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Abstract

A stereoselective synthetic route to)6,7-dehydroferruginyl methyl ether was developed frd®(( )- -
cyclocitral. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Most diterpenoids exhibit significant bioactivities, such as antibactefiaintidermatophytié;®
antioxidant? etc. ( )-6,7-Dehydroferrugino®, a diterpenoid with the abietane skeleton, was separated
from Juniperus communis lin, wodxy Bredenber§.Barton et af concluded that the A/B ring junction
in the diterpenoids israns and this was confirmed by King et &lThe synthetic route followed by
King et al. is not stereospecific and the key intermediateas obtained in low yield by a laborious
process. In order to study further the relationship between the structure and bioactivities, it is desirable to
develop a stereoselective synthetic route wherebytrings-isomer could be obtained predominantly.

In connection with our synthetic studies on the naturally occurring ditergehaesd based on our
knowledge, no stereoselective synthetic work has been reported on the title compound. Here, we report a
highly stereoselective synthetic route to)}{6,7-dehydroferruginyl methyl eth&
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OMe

2 R = H (-)-6,7-dehydroferruginol
1 3 R = Me (-)-6,7-dehydroferruginyl methyl ether

2. Results and discussion

As shown in Schemes 1 and 2, our synthetic strategy i¥ ABC. Compared with Matsumoto’s
work,1% we used readily available-anisic acid as the C ring starting materig)-( )- -Cyclocitral9
([ 1®°> 708,c0.03, CHCk; lit.11[ 1?55 743,c0.05, CHC4), which was prepared from geranic acid
via five steps, was used as the A ring starting material (Scheme 1).

(=) methylbenzyl amine
/ \
coon” < ~COOH
] iii iv
— —_— —_—
7 ~CO,Me 7, “CH,OH < “CHO

Scheme 1. Reagents and conditions: (i) 85% 6, toluene; (ii) KCOs/Mels; (iii) LIAIH 4; (iv) PCC, CHCI,

As shown in Scheme 2, condensation@tWith 10 in the presence afi-BuLi/hexane afforded the
desired stryene derivativiel in 60% yield. The!H NMR of 11 reveals d@ransdisubstituted double bond
(the vicinal coupling constant of vinyl protonsis 15 Hz). Selective hydrogenation bi over 10% Pd/C
gave the phenethyl derivatide. In order to get a better yield and stereoselectivity in the intracyclization
step, several conditions had been tested; we found BFO in CHxCl, to be the best condition, which
gives thetransisomer1 in over 90% yield (d.e. >95%, determined by NMR). Compoundl was
acetylated by acetyl chloride and anhydrous Al@@l CH,Cl» to give the compound3in 90% vyield.
Compound13 was then reacted with Gii to give the alcohol14 in high yield. Alcohol 14 was
dehydrated witlp-TosOH/benzene to give the styrene derivatigethen hydrogenation df5 afforded
(+)-ferruginyl methyl ethedl 6, quantitatively. Oxidation oil6 by CrOs/HOAc gave (+)-sugiyl methyl
etherl7in 85% vyield. After reduction and dehydration, the title compound;®,7-dehydroferruginyl
methyl ether3, was successfully obtained. To determine the stereochemistywé introduced the
stereogenic center fronBf-( )- -cyclocitral. According to the literatur® when the A/B ring is &is
junction, the value of the C4- -methyl group will appear at about 0.4 ppm, if the A/B ring ifans
junction, the value of the C4--methyl group will appear at about 0.9—1.0 ppm. FromtHeNMR
of 3, we did not find any signal at 0.4 ppm, so tliansisomer was obtained in high stereoselectivity
(d.e. >95% determined by NMR). Based on the above analysis, the comBouasl assigned as |-
6,7-dehydroferruginyl methyl ether.

