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Abstract

TheN-methyl-D-aspartate receptor (NMDAR), a ligand-glaiten channel activated by L-
glutamate and glycine, plays a major role in theagyic plasticity underlying learning and
memory. NMDARSs are involved in neurodegeneratisodiers such as Alzheimer’s and
Parkinson’s disease and NMDAR hypofunction is ircgaieéd in schizophrenia. Herein we
describe structure-activity relationship (SAR) séisdon 2-naphthoic acid derivatives to
investigate structural requirements for positivd argative allosteric modulation of
NMDARSs. These studies identified compounds suciBB684 (14b), which act as pan
potentiators by enhancing NMDAR currents in diheteeric NMDAR tetramers containing
GIuN1 and GIuN2A-D subunitd4b and derivatives thereof are useful tools to stahaptic
function and have potential as leads for the dgarabmnt of drugs to treat schizophrenia and
disorders that lead to a loss of cognitive functionaddition, SAR studies have identified a
series of styryl substituted compounds with paitiAM activity and a preference for
inhibition of GIuN2D versus the other GIuN2 subgniin particular, the 3-and 2-nitrostyryl
derivativesUBP783 (79i) andUBP792 (79h) had 1Ges of 1.4 uM and 2.9 uM, respectively,
for inhibition of GIuN2D but showed only 70-80% muapal inhibition. GIuN2D has been
shown to play a role in excessive pain transmisdignto nerve injury and potentially in
neurodegenerative disorders. Partial GIUN2D inbisimay be leads for the development of
drugs to treat these disorders without the adveffeets observed with full NMDAR
antagonists.

Keywords. N-Methyl-D-aspartate receptor; NMDA; GluN2; positigkosteric modulator;
negative allosteric modulator; 2-naphthoic acid



I ntroduction

N-Methyl-D-aspartic acid receptors (NMDARS) are members @fdhotropic glutamate
receptor family, which are L-glutamate-gated ioamels that mediate fast excitatory
synaptic transmission in the central nervous syg@NS). NMDARs are tetramers
assembled from two GIuN1 subunits, each contaiaibghding site for the co-agonist glycine
and two GIuN2A-D subunits, containing a bindingesar L-glutamate in the ligand binding
domain (LBD) region on each subunit. In some aofdse CNS, GIUN3A and GIuN3B
subunits are incorporated into the tetramer [1AB]important function of NMDARS is to
initiate the synaptic plasticity that occurs durfdiyS development and in learning and
memory [4].

NMDARSs have been the subject of intense investigatinto the development of drugs
that can modulate their activity. This is due te tfivolvement of these receptors in
neurological disorders such as epilepsy, chronig, gkepression and schizophrenia and
neurodegenerative disorders such as ischemia, ixigs and Parkinson’s diseases [5].
Very few compounds have made it into the clinidhviow affinity channel blockers such as
memantine, which is used to treat moderate to sefkzheimer’s disease, being the
exception. Antagonists interacting with the glutéenainding site on GIuN2 subunits, the
glycine binding site on GIuN1 subunits, the ionrmal with high affinity and th&l-terminal
domain of the GIuN2B subunit have so far failedlinical trials for stroke, head injury and
epilepsy [1,5,6]. This is largely due to lack ofiedcy and/or intolerable side effects such as
amnesia, ataxia and psychotomimetic effects. Mecently, attention has focused on the
development of allosteric modulators, which maybke to treat neurological disorders
without interfering with the normal physiologicairfctions of NMDARSs, thereby reducing
side effects [6]. Furthermore, most efforts in NMRArug development have focused on
inhibitors of activity. However, for treating scbizhrenia, which is associated with NMDAR
hypofunction, NMDAR positive allosteric modulatqAMs) may have therapeutic benefits
over currently available antipsychotics fB{MDAR PAMs may also have a role in treating
the cognitive deficits observed in patients withestdisorders such as Alzheimer’s and
Parkinson’s disease [6].

We have reported a series of phenanthrene derdégtihat can act as negative allosteric
modulators (NAMs) and/or PAMs by binding to a sdedistinct from those known for
previous NMDAR ligands [7]. For example, UBP512 (Figure 1) potentiated NMDARS
containing GIUN2A, had no effect on GIuN2B and bited GIuN2C and GIuN2D in an



electrophysiological assay. Others have reportethoninds that potentiate GIuN2C and
GIuN2D @, CIQ) [8] or specifically potentiate GIuN2@)([9] (Figure 1). Recently, a
GIluN2A selective PAM) has been reported, which was developed fromethe |
compounds GNE-690H4) and GNE-83245) (Figure 1) [10]. X-ray crystallography has
revealed that these compounds bind at the dimerfate of the ligand binding domains
(LBDs) of GIuN1 and GIuN2A [10]. Endogenous neueosids such as pregnenolone sulfate
and synthetic derivatives thereof also potentid#AR responses [11,12].

Removal of the terminal aromatic ringirand modification of the resultant 2-naphthoic
acid core afforded a series of derivatives, suddBi8617 (7) (Figure 1), which non-
selectively inhibited receptors containing differ&@uN2 subunits [13]. Interestingly,and
several structurally realated analogues showed axiomal inhibition of NMDARs making
them potential leads for neurological conditionsoasated with overactivation of the
receptor, such as neuropathic pain, where a coepletk of activity could have adverse
effects due to inhibition of essential brain funos. Others have reported compounds that
selectively antagonise GIuUN2C and GIUNZDNZ46, 8, Figure 1) [14] and a series of
compounds that act as partial negative allosteadutators (NAMs) [15]. NAMs that
specifically inhibit GIUN2A (TCN-201M PX-004, 9, Figure 1) have been reported [16,17].
Inhibition of GIuUN1/GIuN2A by9 has been shown to be dependent on the glycine
concentration and X-ray crystallography has rewk#iat it binds to the dimer interface of
the ligand binding domains of GluN1 and GIuN2A [17]

Herein we describe structure-activity relationsf8AR) studies on 2-naphthoic acid
derivatives as analogues of our previously repgotezhanthrene [7] and naphthalene series
[7a,13] with the aim of understanding the strudtoeguirements for NMDAR NAMs and
PAMSs.

Results
Chemistry

The synthesis of the naphthalene derivatives desttiin this report is outlined in
Schemes 1-10. Heck coupling between methyl 6-br@maphthoatelQ) and the
appropriate alkene afforddda-b (Scheme 1). To aid SAR studies, a small amouttief
trans-alkene {1a-b) was hydrolysed to its corresponding adidatb) using base. However,
the majority was taken forward and hydrogenatedredbeing hydrolysed with base to yield
saturated acid#4a-b. The 6-cyclopropyl derivativel{) was synthesized frod0 in three

steps (Scheme 1). Firstly, Stille coupling betw&@mand trin-butyl(vinyl)tin afforded15.



The cyclopropyl ring was then formed via a Simm@&msith reaction and the resultant ester
(16) hydrolysed to the desired acitif§ using base.

In order to gather SAR information, several anaésgofl4a were synthesized (Scheme
2). Reduction of the 3-carboxy moiety using LiAlproceeded smoothly, giving the 3-
hydroxymethyl derivativd8 in good yield. Reaction df8 with PBr; afforded 3-
bromomethyl derivativé9 which was in turn converted to nitri#® by reaction with NaCN
under phase transfer conditions. Acidic hydrolyggithe nitrile yielded the corresponding 3-
acetic acid derivativ@l. The 5-bromo analogu? was readily synthesized by reactitda
with a solution of bromine in glacial acetic ackchieme 2). Alkylation of 6-hydroxy-2-
naphthoic acid43) with 1-bromobutane afforded the 6-butoxy deriv@fi4 in good yield
(Scheme 2).

Methyl 6-bromo-2-naphthoatd@) was utilised as a starting material in the sysithef
various analogues d#ib (Schemes 3 and 4). Heck coupling betw&@and the appropriate
alkene led to the synthesistoéins alkene intermediateézba-b and30 (Scheme 3). To aid
SAR studies, a sample 80 was hydrolysed using base to yield unsaturateti3ci
Hydrogenation o5a-b and30 gave the corresponding alkyl esters which wergestdxd to
base hydrolysis to give aci@3a-b and33 (Scheme 3). Sonogashira coupling betwEgn
and 4-methylpent-1-yne afforded es28rwhich was readily hydrolysed to ac@ (Scheme
3). Using transesterification under acidic conaisid 0 was converted to isobutyl es&tin
reasonable yield. Palladium catalysed carboxylatiging carbon monoxide subsequently
afforded acid35 (Scheme 4). A Claisen condensation betwkeand ethyl 4-methylvalerate
followed by intramolecular decarboxylation yieldestone36. Palladium catalysed
carboxylation using carbon monoxide gave e3fawhich was hydrolysed using base to
afford acid38 (Scheme 4). Sonogashira coupling betwHeand 4-pentyn-2-ol led to the
synthesis of alcohd@9. Hydrogenation of the alkyne bond followed by @tidn of the
alcohol using Dess-Martin periodinane (DMP) affatdetoned0 in good yield (Scheme 4).
The introduction of a carboxymethyl group was aeghieby reacting ketor#d with methyl
diethylphosphonoacetate under Wittig reaction comas. Hydrogenation of the resultant
alkene gave este4]) which was readily hydrolysed to di-aelé using base (Scheme 4).

To gather additional SAR information, ketaBieéwas subjected to further chemical
modification (Scheme 4). Using Wittig reaction chstny, methylenation of ketorg/
afforded alkend3 in good yield. Although the majority of alkeA8 was taken forward and

hydrogenated to give es#%, some was held back and hydrolysed using based¢o g



unsaturated acidd. Esterd5 was hydrolysed to acdb in good yield under basic conditions
(Scheme 4).

Thioether, amide and ester analogue®4f were also synthesised during the course of
SAR studies (Scheme 5). The reaction between 6-dmuathyl derivativel7 and 2-
methylpropan-1-thiol in the presence of sodiumdeel thioetheA8 which was readily
converted to corresponding aeiél by base hydrolysis (Scheme 5). Coupling of acidradte
50 with isobutylamine under standard conditions aféat amideb1 which was hydrolysed to
acid52 using base (Scheme 5). Using identical conditi6rsydroxymethyb3 and
isobutyryl chloride were coupled to yield estdr(Scheme 5).

Further modifications to the 6-isohexyl side chiaii4b were investigated using 6-
bromomethyl derivativé5 as a starting material (Scheme 6). The reactibndsn55 and 2-
methylpropan-1-ol in the presence of sodium yielegkrs6. Palladium catalysed
carboxylation using carbon monoxide subsequentty@déd acidb7 (Scheme 6). Base
promoted nucleophilic substitution betweshand ethyl 4-methylvalerate generated es8er
Palladium catalysed carboxylation using carbon mateyielded di-este$9. Base
hydrolysis subsequently afforded di-aé@l(Scheme 6).

3-Hydroxy-2-naphthoic acid derivatives Bfb were also the subject of investigation
(Schemes 7). The starting material required fosglmmpounds$B) was synthesised in two
steps from 7-bromo-3-hydroxy-2-naphthoic a6®d Firstly, the 2-carboxy group was
esterified using KCO; and methyl iodide to afford methyl es@&. The 3-hydroxy group
was in turn acetylated using acetic anhydride tord63 (Scheme 7). Heck coupling
betweer63 and 4-methylpent-1-ene and hydrogenation of theltieg alkene yielded4.
Base hydrolysis was used to deprotect a samplatbompound giving5 (Scheme 7). The
majority of 64 was deprotected at the 3-position using dimethilarto afford phenob6
which was in turn reacted with triflic anhydrideden classical conditions to give triflaf&.
Removal of the triflate group using formic acid dd{PPh), yielded este68 which was
subsequently hydrolysed in the presence of baaeiti®9 (Scheme 7).

Swapping the respective positions of the carboxiy/ramroxy groups in compourgb
was desirable for investigating the SAR surroundimg compound (Scheme 8). Sonogashira
coupling between triflaté0 and 4-methylpent-1-yne led to the synthesis ofradk’1.
Hydrogenation of the triple bond followed BBuLi promoted carboxylation afforded ester
72. Acidic deprotection of the 3-hydroxy group yialidé8 which was readily hydrolysed
using base to give acil (Scheme 8). Replacing the hydroxy groug®with a carboxy

moiety was also of interest for SAR studies (Sch&méleck coupling between
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commercially availabl&5 and 4-methylpent-1-ene afforded alkéite Subsequent
hydrolysis of the nitrile groups under acidic cdrais and hydrogenation of the alkene bond
afforded di-acid77 (Scheme 8).

Heck coupling betweeé3 and the appropriately substituted styrene affomledries of 7-
substituted styryl derivative3&a-j) (Scheme 9). The majority of these compounds were
taken forward and de-protected under basic comditio give79a-j. However, to gather
additional SAR information/8a, 78b and78d were hydrogenated to their saturated
counterpartsg0a-c) and then hydrolysed using base to afford phehetryatives8la-c
(Scheme 9). In order to investigate it's importarthe 3-hydroxy moiety of9a was
subjected to modification. De-acetylation7@a using dimethylamine afforded pher82
which was in turn reacted with triflic anhydrideden classical conditions to give trifla88
(Scheme 9). Palladium catalysed carboxylation usaron monoxide gave di-esge¥
which was hydrolysed using base to afford di-a&dn moderate yield (Scheme 9).

The coumarin UBP608 has previously been reportedrasderately potent NAM that
fully inhibited GIuUN2A responses with and¢of 18.6 £ 1.4 uM and 23-fold selectivity over
GIuN2D [7a]. It was thought, given styryl group &duh to the naphthalene series (38a-
in Table 5) gave a series of interesting NMDAR NAM=t the same strategy could be
applied to create the coumarin analogu&gat. It was hoped that by using commercially
available ethyl 6-bromo-3-coumarincarboxyla®é)( a range of analogues could be accessed
in a similar way to the naphthalene series, thrquagtadium catalysed cross-coupling with a
variety of substituted benzene derivatives. Inftands, however, negligible yields of the
desired styryl-coupled coumari8d) were achieved under standard Heck and Suzuki
conditions (Scheme 10). Instead of attempting tefionalise an existing coumarin, the next
strategy was to synthesise a coumarin with theeksiinctional groups in place, in this case,
a styryl group. A Knoevenagel condensation of Mahals acid [18] with known
intermediate (E)-2-hydroxy-5-styrylbenzaldehy8e)((synthesised using a literature

procedure [19]) gave the desired coum&8nn a moderate yield (Scheme 10).

Biological evaluation and SAR studies

Compounds were initially evaluated at a conceranatif 100 pM for their effects on
agonist-induced NMDAR currents using a two-eleatrgdltage clamp (TEVC)
electrophysiological assay [7]. Although the temt@entration is high even for screening it

allowed us to detect any weak NMDAR PAM effectsnpounds with significant activity
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were investigated more thoroughly using full cortcation response curves. cRNA coding

for the four GIuUN1/GIuN2A-D diheteromeric NMDARs veeindividually injected into
Xenopus laevis oocytes. After 2 to 5 days, NMDAR currents werguced by L-glutamate
(Glu) (10 uM) and glycine (Gly) (10 uM) and aftest@ady-state response was obtained, the
test compounds were co-applied with agonist. rata these studies are shown in Tables 1-
3 and 5. Full concentration-response curves (Eg@rand 3) and Egor I1Cso values across
GIluN2A-D were then generated for compounds withisigant NMDAR potentiating or
inhibitory activity identified in the initial scree(Tables 4 and 6). All compounds were
soluble and showed no visible signs of precipitaibthe concentrations tested in these
assays. The origianlly described compounds (eajpd7, Figure 1) did not display
glutamate-site or glycine-site NMDAR agonist adgvior were they active in the absence of
agonists [7,13]. In this study, compounds with gheatest PAM activityl4b and46, Tables

1, 2 and 4) were similarly evaluated and foundaweehno NMDAR agonist activity or effect

on the holding current (Saptoka et al., 2017).

SAR studiesto identify novel NMDAR positive allosteric modualtors.

SAR studies were focused on identifying novel NMDRRMs and investigating their
structural requirements. The following structwiahnges were investigated: 1. Effect of
removing the unsubstituted aromatic ring from thenmanthrene based compounds such as
UBP512 () to form naphthalene derivatives, 2. Effect ofrafiag the 6-substituent on the
naphthyl ring, 3. Effect of changing the positidrtlee carboxylic acid group attached to the
naphthalene ring, 4. Effect of adding substituémthe naphthyl ring system, 5. Effect of
adding substituents to the alkyl chain attachetthéd5-position of the naphthalene ring, 6.
Effect of adding heteroatoms to the alkyl chaiaced to the 6-position of the naphthalene

ring.

Effect of removing unsubstitued aromatic ring from phenanthrene lead compounds.
Previous studies have shown that 9-substitutedgstiterene-3-carboxylic acids such

as UBP5121, Figure 1) and 9-alkyl derivatives have potentigteffects on NMDARs [7].
The 9-iodo derivativel) weakly potentiated the GIUN2A response, had fecebn GIuUN2B
and inhibited GIUN2C/GIuN2D [7] (Table 1).

