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1. Introduction

Terpenoids are regarded as one of the largest astimportant
classes of natural products, many of which possediancer,
antifungal, antiviral and antibacterial activityerpenoids are also
structurally diverse, possessing a wide variety cafbocyclic
systems often with multiple stereocenters and oxgtien patterns,
making them attractive targets for total synthé&ishe hortonones

Of these, hortonone C showed promising in vitroiviagt
towards MCF-7 cancer cells, @&= 5 pg/mL) while hortonone A
and B were not active at concentrations as higtD8sig/mL.* The
structure and relative stereochemistry of the hues was
elucidated based on NMR studies, but their absolute
stereochemistry was not assigned. Recently, tketéital synthesis
of the hortonones was reported by Minefarsing the Inhoffen-
Lythgoe diol, a degradation product of ergocalcfdwitamin D,)

A-C (1-3, fig. 1) are a group of hexahydroazulenone naturahs chiral starting material. The work also servedunveil the

products possessing an unprecedented rearrangledoskdhat was
isolated from a collection of plants belonginghe genudiortonia
in Sri Lanka’

H
[0}

Hortonone C (1) R = H: Hortonone A (2)
R = OH: Hortonone B (3)

Figure 1. Structure of the hortonones A-C

H

absolute stereochemistry of the hortonones. Heregnwould like
to report our own efforts towards the synthesit@ftonone C and
the confirmation of its absolute stereochemistry.

2. Results and discussion

At the beginning of our work, the absolute sterewsistry of
the hortonones was unknown. Based on the isolaéportf" we
decided to target the RG7R,10R) enantiomer (Figure 1). Hortonone
C contains a 5,7 cis-fused bicyclic system with étiguous
stereocenters and amp-unsaturated ketone. Several approaches
for the stereoselective construction of 5,7 cistlsbicyclic
systems are known in the literatdreThe most commonly
employed methods include intramolecular aldol reast’ ring-
closing metathesésand metal-catalyzed cycloisomerizatidn
addition, ring expansion strategies are well preoged™® We
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envisioned the construction of the cycloheptenomngy rof Comparison of characterization data for & )ncluding optical
hortonone C to derive from a ring expansion evemtkaown  rotation, matched well with the Danishefsky regotiowever, the
hydrindanone (+#'* having two out of three required stereocenterssense of asymmetric induction of the initial comjtegaddition was
already in place. In turn, hydrindanone @gould be prepared by in contrast with that described originally by Quémk™ despite the
conjugate addition of an isopropyl unit to 2-metBytyclopenten- fact that both reports describe the use of the semral additive
1-one b) followed by cyclization, or derived from readéyailable  derived from L-proline. With these results, we fakcessary to
Hajos-Parrish Ketone (4§* (Scheme 1) unambiguously assign the absolute configuratiomwf synthetic
(+)-4 by an independent synthesis route that could uselch
material of well-established absolute configurati@ased on the
work of Yamashitd’ and Deslongchamps, readily available
1 = Hajos-Parrish ketone (4§ was converted into known aldehyde
o (+)-10 in 5 steps and 36% overall yield (Scheme 3). Naidic
addition of CHLi in THF delivered the corresponding secondary
j \I alcohol as mixture of diastereomers, which conwérigégo methyl
o ketone (+)11 upon oxidation with the Dess-Martin reagént.
Wittig olefination delivered diene (492, which required selective
\Q Ljig reduction at the 1,1-disustituted alkene in thesgnee of the
o trisubstituted olefin. To this end, hydrogenatioh (§-12 using
Wilkinson’s catalyst was attempted, but no reactias observed
after 48 h. Fortunately, the required selectiveuotidn was
observed when enone (1} was subjected to hydrogenation with
Wilkinson’s catalyst, affording hydrindanone (4)in 77% yield.
fThe characterization data for (4)-prepared by this independent
route, again matched well with the Danishefsky repoChiral
stationary phase HPLC analysis showed that therdstgoroduct
had 88% ee, confirming that this method producedsdme major
enantiomer as the asymmetric cuprate addition ro(See
supporting information).

