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Abstract

preparation of 11-hydroxy-eudesmanolides with the stereochemlstry found in the Umbelliferae family
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the decalones obtained bv this method has been corrected. The a-hvdroxv-v-lacto moiety is obtained by
condensation of the appropriate decalone with methyl pyruvate and subsequent reduction under Luche
conditions. The usefulness of this procedure has been proven in the synthesis of decipienin A. © 1999 Elsevier
Science Lid. All rights reserved.
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Introduction

The structures and biological activities of sesquiterpene lactones are extremely diverse.'
Most of them bear an exo-methylene conjugated to the carbonyl of the lactone group. Several
authors consider this system responsible for the strong cytotoxic effect of this group of
metabolites which limits their pharmacological use.” This system seems to block the metabolic
cycle of the cell as a consequence of its behaviour as a Michael acceptor, particularly against L-
cysteine residues (either free or protein-linked).’

There are several differences between sesquiterpenolides isolated from the Umbelliferae and
Compositae families of plants, the latter being their main source. Usually, sesquiterpene
lactones from Umbelliferae present a hydroxy or acyloxy group a to the carbonyl group of the
lactone, instead of the exocyclic double bond (Fig. 1). We are interested in checking the

biological activity of these lactones. This system could be considered as a formal precursor of

the exo-methylene y-lactone, so the unsaturated system could be released in small auanhtleq and

ethyl €, 1€ unsatu Sys be released ties and
in this way the cyte.exlc effect would be attenuated
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syntheses involve the construction of decalin rings using reactions such as Robinson annulation,
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[2+2] cycloaddition with subsequent ring expansion.
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Main differences between eudesmanolides
from Compositae and Umbelliferae families of plants
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Synthesis of 11-hydroxyeudesmanolides.
As a consequence of our ongoing project on the synthesis of s "esquuerpene lactones from the
Umbelliferae family of plants, our attention was drawn to a paper by Kametani e al. which

e construction of 1,6-dioxygenated decalins by using a 2-methylfuran ring as a
o build the A ring in such systems.’ Our survey of the literature convinced us that
nctionalization at C-1 is not easy and usually involves many steps. Therefore we decided to
explore the possibilities of this approach as a method of access to eudesmanolides with diverse

functionalization in the A ring.
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Scheme 1

The strategy of synthesis began (Scheme 1) with 2-methylfuran, 1, which was lithiated with
n-BuLi and the resulting anion treated with 3-ethoxycyclohex-2-enone, 2, vielding the a,B-

unsaturated ketone 3. In the previous work by Kametani, the introduction of the methyl group
was carried out with MeCu in the presence of BusP. The drawback of this nrocedure was the

-~ oA e rﬂ hd A MM_)A r A 4
difficulty of removing the phosphine. Changing to Ph;P or using acid catalysis (BF;-Et;0) did
1 1 1 1 1 1 hininad h
not solve this problem nor improve the yield. Quantitative yields were eventually obtained by

<

using Me,CuLi instead of the MeCu/phosphine system.
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The furan opening proceeded in quantitative yield. This reaction was performed by treatment
adduct 4 with conc. HCI in MeOH at room temperature, giving the triketone §.

For the cyclization of 8§, we tried several conditions. Unfortunately, most of these trials led
back to furan 4 as a result of ring closure. Refluxing § with a 1:1 HCl:MeOH mixture produced
an equilibrium mixture of 5;6:7:8 in a 40:23:2:25 ratio. Removal of any of the components of
the above mixture by chromatography and treatment of the remaining components in the same
conditions led to a new mixture with the same ratio. In this way, we were able to get enough of
each of the components to continue our synthetic route.

At this stage, we assumed the stereochemistry to be that assigned in the original paper, but
the results obtained from this point onwards were not consistent. These ambiguous results
prompted us to reinvestigate the stereochemistry of the decalones 6 and 7. The observed n.O.e.s
are displayed in the Fig. 2.°
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Fig. 2

With the decalone 6 thus obtained, the next step was the construction of the a-hydroxy-y-
lactone ring. Despite the great number of syntheses of sesquiterpenolides published, to the best
of our knowledge, only two approaches have dealt with l1—hydroxy-sesquiterpenolides.u
Usually, a-hydroxylation of a carbonyl group is performed by enolate formation and trapping
of the enolate with an oxygenated electrophile. The more common electrophiles used include
dimethyldioxirane (DMD),’ N-sulfonyloxaziridines bls(trlmethylsﬂyl) peroxide (BTSP),'" t

molybdenum peroxide reagent MoQs-Py- ‘HMPA'? or molecular oxygen
Our annroach invaolveg a different strateov. We havp used methvl nvruvate as a svnthon to
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pyruvate at —78°C, affording a 1:1 mixture of epimers 10a and 10b (Scheme 2). The
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ensured the correct stereochemistry of the lactone ring (cis). Second, compound 10a is very
prone to undergo a retroaldol reaction. And third, we wanted to avoid the epimerization at C-7.
These three reasons, together with the presence of an a,B-unsaturated ketone in the A ring, led
us to choose the reduction with NaBH, under Luche conditions'” as the best choice to obtain the
11-hydroxy-y-lactone (Scheme 3).
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It is interesting to note that the presence of CeCl; in this process changes the orientation in
the hydride attack.'* Also, the solvent plays an important role. When the reduction was carried
out in DMF, no reduction in C-6 was observed. The same result was obtained when NaCNBHj;
was used.

The behaviour of the two epimers 10a and 10b is different, each showing a different
orientation in the hydride attack under the same conditions (Scheme 4).
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determining factor in the orientation of the reduction. T ms behavior has oeen described before
in the reduction of hindered diphenyliphosphinoyi ketones'’ and some enones.®

Synthesis of Decipienin A.

