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Two new diterpenoids have been isolated from tobacco. They have been identi-
fied as the (15,2E,4S,6R,7R,8R,11E)- and (1S,2E,45,6R,7S,85,11E)-7,8-epoxy-
2,11-cembradiene-4,6-diols 7 and 2 by synthesis and X-ray analysis. The confor-
mation about the 5,6 bond in some 7,8-epoxycembranoids is discussed, as is the

biogenesis of the two new compounds.

The cuticular wax of the leaf and flower of most
tobacco varieties contains substantial amounts of
macrocyclic diterpenoids of the cembrane class.
The (1S5,2E,45,6R,7E,11E)- and (1S,2E,4R,
6R,7E,11FE)-2,7,11-cembratriene-4,6-diols (3, 4)
are the major components, and are the postu-
lated precursors of the majority of the other to-
bacco cembranoids. We now report the isolation
from green leaves and flowers of tobacco of two
new compounds (I, 2), which are plausible meta-
bolites of the 4S,6R-diol 3.7

Results

Structure determination. It was concluded from
the 'H NMR spectrum that the first new com-
pound (I), C,H,O,, possesses five methyl
groups, of which two form part of an isopropyl
substituent, two are attached to fully substituted
oxygen-carrying carbon atoms and one is vinylic.
Of the two double bonds, one is 1,2-di- and one is
trisubstituted. The three oxygen atoms present in
I are accommodated by a 1,2 epoxide group [°C
NMR signals at 8 61.1 (s) and 63.4 (d), see Table
1], a secondary and a tertiary hydroxyl group
[OH absorption in the IR spectrum; *C NMR
signals at 8 71.9 (d) and 74.8 (s)]. These results
are consonant with I being a carbomonocyclic di-
terpene.

*For Part 64, see Ref. 1.

Acta Chemica Scandinavica B40 (1986) 855-860

To formulate the partial structures A-C, 'H-'H
and 'H-"C chemical shift correlation spectros-
copy®® was used. Although these can be linked in
two alternative ways, a 7,8-epoxy-2,11-cembra-
diene-4,6-diol structure seemed most likely from
a biogenetic point of view. This assignment was
readily verified by regioselective epoxidation of
the 7,8 double bond in the 45,6R diol 3, using ¢-
butyl hydroperoxide and vanadyl acetylaceto-
nate. Two isomeric products were obtained, the
least polar of which was identical to compound 1.
The most polar product proved to be indistin-
guishable from the second new tobacco constitu-
ent (2). These results are consistent with
18,2E,45,6R,11E stereochemistries in both 7 and
2, but leave the configurations of C-7 and C-8 to
be accounted for. X-ray analyses of epoxides /
and 2 using a direct phase determination pro-
cedure were therefore undertaken.

Epoxide 1 crystallized in the tetragonal space
group P4,. The crystal data, obtained on a com-
puter-controlled Stoe diffractometer, were:
a=9.7665, b=9.7665, ¢=20.5908 A, Z=4.
With anisotropic thermal parameters for all non-
hydrogen atoms and isotropic thermal par-
ameters for all but one of the hydrogen atoms the
structure was refined to an R value of 0.075.° A
stereoscopic view, which summarizes the X-ray
results and demonstrates that I s
(1S8,2E,4S5,6R, 7R ,8R,11E)-7,8-epoxy-2,11-cem-
bradiene-4,6-diol, is shown in Fig. 1.
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Epoxide 2 crystallized as a monohydrate in the
monoclinic space group P2, with a=9.8080,
b=8.0190, c=13.7549 A, p=105.729°, Z=2.
The structure, shown in Fig. 2, was refined to an
R value of 0.055 with anisotropic thermal par-
ameters assigned to all non-hydrogen atoms and
isotropic thermal parameters to all hydrogen
atoms.® The analysis showed epoxide 2 to be
(18,2E,45,6R,7S,85,11E)-7,8-epoxy-2,11-cem-
bradiene-4,6-diol.

