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The racemic forms of natural furanoterpenoids, (+)-furodizinin and (&)-furodizin, were
synthesized by cationic cyclization of the a- or B-furylmethyl derivatives of linalool,

geraniol, and nerol.
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Cationic cyclization of the suitable linear precursors
of the isoprenocid series is an efficient strategy for con-
structing the carbon skeleton of bi- and tricyclic natural
terpenes (or those containing a larger number of cycles)
(see, for example, Ref. 2). We have studied the possibil-
ity of using this procedure for the synthesis of furanoter-
penoids, namely, (£)-furodizinin (1) and (£)-furodizin
(2). Optically active forms of these compounds have
been found among the metabolites of some species of
sea sponges.> To accomplish the purpose in hand, we
obtained a series of «- and p-furylmethyl derivatives of
(+)-linalool, geraniol, and nerol {(3—6). Among them,
stereoisomers £-3 and Z-3 appeared to be available from

* A. M. Moiseenkov (1936—1992), an outstanding Russian
organic chemist, would have been sixty on July 6, 1996 He
contributed significantly to the chemistry of terpenoids. The
scientific heritage of A. M. Moiseenkov is rich and diversified.
This work is devoted to the realization of one of his ideas. For
the preliminary communication see Ref. 1.

* Deceased

dehydrolinalool 7 (see Ref. 4). Similarly, -substituted
furan 4 was synthesized starting from dehydrolinalool 7
and chloride 8 through intermediate alkyne 9, which
was reduced with Li in NH; (Scheme 1).

With the aim of obtaining the derivatives of geraniol,
E-5 and E-6, and nerol, Z-5 and Z-6, we used conden-
sation of citral 10 with furfuryl magnesium chloride 11,
which affords an £-5/7-5 mixture with a ratioof 4.5 © |

The above-mentioned mixture of alcohols was con-
verted to a mixture of the corresponding acetates with-
out additional purification, and the individual compo-
nents E-6 and Z-6 of the mixture obtained were isolated
by preparative HPLC. The saponification of these com-
pounds afforded the desired allyl alcohols £-5 and Z-5,
respectively. Compounds 4, 5, and 6 have not previously
been reported. These compounds appear to be moder-
ately labile; their structures were confirmed by the re-
sults of NMR ('H and P3C), IR, and mass spectra, and
elemental analysis.

We attempted to find efficient conditions for cationic
cyclization of isoprenoids 3—6. A solution of 85% H,PO,
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(~0.2 mole-equivalent) in toluene at 100 °C appeared
to be optimum (¢f. Ref. 5). In this case, mixtures con-
taining identical sets of products were obtained from.
compounds £-3, E-5, and Z-5 in good total vields.
{()-Furodizin 1 was the major component of these
mixtures. The minor components were the stereoisomer
of (+)-furodizin (12) and the derivatives of limonene
13, which formed, apparently, owing to the interruption
of cationic cyclization at the point of the intermediate
carbonium ion 16 at the first stage of cyclization of the
initial substrates (Scheme 2). In the case of diolefin
Z-3, a noticeable amount of bicyclic compound 14 was
present in the reaction mixture in addition to the above-
mentioned products. Compound 14 formed, apparently,
as a result of the kinetically controlled electrophilic
attack at the furan ring in cisoid carbonium intermediate
15a. In this case, the yield of (£)-furodizinin 1 substan-
tially decreased because of the increase in the propor-
tion of its isomer 12 in the mixture.

In all the cases considered above, traces of furanoter-
penoid 17, which was reported previously’ without a
description of its particular physicochemical character-
istics and which is regioisomeric to 1, were found in the
cyclization products (the 'H NMR data). Compound
17 was one of the major components of the mixture that
formed under the above-described conditions from ac-
etate £-6, the complete conversion of which required an
increase in the duration of the reaction.

The formation of 17 is explained by the acid-cata-
lyzed isomerization of the initially appearing ()-furo-
dizinin 1. In the model experiment, the storage of a
toluene solution of 1 in the presence of 85% H;PO,
(~0.2 mole-equivalent) at 100 °C for 2 h gave a mix-
ture of isomers 1/17 in a ratio of ~1 : 3.

Scheme 1
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The use of alternative cyclizing reagents (protic and
Lewis acids) appeared to be less efficient due to the
formation of substantial amounts of resinification prod-
ucts. For example, when the derivative of linalool £-3
was treated with HCOOH in cyclohexane, the total
vield of compounds 1, 12, and 13 was only 35 %.

The mixtures of the products of the cationic cycliza-
tion of compounds 3—6 were chromatographed on SiO;
impregnated with 10 % AgNOj;. As a result, (£)-furodiz-
inin 1 and its isomer 12 were obtained as individual
compounds. We isolated also a mixture of epimeric
derivatives of limonene 13 (cis/trans =3 : 1, from
'"H NMR data), which was impossible to separate
chromatographically, and samples of compounds 14 and
17 as fractions enriched with these compounds.