Lactone 12 made functionalization possible at any position of the A ring. We decided that
decipienin A, 19, would be an excellent target to check this methodology. Decipienin A is an
eudesmanolide isolated from Melanoselinum decipiens which displays  the typical
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stereostructure of the eudesmanolides from Umbelliferae. It was first described by Galindo et
17 s e . PR, T, 18 _ .
al.’’ and it stereochemistry was corrected in 1986 by Holub et ai."° The stereochemistry

assigned by Holub is confirmed by our synthesis.
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To this end, lactone 12 was oxidized with PCC to give the enone lactone 14 which was
treated with hydrogen peroxide in basic media, affording the epoxy ketone 15 (Scheme 5).
Compound 15 underwent a Wharton rearrangement under
treatment with hydrazine hydrate, producing the allylic alcohol
16 with a high overall yield. Subsequent oxidation with PCC
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give the dienone 18. Lastly, esterification of the tertiary alcohol 0
in C-11 was achieved using the procedure described by Greene 18 Decipienin A
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the yield of the esterification led to a higher 2 In this way, decipienin
A, 19, was obtained in a total of 12 steps. Its spectra were fully consistent with those of the
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Conclusions

An easy way to construct 11-hydroxy-eudesmanolides, typical of plants of the Umbelliferae
family, is achieved via a condensation of the appropriate decalone with methyl pyruvate. Such
decalones are obtained following the improved procedure developed by Kametani et al. which
uses a 2-methylfuran and 3-ethoxycyclohex-2-enone as starting materials to build the A-ring.
As a means of proving the utility of this methodology, Decipienin A has been synthesized.
Currently, we are working on the enantioselective synthesis of these kinds of metabolites in
order to assess their biological activities.

Experimental
General. All non-aqueous reactions were carried out under nitrogen atmosphere. Air- and
moisture-sensitive liquids and solutions were transferred via syringe or stainless steel cannula.
Reactions were monitored using TLC on commercial silica gel plates. Visualization of the
developed plate was performed by fluorescence quenching and/or aqueous ceric ammonium
molybdate / anisaldehyde stains. HPLC purification was carried out in a Merck-Hitachi L6270
equipped with silica gel column (LiChrosorb Si 60, 7 um particle size, 1x25 cm). THF,
dioxane, diethyl ether, toluene and triethylamine were distilled from sodium metal under
nitrogen. Dichloromethane was distilled from calcium hydride prior to use.

Melting points are uncorrected and were measured in a Reichert-Jung apparatus. NMR
spectra were recorded on a Varian Unity 400 using CDCl; as a solvent unless otherwise noted.

1 Unt 1g CL
Spectra were referenced intern nllv to remdlml prot 10 solvent signals. Data for 'H are rgpgrted as
1
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for 1°C are reported in terms of chemlcal shlft(

solutmn of 2—methy1furan 1 (11 58 ml, 128.5 mmol) in dry Et;O (100 ml) at 0 °C was
added a 10 M solution in hexanes of s-butyilithium (12.85 mi, 128.5 mmoi). Afier addition, the
cold bath was removed and the reaction was heated at 40 °C for 30 min. The solution was
cooled down to 0 °C and 3-ethoxycyclohex-2-enone 2 (15.58 mi, 107.1 mmol) was added
dropwise. The reaction was stirred at 0 °C for 2 h, after which time the solution was poured into
saturated NH,C1 (100 ml). The aqueous layer was separated and extracted with Et,0 (3 x 75
ml). The combined organic layers were dried over anhydrous Na,SO,. Removal of the solvent
by rotary evaporation yielded 3 (18.65 g, quantitative yield) as orange crystals. For analytical
purposes, a sample was recrystallized from EtOAc/hexanes.

3-(4'-Methylfuranyl)cyclohex-2-enone 3. Orange crystals. m.p. (EtOAc/hexanes) 65.8-67.6
°C. IR (thin film) v 2932, 2898, 2866, 1628, 1598, 1512, 1420, 1318, 1181, 1151, 767. HRMS
caled. for CyH,,0, 176.0837, found 176.0826. MS m/z (rel. int.): 178 [M]" (1.9), 176 [M-2]"
(70.3), 148 [M-CH,O]' (100), 120 [CsH;O]" (60.5), 105 (25.4), 77 (12.6). 'H-NMR 5 6.63 (1H,
d, J=3.4 Hz, H-2"), 6.40 (1H, s, H-2), 6.10 (1H, dg, J = 3.4, 1.0 Hz, H-3"), 2.59 2H, t, J=5.9

L4111,

Hz, 2H-4), 2.43 (2H, t, J = 6.6 Hz, 2H-6), 2.33 (3H, br 5, 3H-5"), 2.07 (2H, dg, J = 6.6, 5.9 Hz,

-,., AR5 1, UL o, 218
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(L-2'), 1U8.5 (L-3'), 37.5 (L-0), 25.2 (C-4), 22.4 (C-5), 13.9 (C-5). interchangeabie

Methylation of 3 with Me,CulLi.