Conformation about the 5,6 bond. As is demon-
strated in Figs. 1 and 2 by the position of the 6R
hydroxyl group, the conformation about the 5,6
bond is significantly different in I and 2. This can
also be illustrated as in Scheme 1 by the Newman
projections made with the aid of the X-ray crys-
tallographic data. Thus, epoxide I exists as con-
former A, in which the dihedral angle between
the pro-R hydrogen at C-5 and H-6 is 77° and that

between the pro-S hydrogen at C-5 and H-6 is
41°. Epoxide 2 has conformation B, in which the
corresponding angles are 83° and 160°.

It also follows from the crystallographic study
that the hydroxyl groups at C-4 and C-6 are intra-
molecularly hydrogen-bonded to each other in
epoxide I, the distance between acceptor and do-
nor being 2.706 A. In epoxide 2, on the other
hand, intramolecular hydrogen bonding is found
between the hydroxyl hydrogen at C-6 and the
epoxide oxygen (2.922 A). The water molecule is
situated so as to participate in hydrogen bonds
with the hydroxyl group at C-4 in two molecules,
and with the hydroxyl group at C-6 and the ep-
oxide group in a third molecule of 2.

A detailed analysis of the '"H NMR spectrum of
epoxide / was made using 'H-'H shift correlation
spectroscopy and spin simulation studies. It was
found that the two hydrogens at C-5, resonating
at 8 1.97 and 2.25, show vicinal couplings (°J) to
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Table 1. *C NMR chemical shift values and assignments for compounds 1, 2 and 5-8.7

Carbon
C-10 C-11

Com-

c12 C13 C-14 C-15 C-16 C-17 C-18 C-19 C-20

c2 C3 C4 C5 Ce6 C7 C8 C9

C-1

pound

15.7 137
179 147
16.0 13.6
17.4 145
285 173 144
17.4 146

19.9 323
199 204 287

200 317

19.7 20.7 291
19.6 20.7 28.1

19.1

341 19.2
32.7
124.8 1339 36.8 284 341
196 201
123.5 135.2 36.0 283 322

123.8 135.1 364 279 327
1245 1341 37.0 275 330

125.1 133.5 36.6 28.1
1241 135.0 36.4 28.1

39.8 23.6

686 626 364 227
644 660 614 382 229

1289 1386 748 426 719 634 611

129.0 1375 724 495 672 682 632 36.7 225
128.7 138.7 736 417 725 618 615 395 235
131.3 1369 71.5 500 649 689 634 36.7 229

128.7 137.3 722 486 66.1
131.4 1369 70.7 48.1

437
46.8
441
46.5
46.0
46.6

1
2
5¢
6
7
8

43 values in CDCl, relative to TMS. °The spectrum was recorded under WALTZ-16 conditions.' “OCOCH, 169.2; OCOCH, 21.2. “OCOCH, 170.1;

OCOCH, 21.1.
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H-6 of 1.0 and 6.8 Hz, respectively (Table 2).
These coupling constants accord with the dihe-
dral angles in A, and as a result, the downfield
and upfield H-5 signals are assigned to the pro-R
and pro-S hydrogens, respectively. Moreover,
since the coupling constants of the hydrogen
atoms at C-9, C-10 and C-11 are in harmony with
the dihedral angles found in the crystalline state
(see Experimental), it is suggested that the con-
formation of 1 is retained in solution. As indi-
cated by the 'H and “C NMR data, this confor-
mation is also preserved when I is converted to
the monoacetate 5.

Since the 'H NMR spectrum was not amenable
to analysis due to severe overlap, epoxide 2 was
acetylated. The corresponding monoacetate 6,
which was judged from relevant *C NMR results
to be conformationally similar to 2, gave a 'H
NMR spectrum (C¢Dy) displaying the H-5 signals
at 6 1.91 and 2.03 with couplings to H-6 of 5.3
and 3.7 Hz, respectively. These values are some-
what at variance with those conforming with the
pertinent dihedral angles in B, suggesting that
the conversion of 2 from the crystalline state to
solution is associated with some conformational
change. This result was not unexpected, how-
ever, since epoxide 2 crystallized as a monohy-
drate.

