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1. Introduction as an invasive species and particularly abundanvésteland
o ] ) _ areas, this perennial plant proved to be a richrceowf

Eudesmane derivatives are widespread in the plagdkim.  sesquiterpenes with eudesmane scaffolds. It cowardingly be
Among them, eudesmane acids have attracted consiglera sed as a renewable source of products. In view efhigh
attention due to their wide spectrum of biologicedgerties: for biological potential of the eudesmane skeleton, werefore
examplea-isocostic acidl (Figure 1) is the first natural prodéct envisaged synthesizing various analogues-isocostic acid and
exhibiting antifungal and antibacterial propertiesudesmane  enjarging the library to eudesmanols and eudesraitehydes
acid derivatives feature antipyretic and anti-inflaatory  since they are also widely represented in natiend can trigger
activity” and hydrocostic acid is toxic fokrtemisia Salinaand  gther chemical transformations. We focused on efzdiin as a

has antifeedant activity agair@podopetra Littoralig way to introduce diversity since these epoxideganee to react
with a large number of reagerits? Although the acid-catalyzed
14 rearrangement of epoxides has been reported witfEBB on a

4,5- and 3,4-epoxy eudesmane scaffdldo comparative studies
using different Lewis and Bronsted acids have beefarscarried
out. Prompted by this absence of precedents, wéodesterein
the formation of various eudesmane derivatives efxidic

“He
15 13

COLH s

a-isocostic acid eudesmane scaffold h )
intermediates.
Fig. 1 2. Results and discussion
Continuing with a research project based on the atipgf First the a-isocostic acid, extracted fromittrichia viscosa

Moroccan plant resourcésvve report herein the use af-  \ a5 esterified to facilitate its further manipulatiéscheme 1).
isocostic acidl extracted in enantiomerically pure fdrrfrom The ester function was straightforwardly reduceddefayde and
Dittrichia viscosa (L.) W. Greuter as a convenient starting 51conol to synthetizeb™ and 2c. Then 2a in presence o

material ';%2 the  stereoselective synthesis? of ewde® .5 5nerhenzoic acid gave the expected prodacin 70 %
derivatives>™ Dittrichia viscosa (L.) W. Greuter is a tough yield as a unique diastereoisomer. The presencethef

plant that is widespread in the Mediterranean regiansidered || caturated ester was confirmed by M and °C NMR.
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Unfortunately, the NOESY NMR proved unable to determineto stabilize the intermediate carbocation formedrahe opening
the relative configuration of the epoxide. Howevke tbroad of the epoxide moiety. Furthermore, DEPT analysisfiomed
singlet signal of H-3 aB2.86 in"H NMR corroborates a pseudo- the exocyclic position of the unsaturation. Theahxiosition of
equatorial position of this proton. Furthermoreg #ittack of the the alcohol is highly probable considering the dreinglet signal
epoxidating agent from the less sterically congkside of the of H-3 at J 4.25 in '"H NMR, which could corroborate an
double bond opposite to the C-7 unsaturated estanad to be equatorial position of H-3. Then Bi(OTfjvas tested. Along with
the most expected. Finally, this hypothesis was iooefl by  5a, which was the major product isolated, the aldeh§deas
comparing our experimental data with the literafi@mpound  obtained in 35 % yield (entry 4). The aldehyde tiorc was
3a was next reduced in aldehyde and alcoBblgnd3c). confirmed by*H and**C NMR with its characteristic signals at
9.36 and 203.1 respectively. Next, the skeletor6 afas fully
elucidated by the shielding effect observed for (5461.8 vs.
» COH a, _ R b ) 58.4 ppm) following the reduced electron withdrawirifiget on
& G o1 h C-4 of the aldehyde vs the oxiran. A carbocation- 1,2
1 cha:R:Cone C3a:R=Cone rearrangement reaction explained the_rlng contacin which
2b: R = CH,OH (83 %) 3b: R = CH,0H (81 %) C-2 migrated to create a new bond with C-4. Trace§ wkre
d (zc: R = CHO (72 %) d C3c; R = CHO (74 %) also observed by using InCis catalyst.

4 CO,Me
OHC™\ H

6
C, migratiO}(

Hs 1,2-shift

CO,Me —> A CO,Me

o7 Y=

:H

- 4a
His eliminam
5 > CO,Me
HO i

Scheme 1. Reagents and conditions: (a) TMSCH®hMe:MeOH
(8:2), 0 °C, 3 h, 75 %; (b)nCPBA, DCM, rt, 3 h, 70 %; (c)
DiBALH, dry PhMe, -20 °C, 2 h; (d) PDC, DCM, rt, 4 h.

Various acidic conditions were tested 8a to examine the
reactivity of the epoxide (Table 1). We were pleagedbserve
that each condition selectively opened the epoxidthout
degradation giving access to original interestingydic
compounds. The reactions were performed at room esatyre
for 30 min in dichloromethane.

5a
S o -
Catalyst T 4 _ 2 CO,M . .
%COZME—’ * one’\ A 2ve Scheme 2. Proposed mechanism for the formatiortaf5a, and6.
6 3
3a HO™ H CoMe To compare the activities and selectivities, Brédsacids

were next examined. The unsaturated alcdmlwas mainly
obtained with p-toluenesulfonic acid (PTSA) andluofoacetic
acid (TFA). However, with a stronger acid such adidrifcid

5a
Table 1. Reaction of3a with different acids in CkCl,, at room
temperature for 30 min.

Entry Catalyst 4a 5a 6 (TfOH), 4a was synthesized as a single product (entry 7). &® lo
of reactivity was observed with Bronsted acids sitheereaction
1 BR.Et,O 70 % - > was completed after 30 min at room temperature.
2 InCh 71 % - 3% Then the same approach was tested on the 4,5-epoxy
3 ZnBr, 48 % 38 % ) eudesmane scaffold (Scheme 3). Unfortunately, tinie tthe
epoxidation step gave access to a mixture of two
4 Bi(OTf), - 56 % 35 % diastereoisomers:f3 in 4:3 proportions. Each isomer was clearly
. e 1, . . .
’ 0 i identified thanks to'H NMR comparison with the literature
5 PTSA 2% data’® King et al. described the ¢450) epoxide with H-7 a®
6 TFA - 52 % - 2.54 whereas for the B603) epoxide H-7 appeared &2.79.
These two signals were indubitably present in ouregrgental
7 TfOH 63 % : : g y P R

The ketoneda was formed selectively with BIEELO in 70 %
yield. ®C NMR confirmed the presence of the ketone with
quaternary signal a®¥ 213.2. The formation o#a can be
explained in terms of a 1,2-shift of the protomfir€-3 to C-4 in
the carbocation that results after the acid-prothaleavage of
the epoxide (Scheme 2). The migration of H-3 iscoonitant
with the formation of the ketone. Satisfactorily, weticed that
only one diastereoisomer was obtained. The exadigtoation
was verified by an X-ray diffraction analysis ofiage crystal of
4a.'® The same reactivity was observed with in®Vhen ZnBs
was testedda was the major product isolated. However a ne

double bond signal itH NMR (54.48 and 4.86) and 13C NMR
(0112.9 and 152.0) strongly corroborates the elitioneof H-15

W
compound5a was formed. The appearance of an additional

data. The reaction was attempted at a lower temperédu°C
and -78 °C) and with sodium acet&febut except for a longer
reaction time to obtain completion, the selectivityserved at
room temperature remained unchanged.

a b
2 CO,H CO,Me R
H 0
1 7
c

Csa: R =CO,Me
8b: R = CH,0OH
8c: R = CHO
Scheme 3. Reagents and conditions: (a)3@,, MeOH, 24 h, 85 %;
(b) MCPBA, DCM, rt, 3 h, 70 %; (c) DiBALH, dry PhMe, -2C; 2
h, 82 %; (d) PDC, DCM, rt, 4 h ,75 %.

a

Thus, the reactivity o8a towards different acids to promote
ring opening was studied. Its treatment with. lBO in DCMat
room temperature afforded the ketdhie 76% vyield (Table 2).