To a suspension of copper(I) iodide (2.257 g, 119 mmol) in Et,O (400 mL) at 0 °C was added
dropwise a 1.5 M solution of MeLi-LiBr in ether (158.4 mL, 238 mmol). The mixture was
stirred at 0 °C for 30 min and then a solution of 3 (16.68 g, 91.4 mmol ) in Et,0 (150 mL) was
added dropwise. A yellow precipitate was formed. After 1.5 h, the reaction was poured onto
iced saturated aqueous NH,Cl (200 mL). The aqueous layer was extracted with Et;O (3 x 200
mL). The combined organic layers were dried over Na,SO, and the solvent was removed by
rotary evaporation, yielding compound 4 as a yellow oil (17.5 g, quantitative yield). This
product was used in the next step without further purification.
3-Methyl-3-(4'-methylfuran-1'-yl)cyclohexanone 4. Yellow oil. IR (thin film) v 2955, 2940,
2867, 1700, 1449, 1229, 1015, 767. HRMS calcd. for C;,H;40, 192.1150, found 192.1126. MS
m/z (rel. int.): 192 [M]" (67.2), 177 [M-CHs]" (60.1), 149 [M-CH;-COJ" (62.1), 135 [CoH,,0]"
(74.3), 121 [CsHyO]" (100), 107 (56.5), 91 (45.9), 77 (46.4). 'H-NMR § 5.83 (1H, d, J = 3.1

), 12 g0} (100) 20.5 32.9) L e J(iH, a J
HJ’H-z'\ﬁ7Q(I da /=31 1.0Hz H-3" 26011 ddd J=143.16. 1.6 Hz. H-2qa). 228
), 2./9(1H,dq,/=3.1,1.0Hz H-3'), 2.69 (1H, adqd, /= 14.3, 1.6, 1.6 Hz, H-2a), 2.2&
(IHd J=143H7z H28Y 220 (FH 4 7=10 H7z 3H-5"Y 2302 10 (IH m H.4dx 2H-K)
"LAI’ by w7 A TFeud Jl‘d, a s &P}, Lt 3 Lot \T \Jll, “, (V4 A\ Ll.la, [ W Garey }, bt & d NT T o e AT \Jll, l.ll’ 4R —Yu’ rez e V,,
1.79 (1H, m, H-5B), 1.68 (1H, ddd, J = 12.7, 9.5, 3.5 Hz, H-4B), 1.57 (1H, ddddd, J = 12.8, 9.5,
Q%5 S VA .S 1799 1L o ALY BONMDR S910 A& 0C.1Y 1870 /040N 180 700010
Tty JUy JT L1l 1R J\L}, 1.40 le.l, s JLUL l}. =INIVIIN U L 1V.U \\,‘1}, 127.7 \\.« "f], lJU-I\\/'l},
INKE £ (M IMNE 1IN E (M AMB &1 0 70 I\ AN £ 1M L\b AN A (T 2\ A8 0O /M A\b NT 1 [V EN YN
1U5.0 (L-37), 1U3.5 (L-2), 531.6 (L-2), 4U.0 (L-0), 4U.4 (C-3), 35.9 (L-4), 2/.1 (L-D), 22U
el A U Y V7ol s Uhek: U TV AT I T
L-3), 12.4(L-7). interchangeaoie.

Acid treatment of methylfuran 4.

A solution of methylfuran 4 (10.2 g, 53.1 mmol) in a 1:1 mixture of conc. HC/MeOH (250
mL) was stirred at r.t. for 3 h. After this time, TLC indicated that the conversion to compound
5 was complete. The mixture was then heated to reflux for 12 h. The solution was diluted with
water (500 mL) and the methanol was removed in the rotary evaporator. The reaction was then
extracted with CH,Cl, (3 x 250 mL). The organic layers were washed with aq. saturated
NaHCO; (3 x 250 mL) and brine (3 x 250 mL) and dried over anhydrous Na,SO,. The solvent
was removed under vacuum, providing a mixture of compounds 5, 6, 7 and 8. Purification by
flash chromatography (silica gel, EtOAc/hexanes 1:9) afforded 2.565 g of decalone 6 (23 %),
2.787 g of decalone 8 (25 %), 0.223 g of decalone 7 (2 %) and 4.46 g of compound § (40 %).
3-Methyl-3-(1',4'-dioxopentyl)cyclohexanone 5. Brown-yellow oil. IR (thin film) v 2939,
2875, 1712, 1606, 1461, 1454, 1424, 1414, 1360, 1227, 1196, 1166, 1086, 1031, 1011, 756.
HRMS caled. for CyH;sO; [M-COCH;]' 167.1072, found 167.1062. MS m/z (rel. int.): 210

[M]' (2.7), 192 [M — H,O" (19.4), 150 [CoH;00,]" (13.1), 135 [CeH}00, — CH3]™ (10.6), 111

2 1L 2 AL 2OV 02102 L 411

s. 3H-5". 2.0 1.18 (3H. s. 3H-7). BC-NMR § 211.8 (C-1)*. 209.5 (C-1)*, 206.9
Iy SRR -Jl’ v . ‘Jll, K1k Jy 1.k U \_IAL’ ey ~SAK I}c N L WAVEAAN \J dw &k A NI \‘U 1] ’—‘;/vv A Va b ]
(OC_AN* §1 £(C.2 4097 100 2685 34 N4 297 (C_S"N 235(C.7Y 2158 intearchangeahle
\\.z ] s LNV AT Jy T wdmg TSy TVed g JTaTTy TNy Lle] Ny et \XNAT A Jy A B S ERALAAR MR AR A AR LA e
Naonalana & CAlarlace cmratale m o (O 1IN QN N_QR1T S0 IR (thin film) v Q74 727028 17
AL AIVHT U. LUOVIULICOD U JD 1D. 111 P \\;112&112} OV.U=01.7 . LIN (UM M) V £ 71U, &770, 1147,
1681, 1636, 1259, 1086, 799. HRMS calcd. for C;,Hs0, 192.1150, found 192.1157. MS m/z
o | aa . 1O AT /Y2 0N 17777 TAA MAYY YT 74 AN 17 A TAA TY AT /2 7y 180 Taa Fal | T Nt
(ICL. IIL. ). 1T7£4 |IVI] (D0.%7), 1 /7 [Vl =-CLI13] (4.0), 1749 |Vl - IT1U] (3.7), 127 [ivi — LI13 - 112V]
Lo 1 107 Th XA -~ Y f\‘l'\L Fea e Y 1 A7 v & rea i & § f\‘l+ Ve Fa NN Y QM 71 NN\ 7T NN O lTT ATRAD S £ £0N
(3.1), 156 [M — 2 x H,0} (0.2), 147 [M - CoH50) (70.5), 82 (100), 77 (2U.8). 0-NMRK 0 0.0V
(1H, dd, J = 10.2, 2.1 Hz, H-3), 5.84 (1H, dd, J = 10.2, 2.7 Hz, H-2), 2.88 (1H, dqdd, J = 9.5,
7.0, 2.7, 2.1 Hz, H-4), 2.64 (1H, d, J = 9.9 Hz, H-5), 2.40-2.20 (2H, m, 2H-7), 2.20-1.70 (4H,
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1\, 2H-8, 2H-9
G 2(C-1), 15 ),1
4),22.4 (C-8), 19.5 (C-12), 17 2 (C 11)

