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Abstract

Abstract

Isochromans are a class of oxygenated heterocycles with a
3,4-dihydro-1H-benzo|c]pyran scaffold that are found in a variety of natural
sources including bacteria, fungal, plants and insects. Isochroman-containing
compounds display a wide range of biological activities including anti-bacterial,

anti-tumour, anti-oxidation, anti-hypertension and herbicidal activities.

The dissertation involves research evaluating the use of lipase from Candida
rugosa for the enzymatic kinetic resolution of an advanced synthetic
intermediate rac-1-(2-allyl-3,6-dimethoxyphenyl)ethanol which eventually
resulted in the enantiopure synthesis of
(S)-5,8-dimethoxy-1,3-dimethylisochroman.

The synthesis of (S)-5,8-dimethoxy-1,3-dimethylisochroman commenced with
the diallylation of 2,5-dihydroxybenzoic acid. The allylated compound allyl
5-(allyloxy)-2-hydroxybenzoate was then subjected to a thermal
Claisen-rearrangement to afford allyl 2-allyl-3,6-dihydroxybenzoate which was
then protected using dimethylsulphate. The dimethoxy compound allyl
2-allyl-3,6-dimethoxybenzoate was reduced to form alcohol
(2-allyl-3,6-dimethoxyphenyl) methanol using lithium aluminium hydride
followed by a PCC oxidation yielding aldehyde
2-allyl-3,6-dimethoxybenzaldehyde. The aldehyde was then treated with
freshly made methylmagnesium iodide to vyield the alcohol
1-(2-allyl-3,6-dimethoxyphenyl)ethanol as the racemate which was then
acetylated to form rac-1-(2-allyl-3,6-dimethoxyphenyl)ethyl acetate. Using
lipase hydrolysis of the acetate racemate, we were able to obtain enantiopure
(S)-1-(2-allyl-3,6-dimethoxyphenyl)ethanol which was then followed by
potassium tert-butoxide ring closure to afford

(S)-5,8-dimethoxy-1,3-dimethylisochroman with an overall yield of 1.31%



Abstract

starting from 2,5-dihydroxybenzoic acid.

In this dissertation, we also demonstrated the synthesis of hydroquinone
methyl 3-bromo-2,5-dihydroxy-6-pentadecylbenzoate using the bio-renewable
substrate anacardic acid as starting material. Starting with the selective
methylation of anacardic acid possessing a saturated side chain, methyl
2-hydroxy-6-pentadecyl benzoate was synthesized which was subjected to
N-bromosuccinimide bromination to afford methyl
3,5-dibromo-2-hydroxy-6-pentadecyl benzoate. A Ceric(IV) ammonium nitrate
oxidation followed by sodium dithionite reduction afforded methyl
3-bromo-2,5-dihydroxy-6-pentadecylbenzoate in an overall yield of 31% from

anacardic acid.

Using anacardic acid as starting material and potassium tert-butoxide as a key
step for the ring closure, we were able to synthesize another two isochroman;
rac-8-methoxy-1,3-dimethylisochroman was synthesized over 9 steps with an
overall yield of 13% and rac-8-methoxy-1-methyl-3-tridecylisochroman was

synthesized over 7 steps with an overall yield of 16%.
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Chapter 1

Chapter 1: Introduction and Aims

1.1 General introduction

In nature there are numerous oxygenated heterocycles which play an
important role as pharmacologically active compounds. One such class of
these oxygen-containing heterocycles are the isochromans, a class of
compounds also known as 3,4-dihydro-1H-benzo[c]pyran derivatives. Since
the 1970s, a large amount of research has been done on investigating the
chemistry and biological activities of these isochroman containing compounds.
As a result, isochromans have attracted the attention of scientists from a wide
range of science disciplines including natural product chemists as well as,
medicinal and synthetic organic chemists.

The isochroman containing compounds were found and isolated from a variety
of natural sources which includes bacteria, fungal, plants and insects 2. The
basic structures of isochroman is depicted as 1. However, there are
derivatives such as those containing the isochromanone moiety 2 and even
the nitrogen containing tetrahydroisoquinoline 3, which will not be discussed in

this dissertation.

1.2 Bioactivities of natural and synthetic isochromans

Isochroman-containing compounds display a wide range of biological activities
which includes anti-bacterial, anti-tumor, anti-oxidation, anti-hypertension and
herbicidal activities 3. Some of these biological activities will be discussed in

more detail below.

10
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1.2.1 Natural antibiotics-pyranonaphthoquinones

A big class of natural isochroman containing compounds are the
pyranonaphthoquinones which have a basic structure of naphtho[2,3-

c]pyran-5,10-dione ring system as shown in structure 4 4.

0]

LIS

0]

The simple pyranonaphthoquinone 5, also named as pentalongin, has a
structure closely related to 4. It was isolated by Hari and coworkers form root
bark of Pentas longiflora using hexane as the liquid chromatography solvent °.
It was found to show significant antifungal and antiparasital activity. The Root
bark of Pentas longiflora is traditionally used by the traditional medicine

healers in Butare and Rwanda to treat the pityriasis versicolor ©.

0]
LIS
=
)
5

Psychorubin %6 is another simple naturally occurring pyranonaphthoquinone
containing the naphthopyrandione ring system possessing a hydroxy
substituent at C-3, isolated by Hayashi and coworkers. A simple dehydration of
quinone *6 would result in pentalongin 5. Psychorubin *6 was found in
Psychotria rubra, a traditional Chinese folk medicine. In Hayashi’s paper, both
pentalongin 5 and psychorubin £6 were found to show cytotoxicity against KB

cell assay with EDso of 0.4 and 3.0 yg/mL, respectively .

11
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0
98¢
3 OH
o
+6

Another natural isochroman containing compound, eleutherin 7, possesses
two methyl substituents at C-1 and C-3, was isolated from the tubers of
Eleutherine bulbosa by Schmid and coworkers. It exhibits activity against
Gram-positive bacteria Pycococcus aureus and Streptococcus haemolyticus A,
and also weak activity against Bacillus subtilis with a minimum concentration

of 62.5 ug/mL 89,

OMe O
s
3

0]

Kalafungin 8, is another natural antibiotic containing an isochroman core with
an additional y-lactone ring. It was extracted from the fermentation broth of
Streptomyces tanashiensis strain Kala °. In vitro, kalafungin inhibited
gram-positive microorganisms with a minimal inhibitory concentration range of
1.0 to 16.0 pg/mL. Kalafungin was also found to inhibit a wide spectrum of

human pathogenic fungi at a concentration range of 0.5 to 20 yg/mL 1.

OH O

There are also a number of dimeric pyranonaphthoquinones that show
interesting biological activities. One such example is actinorhodin 9, which is a

red pigment that was first isolated by Brockmann and Pini from Streptomyces

12
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coelicolor A3. This dimeric compound showed activity against Gram-positive
bacteria Staphylococcus aureus 1213,

O OH

ggesc8s
o LI A
O OH W o

OH O

1.2.2 Anti-bacterial activity

The sodium salt of 3-heptyl-1,6,8-trihydroxyisochroman-7-carboxylate £10, a
hemiacetal containing isochroman was isolated from a fungus Penicillium sp.
strain which covered the cocoons of a leaf-rolling moth, Dactylioglypha tonica.
The salt showed significant activity against gram-positive bacteria 4.

O OH OH

NaO 0]

HO
+10
Cytosporone S *11, another natural fungus metabolite, was isolated from a
culture broth of Trichoderma sp. FKI-6626 by Ishii and coworkers. The
structure of the lactone-containing cytosporone S *11 is shown below. The
lactone showed broad-spectrum antimicrobial activity against various fungal
strains. The most sensitive strain was Saccharomyces cerevisiae with an MIC
value of 12.5 pg/mL.

@) OMe

Synthetic isochroman containing compounds also showed remarkable

activities against bacteria and fungi. For example, Saeed and Mumtaz
13
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successfully synthesized a range of 1-isochromanyl triazoles and thiadiazole
hybrids. Among these synthetic isochroman-triazoles, compound %12 and *13,
were the most active against microbial growth of four bacterial strains, namely
Staphylococcus aureus (ATTC-25923), Escherichia coli (ATTC-25922),
Pseudomonas aeruginosa (ATTC-27853) and Klebsiella pneumoniae

(recultured) .

MeO MeO
N-N N-NH
MeO © / S>\NH MeO o / N/&S
OMe @OMe OMe
+12 +13
1.2.3 Anti-tumor activity
Another fungal metabolite

9-hydroxy-7-methyl-2-(methylethylidine)-furano[3,2-H]isochroman-3-one *14,
was isolated from Aspergillus pseudodeflectus. This hemiacetal containing
compound showed cytotoxicity against several human cancer cell lines from
the stomach (NUGC-3), cervix (HeLa-S3), and peripheral blood (HL-60). The
isochroman *14 exhibited dose-dependent inhibitory effects where the
concentration required for the LDso of the three cancer cell line mentioned

above were 49, 47, and 39 ug/L, respectively. .

1.2.4 Anti-oxidant activity

Isochroman containing compounds have also been reported to be promising

antioxidant agents. Lorenz and coworkers synthesized and tested the

14
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scavenging activities of naturally occurring isochroman #*15 and its derivatives
*+16-%18 for the free radical scavenging activity. Isochroman *16 was the best
free radical scavenger, showing that the number of free phenols is probably
directly related to the ability to combat oxidative/nitrosative stress caused by

reactive oxygen/nitrogen species (ROS/RNS) 17,

MeO l o
HO MeO
OMe OMe l OMe
OMe
+15 +16 17 +18

Mediterranean cuisines have long been thought to be beneficial in the
prevention of vascular diseases. Togna and coworkers were able to isolate
two hydroxy-1-aryl-isochromans *19 and *20 from olive oil. These
isochromans are effective against reactive free radical oxygen species and
can also inhibit platelet aggregation and thromboxane release evoked by

agonists that induce reactive oxygen species-mediated platelet activation 18,
HO l HO !
HO © HO ©
] OMe l

1.2.5 Anti hypertension activity

Another naturally occurring Isochroman (x)-7,
8-dihydroxy-3-methyl-isochroman-4-one *21, isolated from banana (Musa
sapientum L.) peels, was found to display antihypertensive activity. Using the

natural isochroman *21 as a lead, Bai and coworkers were able to synthesize

15
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nitric oxide coupled analogs *22, which were able to reduce blood pressure by

up to 40% in spontaneously hypertensive rats *°.

21 122

1.2.6 Plant growth regulatory and herbicidal activities

Cutler and coworkers were able to isolate
3,7-dimethyl-8-hydroxy-6-methoxyisochroman *#23, from two different
Penicillium species, and were also able to synthesize the C8 acetate derivative
*24 and the C8 methoxy derivative *25 for biological testing. It was found that
both the natural isochroman and the derivatives were able to inhibit etiolated

wheat coleoptile growth and thus possess potential for agrochemical use 2°.

MeO MeO MeO
8 OAc 8

OH OMe

+23 +24 +25
A group of isochromans containing a florinated benzyl ether moiety together
with a chiral cyclic system was synthesized and evaluated by Kakimoto and
coworkers. The herbicide, tricyclic
3,3a,5,9b-tetrahydro-2H-furo[3,2-c][2]benzopyran 26  (TFB) displayed

herbicidally activity against annual paddy weeds 2.

16
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1.2.7 CNS receptor binding activities

Migraine headaches are a worldwide chronic disease that affects the lives of
millions of people. Ennis and coworkers were able to synthesize
(S)-1-(2-(4-(4-methoxyphenyl)piperazin-1-yl)ethyl)-N-methylisochroman-6-car
boxamide 27 as a highly selective, non-indole 5-HT1D agonists which is more
potent than sumatriptan 28, a non-selective serotonergic agent which may
cause cardiovascular side effects. The structure of isochroman carboxamide
27 and sumatriptan 28 are shown below 22;

O (|) o
~N —
jog v
o N /

(\N HO

28

Iz

zZ
Iz _

27

1.2.8 Biosynthesis-lignin synthesis

From softwood lignins, Ralph and his research team were able to isolate a new
complex aryl isochroman *29 which was proposed to be formed during B-1

path way of lignification biosynthesis 23.

17
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1.3 Synthetic strategies towards isochromans

As a result, in recent years, there has been significant interest in developing
synthetic strategies for the assembly of isochroman containing compounds.
This is partly due to the diverse biological activities which isochromans exhibit
as has briefly been discussed. These compounds have shown good activities
as potential antioxidants, antihypertensive agents as well as high affinity
agonists for some receptors 2425,

Despite some similarities in methodologies for the synthesis of isochromans,
different substitution patterns, diverse starting materials and issues with the
control of stereochemistry lead to a variety of different approaches. For these
reasons there are numerous synthetic strategies that have been developed for

the assembly of isochromans. Some of these will be discussed below.

1.3.1 Michael addition facilitated ring closure with N-ylides

mediated acylation

In 1983, Michael and coworkers reported that N-ylides generated carbanions
can undergo nucleophilic addition reactions with quinones to form
acetonylquinones 26, which was later applied in their synthesis of
naphtho[2,3-c]pyran-5,10-diones. N-ylides 30 was synthesized by treating
chloroketones or bromoketones with pyridine, which was then added to the
quinone menaphthone 31 in acetonitrile containing triethylamine to yield the
acylated quinones 32. The cyclisation was achieved by firstly treating the
quinone 32 with bromine in DCM in the dark to afford unstable intermediate 33;
and then this bromoketone was dissolved in DCM and treated with

triethylamine to furnish naphthopyranquinones 34 (Scheme 1) #’.

18
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O (0]
Xy e L - g
+
+ N
R)K/ X R
o 30 o}
31 32
(0] (0] Q
(0]
o008, = |t | — Oy,
R R o
(0] Br (0]
34

Scheme 1. Reaction and conditions: (a) Triethylamine, methanol, rt, 1-24 h; (b) bromine, dichloromethane,
dark, rt, 40 mins; (c) triethylamine, dichloromethane, dark, rt, 5-40 mins.

1.3.2 Cerium(lV) Ammonium Nitrate mediated oxidative

rearrangements

Brimble and her group have reported the synthesis of kalafungin and related
compounds using a cerium(lV) ammonium nitrate (CAN) mediated oxidative
rearrangement as the key step to construct the
naphtho[2,3-c]pyran-5,10-dione ring  system. Synthesis  of the
cis-3a,8b-dihydrofuro[3,2-b]benzofuran-2(3H)-one 35 was achieved via the
addition of 2-trimethylsilyloxyfuran 36 to 1,4-benzoquinones 37 containing an
electron-withdrawing substituent at C-2. The dihydrofuran 35 was then
transformed into the furo[3,2-b]benzopyran ring system 38 using CAN
(Scheme 2). Brimble proposed that upon treated with CAN in aqueous
acetonitrile, the cyclic ether 35 might undergo an analogous oxidative
dealkylation reaction to give the B -hydroxylactone 39. Subsequent
nucleophilic attack of the hydroxy group on the methyl ketone would then

afford the naphthopyranquinone 38 28.

19
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OMe O O OMe OH O o
0 @ 2,
“ + UOSiMeg,
o)

37 36

Scheme 2. Reagents and conditions: (a) MeCN, rt; then MeOH, 81%; (b) CAN, MeCN, H,0, rt, 76%.

Later on, Brimble and Lynds reported the synthesis of Nanaomycin A as the
hydrogenation of hemiacetal 38 followed by treatment with diazomethane
leading to the reduction of the alcohol as well as the hydrogenolysis of the
lactone to afford carboxylic ester 40. These after the deprotection of the methyl
ether also resulted in the cis-trans epimerization at C-1 to form Nanaomycin A

41 (Scheme 3) %°.

OMe OHO B

Scheme 3. Reagents and conditions: (a) H,, Pd/C, EtOAc, (b) CH,N,, EtO,, 55%; (c) BBrs;, DCM, -78 to 0 °C,
89%.
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1.3.3 Phthalide annulation followed by one-pot cyclization

More than 30 years ago, Kraus and Sugimoto reported a general method for
the synthesis of hydroquinones under mild reaction conditions. The phthalide
42 was easily prepared from 2-formylbenzoic acid 43 and HCN under acidic
conditions. Phthalide 42 was then dissolved in THF and treated with
lithiumdiisopropylamide in THF/HMPA,; the reaction mixture was then treated

with the Michael acceptor to afford hydroquinone 44 (Scheme 4) 3031,

0 0
coH (@ .o o R
(c)
CHO o
42 ON

CNR,
43

©
(o o OH O
gl | — oo
R4 R4
(CN OH
L ] 44

Scheme 4. Reagents and conditions: (a) KCN, aq. HCI, water, reflux, 40 min; (b) Lithiumdiisopropylamide,
THF/HMPA, -78 to 0°C, 11 mins; (c) R{CHCHCOR,, {-BuOK, DMF, rt, 90 min.

Adopting this method, Najmah and coworkers were able to synthesize
nanaomycin D using the chiral enone-lactone 45. The chirality in the
enone-lactone 45 was accomplished using a Sharpless asymmetric
dihydroxylation. Starting with the commercially available D-mannitol 46,
acetonide protection followed by periodate cleavage gave aldehyde 47; which
was coupled with triethyl phosphonoacetate to afford E-alkene 48. The 3,
y-unsaturated ester 49 was then afforded by the reductive cleavage of alkene
48. The primary alcohol of ester 49 was protected as a t-butyldiphenylsilyl
(TBDPS) ether 50, followed by the Sharpless asymmetric dihydroxylation and
lactonization to yield hydroxy lactone 51. The lactone was then protected as

methoxymethyl ether and the TBDPS ether was deprotected to give alcohol 52.
21
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Oxidation of the alcohol 52 followed by olefination furnished the desired chiral
enone-lactone 45. The annulation proceeded by treating the cyanophthalide
53 with the chiral enone-lactone 45 using lithium diisopropylamide (LDA) as
the base to afford the annulation product 54; which was methylated
immediately to afford trimethoxynaphthalene intermediate 55. The
methoxymethyl (MOM) group in intermediate 54 was first removed to afford
hydroxyketone 56; which was then cyclized giving pyranonaphthalenelactone

57 (Scheme 5) 2.
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Scheme 5. Reagents and conditions: (a) 1) ZnCl,, (CH3),CO, 24 h then K,CO3 (71%); 2) NaHCO3, NalOy,,
DCM (45%); (b) EtO,CCH,PO(OEt,), K,CO3, 89%; (c) Mg/MeOH, 80%; (d) TBDPSCI, Et;N, DMAP, DCM,
99%; (e) (DHQ),PHAL, K,COj3;, K3Fe(CN)g, OsO4, MeSO4NH,, H,O/t-BuOH, 0°C, 76%, 79%ee; (f) 1)
CH,(OMe),, P,05, CHCI3, 0°C to rt, 80%; 2) TBAF, AcOH, THF, 92%; (g) 1) DMP, NaHCO3;, DCM; 2)
MeCOCH,PO(OMe),, NaH, 0°C to rt, THF, 43%; (h) LDA, THF, -78% to rt, 30 min; (i) NayS,04, Cs,CO3, Mel,
rt, 15 min, 35%; (j) HCl(aq), THF, 40%, 2.5h, 55%; (k) BF30Et,, Et3SiH, DCM, -78% to rt, 5h, 26%.
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1.3.4 Friedel-Crafts type intramolecular cyclization

Kakimoto and coworkers were able to synthesize and evaluate a group of
isochromans containing a benzyl ether moiety attached to a chiral cyclic
system. Among which, compound 26 showed promising activities against E
crus-galli with a MIC values of 0.2 mg/L. Starting from D-glucose, the hydroxy
groups of the C-1, C-2, C-5 and C-6 positions were protected by the
isopropylidene group to yield diacetonide 58. The diacetonide was then treated
with 2-fluorobenzylchloride to give the benzyl ether 59, this was followed by a
sequenced selective deprotection and benzylation to afford the dibenzyl ether
compound 60 which was ready for the ring closure. By treating the dibenzyl
ether with an acid catalyst, an oxonium cation intermediate 61 was formed,
which was then cyclized by a Friedel-Crafts type intramolecular cyclization to
afford only cis-fused 3,3a,5,9b-tetrahydro-2H-furo[3,2-c][2]benzopyran 21 2!

as shown in Scheme 6:

(0]
D-glucose —> "0 /OK
e 5
58
}

o e
d o &
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26

Scheme 6. Reagents and conditions: (a) cat. H,SO,4/acetone, reflux, 10 h, 60%; (b) NaH, cat TBAI, 2-
fluorobenzyl chloride/THF, reflux, 4h, 90%; (c) BF3.0OEt,/CH,Cl,, 0°C to room temp, 2 h, 82%.
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1.3.5 Carbohydrate templated [2+2+2]-cyclotrimerization

Developed by Suryawanshi and coworkers, this method also involved the use
of carbohydrates in the synthesis to accomplish the assembly of enantiopure
tricyclic containing compounds. Prepared carbohydrates diynes were treated
with substituted alkynes under ruthenium catalysis to afford enantiopure
isochromans. The preparation of carbohydrates-containing diyne 62 is shown
in Scheme 7. The diyne was prepared from the diol 63 in 78% overall yield
through sodium metaperiodate mediated cleavage and subsequent

Ohirae-Bestmann alkynylation of the intermediate aldehyde.