The structures of all compounds obtained by this
procedure were confirmed by spectral studies and el-
emental analysis. In particular, the spectral characteris-
tics (*H and 3C NMR) of (+)-furodizinin 1 virtually
coincide with those reported previously.®® The value of
the spin-spin interaction constant Jy4,_4,= 0.4 Hz
(¢f Jyu_g, = 3.6 Hz for 1) in the '"H NMR spectrum
of furanoterpenoid 12 unambiguously indicates that the
six-membered cycles in the molecule of 12 are rrans-
fused. The mass spectrum of 12 contains an intense peak
at m/z 122, which corresponds to retrodiene de-
composition of the molecular ion typical of these struc-
tures {¢f. Refs. 3 and 7). The derivative of limonene,
trans-13, which has not been reported previously, was
reliably identified based on the analysis of the 'H NMR
spectrum of the above-mentioned mixture of this deriva-
tive with the known ¢is-134% and on the consideration
of the 'H NMR spectrum of the sample of bicyclic
compound 14, which contained rrans-13 as a minor
component. It is interesting to note that the chemical
shifts of the exomethylene protons measured for cis-13
differ by A8 = 0.17, whereas in the case of trans-13, this
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difference is no more than 0.05 p.p.m. This effect is,
apparently, typical of compounds of this type (see be-
low). It was also found that when a mixture of epimers
o 13 was treated with a solution of 85% H;PO,
(~0.2 mole-equivalent) in toluene at 100 °C, both
cpimers gave a mixture of products I, 12, and 17 in
good total yields. This mixture is analogous to that
formed upon cyclization of compounds 3, 5, and 6. The
regioisomer of (+)-furodizinin 1, furanoterpenoid 17,
was characterized based on the data of NMR. In par-
ticular, the spin-spin interaction constant Ji, 54 =
11.5 Hz observed in the 'H NMR spectrum of 17 indi-
cates that 17 occurs preferentially in steroid conforma-
tion in a CDCl; solution. The nuclear Overhauser ef-
fects observed in the 2D-NOESY experiment (see

Scheme 2), which additionally confirm the structure of

this compound, are also consistent with this conciusion.

The conditions of cyclization of a-substituted furans
3,5, and 6, which we found, appeared to be efficient
also in the case of p-derivative 4. In this case, the

mixture formed contained (+)-furodizin 2 as a major
component, its isomer 18, which was previously un-
known, and derivatives of limonene cis-/trans-19 (ap-
pearing, apparently, analogously to compound 13) in a
ratio of -6 : 2 : 1, respectively. This ratio was deter-
mined based on measurements of the relative integral
intensitics of diagnostic signals of compounds 2, 18, and
19 in the '"H NMR spectrum of the mixture and on the
results of the preparative separation of these compo-
nents on Si0,/AgNO;.

The structure of (+)-furodizin 2 obtained by this
procedure was confirmed by a comparison of its spectral
characteristics with those reported previousty. 3-8 The con-
clusions about the structure of its isomer 18 were made
based on the data of the mass spectra and 'H and
3C NMR spectra. The obtained mixture of the known®?
cis-19 and rrans-19, which has not been reported previ-
ously, was characterized taking into account criteria
analogous to those used for the identification of the
stereoisomers of 13, As in the case of stercoisomers 13,

Scheme 2
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Reagents and conditions: /. 85% H;POy (aq.)/PhMe, 100 °C.
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the 'H NMR spectra of compounds 19 show different
degrees of nonequivalence of the exomethylene protons of
the isopropenyl fragment depending on its location with
respect to the furfurylmethyl fragment of the molecuie.

Therefore, cationic cyclization of prenyl-substituted
furans provides rather simple access to (£)-furodizinin 1
and (%)-furodizin 2. These compounds are known to be
of certain practical interest (see Ref. 8).

Experimental

The melting points {which were not corrected) were deter-
mined on a Kofler stage. The IR spectra (v/em™}) of solutions
in CHCI5 (unless otherwise noted) were recorded on a Specord
M-80 instrument. The 'H and '3C NMR spectra (3, J/Hz) of
solutions in CDCly were measured on Bruker AC-200, Bruker
WM-250, and Bruker AMX-400 spectrometers; the
DQF-COSY?, NOESY.!'® and z-HMQC!! spectra were ob-
tained on a Bruker AMX-400 instrument. The mass spectra
(EI, 70 ¢V) were recorded on Varian MAT CH-6 and Varian
MAT 311A instruments. The values of Ry are given for a fixed
Silufol 510, layer (3 : 2 hexane—ether, unless otherwise noted).
HPLC was carried out on a column packed with Silasorb 600
(10 1y, 250%24 mm); a heptane--ethyl acetate mixture (9 : |
by volume, 7 mL min~!) was used as the eluent; the detector
was refractometric.

