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SYNTHESES OF SHYOBUNONE AND RELATED 
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Abstrrt-Shyobunone, preisocalamendid and related sesquiterpenes have been synthesized from 
(-)-santonin. 

SEWRAL new sesquiterpenes have been isolated from Acorus calmnur L. (Japanese 
name, Shyobu), and their structures have also been rducidated.’ As shown in Scheme I, 
shyobunone (I) can be chemically converted into ihe other sesquiterpenes2 isolated 
from A. calamus The formation of preisocalamendiol (IV) provided shyobunone (I) 
in active form, because preisocalamendiol (IV! a germacr one-type sesquiterpene, 
was required for biogenetic reactions. 3 We rerbort the syntheses of shyobunone (I) 
and related sesquiterpenes from the known dihydroxy-acetal (VII),4 which has 
previously been obtained from (-)-santonin. 
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Initially an acetoxy-ketone (VIII) was synthesised and converted into shyobunone 
(I) through a degradation of the ring A. Acetylation of the dihydroxy-acetal (VII) 
afforded a diacetate (IX) which was carefully hydrolysed to the hydroxy-monoacetate 
(X). Treatment of X with mesyl chloride-p~idi~ followed by substitution with excess 
of sodium iodide afforded an iodo*acetate (XII),* which was readily reduced to an 
acetoxy-a&al (XIII): and then heated in aqueous acetic acid to produce, in 68% 
yield the acetoxy-ketone (VIII), m.p. 118-119”. The structure VIII was supported 
by its IR and NMR spectra (Ex~ental~ 

VII: R’ = R2 = H VIII XII: R = -CH21 
IX: R’ = R2 = AC X111: R = -Me 
X: R’ = AC. R2 = H 

XI: R’ = Ac. R2 = MS FOG 2. 

Degradation of the ring A of VIII and its conversion into shyobunone (I) was carried 
out as follows. An end acetate (XIV), which was obtained by treatment of VIII 
was ozonixed, and then carefully reduced with LAH to give a trio1 (XV) in high yield. 
In the next step, a secondary OH group in XV was protected from dehydration of ether- 
ring formation. The triacetate (XVI) obtained by acetylation of XV was hydrolysed 
to afford a dihydroxy-rnon~ta~ (XVII).t which was then converted into a mono- 
acetoxydimesylate (XVIII). When treated with a large excess of sodium iodide 
under the same conditions as that of XI, XVIII afforded only a mono-iodide (XIX), 
indicating that one of two mesyl groups in XVIII was resistant to substitution by 
sodium iodide In fact, the acetoxydimesyla~ (XVIII) could be quantitatively con- 
verted into the corresponding di-iodo-acetate (XX) when treated with sodium iodide 
under more vigorous conditions 

XIV XV: R’ = R2 = H x1x:x = 0% 
XVI: R’ = R’ = Ac xX:x=1 

XVII:R’ = H,R2 =i AC 

XVIII: R’ = Ms. R’ = Ac 
FIG 3. 

+ An iodo-acetate (Xn) is an important intermediate for syntheses of othr elemene-type sesquiterpznes, 
e.g. geijerenc (A),J has been synthtsizai from XII. 

t When stirred in 5% methanolic KOIi at roomAtemp for 10 mitt, (XVI) was completely hydrolysed 
to xv. 
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Finally, treatment of XX with potassium t-butoxide afforded an ether (XXI) in 
high yield However, dehydrohalogenation of XX was effected with l,5diazabicyclo- 
[5.4.0]undec-5-ene to give an oily acetoxydiene (XXII), which was almost quantita- 
tively converted into shyobunone (I) when treated with LAH followed by oxidation 
with Jones’ reagent.’ The synthetic compound thus obtained was identical with an 
authentic sample of shyobunone (I) (GLC, TLC and IR spectrum). 

The synthesis of shyobunone (I) also means the syntheses of the other sesquiterpenes 
isolated from Acorns catmnus I_.., as shown in Scheme I. Particularly, when I was heated 
in a sealed tube, preisocalamendiol (IV) was obtained, in co 3077 yield in a pure state.2 
This is the first example of the synthesis of a naturally occurring germacrone-type 
sesquiterpene, from which e-cadinene (XXIII) has been synthesized.* Furthermore, 
germacrene-D (XXIV) should also be synthesized from p~is~l~~diol (I!Q9 

xxx XXII xx111 

XXIV 

FIG 4. 