Decalone 7. Yellow oil. IR (thin film) v 2964, 2937, 2875, 1709, 1674, 1457, 1380, 1265,

1235, 1189, 1147, 1098, 819. HRMS caled. for C,H;60, 192. 1150, found 192.1127. MS m/z
(rel. int.): 192 [M]" (22.0), 177 [M - CH;]" (4.8), 174 [M - H,0]" (1.6), 159 [M — CH; - H,0]"

(2.4), 147 [C1oH;,O]" (24.7), 82 (100), 77 (17.3). 'H-NMR § 6.66 (1H, dd, J = 10.2, 2.4 Hz, H-
3), 5.94 (1H, dd, J = 10.2, 2.7 Hz, H-2), 2.93 (1H, dqdd, J=9.9, 7.2, 2.7, 2.4 Hz, H-4), 2.50
(1H, ddd. J = 14.6, 11.8, 7.5 Hz, H-7(), 2.30 (1H, dddd, J = 14.6, 3.4, 3.4, 1.5 Hz, H-7a), 2.29
(1H, d, J=9.9 Hz, H-5), 2.05 (1H, ddd, J= 13.5, 13.5, 4.9 Hz, H-9B), 1.97-1.88 (2H, m, 2H-8),
1.45 (1H, dddd, J = 13.5, 3.8, 3.8, 1.5 Hz, H-9a), 1.12 (3H, s, 3H-11), 1.09 (3H, d, J= 7.2 Hz,
3H-12). "C-NMR § 210.6 (C-6), 200.9 (C-1), 152.0 (C-3), 127.0 (C-2), 62.9 (C-5), 47.6 (C-
10), 37.5 (C-7), 30.8 (C-4), 29.6 (C-9), 21.3 (C-8), 21.3 (C-12), 18.7 (C-11).
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Decalone 8. Colorless crystals. m.p. (EtOAc/hexanes): 69.2-71.5 °C. IR (thin film) v 2973,

2941, 1721, 1693, 1453, 1268, 1217, 1101, 803, HRMS calcd. for C;;H;s0; 192.1150, found

192 1161, MS m/z (rel. int.): 192 IMI" (36.5). 177 IM - CELT (8.6). 174 M - HoOT" (1.4) 164
e A AN A AVRNT TFO b \AHAA llll--!. A 7 b LL'.IJ \JV-J!, i F 7 LL'l A IJJ \U-V}, A r-y L.I.VL ‘ll\l] \L- 'l, AN

(M — COT' (39.7). 149 IM - CO — CH.T" (100). 135 [C.H-O,1" (74.9) 107 IC-H-O1 (19.8). 79

pive \.«]\1] \F Tl Jg 2°FF [1IVE A AL O\ BVVJy 100 [NRIATAIT] \I.T gy VT TR (L 7.0, 1T

(36.4). ' H-NMR & 2.75-2.20 (6H, m), 1.98-1.76 (4H, m), 1.87 (3H, br s, 3H-12), 1.17 (3H, s,

2LT_11© ]3f‘ ANARAD K212 1 (M 1\ MNA L £ 12072 (0 C\* 1270 A\. AQ £ O 1N A A (0

SIri—11). CoINIVEN O L1001 (L-1 ), LU0 (L0, 1303 \(L-D ), 1ID/7/.7 (L-4),47.0{(L-1VU), 2.2 (L

MNE YA QL TINE AN T ONE AN A NG AN T S 1A AN Q S 11N AN T S O

2),34.F(C-7), 2.7 (L-5), 32.4(L-3), 24.1 (L-12), 20.8 (L-11}), 2U.1 (L-0)

*

** interchangeables.

Condensation of decalone 6 with methyl pyruvate.
To a solution of decaione 6 (1.823 g, 9.50 mmol) in dry THF (150 mL) was added dropwise
a 2N LDA solution in hexanes (5.2 mL, 10.4 mmol) at —78 °C. The mixture was stirred at that
temperature for 30 min and then methyl pyruvate (0.94 mL, 10.4 mmol) was added dropwise.
The reaction was stirred at —78 °C for 2 h and was then allowed to reach r.t. The reaction was
poured onto saturated ag. NH,Cl (150 mL). The mixture was extracted with Et,O (3 x 100
mL). The combined organic layers were dried over anhydrous Na,SO, and the solvent was
removed by rotary evaporation yielding 2.792 g (98%) of a 1:1 mixture of epimers 10a and
10b. Purification was carried out by semipreparative HPLC (EtOAc/hexanes 1:2).%
Hydroxy keto ester 10a. Colorless crystals. m.p. (EtOAc/hexanes) 89.1-90.2°C. IR (thin film)
v 3482, 2960, 2874, 1735, 1701, 1678, 1620, 1452, 1377, 1256, 1204, 974. HRMS calcd. for
C14H1503 [M — CO,CH;]" 235.1334, found 235.1334. MS m/z (rel. int.): 294 [M]" (13.7), 235
CO')CH:] (78.4), 217 I[M - CO,CH; - H')O] (35.0), 192 [M - CAH‘O_‘;] (41.7), 175 M -