4,8-Dimethyl-1-(3 -furyl)nona-7-en-2-in-4-ol (9). A solu-
tion of n-BuLi (15.5 mL, 1.35 M) in hexane (21 mmol) was-
added to a solution of compound 7 (1.52 g, 10 mmol) in THF
(15 mL) with intense stirring at —20 °C (Ar) over a period of
10 min. After 10 min, Cul (0.3 g, 1.58 mmol) was added to
the mixture as one portion, and after 20 min, a solution of
chloride 812 (1.16 g, 10 mmol) in THF (3 mL) was added
portionwise for 5 min. Then the reaction mixture was heated
to 20 *C, kept at this temperature for 20 h, and then diluted
with ether and decomposed with a saturated NH Cl solution.
The organic layer was separated, washed with water, dried with
Na,SO,4, and distilled in vacuo. The residue (2.55 g) was
chromatographed on SiO, (50 g). Elution with a cooled
(=5 °C) hexane—ether (4 : 1) mixture afforded a material
(1.65 g) from which unreacted 7 (0.5 g) was distilled off, b.p.
37—40 °C (0.03 Torr); the distillation residue (~1 g) was
chromatographed on SiO; (100 g). Elution under the above-
mentioned conditions gave compound 9 (0.81 g, 53 %) as a
pale yellow oil, Ry 0.45. IR: 600, 725, 870, 935, 980, 1025,
1115, 1210, 1380, 1450, 1500, 2860—3000, and 3600. '"H NMR:
1.50 (s, 3 H, MeC(4)); 1.62 and 1.70 (brs, 6 H, MeC(8));
1.56 (m, 2 H, HC(5)); 2.2 (m, 2 H, HC(6)); 3.38 (brs, 2 H,
HC()): 515 (brt, J =7, 1 H, HC(7); 632 (m, 1 H,
HC(47)); 7.33 and 7.36 (both m, 2 H, HC(2"), HC(5").
Mass spectrum, m/z 232 [M]*. Found (%): C, 77.21; H, 8.75.
Cy5H30,. Calculated (%): C, 77.55; H, 8.68.

4,8-Dimethyl-1-(3 -furyl)nona-2 E,7-dien-4-ol (4). A solu-
tion of 9 (0.69 g, 3 mmol) in THF (15 mL) was added to a
solution of Li (0.21 g, 30 mg-at) in NH; (90 mL) with
intense stirring at —70 °C (Ar) over a period of 10 min. The
reaction mixture was kept at —70 °C for | h and then decom-
posed with an excess of NH,Cl. NH; was evaporated, and the
residue was treated with ether and water. The aqueous layer
was separated and extracted with ether. A standard treatment
of the combined organic layer gave a product (0.7 g), which
was chromatographed on SiO; (30 g). Elution under the
conditions described above gave compound 4 (0.49 g, 70 %)

as a colorless oil, R; 0.46. IR: 600, 740, 880, 980, 1070, 1110,
1205, 1380, 1450, 1500, 2860—3000, and 3600. 'H NMR:
1.28 (s, 3 H, MeC(4)); 1.60 and 1.68 (both br.s, 6 H, MeC(8));
1.56 (m, 2 H, HC(3)); 2.2 (m, 2 H, HC(6)); 3.18 (brd, 2 H,
HC(1), J = 6); 512 (brt, 1 H, HC(7), J = 7.1); 5.58 (d.t,
I H, HC(3), J = 155 and 1.1); 576 (dt, 1| H, HC(),
J = 155 and 5.9); 6.25 (m, | H, HC(4")); 7.20 and 7.35
(both m, 2 H, HC(2"), HC(5")). Mass spectrum, m/z; 234
[M]*. Found (%): C, 76.70; H, 9.41. C,sH,0,. Calculated
(%) C, 76.88, H, 9.46.

4,8-Dimethyl-1-(2 -furyl)nona-3E,7-dien-2-0l acetate
(E-6) and 4,8-dimethyl-1-(2'-furyl)nona-32,7-dien-2-ol acetate
(Z-6). Furfuryl chloride!? (2.32 g, 20 mmol) was added to a
Mg chip (1.38 g, 60 mg-at) in ether (20 mL) with stirring at
=10 °C (Ar) over a period of 2 h. The mixture was kept for
30 min, and 10 (rrans/cis =3 0 2, 3.04 g, 20 mmol) was added
as one portion to the obtained Grignard reagent 11 at =10 °C.
The reaction mixture was heated to 20 °C, kept for 12 h, and
decomposed with a saturated NH,Cl solution. The aqueous
layer was separated and extracted with ether. The combined
organic layer was washed with water, dried over Nua,S0y, and
evaporated in vacuo. Pyridine (1.98 g, 25 mmol), Ac,0 (2.55 g,
25 mmol), and 4-N N-dimethylaminopyridine (DMAP)
(0.15 g, 1.23 mmol) were added to the residue (~5 g). The
reaction mixture was kept for 30 min and treated in the usual
fashion. The product was obtained in a yield of 5.3 g and
chromatographed on 5i0, (100 g). Elution with a hexane-
ether (4 : 1) mixture gave a mixture of acetates E-6/Z-6
(1.65 g, 30 %) in the ratio of ~4.5 : | as a colorless oil,
Ry 0.45. Individual components of this mixture were separated
by HPLC. Compounds Z-6 (0.3 g) and E-6 (1.25 g) were
obtained in the order of elution.

