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The total synthesis of the sesquiterpene (+)-davanone is described. A Lewis acid catalyzed [3+4]
annulation reaction of 1,4-pentanedione with bis(trimethylsilyl) enol ether 2 is the key synthetic step. The
resulting oxabicyclo[3.2.1]heptanone system can be selectively ring-opened and then elaborated further to (1)-
davanone. © 1998 Elsevier Science Ltd. Al rights reserved.
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Introduction

The sesqulterpene ketone (+)-davanone (1) is the major component of the south Indian
plant Artemisa Paliens.’ It is also found in other plants for cxamplc lanacetum Vulgare.?
Davanone (1) was first characterized in woz Dy Sipma ana van c;er Wal.? Iits reiative
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stereocnemistry was pruposeu ulucpcuucuuy' Uy both iNaggeil and Birch through the synthesis

of all possible diastereomers and was subsequently proven by Ohloff in 1970.

Davanone (1) has been synthesized previously by several groups.” However, all of these
syntheses were long and only two of them stereoselective with regard to the formation of the
cis-disubstituted tetrahydrofuran ring.”* High stereoselectivity was achieved by Honda et al.
via an iodo etherification reaction which formed the tetrahydrofuran ring with 21:1 selectivity in
favor of the desired cis-isomer.

The Lewis acid catalyzed [3+4] and [3+5] annulation reactions of 1,4- and 1,5-dicarbonyl
compounds with bis(trimethyisilyl) enol ethers have been demonstrated to be a highly effective
method for the construction of functionalized oxabicyclo[3.2.1]heptanones and

* E-mail: Gary Molander@Colorado.edu  Fax: (303) 492-0439
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oxabicyclo[3.3.1]octanones, respectively.”'* This method has been used successfully in the
synthesis of several natural products, including dactylol'® and furanether B.'"” A major
advantage of constructing cis-disubstituted furan and -pyran systems by means of ring opening
oxabicycio[;‘i 2.1] and -[3.3.1] systems is the control of steneochemistry achieved with regard to
Iormauon of the cis- alsuosmutea neterocycuc ring itself. Formation of a frans-substituted
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oxabicyclo ring system is impossible because of ring strain. In addition, these systems provide

sterically defined, reasonably rigid platforms that can be readily embellished with additional

stereocenters. In particular, they show a high propensity for axial (“exo*) alkylation adjacent to
the ketone carbonyl. By combini g these advantages, an efficient route to (:t)—davanone has
€po
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been developed and is reported erein.

Results and discussion

The current study began with the annulation reaction of bis(trimethyisilyl) enol ether 2
and 1 4-pentaned10ne (3). Exposure of a mixture of 2 and 3 to a catalytic quantity of

mr‘ﬁémylsﬂ'}’l triflate at -50 °C in dry dichloromethane furnished oxabicyclo{3.2. 1]“‘ptaﬁaﬁe 4
in high yield."" Although irrelevant in this synthesis (the carbox ym“d&yl group is removed in
the next step) it is noteworth at this annulation reaction proceeded with very high
regioselectivity (>99:1). Keto ester 4 was decarboxylated under Krapcho'*" conditions to
afford ketone 5
COxMe
PP osime; ~ N CHCL N/ pMso Y
o 92% { 78% !
2 3 4 5

Intermediate 5 could be selectively methylated. Alkylation proceeded with both regio-

and diastereoselectivity, deprotonation and subsequent alkylamn occurring predoxmnant]y on
the less hindered side of the ketone functionality (opposite to the bndgehead methyl group).
Alkylation occurred exclusively from the convex face of the bicyclic ring system (exo-
alkylation), thus affording one diastereomer. No trace of any product resulting from endo-
alkylation was ever detected by NMR or GC. The regioseiectivity of the alkylation varied
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strongly with reaction conditions. Best results were obtained at low temperature with LDA as

base, methyl iodide as alkylating agent and THF as solvent. Selectivities as high as 7:1 in favor
of 6 could be obtained using these conditions. Initially, bis-alkylation appeared to be a
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problem, with a faster second alkylation occurring on the desired isomer, thus depleting the

