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ABSTRACT

Project Code :MRG4780117

Project Title : Towards to the synthesis of protoconstipatic acid, allo-pertusaric acid,

allo-dihydropertusaric acid and their derivatives
Investigator : Asst. Prof. Dr. Puttinan Meepowpan
Department of Chemistry, Faculty of Science, Chiang Mai University

50200

E-mail Address : puttinan@chiangmai.ac.th t82 pmeepowpan@hotmail.com

Project Period : 2 Years (1 July 2004 to 30 June 2006)

The protoconstipatic acid methyl ester (53) and its epimer can be synthesized
from the readily available dimethyl itaconate-anthracene adduct in enantiomericaily pure
forms, [(+)-(11S)-44], as building blocks, reacted with the chiral ether aldehyde (+)-56
via tandem aldol-lactonization, isomerization and pyrolysis respectively in 29% overall
yield. The other important starting material, the chiral ether aldehyde (+)-56 was
achieved using the practically synthetic methodology including methylation of
cyclopentadecanone (57), Baeyer-Villiger oxidation, transmethylation, protection of

alcohol, reduction and Swern oxidation respectively in 16% overall yield.

0 PO
6 steps H CJ\
é - 3 (CH2)12’§= HO
— O
)1 (16% overall yield) H H3Cj\
(CHz)™,
57 (£)-56 3 steps
Cyclopentadecanone + — MeOOC (e}

—

COOCH, (29% overall yield)

H,COO0C . 53
5z > Protoconstipatic acid methy! ester

and its epimer
(+)-(11S)-44
Dimethyl itaconate-anthracene adduct

Keywords : cyclopentadecanone, dimethyl itaconate-anthracene adduct, aldol-

lactonization, protoconstipatic acid
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CHAPTER 1
INTRODUCTION

1.1 The a-methylene- and a-methyl-butyrolactones

Paraconic acids, a class of trisubstituted j-butyrolactones, are most widely
present as the basic skeletal unit of biologically active natural products.L3 A
characteristic feature of this class is functionalised at the j-carbon atom (C,;) with
carboxylic group, which is accompanied by an alkyl chain at Cg that ranges in length
from five to fifteen carbons, in some cases the Cs-alkyl chain is oxidized at one or more
positions. Importantly, the «a-carbon atom (C;) is invariably substituted with either a
methylene (1) or methyl (2) group, which plays a significant role in determining the

physiological properties (Figure 1).

R R
5 0 5 (0]
4 2 4 2
HOOC (¢) HOOC 3 0
Me
1 2

R = alkyl chain that ranges in length from 5-15 carbon atoms

Figure 1 o-Methylene- and a-methyl-j-butyrolactones

a: R =n-CgHyy ; Methylenotactocin®
(isolated from the culture filtrate of Penicillium sp.)

R
YO b : R =n-Cy1Hy3 ; Nephosterinic acid'
(isolated from Centraria endocrocea)
HOOC o

¢ : R = n-Cy3H,7 ; Protolichesterinic acid®9.10
3 (isolated from several species of moss Cetraria
islandica Laurr. and Parmelia nepalensis Tayl.)
(S)

d : R = CH3CH(OH)(CH,)y3 ; Protoconstipatic acid!!1213
(isolated from Acarospora gobiensis, Cladonia
furcata, Lecanora frucata, P. tinctina, Peltigera
canina, Xanthopamelia camtschadalis and X.
tinctina)

a:R=n-CgHyy; C75™
(R)
HOOC- 0 b : R = CH3CH(OH)(CH,)43 ; Murolic acid'"'2
(isolated from Acarospora gobiensis, Rhizoplaca
peltata and X anthoria elegans)

Figure 2 trans-a-Methylene- -butyrolactones

Chiral hydroxy esters are important versatile building blocks in asymmetric

synthesis. For instance, » and J&hydroxy acid derivatives can be easily transformed



into the corresponding lactones which are present in variety of natural products. In
addition, lactones are important building blocks for the synthesis of natural products
such as alkaloids and terpenoids and continue to attract considerable attention due to
their interesting pharmacological activities.4 Disubstituted a-methylene-j-butyrolactones
are noted for their biological activities, e.g. antibacterial, antifungal, antitumor, and in
certain cases, growth regulating agents.s'S'7 The example of j)-butyrolactones 3—-9 are

depicted in Figures 2—4.1'5’6'8'15

a : R = n-Cy3H,7 ; allo-Protolichesterinic acid’
R (isolated from Cetraria ericetorum and C. islandica)

HOOC- 0 b:R= CH:E%D(CHZ),:, : allo-Pertusaric acid®
¢ : R = CH3CH(OH)(CHy)13 ; allo-Murolic acid'"12
5 (isolated from Leptogium saturnium, Parmelia
camtschadalis and Xanthoria elegans)
(S)
d : R = CH3;CH(OH)(CH,)45 ; allo-Dihydropertusaric acid’

R = C4,Has : allo-Protolichesterolic acid®

Figure 3 cis-a-Methylene-j~butyrolactones

a: R =n-CsHyy ; Phaseolinic acid®
(metabolite of a fungus, Macrophomina phaseolina)

0
b R = n-C43H,7 ; Nephromopsinic acid'
HOOC~ 0 (isolated from Nephromopsis stracheyi, Cetraria

Me strocheyi, ecocarpisma Hue and lichen)

¢ : R = CH3CO(CH,)y53 ; Pertusarinic acid'®
(isolated from Punctelia microsticta)

HOOC 0 R = n-C13H,7 ; Dihydroprotolichesterinic acid’®

Me (isolated from Pertusaria albescens)

a: R = n-Cy4H,3 ; Nephrosteranic acid'
(isolated from Nephromopsis endocrocea and lichen)

b : R = n-C,7Hss ; Roccellaric acid’
HOOC" 0 (isolated by Hesse from the chilenic lichen species
Roccellaria moilis (HAMPE)ZAHLBR)

Me

9 ¢ : R = CH3CH(OH)(CH,)15 ; Neodihydromurofic acid’
(isolated from L. muralis, L. melanopthalma and
L. rubina)

Figure 4 a-Methyl-ybutyrolactones



1.2 Literature reviews

Rezanka and Gusc:hina11 1218 succeeded to isolate glycoside compounds from
an extract of Central Asian lichens as shown in Table 1. New glycosides bearing
murolic acid (4b), protoconstipatic acid (3d) and allo-murolic acid (5c) (Figure 5), as the
aglycones and the oligosaccharide moiety lingked at C-18 made up of five sugars

(xylose, rhamnose, glucose, arabinose and apiose) 10a—q and 11a—j, are as shown in

o \|/\(CH2)11 0
Hooc’g(\Q

Figure 5 Murolic acid, protoconstipatic acid and allo-murolic acid

Figure 6.

Me \/\(CHZ o

HOOC- 0

Me\/\ (CHu)Ty

HOOC”

5¢c

R,40

0

O 18
E/\(CHZ)/% o
” N e
R,0 OR, HOOC"%O

OR,
10

aR,=R,=Ry;=R,=H 38, 4R, 18R

bR,

=R,=Rs;=R,=H 35,45, 18S

R,0 .18
2 H"/\CHZ
R ooc”'/:[fo
1
aR, =R, =H 2R, 3S,4S, 18R

bR;=R,=H 25, 3R, 45, 18S

¢ R, =R, =Ry=H, R, =Xyl 38, 4S, 18R ¢R,; =R, =H 2R 3R 4S, 188

dR, =R, =R;=H, R, =Rha 38, 4S, 18R dR,=Rha, R, =H 2R, 3, 4S, 18R
eR,=R,=R,=H, Ry=Rha 35, 4R, 18R e R1=Glc, R, =H 28, 3R, 48, 18S

f Ry=R,=Ry=H, Ry=Ara 35,45, 18R f R, =Glc, R, = H 2R, 3R, 4S, 185
gR, =R, =Ry=H, Ry = Api 38, 4S, 18R g R, = Rha, R, = Glc 2R, 35, 4S, 18R
hR,=R,=R,=H, Ry = Api 3S,4S, 18R h R, =Glc, R, = Xyl 2S, 3R, 4S, 188
i Ry =Api, R,=Ry=R,=H 35,45, 18R i Ry =Glc, R, = Rha 2R, 3R, 4S, 18S
j Ry=0lc,R;=Ry= R,=H 38, 4S, 18R j Ry =Glc, Ry = Gle 2R, 3R, 4S, 185
kR, =Ry= Ry =H, R, =Glc 38, 4S, 18R

I Ry=R,=Ry=H, Ry = Glc 3R, 45, 18S

mR; =R, =Glc, Ry = R, = H 35, 45, 18R

nR, =R, =0lc, R, = Ry =H 35,45, 18R

0 R, =GIc"2-1GIc™, Ry, = Ry = R, = H 3S, 4S, 18R

pR; =R, =Glc, Ry =Ry = H 38, 4R, 18R

q R, = Glc"6-1GIc™, R, = Glc, Ry = R, = H 3R, 4S, 18S

O
Apl
HO Ara
HO" "OH HO "OH

Figure 6 New glycoside compounds
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in 1989, Stanchev and Hesse17 reported the reduction of the carbonyl group in
the side chain of 4-(1-nitro-2-oxocyclododecyl)butan-2-one [(£)-12] with organoboron
complexs to give 15-hexadecanolide (13). The synthetic routes and conditions were as

detailed in Scheme 1 and Table 2 respectively.