Acetate  Z-6, colorless viscous liquid, b.p. 76—77 °C
(0.02 Torr), np?® 1.4886. IR-: 605, 740, 840, 8590, 940, 1020,
1150, 1240, 1380, 1450, 1510, 1600, 1670, 1745, and 2860—
2980 (film). 'H NMR: 1.61, 1.68, and 1.72 (brs, 9 H, MeC(4),
MeC(8)); 2.0 (s, 3 H, MeCO); 1.9-23 (m, 4 H, HC(5),
HC(6)), 2.84 (d.d, | H, HC(), / = 150, 6.0); 2.96 (dd,
I H, HC(), / = 15.0,7.9); .09 (m, 1 H, HC(7)); 5.18 (br.
d, 1 H, HC(3), J = 9.4);, 576 (d.dd, | H, HC(?), J = 94,
69, 6.1); 6.05 (dd, 1 H, HC(3"), J = 3.2, 0.7); 6.27 (d d,
I H, HC4"), /= 32, 1.9);,731(dd, L H, HC(5"),/ = 1.9,
0.7). 13C NMR: 17.57, 21.18, 25.64 (MeC(8), MeCO); 23.32
(MeC(4)); 26.40, 33.82 (C-1, C-6); 32.36 (C-5); 69.32 (C-2);
10692, 11017 (C-37, C-47y, 123.09, 12376 (C-3, C-7);
131.92, 141.54 (C-4, C-8); 141.34 (C-57);, 15141 (C-27);
169.96 (C=0). Mass spectrum, m/z. 276 [M]*. Found (%):
C. 7396; H, 8.72. C3H,405. Calculated (%) C, 73.88;
H, 8.75.

Acetate  E-6, colorless viscous liquid, b p. 87—88 °C
(0.02 Torr), np?® 1.4874. IR: 605, 740, 810, 890, 1025, 1085,
1150, 1245, 1380, 1440, 1510, 1600, 1670, 1745, and 2860—
2980 (film). '"H NMR: 1.58, 1.61, and 1.66 (brs, 9 H, MeC(4),
MeC(8)); 1.98 (s, 3 H, MeCO); 1.9—-2.1 {(m, 4 H, HC(5).
HC(6)); 2.81 (dd, | H, HC(l), / = 148, 6.6); 295 (d.d.
I H, HC(1), J = 148, 6.6), 502 (m, | H, HC(7y; 5.11
(brd, L H, HC(3), J = 9.1); 571 (dd.d, | H, HC(2),J = 9.1,
6.7, 6.7); 599 (d.d, | H, HC(3"), J = 3.1, 0.7); 6.23 (d.d,
I H, HC(4"),J = 3.1,1.9),;7.26 (dd, | H, HC(5"),J = 1.9,
0.8). 3C NMR: 16.64 (MeC(4)); 17.74, 21.06, 25.72 (MeC(8).
MeCO); 26.28, 33.73 (C-1, C-6), 39.34 (C-5); 69.55 (C-2)
106.90, 11020 (C-37, C-47); 12275, 12394 (C-3, C-7);
131.34, 14091 (C-4, C-8); 141.23 (C-5°); 151.41 (C-2').
169.36 (C=0). Mass spectrum, m/z: 276 [M]*. Found (%)
C, 73.61; H, 8.73. C;7H,40;. Calculated (%): C, 73.88;
H, 8.75.
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4,8-Dimethyl-1-(2' -furyl)nona-3Z,7-dien-2-0l (Z-5). An
emulsion of Z-6 (0.29 g, 1.05 mmol) in a 0% aqueous
solution of KOH (0.3 mL) and McOH (4 mL) were stirred at
20 °C for 2 h; then the mixture was neutralized with a
saturated NH§CI solution and extracted with ether. The stan-
dard treatment of the extract gave a product (0.28 g), which
was chromatographed with ether on SiO, (15 g). Elution with a
cooled (—5 °C) hexane—ether (3 : 2) mixture gave alcohol
Z-5 (0.22 g, 92 %) as a colorless oil, R; 0.48. IR: 605, 730,
840, 890, 930, 1020, 1150, 1380, 1450, 1510, 1600, 1670,
2860—2980, and 3360 (film). '"H NMR: 1.61, 1.69, and 1.73
(brs, 9 H, MeC(4), MeC(8)); 2.0 (m, 4 H, HC(5), HC(6)),
2.77(dd, | H, HC(1), J/ = 14.8,56); 286 (d.d, | H, HC(1),
J = 148, 7.0); 464 (ddd, | H, HC(2), / = 88, 7.0, 5.8);
503 (m, L H, HC(7); 5.25 (br.d, 1 H, HC(3), J = 8.9); 6.1}
(d. I H, HC(3"), J = 3.1); 630 (dd, | H, HC(4", J = 3.0,
1.9); 7.33 (m, 1 H, HC(5")). 3C NMR: 17.46 (MeC(8)),
23.13 (MeC(4)); 25.49 (MeC(8)); 26.25, 36.22 (C-1, C-6):
3212 (C-5); 66.64 (C-2); 106.76, 110.08 (C-3", C-47); 123.71,
127,29 (C-3, C-7); 132.14, 139.19 (C-4, C-8); 141.22(C-5").
152.41 (C-27). Mass spectrum, m/z 234 [M]*. Calculated for
CsH9305.0 mol. weight 234.3.