regioselectivity. It was found, however, that the presence of several equivalents of lithium
: 1,20

chlonde

pp. essed bis-alkylation almost completely (<2%). After chromatographlc
om its regioisomer 7 and the doubly alkylated product 8, 6 was afforded in modest
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Ketone 6 was transformed to the corresponding silyl enol ether 9 by treatment with LDA
and chlorotrimethylsilane in THF. When run at -78 °C, this reaction proceeded in quantitative
yield and with very high regioselectivity (>99:1) to afford 9, which was used without
purification. Ozonolysis of 9 followed by a reductive workup yielded a mixture of carboxylic
acid 10 and hydroxy ketone 11. This mixture was treated with sodium periodate in a water/THF
mixture, cleaving hydroxy ketone 11 and affording 10 in 80% overall yield from 6.

A‘\{ + LDA A‘{ 1. Og _ f—\)UHOL A‘(
0 yx=0_" 2 | Op)OSiMes ——pm HWPL + [ 0 =0
L[,>= 2. MesSiCl k[j_ 2. Zn, HCl o i OH
f o]
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80 % overall W NalO,
N
9 10 11

A Wittig olefination was employed to transform aldehyde 10 into the corresponding alkene
i2. T‘ypicaliy, two or more equivaicnts of base were used in the olefination because one
equivalent of reagent was consumed in aeproronauon of the acid functionality. Alkene 1Z has
been converted to davanone (1) by Birch et al.’ by treatment with excess prenylhthmm in the

course of their synthesis. However, higher yields of 1 were obtained by conversion of 12 to the
- . 21 -

corresponding Weinreb amide 13° and prenylation with prenylmagnesium chloride to provide 1
in 75% yield.
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Conclusions

The total synthesis of the sesquiterpene (+)-davanone (1) has been completed successfully
via a linear eight step sequence in 22% overall yield.

he Lewis acid catalyzed [3+4] annulation reaction of 1,4-pentanedione with bis-
ftesornntbherl ol aemnl netbhhne D cornn thc Lo, cfnce fom sl aormtb i o 3 ab i e T a1
\TiinCulyisiryi) €101 Cuifr « was i€ KCY Sicp iil L€ Synuicsis, providing uiC mcans {0 seiecuavely
form the cis-disubstituted tetrahydrofuran ring moiety. The resulting
oxabicyclo[3.2.1]heptanone system was selectively alkylated and elaborated further to provide

Experimental Section

General. Tetrahydrofuran (THF) was distilled from LiAlIH, under Ar and then redistilled
from sodium-benzophenone ketyl immediately prior to use. Methylene chloride (CH,Cl,) and
diisopropylamine [HN(i-Pr),] were distilled from calcium hydride immediately prior to use.
Pyridine was distilled from calcium hydride and stored under Ar. Iodomethane was distilled
from magnesium sulfate (MgSO,) and stored over copper turnings under argon. Trimethylsilyl
chloride (TMSCI), thionyl chloride (SOC]l,) and trimethylsilyl triflate (TMSOTY) were distilled
and stored under Ar. Lithium chloride (LiCl) was dried by recrystallizing in methanol followed
by heating to 140 °C at 0.1 mm Hg overnight immediately prior to use. Other commercially
available reagents were used without purification. Standard benchtop techniques were
employed for handling air-sensitive reagents, and air-sensitive reactions were run under Ar in
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(25.0 mmol) of 1,4-pentanedione and 7.80 g (30.0 mmol) of 1
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dissolved in 40 mL of DMSO containing two drops of H,O and 500 mg (11.9 mmol) of solid
LiCl was added. The reaction mixture was heated at reflux for 2.5 h, quenched with 100 mL of
brine and extracted with several portions of Et,0. The Et,O layers were washed with several
portions of brine and the aqueous layers re-extracted with Et,0. The combined organic layers
were dried over MgSO,, filtered, and concentrated in vacuo. The crude product was purified by
column chromatography on silica gel with 10% Et,O in light petroleum ether as eluent to yield