5 (+)-6
Scheme 1. Retrosynthesis of intermediate4(+)-

While non-enantioselective conjugate addition rieast on
cyclopentenon® are well documented, the asymmetric versions o
these transformations are recognized as a synttteditenge>"**°
We sought to implement a short synthesis of44)y using an
asymmetric conjugate addition developed by Quinkert his
synthesis of confertifi’’ and showcased by Danishefsky in the
synthesis of guanacastepene®AThis sequence, while allowing
access to enantioenriched @)requires the use of excess amounts
of a chiral additive derived from L-proline. Despithe need for
excess chiral additive, we decided to explore thiion first.

Following the Danishefsky repart,cyclopentenon& was treated ref. 20 and 21 12 g&'ﬁ
. . . s (+)6 — ———> 0
with a cuprate derived from isopropenyllithium amdiprous 36% & 6% &
thiocyanate in the presence of chiral additive 1= (Scheme 2)
to yield 8. Ketone8 was then transformed into the corresponding (+)-10 (-1
tetrasubstituted silyl enol ether and subjectedL&wis acid-
promoted conjugate addition to methyl vinyl ketofdVK) to
deliver diketone (+P as a single diastereomerH( NMR). Ph.P=CH mro
Hydrogenation and cyclization gave UV-active enfred. At this =%
point, chiral stationary phase HPLC analysis shothed this route 82% quant.
produced (+}4 with 94% ee. (See supporting information). ()1 ()13
1. TBSOTf, Et;N
CUSCN, (+) 7 2. MVK, BFz*OFEt, ~Hy
72% 54% 77% o
s (6:1 dr) (+)-4
Scheme 3. Synthesis of (4)from (+)-6.
{g 1. Hy, Pd/C . )
2. NaOMe Having secured a reliable route to enone4+ve focused our
48% efforts on the ring expansion sequence and coropletif the
(-4 synthesis. Enone (#-was treated with TMS-diazomethane and a

Lewis acid in the anticipation that these cond#iavould promote

regioselective ring expansiéfii?*®®> and that the expectefl,y-
N e unsaturated ketone would undergo isomerizatiorheeitduring
(-7 workup or on a separate step, to the conjugatednesno
Scheme 2. Synthesis of (4)- corresponding to hortonone C. Unfortunately, d@dmipts to induce

direct ring expansion on enone &)ising TMS-diazomethane and
either BROEL® or AlMe,”* were unsuccessful, affording either
recovery of unreacted starting material or comptextures under



more forcing conditions. We then turned our attamto a different
strategy, in which enone (#)-could be subjected to conjugate
reduction, and the ensuing enolate could be useoh &ntry to the
required ring expansion. Based on the work by déev&® on a
similar substrate, treatment of enone 4+Hynder dissolving metal
conditions, followed by trapping of the enolate lwiTMSCI
afforded silyl enol ethet4 (Scheme 4). Silyl enol eth&4 could be
purified and immediately subjected to cyclopropaméf to furnish
15in good yield. Although théH NMR of 15 showed the presence
of a single diastereomer, the stereochemistry efdyclopropane
ring was not assigned. With the required substostehand, the
final ring expansion was attempted. Transformatiasf
trimethylsilyloxy-cyclopropanes into cycloheptensnds well
precedented in the literatuf®:however, in the case df5 this
transformation proved to be challenging. Treatmeintl5 under
standard conditio’& (2 equiv. FeGl DMF, 0 °C to rt, 24 h, then
NaOAc, MeOH, reflux) resulted in complete consumptof the
starting material, but low yields of the desireaafi product.
Attempts at increasing the efficiency of this tfamsation either
by direct elimination, by addition of pyridine as lzmse, or
purification of the beta-chloro intermediate didt nimprove the
results. Eventually, our best results were obtaibgdheating a
toluene solution of the crude chloride intermediatéhe presence
of DBU as a base to obtain (t)in 42% yield fromi5.