EXPERIMENTAL 

All m.ps are uncorrected. IR spectra were recorded on a JASCO IRS spectropbotometcr. NMR spectra 
wem taken on a Nihondensi JNMC 60H spectrometer (60Mc) using CDCi, as a solvent, unless otherwise 
stated. Only prominent peaks am cited. Chemical shifts are given in ppm relative to intemaI TMS. Coupling 
constants are given in I-Ix (s sit&t; d, doublet; t, triplet; q, quartet; m multiplet). Mass spectm were 
obtained on a Hitachi RMU-6D mass spectrometer operating with an ionization energy (7CkV). Relative 
retentions us calamenene as an internal standard were recorded on Sbimaxu GC-1C (Stationary phase: 
5% PEG 20M on Celite 545 (100 Mesh); Column tcmp [’ 3 mm x 1.5 m (stainless)]; 110; Carrier gas; 
Nitrogen; Inlet pressure: 1-S Kg/cm2h TLC and column chro~to~phy were carried out on Merck 
Kieselgel GF,,, and silicic acid (Mallincklodt, 100 Mesh) or neutml alumhra (E. Merck, A G.. Germany). 
respectively. 

Diacetoxy-acetal (IX). A soln of VII (10 6) in Ac,O (50 ml) and pyridine (50 ml) was heated at 100” 
overnight and then concentrated under reduced pressure to give a brown oit which was dissolved in large 
amounts of ether. The ethereal soln was successively washed with sat NaHCO, aq, water, 2N HCl, water 
and sat Naa aq, and then dried over MgSO,. Removal oftbe solvent afforded11 g of a viscous oil (86%). 
which crystallized, m.p. 83-85” (from n-hexane); v_(Nujol) 1730, 1245 and 1230 cm-‘; m/e 382 (M+), 323. 
322 263 and 99. (Found: C 6586; H. 908. C,,H,,O, requires: C; 6594; II. S%%). 

Hydroxy-mohoocetate (X) A soin of diacetoxy-a&al (7 & in 5% methanoli KOH (21 g) was stirred at 
room temp for 10 min. and then poured into water (54 ml). The fIoating solid was extracted with ether. 
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The ethereal solo was washed with water and sat NaCI aq, and then dried over MgSO,. Removal of the 
solvent under reduced pressure afforded 5.5 g (88%) of a crystalline solid which was recrystallixed from 
ether-n-hcxane, m.p. 150-152’: v,(Nujol) 3580. 3360-3240 br. 1718 and 1250 cm-*; 6 @83 (6H. d J = 6 
Hz). 0.91 (3H. sf 2.00 (3I-L s), 344 (2H. d, J = 69 Hz), 390 (4H, s) and 494 (lH, t, J = 9.7 Hz); m/e 340 
(M+f, 322,281,280 and 99. (Found: C, 6733; H, 9.47. C,,H,,Os requires: C, 66.57; H, 958%). 

Monoacetoxy-mesylate (XI). To a soln of hydroxy-monoacetate (10 g) in pyridine (30 ml) was added 
dropwise 36 g mesyl chloride at 0”. The soln was stirred at 0” for 1 hr, and then at room temp for 30 min. The 
mixture was poured into ice-water, and extracted with ether. The ethereal soht was successively washed with 
2N HCI, water and then sat NaR aq. Evaporation of the solvent gave a crystalline solid (115 g, 93x), 
which was recrystallized from ether-n-hexane, m.p. 123-124”; v_(Nujol) 1725,1360,12M and 1180 cm-’ ; 
6 @83 (3H, d, J = 69 Hz), 0.93 (3H, s), 094 (3H, d, J = 6.3 Hz), 2m (3H, s), 298 (3H, s), 390 (4H. s), 399 (2H. 
d, J = 7Q Hz) and 490 (1H. t, J = 97 Hz); m!e 418 (M+), 359, 322, 263, 262 and 99 (Found: C, 5797; 
H, 8.22 Cst,H,,07S requires: C, 5740; H. 8.19%). 