In view of previous findings for other cem-
brane alcohols and acetates,® it was also of inter-
est to include a study of the influence of the ster-
eochemistry at C-4 on the conformation of the
7,8 epoxides. To this end, the 4R,6R diol 4 was
converted to the corresponding 7,8 epoxides 7
and 8. These were assigned 7R,8R and 7S§,8§
stereochemistries, respectively, from a compari-
son of the chemical shift values of their C-7 and
C-8 signals with those of the corresponding sig-
nals for I and 2 (Table 1).

It can be seen from Table 2 that the chemical
shift values and coupling constants of the H-5 sig-
nals of 7 differ significantly from those of I but
are reminiscent of those previously reported for
the 11,12 epoxide 9.® These results revealed that
the conformation of / does alter on reversal of
the configuration at C-4 and that 7, like 9, rather
exists as a conformer of type C (Scheme 1).

A contrasting situation prevails with the 75,85
epoxides. The data listed in Table 2 for & are suf-
ficiently close to those found for 6 to suggest that
2, 6 and 8 are conformationally similar with re-
spect to the 5,6 bond. It may well be that intra-
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Fig. 1. A stereoscopic view of (15,2E,4S,6R,7R,8R,11E)-7,8-epoxy-2,11-cembradiene-4,6-diol (7).

molecular hydrogen bonding is a contributing
factor to this conformational behaviour. Thus, it
is obvious that reversal of the configuration at
C-4in [ (to 7) with retention of a conformation of
type A about the 5,6 bond would increase the dis-
tance between the interacting hydroxyl groups at
C-4 and C-6 significantly. In the case of the 75,85
epoxides 2 and 8, which exist as conformers of
type B, hydrogen bonds are developed between
the hydroxyl group at C-6 and the epoxide, leav-
ing no major influence to the hydroxyl group at
C-4.

Biogenesis. Compounds / and 2, which are the
only 7,8-epoxy cembranoids so far encountered
in tobacco, are present in minute quantities only.
It seems therefore that the metabolic pathway in-
volving epoxidation of the 7,8 double bond in the
4,6 diols 3 and 4 is of minor importance. The ma-
jor epoxidation reaction occurs with the 11,12
double bond, the resulting 115,128 epoxides 10
and 11 as well as some of their rearrangement
products, e.g. the 8R,11S epoxides 12 and 13 be-
ing present in fair amounts not only in cured to-
bacco but also in the green leaves and flowers.?

Experimental

With the exception of optical rotations, which
were recorded on a Perkin-Elmer 241 polarim-
eter, the instruments specified in Ref. 9 were
used.

An extract (100 g) obtained by immersing
green leaves of Nicotiana tabacum (Coker) in
chloroform was initially separated into 6 frac-
tions, A (19.6 g), B (13.2 g), C (4.6 g), D (24.6
g), E (15.9 g) and F (2.6 g), by flash chromatog-
raphy over silica gel using a gradient of hexane/
ethyl acetate/methanol as the eluent. Fraction C
was separated further by flash chromatography
over silica gel (hexane/ethyl acetate gradient)
and HPLC using a column packed with Spher-
isorb® 5  pitrile to give 1.3 mg of
(15,2E,45,6R,7R,8R,11E)-7,8-epoxy-2,11-cem-
bradiene-4,6-diol (1).