ﬁ
TMSO

(-)- hortonone C, (
Scheme 4. Synthesis of hortonone CI(-)-

Eto,Zn

TMSCI Et3N CHz'

62%

1. FeCly
2. DBU

42%

Although the vyield of this final sequence was modes
comparison of NMR data of the synthetic materighwthat of the
natural product showed a complete match. The sigheooptical
rotation of our synthetic hortonone Gf%,—57.2 € 1.0, CHC})}
showed that we had synthesized the enantiomer efnttural
product {lit* [a]*’, +74 € 4.4, CHC})}, therefore, the absolute
stereochemistry of natural hortonone C must be ritest as
(6S,75109), in agreement with the Minehan repd#valuation of
cytotoxicity using the MTT assay as described mesiy”’
demonstrated that synthetic hortonone Cl(Was not active (I
>100 uM) against MCF-7 breast cancer cells, indicatingt tthe
absolute stereochemistry of the natural producessential for
activity

3. Conclusions

In summary, we have accomplished an enantiosetedtital
synthesis of the enantiomer of the cytotoxic tegietortonone C.
The synthesis features the conjugate reduction &y enone
intermediate under metal dissolving conditions astrategy to
control the stereochemistry of the cis-ring fusiam well as

3

delivering a silyl enol ether useful for ring exg@n. The
sequence is practical and was useful to confirm absolute
stereochemistry of the natural product. As dematetr by
Minehan® transformation of hortonone C into the structyrall
related hortonones A and B is possible, therefaneefforts also
represent a formal total synthesis of the hortoeoieand B. In
addition, our synthetic approach could be easippsed to prepare
the natural enantiomers of the hortonones by simging D-
Proline to prepare either the enantiomeric (-)-ddparrish ketone,
or the (-)7 pyrrolidine ligand needed for the initial asymnnetr
conjugate addition. Such flexibility could be adl for further
biological evaluations of hortonone C and its agalo

4, Experimental section
4.1.General

All moisture sensitive reactions were conductedwen-dried
glassware under an atmosphere of dry nitrogen. tReasolvents
were dried and degassed by passing through a coffirmctivated
alumina in a solvent purification system or freshigtilled from
the appropriate drying agent. All other solventd asagents were
purchased from commercial suppliers and used asvesl; unless
otherwise specifiedH and**C NMR spectra were recorded using a
400 MHz Bruker instrument. Data fdH NMR are reported as
follows: b = broad, s = singlet, d = doublet, triplet, q = quartet,
m multiplet. Coupling constants are given in HertR
measurements were performed in a Nicolet FT IRhas films.
Optical rotations were measured on a Rudolph Adtdppoor a
Jasco DIP-1000 polarimeter. HPLC analyses usediralgak IC
column, eluting with a mixture of hexane-isoproplafe®b:35) at a
flow rate of 0.5 mL/min. and UV detection at 254 .nkligh-
resolution mass spectrometry analyses were comdiuatethe
University of New Mexico Mass Spectrometry facility

4.2.(3S)-2-methyl-3-(prop-1-en-2-yl)cyclopentan-1-ohne(8)

Under a nitrogen atmosphere, 2-bromopropene (0.252181
mmol) was taken in 14 mL of dry ether and cooled7® °C. To
this, tert-Butyllithium (3.67 mL of a 1.53 M solution in pemie)
was added dropwise via syringe and the mixtureestifor 30 min.
The resulting isopropenyllithium solution was calated into a
septum-sealed flask containing cuprous thiocyaf@ate7l g, 1.4
mmol) and powdered 4A molecular sieves (0.54 §).ehmL of dry
Et,O. The mixture was stirred for 1 h and allowed tarmw up to -
25 °C. Then the mixture was cooled to -60 °C awedted with a
solution of ligand (+)7***°(0.35 mL, 2.71 mmol) in 5.0 mL of dry
Et,0. Stirring continued for 30 min. as the mixturesvalowed to
warm up to -50 °C. Finally, ketore(69 uL, 0.7 mmol) was added
by syringe at -100 °C and the resulting mixture wtsed for 2 h
at the same temperature before it was quenchedl®ithL of ice-
cold ammonium chloride saturated solution, andteduwith 20
mL of EtO. After stirring for 15 min., the mixture was &hed
through Celit&. The aqueous layer was separated and extracted
with Et,0. Combined organic layer was washed with brineeddr
over MgSQ, filtered and concentrated. Purification by siligel
flash column chromatography using 9:1 hexang®Eafforded
0.069 g of keton& as a 6:1 mixture of diasterereomers in 72%
yield. Physical and spectral data were in agreenveth the
literature values®