lodo-acetate (XII). A mixture of monoa~toxy-mesylate (10 g) and NaI (20 g) in acetone (100 ml) was 
refluxed with stirring overnight. Evaporation of the solvent afforded a reddish oil, to which was added 30 ml 
water. The floating oil was extracted well with ether. The ethereal soln was washed with water and sat 
NaCl aq, and then dried over MgSO,. Removal of the solvent alforded a red-brown oil which was chromato- 
graphed on neutral alumina (30 g) and eluted with n-hexane to give 95 g (88%) of crystals, m.p. 108-109 
(from n-hexane); v_(Nujol) 1720 and 1250 en-‘; 6 O-83 (3H, d, J = 60 Hz), O-92 (3H s), 099 (3H, d. 
J = 64 Hz), 2,Ol (3H. s), 3.08 (lH, d, J = 6.8 Hz), 3.10 (lH, tine splitted d, J = 6.8 Hz), 3.93 (4H, s) and 
490 (lH, t, J = 9.7 Hz); m,‘e 450 (M’), 392, 391, 390, 346, 329, 323, 307, 263 and 99. (Found: C, 5066; 
H, 6.94. C,,Hs,OJ requires: C. 5090; H, 7W%) 

Acetoxy-acetnl (XIII). A mixture of iodoacetate (14 g) and NaBH, (354 g) in DMSO (280 ml) was stirred 
at room temp for I hr, and then heated at 80” for 1S min. The cooled mixture was poured into water, 
and extracted with ether. The ethereal soln was washed with water and sat NaCl aq, and then dried over 
MgSO,. Removal of the solvent gave 90 g (90%) of XIII in crystalline form, m.p. 144-145” in a sealed tube. 
(from n-hexane); v_(Nujol) 1720, 1390, 1380 and 1250 cm-‘; 6 084 (6H, d, J = 6.1 Hz), 089 (3H d, 
J = 6.1 Hz), 0.92 (3H, s), 2-00 (3H, s), 3.95 (4H, s) and 4.95 (lH, br.t, J = 9.3 Hz); m,‘e 324 (M’), 264. 181 and 
99. (Found: C, 6990; H, 1039. Ct9Hs204 requires: C, 70.33; H. 9.94%) 

Acetoxy-ketone (VIII). A soln of acetoxy-acetal(l2 g) in AcOH (120 ml) and water (40 ml) was stirred at 
80” for 3 hr. After removal of the solvent under reduced pressure, the mixture was poured into water and 
extracted with ether. The ethereal soht was successively washed with sat NaHCO, aq, water and sat NaCI 
aq, and then dried over MgSO,. Evaporation of the solvent afforded 9-S g (92%) of white crystals, m.p. 118- 
119” (from n-hexane); v_(NujoI) 172!, 1695 and 1240 cm-’ ; S @83 (3H, d. J = 6.3 Hz), 0.95 (3H, d, J = 6.3 
Hz), @98 (3H, s), 1.13 (3H. d, J = 67 Hz), 208 (3H, s) and 505 (lH, f J = 9.7 Hz); m/e 280 (M’), 265,238, 
237,221 and 220. (Found: C, 72.53; H. 10.22 C1,H2s0, requires: C, 72.82; H, 10+360/,). 

Formation of an enof acerate (XIV) To a soht of acetoxyketone (3.1 g) in iso-propenyl acetate (12 ml) 
was added onedrop ofconc H,SO,. Afterretluxed for 1 hrunder N,, thesoht wasconcentrated underreduced 
pressure, and then diluted with water. The resulting aqueous mixture was extracted with ether. Tbe extracts 
were washed with water and sat NaCl aq, and then dried over MgSO.. Evaporation of the solvent aflorded 
an oily residue, which was chromatographed on neutral alumina and eluted with n-hexane to give 3-S g (87%) 
of a colourless viscous liquid which was directly used for the next experiment. The compound XIV has the 
following spectral data: v_(Film) 1760, 1740, 1690, 1240 and 1215 cm-‘; 6 @83 (3H, d, J = 6.3 Hz), 
092 (3H, d, J = 6.3 Hz), 1.03 (3H, s), l-09 (3H, d, J = 6.2 Hz), 2~05 (3H, s), 208 (3H, s), 5.03 (1 H, br.f J = -9.0 
Hz) and y23 (lH, q, .I = 69 3.1 Hz): m/e 280,263,262,221 and 220. 