Removal of the unsubstituted aromatic ring frbifirigure 1) to afford 6-iodo-2-naphthoic
acid eliminated NMDAR PAM activity on GIuN2A (at @QuM it inhibited the agonist
response on GIUN2A by 26 + 2% and had 9-12% indripiactivity on GIuN2B-D). 2-
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Naphthoic acid analogues with short chain alkylssitoents at the 6-position (e.g. ethylner
propyl) were found to have no NMDAR PAM activityh@ 6-ethyl derivative (100 uM)
instead inhbited GIuN2A-D with perecentage valuethe range of 17-52%, while thené-
propyl derivative (100 uM) had percentage inhilmiti@lues on GIuN2A-D in the range of O-
14%). A similar outcome was observed for the 6-@yubpyl derivative 17, Table 1). In
contrast, the corresponding 9-ethylngropyl and 9-cyclopropyl phenanthrene-3-carboxylic
acid derivatives showed weak to moderate NMDAR P&ddvity [7]. Like the parent
phenanthrenes [7], therbpentyl (14a) and 6-isohexyl{4b, UBP684) derivatives of 2-
naphthoic acid showed potentiating effects on NMBARhe 6n-pentyl derivative 14a)
showed potentiating activity on NMDARSs containingil§2A, GIuN2C and GIluN2D

(Tables 1 and 4) but not GIUN2B. When tested atreentration of 100 pM, the 6-isohexyl
naphthyl derivative}4b) showed potentiation in excess of 170% across @&uRN. This

was higher than that of therBpentyl derivative 14a) (Table 1), suggesting thidb was

better at increasing the efficacy of L-glutamatd/anglycine. The pan-potentiatidb (EGso
values ranging from 28.0-37.2 uM across GIuN2A-Bj imilar potency to that d#la on
GIluN2A but was a more potent PAM on GIuN2B-D (Tableand 4, Figure 2). These data
suggest that the unsubstituted aromatic ring optienanthrene series is not needed for
NMDAR PAM activity when long chain alkyl substitusrare present at the 6-position of the
naphthalene ring.

Effect of changesto the 6-alkyl substituent on the naphthalenering.

Conformational restriction of the isohexyl side ichiaa 14b by incorporation of #&rans
double bond gav#&2b, which displayed an increase in potentiation afragt response on
GluN2C and GIuN2D compared 1d4b (Table 1). However, a similar conformational
restriction of then-pentyl side chain af4a to givel2a resulted in weak inhibitory activity
across the GIuN2 subunits (Table 1). Incorporatiba triple bond into the isohexyl side
chain to give29, led to the loss of the potentiating effect onK&é& and GIuN2B and a
much reduced potentiating effect on GIluN2C and @IDNompared td4b (Table 1).
Although restricting conformational freedom by ingorating a double or triple bond was
detrimental for PAM activity on GIuN2A and GIluN2Bgdding arans double bond into the
side chain ofi4b can be used to increase selectivity for GIUN2CNZID versus
GIuN2A/GIuN2B.

Adding a 4-phenylbut-1-yl substituent to the 6-piosi of the naphthalene ring (Figure 2,
Table 1) to give27a reduced potentiation comparedih. Adding a 3-cyclopentylprop-1-yl

9



substituent to the 6-position of the naphthaleng to give27b (Tables 1 and 4) led to a
similar level of potentiating activity on GIuN2A- that of14b, with the former being more
potent on GIuN2A (Table 4). Thus, incorporating twe methyl groups at the end of the
isohexyl chain ofl4b into a cyclopentyl ring enhances PAM potency aglddivity for
GIuN2A.

Effect of changing the nature and position of the carboxylic acid group attached to the
naphthalenering.

Reduction of the carboxylic acid grouplifa to give the corresponding hydroxymethyl
derivativel8 replaced potentiating activity with weak inhibitaagtivity at GIluN2A-D (Table
1). A similar observation was made when a@hrker was introduced between the
naphthalene ring and the carboxylic acid groupdia The resultant acetic acid derivative,
21, had weak to moderate inhibitory activity at GIUNP (Table 1). Taken together, the
activities of18 and21 suggest that the carboxylic acid group is necgdsapotentiating
activity and that this group must be directly dtiad to the naphthalene ring. Furthermore,
moving the carboxylic acid df4b to an adjacent position on the naphthalene rirgjue 7-
isohexyl-2-naphthoic acid9) resulted in weak inhibitory activity at GluN2Dda weaker
potentiating effect on GIuUN2A-C compared to theepaicompound (Table 1). Thus,
switching the position of the carboxylic acid graeative to the alkyl substituent is
detrimental for NMDAR PAM activity, especially faluN2D.

Effect of adding substituents to the naphthalene ring.

Adding a bromo substituent to the 5-position of tiaphthalene ring df4a to give22
(Table 1) resulted in weak inhibitory activity oduBl2A and GIuN2B and no activity on
GIluN2C and GIuN2D, suggesting the bromo group @nrarea of excluded volume in the
NMDAR PAM binding site or that this addition prevwsrihe PAM’s allosteric action. The
2,3-dicarboxy analogu&’7) of 14b resulted in little or no activity on GIuUN2A andubl2B
but weak to moderate inhibitory activity on GIluN2ad GIuN2D (Table 1).

Adding a hydroxyl group to the 3-position of thgohthalene ring o14b to give74
produced a pan-potentiator with similar, or pogsérihanced activity on GIuN2B-D
compared td4b (Table 1). Thus, it may be possible to reducehyrophobicity and
increase water solubility of the NMDAR PAMs desedbhere by adding a hydroxyl group to
the 3-position of the 2-naphthoic acid derivativ@witching the placement of the hydroxyl

and carboxyl groups on the naphthalene ringda give65 resulted in weak inhibitory
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activity on GIuN2A and weaker potentiating activity GIuN2B-D compared to that
observed fod4b and74 (Table 1). However, unlike the 7-isohexyl derivatt9, which
showed weak inhibitory activity on GIuN2B5 potentiated GIuN2D activity (Table 1),
suggesting that the 3-hydroxyl group is requiradifics activity. Interestingly, replacing the
isohexyl group 065 with a bromo [13], phenyi7( Figure 1) [13], styryl{9a, Table 5) or
phenethyl 81a, Table 5) group leads to moderate NMDAR NAM agyivon GIUN2A-D.

Effect of adding substituents to the 6-alkyl chain.

Substitution at the 1-position of the isohexyl sifh@in ofl4b with a methyl group to give
46 resulted in a pan-potentiator with similar potenayGIuN2A-D (EGo values ranged from
25.0 to 39.4 uM) to that didb (Tables 2 and 4, Figure 2). However, the maximum
potentiating effect o#6 across GIuN2A-D was greater than that observed4ior(Figure 2).
Conformational restriction of6 by incorporating a double bond to git4 (Table 3)
produced a pan-potentiator with similar potencitdgarent compound on GIUN2C but
weaker potency on the other GIuN2 subunitsg&@lues ranged from 26.1 to 116.4 uM
across GIluN2A-D, Table 4). Interestinghi showed different degrees of maximal
potentiation across GIuN2A-D and the value for Gl&Nwvas higher than for any other
compound that was tested (Figure 2E, Table 4). Agldicarboxylic acid at the 4-position of
then-pent-1-yl side chain df4a to give33 resulted in little or no activity at GIUN2B or
GIluN2C and very weak potentiating activity on GluW2nd GIluN2D (Table 2).
Conformational restriction @3 by including arans double bond to giv8l (Table 2)
resulted in little or no activity across GIuN2A-Burthermore, adding a GBO,H group to
the 4-position of the-pent-1-yl side chain df4a to give42 removed potentiating activity
and instead weak inhibition was observed on GIUN2ZWN2B and GIuN2D (Table 2).
Adding a carboxylic acid at the 2-position of teehexyl side chain di4b to give60
resulted in selective weak potentiation of GluN2ithMittle or no activity on GIuN2A and
weak inhibition of GIuN2B and GIuN2D (Table 2). T™ut appears that polar substituents on
the alkyl chain cannot be accommodated, while metteysubstitution44) at the 1-position
of the alkyl chain ofi4b reduces PAM potency on GIuN2A and GIuN2B but iases

agonist efficacy to a greater degree thdb.

Effect of adding heteroatoms to the 6-alkyl chain.
A SAR study was undertaken to investigate the efieadding heteroatoms to the
isohexyl side chain df4b, with the aim of reducing hydrophobicity. Addindgc@tone group
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to the isohexyl chain df4b to produce38 (Table 3) led to a loss of potentiating activity o
GIuN2B-D and a weak potentiating effect on GluN2Replacing the Ckgroup adjacent to
the naphthalene ring d#la with an oxygen atom to giv&l (Table 1) resulted in inhibitory
activity across GIuN2A-D. Similarly, replacing teecond CH group in the isohexyl chain
of 14b with either a sulphur atord9) or an oxygen atonby) resulted in either loss of
potentiating activity or weak inhibitory effectsgble 3). Incorporating either an amide or
ester group into the isohexyl chainldb to give52 and54 respectively, led to either
inhibitory effects or loss of activity on GIuN2A-Blowever, incorporating an ester group at
a different position in the isohexyl chainT#fb to give35 resulted in a pan-potentiator with
similar levels of activity across GIUN2A-D to thattserved witH4b (Table 3). The
potentiating activity of the est86 was unexpected given that the ket@8end the ether
derivative57 lacked potentiating activity. A possible explanatis that both oxygen atoms

of the ester group are required for potentiating/ayg.

SAR studies on 2-naphthoic acid derivatives as NM DAR negative allosteric modulators

In the preceding SAR studies, NMDAR NAM activity svabserved for some 2-naphthoic
acid derivatives. For example, the 6-pentyl compb{d, Table 1) and 6-isohexyl
derivatives with heteroatoms in the side cha@fhTable 152, 54 and57 Table 3) showed
50% or greater inhibition on at least one of thaN&l/GIuN2 subtypes when tested at a
concentration of 100 pM. These data show that iimgeheteroatoms into the 6-alkyl chain
such as an O ator@4 and57), a carboxamides@) or an esterd4) converts PAMs into
NMDAR NAMs. This suggests that the PAM and NAM himgl sites for 6-substituted 2-
naphthoic acid derivatives differ in that the NANhding site appears to be much more polar
in the area where the 6-substituent binds. Chaiension of the carboxylic acid i¥a by
insertion of a CHgroup leads to preferential GluN2D NAM activity ftompound21, while
adding a carboxy group to the 3-positiorildb leads to preferential GIuUN2C and GIuN2D
NAM activity for compound/7 (Table 1). Thus, while acidic group chain extensaad 2,3-
dicarboxy substitution is acceptable for NMDAR NAMss detrimental to PAM activity.

The 7-styryl substituted 2-naphthoic agih (Tables 5 and 6) showed greater NMDAR
NAM activity than any of the 6-substituted 2-naphithacid derivatives. This 2,7 relationship
between the carboxy group and styryl side chaindesy NAM activity but the 2,7
relationship of the 7-alkyl derivativé® and69 was detrimental to PAM activity (Table 1).
Compound/9a is structurally similar to the previously reportdDAR NAM 7, (Figure 1)
[13], which has a phenyl substituent at the pasitiocupied by the styryl group. Compared
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to 7, (Figure 1), the parent styryl-substituted comph®a was found to have similar
activity on GIuN2A, ~10-fold greater inhibitory adty on GIuN2B and 3-5 fold greater
inhibitory on GIuN2C and GIuN2D (Table 6). In addit, 79a showed 83-94% maximal
inhibition across GIuN2A-D, whered@sshowed only 57-72% maximal inhibition of GIUN2A
and GIuN2B (Table 6) [13].

Given that79a showed interesting NMDAR NAM activity, a SAR studsas undertaken
with the aim of improving NAM potency and GIuN2 suiit selectivity. When the hydroxyl
group of79a was replaced by a carboxyl group to give compd&mformula C, Table 5)
inhibitory activity was reduced. Similarly, replawent of the naphthalene ring t8a with a
coumarin ring to give compour@8 (formula D, Table 5) dramatically reduced inhiloyto
activity and indeed led to potentiating activity GluN2C and GIuN2D. This suggests that
the hydroxyl group o79a is necessary for optimal NAM activity. Next, thdesit of
saturating the double bond linking the phenyl rfi@9a to the naphthalene ring was studied.
The saturated analogue, compo@&id (Table 5) had weaker inhibitory activity than the
parent compound@9a, suggesting a degree of conformational restriasamecessary for
optimal NMDAR NAM activity.

Having established that the core structure wasssacg for NMDAR NAM activity of
79a, a study was undertaken to investigate the effestibstitutions on the phenyl ring.
Carboxyl group substitution at tleetho, meta or para positions (compound&b, 79c and
79d, Table 5) led to much reduced inhibitory activdympared to the parent compound.
Saturation of the double bond in tbieho andpara carboxy derivatives to give compounds
81b and8lc, respectively, did not improve upon the alreadpkvimhibitory activity of the
parent compounds. Interestingbytho methoxy substitution (compouri®e, Table 5) led to
weak potentiation of GIUN2A responses and weakbitibh of GIuUN2B-D. Eithemeta or
para methoxy substitution to give compound¥ and79g (Table 5), respectively, led to
improved inhibitory activity compared to tletho derivative.Ortho nitro substitution{9h,
Table 5) improved inhibitory activity compared tetcorresponding methoxy derivative,
especially on GIuN2C and GluN2Dleta andpara nitro substitution{9i and79j, Table 5)
had a similar effect on inhibitory activity to thalbserved with the corresponding methoxy
substituted compounds.

Full concentration response curves were obtainethéinhibitory activity of79h, 79i
and79j across GIUN1/GIuN2A-D (Figure 3B-D). Surprisinglylike the parent compound
79a (Figure 3A, all three compounds failed to produce 100% makintabition of
GIuN2A-D responses. The ortho nitro derivati8h only maximally inhibited GIUN2A by
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30% and GIuN2B-D by 60-80% (Table 6). Similar fimgs were observed with the meta
(791) and paraf9j) nitro derivatives in terms of their maximal intibn. Regarding
inhibitory activity, 1G values for79h were 3-fold lower on GIuN2A and GluN2D and 4-fold
higher on GIuN2B compared ®a (Table 6). A similar trend was observed T8 and79j,
with the former having the most potent inhibitocgieity on GIuN2D of all the analogues
tested (IGo value 1.4 uM). Compared to the previously repoitgzhenyl derivative UBP617
(7, Table 6) (Costa et al., 2012), the meta-nitrgstyerivative79i had similar activity on
GIluN2A and 10-fold, 5-fold and 35-fold higher inhdoy activity on GluN2B, GluN2C and
GIuN2D, respectively (Table 6). Thus, meta-nitrogtgubstitution produced a NAM that
was more potent than the parent compor8aland was selective for inhibiting NMDARS
containing GIUN2D. In addition, unliké9a, 791 was a partial NAM on GIuN2D.

Testing79h at two different agonist concentrations (10/10 M/Gly and 300/300 uM
Glu/Gly) showed that the degree of inhibition of ihgonist response was not reduced at
higher agonist concentrations (Figure 4). This sstgtha¥9h is not competing with either
Glu or Gly for their binding sites on the GIluN1®GIuN2 LBD, respectively.

Discussion

Structure-activity relationship studies on 2-ndyolt acid derivatives based on the
lead phenanthrene UBP51P Table 1) [7] have led to the discovery of nowaies of both
NMDAR PAMs and NAMs. We have shown that 6-alkyl stifued 2-naphthoic acid
derivatives such akb (UBP684) can act as pan potentiators of agondiigad currents
through NMDARs (i.e. they potentiate regardlestheftype of GIuN2 subunit incorporated
into the NMDAR). The NMDAR PAM27b (Table 1) showed a preference for the GIUN2A
subunit and further modification of this compoundyntead to GIuN2A selective NMDAR
potentiators. In contrast to 6-alkyl derivativestsasl4b, the 7-styryl derivativg9a and
analogues thereof were found to be NMDAR NAMs. NABtivity and selectivity for
GIluN2D could be enhanced by 3-nitro substitutiopraducer9i (Table 6), which unlike the
parent compoun@9a, was a partial NAM.

Our SAR studies revealed different structural regments for NMDAR NAMs and
PAMs based on 2-naphthoic acid. Whilst 6-alkylsitbents were required for optimal
PAM activity, NAM activity was predominantly obsen when heteroatoms were added to
the 6-alkyl chain. In addition, with regards toatéle positioning of the carboxy and alkyl or
alkenyl groups, a 2,6-substitution pattern favdRid/ activity (e.g.14a and14b, Table 1),
whereas a 2,7-substitution pattern was eitherrdetrtal for PAM activity (e.g65 and69) or
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produced moderately potent NAM activity (e7/§a, Table 5). These differences in the
structural requirements suggest that either thereliatinct binding sites for PAMs and
NAMs or that they contact different areas withie game binding site on the NMDAR
complex.

Experiments with structurally related analoguethefNMDAR PAM14b (Table 1)
and the NAM79a showed that they are not binding to the knowrsdibe glutamate
antagonists, glycine site antagonists, channekbelscor at théN-terminal domain site where
NMDAR NAMs such as ifenprodil bind [7,13]. The NMBAPAM 14b (UBP684) has been
shown to slow deactivation upon glutamate remordliacreases open channel probability
by stabilizing the NMDAR LBDs in an active confortiza [20,21]. It has been proposed
that14b may be binding at the LBD dimer interface [6d,4(,2s has been observed for the
GIluN2A selective PAM GNE-6904( Figure 1) [10a] or at the LBD/transmembrane demai
linker region as proposed for neurosteroids theaa&NMDAR PAMs [22]. A feasible
binding mode fod4b was observed when it was docked into the GIUNINGAI LBD dimer
interface using the Induced Fit module in Maes8ohfodinger LLC) [21]. The 6-isohexyl
side chain ofi4b interacts with a number of hydrophobic residueghendimer interface in
agreement with the current SAR study, which shotkatia 6-alkyl substituent is preferred
for NMDAR PAM activity. However, structural studiese required to definitively show that
14b is binding to the LBD dimer interface.

