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Abstract—Reactions of (—)-cis-verbenol epoxide with a series of para-substituted benzaldehydes in the
presence of montmorillonite K10 gave mixtures of products of intra- and intermolecular transformations,

whose composition depended on the initial aldehyde.
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Compounds isolated from natural sources play
a very important role in the design of new biologically
active substances, including medical agents [1].
Among these, terpenes attract specific attention due to
their accessibility (often as optically active sub-
stances), high reactivity, and the ability to undergo
skeletal rearrangements. We previously [2, 3] exam-
ined reactions of some terpenoids of the p-menthane,
carane, and pinane series with aldehydes in the pres-
ence of montmorillonite clays, which led to the forma-
tion of new polyfunctional heterocyclic compounds.
For example, (-)-cis-verbenol epoxide (I) reacted with
p-methoxybenzaldehyde (Ila) in the presence of nat-
ural askanite—bentonite montmorillonite clay to give
heterocyclic compound IIla and products of isomer-

ization of the initial epoxide, trans-diol IV with
a p-menthane skeleton and hydroxy ketone V [4]
(Scheme 1). Compound IIla may be regarded as
a structural analog of tetrahydrocannabinol (VI). At
present, tetrahydrocannabinol analogs and derivatives
have attracted considerable interest due to their diverse
biological activity [5—7].

In the present work we continued our study on the
above unusual reaction with a view to reveal whether
variation of the initial aldehyde structure could lead to
formation of new compounds. For this purpose, we
examined reactions of (-)-cis-verbenol epoxide (I)
with a number of para-substituted benzaldehydes
IIb—IIe in the presence of commercially available K10
montmorillonite clay.
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The reactions of epoxy derivative I with halogen-
and nitro-substituted benzaldehydes IIb—Ile over K10
clay gave compounds IIIb—IIle (Scheme 2) together
with isomerization products of initial epoxide I: trans-
diol IV, hydroxy ketone V, and a-hydroxy aldehyde
VII. Compounds IV, V, and VII were isolated previ-
ously while studying isomerization of epoxy alcohol I
in the presence of clay [8]. The product composition is
given in table. Our results showed that the yield of the
intermolecular transformation products in the reactions
of I with halogen-substituted aldehydes IIb—IId de-
creases from 15 to 6% in going from fluorine to
chlorine and bromine. Although the reaction of (—)-cis-
verbenol epoxide (I) with p-methoxybenzaldehyde
gave 13% of compound Illa [4], only traces of the
corresponding product were detected by GC-MS in
the reaction mixture obtained from epoxide I and p-di-
methylaminobenzaldehyde (IIf), and we failed to
isolate this product as individual substance. In the
reaction of I with benzaldehyde Ile having an electron-
withdrawing nitro group in the para position, com-
pound Ille was formed in 5% yield. Thus the reaction
of verbenol epoxide (I) with para-substituted benzal-
dehydes is governed not only by donor—acceptor prop-
erties of the para-substituent but also by specificity of
adsorption of the initial aldehyde on K10, as well as by
the effect of the aldehyde on the active centers on the
catalyst surface.

The yields of the isomerization products of epoxide
L, i.e., compounds IV, V, and VII, also depend on the
initial aldehyde. Diol IV was formed in the largest
yield (45%) in the reaction of I with p-bromobenzal-
dehyde (IId), while the highest yield of a-hydroxy
aldehyde VII (8%) was obtained in the reaction of I
with p-nitrobenzaldehyde (Ile). High yield of com-
pound V (35%) and the largest overall yield of the iso-
merization products (72%) were attained in the reac-
tion with p-dimethylaminobenzaldehyde (IIf).

(—)-cis-Verbenol epoxide (I) failed to react with
o-formylbenzonitrile, presumably for steric reasons,
whereas isomerization products IV, V, and VII at
aratio of 5:10: 1 were detected by GC-MS.