0
.0 - O— >L
Hoﬂ/éj >L N :/SJ,,,O
3 g o N2
HO P SSe)
= 0 Meoo&?é'/ =
63 62

Scheme 7. Reagents and conditions: a) NalO,, MeOH/H,0; b) K,CO3, MeOH, rt, 6 h
Once the diyne 62 was synthesized, it was heated with but-2-yne-1,4-diol 64
and Wilkinson’s catalyst ([RhCI(PPHs3)3]) in toluene/ethanol at 80°C to afford

isochroman 65 33 as depicted in Scheme 8:

@)

NO) N

O— >L OH o 71/

— 0

Sy oy
62 64 65

Scheme 8. Reagents and conditions: RhCI(PPh3)3 (5 mol%), toluene/ethanol (4:1), 80°C, 8 h

Similar to the Suryawanshi approach, Arimitsu and research team were able to
synthesize 4,4-difluoroisochromans 66 and 67 starting by a Barbier-type
reaction of difluoropropargyl bromide 68 with benzaldehyde in aqueous media
catalyzed by indium and lanthanide triflate to afford 69. The synthesized
alcohol 69 was then treated with propargyl bromide followed by desilylation to

yield diyne 70. The synthesis of racemic isohromans 66 and 67 was then
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achieved by a RhCI(PPhs)s catalyzed cyclization of diyne 70 and
prop-2-yn-1-ol 3* (Scheme 9).

F
F Q _
b, c
TPsS—={F (a) Pn° TIPS—= %th BN
Br
68 69 HO
F
OH F F
= F (d) F F
é Bh 2. Ph .\ Ph
:/—0 ~ OH o) HO o]
70 66 67

Scheme 9. Reagents and conditions: (a) In(1 eq.), Eu(OTf); (5 mol%), H,O/THF, 40°C,
20 h; (b) Propargyl bromide, NaH, THF, rt, 24 h; (c) TABF, AcOH, THF, rt, 5 h; (d)
RhCI(PPH3)3 (5 mol%), toluene, reflux, 4 h.

1.3.6 Oxa-Pictet-Spengler condensation

Using a modified oxa-Pictet-Spengler reaction, Guiso and coworkers were
able to synthesize the 6-hydroxy-isochromans *71. With the benefits of the
one-step synthesis, no protecting groups were needed and this resulted in the
product being formed in high yield. Aldehyde 72 was synthesized prior to the
oxa-Pictet-Spengler reaction by treating 4-(2-hydroxyethyl)phenol 73 with PDC.
Phenolic diol 74 and aldehyde 72 was dissolved in methyl alcohol using
p-toluenesulfonic acid as a catalyst. This resulted in the isochroman *71 being

synthesized in high yield 35. The reaction scheme is shown in Scheme 10.
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Scheme 10: Reagents and conditions: (a) PDC, CH,Cl,/EtOAc (2:1), 5h; (b) cat. p-
toluenesulfonic acid, 4°C, 24 h.

1.3.7 Potassium tert-butoxide mediated ring closure as a key

step in the synthesis of isochromans

de Koning and coworkers reported the synthesis of isomeric
dimethylnaphthopyran *75 mediated by potassium tert-butoxide as a key step
to obtain exclusively the trans geometry of the desired naphthopyran £75.

To assemble the precursor £76, this naphthalene was produced in a few steps
using 2,3-dibromo-1,4,5-trimethoxybenzene as starting material.
Regioselective acetylation of pentamethoxynaphthalene 77 gave solely
6-acetyl ketone 78, which was treated with limited quantities of borontrichloride
to afford ortho-acetylnaphthol 79. The naphthol was oxidized with ceric
ammonium nitrate to yield a quinone, which was reduced and then subjected
to an O-allylation followed by a Claisen rearrangement and an O-benzylation
to afford dibenzyl ether 80. The ketone of the naphthalene dibenzyl ether 80
was reduced with lithium aluminium hydride to yield the alcohol 76, which
was then treated with potassium tert-butoxide as the key step to give the

isomeric trans 1,3-dimethylnaphthopyran £75 3637, as shown in Schemell.
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Scheme 11: Reagents and conditions: (a) Acetic acid, TFAA, DCM, rt, 21 h, 83%; (b) BCls,
DCM, -78°C to rt, 30 min, 88%; (c) CAN, MeCN/H,O, 15 min; (d)BCls,
allyltrimethylstannane, DCM, -78°C, 1 h; (e) K,COs, benzyl chloride, acetone, reflux, 12 h,
51%; (f) LAH, diethyl ether,rt, 5 min, 99%; (g) Potassium tert-butoxide, DMF, 70°C, 2 h, 92%.

1.4 Background, and aim of this MSc project

In our research laboratories the developed strategies for the synthesis of the
isochroman core were first published in 1991 when my supervisor completed
his PhD in the synthesis of ventiloquinones. The potassium tert-butoxide
mediated pyran ring closure to synthesize racemic mixtures of a number of
ventiloquinones: namely ventiloquinone G %81, ventiloquinone J ¥82, and a

new ventiloquinone £83 %6 was utilized as a key reaction.

o OH O  OMe O OMe
(I (I3 PO@:
HO MeO MeO
O OH O OH O OH

+81 +82 +83
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However, an enantioselective synthesis of the ventiloquinones was not
possible until 2002, when Green, de Koning and coworkers reported on the
introduction of the benzlic secondary alcohol using the Corey—Bakshi—Shibata
(CBS) reduction during the synthesis of chiral isochroman-quinones. However,
the enantiomeric excess for this reaction was mediocre.

The aromatic precursor 84 was easily synthesized from isovanillin. The
aldehyde 84 was then treated with methylmagnesium iodide followed by
oxidation with manganese (1V) oxide to yield ketone 85. The enantioselective
ketone reduction was achieved by firstly conjugation of the olefinic bond of the
allyl substituent using PdCIl2(MeCN): to give the styrene, followed by addition
of the borane dimethyl-sulfide complex and the Corey—Bakshi—Shibata

catalyst to afford the enantiopure alcohol 86 2 (Scheme 12).

84

Scheme 12. Reagents and conditions: (a) CHsMgl, Et,O, 25°C, 40 min, 90%; (b) MnO,,
benzene, reflux, 45 min, 57%; (c) PdCl,(MeCN),, CH,Cl,, 35°C, 72 h, 89%; (v) BH3-Me,S, THF,
CBS catalyst, 25°C, 30 min, 61%, ee 75%.

However, as the enantiomeric excess was moderate, other methods had to be
developed to accomplish this transformation. Thus, the aim of this project, was
to develop a method for the synthesis of enantio-pure
5,8-dimethoxy-1,3-dimethylisochroman 87 (R/S). Our retrosynthesis, as shown
in Scheme 13, a key step would be to obtain the single enantiomer 88 (R/S)
from rac-1-(2-allyly-3,6-dimethoxyphenyl) ethanol #88. We believed that using

enzymatic kinetic resolution would provide a solution to this problem.
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Scheme 13. Retrosynthesis of enantiopure 5,8-dimethoxy-1,3-dimethylisochroman 87

In essence, the synthesis would start with 2,5-dihydroxybenzoic acid 89, and
the racemic alcohol *88 could be synthesized in a few steps. In order to
perform the enzymatic kinetic resolution, the secondary alcohol 88 had be
acetylated to give ester #90. Using enzymatic kinetic resolution on the
substrate *90, the synthesis of enantiopure alcohol 88 (R/S) could hopefully
be achieved. The product 88 (R/S) would be ready for the pyran ring closure
using potassium tert-butoxide methodology to form the desired

trans-1,3-dimethyl isochroman 87.

1.5 Enantiomeric discrimination

There are different approaches to enantioselectively synthesizing a
stereogenic center. In this project, we envisaged using enzymatic routes for
the preparation of the enantiopure alcohol 88. During the previous synthesis of
isochroman, the racemate of alcohol #88 was obtained without separation
which led to the formation of diastereomers in the synthetic route. We were
therefore interested in producing the enantiopure alcohol 88 which would then
potentially allow for the enantioselective synthesis of the desired isochroman

87.
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1.5.1 Background

In recent years, our lab has investigated the use of enzymes to kinetically
resolve racemic mixtures of alcohols. Dr. Myron Johnson, one of our former
PhD students, tried to apply enzymatic kinetic resolution as the key step to
synthesize enantiopure kalafungin. In his attempt, CALB lipase was used to
enantioselectively hydrolyze the racemic mixture of acetate 90 prepared from
alcohol racemate *88. In summary, CALB lipase was not able to perform the
kinetic resolution satisfactorily even after a few days of vigorous stirring 3°

(Scheme 14).

~
Q "o orS o I orR
OAc CALB lipase OH | OAc
O ONG O
£90 88 90

Scheme 14. Enzymatic kinetic resolution using lipase CALB

1.5.2 Introduction to biocatalysis

In recent years, aspects of green chemistry have become more and more
important in organic synthesis. Application of biocatalysts is one of the most
important ways of reducing hazardous wastes and achieving better atom
economy “°. The use of enzymes has become a valuable tool to organic
chemists, especially in the synthesis of compounds containing stereogenic
centers. This is because enzymes are remarkable catalysts that can display
high chemo-, regio- and enantio-selectivity, but are also not capable of
accepting a wide range of substrates.

Enzymes are macro-sized molecules with unique three-dimensional structure

arising from the folding of a linear polypeptide chain. This polypeptide chain in
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turn consists of a linear sequence of a—amino acids joined by amide bonds.
Each enzyme processes unique catalytic activity on substrates sharing
structural similarities because of the presence of an active site. Due to the
chiral nature of the active site, it is often able to naturally bind one enantiomer
of the substrate over the other. This high substrate selectivity is one of the
reasons why enzymes allow for enantioselective transformation 4. Our aim
was to employ a lipase enzyme to kinetically resolve a racemic mixture of

alcohols in order to isolate the individual optically active enantiomers.

1.5.3 Enzymatic kinetic resolution

In nature, two enantiomers can exhibit totally different bioactivities. In this
project, we will use the selectivity of lipases to hydrolyze one enantiomer of the
racemate of 1-(2-allyl-3,6-dimethoxyphenyl)ethyl acetate *90 to afford
enantiopure methanol 88 (R/S) leaving the other enantiopure acetate 90
unreacted (Scheme 15). HPLC equipped with a chiral column will be used to
monitor the progress of the reaction as one of acetate peak of *90 will
disappear and one peak for alcohol 88 will appear. However, a significant

drawback of kinetic resolution is that it will only provide a maximum of 50%

yield.
~
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Scheme 15. Demonstration of enzymatic kinetic resolution

During my honors project 4%, some preliminary research had been conducted

and over 100 commercial lipases were screened for the transformation shown
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in Scheme 15; only one lipase from Candida Rogusa was found to exhibit
selectivity for our substrate 1-(2-allyl-3,6-dimethoxyphenyl)ethyl acetate £90.
The details of which will not be discussed in this MSc dissertation. This
provided the hope that by building on these results the synthesis of

enantiopure isochroman skeleton 87 could be accomplished.
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Chapter 2: Results and Discussion

2.1 Synthesis of allyl 2-allyl-3,6-dimethoxybenzoate 91

We believed that the synthesis of of the desired racemic alcohol 88 could be
achieved via the ester allyl 2-allyl-3,6-dimethoxybenzoate 91. Hence as shown
in Scheme 16, allyl 5-(allyloxyl)-2-hydroxybenzoate 92 was prepared using
commercially available 2,5-dihydroxybenzoic acid 89 as starting material;
which was then subjected to Claisen rearrangement conditions by heating neat
at 170°C to yield 93 with the allyl group at C-2 position ortho to the ester group.
The synthesis of allyl 2-allyl-3,6-dimethoxybenzoate 91 was achieved by

exposure of 93 to dimethyl sulfate and potassium carbonate.

OH O OH O OH ©
OH O/\/ O/\/
(a) (b)
OH 227N
O OH
89 92 93

SO o
O/\/
(e
X
o
> 91

Scheme 16. Reagents and conditions: a) K,COs3, allyl bromide, acetone, reflux, 18 h,
74%; b) 170°C, 18 h, 90%; c) K,COg, dimethyl sulfate, acetone, reflux, 24 h, 62%.
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9 . In detail, 2,5-dihydroxybenzoic acid 89 was initially treated
3 7 O/\/
AN e ’ with potassium carbonate and allyl bromide in acetone and
0\11/\13 heated under refluxed overnight. The resulting product after

purification was isolated as white needle like crystals with a
melting point of 46-48°C, close to the reported value of 43.5-44.5°C by
Harwood “3. The formation of compound 92 was confirmed by NMR
spectroscopy. Compared to the starting material 2,5-dihydroxybenzoic acid 89,
we could easily see that between & 6.14 and 5.25 ppm there were 6 newly
formed alkene hydrogen signals corresponding to Hg, H1o, H1o,, H12 and His,
H1z. Signals at & 4.84 and & 4.49 ppm in the 'H NMR spectrum corresponded
to the two CH2-Hs and H11 signals. In addition to this, alkene carbons in the 13C
NMR spectrum at & 133.55, 131.92, 118.11, 113.87 ppm proved that two allyl
groups were indeed present. Hence compound 92 had been synthesized in a

reasonable yield of 74%.

N9 ., Having the diallylated product 92 in hand, the next step in the
5 7 O/\g/
SN, synthesis involved the thermally mediated Claisen
o 93 rearrangement to furnish 2-allyl-3,6-dihydroxybenzoate 93 in

an excellent yield of 90%. This was achieved by heating the di-allylated
product 92 at 170 °C for 18 hours under a nitrogen atmosphere. The resulting
product was a viscous orange oil. '"H NMR, 3C NMR and IR spectroscopy
were used to confirm the structure of the resulting product. A strong broad
signal appeared at 3414 cm! in the IR spectrum which was attributed to the
new alcohol functional group. In the 'TH NMR, a new peak at & 5.28 ppm also
indicated the presence of a new OH signal. In addition, only two aromatic
hydrogen signals that were otho coupled to each other were observed in the
"H NMR spectrum. The NMR spectra obtained for compound 93 compared

well with the one reported in literature 44,

"o o After the Claisen rearrangement, the next synthetic step was
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to protect the hydroxyquinone as a methyl ether. To achieve this, the o-allyl
2-allyl-3,6-dihydroxybenzoate 93 was treated with potassium carbonate and
dimethyl sulfate in dry acetone, resulting in a clear orange oil to afford the
product 91 in a yield of 62%. Confirmation of the successful synthesis of 91
was again obtained from both the 'H, *C NMR and IR spectroscopy. The IR
spectrum clearly showed the absence of the alcohol O-H vibrations at 3414
cm™ and only the C-H vibrations at 2940 cm™' were observed, suggesting that
the hydroquinone in compound 93 were replaced by two methoxy groups. The
absence of the hydroquinone signals at & 10.42 and 5.28 ppm observed in
2-allyl-3,6-dihydroxybenzoate 93, together with the appearance of two singlet
signals at ® 3.77 and 3.78 ppm was consistent with appearance of methoxy
group protons, which proved we had synthesized of compound 91. In addition
to this information, two new carbon signals at & 56.63 and 56.62 ppm
corresponding to the formation of two methoxy groups were found in the '3C
NMR spectrum. The NMR spectra analyzed for compound 91 compared well

with the literature data 44

2.2 Synthesis of rac-1-(2-allyl-3,6-dimethoxyphenyl)ethyl

acetate 90

With the allyl group in place, the next stage of the synthesis was to modify the
ester group to allow the enantioselective hydrolysis with the lipase from
Candida Rugosa. The dimethoxy-containing aromatic compound 91 was
reduced to form alcohol 94 using lithium aluminium hydride (LAH). This was
followed by a pyridinium chlorochromate (PCC) oxidation yielding aldehyde 95.
The aldehyde 95 was then treated with freshly made methylmagnesium iodide
to yield alcohol as the racemate *88. Rac-1-(2-allyl-3,6-dimethoxyphenyl)ethyl

acetate 90 was then synthesized by acetylation of #88 using acetic anhydride
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to prapare for the enzymatic kinetic resolution step (Scheme 17).
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Scheme 17. Reagents and conditions: a) LAH, THF, 0°C to rt, 18 h, 95%; b) PCC,
silica, DCM, rt, 18 h, 30%; c) Mg, Mel, diethyl ether/THF, rt, 18 h, 56%; d) DMAP, acetic
anhydride, triethylamine, THF, rt, 18 h, 45%.

>0 OH In detail, once the dimethoxy ester containing compound 91 was
29 synthesized, it was treated with lithium aluminium hydride in
BN THF in an ice bath. The resulting reaction mixture warmed up to
room temperature and stirred overnight. The resulting product

94 was obtained as a light yellow oil. The IR spectrum clearly showed that
there was a new broad peak at 3409 cm, indicative of an alcohol group.
Signals of Hs at & 4.81 ppm and alkene hydrogens Hg, H1o at & 5.46-5.32 and
6.08 — 5.81 ppm observed in compound 91 were now absent indicating that
ester group was reduced to an alcohol. The newly formed singlet signal at &
2.57 ppm corresponded to the new alcohol hydrogen. In addition to those,
three missing carbons signals at & 132.31 (Co), 112.70 (C10) and 66.17 (Cs)
ppm found in starting material also confirmed that the reduction of ester had
taken place. The NMR spectra analysed for compound 94 compared well with

the literature data 4.

o o The next synthetic step involved treatment  of
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(2-allyl-3,6-dimethoxyphenyl)methanol 94 with pyridinium chlorochromate
(PCC) and silica in dry DCM. The resulting product 95 was a clear yellow oll
obtained in a yield of 70%. The formation of the compound was confirmed
spectroscopically by examining the 'H and '3C NMR spectra and IR spectrum.
The IR spectrum clearly showed that the O-H peak at 3409 cm" was no longer
present, instead, a carbonyl (C=0) stretching signal appeared at 1684 cm™'. A
singlet signal appeared at & 10.55 ppm in the 'H NMR spectrum which
corresponded to the formation of an aldehyde. The '*C NMR spectrum also
confirmed this assignment due to the presence of a peak at & 192.91 ppm. In
addition, the signal for an alcohol proton observed on the "H NMR spectrum of
the starting material at & 2.57 ppm was absent. The NMR spectroscopic
results unambiguously confirmed that the compound was 2-allyl-3,6-

dimethoxybenzaldehyde 95 5.

S0 OH The benzylic alcohol *88 was prepared as a racemate by
2 9 treating 2-allyl-3,6- dimethoxybenzaldehyde 95 in dry THF with
o< the Grignard reagent made from magnesium metal and methyl
iodide in dry diethyl ether. The resulting product *88 was
obtained as a clear oil in a yield of 56%. 'H NMR, C NMR and IR
spectroscopy were used to characterize the resulting product. The IR
spectrum clearly showed the presence of a new hydroxyl stretching at 3546
cm', as well as the disappearance of the carbonyl group (C=0) peak at 1684
cm™ in the starting material 95. In agreement with IR spectroscopy, two
doublet signals at & 4.04 ppm and & 1.53 ppm in the '"H NMR spectrum
suggested that there was an alcohol hydrogen and an additional methyl group.
The 3C NMR spectroscopy also confirmed the synthesis as the signal at &
192.91 ppm for the carbonyl of 95 was no longer observed. Moreover, a new
peak was found at 6 24.03 ppm which corresponded to the methyl carbon. The
NMR spectra analysed for compound *88 was in good aggrement with the
literature data 44.
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~So % oo To perform the enzymatic kinetic resolution, the product of the

2 9 Grignard reaction 88 had to be converted into an ester by

N acetylation for the enzyme to selectively hydrolyze to the
desired single enantiomer. The preparation of the acetate

racemate *¥90 was the crucial step of this part of the project and it was
synthesized by the acetylation of 1-(2-allyl-3,6-dimethoxyphenyl)ethanol £88 in
dry THF using DMAP, acetic anhydride and trimethylamine. The resulting
product ¥90 was obtained as a clear oil in a disappointing yield of 45% due to
the fact that the reaction didn't go complete. In the IR spectrum, the newly
formed peak at 1732 cm™' was an indication of presence of carbonyl of the
ester of £90. A missing signal at & 4.04 ppm in the '"H NMR of compound +88
suggested that the alcohol group found in the starting material was absent.
The new peak appeared at & 2.02 ppm corresponded to the methyl of the
acetyl protons. In the '3C NMR spectrum, the highly de-shielded signal at &
170.85 ppm suggested the presence of ester carbonyl carbon. The additional
carbon signal at 8 20.52 ppm was in agreement with the methyl protons from
acetyl group. The NMR spectroscopic results unambiguously confirmed that
the ester was 1-(2-allyl-3,6-dimethoxyphenyl)ethyl acetate *¥90 had been

formed.