4.3.(2R,3R)-2-methyl-2-(3-oxobutyl)-3-(prop-1-en-2-
yl)cyclopentan-1-onedj
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A solution of ketone8 (0.039 g, 0.282 mmol) in 2 mL of dry
acetonitrile was treated with 48t (43 pL, 0.31 mmol), followed by
freshly distilled TMSCI (39 pL, 0.31 mmol). To thmixture was
added dropwise a solution of Nal (0.046 g, 0.310cfim 2 mL of
dry acetonitrile. The reaction mixture was stirred room
temperature for 3 h before filtering and the solidse washed with
pentane. The combined pentane layer was concenttatebtain
the corresponding silyl enol ether (0.059qgant.)as a colorless
oil, which was directly used in the next reactionthaut
purification: A solution of silyl enol ether deriddrom 8 (0.059 g,
0.282 mmol) in 1.0 mL of dry Cj&€l, was cooled to -10 °C and
treated with methyl vinyl ketone (17 pL, 0.216 mjniollowed by
dropwise addition of BFOE$ (3 uL, 0.021 mmol) and a solution
of L- menthol (38 pL, 0.216 mmol) in 1.0 mL of d8H,Cl,. The
mixture was stirred at the same temperature fgrtthén allowed to
warm up to 0 °C and quenched with NaHC&turated solution.
The mixture was then extracted with €H,, and the combined
organic layer dried over MgSQ filtered and concentrated.
Purification by flash column chromatography usindg Bexanes-
EtOAc afforded diketon® (0.024 g, 54% fron8) as a colorless oil.
Spectroscopic data were in agreement with theatitee values:

4.4.(1R,7aR)-1-isopropyl-7a-methyl-1,2,3,6,7,7a-hexabyaH-
inden-5-one (+)4).

A solution of diketoned (0.024 g, 0.115 mmol) in 1.5 mL dry
benzene was treated with 3.5 mg of 5% wt Pd/C (5@te in
water). The headspace of the flask was flushed jthrogen, and
the mixture was stirred at room temperature undeatmosphere of
hydrogen. After 48 h, the mixture was filtered tigb a short plug
of silica and the solids rinsed with EtOAc. The doned filtrate
was concentrated and the residue was purified lmagjel flash
chromatography using 6:1 hexanes-EtOAc to give
corresponding diketone intermediate as colorleds (61018 g,

Tetrahedron

for 2 h before an additional equivalent of {£Hwas added.
Stirring continued for 1 h at the same temperatoegore the
mixture was warmed up to room temperature, andlglquenched
by drop-wise addition of water and extracted wittDEc. The
combined organic layer was washed with brine, doeer MgSQ,
fitered and concentrated. Purification by $iOcolumn
chromatography using 3:2 hexanes-EtOAc afforded
corresponding secondary alcohol intermediate (0.5682.383
mmol, 87%) as a 10:1 inseparable mixture of diasters. Data for
major diastereomer:(R 0.5 (hexanes/EtOAc = 1:1); IR (thin film)
v[13562, 2929, 2872, 2353, 1638, 1070 citH NMR (400 MHz,
CDCly)105.35 (s, 1H), 3.96 (m, 5H), 2.49-2.21 (m, 4H), 11879
(m, 3H), 1.67-1.52 (m, 3H), 1.26-1.25 (b= 6.36 Hz, 3H), 0.97 (s,
3H): C NMR (100 MHz, CDG)) §146.9 (C), 121.4 (CH), 109.1
(C), 69.1 (CH), 64.5 C}), 64.4 (CH), 59.4 (CH), 45.2 (CH), 37.4
CH,), 36.1 (C), 33.9 (Ch), 31.0 (CH), 23.7 (CH), 16.1 (CH);
HRMS (ESI+) m/z: [M+Na] Calc’d for GH,NaO; 260.1467;
Found 261.1465. To a solution of the above-obtaisecbndary
alcohol intermediate (0.199 g, 0.836 mmol) in 8.0 wf dry
CH,CI, was added Dess-Martin periodinane (0.531 g, 1236®I)