In conclusion, we developed a route to){6,7-dehydroferruginyl methyl ether via 15 steps with high
overall yield and stereoselectivity.
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Scheme 2. Reagents and conditions:ndBuLi, n-hexane (60%); (i) 10% Pd/C, ethanol (98%); (iii) BEt,O, CH,CI,

(85%); (iv) acetyl choride, anhydrous AKC{90%); (v) CHsLi ( 95%); (vi) p-Tos, benzene (90%); (vii) 5% Pd/C (95%);
(viii) CrO3/HOAC (85%); (ix) NaBH/ethanol (95%); (xjp-Tos, benzene (90%)

3. Experimental
3.1. General

ThelH NMR and3C NMR data were recorded in CD£$olution with Bruker AM-80 or AM-400
MHz spectrometers. The chemical shifts are reported in ppm relative to TMS orsCO@tical rotations
were determined on a JASCO J-20C polarimeter with a 0.2 dm tube. Mass spectra were recorded on a
ZAB-HS mass spectrometer (El). Microanalyses were performed on a MOD-1106 elemental analyser.
Chiral analysis was performed on a Varian Dynamax SD-300 using Chiralcel column CDMPCA850
mm D) with hexane/isopropyl alcohol as eluant. Column chromatographs were generally performed on
silica gel (200—-300 mesh) eluting with petroleum ether:EtOAc (18@Q:1 v/v) and TLC inspections
on silica gel G4 plates with petroleum ether:EtOAc (20:1 v/v) if not noted specifically below.

3.2. ( )- -Cyclogeranic acicb

At 100°C, 85% HPO, (0.01 mmol) was added to geranic adigl6 g, 0.1 mmol) in toluene (30 ml).
The reaction mixture was stirred for 2 h at this temperature, then reaction was quenched with saturated
NaHCG;, extracted with ethyl ether, the combined organic layer was washed with brine and then dried
with NapSOy. After evaporation of the solvent under reduced pressure, the precipitate was recrystallized
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from n-hexane to give the pure compoufd14 g, 90%).:H NMR (80 MHz) 0.90 (s, 3H), 0.96 (s,
3H), 1.60 (s, 3H), 1.8-2.5 (m, 5H), 5.6 (brs, 1H), 11.0 (s, 1H). MS (EI): 168, 153, 81 and 77. (Found: C,
71.29; H, 9.50. gH1602 requires: C, 71.39; H, 9.59%).

3.3. 8)-( )-Cyclogeranic acidb

Compound ()-5 (16.0 g) in ether (50 mL) was added to )t -methylbenzylamine (9.0 g). The
precipitate was recrystallized fromhexane to give the ()-salt. M.p. 110°C (needle). The solution of the
( )-saltin methanol was acidified with 5% HCI and extracted with ether. The combined organic layer was
washed with brine, then dried with NaO,. Evaporation of the solvent under reduced pressure, followed
by recrystallization fronm-hexane gave the pure compouhdvl.p. 101-102°C (as large prisms) (p2°

300 (€ 0.5, ethanol), lit ([ ]p%® 319 ethanol); e.e. >90% compared with Charles ét)alOther
spectra data were the same as those of

3.4. (§)-Methyl- -cyclogeranat&

To (9-( )-cyclogeranic acid (5.0 g, 30 mmol) in acetone (30 mL) was added anhydestS5.0
g, 36 mmol) and 3 mL Mel (6.0 g, 36 mmol), and the mixture was stirred at room temperature for 3 h.
The usual ether work-up gave the compodras a colorless oil (5.0 g, 909 NMR  0.90 (s, 3H),
0.96 (s, 3H), 1.60 (s, 3H), 1.8-2.5 (m, 5H), 3.1 (s, 3H), 5.6 (brs, 1H). MS (El): 168, 153, 81 and 77.
(Found: C, 71.29; H, 9.50. gH1602 requires: C, 71.39; H, 9.59%). This compound was used for the
next step without further identification.