It has been reported that the GIuUN2A selective NIMMX-004 @, Figure 1) binds at
a similar site to the GIluN2A PAM GNE-6901 at thendr interface of the LBDs of
GIuN1/GIuN2A. The major diffrences between these binding sites is the conformation of
Y535 in GIuN1 and the position of V783 in GIluN2Ahieh is displaced upon MPX-004 but
not PAM binding [10a,17]. It is possible that th@&phthoic acid based NAMs and PAMs
bind at these sites. However, the inhibitory attief NMDAR NAMs structurally related to
79h were not dependent on glycine concentration [A3he same way as MPX-004 [17]. In
the case of9h it did not show dependence on glycine concentndto its inhibitory activity
(Figure 4) and so it is unlikely th@®h and derivatives thereof are binding to the NMDAR
LBD dimer interface or the glycine binding site thie GIuN1 LBD. Further studies are
needed to definitively identify the binding sitas the NMDAR for the NAMs based on 2-
naphthoic acid. This will enable computer modellgtgdies to gain an understanding of the
binding modes of the NMDAR NAMs we have identified.

The NMDAR PAMs described herein are useful toolsttaly synaptic function and
represent possible leads for the development afsdfor disorders that involve NMDAR
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hypofunction, such as schizophrenia. Since NMDARS@volved in mechanisms that have
been proposed to underlie learning and memory psesein the hippocampus, NMDAR
potentiators may have application in the treatnoéwlisorders that involve a loss of cognitive
function, such as Alzheimer’s disease.

A new class of partial NMDAR NAMs that show soméesévity for GIuN2D has been
identified. NMDAR inhibitors have been proposedraatments for disorders which arise
from NMDAR overactivation such as neuropathic papilepsy, depression and for
neurodegenerative disorders such as ischaemia. \Howehibition of NMDARSs involved in
normal CNS activity causes adverse effects sugsgshotomimetic effects, ataxia and
cognitive dysfunction. The use of partial NAMs, étiger with improved subtype-selectivity,
may be a way of counteracting overactivation of NME3 in CNS disorders whilst allowing
essential physiological signalling, thus avoidinlyerse CNS effects.
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General Procedures

Melting points were determined using an ElectratiedrlA9100 capillary apparatus and are
uncorrectedH-NMR spectra were measured on either a Jeol JINN@0Aspectrometer at
300.53 MHz, a Jeol JNM-ECP400 spectrometer at #00MHz, a Varian 400MR
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spectrometer at 399.77 MHz, or a Varian 500 spewter at 500 MHzC-NMR spectra
were recorded on either a Jeol INM-LA300 spectrenett75.57 MHz, a Jeol INM-ECP400
spectrometer at 100.63 MHz, a Varian 400MR speattemat 100.52 MHz or a Varian 500
spectrometer at 125 MHz. Chemical shii$ &re reported in parts per million (ppm) with
tetramethylsilane in CDglor DMSO4s used as internal standards. Mass spectrometry was
performed in the mass spectroscopy laboratorighefSchool of Chemistry, University of
Bristol, UK. Elemental analyses were performedha tnicroanalytical laboratories of the
School of Chemistry, University of Bristol, UK. Theurity of all compounds sent for
biological testing was determined by combustionyais which confirmed that there were
95% pure. Thin layer chromatography was performedvierck silica gel 60 f54 plastic
sheets. Flash chromatography was performed on Mslicla gel 60 (220-440 mesh) from
Fisher. All anhydrous reactions were conducted uadgon. All anhydrous solvents were
obtained from Sigma-Aldrich, UK or Acros Organiti. 47 [23] (methyl 6-(bromomethyl)-
2-naphthoate), 50 [24] (methyl 6-(chlorocarbonyl)-2-naphthoate)p3 [25] (6-
(hydroxymethyl)-2-naphthoic acid)s [26] (2-bromo-6-(bromomethyl)naphthalené}, [27]
(7-bromo-3-hydroxy-2-naphthoic acid) ai@ [28,29] (6-(methoxymethoxy)naphthalen-2-yl

trifluoromethane-sulfonate) were synthesized adogrtb literature procedures.

(E)-Methyl 6-(pent-1-en-1-yl)-2-naphthoate (11a). A flask was charged witd0 (3.00 g,
11.3 mmol), palladium acetate (25 mg, 1 mol%) and-tolylphosphine (138 mg, 4 mol%).
The flask was then briefly evacuated and backfillgith argon three times. Degassed
anhydrous DMF (100 mL) was added followed by peeng (1.55 mL, 14.1 mmol) and
triethylamine (1.97 mL, 14.1 mmol). The resultankimre was heated at 10C€ overnight.
After being allowed to cool to room temperature tbaction mixture was filtered through a
celite pad to remove any precipitated Pd(0) and fmured into a stirred solution of EtOAc
(100 mL), water (100 mL) and aqueous 1 M HCI (10)mIhe organic layer was
subsequently isolated and the aqueous phase futh@cted with EtOAc (2 x 50 mL). The
organic extracts were pooled, washed with watex (B0 mL), brine (100 mL) and dried
over MgSQ. Concentration in vacuo afforded a light brownidalhich was purified by
flash chromatography (2> 5% EtOAc in hexane) to affortila as a clear oil (2.62 g, 91%);
'H NMR (400 MHz, CDC}) & 8.54 (s, 1H), 8.02 (dd,= 8.4 & 1.6 Hz, 1H), 7.86 (dl = 8.8
Hz, 1H, ArH), 7.81 (dJ = 8.4 Hz, 1H, ArH), 7.70 (s, 1H, ArH), 7.63 (dilF 8.8 & 2.0 Hz,
1H, ArH), 6.56 (d,J = 16.0 Hz, 1H, AEH=CH-), 6.42 (dt,J = 16.0 & 6.8 Hz, 1H,
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ArCH=CH-), 3.97 (s, 3H, -C&CH3), 2.32-2.23 (m, 2H,GH,CH,CHs), 1.55 (sex, = 7.2
Hz, 2H, -CHCH,CHs), 0.99 (t,J = 7.2 Hz, 3H, -CHCH,CH3); *°C NMR (100 MHz, CDGJ)
5 167.3, 137.8, 135.9, 133.1, 131.6, 130.7, 1299,4], 127.9, 126.8, 125.6, 125.0, 124.4,
52.2, 35.3, 22.5, 13.8; HRMS-ESI calcd fori@i60, [M + H]* 255.1385; found 255.1392.

(E)-Methyl 6-(4-methylpent-1-en-1-yl)-2-naphthoate (11b). Method identical to that
described forlla. 10 (4.00 g, 15.1 mmol), palladium acetate (34 mg, dl%), tri-o-
tolylphosphine (184 mg, 4 mol%), 4-methylpent-1-e(@39 mL, 18.9 mmol) and
triethylamine (2.63 mL, 18.9 mmol) afforded a lightbwn solid which was purified by flash
chromatography (2> 5% EtOAc in hexane) to affortilb as a as a clear oil (3.61 g, 89%);
'H NMR (400 MHz, CDCJ) § 8.54 (s, 1H, ArH), 8.02 (dd,= 8.8 & 2.0 Hz, 1H, ArH), 7.87
(d,J = 8.8 Hz, 1H, ArH), 7.81 (d] = 8.4 Hz, 1H, ArH), 7.70 (s, 1H, ArH), 7.64 (db= 8.4

& 1.6 Hz, 1H, ArH), 6.54 (dJ = 15.6 Hz, 1H, ACH=CH-), 6.42 (dtJ = 15.6 & 7.2 Hz, 1H,
ArCH=CH-), 3.97 (s, 3H, -C&CHy3j), 2.20-2.15 (m, 2H,CH,CH(CH;),), 1.84-1.70 (m, 1H,
-CH,CH(CHs),), 0.98 (d,J = 6.8 Hz, 6H, -CHCH(CH3),); **C NMR (100 MHz, CDG)) §
167.3, 137.8, 135.9, 132.0, 131.6, 130.7, 130.6,412128.0, 126.8, 125.6, 125.0, 124.4,
52.2,42.6, 28.6, 22.4; HRMS-ESI calcd fogld,00, [M + H]* 269.1536; found 269.1540.

(E)-6-(Pent-1-en-1-yl)-2-naphthoic acid (12a). To a stirring solution oflla (1.29 g, 5.1
mmol) in a THF/water mix (3:1, 100 mL) was adde®Hi (486 mg, 20.3 mmol) dissolved in
water (10 mL). The resultant mixture was stirredr@m temperature overnight. In the
morning, TLC indicated incomplete hydrolysis so thixture was heated at 6& until all
the ester had been consumed. After 2 h the mixtaseallowed to cool to room temperature
before the THF was removed in vacuo. The resultignieous solution was topped up with
water (40 mL) and then acidified to pH 1 using ampee 2 M HCI. The solid which
precipitated out of solution was filtered off, waslhcopiously with water and then dried over
P,Os overnight. Recrystallisation from toluene (twiedjorded12a as a white solid (507 mg,
42%); mp: 157-160C; '"H NMR (500 MHz, DMSO#dg) 5 13.00 (br s, 1H,GOzH), 8.53 (s,
1H, ArH), 8.02 (d,J = 8.5 Hz, 1H, ArH), 7.94 (ddl = 8.5 & 1.5 Hz, 1H, ArH), 7.92 (dl =
8.5 Hz, 1H, ArH), 7.86 (s, 1H, ArH), 7.74 (d#i= 8.5 & 1.5 Hz, 1H, ArH), 6.59 (dl = 16.0
Hz, 1H, ACH=CH-), 6.53 (dtJ = 16.0 & 6.5 Hz, 1H, ArCHEH-), 2.23 (qJ = 7.0 Hz, 2H,
-CH,CH,CHs), 1.50 (sex,J = 7.5 Hz, 2H, -CHCH,CHj3), 0.94 (d,J = 7.5 Hz, 3H, -
CH,CH,CH3); *C NMR (100 MHz, DMSOds) § 167.3, 137.1, 135.3, 132.7, 131.2, 130.1,
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129.4, 129.4, 127.9, 127.5, 125.4, 124.6, 124.36,321.8, 13.5; HRMS-ESI calcd for
CiaH1602 [M - H]* 239.1078; found 239.1081; Anal.{1¢02) C, H.

(E)-6-(4-Methylpent-1-en-1-yl)-2-naphthoic acid (12b). To a stirring solution ol1b (889
mg, 3.31 mmol) in a dioxane/water mix (3:1, 80 migs added aqueous 1 M NaOH (13.2
mL, 13.2 mmol). The resultant mixture was stirré¢dB@ °C until TLC indicated complete
hydrolysis of the ester. The mixture was then adldwo cool to room temperature before the
dioxane was removed in vacuo. The resultant aquealuson was topped up with water (40
mL), extracted with diethyl ether (25 mL), and thacidified to pH 1 using aqueous 2 M
HCI. The solid which precipitated out of solutiorasvfiltered off, washed copiously with
water and then dried over®; overnight. Recrystallisation from toluene affordizh as a
white solid (376 mg, 45%); mp: 178-182; *H NMR (400 MHz, DMSOds) & 13.01 (br s,
1H, CO,H), 8.54 (s, 1H, ArH), 8.03 (dl = 8.8 Hz, 1H, ArH), 7.95 (dd] = 8.8 & 1.6 Hz,
1H, ArH), 7.92 (dJ = 8.8 Hz, 1H, ArH), 7.87 (s, 1H, ArH), 7.76 (dit= 8.8 & 1.6 Hz, 1H,
ArH), 6.58 (d,J = 16.0 Hz, 1H, ACH=CH-), 6.52 (dtJ = 16.0 & 6.4 Hz, 1H, ACH=CH-),
2.14 (t,J = 6.4 Hz, 2H, EH,CH(CH),), 1.75 (sep) = 6.8 Hz, 1H, -CHCH(CHz),), 0.94 (d,

J = 6.8 Hz, 6H, -CHCH(CH3),); **C NMR (100 MHz, DMSOdg) & 167.3, 137.1, 135.3,
131.7,131.2, 130.4, 130.1, 129.4, 127.9, 127.5,51224.7, 124.4, 41.9, 27.9, 22.2; HRMS-
ESI calcd for GH150, [M - H]™ 253.1234; found 253.1235; Anal. (8,50, 0.34GHs) C,

H.

Methyl 6-n-pent-1-yl-2-naphthoate (13a). A solution oflla (1.30 g, 5.1 mmol) in EtOAc
(100 mL) was hydrogenated under 3 bar of hydrogetié presence of 10 wt % palladium
on activated carbon (50 mg) for 18 h. The reactioxture was then filtered through a celite
pad before being concentrated in vacuo to afi@alas a clear oil (1.28 g, 98%}4 NMR
(400 MHz, CDC}) 6 8.57 (s, 1H, ArH), 8.03 (ddJ = 8.8 & 1.6 Hz, 1H, ArH), 7.87 (dl =
8.4 Hz, 1H, ArH), 7.81 (dJ = 8.4 Hz, 1H, ArH), 6.64 (s, 1H, ArH), 7.40 (dii= 8.4 & 2.0
Hz, 1H, ArH), 3.98 (s, 3H, -C{&ZH3), 2.79 (t,J = 7.6 Hz, 2H, A€H,-), 1.76-1.67 (m, 2H, -
CH,CH, CH,-), 1.38-1.31 (m, 4H, -C¥CH,CH>-), 0.90 (t,J = 7.2 Hz, 3H, €H3); *°*C NMR
(100 MHz, CDC}) 6 167.4, 143.4, 135.8, 130.9, 130.8, 129.2, 128236, 126.5, 126.2,
125.2, 52.1, 36.2, 31.5, 30.9, 22.5, 14.0; HRMS:&ltd for G7Hp002 [M + H]* 257.1542;
found 257.1550.
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Methyl 6-(4-methylpent-1-yl)-2-naphthoate (13b). Method identical to that described for
13a. 11b (2.70 g, 10.1 mmol) and 10 wt % palladium on atd carbon (100 mg) afforded
13b as a clear oil (2.68 g, 9896} NMR (400 MHz, CDCJ) & 8.57 (s, 1H, ArH,), 8.03 (dd,
J=8.8 & 1.6 Hz, 1H, ArH), 7.87 (d] = 8.8 Hz, 1H, ArH), 7.81 (d] = 8.8 Hz, 1H, ArH),
6.55 (s, 1H, ArH), 7.40 (dd, = 8.8 & 1.6 Hz, 1H, ArH), 3.98 (s, 3H, -GOH3), 2.77 (t,J =

7.6 Hz, 2H, ACH,-), 1.76-1.67 (m, 2H, -CCH,-), 1.64-1.55 (m, 1H,GH(CHjy),), 1.32-
1.23 (m, 2H, -CHCH,-), 0.89 (d,J = 6.8 Hz, 6H, -CHCH3),); *C NMR (100 MHz, CDGJ)

0 167.4, 143.4, 135.8, 130.9, 130.8, 129.2, 1283,6, 126.6, 126.2, 125.3, 52.1, 38.6, 36.5,
29.1, 27.9, 22.6; HRMS-CI calcd forgE,,0, [M + H]* 271.1698; found 271.1703.

6-n-Pent-1-yl-2-naphthoic acid (14a). To a stirring solution of3a (1.14 g, 4.5 mmol) in a
THF/water mix (3:1, 80 mL) was added aqueous 1 MDN422.5 mL, 22.5 mmol). The
resultant mixture was stirred at 85 until TLC indicated complete hydrolysis of théezs
The mixture was then allowed to cool to room terapge before the THF was removed in
vacuo. The resultant aqueous solution was toppesdthpvater (40 mL) and then acidified
to pH 1 using aqueous 2 M HCI. The solid which piated out of solution was filtered off,
washed copiously with water and then dried ow€sPvernight to affordl3a as an off-
white solid (913 mg, 84%); mp: 128-132; *H NMR (500 MHz, DMSOsdg) & 13.00 (br s,
1H, -CO,H), 8.54 (s, 1H, ArH), 8.01 (dl= 9.0 Hz, 1H, ArH), 7.94 (ddl = 9.0 & 1.5 Hz,
1H, ArH), 7.91 (dJ = 8.5 Hz, 1H, ArH), 7.76 (s, 1H, ArH), 7.46 (db= 8.5 & 1.5 Hz, 1H,
ArH), 2.76 (t,J = 7.5 Hz, 2H, AEH>-), 1.66 (pent)) = 7.5 Hz, 2H, EH,CH,CH,-), 1.37-
1.25 (m, 4H, -CHCH,CH>-), 0.86 (t,J = 7.0 Hz, 3H, €H3); **C NMR (100 MHz, DMSO-
ds) 6 167.5, 142.8, 135.1, 130.6, 130.2, 129.1, 122,46, 127.2, 125.9, 125.1, 35.3, 30.9,
30.3, 21.9, 13.9; HRMS-ESI calcd fogdH150; [M - H]™ 241.1234; found 241.1235; Anal.
(C16H1802:0.2H0) C, H.