Table 2. Reaction of8a with different acids in CkCl,, at room

temperature for 30 min.
3
&y
5' >coMe COMe
o}
@\WC%MG Catayst 9 10a
o}

8a A CO,Me
OH
11a
Entry Catalyst 9 10a 1lla
1 BR.EtO 76 % - -
2 InCh 47 % 47 %
3 ZnBr, 25 % 42 %
4 Bi(OTf); 50 % 48 % -
5 TfOH 46 % 43 %
6 PTSA - 38 % 60 %
7 TFA 36 % 28 %

It was fully characterized by NMR, IR and MS spentetric
analysis. The HRMS o exhibited its [M+H[ at m/z 265.1801
corresponding to the correct molecular formulgHzs0s. The IR
spectrum showed the typical band for @fi-conjugated ester
(1725, 1620 ciM) and a band at 1710 &mwhich suggested the
presence of a ketone embedded in a medium sizgd Fire*C
NMR spectrum confirmed the presence of these funalities
showing the corresponding signalsdé&14.8 (C-4’), 167.0 (C-1),
1448 (C-2) and 123.9 (C-3). The stabilized cartiona
intermediate went through a 1,2-rearrangement m@activhich
explains the ring expansion. C-10 migrated to er@ahew bond
with C-4 (Scheme 4). The 5,7-fused rigwas obtained as a
single diastereoisomer. Thués ring junction was determined by
X-ray diffraction analysi$’ The methyl groups rigidified the
bicyclic skeleton and induced a clear preferenceci®wfusion™®
Then, the reaction of epoxida with InCl;, ZnBr, and Bi(OTf}
afforded a mixture of the keton® and triene 10a in
approximately a 1:1 ratio and up to 90% overalldyiexcept for
ZnBr, where a lower yield was noticed. The structure & th
conjugated diendOa was established on the basis of's °C
NMR, and mass spectrometry.

%Cone — @w(COZMe
OX He ~Hy, - Hy0 10a

: I; CO,Me
O 4

\

l

CO,Me Cyo migration
Y ox
His
Hys eliminam
a CO,Me
OH
11a

Scheme 4. Proposed mechanism for the formatior®0f0, and11.

Two signals corresponding to olefinic protons apeéaat o
5.37 (H-6) and5.54 (H-3). DEPT analysis underlined the
presence of two tertiary carbonsdt25.2 and 122.2 (C-3 and C-
6 respectively) and two quaternary carbons indigatihe
existence of two trisubstituted double bonds. The qeaternary

3
bridgehead carbon C-5 was assigned to a sigral48.4 while
C-4 appeared ab 131.4.10a can be formed by the double
elimination of dihydrogen and water from either G4 C-5
carbocation that results from the epoxide ring apgnAs
previously, TfOH exhibited a Lewis acid behavior tygieing
access to a separable mixtur@andl0a (entry 5).

Finally when a catalytic amount of PTSA or TFA wasdjse
the alcohollla was isolated along withOa. The 'H and *°C
NMR spectra oflla were identical to those reported in the
literature®® The structure assigned to the eudesma methyl
carboxylatella and its absolute configuratiamere confirmed by
X-ray diffraction analysis of a single crystal 1fa.** A plausible
mechanism is thought to involve the eliminationH15 to form
11a. In our case, only tha-OH isomer was isolated. We next
postulated thatla might be an intermediate for the synthesis of
10a. However wherllla was left for a prolonged time in acidic
conditions only degradation was observed makingkalylithat
10a arises fromlla, its formation should come from a different
epoxide diastereoisomer.

In order to broaden the scope of substratasba, 10a and1la
were subjected to a reduction and mild oxidationusege to
synthesize the aldehyde and alcohol analogues f8bg With
four new eudesmane derivatives in hand, their maatifins in
aldehydes and alcohols were attempted and gave ssfialte
access to seven active enantiopure products, efaeftt, which
was isolated as an equimolar ratio of diastereoiseme

a OH b (ID
g Co,Me : > 8
0N E Me T o™ oo E
éH éH éH
4a

4b, 81 % 4c,72%

v[ij\,COZMe [il) []l:l/l
Rl ﬁz

RL OH, R H (5a) R OH, RZ H (5¢c, 71 %)
RL H, RZ OH (11a) RL: H, RZ OH (11c, 65%)

a OH
CO,Me >
10a

10b, 73 % 10c, 78 %

R OH, RZ H (5b, 72 %)
RL: H, RZ OH (11b, 79 %)

Scheme 5 Reagents and conditions: (a) DiIBALH, dry PhMe, -20 °
2 h; (b) PDC, DCM, rt, 4 h.

3. Conclusion

Finally, the acid-promoted epoxide opening 3 and 8a
derived from natural extracts dbittrichia viscosa (L.) W.
Greuter gave several interesting new products, whiche we
successfully turned into alcohols and aldehydebrtmden the
scope of structural diversities. The selectivity dhis
rearrangement was controlled by the nature of thalyst and
gave access to new chiral eudesmane derivativegeraral, the
opening of the eudesmanic epoxide derivative witlvikeacid
led to the formation of ketone by C-C breaking dnairoxyl
oxidation whereas the use of Bronsted acid funneied
rearrangement toward a mixture of diemad unsaturated
alcohols except for TFOH whose behavior was close tpER©.
In summary, 4,5- and 3,4-epoxy eudesmane scafégdeared to
be an interesting source of new chiral intermedialdne salient
features of their use are their facile formatiooanfra-isocostic
acid, which is readily available from the plant kilogn, and the
variety of the products synthesized in a single.ste

4, Experimental section
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4.1 General remarks and methods

All reagents were purchased from commercial suppéiatswere
used without further purification The reactions werenitored
by thin-layer chromatography (TLC) analysis usiilza gel (60
F254) plates. Compounds were visualized by UV irraahiat
Flash column chromatography was performed on siiebh60
(230-400 mesh, 0.040-0.063 mm). Melting points (AG]) were
taken on samples in open capillary tubes and azertected 1H
and 13C NMR spectra were recorded on a Bruker DPX(28C,
62.9 MHz), Bruker avance 1l 250.13 (13C, 63 MHz), Brulvance
400.13 (13C, 101MHz), or on a Bruker avance Il HDnhalzay
400.13 (13C, 101 MHz)Chemical shifts are given in parts per
million from tetramethylsilane (TMS) as internahstard. The
following abbreviations are used for the proton $pec
multiplicities: b : broad, s: singlet, d: doublettriplet, g: quartet,
p: pentuplet, m: multiplet. Coupling constani} &re reported in
hertz (Hz). Multiplicities were determined by the DERB5
sequence. Attributions of protons and carbons werdenveth
the help of HSQC and HMBC 2D NMRs. Eudesmane numberin
of carbons was used instead of the IUPAC numberingh-Hig
resolution mass spectra (HRMS (ESI)) were performadao
Maxis Bruker 4G by the “Federation de Recherche” ICCBW
(FR2708) platform.

