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Abstract

With rising rates of antimicrobial resistance, new antibiotics are being investigated to
ensure effective treatment options exist, essential for public health. Cannabinoids are a class of
prenylated phenolic natural products that have been shown to possess antibiotic potential against
Methicillin Resistant Staphylococcus aureus (MRSA)."? Cannabigerol (CBG) a nonpsychotropic
cannabinoid was explored as a promising lead for a new antibiotic candidate. CBG and over 40
analogues were synthesized in a medicinal chemistry manner to construct a structure activity
relationship (SAR) study. An alumina-mediated phenol geranylation reaction was employed as a
key step in the synthesis of analogues. Here we have identified novel CBG analogues with

improved physiochemical properties and increased potency against MRSA.
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Chapter 1 - Introduction

1.1 Beta-Lactam Antibiotics

Antimicrobial drugs, for the treatment of bacterial infections, play a crucial role in
medicine, treating and curing infections and reducing mortality rates worldwide.? This
advancement significantly contributes to improvements in public health and increased life
expectancy.* The use of antibiotics mitigates the spread of disease and can ease the severity

of disease complications by inhibiting bacteria growth.*

The first antibiotic, penicillin, was discovered by Alexander Fleming in 1928.> This
breakthrough provided the foundation for further development of novel antibiotics and has
led to thousands of new penicillin derivates or related molecules, classified as beta-lactam
antibiotics.’ These beta-lactam antibiotics are given their classification due to their beta-
lactam ring in their structure shown in Figure 1, which is crucial for antibiotic activity.®
Today there are eight additional classes of antibiotics however beta-lactam antibiotics are

currently the largest class being prescribed as they are well tolerated and effective.’

Ho-/°
0 3 N 0
S N@
Beta-Lactam H
Penicillin G

Figure 1 Structure beta-lactam and of Penicillin G with its beta-lactam core highlighted.

Beta-lactam antibiotics work by disrupting cell wall synthesis in both gram positive and
gram negative bacteria leading to cell lysis and death.® Gram positive bacteria lack an outer
membrane but exhibit a thick peptidoglycan layer compared to gram negative bacteria shown

in Figure 2.7 This structural difference affects the bacteria’s susceptibility to antibiotics.
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Gram-negative Bacteria Gram-positive Bacteria

Figure 2 Membranes of gram-negative and gram-positive bacteria.®

Broad-spectrum antibiotics are effective against a wide range of both gram-negative and
gram-positive bacteria and are invaluable for treating infections, especially when the specific
bacteria are unknown. Some beta-lactam antibiotics, such as cephalosporins and
carbapenems, possess this broad-spectrum activity.® New antibiotics have been developed
and are currently being investigated to increase the spectrum of activity, target new bacteria,
and combat the emergence of drug-resistant bacteria.’

1.2 Antibiotic Crisis

The overuse and inappropriate prescribing of antibiotics has led to a major issue of
antibiotic resistance. With an estimated 10 million people dying per year by 2050 as a result
of resistance makes this a health crisis as defined by the World Health Organization. '
Staphylococcus aureus (S. aureus), a gram positive bacteria, is one of the six most
problematic pathogenic germs that attributes to the most fatalities from antibiotic resistance
with over 100, 000 deaths in 2019.'° This bacterium is commonly found on the skin and in
the nose of healthy individuals but can cause infections, ranging from mild skin infections to

more severe and potentially life-threatening conditions. !

Methicillin (Figure 3) is a semi-synthetic penicillin antibiotic that was introduced in 1959

to treat gram positive bacteria, specifically infections caused by penicillin-resistant

11



Staphylococcus aureus.'? In 1961, just two years after the introduction of methicillin,
resistance occurred bringing rise to Methicillin-Resistant Staphylococcus Aureus (MRSA)."?

Today, MRSA is now resistant to most B-lactam antibiotics. '

HO—/°

Q
HO

T

Penicillin G

O
HO\{/

: O
N
>(S\":/I: 2 OMe
N
H
Meb

Methicillin Vancomycin

Figure 3 Chemical structures of penicillin G, methicillin, and vancomycin.

MRSA accounts for a major cause of hospital-acquired infections but is also attributed to
community and livestock associated MRSA.!! Typically, vancomycin, a glycopeptide
antibiotic (Figure 3), is used as the initial treatment against MRSA.'* However, in recent
years MRSA resistance to vancomycin and other antibiotics has emerged.!* This resistance is
occurring as bacteria are evolving and their genes are mutating lowering their affinity to bind
to antibiotics.!® Bacteria are now harder to treat and is compromising treatments for life-

threatening infections.

Along with the lack of antibiotics in the drug discovery pipeline, this antibiotic crisis

needs to be addressed where we can rely on natural products for inspiration.

12



1.3 Natural Products as Drug Leads in the Antibiotic Space

Historically, natural products have been used in traditional medicine for centuries and
have since made major contributions to drug discovery and pharmaceuticals.'® In the
antibiotic space, inspiration from nature is significant because plants often have their own
evolutionary mechanisms to create their own antibacterial molecules to protect themselves

against invaders. !

Natural products and natural product derivatives make up over 70% of small molecule
antibiotics from 1981 to 2019, with 6 of the 9 classes of antibiotics being naturally
occurring.!” This includes the natural products penicillin and vancomycin that were originally
derived from natural sources like soil and fungi bacteria (Figure 3).!7 Natural products

exhibit great structural diversity and complexity that is advantageous in drug discovery.

The exploration of natural products as antibiotics leads remains relevant due to the
pressing need for new antibiotics to combat the rising levels of resistance.
1.31 Phenols as Antibiotics
A phenol is a chemical compound that consists of a hydroxyl group bonded directly
to a benzene ring shown in Figure 4.'® The structural motif is found in a variety of
natural products including the majority of classified antibiotics.'® An example of this are

beta-lactam antibiotics like amoxicillin, cefadroxil, and cefprozil (Figure 4).'8

O
HO—¢
_____________ 3 O
T SO )i )i
: i R NJS/O/ JS/O/ JS/Q/
E H
HoN
Phenol ! Amoxicillin Cefadroxil Cefprozil

.............

Figure 4 Structure of phenol and beta-lactam antibiotics exhibiting a phenol highlighted in blue.’®
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Other antibiotics like the tetracycline, rifamycin-like, and glycopeptide classes also
contain a core phenolic structure with examples shown in Figure 5 where the hydroxyl
group(s) have been demonstrated to have great impact on the antibacterial properties of

these compounds. '8

N, 7
HO N
{ O
4080
OH

Tetracycline

Rifamycin SV HO
HO™ "0
OH _A
IS
HoN
2 on
Vancomycin

Figure 5 Other classes of antibiotics and their phenols highlighted.

These phenolic natural products are important and should be further investigated for

the design of new antibiotics.

Interestingly, the addition of a prenyl, geranyl, or farnesyl chain (Figure 6) to a phenol
has been shown to greatly improve activity against bacteria.!® Incorporation of prenyl
chains improve bioactivity over its non-prenylated derivative as it increases the
lipophilicity of a molecule and it adds a functional handle that has a strong affinity for

biological membranes.?’

MW NS NS A

n=1 n=2 n=3
Prenyl Geranyl Farnesyl

Figure 6 Chemical structures of prenyl chains.
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An example of this phenomenon is salicylic acid, a phenolic natural product that is
the main aspirin metabolite (Figure 7).2! This compound exhibits no activity against S.
aureus with a minimum inhibitory concentration (MIC) of < 500 ug/mL which is the
lowest concentration that inhibits the growth of bacteria.?! Excitingly, when a farnesyl
chain is added to salicylic acid, we now see antibacterial activity where the MIC

drastically improves to 12.5 ug/mL (Figure 7).?

In another example, prenylation of flavonoids showed an improved bacteria inhibition
compared to its base phenolic structure. This was observed with the geranylation of

naringenin to mimulone which improved the MIC against MRSA by over 1000-fold

(Figure 7).2%-2
OH OH
COOH N X \ COOH
Salicylic Acid Prenylated Salicylic Acid
MIC (S. aureus) = 250-500 ug/mL MIC (S. aureus) = 12.5 ug/mL
H
OH 0 ° OH O OH
HO 0 HO 0
Naringenin Mimulone
MIC (S. aureus) = <5000 ug/mL MIC (S. aureus) = 2 ug/mL

Figure 7 Comparison of phenols and their prenylated derivatives potential against S. aureus.

Consequently, there exists evidence that prenylated phenols act as potent

antibiotics.

1.4 Antibiotics found in Cannabis

Cannabis sativa is composed of an abundance of bioactive compound called

cannabinoids.>* The medical potential of cannabis and its active constituents has attracted

15



significant interest due to their diverse biological activities including anti-inflammatory,

antioxidant, anticancer, and neuroprotective effects.? >

Over 100 cannabinoids have been isolated with the major cannabinoids being
psychotropic A9-tetrahydrocannabinol (THC), and nonpsychoactive cannabinoids
cannabidiol (CBD), cannabigerol (CBG), cannabichromene (CBC) and cannabinol (CBN).!

These compounds are composed of a phenolic core with a prenyl chain or cyclized prenyl

OH Z
)\/\)\/Ij\/\/\ Y\/%\/\/\ O .
X S |
HO HO o O
cee CBC CBN

Figure 8 The major cannabinoids with the prenyl chain highlighted in blue and the phenol shown in burgundy.

chain derivative shown in Figure 8.

In the realm of infectious diseases, Appendino et al., first showcased the antibacterial
activity of the 5 major cannabinoids shown in Figure 8 with MICs ranging from 0.5-2 ug/mL.
These potent activities are comparable to conventional antibiotics used for multidrug
resistant strains including vancomycin.?> CBD and CBG were further investigated in a
structure-activity relationship (SAR) study due to their nonpsychotropic effects (Figure 9). "
Methylation and acylation of one or both of the phenols at the R; and R position in Figure 9
were explored, along with the acid or ester derivative at R3.! No improvement in MIC’s were
seen with any of these modifications.! However, there is valuable insight in the discovery
that free phenols are necessary for activity as well esterification to the acid derivatives

(CBGA or CBDA) removes biological activity.!
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Ri R, R MIC Ri R, R; MIC

-1 Ac Ac H >128 Hg/mL -5 Ac Ac H >128 ng/mL
-2 Me H H >128 ug/mL -6 Me H H >128 ng/mL
-3 Me Me H >128 pg/mL -7 Me Me H >128 ng/mL
CBDA H H  COOH 2 ng/mL CBGA H H  COOH 4 pg/mL
-4 H H COOMe >128 ug/mL -8 H H COOMe 64 ug/mL

Figure 9 SAR of CBD and CBG by Appendino.

The Brown lab at McMaster University found interest in this initial activity and expanded
on the investigation of cannabinoids though exploring the mechanistic insights and in vivo

activity of these molecule.”

The major cannabinoids, along with their carboxylic acid precursors and homologues,
were reconfirmed or newly analyzed by the Brown lab for their MIC shown in Figure 10.
THC, CBD, CBG and CBN all demonstrated robust activity against MRSA with MICs of 2
ug/mL.? The addition of a carboxylic acid functional group (THCA, CBDA, and CBGA) and
shortening of the aliphatic chain to 3 carbons (THCV, CBDV, and CBGV) showed moderate

to decreased activity.?

17



THCA THCV
MIC (MRSA) 4 ug/mL MIC (MRSA) 4 ug/mL

HO HO HO
CBD CBDA CBDV
MIC (MRSA) 2 ug/mL MIC (MRSA) 16 ug/mL MIC (MRSA) 8 ug/mL
OH o4 o OH
X X N N
)w\va
HO HO HO
CBG CBGA CBGV
MIC (MRSA) 2 ug/mL MIC (MRSA) 4 ug/mL MIC (MRSA) 8 ug/mL
=
Y\/%\/\/\ O . %\/\/\
HO o O 0
MIC MRCSBAC8 /mL CBN cBL
(MRSA) 8 ug/m MIC (MRSA) 2 ug/mL MIC (MRSA) >32 ug/mL

Figure 10 Structure of the major cannabinoids and their antibacterial activity against MRSA.?

The Brown Lab further investigated the mechanism of these cannabinoids and found that
CBG showed the greatest efficacy at inhibiting biofilms and was the most potent cannabinoid
against persisters.? In addition to its activity, CBG has non-psychoactive effects in humans
and was selected for further mechanistic studies and in vivo efficacy. It was observed that
CBG operates by acting on the cytoplasmic membrane of gram-positive bacteria.? A single
treatment of 100 mg/kg of CBG in mice resulted in a 2.8 log reduction in bacteria growth at 7
hours in the spleen compared to the vehicle control.? This in vivo activity was comparable to
the antibiotic control, vancomycin administered at a similar dose showing promising levels
of efficacy.? CBG also showed highly desirable properties for an antibiotic with low rates of
resistance and potential as a broad-spectrum antibiotic when the outer membrane of gram-

negative bacteria is disrupted.’
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Overall, CBG conveyed excellent biological activity against MRSA. However, CBG
exhibits high lipophilicity and low aqueous solubility.> To overcome these challenges, we
took to address the structure of CBG, investigating changes in its molecular structure to
undergo a medicinal chemistry effort to improve both the physiochemical properties of CBG,

as well as its MIC against MRSA.

1.5 Synthesis of Cannabigerol

1.5.1 Biosynthesis of Cannabigerol
To synthesize and chemically modify CBG, the plant biosynthesis of the molecule can be

understood to motivate the route of chemical synthesis. There are two biosynthetic pathways
of CBG including 1) the direct condensation of olivetol and geranyl pyrophosphate (Scheme
1) as well as 2) the condensation of olivetolic acid and geranyl pyrophosphate following an
non-enzymatic decarboxylation (Scheme 2).2¢ CBGA serves as a direct precursor to CBCA,
THCA, and CBDA through enzymatic conversion.?® These acid derivatives can then undergo
a non-enzymatic decarboxylation, typically through heat.?® Oxidation of THC provides

cannabinoid CBN giving 8 cannabinoid derivatives from the same precursor of CBGA.

OH )\/\/K/\ OH
OPP S S
geranyl phosphate
HO HO

olivetol cannabigerol (CBG)

Scheme 1 Direct biosynthesis of CBG from olivetol and geranyl phosphate.
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OH O W OH O OH
X N-"opp
N \ N N
OH geranyl phosphate OH decarboxylation
HO HO HO

olivetolic acid CBGA CBG
CBCA Synthase CBDA synthase

THCA
Synthase

=

o O
OH
HO
CBCA THCA
Jdecarboxylation l decarboxylation
=

o

HO
CBC

CBN

Scheme 2 Biosynthetic pathway of cannabinoids from CBGA. *°.

As CBGA is a precursor to many cannabinoids, it is present in much smaller quantities in
Cannabis sativa with less than 1% composition in the plant.?’ A scalable synthesis of CBG is
of industrial significance as it can be used for the biosynthesis of other cannabinoids, used in
biological studies, as well as provide precursors and insight for medicinal chemistry

efforts.?”- 28

1.5.2 Chemical Synthesis of Cannabigerol

The first structure and synthesis of cannabigerol was published in 1964 with no reported
yield by Gaoni and Mechoulam from commercially available and inexpensive olivetol and

geraniol inspired by the biosynthetic pathway (Scheme 3).%
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OH )\/\/LA OH
> N"on
geraniol X X
e
HO HO

olivetol cannabigerol (CBG)

Scheme 3 Synthesis of CBG from olivetol and geraniol.

Scheme 3. Synthesis of CBG from olivetol and geraniol.

Following this, reported syntheses of CBG from olivetol and geraniol used acidic
conditions to help facilitate the reaction to undergo an electrophilic aromatic substitution
mechanism. Bronsted and Lewis acids like TsSOH and BF3 etherate resulted in yields of
52% and 29%, respectively.’**? The limitation with this acid promoted alkylation method
is that the reaction forms complex mixtures of multi-addition (I-9a) and cyclized
byproducts (I-9b) and most significantly, the undesired regioisomer (I-9a) as the major

product (Scheme 4).>* This mixture of byproducts also makes purification of the product

difficult.??
/@\/\/\ 'erar"o' )\/\/L/jij\/\/\ /@iﬁ\/k ﬁ/\/\
Lewis or Bronsted Acid
i . 1-9 1-9b
olivetol cannabigerol (CBG) regiois:»mer multi-addition

OH

N s PN

1-9¢
cyclized products

Scheme 4 Synthesis of CBG and its major byproducts including the regioisomer and multi-addition product (R = geranyl
and/or H).