2.3 Preparation and characterization of enantiopure

1-(2-allyl-3,6-dimethoxyphenyl) ethanol 88

2.3.1 HPLC identification

With our racemic acetate ¥90 in hand, we were now in the position to attempt
the kinetic resolution. Before we could strat with our enzyme-catalysed
reaction, we needed to determine the enantiomeric ratio of the ester racemate
190 and the alcohol racemate £88 which in theory should be 1:1. The Chiral

OD chiral high pressure liquid chromatography chiral column showed the best
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separation with a mixture of hexane and isopropyl alcohol as the mobile phase.
After a series of test of mobile phase ratios, it was found that 20:80 isopropyl

alcohol to hexane mixture was the best combination of solvent to achieve

separation. The HPLC chromatograms for 90

Figure 2 respectively showed that we had a 1:1

enantiomers. We used these retention time data as the standard to monitor the

enantioselective hydrolysis reaction.

and %88, in Figure 1 and

racemic mixture of the two

Copsrator Adminsirator Timebase WITS _TEF PDA Ssquenca MJ-28 Fage 1-1
3 347 P4
242 TL-ACETATE-AJ-column-R5-IPA20:80
TLACETATE-AJ-column -R5-1PAZS:80 Inection Voiume 200
4] Channel UV VIS 1
unknown 20
Myron Kala 1
Kathy 1.0000
2016/412 15:48 1.0000
12.00 1.0000
oo el SN W VS 1
ek [ WL230 om
‘[. ags0
4K
1000
Lo L \
|
[
| i
A i
o0 N W
Ly
5
» A = ==
i 4 L3 i L L5
No Ret.Time Peak Name Heignt Asva RelArea  Amount Type
min mAU _ mAU"min %
! 422 na 172010 123730 4827 na EM"
P 43" na 1107.322 127 434 a VE
Total: 70332 25122 4 0 200
Chromeleon (¢) Donex 120€-2005
defachrbegraton Version 680 £Q7 Sula 2624 (142289

Figure 1: HPLC chromatogram of the acetylated product 90
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2.3.2 Resolution of benzylic alcohol +88

chiral HPLC, as shown in Figure 3.
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Figure 2: HPLC chromatogram of the Grignard product *88

Once the racemic acetate #90 was identified as a 1:1 mixture of two
enantiomers using HPLC, it was subjected to the enzyme reaction as shown in
Scheme 18. The reaction progress was monitored by TLC and HPLC. The

progress of the enzymatic reaction after 96 hours at 20°C was monitored using
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Figure 3: HPLC chromatogram of the enzyme hydrolysis reaction after 96h

One thing should be pointed out is that the retention time of the acetate *90

and alcohol *88 had shifted from that shown in Figure 1 and 2. We had to
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change the mobile phase ratio to 10:90 (IPA : hexane) in order to obtain a
better separation of the acetate ¥90 peaks. However, it was clear that only one
enantiomer of the alcohol 88 was formed as a result of the enzymatic
hydrolysis of acetate £90. The enantiomeric excess (ee) of the reactant was
calculated to be 20%, and the enantiomeric excess of the product was
calculated to be 93%. At this point, we decided to quench the reaction and
isolate the unreacted mixture of ¥90 and the single enantiomer from the
hydrolysis product 88. After column chromatography, the alcohol 88 was
subjected to polarimeter for the optical rotation measurement. At concentration
of 9.6 mg/mL, the specific rotation was calculated to be [a]3® = -10.00
(methanol), suggested that we did indeed obtain the single enantiomer of the

secondary alcohol 88 with an ee of 93%.

2.3.3 Determination of the absolute configuration of the benzylic alcohol

88

Since we found that from our enzymatic reaction the product was optically
active, the next step was to determine the absolute configuration of the
enantiopure alcohol 88. Mosher acid methodology is a well-developed protocol
that we can use to determine the absolute configuration of the stereogenic
center. The enantio-pure alcohol 88 in DCM was treated with
(S)-(-)-a-methoxy-a (trifluoromethyl) phenylacetic acid (S-Mosher acid),
N,N-dicyclohexylcarbodiimide (DCC) and 4-dimethylamino pyridine (DMAP) to
afford S-Mosher ester 96. R-Mosher ester 97 was obtained using R-Mosher
acid under the same reaction conditions. This approach was based on the
anisotropic effect from NMR spectroscopy that the phenyl group of the chiral
auxiliary MTPA exerts on the substituents (L1/L2) of the alcohol. Figure 4

shown below explained the anisotropic effect.
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Comparing R-mosher ester a and S-mosher ester b, the protons of substituent
L2 are shielded by the phenyl ring in the ester a whereas those on L2 remain
unaffected in the ester b. On the other hand, the protons of substituent L1 are
shielded by the phenyl ring in the ester b whereas those on L1 remain
unaffected in the ester a. Therefore, the substituents L1 will be more shielded
in the S-mosher ester and the substituents L2 will be more shielded in the
R-mosher ester. These difference in shielding effects can be expressed as
chemical shift on "H NMR spectra.

In our case, L1 is the methyl group while L2 is the 6-allyl-2,5-dimethoxy
benzene moiety. There are two possible structures for each MTPA ester
depending on the absolute configuration of the alcohol 88, which are shown

below (Figure 5).
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Figure 5

Two possible (S)-MTPA esters could be (S, S)-MTPA ester 96 or (S, R)-MTPA
ester 96’ where two possible (R)-MTPA esters are (R, S)-MTPA ester 97 or (R,
R)-MTPA ester 97°. In the '"H NMR spectrum of (S)-MTPA ester, we observed
two singlet signals at 6 3.77 and 3.70 ppm which were corresponded to the two
methyl ether protons Hi7 and H19. Another doublet signal with J = 1.2 Hz at
3.48 ppm were corresponded to the other methyl ether protons H24. The
doublet signal could be a result from the interaction between Hi7 and Hs
through space. In the "H NMR spectrum of (R)-MTPA ester, we also observed
two singlet signals but slightly shielded at & 3.75 and 3.54 ppm which were
assigned to protons Hi7 and H19. Another more deshielded doublet signal with
J=1.2Hz at 6 3.57 ppm were assigned to the other methyl ether protons Hzs.
Comparing chemical shifts of these methyl ether protons in the two '"H NMR

spectra, we observed that the methoxy hydrogen H19 (3.54 ppm) and H17 (3.75
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ppm) in the (R)-MTPA ester were more shielded than that 3.77 and 3.70 ppm
in the (S)-MTPA ester. Therefore, we can conclude that L2 (the
6-allyl-2,5-dimethoxy benzene moiety) was shielded by the phenyl ring in
(R)-MTPA ester 97.

Comparison of the shielding effect of phenyl substituent on L1 led us to the
conclusion which was consistent with the (R)-MTPA ester 97. On the one
hand, in the '"H NMR spectrum of (S)-MTPA ester, the observed doublet signal
was at & 1.63 ppm with J = 6.8 Hz, this doublet was corresponded to the
methyl protons H1o; On the other hand, we observed the doublet signal with
same coupling constant 8.8 Hz but at slightly deshielded chemical shift of &
1.68 ppm. Therefore, L1 was shielded by the phenyl ring in (S)-MTPA ester 96.
The observations on the shielding effects of the phenyl substituents were
consistent, therefore, we could conclude that compound 96 (S,S)-MTPA ester

and 97 (R,S)-MTPA ester have the structures shown in Figure 6.

Figure 6
In summary, the Mosher acid protocol was a success to determine the
absolute configuration; the absolute configuration of the enzymatic kinetic

resolution product was (S)-1-(2-allyl-3,6-dimethoxyphenyl) ethanol 88:
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2.4 Preparation of (S)-5,8-dimethoxy-1,3-dimethylisochroman 87

The next step was to perform the pyran ring formation in order to synthesize

the desired isochroman 87 (scheme 19).

Scheme 19. Reagents and conditions: a)
Potasium tert-butoxide, DMF, 80°C, 2 h, 87%.

To achieve this, (S)-1-(2-allyl-3,6-dimethoxyphenyl) ethanol 88 was dissolved
in DMF and treated with potassium tert-butoxide, which was heated to 80 °C
for two hours. The resulting product 87 was obtained as a clear oil with a yield

of 87%.

13 At concentration of 1 mg/mL, the specific rotation was
: calculated to be [a]3® = 55 (methanol). NMR spectroscopy
were used to characterize the resulting product. Firstly, the

alkene hydrogen signals that were observed at & 5.92 ppm

and between & 5.12-4.78 ppm in the starting material had
disappeared. Instead, we noticed two double of doublet signals at & 2.77 and
2.32 ppm which suggested the formation of the pyran ring. Besides the
existing doublet signal resulting from H1s protons, the new doublet signal at &
1.34 ppm corresponded to the formation of methyl group as the pyran ring
closure between the OH and the styrene. Two signals at & 136.93 and 115.29
ppm which were assigned to the two alkene carbons in the allyl group were no
longer observed in the '3C NMR spectrum, instead, we noticed new signals at
0 62.22 and 19.56 ppm which corresponded to saturated carbon signals. The

stereochemistry was assigned according to the literature 46. For 1,3-cis methyl
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case, the signal of Hs proton should be in the range of 3.70-3.80 ppm. In our
case, the multiplet signal at 6 4.06 ppm was assigned to Hs, in the range of
3.9-4.3 ppm, suggesting the presence of frans isomer. The NMR spectroscopic
results unambiguously  confirmed that the compound was

(S)-5,8-dimethoxy-1,3-dimethylisochroman 87.

In summary, we successfully synthesized racemate acetate *90 using
2,5-dihydroxy benzoic acid as starting material in 7 steps with an overall yield
of 3%. Application of enzymatic kinetic resolution gave us enantiopure
secondary alcohol 88; using this alcohol, we were able to synthesize

enantiopure isochroman 87.
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Chapter 3: Syntheses and biological
activities of the renewable starting

material anacardic acid

3.1 General introduction

So far, our syntheses are based on 2,5-dihydroxy benzoic acid, a petroleum
derived starting material. A green chemistry protocol was proposed to reduce
or eliminate the use and generation of hazardous substances of our synthetic
route. It is common knowledge that fossil oil is limited, and chemists are trying
to look for alternative resources as starting material for chemical synthesis 4.
An interesting compound that attracted our attention is the aromatic compound
anacardic acid 98. Depending on the saturation of the 15-carbon alkyl chain, it
can also be obtained with a diene 99, a monoene 100 or a fully saturated alkyl
chain 101.

OH O

OH

98
OH O

OH

99
OH O

OH

100

OH O

O

101
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These four anacardic acids are one of the naturally occurring long chain
phenolic compounds that are isolated from cashew nut shell liquid
(Anacardium occidentale L.) “®. Cashew nut shell liquid (CNSL) is a by-product
of the cashew industry, which is obtained from the shell of a cashew nut. The
cashew tree was originally grown in Brazil before it spreaded extensively into
northern Africa and south-east Asian including India, Mozambique, the
Malagasy Republic, Tanzania, Phillippines and other tropical countries*°.

Being a natural phenolic containing compound, anacardic acid resembles the
structure of salicylic acid with an additional 15-carbon alkyl chain. A large
amount of research has been conducted on anacardic acid and it has shown
interesting bioactivities. We will discuss some of these bioactivities in the

section below.

3.2 Bioactivities of phenolies from CNSL

3.2.1 Antibacterial activity

Himejima and Kubo have conducted research on the antibacterial activity on
CNSL as long ago as 1991. In their preliminary screening, the CNSL exhibited
biological activity against Bacillus subtilis, which is a Gram-positive bacterium.
Therefore, they further examined CNSL against additional three Gram-positive
bacteria and all of them were sensitive towards CNSL. After the isolation of a
range of different phenolic compounds, they found that with additional hydroxy
groups, cardols 102 had better antibacterial properties than cardanols 103.
With an addition of carboxylic group, anacardic acid exhibited a dramatic

increase in antibacterial activity®°.
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OH

103

Other research conducted by Kubo found that the anacardic acid exhibited
activities against methicillin-susceptible Staph. Aureus. With a minimal
inhibitory concentration (MIC) value of 6.25 pg/mL 5"

Further research conducted by Kubo showed that anacardic acid exhibited
antibacterial activity against Gram-negative bacterium Helicobacter pylori,
isolated form the gastric mucosa of patients with duodenal-ulcer disease. This

suggested that anacardic acid could be considered as potential treatment for

ulcers %2,

3.2.2 Anti-tumor activity

Anacardic acid was also found to exhibit activity against tumors. Both BT-20
Breast and HelLa Epithelioid cervix carcinoma cells were used to study the
cytotoxicity. It was found that number of saturation on the side alkyl chain
affected the EDso, as
2-hydroxy-6-((8Z,11Z)-pentadeca-8,11,14-trien-1-yl)benzoic acid had a lowest
EDso of 3.23 pg/mL for BT-20, while 2-hydroxy-6-(pentadec-8Z-en-1-yl)benzoic
acid had a lowest EDso of 2.69 pg/mL for HeLa 3.
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3.2.3 Antifungal properties

Prithiviraj and coworkers have compared the antifungal activity of anacardic
acid and two of its derivatives against plant pathogenic fungi Colletotrichum
capsici spore germination with that of salicylic acid. Anacardic acid was found
to be most effective with a minimal inhibitory concentration value of 125-150

pg/mL. 54

3.3 Chemical modifications of anacardic acid

Because of the interesting biological properties of anacardic acid, it has
attracted researchers, especially synthetic organic chemists to modify the
structure of anacardic acid to further explore their biological activities. Below
are some examples of anacardic derivatives, synthesized using anacardic acid

as the starting material.

3.3.1 Synthesis of substituted

3-aryl-1,3-benzoxazine-2,4-dione 104

Resck was able to synthesize substituted 3-aryl-1,3-benzoxazine-2,4-dione
104 using anacardic acid with unsaturated side chain (98-100) as starting
material. Benzoxazines exhibits promising antibacterial and antifungal
activities yet not much research has been done on the synthesis of this class
of compounds. In this synthesis, triphosgene was used for one-step
cycloaddition. The side chain of starting material was first treated with Pd/C
with hydrogen gas followed by PClIs and anilines to afford an anilide 105, which
was treated with triphosgene to afford substituted
3-aryl-1,3-benzoxazine-2,4-dione 104 5. The reactions are depicted in

Scheme 20:
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Scheme 20. Reagents and conditions: a) H,, Pd/C, EtOH, rt, 2 h; b) PCl;, PhCI, reflux,
aniline; c) triphosgene, pyridine, CH,Cl,, rt, 12 h

3.3.2 Synthesis of dihydropyridine derivative 106

Kumar and has reported synthesis of nifedipine analogs which were found to
possess activity to block T-type calcium channels with an ICso values ranging
between 1 to 40 uM. The calcium channels are involved in causes of
hypertension, congestive heart failure and peripheral vascular disorders.
Starting with the anacardic acids (98-100), the alkyl side chains were first
saturated with Hz gas and Pd/C to form 101, this was followed by O-alkylation
with dimethyl sulfate. The alkylated product 107 was treated with lithium
aluminium hydride to afford the alcohol 108 which was followed by treatment of
PCC to yield the aldehyde 109. The aldehyde was then converted to
1,4-dihydropyridine 110 using the Hantzsch procedure, which eventually was

converted to pyridine 106 %6, as shown in the Scheme 21.
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Scheme 21. Reagents and conditions: a) (CH3),SO4/K,CO3,  acetone,  reflux

3 h; b) LiAlH4, Tetrahydrofuran, reflux 3 h; c¢) PCC, dichloromethane, rt. 3 h; d)
CH3;COCH,COOR/piperidine/acetic acid, n-butanol, rt. 3 h ; e) (CH3)(NH,)C=CH(COOR,), n-butanol,
reflux 30 h.

3.3.3 Synthesis of isonicotinoylhydrazone 111

Again, starting with the anacardic acids (98-100), Swamy and coworkers have
synthesized isonicotinoylhydrazone 111, which exhibited biological activity
against Mycobacterium smegmatis. Starting with the ene mixture of anacardic
acids, 5-nitroanacardic acids 112 were prepared using HNO3 in acetic acid.
Oxidative cleavage of the side alkyl chain afforded Cs aldehyde 113, which
was then coupled with isonicotinylhydrazide to afford isonicotinoylhydrazones

111 °7. The reactions are shown in the Scheme 22:
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OH O OH O
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OH O OH O
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Scheme 22. Synthesis of isonicotinoylhydrazones 111. a) HNO3/CH3;COOH, 65 °C, 15 min; (b)
1)Hydrogen peroxide/formic acid (3/4) 40 °C, 10 min; 2) NalO4, 30 min; (c) isoniazid, methanol,
70°C 1 h.

3.4 Aims

As a major aim of this part of the MSc project, we decided to also examine the
possible use of bio-renewable chemicals, instead of petroleum derived
chemicals that we had used to synthesize our isochroman. After examining the
molecular structures of the isochromans, we chose anacardic acid as our
starting material. Comparing the structures of 2,5-dihydroxy benzoic acid 89
and anacardic acid 101, the similarities are obvious. They both have hydroxy

groups on C-2 and carboxy groups on C-1.

OH O OH O
2 3 N2
3 7 TOH el
5 6 6 "(CH2)14CHg
OH
89 101

The additional alkyl side chain on the anacardic ester 114 can be easily
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transformed into the styrene functional group 115. The saturated alkyl side
chain could first be brominated to form the benzylic bromide 116, which after
elimination can form the long chain alkene 117. Alkene 117 can be oxidatively
cleaved to form the aldehyde 118 which when followed by a Wittig reaction
could form the styrene 115 (Scheme 23).

OR

OR OR
COOR
G O = O
CH,)14CH %
(CH2)14CHs (CH,)15CH3 (CH2)12CH3
Br
114 116 17
OR OR
COOR COOR
—
118 115

Scheme 23. Transformation of alkyl side chain

In order to introduce the remaining phenol at C-4 of anacardic acid 101 we
believe that this can be accomplished by using the methodologies of Donner
%8 and Kim °°. In Donner’s work, an oxygen was successfully inserted onto the
benzene in the para position to a phenol, as shown in Scheme 24. The
isochroman 119 was initially brominated using NBS in DMF to form the
dibrominated aromatic compound 120, which was then subjected to a CAN

oxidation to form the quinone 121.
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Scheme 24. Reagents and conditions: (a) NBS, DMF, 18 h (82%); (b) CAN, MeCN, THF, H,0, 30
min (91%).

The research group of Kim has proposed a mechanism for the NBS facilitated

oxidative demethylation, shown below in Figure 4.

®
~ r
o) (‘B ~0 ~o A
Z Br Br O('Br
- : H:
O H,0 /o@) o I
®
~ ~
(@]
(0] (0]

Figure 4
Therefore, as one possibility we reasoned that in order to synthesize the
quinone 122, we could brominate the anacardic ester 123 to initially form
brominated anacardic ester 124, oxidation of 124 would afford 122 resulting in

the addition of the extra oxygen substituent to the aromatic ring (Scheme 25).
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Scheme 25. Retrosynthesis of bromo quinone 122

Thus, the aim was to achieve the synthesis of the 1,3-dimethyl isochroman
skeleton using anacardic acid as the starting material. Once the synthesis of
isochroman was achieved, we would also look into the expanded synthetic

applications of the isochroman core.
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Chapter 4: Results and Discussion

As a starting point for this aspect of the project we wished to see if the
aromatic dibromination followed by oxidation to yield the quinone would be
possible on an anacardic acid derivative.

We envisaged that the synthesis of the dibromo benzoate 124 could be
achieved by the saturation of the side alkyl chains of the anacardic acid ene
mixtures 98-100 to followed by methyl iodide esterification to form ester 123.

NBS bromination should then give the desired compound 124 (Scheme 26).

P OH 0~
OH OH OH 0O Br
(6]
@o (a) @O _b)_
(CH3)14CH3
(CH,)14CH3 (CH3)14CH3 Br
101 123 124

Scheme 26. Reagents and conditions: a) Sodium bicarbonate, methyl iodide, DMF, 40°C, 5 h, 91%; b)
NBS, DMF, dark, rt, 18 h, 75%

4.1 Preparation of methyl

3,5-dibromo-2-hydroxy-6-pentadecylbenzoate 124

Saturated anacardic acid 101 was treated with sodium bicarbonate and methyl
iodide in dry DMF, resulting in a white solid of ester 123 in a yield of 91%. The
white crystals were measured to have a melting point of 40-43°C which is quite

close to the reported value of 39-41°C by Zehnter .