4,8-Dimethyl-1-(2'-furyl)nona-3E,7-dien-2-0l (E-5). Al-
cohol E-5 was obtained as described above from E-6 (0.76 g,
275 mmol) in a yield of 0.61 g (92 %) as a colorless oil,
Ry 0.48. IR: 605, 730, 805, 890, 930, 1020, 1080, 1150, 1380,
1445, 1510, 1600, 1675, 2860—2980, and 3360 (film).
TH NMR: 1.60, 1.62 and 1.68 (brs, 9 H, MeC(4), MeC(8));
2.0 (m, 4 H, HC(5), HC(6)); 2.76 (d.d, 1 H, HC(1),J = 148,
5.8); 2.87 (dd, | H, HC(1), J = 14.8, 7.0); 4.65 (d.d.d, | H,
HC(2), J = 8.4, 7.0, 58); 507 (m, I H, HC(7));- 5.23-
(br.d, I H, HC(3),/ = 8.5);6.08(d, | H, HC(3"), J = 3.1);
6.29 (dd, I H, HC@4"), J =31, 1.9; 7.33 (m, | H,
HC(57)). 13C NMR: 16.36 (MeC(4)); 17.59, 25.58 (MeC(8));
26.21, 36.32 (C-1, C-6); 39.39 (C-5); 67.21 {C-2), 106.89,
110,18 (C-3°, C-4"); 123.79, 126.42 (C-3, C-7); 131.46,
138.91 (C-4), (C-B); 14128 (C-57); 152,42 (C-2"). Mass
spectrum, m/z. 234 [M]*. Calculated for C,5H,;0,.: mol.
weight 234.3.

Cationic cyclization of alcohols 3, 4, and 5, acetate E-6,
and derivatives of limonene 13 (the general procedure). A
solution of E-3 (936 mg, 4 mmol) in PhMe (1 mL) was
added as one portion with intense stirring to an emulsion of
85% (aq.) H3PO, (92 mg, 0.8 mmol) in PhMe (6 mL) at
100 °C (Ar). The mixture was kept at 100 °C for 20 min, then
rapidly (in 3 min) cooled to 20 °C and treated with ether. The
ether extract was washed with a 5% NaHCO; solution and
then with water, dried over Na,SOy, and evaporated in vacuo.
The residue (0.9 g) was chromatographed on SiO; (50 g)
Elution with hexane gave a mixture (588 mg, 68 %) of
1: 12 : cis-13 ;. trans-13 - 17 = 65:20:9:3:3  (the
'H NMR data) as a colorless oil, R 0.38 (hexane). The
mixture was chromatographed on SiO, (100 g) impregnated
with 10 % AgNO,. Elution in a hexane—benzene (85 @ 15)
mixture gave (in order of elution) 1 (0.36 g, 42 %), 12
(115 mg, 13 %), and a mixture c¢is-13 : trans-13 =3 © 1
(60 mg, 7 %).

(+)-Furodizinin 1, colorless needles, m.p. 47—51 °C (hex-
ane). 'H NMR: 1.20 and 1.24 (s, 6 H, HC(11), HC{12));
1.30 {(m, 1 H. HC(5)); 1.53 (m, | H, HC(4a)); 1.64 (brs,
3 H, HC(13)); 1.65 (m. 1 H, HC(5)): 1.93 (m, 2 H, HC(6)):
243 (dd, | H. HC(1Y, /= 153, 10.2); 263 (m, | H,
HC(8a)); 2.79 (d.d. | H, HC(1), / = 15.3, 5.6); 5.56 (brd,
1 H. HC(8), / = 5.6); 6.22 (d, | H, HCU®), J = 1.9); 7.21
(brs, | H, HC(9)). 13C NMR: 19.3 (C-5); 23.2 (C-13); 26.2
(C-12): 27.6 (C-1); 31.2 (C-8a); 31.7 (C-6); 32.8 (C-11); 33.1

(C-4), 44.5 (C-4a); 108.1 (C-10); 124.6 (C-3); 126.1 (C-8);
133.6 (C-7); 140.4 (C-9), 147.4 (C-2). High-resolution mass
spectrum, m/z 216 [M]*. Found: mol. weight 216.15178; cal-
culated for CysH,0: mol. weight 216.15131.