3.5. (5)-2,6,6-Trimethyl-1-cyclohexenemethaBol

At 10°C, to a suspension of LIAH600 mg, 16 mmol) in anhydrous ethyl ether (30 mL), compound
7 (4.5 g, 25 mmol) in anhydrous ether (10 mL) was added dropwise. The mixture was stirred at this
temperature for 1 h. Then the reaction was quenched with ice-water, extracted with ether, and the
combined organic layer washed with brine and dried with$@,. Evaporation of the solvent under
reduced pressure gave the alco8®4.5 g, 90%), which was used for the next step immediately without
further identification.

3.6. §)-( )-Cyclocitral9

The alcohol8 (4.0 g, 23 mmol) was dissolved in anhydrous & (30 mL) containing 0.3 g 4 A
m.s. and anhydrous NaOAc (1.5 g). PCC (5.0 g, 26 mmol) in 30 mL anhydrop€igitas added to the
above solution portionwise at10°C. The solution was stirred at this temperature for 1 h, then the salt
was removed by passing through a short column @04l Purification by column chromatography gave
the pure compouné (3.0 g, 75%) ([ ]o%®> 708 (€ 0.03, CHCY), lit.11 ([ ]1p?® 743 (€ 0.05, CHC});

e.e. >90% by HPLC, lit}); TH NMR  0.92 (s, 3H), 0.98 (s, 3H), 1.60 (s, 3H), 1.8-2.5 (m, 5H), 5.7 (brs,
1H), 9.2 (s, 1H). MS (El): 152, 123, 137,81 and 77.

3.7. 3-(4-Methoxystyryl)-2,4,4-trimethyl-1-cyclohexéde

A solution of n-butyllithium in hexane (1.6 N, 4 mL) was added to a suspension of (4-
methoxybenzyl)triphenylphosphonium chloride (3.2 g, 7.55 mmol) in dry hexane (20 mL), under
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an atmosphere of Ar, and stirred at room temperature for 1 h. Then a solut®o{r00® mg, 4.6 mmol)

in dry hexane (10 mL) was added over 10 min. The solution was stirred for 4 h to complete the reaction.
Then the mixture was poured into diluted HCI, extracted with ether, and the combined organic layer was
washed with brine and dried with N&O4. The crude product was purified by column chromatography

to give the desired compourd (700 mg, 60%) ([ ]p?®> 302 (€ 0.25, CHC}); e.e. >90% by HPL&):

1H NMR (80 MHz) 0.94 and 1.00 (s, each 3H), 1.63 (bs, 3H), 3.83 (s, 3H), 5.50 (brs, 1H), 6.00 (1H,
dd, J=8, 15 Hz), 6.40 (1H, dJ=15 Hz), 6.88 (2H, dJ=8.9 Hz), 7.34 (2H, dJ=8.9 Hz). MS (El): 256,

200, 185, 121 and 91. (Found: C, 89.40; H, 9.4%H540 requires: C, 84.32; H, 9.44%).

3.8. 3-(4-Methoxyphenylethyl)-2,4,4-trimethyl-1-cyclohexihe

A suspension 0f1(500 mg) and 10% Pd/C (250 mg) in anhydrous ethanol (10 mL) was stirred at room
temperature in an atmosphere of hydrogen. The reaction was monitored by TLC; when the reaction was
completed, the mixture was filtered. The filtrate was evaporated in vacuo to yield the desired compound
12 (480 mg, 95%) as a colorless oil ([p?°® 132 (€ 0.08, CHC}); e.e. >92%°%); ITH NMR  0.91 and
1.00 (s, each 3H), 1.70 (bs, 3H), 3.80 (s, 3H), 5.34 (brs, 1H), 6.84 (286 Hz), 7.13 (2H, dJ=8.6
Hz). MS (El): 258, 243, 121. (Found: C, 83.55; H, 10.1@gl>0 requires: C, 83.67; H, 10.14%).