5. Experimental data
General procedure for
epoxide

The epoxide (1 mmol) was diluted in g8, (10 mL) and stirred
at room temperature. Brénsted or Lewis acid (5 mdlwas
added to the solution and the reaction mixture wia®d at room
temperature for 30 min. After completion of the teat the
reaction mixture was diluted with GEI, (10 mL) and washed
with agueous saturated solutions of NaHC® mL) and NacCl
(10 mL). The organic layer was dried with Mg @fter filtration
and concentration under reduced pressure the prodas
purified by flash chromatography on silica gel.

acid-promoted ring opening of

General procedure of DibAIH reduction

Under argon atmosphere at - 20°C, DiBAIH (1M in cychdres,
2.4 mL) was added to a solution of ester (1 mmobfrintoluene
(10 mL). After 2 hours, water (5mL) was added to mhigture,
and the reaction was allowed to warm up to room teatper
and left for 30 min. The mixture was then filter&dough celite;
Et,O was used to rince the celite. The resulting fitratas
concentrated under reduced pressure providing decpuoduct,
which was purified by flash chromatography over ailiel.

General procedure of PDC oxidation

Pyridinium dichromate (PDC) (1.1 mmol) was added oser
solution of alcohol (1 mmol) in Ci€l, (10 mL). The resulting
suspension was stirred at room temperature. Afteiptetion of
the reaction, the mixture was filtered through eelifhe filtrate
was concentrated under reduced pressure. The aegidkie was
purified by flash chromatography over silica gelpimvide the
corresponding aldehyde.

5.1. a-isocostic acid (1).%

[0]o®® +10.4 € 1.0, CHCY) lit [a]p® +8 ( 0.24, CHC)); H
NMR (250 MHz, CDC}, 25°C)d= 0.82 (s, 3H, H-14), 1.17-1.22
(9, 1H,J = 12.5 Hz, H-B), 1.27 (dt, 1HJ = 4.1, 11.4 Hz, H-8),
1.32-1.41 (m, 2H, H-8a, HBY, 1.45 (t, 1HJ = 3.4, 6.2 Hz, H-
1B), 1.50-1.68 (m, 2H, Hd, H-83), 1.61 (sa, 3H, H-15), 1.84-
1.89 (da, 1HJ = 12.5 Hz, H-@), 1.93-2.04 (m, 2H, 2H-2), 2.06-
2.18 (m, 1H, H-B), 2.53 (it, 1H,J = 3.4, 11.8 Hz, H), 5.31
(sa, 1H, H-3), 5.70 (sa, 1H, H1B 6.32 (sa, 1H, H-13 ppm.
*C NMR (250 MHz, CDGJ, 25°C)¢ = 16.1 (C-14), 21.6 (C-15),

Tetrahedron

23.4 (C-2), 27.9 (C-8), 29.8 (C-6), 32.7 (C-10),38C-1), 40.6
(C-9), 40.8 (C-7), 47.3 (C-5), 121.5 (C-3), 1250513), 135.2 C-
4), 145.7 (C-11), 173.3 (C-12).

5.2.  Methyl
1,2,3,4,4a,5,6,8a-octahydr onaphthalen-2-yl]acrylate (2a).
1 (200 mg, 0.85 mmol) was dissolved in a mixture abtiene-
methanol (8:2, 10 mL). The solution was cooled t6Q0 and
TMSCHN, (0.5 mL, 2M in diethyl ether) was then added. The
reaction time was monitored by TLC. Once the reactvas
complete, the reaction mixture was concentrated urettuced
pressure and the residue was purified by flash catognaphy on
silica gel (petroleum ether/ ethyl acetate, 98:2)vjuled 2 (158
mg, 75 %) as a colorless oilg]p*° +26.8 ¢ 1.0, CHCL,); *H
NMR (250.13 MHz, CDG)) 6= 0.82 (s, 3H, H-14), 1.16 (dd, 1H,
J=12.4, 12.4 Hz), 1.29-1.41 (m, 3H), 1.44 (dd, IH; 3.4, 2.9
Hz), 1.47-1.53 (m, 1H), 1.54-1.69 (m, 4H), 1.75-1.88 (H),
1.90-2.14 (m, 3H), 2.52 (ddd, 18I~ 11.9 , 4.3, 4.0 Hz), 3.76 (s,
3H, OMe), 5.31 (bs, 1H, H-3), 5.56 (bs, 1H, H-13), 64 1H,

2-[(2R,4aR,8aR)-4a,8-dimethyl-

12e

#-13); ®C NMR (62.9 MHz, CDGJ)) 6 = 15.8 (C-15), 21.3 (C-

14), 23.1 (C-2), 27.6 (C-8), 29.5 (C-6), 32.4 (OQ;188.0 (C-1),
40.3 (C-9), 40.7 (C-7), 47.0 (C-5), 51.9 (OMe), 21C-3),
122.7 (C-13), 135.0 (C-4), 146.1 (C-11), 168.1 @-1

5.3. 2-[(2R,4aR,8aR)-4a,8-dimethyl-1,2,3,4,4a,5,6,8a-
octahydronaphthalen-2-yl]prop-2-en-1-ol (2b).*

Following the general reduction with DiBAIH witka (250 mg,

1 mmol). Column chromatography on silica gel
(petroleum ether/ ethyl acetate 8/2) provid@bd(184 mg, 83 %)
as a colorless oilio ™ +15.7 (¢ 1.0, CkCL,). *H NMR (400.13
MHz, CDCk) 6= 0.81 (s, 3H, H-14), 1.09-1.55 (m, 7H), 1.55-
1.68 (m, 6H), 1.75-1.85 (m, 1H), 1.89-2.07 (m, 2HLX4(bs,
2H, H-12), 4.94 (s, 1H, H-13), 5.06 (g, 18= 2.1 Hz, H-13),
5.31 (bs, 1H, H-3)*C NMR (100.62 MHz, CDG) ¢ = 15.6 (C-
14), 21.1 (C-15), 22.9 (CH 27.4 (CH), 29.4 (CH), 32.3 (C-
10), 37.9 (CH), 40.3 (CH), 42.4 (C-7), 46.9 (C-5), 65.3 (C-12),
107.9 (C-13), 121.0 (C-3), 134.8 (C-4), 154.2 (§-11

5.4, 2-[(2R,4aR,8aR)-4a,8-dimethyl-1,2,3,4,4a,5,6,8a-
octahydronaphthalen-2-yl]acrylaldehyde (2c).