6-(4-M ethylpent-1-yl)-2-naphthoic acid (14b). To a stirring solution ofl3b (2.66 g, 9.84
mmol) in a dioxane/water mix (3:1, 80 mL) was addkaDH (1.58 g, 39.5 mmol) dissolved
in water (20 mL). The resultant mixture was stiregd80°C until TLC indicated complete
hydrolysis of the ester. The mixture was then adldwo cool to room temperature before the
dioxane was removed in vacuo. The resultant aquealuson was topped up with water (40
mL) and then acidified to pH 1 using aqueous 2 M.H®Qe solid which precipitated out of

solution was filtered off, washed copiously withteraand then dried over,®s overnight.
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Recrystallisation from acetonitrile affordddb as a fluffy white solid (1.67 g, 66%); mp:
149-153°C; *H NMR (400 MHz, DMSOdg) 5 13.05 (br s, 1H,GO,H), 8.55 (s, 1H, ArH),
8.02 (d,J = 8.4 Hz, 1H, ArH), 7.95 (dd] = 8.4 & 2.0 Hz, 1H, ArH), 7.91 (dl = 8.4 Hz, 1H,
ArH), 7.76 (s, 1H, ArH), 7.47 (dd) = 8.4 & 2.0 Hz, 1H, ArH), 2.74 (t) = 7.6 Hz, 2H,
ArCHy), 1.71-1.61 (m, 2H, -C¥CH,-), 1.56 (sepJ = 6.8 Hz, 1H, €EH(CHj3),), 1.24-1.17
(m, 2H, CHCH;,-), 0.85 (d,J = 6.8 Hz, 6H, -CHCH5),); **C NMR (100 MHz, DMSOds) 5
167.4, 142.7, 135.1, 130.5, 130.2, 129.1, 128.2,512127.2, 125.9, 125.1, 38.0, 35.5, 28.4,
27.2, 22.4; HRMS-ESI calcd for 1@,00, [M - H]" 255.1391; found 255.1396; Anal.
(C17H2002-0.13H0) C, H.

Methyl 6-vinyl-2-naphthoate (15). A flask containindlO (2.00 g, 7.6 mmol) was
evacuated and backfilled with argon three timeshyanous toluene (50 mL) was cannulated
into the flask and the resultant solution de-gasgéuargon for approx. 30 mins. Pd(RRh
(266 mg, 3 mol%) was then added and the mixturgadsed for a further 10 mins before
vinyl(tri- n-butyl)tin (2.55 mL, 8.7 mmol) was added. The réamutl mixture was refluxed for
4 h before being allowed to cool to room temperand filtered through celite to remove
any precipitated Pd(0). The filtrate was then pdun¢o a stirring mixture of EtOAc and
saturated aqueous NEI (50 mL each). The organic layer was isolated waghed with
aqueous 1M KF (2 x 50 mL) to remove any tin by-pcid. The white solid (B$nF) which
precipitated from solution after the first wash wasoved via filtration through celite. The
organic layer was then isolated, washed with w@emL), brine (50 mL), dried over
MgSO, and concentrated in vacuo to yield a light peastbured residue. Purification by
flash chromatography (5% EtOAc in hexane) affor@ig@as a viscous clear oil which
partially solidified on standing to a white solil@1 g, 63%)H NMR (300 MHz, CDCJ) &
8.56 (s, 1H, ArH), 8.05 (d1=8.7 & 1.8 Hz, 1H, ArH), 7.90 (dl = 8.7 Hz, 1H, ArH), 7.85
(d,J=8.7 Hz, 1H, ArH), 7.78 (s, 1H, ArH), 7.69 (dbs 8.7 & 1.8 Hz, 1H, ArH), 6.89 (dd,
=17.4 & 10.8 Hz, 1H, AEH=CH,), 5.93 (dJ = 17.4 Hz, 1H, ArCHEH.), 5.41 (dJ = 10.8
Hz, 1H, ArCH=CH,), 3.98 (s, 3H, -C&H3); *C NMR (100 MHz, CDGJ) § 167.2, 137.3,
136.5, 135.8, 132.2, 130.7, 129.6, 128.2, 127.8,1225.7, 124.0, 115.6, 52.2; HRMS-ESI
caled for G4H120, [M + H]* 213.0910; found 213.0915.

Methyl 6-cyclopropyl-2-naphthoic acid (17). Diiodomethane (0.91 mL, 11.32 mmol) was
dissolved in anhydrous DCM (30 mL) and ZnEL.0 M solution in hexane, 5.66 mL, 5.66
mmol) added to this solution at°@ followed by a solution o5 in DCM (600 mg, 2.83
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mmol in 10 mL). The reaction mixture was then stirvigorously overnight before being
guenched with aqueous saturated,;8HThe mixture was diluted with diethyl ether (&)
and the organic layer isolated, washed with w&BrniL), brine (25 mL), dried over MgQ0O
and concentrated in vacuo. The resultant residwsepuafied by flash chromatography (5%
EtOAc in hexane) to afford the estdi6) as a viscous clear oil (465 mg, 73%) which was
taken forward and hydrolysed without further chtedsation. To a mixture of th&6 (465
mg, 2.05 mmol) in a THF/water mix (3:1, 40 mL) wadded aqueous 1 M NaOH (8.2 mL,
8.2 mmol). The resultant mixture was stirred at €5 until TLC indicated complete
hydrolysis of the ester. The mixture was then adldwo cool to room temperature before the
THF was removed in vacuo. The resultant aqueougisolwas topped up with water (40
mL), extracted with diethyl ether (25 mL) and tremidified to pH 1 using aqueous 2 M HCI.
The solid which precipitated out of solution waltefied off, washed copiously with water
and then dried over,Bs overnight to yield a white solid. Recrystallisatiorom toluene
afforded17 as a white solid (179 mg, 41%); mp: 125-£29 'H NMR (400 MHz, DMSO-
ds) 8 12.96 (br s, 1H,GO,H), 8.52 (s, 1H, ArH), 7.98 (d,= 8.4 Hz, 1H, ArH), 7.92 (dd} =

8.4 & 1.6 Hz, 1H, ArH), 7.87 (dl = 8.4 Hz, 1H, ArH), 7.68 (s, 1H, ArH), 7.31 (db= 8.4 &

1.6 Hz, 1H, ArH), 2.16-2.08 (m, 1H, 8H(CH,),), 1.09-1.03 (m, 2H, ArCHEH,),), 0.87-
0.81 (m, 2H, ArCHCH>),); **C NMR (100 MHz, DMSOds) & 167.9, 144.8, 135.6, 130.9,
130.7, 129.7, 127.8, 127.4, 125.8, 125.6, 123.9),18.4; HRMS-ESI calcd for 1¢H1,0,

[M - H]” 211.0765; found 211.0770; Anal.(1,0,) C, H.

2-Hydroxymethyl-6-n-pent-1-yl-naphthalene (18). A flask was charged witti4a (4.50 g,
18.6 mmol) before being briefly evacuated and bidefwith argon. Anhydrous THF (100
mL) was cannulated into the flask and the resuléahition cooled to OC. A 1 M LiAlH,
solution in THF (27.9 mL, 27.9 mmol) was then addedpwise with care. After complete
addition the solution was allowed to warm to ro@mperature before being refluxed for 4 h.
After being allowed to cool to room temperature slution was further cooled to°€ and
excess LIAIH destroyed via the dropwise addition of saturatgdeaus NHCI. The THF
was then removed in vacuo and the resultant regpdugtioned between EtOAc and water
(100 mL each). The organic layer was isolated,ddoieer MgSQ and concentrated in vacuo
to yield a cream coloured solid which was purifiegl flash chromatography (28> 30%
EtOAc in hexane) to afford8 as a white solid (3.20 g, 75%); mp: 728 *H NMR (400
MHz, CDCk) § 7.80-7.73 (m, 3H, ArH), 7.61 (s, 1H, ArH), 7.45i(d = 8.4 & 2.0 Hz, 1H,
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ArH), 7.35 (dd,J = 8.4 & 2.0 Hz, 1H, ArH), 4.84 (s, 2HCH,0H), 2.77 (tJ = 7.6 Hz, 2H,
ArCHy-), 1.77-1.67 (m, 2H, -CHCH,CH,-), 1.39-1.32 (m, 4H, CHCH,CH,-), 0.91 (t,J =
7.2 Hz, 3H, €H3); **C NMR (100 MHz, CDG)) § 140.6, 137.4, 133.1, 131.8, 127.9, 127.8,
127.7, 126.1, 125.3, 125.2, 65.6, 36.1, 31.5, 31206, 14.0; HRMS-CI calcd for 16H,00
[M]* 228.1514; found 228.1516; Anal.1(E2¢0) C, H.

2-Bromomethyl-6-n-pent-1-yl-naphthalene (19). A flask containingl8 (3.00 g, 13.1 mmol)
was briefly evacuated and backfilled with argonhparous DCM (100 mL) was then
cannulated into the flask and the resultant satutimoled to CC. PBg (4.92 mL, 52.4
mmol) was added dropwise and after complete adiditie solution was allowed to warm to
room temperature and stirred until TLC showed catgptonversion. After 1 h the solution
was cooled to OC and excess PBdestroyed via the dropwise addition of saturatpeeaus
NaHCG;. The DCM was removed in vacuo to afford an oilyidae which was diluted with
diethyl ether (100 mL). The organic layer was itadia dried over MgSgand concentrated
in vacuo to yield an amber oil which solidified standing. Dissolving the crude product in
hexane and passing it through a short silica pligefn) afforded9 as an oil which partially
solidified on standing to a light brown solid (2.§878%):*H NMR (400 MHz, CDC}) &

7.79 (s, 1H, ArH), 7.76 (dl = 8.4 Hz, 1H, ArH), 7.73 (d] = 8.4 Hz, 1H, ArH), 7.59 (s, 1H,
ArH), 7.47 (ddJ=8.4 & 2.0 Hz, 1H, ArH), 7.35 (dd,= 8.4 & 2.0 Hz, 1H, ArH), 4.67 (s,
2H, CHBr), 2.76 (t,J = 7.6 Hz, 2H, ACHy-), 1.74-1.66 (m, 2H, -C¥CH,CH,-), 1.38-1.31
(m, 4H, -CHCH,CH,-), 0.90 (t,J = 7.2 Hz, 3H, €H3); **C NMR (100 MHz, CDGJ) &
141.4,134.2,133.3, 131.6, 128.3, 128.1, 127.8,6226.7, 126.2, 36.1, 34.3, 31.5, 31.0,
22.6, 14.0; HRMS-CI calcd for:gH10Br [M + H]" 291.0748; found 291.0746.

(6-n-Pent-1-ylnapthalen-2-yl)acetonitrile (20). 19 (1.90 g, 6.5 mmol) was dissolved in
anhydrous DCM (25 mL) and stirred vigorously witea@ution of sodium cyanide (480 mg,
9.8 mmol) and tetra-butylammonium bromide (316 mg, 0.98 mmol) in wa&s mL).

After 48 hours TLC indicated complete conversiohe Brganic layer was subsequently
isolated and the aqueous phase extracted with CM2Q mL). The organic layers were
combined, dried over MgS(nd concentrated in vacuo to afford a golden broivn
Purification by flash chromatography (10% EtOAhexane) yielde@0 as a yellow oll
(1.20 g, 78%)H NMR (400 MHz, CDC}) & 7.81-7.77 (m, 2H, ArH), 7.75 (d,= 8.4 Hz,
1H, ArH), 7.61 (s, 1H, ArH), 7.38 (dd,= 8.4 & 2.0, 1H, ArH), 7.35 (ddl = 8.0 & 2.0 Hz,
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1H, ArH), 3.90 (s, 2H,GH,CN), 2.77 (tJ = 7.6 Hz, 2H, A€H-), 1.71 (pent] = 7.6 Hz,
2H, -CHCH,CH,-), 1.40-1.30 (m, 4H, -CKCH,CHy-), 0.90 (t,J = 7.2 Hz, 3H, EH3); °C
NMR (100 MHz, CDC}) & 141.3, 132.9, 131.8, 128.6, 128.4, 127.5, 1286,2, 126.2,
125.4, 118.0, 36.1, 31.5, 31.0, 23.8, 22.6, 14RMS-ESI cald for GHioN [M + Na]*
260.1410; found 260.1420.

(6-n-Pent-1-ylnaphthalen-2-yl)acetic acid (21). A stirring mixture of20 (1.17 g, 4.9 mmol)
in glacial acetic acid (20 mL), conc,80, (10 mL) and water (10 mL) was heated under
reflux for 18 h. The mixture was then allowed tmlkto room temperature before being
diluted with water (100 mL). The aqueous mixturesweatracted with EtOAc (100 mL then 2
x 50 mL) and the organic layers pooled, washed waker (3x 100 mL), brine (100 mL),
dried over NgSO, and concentrated in vacuo to afford a light br@ehd. The crude product
was dissolved in diethyl ether (100 mL) and theultest organic solution extracted with
aqueous 2 M NaOH (30 mL). The sodium salt whicimied had poor solubility so additional
water (approximately 150 mL) was added in ordegebit fully into solution. The aqueous
phase was isolated and the organic solution furtknacted with aqueous 2 M NaOH X2
30 mL). The alkaline phases were combined and faazidio pH 1 using aqueous 2 M HCI.
The aqueous solution was then extracted with diegther (2x 100 mL) and the organic
layers pooled, washed with water ¥4100 mL), brine (100 mL), dried over Mgs@nd
concentrated in vacuo to affo?d as a light brown solid (994 mg, 79%); mp: 120-224'H
NMR (400 MHz, DMSOe€g) 3 12.36 (br s, 1H, -CsCO,H), 7.79 (d,J = 6.0 Hz, 1H, ArH),
7.77 (d,J = 6.0 Hz, 1H, ArH), 7.71 (s, 1H, ArH), 7.65 (s, 1ArH), 7.38 (ddJ = 6.0 & 2.0
Hz, 1H, ArH), 7.36 (ddJ = 6.0 & 2.0 Hz, 1H, ArH), 3.71 (s, 2HCH,CO,H), 2.73 (d,J =
7.2 Hz, 2H, ACH,-), 1.66 (pentJ = 7.2 Hz, 2H, €H,CH,CH,-), 1.39-1.25 (m, 4H, -
CH,CH,CH,-), 0.86 (t,J = 7.2 Hz, 3H, €H3); **C NMR (100 MHz, DMSOdg) & 172.7,
139.6, 131.9, 131.7, 131.4, 127.8, 127.4, 127.3,2227.1, 125.7, 40.7, 35.1, 30.8, 30.4,
21.9, 13.8; HRMS-ESI cald for 11,00, [M + Na]® 279.1356; found 279.1360; Anal.
(C17H200,) C, H.

5-Bromo-6-n-pent-1-yl-2-naphthoic acid (22). To a stirring solution ofi4a (1.00 g, 4.1
mmol) in glacial acetic acid (65 mL) at 3€ was added dropwise a solution of bromine
(0.21 mL, 4.1 mmol) in glacial acetic acid (5 mIhe resultant mixture was stirred at ¥

until TLC showed complete consumption of the stgrtmaterial. The mixture was then
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allowed to cool to room temperature before beingted with water (100 mL), causing
precipitation of a solid. Excess bromine was desiiovia the dropwise addition of a
saturated aqueous p&O; solution. Filtration of the suspension affordedadfwhite solid
which was washed copiously with water and then ddrever BOs overnight. Re-
crystallisation from glacial acetic acid (three ¢is) afforded22 as a white solid (293 mg,
22%); mp: 193-196C; *H NMR (400 MHz, DMSO#dg) & 13.18 (br s, 1H,GO2H), 8.61 (d,J

= 1.6 Hz, 1H, ArH), 8.27 (d] = 8.8 Hz, 1H, ArH), 8.12-8.08 (m, 2H, ArH), 7.58, ( = 8.4
Hz, 1H, ArH), 2.95 (tJ = 7.2 Hz, 2H, ACH>-), 1.65 (pent,) = 7.2 Hz, 2H, EH,CH,CH,-),
1.40-1.29 (m, 4H, -CBHCH,CH,-), 0.88 (t,J = 7.2 Hz, 3H, €H3); *C NMR (100 MHz,
DMSO-g) 6 167.5, 143.1, 134.1, 132.5, 131.2, 129.7, 1292.6] 127.4, 127.4, 122.8,
37.1, 31.5, 29.7, 22.4, 14.3; HRMS-ESI calcd fagHz;0.Br [M + Na]® 343.0304; found
343.0312; Anal. (&H170.Br) C, H.

6-Butoxy-2-naphthoic acid (24). Method adapted from the literatuieTo a stirring solution
of 23 (1.00 g, 5.3 mmol) in an EtOH/water mix (3:1, 40)nwas added 1-bromobutane (0.86
mL, 8.0 mmol). The resultant mixture was refluxed I8 h and then allowed to cool to room
temperature before a 10% aqueous NaOH solutiom{lOwvas added. The mixture was then
refluxed for a further 2 h before being allowedctmol to room temperature. After being
diluted with water (150 mL) the solution was aadelif to pH 1 using aqueous 2 M HCI. The
solid which precipitated out of solution was fikdr off, washed copiously with water and
then dried over s overnight to afford24 as a white solid (1.10 g, 85%); mp: 188-1g2
(Iit>% 198°C); *H NMR (400 MHz, DMSOsdg) & 12.93 (br s, 1H,GO,H), 8.51 (s, 1H, ArH),
8.00 (d,J = 8.8 Hz, 1H, ArH), 7.92 (dd] = 8.8 & 2.0 Hz, 1H, ArH), 7.86 (dl = 8.8 Hz, 1H,
ArH), 7.39 (d,J = 2.4 Hz, 1H, ArH), 7.23 (dd] = 8.8 & 2.4 Hz, 1H, ArH), 4.12 ({] = 6.4
Hz, 2H, ArCCH,-), 1.81-1.73 (m, 2H, GH,CH,CH3), 1.48 (sex,J = 7.2 Hz, 2H, -
CH,CH,CHs), 0.96 (t,J = 7.2 Hz, 3H, -CHCH,CH3); *C NMR (100 MHz, DMSOdg) &
167.5, 158.4, 136.7, 130.8, 130.3, 127.3, 126.8,612125.5, 119.6, 106.5, 67.4, 30.6, 18.7,
13.6.