OH O In the '"H NMR spectrum, we

could easily see that the broad
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carboxylic acid proton signal at d 11.02 ppm was no longer present, compared
to the starting material anacardic acid. Instead, a singlet signal was observed
at & 3.95 ppm which integrated for three protons, indicating that the salicylic
acid was transformed into a methyl ester. In addition, newly appeared carbon
signals at & 52.45 ppm suggesting the presence of a carbon next to an
electron rich atom which was consistent with the formation of a methyl ester.
Combining all the information obtained from the NMR spectra we can conclude
that the resulting white crystal was methyl 2-hydroxy-6-pentadecyl benzoate

123.

With the ester 123 in hand, it was then treated with NBS in DMF, resulting in a

clear yellow oil with a yield of 75%.

OH O NMR spectroscopy was used
to characterize the product.

Looking at the 'H NMR

124 spectrum in the aromatic
region, we could clearly see a singlet signal at & 7.87 ppm suggesting that
benzene ring was now penta-substituted. Using NMR spectra, we can confirm
that the resulting clear yellow oil was methyl

3,5-dibromo-2-hydroxy-6-pentadecylbenzoate 124.

Excited that we now had our dibrominated compound 124, the next key step
was to oxidize it to a quinone using CAN mediated protocol. Unfortunately, the
reaction did not work as most of the starting material did not dissolve in the

reaction medium of water and acetonitrile (Scheme 27).
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Scheme 27. Reagents and conditions: CAN, MeCN/THF/H,0, 18 h

As the reaction was not successful, we thought we could perform the oxidation
under harsher conditions. Silver (lI) oxide with conc. nitric acid is a common
protocol for this purpose. As we followed the protocol and monitored the
reaction using TLC, we did see new spot that having higher Rf value than
starting material. Initially, we could not purify the resulting mixture using normal
column chromatography as this product tended to decompose on the silica gel.
As we increased the reaction scale and shorten the silica gel column, we
however managed to isolate a small amount of product 122 and subject it to

NMR spectroscopy.

In the aromatic region of 'H

NMR spectrum, we could

observe a singlet signal

122 appeared at & 7.31 ppm;
where in the starting material, the singlet signal was at & 7.87 ppm. In addition,
the phenol signal observed at & 10.99 ppm in the starting material was no
longer seen. These observations were consistent with the formation of a
quinone. Unfortunately, we were not able to further characterize the compound

due to the fact that the quinone was unstable and it was quickly oxidized.

As an alternative strategy and examination of the research of Donner, we

thought that instead of inserting the needed oxygen at this early stage of the
60



Chapter 4

synthesis, we envisaged that the oxygen could be introduced onto the
para-position of the benzene once we formed the isochroman skeleton, the

retrosynthesis is shown in Scheme 28.

o OH OH o~
B Br
O = O, — 0 = QO
e} Br

+128 +127 +126 +125

Scheme 28: Retrosynthesis of rac-7-bromo-1,3-dimethyl-3,4-dihydro-1H-isochromene-5,8-dione +128

Once we had synthesized isochroman 125, boron tribromide can be used to
deprotect the methylether to yield phenol *126, which could then be
brominated to afford dibromo compound *127. The synthesis of the desired
isochromene-dione 128 should then be achieved by exposure to silver (Il)

oxide in the presence of nitric acid.

4.2 Preparation of methyl

3,6-dimethoxy-2-(pentadec-1-en-1-yl)benzoate 132

In summary, since we changed the synthesis, we rethought the strategy to
achieve the synthesis of isochroman *125 using anacardic acid 101 as the
starting material. As discussed in the previous section, the alkyl side chain of
benzoate 107 can be modified into a styrene in a few steps to afford styrene
129. The conversion of the ester group of 129 to the secondary alcohol 130
can be achieved using the same LAH reduction followed by PCC oxidation and
then a Grignard reaction with methyl magnesium iodide. The isochroman *125
could then be synthesized using tert-butoxide mediated ring closure from

styrene 130 (Scheme 29).
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Scheme 29: Synthesis plan towards rac-8-methoxy-1,3-dimethylisochroman *125

With anacardic acid 101 in hand, it was first treated with potassium carbonate
and dimethyl sulfate to afford methylated anacardic ester 107, this was
followed by a NBS benzylic bromination to yield product 131. The brominated
compound 131 was treated with DBU to afford the elimination product 132
(Scheme 30).

OH OH

\O \O \O \O
(@) (b)
(@] - o — o)
(CH3)13CH3
(CH3)14CH3 (CHy)14CHs
101 107 131 B'
~o o
(© o
_—
7 (CH,)1,CHs
132

Scheme 30. Reagents and conditions: a) Potassium carbonate, dimethyl sulfate,
acetone, reflux, 18 h, 96%; b) NBS, AIBN, CCl,, reflux, 18 h, 76%; c) DBU, toluene, 95°C,
18 h, 80%.

The detailed synthesis used anacardic acid 101 as starting material, which
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was treated with potassium carbonate and dimethyl sulfate in dry acetone,

resulting in white crystals with a melting point of 35-37 °C (/it ¢ 36-37°C).

'"H NMR and "C NMR
spectroscopy were used to
characterize the product.

Comparing with the 'H NMR

spectrum of the starting material
anacardic acid, we could easily see that the broad acidic proton signal at
11.02 ppm was no longer present. Instead, two new singlet signals were
observed at & 3.90 and 3.81 ppm. They both integrated for three protons,
which corresponded to the formation of the two methoxy substituent. In
addition, new carbon signals at & 55.85 and 52.10 ppm in the 3C NMR
spectrum suggesting the presence of two carbons next to electron rich oxygen.
The analytical data for compound 107 was in good agreement with the

literature 6.

Once the phenol and carboxylic acid were protected, the next step was to
place a bromine at the benzylic position of the side chain. This reaction has
been investigated by our group in recent times where alternative solvents to
carbon tetrachloride were evaluated. However, the reaction proceeded best by
treating methyl(2-methoxy-6-pentadecyl) benzoate 107 with NBS and AIBN in
the non-green solvent carbon tetrachloride. The resulting product after
purification was a pale-yellow solid with a yield of 76%. The measured melting

point of the resulting solid was 56-59 °C (lit 62 57-58°C).

H and 3C NMR spectroscopy
were again used to determine

the identity of the product. The

triplet signal appearing at 6 7.21
ppm suggested that the
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bromination at C-1 position was successful. The '¥C NMR spectrum
corresponded to the theory as we could see that the signal of C-1’had shifted
from & 33.50 ppm to & 52.43 ppm, indicating substitution reaction had occurred
on that C-1’ carbon. The NMR spectra data for the compound 131 was in good

agreement with the literature 2.

The next step was elimination to afford the alkene 132; which was achieved by
treating the brominated product 131 with DBU in toluene to provide the product
132 in a yield of 80%. The resulting product after purification was light yellow

solid with a melting point of 35-36 °C (/it %2 33-34°C).

~o0 o The triplet signal resulting from
s N0 the H-1’ at & 7.21 ppm in the H
0 ! 2' 4' 6' 8' 10' 12' 14'
4 = 1+ NMR spectrum of alkene 132
5 1 3 5' 7 9' 11 13'
132 was no longer observed.

Instead, we observed a multiplet at & 6.35 — 6.11 ppm integrated for two
protons; which are typical alkene hydrogens. The '3C NMR spectrum showed
two new signals at & 134.75 and 126.07 ppm and the C-1’ signal at & 52.43
ppm in the starting material was no longer observed. The '3C NMR spectra
data suggesting that the bromine was absent a double bond had formed.
Combining all the information obtained from NMR spectroscopy, we could
conclude that the resulting pale yellow oil is methyl

2-methoxy-6-(pentadec-1-en-1-yl)benzoate 132.

4.3 Preparation of methyl
2-methoxy-6-(prop-1-en-1-yl)benzoate 129

Satisfied that we had the eliminated product 132, the next stage was to

synthesize the styrene compound 129 that no longer containing the lipophilic
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chain. The styrene functional group was achieved by oxidative cleavage of
alkyl side chain followed by Wittig carbon-carbon bond formation. Oxidative
cleavage is traditionally done using osmium tetraoxide or ozone as cleaving
agents. In order to make our synthesis greener and produce fewer toxic
wastes, we decided to proceed using ozone. Ozonolysis is known to be
performed at -78 °C using dimethyl sulfide as a reducing agent. Jing Yu and
coworkers, however, reported a rather unusual approach which only used
water as reducing agent and reaction was carried out at room temperature 3.
The proposed mechanism is shown below (Scheme 31). Anethole 133 first
reacted with ozone to generate carbonyl oxide 134, which was then reacted
with water to form gem-hydroperoxy 135. Anisaldehyde 136 was afforded once

hydroperoxy decomposed.

B ] O
AN H,O :

e N 2

0,4 O O
> H3;CO -

OCHj H H

OCH;
134

133

H
HO OOH CHO
-H,0,
— —
OCH
OCH; 3
135 136

Scheme 31. Mechanism of water facilated ozonolysis

Thus, to synthesize the target molecule 129, ozone methodology was adopted

to yield aldehyde 137. In our case, the use of ozone in a mixture of ethyl

65



Chapter 4

acetate and water proved to work best. The mechanism for this transformation
is shown above in Scheme 31. This was followed by treatment with ethyl
triphenylphosphine bromide which facilited the Wittig reaction to afford 129
(Scheme 32).

NN .~ NN
0] 0] (@) e} 0 (b) (@] 0]
— —
/\(CH2)120H3 O >
132 137 129

Scheme 32. Reagents and conditions: a) O3, ethyl acetate/water, rt, 5 min, 60%; b) NaH,
EtPPh3Br, rt to reflux, 4 h, 70%.

To achieve this, the benzoate 132 dissolved in ethyl acetate with presence of
H20 was treated with a flow of O2/Os. The reaction was fast and the aldehyde
137 was produced with a yield of 60%. The resulted product was white solid
with a melting point of 58-61°C which was different to the reported value of

70.5°C by Bohlmann 4.

~o o '"H NMR and '3C NMR spectroscopy were used to
3 2 79 0/12 characterize the product. The peaks between 6 0.88 to 2.17
4 : 613/0 ppm were no longer seen suggesting the long alkyl chain
137 was no longer present. At 6 9.96 ppm, we observed a highly

deshielded signal suggesting the presence of an aldehyde. The 3C NMR
spectrum suggested the formation of desired product as the number of signals
decreased by 14 and we could see a signal at 6 190.32 ppm consistent with
aldehyde carbon. On the basis of these signals from NMR data, we could
conclude that the resulting white solid was methyl

2-formyl-6-methoxybenzoate 137 64,

The final stage was to transform the formyl group into a styrene substituent.
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This was achieved by utilizing the Wittig reaction. Aldehyde 137 was treated
with sodium hydride in the presence of ethyl triphenyl phosphonium bromide to

afford a clear yellow oil in a yield of 70%.

8

~ In the "H NMR spectrum, the disappearance of the signal at

o

o)
31 9 0/12 0 9.96 ppm suggested that the conversion of formyl group
14
5

4 2\ .. had taken place. Also, we observed new multiplets at &

3 15

-

129 5.96-5.75 ppm integrated as two, which were in the region of
sp? carbon hydrogen consistent with alkene hydrogens. At & 1.90-1.71 ppm,
there were two sets double of doublets, which integrated for three hydrogens
when counted as a whole. The presence of two sets of signals indicated that
we had both (E) and (Z) isomers. The presence of both the (E) and (Z) isomers
would be carried through all the reactions until we eventually formed the pyran
ring. The disappearance of the signal at & 190.32 ppm in the '3C NMR
spectrum corresponded to the conversion of a formyl group into a styrene. All
the above data unambiguously proved that the desired styrene 129 was

successfully synthesized.

4.4 Preparation of

rac-1-(2-methoxy-6-(prop-1-en-1-yl)phenyl)ethanol 130

Now that we had accomplished the desired modification of the long alkyl chain,
the reduction of the methyl ester 129 was done using standard protocol.
Styrene compound 129 was first reduced using LAH to form the alcohol 138,
which was then oxidized with pyridinium chlorochromate to afford aldehyde
139. The additional methyl group of the secondary alcohol *130 was

introduced as before using the Grignard reaction (Scheme 33).

67



Chapter 4

~A N ~ ~
(0] (0] (0] (@] (0]
(a) (b) |
0 —_— OH —_—
N 2 ZN
129 138 139
>0  OH
_(Q
ZN
+130

Scheme 33. Reagents and conditions: a) LAH, THF, 0 °C to rt, 5 h, 86%; b) PCC,
DCM, rt, 5 h, 93%; c) Mg, Mel, diethyl ether/THF, rt, 18 h, 74%.

7\0 In detail, methyl 2-methoxy-6-(prop-1-en-1-yl)benzoate 129
3 2 1 - OH was treated with LAH to afford white crystals of 138 in a yield
4 9/10\11 of 86%. 'H NMR, '3C NMR and IR spectroscopy was used to

138 characterize the product. In the IR spectrum, the appearance

of a board peak at 3411 cm' suggested the formation of an alcohol. The 'H
NMR spectrum now showed the absence of a signal at & 3.90 ppm suggested
that the methoxy group from the ester was no longer present. A new signal
appeared at ® 4.72 ppm were integrated for two protons, consistent with the
reduction of the carbonyl carbon. Another signal observed at 2.46 ppm
corresponded to the alcohol hydrogen. In the 3C NMR spectrum the carbonyl
carbon signals which was observed at 6 168.99 and 168.74 ppm for the two
geometric isomers in the starting material were no longer present. The NMR
spectroscopic results unambiguously confirmed that the resulting white crystal

was 2-methoxy-6-(prop-1-en-1-yl) phenyl methanol 138.

7\0 The next synthetic step involved treatment of

3 1 8\0 (2-methoxy-6-(prop-1-en-1-yl)phenyl)methanol 138 with PCC
10
/\11 in dry DCM. The resulting product was obtained as a pale
5 9
139

4

68



Chapter 4

yellow oil with a yield of 93%. The IR spectrum clearly showed that the O-H
peak at 3411 cm™' was gone, instead, a carbonyl group (C=0) appeared at
1684 cm™'. A singlet signal appeared at & 10.58 ppm in the '"H NMR spectrum
corresponded to the formation of an aldehyde. The '3C NMR spectrum also
agreed to the formation of the aldehyde with signals at & 192.38 and 191.71
ppm (E and Z isomers) for the carbonyl. In addition, the peak for alcohol in the
starting material at & 2.46 ppm was no longer evident. Combining all the
information obtained from NMR and IR spectroscopy, we can conclude that the

resulting pale yellow oil was 2-methoxy-6-(prop-1-en-1-yl)benzaldehyde 139.

~ 9 Once we had the aldehyde 139 in hand, the next step was to
3 2 ~3 OH perform the Grignard reaction. Since methyl iodide was used,

10/\12 the preparation of methylmagnesium iodide was successful.

+130 Starting material benzaldehyde 139 in dry THF was treated
with the freshly prepared Grignard reagent made from magnesium and methyl
iodide in dry diethyl ether. Again, after the reaction the IR spectrum clearly
showed that a new O-H peak at 3438 cm™, in addition, the carbonyl group
(C=0) appeared at 1684 cm in the starting material was now absent. A
doublet signal at & 1.51 ppm in the "H NMR spectrum integrated for 3 protons
suggesting that there was an additional methyl group. The '*C NMR supported
this observation as the aldehyde peaks at & 192.38, 191.71 ppm in starting
material were no longer seen. Moreover, new peaks were found at & 23.43,
23.34 ppm which were consistent with a methyl substituent to the (E) and (Z)
isomers. The NMR spectroscopic results unambiguously confirmed that the
rac-1-(2-methoxy-6-(prop-1-en-1-yl)phenyl)ethanol *130 was successfully

synthesized with a yield of 74%.
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4.5 Preparation of

rac-tans-8-methoxy-1,3-dimethylisochroman 125

Once having the racemic ethanol *130, the next step was to test if the
tert-butoxide mediated pyran ring closure could also work with the styrene
*#130. The same protocol as described before was used as shown (Scheme

34).

O OH 0
(@) o
% .
+130 +125

Scheme 34. Reagents and conditions: a) Potasium tert-butoxiode,
DMF, 80°C, 2 h, 90%.

Rac-1-(2-methoxy-6-(prop-1-en-1-yl)phenyl)ethanol *130 was dissolved in
DMF and treated with potassium tert-butoxide. The resulting product afforded
from this reaction was a transparent solid in a yield of 90% with a melting point

of 34-36 °C which is quite close to the reported value of 35-36°C by Bringmann

65

" o In the '"H NMR spectrum, two multiplet signal at & 6.70 —
7 2 S0 6.46 and 6.07 — 5.77 ppm were no longer present, indicating
° 104 : ", the alkene had reacted. Instead we observed one multiplet

125 signal at  4.22-4.05 ppm which integrated for one hydrogen

and another signal at  2.77-2.52 ppm which integrated for two hydrogen. The
observation was consistent with the pyran ring closure, where signal at &
4.22-4.05 ppm corresponded to the 3-H and the signal at d 2.77-2.52 ppm is
also characteristic for the 4-H in a pyran ring 6. Signals at & 129.63,128.47
and 128.26, 128.09 ppm which corresponded to the alkene carbons were no
longer observed in the '3C NMR spectrum, instead, we saw new signals at d

62.59 and 35.89 ppm, which were consistent with the saturated carbons. The
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stereochemistry was assigned according to predicted from the literature 4.
The multiplet signal at 6 4.22-4.05 ppm was assigned to Hs; since these are in
the range of & 3.9-4.3 ppm, suggesting the presence of the trans isomer of
#125. Combining all the information obtained from NMR and IR, we can
conclude that the resulting clear oil was

rac-trans-8-methoxy-1,3-dimethylisochroman £125.

4.6 Preparation of 5,7-dibromo-1,3-dimethylisochroman-8-ol

1127

In order to introduce an oxygen para to the methoxy on molecule ¥125, we
needed to first brominate the isochroman followed by oxidation to the quinone.
The synthetic strategy was to initially deprotect the aromatic methoxy
substituent in compound *125 in order to allow for the dibromination of phenol
isochroman %126 and in the following step a debromination to afford target

compound *127 (Scheme 35).

~o OH OH
(a) () Br o

’
’
’
‘

Br
+125 126 127

Scheme 35. Reagents and conditions: a) BBrz, DCM, -78°C, 18h; (b) NBS, DMF,
dark, rt, 18 h.

However, unfortunately the demethylation did not occur as we thought, even
though we tried to vary the reaction conditions. Thus, at this point, we were
happy enough to have the isochroman core synthesized from a bio renewable

resource.
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4.7 Preparation of methyl

3-bromo-2,5-dihydroxy-6-pentadecylbenzoate 140

At this stage of the synthesis, we now had time to revisit the synthesis of
methyl 5-bromo-3,6-dioxo-2-pentadecylcyclohexa-1,4-dienecarboxylate 122.
As discussed before, the quinone 122 was unstable thus the synthesis could
not continue. However, we thought we could reduce the quinone 122 to
hydroquinone 140 which should be more stable. In addition, we thought that
the of addition of THF in MeCN might solve the solubility problem we

previously encountered (Scheme 36).

OH 0~ OH 0~
B
Br o r o
— =
(CH32)14CH3 (CH32)14CH3
Br OH
140
124

Scheme 36. Reagents and conditions: 1) CAN, MeCN/THF/H,0, 18 h; 2) NaO,4S,,
DMF/H,0, 2 h.

Therefore, the dibromo benzoate 124 was treated with CAN in a mixture of
THF/MeCN and stirred overnight. The crude dark orange oil was treated with

sodium dithionite in DMF/H20 without purification. The resulting product was

obtained as a light yellow oil with an overall yield of 46% over two steps.
OH O

A highly deshielded signal at
5 10.65 ppm in the 'H NMR

15'

spectrum integrated for 1

140 proton suggesting the
presence of phenol which was hydrogen bonding to the ester carbonyl group.
Another singlet signal at & 4.93 ppm was consistent with the formation of a
second phenol OH. The NMR spectroscopic results unambiguously confirmed
that the methyl 3-bromo-2,5-dihydroxy-6-pentadecylbenzoate 140 was

successfully synthesized with a yield of 46%. Further research needs to be
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done on this synthetic route to allow for the production of quinone *128.

Thus, we have successfully demonstrated the transformation of anacardic acid
101 to the hydroquinone 140 over 4 steps with an overall yield of 31%. In the
meantime, we were also able to synthesize the isochroman *125 using

anacardic acid as starting material over 9 steps with an overall yield of 13%.

4.8 Preparation of

1-(2-methoxy-6-(pentadec-1-en-1-yl)phenyl)ethanol 141

During the synthesis of rac-tans-8-methoxy-1,3-dimethylisochroman 125, we
had not preserved the 15-carbon alkyl chain. This is considered not to be
atomic economical as during the conversion of 132 to 129 via the aldehyde
137, we introduced an extra carbon by means of the Wittig reaction. Hence,
we also explored the synthesis of ischroman analogs with the aliphatic side

chain attached.