* (87.7), 82 (100), 77 (35.4), 55 (57.9). 'H-NMR 5 6. (1H, dd, J = 10.1, 2.2
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Y = &

(rel int.): 294 [M]
5 [M - CO,CH;J" (46 1,217 [M CO,CH; - H;0]' (24.4), 192
I_M L4H6U3J (45.5), 175 [- i - C4H505 — HQUJ (70.7), 82 (100), 77 (39.7), 55 (58.3). 'H-
NMR 6 6.58 (1H, dd, J = 10.1, 2.2 Hz, H-3), 5.86 (1H, dd, J = 10.1, 2.2 Hz, H-2), 3.82 (3H, s,
CO,CH;s), 3.33 (1H, s, OH), 2.95 (1H, d, J = 9.6 Hz, H-5), 2.83 (1H, dqdd, /= 9.6, 6.8, 2.2, 2.2
Hz, H-4), 2.68 (1H, ddd, J=14.8, 5.9, 5.7 Hz, H-9a), 2.57 (1H, dd, J = 8.8, 6.0 Hz, H-7), 2.10
(1H, dddd, /= 14.4, 10.0, 8.8, 5.7 Hz, H-8a), 1.93 (1H, dddd, /= 14 .4, 6.0, 5.9, 5.5 Hz, H-8pB),
1.43 (1H, ddd, J = 14.8, 10.0, 5.5 Hz, H-9pB), 1.39 (3H, s, 3H-13), 1.07 (3H, d, J = 6.8 Hz, 3H-
15), 0.97 (3H, s, 3H-14). BC-NMR & 2114 (C-6), 201.9 (C-1), 176.9 (C-12), 153.2 (C-3),
125.6 (C-2), 75.7 (C-11), 58.8 (C-5), 54.9 (C-7), 53.1 (CO,CH,), 45.5 (C-10), 28.1 (C-9), 28.0
(C-4), 24.4 (C-13), 22.1 (C-14), 20.1 (C-8), 19.0 (C-15).
Reduction of ester 10a with NaBH, and CeCl;7H,0 in DMF.
A solution of ester 10a (65 mg, 0.22 mmol) and CeCl;-7H,0 (162 mg, 0.44 mmol) in DMF
(2 mL) was stirred for 30 min at r.t. Then NaBH, (17 mg, 0.45 mmol) was added. After 1 h, the

1/—\ o]
\]
N
~
G\
EF
w2
~
NJ

w2

3

reaction mixture was neutralized with ag. 1N HCIl. The mixture was l‘hl uted with H,O (10 mL)

LT A0 E3 23 FasAy TYRL LIV Sl YV Al &84 LS I L 4 ALZE AR N VY NEARLATNE VYV ARas \ 2V aRiady

acted with FtOAc (3 x 25 mL \ The grganic laver was washed with bhrine (3 x 25 ml)

1 YYRUAL RJWRIL R (o 0N 1V Vi sl ity w1 VT YV WJiiw YYAUiX URiilw (o 7 dwol RRERLJ

dried over anhydrous Na,SO,. The solvent was removed under reduced pressure.
o .

tinn hy flach ~rhramataoranhy (F+OA ~/havanacg 1N affardad AR ma (72 04
L v LiQDLE UluUlllaLUslaP l] \LlunbllleallCD, 1. ‘-) allUlU’Uu O llls \’J

ohol il. 1 it v ,
1258, 1208, 1165, 1107, 735. HRMS calcd. for C;sH,405 296.1624,
05.54 (1H, dt, J=10.1, 2.3 Hz, H-2), 5.40 (1H, ddd, J = 10.1, 2.3, 1.6 Hz, H-3),
H-1), 3.79 (3H, s, CO,CH»), 2.70 (1H, d, /= 9.2 Hz, H-5), 2.60 (iH, dd, J = 6.4, 4.8 Hz, H-7),
2.54 (1H, m, H-4), 2.11 (1H, m, H-9c), 1.82-1.72 (2H, m, 2H-8), 1.57 (1H, dt, /= 14.0, 5.2 Hz,
H-98), 1.33 3H, s, 3H-13), 0.96 (3H, d, J = 6.8 Hz, 3H-15), 0.76 (3H, s, 3H-14). C-NMR &
212.2 (C-6), 175.6 (C-12), 134.1 (C-2), 127.6 (C-3), 76.6 (C-11), 76.2 (C-1), 59.0 (C-5), 55.1
(C-7), 53.3 (CO,CH3), 35.0 (C-10), 33.0 (C-9), 27.2 (C-4), 25.2 (C-13), 23.6 (C-8), 19.8 (C-
15), 14.1 (C-14).