(E)-Methyl 6-(4-phenylbut-1-en-1-yl)-2-naphthoate (25a). Method identical to that
described forlla. 10 (1.50 g, 5.7 mmol), palladium acetate (13 mg, 1l%)p tri-o-
tolylphosphine (70 mg, 4 mol%), 4-phenylbut-1-efed¢ mL, 7.1 mmol) and triethylamine
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(0.99 mL, 7.1 mmol) afforde@5a as a light brown solid (1.75 g, 98%) which wagised

immediately in the next step.

(E)-Methyl 6-(3-cyclopentylprop-1-en-1-yl)naphthalene-2-car boxylate (25b). Method
identical to that described fdda. 10 (1.50 g, 5.7 mmol), palladium acetate (13 mg, 19)p
tri-o-tolylphosphine (70 mg, 4 mol%), allyl cyclopentarf@.99 mL, 7.1 mmol) and
triethylamine (0.99 mL, 7.1 mmol) afford&®b as a light brown solid (1.60 g, 96%) which
was utilised immediately in the next step.

Methyl 6-(4-phenylbut-1-yl)-2-naphthoate (26a). Method identical to that described for
13a. 25a (1.75 g, 5.5 mmol) and 10 wt % palladium on ad¢gdacarbon (100 mg) yielded a
viscous golden coloured oil which was purified lash chromatography (5% EtOAc in
hexane) to affor@6a as a viscous clear oil (1.29 g, 73%);NMR (400 MHz, CDCJ) 5
8.57 (s, 1H, ArH), 8.03 (dd,= 8.4 & 1.6 Hz, 1H, ArH), 7.87 (d,= 8.4 Hz, 1H, ArH), 7.80
(d,J=8.4 Hz, 1H, ArH), 7.63 (s, 1H, ArH), 7.38 (db= 8.4 & 2.0 Hz, 1H, ArH), 7.31-7.25
(m, 2H, ArH), 7.21-7.15 (m, 3H, ArH), 3.98 (s, 3#0,CH3), 2.83 (t,J = 7.2 Hz, 2H,
ArCHy-), 2.67 (m, 2H, -CHCH,CH,Ph), 1.82-1.67 (m, 4H, -GI&H,CH,Ph); "*C NMR (100
MHz, CDCk) 6 167.4, 142.9, 142.4, 135.8, 131.0, 130.8, 1228,41, 128.3, 128.2, 127.6,
126.6, 126.2, 125.7, 125.3, 52.1, 36.1, 35.8, R0L; HRMS-CI calcd for £H2,0, [M +
H]* 319.1698; found 319.1705; Anal.4E,0,) C, H.

Methyl 6-(3-cyclopentylprop-1-yl)naphthalene-2-carboxylate (26b). Method identical to
that described fot3a. 25b (1.60 g, 5.4 mmol) and 10 wt % palladium on ad&dacarbon
(100 mg) yielded a golden coloured oil which wasifed by flash chromatography &
5% EtOAc in hexane) to affor2bb as a viscous clear oil (1.10 g, 68%); NMR (400 MHz,
CDCl3) 6 8.57 (s, 1H, ArH), 8.03 (ddl = 8.8 & 2.0 Hz, 1H, ArH), 7.87 (d] = 8.4 Hz, 1H,
ArH), 7.81 (d,J = 8.8 Hz, 1H, ArH), 7.44 (s, 1H, ArH), 7.40 (d#i= 8.4 & 1.6 Hz, 1H,
ArH), 3.98 (s, 3H, -CGCHs), 2.79 (t,J = 7.6 Hz, 2H, A€H-), 1.84-1.68 (m, 5H, -
CH,CH,cPe), 1.65-1.45 (m, 4H, GBH.cPe), 1.43-1.34 (m, 2H, GBH,cPe), 1.13-1.02 (m,
2H, CHCH.cPe);**C NMR (100 MHz, CDGJ) & 167.4, 143.4, 135.8, 130.9, 130.8, 129.2,
128.3, 127.6, 126.5, 126.2, 125.2, 52.1, 40.1,,386P, 32.7, 30.4, 25.2; HRMS-ESI calcd
for CooH240, [M + Na]" 319.1669; found 319.1674.
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6-(4-Phenylbut-1-yl)naphthalene-2-carboxylic acid (27a). Method identical to that
described forlda. 26a (1.29 g, 4.1 mmol) and aqueous 1 M NaOH (12.3 &#2.3 mmol)
afforded27a as a white solid (1.17 g, 95%); mp: 151-P85 'H NMR (400 MHz, DMSO-
ds) 5 12.91 (br s, 1H,GO,H), 8.53 (s, 1H, ArH), 8.00 (d, = 8.4 Hz, 1H, ArH), 7.94 (dd} =
8.4 & 1.6 Hz, 1H, ArH), 7.89 (d] = 8.4 Hz, 1H, ArH), 7.74 (s, 1H, ArH), 7.44 (dt= 8.4 &
1.6 Hz, 1H, ArH), 7.28-7.22 (m, 2H, ArH), 7.19-7.(8, 3H, ArH), 2.79 (dJ = 7.2 Hz, 2H,
ArCH,CH,-), 2.61 (d,J = 7.2 Hz, 2H, ArCHCH,-), 1.73-1.56 (m, 4H,GH,CH,Ph); **C
NMR (100 MHz, DMSOek) 6 167.6, 142.4, 142.1, 135.0, 130.6, 130.0, 1228,2] 128.2,
128.1, 127.4, 125.9, 125.6, 125.3, 35.1, 34.9,,3&D&; HRMS-ESI calcd for £H200; [M -
H]™ 303.1385; found 303.1398nal. (G1H200,) C, H.

6-(3-Cyclopentylprop-1-yl)-2-naphthoic acid (27b). Method identical to that described for
14a. 26b (1.10 g, 3.7 mmol) and aqueous 1 M NaOH (11.1 L1 mmol) yielded a white
solid which was recrystallised from acetonitrileafbord 27b as an off-white solid (476 mg,
45%); mp: 147-156C; *H NMR (400 MHz, DMSO#ds) & 13.00 (br s, 1H,GO,H), 8.53 (s,
1H, ArH), 8.01 (dJ = 8.4 Hz, 1H, ArH), 7.94 (dd] = 8.4 & 1.6 Hz, 1H, ArH), 7.91 (dl =
8.4 Hz, 1H, ArH), 7.75 (s, 1H, ArH), 7.46 (ddl= 8.4 & 1.6 Hz, 1H, ArH), 2.75 (11 = 7.6
Hz, 2H, AICH,-), 1.81-1.61 (m, 5H, -C}CH,cPe), 1.57-1.41 (m, 4H, GBH,cPe), 1.36-
1.27 (m, 2H, CHCH,cPe), 1.08-0.97 (m, 2H, GBH,cPe):**C NMR (100 MHz, DMSQOdg)

6 167.4, 142.8, 135.1, 130.5, 130.2, 129.1, 12872,5, 127.2, 125.9, 125.1, 39.4, 35.6, 35.2,
32.1, 29.8, 24.6; HRMS-ESI calcd fordH,,0;, [M - H]" 281.1547; found 281.1552; Anal.
(C1oH2205) C, H.

Methyl 6-(4-methylpent-1-yn-1-yl)-2-naphthoate (28). A stirring solution ofl0 (1.32g, 5.0
mmol), PdC}(Phg). (211 mg, 0.3 mmol) and Cul (57 mg, 0.3 mmol) ihygdrous THF (15

mL) was briefly evacuated and backfilled with argén identical procedure was conducted
on a solution of 4-methylpent-1-yne (0.71 mL, 6.0ath) and diethylamine (1.0 mL, 10
mmol) in anhydrous THF (5 mL). The alkyne solutiwas then added to the bromide
solution and the resultant mixture stirred af60vernight. The reaction was then quenched
with saturated NECI (10 mL) and extracted with diethyl ether (2 xmQ). The organic
extracts were combined, dried over MgS(Dd concentrated in vacuo. The resultant residue
was purified by flash chromatography (10% EtOAb@xane) to affor@8 as a clear oil

(1.25 g, 94%)'H NMR (400 MHz, CDC}J) § 8.51 (s, 1H, ArH), 8.01 (dl = 8.2 Hz, 1H,

ArH), 7.90 (s, 1H, ArH), 7.82 (d1 = 8.2 Hz, 1H, ArH), 7.76 (d] = 8.2 Hz, 1H, ArH), 7.49
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(d,J = 8.2 Hz, 1H, ArH), 3.95 (s, 3H, -GOH3), 2.34 (d,J = 6.4 Hz, 2H, EH,CH(CH),),
1.99-1.89 (m, 1H, -CKCH(CHs),), 1.07 (dJ = 6.4 Hz, 6H, -CHCH(CH3),); **C NMR (100
MHz, CDCk) § 167.0, 135.1, 131.4, 130.7, 129.6, 129.1, 1223,8, 124.1, 91.5, 81.6,
52.2,28.7, 28.2, 22.1; HRMS-ESI calcd fagi@s0, [M + H]* 267.1386; found 267.1380.

6-(4-M ethylpent-1-yn-1-yl)-2-naphthoic acid (29). To a stirring solution o8 (1.25 g, 4.7
mmol) in dioxane (10 mL) was added LIOH (562 mg,52@imol) dissolved in a few mL of
water. The resultant mixture was stirred at roomgerature until TLC indicated complete
hydrolysis. The dioxane was then removed in vaqub the resultant residue dissolved in
water (40 mL), extracted with diethyl ether (10 m&id acidified to pH 1 using aqueous 2 M
HCI. The solid which precipitated from solution whlered off, washed copiously with
water and then dried ovep®s overnight to affor®29 as white solid (1.05 g, 88%); mp: 125-
129°C; *H NMR (300 MHz, DMSOsg) & 8.54 (s, 1H, ArH), 8.06-8.03 (m, 2H, ArH), 7.95-
7.94 (m, 2H, ArH), 7.49 (ddJ = 7.6 & 1.5 Hz, 1H, ArH), 2.36 (d) = 6.5 Hz, 2H, -
CH,CH(CHg),), 1.92-1.79 (m, 1H, -C}CH(CHs3),), 1.01 (d,J = 6.6 Hz, 6H, -
CH,CH(CH3),); *C NMR (75 MHz, DMSOdg) & 167.8, 135.1, 131.7, 131.0, 130.8, 130.1,
129.6, 129.1, 128.4, 126.4, 123.5, 92.0, 82.1,, 282, 22.4; HRMS-ESI calcd for; #1150,
[M-H] " 251.1074; found 251.1077; Anal.;(8,60,) C, H.

(RS)-(E)-Ethyl 6-(4-ethylcarbonylpent-1-en-1-yl)-2-naphthoate (30). Method identical to
that described follla. 10 (3.00 g, 11.3 mmol), palladium acetate (25 mg, diof), tri-o-
tolylphosphine (138 mg, 4 mol%), ethyl 2-methyl-dApenoate (2.28 mL, 14.1 mmol) and
triethylamine (1.97 mL, 14.1 mmol) yielded a damramge oil which was purified by flash
chromatography (5» 20% EtOAc in hexane) to affoRD as a viscous light yellow oil (3.35
g, 91%);*H NMR (400 MHz, CDCJ) & 8.54 (s, 1H, ArH), 8.03 (ddl = 8.4 & 2.0 Hz, 1H,
ArH), 7.86 (d,J = 8.4 Hz, 1H, ArH), 7.81 (d] = 8.8 Hz, 1H, ArH), 7.70 (s, 1H, ArH), 7.61
(dd,J=8.8 & 1.6 Hz, 1H, ArH), 6.60 (d} = 15.6 Hz, 1H,EH=CHCH,-), 6.35 (dt,J = 15.6

& 7.2Hz, 1H, -CH£HCH,-), 4.15 (qJ = 7.2 Hz, 2H, -CH(CBCO,CH,CHy), 3.97 (s, 3H, -
CO,CH3j), 2.69-2.58 (m, 2H, -CH=CEH,-), 2.47-2.37 (m, 1H,GH(CH3)CO,CH,CHy),
1.28-1.22 (m, 6H, -CHEH3)CO,CH,CH3); *C NMR (100 MHz, CDGJ) § 175.9, 167.2,
137.2, 135.8, 131.8, 131.8, 130.7, 129.5, 129.8,a12.27.0, 125.6, 125.3, 124.4, 60.4, 52.2,
39.6, 37.2, 16.8, 14.3; HRMS-ESI calcd fopid,:04 [M + Na]* 349.1410; found 349.1423.
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(RS)-(E)-6-(4-Carboxypent-1-en-1-yl)-2-naphthoic acid (31). Method identical to that
described for14b with the exception that the reaction mixture wdsresl at room
temperature until TLC indicated complete hydrolysighe ester30 (1.41 g, 4.3 mmol) and
NaOH (1.04 g, 25.9 mmol) afford&i as an off-white solid (1.19 g, 96%); mp: 226-280
(dec);™H NMR (400 MHz, DMSOds) § 12.61 (br s, 2H,GO;H), 8.53 (s, 1H, ArH), 8.03 (d,
J=28.4 Hz, 1H, ArH), 7.96-7.93 (m, 2H, ArH), 7.85, (H, ArH), 7.73 (ddJ = 8.4 & 1.6 Hz,
1H, ArH), 6.63 (d,J = 16.0 Hz, 1H, EH=CHCH,-), 6.47 (dt,J = 16.0 & 6.8 Hz, 1H, -
CH=CHCH,-), 2.59-2.51 (m, 2H, -CH=CEH,-), 2.39-2.29 (m, 1H,CH(CH3)CO,H), 1.13
(d, J = 6.8 Hz, 3H, -CHTH3)CO,H); **C NMR (100 MHz, DMSOde) & 176.7, 167.3, 136.8,
135.2,131.3, 131.1, 130.1, 129.9, 129.5, 128.7,6,2125.5, 124.9, 124.3, 38.7, 36.6, 16.5;
HRMS-ESI calcd for &H1604 [M - H] 283.0976; found 283.0982; Anal. (8,60,) C, H.

(RS)-Ethyl 6-(4-ethoxycarbonylpent-1-yl)-2-naphthoate (32). Method identical to that
described forl3a. 30 (1.91 g, 5.9 mmol) and 10 wt % palladium on adedacarbon (100
mg) afforded32 as a viscous light yellow oil (1.90 g, 99%§ NMR (400 MHz, CDCJ) §
8.57 (s, 1H, ArH), 8.03 (dd] = 8.4 & 1.6 Hz, 1H, ArH), 7.87 (d = 8.4 Hz, 1H, ArH), 7.80
(d,J=8.4 Hz, 1H, ArH), 7.64 (s, 1H, ArH), 7.38 (db>= 8.4 & 1.6 Hz, 1H, ArH), 4.12 (d)
= 7.2 Hz, 2H, -CH(CH)CO,CH,CHjs), 3.97 (s, 3H, -C&CH3), 2.80 (t,J = 7.2 Hz, 2H,
ArCHy-), 2.47 (sex, = 7.2 Hz, 1H, €EH,CH,-), 1.81-1.68 (m, 3H,GH,CH>-), 1.54-1.46
(m, 1H, CH(CH3)CO,CH,CHj3), 1.24 (t,J = 7.2 Hz, 3H, -CH(CKHCO,CH,CH3), 1.15 (d,J
= 7.2 Hz, 3H, -CHCH3)CO,CH,CHs); *C NMR (100 MHz, CDGJ) § 176.6, 167.3, 142.6,
135.8, 131.0, 130.8, 129.3, 128.1, 127.6, 126.%,3,2125.3, 60.2, 52.2, 39.4, 36.0, 33.4,
28.8, 17.1, 14.3; HRMS-ESI calcd fopd2404 [M + Na]" 351.1567; found 351.1558.

(RS)-6-(4-Carboxypent-1-yl)-2-naphthoic acid (33). Method identical to that described for
14b with the exception that the reaction mixture wisexl at room temperature until TLC
indicated complete hydrolysis of the est&2.(1.90 g, 5.8 mmol) and NaOH (1.39 g, 34.8
mmol) afforded33 as a white solid (1.60 g, 95%); mp: 195-1%9 (dec);'H NMR (400
MHz, DMSO-tg) 6 12.51 (br s, 2HCO,H), 8.55 (s, 1H, ArH), 8.02 (dl = 8.4 Hz, 1H, ArH),
7.94 (ddJ = 8.8 & 1.6 Hz, 1H, ArH), 7.91 (dl = 8.8 Hz, 1H, ArH), 7.76 (s, 1H, ArH), 7.46
(dd,J=8.4 & 1.6 Hz, 1H, ArH), 2.77 (1 = 6.8 Hz, 2H, A€CH,-), 2.36 (sex,) = 6.8 Hz, 1H,
-CH,CHy-), 1.72-1.55 (m, 3H,GH,CH>-), 1.44-1.34 (m, 1H,GH(CHs)CO:H), 1.04 (d,J =
6.8 Hz, 3H, -CHCH3)CO,H); *C NMR (100 MHz, DMSQdg) § 177.3, 167.4, 142.4, 135.1,
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130.6, 130.2, 129.2, 128.1, 127.6, 127.2, 125.8,21238.5, 35.2, 32.8, 28.3, 16.9; HRMS-
ESI calcd for GH1504 [M - H] 285.1132; found 285.1125; Anal.(8:504) C, H.