Yields (%) of compounds III-V and VII in the reactions of
(—)-cis-verbenol epoxide (I) with para-substituted benzalde-
hydes p-XCsH,CHO (I1a-IIf)

Aldehyde X I v v %1
Ma[4] | OMe 13 33 7 -
IIb F 15 26 11 2
e cl 8 27 10 4
1d Br 6 45 14 4
e NO, 5 34 13 8
IIf NMe, | - 30 35 7
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Compounds IIIb-IIle were not reported previ-
ously; their structure was determined on the basis of
the 'H and C NMR and high-resolution mass spectra
with account taken of the data reported by us in [4] for
structurally related compounds. Compounds I11b—IlIe,
as well as Illa isolated previously, were formed as
a single diastereoisomer.

EXPERIMENTAL

The 'H and *C NMR spectra were recorded on
a Bruker DRX-500 spectrometer at 500.13 and
125.76 MHz, respectively, from solutions in chloro-
form-d—carbon tetrachloride (~1:1 by volume) using
the solvent signals as reference (CHCls, & 7.24 ppm;
CDCls, 6¢ 76.90 ppm). The structure of the products
was determined by analysis of the '"H NMR spectra
with the use of '"H-"H double resonance techniques
and of the *C NMR spectra [J-modulation (JMOD),
off-resonance decoupling from protons, two-dimen-
sional *C—'H heteronuclear correlations through direct
and long-range spin—spin couplings (C—H COSY,
'Jen = 135 Hz; COLOC and HMBC, *Jey = *Jou =
10 Hz)]. The high-resolution mass spectra were ob-
tained on a DFS Thermo Scientific instrument; a.m.u.
range 0-500, electron impact, 70 eV, direct sample
admission into the ion source. The optical rotations
[a]p were measured on a PolAAr 3005 polarimeter
from solutions in chloroform.

The initial compounds and products were analyzed
by GLC on a Varian Model 3700 chromatograph
equipped with a 15000 x0.22-mm quartz capillary col-
umn (stationary phase VC-30) and a flame ionization
detector; carrier gas helium, inlet pressure 1 atm. Gas
chromatographic—mass spectrometric analysis was per-
formed on a Hewlett—Packard HP 5890 Series II gas
chromatograph coupled with an HP 5971 quadrupole
mass-selective detector; HP-5MS quartz capillary col-
umn, 30000 x0.25 mm; carrier gas helium.

Montmorillonite K10 (Merck) was calcined for 3 h
at 110°C just before use. Methylene chloride was
passed through a column charged with calcined alumi-
num oxide. The products were separated by column
chromatography on silica gel (60-200 um, Macherey—
Nagel).

(—)-cis-Verbenol epoxide (I), [a]y = —44° (¢ = 1.2,
CHCl;), was synthesized according to the procedure
described in [4].

Reaction of (-)-cis-verbenol epoxide (I) with
para-substituted benzaldehydes IIb—Ile over K10

IL’INA et al.

montmorillonite. A solution of 0.5 g of aldehyde I1b—
IIe in 5 ml of methylene chloride was added to a sus-
pension of 2.5 g of K10 clay in 15 ml of methylene
chloride, a solution of 0.5 g of epoxide I in 5 ml of
methylene chloride was then added dropwise, and the
mixture was stirred for 1 h at room temperature. The
mixture was diluted with 5 ml of diethyl ether, the
catalyst was filtered off, and the solvent was distilled
off from the filtrate. The residue was subjected to
column chromatography on silica gel (10 g) using
hexane—diethyl ether as eluent (gradient elution, 0 to
100% of diethyl ether).