0 (0] o] OH 0]
Me O
)12 14

(+ (+)- (+)-15  NO,

Me —+ 0 Q
.B Li 0 o)
iR & - ﬂiﬁ
(R)-Alpine-Hydride (+)-13 (+)-16 ©

Scheme 1 Synthesis of 15-hexadecanolide (13) from 4-(1-nitro-2-oxocyclododecytl)

butan-2-one [(£)-12]

Table 2 Chemical yields and enantiomeric excess of compound 15

En’(rya Reducing agents  Product Yields eeform ee from  Configuration

@%)  [a%, HNMR'  AtGC(15)

1 NaBH, (£)15 88 - - -
2 (S)-Alpine-Hydride  (+)15 82 15 15.5 (S)
3 (R)»-Alpine-Hydride (-)-15 72 24 18.8 (R)

®) 1: (i) NaBH,, MeOH, 4 h, 0 °C, 91%; (ii) Bu,NF, THF, 15 min, 20 °C, 97%.
2 : (i) and (ii) (S)-Alpine-Hydride, THF, 2 h, =78 °C, HOCH,CH,NH,, 1 h, 20 °C, 82%
(iif) NaOMe, MeOH, 15 min, 20 °C, NaOAc, TiCl;, 1.5 h, 20 °C, 85%;
(iv) NH,NHTs, MeOH, 1 h, reflux, (Ph,P),CuBH,, CHCL,, 4 h, reflux, 78%.
3: (i) and (ii) (R)-Alpine-Hydride, THF, 2 h, =78 °C, HOCH,CH,NH,, 1 h, 20 °C, 72 %
(v) BuySnH, AIBN, toluene, 40 min, reflux, 47%.
b) In some experiments, the reaction product 14 was accompanied by the rearrangement product 15. To
compare chemical yields, all pure products and product mixtures were rearranged to 15.
c) Because of its diastereomeric nature, (+)-15 was converted to (+)-13; thus, the ee values refer to (+)-13.
The %-ee values were determined by comparison of the [¢f] [, values of the product and those of (—)-13.
d) The enantiomeric purities of 13 were determined by 1H NMR measurements (400 MHz, CDCI,) of the

CH,-C(15) signal, using [Eu(hic),] as chiral shift reagent.



In 1998, Kuwahara et aI.18 synthesized 15-methylcyclopentadecalactone or 15-
hexadecanolide (13), a sex pheromone component of the stink bug, Piezodorus hybneri

by using the Yamaguchi or Mitsunobu macrolactonization reaction (Scheme 2).

OR OH

OTBS (1] n
Me/l\/CHO - Me)\/;(CHz)mCOzH - Me)\(CHz)mCOzH
17 18a: R=TBS 19
18b:R=H l
l v j v
o) O
Q Me (i:icgne
(R)-13 (S)-13

Reagents and conditions: (i) Ph,PCH(CH,),,CO,K, THF-HMPA, (ii} HF, CH,CN, 46%, (iii) H,, Pd-C, EtOH;
(iv) 2,4,6-trichlorobenzoyl chioride, DMAP, toluene; (v) Ph,P, diethyl azodicarboxylate, ether.

Scheme 2  Syntheses of (R)- and (S)-15-hexadecanolides (13)

Cryle, Matovic and Voss (2003)19 reported the synthesis of 11-, 12-, and 13-
hydroxy C,, fatty acids ester from epoxide 20 and 11- to 15-hydroxy C,¢ fatty acids ester
from terminally difunctionalized compounds, undec-10-en-1-0ol (30a) and 1,12-

dodecandiol (30b) (Schemes 3 and 4).



(0] o)
e
BnO

OH
27 20
R = ethyl I vii l i
oP OH
NC BnO MeOJ\(CHz)a\/Me
26 21 24
] vi l i R = methyl T iv, ix

oP oP oP
R v R i R
TsO HO Ox
25 22 23
l viii

o) oP (0]
R .
""e\om N MeO/U\(CHZ)m Me b - tBDEM)S
o R=H OH
28 29

Reagents and conditions: (i) LAH, THF, 0 °C, 90%, or RMgX, THF, —10 °C, 79%; (i) (@) TBD(P/M)SCI,
imidazole, MeCN, (b) H,, Pd-C, hexane, 80%; (i) (COCl),, DMSO, CH,Cl,, TEA, -78 °C, 75%; (iv)
PhsPCHCO,Me, CH,Cl,, A, 94%; (v) TsCl, DABCO, CH,Cl,, 92%; (vi) NaCN, DMF, A, 80%; (vii) (a) HCI-
MeOH, 59%; (viii) Propiolic acid, n-Buli, HMPA, THF, 0 °C, 71%; (ix) (a) H,, Pd-C, hexane, (b) TBAF, THF,

0 °C, 74%.
Scheme 3  Syntheses of 11-, 12-, and 13-hydroxy C,, fatty acids ester



OH
O/
/lOJ\ Ré@ vi, , ii RYN\;Q
Me THPO
MeO” “(CHp)ig Y~ OBn
4 OH 41 42

xii] R = n-propyl l iv 'Xl R =ethyl
OTs v, X, Xi ~0 O OH
R OTHP MeO™ NCHa)ry Ve
39 OH 38 43

i, m1 b ; X = (CH,);0H

OTHP OH

31

a;X=-CH=CH, 30

ivl l iii, v, vi
OH OBn
Q\A)O\THP 1 R = n-butyl Meo)]\(CHz)/,\/\/Me
32 34
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35
X, Vl R= (CH2)4CH3 j H, vii
j\ OBn
OH
33 HO R = methyl yvueo/u\(ng)12 Me
. 57 OH

Reagents and conditions: (i) dihydropyran, H, CH,Cl,, 68%; (ii) (a) BH;.DMS, CH,Cl,, H,0,, A, (b) PCC,
NaOAc, CH,Cl,, 67%; (i) PCC, CH,Cl,, 90%; (iv) RMgBr, Et,0, —40 °C, 70%; (v) (a) CrO;-H,S0O,, acetone,
(b) CH,N,, Et,0, (c) NaBH,, MeOH, 0 °C, 45%; (vi) NaH, BnBr, n-Bu4N+I', THF, 94%; (vii) (a)
Ph,PCHCO,Me, CH,CI,, A, (b) LAH, THF, 0 °C, 63%,; (viii} O;, CH,Cl,, =78 °C, DMSO, 100%; (ix) (a)
Ph,PCHCO,Me, CH,Cl,, A, (b) H,, Pd-C, hexane, 64%; (x) H*. MeOH, 94%; (xi) TsCl, pyridine, 0 °C, 67%;
(xii) (@) NaCN, DMF, A, (b) HCI-MeOH, 57%.

Scheme 4 Syntheses of 11- to 15-hydroxy C, fatty acids ester

Kongsaeree et al. (2001)20 reported that both enantiomers of methylenolactocin
(6a), nephrosterinic acid (6b) and protolichesterinic acid (6¢) were synthesized via
tandem aldol-lactonization reactions of aldehydes and the optically active dimethyl

itaconate-anthracene adduct (44) (Scheme 5).



R
MeOOC COOMe o
O
& L@ ”OOC%
(+)-or (-)-44 (+)- or (-)-6
| I
R
MeO, . COOMe o
0 L MeOOC 0
;L 7= ¢
45 {+)- or (-)-50

R R
0
MeOOC 0 i MeOOC”
(27>
(+)-or (-)-46 (+)-or (-)-47

R =a: n-CsHyq; b: n-CyyHyz and ¢ n-Cy3Hy7
Reagents and conditions: (i) (a) 1.2 equiv LDA, THF, —78 to 0 °C 2 h; (ii) (a) 1.2 equiv RCHO, 0 °C to rt 3
h, (b) aq. NH,Cl, 30% HCI; (iii) 0.5 equiv NaOMe, THF:MeOH (2:1), rt 6 days; (iv) FVP; (v) 2-butanone, 6 N
HCI, reflux 2 h.

Scheme 5 Syntheses of methylenolactocin (6a), nephrosterinic acid (6b) and

protolichesterinic acid (6¢)

Scheme 6 presented synthetic route for separation of optically active dimethyl

itaconate-anthracene adducts (44) employing (—)-menthol as a chiral auxillary agent.

%O COOMe L MeOOC COOMe
— LLO L T ’/L

(225> LS
MeOOC OOMe i (-)-51 (+)-44
’/ L N e

(1744 MeOQOC i MeQOC COOMe
—;QO o ¢L
oz L@ oz 75>

(-)-4

(-)-52 4
Reagents and conditions: (i) 1.3 equiv. KOH, MeOH:H,0 (2:1), reflux 2 h, 97%; (ii) (a) 5.0 equiv. SOCI,,

DMF (cat.), Ny, reflux 2 h, (b) 1.3 equiv. (-)-(1R,2S,5R)-menthol, 1.3 equiv. NEt;, benzene, reflux 2 h [(-)-
51, 34%; (—)-52, 34%]; (iii) excess anhydrous MeOH, H,SO, (cat.), reflux 6 days [(+)-44, 95%; (—)-44, 89%)].