6-(I sobutoxycar bonyl)-2-naphthoic acid (35). A stirring mixture of10 (2.65g, 10.0 mmaol),
2-methylpropan-1-ol (20 mL) and concentratedS&; (0.5 mL) was heated at 7%C
overnight. After cooling to room temperature, thaation was diluted with diethyl ether (50
mL) and the solution washed with water (2 x 20 rahyl dried over MgS£€ Concentration
in vacuo yielded a tacky solid which was re-crysatl from EtOAc to afford the crude
bromo @4) as an off-white solid (1.24 g, 40%) which wasetakforward without further

purification or characterisation.

A flask was charged witB4 (920 mg, 3.0 mmol), Pd(OAc)67 mg, 0.3 mmol) and DPPP
(161 mg, 0.39 mmol). The flask was then evacuatetl ackfilled with carbon monoxide
three times. A solution of triethylamine (2.09 mil5 mmol) and water (5.4 mL, 0.3 mol) in
anhydrous DMF (20 mL) was then added and the @sufhixture stirred at 8% for 24 h.
After cooling to room temperature the reaction wdsted with water (25 mL) and EtOAc
(50 mL). The organic layer was isolated and washigial agueous 1 M NaOH (3 x 15 mL).
The aqueous extracts were combined and acidifigHt@ with aqueous 2 M HCI. The solid
which precipitated from solution was filtered offashed copiously with water and then dried
over ROs overnight to afforB5 as a white solid (678 mg, 83%); mp: 210-2C2*H NMR
(400 MHz, DMSOsdg) 6 8.53 (br s, 2H), 8.01 (dd,= 8.0 & 1.6 Hz, 1H), 8.00 (dd,= 8.4 &
1.6 Hz, 1H), 7.96 (d) = 8.8 Hz, 2H), 4.07 (d] = 6.4 Hz, 2H, EH,CH(CHg),), 2.10-2.00 (m,
1H, -CHCH(CHs),), 0.98 (d,J = 6.8 Hz, 6H, -CHCH(CHs),); *C NMR (100 MHz,
DMSO-dg) 6 167.8, 166.0, 134.5, 134.4, 130.6, 130.5, 13028.6, 129.6, 129.5, 126.3,
125.8, 71.2, 27.9, 19.3; MS (ESI) 273 (MH295 (MN4); Anal. (CieH1604) C, H.

1-(6-Bromonaphthalen-2-yl)-4-methylpentan-1-one (36). To a stirring solution of ethyl 4-
methylvalerate (6.64 mL, 40.0 mmol) in anhydrousFTER20 mL) at -78°C was added
LiIHMDS (1.0 M in THF, 40.0 mL, 40.0 mmol). The rdunt mixture was stirred at -7&

for 30 min before a solution df0 (5.30g, 20.0 mmol) in anhydrous THF (100 mL) was
added. After complete addition, the reaction wasest at room temperature for 3 h. The
THF was then removed in vacuo and hexane (50 migedo the remaining residue. The

solid which precipitated from solution was filtereéf, re-dissolved in aqueous 1 M NaOH
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(40 mL) and stirred at 50C overnight. After cooling to room temperature, thie was
adjusted to 1 using conc aqueous HCI and the neixteated at 68C for 1 h. After cooling
to room temperature, the reaction was extracted digthyl ether (3 x 30 mL). The organic
extracts were combined, washed with water (25 rhtine (25 mL), dried over MgSCand
concentrated in vacuo. The resultant residue wasigzli by flash chromatography (10%
EtOAc in hexane) to affor86 as a light brown oil (4.57 g, 75%} NMR (400 Mz, CDC})

§ 8.39 (s, 1H, ArH), 8.03-8.00 (m, 2H, ArH), 7.79 (&= 8.8 Hz, 1H, ArH), 7.76 (d] = 8.8
Hz, 1H, ArH), 7.58 (dd,) = 8.4 & 2.0 Hz, 1H, ArH), 2.36 ({] = 7.6 Hz, 2H, ArC@H,-),
1.54-1.39 (m, 3H,GH,CH(CHs)y), 0.85 (dJ = 6.4 Hz, 6H, -CHCH(CH3)2); *C NMR (100
Mz, CDCk) 8 211.7, 136.3, 134.7, 131.0, 131.0, 130.2, 12929.3] 127.4, 125.1, 122.6,
40.7, 32.7, 27.7, 22.3.

Methyl 6-(4-methylpentanoyl)-2-naphthoate (37). A flask was charged with Pd(OAc)
(225 mg, 1.0 mmol) and DPPP (536 mg, 1.3 mmol) fleetmeing briefly evacuated and
backfilled with carbon monoxide three times. A deged solution d36 (3.05g, 10.0 mmol)
and triethylamine (3.1 mL, 22.0 mmol) in a mixtwkanhydrous MeOH (9 mL) and DMF
(27 mL) was added and the resultant mixture heat&®°C for 18 h. After cooling to room
temperature, the reaction mixture was extractedh iitOAc (3 x 30 mL). The organic
extracts were combined, washed with aqueous 1 M B&ImL), water (25 mL), brine (25
mL) dried over MgS® and concentrated in vacuo. The resultant resida® purified via
flash chromatography (10% EtOAc in hexane) to afféw as a colourless oil (2.07 g, 73%);
'H NMR (400 Mz, CDCJ) 5 8.62 (s, 1H, ArH), 8.48 (s, 1H, ArH), 8.12 (di= 8.8 & 1.6
Hz, 1H, ArH), 8.07 (ddJ = 1.6 Hz, 1H, ArH), 8.02-7.99 (m, 2H, ArH), 3.99, (3H, -
CO,CHs), 3.10 (t,J = 7.6 Hz, 2H, ArC@H>-), 1.71-1.67 (m, 3H,GH,CH(CHs),), 0.97 (d,

J = 6.4 Hz, 6H, -CHCH(CHa),); **C NMR (100 Mz, CDGJ) & 200.4, 166.8, 136.2, 134.7,
134.5, 130.6, 129.8, 129.7, 129.5, 129.0, 126.8,7,52.4, 36.8, 30.9, 27.9, 22.5; MS (ESI)
285 (MH"), 307 (MN4); HRMS (ESI) for GgH»105 required 285.1485; found 285.1481.

6-(4-M ethylpentanoyl)-2-naphthoic acid (38). Method as that described 9. 37 (1.50 g,
5.3 mmol) and LiOH (634 mg, 26.5 mmol) affordeé® as an off-white solid (1.17 g, 82%);
mp: 202-204°C; 'H NMR (400 MHz, DMSOsg) & 8.73 (s, 1H, ArH), 8.63 (s, 1H, ArH),
8.20 (d,J = 7.6 Hz, 1H, ArH), 8.19 (d] = 8.4 Hz, 1H, ArH), 8.04 (d] = 7.6 Hz, 1H, ArH),
8.02 (d,J = 8.4 Hz, 1H, ArH), 3.16 (tJ = 7.6 Hz, 2H, ArC@H,-), 1.66-1.53 (m, 3H, -
CH,CH(CHs)2), 0.92 (d,J = 6.4 Hz, 6H, -CHCH(CH3)2); *C NMR (100 MHz, DMSOds)
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5 200.7, 167.7, 136.1, 134.7, 134.6, 130.4, 13080,3, 130.2, 129.7, 126.5, 124.7, 36.6,
33.2, 27.7, 22.9; MS (ESI) 270 (MAnal. (Gi7H:503) C, H.

Methyl 6-(4-hydroxypent-1-yn-1-yl)-2-naphthoate (39). A flask was charged withO (1.33

g, 5.0 mmol), Pd(PRJy (116 mg, 0.1 mmol) and CuBr (43 mg, 0.30 mmol)e Tlask was
then briefly evacuated and backfilled with argomeéhtimes. A degassed solution of 4-
pentyn-2-ol (0.57 mL, 6.0 mmol) in triethylamine5(inL) was then added and the reaction
heated at 65C overnight. The mixture was then concentratedaoue and the residue re-
dissolved in diethyl ether (30 mL) and aqueous HWMI (10 mL). The organic layer was
isolated, washed with water (10 mL), brine (10 ndrjed over MgS@and concentrated in
vacuo. The resultant residue was purified via flelsftomatography (30% EtOAc in hexane)
to afford39 as colourless oil (1.12 g, 84%MH NMR (400 Mz, CDCJ) & 8.55 (s, 1H, ArH),
8.06 (dd,J = 8.4 & 2.0 Hz, 1H, ArH), 7.95 (s, 1H, ArH), 7.86, J = 8.4 Hz, 1H, ArH), 7.80
(d, J = 8.4 Hz, 1H, ArH), 7.51 (dd) = 8.4 & 2.0 Hz, 1H, ArH), 4.14-4.06 (m, 1H, -
CH,CH(OH)CHg), 3.96 (s, 3H, -CeCHj3), 2.69 (dd,J = 16.8 & 5.6 Hz, 1H, -
CH,CH(OH)CH), 2.61 (ddJ = 16.9 & 6.4 Hz, 1H,CH,CH(OH)CH), 1.36 (d,J = 6.4 Hz,
3H, -CHCH(OH)CH3); *C NMR (100Mz, CDCJ) & 167.0, 135.0, 131.6, 131.0, 130.7,
129.4, 129.3, 127.8, 127.9, 125.9, 123.2, 88.1),8&%.6, 52.3, 30.1, 22.5.

Methyl 6-(4-oxopent-1-yl)-2-naphthoate (40). A solution of 39 (1.34g, 5.0 mmol) in
ethanol (100 mL) was hydrogenated under 3 bar pressf hydrogen in the presence of 10
wt % palladium on carbon (100 mg) for 18 h. Thectieam mixture was then filtered through
a celite pad before being concentrated in vacuafftrd the crude alcohol which was taken
up in anhydrous DCM (20 mL) and treated with Desmd periodinane (2.12 g, 5 mmol).
The resultant mixture was stirred at room tempeeafior 2 h and then extracted with diethyl
ether (30 mL). The organic layer was isolated, wdshith saturated aqueous NaH{CQ@O
mL), water (10 mL), brine (10 mL), dried over 8%, and concentrated in vacuo. The
resultant residue was purified via flash chromaipby (10% EtOAc in hexane) to gi4e as

a viscous oil (1.24 g, 92% over two step$);NMR (400 Mz, CDCJ) 6 8.53 (s, 1H, ArH),
8.00 (d,J = 8.4 Hz, 1H, ArH), 7.83 (d] = 8.4 Hz, 1H, ArH), 7.76 (d] = 8.4 Hz, 1H, ArH),
7.59 (s, 1H, ArH), 7.33 (dl = 8.4 Hz, 1H, ArH), 3.93 (s, 3H, -GOH3), 2.75 (t,J = 7.6 Hz,
2H, ArCHy-), 2.43 (t,J = 7.6 Hz, 2H, -CHCH,COCH;), 2.08 (s, 3H, -CHCH,COCH3),
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1.99-1.92 (m, 2H, GH,CH,COCH;); **C NMR (100Mz, CDCJ) & 208.4, 167.2, 142.0,
135.7, 131.0, 130.8, 129.4, 128.0, 127.6, 126.8,4.4125.4, 52.1, 42.6, 35.2, 29.9, 24.8.

(RS)-Methyl 6-(6-methoxy-4-methyl-6-oxohex-1-yl)-2-naphthoate (41). To a stirring
solution of methyl diethylphosphonoacetate (841 m@,mmol) in anhydrous THF (20 mL)
at 0°C was added dropwise KHMDS (0.5 M in toluene, 810, 0 mmol). The resultant
mixture was stirred at room temperature for 1 toteef solution ofi0 (830 mg, 3.1 mmol)
dissolved in anhydrous THF (5 mL) was added dropwi$e reaction was then stirred for 4
h at room temperature before being quenched bwaddéion of aqueous 1 M HCI (10 mL).
The reaction was extracted with diethyl ether (20xmL) and the organic layers combined,
washed with water (10 mL), brine (10 mL), dried oX&S0O, and concentrated in vacuo to
afford the crude alkene which was subsequentlyoblied in ethanol (20 mL) and
hydrogenated under 3 bar of hydrogen in the presenhd0 wt % palladium on carbon (50
mg) for 18 h. The reaction mixture was then filterdarough a celite pad before being
concentrated in vacuo to afford as a colourless oil (763 mg, 75%H NMR (400 Mz,
CDCl) 6 8.56 (s, 1H, ArH), 8.03 (ddl = 8.8 & 1.6 Hz, 1H, ArH), 7.85 (dl = 8.4 Hz, 1H,
ArH), 7.79 (d,J = 8.8 Hz, 1H, ArH), 7.62 (s, 1H, ArH), 7.37 @= 8.4 Hz, 1H, ArH), 3.96
(s, 3H, -CQCHpy3), 3.63 (s, 3H, -CgCH3), 2.79-2.74 (m, 2H, -C¥CH,CH,CH-), 2.29 (dd,J

= 14.8 & 6.4 Hz, 1H, -CH(CECH,CO,CHs), 2.12 (dd,J = 14.8 & 7.6 Hz, 1H, -
CH(CHs)CH,CO,CH3), 2.05-1.96 (m, 1H, -C¥CH,CH,CH-), 1.81-1.63 (m, 2H,
CH,CH,CH,CH-), 1.45-1.36 (m, 1H, -C¥H,CH,-), 1.31-1.22 (m, 1H, -C}CH,CH,CH-),
0.94 (d,J = 6.8 Hz, 3H, -CHCH3)CH,CO,CHs); **C NMR (100Mz, CDGJ) & 173.6, 167.3,
142.9, 135.7, 131.0, 130.8, 129.2, 128.1, 127.6,612126.2, 125.3, 52.3, 51.1, 41.5, 36.2,
36.2, 30.2, 28.5, 19.7; HRMS-ESI calcd fopid404 [M + H]* 329.1675; found 329.1677.

(RS)-6-(5-Carboxy-4-methylpent-1-yl)-2-naphthoic acid (42). Method as that described for
29. 41 (763 mg, 2.3 mmol) and LiOH (275 mg, 11.5 mmofpeded42 as a white solid (551
mg, 79%); mp: 146-148C: 'H NMR (400 MHz, DMSO#ds) & 8.51 (s, 1H, ArH), 7.98 (dl =
8.4 Hz, 1H, ArH), 7.93 (dd] = 8.4 & 1.6 Hz, 1H, ArH), 7.87 (dl = 8.8 Hz, 1H, ArH), 7.74
(s, 1H, ArH), 7.46 (dd) = 8.8 & 1.6 Hz, 1H, ArH), 2.73 (1] = 7.2 Hz, 2H, A€H,-), 2.19
(dd, J = 14.8 & 6.0 Hz, 1H, -CH(CECH,COH), 1.99 (dd,J = 14.8 & 7.6 Hz, 1H, -
CH(CHs)CH,COH), 1.90-1.82 (m, 1H, -CHCH,CH-), 1.71-1.58 (m, 2H, -CHH,CH-),
1.39-1.29 (m, 1H, -CCH,CH-), 1.24-1.15 (m, 1H, -C}€H,CH-), 0.87 (dJ = 6.8 Hz, 3H, -
CH(CH3)CH,CO:H); **C NMR (100 MHz, DMSOde) & 174.4, 168.1, 142.9, 135.5, 131.1,
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130.53, 129.6, 128.6, 128.5, 127.9, 126.4, 125.8,486.2, 36.0, 30.0, 28.6, 20.0; MS (ESI)
300 (M"), 256; Anal. (GgH2004) C, H.

Methyl 6-(5-methylhex-1-en-2-yl)-2-naphthoate (43). KHMDS (0.5 M in toluene, 4.4 mL,
2.2 mmol) was added dropwise to a stirring °Z8solution of methyl triphenylphosphonium
bromide (643 mg, 1.8 mmol) in anhydrous THF (15 nill)e resultant mixture was stirred at
room temperature for 1 h before a solutior86f{427 mg, 1.5 mmol) dissolved in anhydrous
THF (5 mL) was added dropwise. After complete addijtthe reaction mixture was stirred
for 2 h at room temperature before being quenchikd agueous 1 M HCI (2 mL). The
reaction mixture was extracted with diethyl eth@rXx 20 mL) and the organic extracts
combined, washed with water (25 mL), brine (25 ndr)ed over Ng&SO, and concentrated
in vacuo. The resultant residue was purified vislil chromatography (10% EtOAc in
hexane) to afford3 as a colourless oil (380 mg, 90%#) NMR (400 Mz, CDC}) 5 8.58 (s,
1H, ArH), 8.06 (dJ = 8.8 Hz, 1H, ArH), 7.90 (d] = 8.4 Hz, 1H, ArH), 7.87 (d] = 8.8 Hz,
1H, ArH), 7.86 (s, 1H, ArH), 7.64 (d,= 8.4 Hz, 1H, ArH), 5.44 (s, 1H,GH,), 5.22 (s, 1H,
=CHy), 3.98 (s, 3H, -C@CH3), 2.62 (t,J = 8.0 Hz, 2H, €EH,CH,CH(CH;),), 1.67-1.59 (m,
1H, -CH,CH,CH(CHa),), 1.43-1.37 (m, 2H, -CH¥CH,CH(CHs),), 0.93 (d,J = 6.8 Hz, 6H, -
CH,CH,CH(CH3)); **C NMR (100 Mz, CDGJ) 6 167.3, 148.5, 141.2, 135.6, 131.8, 130.6,
129.2,128.3, 125.5, 125.5, 125.3, 124.4, 113.8,%7.6, 33.1, 27.8, 22.5; HRMS-ESI calcd
for C1gH200, [M + H]" required 283.1693; found 283.1683.

