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Total synthesis of orchinol’
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An efficient route for the synthesis of the title compound is described.

The synthesis of the phytoalexin orchind0OY and related  strong hydroxyl group in the IR spectrum and this on esterifi-
dihydrophenanthrenes natural products have received considation with dimethyl sulfate and potassium carbonate in ace-
erable attention from the organic chemists due to the widd¢one yielded the dimethoxy compoun@) (n 60% yield. In
range of biological activitiesA literature search reveals that addition a small amount of a dark oily material was obtained
several total synthesesf orchinol (L0) have been accom- which exhibited a molecular ion 268 {Min the mass spec-
plished. In view of its important biological activity and in con- trum and three methoxy groups in the NMR spectrum. This
tinuation of our earlier work on terpene compounds, wewas assigned the structutel). We believe that probably par-
decided to examine a new route for the synthesis of orchinoltial hydrogenolysis of the group (-OQBICH,) and aromati-
The dienone () on heating withp-TSOH (toluene-p-sul-  zation occurred during the hydrogenation of the compa8jnd (
fonic acid) in toluene was converted to the pheBpir(50%  The resulting product on methylation led to the formation of a
yield. This product was obtained in only 10% yield along with small amount of the compountl1j. No attempt was made to
other products when the dienori@ as heated directly with  characterize it. Removal of the methoxymethyl ether grélp (
conc. hydrochloric acid. The mineral acid mediated rearrangeby treatment with acetic afidafforded orchinol 10) in 70%
ment of () was expected to give different produthe reac-  yield whose m.p. and spectroscopic data were identical with
tion was clean witlp-TsOH in toluene. In order to realise the those reported. Its identity was confirmed by mixed m.p. and
desired objective, it was necessary to protect the hydroxythe TLC comparison with an authentic samfle.
group and thus the phen@) (wvas treated with bromaocetoni- ~ The transformation of the nitril@) to the aldehydesj was
trile? in the presence of acetone and potassium carbonate. Ti#so0 attempted by oxidation @)(with copper(ll) sulfate and
resulting nitrile 8), on treatment with potassium perman- potassium peroxydisulfate benzeneselenic anhydride and
ganate and dicyclohexyl-18-crown-6 at room temperature chlorobenzen®, and cerium(lV) ammonium nitrae but
afforded an acidic product which without purification, was these methods afforded negligible amount of the aldet8de (
esterified with dimethyl sulfate and alkali to give the estpr ( Hence the transformation of the nitrilg) ¢o the aldehydeg)
The alcohol §), obtained by the metal hydride reduction of Was accomplished by a lengthy route.
the ester4), was converted to the aldehyds by oxidation The chemistry reported herein demonstrates the utility of
with barium permanganate in dichlorometh&iiée aldehyde the dienonephenol rearrangement in the synthesis of dihy-
(6) could not be purified by column chromatography becausedrophenanthrenes. In conc_lu3|on an _eff|0|ent route has been
it showed a tendency of decomposition, as was shown in theleveloped for the synthesis of orchindlOX The yield of
TLC. It was treated with 32% aqueousQ in methanol and ~ orchinol (L0) obtained is not inferior to that of the already
conc. HSO,, containing a trace of KHS(and stirred for 36 published procedure.
h at room temperatureThe resulting compound exhibited a
strong absorption for the hydroxyl group at 3242cim the Experimental
IR. spectrum indicating the formation of the phenolic com- For general methods see ref.14.
pound. This was converted to the dinitrii® (n 60% yield by 2-Hydroxy-4-methyl-7-methoxy-9,10-dihydrophenanthrée To
the above mentioned procedure. It was a dark thick oil whicta solution of the dienone (1) (5.08 g) in dry toluene (300 ml) was

ifi i~ addedd-TsOH (1.52 g) and heated under reflex for 48 h. The work-up
could not be purified by repeated chromatography. The dlnlfollowed by repeated chromatographic purification (hexap@)Et

trile (7), characterised by spectroscopy (MS and IR), was Subztorgeq the phenol (2) (2.52 g, 509%){2240 (M), v, 3440 cm
jected to demethoxylation by treatment with boron tribromide on): § 2.12 (s, 3H), (4-Me), 3.72 (s, 3H), (6-OMe), 5.38 (s, br, 1H)

in dichloromethane. The resulting alcohol without further (2-OH), 6.48 (s, br, 2H), 6.63-6.78 (m, 2H), 7.98Jd9 Hz, 1H), (5
purification was converted to the compou)l lfy treatment  aromatic protons) (Found: C, 80.01; H, 6.73.+ O, requires C,

with dimethoxymethane, p-TsOH and molecular siévese 79.97; H, 6.71%). The other products obtained were not characterised.