Other reported syntheses of CBG from olivetol are multistep, use protecting groups (1-12,

I-14) or blocking groups to achieve selectivity (I-10, I-11), or were prepared using cross
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coupling reactions that include metal catalysts and expensive/inaccessible boronic esters (I-13)

(Scheme 5).33%

A) Use of blocking groups on reactive carbon sites

3. Na;SO03, EtsN,
ascorblc acid
1. Bry, -30 °C
Lewis Acid

1-10 -1

OH B) Protection of phenols and cross coupling chemistry

or PP A

OH
| ~ Bpin X X
1.1, 113
HO HO

2. Protect RO 3. Suzuki

olivetol 112 4. Deprotect CBG
C) Protection of phenols and converting phenol to a nucleophile
R 8. )\/\/K/\
1. Protect BrMg Br
2. MgBr (FeCl3)2(TMEDA)3
RO THF
4. Deprotect

1-14

Scheme 5 Synthetic pathways for the synthesis of CBG from olivetol.

A new method for prenylation of phenolic compounds was developed by the Magolan lab
using acidic alumina (Scheme 6).2® Using alumina not only improved selectivity of prenylations
to between the two hydroxyl groups and reduced side reactions including double addition and
cyclization but also improved yields to 65%.® This alumina promoted reaction is continued to be
improved for further publication.*¢

OH )\/\/L/\ OH
X X OH
geraniol X X
- >
HO acidic alumina, HO

O
olivetol MeCN, 85 °C cannabigerol (CBG)

Scheme 6 Acidic alumina promoted geranylation of olivetol.

Application of this new methodology leads to a facile one step synthesis of CBG, the
synthesis of other cannabinoids, and prenylated phenolic natural products. Additionally, this

reaction can support the synthesis of CBG analogues in a medicinal chemistry effort to explore
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the potential of CBG as an antibiotic and can address the poor pharmacokinetic properties

associated with its chemical structure.
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Chapter 2 — Synthesis and Evaluation of Cannabigerol Inspired Antibiotics

2.0 Structure Analysis of CBG

There are three main components of CBG (Figure 11), its phenolic core (1,3-diol), the
left-hand side geranyl chain at the 2-position, and the right-hand side 5 carbon aliphatic tail at
the S5-position. To explore the full potential of CBG as an antibiotic, the synthesis and
evaluation of CBG analogues were investigated, varying substituents at each face of the
molecule and expanding the structure-activity relationship to find a suitable antibiotic

candidate.

Geraniol Chain

HO

Phenolic
Core

Alkyl Tail

cannabigerol (CBG)

Figure 11 Cannabigerol and its highlighted phenolic core, geraniol chain, and alky! tail.

Exploration of CBG analogues will allow us to gain insight into each functionality
(geraniol chain, phenolic core, and alkyl tail) of CBG and their effects on biological activity.
Additionally, modifications are made to improve the physiochemical properties of CBG. This
includes modifications to the geranyl chain and aliphatic tail which exhibit high lipophilicity.
Shortening the prenyl chain or adding polar functionality which can help overcome the initial
poor solubility of CBG. As well, variation at the alkyl chain may also aid in improved solubility.
2.1 Synthesis of Cannabigerol

The synthesis of CBG and CBG analogues are needed to explore its structure activity

relationship. Using alumina-templated prenylation chemistry we can access CBG and

analogues in a simple manner.
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Included in this structure activity relationship are results from reported synthetic CBG
derivatives by Appendino et al. and Lee et al., with MIC values against MRSA."*” To further
expand the initial SAR, we focused our efforts to synthesize analogues of CBG with
diversification at the prenyl chain to understand its role in activity (Figure 12, Figure 14, II-
4, 11-5, 11-7). Synthesis of these compounds are from Dr. Nicholas Jentsch and Dr. Xiong
Zhang. Synthesis of (Figure 15, I1-20 to II-26) are made by Dr. Lauren Irwin. All work is

my own unless otherwise indicated.

)\/\OH OH OH

Prenyl
acidic alumina
HO HO

MeCN, 85 °C

olivetol

Figure 12 Using acidic alumina to synthesize CBG analogues at the 2-position

2.2 Biological Evaluation of CBG Analogues
CBG and synthetic analogues were tested against conditions of MRSA and E. coli for

their minimum inhibitory concentration determination by Dr. Maya Farha in the Eric Brown

lab at McMaster University.

MRSA as well as MRSA with bicarbonate were evaluated. The addition and combination
of bicarbonate with an antibiotic has been shown to improve an antibiotic’s efficacy, deeming
bicarbonate a potentiator molecule.® Bicarbonate acts by disrupting bacterial membrane

potential and proton gradient, leading to improved antibiotic uptake and efficacy.*®

E. coli is a gram-negative bacterium with an outer membrane that needs to be penetrated
compared to that of gram-positive MRSA. All CBG analogues were evaluated against E. coli

as well as a hyperpermeable strain of E. coli (AtolC-pore). TolC is an outer membrane
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protein in E. coli involved in the export of small molecules like antibiotics or toxins across
the outer membrane.>® The deletion of tolC allows E. coli to be more susceptible to

membrane acting compounds.

These assays were conducted using the guidelines of the Clinical and Laboratory
Standards Institute (CLSI) for MIC testing by broth microdilution.> The MICs were
determined by serial dilutions ranging from 0-256 ug/mL in duplicates for each compound in
a 96-well plate with clinical isolates of various bacteria.> The plates were incubated at 37 °C
for 18 hours and optical density is read. The MIC is determined at the lowest concentration

of a compound showing less than 10% bacteria growth.

2.3 Structure Activity Relationship of CBG

2.31 CBG Analogues at the Phenolic Core
Investigating the core of CBG, Appendino synthesized and evaluated CBG analogues

with one or both methylated phenols well as a methyl ester CBGA derivative (Figure 1313).!

OH OH 0
X X
X X OH
HO

HO

CBG CBGA
MIC (S. aureus) 2 ug/mL MIC (S. aureus) 4 ug/mL
OMe OMe OH O
N X
X X
)\/\)\/jij\/\/\ X X OMe
HO MeO HO'
-1 -2 -3

MIC (S. aureus) >128 ug/mL (Appendino) MIC (S. aureus) >128 ug/mL (Appendino)  MIC (S. aureus) >128 ug/mL (Appendino)

Figure 13 CBG analogues at the phenolic core and their MIC against MRSA.

Methylation of one or both phenols of CBG decreased potency drastically.! The MIC of
II-1 and II-2 increased from 2 ug/mL (CBG) to >128 ug/mL meaning all activity was lost.
This indicates that the hydroxyls are important in achieving activity against MRSA.! As

well, investigating the carboxylated version of CBG (CBGA) showed moderate potency with
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an MIC of 4 ug/mL. However, substitution to the methyl ester II-3 showed no activity with
an MIC of >128 ug/mL."! This signifies that the phenolic hydroxyl groups cannot be

substituted along with ester modification reducing activity.

2.32 CBG Analogues at the Geraniol Chain
Previously, the geraniol chain at the 2-position of CBG was investigated in the Magolan
Lab. Synthetic analogues were developed by Dr. Xiong Zhang and Dr. Nicholas Jentsch
varying the prenyl chain length (II-4 and II-5) as well as investigating when the prenyl chain

is saturated (II-7). Dihydroxylation of the prenyl chain was also explored by Appendino (II-

6) shown in Figure 14.

OH
%
HO

CBG
MIC (S. aureus) 2 ug/mL

olivetol -4 1I-5
MIC (S. aureus) >128 ug/mL MIC (S. aureus) 16 ug/mL MIC (S. aureus) 8 ug/mL.
OH
~ it %
\
HO
OH oH
-6 -7
MIC (S. aureus) 32 ug/mL (Appendino) MIC (S. aureus) 32 ug/mL

Figure 14 CBG analogues at the geraniol chain and their MIC against MRSA.

Differing the geranyl chain by length to prenyl (II-4) and farnesol (II-5) did not lead to
improvements in activity with increased MICs of 16 ug/mL and 8 ug/mL respectively.
Comparing these to olivetol, which has an MIC of >128 ug/mL it signified a requirement of
chain substitution. As well, the saturated prenylated chain II-7 has shown decreased

biological activity from its prenylated counterpart where the MIC increased from II-5 at 8
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ug/mL to II-7 exhibiting an MIC of 32 ug/mL. Lastly, exploring the dihyroxylated prenyl
chain I1-6 showed loss of activity with an MIC of 32 ug/mL. This signifies that the geraniol
chain of CBG is of importance in achieving a potent MIC with substitution at the prenyl
chain decreasing activity.
2.33 CBG Analogues at the Alkyl Tail
CBG has been previously explored by Lee et al., where different alkyl chain lengths were
investigated.’” Carbon chain lengths of 3, 5, 7, 9, and 11 have been synthesized in 4 steps

showcased in Scheme 7.37 The synthetic analogues were then tested against MRSA (Figure 15).

Br
OMe + OMe
Pth/\M,; 010 /@\/\(\/){ H2 PdIC
—_—
/ij\ DMSO:H,0 (10:1) CHCI3 MeOH (1:1),
M H 2 ) M
0 CHO  efiux, 14 hr | oqo T4 14 hr 0 =212

11-8 11-10

BBr3, CH,Cly,
78°Ctort, 14 hr

OH )\/\)\/\ OH
N AN X X NoH Oﬁ/
HO alumina, DCE, HO n=2-12

n=z12 reflux, 6 hr
11-12 11-11

Scheme 7 Synthetic route by Lee et al., towards alkyl CBG analogues.®”
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OH
Mﬁj\/\/\
HO

CBG
MIC (S. aureus) 2 ug/mL

11-13 1-14 1115
MIC (S. aureus) 25 uM (Lee) MIC (S. aureus) 2.5 uM (Lee) MIC (S. aureus) 6.25 uM (Lee)
OH OH
% M/\/\/\/\/\/\
HO' HO
11-16 1-17
MIC (S. aureus) 25 uM (Lee) MIC (S. aureus) >200 uM (Lee)

Figure 15 CBG analogues at the alky! tail and their MIC against MRSA.3”

Exploring different carbon chain lengths with II-13 to II-17 showed activity from 2.5 to
>200 uM converted to <1 ug/mL to >128 ug/mL.3” II-14 and II-15 with carbon chains of 7
and 9 showed the most potent activity with II-13, II-16, and II-17 exhibiting a decreased

MIC.*’

Except for the initial exploration from Lee et al., there has been limited development with

diversification at the aliphatic fragment.’

This has left us with ample room for exploration
to unlock the full potential of CBG. With the geraniol chain and phenolic core needed for
activity, synthesis of analogues at the 5-position is open for investigation.

2.4 Alkyl CBG Analogues at the Alkyl Tail

Further investigation to varying alkyl chain lengths is needed to bridge the gap of the

work from Lee ef al., along with obtaining further biological evaluation.’’

Alkyl CBG analogues were investigated in the Magolan Lab changing the chain length at

the 5-position from 0 to 7 carbons. These analogues were synthesized using the alumina
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templated allylation chemistry to install a geraniol chain at the 2-position on varying

resorcinols.

OH geraniol, OH
acidic alumina o \ N
M 85 °
HO 1 eCN, 85°C HO 1
118 119

n=0-7 (24 - 68%)

Scheme 8 Synthesis of alkyl CBG analogues.

Seven CBG analogues were synthesized by Dr. Lauren Irwin with varying alkyl chain
lengths in 24-68% yields and tested against MRSA, MRSA with bicarbonate, E. coli, and

AtolC-pore E. coli.

OH
%
HO

CBG
MIC (S. aureus): 2 ug/mL
MIC (MRSA) + NaHCO3: >32 jig/mL
MIC (E. coli): >32 pg/mL
MIC (AtolC-pore): 4 yg/mL

11-20 11-21 11-22 11-23
MIC (S. aureus): 1g pg/mL MIC (S. aureus). 1@ pg/mL MIC (S. aureus). g pg/mL MIC (S. aureus). g pg/mL
MIC (MRSA) + NaHCO;: g ug/mL  MIC (MRSA) + NaHCO3: 16 pg/mL  MIC (MRSA) + NaHCO3: >32 pig/mL MIC (MRSA) + NaHCO3: >32 ug/mL
MIC (E. coli): >32 pg/mL MIC (E. coli): >32 pg/mL MIC (E. coli): >32 pg/mL MIC (E. coli): >32 pg/mL
MIC (AtolC-pore): 8 ug/mL MIC (AtolC-pore): 8 pg/mL MIC (AtolC-pore): 4 pg/mL MIC (AtolC-pore): 4 pg/mL
11-24 11-25 11-26
MIC (S. aureus): 4 pg/mL MIC (S. aureus). 2 pg/mL MIC (S. aureus): 2 jg/mL
MIC (MRSA) + NaHCO3! >32 jig/mL MIC (MRSA) + NaHCO3: >32 ug/mL MIC (MRSA) + NaHCO3:
MIC (E. coli): >32 ng/mL MIC (E. coli): >32 pg/mL MIC (E. coli): >32 jig/mL
MIC (AtolC-pore): 4 ug/mL MIC (AtolC-pore): 4 yg/mL MIC (AtolC-pore): 4 g/mL

Figure 16 CBG analogues with alkyl chains from 0 to 7 carbons and their antibacterial properties.

When evaluating these alkyl CBG analogues against MRSA, CBG and compounds I11-25
and I1-26 with carbon chain lengths of 5, 6, and 7 showed good activity exhibiting and MIC of 2

ug/mL. Compound II-20 with no carbon chain exhibited an MIC of 16 ug/mL signifying that
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substitution at the 5-position of CBG is needed for bioactivity. Increasing chain length from
unsubstituted (I1-20) to a methyl (II-21) showed similar activity with an MIC of 16 ug/mL
suggesting that a group larger than a methyl is necessary for improvement of activity against
MRSA. Excitingly, we see an improvement in MIC when extending the chain length to 2, 3, and

4 with compounds II-22 to I1-24 exhibiting MICs of 4-8 ug/mL.

When bicarbonate is used as a potentiator molecule, slight inconsistencies are seen in the

data meaning the assay should be redone to confirm MICs.

No activity was seen with alkyl CBG analogues against E. coli. This was of no surprise as
CBG is a membrane acting compound and therefore unable to cross the outer membrane of
gram-negative bacteria. However, in the presence of a tolC deletion, activity was regained. All
analogues showed moderate activity against this strain of E. coli displaying MICs of 4-8 ug/mL

except for compound I1-26 where no activity was regained.

These analogues should be analyzed further to see if the inconsistencies are from the
assays or if compound I1-26 undergoes a different mechanism of action compared to that of the
other alkyl CBG analogues.

2.5 Aryl CBG Analogues at the Alkyl Tail

With the alkyl tail explored, we then envisioned diverse aryl CBG analogues to improve
lipophilicity by removing the greasy aliphatic chain at the 5-position and further improve
potency (Scheme 9). There has been no previously reported syntheses of aryl CBG analogues

making this the first of its kind.
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) H
OH geraniol, Ar-B(OH),,
BBrs, DCM acidic alumina PdCI2(dppf) KOAc X X
T
~ -78°C, 18 hr MeCN, 85 °C, 24 hr Dioxane/H20 (5:1) HO Ar
O Br Hi Br
90°C, 3-5 hr 11-30
1-27 11-28 11-29

73% 45% 2N H‘J\[X>
3@ 0
20 g scale P v

Scheme 9 Synthetic route to aryl CBG analogues.

A library of novel analogues was synthesized using our new alumina templated ortho-
allylation chemistry on 5-bromoresorcinol II-27. The geranylated 5-bromoresorcinol bromine
can then act as a handle for diversification. Here, a mild Suzuki coupling is used to present aryl
CBG analogues in the presence of free phenols with no protecting groups needed. Suzuki
couplings are commonplace in medicinal chemistry because they are scalable, reliable,
reproducible, and have a large functional group tolerance.*’ Functionalized boronic acids were

used in the cross coupling to synthesize CBG analogues in 5-58% yields.

First investigated was a phenyl ring at the 5-position of CBG (II-31) shown in Figure 17.

OH
Mj@\/\/\
HO

CBG

MIC (S. aureus): 2 ug/mL

MIC (MRSA) + NaHCO3: >32 pg/mL
MIC (E. coli): >32 jig/mL

MIC (AtolC-pore): 4 ;ig/mL

MIC (S. aureus): 4 pg/mL

MIC (MRSA) + NaHCOs: 2 pg/mlL
MIC (E. coli): >32 ug/mL

MIC (AtolC-pore): 2 nug/mL

Figure 17 Phenyl CBG analogue and its antibacterial activity.

I1-31 showed exciting prospective to aryl CBG analogues where potent activity was seen

against MRSA with an MIC of 4 ug/mL. With the addition of bicarbonate, an improved MIC was

32



seen of 2 ug/mL. Like the alkyl CBG analogues, no activity was seen against E. coli, but activity
was regained when a hyperpermeable strain was used displaying an MIC of 2 ug/mL. The
antibacterial activity of the phenyl CBG analogue showed great potential for further exploration

of these types of compounds.