T&Z (XV). After the enol acetate (300 mg) in dry ether (15 ml) was ozonixed at 0” until blue colour 
appeared. the soln was flashed with N, until excess amounts of 0, dissolved in the soht was completely 
removed, and then added dropwise into a solution of LAH (600 mg) in dry ether (9 ml), with stirring, under 
ice cooling The resulting mixture was stirred at 0” for 1 hr, at room temp for another 1 hr, and then 
refluxed for 2 hr. After destroying excess LAH with cold watt and made. acidic with 2N HCl, the aqueous 
layer was extracted with ether repeatedly. The combined ethereal soht was washed with water and sat 
NaCl aq, and then dried over MgSO,. Removal of the solvent under reduced pressure afforded white 
crystals, m.p. 140-141” (from MeOH-Et,O); v,(Nujol) 3340-3320 br. cm-*; m/e 258 (M+) 240.213 and 
195. (Found: C, 69.50; H, 11.80. CtsH,,O, requires: C. 69.72; H. 11.70%). 

Form&on of triacetate (XVI) A sofn of trio1 (2 g) in Ac,O (5 ml) and pyridine (5 mi) was heated at 
loo” overnight, and then concentrated under reduced pressute and diluted with water. The floating oily 
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material was extractal with ether, and then workal up as usual to give an oily residue, which was chromato- 
graphat on neutral alumina (10 g). Elution with benzene afforded 29 g (SO%l of a colourlms oil (XVI) which 
WBS diicctly used for tbe next experiment. This compound has the foIlowing spectral data: v,(Film) 
1750-1720 br, 1250-1210 br. and 10~1010 br. cm-‘; 6 082 (3H, d, J = 6-2 Hz), Q88 (6H, d, I = 6-l Hz), 
093 (3H, s). 200 (3H, s), 2.03 (6H. s), 3.89 (2H, 4 J = 7.3 Hz), 4.12 (2H, f J = 7-2 Hz) and 493 (1H. br.t, 
J = 95 Hz); m/e 342,324,282 and 264. 

Dihydroxy-monoacetate (XVII~ A soln d triacetate (900 mg) in 5%.metbanolk KOH (54 9) was stirred 
at room temp for 5 min. and then diluted with water (10 ml). Afta the aqueous soIn had been extracted with 
ether, the extract was washed with sat NaCl aq,and then dried over MgSO,. Evaporation of the solvent gave 
620 mg (SSya of white crystals m.p. 137-138” (from Et,O); v_ (Nujol) 3360-3240 br, 1735, 1235 and 
lOlOcm-‘; m,‘e 3OO(M+), 282,257,24Oand 222 (Found: C 67.93; H. 1067. C,,Hs,O. requires: C, 67.96; 
H. 10.74%). 

Acetoxy-dimesylore (XVIII). Mesyl chloride (1 g) was added dropwise to a soln of dihydroxy-mono- 
acetate (1.2 g) in dry pyridine (6 ml) at 0”. The mixture was stirred at 0” for 1 hr. at room temp for 30 min, 
and then poured into ice-water and extracted with ether. The extract was successively washed with 2N HCl, 
water and sat NaCI aq, and then dried over MgSO.. Removal of the solvent gave a crystalline solid (1.7 g, 
94x), m.p. 98-100” (from n-hexane-Et,O); v_(Nujol) 1739 13fiO,134.5,1230,1170 and 975 cm-‘; 6 O-83 
(3H. d J = 6.3 Hz), 090 (3H, d, 3 = 6-3 Hzb 094 (3H, d, J = 6.3 Hz), @95 (3H, sl t-03 (3H. s), 2.% (6H, s), 
398 (2H, fii splitted d, J = 7.5 Hz), 425 (2H, t, J = 7-O Hz) and 490 (lH, br.t, J = 95 Hz); m/e 456 (M’), 
413, 318 and 300. (Found: C. 49.78; H, 7.89. C,PH,,OsS, requires: C 4998; H, 794%). 