Scheme 6  Separation of optically active dimethyl itaconate-anthracene adducts
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1.3 Principle and research objectives

The synthesis of pbutyrolactones derivatives has attached considerable
attention over the years because of their wide occurrence in bioactive natural product.21
In this thesis, we are interested in synthetic methodology of protoconstipatic acid methyl
ester and its epimer employing the readily available dimethyl itaconate-anthracene

adduct in enantiomerically pure forms, [(+)-(11S)-44), as building blocks (Scheme 7).

H3C(HO)HC(H,C)13 H3C(HO)HC(H,C )13

MeOOC CcoOMe 0 o)
L —_ MeOOC ol --~ HOOC 0
(+)-44 53 1

Scheme 7 Synthesis of protoconstipatic acid methyl ester and its epimer (53)

From considerably method for retrosynthesis of a-methylene-j-butyrolactones
1, it was found that compound 1 can be disconnected to synthon A: dimethy! itaconate
(55) and synthon B: aldehyde 54 (Scheme 8). It is well-known that dimethyl itaconate
anion was quickly polymerized and therefore, it is necessary to protect the reactive
double bond of dimethyl itaconate (55) in the form of anthracene adduct 44 which could

be obtained by the Diels-Alder reaction.

R R

R 0 }L—O_ B (:> \=0 54
HOOC%O —

o MeOOCA[rCOOMe
HOOC =0
1 Y !:\> 55
A

R= -(CH2)13CH(OH)CH3
Scheme 8 Retrosynthesis of a-methylene-y-butyrolactones 1

The hydroxyl group in 15-Hydroxypentanaldehyde (54) bearing two active
difunctional groupswas converted to the corresponding chiral ether group 56 for the next

reaction as shown in Scheme 9.
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__.-- Active site

OH=~"""" o
Me)“\/\/\/\/\/\/\)J\H
54
Protecting groups (P) = /O
oP Q K
Ao~~~ THP
Me™ * H
56

Scheme 9  Protecting of hydroxy group with 3,4-dihydro-2H-pyran

In this thesis, we have focused on
1) synthesis of the chiral ether aldehyde 56 from cyclopentadecanone (57)
as shown in Scheme 10
2) synthesis of dimethy! itaconate-anthracene adduct in optically active form
[(+)-44]
3) synthesis of protoconstipatic acid methyl ester (53) employing the
reaction of pure dimethyl itaconate-anthracene adduct [(+)-44] with the chiral ether

aldehyde 56 as shown in Scheme 11.

O o)
H
CCD = &J@
Me
57 56

Scheme 10 Synthesis of the chiral ether aldehyde 56 from cyclopentadecanone (57)

M ( A
© H3C(HO)HC(H,C)14 H3C(HO)HC(H,C)13

0 0

+ — MeOOC’%O ---->  HOOC ’%/ko
COOMe

MeOOC 53 .

& L

(+)- or (-)-44

Scheme 11 Synthesis of protoconstipatic acid methyl ester (563) and its epimer



CHAPTER 2
EXPERIMENTAL

2.1 Chemicals, apparatus and instruments
2.1.1 Chemicals

The chemicals used in this research project were as listed in Table 3.

Table 3 Chemicals used in this research

Molecular
Chemical Molecular Grade Supplier
weight

Acetone* C;3HgO 58.08 commercial -
Ammonium chloride NH,CI 53.49 2> 99.0% Scharlau
Anthracene CisHio 178.24 = 95% Fluka
Benzophenone Cy3H100 182.22 2 99.0% Fluka
n-Butyllithium™* C,Hglii 64.06 - Acros
Calcium hydride CaH, 42.10 2 97.0% Fluka
Celite 545 - - - Fluka
Chloroform*** CHCl, 119.38 99.8% Ajex
Chloroform-d, CDCl, 120.38 > 99.8% Wilmad
3-Chloroperbenzoic acid C;H5CIO4 172.57 - Fluka
Cyclopentadecanone Cy5H050 224.39 = 97.0% Fluka
Dichloromethane* CH,Cl, 84.93 commercial -
3,4-Dihydro-2H-pyran CsHgO 84.12 97% Fluka
N,N-dimethyl formamide™** C;H;NO 73.09 99.8% CarloErba
Dimethyl itaconate C;H41004 158.16 > 97.0% Fluka
Dimethyl sulphoxide**** C,HgOS 78.13 99.5% Lab-Scan
Ethyl acetate* C,4HgO, 88.11 commercial -
Hexane* CeHya 86.18 commercial -
lodine I 126.90 > 99.8% AJAX
lodomethane CH,t 141.94 > 99.5% Fluka

Lithium aluminium hydride LiAlH, 37.95 > 959%, Acros
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Table3 Chemicals used in this research (continued)

Molecular
Chemical Molecular Grade Supplier
weight
Magnesium sulphate MgSO, 120.37 > 98.0% Fluka
anhydrous
(-Mentho! CyoH0 156.27 > 99%, Fluka
Methanol* CH,O 32.04 commercial -
Montmorillonite K10 - - - Fluka
Oxaly! chloride* C,0,Cl, 126.93 96% Fluka
Silica gel 60, GE0030 - - - Scharlau
Silica gel 60 PF,s,4 - - - Merck
Sodium bicarbonate NaHCO4 84.01 99 - 101% BDH
Sodium hydride NaH 24.00 Moistened Fluka
with oil,
55 - 60%
Sodium metal Na 22.99 - May &
Baker Ltd
Sulfuric acid H,S0, 98.08 96% CarloErba
Thionyl chloride SOCl, 117.90 BDH
Tetrahydrofuran™*** C4HgO 72.11 > 99.5 % Merck
Triethylamine™** CgHisN 101.19 > 999% BDH
Xylene* CsHio CgH1o - Fluka
Note * Simple distillation

> Molarity of n-butyllithium was determined by titration according to the 2,5-

dimethoxybenzyl alcohol method

***  Refluxed over CaH, for 1 h followed by simple distillation

*»**  Distilled under reduce pressure

Kkkhk

Distilled from sodium / benzophenone under nitrogen atmasphere
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2.1.2 Apparatus and instruments

The apparatus and instruments used were as listed in Table 4.

Table 4 Apparatus and instruments used in this research

Apparatus and instruments Company Model
High vacuum pump Edwards Edwards 18
Infrared spectrometer (FT-IR) Bruker Tensor 27
Mass spectrometer (HRMS) Waters Micromass—Cl-Tof—QTm
Melting point apparatus SANYO Galienkamp
Nuclear magnetic resonance spectrometer  Bruker -
Rotary evaporator Buchi R-200
UV-lamp 254 - -
Weighing balance (2 and 4 positions) Mettler Toledo PG802-S and

AB204-S
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2.2 Synthesis of 15-(tetrahydro-2H-pyran-2-yloxy)hexadecanal [(*)-56]

2.2.1 2-Methylcyclopentadecanone [(1)-58]

0] O
Me

1) 1.2 equiv LDA, THF, -78 t0 0°C, 2 h

2) Mel, -78 °C to rt overnight

57 ()58

To a 250 mi round-bottomed flask equipped with a magnetic stirrer was fitted
with a three-way stopcock with a septum cap and nitrogen inlet was added THF (40 mi)
and dry diisopropylamine (9.1 ml, 64.33 mmol) via syringes. The mixture was cooled
down to —78 °C followed by addition of n-butylithium (38.3 ml, 1.4 N in hexane, 53.61
mmol). The resulting solution was left stirring at 0 °C for 1 h. Then, a solution of
cyclopentadecanone (57) (10.0246 g, 44.68 mmol) in THF (40 ml) was introduced to the
LDA solution at —78 °C. After stirring at 0 °C for 2 h, the reaction mixture was cooled
to —78 °C and iodomethane (27.87 ml, 446.76 mmol) was added. The reaction mixture
was left stirring at room temperature overnight. The reaction mixture was quenched
with saturated aqueous ammonium chloride solution at 0 °C followed by extraction
several times with CH,Cl,. The combined organic extracts were washed with H,0,
dried over MgSQO,, filtered, and evaporated to dryness.

The crude product was purified by flash column chromatography on silica gel
with elution of EtOAc : hexane = 0.3 : 9.7 to give a-methyl ketone (*)-58, 2-
methylcyclopentadecanone in 91% yield (9.6922 g) and 100% conversion from the

starting material.