2.5.1 Evaluation of methyl substituents on 5-Phenyl CBG

The ortho, meta, and para sites of the phenyl ring were then explored to see if substitution

at one of these sites can improve activity further.

OH
Mj@\/\/\
HO

CBG

MIC (S. aureus): 2 pg/mL

MIC (MRSA) + NaHCOs: >32 ;ig/mL
MIC (E. coli): >32 pg/mL

MIC (AtoIC-pore): 4 1g/mL

1I-32 11-33 11-34
MIC (S. aureus):  |FIGHRR MIC (S. aureus): |G MIC (S. aureus): 2 ,ig/mL
MIC (MRSA) + NaHCO::  [iliiiaiiill MIC (MRSA) + NaHCO3;: 2 ng/mL MIC (MRSA) + NaHCO,: 2 pg/mL
MIC (E. coli): >32 ;g/mL MIC (E. coli): >32 ug/mL MIC (E. coli). >32 ng/mL
MIC (AtolC-pore): nd. MIC (AtolC-pore): nd. MIC (AtolC-pore): nd.

Figure 18 Ortho, meta, and para methyl substitution on phenyl CBG and their antibacterial properties.

Varying the location of methyl substituents at the ortho, meta, and para sites exhibited
good activity against MRSA in all cases. 1I-32 and II-33 methyl substituents at the ortho and
meta sites displaying an MIC of 1 ug/mL, improving the activity compared to CBG and to that of
the unsubstituted phenyl ring I1-31. With the addition of bicarbonate, the same or decreased

activity was seen.
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2.5.2 Evaluation of substituents on 5-Phenyl CBG
To further explore substitution, electron withdrawing Cl, F, and CF3 as well as electron

donating OMe substituents were substituted around the attached phenyl ring to investigate
electronic effects on activity (Figure 19).
OH

X X

HO
CBG

MIC (S. aureus): 2 pg/mL

MIC (MRSA) + NaHCO3: >32 ug/mL
MIC (E. coli): >32 ng/mL

MIC (AtolC-pore): 4 g/mL

11-35 11-39 11-43

MIC (S. aureus): 5 ,g/mL MIC (S. aureus): ' 4 g/mL MIC (S. aureus): g ug/mL

MIC (MRSA) + NaHCO3: [y MIC (MRSA) + NaHCO3: 4 ug/mL MIC (MRSA) + NaHCO3: 4 pg/mL
MIC (E. coli): >3 lg,mL MIC (E. coli): 532 ug/mL MIC (E. coli): >32 jg/mL

MIC (AtolC-pore): 1 ug/mL MIC (AtolC-pore): 1 pg/mL MIC (AtolC-pore): 8 yg/mL

11-36 11-40 11-44
MIC (S. aureus): 2 ug/mL MIC (S. aureus): 2 ug/mL MIC (S. aureus): 4 pg/mL
MIC (MRSA) + NaHCO3: 2 ug/mL MIC (MRSA) + NaHCO3: | 1 ug/mL MIC (MRSA) + NaHCO3: 4 nug/mL
MIC (E. coli): >32 ng/mL MIC (E. coli): >32 ng/mL MIC (E. coli): >32 pg/mL
MIC (AtolC-pore): 2 ng/mL MIC (AtolC-pore): = 1 ug/mL MIC (AtolC-pore): 4-8 jg/mL

11-37 11-41 11-45
MIC (S. aureus): | q pg/mL MIC (S. aureus): ' { ug/mL MIC (S. aureus): 2ug/mL
MIC (MRSA) + NaHCO3: | 4 ug/mL MIC (MRSA) + NaHCO3: | 1 ng/mL MIC (MRSA) + NaHCO3: RYfelnk
MIC (E. coli): >32 pg/mL MIC (E. coli): >32 yg/mL MIC (E. coli): >32 ug/mL
MIC (AtolC-pore): nd. MIC (AtolC-pore): nd. MIC (AtolC-pore): 8ug/mL

11-38 11-42 11-46
MIC (S. aureus): 5 ug/mL MIC (S. aureus). 4 pg/mL MIC (S. aureus): 4 pg/mL
MIC (MRSA) + NaHCO3:  RYCIGIE MIC (MRSA) + NaHCOg: 4 yg/mL MIC (MRSA) + NaHCOg: 4 yg/mL
MIC (E. coli): >32 ug/mL MIC (E. coli): >32 ng/mL MIC (E. coli): 32 pg/mL
MIC (AtolC-pore):  4ug/mL MIC (AtolC-pore): 2 ug/mL MIC (AtolC-pore): 4 pg/mL

Figure 19 Ortho, meta, and para substitutions on phenyl CBG and their antibacterial properties.
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All ortho substituents (II-35 to II-38) exhibited potent antibacterial activity against
MRSA with MIC’s ranging from 1-2 ug/mL. Specifically, II-37 the ortho-CF3 substituent, stood
out with its low MIC of 1 ug/mL. When in the presence of the potentiator molecule bicarbonate,
it was seen that the activity of the ortho substituents remained the same or improved. Compounds
I1-35 and I1-38 improved activity over 2-fold in the presence of bicarbonate displaying MICs of
0.5 ug/mL. Substitution at the ortho-site with any electron withdrawing or donating group
improved activity meaning a substituent at the ortho position has steric influence on the mode of

action.

At the meta position, electron withdrawing substituents I11-39 to II-41 showed good
activity with MIC’s ranging from 1-2 ug/mL. However, electron donating OMe 11-42 showed
decrease in potency (4 ug/mL) and has worse activity than CBG itself. The presence of
bicarbonate allowed for all meta-analogues to exhibit the same or improved activity and activity
was regained in the presence of the tolC-pore strain of E. coli. This trend signifies that electron

donating effects are non-beneficial for activity.

All para substituents (II-43 to I1-46) showed decreased bacterial potential with MICs of
4-8 ug/mL for all substituents except for the para-CF3 analogue. I1-45 showed an MIC of 2
ug/mL which did not trend for the other para substituent analogues. As well, in the presence of

bicarbonate, II-45 stood out with a further improved MIC to 0.5 ug/mL against MRSA.

Of these analogues, 11-32, 11-33, 11-37, 11-39, and I1-41 showed improved antibiotic
activity exhibiting MICs of 1 ug/mL when compared to CBG (2 ug/mL). Additional ortho and

para-analogues were synthesized and evaluated to explore the positions further.
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OH
%
HO

CBG

MIC (S. aureus): 2 pg/imL

MIC (MRSA) + NaHCO3: >32 jg/mL
MIC (E. coli): >32 pg/mL

MIC (AtolC-pore): 4 yg/mL

1-47 11-48 11-49
MIC (S. aureus): 2 pg/imL MIC (S. aureus): 4 pg/mL MIC (S. aureus):
MIC (MRSA) + NaHCO3: 4 pg/mL MIC (MRSA) + NaHCO3: 8 jig/mL MIC (MRSA) + NaHCO3: 1 jg/mL
MIC (E. coli): >32 pg/mL MIC (E. coli): >32 ug/mL MIC (E. coli): >32 pg/mL
MIC (AtolC-pore): nd. MIC (AtolC-pore): n.d. MIC (AtolC-pore): n.d.

1I-50

MIC (S. aureus): 4 pg/mL

MIC (MRSA) + NaHCO3: 4 ;g/mL
MIC (E. coli): >32 ug/mL

MIC (AtolC-pore): 2 g/mL

Figure 20 Expansion of ortho and para CBG analogues and their antibacterial properties.

We can confirm through the evaluation of 11-47, 11-48, and I1-49 that electron
withdrawing substituents in the meta position are favoured. Electron donating hydroxy (I1-47),
and amino (I1-48) substituents exhibited moderate potential with MICs of 2 and 4 ug/mL against
MRSA respectively. We see a drastic improvement in potency with the electron withdrawing
nitro substituent 11-49. However, this nitro group is not favourable and generally avoided in
medicinal chemistry due to its poor pharmacokinetic properties and toxicity.*! The nitro group is
comparable in electronics and lipophilicity to a trifluoromethyl substituent. However, comparing

11-49 to I1-41 there was decreased activity.
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Lastly, a nitrile substituent at the para site (II-50) was investigated to increase the overall
hydrophilicity of the compound.*> However, 1I-50 showed moderate potency similar to the other
para-analogues investigated in Figure 18.

2.5.3 Evaluation of Disubstituted 5-Phenyl CBG Analogues

As all ortho-substituents showed high activity, a disubstituted effect was investigated.
2,4-disubstituted and 2,6-disubstituted analogues were synthesized and evaluated. As well, a
3,5-disubstituted analogue was investigated due to the potential of electron withdrawing meta

substituents showing promising MICs.

OH
Mjij\/v\
HO

CBG

MIC (S. aureus): 2 pg/imL

MIC (MRSA) + NaHCO3: >32 pg/mL
MIC (E. coli): >32 ug/mL

MIC (AtolC-pore): 4 yg/mL

11-51 1I-52 11-53
MIC (S. aureus): 4 pg/mL MIC (S. aureus): o ug/mL MIC (S. aureus): /mL
MIC (MRSA) + NaHCO3: 1 pg/mL MIC (MRSA) + NaHCO3: /{1 ng/mL MIC (MRSA) + NaHCO3: ﬁ
MIC (E. coli): >32 pg/mL MIC (E. coli): >32 pug/mL MIC (E. coli): >32pug/mL
MIC (AtolC-pore): 2 yg/mL MIC (AtolC-pore): |1 ug/mL MIC (AtolC-pore): 2ug/mL

1I-64

MIC (S. aureus): 2 pg/mL MIC (S. aureus): | 1ug/mL MIC (S. aureus): [Tl

MIC (MRSA) + NaHCO3: 1 pg/mL MIC (MRSA) + NaHCO3: q MIC (MRSA) + NaHCO3:  qug/mL
MIC (E. coli): >32 pg/mL MIC (E. coli): >32ug/mL MIC (E. coli): >32ug/mL

MIC (AtolC-pore): 1 pg/mL MIC (AtolC-pore): | 1ug/mL MIC (AtolC-pore): nd.

Figure 21 Disubstituted CBG analogues and their antibacterial activities.

This additive effect of an ortho-chloro with a para substituent (II-51) showed improved

activity compared to the para substituent itself. II-51 showed excellent potency with an MIC of 1
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ug/mL. II-52 and I1-53 also showed potential with MICs of 2 ug/mL, suggesting that the ortho

substituent is of great importance.

Another additive effect was investigated with 2,6-disubstituted analogues. I11-54 and I1-
55 were synthesized and evaluated to see if the addition of a second ortho substituent increased
activity. II-54 showed comparable activity to that of II-35. Interestingly, we saw improvement
with I1-55 increasing its potency by 1-fold compared to II-36 (2-fluorophenyl) where the MIC
improved from 2 ug/mL to 1 ug/mL against MRSA. As well, II-55 in the presence of

bicarbonate displayed a potent MIC of 0.5 ug/mL.

Lastly, the 3,5-difluorinated analogue II-56 was investigated because we had observed
good potential with electron withdrawing meta substituents. This additive effect was seen as II-
56 improved its activity 2-fold compared to II-40. This potent MIC of II-56 at 0.5 ug/mL has
improved drastically from 2 ug/mL against MRSA.
2.5.4 Evaluation of Heterocyclic-CBG Analogues

Lastly, heterocycles were explored. Introduction of heterocycles can improve
pharmacokinetic properties where we are introducing polarity to the compound, introducing

hydrogen bonding, and reducing lipophilicity.*
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OH
%
HO

CBG
MIC (S. aureus): 2 pug/mL
MIC (MRSA) + NaHCO3: >32 g/mL
MIC (E. coli): >32 yug/mL
MIC (AtolC-pore): 4 ;g/mL

OH OH OH
X X NS NS X NS al
HO | A HO SN HO | SN
N = =
II-57 11-58 11-59
MIC (S. aureus): 4 ng/mL MIC (S. aureus): ~ 8 ng/mL MIC (S. aureus): 5 g/mL
MIC (MRSA) + NaHCO5: 4 ng/mL MIC (MRSA) + NaHCO5: 8 ng/mL MIC (MRSA) + NaHCO3: | 1 ug/mL
MIC (E. coli): >32 ng/mL MIC (E. coli): >32 ng/mL MIC (E. coli): >32 ug/mL
MIC (AtolC-pore): 4 ng/mL MIC (AtolC-pore): n.d. MIC (AtolC-pore): 4 yg/mL
OH OH
X X X X
HO B )N HO \ S/
~Z
N
11-60 11-61 11-62
MIC (S. aureus): 16 pg/mL MIC (S. aureus): >32 pg/mL MIC (S. aureus): 2 ngimL
MIC (MRSA) + NaHCOg: 16 ng/mL MIC (MRSA) + NaHCO,: >32 ng/mL MIC (MRSA) + NaHCO3: 4 pg/mL
MIC (E. coli): 32 ng/mL MIC (E. coli): 32 ng/mL MIC (E. coli): >32 ug/mL
MIC (AtolC-pore): n.d. MIC (AtolC-pore): 32 ng/mL MIC (AtoIC-pore): 2 ug/mL

Figure 22 Heterocyclic CBG analogues and their antibacterial activities.

Pyridine type CBG analogues were explored. II-57 showed moderate activity of 4 ug/mL
against MRSA. Moving the nitrogen atom from the 4-position to the 3-position (II-58)
decreased activity further to 8 ug/mL against MRSA. However, the introduction of a heteroatom
(Cl) at the ortho position (II-59) showed activity being regained with an MIC of 2 ug/mL against

MRSA. Again, this signifies the importance of an ortho substituent on these aryl CBG analogues.

Pyrimidine II-60 showed further decrease in activity compared to the pyridine
compounds with an MIC of 16 ug/mL against MRSA. This indicates that only one heteroatom in
the ring can be tolerated. The extension of space to the quinoline (II-61) showed no activity with
an MIC of >32 ug/mL. Lastly, thiophenyl II-62 showed moderate potency at 2 ug/mL and

should be further explored.
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All heterocycles except for II-59 showed similar or decreased potency when in addition
with bicarbonate or against AtolC-Pore E. coli. 11-59 exhibited an increased potential with

bicarbonate possibly due to the ortho-chloro substituent.

2.6 Summary of Structure-Activity Relationship Effects of 5-Position CBG Analogues
CBG and 39 CBG analogues at the alkyl tail were synthesized and evaluated. Nine

analogues showed an increased potency compared to CBG against MRSA with MICs of 0.5-1
ug/mL. Fourteen analogues exhibited the same potency to that of CBG (2 ug/mL) and sixteen

analogues showed decreased activity.

Of the alkyl analogues, a carbon chain length of 5 (CBG), 6 (II-25), and 7 (I1-26), showed
potent activity with MICs of 2 ug/mL against MRSA. Carbon chains smaller than 5 showed

decreased activity.

Of the aryl CBG class, II-56 and 11-49 showed the greatest activity with an MIC of 0.5
ug/mL against MRSA. The meta-nitrophenyl analogue I1-49 was synthesized to confirm
electron withdrawing meta substituents are favoured even though nitro groups are not favoured
metabolically. Overall, ortho and meta substituents were favoured over para substitution.

Disubstituted analogues showed improved potency and heterocycles were tolerated.

11-35, I1-38, 11-45, and I1-53 were of great interest due to their ability to improve their
MIC in the presence of bicarbonate from 2 ug/mL to 0.5 ug/mL against MRSA. These analogues

should be further investigated.

2.7 Predicted Pharmacokinetic Properties of CBG Analogues
Further analyzing the most potent antibiotic derivatives of CBG discovered, 11-56, I1-35,

11-38, I1-45, 11-53, and I1-47 underwent in silico predictions by SwissADME to evaluate their
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pharmacokinetic properties (Table 1).*

These compounds were chosen due to their potent MIC
against MRSA and improvement when assayed with bicarbonate. II-47 was also included to

compare predicted pharmacokinetic properties with a more polar functional group.

Table 1 Predicted pharmacokinetic properties of CBG analogues predicted by SwissADME

Mﬁ R= éé\@/': y ¢l OMe __ Re £ ¢l on
R= R= = = R=
HO RR= @S\/\/\ \© \© \©\CF3 \©\CF3 \©/

F

CBG 11-56 11-35 11-38 11-45 11-53 11-47
MIC (ug/mL) 2 0.5 2 2 2 2 2
MW 316.48 35842 35689 35247 390.44 424.88 338.44
Log P 6.74 3.97 3.94 4.02 4.19 431 3.51
H-donors 2 2 2 2 2 2 3
H-acceptors 2 2 2 2 2 2 3
Rotatable bonds 9 6 6 7 7 7 6
Rings 1 2 2 2 2 2 2
Predicted Solubility 0.0003 0.0002  0.0001  0.0003 0.00006 0.00001 0.0005

(mg/mL)
Predicted from SwissADME

These analogues showed an impressive improvement in lipophilicity while keeping the
molecular weight similar and staying within Lipinski’s rules. However, the predicted solubility
of these compounds is still poor. To improve this, future CBG analogues should investigate an
added polar substituent to improve solubility. An addition of a phenol to CBG at position 5 (1I-
47), showed an improvement with a predicted solubility of 0.0005 mg/mL making the compound
improve from poor to moderate solubility. This change in lipophilicity and predicted solubility
had minimal effect on potency, with I1-47 exhibiting an MIC of 2 ug/mL. Lastly, fluorination of
these CBG analogues can better the bioavailability and increases potency of drugs which should

be further explored.*
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Chapter 3 - Future Work
With the synthesized library of CBG analogues, further biological studies are needed.