4,4,7-Trimethyl-1,4,4a0,5,6,8aB-hexahydronaph-
thol{2.3-blfuran (12), colorless prisms, m.p. 33—-37 °C
(hexane). 1R: 600, 690, 840, 900, 1050, 1140, 1270, 1330,
1380, 1445, 1470, 1510, 1640, and 2820—3005. 'H NMR;
1.02 (s, 3 H, HCO1IY; 123 (s, 3 H, HC(12)); 1.30 (m, | H,
HC(4a)); 137 (m, | H, HC(5)): L.71 (brs, 3 H, HC(13)):
190 (m, 1 H, HC(5)): 2.06 {(m, 2 H, HC(6)); 2.22 (d.d, I H,
HC(), J = 156, 11.7); 242 (m, | H, HC(8a)); 2.71 (d.d,
I H, HC(D), J = 156, 5.3); 530 (m, | H, HC(8)); 6.30
(brs, | H, HC(10)); 7.25 (brs, 1 H, HC(O). 13C NMR: 229
(C-5); 23.3(C-13), 244 (C-11); 27.7 (C-12); 30.6 (C-1); 31 .4
(C-6); 33.3 (C-4); 34.2 (C-8a); 46.8 (C-4a); 108.2 (C-10);
125.4 (C-8); 127.5 (C-3); 1342 (C-7); 140.4 (C-9); 1484
(C-2). High-resolution mass spectrum, m/z 216 [M]*.
Found: mol. weight 216.15231; calculated for C;sH,,0: mol.
weight 216.15131.

A_mixture (=3 : 1) of cis-4-isopropenyl-1-methyl-3-(2"-
furylimethyleyclohex-1-ene {(cis-13) and trans-4-isopropenyl-
L-methyl-3-(2 -furyDmethylcyclohex-1-ene (frans-13), color-
less oil, Ry 0.38 (hexane). For cis-13, 'H NMR: 1.5—2.2 (m.
§ H, HC, H,C); 1.68 and 1.80 (brs, 6 H, Me); 4.73 and 4.90
{brs, 2 H, HyC=); 5.37 (m, | H, HC=); 6.0, 6.3, 7.3 (m,
3 H, HC(3")., HC(4"), HC(5). For rrans-13, 'H NMR:
1.50 and 1.72 (brs, 6 H, Me); 1.5=2.1 (m, 5 H, HC(4),
HC(5), HC(6)); 2.22 (d.d, | H, HC(ID, J = 142, 10.0);
240 (m, | H, HC(3)); 2.82 (br.d.d, | H, HC(11), J = 14.2,
34); 4,80 (m, 2 H, H,C=); 526 (m, 1 H, HC=); 5.96 (br.d,
1 H, HC(3"), /= 3.1), 6.25 (dd, | H, HC@"), J = 3.1,
1.9); 7.28 (br.d, 1 H, HC(5"), J = 1.9). High-resolution mass
spectrum, m/z 216 {M]*. Found: mol. weight 216.15215; cal-
culated for CsH30: mol. weight 216.15131.

As described above for £-3, a product (0.46 gj was ob-
tained from Z-3 (468 mg, 2 mmol) and 85% H3 PO, (aq.)
(46 mg, 0.4 mmol) in PhMe (3 mL) after 40 min, and then
chromatographed on Si0; (20 g). Elution with hexane gave a
mixture (285 mg, 66 %) of 1 : 12 : cis-13 : trans-
13 ;14 217 =30 :35:3:7:20:5 (the 'H NMR data)
as a colorless oil, Ry 0.38. The mixture was chromatographed
under the conditions of the previous experiment on S$i0, (30
g) impregnated with 10 % AgNO; to isolate the samples of
compounds 1 and 12; the 'H NMR spectra of these com-
pounds are virtually identical to those reported above. A
mixture (20 mg) of bicyclic product i4 and the derivative of
limonene frans-13 was obtained in a ratio of <2 : | ('H NMR
data) as a colorless oil, Ry 0.38 (hexane}. The high-resolution
mass spectrum, m/z 216 [M]*. Found: mol. weight 216.15203;
calculated for CysH,yO: mol. weight 216.15131.

For 4-methyl-4-(4 -methylpent-3"-en-1"-y1)-4,7-dihydro-
benzofuran (14), 'H NMR: [.24 (s, 3 H, MeC(4)); 1.50 and
1.60 (brs, 6 H, Me); 1.5—2.1 (m, 4 H, CH,y); 3.23 (d.d,
2 H, HC(N, J = 3.4, 2.2); 5.0 (m, t H, HC(3")); 549 (d.t,
I H, HC(S), J = 10.0,2.2); 5.79 (d.t, | H, HC(6), / = 10.0,
3.4); 6.22(d, | H, HC{3), J = 1.9%: 7.28 (brs, | H, HC(2)).

