).

Reduction of 2.4 mg of 11 using LAH in ether
gave 2.0 mg of (1S,2E4R,6E.8R,11S,12R)-8,11-
epoxy-2,6-cembradiene-4,12-diol, which was iden-
tical ([a]p, IR, 'H NMR) to tobacco diol 6.°

Treatment of (1S,2E4R,6R,7E,118,12S)-11,12-
epoxy-2,7-cembradiene-4,6-diol (1) with acid. A
solution of 111 mg of I in 10 ml of dioxane—H,O
(2:1) and 0.5 ml of aqueous HCI (5 %;) was kept at
room temperature for 3 h. Work-up and chromatog-
raphy over silica gel followed by HPLC using
columns packed with Partisil 10 PAC (Whatman)
and yu-Bondapak/CN (Waters) furnished (15,2E 4R,-
6E,8R,118,12E)-8,11-epoxy-2,6,12-cembratrien-4-ol
(2,13 mg)and (1S5,2E4R,6E 8R,115,12R)-8,11-epoxy-
2,6 cembradiene-4,12-diol (6, 6 mg),’ which were
identified by direct comparison with authentic
samples, and (1S,2E,4R,6E.8R,11S,12R)-8,12-epoxy-
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2,6-cembradiene-4,11-diol (15), which had m.p.
179—184 °C; [a]p +49.1° (¢ 0.33 CHCI;) (Found:
M+ 322.2519. Calc. for C,oH;,05: 322.2508); IR
(CHCl,;) bands at 3600 and 3450 cm~*; 'H NMR
(CDCl;): 6 0.86 (3 H, d, J=6 Hz), 090 (3 H, d,
J=6 Hz), 1.18 (6 H, s), 1.41 (3 H, s), 2.33 (2 H, m),
267 (1 H, m), 3.50 (1 H, m), 4.8—-5.3 (2 H, over-
lapping signals), 541 (1 H, d, J=15.5 Hz) and 5.54
(1 H, d, J=16 Hz). Irradiation at the frequency of
the two-proton multiplet at 6 2.33 ppm (H-5a and
H-5b) converted a signal, assigned to H-6 and
centered at é 5.15, to a doublet (J=16 Hz) and
uncovered a doublet of doublets (J=5.5 and 15.5
Hz) at 6 5.06 which is due to H-2; MS [m/z (%)]:
322 (M, 1), 304 (4), 286 (2), 261 (3), 243 (3), 227
(8), 209 (4), 197 (13), 179 (7), 161 (15), 139 (17),
121 (36), 109 (27), 95 (25), 81 (27), 71 (37), 55 (19) and
43 (100).

Preparation of (1S,2E4R,6E,8R,11S,12R )-11-
acetoxy-8,12-epoxy-2,6-cembradien-4-ol (17). Acet-
ylation using acetic anhydride in pyridine converted
15 into (1S,2E4R,6E.8R,115,12R)-11-acetoxy-8,12-
epoxy-2,6-cembradien-4-ol (17) which had IR
(CHCl,) bands at 3690, 1725 and 1220 cm™!; 'H
NMR (CDCl,)6:0.85(3 H,d, J=6.5Hz),0.89 (3 H,
d, J=6.5 Hz), 1.08 (3 H, s), 1.18 (3 H, s), 1.40
(3 H,s),211 3 H,s), 233 (2 H, m), 274 (1 H, m),
480 (1 H, m), 49-5.3 (2 H, overlapping signals;
pattern virtually identical to that in the spectrum of
15),540(1 H,d,J=15.5Hz)and 5.54(1 H,d, J=16
Hz); MS [m/z (%)]: 346 (M-18, 1), 304 (1), 286 (2),
268 (1), 243 (4), 225 (2), 159 (9), 145 (10), 119 (17),
106 (26), 93 (51), 81 (16), 71 (15), 55 (16) and 43 (100).