Moreover, additional CBG analogues should be investigated to improve pharmacokinetic
properties for the identification of a CBG-derived antibiotic. Lastly, the synthesis of aryl CBG
analogues can be used as inspiration for the synthesis of natural products including stilbenoids
which warrants further investigation.
3.1 Biological Assays

In vivo studies are currently being investigated using II-35 and I1-38 in mice. CBG
analogues that showed a 2-fold increase in MIC when in the presence of bicarbonate have been
chosen for further evaluation. Of these analogues I1-35 and I1-38 are of consideration as they
exhibit the best predicted solubilities of the candidates (Figure 23). In vivo activity of II-35 and

I1-38 are ongoing.

11-35 11-38
MIC (MRSA) = 2 ug/mL MIC (MRSA) = 2 ug/mL
MIC (MRSA) + Bicarb = 0.5 ug/mL MIC (MRSA) + Bicarb = 0.5 ug/mL
MIC (E. coli) = >32 ug/mL MIC (E. coli) = >32 ug/mL
MIC (tolC-Pore E. coli) =1 ug/mL MIC (tolC-Pore E. coli) = 4 ug/imL

Figure 23 Candidates for in vivo studies.

As CBG exhibits extensive biological activity with activity beyond MRSA, this library of
CBG compounds should also be screened for other bacterial pathogens as well as other

therapeutics to explore the full potential of cannabinoids and CBG.

Lastly, the alkyl CBG analogues (II-20 to II-26) should be rescreened against MRSA

with bicarbonate and against AtolC-Pore E. coli due to inconsistencies in the assay results.
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3.2 Improving the Pharmacokinetic Properties of CBG
Aryl CBG analogues should be further explored. The newly developed CBG candidates

exhibited improved antibacterial activity and lipophilicity. However, the aqueous solubility is
still poor. New analogues should be developed to overcome this issue by introducing polar
functionalities and sp® character to the molecule.*® Ortho-substituted benzene derivatives should
be expanded upon due to it’s change in dihedral angle of the bicyclic structure of aryl CBG
analogues.*® Ortho-substitution also decreases molecular symmetry which are factors known to

improve solubility.*

With the meta-nitrobenzene CBG analogue (I1-49) being a potent inhibitor of MRSA,
exploration of electron withdrawing substituents that are not toxic or metabolically unstable at
this site should also be further explored. Bioisosteres are known chemical moieties that can
replace a functional group while retaining similar biological activity. Nitro-bioisosteres like
sulfonyl groups including sulfonamides can mimic the electron withdrawing properties of nitro
groups. Other replacements that can be explored include tetrazoles which are often used to
replace carboxylic acids and nitro groups due to their similar electronic distribution.*’

3.3 Extending Suzuki Coupling to Stilbenoids

Stilbenoids are secondary plant metabolites and the hydroxylated derivatives of stilbenes
(Figure 24) which have diverse biological activities and potential therapeutic applications
including antibacterial, antioxidant, anti-inflammatory, anticancer, cardioprotective, and

neuroprotective effects.*®
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Figure 24 Stilbene, stilbenoid and prenylated stilbenoids

Using the same Suzuki coupling conditions with different coupling partners, we can
access a wide variety of complex prenylated natural and unnatural products. This includes aryl
CBG analogues explored in Scheme 9, coupling of vinyl boronic esters to access stilbenoid
natural products, borylated geranylated resorcinols (II-63) for further diversification with
complex bromines and other diverse prenylated phenolic compounds. We have demonstrated
Suzuki couplings without the use of phenolic protection and in the presence of prenyl chains

where we can extend this strategy further.

H N N
HO” N
| R HO N
Z TR
> 1131 to 1162
5-58%
Aryl CBG Analogues
H
OH Bpin. - S S
in
. N PdCl,(dppf), KOAc, Pin A ~g R P
dioxanes:H,0 (5:1) HO' R
HO Br 36-45%
11-29 Stilbenoid Natural and Unnatural Products
OH
B,Pin,

\J
4
4

HO' B’O

b

11-63
Boronic ester coupling partner

Scheme 10 Using Suzuki-Miyaura reaction conditions to access different prenylated products.

Following the Suzuki coupling conditions, we can access prenylated stilbenoid natural
products with the use vinyl boronic esters. This has shown initial promise with the synthesis of

amorphastilbol in moderate yields of 46%.

44



Further investigation into access of borylated geranylated resorcinol I1-63 is needed. This
can allow us to synthesize diverse prenylated compounds through Suzuki couplings with alkyl
and aryl halides. The boronic ester can be installed using bis(pinacolato)diboron (B2pin)
coupled with geranylated bromoresorcinol II-29. This Miyaura borylation is known and should

be continued to be investigated.*

As stilbenoid natural products exhibit significant bioactivity, particularly antibacterial
properties, we initially tested amorphastilbol against MRSA (Figure 25).%° The natural product
displayed an MIC of 2 ug/mL against MRSA and a tolC-pore E. coli showing initial antibacterial
properties that should be further explored for the potential of prenylated stilbenoids using the
route in Scheme 10. The introduction of an olefin between the two biphenyl rings can allow for
more flexibility of the molecule which can lead to improved solubility over the aryl CBG

analogues.

Amorphastilbol
MIC (MRSA) = 2 ug/mL
MIC (MRSA) + Bicarb = 2 ug/mL
MIC (E. coli) = >32 ug/mL
MIC (tolC-Pore E. coli) = 2 ug/mL

Figure 25 Antibacterial properties of amorphastilbol

With these promising results, prenylated stilbenoid natural and unnatural products should

be synthesized and evaluated along with exploration of the synthesis of 11-63.
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Chapter 4 - Conclusion

42 CBG analogues were synthesized and tested for their antibacterial properties. It was found
that the geraniol chain and phenolic core is necessary for activity against MRSA (Figure 26).!
With limited exploration of the 5-poistion of CBG and free patent space, a library of CBG
analogues was synthesized using our new alumina mediated ortho-prenylation method and
Suzuki couplings. The synthesis and biological evaluation of alkyl and aryl CBG analogues
allowed us to study the structure-activity relationship of CBG against MRSA, improve the
antibiotic potential of CBG, and improve physiochemical properties (Figure 27). Improvement
to the activity and physiochemical properties came from the substitution of the alkyl tail to
substituted benzene derivatives. The addition of an ortho substituent or electron withdrawing
meta substituent saw great improvement of MIC of up to 0.5-1 ug/mL and decreased
lipophilicity.

Saturated and unsaturated chain
were tolerated but substitution Introduction of carboxylic acid (CBGA)
at the chain diminishes activity OH S was tolerated

—-—R  Ortho substituents improved activity

HO
Methylation of the_/ Z )
phenols were not EWG's increased potency at the meta

tolerated position
Introduction of heterocycles was tolerated

Substitution of heterocycles with EWG's
increased potency

Figure 26 Structure activity relationship summary of aryl CBG analogues
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11-56 11-49 11-32 1-37 11-33 11-39 1-41 11-55 11-51
MIC (MRSA) = 0.5 MIC (MRSA)=0.5 MIC (MRSA)=1 MIC (MRSA)=1 MIC (MRSA)=1 MIC (MRSA)=1  MIC (MRSA) = 1 MIC (MRSA) =1 MIC (MRSA) =1
Cl F OMe
Me CF;
1-35 11-36 11-38 11-40 11-47 11-34 11-45

MIC (MRSA) =2 MIC (MRSA) =2 MIC (MRSA) = 2 MIC (MRSA) =2 MIC (MRSA)=2 MIC (MRSA)=2  MIC (MRSA) =2

;é© ‘JJ\©\OMe Jﬂ\@\cﬁ Aé“ ;\Q A~ A Ao~

11-54 11-52 1153 11-59 11-62 CBG 11-25 11-26
MIC (MRSA) =2 MIC (MRSA) = 2 MIC (MRSA)=2 MIC (MRSA)=2  MIC (MRSA)=2  MIC (MRSA) = 2 MIC (MRSA) = 2 MIC (MRSA) = 2
Cl CN F OMe
11-31 11-42 11-48 11-43 11-50 I1-44 11-46
x X [N >
N

l ZN l = N/) ;\H A ;\/ M ,;\/\/ N7

1-57 11-58 11-60 11-20 11-21 11-22 11-23 11-24 11-61

MIC (MRSA) = > 32

Assays were run against S. aureus
MIC = Minimum Inhibitory Concentration (ug/mL)

Figure 27 CBG and CBG analogues activity against MRSA.
In addition, in vivo studies with II-35 and I1-38 are currently in progress and further
biological evaluation of the novel analogues against other pathogens and therapeutics should

be explored.

To further expand on this protecting group free Suzuki coupling to access aryl CBG
analogues, we can also explore a unique method for accessing stilbenoid natural products,

which merits additional investigation and antibiotic evaluation.
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6.0 Appendix

Table 2 Antibacterial properties of CBG analogues

Minimum Inhibitory Concentration (ug/mL)

MRSA + . ATolC-pore
CBG Analogue MRSA Bicarbonate 12 G2l E. coli

R = pentyl (CBG) 2 >32 >32 4
R=H 16 8 >32 8
R = methyl 16 16 >32 8
OH R = ethyl 8 >32 >32 4
)\/\)\/Ij\ R = propyl 8 >32 >32 4
HO R R = butyl 4 >32 >32 4
R = hexyl 2 >32 >32 4

R = heptyl 2 1 >32 >32
R = phenyl 4 2 >32 2

R=Me 1 1 >32 n.d.
R=Cl 2 >32 1
R=F 2 2 >32 2

R =CF; 1 1 >32 n.d.
R = OMe 2 >32 4

R=Me 1 2 >32 n.d.
R=Cl 1 1 > 32 1
R=F 2 1 > 32 1

R =CF; 1 1 >32 n.d.
R =0Me 4 4 >32 2

R=0H 2 4 >32 n.d.

R =NH, 4 8 >32 n.d.

R=NO; 0.5 1 >32 n.d.

R=Me 2 2 >32 n.d.
R=Cl 8 4 > 32 8

R=F 4 4 >32 4-8
R = CF; 2 >32 8
R =0Me 4 4 > 32 4
R=CN 4 4 >32 2
R=Cl 1 1 >32 2
R =0Me 2 1 >32 1
R = CF; 2 >32 2
R =2,6-Cl, 2 1 >32 1
R =2,6-F, 1 >32 1

R =3,5-F 1 >3 n.d.
R = 4-pyridinyl 4 4 >32 4
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R = 3-pyridinyl

R = 2-Cl-pyridin-3-yl

R = 5-pyrimidinyl
R = 6-quinolinyl
R = 2-thiophenyl
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6.1 General Considerations

Reagents, substrates, and solvents were purchased from commercial suppliers and used without
purification unless otherwise specified. Reaction progress was monitored by analytical thin-
layer chromatography, which was precoated aluminum-backed plates (silica gel F254 SiliCycle
Inc.), visualized under UV light, and plates were developed using iodine vapour. An automated
flash chromatography system (Teledyne CombiFlash Rf 200) was used for the purification of
compounds on silica gel (40-60 uM particle size). NMR spectra were recorded at 25 °C using
either a Bruker AVIII 700 ("H at 700 MHz and DEPTQ '3C at 176 MHz) or Bruker NEO 400 ('H
at 400 MHz and DEPTQ '3C at 101 MHz). Chemical shifts in 'H NMR and '*C NMR spectra are
reported in parts per million (ppm) with reference to residual solvents as follows: Chloroform-d
(referenced to 7.26 ppm for 'H and 77.16 ppm for '*C). Coupling constants (J) are reported in
hertz and peak multiplicities are reported using the following abbreviations: m = multiplet; s =
singlet; d = doublet; t = triplet; q = quartet, dd = doublet of doublets, dt = doublet of triplets, dq =
doublet of quartets, td = triplet of doublets, tq = triplet of quartets, qd = quartet of doublets, br =
broad signal. Infrared spectroscopy (IR) experiments were recorded on a Thermo Scientific
Nicolet iS5 FT-IR Spectrometer paired with the Thermo Scientific iD7 ATR Accessory. High-
Resolution Mass Spectrometry (HRMS) experiments were recorded on a Briiker microTOF 11
mass spectrometer with electrospray ionization (ESI) and paired with an Agilent HPLC and UV
detector. Low-Resolution Mass Spectrometry (LRMS) experiments were recorded on an Advion
expression® CMS with atmospheric-pressure chemical ionization (APCI).

6.2 Experimental Procedures and Characterization Data

1. Synthesis of Resorcinol

5-bromoresorcinol (I1-28)

OH
OMe

acidic alumina

MeCN HO Br
MeO Br 85°C, 20 h 1128

1-27 CAS: 106120-04-1

To an oven-dried and desiccator cooled 2-neck round bottom flask, was added 1-bromo-3,5-
dimethoxybenzene (II-27) (10 g, 46.0 mmol, 1 eq) and dichloromethane (25 mL). The solution was
cooled to -78 °C before dropwise addition of boron tribromide (13.3 mL, 138.2 mmol, 3 eq). The reaction
was slowly warmed to room temperature and stirred overnight for a total of 18 h. The reaction was
cooled to 0 °C then quenched with a dropwise addition of methanol (15 mL) over 60 min. The solution
was diluted with water (25 mL) and the resultant white slurry was vacuum filtered through a Celite plug.
The filtrate was collected and the phases split. The aqueous phase was extracted with dichloromethane (3
x 20 mL). The organic layer was washed with brine and dried over Na>SO4. The crude mixture was
concentrated in vacuo and purified by flash column chromatography eluting with EtOAc/Hex
(10%—20% EtOAc/Hex) yielding 2-bromoresorcinol as a white crystalline solid (6.35 g, 46.0 mmol,
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73%). Re= 0.31 (25% EtOAc/Hex). 'H NMR (400 MHz, Chloroform-d) § 6.60 (d, J = 2.2 Hz, 2H), 6.28
(t,J=2.2 Hz, 1H). 3C NMR (176 MHz, CDCls) & 157.46, 123.05, 111.77, 102.19. HRMS (ESI) m/z: [M
— HJ" caled for CeHsBrO, 186.9400; Found 186.9407.