(2R,4aR,8R,8aR)-2-(4-Fluorophenyl)-4,4,7-tri-
methyl-4a,5,8,8a-tetrahydro-4 H-1,3-benzodioxin-8-
ol (IIIb) was obtained from epoxide I and p-fluoro-
benzaldehyde (IIb). Yield 0.132 g (15%), [a] = —66°
(c = 26, CHCIl;). '"H NMR spectrum, &, ppm: 1.24 s
(C"™H3), 1.50 d.d.d (6-Heue, Joar7:ax = 10.8, Jour7eq =
6.0, Joax1 = 2.0 Hz), 1.51 s (C'"H;), 1.80 m (C'"°Hj),
2.04 d.d.d.q (7-Hey, *J = 17.7, Jreg6ax = 6.0, Jr008 =
5.3, Jreq19 = 1.2 Hz), 2.42 d.d.d.qd (7-H,, *J = 17.7,
J7_ax,(,_g_x = 108, J7_ax,g = 23, J7_w(,19 = 23, J7_ux’10_eq =
1.5 Hz), 3.82 m (10-H,,), 4.29 d.d (1-H, J; 10, = 2.5,
Ji6ax = 2.0 Hz), 5.61 dm (8-H, Jy 7., = 5.3 Hz), 5.73 s
(3-H), 6.98 d.d (13-H, 15-H, Ji3.12 = Jis16 = 8.7, *Jyr =
8.7 HZ), 7.39 d.d (12-H, 16-H, J12,13 = J16,15 = 87,
*Jur = 5.5 Hz). C NMR spectrum, ¢, ppm: 75.08 d
(Ch, 95.21 d (C%), 74.58 s (C°), 34.04 d (C%), 23.08 t
(C7), 125.26 d (C®), 130.93 s (C?), 70.44 d (C'),
134.95d (C", “Jop = 3.1 Hz), 128.21 d (C'%, C'S, *Jep =
8.0 Hz), 114.88 d (C", C", %Jor = 21.2 Hz), 162.90 d
(C", 'Jcr = 247.2 Hz), 22.79 q (C'"), 27.30 q (C'),
20.64 q (C'). Found: m/z 291.1394 [M — H]J".
C,7H,0O;5F. Calculated: [M — H] 291.1396. Also,
0.129 g (26%) of diol IV, 0.055 g (11%) of compound
V,and 0.011 g (2%) of compound VII were isolated.

(2R,4aR,8R,8aR)-2-(4-Chlorophenyl)-4,4,7-tri-
methyl-4a,5,8,8a-tetrahydro-4H-1,3-benzodioxin-8-
ol (IIlc) was obtained from epoxide I and p-chloro-
benzaldehyde (I¢). Yield 0.069 g (8%), [a]b = —67°
(c =2, CHCIl;). 'H NMR spectrum, &, ppm: 1.24 s
(C"™H3), 1.49 d.d.d (6-Hue, Joar7:ax = 10.6, Joux7eq =
6.0, Jo.ar1 = 2.0 Hz), 1.50 s (C'"H3), 1.79 m (C'°H3),
2.03 d.d.d.q (7-Heg, 2J =175, Sr-egpax = 6.0, Jreqs =
5.2, Jreq19 = 1.2 Hz), 2.39 d.d.d.qd (7-H,,, °J = 17.5,
J7_ax,(,_g_x = 106, J7_ax,g = 25, J7_w(,19 = 25, J7_ux’10_eq =
1.5 Hz), 3.80 m (10-H,,), 4.26 d.d (1-Heg, Ji-eq,10-¢ =
2.5, Jieq6ax = 2.0 Hz), 5.60 d.m (8-H, Jy 7., = 5.2 Hz),
5.71 s (3-H), 7.27 d (12-H, 16-H, J12,13 = J16’15 =
8.3 HZ), 735 d (13-H, 15-H, J13,12 = J15’1(, =83 HZ)

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 46 No. 7 2010



REACTION OF (-)-cis-VERBENOL EPOXIDE WITH AROMATIC ALDEHYDES

BC NMR spectrum, dc, ppm: 75.07 d (Cl), 94.99 d
(CY), 74.58 s (C°), 33.98 d (C®), 23.00 t (C7), 125.12 d
(C*), 130.84 s (C?), 70.29 d (C'%), 137.44 s (C"),
127.77 d (C'%, C'%), 128.14 d (C", C"), 134.38 s (C'),
22.71 q (C"7), 27.23 q (C'®), 20.61 q (C"). Found: m/z
308.1174 [M]". C,7H,,ClOs. Calculated: M 308.1174.
Also, 0.133 g (27%) of diol IV, 0.052 g (10%) of
compound V, and 0.018 g (4%) of compound VII were
1solated.