A chloroform extract (83 g) of flowers of Nic-
otiana tabacum (Basma) was separated into 5
fractions, A (12.7 g), B (4.7 g), C(8.0g), D (30
g) and E (3.6 g) by flash chromatography (silica
gel; hexane/ethyl acetate/methanol). Part of frac-
tion C (6.2 g) was separated further into 8 frac-

Fig. 2. A stereoscopic view of (1S,2E,45,6R,7S,85,11E)-7,8-epoxy-2,11-cembradiene-4,6-diol (2).
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Scheme 1. Conformation about the 5,6 bond in 7 (A),
2(B) and 9 (C).

tions, C1-C8, using a Prep Pak®-500/C;; cartri-
dge and methanol/water (65:35) as the eluent.
Repeated HPLC of fraction C3 (272 mg) using
columns packed with Lichrosorb® 5 diol and
Spherisorb® 5 nitrile led to the isolation of 3.7 mg
of (1S,2E,45,6R,7S,85,11E)-7,8-epoxy-2,11-cem-
bradiene-4,6-diol (2).

Compound I had m.p. 121-122°C; [a], +0.8°
(c 0.8, CHCI,); (Found: M* 322.2543. Calc. for
C,,H,,0,: 322.2508); IR (CCl,): 3608 and 3364
cm'; '"H NMR (CDCL,): & 0.83 (d, J=6.9 Hz)/
0.86 (d, J=6.8 Hz) (H-16/H-17), 1.05 (ddd,
J=3.9, —12.7 and 12.8 Hz, H-9a), 1.30 (s, H-
18), 1.39 (s, H-19), 1.53 (broad s, H-20), 1.91
(dddd, J =3.7, 5.0, 12.8 and —14.7 Hz, H-10a),
1.97 (dd, J=1.0 and —15.0 Hz, H-5a), 2.10
(ddd,J=3.7,4.3 and —12.7 Hz, H-9b), 2.25 (dd,
J=6.8and —15.0 Hz, H-5b), 2.34 (dddd, J = 3.9,
4.3, 10.5 and —14.7 Hz, H-10b), 3.37 (d, /=9.2
Hz, H-7), 3.75 (ddd, J=1.0, 6.8 and 9.2 Hz,
H-6), 5.43 (dd, J=5.0 and 10.5 Hz, H-11), 5.53
(dd, J=17.7 and 15.8 Hz, H-2) and 5.68 (d,
J=15.8 Hz, H-3); MS [m/z (%, composition)]:
322 (M, 0.2), 304 (0.4, C,H,,0,), 286 (0.2,
C,,H,,0), 261 (0.8, C,H,,0, and C;zH,,0), 243
0.7, C,H,;0), 233 (0.9, C,H,0), 205 (1,
C,H, 0 and C,H,), 137 (10, C,H,, and
C,H,;0), 123 (16, C,H,; and CH,,0), 109 (15,
C,H,; and C,H,0), 95 (22, C;H,, and CH,0), 81
(32, C¢H, and C,;H,0), 69 (28, C;H, and C,H;0),
55 (30, C,H, and C,H;0) and 43 (100).

Dihedral angles (X-ray results): H-9a, C-9,
C-10, H-10a: —175.1°; H-9a, C-9, C-10, H-10b:
66.0°; H-9b, C-9, C-10, H-10a: 65.6°; H-9b, C-9,
C-10, H-10b: —53.3°; H-10a, C-10, C-11, H-11:
31.2°; H-10b, C-10, C-11, H-11: 150.5°.

The compound (1S5,2E,4S5,6R,7S,85,11E)-7,8-
epoxy-2,11-cembradiene-4,6-diol (2) had m.p.
45-47 and 67°C; [a], +67° (c 0.88, CHCL,);
(Found: [M-18]* 304.2370. Calc. for C,H;,0,:
304.2402); IR (CCl,): 3586 and 3467 cm™'; 'H
NMR (CDCL): & 0.81 (d, J=6.7 Hz)/0.86 (d,
J=6.6 Hz) (H-16/H-17), 1.33 (s, H-19), 1.36 (s,
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H-18), 1.53 (broad s, H-20), 3.03 (d, J=8.1 Hz,
H-7), 3.59 (m, H-6), 5.09 (broad t, J = 6.0 Hz, H-
11), 5.36 (d, J=15.3 Hz, H-3) and 5.43 (dd,
J=8.4 and 15.3 Hz, H-2); MS [m/z (%, com-
position)}: 304 (M-18, 0.2), 286 (0.1), 261 (0.3,
C,H,0,), 243 (0.3), 221 (1, C H,O and
C,H,,0,), 203 (1, C,H,0,), 139 (8, C;H,;0 and
CH,,0,), 123 (12, C,H,; and CH,,0), 109 (13,
C.H,, and C;H,0), 95 (21, C;H,, and CH,0), 81
(27, CH, and C,H;0), 69 (22, C;H, and C,H,0),
55 (25, C,H, and C,H,0) and 43 (100).