The substrate 132 could potentially also be used in a potassium tert-butoxide
protocol to afford the pyran ring with a 13 carbon chain attached at C-3 of the
pyran. The reduction of the methyl ester was done using standard protocols as
described before (Scheme 37). The aromatic ester 132 was first reduced
using LAH to form the primary alcohol 142, which was then oxidized using
PCC to yield aldehyde 143. The aldehyde was finally treated with

methylmagnesium iodide to afford the secondary alcohol as a racemic mixture
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141.

-
O ®
7 (CH,)12CH3

=
7 (CHy)12CHs

132 142

_

7 (CHy)15CH; ZN(CH,)1,CHs
143 +141

Scheme 37. Reagents and conditions: a) LAH, THF, 0 °C to rt, 5 h, 80%; b) PCC,
DCM, rt, 5 h, 90%; c) Mg, Mel, diethyl ether/THF, rt, 18 h, 70%.

~o In detail, methyl
7
3 2 OH 2-methoxy-6-(pentadec-1-en-1-
0 ! 2' 4' 6' 8' 10' 12' 14'
4 = . Yhbenzoate 132 was treated
5 1 3 5' 7 9' 11 13
142 was treated with LAH in THF to

afford white crystal with a melting point of 44-46°C. The '"H NMR and "3C NMR
spectroscopy were used to determine the identity of the product. The
appearance of a doublet signal at & 4.79 ppm corresponded to the CH2 of a
primary alcohol. In the '3C NMR spectrum of compound 132, the carbonyl
carbon signal at & 168.93 ppm together with carbon signal of O-CHs at 52.1
ppm were no longer observed which indicated the reduction of the ester. Thus
we concluded that the compound 2-methoxy-6-(pentadec-1-en-1-yl)phenyl

methanol 142 was successfully synthesized with a yield of 80%.

8 The next synthetic step involved
SO o
, 2 I, treatment of
1 1 ' ' U ' 1 l
A O P WS 2-methoxy-6-(pentadec-1-en-1-
5 o3 5 7 9 11 13 15'

yphenyl methanol 142 with
pyridinium chlorochromate
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(PCC) in dry DCM. The resulting product 143 was a pale yellow oil produced in
a yield of 90%. A singlet signal appeared at & 10.60 ppm was found in the 'H
NMR spectrum corresponded to the formation of an aldehyde. The 3C NMR
NMR spectrum also agreed as a signal at & 192.30 ppm was observed. In
addition, the disappearance of doublet signal at & 4.79 ppm corresponded to
the oxidation of a primary alcohol. The NMR analysis confirmed that the
resulting pale yellow oil was 2-methoxy-6-(pentadec-1-en-1-yl) benzaldehyde

143.

The secondary alcohol containing compound *141 was formed from the
starting material 2-methoxy-6-(pentadec-1-en-1-yl)benzaldehyde 143 by again
treating it with Grignard reagent made from magnesium and methyl iodide in
dry diethyl ether. The resulting product ¥141 was formed as a clear pale yellow

oil in a yield of 70%.

8 o The IR spectrum clearly showed
0
5 2 that a new O-H peak at 3340
1T OH e
4 A 2 o - cm'; furthermore, the carbonyl
5 1 3 5' 7 g 11 13 1%

141 group (C=0) which appeared at

1575 cm™ was now absent. In

agreement with the IR spectrum, signals in the in '"H NMR spectrum confirmed
that the reaction was successful. The doublet signal at & 1.53 ppm suggested
that there was an additional methyl group that was introduced to the starting
material. The '3C NMR NMR spectrum supported this observation as the peak
of carbonyl carbon at & 192.30 ppm was no longer seen. In addition, a new
signal was found at 8 22.71 ppm in the "*C NMR NMR spectrum corresponded
to the methyl at the newly formed secondary alcohol. Combining all the
information obtained from NMR and IR spectroscopy, we concluded that the

resulting pale yellow oil were

rac-1-(2-methoxy-6-(pentadec-1-en-1-yl)phenyl)ethanol £141.
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4.9 Preparation of

rac-tans-8-methoxy-1-methyl-3-tridecylisochroman 144

With the racemic alcohol *141 made, the next step was to see if the
tert-butoxide mediated pyran ring closure could also work on the scaffold with
15-carbon chain substituent. Using the same protocol as described before, the
reaction was not successful even after 18 hours’ stirring. Therefore, we
resorted to wuse of microwaves as the new energy source.
Rac-1-(2-methoxy-6-(prop-1-en-1-yl)phenyl)ethanol *141 was dissolved in
DMF and treated with potassium tert-butoxide. The mixture was irradiated with
a microwave which led to a clear light yellow oil in a yield of 53%. The reaction

is shown below in Scheme 38.

~N
>0 OH O
a
f i (@) o
/\(CH2)120H3 “(CHy)1,CHg
+141 1144

Scheme 38. Reagents and conditions: a) Potasium tert-butoxiode, DMF, 100
W, 120°C, 20 min, 53%.

11 'H NMR and ™C NMR

\O 12
, 8 spectroscopy were used to
10
. 03, A A A AR A characterize  the  resulting
5 4 o3 5 7T 9 AT 13
product *144. The alkene
+144

signals of starting material 141
showed one doublet signal at & 6.63 ppm and a doublet of triplet signal at &
5.97 ppm which were no longer observed suggesting the saturation of
pentadec-1-en-1-yl substitution. Instead we observed one multiplet signal at &
2.73-2.55 ppm which integrated for two hydrogens, which is characteristic

signal for the pyran ring H-4 position %. Signals at  127.60 and 127.17 ppm
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which corresponded to the alkene two carbons were no longer seen in the '3C
NMR spectrum, instead, new peaks were observed at & 73.83, 68.69 and
36.44, 36.30 ppm which are consistent with the saturated sp® carbons. The
stereochemistry was assigned according to precedent found in the literature 6.
The multiplet signal at & 3.97-3.76 ppm was assigned to Hs, in the range of
3.9-4.3 ppm, suggesting the presence of trans isomer. Combining all the data
obtained from NMR, we concluded that the resulting clear light yellow oil was

rac-trans- 8-methoxy-1-methyl-2-tridecylisochroman *144.

410 Preparation of
8,8'-dimethoxy-1,1'-dimethyl-3,3'-ditridecyl-7,7'-biisochroman

1145

Having successfully synthesized the isochroman with the long aliphatic side
chain, we decided to explore the expansion of the isochroman core to possibly
assemble biaryl compound. We thus did the bromination on the methoxy
isochroman *144 resulted in the product which was characterized as ortho
substituted bromide isochroman *146. Since there are quite a lot of natural
dimerized isochromans that exhibit biological activities, we decide to see if we
can dimerize our isochroman *146. Due to the fact that the ortho position was
already substituted, the dimerization could occur exclusively at the para
position (Scheme 39). Isochroman *144 was first treated with NBS to form
mono bromine substituted product £146, which was then subjected to iron(lll)

chloride mediated dimerization to yield compound *145.
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~o0 o
(ag
o Br
“(CHg)12CH3
+144 +146
(@]
“(CHa)12CH3
H3C(H2C)12/..

1145

“/(CH,)1,CH3

Scheme 39. Reagents and conditions: a) NBS, DMF, reflux, 72 h, 85%; b) FeCl3-6H,0,

toluene, 85°C, 24 h.

~ 12
(@]
8
Br.7
91 O
10 3 2 4 6 g 100 12
6 /"//\/\/\/\/\/\
5 4 7 3 5' 7 9 11 13
+146

8-methoxy-1-methyl-2-tridecy
lisochroman more specifically
144 was treated with NBS in
DMF and refluxed for 72

hours resulting in a

pale-yellow solid with a melting point of 38-40°C. NMR spectroscopy was used

to characterize the resulting product. Two ortho coupling doublet signals were

observed at & 7.37 and 6.59 ppm integrated for two hydrogens in the '"H NMR

spectrum suggesting the benzene ring was substituted during the reaction.

Using NMR spectrum, we had enough evidence to conclude that the resulting

pale-yellow solid was 7-bromo-8-methoxy-1-methyl-3-tridecylisochroman

1146.

Excited that we were able to synthesize the mono brominated isochroman, the

next step was the dimerization to achieve the final product #145. Bromonated

compound *146 was treated with FeCl3-6H20 in toluene and heated at 85°C
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for 24 hours resulting in a pale yellow solid. However, the resulting product
was so little that we only obtained useful information from the 'H NMR

spectrum.

145

As we expected, only a singlet signal integrated for two hydrogens appeared in
the aromatic region at & 7.51 ppm, suggested that the presence of two
penta-substituted benzene ring. The methoxy signal at & 3.88 ppm was
integrated for 6 hydrogens also an indication of dimerization. As a matter of
fact, all the signals were showing the double amount of integration. Therefore,

we presumed that the dimerization was successful.
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Chapter 5: Conclusion and Future work

5.1 Summary of results achieved

The primary aim of this project was the synthesis of enantiopure isochroman
(S)-trans-5,8-dimethoxy-1,3-dimethylisochroman 87 prepared from
(S)-1-(2-allyl-3,6-dimethoxyphenyl) ethanol 88 using tert-butoxide in a yield of
87% (Scheme 40).

Scheme 40. Reagents and conditions: a)
Potasium tert-butoxide, DMF, 80°C, 2 h, 87%.

The synthesis commenced with the preparation of the substrate for the
enzymatic kinetic resolution rac-1-(2-allyl-3,6-dimethoxyphenyl)ethyl acetate
#90. Allyl 5-(allyloxyl)-2-hydroxybenzoate 92 was prepared using commercially
available 2,5-dihydroxybenzoic acid 89 as starting material; which was then
subjected to Claisen rearrangement conditions by heating neat at 170°C to
yield 93. The synthesis of allyl 2-allyl-3,6-dimethoxybenzoate 91 was achieved
by exposure of 93 to dimethyl sulfate. The dimethoxy compound 91 was
reduced to form alcohol 94 using lithium aluminium hydride followed by a
pyridinium chlorochromate oxidation yielding aldehyde 95. The aldehyde 95
was then treated with freshly made methylmagnesium iodide to yield alcohol
as the racemate #88, which was then acetylated to afford
rac-1-(2-allyl-3,6-dimethoxyphenyl)ethyl acetate *90 with an overall yield of 8%

over 7 steps (Scheme 41).
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OH O oH o oH ©
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Scheme 41. Reagents and conditions: a) K,COj3, allyl bromide, acetone, felux, 18 h, 74%; b) 170°C, 18 h,
90%; c) K,COs, dimethyl sulfate, acetone, reflux, 24 h, 62%; d) LAH, THF, 0°C to rt, 18 h, 95%; e) PCC,
silica, DCM, rt, 18 h, 78%; f) Mg, Mel, diethyl ether/THF, rt, 18 h, 56%; g) DMAP, acetic anhydride,
triethylamine, THF, rt, 18 h, 45%.

The use of bio-catalyst lipase from Candida rugosa was used for the

enzymatic kinetic resolution of rac-1-(2-allyl-3,6-dimethoxyphenyl)ethyl

acetate +90 which resulted in the synthesis of
(S)-1-(2-allyl-3,6-dimethoxyphenyl) ethanol 88 (Scheme 42).
e ~o o
Lipase :
OAc Candida Rogusa OAC
0 +
X KR X
O ONG
+90 20

Scheme 42. Reagents and conditions: DMF, pH 7 buffer, 20°C.

As another major aim of this project, we decided to also examine the possible
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use of bio-renewable chemicals, instead of petroleum derived chemicals that
we had used to synthesize our isochroman. In this dissertation, we
successfully synthesized hydroquinone methyl
3-bromo-2,5-dihydroxy-6-pentadecylbenzoate from anacardic acid (Scheme
43).

Started with the selective methylation of anacardic acid 101, methyl
2-hydroxy-6-pentadecyl benzoate 123 was synthesized which was then
subjected to NBS bromination to afford methyl
3,5-dibromo-2-hydroxy-6-pentadecyl benzoate 124. A CAN oxidation followed
by sodium dithionite reduction gave us methyl

3-bromo-2,5-dihydroxy-6-pentadecylbenzoate 140 in an overall yield of 31%.

e ~
P OH O OH O
OH OH OH O Br 5 Br .
b
@o (a) @O _(b)_ _(b)_
(CH2)14CH3 (CH2)14CH3
(CH3)14CH3 (CH3)14CH3 By OH
101 123 124 140

Scheme 43. Reagents and conditions: a) Sodium bicarbonate, methyl iodide, DMF, 40°C, 5 h, 91%; b)
NBS, DMF, dark, rt, 18 h, 75%; c) 1) CAN, MeCN/THF/H,0, 18 h; 2) NaO4S,, DMF/H,0, 2 h, 46%.

Anacardic acid was successfully transformed into two styrene containing
compounds methyl 2-methoxy-6-(pentadec-1-en-1-yl) benzoate 132 and
methyl 2-methoxy-6-(prop-1-en-1-yl) benzoate 129, which in turn led to the
synthesis of two isochromans 8-methoxy-1,3-dimethylisochroman *125 and
8-methoxy-1-methyl-3-tridecylisochroman 144 (Scheme 44).

Anacardic acid was first methylated to form methyl
2-methoxy-6-pentadecylbenzoate 107, which underwent benzylic bromination
to afford methyl 2-(1-bromopentadecyl)-6-methoxybenzoate 131. Methyl
2-methoxy-6-(pentadec-1-en-1-yl) benzoate 132 was synthesized from
elimination of 131 with an overall yield of 58% over 3 steps.

Using the same procedure detailed above, styrene 132 was transformed into
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rac-1-(2-methoxy-6-(pentadec-1-en-1-yl)phenyl)ethanol #141 over three steps
and tert-butoxide ring closure resulted in the formation of
8-methoxy-1-methyl-3-tridecylisochroman *144 in an overall yield of 16%.

Styrene 129 was synthesized from 132 by ozone oxidative cleavage of the
double bond followed by a Wittig reaction in two steps. Again, using the same
procedure, 1-(2-methoxy-6-(prop-1-en-1-yl) phenyl) ethanol *130 was
prepared from styrene 129. 8-methoxy-1,3-dimethylisochroman *125 was

synthesized with an overall yield of 13% over 9 steps from anacardic acid.
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Scheme 44. Reagents and conditions: a) Potassium carbonate, dimethyl sulfate, acetone, reflux, 18 h,
96%; b) NBS, AIBN, CCly, reflux, 18 h, 76%; c) DBU, toluene, 95°C, 18 h, 80%; d) O, ethyl acetate/water,
rt, 5 min, 60; e) NaH, EtPPh3Br, rt to reflux, 4 h, 70%; f) Potasium tert-butoxiode, DMF, 80°C, 2 h, 90%; g)
Potasium tert-butoxiode, DMF, 100 W, 120°C, 20 min, 53%.

83



Chapter 5

5.2 Future prospects for isochroman synthesis

The results from this research project demonstrate the use of bio-renewable
source anacardic acid as the starting material for the synthesis of isochromans.
The use of tert-butoxide as a key step of the ring closure for both allyl and
styrene system showed its versatility. We were not able to synthesize
5,8-dimethoxy-1,3-dimethylisochroman *87 from anacardic acid as we could
not oxidatively insert the oxygen in the beginning of the synthesis, however,
with the hydroquinone methyl 3-bromo-2,5-dihydroxy-6-pentadecylbenzoate
140 in hand, we believe it is now possible to achieve the synthesis of
isochroman *#146 and *147 using anacardic acid as the starting material

(Scheme 45).
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With the bromine substitution of the ring, there would no difficulty to introduce
another benzene ring which could eventually lead to the synthesis of

pyrannonaphthaquinones 148 (Scheme 46).
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In conclusion, the aims of the project were achieved. The synthetic route
developed using anacardic acid as starting material and tert-butoxide as a key
reagent in the cyclisation step provides an alternative route to the synthesis of
isochromans. This methodology could therefore be extended to the synthesis

of naturally occurring pyrannonaphthaquinones
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Chapter 6: Experimental

6.1 General procedure

Solvents such as hexane and ethyl acetate used for silica gal chromatography
were distilled prior to use by conventional distillation procedure. Solvents such
as dry THF and diethyl ether used for reaction purposes were first distilled and
then dried using appropriate drying agents. Diethyl ether were distilled from
sodium wire using benzophenone as the indicator. All reagents were obtained
from commercial suppliers and used without further purification.

Normal silica (particle size 0.063-0.200 mm) was used for standard column
chromatography.

TLC analysis was done using TLC on aluminium-backed Macherey-Nagel
ALUGRAM Sil G/UV254 plates pre-coated with 0.25 mm silica gel 60. Crude
products were checked by putting the TLC plate under UV light or by dipping
plates with various TLC staining solutions.

"H NMR spectra were recorded on a Bruker AVANCE 300 at 300 MHz.

13C NMR spectra were recorded on a Bruker AVANCE Il 500 at 125 MHz.
Infra-red spectra were recorded using a Bruker Tensor 27 Fourier Transform
spectrometer equipped with a diamond ATR attachment. Measurements were
made by loading the sample directly onto the diamond cell. All signals are
reported on the wavenumber scale (v/cm™).

High pressure liquid chromatography (HPLC) was performed on a Dionex
HPLC at a flow rate of 1.0 mL/min. A Chiralcel OJ 10p 250 x 4.6 was used to
monitor reactions using mobile phases consisting of isopropyl alcohol and
hexane. Detection of the eluted analytes was achieved using a TSP variable

wavelength UV detector at 215 nM. All calculations were based on peak area.
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6.2 Preparation of allyl 5-(allyloxyl)-2-hydroxybenzoate 92

2,5-dihydroxybenzoic acid (5.99 g, 38.93 mmol, 1.0 equiv.) and potassium
carbonate (11.84 g, 85.65 mmol, 2.2 equiv.) were transferred into a 1000 mL
conical flask containing acetone (650 mL) equipped with reflux condenser. Allyl
bromide (7.4 ml, 85.65 mmol, 2.2 equiv.) was added to the mixture. The
reaction mixture was refluxed for 18 hours under nitrogen atmosphere, during
which time it became a cream paste. The reaction was then cooled to room
temperature, filtered through cotton wool and the acetone removed in vacuo.
The residue was purified by silica gel column chromatography (10% Ethyl
acetate/Hexane) to yield the diallylated product as white needle-like crystals

(6.29 g, 74%).

OH O
3 2 /8\/10
1700 Rf = 0.843 (20% EtOAc/Hexane); mp 46-48°C, (lit 43.5—
R0, 44.5°C); IR: Vmax (cm"'): 3204.86 (OH), 1670.73 (C=0),
Ov\
11 13 1650.20 (C=C); '"H NMR (300 MHz, Chloroform-d): &
92

10.35 (1H, s, OH), 7.35 (1H, d, J = 3.0 Hz,He), 7.10 (1H,
dd, J = 9.0, 3.0 Hz, H4), 6.91 (1H, d, J = 9.0 Hz, H3), 6.14— 5.93 (2H, m, He and
Hi2 overlapped), 5.41 (2H, ddg, J = 17.2, 5.1, 1.6 Hz, H13), 5.35 — 5.25 (2H, m,
Hio), 4.84 (2H, dt, J = 6.0, 1.5 Hz, Hs), 4.49 (2H, dt, J = 6.0, 1.5 Hz, H11); 3C
NMR (75 MHz, CDCls) & 169.83 (C7), 156.65 (C2), 151.29 (Cs), 133.55(Cs),
131.92 (C12), 125.01 (Cs), 119.26 (Cs), 118.84 (Ca), 118.11 (C10), 113.87 (C13),
112.27 (Cs), 70.01 (Cs), 66.20 (C11).

6.3 Preparation of allyl 2-allyl-3,6-dihydroxybenzoate 93

In a 250 mL RB flask equipped with a reflux condenser, allyl 5-(allyloxy)-2-
hydroxybenzoate (13.49 g, 57.59 mmol, 1 equiv.) was heated at 170°C over

night, under nitrogen atmosphere. The white powder melted to first form a
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yellow oil and then turned to a dark orange liquid. Upon completion of the
reaction, the crude product was cooled to room temperature before purifying
by silica gel column chromatography (10% Ethyl acetate/Hexane) to yield

2-allyl-3,6-dihydroxybenzoate as a viscous orange oil (12.20 g, 90%).