Di-iodo-acetate (XX). A mixture of acetoxydimesylate (800 mg) and NaI (5 g) in methyl ethyl ketone (20 
ml) was refluxed. with stirring. for 3 days, and then concentrated under reduced pressure. The residue was 
diluted with water and extracted with ether. The extract was washed with wata and sat NaCi aq, and then 
dried over MgSO, After removal of the solvent, an oily residue was chromato~aph~ on neutral alumina 
and eluted with n-hexane to give 900 mg (99%) of a colourkss oiI which soon crystallized, m.p. 70-71” 
(from n-hexane); v_(Nujol) 1740 and 1235 cm- ’ ; 6 0.82 (3H, d, J = 6.3 Hz), 085 (3y s), 0% (3H. d, 
J = 6.3 Hz), 191 (3H, d, J = 6.3 Hz), 2a2 (3H, s), 3.02-3.35 (4H. complex) and 4.95 (3H, br.t. J = 94 Hz): 
m/e 520 (M’), 392, 349, 333 and 332 (Found: C, 39.11; H, 5.75. C,,H~,,0212 requires: C, 39.24; H, 
5.8 1%). 

Form&on @ocetoxy-diene (XXII). Di-&IO-acetate (250 mg) was dissolved in 1.5 ml of 1,5:diazabicycIo- 
[5.4.0]undcc-S-ene and heated at 80” for 24 hr. After cooling the mixture was diluted with water, and then 
extracted with ether. The extracts were successively washed with 2N HCI, water and sat NaCI aq, and then 
dried over MgSO,. Removal of the solvent gave a red-brown oily residue. which was cbromatographed 
on neutral alumina and eluted with benzene to afford 50 mg (39%) ofcolourkss liquid, relative retention 1.61; 
v&Film) 3100. 1740, 1635,1235,905 and 890 cm-‘; 6 0.88 (3H, 4 J = 6.5 Hz), 092 (3H, d, J = 6.5 Hz), 
1.05 (3H, s), 1.70 (3H, br.s). 1.95 (3H. s). 450-5~30 (5H. m) and 5.75 (1H. q. J = 98, 110 Hz); m,‘e 264 (M+), 
222,2#,189 and 161. This compound was directly used for the next experiment. 

Reducti# ofthe ocetoxy-diene (XXII) with JAH. A soln d acetoxy-diene (50 mg) in dry ether (2 ml) was 
carefully added, with stirring, to dry ether (2 ml) containing 20 mg of LAH. The mixture was stirred at 
room temp for 1.5 hr. and then decomposed with water under ia cooling and ma& acidic with 2N HCI. 
Tbe ethereal layer was washed with sat NaCl aq. and then dried over MgSO*. Removal of the sol- 
vent afforded 38 mg (90%) of colourless liquid, relative retention 1.32; v_(Film) 3520-3400 br., 1635, 
905 and 895 cm-‘; m/e 222 (M’). 207, 179 and 137. (Found: M+ = 222.1958. CtlHzsO requires: 
M+ = 222.1984).’ 

~byob~~o~ (1). Jones’ reagent was carefully added to a soln of the above reduction product (38 mg) in 
acetone (1 ml) until a brown colour appeared continuously. The mixture was stirred at room temp for 30 
min, and then poured into a soln of NaHSO, (20 mg) in water (1 ml) and extracted with ether. The ethereal 
soln was washed with water and sat NaCl aq, and then dried over MgSO,. Removal of the solvent gave 35 
mg (93%) of almost colourless oil, which was purifted by silica gel chromatography using chloroform to 
give 25 mg of colourless liquid (I), reIative retention 1.33; v_(FiIm) 31% 1710. l&W, 910 and 890 cm-l; 
m,‘e 2Xt (Ml), 205. 177 and 137. (Found: M” = 2mlg26; C,,H1,O raquires: N’ ii: 22@1827). The 
synthetic compound was completely identical with an authetic sampk of the natural shyobunonc (GLC, 
TLC and IR spectrum). 

The authors are indebtcd to Professor k Tatematsu and Mr. H. Yoshizumi Meijo Univemity. for measure- 
ment of high resolution mass spectra 
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