Following the general procedure of oxidation with P@{th 2b
(83 mg, 0.38 mmol). Column chromatography on silgal
(petroleum ether/ ethyl acetate 9.5/0.5) provided(529 mg, 72
%) as a colorless oil;a],® +6.4 (¢ 1.0, CKCly). 'H NMR
(250.13 MHz, CDGJ)) = 0.83 (s, 3H, H-14), 1.00-1.54 (m, 8H),
1.54-1.69 (m, 6H), 1.73-1.85 (m, 1H), 1.91-2.16 (1H),32.49-
2.64 (m, 1H), 5.31-5.38 (m, 1H, H-3), 6.00 (s, 1H, 3);56.30 (s,
1H, H-13), 9.55 (s, 1H, H-12J°C NMR (62.9 MHz, CDGJ) 6 =
15.4 (C-14), 20.9 (C-15), 22.7 (C-2), 26.8 (C-8,72(C-6), 32.1
(C-10), 36.9 (C-1), 37.6 (C-9), 39.8 (C-7), 46.65); 120.9 (C-
3), 132.9 (C-13), 134.5 (C-4), 155.1 (C-11), 194&%#12);
HRMS (ESI): calcd. For GH,:0 [M + H]" 219.1742; found
219.1743.

55. Methyl 2-[(1aR,3aS,6R,7aR,7bS)-3a,7b-
dimethyldecahydronaphtho[1,2-b]oxiren-6-yl]acrylate (3a).

To a solution of este?2 (315 mg, 1.3 mmol) in dichloromethane
(10 mL) was added m-chloroperbenzoic acid (220 m@, 1
mmol). The reaction mixture was stirred at room terafure for

3 hours then washed with a solution of sodium bigu(fL0%) (3

x 10 mL) and a solution of sodium hydrogen carber{&®o) (10
mL). The aqueous phases were combined and extradtad
DCM (3 x 10 mL). The organic phases were combined hads
with water (10 mL), dried with MgSQfiltered and concentrated
under reduced pressure. The resulting residue wegeduby
flash chromatography on silica gel. (petroleum gtathyl



acetate 9.7/ 0.3) provide®h (236 mg, 70 %) as a colorless oil;
[0]p?® +10.7 € 1.0, CHCL,); 'H NMR (250.13 MHz, CDG) o=
0.83 (s, 3H, H-14), 1.03-1.22 (m, 7H), 1.33 (ddd, 1H; 13.4,
3.5, 3.3 Hz), 1.40-1.48 (m, 1H), 1.48-1.53 (m, 1H%71(dd, 1H,
J=13.4,3.3 Hz), 1.77-1.84 (m, 1H), 1.87 (ddd, 11,12.1, 6.7,
3.1 Hz), 1.94 (dd, 1HJ = 15.1, 6.1 Hz), 2.43 (dddd, 1H,=
12.1, 12.0, 3.9, 3.9 Hz), 2.86 (bs, 1H, H-3), 3.7@K, CQMe),
5.50 (s, 1H, H-13), 6.09 (s, 1H, H-13JC NMR (62.9 MHz,
CDCly) 6 = 16.5 (C-14), 21.3 (C-15), 21.7 (@H27.3 (CH),
30.1 (CH), 31.6 (C-10), 34.8 (C§), 39.8 (CH), 40.7 (C-7), 48.2
(C-5), 52.1 (OMe), 58.8 (C-4), 61.1 (C-3), 123.118); 145.5
(C-11), 168.0 (C-12); HRMS (ESI): calcd. Forg8,0; [M +
H]* 265.1800; found 265.1798.

5.6. 2-[(1aR,3aS6R,7aR,7bS)-3a,7b-

dimethyldecahydr onaphtho[1,2-b]oxir en-6-yl]pr op-2-en-1-ol
(3b).

Following the general reduction with DiBAIH witBa (235 mg,
0.9 mmol). Column chromatography on silica
(petroleum ether/ ethyl acetate 8/2) providdd(170 mg, 81 %)
as a colorless oilio]p°+46.4 € 1.0, CHCl,); '"H NMR (250.13

5
13), 145.6 (C-11), 168.0 (C-12), 213.2 (C-3); HRMES):
calcd. For GgH,s05 [M + H]™ 265.1800; found 265.1798.

5.9. (1S4aS,7R,8aS)-7-(3-hydroxyprop-1-en-2-yl)-1,4a-
dimethyldecahydronaphthalen-2-ol (4b).

Following the general reduction with DiBAIH wit#a (165 mg,
0.6 mmol). Column chromatography on silica gel
(petroleum ether/ ethyl acetate 6/4) providéd( 120 mg, 81 %)
as a colorless oilo] o™ -8.2 € 1.0, CHCY) lit [a]p>° -25 € 1.4,
CHCL); 'H NMR (250.13 MHz, CDG) J= 0.82 (s, 1.5 H, H-
14), 0.83 (s, 1.5H, H-14), 0.87 (d, 18+ 6.7 Hz), 0.92 (d, 1H]
= 6.7 Hz), 0.95-1.29 (m, 5H), 1.30-1.68 (m, 7H), 11681 (m,
1H), 1.82-1.99 (m, 1H), 2.19 (bs, 2H), 3.07 (ddd, 0.5H,10.5,
10.3, 5.1 Hz), 3.72-3.77 (m, 0.5H), 4.07 (bs, 2H, H-2286 (bs,
1H, H-13), 4.99 (bs, 1H, H-13)°C NMR (62.9 MHz, CDG)) ¢
= 15.0 (CH), 16.1 (CH), 16.1 (CH), 17.0 (CH), 27.2 (CH),
27.4 (CH), 29.1 (CH), 29.9 (CH), 30.0 (CH), 30.9 (CH), 33.3
(C-10), 33.6 (C-10), 35.3 (G} 35.5 (CH), 39.3 (CH), 39.6

gel (CH,), 41.7 (CH), 41.8 (CH), 41.9 (CH), 42.2 (CH), 43.1 (CH),

49.1 (CH), 65.0 (C-12), 65.0 (C-12), 72.3 (C-3), FO{C-13),
107.8 (C-13), 154.2 (C-11), 154.4 (C-11); HRMS (ES8lcd.

MHz, CDCk) = 0.77 (s, 3H, H-14), 1.03-1.16 (m, 3H), 1.18 (s, For CisH»6LiO, [M + Li]* 245.2091; found 245.2087.

3H, H-15), 1.23 (d, 1HJ = 12.7 Hz), 1.34 (ddd, 1H] = 13.4,
3.5, 3.1 Hz), 1.39-1.58 (m, 3H), 1.76-1.84 (m, 1H®4:1.90 (m,
1H), 1.90-2.01 (m, 2H), 2.25 (bs, 1H, OH), 2.89 (s, H3),
4.06 (s, 2H, H-12), 4.88 (s, 1H, H-13), 5.01 (s, 1H13Y; *°C
NMR (62.9 MHz, CDCJ) 6 = 16.4 (C-14), 21.2 (C-15), 21.6
(CH,), 27.4 (CH), 30.0 (CH), 31.6 (C-10), 34.8 (CH, 39.8
(CH,), 42.3 (C-7), 48.2 (C-5), 59.0 (C-4), 61.2 (C-8%.2 (C-
12), 108.1 (C-13), 154.0 (C-11); HRMS (ESI): caldgor
C1sH,:0, [M + H]* 237.1850; found 237.1849.