6OH O . o
’ ;7 92/\9/ R = 0.436 (20% EtOAc/Hexane); IR: vmax (cm™):
‘ 3OH noSe 3409.40 (OH), 1661.04 (C=0), 1609.62 and 1459.27
93 (C=C); "TH NMR (300 MHz, Chloroform-d): 3 10.42 (1H,

s, OH-6), 6.97 (1H, d, J = 9.0 Hz, Hs), 6.79 (1H, d, J = 9.0 Hz, Ha4), 6.00 (2H, dtt,
J =171, 9.7, 5.9 Hz, Ho,H12), 5.46 — 5.29 (2H, m, Hio), 5.28 (1H, s, OH-3),
5.10 — 4.94 (2H, m, Hi3), 4.85 (2H, dt, J = 6.0, 1.3 Hz, Hs), 3.73 (2H, dt, J= 5.9,
1.8 Hz, H11); ¥C NMR (75 MHz, CDCls) & 170.95 (C7), 156.38 (C1), 147.69
(Cs), 136.72 (C12), 131.57 (Ca), 126.89 (Ce), 123.78 (C4), 120.08 (Cs), 116.88
(C13), 115.83 (C10), 113.38 (C2), 66.89 (Cs), 32.69 (C11).

6.4 Preparation of allyl 2-allyl-3,6-dimethoxybenzoate 91

In a 250 mL RB flask equipped with a reflux condenser, potassium carbonate
(17.99 g, 130.20 mmol, 2.5 equiv.) and allyl 2-allyl-3,6- dihydroxybenzoate
(12.20 g, 52.08 mmol, 1 equiv.) were added to dry acetone (100 mL). The
solution turned brown immediately. Dimethyl sulfate (12.8 mL, 17.08 g, 135.40
mmol, 2.6 equiv.) was then added and the resulting mixture was refluxed for 24
hours. The crude reaction mixture was filtered through cotton wool and the
acetone removed in vacuo. Once the crude product was cooled, diethyl ether
(100 mL) was added. The ether layer was washed with 25% aqueous
ammonia solution (80 mL). The aqueous layer was thoroughly extracted with
diethyl ether and dichloromethane. The organic extracts were combined and
dried with anhydrous magnesium sulphate before filtering. The solvent was
removed Jin vacuo. The residue was purified by silica gel column
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chromatography  (15-20%  Ethyl acetate @ /Hexane) to  afford
2-allyl-3,6-dimethoxybenzoate as an orange oil (8.41 g, 62%).

(0] (0]
5 ° f 7 O/B\/m
. 2 129 Ri = 0.686 (20% EtOAc/Hexane); IR: vmax (cm™):
X
o, " 3080.04 (C-H), 1727.61 (C=0), 1638.30 and 1481.30

(C=C); '"H NMR (300 MHz, Chloroform-d) & 6.83 (1H, d,
J=9.0 Hz, Hs), 6.73 (1H, d, J = 9.0 Hz, He), 6.08 — 5.81
(2H, m, Ho,H12), 5.46 — 5.23 (2H, m, H1o0), 5.04 — 4.92 (2H, m, H13), 4.81 (2H, dt,
J=15.8, 1.5 Hz, Hs), 3.76 (3H, s, H14), 3.76 (3H, s, H1s), 3.35 (2H, dt, J = 6.4,
1.6 Hz, H11); 3C NMR (75 MHz, CDCls) & 167.77 (C7), 151.97 (C1), 150.60
(Cs), 136.25 (C12), 132.31 (Co), 127.38 (Cs), 125.48 (C4), 118.98 (Cs), 115.68
(C13), 112.70 (C10), 110.19 (C2), 66.17 (Cs), 56.70 (C14), 56.56 (C15), 31.71
(C11).

6.5 Preparation of (2-allyl-3,6-dimethoxyphenyl) methanol 94

In a 500 mL RB flask fitted with a reflux condenser,
2-allyl-3,6-dimethoxybenzoate (8.41 g, 32.08 mmol) was added to THF (400
mL). The solution was cooled in the ice bath until reach 0°C. Lithium
aluminium hydride (4.90 g, 128.32 mmol, 4 equiv.) was added slowly. The
reaction mixture was left stirring overnight. The mixture was cooled to 0°C and
aqueous HCI solution (10%, 15 mL) was added slowly. Lithium aluminium
hydride residue was filtered off using cotton wool. THF was removed in vacuo
and the aqueous layer was extracted with diethyl ether (4 x 30 mL). The
organic extracts were combined and dried with anhydrous magnesium
sulphate before filtering through cotton wool. The solvent was then removed in
vacuo. The residue was purified by silica gel column chromatography (20%
Ethyl acetate/Hexane) to afford 2-allyl-3,6- dimethoxyphenyl as a light yellow
oil (6.69 g, 95%).
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R¢= 0.237 (20% EtOAc/Hexane); IR: vmax (cm™'): 3404.50
(OH), 1637.07 and 1479.19(C=C); 'H NMR (300 MHz,
Chloroform-d): & 6.79 (1H, d, J=9.0 Hz, Hs), 6.73 (1H, d, J
= 9.0 Hz, H4), 5.98 (1H, ddt, J = 17.1, 10.1, 5.8 Hz, Ho) ,
5.04-4.81 (2H, m, H1o), 4.70 (2H, s, H7), 3.80 (3H, s, H), 3.76 (3H, s, H12),
3.54 (2H, dt, J = 5.9, 1.8 Hz, Hs), 2.57 (1H, s, OH); *C NMR (75 MHz, CDCls)
0 152.68 (Co), 152.17 (C10), 137.76 (Cz2), 129.17 (Cs), 128.72 (Cs), 115.05 (C1),
111.07 (Cs), 109.24 (C4), 57.58 (C11), 56.37 (C12), 56.18 (C7), 30.27 (Cs).

6.6 Preparation of 2-allyl-3,6-dimethoxybenzaldehyde 95

In a 500 mL RB flask, pyridium chlorochromate (PCC) (13.74 g, 63.74 mmol,
2.1 equiv.) and 2-allyl-3,6-dimethoxyphenyl (6.32 g, 30.35 mmol) were added
together with normal silica (13.74 g) to dry DCM (350 mL). The reaction
mixture was allowed to stir at room temperature for 18 hours under nitrogen.
The mixture was filtered through celite and the solvent removed in vacuo. The
crude material was purified by silica gel column chromatography (15-20%
Ethyl acetate/Hexane) to afford 2-allyl-3,6-dimethoxybenzaldehyde as a clear

yellow oil (1.90 g, 70%).

Rf = 0.453 (20% EtOAc/Hexane); IR: Vpa(cm™): 2939.94
(C-H), 1683.73 (C=0) ; "H NMR (300 MHz, Chloroform-d): &
10.55 (1H, s, H7), 7.05 (1H, d, J = 9.0 Hz, Hs), 6.81 (1H, d, J

= 9.0 Hz, Ha), 5.95 (1H, ddt, J = 17.1, 10.1, 6.1 Hz, Ho),
5.02-4.89 (2H, m, Hio), 3.84 (3H, s, H1), 3.79 (3H, s, H12), 3.75 (2H, dt, J = 6.0,
1.5 Hz, Hs); 13C NMR (75 MHz, CDCls) & 192.91 (C7), 157.26 (Cs), 152.12 (Ca),
137.05 (Co), 131.84 (C1), 124.36 (C2), 117.62 (Cs), 115.12 (C10), 110.13 (Ca),

56.96 (C11), 56.49 (C12), 29.73 (Cs).
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6.7 Preparation of rac-1-(2-allyly-3,6-dimethoxyphenyl) ethanol

188

Magnesium metal (0.97g, 40.19 mmol, 1.8 equiv.) was added to an oven dried
250 mL three-necked RB flask equipped with a condenser, a dropping funnel
and a stopper under a nitrogen atmosphere. Dry diethyl ether (60 mL) followed
by methyl iodide (4.75g, 2.8 mL, 33.50 mmol, 1.5 equiv.) was added to the
flask. The reaction mixture became cloudy. Once the magnesium was
consumed, a solution of 2-allyl-3,6- dimethoxybenzaldehyde (4.60g, 22.33
mmol, 1 equiv.) in dry THF (65 mL) was added dropwise to the freshly
prepared Grignard reagent. The mixture was stirred at room temperature for
18 hours. Upon completion, the reaction was cooled using an ice-bath and
water (20 mL) was added. The reaction mixture was transferred to a
separation funnel and washed with ethyl acetate (2 x 50 mL) and the organic
layer was washed with brine (100 mL). The organic extracts were combined,
dried over anhydrous magnesium sulphate, filtered through cotton wool and
the solvent removed in vacuo. The crude material was purified by silica gel
column chromatography (20% Ethyl acetate/Hexane) to afford

rac-1-(2-allyly-3,6-dimethoxyphenyl) ethanol as a clear oil (2.78 g, 56%).

Rf = 0.343 (20% EtOAc/Hexane); IR: vmax(cm™): 3548.49
(OH), 2991.58 (C-H), 1637.45 and 1477.66(C=C); '"H NMR
(300 MHz, Chloroform-d): & 6.77 (1H, d, J = 9.0 Hz, Hs),
6.73 (1H, d, J=9.0 Hz, H4), 5.92 (1H, ddt, J=17.1, 10.1, 5.8
Hz, Ho), 5.12-4.78 (3H, m, H1o and H7 overlapping), 4.04 (1H, d, J = 11.0 Hz,
OH), 3.84 (3H, s, H11), 3.76 (1H, s, H12), 3.46 (2H, qdt, J = 15.6, 5.6, 1.8 Hz,
Hs), 1.53 (3H, d, J = 6.7 Hz, H13); 3C NMR (75 MHz, CDCls) & 152.29 (Cs),
152.18 (Cs), 136.93 (Co), 133.05 (Cs), 126.48 (C4), 115.29 (C10), 109.84 (C2),
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109.78 (C1), 67.64 (C7), 56.54 (C12), 55.90 (C11), 30.13 (Cs), 24.03 (C13).

6.8 Preparation of rac-1-(2-allyl-3,6-dimethoxyphenyl) ethyl

acetate 90

1-(2-allyl-3,6-dimethoxyphenyl) ethanol (2.78g, 12.48 mmol) and dry THF (60
mL) was added to a 200 mL two necked RB flask fitted with a rubber septum
and a condenser under nitrogen. DMAP (0.0765 g, 0.624 mmol, 5 mol%),
acetic anhydride (5.10 g, 4.8 mL, 49.92 mmol, 4 equiv.) and triethylamine (12.5
g, 17.8 mL, 124.8 mmol, 10 equiv.) were added to the flask. The reaction
mixture was stirred at room temperature for 18 hours. The reaction mixture
was then quenched with water (50 mL) and the organic material extracted with
ethyl acetate (3 x 50 mL). The organic extracts were combined, dried with
anhydrous magnesium sulphate, filtered through cotton wool and the solvent
removed in vacuo. The residue was purified by flash silica gel column
chromatography (15% Ethyl acetate/Hexane) to afford
rac-1-(2-allyl-3,6-dimethoxyphenyl) ethyl acetate as a clear oil (1.48 g, 45%).

11 13
~o o)
6
5 77 0)1J4\15 _ . . ™
P Rr = 0.486 (20% EtOAc/Hexane); IR: vma(cm™'): 2937.91
X
30\ 8 ' and 2835.25 (C—H stretch), 1728.35 (C=0), 1596.55 and
12
+50 1478.18 (C=C), 1238.94 (C-O): 'H NMR (300 MHz,

CDCls): 8 6.77 (2H, d, J = 0.9 Hz, Ha,Hs), 6.41 (1H, q, J =
4.0 Hz, Hy), 5.98 (1H, ddt, J = 17.1, 10.1, 5.6 Hz, Hs), 6.02-4.83 (2H, m, Hio),
3.81 (3H, s, H11), 3.76 (3H, s, H2), 3.66 (2H, ddt, J = 7.6, 4.6, 1.8 Hz, Hs), 2.02
(3H, s, H1s), 1.58 (3H, d, J = 6.9 Hz, H13); 13C NMR (75 MHz, CDCls) & 170.85
(C1a), 152.62 (Cs), 152.29 (Cs), 137.78 (Co), 129.71 (Cs), 128.52 (Ca), 114.77
(C10), 110.96 (C2), 110.69 (C1), 67.87 (C13), 56.82 (C11), 56.45 (C12), 30.89 (Cs),
21.83 (C7), 20.52 (C1s).
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6.9 Preparation of enantiopure 1-(2-allyly-3,6-dimethoxyphenyl)

ethanol 88

The enzyme selected to hydrolyze rac-1-(2-allyl-3,6-dimethoxyphenyl) ethyl
acetate was initially screened by myself during honors project. In a 100ml two
necked round bottom flask, 0.2 g (0.76 mmol, 1 equiv.) of substrate was
dissolved in DMF (2.5 mL). Lipase Candida Rougosa (0.2g) dissolved in
47.5ml pH 6 phosphorus buffer was added to the flask. The reaction was
allowed to stir at 30°C for 2 weeks. The reaction mixture was then quenched
with water (20 mL) and the organic material extracted with ethyl acetate. The
organic extracts were combined, dried with anhydrous magnesium sulphate,
filtered through cotton wool and the solvent removed in vacuo. The residue
was purified by flash silica gel column chromatography (15% Ethyl
acetate/Hexane) to afford enantiopure 1-(2-allyly-3,6-dimethoxyphenyl)

ethanol as a light yellow oil (0.076g, 45%).

6.10 Preparation of (S)-(S)-1-(2-allyl-3,6-dimethoxyphenyl)

ethyl 3,3,3-trifluoro-2-methoxy-2-phenylpropanoate 96

To a solution of enantiopure 1-(2-allyl-3,6-dimethoxyphenyl) ethanol (0.050g,
0.225 mmol, 1.0 equiv.) in DCM (15 mL), (S)-(-)-a-methoxy-a (trifluoromethyl)
phenylacetic acid (S-Mosher) (0.106g, 0.45 mmol, 2 equiv.),
N,N-dicyclohexylcarbodiimide (DCC) (0,102g, 0.45 mmol, 2 equiv.) and
4-dimethylamino pyridine (DMAP) (0.033g, 0.027 mmol, 0.12 equiv.) were
added and stirred at room temperature overnight. The reaction mixture was
filtered and concentrated. The crude material was purified by silica gel column
chromatography (10% Ethyl acetate/Hexane) to afford
(S)-(R)-1-(2-allyl-3,6-dimethoxyphenyl) ethyl
3,3,3-trifluoro-2-methoxy-2-phenylpropanoate as a white solid (0.024g, 24%).
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Rt=0.886 (20% EtOAc /Hexane); *H NMR (500
MHz, Chloroform-d) & 7.49 — 7.29 (5H, m,
H33,34,35,36,37), 6.82 (1H, d, J = 9.0 Hz, H13), 6.75 (1H,
d, J = 8.9 Hz, H14), 6.48 (1H, s, Hs), 5.97 — 5.85 (1H,
m, Hz1), 4.96 (1H, dg, J = 10.3, 1.8 Hz, Hz2), 4.84
(1H, dt, 3 =17.0, 1.9 Hz, H22), 3.77 (3H, s, H24),
3.70 (3H, s, Hig), 3.68 — 3.55 (2H, m, Hz0), 3.48 (3H,
d, J = 1.2 Hz, Hi7), 1.63 (3H, d, J = 6.8 Hz, H1o).

6.11 Preparation of (R)-(S)-1-(2-allyl-3,6-dimethoxyphenyl)ethyl

3,3,3-trifluoro-2-methoxy-2-phenylpropanoate 97

To a solution of enantiopure 1-(2-allyl-3,6-dimethoxyphenyl) ethanol (0.050g,
0.225 mmol, 1.0 equiv.) in DCM (15 mL), (R)-(-)-a-methoxy-a (trifluoromethyl)
phenylacetic acid (R-Mosher) (0.106g, 045 mmol, 2 equiv.),
N,N-dicyclohexylcarbodiimide (DCC) (0,102g, 0.45 mmol, 2 equiv) and
4-dimethylamino pyridine (DMAP) (0.033g, 0.027 mmol, 0.12 equiv) were
added and stirred at room temperature overnight. The reaction mixture was
filtered and concentrated. The crude material was purified by silica gel column
chromatography (10% Ethyl acetate/Hexane) to afford
(R)-(R)-1-(2-allyl-3,6-dimethoxyphenyl)ethyl

3,3,3-trifluoro-2-methoxy-2-phenylpropanoate as a white solid (quantative).

Rf=0.886 (20% EtOAc /Hexane); '"H NMR (300
MHz, Chloroform-d) & 7.46 — 7.27 (5H, m,
Ha3,34,35,36,37), 6.79 (1H, d, J = 9.0 Hz, Ha3), 6.67 (1H,
d, J =9.0 Hz, Hi4), 6.49 — 6.35 (1H, m, Hs), 6.00 —

5.80 (1H, m, Hz1), 4.94 (1H, dg, J = 10.1, 1.8 Hz,
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Hz2), 4.82 (1H, dq, J = 17.2, 1.9 Hz, H22), 3.75 (3H, s, H24), [3.74 — 3.58 and
3.49 — 3.45] (2H, m, Hz0), 3.57 (3H, d, J = 1.2 Hz, H17), 3.54 (3H, s, H1o), , 1.68
(3H, d, J = 6.8 Hz, Hio).

6.12 Preparation of (S)-5,8-dimethoxy-1,3-dimethylisochroman

87

In a 100ml two necked round bottom flask equipped with a condenser,
(R)-1-(2-allyl-3,6-dimethoxyphenyl) ethanol (0.090g, 0.40 mmol, 1 equiv.) was
dissolved in dry DMF (15ml). After stirring for 10 minutes, potassium
tert-butoxide (0.50g, 4.50 mmol, 11 equiv.) was added into the reaction mixture.
The reaction was heated to 80°C and stirred for 2 hours under nitrogen. Upon
completion, the reaction was cooled using an ice-bath and water (50 mL) was
added. The reaction mixture was transferred to a separation funnel and
washed with ethyl acetate (3 x 50 mL) and the organic layer was washed with
brine. The organic extracts were combined, dried with anhydrous magnesium
sulfate, filtered through cotton wool and the solvent removed in vacuo. The
crude material was purified by silica gel column chromatography (10% Ethyl
acetate/Hexane) to afford (1R)-5,8-dimethoxy-1,3-dimethylisochroman as a
clear oil (0.077g, 87%).

Rt = 0.436 (20% EtOAc/Hexane); IR: vmax(cm™): 2970 (C-H),
1603 and 1463 (C=C), 1147 (C-O); *H NMR (300 MHz,
Chloroform-d) &: 6.76 — 6.59 (2H, m, He,H7), 5.10 (1H, q, J =
6.6 Hz, Hi1), 4.06 (1H, ddd, J = 11.1, 6.0, 3.6 Hz, Hzs), 3.79
(3H, s, H12), 3.77 (3H, s, H11), 2.77 (1H, dd, J = 17.2, 3.5 Hz,

Ha), 2.41 — 2.22 (1H, m, Hs), 1.52 (3H, d, J = 6.6 Hz, H13), 1.34 (3H, d, J = 6.1
Hz, Hia); 3C NMR (75 MHz, CDCls): & 150.85(Cs), 149.47(Cs), 129.16(Cs),
123.47(C10), 107.49(C7), 107.20(Cs), 68.29(C1), 62.22(Cs), 55.58(Ciy),
55.41(C12), 30.38(C4), 22.03(C13), 19.56(C1a).
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6.13 Preparation of methyl 2-hydroxy-6-pentadecyl benzoate

123

In a two necked 100 mL round bottom flask equipped with a reflux condenser,
sodium bicarbonate (0.13 g, 1.52 mmol, 1.1 equiv.) and anacardic acid
(2-hydroxy-6-pentadecylbenzoic acid) (0.49 g, 1.38 mmol, 1 equiv.) were
added to dry DMF (5 ml). After stirring for 10 minutes, methyl iodide (0.12 mL,
1.80 mmol, 1.3 equiv.) was then added and the resulting mixture was heated to
40°C for 5 hours. Upon completion water (50 mL) was added to quench the
reaction. The aqueous phase was extracted with ethyl acetate (3 x 30 mL).
The organic extracts were combined and washed with brine and dried over
anhydrous magnesium sulfate before filtering through celite. The residue was
purified by silica gel column chromatography (10% ethyl acetate/Hexane) to

yield methyl 2-hydroxy-6-pentadecyl benzoate as white solid (0.457 g, 91%).