Epoxidation of (1S,2E,4S,6R,7E,11E)-2,7,11-
cembratriene-4,6-diol (3). To a solution of 98.3
mg of 3 and a catalytic amount of vanadyl acety-
lacetonate in 5 ml of benzene, kept at 0°C, was
added a solution of 100 ul of ¢-butyl hydroper-
oxide in 3 ml of benzene. After 3 h at room tem-
perature, the reaction mixture was poured into
ice-water and extracted with ethyl acetate. The
organic phase was washed with a saturated aque-
ous solution of ferrous sulfate, then water and fi-
nally dried. The solvent was removed under re-
duced pressure and the residue separated by flash
chromatography over silica gel using a hexane/
ethyl acetate gradient into 23 mg of
(1S,2E 45,6R,7R 8R,11E)-7,8-epoxy-2,11-cem-

bradiene-4,6-diol and 72 mg of
(18,2E,45,6R,7S,85,11E)-7,8-epoxy-2,11-cem-

Table 2. Chemical shift values (8) and coupling
constants (J in Hz) for the H-5a, H-5b, H-6 and H-7
signals in the '"H NMR spectra of compounds 7 and
5-9.

Com- H-5a H-5b H-6 H-7

pound

1 1.97 225 3.756 3.37
Jsas=1.0  Jgps=68 ;=92

5 1.98 2.31 4.86 3.44
Jsa6=0.9  Ups=70 J;=9.1

6° 1.91 2.03 5.27 2.86
Jsas =53  Jips=387 ;=88

7 1.91 2.10 4.53 3.05
Jsa6 =93 Ups=15 J;=44

8 1.89 2.1 4.00 2.84
Jsas =49  Jyps=36 Js;=79

9 1.90 2.03 5.80 5.32
Jsas =87 Jype=16 Js;=99

2Run in CgDs.
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bradiene-4,6-diol, whose physical and spectral
data were identical with those of 1 and 2, respec-
tively.

Acetylation of the (1S,2E,4S,6R,7R,8R,11E)-
and (IS,2E,4S,6R,7S,8S,11E)-7,8-epoxy-2,11-
cembradiene-4,6-diols (1, 2). Acetylation using
acetic anhydride/pyridine converted 1 and 2 into
the (1S,2E.45,6R, 7R 8R,11E)- and (1S,2E 4S,
6R,7S,85,11E)-6-acetoxy-7,8-epoxy-2,11-cem-
bradiene-4-ols 5 and 6, respectively.

Compound 5 was an oil; IR (CCl,): 3601, 3484,
1756, 1740, 1240 and 1220 cm™'; 'H NMR
(CDCl,): 6 0.83 (d, J=6.9 Hz)/0.87 (d, J=6.8
Hz) (H-16/H-17), 1.27 (s)/1.29 (s) (H-18/H-19),
1.54 (broad s, H-20), 2.12 (s, —OCOCH,), 3.44
(d, J=9.1 Hz, H-7), 4.86 (ddd, J=0.9, 7.0 and
9.1 Hz, H-6), 5.28 (m, H-11), 5.50 (dd, J=7.9
and 15.8 Hz, H-2) and 5.68 (dd, J=0.6 and 15.8
Hz, H-3); MS [m/z (%)]: 364 (M, 0.1), 346 (0.1),
321 (0.2), 305 (2). 286 (1). 271 (0.5), 261 (1), 243
(3), 215 (1), 203 (3), 135 (9), 123 (13), 109 (15),
95 (20), 81 (28), 69 (21), 55 (20) and 43 (100).