(2R,4aR,8R,8aR)-2-(4-Bromophenyl)-4,4,7-tri-
methyl-4a,5,8,8a-tetrahydro-4H-1,3-benzodioxin-8-
ol (IIId) was obtained from epoxide I and p-bromo-
benzaldehyde (I1d). Yield 0.066 g (6%), [a]b = —49°
(c = 3.3, CHCIl;). '"H NMR spectrum, &, ppm: 1.23 s
(C"™H3), 1.49 d.d.d (6-Heue, Joar7.ax = 10.6, Joux7eq =
6.0, Jo.ar1eq = 2.0 Hz), 1.50 s (C'"H3), 1.79 br.s
(C"H3), 2.03 d.d.d.q (7-H,y, °J = 17.6, Jreg 6.0 = 6.0,
J7_eq’g = 52, J7_@q,19 =12 HZ), 2.39 dddqd (7'Hax,
2T =176, Jraxgax = 10.6, Jrgg = 2.5, Jrgero = 2.5,
Jr-ax. 1009 = 1.5 Hz), 3.80 m (10-H,,), 4.27 d.d (1-H,,,
Jl—eq,lO—eq = 25, Jl_@q,é,ax =2.0 HZ), 5.60 d.m (8-H,
J3 7.0 = 5.2 Hz), 5.70 s (3-H), 7.29 d (12-H, 16-H,
J12’13 = J16,15 = 8.5 HZ), 7.42 d (13-H, 15—H, J13,12 =
Jis.16 = 8.5 Hz). ®C NMR spectrum, 8¢, ppm: 75.05 d
(ChH, 95.05 d (CY), 74.62 s (C°), 33.98 d (C°), 23.01 t
(C"), 125.18 d (C*), 130.84 s (C%), 70.33 d (C'),
137.92 s (C'), 128.11 d (C"2, C'%), 131.12 d (C", CP),
122.64 s (C'), 22.73 q (C'), 27.24 q (C"), 20.63 q
(C"). Found: m/z 352.0654 [M]". Ci;H, BrO;. Cal-
culated: M 352.0669. In addition, 0.223 g (45%) of
diol IV, 0.072 g (14%) of compound V, and 0.020 g
(4%) of compound VII were isolated.

(2R,4aR,8R.,8aR)-4,4,7-Trimethyl-2-(4-nitro-
phenyl)-4a,5,8,8a-tetrahydro-4H-1,3-benzodioxin-8-
ol (IIle) was obtained from epoxide I and p-nitrobenz-
aldehyde (ITe). Yield 0.049 g (5%), [a]b = —59° (¢ =
12, CHCly). '"H NMR spectrum, o, ppm: 1.25 s
(C"™H3), 1.52 s (C'"H;), 1.53 d.d.d (6-Hauy, Jo-an7ax =
10.8, Joar7eq = 6.0, Joue1 = 2.0 Hz), 1.79 m (C"Hy),
2.04 d.d.d.q (7-Hey, *J = 17.6, Jregsa = 6.0, Jrogs =

1001

5.3, Jreq19 = 1.2 Hz), 2.35 d.d.d.q.d (7-H,,, °J = 17.6,
J7—ax,6—ax = 108, J7—ax,8 = 25, J7—ax,19 = 25, J7—ax,10—eq =
1.5 Hz), 3.83 m (10-H,,), 4.33 d.d (1-Hey, Jicg.100g =
2.5, Jiegoar = 2.0 Hz), 5.59 d.d.q (8-H, Jy70, = 5.3,
Js7ae = 2.5, Jg10 = 1.3 Hz), 5.81 s (3-H), 7.58 d (12-H,
16-H, J12,13 = J1(,,15 = 8.8 HZ), 8.14 d (13-H, IS-H,
Ji3.12 = Jis16 = 8.8 Hz). BC NMR spectrum, d¢, ppm:
75.19 d (C"), 94.25 d (C?), 75.04 s (C°), 34.00 d (C°),
22.98 t (C7), 125.11 d (C*), 130.89 s (C°), 70.30 d
(C'%), 145.39 s (C'), 127.34 d (C", C'), 123.17 d
(C", C"), 148.08 s (C'), 22.70 q (C'7), 27.17 q (C"®),
20.59 q (C"). Found: m/z 319.1412 [M]". C\7H,;NOs.
Calculated: M 319.1414. In addition, 0.167 g (34%) of
diol IV, 0.062 g (13%) of compound V, and 0.039 g
(8%) of compound VII were isolated.

The reaction of epoxide I with p-dimethylamino-
benzaldehyde (IIf) gave 0.152 g (30%) of diol IV,
0.173 g (35%) of compound V, and 0.035 g (7%) of
compound VII.
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