Preparation of the (1S,2E,4S,6R,7E,11R,12R )-and
(1S,2E,4S,6R,7E,118,12S )-11,12-epoxy-2,7 cem-
bradiene-4,6-diols (20 and 19). Treatment of 330 mg
(1.08 mmol) of (1S,2E,4S,6R,7E,11E)-2,7,11-cembra-
triene-4,6-diol (21) with 220 mg (1.28 mmol) of
m-chloroperbenzoic acid in CHCI; afforded, after
work-up and chromatography, two diastereomeric
11,12-epoxides. The least polar of these, (15,2E4S.,-
6R,7E,11R,12R)-11,12-epoxy-2,7-cembradiene-4,6-
diol (20, 16 mg) had m.p. 105—107 °C; |;ot]D +28.7°
(¢ 062, CHCl;); (Found: [M—18]" 304.2386.
Calc. for C,H;,0,: 304.2402); IR (KBr) band at
3350cm™!; 'H NMR (CDCl,): 6 0.86 (6H,d, J =6.5
Hz), 1.23 3 H, s), 1.27 3 H, s), 1.79 (3 H, broad s),
2.61 (1 H, broad d, J=11 Hz), 4.67 (1 H, m), 5.48
(1 H, d, J=9 Hz) and 5.6—5.9 (2 H, overlapping
signals); MS [m/z (%)]: 322 (M, 1), 304 (6), 286 (8),
261 (4), 243 (9), 225 (5), 215 (3), 203 (4), 177 (6), 159
(15), 145 (19), 123 (34), 107 (38), 95 (49), 81 (71), 69
(37), 55 (52) and 43 (100).

The most polar epoxide, (1S,2E,4S,6R,7E,1185,12S)
11,12-epoxy-2,7-cembradiene-4,6-diol (19, 117 mg)
had m.p. 99—-103 °C (reported 103—105 °C);’
[¢]p +1139° (c 062, CHCl;); (Found: M'*
322.2510. Calc. for C,,H;,05: 322.2508); IR (KBr)
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band at 3430 cm™!; 'H NMR (CDCl,): é 0.80
(3 H, d, J=6 Hz), 086 3 H, d, J=6 Hz), 1.20
(3H,s),1.373H,s), .78 3H, d, J=1 Hz), 2.88
(1 H,dd, J=2.5 and 7 Hz), 448 (1 H, dt, J=3 and
8.5 Hz), 5.2—-5.5 (3 H, overlapping signals); MS
[m/z (%)]: 322 (M, 1), 304 (6), 286 (6), 261 (10),
243 (14), 203 (5), 177 (9), 163 (21), 136 (42), 123 (60),
109 (58), 95 (80), 81 (94), 69 (66), 55 (72) and 43 (100).

Treatment of (1S,2E4S,6R,7E,118,12S)-11,12-
epoxy-2,7-cembradiene-4,6-diol (19) with acid. A
solution of 78 mg of 19 in 5 ml of dioxane—H,O
(2:1) and 1 ml of aqueous HCI (5 %) was kept at
room temperature for 6 h. Work-up and chromatog-
raphy over silica gel gave a series of products of
which (1S,2E,4S,6E,8R,118,12E )-8,11-epoxy-2,6,12-
cembratrien-4-ol (3, 2.0 mg), (1S5,2E,4S,6E,8R,11S)-
8,11-epoxy-2,6,12(20)-cembratrien-4-ol (22, 0.8 mg),
(1S,2E4S,6E,8R,11S,12R)-8,11-epoxy-2,6-cembra-
diene-4,12-diol (23, 5.4 mg) and (1S,2E,4S,6E,8R,-
118,12R)-8,12-epoxy-2,6-cembradiene-4,11-diol (16,
5.4 mg) were identified by direct comparison with the
corresponding authentic samples.5~!*

16 was an oil; [a], +81.9 (c 0.32, CHCl,); IR
(film) bands at 3400, 1390 and 1370 cm ™ !; *H NMR
(CDCl3)6:0.86 (3H,d,J=6 Hz),089 3 H,d, J=6
Hz), 1.18 (6 H, s), 1.35 (3 H, s), 3.03 (1 H, m), 3.54
(1 H,m),5.12(1 H,dd, J=8 and 16 Hz), 5.33 (1 H, d,
J=16 Hz) and 5.4—5.5 (2 H, overlapping signals);
MS [m/z (%)]: 322 (M, 1), 304 (7), 286 (2), 261 (4),
243 (3), 227 (9), 197 (14), 161 (18), 139 (17), 121 (38),
109 (27), 95 (24), 81 (33), 71 (40), 55 (22) and 43 (100).
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