0 16
15 2,Me
13 4
12 5
1 6
9 8
Table 5 Data of compound (+)-58
Physical property : Colorless oil
IR spectroscopy (evaporated thin film)
Frequency (v, cm'1) Type of vibration
2855, 2926 -CH,-, -CHj5 stretching
1698 C=0 stretching of ketone
1450 -CH,-, -CH; bending
1368 -CH3; bending
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Table 5 Data of compound (£)-58 (continued)

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (5, ppm) Type of proton
1.04 3H, d (J = 6.9 Hz), CH;-16
1.17-1.78 24H, m, CH,-3, 4,5, 6, 7, 8, 9, 10, 11,
12,13, 14
2.43 2H, m, CH,-15
2.60 i 1H, m, CH-2

’C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (8, ppm)

Type of carbon

16.72
22.74, 26.12, 26.27, 26.29, 26.34, 26.46,
26.63, 26.91, 27.29, 27.47, 33.04
40.50
45.98
215.20

CH,-16
CH,-3, 4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14

CHy-15
CH-2
C=0-1

Mass spectrometry (ESI-MS)

Molecular weight

m/z

Calc. for C4H3q0

Lock mass of C,,H4,N,O,SNa
Calc. for C4gH3;ONa

Found for C,gH;;0ONa

238.2297 (M)

333.0633 (M+Na)’
261.2194 (M+Na)"
261.2192 (M+Na)’

2.2.2 15-Methylhexadecalactone [(1)-13]

0
Me

1.3 eq. m-CPBA, CHCl, 0 ve

reflux overnight

(+)-58
A mixture of compound (1)-58 (3.341

(+)-13

0 g, 14.01 mmol) and m-chloroperbenzoic

acid (4.4906 g, 18.22 mol) in anhydrous chloroform (40 ml) was heated to reflux

overnight. The reaction mixture was quenched with saturated aqueous sodium

hydrogen carbonate solution at 0 °C and the crude mixture was extracted several times

with CH,Cl,. The combined organic extracts were washed with H,O, dried over MgSO,,

filtered, and evaporated to dryness.
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The crude product was purified by flash column chromatography on silica gel
using EtOAc : hexane = 05 : 95 as eluent to give the lactone ()13, 715-
methylhexadecalactone in 88% yield (2.3811 g) and 76% conversion from the starting

material.

Table 6 Data of compound (£)-13

Physical property : Colorless oil

IR spectroscopy (evaporated thin film)

Frequency (v, cm ) Type of vibration
2849, 2932 -CH,-, -CHj stretching
1737 C=0 stretching of lactone
1462 -CH,-, -CHj; bending
1242 C-O stretching of lactone

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (5, ppm) Type of proton
1.21 3H, d (J = 6.3 Hz), CH;-16
1.23-1.77 24H, m, CH,-3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14
2.29 2H, m, CHy-2
4.95 1H, m, CH-15
20.36 CH;-16

24.28, 25.01, 25.62, 25.66, 25.98, 26.20, | CH,-3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14
26.60, 27.22, 27.46, 27.75, 34.83
35.86 CH,-2

70.65 CH-15

173.76 C=0-1
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Table 6 Data of compound (+)-13 (continued)

Mass spectrometry (ESI-MS)

Molecular weight m/z
Calc. for CygHs00s, 254.2246 (M)
Lock mass of Cy,H44N,O,SNa 333.0633 (M+Na)+
Calc. for CyHs10, 255.2324 (M + H)
Found for CygHs;0, 255.2325 (M + H)'

2.2.3 Methyl 15-hydroxyhexadecanoate [(+)-59]
0 O

O Me MeOH, H,S0, cat. OMe

reflux overnight OH

Me
()13 (£)-59
A mixture of compound (£)-13 (0.5100 g, 2.00 mmol) and conc. sulfuric acid (2
mi) in anhydrous methanol (40 ml) was heated to reflux overnight. The reaction mixture
was quenched with saturated aqueous sodium hydrogen carbonate solution at 0°C and
the crude mixture was extracted several times with CH,Cl,. The combined organic
extracts were washed with H,O, dried over MgSQ,, filtered, and evaporated to dryness.
The crude product was purified by flash column chromatography on silica gel
using EtOAc : hexane = 0.5 : 9.5 as eluent to give hydroxyl ester (+)-59, methyl 15-
hydroxyhexadecanoate in 90% yield (0.4102 g) and 79% conversion from the starting

material.

Table 7 Data of compound (1)-59

Physical properties : White crystals, m.p. §7.9-58.3 °C (EtoAc/Hexane)

IR spectroscopy (KBr-pellet)

Frequency (v, cm'1) Type of vibration
3154-3676 O-H stretching of hydroxyl
2851, 2917 -CH,-, -CHj stretching

1740 C=0 stretching of ester
1462 -CH,-, -CHj; bending
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Table 7 Data of compound (%)-59 (continued)

IR spectroscopy (KBr-pellet)

Frequency (v, cm’)

Type of vibration

1390
1203
1110

-CHj; bending
C-0O stretching of ester

C-O stretching of 2 “alcohol

"H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (5, ppm)

Type of proton

1.18
1.21-1.66

2.29
3.66
3.78
23.47
24.97, 25.75, 29.13, 29.23, 29.41, 29.56,
29.59, 29.62, 34.10
39.36
51.42
68.18
174,35

3H, d (J = 6.2 Hz), CH4-16

24H, m, CH,-3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14

2H, t (J = 7.6 Hz), CH,-2

3H, s, COOCH4-17

1H, m, CH-15

CH-16

CH,-3, 4,5, 6,7,8,9,10, 11, 12, 13, 14

CH,-2
CHy17
CH-15
C=0-1

Mass spectrometry (ESI-MS)

Molecular weight

m/z

Calc. for C47H3404

Lock mass of Cy,HsN,O,SNa
Calc. for C47H3,05Na

Found for C47H34,03Na

286.2508 (M)

333.0633 (M+Na)’
309.2406 (M+Na)"
309.2408 (M+Na)"

2.2.4 Methyl 15-(tetrahydro-2H-pyra
(0]

OMe

n-2-yloxy)hexadecanoate [(1)-60]
O

OH

Me
(+)-59

M
5.0 equiv DHP, montmorilionite K 10 OMe O

anhydrous CHClg, 0°C to rt, 1 day

o 0O

Me
(£)-60
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Montmorillonite K10 was added into a solution of (£)-59 (4.5536 g, 15.90
mmol), in anhydrous chloroform (200 mi) followed by 3,4-dihydro-2H-pyran (DHP)
(7.0378 g, 79.48 mmol) at 0 °C over 15 min. The reaction mixture was stirred at room
temperature for 1 day and then passed through Celite 545, washed with CH,Cl,. The
organic phase was evaporated to dryness.

The crude product was purified by flash column chromatography on silica gel
using EtOAc : hexane = 0.3 : 9.7 as eluent to give protected hydroxyl ester (+)-60,
methyl 15-(tetrahydro-2H-pyran-2-yloxy}hexadecanoate in 87% yield (5.1072 ¢g) and

100% conversion from the starting material.

Table 8 Data of compound (£)-60

Physical property : Colorless oil

IR spectroscopy (evaporated thin film)

Frequency (v, cm-j) Type of vibration
2855, 2932 -CH,-, -CHj stretching
1748 C=0 stretching of ester
1462 -CH,-, -CH; bending
1368 -CHj bending
1077, 1203 C-O stretching of ether
1170 C-O stretching of ester

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (5, ppm) Type of proton
1.09, 1.18 (strong peak), 1.21 3H, d (J=6.2, 6.2, 6.1 Hz), CH;-16
1.22-1.92 30H, m, CH»-3,4,5,6,7, 8,9, 10, 11,
12,13, 14, 3,4, %
2.30 2H, t(J = 7.6 Hz), CH,-2
3.44-3.59, 3.68-4.47 3H, m, CH-15, CH,-6'
3.66 3H, s, COOCH3-17

4.54-4.98 1H, m, CH-2'
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Table 8 Data of compound (1)-60 (continued)

“C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (5, ppm) Type of carbon

23.60 CH4-16

25.09, 25.72, 25.90, 26.02, 29.30, 29.41, | CH,-3, 4,5, 6,7, 8, 9, 10, 11, 12, 13, 14,
29.59, 29.77, 29.90, 29.92, 30.36, 31.41, | 3, 4" 5

34.31, 36.72, 37.77

39.59 CH,-2
51.73 CH;-17
62.79 CH,-6'
68.59 CH-15
98.58 CH-2'
174.30 C=0-1

Mass spectrometry (ESI-MS)

Molecular weight m/z
Calc. for CoHgy04 370.3083 (M)
Lock mass of Cy,H;4N,0,SNa 333.0633 (M+Na)"
Calc. for CpH,,04Na 393.2981 (M+Na)'
Found for C,,H,,0,Na 393.2980 (M+Na)’

2.2.5 15- (Tetrahydro-ZH— pyran-2-yloxy)hexadecan-1-ol [(1+)-61]

('://K\/\/[O — (Ei/\/;o

(+)-60 ()61

Lithium aluminium hydride (0.4307g, 10.78 mmol) in a 250 ml round-bottomed
flask equipped with a magnetic stirrer and fitted with a three-way stopcock with a
septum cap and nitrogen inlet was added THF (120 ml). To a stirred —42 °C solution, a
solution of (£)-60 (2.9989 g, 8.09 mmol) in THF (120 ml) was added and left stirring at
—42 °C for an additional 5 h. The reaction mixture was quenched with aqueous
acetone (200 ml) at —78 °C followed by water and then the reaction was neutralized
with dilute HC! and then passed through Celite 545, washed with CH,Cl,.  The crude
mixture was extracted several times with CH,Cl,. The combined organic extracts were

washed with H,O, dried over MgSQ,, filtered, and evaporated to dryness.
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The crude product was purified by flash column chromatography on silica gel
using EtOAc : hexane = 0.5 : 9.5 as eluent to give protected hydroxyl alcohol ()-61,
15-{tetrahydro-2H-pyran-2-yloxy)hexadecan-1-ol in 79% vyield (1.4495 @), and 69%

conversion from the starting material.