Similarty, a 1 : 12 : ¢is-13 © trans-13 © 17 mixture was
obtained from E-5 (702 mg, 3 mmol) and 83% (aq.) HyPOy
(69 mg, 0.2mmol) in PhMe (4.5 mL) after 30 min in a yield
of 356 mg (55 %); the ratio of components in the mixture was
virtually identical to that obtained in the case of cationic
cyclization of £-3 (‘H NMR data).

Similarly, a 1 : 12 : cis-13 : frans-13 : 17 mixture was
obtained from Z-5 (234 mg, | mmol) and 85% (aq.) H3PO,4
(23 mg, 0.6 mmol) in PhMe (1.5 mL) after 20 min in a yield
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of 166 mg (77 %) in a ratio virtually identical to that obtained
in the case of cationic cyclization of E-3 ('H NMR dau).

Similarly, a 1 : 12 : cis-13 : trans-13 : 17 mixture was
obtained from E-6 (414 mg, 1.5 mmol) and 85% (aq.) H;PO,
(35 mg, 0.3 mmol) in PhMe (2 mL) after 1.5 h in a yield of
107 mg (33 %) in the ratio ~ 3 = 3 : 1 : 3 (‘{H NMR data).

As described above for E-3, the reaction of a ~3 @ | cis-
13 : trans-13 mixture (110 mg, 0.51 mmol) and 85% (aq.)
H3PO4 (12 mg, 0.1 mmol} in PhMe (0.7 mL) after 1.5 h gave
a product (0.1 g}, which was chromatographed on Si0; (2 g)
Elution with hexane gave a 1 © 12 © ¢is-13 : trans-13: 17 mix-
ture in a yield of 75 mg (68 %) in the ratio ~7:3:1:2:7
('H NMR data) as a colorless oil, Ry 0.38 (hexane).

As described above for E-3, the rcaction of 4 (468 mg,
2 mmol) and 85% (aq.) H;PO4 (46 mg, 0.4 mmol) in PhMe
(3 mL) after 20 min gave a product in a yield of 0.46 g. This
material was chromatographed on $i0, (20 g). Elution with
hexane gave a 2 : 18 : (cis-19+trans-19) mixture in a yield of
259 mg (60 %) in the ratio = 66 : 22 : 12 ('H NMR data) as
a colorless oil, Ry 0.38 (hexane). The mixture was chromatogra-
phed on S105 (30 g) impregnated with 10 % AgNO;. Elution
in a hexane—benzene (85 ¢ 15) system gave (in order of
elution) 2 (168 mg, 39 %), 18 (54 mg, 12 %), and the cis-
19 : trans-19 mixture (=3 - 1) (28 mg, 6 %).

(+)-Furodizin 2. colorless crystals, m.p. 58—61 °C (hex-
ane). '"H NMR: 1.26 (s, 3 H, HC(I1D)); 1.28 (s, 3 H, HC(12)),
1.38 (m, | H, HC(8)); 1.539 (m, | H, HC(8a)); 1.67 (brs,
3 H, HC(13)); 1.74 (m, | H, HC(8); 2.0—-2.1 (m, 2 H,
HC(7y; 2.20 (dd, 1 H, HC(4), J = 174, 12.5); 2.56 (dd,
I H, HC@), J = 174, 5.7), 2.60 (m, 1 H, HC(4a)); 5.61 (m,
1 H, HC(5); 6.11 (d, 1 H, HC(10), J = 1.8); 7.24-(d, | H,-
HC(9), / = 1.8). '3C NMR: 19.5 (C-8); 23.2 (C-13); 238
(C-12); 27.3 (C-4); 30.7 (C-11); 31.6 (C-4a); 31.8 (C-7); 34.6
(C-1); 45.6 (C-Ba); 109.8 (C-5); 1129 (C-3); 126.4 (C-10);
133.1 (C-2); 1404 (C-9); 156.8 (C-6).