6-(5-M ethylhex-1-en-2-yl)-2-naphthoic acid (44). Method as that described 2@. 43 (185
mg, 0.66 mmol) and LiOH (79 mg, 3.30 mmol) affordedas a white solid (147 mg, 83%);
mp: 178-180°C; *H NMR (400 MHz, DMSOds) & 8.55 (s, 1H, ArH), 8.05 (d] = 8.8 Hz,
1H, ArH), 8.01-7.99 (m, 2H, ArH), 7.95 (d,= 8.8 Hz, 1H, ArH), 7.70 (d] = 8.4 Hz, 1H,
ArH), 5.49 (s, 1H, €H,), 5.22 (s, 1H, €H,), 2.60 (t,J = 8.0 Hz, 2H, EH,CH,CH(CH)»),
1.62-1.52 (m, 1H, -CKCH,CH(CHa),), 1.33-1.28 (m, 2H, -CHCH,CH(CHs),), 0.86 (d,J =
6.8 Hz, 6H, -CHCH,CH(CH3)-); *C NMR (100 MHz, DMSQOds) 5 167.9, 148.2, 140.6,
135.5, 131.9, 130.5, 129.7, 128.9, 128.5, 125.8,712124.6, 114.2, 37.6, 27.6, 22.8; MS
(ESI) 268 (M), 228; Anal. (GgH200) C, H.

(RS)-Methyl 6-(5-methylhexan-2-yl)-2-naphthoate (45). A solution of43 (175 mg, 0.62
mmol) in ethanol (50 mL) was hydrogenated undeaBds hydrogen in the presence of 10
wt % palladium on activated carbon (50 mg) for 18 he reaction mixture was then filtered
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through a celite pad before being concentratecasue to affordds as a colourless oil (170
mg, 96%);"H NMR (400 Mz, CDC}) & 8.59 (s, 1H, ArH), 8.05 (ddl = 8.4 & 1.6 Hz, 1H,
ArH), 7.89 (d,J = 8.4 Hz, 1H, ArH), 7.84 (d] = 8.4 Hz, 1H, ArH), 7.64 (s, 1H, ArH), 7.42
(dd,J=8.4 & 1.6 Hz, 1H, ArH), 3.98 (s, 3H, -GOH3), 2.88-2.79 (m, 1H, -CHC}¥H,CH-

), 1.75-1.60 (m, 2H, -CHC}¥CH,CH-), 1.57-1.47 (m, 1H, -CHC}€H,CH-), 1.33 (dJ = 6.8
Hz, 3H, ArCHCHg3)-), 1.24-1.15 (m, 1H, -CHC¥H.CH-), 1.10-1.01 (m, 1H, -
CHCH,CH,CH-), 0.85 (d,J = 6.8 Hz, 6H, -CHCH3),); *C NMR (100Mz, CDCJ) & 167.4,
148.3, 135.8, 131.2, 130.8, 129.3, 127.2, 126.%,612125.2, 125.0, 52.1, 40.5, 37.0, 35.9,
28.1, 22.6, 22.5, 22.2; HRMS-ESI calcd fopld,4:0, [M + H]* 285.1776; found 285.1768.

(RS)-6-(5-M ethylhexan-2-yl)-2-naphthoic acid (46). Method as that described f@e. 45
(170 mg, 0.60 mmol) and LiOH (72 mg, 3.0 mmol) ated 46 as a white solid (143 mg,
88%); mp: 151-153C; *H NMR (400 MHz, DMSOdg) & 8.53 (s, 1H, ArH), 8.01 (dl = 8.4
Hz, 1H, ArH), 7.94-7.90 (m, 2H, ArH), 7.74 (s, 1ArH), 7.48 (d,J = 8.4 Hz, 1H, ArH),
2.85-2.79 (m, 1H, -CHC¥CH,CH-), 1.65-1.57 (m, 2H, -CHCiCH,CH-), 1.49-1.42 (m, 1H,
-CHCH,CH,CH-), 1.26 (d,J = 6.8 Hz, 3H, ArCHCHjs)-), 1.16-1.07 (m, 1H, -
CHCH,CH,CH-), 0.99-0.90 (m, 1H, -CHCi€H,CH-), 0.78 (dJ = 6.4 Hz, 6H, -CHCH3),);
¥C NMR (100 MHz, DMSQdg) & 168.0, 148.2, 135.6, 131.3, 130.9, 129.8, 1287,7,
127.0, 125.6, 125.2, 37.0, 35.7, 28.0, 23.0, 222%; MS (ESI) 270 (N); Anal. (GgH2:05)
C, H.

Methyl 6-((Isobutylthio)methyl)-2-naphthoate (48). To a solution of sodium (58 mg, 2.5
mmol) dissolved in anhydrous ethanol (20 mL) wadeadisobutyl mercaptan (0.76 mL, 7.0
mmol). The resultant mixture was stirred for 10 sn&th room temperature befafé (650 mg,
2.3 mmol) was added. After complete addition thectien was stirred at room temperature
for 30 mins before being diluted with diethyl ethd00 mL). The organic solution was
washed with aqueous 1 M HCI (10 mL), water (20 mine (10 mL) and dried over
MgSQO.. Concentration in vacuo afforded a viscous oil allhiwas purified by flash
chromatography (5% EtOAc in hexane) to give4Bas a colourless oil (623 mg, 94%
NMR (300 MHz, CDC}) 5 8.57 (s, 1H, ArH), 8.05 (dd,= 8.4 & 1.5 Hz, 1H, ArH), 7.90 (d,
J=8.4 Hz, 1H, ArH), 7.81 (d] = 8.4 Hz, 1H, ArH), 7.71 (s, 1H, ArH), 7.54 (= 8.4 & 1.8
Hz, 1H, ArH), 3.97 (s, 3H, -C§TH3), 3.84 (s, 2H, AEH>-), 2.30 (d,J = 4.8 Hz, 2H, -
CH,CH(CHg),), 1.85-1.71 (m, 1H, -C}CH(CHs),), 0.94 (d,J = 6.6 Hz, 6H, -
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CH,CH(CH3),); **C NMR (75 MHz, CDCY) & 167.3, 139.0, 135.5, 131.6, 130.9, 129.8,
128.1, 127.9, 127.3, 127.1, 125.7, 52.3, 40.6,, 8B, 22.1.

6-((I sobutylthio)methyl)-2-naphthoic acid (49). Method identical to that described 29.

48 (550 mg, 1.9 mmol) and LiOH (227 mg, 9.5 mmolpafied49 as an off-white solid (454
mg, 87%); mp: 170-17%C; *H NMR (400 MHz, DMSOsdg) 6 8.54 (s, 1H, ArH), 8.04 (d] =
8.4 Hz, 1H, ArH), 7.97-7.90 (m, 2H, ArH), 7.83 (44, ArH), 7.55 (dJ = 8.4 Hz, 1H, ArH),
3.87 (s, 2H, AEH>), 2.27 (d,J = 6.8 Hz, 2H, €EH,CH(CH),), 1.75-1.65 (m, 1H, -
CH,CH(CHs),), 0.86 (d,J = 6.8 Hz, 6H, -CHCH(CH3)); *C NMR (100 MHz, DMSOdg) &
167.8, 139.6, 135.2, 131.5, 130.7, 129.9, 128.8,312128.3, 127.2, 125.9, 40.2, 36.3, 28.1,
22.2; MS (ESI) 274 (N), 230; Anal. (GeH180.S) C, H, S.

Methyl 6-(isobutylcar bamoyl)-2-naphthoate (51). 50 (500 mg, 2.0 mmol) was added to a
stirring mixture of isobutylamine (0.22 mL, 2.2 mihand triethylamine (0.84 mL, 6.0
mmol) in anhydrous DCM (20 mL) at®C. After complete addition the reaction mixture was
stirred at room temperature overnight. The reactvas then concentrated in vacuo and the
resultant residue was taken up in EtOAc (20 mL) aadhed sequentially with water (10
mL), agueous 1 M HCI (5 mL), water (10 mL), aquedus! NaOH (5 mL), water (10 mL),
brine (10 mL) and dried over MgQQConcentration in vacuo afforded a tacky residbeiv
was purified by flash chromatography (10% EtOA&@xane) to affor®l as a clear oil (540
mg, 94%);'*H NMR (400 MHz, CDCJ) § 8.60 (s, 1H, ArH), 8.28 (s, 1H, ArH), 8.08 (db

8.8 & 1.6 Hz, 1H, ArH), 7.98 (d] = 8.8 Hz, 1H, ArH), 7.93 (d] = 8.8 Hz, 1H, ArH), 1H,
7.86 (dd,J = 8.8 & 2.0 Hz, 1H, ArH), 3.98 (s, 3H, -GCH3), 3.34 (t,J = 6.0 Hz, 2H, -
CH,CH(CHy),), 1.99-1.89 (m, 1H, -CKCH(CHs),), 1.00 (d,J = 6.8 Hz, 6H, -
CH,CH(CH3),); **C NMR (100 MHz, CDGJ) § 167.2, 166.9, 134.8, 134.4, 133.7, 130.7,
129.9, 129.1, 128.9, 126.8, 126.1, 124.4, 52.45,428.7, 20.2; HRMS-EI calcd for
C17H1gNO3 [M] " 285.1367; found: 285.1365.

6-(I sobutylcarbamoyl)-2-naphthoic acid (52). Method identical to that described 28. 51
(540 mg, 1.9 mmol) and LIOH (227 mg, 9.5 mmol) afied 52 as an off-white solid (439
mg, 85%); mp: >256C; 'H NMR (400 MHz, DMSOdg) & 8.61 (s, 1H, ArH), 8.46 (s, 1H,
ArH), 8.14 (d,J = 8.4 Hz, 1H, ArH), 8.09 (d] = 8.8 Hz, 1H, ArH), 7.98 (dd] = 8.8 & 2.0
Hz, 1H, ArH), 7.97 (dd,J = 8.4 & 1.6 Hz, 1H, ArH), 3.11 (t)J = 6.8 Hz, 2H, -
CH>CH(CHg),), 1.90-1.80 (m, 1H, -C}CH(CHs),), 0.88 (d, J = 6.8 Hz, 6H, -
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CH,CH(CH3)y); *C NMR (100 MHz, DMSOds) 5 167.7, 166.5, 134.7, 134.6, 133.6, 130.6,
129.8, 129.8, 129.6, 127.5, 126.2, 125.47, 47.3%,28.7; MS (ESI) 270 (N} 226; Anal.

6-((1 sobutyryloxy)methyl)-2-naphthoic acid (54). To a stirring solution 063 (405 mg, 2.0
mmol) and triethylamine (0.70 mL, 5.0 mmol) in adigus DCM (10 mL) at 6C was added
isobutyryl chloride (0.52 mL, 5.0 mmol) dissolved 8 mL of anhydrous DCM. After
complete addition the reaction mixture was stiratdoom temperature for 1 h. The DCM
was then removed in vacuo and aqueous 2 M NaH@O mL) added to the resultant
residue. The mixture was stirred vigorously &0for 3 h and then extracted with diethyl
ether (15 mL). The aqueous phase was isolated rerd dcidified with aqueous 1 M HCI.
The solid which precipitated from solution wasefitd off, washed copiously with water and
then dried over #0s overnight to afforcb4 as a white solid 457 mg, 84%); mp: 152-£64
'H NMR (400 MHz, CDC}) 5 8.60 (s, 1H, ArH), 8.05 (dd,= 8.8 & 1.6 Hz, 1H, ArH), 7.88
(d,J = 8.8 Hz, 1H, ArH), 7.80 (d] = 8.8 Hz, 1H, ArH), 7.78 (s, 1H, ArH), 7.45 (db= 8.8

& 1.6 Hz, 1H, ArH), 5.23 (s, 2H, &H,-), 2.13-2.06 (m, IHCH(CHj3),), 0.91 (d,J = 6.4
Hz, 6H, -CHCHa)2); *C NMR (100 MHz, CDGJ) & 172.8, 171.1, 136.5, 135.6, 132.0,
131.6, 129.8, 128.2, 127.0, 126.7, 126.4, 125.8,6%.7, 20.8; MS (ESI): 273 (M} 295
(MNa"); Anal. (CieH1604) C, H.

2-Bromo-6-(isobutoxymethyl)naphthalene (56). To a stirring suspension of 60% NaH (1.2
g, 30.0 mmol) in anhydrous DMF (150 mL) was addedezhylpropan-1-ol (5.5 mL, 60.0
mmol). The mixture was stirred at room temperataret h befores5 (3.0 g, 10.0 mmol) was
added. After complete addition, the reaction wasest at room temperature for 3 h before
being quenched with water (50 mL) and extractedh Wwixane (100 mL). The organic layer
was separated, dried over J8&, and concentrated in vacuo. The resultant residas w
purified by flash chromatography (2% EtOAc in hexato afford56 as a colourless oil (2.7
g, 92%); 'H NMR (400 MHz, CDCY) & 7.99 (d,J = 2.0 Hz, 1H, ArH), 7.75 (s, 1H, ArH),
7.73 (d,J = 8.8 Hz, 1H, ArH), 7.69 (d] = 8.8 Hz, 1H, ArH), 7.54 (ddl = 8.8 & 2.0 Hz, 1H,
ArH), 7.49 (dd,J = 8.8 & 1.6 Hz, 1H, ArH), 4.65 (s, 2H, 8H,-), 3.29 (d,J = 7.8 Hz, 2H, -
CH,CH(CHy),), 2.00-1.90 (m, 1H, -CKCH(CHs),), 0.97 (d,J = 6.4 Hz, 6H, -
CH,CH(CHs),); *C NMR (100 MHz, CDG)) & 137.0, 133.9, 131.7, 129.7, 129.5, 129.4,
127.1, 126.7, 126.0, 119.6, 72.8, 28.56, 22.7,.19.4
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6-(I sobutoxymethyl)-2-naphthoic acid (57). A flask was charged with6 (1.8 g, 6.14
mmol), Pd(OAc) (138 mg, 0.61 mmol) and DPPP (327 mg, 0.79 mnidig flask was then
briefly evacuated and backfilled with carbon momaxithree times. A solution of
triethylamine (4.28 mL, 30.7 mmol) and water (1D, 0.61 mmol) in anhydrous DMF (30
mL) was added and the resultant mixture heated&C8for 24 h. After cooling to room
temperature the reaction was diluted with waterrf8) and EtOAc (100 mL). The organic
layer was isolated and washed with agueous 1 M N&D# 20 mL). The aqueous extracts
were combined and acidified to pH 2 with aqueoud BICI. The solid which precipitated
from solution was filtered off, washed copiouslytiwiwater and then dried over,®
overnight to affords7 as an off-white solid (1.14 g, 72%); mp: 160-62 *H NMR (300
MHz, DMSO-dg) § 8.55 (s, 1H, ArH), 8.05 (dl = 8.4 Hz, 1H, ArH), 7.97-7.91 (m, 2H, ArH),
7.87 (s, 1H, ArH), 7.51 (ddl = 8.4 & 1.5 Hz, 1H, ArH), 4.61 (s, 2H, 8H,-), 3.21 (d,J =
6.6 Hz, 2H, €H,CH(CHg),), 1.91-1.76 (m, 1H, -C4CH(CHs),), 0.85 (d,J = 6.9 Hz, 6H, -
CH,CH(CH3)2); *C NMR (75 MHz, DMSOsdg)  167.8, 139.6, 135.3, 132.0, 130.7, 129.8,
128.5, 128.4, 126.8, 125.9, 125.8, 77.0, 72.3,,28%8; MS (ESI): 259 (HN); Anal.
(C1eH1803) C, H.

(RS)-Methyl 6-(2-(ethoxycar bonyl)-4-methylpent-1-yl)-2-naphthoate (59). KHMDS (0.5

M in toluene, 12.0 mL, 6.0 mmol) was added dropwisa stirred -78C solution of ethyl 4-
methylvalerate (1.00 mL, 6.0 mmol) in anhydrous THE mL). The mixture was stirred at -
78 °C for 30 min beforé5 (900 mg, 3.0 mmol) in THF (10 mL) was added. Aftemplete
addition, the mixture was allowed to warm to ro@mperature and stirred overnight. The
reaction was then quenched with water (20 mL) aticheted with diethyl ether (2 x 30 mL).
The organic extracts were combined, washed witleaggi2 M HCI (10 mL), water (10 mL),
brine (10 mL), dried over MgSQOand concentrated in vacuo. The resultant residas w
dissolved in ethyl acetate and passed through i siioa plug (10 cm). After concentration
in vacuo the crude bromid&8) was dissolved in a mixture of anhydrous methgBainlL)
and DMF (9 mL). Triethylamine (0.92 mL, 6.6 mmol)asv added and the solution
subsequently de-gassed. A flask containing Pd(@%&3) mg, 0.3 mmol) and DPPP (136 mg,
0.33 mmol) was briefly evacuated and backfilledwdarbon monoxide three times. The de-
gassed bromide solution was then added and th#amresmixture heated at 8T for 24 h.
The reaction was then quenched with water (20 nmd extracted with ethyl acetate (30

mL). The organic phase was washed with aqueousE2A\1(10 mL), water (10 mL), brine
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(10 mL), dried over MgS@®and concentrated in vacuo. The resultant resichgepurified by
flash chromatography (10% EtOAc in hexane) to affs® as a colourless oil (690 mg, 67%
over two steps)!H NMR (400 MHz, CDCJ) § 8.56 (s, 1H, ArH), 8.03 (d] = 8.6 Hz, 1H,
ArH), 7.86 (d,J = 8.6 Hz, 1H, ArH), 7.80 (d] = 8.6 Hz, 1H, ArH), 7.64 (s, 1H, ArH), 7.37
(d,J = 8.6 Hz, 1H, ArH), 4.01-3.98 (m, 2H, -CH(@CH»CHz)), 3.97 (s, 3H, -C&CH3),
3.07 (ddJ=13.5 & 8.8 Hz, 1H, ACH,-), 2.98-2.80 (m, 2H, AEH,CH-), 1.74-1.67 (m, 1H,
-CH,CH(CH),), 1.65-1.55 (m, 1H,GH,CH(CHs),), 1.36-1.30 (m, 1H, -CHCH(CHa)y),
1.05 (t,J = 7.1 Hz, 3H, -CH(C@H,CH3)), 0.91-0.89 (m, 6H, -CHIH3),); **C NMR (100
MHz, CDCk) 6 175.6, 167.3, 139.8, 135.6, 131.2, 130.8, 1298,2, 127.7, 127.1, 126.9,
125.3, 60.1, 52.2, 45.6, 41.6, 39.3, 26.1, 23.00,24.1; HRMS-ESI calcd for £H2604 [M

+ H]" 243.1831; found 243.1832.