Table 9 Data of compound (+)-61

Physical property : Colorless oil

IR spectroscopy (evaporated thin film)

Frequency (v, cm-1) Type of vibration
3069-3686 O-H stretching of hydroxyl
2849, 2921 -CHy-, -CHj stretching

1462 -CH,-, -CHj3 bending

1368 -CH; bending

1198 C-O stretching of ester
1082, 1132 C-0O stretching of ether

1022 C-0O stretching of 1°alcohol

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (5, ppm) Type of proton
1.09, 1.18 (strong peak), 1.21 3H, d (J = 6.1, 6.2, 6.3 Hz), CH;-16
1.23-1.90 32H, m, CH»2, 3,4, 5,6,7, 8,9, 10, 11,
12,13, 14, 3, 4, &
3.33-3.60, 3.67-3.95 3H, m, CH-15, CH,-6'
3.63 2H, t (J = 6.6 Hz), CH,-1
4.54-4.73 1H, m, CH-2'

C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (6, ppm) Type of carbon

23.47 CH;-16
25.49, 25.57, 25.72, 25.76, 26.22, 29.40, | CH,-2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13,
29.47, 29.60, 29.62, 29.74, 30.77, 32.79, | 14, 3", 4, 5'
39.36, 67.70
62.33 CH,-6'
63.08 CHy,-1
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Table 9 Data of compound (£)-61 (continued)

*C NMR spectroscopy (100 MHz) in CDClj

Chemical shift (5, ppm) Type of carbon
68.19 CH-15
98.83 CH-2'

Mass spectrometry (ESI-MS)

Molecular weight m/z
Calc. for CyHg,04 342.3134 (M)
Lock mass of C1,H;,N,0,SNa 333.0633 (M+Na)"
Calc. for C,H,;,05Na 365.3032 (M+Na)+
Found for C,3H,,05Na 365.3032 (M+Na)"

2.2.6 15-(Tetrahydro-2H-pyran-2-yloxy)hexadecanal [(£)-56]

1) 1.5 equiv (COCH),, 3 equiv DMSO, Q
OH O CH,Cly, 7800 °C, 1 h H O
0" 0" 2)BequivELN,-78100°C, 1h o O
Me Me
()-61 (+)-56

To a 250 mi, three necks, round-bottomed flask equipped with a magnetic
stirer and a dropping funnel was charged with dry CH,CIl, (50 ml) under nitrogen
atmosphere. To a stirred —78 °C solution, a solution of oxalyl chloride (2.3292 g, 17.62
mmol) in dry CH,Cl, (50 ml) was added followed by a solution of dimethyl sulfoxide
(2.7676 g, 35.24 mmol) in dry CH,Cl, (20 ml) over 30 min. A solution of (1)-61 (4.0243
g, 11.75 mmol) in dry CH,CI, (30 ml) was added dropwise. After stirring at —78 °C for
an additional 30 min, triethylamine (9.9 ml, 70.49 mmol) was added and the reaction
mixture was left stirring at 0 °C for 1 h. The reaction mixture was quenched with 1 M
HCl (100 mi) at 5-10 °C, passed through Celite 545, washed with CH,Cl, and then
extracted several times with CH,Cl,. The combined organic extracts were washed with
H,O, dried over MgSQ,, filtered, and evaporated to dryness.

The crude product was purified by flash column chromatography on silica gel
using EtOAc : hexane = 0.5 : 9.5 as eluent to give the mixture of chiral ether aldehyde
(£)-56, 15-(tetrahydro-2H-pyran-2-yloxy)hexadecanal in 90% yield (3.1511 g), and 88%

conversion from the starting material.
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Table 10 Data of compound (+)-56

Physical property : Colorless oil

IR spectroscopy (evaporated thin film)

Frequency (v, cm'1) Type of vibration
2855, 2932 -CH,-, -CHj; stretching
2723 C-H stretching of aldehyde
1731 C=0 stretching of aldehyde
1461 -CH,-, -CHj; bending
1379 -CHj; bending
1081, 1125 C-O stretching of ether

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (6, ppm) Type of proton
1.10 (strong peak), 1.21 3H, d (J = 6.1, 6.3 Hz), CH-16
1.23-1.90 30H, m, CH,-3, 4, 5, 6,7, 8, 9, 10, 11,
12,13, 14, 3, 4", &'
2.42 2H, t (J = 7.4 Hz), CH,-2
3.42-3.98 3H, m, CH-15, CH,-6'
4.60-4.74 1H, m, CH-2' .
9.76 1H, t (J = 1.9 Hz), CHO-1

C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (5, ppm) Type of carbon

21.56 CHy-16
22.06, 25.46, 25.51, 25.57, 25.75, 25.86, | CH,-3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
26.22, 29.14, 29.33, 29.40, 29.60, 29.74, |3, 4'5'

31.21, 36.50, 37.55

39.35 CH,-2
62.82 CHy-6'
71.14 CH-15
98.57 CH-2'

202.93 C=0-1
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Table 10 Data of compound (1)-56 (continued)

Mass spectrometry (ESI-MS)

Molecular weight m/z
Cale. for CoyHagO5 340.2977 (M)
Lock mass of C1,H;,N,0,SNa 333.0633 (M+Na)'
Calc. for CyH,,05Na 363.2875 (M+Na)’
Found for CyH,,0sNa 363.2875 (M+Na)"

2.3 Synthesis of (11S)-11-Carbomethoxy-11-methoxyacetyl-9,10-dihydro-9,10
ethanoanthracenes [(+)-(11S)-44 and (—)-(11R)-44]
2.3.1 11-Carbomethoxy-11-methoxyacetyl-9,10-dihydro-9,10-ethano

anthracene [(1)-44]

. | MeOOC COOMe
+ MeoogCOOMe _dnxene L
/\”/ reflux 2 days D2 =y,
55

62 (£)-44

A mixture of anthracene (62) (1.0193 g, 5.43 mmol) and dimethyl itaconate

(85) (0.5905 g, 3.62 mmol) in dry xylene (80 ml) was heated under reflux for 2 days.
The crude reaction mixture was evaporated to reduced pressure to dryness and
chromatographed by silica gel column. The column was eluted with hexane until no an
anthracene (62) was detected, and then stripped with 30% dichloromethane in hexane.
Solvent was removed under reduced pressure and the almost pure product was
crystallized from a dichloromethane/hexane mixture to give the adduct (¥)-44, 11-
carbomethoxy-11-methoxyacetyl-9, 10-dihydro-9, 10-ethanoanthracene in 98% yield

(1.1939 g) and 100% conversion from the starting material.

Table 11 Data of compound (%)-44

Physical properties : White crystals, m.p. 154.6-155.3 °C (CH,Cl,/Hexane)
fit.” m.p. 154-155 °C (CH,Cl/Hexane)]
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Table 11 Data of compound (£)-44 (continued)

IR spectroscopy (evaporated thin film)

Frequency (v, cm )

Type of vibration

3031
2949, 2981
1741
1466
1427
1345
1163

C-H stretching

-CH,-, -CHj stretching
C=0 stretching of ester
C=C stretching of aromatic
-CH,-, -CH3 bending

-CH3 bending

C-O stretching of ester

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (5, ppm)

Type of proton

1.45, 2.81, 4.32

1.96
2.92
3.47
3.67
4.36
7.03-7.32

3H, ABX system (J = 13.0, 3.0, 2.4 Hz),
Ha, Hp, Hy

1H, d (J = 16.1 Hz), H,

1H, d (J = 16.1 Hz), Hy

3H, s, COOCH,-17

3H, s, COOCH,-15

1H, s, H,

8H, m, Ar-H

*C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (5, ppm)

Type of carbon

36.66

44.02

44.29

50.25

51.57

52.13

52.74
123.25, 123.51, 124.19, 125.69, 126.43,
126.59, 139.57, 140.05, 142.79, 143.60

171.44

174.80

CH,-12
CH-9
CH,-13
Cq-11
CH;-17
CH;-15
CH-10
C aromatic-1, 2, 3, 4, 5, 6, 7, 8, 4a, 8a,
9a, 10a
C=0-14
C=0-16
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Table 11 Data of compound (1)-44 (continued)

Mass spectrometry (ESI-MS)

Molecular weight m/z
Calc. for Cy;Hy0,4 336.1362 (M)
Lock mass of C4,H4,N4,O,SNa 333.0633 (M+Na)+
Calc. for CpyHagO4Na 359.1259 (M+Na)"
Found for CyHyO4Na 359.1259 (M+Na)"

2.3.2 (1)-11-Carbomethoxy-11-carboxylmethyi-9,10-dihydro-9,10-
ethanoanthracene [(+)-63]
v Soome IO coo
2) 30% HCl to pH 2-3
(1)-44 ()63
A solution of NaOH (0.1459 g, 3.61 mmol) in H,O (20 ml) was added to a
solution of adduct ((+)-44) (1.0121 g, 3.01 mmol) in MeOH (40 mi) and heated to reflux

for 1 h. The mixture was acidified with 30% HCI (pH 2-3) followed by extraction several
times with CH.Cl,. The organic phase was dried over MgSQ,, filtered and evaporated
to dryness. Crystallization from the mixture of CH,Cl, and hexane afforded the
monoacid (£)-63, (2)-11-carbomethoxy-11-carboxylmethyl-9,10-dihydro-9,10-
ethanoanthracene in 97% yield (0.9408 g) and 100% conversion from the starting

material.