L.1.6-Trimethyl-1,4,4aa,7 8. 8aB-hexahydronaph-
tho[2.3-b}furan (18), colorless crystals, m.p. 32—35 °C (hex-
ane). IR: 610, 700, 840, 940, 1020, 1080, 1120, 1150, 1180,
1280, 1370, 1380, 1450, 1500, 1570, 1630, 1680, and 2740—
3020 TH NMR: 110 (s, 3 H, HC(11); 1.30(s, 3 H, HC(12)),
1.39 (m, 2 H, HC(8), HC(8a)); 1.70 (brs, 3 H, HC(13)),
1.86 (m, | H, HC(8)); 2.04 (m, 2 H, HC(7)); 205 (dd, | H,
HC), J = 153, 11.6); 2.30 (m, | H, HC(4a)), 2.50 (d.d,
I H, HC(4), J = 153, %), 530 (m, | H, HC(5)); 6.15 (brs.
I H, HC(0)); 7.25 (brs, + H, HC(9)). 3C NMR: 224
(C-11); 22,6 (C-8), 23.2(C-13): 252 (C-12); 29.7 (C-4); 311
(C-7y; 34.6 (C-4a); 35.0 (C-1y; 47.3 (C-8a); 109.8 (C-10);
1144 (C-3); 1256 (C-5); 1336 (C-6); 1402 (C-9); 1580
(C-2). High-resolution mass spectrum, m/z 216 [M]?
Found: mol. weight 216.15223; calculated for CygH,0: mol
weight 21615131,

A mixture (=3 . 1) of cis-4-isopropenyl-1-methyl-3-(3 -
furylimethylcyclohex-1-ene (cis-19) and rrans-4-isopropenyl-
| -methyl-3-(3 -furylymethylcyclohex-1-ene (frans-19) was ob-
tained as a colorless oil, R 0.38 (hexane). For ¢is-19, 'H NMR:
1.5-2.2 (m, 8 H, HC, H,C); 1.65 and [ .80 (both brs, 6 H,
Me); 473 and 4.90 (both brs, 2 H, H,C=); 54 (m, | H,
HC=); 6.25, 7.15, 7.35 (all m, 3 H, HC4"), HC2"), HCG ™).
For rrans-19, 'H NMR: 1.5=2.2 (m, 8 H, HC, H,C), 1.55
and 1.75 (both brs, 6 H, Me); 478 and 4.82 (hoth brs,
2 H, HyC=);, 54 (m, | H, HC=); 625, 7.15, 7.35 (all m,
3 H, HC{4), HC2"), HC(57)). High-resolution mass spec-
trum, m/z 216 [M]*. Found: mol. weight 216.15185; calcu-
lated for CysH70O: mol. weight 216.15131.

Isomerization of (%)-furodizinin 1. A solution of 1 (100 mg,
0.46 mmol) in PhMe (0.2 mL) was added as one portion with

stirring to an emulsion of 85% (aq.) H3PO4 (10 mg, 0.1 mmol)
in PhMe (0.7 mL) at 100 °C (Ar). The mixture was kept at
100 °C for 2 h, then rapidly cooled to 20 °C and diluted with
ether. The usual treatment of the ether extract gave a 1/17
mixture (98 mg) in the ratio ~1 : 3 (!H NMR data). The
mixture was chromatographed on SiO; (20 g) impregnated with
AgNO, (10 %). Elution in the hexane—benzene (85 : 15) sys-
tem gave a fraction (20 mg) enriched with compound 17
(>80 %) as a colorless oil, Ry 0.38 (hexane).

For 4.4 7-trimethyl-1,4 4aa,5,8,8aa-hexahydronaph-
tho[2.3-b]furan 17, 'H NMR: 114 (s, 3 H, HC(11)): 1.23 (s,
IH, HC(12)): 165 (ddd, I H, HC(da), J = 11.5,5.2, 2.1},
168 (brs, 3 H, HC(13)): 1.76 (m, 1 H, HC(5); 1.83 (brd,
I H, HC®), J = 17.8); 196 (m, | H, HC(5); 2.38 (m,
I H, HC(8)); 24—2.6 (m, 3 H, HC(1), HC(8a)); 537 (m,
I H, HC(6)); 6.24 (4. 1 H, HCO1D), J = 1.9); 7.22 (brd,
HC(9)). 13C NMR: 23.4 (C-13); 23.6 (C-5); 24.8 (C-1); 258
(C-11), 29.4 (C-8a); 31.4 (C-12); 33.9 (C-4); 36.7 (C-8); 429
(C-4a); 108.4 (C-10); 120.7 (C-6); 123.8 (C-3); 1309 (C-7);
140 4 (C-9), 148.6 (C-2). High-resolution mass spectrum, m/g
216 {M]*. Found: mol. weight 216.15082, calculated for
CisHypO: mol. weight 216 15131

Cyclization of alcohol £-3 under the action of HCO,H.
HCO,H (2.32 g, 504 mmol) was added as one portion with
intense stirring to a solution of E-3 (468 mg, 2 mmol) in
cyclohexane (8 mL) at 20 °C (Ar). The mixture was kept for
5 min and treated with a 5% NaHCOj solution. The organic
layer was separated, washed with water, dried over Na;SOy,
and evaporated in vacuo. The residue (0.5 g) was chro-
matographed on S5i0, (30 g). Elution with hexane gave a
1: 12 : cis-13 © trans-13 mixture (151 mg, 35 %) in the ra-
tioof ~70 : 20 : 7 : 3 (!H NMR data) as a colorless oil, R
0.38 (hexane).
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