in one portion. The reaction mixture was stirred rabm
temperature for 1 h before quenching with 1:1 mixtwf ag.
saturated Ng&,0; and aq. saturated NaHgOsolution, and
extracting with CHCIl,. The combined organic layer was washed
with brine, dried over MgS§) filtered and concentrated.
Purification by SiQ@ column chromatography using 3:2 hexanes-
EtOAc afforded ketone (#¥)1 (0.171 g, 87%). R: 0.6
(hexanes/EtOAc = 1:1)p]*'p +29.9 € 0.5, CHCY); IR (thin film)
v[13047, 1727, 1356, 119 ém'H NMR (400 MHz, CDCJ) §5.31

(s, 1H), 3.97 (m, 4H), 3.03-2.98 (m, 1H), 2.85-2(i#7, 1H), 2.44-
2.21 (m, 3H), 2.17 (s, 3H), 2.10-2.04 (m, 1H), 11872 (m, 3H),

the

thé.91 (s, 3H);*C NMR (100 MHz, CDGJ) §208.9 (C), 144.2 (C),

121.3 (CH), 109.0 (C), 64.4 (GH 64.4 (CH), 47.0 (C), 37.9

75%). *H, °C NMR and optical rotation data was in agreement(CH), 36.0 (CH), 31.7 (CH), 31.3 (CH), 29.9 (CH), 17.5 (CH);

with the literature value¥. 0.018 g (0.085 mmol) of the above-
obtained diketone intermediate was treated witl2 @riL of a 0.5
M solution of sodium methoxide in methanol. The tuie was
stirred and heated to reflux for 12 h before satardNaCl solution
was added. The mixture was extracted wifOE&and the combined
organic layer washed with brine, dried over MgSfiltered and
concentrated. Purification by silica gel flash coiu
chromatography using 5:1 hexanes-EtOAc gave4({)-007 g,
48%) as colorless oil. Chiral stationary phase HPagalysis
indicated this product had 94% ee. Spectroscopta @are in
agreement with the literature valu@s.

4.5.(1S,7aR)-7a-methyl-1,2,3,6,7,7a-hexahydrospiroliveds,2'-
[1,3]dioxolane]-1-carbaldehyde (+)10)

HRMS (ESI+) m/z: [M+H] Calc’d for GH».0; 237.1491; Found
237.1484.

4.7.(1R,7aR)-7a-methyl-1-(prop-1-en-2-yl)-1,2,3,6,7,7a-
hexahydrospiro[indene-5,2'-[1,3]dioxolane]){(12)

To a stirring solution of methyltriphenylphosphomiviodide
(0.899 g, 2.517 mmol) in 35.0 mL of dry THF cooled-10 °C
under nitrogen atmosphere was adddgluLi (1.97 M solution in
hexane, 1.27 mL, 2.517 mmol) drop-wise. The mixtwes stirred
for 1 h at the same temperature before a solutidetmne (+)11
(0.119 g, 0.503 mmol) in 15 mL of dry THF was addé&dsyringe
drop-wise at 0 °C. The reaction mixture was allowedslowly
warm up to room temperature and stirred for 48fbreequenching
with saturated solution NJ&I and extracting with EtOAc. The

Aldehyde (+)10 Was prepared in five steps and 36% overallcombined organic layer was washed with brine, drimcer

yield from known Hajos-Parrish ketone (8 using the sequence
described by Deslongchanipswith the following modification:
NaBH, reduction of the Hajos-Parrish ketone GHvas carried out
using the method of Yamashita and Hirath@haracterization data
for (+)-10 matched those described by Deslongchafhps.