Table 12 Data of compound (+)-63

Physical properties : White crystals, m.p. 202.7-204.2 °C (CH,Cl,/Hexane)
[Iit.1 m.p. 207-208 °C (CH,Cl,/Hexane)]

IR spectroscopy (evaporated thin film)

Frequency (v, cm'1) Type of vibration
3130-3380 O-H stretching of acid
3026 C-H stretching
2850, 2949 -CH,-, -CHj; stretching
1743 C=0 stretching of acid
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Table 12 Data of compound (+)-63 (continued)

IR spectroscopy (evaporated thin film)

Frequency (v, cm’)

Type of vibration

1710
1451
1434
1308
1193

C=0 stretching of ester
C=C stretching of aromatic
-CH,-, -CHj3 bending

-CH3 bending

C-O stretching of ester

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (5, ppm)

Type of proton

1.48, 2.78, 4.30

1.97
2.96
3.45
4.34

7.03-7.30

3H, ABX system (J = 13.1, 3.0, 2.4 Hz),
Ha, Hy, Hy

1H, d (J = 16.6 Hz), H,

1H, d (J = 16.6 Hz), Hy

3H, s, COOCH;-16

1H, s, H,

8H, m, ArH-1, 2, 3,4,5,6,7, 8

“C NMR spectroscopy (100 MHz) in CDCl;

Chemical shift (5, ppm)

Type of carbon

36.74

44.02

44.14

50.01

52.23

52.81
123.33, 123.56, 124.20, 124.98, 125.72,
125.75, 125.78, 126.52, 126.72, 139.45,

139.93, 142.76, 143.56
174.68
176.62

CH»-12

CH-9

CH,-13

Cy-11

CH3-16

CH-10

C aromatic-1, 2, 3, 4, 5, 6, 7, 8, 4a, 8a,
9a, 10a

C=0-15
C=0-14
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Table 12 Data of compound (+)-63 (continued)

Mass spectrometry (ESI-MS)

Molecular weight m/z
Calc. for CooH;50, 322.1205 (M)
Lock mass of Cy,H1,N,0,SNa 333.0633 (M+Na)’
Calc. for C,H150,Na 345.1103 (M+Na)’
Found for C,H150,4Na 345.1103 (M+Na)'

2.3.3 (—)-11-Carbomethoxy-11-[(—)-menthoxyacetyl]-9,10-dihydro-9,10-

ethanoanthracenes [(—)-(11S)-51 and (—)-(11R)-52]
Me

ﬁo COOM
Me Me o L ©
i =y,

1) 5.0 equiv SOCI, / DMF (cat.)
(-)-(118)-51

HOOC OOMe reflux overnight
+
& (> 2) 1.3 equiv (-)-menthol, 1.3 equiv Et;N

(£)-63 reflux 2 h MeOOC MeMe
2
(2L

(-)-(11R)-52
A mixture of the monoacid (+)-63 (42.27 g, 0.13 mol), thionyl chloride (47.81

mi, 0.66 mol) and dimethyl formamide (as catalyst) was heated to reflux overnight. The
solvent was removed under reduced pressure to dryness. A mixture of the crude acid
chloride, triethylamine (21.93 mi, 0.16 mol), and (—)-menthol (40.98 g, 0.26 mol) in THF
(150 ml) was heated to reflux for 2 h.

The reaction mixture was passed through Celite 545, diluted with H,O and
extracted with CH,Cl,. The combined extracts were washed with H,O, saturated NaCl
solution, dried over MgSO,, filtered, and evaporated to dryness. The crude product was
purified by flash column chromatography on silica gel using EtOAc : hexane = 1.0 : 9.0
as eluent to give two diastereoisomers, (-)-(11S)-51 in 34% yield (41.09 g) and (-)-
(11R)-52 in 34% yield (41.05 g) and 100% conversion from the starting material.
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Table 13 Data of compound (-)-(11S)-51

Physical properties : White powder, m.p. 185.1-186.9 °C (CH,Cl,/Hexane)
fit. m.p. 185-187 °C (CH,Cly/Hexane)] g ¥ = -108.95°
(c = 1.285, CHCl)

IR spectroscopy (evaporated thin film)

Frequency (v, cm-1) Type of vibration
3001 C-H stretching
2863, 2951 -CH,-, -CHj stretching
1727 C=0 stretching of ester
1462 C=C stretching of aromatic
1362 -CHj3 bending
1175 C-0O stretching of ester

'H NMR spectroscopy (400 MHz) in CDCl;

Chemical shift (o, ppm) Type of proton
0.69 3H, d (J = 7.0 Hz), CH3-10'
0.85 3H, d (J = 3.6 Hz), CH;-8'
0.86 3H, d (J = 4.1 Hz), CH3-9’
0.73-1.89 9H, m, H menthyl-2', 3', 4', 5', 6", 7'
1.47, 2.81, 4.31 3H, ABX system (J = 13.0, 3.0, 2.4 Hz),
Ha, Hy, Hy
1.93 1H, d (J = 16.2 Hz), H,
2.9 1H, d (J = 16.2 Hz), Hy4
4.34 1H, s, H,
4.59 1H, ddd (J = 10.9, 10.9, 4.4 Hz), H-1’
7.02-7.32 8H, m, ArH-1,2,3,4,5,6,7,8

*C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (5, ppm) Type of carbon
16.05, 20.76, 21.94, 25.97, 31.32, 46.81 CH3; menthyl-8', 9', 10', CH menthyl-2',
5,7
23.16, 34.12, 44.98 CH, menthyl-3', 4', 6'
37.00 CHy-12
40.82 CH,-13
44.15 CH-9

50.23 Cy11
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Table 13 Data of compound (—)-(11S)-51 (continued)

C NMR spectroscopy (100 MHz) in CDCl;

Chemical shift (5, ppm)

Type of carbon

52.05

52.97

74.60
118.58, 120.37, 123.32, 123.54, 124.21,
125.71, 126.45, 126.58, 139.75, 140.17,

142.82, 143.69
170.64
174.74

CH;-16

CH-10

CH-1'

C aromatic-1, 2, 3, 4, 5, 6, 7, 8, 4a, 8a,
9a, 10a

C=0-14
C=0-15

Mass spectrometry (ESI-MS)

Molecular weight

m/z

Calc. for C3pH360,

Lock mass of Cy,H,NO,
Calc. for C3yH3s04Na
Found for CsgH350,4Na

460.2614 (M')
472.3215 (M)
483.2511 (M+Na)’

483.2511 (M+Na)

Table 14 Data of compound (—)-(11R)-52

Physical properties : White crystals, m.p. 101.3-102.8 °C (CH,Cl,/Hexane)

fit.” m.p. 101-103 °C (methanol)], [a]

(c = 1.195, CHCl,)

= ~51.38°

IR spectroscopy (evaporated thin film)

Frequency (v, cm’)

Type of vibration

3073
2858, 2957
1716
1451
1363

C-H stretching

-CH,-, -CHj stretching
C=0 stretching of ester
C=C stretching of aromatic

-CH; bending
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Table 14 Data of compound (-)-(11R)-52 (continued)

IR spectroscopy (evaporated thin film)

Frequency (v, cm )

Type of vibration

1181

C-O stretching of ester

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (5, ppm)

Type of proton

0.66
0.82
0.86
0.74-1.90
1.44, 2.80, 4.31

1.93
2.95
4.34
4.58
7.02-7.32

3H, d (J = 7.0 Hz), CH3-10’

3H, d (J = 7.0 Hz), CH;3-8'

3H, d (J = 6.5 Hz), CH3-9'

9H, m, H menthyl-2', 3, 4", 5", 6", 7"
3H, ABX system (J = 13.0, 3.0, 2.4 Hz),
Ha., Hy, H,

1H, d (J = 15.8 Hz), H,

1H, d (J = 15.8 Hz), Hy

1H, s, H,

1H, ddd (J = 10.9, 10.9, 4.4 Hz), H-1
8H, m ArH-1,2,3,4,5,6,7,8

"C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (6, ppm)

Type of carbon

15.93, 20.77, 21.94, 25.83, 31.29, 46.75

23.05, 34.09, 44.87

36.60

40.62

44.08

50.39

52.01

52.97

74.62
123.27, 123.57, 124.15, 124.98, 125.71,
125.75, 126.45, 126.61, 139.58, 140.19,

142.76, 143.73
170.43
174.71

CH; menthyl-8', 9, 10', CH menthyl-2', 5,
7

CH, menthyl-3', 4', &'

CH»-12

CH,-13

CH-9

Cq-11

CH;-16

CH-10

CH-1'

C aromatic-1, 2, 3, 4, 5, 6, 7, 8, 4a, 8a,
9a, 10a

C=0-14
C=0-15
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Table 14 Data of compound (-)-(11R)-52 (continued)

Mass spectrometry (ESI-MS)