57. 2-[(1aR,3aS,6R,7aR,7bS)-3a,7b-

dimethyldecahydr onaphtho[1,2-b]oxiren-6-yl]acrylaldehyde
(30).

Following the general procedure of oxidation with P@ith 3b
(181 mg, 0.8 mmol). Column chromatography on silgsl
(petroleum ether/ ethyl acetate 9.5/0.5) proviBed134 mg, 74
%) as a colorless oil; o™ +4.3 € 1.0, CHCl,); '"H NMR
(250.13 MHz, CDGJ)) 0= 0.80 (s, 3H, H-14), 1.06-1.26 (m, 7H),

1.36 (ddd, 1HJ = 13.3, 3.3, 3.3 Hz), 2.41-2.56 (m, 2H), 1.615.11. Methyl
(dd, 1H,J=13.4, 3.3 Hz), 1.75-1.82 (m, 1H), 1.83-1.94 (m, 1H), methylenedecahydronaphthalen-2-yl]acrylate

1.95-2.01 (m, 1H), 2.48 (dddd, 18i= 11.9, 11.9, 4.2, 4.1), 2.89
(bs, 1H, H-3), 5.96 (s, 1H, H-13), 6.25 (s, 1H, H;1B%0 (s, 1H,
H-12); °C NMR (62.9 MHz, CDG) ¢ = 16.4 (C-14), 21.2 (C-
15), 21.7 (CH), 26.8 (CH), 29.4 (CH), 31.6 (CH), 34.8 (C-10),
37.5 (CH), 39.7 (C-7), 48.1 (C-5), 58.7 (C-4), 61.0 (C-B33.4
(C-13), 155.0 (C-11), 194.8 (C-12); HRMS (ESI): chldor
C1sH,30, [M + H]* 235.1689; found 235.1692.

5.8. Methyl 2-[(2R,4aS,8S,8a5)-4a,8-dimethyl-7-
oxodecahydr onaphthalen-2-yl]acrylate (4a).

Following the general procedure for acid-promotey rapening
of epoxide with3a (225 mg, 0.9 mmol) and BELO. Column
chromatography on silica gel (petroleum ether/lethgetate

8/2) provided4a (156 mg, 69 %) as a white solid; mp = 121 —

123 °C; p]p® -1.9 € 1.0, CHCL). 'H NMR (250.13 MHz,
CDCl;) = 1.00 (d, 3HJ = 6.5 Hz, H-15), 1.14 (s, 3H, H-14),
1.17-1.36 (m, 3H), 1.49-1.57 (m, 3H), 1.57-1.66 (i, H-5),
1.73-1.80 (m, 2H), 2.19-2.28 (m, 1H, H-4), 2.27-2(8% 1H),
2.36-2.44 (m, 1H, H-7), 2.55 (dddd, 18 14.1, 14.1, 6.5, 0.9
Hz), 3.78 (s, 3H, OMe), 5.58 (s, 1H, H-13), 6.18 (s, HHL3);

5.10. 2-[(2R,4aS,8S,8aS)-4a,8-dimethyl-7-

oxodecahydr onaphthalen-2-yl]acrylaldehyde (4c).

Following the general procedure of oxidation with Pith 4b
(90 mg, 0.4 mmol). Column chromatography on siligel
(petroleum ether/ ethyl acetate 8/2) provided64 mg, 72 %) as
a colorless oil; ]p*° +39.4 ¢ 1.0, CHCL,). '"H NMR (250.13
MHz, CDCk) = 1.04 (d, 3H,)= 8.1 Hz; H-15), 1.13 (s, 3H, H-
14), 1.16-1.39 (m, 2H), 1.40-1.67 (m, 5H), 1.68-1(88 2H),
2.18-2.31 (m, 1H), 2.32-2.43 (m, 1H, H-4), 2.45-2(66 1H, H-
7), 2.57-2.74 (m, 1H), 5.99 (s, 1H, H-13), 6.28 (&, H-13),
9.51 (s, 1H, H-12)**C NMR (62.9 MHz, CDGJ)) 6 = 13.8 (C-
15), 19.0 (C-14), 27.1 (CH 31.3 (CH), 33.5 (C-10), 35.4
(CHy), 36.9 (CH), 40.3 (C-7), 42.9 (C}), 46.5 (C-5), 49.2 (C-
4), 1335 (C-13), 154.8 (C-11), 194.8 (C-12), 21&@3);
HRMS (ESI): calcd. For GH»0, [M + H]" 235.1691; found
235.1692.

2-[(2R,4aS,7R,8aR)-7-hydr oxy-4a-methyl-8-
(5a)* and
methyl 2-[(3aR,5R,7aS)-3-for myl-3,7a-dimethyloctahydro-
1H-inden-5-yl]acrylate (6).

Following the general procedure for acid-promotey rapening
of epoxide with3a (478 mg, 1.8 mmol) and Bi(OTf) Column
chromatography on silica gel (petroleum ether/lethgetate
6/4) provided5a (268 mg, 56 %) as a colorless oil a@d152
mg, 32%) as a colorless oil.

5a: [0]p° +35.3 € 1.0, CHCl,); *H NMR (250.13 MHz, CDG)
J=0.60-0.73 (m, 3H, H-14), 1.15-1.29 (m, 2H), 1.3841(m,
5H), 1.66-1.90 (m, 4H), 2.33-2.46 (m, 1H, H-5), 2.482(m,
1H, H-7), 3.72 (s, 3H, OMe), 4.25 (dd, 1Hs 2.5, 2.4 Hz, H-3),
4.52 (s, 1H, H-15), 4.89 (s, 1H, H-15), 5.53 (s, HH13), 6.12
(s, 1H, H-13);"*C NMR (62.9 MHz, CDGJ) 6 = 15.8 (C-14),
27.4 (CH), 29.8 (CH), 29.9 (CH), 35.9 (CH), 36.1 (C-10),
39.9 (C-7), 40.9 (Ch), 43.9 (C-5), 52.0 (OMe), 73.7 (C-3), 109.2
(C-15), 122.9 (C-13), 146.0 (C-11), 152.0 (C-4)816(C-12);
HRMS (ESI): caled. For GH,,LiO5 [M + Li] " 271.1881; found
271.1880.