2. Synthesis of Prenylated Resorcinol

2-geranyl-5-pentylresorcinol (CBG)

OH
OH N o -
+ WOH acidic alumina
MeCN HO
HO

85°C,20h

geraniol CBG
olivetol

To an oven-dried and desiccator cooled round bottom, was added geraniol (85.6 mg, 0.55 mmol, 0.5
eq), olivetol (200 mg, 1.11 mmol, 1.0 eq) and acidic alumina (1.1 g, 2g/mmol, relative to geraniol).
Acetonitrile (1.8 mL, 0.3 M) was added to the reagents and the reaction stirred at reflux for 20 h. At which
point TLC indicated complete consumption of geraniol (25% EtOAc, stain: vanillin). The crude mixture
was vacuum-filtered hot over a sintered glass funnel (4-6 micron porosity). The collected alumina was
rinsed thoroughly with subsequent 10-15 mL volumes of boiling ethyl acetate and the residual solvent on
the funnel outlet monitored by TLC for presence of products (10-15 rinses). Once products were no longer
detectable by TLC, the hot ethyl acetate rinses were stopped, and the collected organic fraction concentrated
in vacuo. The collected crude mixture was purified by silica gel chromatography, eluting with EtOAc/Hex
(0%—>10% EtOAc/Hex) yielded 2-geranyl-5-pentylresorcinol (CBG) as a white crystalline solid (52.1 mg,
0.55 mmol, 30%). R = 0.62 (25% EtOAc/Hex). '"H NMR (400 MHz, CDCIs) & 6.25 (s, 2H), 5.31 — 5.24
(m, 1H), 5.09 — 5.02 (m, 1H), 5.02 — 4.98 (m, 2H), 3.39 (d, J = 7.2 Hz, 2H), 2.48 — 2.42 (m, 2H), 2.15 —
2.03 (m, 4H), 1.81 (s, 3H), 1.68 (s, 3H), 1.59 (m, 5H, singlet CH;3 overlapping m), 1.37 — 1.24 (m, 4H), 0.88
(t,J=6.8 Hz, 3H). *C NMR (101 MHz, CDCl;) § 154.95, 142.91, 139.14, 132.21, 123.90, 121.84, 110.71,
108.51, 39.85, 35.66, 31.64, 30.89, 26.54, 25.82, 22.69, 22.41, 17.85, 16.34, 14.17. HRMS (ESI) m/z: [M
— HJ caled for C21H3202 315.2330; Found 315.2342

2-geranyl-5-bromoresorcinol (I1I-29)

OH
OH - . . ™
. WOH acidic alumina
MeCN HO Br

HO Br 85°C,20h

geraniol 11-29
11=28

To an oven-dried and desiccator cooled round bottom, was added geraniol (694 mg, 4.50 mmol, 1.0 eq),
5-bromoresorcinol (1.7 g, 9.0 mmol, 3 eq) and acidic alumina (9.0 g, 2g/mmol, relative to geraniol).
Acetonitrile (15.0 mL, 0.3 M) was added to the reagents and the reaction stirred at reflux for 20 h. At which
point TLC indicated complete consumption of geraniol (25% EtOAc, stain: vanillin). The crude mixture
was vacuum-filtered hot over a sintered glass funnel (4-6 micron porosity). The collected alumina was
rinsed thoroughly with subsequent 10-15 mL volumes of boiling ethyl acetate and the residual solvent on
the funnel outlet monitored by TLC for presence of products (10-15 rinses). Once products were no longer
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detectable by TLC, the hot ethyl acetate rinses were stopped, and the collected organic fraction concentrated
in vacuo. The collected crude mixture was purified by silica gel chromatography, eluting with EtOAc/Hex
(0%—>10% EtOAc/Hex) yielded 2-geranyl-5-bromoresorcinol (I1I-29) as a clear oil (267 mg, 0.77 mmol,
52%). R¢ = 0.58 (25% EtOAc/Hex). '"H NMR (400 MHz, Chloroform-d) & 6.58 (s, 2H), 5.31 — 5.19 (m,
3H), 5.05 (t, 1H), 3.37 (d, J = 7.1, 2H), 2.15 — 2.02 (m, 4H), 1.80 (s, 3H), 1.68 (s, 3H), 1.59 (s, 3H). 1°C
NMR (101 MHz, CDCls) & 155.80, 140.09, 132.41, 123.72, 120.89, 119.67, 112.87, 111.94, 39.80, 26.42,
25.82,22.38, 17.85, 16.36. HRMS (ESI) m/z: [M — H] ™ calcd for CisH21BrO, 323.0652; Found 323.0659.

General Procedure A — Synthesis of Aryl CBG Derivatives 11-31 — I1-62

To an oven-dried and desiccator cooled round bottom flask, was added 2-geraniol-5-bromoresorcinol
(I1-29) (1 equiv), desired boronic acid (1.5 equiv) and KOAc (4 equiv). A 5:1 ratio of dioxanes to water (6
mL) was added to the flask. The flask was purged with Argon and PdCl»(dppf) (10 mol %) was added. The
reaction was heated to 80 °C and progress was monitored by TLC (25% EtOAc/Hex, stain: vanillin) for
complete consumption of 2-geraniol-5-bromoresorcinol (EtOAc/Hex, stain: vanillin). Upon completion of
the reaction, the mixture was filtered over celite washing with DCM (15 mL). The DCM was then washed
with water (5 mL), then brine (5 mL). The organic layer was dried over Na2SO4 and concentrated under
reduced pressure. The collected crude mixture was purified by flash-column chromatography, eluting with
EtOAc/Hex.

2-geranyl-5-phenylresorcinol (II-31)

OH
)\/\/k/b\ (HO),B PdCIZ(dppf ), KOAc A N O
\© dioxanes:H,0 HO
90°C, 16 h

1I-29 1-31

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), phenyl
boronic acid (45 mg, 0.369 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-dried round
bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with Argon.
PdClx(dppf) (9 mg, 0.025 mmol) was added and the reaction stirred at 85 °C for 16 h. At which point
TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin). The
crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-5-
phenylresorcinol (II-31) as a clear oil (25 mg, 0.246 mmol, 32%). Rr= 0.53 (25% EtOAc/Hex). 'H NMR
(400 MHz, Chloroform-d) ¢ 7.53 (d, /= 10.3 Hz, 2H), 7.40 (t, J= 7.5 Hz, 2H), 7.32 (t, /= 7.3 Hz, 1H),
6.66 (s, 2H), 5.34-5.29 (m, 1H), 5.16 (br s, 2H), 5.05-5.08 (m, 1H), 3.47 (d, J= 7.1 Hz, 2H), 2.15-2.06
(m, 4H), 1.84 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). '*C NMR (176 MHz, CDCI3) § 155.43, 140.90, 140.59,
139.61, 132.30, 128.83, 127.53, 126.99, 123.84, 121.43, 112.71, 107.34, 39.85, 26.51, 25.83, 22.53,
17.86, 16.39. HRMS (ESI) m/z: [M — H]™ caled for C2,H2602 321.1860; Found 321.1871.
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2-geranyl-5-(2-methylphenyl)resorcinol (I1-32)

OH
/k/\/k/b\ (HO)-B PdCIQ dppf), KOAC X A ‘
dloxanes H>0 HO
90°C,3-5h

11-29 11-32

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2-
methylphenylboronic acid (58 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(2-methylphenyl)resorcinol (II-32) as a clear oil (22.7mg, 0.246 mmol, 28%). Ry = 0.50 (25%
EtOAc/Hex). "H NMR (400 MHz, CDCl3) 6 7.37 — 6.92 (m, 2H), 6.37 (s, 1H), 5.36-5.34 (m, 1H), 5.19 (br
s, 2H), 5.09-5.05 (m, 1H), 3.48 (d, J=7.2 Hz, 2H), 2.29 (s, 2H), 2.19 — 2.06 (m, 1H), 1.85 (s, 1H), 1.69 (s,
1H), 1.61 (s, 1H). *C NMR (101 MHz, CDCls) & 154.77, 141.55, 141.43, 139.43, 135.43, 132.27, 130.39,
129.62, 127.37, 125.78, 123.87, 121.60, 112.08, 109.52, 39.86, 26.52, 25.82, 22.53, 20.58, 17.86, 16.37.
HRMS (ESI) m/z: [M — H] ™ caled for C23H2302 335.2017; Found 335.2022.

2-geranyl-5-(3-methylphenyl)resorcinol (II-33)

OH
)\/\/k/b\ (HO), PdCI; dppf), KOAc A A O
\©/ dioxanes:H,0 HO
90°C, 3-5h

1I-29 11-33

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 3-
methylphenylboronic acid (58 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(3-methylphenyl)resorcinol (II-33) as a yellow oil (8.1 mg, 0.246 mmol, 10%). R; = 0.50 (25%
EtOAc/Hex). '"H NMR (400 MHz, CDCl;) 8 7.36 — 7.27 (m, 3H), 7.14 (d, J = 7.1 Hz, 1H), 6.65 (s, 2H),
5.36 -5.28 (m, 1H), 5.16 (s, 2H), 5.12 - 5.02 (m, 1H), 3.47 (d, /= 7.2 Hz, 2H), 2.40 (s, 3H), 2.14-2.06 (m,
4H), 1.84 (s, 3H), 1.69 (s, 3H), 1.60 (s, 3H). >*C NMR (101 MHz, CDCls) & 155.25, 140.90, 140.44, 139.44,
138.27,132.16, 128.60, 128.16, 127.67, 123.96, 123.72,121.33,112.44, 107.21, 39.73, 26.38, 25.71, 22.40,
21.54,17.73, 16.26. HRMS (ESI) m/z: [M — H] ™ caled for C23H230, 335.2017; Found 335.2016.
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2-geranyl-5-(4-methylphenyl)resorcinol (I11-34)

OH
)\/\/k/jij\ (HO),l PdCI; dppf), KOAC A A O
\©\ dioxanes:H,0 HO
90°C, 3-5h

1I-29 11-34

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 4-
methylphenylboronic acid (58 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(4-methylphenyl)resorcinol (II-34) as a clear oil (22.7 mg, 0.246 mmol, 27%). Rr = 0.53 (25%
EtOAc/Hex). "H NMR (400 MHz, CDCl3) § 7.43 (d, J= 8.2 Hz, 2H), 7.21 (d, J=7.8 Hz, 2H), 6.64 (s, 2H),
5.35-5.27 (m, 1H), 5.14 (s, 2H), 5.10 — 5.03 (m, 1H), 3.46 (d, /= 7.1 Hz, 2H), 2.38 (s, 3H), 2.17 — 2.05
(m, 4H), 1.84 (s, 3H), 1.69 (s, 3H), 1.60 (s, 4H). '3C NMR (101 MHz, CDCI3) & 155.27, 140.71, 139.40,
137.57,137.21, 132.15, 129.04, 126.68, 123.72, 120.79, 112.25, 107.00, 39.73, 26.38, 25.70, 22.39, 21.11,
17.73, 16.25. HRMS (ESI) m/z: [M — H] ™ calcd for C23H230, 335.2017; Found 335.2016.

2-geranyl-5-(2-chlorophenyl)resorcinol (II-35)

OH
)\/\/k/b\ (HO),B PdCIZ(dppf ), KOAc A A O cl
dioxanes: H20 HO
90°C,3-5h

1-29 11-36

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2-
chlorophenylboronic acid (58 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCly(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(2-chlorophenyl)resorcinol (II-35) as a yellow oil (43.3 mg, 0.246 mmol, 49%). Rr = 0.53 (25%
EtOAc/Hex). 'H NMR (700 MHz, CDCI3) § 7.44 (dd, J = 7.2, 2.1 Hz, 1H), 7.31 — 7.26 (m, 2H), 7.25 (dd,
J=72,2.1 Hz, 1H), 6.51 (s, 2H), 5.37 — 5.32 (m, 1H), 5.29 (s, 2H), 5.09-5.07 (m, 1H), 3.49 (d, J = 7.2 Hz,
2H), 2.15 - 2.08 (m, 4H), 1.84 (s, 3H), 1.69 (s, 3H), 1.61 (s, 3H). *C NMR (176 MHz, CDCI3) & 154.73,
139.96, 139.56, 138.78, 132.43, 132.29, 131.30, 130.06, 128.62, 126.86, 123.85, 121.42, 113.10, 39.83,
26.49, 25.81, 22.58, 17.85, 16.36. HRMS (ESI) m/z: [M — H] calcd for C;,H»sC10, 355.1470; Found
355.1480.
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2-geranyl-5-(2-fluorophenyl)resorcinol (11-36)

OH F OH
)\/\/K/Ij\ (HO);B PdCl,(dppf), KOAC NS S O E
—_—_—
HO Br dioxanes:H,0 HO
90°C,3-5h

1I-29 1I-36

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2-
fluorophenylboronic acid (52 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain:
vanillin). The crude mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded
2-geranyl-5-(2-fluorophenyl)resorcinol (II-36) as a clear oil (49.0 mg, 0.246 mmol, 58%). Rr=0.52 (25%
EtOAc/Hex). "H NMR (700 MHz, CDCI3) & 8.02 (td, J = 7.7, 1.8 Hz, 1H), 7.95 — 7.88 (m, 1H), 7.83 —
7.71 (m, 2H), 5.95 (t, ] = 7.2 Hz, 1H), 5.89 (s, 2H), 5.70 (t, ] = 6.8 Hz, 1H), 4.11 (d, J = 7.2 Hz, 2H), 2.79
—2.69 (m, 4H), 2.47 (s, 3H), 2.32 (s, 3H), 2.23 (s, 3H). *C NMR (176 MHz, CDCI3)  160.52, 159.11,
155.07, 139.58, 135.14, 132.29, 130.59 (d, J = 3.9 Hz), 129.07 (d, J = 8.3 Hz), 128.45 (d, J = 12.7 Hz),
124.41 (d, J =3.9 Hz), 123.85, 121.36, 116.19 (d, J = 22.9 Hz), 113.29, 109.26, 39.84, 26.49, 25.81,
22.55,17.85, 16.37. ’F NMR (377 MHz, CFCls) § -117.84. HRMS (ESI) m/z: [M — H]™ calcd for
C2H2sFO; 339.1766; Found 339.1771.

2-geranyl-5-(2-trifluoromethylphenyl)resorcinol (I1-37)

OH
/K/\)\/Ij\ (HO).,B PdC|2(def) KOAc A A O CF,
dioxanes: HQO HO
90°C,3-5h

1I-29 I-37

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2-
trifluoromethylphenylboronic acid (52 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to
an oven-dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged
with Argon. PdCl»(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(2-trifluromethylphenyl)resorcinol (II-37) as a clear oil (18.9 mg, 0.246 mmol, 19%). Ry = 0.50 (25%
EtOAc/Hex). '"H NMR (400 MHz, CDCls) 6 7.71 (d, J = 9.4 Hz, 1H), 7.52 (t,J = 7.7 Hz, 1H), 7.44 (t, J =
7.7 Hz, 1H), 7.32 (d, /= 6.9 Hz, 1H), 6.39 (s, 2H), 5.36-5.32 (m, 1H), 5.13 (br s, 2H) 5.09 — 5.05 (m, 3H),
3.48 (d, J=17.1 Hz, 2H), 2.16-2.07 (m, 4H), 1.84 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). 1*C NMR (101 MHz,
CDCl3) 6 154.46, 139.60, 139.28, 132.31, 131.96, 131.38, 127.46, 126.17 (q, J = 5.0 Hz), 125.63, 123.84,
122.91, 121.45, 112.96, 109.54, 77.48, 77.16, 76.84, 39.85, 26.51, 25.81, 22.56, 17.86, 16.39. ’F NMR
(377 MHz, CFCls) 6 -57.37. HRMS (ESI) m/z: [M — H]™ calcd for C23H»5F30, 389.1734; Found 389.1748.
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2-geranyl-5-(2-methoxyphenyl)resorcinol (I1-38)

OH
/k/\)\/Ij\ (HO),B PdCIz(dppf) KOAc S A O OMe
dloxanes H,0 HO
90°C, 3-5h

1I-29 11-38

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2-
methoxyphenylboronic acid (56 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an
oven-dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged
with Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At
which point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain:
vanillin). The crude mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded
2-geranyl-5-(2-methoxyphenyl)resorcinol (II-38) as a yellow oil (13.0 mg, 0.246 mmol, 15%). Rr=0.50
(25% EtOAc/Hex). "H NMR (700 MHz, CDCI3) § 7.30 (t, J = 7.8 Hz, 2H), 7.02 — 6.95 (m, 2H), 6.61 (s,
2H), 5.33 (t,J =7.2 Hz, 1H), 5.10 (s, 2H), 5.09 — 5.05 (m, 1H), 3.81 (s, 3H), 3.46 (d, J = 7.6 Hz, 2H),
2.15-2.06 (m, 4H), 1.84 (s, 3H), 1.69 (s, 3H), 1.60 (s, 3H). *C NMR (176 MHz, CDCI3) & 156.53,
154.71, 139.21, 137.95, 132.23, 130.76, 130.08, 128.76, 123.91, 121.64, 120.92, 112.47, 111.35, 109.80,
55.72,39.87, 26.54, 25.83, 22.57, 17.86, 16.38. HRMS (ESI) m/z: [M — H]™ calcd for C23H2303 351.1966;
Found 351.1973.