; i 2-Oxocyanomethyl-4,methyl-7-methoxy-9,10-dihydrophenan-
colmpounﬁ . a ?ark bLown rtr_wa]lctertlal,_lcolLild not bel pugfled ?y threne(3): To a solution of phenoRj (2.46 g) in acetone (50 ml) was
column chromatography satisiactorily. It was only characler-,qqeq promacetonitrile (1.35 @), dry potassium carbonate (1.35 @),
ized by spectroscopy (MS and IR). In one occasion attemptgnd then heated for 40 h. The work-up followed by chromatographic

were made to purify the compoundg @nd @) by chro- purification (hexane:EO 6:4) afforded §) (1.99 g, 70%)m/z 279
matography. The desired compounds were obtained in modefM*), v,., 2225 cm* (CN); 3 2.14 (s, 3H) (4-Me), 6.52 (s, br, 2H),
ated yield and in reasonable purity after repeatedf:64-6.72(m, 2H), 7.88 (d=8 Hz, 1H) (5 aromatic protons) (Found:

- P C, 77.73; H, 6.16.; CH,-O, requires C, 77.39; H, 6.13%)
chromatographic purification. The compoundgsgnd 8) had 2-Oxocyan0me%yjl7-42-carbomethoxy-?-methoxy-g,1O-dihy-

a tendency to decompose as shown by TLC and thus it Waggphenanthrenéd): To a solution of potassium permanganate (12 g)
considered sensible to work with crude compounds. The comin dry benzene (100 ml) was added phenanthrgng¢1(99 g) and

pound 8) was dissolved in ethanol and subjected to hydro-dicyclohexyl-18-crown-6 (350 mg). The deep brown solution was
genatioﬁ with PtQ.. The resulting product which was a stirred at room temperature for 96 h. The reaction mixture was fil-

i ihi tered, the residue was dissolved in aqueous solution of sodium
mixture of three compounds as shown by TLC, exhibited ahydroxide (250 ml, 5%). After filtration of the manganese oxide, the

alkaline solution was extracted with ether to remove the traces of

* To receive any correspondence. crown ether. The alkaline extract was acidified with dilute hydrochlo-

T This is a Short Paper, there is therefore no corresponding material iric acid and extracted with ether. The work-up yielded an acidic mate-
J Chem. Research (M). rial (1.62 g), as a very low melting solid.
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afforded an oil (435 mg); v, 3740 cnt! (OH).

The crude oil (435 mg)in dichloromethane (45 ml),
dimethoxyethane (3 ml) ang-TsOH monohydrate (15 mg) and
heated under reflux for 18 h in a Soxlet containing a Linde type 3A
molecular sieves (10 g). The work-up by the published procédure
followed by chromatographic purification (hexang(EB:7) yielded
the compound8), a dark brown material (252 mg, 50%W)/z 350
(M*) and 270 (M-2 CH,CN); Vinax 2225 cnit (CN).

NCH, CO
(1) (2 (3)

R OMe ycw,co OMe \ eHaCo OCHz0Me To a solution of the compoun@)((215 mg) in ethanol (30 ml) was
O ‘ O added PtQ (70 mg) and stirred at room temperature for 18 h. The
0‘ — O‘ _—> O‘ B work-up yielded a thick oil (95 mg) which without purification was
NCH,CO NCH,CO NCHZCO dissolved in acetone (10 ml) and treated with dimethyl sulfate (2 ml)
(7 (8) and potassium carbonate (800 mg) and heated for 8 h. The work-up
followed by chromatographic purification (hexang@®®:8) afforded
(4] R= COOMe the dimethoxy compound (9) (109 mg, 60%)iz (M*); 3 3.68(s,
{5} R=CHaO0H 6H), 3.82 (s, 3H) (2,4,7-OMe), 6.58 (s, br, 2H), 6.71-6.82 (m, 2H),
(6) R=CHO 7.92 (d,J=8 Hz, 1H) (five aromatic protons) (Found: C, 72.02; H,
6.73. GgH,,0, requires, C, 71.98; H, 6.71%).
OCHz OMe OH OMe 2,4-Dimethoxy-7-hydroxy-9,10-dihydrophenanthrene (Orchinol)
Me0 O MeO O MeO O (20): The dimethoxy compoun®) (105 mg) was dissolved in acetic
O‘ e O‘ O‘ acid (10 ml, 2N) and heated for 30 h at 90 °C. The work-up followed
MeO MeO MeO by chromatography (hexane;Bt1:1) afforded orchinol (10) (63 mg,