4.6.1-((1S,7aR)-7a-methyl-1,2,3,6,7,7a-hexahydrospidgne-
5,2'-[1,3]dioxolan]-1-yl)ethan-1-one (+)iQ)

A solution of aldehyde (+)0 (0.604 g, 2.719 mmol) in 25 mL
of dry THF was cooled to -7& and treated with a solution of
CHaLi LiBr in Et,O (2.2 M, 2.34 mL, 5.143 mmol) drop-wise via
syringe. The reaction mixture was stirred at th@es@aemperature

anhydrous MgS§) filtered and concentrated. Purification by SiO
column chromatography using 9:1 hexanes-EtOAc défdrdiene
(-)-12 (0.096 g, 82%). R 0.5 (hexanes/EtOAc = 9:1)p], -58.3
(c 0.9, CHCY); IR (thin film) v 3043, 2923, 2872, 1442, 1352, 1082
cm’; '"H NMR (400 MHz, CDCJ) 85.35 (s, 1H), 4.87 (s, 1H), 4.78
(s, 1H), 3.97-3.91 (m, 4H), 2.55-2.31 (m, 4H), 2258 (m, 1H),
1.91-1.79 (m, 2H), 1.77 (s, 3H), 1.72-1.58 (m, 3683 (s, 3H);
¥C NMR (100 MHz, CDCJ) 8 146.2 (C), 145.0 (C), 121.6 (CH),
111.2 (CH), 109.3 (C), 64.5 (C}), 64.3 (CH), 58.7 (CH), 46.2
(C), 37.7 (CH), 36.5 (CH), 33.8 (CH), 31.4 (CH), 24.4 (CH),
16.7 (CH); HRMS (ESI+) m/z: [M+H] Calc'd for GsH,30,
235.1698; Found 235.1693



4.8.(1R,7aR)-7a-methyl-1-(prop-1-en-2-yl)-1,2,3,6,7,7a-
hexahydro-5H-inden-5-one)}-(13).

To a solution of diene (92 (0.381 g, 1.625 mmol) in 3.2 mL of
acetone at room temperature, was added 2.8 mL diMaHCI
solution drop-wise. The resulting cloudy solutioasastirred at the
same temperature for 24 h before quenching withuratsd
NaHCGQ; solution and diluting with EtOAc. The organic layeas
washed with brine, dried over anhydrous MgS®@ltered and
concentrated to obtain enone (3-(0.309 g,quant). R : 0.7
(hexanes/EtOAc = 5:1)p]*%, +83.3 € 0.7, CHCY); IR (thin film)

v 2970, 2361, 1666, 1196 &m'H NMR (400 MHz, CDCJ) §5.72
(s, 1H), 4.92 (s, 1H); 4.75 (s, 1H), 2.69 (dd&; 10.5, 10.3 Hz, 1H),
2.51-2.38 (m, 2H), 2.33-2.27 (m, 1H), 2.23-2.18 1), 2.09-2.05
(m, 1H), 2.02-1.90 (m, 1H), 1.87-1.78 (m, 2H); 1(84 3H), 0.94
(s, 3H); °C NMR (100 MHz, CDGJ))[151198.9 (C), 178.9 (C),
142.9 (C), 121.9 (CH), 113.0 (GH 56.5 (CH), 45.1 (C), 36.0
(CHy), 33.4 (CH), 28.6 (CH), 25.2 (CH), 24.0 (CH), 16.8 (CH);
HRMS (ESI+) m/z: [M+H] Calc'd for GzH,40 191.1436; Found
191.1435

4.9.(1R,7aR)-1-isopropyl-7a-methyl-1,2,3,6,7,7a-hexabnaH-
inden-5-one (+)4).