2-geranyl-5-(3-chlorophenyl)resorcinol (I11-39)

OH
)\/\/‘\/D\ (HO), Cl PdCIZ dppf), KOAc A A O
\©/ dioxanes:H,0 HO cl
90°C,3-5h

1I-29 -39

According to General Procedure A, 2-geraniol-5-bromoresorcinol (40 mg, 0.123 mmol), 3-
chlorophenylboronic acid (29 mg, 0.184 mmol) and KOAc (48 mg, 0.492 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCly(dppf) (9 mg, 0.025 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain:
vanillin). The crude mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded
2-geranyl-5-(3-chlorophenyl)resorcinol (II-39) as a white powder (19.2 mg, 0.123 mmol, 44%). Ry= 0.48
(25% EtOAc/Hex). '"H NMR (400 MHz, Chloroform-d) § 7.50 (t,J= 1.9 Hz, 1H), 7.38 (dt, J=7.2, 1.8
Hz, 1H), 7.34 — 7.27 (m, 2H), 6.62 (s, 2H), 5.33-5.28 (m, 3H), 5.08-5.05 (m, 1H), 3.47 (d, /=7.1 Hz,
2H), 2.16-2.06 (m, 4H), 1.84 (s, 3H), 1.69 (s, 3H), 1.60 (s, 3H). *C NMR (101 MHz, CDCls) § 155.55,
142.44, 139.80, 139.37, 134.68, 132.33, 130.04, 127.49, 127.11, 125.11, 123.80, 121.24, 113.39, 107.28,
39.83,26.47, 25.83, 22.54, 17.85, 16.38. HRMS (ESI) m/z: [M — H] calcd for C»H2sCl10O, 355.1470;
Found 335.1476.
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2-geranyl-5-(3-fluorophenyl)resorcinol (I11-40)

OH
/W\ (HO),l F PdCI2 dppf), KOAc A A G
\©/ dioxanes:H,0 HO F
90°C, 3-5h

1I-29 1l-40

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 3-
fluorophenylboronic acid (52 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain:
vanillin). The crude mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded
2-geranyl-5-(3-fluorophenyl)resorcinol (I1-40) as a clear oil (8.1 mg, 0.246 mmol, 10%). Rr=0.57 (25%
EtOAc/Hex).'H NMR (700 MHz, Chloroform-d) § 7.36 (td, J = 8.0, 5.9 Hz, 1H), 7.30 (dt, J="7.7, 1.3 Hz,
1H), 7.22 (dt,J=10.3, 2.2 Hz, 1H), 7.01 (tdd, /= 8.3, 2.6, 1.0 Hz, 1H), 6.63 (s, 2H), 5.30 (t, /= 7.1 Hz,
1H), 5.18 (s, 2H), 5.06 (d, J= 6.5 Hz, 1H), 3.47 (d, /= 7.4 Hz, 2H), 2.11 (dq, /= 16.3, 8.9, 8.4 Hz, 4H),
1.84 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). *C NMR (176 MHz, CDCls) § 163.81, 162.42, 155.40, 142.75 (d,
J=17.7Hz), 139.71, 139.42, 132.21, 130.14 (d, J = 8.3 Hz), 123.66, 122.45, 121.09, 113.95 (dd, J = 21.1,
74.4 Hz), 113.15, 107.16, 77.20, 77.02, 77.00, 76.84, 39.72, 26.35, 25.70, 22.41, 17.73, 16.27. '’F NMR
(377 MHz, CFCl3) 6 -113.72. HRMS (ESI) m/z: [M — H]" calcd for C22H»sFO, 339.1766; Found
339.1776.

2-geranyl-5-(3-trifluoromethylphenyl)resorcinol (I1-41)

OH OH
)\/\/K/Ij\ (HO),B CF5; PdCly(dppf), KOAC A A O
—_—
HO Br \©/ dioxanes:H,0 HO CFy
90°C,3-5h

1-29 11-41

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 3-
trifluoromethylphenylboronic acid (86 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to
an oven-dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged
with Argon. PdClx(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(3-trifluromethylphenyl)resorcinol (1I-41) as a clear oil (30.3 mg, 0.123 mmol, 32 %). Rr = 0.68 (25%
EtOAc/Hex). 'H NMR (400 MHz, CDCl5) & 7.77 (s, 1H), 7.70 (d, J = 11.1 Hz, 1H), 7.60 — 7.49 (m, 2H),
6.66 (s, 2H), 5.35 — 5.28 (m, 1H), 5.23 (s, 2H), 5.09 — 5.04 (m, 1H), 3.48 (d, J= 7.8 Hz, 2H), 2.18 — 2.07
(m, 4H), 1.84 (s, 3H), 1.69 (s, 3H), 1.60 (s, 3H). *C NMR (101 MHz, CDCl;) 8 155.53, 141.24, 139.85,
139.21, 132.23, 131.25, 130.93, 130.59, 130.09, 129.17, 123.85 (dq, J = 4.0, 43.4 Hz), 123.65, 121.00,
113.36, 107.24, 39.72, 26.35, 25.70, 22.41, 17.73, 16.28. '°F NMR (377 MHz, CFCl3) & -63.16. HRMS
(ESI) m/z: [M — H] calcd for C23H2sF302 389.1734; Found 389.1747.
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2-geranyl-5-(3-methoxyphenyl)resorcinol (I1-42)

OH
)\/\/k/\/(j\ (HO),B OMe PACk(dpPD, KOAS X
\©/ dloxanes H,0 HO ‘ OMe
90°C,3-5h

1I-29 11-42

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 3-
methoxyphenylboronic acid (56 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an
oven-dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged
with Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At
which point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain:
vanillin). The crude mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded
2-geranyl-5-(3-methoxyphenyl)resorcinol (II-42) as a clear oil (13.1 mg, 0.246 mmol, 15%). Ry= 0.45
(25% EtOAc/Hex). '"H NMR (700 MHz, Chloroform-d) § 7.31 (t,J= 7.9 Hz, 1H), 7.11 (d, J = 6.7 Hz,
1H), 7.06 (s, 1H), 6.88 (dd, J= 8.3, 2.6 Hz, 1H), 6.65 (s, 2H), 5.31 (t, /=7.2 Hz, 1H), 5.19 (s, 2H), 5.07
(t,J=6.9 Hz, 1H), 3.85 (s, 3H), 3.47 (d, /= 7.1 Hz, 2H), 2.10 (dt, J = 24.7, 7.3 Hz, 4H), 1.84 (s, 3H),
1.69 (s, 3H), 1.60 (s, 4H). 13C NMR (176 MHz, CDCI3) 6 159.99, 155.41, 142.15, 140.77, 139.64,
132.30, 129.82, 123.84, 121.40, 119.52, 113.08, 112.90, 112.66, 107.38, 26.51, 25.83, 22.54, 17.86,
16.39. HRMS (ESI) m/z: [M — H] calcd for C23H2303 351.1966; Found 351.1970.

2-geranyl-5-(4-chlorophenyl)resorcinol (I11-43)

OH
)\/\/‘\/D\ (HO), PdCI2 dppf), KOAc A S O
\©\ dioxanes:H,0 HO
90°C, 3-5h
Cl

1-29 11-43

According to General Procedure A, 2-geraniol-5-bromoresorcinol (40 mg, 0.123 mmol), 4-
chlorophenylboronic acid (29 mg, 0.184 mmol) and KOAc (48 mg, 0.492 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (9 mg, 0.025 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(4-chlorophenyl)resorcinol (II-43) as a yellow oil (19.6 mg, 0.123 mmol, 45%). Ry = 0.57 (25%
EtOAc/Hex).'H NMR (400 MHz, Chloroform-d) & 7.45 (d, J = 8.7 Hz, 2H), 7.37 (d, J = 8.6 Hz, 2H), 6.61
(s, 2H), 5.32-5.28 (m, 1H), 5.23 (s, 2H), 5.08-5.04 (m, 1H), 3.46 (d, J = 7.1 Hz, 2H), 2.13-2.07 (m, 4H),
1.83 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). *C NMR (101 MHz, CDCI3) § 155.42, 139.70, 139.46, 138.90,
133.42, 132.21, 128.84, 128.08, 123.67, 121.12, 111.81, 107.04, 40.12, 26.36, 25.70, 22.40, 17.73, 16.26.
HRMS (ESI) m/z: [M — H] calcd for C»2H»5ClO2 355.1470; Found 355.1476.
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2-geranyl-5-(4-fluorophenyl)resorcinol (I11-44)

OH
)\/\/k/\/@\ (HO),B PdCIz(dppf) KOAc NS S O
\©\ dioxanes:H,0 HO
90°C,3-5h
F

1-29 1l-44

According to General Procedure A, 2-geraniol-5-bromoresorcinol (40 mg, 0.123 mmol), 4-
fluorophenylboronic acid (17 mg, 0.184 mmol) and KOAc (48 mg, 0.492 mmol) were added to an
oven-dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged
with Argon. PdCly(dppf) (9 mg, 0.025 mmol) was added and the reaction stirred at 85 °C for 16 h. At
which point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain:
vanillin). The crude mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded
2-geranyl-5-(4-fluorophenyl)resorcinol (I1I-44) as a clear oil (12.8 mg, 0.123 mmol, 30%). Rr=0.48 (25%
EtOAc/Hex). "H NMR (700 MHz, CDCI3) & 7.50 — 7.47 (m, 2H), 7.09 (t, J = 8.7 Hz, 2H), 6.60 (s, 2H),
5.30 (t,J=7.1 Hz, 1H), 5.17 (s, 2H), 5.06 (t, J = 6.8 Hz, 1H), 3.46 (d, ] = 7.2 Hz, 2H), 2.10 (dt, ] = 23.8,
7.2 Hz, 4H), 1.84 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). 3C NMR (176 MHz, CDCl;) § 163.19, 161.79,
155.36, 139.77, 139.63, 136.57 (d, J = 5.3 Hz), 132.19, 128.38 (d, J = 8.8 Hz), 123.67, 121.18, 115.56 (d,
J=21.1 Hz), 112.50, 111.83, 107.10, 39.72, 26.36, 25.70, 22.37, 17.73, 16.26. "’F NMR (377 MHz,
CDCl3) 6 -116.05. HRMS (ESI) m/z: [M — H]™ calcd for C2,H»sFO» 339.1766; Found 339.1772.

2-geranyl-5-(4-trifluoromethylphenyl)resorcinol (I1-45)

OH OH
)\/\/K/Ij\ (HO),B PdCIZ(dppf) KOAc A A O
\©\ dioxanes: HZO HO
90°C,3-5h
CF;

1-29 1I-46

According to General Procedure A, 2-geraniol-5-bromoresorcinol (40 mg, 0.123 mmol), 4-
trifluoromethylphenylboronic acid (23 mg, 0.184 mmol) and KOAc (48 mg, 0.492 mmol) were added to
an oven-dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged
with Argon. PdCl(dppf) (9 mg, 0.025 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(4-trifluromethylphenyl)resorcinol (II-45) as a clear oil (10.2 mg, 0.123 mmol, 22%). Ry = 0.68 (25%
EtOAc/Hex). '"H NMR (700 MHz, Chloroform-d) & 7.63 (dd, J = 13.4, 8.7 Hz, 5H), 6.66 (s, 2H), 5.45 (s,
2H), 5.30 (t, /=7.2 Hz, 1H), 5.06 (d, /= 6.3 Hz, 1H), 3.48 (d, /= 7.1 Hz, 2H), 2.11 (dt, J=23.2, 7.2 Hz,
4H), 1.84 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). *C NMR (176 MHz, CDCls) 6 155.58, 144.03, 139.74, 139.15,
132.21, 129.66 (q, J = 31.7 Hz), 127.11, 125.64 (q, J = 3.5 Hz), 123.66, 121.06, 113.58, 107.26, 39.72,
26.35,25.70,22.43,17.73, 16.27. YF NMR (377 MHz, CDCl3) § -62.94. HRMS (ESI) m/z: [M — H]" calcd
for C23H25F302 389.1734; Found 389.1740.
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2-geranyl-5-(4-methoxyphenyl)resorcinol (I1-46)

OH
)\/\)\/Ij\ (HO), PdCIZ(dppf) KOAc A A O
\©\ dioxanes H20 HO
90°C, 3-5h
OMe

1-29 11-46

According to General Procedure A, 2-geraniol-5-bromoresorcinol (40 mg, 0.123 mmol), 4-
methoxyphenylboronic acid (28 mg, 0.184 mmol) and KOAc (48 mg, 0.492 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (9 mg, 0.025 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(4-methoxyphenyl)resorcinol (II-46) as a white powder (13.5 mg, 0.123 mmol, 32%). Rr = 0.28 (25%
EtOAc/Hex). 'H NMR (400 MHz, Chloroform-d) & 7.46 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 6.61
(s, 2H), 5.31 (t, J = 6.4 Hz, 1H), 5.22 (s, 2H), 5.06 (d, J = 6.5 Hz, 1H), 3.84 (s, 3H), 3.46 (d, /= 7.1 Hz,
2H), 2.10 (t, J= 6.4 Hz, 4H), 1.83 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). *C NMR (101 MHz, CDCl;) § 159.32,
155.43, 140.87, 139.48, 133.16, 132.20, 128.00, 123.86, 121.53, 114.25, 112.47, 106.89, 77.36, 55.49,
39.85,26.52,25.83, 22.49, 17.85, 16.38. HRMS (ESI) m/z: [M — H] ™ calcd for C23H2303 351.11966; Found
351.1978.

2-geranyl-5-(3-hydroxyphenyl)resorcinol (1I-47)

OH
)WK/D\ (HO),B PdCI2 dppf), KOAC A S O
\©/ dioxanes: H20 HO OH
90°C,3-5h

1I-29 11-47

According to General Procedure A, 2-geraniol-5-bromoresorcinol (40 mg, 0.123 mmol), 3-
hydroxyphenylboronic acid (25 mg, 0.184 mmol) and KOAc (48 mg, 0.492 mmol) were added to an
oven-dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged
with Argon. PdCl,(dppf) (9 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At
which point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain:
vanillin). The crude mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded
2-geranyl-5-(3-hydroxyphenyl)resorcinol (II-47) as a clear oil (13.8 mg, 0.123 mmol, 33%). Ry=0.13
(25% EtOAc/Hex). '"H NMR (400 MHz, CDCl;) 6 7.23 (d, J= 7.8 Hz, 1H), 7.08 (d, J = 7.8 Hz, 1H), 6.95
(s, 1H), 6.79 (d, J= 8.0 Hz, 1H), 6.61 (s, 2H), 5.30 (t, /= 6.4 Hz, 3H), 5.09 — 5.02 (m, 1H), 3.46 (d, J =
7.2 Hz, 2H), 2.17 — 2.03 (m, 4H), 1.83 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). 3*C NMR (101 MHz, CDCl;) &
155.75, 155.27, 142.21, 140.21, 139.53, 132.18, 129.94, 123.71, 121.25, 119.45, 114.38, 113.79, 112.92,
107.19, 26.37, 25.70, 22.43, 17.73, 16.25. HRMS (ESI) m/z: [M — H] ™ calcd for C2,H2603 337.1809;
Found 337.1821.
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2-geranyl-5-(3-aminophenyl)resorcinol (II-48)

OH
/k/\)\/b\ (HO), PdCI2 dppf), KOAc NS X G
\©/ dloxanes H,0 HO NH;
90°C,3-5h

1-29 1-48

According to General Procedure A, 2-geraniol-5-bromoresorcinol (40 mg, 0.123 mmol), 3-
aminophenylboronic acid (25 mg, 0.184 mmol) and KOAc (48 mg, 0.492 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCly(dppf) (9 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain:
vanillin). The crude mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded
2-geranyl-5-(3-aminophenyl)resorcinol (II-48) as a clear oil (14.3 mg, 0.246 mmol, 35%). Ry= 0.14 (25%
EtOAc/Hex). "H NMR (400 MHz, CDCls) 8 7.18 (t, J= 7.8 Hz, 1H), 6.91 (d, J = 8.9 Hz, 1H), 6.82 (s,
1H), 6.67 (d, /= 7.8 Hz, 1H), 6.58 (s, 2H), 5.30 (t, /= 7.1 Hz, 1H), 5.13 — 5.03 (m, 1H), 3.45(d, J="7.1
Hz, 2H), 2.21 — 2.00 (m, 2H), 1.83 (s, 3H), 1.68 (s, 2H), 1.60 (s, 2H). *C NMR (101 MHz, CDCls) §
155.22, 146.36, 141.78, 140.86, 139.30, 132.06, 129.63, 123.74, 121.39, 117.68, 114.42, 113.83, 112.60,
107.14, 39.73, 26.39, 25.70, 22.41, 17.73, 16.25. HRMS (ESI) m/z: [M — H] calcd for C2;H27;NO»
336.1969; Found 336.1975.

2-geranyl-5-(3-nitrophenyl)resorcinol (I11-49)

OH
/‘\/\/‘\/D\ (HO),B PdCIZ(dppf) KOAc X A O
\©/ dioxanes: H;O HO NO;
90°C,3-5h

1I-29 11-49

According to General Procedure A, 2-geraniol-5-bromoresorcinol (35 mg, 0.108 mmol), 3-
nitrophenylboronic acid (27 mg, 0.162 mmol) and KOAc (42 mg, 0.432 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (3 mg, 0.011 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain:
vanillin). The crude mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded
2-geranyl-5-(3-nitrophenyl)resorcinol (I1-49) as a clear oil (9.7 mg, 0.108 mmol, 24%). Rr=0.40 (25%
EtOAc/Hex). '"H NMR (400 MHz, CDCls) & 8.39 (t,J=2.0 Hz, 1H), 8.17 (ddd, /= 8.3, 2.3, 1.1 Hz, 1H),
7.85(d,J=9.6 Hz, 1H), 7.57 (t, J = 8.0 Hz, 1H), 6.69 (s, 2H), 5.37 (s, 2H), 5.33 = 5.27 (m, 1H), 5.10 —
5.03 (m, 1H), 3.48 (d, J= 7.2 Hz, 2H), 2.14-2.07 (m, 4H), 1.84 (s, 3H), 1.69 (s, 3H), 1.60 (s, 3H). 1*C
NMR (101 MHz, CDCls) 6 155.70, 148.67, 142.15, 140.04, 138.03, 132.73, 132.27, 129.66, 123.62,
122.13, 121.69, 120.84, 113.92, 107.20, 39.72, 26.33, 25.71, 22.44, 17.74, 16.29. HRMS (ESI) m/z: [M —
H] ™ calcd for C22H2sNO4 366.1711; Found 366.1720.