0.55 g (78%) of the title compound as a colorless oil. '"H NMR (400 MHz, CDCL,) & 4.67
("appt" t, J = 6.1 Hz, 1H), 2.61 (dd, /= 15.3, 4.9 Hz, 1H), 2.44 (d, J = 15.3 Hz, 1H), 2.32 (d,
J=15.3 Hz, 1H), 2.22‘.(d, J=15.3 Hz, 1H), 1.76-1.87 (m, 1H), 2.06-2.18 (m, 1H), 1.61-1.74
(m, 2H), 1.42 (s, 3H); °C NMR (100 MHz, CDCl,) & 207.9, 81.3, 74.9, 55.1, 48.7, 35.7, 30.7,

26.2; IR (neat) 2970, 2881, 1719, 1378, 1263, 1195 cm'; HRMS calcd for C4H,,0,:

140.0837, found 140.0824; LRMS (EI") m/z 140 (100), 111(20), 82 (22), 55 (24) 43 (93).
[IR* 45% 55*]-14- Dzmpthvl-R-nxahzrvclofj‘ 2.1]Joct-3-one (6). A suspension of 403 mg
(9.60 mmol) of drv LiCl in 5 mL of THF was stirred at -78 °C and 243 mg (2.40 mmol) of
HN(i-Pr), was added followed by 1.60 mL (2.60 mmol) of 1.6 M n-BulL.i. The suspension was
warmed to rt, re-cooled to -78 °C and a solution of 420 mg (3.00 mmol) of § in 10 mL THF was
added slowly (over 2.5 h) via cannula. The reaction mixture was stirred for 4 h at -78 °C and a
solution of 716 mg (5.00 mmol) of Mel in 5 mLL THF was slowly added via cannula. The
reaction was left to warm very slowly overnight, quenched with brine and extracted with several
portions of Et,0. The combined organic layers were dried over MgSO,, filtered, and
concentrated in vacuo. The crude product was purified by column chromatography on silica gel
with 2% Et,0 and 10% CH,C], in light petroleum ether as eiuent to yield 268 mg (17.0 mmol,
58%; 73% yield based on recovered starting material) of the title compound as a colorless oil
and 87 mg (0.60 mmol) of 5. "H NMR (400 MHz, CDCl,) § 4.29 (d, J = 7.4 Hz, 1H), 2.55 (dd,
J =154, 2.2 Hz, 1H), 2.10-2.24 (m, 3H), 1.72-1.80 (m, 1H), 1.56-1.69 (m, 2H), 1.41, (s, 3H),

1.22 (d, J = 7.0 Hz, 3H); C NMR (100 MHz, CDCl,) & 212.1, 81.4, 79.9, 52.2, 51.9, 34.9,

30.5, 26.1, 16.5; IR (neat) 2972, 2879, 1716, 1455, 1379 cm™'; HRMS calcd for CoH,0,:
154.0994. found 154.0942: 50), 56 (50), 43 (100).
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yieid. * R (400 MHz, CDCl;) & 4.25 (d,

dJ=17
(m, 3H), 133(s 3H), 1.26 (d, J = 7.8 Hz, 3H) 1.19 (d, J = 7.4 Hz, 3H); *C NMR (100 MHz,
CDCl;) § 216.6, 81.8, 79.9, 56.3, 51.5, 36.7, 30.9, 22.9, 18.0, 15.4; IR (neat) 2974, 1704, 1454,

1379, 1248 cm™'; HRMS calcd for CoH,,0,: 168.1150, found 168.1145; LRMS (EI') m/z 168
(92), 125 (73), 86 (82), 83 (80), 43 (100).

[IR*48% 55%]-1,4-Dimethyl-3-trimethylsilyloxy-8-oxabicyclo[3.2.1]oct-2-ene (9). LDA
(2.50 mmol) was prepared by adding 1.56 mL (2.50 mmol) of 1.6 M n-BuLi to 304 mg (3.00
mmol) of HN(i-Pr), in 4 mL of THF at 0 °C. The solution was cooled to -78 *C and a solution
of 308 mg (2.00 mmol) of 6 in 10 mL. THF was added slowly (over 2 h) via cannula. The
reaction was stirred at -78 °C for 1 h, warmed to rt, re-cooled to -78 °C and a solution of 250 mg