Molecular weight m/z
Calc. for CagHa04 460.2614 (M")
Lock mass of CayHasNO, 472.3215 (M)
Calc. for CaoHas04Na 483.2511 (M+Na)
Found for CagHasO4Na 483.2511 (M+Na)

2.3.4 (11S)-11-Carbomethoxy-11-methoxyacetyl-9,10-dihydro-9,10-
ethanoanthracene [(+)-(11S5)-44]

Me

MeéMjO:IO COOMe MeOH / H,SO4 (cat ) MeOOCICOOMe
e
(27 L@ reflux 14 days (22 L@

(-)-(113)-51 (+)-(115)44

To a solution of (—)-(11S5)-51 (21.67g, 47.05 mmol) in anhydrous MeOH (1500
ml) was added conc. H,SO, (35 ml, catalyst) and the reaction mixture was heated to
reflux for 14 days. The reaction mixture was evaporated to remove MeOH. The
residue was diluted with H,O, neutralized with aqueous NaHCO; solution, and extracted
with CH,Cl,. The combined organic extracts were washed with H,O, dried over MgSO,,
filtered and evaporated to dryness. The crude product was crystallized from
EtOAc/hexane to give optically active adduct (+)-(11S)-43 in 95% vyield (>99% e.e.,
15.03 g), and 100% conversion from the starting material, as white crystals ; m.p.
154.6-155.3 °C (EtOAc’/hexane), [lit.1 m.p. 154-155 °C (EtOAc/hexane)]; [0{]12)9 =
+38.67° (¢ = 1.055, CHCl;). IR, 1H, 13C NMR and mass are identical to previously
reported data (Table 11).

2.3.5 (11R)-11-Carbomethoxy-11-methoxyacetyl-9,10-dihydro-9,10-
ethanoanthracene [(—)-(11R)-44]
Me0OC. e G\ Me

I fo 2 MeOH / H,S0, (cat.) MeQOC ECOOMe
(22 > reflux 14 days (2L

(-)-(11R)-52 (-)-(11R)-44

The procedure was carried out as described previously, using adduct (—)-
(11R)-52 (1.0542 g, 2.28 mmol) as the starting material. The adduct (—)-(11R)-44 was
obtained in 89% yield (0.6624 g), >99% e.e., and 96% conversion from the starting
material, as white crystals ; m.p. 154.6-155.3 °C (EtOAc/Hexane), [lit.1 m.p. 154-155 °C
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(EtOAc/hexane)] ; [a]2 = —38.98° (c = 1.175, CHCl). IR, H, 'C NMR and mass are

identical to previously reported data (shown in Table 11).

2.4 Synthesis of methyl tetrahydro-4-methylene-5-oxo-2-(14-hydroxypentadecan
yl)-3-furancarboxylates [(14"R)-53-i and (14" S)-53-ii]
2.4.1 Tetrahydro-4'-carbomethoxy-5'-(14"-hydroxypentadecanyl)-2'-
furanone-3'-spiro-11-9,10-ethanthracenes [(11S)-(14"R)-65-i,
(11S8)-(14" S)-65-ii, (11S)~(14"R)-66-i and (11S)-(14" S)-66-ii]

Me
COOMe
MeOOC 1) 1.2 equiv LDA, THF, -78 °C to 0 °C, 2 h
’/L L 2) 1.3 equiv CHyCH(OTHP)C13H,6CHO [(£)-56],
(1)-(115)-44 -78 °C to rt overnight 64
OH OH

Me%(CHz){\ O Me)14}(CH2)12

MeOOC" +  MeOOC

Montmorillonite K 10, MeOH, t, 2 h

(118)-(14"R)-65-i (115)-(14"R)-66-
and and
(118)-(14"S)-65-ii (118)-(14"S)-66-ii

To a 250 mi round-bottomed flask equipped with a magnetic stirrer was fitted
with a three-way stopcock with a septum cap and nitrogen inlet was added THF (70 mi)
and dry diisopropylamine (1.3 ml, 9.11 mmol) via syringes. The mixture was cooled
down to —78 °C, n-butyllithium (5.4 ml, 1.4 N in hexane, 7.59 mmol) was added and the
mixture left stirring at 0 °C for 1 h. A solution of adduct [(+)-(11S)-44] (2.1284 g, 6.33
mmol) in THF (20 ml) was introduced to the LDA solution at —~78 °C, then stirred at 0°C
for 2 h. To a stirred —78 °C solution, a solution of (+)-56 (2.8012 g, 8.22 mmol) was
added and the reaction mixture was left stirring at room temperature overnight. The
reaction mixture was quenched with saturated aqueous ammonium chloride solution at
0°C followed by extraction with CH,Cl,. The dichloromethane solution was washed with
H,O, dried over MgSO,, filtered, and evaporated to dryness.
The crude product (64) and montmorillonite K10 (as a catalyst) in MeOH (50
ml) was stirred at room temperature for 2 h, then passed through Celite 545 and

evaporated to dryness. The crude product was purified by preparative thin layer
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chromatography (PLC) using EtOAc : hexane = 2.0 : 8.0 as developing solvent to give a
mixture of tetrahydro-4-carbomethoxy-5'-(14"-hydroxypentadecanyl}-2'-furanone-3"-spiro-
11-9,10-ethan-thracenes [(11S)-(14"R)-65-i, (11S)-(14"S)-65-i] and [(11S)-(14"R)-66-i,
(118)-(14"S)-66-ii)] in 64% (2.2708 g) and 15% (0.5322 g) yield respectively, and 100%

conversion from the starting material.

Table 15 Data of compounds (11S)-(14"R)-65-i and (11S)-(14"S)-65-ii

Physical properties : White crystals, m.p. 125.1-126.9 °C (EtOAc/Hexane)

IR spectroscopy (evaporated thin film)

Frequency (v, cm'1) Type of vibration
3094-3732 O-H stretching
3028 C-H stretching
2852, 2929 -CH,-, -CHj; stretching
1780 C=0 stretching of ester
1468 C=C stretching of aromatic
1429 -CH,-, -CHj3 bending
1204 -CH; bending
1165 C-O stretching of ester
1104 O-H stretching of 2° alcohol

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (J, ppm) Type of proton
1.17 3H, d (J = 6.2 Hz), CH;-15"
1.20-1.71 26H, m, CH,-1", 2", 3", 4", 5", 6", 7", 8",
9", 10", 117, 12", 13"
1.99, 2.09, 4.39 3H, ABX system (J = 12.4, 3.2, 2.2 Hz),
Ha, Hy, Hy
2.24 1H, d (J = 5.1 Hz), H,
3.37 1H, m, CH-14"
3.82 3H, s, COOCH,-7"
4.30 1H, m, Hq

4.64 1H, s, H,
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Table 16 Data of compounds (11S)-(14"R)-65-/ and (11S)-(14"S)-65-ii (continued)

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (5, ppm) Type of proton

7.00-7.52 8H, m, ArH-1, 2, 3, 4, 5, 6, 7, 8, 4a, 8a,
9a, 10a

C NMR spectroscopy (100 MHz) in CDCly

Chemical shift (v, ppm) Type of carbon
23.43 CH,-15"
25.68, 25.72, 29.21, 29.26, 29.38, 29.50, | CH,-1", 2", 3", 4", 5", 6", 7", 8", 9", 10",
29,55, 29.59, 30.95, 39.30 11", 12", 13"

40.66 CH,-12

43.70 CH-9

46.80 CH-10

50.64 Cg-3'

51.65 CH,-7'

58.19 CH-4'

68.15 CH-14"

76.41 CH-5'

122.32, 123.91, 124.28, 125.89, 126.13, | C aromatic-1, 2, 3, 4, 5, 6, 7, 8, 4a, 8a,
126.68, 127.36, 139.46, 140.77, 142.09, | 9a, 10a

143.29
170.34 C=0-¢'
176.95 C=0-2'

Mass spectrometry (ESI-MS)

Molecuiar weight m/z
Calc. for CagHygOs 560.3502 (M)
Lock mass of CogHazNsO; 556.2771 (M)
Calc. for CagH,s0sNa 583.3399 (M+Na)’

Found for CasH,g0sNa 583.3414 (M+Na)
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Table 16 Data of compounds (11S)-(14"R)-66-i and (11S)-(14"S)-66-ii

Physical properties : White crystals, m.p. 57.8-59.2 °C (EtOAc/Hexane)

IR spectroscopy (evaporated thin film)

Frequency (v, cm )

Type of vibration

3113-3730
3025
28489, 2932
1780
1466
1429
1209
1179
1110

O-H stretching

C-H stretching

-CH,-, -CHj stretching

C=0 stretching of ester
C=C stretching of aromatic
-CH,-, -CHj bending

-CH; bending

C-0O stretching of ester

O-H stretching of 2° alcohol

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (5, ppm)

Type of proton

1.19
1.21-1.70

1.44,2.41, 4.35

2.85
3.59
3.79
4.33
4.86
7.05-7.35

3H, d (J = 6.2 Hz), CH;-15"

26H, m, CH,-1", 2", 3", 4" 5" 6", 7", 8",
9", 10", 11", 12", 13"

3H, ABX system (J = 13.1, 2.7, 2.6 Hz),
Ha, Hp, Hy

1H, d (J = 5.5 Hz), H,

3H, s, COOCH;-7'

1H, m, CH-14"