65



2-geranyl-5-(4-cyanophenyl)resorcinol (II-50)

OH
/M/D\ (HO),l PdCI2 dppf), KOAC S A O
\©\ dloxanes H,0 HO
90°C, 3-5h
CN

1-29 1I-60

According to General Procedure A, 2-geraniol-5-bromoresorcinol (40 mg, 0.123 mmol), 4-
cyanophenylboronic acid (27 mg, 0.184 mmol) and KOAc (48 mg, 0.492 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (9 mg, 0.025 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(4-cyanophenyl)resorcinol (II-50) as a white powder (9.1 mg, 0.123 mmol, 21%). Rr = 0.32 (25%
EtOAc/Hex).'H NMR (400 MHz, Chloroform-d) & 7.68 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H), 6.65
(s, 2H), 5.42 (s, 2H), 5.29 (t, J = 6.4 Hz, 1H), 5.06 (t, 1H), 3.47 (d, /= 7.1 Hz, 2H), 2.11 (m, 4H), 1.84 (s,
3H), 1.68 (s, 3H), 1.60 (s, 3H)."*C NMR (101 MHz, CDCls) & 155.81, 145.18, 140.10, 138.63, 132.68,
132.38, 127.57, 123.75, 120.98, 119.09, 114.28, 110.97, 107.35, 77.36, 39.84, 26.46, 25.83, 22.59, 17.86,
16.41. HRMS (ESI) m/z: [M — H] calcd for C23H2sNO, 346.1813; Found 346.1821.

2-geranyl-5-(2,4-dichlorophenyl)resorcinol (II-51)

OH
)\/\/k/jij\ (HO), PdCIQ dppf), KOAC A A O l
dioxanes: H20 HO
90°C, 3-5h
Cl

1-29 11-61

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2,4-
dichlorophenylboronic acid (52 mg, 0.368 mmol) and KOAc (97 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(2,4-dichlorophenyl)resorcinol (II-51) as a clear oil (31.6 mg, 0.246 mmol, 34%). Rr = 0.32 (25%
EtOAc/Hex). 'H NMR (700 MHz, CDCI3) § 7.45 (d, J = 2.1 Hz, 1H), 7.26 — 7.24 (m, 1H), 7.22 (d, ] = 8.3
Hz, 1H), 6.46 (s, 2H), 5.34 — 5.30 (m, 1H), 5.26 (s, 2H), 5.06 (t, ] = 6.8 Hz, 1H), 3.47 (d, J = 7.2 Hz, 2H),
2.15-2.07 (m, 4H), 1.83 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). *C NMR (176 MHz, CDCI3) & 154.86, 139.77,
138.53, 137.65, 133.77, 133.19, 132.32, 132.02, 129.77, 127.20, 123.80, 121.25, 113.40, 109.65, 39.84,
26.49, 25.82, 22.58, 17.86, 16.38. HRMS (ESI) m/z: [M — H]™ calcd for C2,H2Cl1,0, 389.1081; Found
389.1088.
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2-geranyl-5-(2-chloro-4-methoxyphenyl)resorcinol (I1-52)

OH
W (HO),B PdCIz(dppf) KOAc A S O l
dioxanes H20 HO
90°C,3-5h
OMe

1-29 11-62

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2-chloro-4-
methoxyphenylboronic acid (58 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(2-chloro-4-methoxyphenyl)resorcinol (II-52) as a yellow oil (26.5 mg, 0.246 mmol, 28%). Rr = 0.50
(25% EtOAc/Hex). 'H NMR (400 MHz, CDCI13) & 7.21 (d, J = 8.6 Hz, 1H), 6.99 (d, J = 2.5 Hz, 1H), 6.83
(dd, J =8.6,2.7 Hz, 1H), 6.48 (s, 2H), 5.33 (t, ] = 6.5 Hz, 1H), 5.19 (s, 2H), 5.07 (t, J = 5.4 Hz, 1H), 3.83
(s, 3H), 3.47 (d, J = 7.1 Hz, 2H), 2.17 — 2.05 (m, 4H), 1.84 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). 3*C NMR
(176 MHz, CDCI3) ¢ 159.39, 154.71, 139.48, 138.57, 132.92, 132.44, 132.27, 131.83, 123.86, 121.48,
115.25, 113.11, 112.73, 109.90, 55.72, 39.85, 26.52, 25.83, 22.57, 17.86, 16.37. HRMS (ESI) m/z: [M —
H]— caled for C3H»7C103 385.1576; Found 385.1579.

2-geranyl-5-(2-chloro-4-trifluoromethylphenyl)resorcinol (II-53)

OH
)\/\/k/jij\ (HO), \©\ PACL(pPY, KOAS X O o
dioxanes: H20 HO
90°C,3-5h
CF3

1-29 11-63

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2-chloro-4-
trifluoromethanephenylboronic acid (83 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to
an oven-dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged
with Argon. PdClx(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(2-chloro-4-trifluoromethylphenyl)resorcinol (II-53) as a clear o0il (38.2 mg, 0.246 mmol, 37%). Rr=0.45
(25% EtOAc/Hex). '"H NMR (700 MHz, CDCI3) & 7.71 (s, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.41 (d, ] = 8.0
Hz, 1H), 6.49 (s, 2H), 5.37 — 5.31 (m, 3H), 5.09 — 5.05 (m, 1H), 3.49 (d, J = 7.2 Hz, 2H), 2.16 — 2.08 (m,
4H), 1.84 (s, 3H), 1.69 (s, 3H), 1.61 (s, 3H). *C NMR (176 MHz, CDCls) 6 154.85, 143.42, 139.82, 137.27,
133.01, 132.25, 131.58, 130.80 (q, J = 33.4 Hz), 127.03 (q, J = 3.5 Hz), 123.60 (q, J = 3.5 Hz), 121.01,
113.73, 109.43, 39.72, 26.35, 25.69, 22.49, 17.73, 16.25. '°F NMR (377 MHz, CDCl;) § -63.21. HRMS (ESI)
m/z: [M — H]— calcd for C23H24CIFO,423.1344; Found 423.1347.
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2-geranyl-5-(2,6-dichlorophenyl)resorcinol (II-54)

OH
)\/\/k/b\ (HO),l PdClI (dppf ), KOAC S A O al
dioxanes: H;O HO
90°C,3-5h

11-29 n-64 Cl

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2,6-
dichlorophenylboronic acid (70 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCly(dppf) (96 mg, 0.984 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(2,6-dichlorophenyl)resorcinol (II-54) as a clear oil (4.3 mg, 0.246 mmol, 5%). Ry = 0.57 (25%
EtOAc/Hex). "HNMR (700 MHz, CDCI3) § 7.36 (d, J = 8.1 Hz, 2H), 7.20 (t, ] = 8.1 Hz, 1H), 6.31 (s, 2H),
5.36 (t, J=7.7 Hz, 1H), 5.18 (s, 2H), 5.07 (t, J = 6.8 Hz, 1H), 3.49 (d, J = 7.2 Hz, 2H), 2.12 (dq, J = 15.6,
8.9, 8.4 Hz, 4H), 1.84 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H). *C NMR (176 MHz, CDCI3) § 155.05, 139.64,
139.07,136.23, 135.02, 132.31, 129.08, 128.13, 123.84, 121.45, 113.47, 109.71, 39.85, 26.50, 25.83, 22.70,
17.87, 16.40. HRMS (ESI) m/z: [M — H] calcd for C»2H24C1,0; 389.1081; Found 389.1083.

2-geranyl-5-(2,6-difluorophenyl)resorcinol (II-55)

OH OH
/M/Ij\ (HO), PdCI;(dppf ), KOAC A NS O E
dioxanes: H;O HO
90°C,3-5h

1-29 -6 F

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2,6-
difluorophenylboronic acid (27 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(2,6-difluorophenyl)resorcinol (II-55) as a clear oil (12.4 mg, 0.246 mmol, 14%). Ry = 0.47 (25%
EtOAc/Hex). 'H NMR (700 MHz, CDCI3) § 7.28-7.21 (m, 1H), 6.95 (t, J = 7.9 Hz, 2H), 6.53 (s, 2H), 5.33
(t,J=7.8 Hz, 1H), 5.23 (s, 2H), 5.07 (t, ] = 7.2, 1H), 3.48 (d, ] = 7.2 Hz, 2H), 2.15 - 2.07 (m, 4H), 1.84 (s,
3H), 1.68 (s, 3H), 1.60 (s, 3H)."*C NMR (176 MHz, CDCl;) § 160.22 (dd, J = 7.0, 248.2 Hz), 154.94,
139.59, 132.31, 128.91 (t, J = 6.0 Hz), 128.22, 123.84, 121.29, 118.14, 117.98 (t, J = 11.1 Hz), 113.93,
111.74 (dd, J=5.3,21.1 Hz), 110.54, 39.84, 26.50, 25.81, 22.61, 17.85, 16.37. ’"F NMR (377 MHz, CDCl5)
6 -114.30. HRMS (ESI) m/z: [M — H]™ calcd for C22H24F20, 357.1672; Found 357.1684.
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2-geranyl-5-(3, 5-diﬂu0rophenyl)resorcinol (11-56)

(HO),
\©/ PdCIQ dppf), KOAC

dioxanes: H20
90°C, 3-5h
1-29

According to General Procedure A, 2-geraniol-5-bromoresorcinol (100 mg, 0.308 mmol), 3,5-
difluorophenylboronic acid (73.1 mg, 0.462 mmol) and KOAc (121 mg, 1.23 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCly(dppf) (22.7 mg, 0.03 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(3,5-difluorophenyl)resorcinol (II-56) as a clear oil (41.4 mg, 0.308 mmol, 38%). Rr = 0.71 (25%
EtOAc/Hex). '"H NMR (400 MHz, CDCls) 8 7.10f — 6.92 (m, 1H), 6.75 (tt, J = 8.8, 2.3 Hz, 1H), 6.60 (s,
1H), 5.32-5.28 (m, 1H), 5.07-5.04 (m, 1H), 5.06 (d, J = 5.7 Hz, OH), 3.47 (d, J= 7.1 Hz, 1H), 2.15-2.08
(m, 4H), 1.84 (s, 1H), 1.69 (s, 1H), 1.60 (s, 1H). *C NMR (101 MHz, CDCls) 6 163.34 (dd, J = 13.1, 248.5
Hz), 155.60, 143.93 (t, J =9.1 Hz), 140.06, 138.44 (t, ] =2.0), 132.38, 123.76, 121.04, 113.99, 109.76 (dd,
J=17.1,19.2 Hz), 107.22, 102. 67 (t, ] = 26.3 Hz), 39.83, 26.45, 25.80, 22.57, 17.84, 16.38. ’"F NMR (377
MHz, CFCl3) 6 -110.38. HRMS (ESI) m/z: [M — H]— calcd for C2,H24F20,357.1672; Found 357.1682.

2-geranyl-5-(pyridin-4-yl)resorcinol (II-57)

OH OH
= X (HOXB PACI(dppf), KOAC X X

11-29 11-57
According to General Procedure A, 2-geraniol-5-bromoresorcinol (40 mg, 0.123 mmol), pyridin-4-
ylboronic acid (23 mg, 0.184 mmol) and KOAc (48 mg, 0.492 mmol) were added to an oven-dried round
bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with Argon.
PdClx(dppf) (9 mg, 0.025 mmol) was added and the reaction stirred at 85 °C for 16 h. At which point TLC
indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin). The crude
mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-5-(pyridin-
4-yDresorcinol (I1-57) as a yellow oil (19.1 mg, 0.123 mmol, 48%). Rs=0.32 (25% EtOAc/Hex). '"H NMR
(700 MHz, Chloroform-d) & 8.60 (d, J = 4.8 Hz, 2H), 7.47 (d, ] = 4.8 Hz, 2H), 6.71 (s, 2H), 5.33 (t, ] = 6.6
Hz, 1H), 5.07 (t, ] = 6.3 Hz, 1H), 3.53 (d, J = 7.1 Hz, 2H), 2.11 (dq, J=15.7, 8.8, 8.1 Hz, 4H), 1.85 (s, 3H),
1.68 (s, 3H), 1.60 (s, 3H). *C NMR (176 MHz, CDCI3) § 156.50, 149.42, 149.20, 139.75, 137.12, 132.30,
123.85, 122.01, 121.28, 115.29, 106.77, 39.88, 26.52, 25.84, 22.70, 17.87, 16.43. HRMS (ESI) m/z: [M —

H] ™ calcd for C,1H2sNO; 322.1813; Found 322.1814.
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2-geranyl-5-(pyridin-3-ylresorcinol (II-58)

OH OH
W (HO),B N PdCl,(dppf), KOAc N NN
—_—
HO Br \Q dioxanes:H,0 HO | N

90°C,3-5h

F
1I-29 11-68

According to General Procedure A, 2-geraniol-5-bromoresorcinol (100 mg, 0.308 mmol), 2-chloro-
pyridin-3-ylboronic acid (57 mg, 0.462 mmol) and KOAc (121 mg, 1.23 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdClx(dppf) (22.7 mg, 0.03 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(pyridin-3-yl)resorcinol (II-58) as a clear oil (9.2 mg, 0.308 mmol, 9%). Ry = 0.40 (100% EtOAc). 'H
NMR (400 MHz, CDCl3) 6 9.10 (s, 1H), 8.58 (s, 1H), 7.96 — 7.83 (m, 3H), 7.44-7.40 (m, 1H), 6.78 (s, 2H),
541-5.31(m, 1H), 5.14 - 5.04 (m, 1H), 3.56 (d, /= 7.1 Hz, 2H), 2.14-2.07 (m, 4H), 1.87 (s, 3H), 1.69 (s,
3H), 1.61 (s, 3H). *C NMR (101 MHz, CDCl3) & 156.89, 147.46, 147.20, 139.33, 136.36, 135.33, 132.19,
123.95,121.70, 114.45, 106.69, 39.90, 26.57,25.84, 22.64, 17.87, 16.44. HRMS (ESI) m/z: [M — H] calcd
for C21HsNO; 322.1813; Found 322.1825.

2-geranyl-5-(2-chloro-pyridin-3-yl)resorcinol (II-59)

OH cl OH
)\/\/K/Ij\ (HO),B oY PdCI,(dppf), KOAC X X cl
—_—
HO Br l = dioxanes:H,0 HO | SN

90°C, 3-5h

G
1-29 XX 11-69

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2-chloro-
pyridin-3-ylboronic acid (58.2 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(2-chloro-pyridin-3-yl)resorcinol (II-59) as a white powder (28.2 mg, 0.246 mmol, 32%). Rr=0.32 (25%
EtOAc/Hex). '"H NMR (400 MHz, CDCI3) 8 8.33 (dd, J = 4.8, 2.0 Hz, 1H), 7.64 (dd, J = 7.6, 1.9 Hz, 1H),
7.29 —7.26 (m, 1H), 6.51 (s, 2H), 6.26 (s, 2H), 5.34 (t, ] = 7.8 Hz, 1H), 5.10 — 5.03 (m, 1H), 3.50 (d, J =
7.1 Hz, 2H), 2.17 — 2.05 (m, 4H), 1.84 (s, 3H), 1.67 (s, 3H), 1.59 (s, 3H). *C NMR (176 MHz, CDCI3)
155.00, 149.51, 148.28, 139.75, 139.60, 136.57, 136.51, 132.22, 123.66, 122.49, 121.05, 113.75, 109.40,
77.02, 39.73, 26.35, 25.70, 22.48, 17.73, 16.27. HRMS (ESI) m/z: [M — H] calcd for C;H24CINO;
356.1423; Found 356.1432.
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2-geranyl-5-(pyrimidin-5-yl)resorcinol (II-60)

OH OH
x x (HO),B PdCly(dppf), KOAC x x
11-29 11-60 N

According to General Procedure A, 2-geraniol-5-bromoresorcinol (100 mg, 0.308 mmol), 5-
pyrimidinylboronic acid (96 mg, 0.462 mmol) and KOAc (121 mg, 1.23 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdClx(dppf) (22.7 mg, 0.03 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin).
The crude mixture was purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-
5-(pyrimidin-5-yl)resorcinol (II-60) as a white powder (36.9 mg, 0.308 mmol, 37%). Ry = 0.32 (100%
EtOAc). '"H NMR (700 MHz, CDCls) § 9.20 (s, 1H), 8.97 (s, 2H), 6.66 (s, 2H), 6.29 (s, 2H), 5.32-5.30 (m,
1H), 5.10 — 5.05 (m, 1H), 3.52 (d, /= 7.2 Hz, 2H), 2.16 — 2.08 (m, 4H), 1.85 (s, 3H), 1.69 (s, 3H), 1.60 (s,
4H). BC NMR (176 MHz, CDCl;) & 157.30, 156.53, 154.83, 140.13, 134.41, 133.20, 132.37, 123.78,
120.96, 115.02, 106.85, 39.86, 26.48, 25.84, 22.60, 17.87, 16.45. HRMS (ESI) m/z: [M — H] calcd for
C20H24N>0, 323.1765; Found 323.1778.