6: [a]p™°-3.2 € 1.0, CHCL,); *H NMR (250.13 MHz, CDG) 6 =
1.00 (s, 3H, Me-7a’), 1.07 (s, 3H, Me-3"), 1.124.6m, 5H),

*C NMR (62.9 MHz, CDGJ) 6 = 11.3 (C-15), 16.5 (C-14), 27.0 1.60-1.71 (m, 4H), 1.76 (ddd, 1H,= 12.4, 3.1, 3.1 Hz), 2.06-

(CH,), 31.3 (CH), 33.5 (C-10), 38.1 (C}), 39.7 (C-7), 40.8 2.13 (m, 1H), 2.54 (dddd, 1H,= 12.4, 12.4, 4.2, 4.2 Hz), 3.74

(CH,), 41.3 (CH), 45.7 (C-4), 51.1 (C-5), 51.9 (OMe), 123.3 (C- (s, 3H, OMe), 5.57 (s, 1H), 6.14 (d, 1Hz 1.2 Hz), 9.36 (s, 1H).
¥C NMR (62.9 MHz, CDGJ) 6 = 16.7 (Me-3'), 19.3 (Me-7a’),
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27.4 (CH), 27.6 (CH), 33.6 (CH), 40.5 (CH), 40.7 (CH), ~ MHz, CDCL) & = 1.08 (s, 1.8H, H-14), 1.25 (s, 1.2H, H-14),
40.7 (C-5), 42,5 (C-7a’), 51.3 (C-3a’), 51.9 (OM&B.0 (C-3), 1.35-2.01 (m, 15H), 2.56 (dddd, 0.6H+ 12.1, 12.1, 3.8, 3.8 Hz,
123,2 (C-3), 145.4 (C-2), 167.8 (C-1), 204.3 (CHBIRMS  H-7a), 2.73-2.89 (m, 0.4H, HE), 3.76 (s, 1.2H, OMe), 3.77(s,
(ESI+): caled. For GH2s0; [M+H]+ 265,1798; found 265,1801. 1 8H, OMe), 5.55 (s, 0.4H, H-t13, 5.58 (s, 0.6H, H-1®), 6.16

(bs, 0.4H, H-1B), 6.20 (s, 0.6H, H-1®); **C NMR (62.9 MHz,

512 (2R4aS,7R,8aR)-7-(3-hydroxyprop-1-en-2-yl)-4a- CDCl) 6= 16.1 (CH), 16.8 (CH), 20.9 (CH), 21.0 (CH), 21.5
methyl-1-methylenedecahydronaphthalen-2-ol (5b). (CH,), 23.2 (CH), 27.6 (CH), 28.9 (CH), 30.8 (CH), 31.3
Following the general reduction with DiBAIH witba (200 mg, (CH,), 32.5 (CH), 33.4 (C-10), 33.9 (C-10), 34.0 (QH 35.6
0.8 mmol). Column chromatography on silica gel(cy,) 359 (CH), 37.5 (CH), 38.1 (C-7), 38.8 (C-7), 51.8
(petroleum ether/ ethyl acetate 6/4) providid (130 mg, 72%) (OMe), 51.9 (OMe), 63.3 (C-4), 64.4 (C-4), 68.6 (C9.4 (C-
as a white crystal;aIID2° -16.0 € 1.0, CHCIL); H NMR (250.13 5), 123.0 (C-13), 123.3 (C-13), 144.5 (C-11), 14%53L1), 167.6
MHz, CDCk) 6= 0.67 (s, 3H, H-14), 1.16-1.38 (m, 3H), 1.38- (C_12): HRMS (ESI): calcd. For @H,05 [M + H]" 265.1800;
1.62 (m, 4H), 1.63-1.84 (m, 3H), 2.01-2.11 (M, IHLR(bS,  found 265.1798.
2H), 2.30-2.35 (m, 1H), 4.07 (s, 2H, H-12), 4.26 (tid, J= 2.9,
2.8 Hz, Hl'33)’ 4.54 (dd, 1H} = 1.8, 1.7 Hz), 5.90 (bs, 2H), 5.01 516, 2-(1a4a-dimethyloctahydro-1aH-naphtho[1,8a-
(bs, 1H); °C NMR (62.9 MHz, CDGJ)) 6 = 15.8 (C-14), 27.5 bjoxir en-7-yl)prop-2-en-1-ol (8b).
(CHp), 29.9 (CH), 30.0 (C-7), 35.9 (Ch), 36.1 (C-10), 41.1 pojiowing the general reduction with DIBAIH wiia (300 mg,
(CHy), 41.7 (CH), 44.1 (C-5), 65.3 (C-12), 73.7 (C-3), 108.0 11  mmol). Column chromatography on silica gel
(CH,), 109.2 (CH), 152.1 (C), 154.3 (C); HRMS (ESI): caled. (petroleum ether/ ethyl acetate 8/2) providd (220mg, 82 %)

For GigHz4LiO2 [M + Li] * 243.1932; found 243.1931. in a 4/3 mixture ofx andp as a colorless oilpg]D* +12.3 (c 1.0,

CH,CL). *H NMR (250.13 MHz, CDG) 6= 1.04 (s, 1.2H, H-
5.13. 2-{(2R4aS,7R8aR)-7-hydr oxy-da-methyl-8- 14), 1.06 (s, 1.8H, H-14), 1.22 (s, 1.8H, H-15), 1(801.2H, H-
methylenedecahydr onaphthalen-2-yl]prop-2-enal (5¢). 15), 1.33-1.95 (m, 12H), 4.09 (s, 2H, H-12), 4.8914, H-13),

Following the general procedure of oxidation with P@ith 5b 5.03 (s, 1H, H-13)C NMR (62.9 MHz, CDGCJ) 6 = 16.0 (CH)

(102 mg, 0.4 mmol). Column chromatography on silgsl 16.7 (CH), 20.7 (CH), 21.0 (CH), 21.5 (CH), 23.2 (CH), 27.5
(petroleum ether/ ethyl acetate 8/2) provided71 mg, 71%) as (CHy), 27.7 (CH), 28.9 (CH), 31.2 (CH), 32.2 (CH), 33.4 (C-

a colorless oil; ] -1.4 € 1.0, CHCL); '"H NMR (250.13 10) ., 33.9 (C-10). 34.0 (GM 355 (CH), 36.0 (CH), 37.6
250 (m, 1H), 2.51-2.67 (m, 1H), 4.26-4.32 (m, 1M)A48d, 1H, 1) 651 (C-12), 68.8 (C-5), 69.8 (C-5), 108.01®); 108.4 (C-
J=2.0,2.0 Hz), 4.92 (bs, 1H), 5.97 (s, 1H), 6.271t$), 9.51 (s,  13) 1527 (C-11), 153.6 (C-11); HRMS (ESI): caldgor
(CHy), 29.4 (CH), 29.9 (CH), 35.9 (CH), 36.1 (C-10), 36.8 (C-
7), 40.9 (CH), 43.9 (C-5), 73.8 (C-3), 109.4 (G}1133.3 (CH), 5.17. 2-(1la,4a-dimethyloctahydro-laH-naphtho[1,8a-
152.0 (C), 155:3 (C), 195.0 (C-12); HRMS (ESI): dald-or bJoxiren-7-yl)acrylaldehyde (8c).
CisH210, [M + H]" 233.1536; found 233.1536. Following the general procedure of oxidation with P@ith 8b

. (90 mg, 0.4 mmol). Column chromatography on siligel
5.14. Methyl 2-[(2R,4aR)-4a,8-d|?%hyl-1,2,3,4,4a,5,6,7- (petroleum ether/ ethyl acetate 95/5) proviBed68 mg, 75%) in
octahydronaphthalen-2-yllacrylate (7). a 4/3 mixture ofoa andp as a colorless oil;o]p*° +50.2 (c 1.0,
1 (29, 8.5 mmol) in methanol (30 mL) and3$®D, (1 mL) was CH,Cl,). *H NMR (250.13 MHz, CDG) 3= 1.05 (s, 1.2H, H-
heated to reflux for 12 h. The reaction mixture Viiiered and 14)2 120'9 (s, 1.8H H-1zi) 1921 (,s 18U H-15) 1(3’31 o H-
concentrated under reduced pressure. The resultsigue was 15)’ 1'35_1 ,97'(m’ 12H) ’ 2'55 (dada d4H= 1’2% 12' 5 ’3 5
purified by flash chromatography on silica gel (aes) 30,Hz.) > 7'4_2 84, (m O,GH) 5.95 (s’0.6H ’H-léS’,’SS(s. 04H
providing7 (1.5 g, 75 %) as the major isomer and as a yellibw o H.-13) 623 (s bGH l’_l_l'g) 625 (s O4H I’-|-13) 19(§ ,1H' H-,
[a]o?® +41.2 € 1.0, CHCL,); '"H NMR (250.13 MHz, CDG) d = 12). 13’C .NMR,(6.2.9 ,MHz (’:D.QJ) 5'= 163 (CH) 170 (C;‘i)