70%), m.p. 1.25-127 °C (£ 127-128 °C) whose melting point
remained undepressed mixed with an authentic speditneriz256
(M*); Vimax 3412 ¢t (OH) 8 3.81 (s, 6H, 7-OMe), 5.52 (s, 1H, OH),
6.45 (s, br, 2H), 6.63-6.78 (m, 2H), 8.08 &9 Hz, 1H) (five aro-
matic protons) (Found: C, 75.02; H, 6.31,/8,,0, requires, C,

To a solution of the acid (1.56 g) in acetone (5 ml) was added anhyz4'98; H, 6.29%).

drous potassium carbonate (80 mg) and dimethyl sulfate (902 m . s
and re‘f)qued for 12 h. The \fvork-u%) followed byychromato(graphicge/\/e are grateful to Professor W. Tchtermann, Universitat Kiel

purification (hexane:EO 3:6) afforded the ester (4) (1.79 g, 78%), (Germany) for authentic specimen of orchinol, to Professor

m/z 323 (M), 293 (M -CH’CN) v, 1730 cmi* (CO) and 2224  G.W. Morrow, University of Drayton (USA) fotH NMR

(CN); & 3.68 (s, 3H), 3.72 (s, 3H) (4,700Me), 6.54 (s, br 2H), spectra and Professor L. Mander (Cambera) for discussions.
6.65-682 (m, 2H), 7.96 (d=9 Hz, 1H) (5 aromatic protons) (Found: \We express our thanks to CONICIT for partial economic sup-

C, 70.61; H, 5.33. CH,,O/N requires, C, 70.57; H, 5.30%). ; ; ; ; _
2-Oxocyanomethyl1-74-?1ydroxymethylene-?-,methxoy-9,10-dihy-gggoé%9%(;comp“5h the synthesis of orchinol (Project S|

drophenanthrené5): To a solution of the ested)((1.78 g) in ether
(45 ml) was added lithium aluminium hydride (620 mg), and heated . . .
gently for 12 h. Heating for a long time or refluxing with tetrahydro- Received 30 April 2000; accepted 21 May 2000
furan caused partial reduction of the nitrile group. The work-up fol- Paper 00/304
lowed by chromatographic purification (hexang(#:6) afforded
the alcohol (5) (1.11 g, 68%)/z295 (M"), 255 (M™-CH,CN); v ..
3252 cntt (CO) and 2221 (CN)Y 3.72 (s, 3H, 7-OMe), 4.82 (s, 2H,
40CH,OH), 6.54 (s, br, 2H), 6.66—6.86 (m, 2H), 7.86 Jd3 Hz, 1H)
(5 aromatic protons) (Found: C, 73.24; H, 5.82HG,O;N requires
C, 73.20; H, 5.80%).
2,4-Dimethoxy-7-methoxymethylene-9,10-dihydrophenanthrene 3
(9): To a solution of the alcohdb) 1.12 g) in methylene chloride (120
ml) was added dry powdered barium manganate (4.02 g), stirred for
6 h at room temperature, diluted with methylene chloride (90 ml) and ,
filtered. The work-up afforded the aldehyde (6) (825 mg, 758,
293 (M), 253 (M-CH,CN); v, .. 2225 cmi* (CN), 1710 (CO);d 5
3.68 (s, 3H-OMe), 6.52 (s, br, 2H), 6.68-6.84 (m, 2H), 7.8414@, 6
Hz, 1H) (aromatic protons), 9.56 (s, 1H, 4-CHO) (aromatic protons). 7
To a solution of the aldehydé)((820 mg) in methanol (1g ) was

(9} (10) (14)

Scheme 1
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