Reduction of ester 10a with NaBH, and CeCl;-7H,0 in MeOH

A solution of ester 10a (235 mg, 0.80 mmol) and CeCl;-7H,0 (596 mg, 1.60 mmol) in
MeOH (10 mL) was stirred for 30 min at r.t. Then NaBH, (60 mg, 1.59 mmol) was added.
After 1 h, the mixture of reaction was neutralized with aq. 1IN HCI. The mixture was filtered
and extracted with EtOAc (3 x 50 mL). The organic layer was dried over anhydrous Na,SO;
and the solvent was removed under reduced pressure. Purification by flash chromatography
(EtOAc/hexanes 2:1) afforded 179 mg (80% yield) of lactone 12.

la,l la—Dlhydroxy—Aka,SBH 6aH,7aH,10ccMe-eudesman-2,3-en-6,12-olide 12. Colorless
crvstals m.p. IMPOLI) 60 5.71 .8 °C. IR (thin film) v 3452 1427 '7Q4.7 28R0 ‘767’ ‘67;

LR
?v
5
[N

.IJ Fe \ ¥ A% 2R Nt e ALN \ 411 / ’ Rt
1464 1202 1146 1100 Q74 HRMS caled for C..H..O). 2668 1518 found 2664 14 IH_NMP
17TUT, 1T 74y 1 A‘VU’ LEVé&y 7777, L3ANIVIL VALIVUL. IUL U S11)8J] &AVV o1 7 20y IWVULIN UV 1 T 7 7. AATiINIVAR™
SEAYMLY A+ T—1N1 P90, LINY §27/1H Add 7T=101 290 1 211> LI_.?Y A KQ (11 Ad
O o094 (111, UL J V.1, L.V 14, I'1-2 ), J.0 7 (111, Ull, J LU. 1, L.V, 1.0 114, X170 J, .07 (111, U4,
J=19.4, 8.1 Hz, H-6), 3.81 (1H, m, H-1), 3.67 (1H, s, OH), 2.55 (1H, ddd, J = 13.6, 8.1, 5.6 Hz,
IT N D 1IN (11T e IFT AN 1 ON 1 £N 1T o0 DIT O ITONY 1T AN 1LY e TT QA 1 29 /20T o 2HT
ri-r7j), «.1v (in, m, r-4j, 1.0U-1.0VU (131, 11, 4ri-o, ri-7p), 1.4v (iri, Ui, r-7uj, 1.94 (2ri, 5, 211~
19 1M1 /11T 2 F_ 0D £ TIY. IT &N 1 NOQ /21T 14 ¥ — £ 0Q IT,. LT 1 & N ON YT - 2TT 1 AN 13~
13), 1.1 (i, 4, J — .0 N -2), 1.Ud {1, 4, v — 0.0 , JI1-10), V.0L {OI1, >, 3I1-1i7). -
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NRAD S 10N 1 /00 1M 12A 0D 10D /6 AN QO A 76 £\ ™1™ £ 747 1IN =z £ ra N AN N s N
NMR 0 180.1 (L-12), 134.9 (C-2), 129.9 (C-3), 83.3 (C-6), 77.5 (C-1), 75.5 (C-11), 49.0 (C-5),
AL /!""1\ AN LN YA VLT LN AN A LS SN AN AT D s 1Y -~ e w o VS N7 o B+ 2 -~ ey
45.0 \b 7), 7.0 (L-1U), 30.7 (L-4), 34.0 (L-Y), 21.8 (L-13), £21.3 (L-1D), 1Y.1 (C-8), 13.9 (-
1 AN
14).

Reduction of ester 10b with NaBH, and CeCl;-7H,0.

A solution of ester 10b (139 mg, 0.47 mmol) and CeCl;-7H,0 (352 mg, 0.95 mmol) in
MeOH (10 mL) was stirred for 30 min at r.t. Then, NaBH, (36 mg, 0.95 mmol) was added.
After 1 h, the mixture of reaction was neutralized with aq. 1N HCl. The mixture was filtered
and extracted with EtOAc (3 x 50 mL). The organic layer was dried over anhydrous Na,SO;
and removed under reduced pressure. Purification by flash chromatography (EtOAc/hexanes,
2:1) afforded 128 mg (91% yield) of triol 13.

Trihydroxy ester 13. Colorless oil. IR (thin film) v 3471, 3456, 3444, 3015, 2952, 2874, 1724,
1655, 1455, 1438, 1397, 1373, 1256, 1218, 1200, 1176, 1144, 1105, 1086, 1055, 972. HRMS
caled. for CsHy405 298.1780, found 298.1778. 'TH-NMR § 5.55 (1H, dt, J = 10.0, 2.2 Hz, H-2),
5.41 (1H, ddd, J = 10.0, 2.2, 1.8 Hz, H-3), 3.92 (1H, m, H-1), 3.89 (1H, t, J = 3.2 Hz, H-6),
3.84 (1H, s, OH), 3.81 (3H, s, CO,CHj3), 2.38 (1H, m, H-4), 2.03 (1H, ddd, /= 5.2, 3.2, 2.8 Hz,

H-7), 1.85 (1H, m, H-8B), 1.60-1.40 (4H, m, H-5, H-8q, 2H-9), 1.41 (3H, s, 3H-13), 1.04 (3H,
d, J= 6.8 Hz, 3H-15), 0.99 (3H, s, 3H-14). BENMR 5 178.3 (C-12), 135.0 (C-2), 129.0 (C-3),
77.4 (C-6), 77.2 (C-11). 68.4 (C-1). 53.1 (CO,CH=). 48.6 (C-7). 46.7 (C-5). 36.0 (C-10). 32.8
L V) b S ll}, TU.TT \k/ 1}, R \\/VZ\/llj], TO.VU \\./ I}, e Y PO \\_/ J}, A ST l\l’, o) dow o 8T
(C-9), 28.8 (C-4), 24.7 (C-13), 18.2 (C-15), 16.8 (C-8) 15.3 (C-14)
MNvidatinm af lantama T widhh DO fnve alizeeaioe
SJAITUALIVILI UL 1ALV 14 Wil I LU Ul dlulllllld
T n grnbiitime ~f ot T 71N s N VO e 1N 2 T Ve Y-4% S U adA 1 MM on
10U a >301UuUVULl U1 1aCVIIC 14 (1VL T1E, U.O065 ITHNO1) in Ll‘lzblz (49 ﬂlL) was aaaeda rueu
basic alumina (926 mg, immol = 806 mg). After 2 h, the mixture was filtered through a short

8

path of basic alumina. Removal of the solvent by rotary evaporation yielded 97 mg (96%) of
lactone i4.