Compound 6 was also an oil; IR (CCl,): 3610,
3511, 1740 and 1237 cm™'; '"H NMR (CDCl,): §
0.81 (d, J = 6.9 Hz)/0.86 (d, J = 6.6 Hz) (H-16/H-
17), 1.32 (s)/1.42 (s) (H-18/H-19), 1.53 (broad s,
H-20), 2.09 (s, —OCOCH,), 2.94 (d, J = 8.9 Hz,
H-7), 4.99 (m, H-6), 5.06 (m, H-11), 5.38 (dd,
J=8.0 and 15.3 Hz, H-2) and 5.43 (d, J=15.3
Hz, H-3); MS [m/z (%)]: 364 (M, 0.1), 346 (0.2),
304 (0.6), 286 (0.9), 271 (0.6), 261 (1), 243 (3),
215 (1), 203 (3), 135 (8), 123 (11), 109 (12), 95
(19), 81 (26), 69 (23), 55 (21) and 43 (100).

Epoxidation of (1S,2E,4R,6R,7E,1IE)-2,7,11-
cembratriene-4,6-diol (4). To a solution of 96.8
mg of 4 and a catalytic amount of vanadyl acetyl-
acetonate in 5 ml of benzene, kept at 0°C, was
added a solution of 100 pl of ¢butyl hydroper-
oxide in 3 ml of benzene. After 3 h at room tem-
perature, the reaction mixture was worked up
and separated by flash chromatography over sil-
ica gel (hexane/ethyl acetate 70:30) into 34 mg of
(18,2E,4R,6R, 7R 8R,11E)-7,8-epoxy-2,11-cem-
bradiene-4,6-diol (7) and 67 mg of
(18,2E,4R,6R,7S,8S,11F)-7,8-epoxy-2,11-cem-
bradiene-4,6-diol (8).

Compound 7 was an oil and had [a], —2.7° (¢
0.62, CHCL,); IR (CCL,): 3613 and 3453 cm™'; 'H
NMR (CDCl,): 6 0.83 (d, J=6.8 Hz)/0.86 (d,
J = 6.8 Hz) (H-16/H-17), 1.47 (s, H-18), 1.51 (s,
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H-19), 1.53 (s, H-20), 3.05 (d, J = 4.4 Hz, H-7),
4.53(ddd,J=1.5,4.4 and 9.3 Hz, H-6), 5.00 (m,
H-11), 5.35 (dd, J = 8.6 and 15.7 Hz, H-2) and
5.57 (d, J=15.7 Hz, H-3); MS [m/z (%)]: 322
(M, 0.1), 304 (1), 286 (0.3), 261 (1), 243 (1), 223
(3), 203 (2), 189 (3), 163 (4), 137 (12), 123 (22),
109 (21), 95 (28), 81 (38), 69 (33), 55 (30) and 43
(100).

Compound 8 was also an oil and had [a], +58°
(c 0.87, CHCl,); IR (CCI,): 3589 and 3437 cm™;
'H NMR (CDCL,): 6 0.82 (d, J = 6.8 Hz)/0.86 (d,
J=6.7 Hz) (H-16/H-17), 1.36 (s, H-19), 1.45 (s,
H-18), 1.53 (s, H-20), 2.84 (d, J = 7.9 Hz, H-7),
4.00 (ddd, J = 3.6, 4.9 and 7.9 Hz, H-6), 5.03 (m,
H-11), 5.27 (dd, J=9.1 and 15.7 Hz, H-2) and
5.49 (d, J=15.7 Hz, H-3); MS [m/z (%)]: 322
(M, 0.3), 304 (1), 286 (0.3), 261 (1), 243 (1), 223
(2), 203 (2), 189 (3), 161 (4), 137 (12), 123 (22),
109 (21), 95 (29), 81 (40), 69 (31), 55 (28) and 43
(100).
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