3.9. 12-Methoxy-podocarpane-8,11,13-tridn@ntramolecular cyclization 012)

To a solution of12 (300 mg, 1.2 mmol) in CKClI> (15 mL) was added BfEt,O (0.6 mL) dropwise.
The mixture was left to stand overnight. Then 30 mL of ether was added and the solution was
neutralized with saturated NaHG@OThe mixture was extracted with ether and the combined organic
layer was washed successively with saturated Nagl@@l brine, then dried with N&O,. Column
chromatography purification gave the purans compoundl (260 mg, 85%) (nccis compound was
detected by'H NMR) ([ ]p?® 32 (c 0.10, CHC}); d.e. >95% determined byH NMR); 1H NMR
0.99 (s, 6H), 1.24 (s, 3H), 1.32-2.37 (m, 11H), 3.82 (s, 3H), 6.70 (1HJ=RIO, 2.0 Hz), 6.85 (1H, d,
J=2.0 Hz), 6.93 (1H, dJ=8.0 Hz). MS (EI): 258, 243, 187, 161, 121, 91. (Found: C, 83.57; H, 10.09.
Ci18H260 requires: C, 83.67; H, 10.14%).

3.10. 13-Acetyl-12-methoxy-podocarpane-8,11,13-trishe

At 10°C, to a solution o (300 mg, 1.2 mmol) in CKCL> (15 mL), anhydrous AIGI (350 mg) was
added portionwise, then acetyl chloride (0.2 mL) was added dropwise to keep the reaction temperature
below 5°C. After stirring overnight, the mixture was poured into ice-water and extracted wiskClH
The combined organic layer was successively washed with saturated Neh@®rine, then dried with
NaxSOy. After column chromatography purification, the compodrddvas obtained as a yellowish oil
(310 mg, 95%; d.e. >95% determined By NMR); tH NMR  0.91 (s, 3H), 0.95 (s, 3H), 1.21 (s, 3H),
1.32-2.37 (m, 11H), 2.58 (s, 3H), 3.87 (s, 3H), 6.83 (s, 1H), 7.44 (s, 1H). MS (El): 300, 285, 256, 203,
163, 91. (Found: C, 79.73; H, 9.15,4H,30, requires: C, 79.96; H, 9.39%).

3.11. Alcoholl4
To a solution 0f13 (300 mg, 1.1 mmol) in anhydrous THF (5 mL), @H (1.3 N, 1.5 mL) was

added at 0°C and the solution stirred for 4 h, then poured into ice-water and extracted with ether. The
combined organic layer was washed with brine and dried wits80a. The solvent was removed under
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reduced pressure to give the alcotidl(310 mg, 95%), which was used for the next step without further
identification.

3.12. 13-(2-Methenylethyl)-12-methoxy-podocarpane-8,11,13-trihe

To a solution of14 (500 mg, 1.6 mmol) in benzene was added galosOH, and the solution
was refluxed for 0.5 h. After cooling, saturated NaHOf&as added to the solution and the mixture
was extracted with ether. The combined organic layer was washed with brine and dried y#tyNa
Purification by column chromatography gave the styrene derivav@50 mg, 90%) ([ ]o%° +52 (c
0.04, CHC}); d.e. >95% determined bAH NMR); TH NMR  0.92 (s, 3H), 0.94 (s, 3H), 1.21 (s, 3H),
1.71 (s, 3H), 1.32-2.37 (m, 11H), 3.8 (s, 3H), 5.05 (s, 1H), 5.10 (s, 1H), 6.75 (s, 1H), 6.85 (s, 1H). MS
(El): 298, 285, 163, 91. (Found: C, 79.73; H, 9.15gd»505 requires: C, 79.96; H, 9.39%).