11a-Hydroxy-i-oxo-4aH,58H,6aH,70.H,1000Me-eudesman-2-en-6,12-olide 14. Coloriess
crystals. m.p. (EtOAc/hexanes) 133.5-135.4 °C. IR (thin film) v 3452, 2955, 2893, 1780, 1675,
1464, 1381, 1110, 970. HRMS calcd. for C,sH,O;4 264.1362, found 264.1359. '"H-NMR § 6.64
(1H, dd, J=10.1, 2.1 Hz, H-3), 591 (1H, dd, /= 10.1, 2.8 Hz, H-2), 4.77 (1H,dd, J=9.2, 7.3
Hz, H-6), 2.70-2.50 (2H, m, H-4, H-7), 1.94 (1H, m, H-9«), 1.80-1.60 (3H, m, 2H-8, H-9B),
1.70 (1H, t, /= 9.2 Hz, H-5), 1.42 (3H, s, 3H-13), 1.35 (3H, d, /= 7.2 Hz, 3H-15), 1.12 (3H, s,
3H-14). "C-NMR 5 202.9 (C-1), 177.9 (C-12), 154.2 (C-3), 126.0 (C-2), 80.7 (C-6), 74.6 (C-
11), 48.0 (C-5), 43.4 (C-10), 43.1 (C-7), 35.0 (C-4), 28.6 (C-9), 21.5 (C-13), 19.9 (C-15), 19.7
(C-8), 18.1 (C-14).

Epoxidation of 14

To a solution of lactone 14 (154 mg, 0,58 mmol) in MeOH (5 mL) was added aq. 35% H,0,
(152 uL, 1.470 m.-mgl) and ag. 6N NaOH (0.1 mL, 0.6 mmol). The -ea,tinn was stirred at r.t. for
1.5 h, after which time it was neutralized with 1N HCI. The mixture was extracted with EtOAc
(3 x 10 mL). The organic layer was dried over anhydrous Na,SO, and the solvent was removed
hy rotary svannaratinn Purificatinn hy ach chramatnoranhvy (FtD A~/ havane 7:1) affarded 124
IJJ Av A% =8 “y\.’l LAIVIEIR,. l}llvallull UJ 414011 Uluulllaluslu}lll” \4.4\-\/4( ES 4 llyﬂ“ll\/ bvd} WREAVIANGIWGS Kb ¥
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2870, 1761, 1681, 1454, 1373, 1306, 1201, 1097 MS calcd. for C;jHy05 [M-CO;j
o~y 4 At o, o~ ~n FaVel 'l"'\“""\ (g o~ Ve Tr 1 r 'aYa ~ N TY TY N\ ~ "D I1TYY —_—
236.1413, found 236.1406. 'H-NMR & 4.65 (iH, dd, J = 9.2, 7.2 Hz, H-6), 3.38 (iH, dd, /=
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d, j=92,
J i 1Hmﬂ913),‘179(m de 72 64HZH-
-1.60 2H, m H8 H—9a) 154(1H m, H-8), 1.44 (3H, d, J= 6.8 Hz, 3H-15), 1.40 (3H,

-~ -~ T

1 3), 1.06 (3H, s, 3H-14). "C-NMR & 206.6 (C-1), 177.6 (C- 12), 79.9 (C-6), 74.8 (C-11),
8.7 (C-3), 53.1 (C-2), 44.1 (C-10), 43.5 (C-7), 39.0 (C-5), 32.0 (C-4), 29.2 (C-9), 21.2 (C-13),

208 (C-15), 18.1 (C-8), 17.7 (C-14).

Wharton rearrangement of epoxide 15.

To a solution of epoxide 15 (73 mg, 0.26 mmol) in MeOH (10 mL) was added NH,NH,-H,O
(18 pL, 1.3 mmol) and AcOH (0.5 mL) at 0 °C. After 15 min at this temperature, the mixture
was heated to reflux for 2 h. Then, H,O (10 mL) was added. The solution was neutralized with
aq. saturated NaHCO; and the mixture was extracted with EtOAc (3 x 10 mL). Removal of the
solvent by rotary evaporation and flash chromatography (EtOAc/hexanes, 2:3) of the crude
compound yielded 63 mg (92 %) of 16.

3B,lla-Dihydroxy—4aH,5BH 6aH,7aH,1000Me-eudesman-1-en-6,12-olide 16. Colorless
stals. m.p. (CH,Cl;) 172.4-174.8 °C. IR (thin film) v 3371, 2960, 2927, 28
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, 141.6 (C-1 4
-3), 35.9 (C-10), 34.6 (C-4), 34.
Oxidation of alcohol 16.