L W T

(L 30 mmol) of TMSCI in 5 mL of THF was added SlOle via cannuia. The reaction was

warmed to ri, paruy concentrated in vacuo, diluted with nexaﬁes, filtered through Celite and
CGﬁCE‘:ﬁiTaiﬁu in vacuo. The crude pi'(‘)uw.,t \auguuy yE}}uw oil) was used without p"“fCa’ﬁGﬁ

'H NMR (400 MHz, CDC13)8480(S 1H), 4.18 (d, / = 10.2 Hz, 1H), 2.13 (g, / = 5.1 Hz, 1H),
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1.92 (t, / = 9.2 Hz, iH), 1.48-1.74 (m, 3H), 1.35 (s, 3H), 1.14 (d, / = 5.1 Hz, 3H), 0.17 (s, 9H);
C NMR (100 MHz, CDCl,) 8 151.8, 110.5, 79.4, 77.9, 43.3, 41.5, 30.6, 23.6, 17.5, 0.3.

[20(R*),5a]-5- Formyltetrahydro -0, 5- dzmethyl -2- furanacetlc acid (10). The crude

product from above was dissoived in 10 mL of CH,Cl, and cooled to -78 “C. Ozone was
bubbled through the solution until a slightly blue color persisted. The reaction was poured into
a suspension of 1.30 g (20.0 mmol) of zinc powder in 10 mL of 1 M HCI and stirred for 1 h.
The layers were separated and the aqueous layer was extracted with several portions of CH2C12
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and 1.07 g (5.00 mmol) of NaIO4 was added. The reaction was stirred for 2 d at rt, quenched
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with 20 mL of 1 M HCl and U'IC quCUUb 1dycr was cxuau.cu WlUl several pomons OI sz 1nc
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combined Gfgaflié layers were dried over lVlgDU4, Iu[ereu and concenirated in vacuo. lﬂe

product was purified by column chromatography on silica gel with 10% EtOAc and 0.1%
AcOH in hexanes as eluent to yield 372 mg (80% overall from 6) of the title compound as a
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coloriess oil. "H NMR (400 MHz, CDCl;) 8 9.56 (s, 1H), 4.26-4.33 (m, 1H), 2.46-2.58 (m,

1H), 2.21-2.30 (m, 1H), 2.04-2.14 (m, 1H), 1.67-1.77 (m, 1H), 1.51-1.61 (m, 1H), 1.28 (s, 3H),
1.14 (d, J = 7.0 Hz, 3H); C NMR (100 MHz, CDCl;) § 202.9, 179.7, 87.2, 81.4, 45.2, 33.6,

29.6, 21.0, 13.3; IR (neat) 2977, 1732, 1712, 1460, 1379, 1205, 1106 cm™'; HRMS calcd for
C,H,30; (M-OH"): 169.0865, found 169.0863; LRMS (EI') m/z 157 (85), 111 (78), 83 (38),

69 (69), 55 (34), 43 (100).
Hydroxy ketone 11 could be isolated by column chromatography on silica gel with 20%

EtOAc and 0.1% AcOH in hexanes as eluent. 'H NMR (400 MHz, CDClL,) 6424 (d, 7 =170
Hz, 1H), 3.47 (brs, 1H), 2.82 (brs, 1H), 2.08-2.24 (m, 2H), 1.58-1.80 (m, 3H), 1.42 (s, 3H), 1.35
(d, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCl,) § 210.3, 83.2, 80.4, 50.7, 32.3, 30.5, 21.0,

17.6: IR (neat) 3430 (broad). 2936. 1711. 1455. 1377, 1234. 1083 ¢ 1 T DAME [ETH e/ 170
17,0, A \0Cal) 345UV (010ady, 2550, 1711, 1455 s 13171, 1253%, 1UOS s R4EMIVED LA J IIU(, LIV
(1) 1 (10Y {1 (3D SR (1) 4% (100N
NATd )y AVFT N\ AT Jy Ud \JdaJy JU \J 1)y To 2V,