L5 (e 9 by 12aar i 4 Lag20sie) 5z 520 S0 ST B o 5 o 202 0 20
OMe), 5.56 (5. 1H, H-13), 6.16 (5. 1H. HA3C NMR (62.0  (CHa: 29.1 (CH), 30.3 (CH), 315 (CH), 32.0 (CH), 33.3 (C-
) 9099 1S T ) D oASy 2T > 10), 33.7 (C-10), 34.1 (G} 35.5 (C-7), 35.7 (C-7), 35.8 (GH

MHz, CDCL) 0 =19.2 (CH), 19.4 (C-15), 24.7 (C-14), 28.2 501 ") 37 6'(CH). 63.4 (C-4), 64.6 (C-4), 68.6 (C-5), 69.5
(CH), 315 (CH), 33.2 (CH), 34.6 (C-10), 40.3 (CH, 407 (C- 250 ™0 2 121 205 (1% 1541 (CA1ABB(C A1)

8 1121528(%211?)]-]?6(703/'8fZZ)ZIaS(Crr:l-/?;)lelzgstg;]f) 134.4 (C- 194.6 (C-12), 194.6 (C-12); HRMS (ESI): calcd. FogHz:0,
' ' ' ' ' ' ' ' [M + H]+ 235.1692; found 235.1692.

5.15. Methyl 2—(1a,4a—dim%thyloctahydro-laH-
naphtho[1,8a-b]oxiren-7-yl)acrylate (8a). A
7 (160 mg, 0.6 mmol) was dissolved in dichlorometh@emL) oxcﬁdec.ahydr:oazulen 6| yl)acry(;ate (?)' id . .
then m-chloroperbenzoic acid (112 mg, 0.6 mmol) was added'.:]? owm_g the %enera procedure orIaC| (—jpromotegj mp?nlng
The reaction mixture was stirred at room temperafr® hours Oh epoxide W'tt] 8a (26Q|.mg, 1Immo) ?n %Etzo/] (!:ao umn
then washed with a solution of sodium bisulfite (10@)x 10 C/ romato_gra:jp y on sfiica Oge (petro”eum e':_dgr et _;zetate
mL) and a solution of sodium hydrogen carbonate)(88@ mL). ?Cl) pI‘OZ\éI oes9 (1193 2907'6{02' ?\lsMaRyeZE?(‘)leol\l/IH mFC):IS 455' 47
The agueous phases were combined and extractedl&Bix 10 ’1[:]2D ) :'3H(C 1'2’0 H 32|)_| 1331 (59 ) 6H Zﬁeﬂfb
mL). The resulted organic phases were finally washigdd water EH ) 5 1(;2 27)’ : lI—ES,H 5,)' 2'35'2'49 (m, 1H), P (m,
(10 mL), dried over MgSg) filtered, and concentrated under lH)’H.6’ '3'07 (rgd 1I:| _125 103 H(mll-l 5 )’374 (rgH
reduced pressure. The resulting residue was purlfiedlash OM '5)5’3' 1(H i—|3 J6_13 .d’lﬂi.—OQZ,H -H)é isC IEISI\/IR '
chromatography on silica gel (hexane / ethyl aeet8t8/0.2) €), 5.53 (s, 1H, " ), 6.13 (d, 1Bi= 0.9 Hz, H-3);
providing 8a (119 mg, 70%) in a 4/3 mixture of andB as a  (02:9 MHz, CDCl) 0=21.4 (CH), 23.3 (CH), 23.7 (CH), 30.2
colorless oil; {,2° +17.8 (¢ 1.0, CHCl). *H NMR (250.13 (7). 36.1 (CH), 40.6 (CH), 41.7 (C-6), 42.8 (C-8a), 44.2

' ' (C-5"), 46.0 (CH), 52.0 (OMe), 60.2 (C-3a’), 123.9 (C-3), 144.8

5.18. Methyl 2-((3aR,6R,8aR)-3a,8a-dimethyl-4-



(C-2), 167.0 (C-1), 214.8 (C-4); HRMS, ' Calcd
CieH2505[M+H] " 265.1798. Found: 265.1801.

for

5.19. Methyl
hexahydronaphthalen-2-yllacrylate (10a) and methyl
[(2R,4aR,8aR]-8a-hydroxy-4a-methyl-8-
methylenedecahydr onaphthalen-2-yl)acrylateEudesma
carboxylic (11a)."

Following the general procedure for acid-promotey rapening
of epoxide with8a (1.35g, 5.1 mmol) and PTSA. Column
chromatography on silica gel (petroleum ether/lethgetate
8/2) providedl0a (480 mg, 38 %) as a yellow oil arida (810
mg, 60 %) as a white solid.

10a: [o]p?° -137.3 € 1.0, CHCl); '"H NMR (250.13 MHz,
CDCl) 8= 0.99 (s, 3H; H-14), 1.37-1.47 (m, 3H), 1.48-1.61 (
3H), 1.74-1.79 (m, 3H), 1.94-2.05 (m, 1H), 2.05-2.h8 (H),
2.15-2.35 (m, 1H), 3.37-3.48 (m, 1H), 3.76 (s, 3H, OMe}7
(bs, 1H, H-6), 5.51-5.58 (m, 1H, H-3), 5.59 (dd, TH; 1.2, 1.1
Hz, H-13), 6.17 (d, 1H] = 1.3 Hz, H-13)*C NMR (62.9 MHz,
CDCly) 6 = 20.5 (C-15), 23.2 (Cj), 23.8 (C-14), 26.7 (CH,
32.6 (C-10), 37.5 (Ch), 38.6 (CH), 39.3 (C-7), 52.1 (OMe),
122.2 (C-6), 124.0 (C-13), 125.2 (C-3), 131.4 (C¥3.4 (C),
146.0 (C), 167.9 (C-12); MS m/z: 247 :[M+HHRMS (ESI):
calcd. For GeH»0, [M + H]" 247.1692; found 247.1692.