To a solution of alcohol 16 (52 mg, 0.20 mmol) in CH,Cl, (25 mL) was added PCC on basic
alumina (236 mg, Immol = 806 mg). After 2 h, the mixture was filtered through a short path of
basic alumina. Removal of the solvent by rotary evaporation yielded 47 mg (91%) of lactone
17.
11a-Hydroxy-3-oxo-4aH,5fH,6aH,70cH,1000Me-eudesman-1-en-6,12-olide 17. Colorless
oil. IR (thin film) v 3426, 2975, 2932, 2876, 1772, 1718, 1674, 1458, 1380, 1350, 1325, 1304,
1242, 1212, 1182, 1161, 1134, 1098, 968. HRMS calcd. for C;sHyO,; 264.1362, found
264.1355. '"H-NMR 8 6.60 (1H, d, J=9.9 Hz, H-1), 5.86 (1H, d, J= 9.9 Hz, H-2), 4.71 (1H, dd,
J=9.7,72 Hz, H-6), 2.73 (1H, q, J= 7.2 Hz, H-7), 2.55 (1H, dq, J = 12.4, 7.2 Hz, H-4), 1.85
(1H, dd, J = 12.4, 9.7 Hz, H-5), 1.84 (1H, m, H-8a), 1.70-1.60 (3H, m, H-8B, 2H-9), 1.43 (3H,
S, 3H-13) 1.32 (3H, d, J= 7.2 Hz, 3H-15), 1.19 (3H, s, 3H-14). "C-NMR § 200.4 (C-3), 177.8

57.8 (C-1), 125.8 (C-2), 79.4 (C-6), 74.8 (C- 11\,42n((‘ -5), 43.1 (C-4), 43.0 (C-7),
), 34.0 (C-9), 21.3
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INNTI> LT 1Y £ /1L A IT—1NNIT, IT DAY £ £ /1LY A2 T—" A" 1 £I7- YT £\ A 0D /10T
VWV IiZ, 1i-ij, 0.0 (1n,q,s— 1U.v ,» M-2), 2.024 (1IN, A, J = 7.4, 1.0 , 11-0), £.73 {111, {,
F— " " LY~ T\ A A1 711X . MANAIIN A NN /AYT 1 Y __ 1 £ YT -str -p\ 1T D 71X TY O\ 1
J=/lLnZ n-/j), 241 (10, s, 0N, 2.09 (30, q, v = 1.6 Hz, 3H-15), 1.98 (IH, m, H-8a), 1.79
£1YTY .. 12 Yy . 1™ QO £ NTITY T AN 1 IS ATY R s PHAY -~ m~ o T

i, 1d, J = 13.8, 0.Y Hz, 1-Y L./>(1H, m, H-YQ), 1.62 Ul—l (lddd J=13. L, 0.9, 0.9 Hz,

H-8B), 1.34 (3H, s, 3H-13), 1.31 (3H, s, 3H-14). ). "C-NMR & 185.9 (C-3), 1
(C-1), 151.0 (C-5), 134.8 (C-4), 125.4 (C-2), 76.5 (C-6), 74.8 (C-11), 45.3 (
32.8 (C-9),26.9 (C-14), 20.7 (C-8), 18.3 (C-13), 12.5 (C-15).

Esterification of 18.

To a solution of angelic acid (8.1 mg, 0.081 mmol) in CH;Cl, (1 mL) was added 2,4,6-
trichlorobenzoyl chloride (12.5 uL, 0.081 mmol) and Et;N (11.3 uL, 0.081 mmol). The mixture
was stirred for 2 h at r.t. Then, a solution of lactone 18 (9.6 mg, 0.037 mmol) in CH,Cl, (1 mL)
was added. The mixture was heated to reflux for 48 h, then diluted with Et,0O (10 mL) and
filtered. Solvent was removed under vacuum. Purification by HPLC (EtOAc/hexanes, 1:2)
afforded 6 mg of the initial 18, 3 mg (22 %) of decipienin A, 19, and 1 mg (8%) of the tiglate
ester.

Decipienin A, 19. Colorléss oil. IR (thin film) v 2938, 1791, 1718, 1663. HRMS calcd. for
CisH 403 fM-HOAmz] 244.1089, found 244.1099, lH-NMR 6 6.72 (1H, d, J = 9.8 Hz, H-1),

\l\l
Or\‘.

’7) 9.5 (C—ld),

1

6.25 (1H, d, J = 9.8 Hz, H-2), 6.19 (1H, qq, J = 7.4, 1.4 Hz, H-3"), 5.64 (1H, dg, J = 8.8, 1.7
Hz, H-6), 3.62 (1H, ddd, J= 8.8, 7.3, 6.2 Hz, H-7), 2.12 (3H, d, J= 1.7 Hz, 3H—!5), 1.99 (3H,
dq, /=74, 1.4 Hz, 3H-4") 1.95 (1H, m, H-8a), 1.89 (3H, q, /= 1.4 Hz, 3H-5"), 1.73 (1H, m,
HORY 167-1500H m H-QR H.0~) 147 (2H <« RH_-12) 198 (IH ¢ 2WI_14) Y BONMR §
LIS 7pdfy 1.0 751,00V (401, iy TI°0P, 11770, 1.4 \J11, 5, IX171J ), 1.4£0 \JIl, 5, Ji1=1%7). TLNIVRAN U
16 Q /.Y 17K (_1N 1KA22 (C_ 1IN 188§ (_1\ 181 £ (' &Y 1ANQ /2N 122 A ((_A
L18J.0 \\v~J ), 173.0 \Vvm1l)y, 1005 (L=l ), 133,03 (L1, 1J1.0 (L-D), 14VU.7 (L-J J, 133.U \-7),
179L Q (LI 1L N LI "TTONDN Y 1IN "ML AL £ AT DY 7T AN T Y 10N 2A 1 (0N VLA
1280.0 0L J, 140U L8, FP.L\U-11), 10.41(L~0), 41.7\L-7),8U.1 (L-1U), 34.1 (-7}, 2058 (L~
14), 20.4 (C-8), 19.3 (C-13), 18.7 (C-5"), 16.0 (C-4"), 12.0 (C-15).
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