200 R*),5cx]-5-Ethenyltetrahvds 5-di mpthvl 2-furanacetic acid (12). A suspension of

SSIRESL oL SRS S 3 32D 223222 822

dro-o,

322 mg (0.90 mmol) Ph;PMeBr and 224 mg (2. 00 mmol) of t+-BuOK was stirred in 5 mL of

i i 10 in 10 mlL. of THF was added elnw]v via cannula and the
reaction was stirred for l h uen ched with 10 mL of 1M HCI, and the aaueous layer extracted
with several portions of Etz() The combined organic layers were dried over MgSO.V, filtered,
and concentrated in vacuo. The product was purified by column chromatography on silica gel
with 20% EtOAc and 0.1% AcOH in hexanes as eluent to yield 127 mg (86%) of the title
compound as a colorless oil. 'H NMR (400 MHz, CDCL) & 5.88 (dd, J = 17.2, 10.6 Hz, 1H),
521 (dd, J=17.2,1.2 Hz, 1H), 499 (dd, J = 10.6, 1.2 Hz, 1H), 4.12-4.19 (m, 1H), 2.51-2.56
(m, 1H), 2.01-2.08 (m, 1H), 1.90-1.97 (m, 1H), 1.76-1.82 (m, 1H), 1.59-1.75 (m, 1H), 1.31 (s,

3H), 1.12 (d, J = 7.0 Hz, 3H); *C NMR (100 MHz, CDCL,) 3 178.6, 143.8, 112.1, 84.0, 80.3,
45.3,37.6,29.8, 26.5, 13.2; IR (neat) 2975, 2940, 1711, 1370, 1250, 1029 cm™'; HRMS caled
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for C,H,;0, (M-CH3"): 169.0865, found 169.0871; LRMS (EI') m/z 169 (41), 111 (35), 69
(33), 55 (100), 43 (26).
[20(R*),5a]-2-(5-Ethenyltetrahydro-5-methyl-2-furanyl)-N-methoxy-N-methyl-

propanamide (13). 60 mg (0.33 mmol) of 12 were dissolved in 0.50 mL of SOCI, and stirred at
rt for 1 h. The SOCI, was removed in vacuo and the resuitant acid chioride was dissolved in 35
mL of CH,Cl, and 49 mg (0.50 mmol) of solid N, N-dimethyl hydroxylamine hydrochloride was
added. The solution was cooled to 0 °C and 79 mg (1.00 mmol) of pyridine was added. The
reaction was stirred at rt for 1 h, quenched with 10 mL of brine, and the aqueous iayer was

VY. . 4

exiracied with several portions of DIZU The combined orgamc myers were dried over MSDU4,

filtered, and concentrated in vacuo. The product was purified by column chromatography on
silica gel with 15% EtOAc in light petroleum ether as eluent to yield 61 mg (82%) of the title

lew mvymaws 74" 2 sry P - ]

compouna as a coloriess oii. H NMK (4UU MHz, CDUL) 0 0.8 ((](1, J=
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3H), 3.18 (s, 3H), 2.92-3.08 (brm, 1H), 1 . n, 1H) n, 1H), 1.70-1.79 (m,
1H), 1.60-1.69 (m, 1H), 1.26 (s, 3H), 1.03 (d, J = 7 Hz, 3H); C NMR (100 MHz, CDCl,) §
144.8, 111.2, 82.7, 80.'2, 61.5, 40.9, 37.7, '29 2, 26 4, 3.6, IR (neat) 2968, 1661, 1652, 1464,

ua(R*),Ja] 2- (5-Ethenyttetrahydro J-methyl -2- furanyl) o-metlzyl-.)-hepten 3-one (1).
(G ’.2/ mmou of (10) i in i0 mL u—Ir were stirred at rt ana U .su mmoi (0.60 mL of a (.5 M
e sm s PR e sl _ } T,

N, . S, - g |
Ull} Ul PICIlyllIldgllelUlIl LlllUflUC \Jl"Cbllly prcparcu lfUIll l'blllUl‘U‘J‘llKSUl)’l'é'DUlC a

nesium powder in THF) was added. The reaction was stirred for 1 h, quenched w1th 10

and the aoueous laver wag extracted with several nortions of Et
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