To a stirring solution of enone (48 (0.271 g, 1.425 mmol) in 6
mL of dry benzene, was added Wilkinson’s catal@st {9 g, 0.193
mmol). The headspace of the flask was flushed ttiirogen and
the mixture was stirred under a hydrogen atmosplaéreoom
temperature for 48 h*H NMR analysis of an aliquot indicated
complete consumption of the starting material. Thigture was
concentrated and the residue was purified by ,S@lumn
chromatography (5:1 hexanes-EtOAc to afford enaret((0.211
g, 77%). Spectroscopic data matched literature egditand our
own previous results using the asymmetric cuprdtiitian route
(see sect. 4.4). Chiral HPLC analysis showed4(eptained by this
method has 88% ea]%, +66.6 € 0.5, CHC})

4.10.(((1R,3aR,7aR)-1-isopropyl-7a-methyl-2,3,3a,6,7,7a-
hexahydro-1H-inden-5-yl)oxy)trimethylsilanity.

Anhydrous ammonia (~20 mL) was condensed at -78n°@
two-neck flask containing lithium metal (0.024 g430 mmol),
pre-washed with hexanes and dried. A deep blue solation was
observed. Immediately, the ammonia line was replasgth a
nitrogen line to purge the system thoroughly. Aftstirring
vigorously for about 15 minutes to completely digsothe Li
metal, a solution of enone (#)(0.112 g, 0.582 mmol) arteBuOH
(0.11 mL, 1.164 mmol) in 3.0 mL of dry THF was add®e the
deep blue suspension via cannula at -78 °C. Thatioeamixture
was stirred continuously under a steady flux ofagien for 2 h
before excess of lithium metal was destroyed at°@ &y careful
drop-wise addition of isoprene (0.13 mL, 1.396 mméhis
reaction is exothermic and the addition of isopreheuld be done
very slowly). After the solution became colorleshe excess
ammonia was evaporated by slowly warming up to°Q@nd the
contents of the flask were placed under high vactarm5 minutes
to ensure complete removal of the ammonia. The ggaigue thus
obtained was taken in 3 mL of dry THF and treateith van
equimolar mixture of TMSCI (0.40 mL, 3.224 mmol)daikgN
(0.440 mL, 3.224 mmol) in 1 mL of dry THF at -10.°Che
mixture was stirred and slowly warmed up to roomngerature
overnight. After 18 hours, it was then poured imtosaturated

5

organic layer was separated and washed with bdried over
anhydrous MgSg) filtered and concentrated to obtain the crude
silyl enol ether as pale yellow oil. Quick purift@an by neutral
alumina column chromatography using 9:1 hexanesAEtO
afforded the silyl enol ether intermedidt¢ (0.119 g, 77%). Due to
its unstable nature, intermediate was taken tanehe step without
extensive characterization.; R 0.9 (hexanes/EtOAc = 9:1JH
NMR (400 MHz, CDCY)) d4.69 (m, 1H), 2.09-2.05 (m, 1H), 2.0-
1.95 (m, 2H), 1.87-1.78 (m, 2H), 1.72-1.66 (m, 1HBO-1.51 (m,
2H), 1.44-1.35 (m, 1H), 1.24-1.33 (m, 1H), 1.2141(fn, 1H), 0.95
(d,J = 6.5 Hz, 3H), 0.89 (s, 3H), 0.86 (@~ 6.5 Hz, 3H), 0.17 (s,
9H): *C NMR (100 MHz, CDCJ) J148.7 (C), 109.9 (CH), 50.4
(CH), 48.5 (CH), 41.1 (C), 34.1 GH{ 30.1 (CH), 29.7 (C}}, 29.1
(CHy), 26.9 (CH), 22.9 (CH), 22.7 (CH), 21.7 (CH), 0.3 (CH).

4.11.(((3aR,4R,6aR)-4-isopropyl-3a-
methyloctahydrocyclopropale]inden-1a(1H)-yl)oxyntethylsilane
(15).