3.13. (+)-Ferruginyl methyl ethet6

A suspension ofl5 (300 mg) and 5% Pd/C (150 mg) in ethanol (10 mL) was stirred at room
temperature in an atmosphere of hydrogen. The reaction was monitored by TLC, and when the reaction
was completed, the mixture was filtered. The filtrate was evaporated in vacuo to yield the desired
compound16 as a colorless heavy oil (280 mg, 95%) [p2° +45 (€ 0.07, CHCl,); d.e. >95%
determined by'"H NMR); IH NMR  0.83 and 0.85 (s, each 3H), 1.14 (d, 6K7.5 Hz), 1.17 (s,
3H), 1.10-3.00 (m, 11H), 3.25 (sept, 1857.5 Hz), 3.70 (s, 3H), 6.75 (s, 1H), 6.69 (s, 1H). MS (EI):

300, 176, 163, 133, 69. (Found: C, 83.75; H, 10.52H3,0 requires: C, 83.94; H, 10.73%).

3.14. (+)-Sugiyl methyl ethet7

To a solution ofL6 (300 mg, 1 mmol) in acetic acid (5 mL) was added €@ mmol) in acetic acid
(5 mL) at room temperature, and the mixture was stirred for 0.5 h, then water was added to quench the
reaction. After extraction with ether, the combined organic layer was washed with saturated NaHCO
and brine. Column chromatography purification gave the compaurn{@80 mg, 90%) as white needle
crystals. M.p. 130-132°C ([[p%® +27 (¢ 0.9, MeOH), lit!3 ([ ]p?® +32 (¢ 0.1, MeOH); d.e. >95%);
IH NMR 0.93 and 1.00 (s, each 3H), 1.23 (d, 34,7.0 Hz), 1.27 (d, 3H,)=7.0 Hz), 1.28 (s, 3H),
1.29-2.71 (m, 9H), 3.25 (sept, 1B7.0 Hz), 3.88 (s, 3H), 6.75 (s, 1H), 7.89 (s, 1H). MS (El): 300, 285,
189, 163, 69. (Found: C, 80.10; H, 9.52,18300, requires: C, 80.21; H, 9.62%) .

3.15. Alcoholl8

To a solution ofl7 (200 mg, 0.67 mmol) in methanol (10 mL) was added NaB8D mg), and the
reaction mixture was stirred for 1 h. Then water was added, the mixture was extracted with ether, and
the combined organic layer was washed with brine and then dried wits®ia Evaporation of the
solvent gave the alcoh@B (200 mg, 95%). The compouriB was used for the next step without further
identification.

3.16. ( )-6,7-Dehydroferruginyl methyl eth&r

To a solution ofL8 (100 mg, 0.4 mmol) in benzene was added pafos, and the solution was refluxed
for 0.5 h. After completion of the reaction, ether (100 mL) was added and the organic layer was washed
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with saturated NaHC®and brine, and dried with N&O,. The crude product was purified by column
chromatography to give the §-6,7-dehydroferruginyl methyl ethé (480 mg, 90%) ([ 10> 45 (c

0.05, CHC}); d.e. >90% determined thH NMR); TH NMR  1.02 (s, 3H), 1.09 (s, 3H), 1.10 (s, 3H),

1.24 (d, 3H,J=7.0 Hz), 1.30 (d, 3H,J=7.0 Hz), 1.32-2.24 (m, 7H), 3.31 (sept, 1847.0 Hz), 3.88

(s, 3H), 5.93 (dd, 1HJ=3.0, 9.5 Hz), 6.55 (dd, 1HI=9.5 Hz), 6.75 (s, 1H), 6.96 (s, 1H)3C NMR

19.0, 20.1, 22.5, 22.9, 26.4, 32.6, 32.8, 36.1, 37.9, 41.1, 51.1, 55.5, 104.7, 124.3, 125.8, 127.4, 133.8,
146.9, 156.4. MS (EI): 298, 283, 216, 173. (Found: C, 84.45; H, 10.98440 requires: C, 84.51; H,
10.13%).
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