OH O Re = 0914 (20% EtOAc
2 8
31 ~oT /Hexane); mp 40-43°C, (lit 39—
2 4 6 8 10 12 14
4
5 1" 3 5' 7 9 11" 13 158 41°C); IR: Vmax(Cm'l): 2923
123

(C-H), 1666 (C=0), 1609 and
1449 (C=C); 'H NMR (300 MHz, Chloroform-d) & 11.12 (1H, s, C>-OH), 7.37 —
7.19 (1H, m, Ha), 6.83 (1H, dd, J = 8.4, 1.3 Hz, Hz), 6.72 (1H, dd, J = 7.5, 1.3
Hz, Hs), 3.95 (3H, s, Hs), 2.93 — 2.83 (2H, m, Hr), 1.62 — 1.47 (2H, m, Hz), 1.26
(24H, s, H3-14), 0.88 (3H, t, J = 6.6 Hz, H15); 13C NMR (75 MHz, CDCI3) &
172.30(C7), 162.92(C1), 146.53(Ce), 134.51(Ca), 122.77(Cs), 115.92(Ca),
112.19(C1), 52.45(Cs), 36.99(Cr), 32.48(Cz), 32.28(C13), [30.25, 30.11, 30.05,
30.02, 29.99, 29.88, 29.72](Cs.12), 23.05(C«), 14.46(C1s).
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6.14 Preparation of methyl

3,5-dibromo-2-hydroxy-6-pentadecyl benzoate 124

In a two necked 50 mL round bottom flask equipped with a stopper, starting
material methyl 2-hydroxy-6-pentadecyl benzoate (0.10 g, 0.28 mmol, 1 equiv.)
was dissolved in 5 ml DMF. NBS (0.10 g, 0.59 mmol, 2.1 equiv.) was dissolved
in 1 mL DMF and added to the flask dropwise. The reaction was stirred in the
dark under a nitrogen atmosphere for 18 hours at room temperature. Water
(830 mL) was added to quench the reaction. The aqueous phase was extracted
with ethyl acetate (3 x 30 mL). The organic extracts were combined and
washed with brine and dried over anhydrous magnesium sulfate before
filtering through celite. The residue was purified by silica gel column
chromatography  (10%  ethyl acetate/Hexane) to yield methyl
3,5-dibromo-2-hydroxy-6-pentadecylbenzoate as clear yellow oil (0.109 g,
75%).

R = 0.829 (20% EtOAc
& 8 10 12  1a [Hexane); mp 45-47°C; IR:

5 7 9 1 13 1% vma(cm?): 2923 (C-H), 1666

124 (C=0), 1465 (C=C); *H NMR
(300 MHz, Chloroform-d) & 10.99 (1H, s, C2-OH), 7.87 (1H, s, Ha4), 4.00 (3H, s,
Hs), 3.02 — 2.86 (2H, m, H1), 1.62 — 1.49 (3H, m, Hz), 1.26 (24H, d, J = 2.3 Hz,
Hs.14'), 0.88 (3H, t, J = 6.5 Hz, H1s); 13C NMR (75 MHz, CDCIz) & 170.84(C7),
157.35(C2), 143.71(Ce), 140.82(Cs), 116.16(Cs), 115.92(Cs), 109.88(Cu),
53.36(Cs), 35.77(C13), 32.28(Cr), [30.31, 30.04, 30.01, 29.96, 29.71,
29.66](C2-12), 23.04(C14), 14.47(C15).
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6.15 Preparation of methyl
3-bromo-2,5-dioxo-6-pentadecylcyclohexa-1,4-dienecarboxyla
te 122

Sliver oxide (0.14 g, 1.16

& & 10 12 14 mmol, 2 equiv.) was added to

s 7 9 1 13 Y the stirring solution of methyl

122 3,5-dibromo-2-hydroxy-6-pen
tadecylbenzoate (0.3g, 0,58 mmol, 1 equiv.) in 1,4-dioxane (5 mL). The
reaction mixture was stirred for 10 minutes at room temperature after which 55%
aqueous nitric acid was added drop-wise until all sliver oxide dissolved. The
resultant solution was stirred for a further 5 minutes which was followed by
addition of dichloromethane (20ml) and water (20ml). The aqueous phase was
extracted with dichloromethane (3 x 30 mL). The organic extracts were
combined and washed with brine and dried over anhydrous magnesium sulfate
before filtering through celite. The residue was purified by a short silica gel
column chromatography (10% ethyl acetate/Hexane) to yield methyl
3-bromo-2,5-dioxo-6-pentadecylcyclohexa-1,4-dienecarboxylate  as  dark
orange oil.

R = 0.921 (20% EtOAc
& & 10 12 14 /Hexane); 'H NMR 'H NMR
s 1 (300 MHz, Chloroform-d) &

122 7.31 (1H, s, Ha), 3.92 (3H, s,
Hs), 2.45 - 2.35 (2H, m, Hr), 1.57 (4H, m, H2 3), 1.25 (22H, s, H4-14), 0.88 (3H,
t, J = 6.5 Hz, Hix).
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6.16 Preparation of methyl

3-bromo-2,5-dihydroxy-6-pentadecylbenzoate 140

In a two necked 50 mL round bottom flask equipped with a stopper, starting
material methyl 3,5-dibromo-2-hydroxy-6-pentadecylbenzoate (0.05 g, 0.19
mmol, 1 equiv.) was dissolved in 1 mL THF and 15 mL MeCN. CAN (0.14 g,
0.25 mmol, 2.6 equiv.) was dissolved in 1 mL H20 and added to the flask
dropwise. The reaction was stirred under a nitrogen atmosphere for 18 hours
at room temperature. Water (15 mL) was added to quench the reaction. The
aqueous phase was extracted with ethyl acetate (3 x 10 mL). The organic
extracts were combined and washed with brine and dried over anhydrous
magnesium sulfate before filtering through celite. The solvent was removed in
vacuo. The dark orange oil was subjected to sodium dithionite reduction
immediately by dissolving the resulting crude oil (0.05 g, 0.11 mmol, 1 equiv.)
in 5 mL DMF in a 25 mL round bottom flask. Sodium dithionite (0.02 g, 0.11
mmol, 1 equiv.) was dissolved in 1 mL H20 and added to the flask. The
reaction mixture was allowed to stirred at room temperature for 2 hours under
a nitrogen atmosphere. Water (30 mL) was added to quench the reaction. The
aqueous phase was extracted with ethyl acetate (3 x 10 mL). The organic
extracts were combined and washed with brine and dried over anhydrous
magnesium sulfate before filtering through celite. The solvent was removed in
vacuo. The residue was purified by silica gel column chromatography (20%
ethyl acetate/Hexane) to yield methyl
3-bromo-2,5-dihydroxy-6-pentadecylbenzoate as light yellow oil (46% over two
steps).
oH O Rr= 0.436 (20% EtOAC

& 8 100 12 14 /Hexane); *H NMR (300 MHz,

s 7 9 1 13 " Chloroform-d) d 10.65 (1H, s,
OHa), 7.30 (1H, s, Ha), 4.93
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(1H, s, OHs), 4.01 (3H, s, Hs), 2.93 — 2.81 (2H, m, H1), 1.70 — 1.46 (4H, m, Hz
and Hz), 1.29 (22H, s, Ha-14), 0.96 — 0.87 (3H, m, H1s).

6.17 Preparation of methyl(2-methoxy-6-pentadecyl) benzoate

107

In a two necked 250 mL round bottom flask equipped with a reflux condenser,
potassium carbonate (0.99 g, 7.18 mmol, 2.5 equiv.) and anacardic acid
(2-hydroxy-6-pentadecylbenzoic acid) (1.04 g, 2.87 mmol, 1 equiv.) were
added to dry acetone (100 mL). After stirring for 10 minutes, dimethyl sulfate
(0.71 ml, 7.46 mmol, 2.6 equiv.) was then added and the resulting mixture was
stirred under flux refluxed for 18 hours. The crude reaction mixture was filtered
through cotton wool and the acetone removed in vacuo. Once the crude
product was cooled, diethyl ether (100 mL) was added. The ether layer was
washed with 25% aqueous ammonia solution (80 mL). The aqueous layer was
thoroughly extracted with dichloromethane (3 x 30 mL). The organic extracts
were combined and dried over anhydrous magnesium sulfate before filtering.
The residue was purified by silica gel column chromatography (15-20% ethyl
acetate/Hexane) to afford methyl(2-methoxy-6-pentadecyl) benzoate as

transparent crystal (1.04 g, 96%).

(@] (0]
, 2 0/8 Rt = 0857 (20% EtOAc
7
1 ] ' 1 ] ' 1] ]
4 P W /Hexane); mp: 35-57°C, (it
5 It 3 5' 7 9 11 13 15

36-37°C); IR: vmax(cm™): 2916
(C-H), 1730 (C=0), 1583 and
1465 (C=C); '"H NMR (300 MHz, Chloroform-d): 5 7.26 (1H, t, J = 8.0 Hz, Ha),
6.81 (1H, d, J=7.7 Hz, Hs), 6.75 (1H, d, J = 8.3 Hz, H3), 3.90 (3H, s, Hs), 3.81
(3H, s, Ho), 2.53 (2H, dd, J=9.2, 6.6 Hz, Hv), 1.57 (2H, t, J = 7.6 Hz, H2), 1.26

(24H, d, J = 6.6 Hz, H3.14 0.88 (3H, t, J = 6.4 Hz, H1s); '3C NMR (75 MHz,
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CDCl3): & 168.93(C7), 156.25(C2), 141.39(Cs), 130.22(Cs), 123.49(C1),
121.49(Cs), 108.34(Cs), 55.85(Ce), 52.10(Cs), 33.50(Cr), 31.95(C2),
31.18(C13), [29.72, 29.69, 29.61, 29.58, 29.53, 29.48, 29.44, 29.39,
29.18](Cs-12), 22.71(C14), 14.13(C15).

6.18 Preparation of methyl

6-(1-bromopentadecyl)-2-methoxybenzoate 131

Methyl(2-methoxy-6-pentadecyl) benzoate (5.00 g, 13.28 mmol, 1.0 equiv.),
NBS (3.07 g,17.26 mmol, 1.3 equiv.) and AIBN (0.22 g,1.33 mmol, 0.1 equiv.)
were transferred into a 250 mL two necked round bottom flask equipped with
reflux condenser containing carbon tetrachloride (70 mL). The reaction mixture
was refluxed for 18 hours under a nitrogen atmosphere. The reaction was then
cooled to room temperature and quenched with saturated aqueous sodium
bicarbonate (20 mL). The aqueous layer was thoroughly extracted with
dichloromethane (3 x 30 mL). The organic extracts were combined and
washed with brine and dried over anhydrous magnesium sulfate before
filtering through celite. The residue was purified by silica gel column
chromatography (10% ethyl acetate/Hexane) to vyield the methyl
6-(1-bromopentadecyl)-2-methoxybenzoate as pale-yellow oil (4.59 g, 76%).

9\0 o Ri = 0.829 (20% EtOAc
3 2 7 0/8 /Hexane); mp: 56-59°C, (lit
1 2' 4' 6' 8' 10' 12' '
4 , 57-58°C); IR: vmax(cm™): 2913
5 s 5 7 9 11 13 15
Br (C-H), 1764 (C=0), 1603 and
131

1469 (C=C), 776 (C-Br); H
NMR (300 MHz, Chloroform-d): & 7.37 (1H, t, J = 8.1 Hz, Hs4), 7.21 (1H, d, J =
7.9 Hz, Ha), 6.83 (1H, d, J = 8.3 Hz, Hs), 4.92 (1H, t, J = 7.4 Hz, Hr), 3.93 (3H,
S, Hs), 3.81 (3H, s, Ho), 2.39 — 2.05 (2H, m, H2), 1.58 — 1.38 (2H, m, Hs), 1.25

(22H, d, J = 3.1 Hz, Hs-14), 0.88 (3H, t, J = 6.5 Hz, H1s); 3C NMR (75 MHz,
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CDCly): & 167.75(C7), 155.94(C2), 140.61(Ce), 130.98(Ca), 122.48(Cs),
119.68(Cs), 110.46(C1), 56.02(Co), 52.43(Cr), 50.63(Cs), 39.95(C2), [31.93,
29.69, 29.66, 29.61, 29.54, 29.37, 28.85, 28.00])(Cs-13), 22.70(Ci4),
14.13(C1s).

6.19 Preparation of methyl 2-methoxy-6-(pentadec-1-en-1-yl)

benzoate 132

Methyl 2-(1-bromopentadecyl)-6-methoxy benzoate (5.95 g, 13.06 mmol, 1.0
equiv.) was dissolved in toluene (150 mL) in a 500 mL two necked round
bottom flask equipped with reflux condenser. While stirring, DBU (2,9
mL ,19.60 mmol,1.5 equiv.) was added to the flask. The reaction mixture was
heated up to 95°C for 18 hours under a nitrogen atmosphere. The reaction
was then cooled to room temperature and quenched with 10% aqueous HCI
solution. The aqueous phase was extracted with ethyl acetate (3 x 30 mL).
The organic extracts were combined and washed with brine and dried over
anhydrous magnesium sulfate before filtering through celite. The residue was
purified by silica gel column chromatography (10% ethyl acetate/Hexane) to
yield the methyl 2-methoxy-6-(pentadec-1-en-1-yl) benzoate as pale-yellow oil

(3.91 g, 80%).

o o Ri = 0.811 (20% EtOAc
30/8 /[Hexane); mp: 35-36°C, (lit
2' 4' 6' 8' 10' 12' 14'
4 Z . 33-34°C);IR:  vmax(cml): 2922
5 1 3 5' 7 9' 11 13' 15
132 (OH), 1733 (C=0), 1599 and

1468 (C=C); *H NMR (300 MHz, Chloroform-d): 3 7.26 (1H, t, J = 8.1 Hz, Ha),
7.09 (1H, d, J = 7.9 Hz, Hs), 6.76 (1H, d, J = 8.2 Hz, Hs), 6.35 — 6.11 (2H, m,
H1,H2), 3.91 (3H, s, Hs), 3.80 (3H, s, Ho), 2.17 (2H, q, J = 6.9 Hz, H3), 1.43 (2H,
t, J = 7.1 Hz, Hs), 1.27 (20H, s, Hr-14), 0.88 (3H, t, J = 6.5 Hz, H1s); 13C NMR

(75 MHz, CDCl): & 168.71(C7), 156.37(C2), 136.68(Cs), 134.75(C2),
102



Chapter 6

130.22(Ca), 126.07(Cy), 122.20(Ci), 117.75(Cs), 109.08(Cs), 55.92(Co),
52.24(Cs), 33.23(Cs), 31.95(C13), [29.86, 29.72, 29.68, 29.65, 29.61, 29.54,
29.39, 29.25, 29.21, 29.17](Cs-12), 22.71(C14), 14.13(C15).

6.20 Preparation of methyl 6-formyl-2-methoxybenzoate 137

In a long necked 100 mL round Dbottom flask, methyl
2-methoxy-6-(pentadec-1-en-1-yl) benzoate (0.50 g, 1.33 mmol, 1 equiv.) and
water (0.024 mL, 1.33 mmol, 1 equiv.) were added to ethyl acetate (20 mL).
The reaction mixture was cool to 0°C before pass a flow of O3/O2. After 5
minutes, the reaction mixture was diluted with ethyl acetate (10 mL) and dried
over anhydrous magnesium sulfate. The residue was purified by silica gel
column chromatography (20-30% ethyl acetate/Hexane) to yield the methyl
6-formyl-2-methoxybenzoate as white powder (0.16 g, 60%).

~o0 o Ri = 0.143 (20% EtOAc /Hexane); mp: 58-61°C; IR:
s N9~ Vma(cm): 1734 and 1696 (C=0), 1605 and 1470 (C=C); H
4 : 613/0 NMR (300 MHz, Chloroform-d): & 9.96 (1H, s, Hi3), 7.62 —
137 7.51 (1H, t, Ha), 7.46 (1H, dd, J = 7.6, 1.1 Hz, Hs), 7.21 (1H,

dd, J = 8.3, 1.1 Hz, Hs), 3.97 (3H, s, H12), 3.89 (3H, s, Hs). 3C NMR (75 MHz,
CDCls) &: 190.32(C1s), 167.22(Cs), 156.70(C2), 134.29(Ce), 131.06(Ca),
123.58(C1), 123.15(Cs), 116.97(Cs), 56.36(Cs), 52.84(C12).

6.21 Preparation of methyl 2-methoxy-6-(prop-1-en-1-yl)

benzoate 129

To a mixture of acetonitrile (30 mL) and tetrahydrofuran (150 mL) was added
sodium hydride (60%, 0.89 g, 37.08 mmol, 2.4 equiv.) at room temperature.
After stirring at 50°C for 1 hour, the reaction mixture was cooled to room
temperature. To this cooled mixture was added ethyl triphenyl phosphonium

bromide (7.05 g, 18.54 mmol, 1.2 equiv.) and the mixture was stirred at room
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temperature for 1 hour. Upon completion, a solution of methyl
2-formyl-6-methoxybenzoate (2.95 g, 15.45 mmol, 1 equiv.) in 10ml THF was
added dropwise. The reaction was then heated under reflux for 4 hours. The
reaction was quenched water (50 mL), followed by an addition of 10%
aqueous HCI (5 mL). The aqueous phase was extracted with ethyl acetate (3 x
40 mL). The organic extracts were combined and dried over anhydrous
magnesium sulfate before filtering through celite. The residue was purified by
silica gel column chromatography (10-15% ethyl acetate/Hexane) to yield the
methyl 2-methoxy-6-(prop-1-en-1-yl) benzoate as yellow oil (2.23 g, 70%).
3 2 - o~ Ri=0.686 (20% EtOAc /Hexane); IR: vimax(cm™): 3011 (C-H),
i 613/1 ! . 1728 (C=0), 1596 and 1470 (C=C); H NMR (300 MHz,
129 Chloroform-d): & [7.34 — 7.27 (m), 7.25 - 7.15 (m), 7.09 (d, J
= 7.7 Hz), 6.92 — 6.73 (M)](3H, Hs,H4Hs), [6.43 — 6.14 (m), 5.96 — 5.75 (m)](2H,
Hi3,H14), 3.90 (3H, d, J = 14.3 Hz, H12), 3.80 (3H, d, J = 5.3 Hz, Hs), 1.90 —
1.71 (3H, m, Has). 33C NMR (75 MHz, CDCls): & [168.99, 168.74](Cs), [156.35,
156.00](Cz), [136.58, 136.39](Cs), [130.32, 130.03](C14), [129.49, 129.37](C13),
[127.27, 126.64](Ca), [121.63, 120.27](Cs), [117.66, 115.32](C3), [109.34,
109.12](Cuy), [55.92, 55.89](Cs), [52.39, 52.30](C12) [18.75, 14.54](Cu1s).

6.22 Preparation of {2-methoxy-(6-prop-1-en-1-yl)phenyl}

methanol 138

In a 500 mL RB flask fitted with a reflux condenser, methyl
2-methoxy-6-(prop-1-en-1-yl) benzoate (0.27 g, 1.31 mmol, 1 equiv.) was
added to THF (20 mL). The solution was cooled to until 0°C in an ice bath.
Lithium aluminium hydride (0.21 g, 5.24 mmol, 4 equiv.) was added slowly. The
resulting reaction mixture was allowed to warm up to room temperature and
stirred for 5 hours. The mixture was again cooled to 0°C and aqueous HCI

solution (10%, 15 mL) was added slowly. Lithium aluminium hydride residue
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was filtered off using cotton wool and THF was removed in vacuo and the
aqueous layer was extracted with diethyl ether (4 x 30ml). The organic
extracts were combined and dried with anhydrous magnesium sulfate before
filtering through cotton wool. The solvent was then removed in vacuo. The
residue was purified by silica gel column chromatography (15-20% Ethyl
acetate/Hexane) to afford {2-methoxy-(6-prop-1-en-1-yl)phenyl} methanol as a

white crystal (0.20 g, 86%).

(0]
3 2 2 OH Ri= 0.286 (20% EtOAc /Hexane); IR: vmax(cm™): 3411 (OH),
1
LA 1597 and 1470 (C=C); *H NMR (300 MHz, Chloroform-d) &:
5 9
138 7.26 — 7.17 (1H, m, Ha), [7.03, 6.86 — 6.75] (2H, m, Hs,Hs),

6.75—6.52 (1H, m, Ho), 6.18 — 5.79 (1H, m, Hio), 4.72 (2H, d, J = 22.6 Hz, Hs),
3.83(3H, d, J =8.0 Hz, H7), 2.46 (1H, d, J = 40.5 Hz, Cs-OH), 1.78 (3H, ddd, J
= 64.8, 6.8, 1.8 Hz, Hi1). 13C NMR (75 MHz, CDCIs3) & [158.07, 157.98](C>),
[138.84, 137.77](Ce), [129.21, 128.48](Co), [128.70, 128.19](Ca), [128.07,
127.90](C12), [126.91, 125.68](Ci), [57.95, 56.69](Cs), [55.55, 55.46](C7),
[18.79, 14.34](C11).