2-geranyl-5-(quinolin-3-yl))resorcinol (I1I-61)

OH
/j\/\/k/Ij\ (HO), PdCI2 dppf), KOAc A A O
\(D dioxanes:H,0O HO B
90°C, 35h »
N

1-29 1-61

According to General Procedure A, 2-geraniol-5-bromoresorcinol (40 mg, 0.123 mmol), quinolin-3-
ylboronic acid (32 mg, 0.184 mmol) and KOAc (48 mg, 0.492 mmol) were added to an oven-dried round
bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with Argon.
PdClx(dppf) (9 mg, 0.025 mmol) was added and the reaction stirred at 85 °C for 16 h. At which point TLC
indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin). The crude
mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded 2-geranyl-5-(quinolin-
3-yDresorcinol (I1-61) as a white powder (3.3 mg, 0.123 mmol, 10%). Rr = 0.32 (25% EtOAc/Hex). 'H
NMR (400 MHz, CDCI3) 6 9.42 (d, J =2.3 Hz, 1H), 8.38 (d, ] = 2.4 Hz, 1H), 8.26 (d, ] = 8.5 Hz, 1H), 7.91
(d, J=8.3 Hz, 1H), 7.80 — 7.72 (m, 2H), 7.63 (t, ] = 6.9 Hz, 1H), 6.96 (s, 2H), 5.43 (t, ] = 7.1 Hz, 1H), 5.15
—5.06 (m, 1H), 3.65 (d, J = 7.0 Hz, 2H), 2.24 — 2.10 (m, 4H), 1.92 (s, 3H), 1.72 (s, 4H), 1.64 (s, 3H). *C
NMR (176 MHz, CDCI3) § 156.91, 149.21, 146.64, 139.42, 136.57, 134.11, 133.95, 132.24, 129.98,
128.45, 128.30, 128.27, 127.61, 123.95, 121.73, 114.36, 107.00, 39.94, 26.59, 25.86, 22.71, 17.89, 16.47.
HRMS (ESI) m/z: [M — H]™ calcd for CsH27NO> 372.1969; Found 372.1976.
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2-geranyl-5-(2-thiophene)resorcinol (11-62)

OH oH
X S (HOLB.__s PdCI,(dppf), KOAC \ N
—_—
HO Br \[/) dioxanes:H,0 HO S
90 °C, 35 h | /
11-29 11-62

According to General Procedure A, 2-geraniol-5-bromoresorcinol (80 mg, 0.246 mmol), 2-
thiopheneboronic acid (45 mg, 0.368 mmol) and KOAc (96 mg, 0.984 mmol) were added to an oven-
dried round bottom flask. A 5:1 mixture of dioxanes:water was added to the reagents and purged with
Argon. PdCl,(dppf) (18 mg, 0.05 mmol) was added and the reaction stirred at 85 °C for 16 h. At which
point TLC indicated complete consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain:
vanillin). The crude mixture was purified by silica gel chromatography (0% —10% EtOAc/Hex) yielded
2-geranyl-5-(2-thiophene)resorcinol (II-62) as a brown powder (12.9 mg, 0.246 mmol, 16%). Ry= 0.47
(25% EtOAc/Hex) '"H NMR (700 MHz, Chloroform-d) & 7.25 — 7.21 (m, 2H), 7.06 — 7.03 (m, 1H), 6.69
(s, 2H), 5.28 (d, /= 6.5 Hz, 1H), 5.13 (s, 2H), 5.06 (d, /= 6.8 Hz, 1H), 3.44 (d, /= 7.1 Hz, 2H), 2.10 (dq,
J=126.0, 8.8, 8.3 Hz, 5H), 1.83 (s, 3H), 1.69 (s, 3H), 1.60 (s, 3H). 13C NMR (176 MHz, CDCI3) &
155.45, 143.92, 139.78, 133.88, 132.32, 128.02, 124.77, 123.81, 123.17, 121.26, 113.04, 106.29, 39.84,
26.50, 25.84, 22.56, 17.86, 16.40. HRMS (ESI) m/z: [M — H] calcd for C20H240,S 327.1424; Found
327.1431.

2-geranyl-5-((E)-styryl)resorcinol (Amorphastibol)

OH (I)H OH
/W HO,B%@ PdCly(dppf), KOAC S S [O
_ >
HO Br dioxanes:H,0 HO 3
90°C,3-5h

11-29 Amorphastilbol

According to General Procedure A, 2-geraniol-5-bromoresorcinol (100 mg, 0.308 mmol), B,pin, (68
mg, 0.463) dioxanes:water was added to the reagents and purged with Argon. PdCl»(dppf) (23 mg, 0.03
mmol) was added and the reaction stirred at 85 °C for 16 h. At which point TLC indicated complete
consumption of 2-geraniol-5-bromoresorcinol (25% EtOAc, stain: vanillin). The crude mixture was
purified by silica gel chromatography (0%—10% EtOAc/Hex) yielded 2-geranyl-5-((E)-
styryl)resorcinol as a white powder (48.5 mg, 0.308 mmol, 46%). Rr= 0.57 (25% EtOAc/Hex). '"H NMR
(700 MHz, CDCl3) 6 7.48 (d, J = 7.9 Hz, 2H), 7.35 (t, J = 7.7 Hz, 2H), 7.26-7.24 (m, 1H), 7.01 (d, /=
16.2 Hz, 1H), 6.94 (d, J= 16.3 Hz, 1H), 6.59 (s, 2H), 5.30 — 5.27 (m, 1H), 5.07 (d, /= 16.2 Hz, 3H), 3.44
(d, J=7.2 Hz, 2H), 2.15 - 2.07 (m, 4H), 1.83 (s, 3H), 1.69 (s, 3H), 1.60 (s, 3H). *C NMR (176 MHz,
CDCls) 8 155.34, 139.65, 137.33, 137.03, 132.30, 128.85, 128.82, 128.16, 127.79, 126.66, 123.84,
121.35, 113.36, 106.70, 39.85, 26.51, 25.84, 22.66, 17.87, 16.40. HRMS (ESI) m/z: [M — H]™ calcd for
C24H230, 324.2017; Found 324.2021.
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'H and *C NMR Spectra
5-bromoresorcinol (I1-28) ("H NMR; 400 MHz; CDCl;)
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5-bromoresorcinol (II-28) (*C NMR; 101 MHz; CDCls)
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Cannabigerol (CBG) ("H NMR; 400 MHz; CDCl;)
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Cannabigerol (CBG) (*C NMR; 101 MHz; CDCl;)
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2-geranyl-5-bromoresorcinol (II-29) ("H NMR; 400 MHz; CDCl;)
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2-geranyl-5-bromoresorcinol (II-29) (*C NMR; 101 MHz; CDCls)
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2-geranyl-5-phenylresorcinol (II-31) ("H NMR; 400 MHz; CDCl;)
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2-geranyl-5-phenylresorcinol (II-31) ("*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(2-methylphenyl)resorcinol (II-32) ("H NMR; 400 MHz; CDCl;)
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2-geranyl-5-(2-methylphenyl)resorcinol (II-32) (*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(3-methylphenyl)resorcinol (II-33) ("H NMR; 400 MHz; CDCl;)

¥50'S
TL0°S /
880'S ~&

T9T'S —

96¢'S
01e's
SEe's

1599 —

CETL
6bT'L /
€1000 09¢°L

L

06¢'L
60¢€L
0ceL
€beL

(N

J

Il

J

|

3.5

AL

ﬁga I

0°E
00°€

Reory|

/66T

490

TOT'T

80°¢C |

Fecot

E890°7 |

F866°0

Frote|

0.5

3.0

4.0

4.5

6.0

6.5

105 100 95 90 85 8.0

11.0

2.0

1.5 1.0

2.0

2.5

5.0

5.5

7.0

7.5

11.5

83



2-geranyl-5-(3-methylphenyl)resorcinol (II-33) (*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(4-methylphenyl)resorcinol (I1-34) (‘"H NMR; 400 MHz; CDCls)
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2-geranyl-5-(4-methylphenyl)resorcinol (II-34) (1*C NMR; 101 MHz; CDCI;)
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2-geranyl-5-(2-chlorophenyl)resorcinol (II-35) (‘"H NMR; 700 MHz; CDCls)
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2-geranyl-5-(2-chlorophenyl)resorcinol (II-35) ('*C NMR; 176 MHz; CDCl;)
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2-geranyl-5-(2-fluorophenyl)resorcinol (I1-36) (‘"H NMR; 400 MHz; CDCls)
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2-geranyl-5-(2-flurophenyl)resorcinol (II-36) ('*C NMR; 101 MHz; CDCl;)
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2-geranyl-5-(2-flurophenyl)resorcinol (I1-36) (‘°F NMR; 377 MHz; CFCls)
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2-geranyl-5-(2-trifluoromethylphenyl)resorcinol (I1-37) ("H NMR; 400 MHz; CDCl;)
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2-geranyl-5-(2-trifluromethylphenyl)resorcinol (I1-37) (*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(2-trifluromethylphenyl)resorcinol (II-37) (*°F NMR (377 MHz, CFCl;)
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2-geranyl-5-(2-methoxyphenyl)resorcinol (II-38) ('"H NMR; 400 MHz; CDCl;)
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2-geranyl-5-(2-methoxyphenyl)resorcinol (II-38) (*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(3-chlorophenyl)resorcinol (I1-39) (‘"H NMR; 400 MHz; CDCls)
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2-geranyl-5-(3-chlorophenyl)resorcinol (I1-39) ('*C NMR; 101 MHz; CDCl;)
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2-geranyl-5-(3-fluorophenyl)resorcinol (I1-40) (‘"H NMR; 400 MHz; CDCls)
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2-geranyl-5-(3-flurophenyl)resorcinol (I1-40) ('*C NMR; 101 MHz; CDCl;)
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2-geranyl-5-(3-flurophenyl)resorcinol (I1-40) (*°F NMR (377 MHz, CFCls)
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2-geranyl-5-(3-trifluoromethylphenyl)resorcinol (I1-41) ("H NMR; 400 MHz; CDCl;)
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2-geranyl-5-(3-triflurophenyl)resorcinol (I1-41) ('*C NMR; 101 MHz; CDCl;)
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2-geranyl-5-(3-triflurophenyl)resorcinol (I1-41) ("’F NMR, 377 MHz, CFCls)
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2-geranyl-5-(3-methoxyphenyl)resorcinol (I1-42) ("H NMR; 400 MHz; CDCls)
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2-geranyl-5-(3-methoxyphenyl)resorcinol (II-42) (*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(4-chlorophenyl)resorcinol (I1-43) (‘"H NMR; 400 MHz; CDCl5)
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2-geranyl-5-(4-chlorophenyl)resorcinol (I1-43) ('*C NMR; 101 MHz; CDCl;)
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2-geranyl-5-(4-fluorophenyl)resorcinol (I1-44) (‘"H NMR; 400 MHz; CDCls)
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2-geranyl-5-(4-flurophenyl)resorcinol (I1-44) ('*C NMR; 101 MHz; CDCl;)
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2-geranyl-5-(4-flurophenyl)resorcinol (II-44) ('°F NMR, 377 MHz, CFCls)
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2-geranyl-5-(4-trifluoromethylphenyl)resorcinol (I1-45) ("H NMR; 400 MHz; CDCl;)
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2-geranyl-5-(4-trifluromethylphenyl)resorcinol (I1-45) ('*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(4-trifluromethylphenyl)resorcinol (I1-45) (‘°F NMR, 377 MHz, CFCls)
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2-geranyl-5-(4-methoxyphenyl)resorcinol (I1-46) ("H NMR; 400 MHz; CDCls)
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2-geranyl-5-(4-methoxyphenyl)resorcinol (II-46) (*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(3-hydroxyphenyl)resorcinol (I1-47) (‘"H NMR; 400 MHz; CDCl5)
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2-geranyl-5-(3-hydroxyphenyl)resorcinol (I1-47) ('*C NMR; 101 MHz; CDCl;)
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2-geranyl-5-(3-aminophenyl)resorcinol (II-48) (‘"H NMR; 400 MHz; CDCl;)
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2-geranyl-5-(3-aminophenyl)resorcinol (II-48) ('*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(3-nitrophenyl)resorcinol (II-49) ("H NMR; 400 MHz; CDCl;)
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2-geranyl-5-(3-nitrophenyl)resorcinol (II-49) (*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(4-cyanophenyl)resorcinol (II-50) ("H NMR; 400 MHz; CDCl;)
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2-geranyl-5-(4-cyanophenyl)resorcinol (II-50) (*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(2,4-dichlorophenyl)resorcinol (II-51) ("H NMR; 700 MHz; CDCls)
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2-geranyl-5-(2,4-dichlorophenyl)resorcinol (II-51) (*C NMR; 176 MHz; CDCls)
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2-geranyl-5-(2-chloro-4-methoxyphenyl)resorcinol (II-52) (‘H NMR; 700 MHz; CDCls)
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2-geranyl-5-(2-chloro-4-methoxyphenyl)resorcinol (I1-52) ('*C NMR; 176 MHz; CDCls)
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2-geranyl-5-(2-chloro-4-trifluoromethylphenyl)resorcinol (II-53) ("H NMR; 700 MHz; CDCl3)
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2-geranyl-5-(2-chloro-4-trifluoromethylphenyl)resorcinol (II-53) ('*C NMR; 176 MHz; CDCls)
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2-geranyl-5-(2-chloro-4-trifluoromethylphenyl)resorcinol (II-53) (**F NMR, 377 MHz, CDCl;)
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2-geranyl-5-(2,6-dichlorophenyl)resorcinol (II-54) ("H NMR; 700 MHz; CDCls)
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2-geranyl-5-(2,6-dichlorophenyl)resorcinol (II-54) (*C NMR; 176 MHz; CDCls)
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2-geranyl-5-(2,6-difluorophenyl)resorcinol (II-55) ("H NMR; 700 MHz; CDCls)
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2-geranyl-5-(2,6-difluorophenyl)resorcinol (II-55) (*C NMR; 176 MHz; CDCls)
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2-geranyl-5-(2,6-difluorophenyl)resorcinol (II-55) (*°F NMR, 377 MHz, CDCls)
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2-geranyl-5-(3,5-difluorophenyl)resorcinol (II-56) (‘H NMR; 400 MHz; CDCls)
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2-geranyl-5-(3,5-difluorophenyl)resorcinol (II-56) (*C NMR; 101 MHz; CDCls)
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2-geranyl-5-(3,5-difluorophenyl)resorcinol (II-56) (*’F NMR, 377 MHz, CDCl;)
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2-geranyl-5-(4-pyridinyl)resorcinol (IT-57) ("H NMR; 700 MHz; CDCls)
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2-geranyl-5-(4-pyridinyl)resorcinol (II-57) (*C NMR; 176 MHz; CDCls)
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2-geranyl-5-(3-pyridinyl)resorcinol (IT-58) ("H NMR; 400 MHz; CDCls)
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2-geranyl-5-(3-pyridinyl)resorcinol (II-58) (*C NMR; 101 MHz; CDCl;)
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2-geranyl-5-(2-chloropyridin-3-yl)resorcinol (II-59) (‘H NMR; 700 MHz; CDCls)
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2-geranyl-5-(5-pyrimidinyl)resorcinol (II-60) (‘"H NMR; 700 MHz; CDCl;)
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2-geranyl-5-(5-pyrimidinyl)resorcinol (II-60) ('*C NMR; 176 MHz; CDCls)
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2-geranyl-5-(3-quinolinyl)resorcinol (II-61) (‘"H NMR; 700 MHz; CDCl;)
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2-geranyl-5-(3-quinolinyl)resorcinol (II-61) ('*C NMR; 176 MHz; CDCl;)
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2-geranyl-5-(2-thiophene)resorcinol (I1-62) ("H NMR; 700 MHz; CDCls)
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2-geranyl-5-(2-thiophene)resorcinol (I1-62) ("*C NMR; 176 MHz; CDCls)
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2-geranyl-5-((E)-styryl)resorcinol (amorphastilbol) ("H NMR; 700 MHz; CDCl;)
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2-geranyl-5-((E)-styryl)resorcinol (amorphastilbol) ("*C NMR; 176 MHz; CDCls)
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