A well-stirred solution of silyl enol ethet4 (0.060 g, 0.225
mmol) in 1.0 mL of dry ED was cooled to 0 °C and treated with
Et,Zn (1M solution in hexanes, 1.35 mL, 1.35 mmol) gwise
followed by addition of CH, (0.21 mL, 2.70 mmol) over 5
minutes. The cooling bath was removed and the maxtas stirred
for 24 hours at room temperature before coolingcliadd °C and
quenching with 2 M NaOH. The mixture was dilutedhwiEtO,
and the organic layer was washed with brine, doiegl anhydrous
MgSQ,, filtered and concentrated. Purification by Si€lumn
chromatography using 95:5 hexanes-EtOAc affordedlopyopyl
ether15 (0.039 g, 0.139 mmol, 62%).; R0.9 (hexanes/EtOAc =
9:1); '"H NMR (400 MHz, CDCJ) 1.98-2.15 (m, 2H), 1.84-1.86
(m, 2H), 2.62-1.69 (m, 2H), 1.50-1.59 (m, 2H), 21345 (m, 2H),
1.03-1.12 (m, 1H), 0.98 (d, = 6.6 Hz, 3H), 0.90 (d] = 6.6 Hz,
3H) 0.81-0.87 (m, 2H), 0.75 (s, 3H), 0.40Jt 5.7 Hz, 1H), 0.15
(s, 9H); **C NMR (100 MHz, CDCJ) §57.1 (C), 49.1 (CH), 48.9
(CH), 41.0 (C), 32.2 (C}), 31.8 (CH), 28.8 (CH), 28.5 (CH,
27.1 (CH), 25.9 (CH), 24.8 (CH), 23.1 (Ck}, 22.8 (CH), 16.5
(CH,), 1.5 (CH). HRMS analysis of cyclopropyl eth&b was not
successful using APCI or ESI.

4.12.Synthetic Hortonone C (-)t].

A solution of cyclopropyl ethet5 (0.018 g, 0.06 mmol) in 1.1
mL of dry DMF was cooled to 0 °C and treated witecdution of
FeCk (0.0768 g, 0.474 mmol) in 0.6 mL of dry DMF (prepd at O
°C). The mixture was stirred for 12 h, allowingdtgradually reach
room temperature before quenching with water ancheting with
EtOAc. The organic layer was washed with 1M HClusioh,
saturated NaHC©Osolution and brine, dried over MggUJiltered
and concentrated. The residue was taken in 1 nuryofoluene and
treated with DBU (90 pL, 0.60 mmol). The mixturesastirred and
heated to 40 °C for 6 h before diluting with EtO&wrd quenching
with water. The aqueous layer was further extrast@ti EtOAC
and the combined organic layer was washed with 1Kl, H
NaHCGQ; saturated solution and brine, dried over MgSiitered
and concentrated. Purification by $Si@olumn chromatography
followed by preparative TLC using 9:1 hexanes-EtCfforded
synthetic hortonone C (9-(0.0053 g, 42%). Spectroscopic data
were in agreement with the isolation repoand the Minehan
synthesiS. R : 0.4 (hexanes/EtOAc = 9:1)p[*% -57.2 € 1.0,
CHCL) *H NMR (400 MHz, Acetone-{] 6.38 (dd,J = 12.0, 4.8
Hz, 1H), 5.79 (dtJ = 12.0, 1.8 Hz, 1H), 2.60-2.68 (m, 1H), 2.49

solution of NaHC@, and diluted with diethyl ether. The combined (ddd,J = 17.3, 11.6, 1.8 Hz, 1H), 2.44 (ddt= 17.3, 7.3, 1.7 Hz
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1H), 1.99-2.05 (m, 2H), 1.87 (dd#i= 14.4, 7.2, 1.7 Hz, 1H),
1.67-1.73 (m, 1H), 1.53-1.64 (m, 2H), 1.44-1.49 @), 1.30-1.35
(m, 1H), 1.02 (s, 3H), 0.95 (d,= 6.6 Hz, 3H), 0.90 (d] = 6.6 Hz,
3H); ®C NMR (100 MHz, Acetonel d 204.2 (C), 152.4 (CH),
131.5 (CH), 57.2 (CH), 51.7 (CH), 48.8 (C), 40.3H¢; 35.9
(CH,), 30.9 (CH), 30.6 (Ch), 29.9 (obs), 23.4 (CHi 23.2 (CH),
21.5 (CH); HRMS (ESI+) 207.1749 calc’d for ¢H,50 [M+H]",
found 207.1749
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