1H, s, H,

1H, m, Hy

8H, m, ArbH-1, 2, 3, 4,5, 86,7, 8, 4a, 8a,
9a, 10a

*C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (5, ppm)

Type of carbon

23.43
25.68, 25.72, 29.21, 29.26, 29.38, 29.50,
29.55, 29.59, 30.95, 39.30
43.70
46.80

CHy-15"
CH,-1", 2", 3", 4", 5", 6", 7", 8", 9", 10",
11", 12", 13"

CH-9

CH-10
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Table 16 Data of compounds (11S)-(14"R)-66-/ and (11S)-(14"S)-66-ii (continued)

’C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (5, ppm) Type of carbon
50.64 Cq-3'
51.65 CH,-7'
58.19 CH-4'
68.15 CH-14"
76.41 CH-5'

122.32, 123.91, 124.28, 125.89, 126.13, | C aromatic-1, 2, 3, 4, 5, 6, 7, 8, 4a, 8a,
126.68, 127.36, 139.46, 140.77, 142.09, | 9a, 10a

143.29
170.34 C=0-6'
176.95 C=0-2'

Mass spectrometry (ESI-MS)

Molecular weight m/z
Calc. for CagHasOs 560.3502 (M)
Lock mass of ChgHg;NsO;Na 578.2591 (M+Na)’
Calc. for CagHagOsNa 583.3399 (M+Na)"
Found for CaH,sOsNa 583.3401 (M+Na)

2.4.2 Tetrahydro-4'-carbomethoxy-5'-(14"-hydroxypentadecanyl) -2'-
furanone-3'-spiro-11-9,10-dihydro-9,10-ethanoanthracenes [(11S)-
(14"R)-67-i and (11S)-(14"R)-67-ii}
OH
Me)ﬁ(CHz){ -0
MeOOC

OH
Me}«F(CHZ){ “—0
MeOOC~ 1.0 equiv NaOMe
+
THF: MeOH (5:1), 1t 7 days OH

Me "™ (CHy)7

(11S)-(14"R)-67-i

(118)-(14"R)-65-i
and
(118)-(14"8)-65-ji
(118)-(14"S)-67-ii
To a solution mixture of the cis-adduct (11S)-(14"R)-65-i and (11S)-(14"S)-65-ii

(0.2938 g, 0.52 mmol) in THF (50 ml) : MeOH (10 ml) was added sodium methoxide
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solution (0.52 mmol, 0.21 N in anhydrous MeOH, 2.5 ml,)) at 0 °C and the reaction
mixture was left stirring at room temperature for 7 days. The reaction mixture was

quenched with saturated NH,Cl solution and extracted several times with CH,Cl,. The
combined organic layer was washed with H,O, saturated NaCl solution, then dried over

MgSO,, filtered, and evaporated to dryness. The crude product was purified by

preparative thin layer chromatography (PLC) using EtOAc : hexane = 2.0 : 8.0 as

developing solvent to provide the mixture of frans-isomer (11S)-(14"R)-67-i and (11S)-

(14"S)-67-if in 91% yield (0.1530 g), and 57% conversion from the starting material.

Table 17 Data of compounds (11S)-(14"R)-67-i and (11S)-(14"S)-67-ii

Physical properties : White crystals, m.p. 89.8-91.2 °C (EtOAc/Hexane)

IR spectroscopy (evaporated thin film)

Frequency (v, cm_T)

Type of vibration

3080-3752 O-H stretching
3025 C-H stretching

2849, 2926 -CH,~, -CHj stretching
1769 C=0 stretching of ester
1467 C=C stretching of aromatic
1429 -CH,-, -CHj3 bending
1209 -CH; bending
1158 C-O stretching of ester
1115 O-H stretching of 2° alcohol

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (8, ppm)

Type of proton

1.18 3H, d (J = 6.2 Hz), CHs-15"
1.20-1.85 26H, m, CH,-1", 2", 3", 4", 5", 6", 7", 8",
9", 10", 11", 12", 13"
1.95, 2.55, 4.34 3H, ABX system (J = 13.0, 3.3, 2.2 Hz),
Ha, Hy, Hy
2.90 1H, d (J = 7.8 Hz), H,
3.21 3H, s, COOCH,-7"




40

Table 17 Data of compounds (115)-(14"R)-6

7-i and (11S)-(14"S)-67-ii (continued)

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (6, ppm)

Type of proton

3.78

4.26

435
7.07-7.36

1H, m, CH-14"

1H, s, H,

1H, m, Hy

8H, m, ArH-1, 2, 3,4, 5,6, 7, 8, 4a, 8a,
9a, 10a

’C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (6, ppm)

Type of carbon

23.45
25.29, 25.74, 29.22, 29.35, 29.43, 29.56,
29.59, 34.94, 39.33
35.06
43.76
51.29
51.93
53.06
56.73
68.17
78.68
122.56, 124.03, 125.60, 125.75, 126.24,
126.39, 126.84, 139.28, 139.42, 143.22,
143.54
170.65
177.04

CH;-15"

CH-1", 2", 3", 4", 5", 6", 7", 8", 9", 10",
1", 12", 13"

CH,-12

CH-9

Cqg-3'

CH,-7'

CH-10

CH-4'

CH-14"

CH-5'

C aromatic-1, 2, 3, 4, 5, 6, 7, 8, 4a, 8a,
9a, 10a

C=0-6'
C=0-2'

Mass spectrometry (ESI-MS)

Molecular weight

m/z

Calc. for CaHy05

Lock mass of CygH47NsO;Na
Calc. for C3H,505Na

Found for CigH4s05Na

560.3502 (M)

578.2591 (M+Na)
583.3399 (M+Na)
583.3401 (M+Na)
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2.4.3 Methyl tetrahydro-4-methylene-5-oxo0-2-(14-hydroxypentadecanyl)-3-

furancarboxylates [(14"R)-53-i and (14" S)-53-ii]
OH

Me%“(CHZ){ 0
oH Meooc’Q(\Qo

Me%(CHz){ 0

(14"R)-53-j
MeOOC Flash Vacuum Pyrolysis
OH '
SR Me e~ (CHp)7 70
(115)-(14"R)-67-i
and MeOOC 0
(115)-(14"S)-67-ii
(14"5)-53-ii

The mixture of (11S)-(14"R)-67-i and (11S)-(14"S)-67-ii (0.1404 g, 0.25 mmol)
was placed in a 10 ml round-bottomed flask of the modified flash vacuum pyrolysis
apparatus (sinter glass column, Figure 13 in Chapter 3) and the system was subjected
to high vacuum. The mixture of (11S)-(14"R)-67-i and (11S)-(14"S)-67-ii was carefully
pyrolyzed with free flame and the vapor was trapped in the sinter glass column. The
crude product was digested with cooled hexane to precipitate out the mixture of
anthracene and the adduct (11S)-(14"R)-67-i and (11S)-(14"S)-67-ii. The filtrate was
evaporated and the residue was crystallized from cooled hexane to give the mixture of
trans-isomer (14"R)-53-i and (14"S}-53-ii in 88% yield (0.0844 g), and 100% conversion
from the starting material.

OH

R= A X A & E W 2 s
M
v ¥ 5 7§ 1 @ e

Table 18 Data of compounds (14"R)-53-i and (14"S)-53-ii

Physical properties : White crystals, m.p. 61.7-62.8 °C (Hexane)

IR spectroscopy (evaporated thin film)

Frequency (v, cm4) Type of vibration
2992-3757 O-H stretching
2855, 2915 -CH,-, -CHjs stretching
1736 C=0 stretching of ester
1462 -CH,-, -CH5 bending
1346 -CH; bending
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Table 18 Data of compounds (14"R)-53-i and (14"S)-53-ii (continued)

IR spectroscopy (evaporated thin film)

Frequency (v, cm'1) Type of vibration
1176 C-O stretching of ester
1121 O-H stretching of 2° alcohol
873 C=C bending of alkene

'H NMR spectroscopy (400 MHz) in CDCl,

Chemical shift (J, ppm) Type of proton
1.18 3H, d (J = 6.2 Hz), CH3-15
1.21-1.79 26H, m, CH,-1", 2", 3", 4, 5", 6, 7', 8, 9,
10, 11', 12, 13
3.57 1H, m, H,
3.78 1H, m, CH-14'
3.80 3H, s, COOCHj;-7
4.80 1H, m, Hy
5.92 1H, d (J = 2.7 Hz), H,
6.41 1H, d (V= 3.1 Hz), H,

C NMR spectroscopy (100 MHz) in CDCl,

Chemical shift (5, ppm) Type of carbon
23.60 CHs-15'
2489, 25.90, 29.33, 29.54, 29.62, 29.74, | CH,-1", 2", 3, 4,5, 6, 7,89, 10, 11

29.76, 30.74, 30.97, 35.94, 39.58 12', 13
50.09 CH-3
53.26 CHj-7
68.60 CH-14
79.50 CH-2
125.93 CH,-8
133.83 C=C-4
169.33 C=0-5
170.74 C=0-6

Mass spectrometry (ESI-MS)

Molecular weight m/z

Calc. for CpyHagOs 382.2719 (M)
Lock mass of C,H4,N,O,SNa 333.0633 (M+Na)+