6.23 Preparation of 2-methoxy-6-(prop-1-en-1-yl) benzaldehyde

139

In a 500 mL round bottom flask, pyridium chlorochromate (PCC) (0.38 g, 1.76
mmol, 2.1 equiv.) and (2-methoxy-6-(prop-1-en-1-yl)phenyl)methanol (0.15 g,
0.84 mmol) were added together with normal silica (0.38 g) to dry DCM (40
mL). The reaction mixture was stirred at room temperature for 5 hours under a
nitrogen atmosphere. The mixture was filtered through celite and the solvent
removed in vacuo. The crude material was purified by silica gel column
chromatography  (15-20%  Ethyl acetate @ /Hexane) to  afford
2-methoxy-6-(prop-1-en-1-yl) benzaldehyde as a pale yellow solid (0.14g,
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93%).
7
o
3 2 8\0 Ri=0.629 (20% EtOAc /Hexane); IR: vmax(cm™): 1763 (C=0),
1
SLLRA ., 1593 and 1471 (C=C); *H NMR (300 MHz, Chloroform-d) &:
5 9
139 10.58 (1H, d, J = 16.6 Hz, Hs), 7.46 (1H, dd, J = 8.4, 7.7 Hz,

Ha), [7.09 (d, J = 7.9 Hz, OH), 6.89 (dd, J = 8.1, 3.9 Hz, 2H)](2H, Hs,Hs), 6.86 —
6.78 (1H, m, Ho), [6.20 (d, J = 6.7 Hz, OH), 5.96 — 5.81 (m, 1H)](1H, Hio), 3.91
(3H, d, J = 7.4 Hz, Hy), 1.82 (3H, ddd, J = 57.8, 6.9, 1.8 Hz, H11). 13C NMR (75
MHz, CDCls) & [192.38, 191.71](Cs), [162.35, 161.74](C2), 140.52(Ce),
[134.38, 134.11](Co), [130.22, 128.94](Ci0), [129.29, 127.50](Ca), [123.11,
122.84](Cs), 119.61(Cy), [109.95, 109.49](C3), 55.86(C7), [18.82, 14.49](C11).

6.24 Preparation of rac-1-{2-methoxy-6-(prop-1-en-1-yl)

phenyl}ethanol ¥130

Magnesium metal (0,03 g, 1.38 mmol, 1.8 equiv.) was added to an oven dried
100 mL three-necked round bottom flask equipped with a condenser, a
dropping funnel and a stopper under a nitrogen atmosphere. Dry diethyl ether
(30 mL) followed by methyl iodide (0.07 mL,1.16 mmol, 1.5 equiv.) was added
to the flask. The reaction mixture became cloudy. Once the magnesium was
consumed, a solution of 2-methoxy-6-(prop-1-en-1-yl) benzaldehyde (0.13 g,
0.77 mmol, 1 equiv.) in dry THF (10ml) was added dropwise to the freshly
prepared Grignard reagent. The mixture was stirred at room temperature for
18 hours. Upon completion, the reaction was cooled using an ice-bath and
water (10 mL) was added. The reaction mixture was transferred to a
separation funnel and washed with ethyl acetate (3 x 30 mL) and the organic
layer was washed with brine. The organic extracts were combined, dried over
anhydrous magnesium sulfate, filtered through cotton wool and the solvent
removed in vacuo. The crude material was purified by silica gel column

chromatography (20% Ethyl acetate/Hexane) to afford
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rac-1-{2-methoxy-6-(prop-1-en-1-yl)phenyl}ethanol as a clear pale yellow oil

(0.11g, 74%).

\O 9
3 2 ~3 OH Rf= 0.486 (20% EtOAc /Hexane); IR: Vvmax(cm™): 3438 (OH),
11
4 A ., 1997 and 1470 (C=C); *H NMR (300 MHz, Chloroform-d) &:
5 10
+130 7.16 (1H, td, J = 8.0, 6.7 Hz, Ha), 7.00 — 6.81 (1H, m, Hs),

6.81 — 6.74 (1H, m, Ha), 6.70 — 6.46 (1H, m, Hio), 6.07 — 5.77 (1H, m, H11),
5.10 (1H, dd, J = 44.1, 6.7 Hz, Hs), 3.88 (3H, d, J = 5.1 Hz, Hy), 1.77 (3H, ddd,
J = 68.6, 6.8, 1.8 Hz, H1z), 1.51 (3H, dd, J = 14.1, 6.7 Hz, Hg). 3C NMR (75
MHz, CDCls) &; [157.50, 157.38](C2), [137.40, 136.23](Cs), [130.79,
129.27](C1),[129.63,128.47](C10), [128.26 128.09](C1a), [127.63,
127.23](Ca), [122.78, 120.31](Cs), [109.88, 109.80](Cs), [67.82, 66.97](Cs),
[55.42, 55.35](C7), [23.43, 23.34](Cs), [18.76, 14.23](C12).

6.25 Preparation of

rac-trans-8-methoxy-1,3-dimethylisochroman *125

In a 100 mL two necked round bottom flask equipped with a condenser,
rac-1-{2-methoxy-6-(prop-1-en-1-yl)phenyl}ethanol (0.11 g, 0.57 mmol, 1
equiv.) was dissolved in dry DMF (15 mL). After stirring for 10 minutes,
potassium tert-butoxide (0.70 g, 6.27 mmol, 11 equiv.) was added into the
reaction mixture. The reaction was heated to 80°C and stirred for 2 hours
under a nitrogen atmosphere. Upon completion, the reaction was cooled to
0°C in an ice-bath and water (60 mL) was added. The reaction mixture was
transferred to a separation funnel and washed with ethyl acetate (3 x 30 mL)
and the organic layer was washed with brine. The organic extracts were
combined, dried with anhydrous magnesium sulfate, filtered through cotton
wool and the solvent removed in vacuo. The crude material was purified by

silica gel column chromatography (10% Ethyl acetate/Hexane) to afford
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rac-trans- 8-methoxy-1,3-dimethylisochroman as a clear oil (0.098g, 90%).

~No 12 R = 0.886 (20% EtOAc /Hexane); IR: Vmax(cm™): 2969 (C-H),
7 2 ;™o 1586and 1471 (C=C); 'H NMR (300 MHz, Chloroform-d) d:
6 : 104 : ", 1.15(1H,1,J=7.9 Hz, He), 6.77 — 6.65 (2H, m, Ho,Hs), 5.14

125 (AH, g, J = 6.6 Hz, H1), 4.22 — 4.05 (1H, m, Hs), 3.82 (3H, s,

Haii), 2.77 — 2.52 (2H, m, H4), 1.54 (3H, d, J = 6.6 Hz, H12), 1.34 (3H, d, J =6.1
Hz, His). 3C NMR (75 MHz, CDCls) &: 155.37(Cs), 134.46(C10), 127.87(Co),
126.87(Cs), 120.96(Cs), 107.57(C7), 68.40(C1), 62.59(Cs), 55.06(C1),
35.89(Cy4), 21.84(C13), 19.61(C12).

6.26 Preparation of

{2-methoxy-6-(pentadec-1-en-1-yl)phenyl}methanol 142

In a two necked 100 mL round bottom flask fitted with a reflux condenser,
methyl 2-methoxy-6-(pentadec-1-en-1-yl) benzoate (2.01 g, 5.15 mmol, 1
equiv.) was added to THF (20 mL). The solution was cooled to 0°C in an ice
bath. Lithium aluminium hydride (0.78 g, 20.59 mmol, 4 equiv.) was added
slowly. The resulting reaction mixture was allowed to warm up to room
temperature and stirred for 5 hours. The mixture was again cooled to 0°C and
aqueous HCI solution (10%, 15 mL) was added slowly. Lithium aluminium
hydride residue was filtered off using cotton wool. THF was removed in vacuo
and the aqueous layer was extracted with diethyl ether (3 x 30 mL). The
organic extracts were combined and dried over anhydrous magnesium sulfate
before filtering through cotton wool. The solvent was then removed in vacuo.
The residue was purified by silica gel column chromatography (15-20% Ethyl
acetate/Hexane) to afford {2-methoxy-6-(pentadec-1-en-1-yl)phenyl}methanol

as a white crystal (1.43 g, 80%).
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<o Rt = 0.657 (20% EtOAc
3 2 - OH /[Hexane); mp: 44-46°C; IR:
0 ! 2' 4' 6' 8' 10' 12' 14'
4 = s Vmax(cm?): 3409 (OH), 1609 and
5 1 3' 5' 7' 9' 11 13'
142 1459 (C=C); *H NMR (300 MHz,

Chloroform-d) &: 7.21 (1H, t, J = 8.0 Hz, Ha4), 7.06 (1H, dd, J =7.9, 1.1 Hz, Hs),
6.78 (1H, dd, J = 8.1, 1.1 Hz, Hs), 6.72 (1H, d, J = 15.7 Hz, Hr), 6.11 (1H, dt, J
= 15.6, 6.9 Hz, H2), 4.79 (2H, d, J = 6.1 Hz, H7), 3.86 (3H, d, J = 1.5 Hz, Hs),
2.29 — 2.13 (2H, m, Hs), 1.47 (2H, t, J = 7.5 Hz, Hs), 1.27 (20H, s, 3Hs-14),
0.90 (3H, d, J = 6.4 Hz, H1s); 13C NMR (75 MHz, CDCls): & 158.03(C>),
138.87(Cs), 134.99(Ca), 128.70(Cr), 126.65(C2), 125.75(C1), 119.18(Cs),
108.84(Cs), 56.96(C7), 55.57(Cs), 33.33(Cs), 31.94(C13), [29.70, 29.67, 29.65,
29.54, 29.38, 29.33, 29.27](C4-13), 22.71(C14), 14.13(C15).

6.27 Preparation of 2-methoxy-6-(prop-1-en-1-yl)benzaldehyde

143

In a 100 mL round bottom flask, pyridium chlorochromate (PCC) (0.26g, 1.21
mmol, 2.1 equiv.) and {2-methoxy-6-(pentadec-1-en-1-yl)phenyl}methanol
(0.20g, 0.58 mmol) were added together with normal silica (0.26 g) in dry DCM
(30ml). The reaction mixture was stirred at room temperature for 5 hours under
a nitrogen atmosphere. The mixture was filtered through celite and the solvent
removed in vacuo. The crude material was purified by silica gel column
chromatography (15-20% Ethylacetate/Hexane) to afford
2-methoxy-6-(pentadec-1-en-1-yl)benzaldehyde as a pale yellow oil (0.18g,
90%).

8 Rt = 0771 (20% EtOAc
~o 0
I /Hexane); IR: vmax(cm™): 1711
1 ] ' ' 1 ' ' '
4 AR R oo (C=0), (C=0), 1688 and 1469
5 9 3 5 7 9 11 13 15

(C=C); 'H NMR (300 MHz,
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Chloroform-d) 6 10.60 (1H, d, J = 0.5 Hz, H7), 7.41 (1H, t, J = 8.1 Hz, H4), 7.28
—7.19 (1H, m, Hs), 7.14 — 7.08 (1H, m, Hzs), 6.83 (1H, dd, J = 8.4, 0.9 Hz, H1),
6.17 (1H, dt, J = 15.7, 6.9 Hz, H2), 3.89 (3H, s, Hs), 2.30 — 2.18 (2H, m, H3),
1.47 (2H, d, J = 7.3 Hz, Ha), 1.26 (20H, s, Hs-14), 0.92 — 0.83 (3H, m, H1s); 13C
NMR (75 MHz, CDCls) & 192.30(C7), 162.58(Cz), 141.32(Cs), 135.78(Cy),
134.30(C2), 127.93(Cs), 121.81(Ci), 119.59(Cs), 109.44(Cs), 55.85(Cs),
33.24(Cgz), 31.94(C13), [29.72, 29.70, 29.67, 29.64, 29.55, 29.38, 29.30,
29.25](C4-12), 22.71(C14), 14.13(C15).

6.28 Preparation of

rac-1-{2-methoxy-6-(pentadec-1-en-1-yl)phenyl}ethanol +141

Magnesium (0,025 g, 1.05 mmol, 1.8 equiv.) was added to an oven dried 100
mL three-necked round bottom flask equipped with a condenser, a dropping
funnel and a stopper under nitrogen. Dry diethyl ether (30 mL) followed by
methyl iodide (0.05 mL, 0.87 mmol, 1.5 equiv.) was added to the flask. The
reaction mixture became cloudy. Once the magnesium was consumed, a
solution of 2-methoxy-6-(pentadec-1-en-1-yl)benzaldehyde (0.20 g, 0.58 mmol,
1 equiv.) in dry THF (10ml) was added dropwise to the freshly prepared
Grignard reagent. The mixture was stirred at room temperature for 18 hours.
Upon completion, the reaction was cooled to 0°C in an ice-bath and water (10
mL) was added. The reaction mixture was transferred to a separation funnel
and washed with ethyl acetate (3 x 20 mL) and the organic layer was washed
with brine. The organic extracts were combined, dried over anhydrous
magnesium sulfate, filtered through cotton wool and the solvent removed in
vacuo. The crude material was purified by silica gel column chromatography
(20% Ethyl acetate/Hexane) to afford
rac-1-(2-methoxy-6-(pentadec-1-en-1-yl)phenyl)ethanol as a clear pale yellow

oil (0.15g, 70%).
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8\0 o Ri = 0.686 (20% EtOAc
2 /Hexane); mp: 51-54°C; IR:

’ 1 TOH -

. A A AN AN vmax(cm1): 3541 (OH), 1599 and
5 T3 5 7 9 11 13 1%

1470 (C=C); 'H NMR (300 MHz,
Chloroform-d) 6 7.16 (1H, t, J =

141

8.0 Hz, Ha), 6.98 (1H, dd, J = 7.8, 1.1 Hz, Hs), 6.81 (1H, dd, J = 8.3, 1.2 Hz, Ha),
6.63 (1H, d, J = 15.6 Hz, Hr), 5.97 (1H, dt, J = 15.5, 6.9 Hz, H2), 5.24 — 5.12
(1H, m, H7), 3.88 (3H, s, Hs), 2.27 — 2.15 (2H, m, Ha), 1.53 (3H, d, J = 6.7 Hz,
Ho), 1.47 (2H, dd, J = 8.6, 6.7 Hz, Ha), 1.27 (20H, s, Hs-12), 0.93 — 0.81 (3H, m,
His); 3C NMR (75 MHz, CDCls) & 157.38(C2), 137.50(Cs), 134.94(Ca),
129.70(C1), 127.60(Cr), 127.17(C2), 120.37(Cs), 109.78(Cs), 67.03(Cv),
55.42(Cs), 33.25(C3), 31.94(C13), [29.70, 29.68, 29.66, 29.54, 29.38, 29.32,
29.21](Cs-12), 23.44(C14), 22.71(Co), 14.13(C15).

6.29 Preparation of

rac-trans-8-methoxy-1-methyl-3-tridecylisochroman 1144

In a 100 mL long necked round bottom flask equipped with a condenser, was
added rac-1-{2-methoxy-6-(pentadec-1-en-1-yl)phenyl}ethanol (0.50 g, 1.39
mmol, 1 equiv.) in dry DMF (20 mL). Potassium tert-butoxide (1.70 g, 15.25
mmol, 11 equiv.) was added into the reaction mixture. The flask was placed in
microwave reactor with settings of following: reflux mode, 100 W, 120°C. Upon
completion, the reaction was cooled to room temperature and water (50 mL)
was added. The reaction mixture was transferred to a separation funnel and
washed with ethyl acetate (3 x 50 mL) and the organic layer was washed with
brine. The organic extracts were combined, dried over anhydrous magnesium
sulfate, filtered through cotton wool and the solvent removed in vacuo. The
crude material was purified by silica gel column chromatography (10%
EtOAc/Hexane) to afford rac-trans-8-methoxy-1-methyl-3-tridecylisochroman

as a clear light yellow oil (0.27g, 53%).
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11 Ri = 0.914 (20% EtOAc
\O 12
, 8 o /Hexane); IR:  vmax(cm™):
.
9 ' 1 ' ' ' '
6 03, A A A AR K 3409.40 (OH), 1661.04 (C=0),
5 4 o3 5 7T 9 1T 13
(C=0), 1587 and 1469 (C=C);
+144

H NMR (300 MHz,
Chloroform-d) 6 7.13 (1H, t, J = 7.9 Hz, He), 6.70 (2H, t, J = 8.2 Hz, Hs,H7),
5.05 (1H, dq, J = 34.3, 6.5 Hz, H1), 3.97 — 3.76 (4H, m, H11,H3), 2.73 — 2.55 (2H,
m, Ha), 1.53 (3H, dd, J =10.9, 6.4 Hz, Hi12), 1.27 (24H, s, Hr-12), 0.89 (3H, t, J
= 6.6 Hz, H3); 3C NMR (75 MHz, CDCls) & [156.53, 155.77](Cs), [136.90,
135.06](C10), 128.61(Cs), [127.17, 127.06](Ce), 121.45(Cs), [108.52,
107.90](Cy), [73.83, 68.69](Cs), [71.33, 66.93](C1), [55.45, 55.37](C11), [36.44,
36.30](Cs), [36.00, 34.74](C+), [32.29, 29.73](Civ), [30.07, 30.04,
30.01](C#-10), [25.93, 25.89](C2), 23.06(Ci2), 22.14(Cs), 19.88(C12),
14.48(C13).

6.30 Preparation of
rac-trans-7-bromo-8-methoxy-1-methyl-3-tridecylisochroman

1146

Rac-trans-8-methoxy-1-methyl-3-tridecylisochroman (0.13 g, 0.36 mmol, 1.0
equiv.) and NBS (0.07 g, 0.40 mmol, 1.1 equiv.) were transferred into a 100 ml
two necked round bottom flask equipped with reflux condenser containing 25
ml DMF. The reaction mixture was refluxed for 72 hours under a nitrogen
atmosphere. The reaction was then cooled to room temperature and quenched
with saturated sodium bicarbonate (10 mL). The aqueous layer was thoroughly
extracted with DCM(3 x 30 mL). The organic extracts were combined and
washed with brine and dried over anhydrous magnesium sulfate before
filtering through celite. The residue was purified by silica gel column

chromatography (10% ethyl acetate/Hexane) to yield the
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rac-trans-7-bromo-8-methoxy-1-methyl-3-tridecylisochroman as pale-yellow

solid (0.134g, 85%).

Ty v Rr = 0943 (20% EtOAc
Br.7 2 ~o /Hexane); mp: 49-52°C; IR:
9 " ' v U ' v
sl AL, A A A AR AL vma(em): 1469 (C=C), 788
5 4 o3 5 7T 9 1T 13

(C-Br); 'H NMR (300 MHz,
Chloroform-d) 6 7.37 (1H, d,
J=8.7 Hz, Hs), 6.59 (1H, d, J = 8.7 Hz, Hs), 5.07 (1H, q, J = 6.6 Hz, H1), 3.98 —

1146

3.80 (1H, m, Hs), 3.79 (3H, s, H11), 2.74 (1H, dd, J = 17.1, 3.5 Hz, Ha), 2.40 (1H,
dd, J = 17.1, 10.9 Hz, He?), 1.68 — 1.52 (2H, m, Hr), 1.48 (3H, d, J = 6.6 Hz,
Hiz), 1.26 (22H, s, H2-12), 0.87 (3H, d, J = 7.0 Hz, H13); 3C NMR (75 MHz,
CDCls) & 154.54(Cs), 133.93(C10), 130.87(Cs), 130.26(Ce), 115.80(C7),
109.24(Cs), 68.14(C3), 66.41(C1), 55.35(C11), 36.09(Ca), 35.35(Cr), 31.94(C11'),
[29.72, 29.69, 29.66, 29.64, 29.38](Cs-10), 25.48(C2), 22.71(C12), 19.29(C12),
14.13(C13)

6.31 Preparation of
rac-trans-7,7'-dibromo-8,8'-dimethoxy-1,1'-dimethyl-3,3'-ditride

cyl-5,5'-biisochroman £145

Rac-trans-7-bromo-8-methoxy-1-methyl-2-tridecylisochroman (0.05 g, 0.11
mmol, 1.0 equiv.) and FeCls-6H20 (0.074 g, 0.28 mmol, 2.5 equiv.) were
transferred into a 50 mL two necked round bottom flask equipped with stopper
containing 5 ml Toluene. The reaction mixture was heated at 85°C for 24 hours
under a nitrogen atmosphere. The reaction was then cooled to room
temperature and quenched with water (10 mL). The aqueous layer was
thoroughly extracted with DCM(3 x 5 mL). The organic extracts were

combined and washed with brine and dried over anhydrous magnesium sulfate
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before filtering through celite. The resulting product was in really low yield; thus,

it was subjected to characterization without purification.

+145
Rf= 0.925 (20% EtOAc /Hexane); 'H NMR (500 MHz, Chloroform-d) & 7.51

(2H, s, Hs, He), 5.12 (2H, g, J = 6.7 Hz, H1, H1), 3.88 (6H, s, Hi1, H11), 3.84 —
3.79 (2H, m, Hs, H3), 2.74 (2H, dd, J = 17.2, 3.5 Hz, Ha), 2.43 — 2.27 (m, Ha),
1.64 (ddd, J=11.5,5.2, 2.9 Hz, H from long chain), 1.56 (9H, d, J = 6.7 Hz, Hiz,
H12), 1.27 (d, J = 19.3 Hz, H from long chain), 0.96 — 0.81 (m,Hzs, Hzs).
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