11a: mp = 97 — 99 °C, (lit 93 °C)u]p>° +82. € 1.0, CHC}) lit
[0]p?° +99 € 1.0, CHCY); *H NMR (250.13 MHz, CDG) J =
0.89 (s, 3H, H-14), 1.01-1.11 (m, 1H), 1.14-1.30 {iH), 1.51-
1.72 (m, 6H), 1.76 (dd, 1H] = 13.0, 12.8 Hz), 1.82-1.94 (m,
2H), 2.06-2.16 (m, 1H), 2.54-2.73 (m, 1H), 3.01-3.4% {(H, H-
7), 3.76 (s, 3H, OMe), 4.64 (dd, 1Bl 1.5, 1.5 Hz, H-15), 4.80
(dd, 1H,J=1.6, 1.5 Hz, H-15), 5.58 (dd, 1B~ 1.3, 1.1 Hz, H-
13), 6.17 (bs, 1H, H-13}°C NMR (62.9 MHz, CDGJ) 6 = 20.3
(C-14), 22.6 (CH), 26.6 (CH), 32.0 (CH), 34.6 (CH), 35.1 (C-
7), 35.2 (CH), 36.4 (CH), 38.2 (C-10), 52.1 (OMe), 75.8 (C-5),
107.9 (C-15), 123.3 (C-13), 146.1 (C-11), 152.24(C168.2 (C-
12); HRMS (ESI): calcd. For fH,0; [M + H]® 265.1801;
found 265.1798.

2-[(2R 4aR)-4a,8-dimethyl-2,3,4,4a,5,6-
2-

5.20. 2-[(2R,4aR)-4a,8-dimethyl-2,3,4,4a,5,6-
hexahydronaphthalen-2-yl]prop-2-en-1-ol (10b).

Following the general reduction with DiBAIH wittDa (258 mg,
1mmol). Column chromatography  on silica  gel
(petroleum ether/ ethyl acetate 8/2) provid€d (170 mg, 73%)
as a colorless oil;o]p*° +8.5 € 1.0, CHCl,); '"H NMR (250.13
MHz, CDCk) Jd = 0.98 (s, 3H, H-14), 1.28-1.65 (m, 6H), 1.75
(bs, 3H), 1.78-1.86 (m, 1H), 1.97-2.08 (m, 1H), 2.18%02(m,
1H), 2.96-3.01 (m, 1H), 4.15 (s, 2H, H-12), 4.95 (8, H-6),
5.04 (bs, 1H, H-13), 5.41 (bs, 1H, H-13), 5.52 (b3, #-3);°C
NMR (62.9 MHz, CDCJ) ¢ = 20.5 (C-15), 23.2 (C}}, 23.8 (C-
14), 26.0 (CH), 32.6 (C-10), 37.5 (C}), 38.6 (CH), 41.8 (C-7),
65.0 (C-12), 109.3 (C-13), 122.7 (C-6), 125.2 (C1RB1.5 (C-4),
143.2 (C-5), 154.0 (C-11); HRMS (ESI): calcd. FqeHG:0 [M

+ H]" 219.1744; found 219.1743.

5.21. 2-[(2R,4aR)-4a,8-dimethyl-2,3,4,4a,5,6-
hexahydronaphthalen-2-yl]acrylaldehyde (10c).

Following the general procedure of oxidation with P®ith 10b
(90 mg, 0.4 mmol). Column chromatography on siligel
(petroleum ether/ ethyl acetate 95/5) providéd (70 mg, 78 %)
as a yellow oil; §]p*° +42.6 € 1.0, CHCL,); '"H NMR (250.13
MHz, CDCk) J = 0.99 (s, 3H, H-14), 1.37-1.56 (m, 6H), 1.76
(bs, 2H), 1.91-1.99 (m, 1H), 2.01-2.11 (m, 1H), 2.1842(m,
1H), 3.44 (dd, 1HJ = 9.4, 7.4 Hz, H-7), 5.32 (s, 1H, H-6), 5.51-
5.57 (m, 1H, H-3), 5.99 (s, 1H, H-13), 6.27 (s, 1H18); 9.59
(s, 1H, H-12);**C NMR (62.9 MHz, CDGJ)) 6 = 20.1 (C-15),
23.2 (CH), 23.5 (C-14), 25.8 (C}), 32.6 (C-10), 36.0 (C-7),

7
37.4 (CH), 38.4 (CH), 121.3 (C-6), 125.4 (C-3), 131.3 (C-4),
133.8 (C-13), 144.0 (C-5), 155.4 (C-11), 194.6 @:HRMS
(ESI): calcd. For GH,;0 [M + H]* 217.1586; found 217.1586.

5.22. (3R,4aR,8aR)-3-(3-hydroxyprop-1-en-2-yl)-8a-methyl-
5-methylenedecahydronaphthalen-4a-ol (11b).*

Following the general reduction with DiBAIH wittlla (113 mg,
0.4 mmol). Column chromatography on silica gel
(petroleum ether/ ethyl acetate 6/4) providddd (80 mg, 79%)
as a colorless oilo p° +118.4 ¢ 1.0, CHCY), lit [a]p™° +46.67
(c 0.11, CHCY); 'H NMR (250.13 MHz, CDG) J= 0.87 (s, 3H,
H-14), 0.99-1.09 (m, 1H), 1.13-1.25 (m, 1H), 1.46-1@2,
10H), 2.05-2.14 (m,1H), 2.51-2.68 (m, 2H), 4.06 (44, B-12),
4.65 (dd, 1HJ = 1.6, 1.4 Hz), 4.79 (dd, 1H, = 1.7, 1.6 Hz),
4.92 (bs, 1H), 5.03-5.07 (m, 1HYC NMR (62.9 MHz, CDG)
0= 20.2 (C-14), 22.2 (C§), 26.7 (CH), 31.9 (CH), 34.6 (CH),
35.2 (CH), 35.8 (C-7), 36.1 (Ch), 38.2 (C-10), 65.6 (C-12),
75.8 (C-5), 107.8 (Ch), 108.6 (CH), 152.2 (C), 154.2 (C).
HRMS (ESI): calcd. For GH,s0, [M + H]" 237.1856; found
237.1849.

5.23. 2-[(2R,4aR,8aR)-8a-hydroxy-4a-methyl-8-
methylenedecahydronaphthalen-2-yl]acrylaldehyde (11c).
Following the general procedure of oxidation with P®ith 11b
(80 mg, 0.3 mmol). Column chromatography on siligel
(petroleum ether/ ethyl acetate 8/2) providdd (52 mg, 65%)
as a colorless oila]p*° +71.5 € 1.0, CHCL,); *H NMR (250.13
MHz, CDCk) J= 0.88 (s, 3H, H-14), 1.02 (d, 1H,= 12.8 Hz),
1.16 (d, 1HJ = 13.5 Hz), 1.44-1.77 (m, 7H), 1.78-1.96 (m, 2H),
2.07 (d, 1HJ = 13.7 Hz), 2.54-2.71 (m, 1H), 3.00-3.19 (m, 1H,
H-7), 4.58 (s, 1H, H-15), 4.76 (s, 1H, H-15), 5.981(d, H-13),
6.28 (s, 1H, H-13), 9.50 (s, 1H, H-12yC NMR (62.9 MHz,
CDCly) 6 = 20.0 (C-14), 22.4 (CH\, 25.7 (CH), 31.7 (C-7), 31.8
(CHy), 34.2 (CH), 35.0 (CH), 35.5 (CH), 38.0 (C-10), 75.3 (C-
5), 107.5 (C-15), 133.5 (C-13), 152.0 (C), 155.), (194.9 (C-
12); HRMS (ESI): calcd. For @H,,NaO, [M + Na]" 257.1515;
found 257.1512.
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