(RS)-6-(2-Carboxy-4-methylpent-1-yl)-2-naphthoic acid (60). Method identical to that
described fo29. 59 (650 mg, 1.90 mmol) and LiOH (227 mg, 9.50 mmdiprmed 60 as an
off-white solid (405 mg, 71%); mp: 197-19€; *H NMR (400 MHz, DMSOsdg) 6 8.53 (s,
1H, ArH), 8.00 (dJ = 8.4 Hz, 1H, ArH), 7.93 (d] = 8.4 Hz, 1H, ArH), 7.90 (d] = 8.4 Hz,
1H, ArH), 7.75 (s, 1H, ArH), 7.45 (d,= 8.4 Hz, 1H, ArH), 2.95 (dd] = 13.6 & 9.2 Hz, 1H,
ArCHy-), 2.87 (ddJ = 13.6 & 5.6 Hz, 1H, ACH,-), 2.76-2.68 (m, 1H, -CHC}CH-), 1.58-
1.53 (m, 2H, -CHCHKCH-), 1.28-1.21 (m, 1H, -CHCM€H-), 0.84 (d,J = 6.4 Hz, 6H, -
CH(CHs),); °C NMR (100 MHz, DMSOdg) & 176.8, 167.9, 140.4, 135.4, 131.3, 130.7,
129.6, 128.8, 128.1, 128.0, 127.3, 125.7, 45.5,,489.1, 26.2, 23.5, 22.3; MS (ESI) 300" (M
); Anal. (GigH2004) C, H.

Methyl 7-bromo-3-hydroxy-2-naphthoate (62). 61 (500 mg, 1.87 mmol) was added to a
suspension of ¥COz (129 mg, 0.94 mmol) in anhydrous DMF (18 mL). Tleaction was
stirred for 1 h, and then methyl iodide (144, 2.81 mmol) was added. The reaction was
stirred for 12 h at room temperature, and then eotrated under reduced pressure. The solid
was taken up in a 1:1 mixture of ethyl acetateaater (50 ml each). The agueous layer was
removed and the organic layer was washed with w@ter 10 mL) and then brine (10 mL).
After drying over MgSQ@, the solvent was removed under reduced pressodetha product
obtained by flash chromatography® 25% EtOAc in hexane) to giv&2 as white crystals
(525 mg, 99%): mp: 153-15%; *H NMR (500 MHz, CDGJ) § 10.46 (s, 1H,QH), 8.39 (d,
J=0.7 Hz, 1H, ArH), 7.95 (dd] = 1.4 & 0.7 Hz, 1H, ArH), 7.57-7.54 (m, 2H, ArH), B.Zs,

1H, ArH), 4.03 (s, 3H, -C@Hs); °C (125 MHz, CDGJ) & 170.0, 156.7, 136.2, 132.3,
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131.3, 130.9, 128.0, 127.9, 117.4, 115.0, 111.9];92RMS-CI calcd for &H100sBr [M +
H]* 279.9727; found 279.9735.

Methyl 3-acetoxy-7-bromo-2-naphthoate (63). To a solution 062 (184 mg, 0.65 mmol) in
CHCI; (6.5 mL), was added acetic anhydride (120 0.98 mmol), followed by pyridine (80
uL, 0.98 mmol), and then a catalytic amount of DMARe reaction was stirred for 12 h, and
then diluted with DCM (50 mL). The organic layerssaashed with water (2 x 10 mL), and
then brine (10 mL). After drying over MgQQOthe solvent was removed under reduced
pressure, to givée3 as an amber oil (168 mg, 80%) which was used witHarther
purification;*H NMR (500 MHz, CDC}) & 8.49 (s, 1H, ArH), 8.08 (dl = 1.4 Hz, 1H, ArH),
7.68 (d,J = 8.8 Hz, 1H, ArH), 7.65 (dd] = 8.8 & 1.4 Hz, 1H, ArH), 7.50 (s, 1H, ArH), 3.93
(s, 3H, -CQCHs3), 2.40 (s, 3H,0Ac); *C (125 MHz, CDCJ) 5 170.1, 164.6, 147.0, 133.1,
132.6, 132.2, 131.6, 130.9, 128.8, 122.9, 121.2.51252.4, 21.0; HRMS-CI calcd for
C14H1104Br [M + H]* 321.9841; found 321.9838.

Methyl 3-acetoxy-7-(4-methylpent-1-yl)-2-naphthoate (64). A flask was charged witB3

(7.95¢, 24.6 mmol), palladium acetate (55 mg, 1%)oland trie-tolylphosphine (30 mg, 4
mol%). The flask was then briefly evacuated andkiied with argon three times. A
degassed mixture of 4-methylpent-1-ene (4.67 mL9 8&mol) and triethylamine (8.57 mL,
61.5 mmol) in anhydrous DMF (80 mL) was added dmedresultant mixture heated at 10

overnight. After cooling to room temperature thextmie was diluted with diethyl ether (200
mL). The organic layer was isolated, washed withew#100 mL), aqueous 2M HCI (20
mL), brine (20 mL), dried over N8O, and concentrated in vacuo to afford the cruderake

which was taken forward to the next step withouthfer characterisation or purification.

A solution of the crude alkene in ethanol (40 migswydrogenated under 3 bar of hydrogen
in the presence of 10 wt % palladium on activatatban (100 mg) for 18 h. The reaction
mixture was then filtered through a celite pad befbeing concentrated in vacuo. The
resultant residue was purified by flash chromatplyya(10% ethyl acetate in hexane) to
afford 64 as a colourless oil (7.0 g, 87% over two steti$)NMR (400 MHz, CDCJ) & 8.54

(s, 1H, ArH), 7.72 (dJ = 8.4 Hz, 1H, ArH), 7.68 (s, 1H, ArH), 7.48 (s, 1ArH), 7.43 (dJ =

8.4 Hz, 1H, ArH), 3.92 (s, 3H, -GGH3), 2.74 (t,J = 6.6 Hz, 2H, ACH»-), 2.39 (s, 3H, -
OAC), 1.72-1.64 (m, 2H, -C¥CH,CH-), 1.60-1.54 (m, 1H, -C}¥H,CH-), 1.29-1.20 (m, 2H,
-CH,CH,CH-), 0.87 (dJ = 6.8 Hz, 6H, -CHCH3),); *C NMR (100 MHz, CDG)) § 170.5,
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165.2, 146.3, 141.4, 134.2, 133.4, 131.0, 130.7,51227.2, 121.6, 120.9, 52.3, 38.6, 36.3,
29.1, 28.0, 22.7, 21.2; HRMS-ESI calcd fopld,404 [M + Na]" 351.1572; found 351.1567.

3-Hydroxy-7-(4-methylpent-1-yl)-2-naphthoic acid (65). Method identical to that described
for 29. 64 (3.50 g, 10.7 mmol) and LiOH (1.28 g, 53.5 mmdfpaled 65 as a yellow solid
(2.62 g, 90%); mp: 150-15Z; *H NMR (300 MHz, DMSOd)  8.41 (s, 1H, ArH), 7.68 (br
s, 1H, ArH), 7.65 (d,) = 8.4 Hz, 1H, ArH), 7.36 (dd] = 8.4 & 1.5 Hz, 1H, ArH), 7.23 (s,
1H, ArH), 2.61 (tJ = 7.5 Hz, 2H, AEH-), 1.63-1.44 (m, 3H, -CsCH,CH-), 1.18-1.11 (m,
2H, -CH,CH,CH-), 0.80 (dJ = 0.6 Hz, 6H, -CHTH3),); *C NMR (100 MHz, DMSQOdg) &
167.9, 135.2, 131.8, 131.0, 130.8, 130.1, 129.9,212128.4, 126.4, 123.5, 92.0, 82.1, 28.3,
28.1, 22.4; HRMS-ESI calcd for 1@H,003 [M-H]™ 271.1340; found 271.1335. Anal.
(C17H2003) C, H.

Methyl 3-hydroxy-7-(4-methylpent-1-yl)-2-naphthoate (66). To a stirring solution ob4
(3.28g, 10.0 mmol) in methanol (50 mL) at°C was added dimethylamine (2.0 M in
methanol, 10.0 mL, 20.0 mmol). After 1 h the reactmixture was diluted with diethyl ether
(100 mL) and aqueous 1 M HCI (30 mL). The orgariiage was separated and washed with
water (25 mL), brine (25 mL), dried over 0, and concentrated in vacuo to aff@é
(1.45 g, 51%) as a tacky solid which was utiliséthaut further purification’H NMR (400
MHz, CDCk) & 10.36 (s, 1H,0H), 8.43 (s, 1H, ArH), 7.61 (d, = 8.8 Hz, 1H, ArH), 7.56 (s,
1H, ArH), 7.27 (dJ = 8.8 Hz, 1H, ArH), 7.26 (s, 1H, ArH), 4.02 (s, 3t€0O,CH3), 2.70 (t,J

= 7.6 Hz, 2H, ACH,-), 1.72-1.64 (m, 2H, -C¥CH,CH-), 1.62-1.54 (m, 1H, -C{€H,CH-),
1.28-1.23 (m, 2H, -CKHCH,CH-), 0.89 (dJ = 7.6 Hz, 6H, -CHCH3),); *C NMR (100 MHz,
CDCls) 6 170.4, 155.8, 138.4, 136.4, 131.8, 131.0, 12723,2, 126.2, 114.0, 111.4, 52.5,
38.6, 36.0, 29.0, 27.9, 22.6.

Methyl 7-(4-methylpent-1-yI)-3-(((trifluoromethyl)sulfonyl)oxy)-2-naphthoate (67). To a
stirring solution of66 (1.45 g, 5.1 mmol) and triethylamine (1.42 mL, 2LGnmol) in
anhydrous DCM (10 mL) at -& was added FO (1.1 mL, 6.5 mmol). The resultant mixture
was stirred at -8C for 1.5 h and then quenched by the addition ofags 2 M HCI (5 mL).
The organic phase was separated, dried oveg8®aand concentrated in vacuo. The resultant
residue was dissolved in ethyl acetate and pas$sedgh a short silica plug (10 cm) to give

67 (1.92g, 90%) which was utilised without furtherifigation or characterisation.
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Methyl 7-(4-methylpent-1-yl)-2-naphthoate (68). A flask was charged wité7 (418 mg, 1.0
mmol) and Pd(PR)y (12 mg, 1 mol%) before being evacuated and bae#fivith argon
three times. A degassed mixture of formic acid X0riL, 3.0 mmol) and triethylamine (0.42
mL, 3.0 mmol) in anhydrous DMF (10 mL) was then edidnd the resultant mixture heated
at 80°C overnight. After cooling to room temperature, teaction was diluted with water
(40 mL) and extracted with diethyl ether (3 x 20)mLhe organic extracts were combined,
washed with aqueous 1 M HCI (20 mL), water (20 miwine (25 mL), and dried over
NaSQO,. Concentration in vacuo yielded a viscous oil whieas purified by flash
chromatography (5% ethyl acetate in hexane) ta@B8 as a colourless oil (232 mg, 86%);
'H NMR (400 MHz, CDC}) 5 8.55 (s, 1H, ArH), 7.99 (dd, = 8.4 & 1.6 Hz, 1H, ArH), 7.83
(d,J = 8.8 Hz, 1H, ArH), 7.79 (d] = 8.4 Hz, 1H, ArH), 7.71 (s, 1H, ArH), 7.44 (db= 8.4

& 1.6 Hz, 1H, ArH), 3.97 (s, 3H, -COH3), 2.76 (t,J = 7.6 Hz, 2H, ACH,-), 1.75-1.66 (m,
2H, -CH,CH,CH-), 1.64-1.54 (m, 1H, -C}€H,CH-), 1.29-1.23 (m, 2H, -C}€H,CH-), 0.88
(d, J = 6.8 Hz, 6H, -CHCH3)2); *C NMR (125 MHz, CDGJ) § 167.4, 141.4, 134.0, 132.7,
130.6, 129.9, 127.8, 127.7, 127.6, 127.3, 124.29,338.6, 36.2, 29.1, 27.9, 22.6; HRMS-
ESI calcd for GgH2,0, [M*] 270.1620; found 270.1618.

7-(4-M ethylpent-1-yl)-2-naphthoic acid (69). Method identical to that described 20. 68
(232 mg, 0.86 mmol) and LiOH (103 mg g, 4.3 mmdipraled 69 as a white solid (203 mg,
92%); mp: 140-142C; *H NMR (400 MHz, DMSOsg) & 8.48 (s, 1H, ArH), 7.94-7.85 (m,
4H, ArH), 7.50 (dd,J = 8.4 & 1.6 Hz, 1H, ArH), 2.72 (1 = 8.0 Hz, 2H, A€CH»-), 1.64-1.61
(m, 2H, -CHCH,CH-), 1.58-1.50 (m, 1H, -C}€H,CH-), 1.22-1.17 (m, 2H, -C}¥H,CH-),
0.83 (d,J = 6.4 Hz, 6H, -CHCH3),); **C NMR (125 MHz, DMSOdg) § 167.9, 141.5, 133.9,
132.8, 130.4, 130.1, 128.7, 128.2, 128.0, 127.8,8,88.4, 35.9, 29.0, 27.8, 22.9; MS (ESI):
257 (MH"), 279 (MN4); Anal. (G7H20,) C, H.

2-(Methoxymethoxy)-7-(4-methylpent-1-yn-1-yl)naphthalene (71). A flask was charged
with Cul (248 mg, 1.3 mmol) and Pd(PIl, (913 mg, 1.3 mmol) before being briefly
evacuated and backfilled with argon three timesdefyassed solution af0 (10.4 g, 30.9
mmol), 4-methylpent-1-yne (4.36 mL, 37.1 mmol) alethylamine (6.39 mL, 61.8 mmol) in
anhydrous THF (100 mL) was added and the resufaxture heated at 4% for 18 h. The
reaction was then extracted with diethyl ether (85¥mL) and the organic layer isolated and
washed with saturated aqueous /8H(40 mL), water (50 mL) and brine (50 mL). After

drying over NaSQ,, concentration in vacuo yielded a viscous oil \ehicas purified by flash
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chromatography (5% EtOAc in hexane) to affatdas a colourless oil (7.97 g, 96%MH
NMR (300 MHz, CDC}) 5 7.81 (s, 1H, ArH), 7.70 (dl = 9.3 Hz, 1H, ArH), 7.66 (d] = 8.7
Hz, 1H, ArH), 7.34 (dd) = 9.3 & 1.2 Hz, 1H, ArH), 7.32 (s, 1H, ArH), 7.18d,J = 8.7 &
2.4 Hz, 1H, ArH), 5.28 (s, 2H, ArCH,OCHg), 3.51 (s, 3H, ArOCKDOCH3), 2.34 (dJ = 8.8
Hz, 2H, CH,CH(CH),), 1.94 (m, 1H, -ChCH(CHs),), 1.07 (d,J = 8.8 Hz, 6H, -
CH,CH(CH3),); *C NMR (75 MHz, CDCJ) & 155.5, 134.2, 130.3, 129.3, 128.6, 127.6,
127.1,122.1, 119.3, 109.7, 94.6, 89.9, 82.0, 5838, 28.4, 22.2.

Methyl 3-(methoxymethoxy)-6-(4-methylpent-1-yl)-2-naphthoate (72). A solution of 71
(7.97 g, 29.7 mml) in ethanol (100 mL) was hydraged under 3 bar pressure of hydrogen
in the presence of 10 wt % palladium on carbon {2@) for 18 h. The reaction mixture was
then filtered through a celite pad before beingcemtrated in vacuo. The resultant residue
was purified by flash chromatography (5% EtOAc ex&ne) to afford the saturated alkyl as

a viscous colourless oil which was taken forwarthaiit further characterisation.

t-Butyl lithium (1.9 M in pentene, 20.3 mL, 38.6 minwas added dropwise to a stirrind®
solution of the hydrogenation product (8.08 g, 2&umol) in a mixture of diethyl ether and
hexane (1:1, 200 mL). After complete addition, mhigture was stirred at @ for 1 h before
being cooled to -78C. Methyl chloroformate (3.44 mL, 44.6 mmol) wasled dropwise and
the resultant mixture stirred at room temperatune If hour before being quenched with
methanol (10 mL). The organic mixture was washeth wiater (50 mL), brine (50 mL),
dried over NgSO, and concentrated in vacuo. The resultant resida®e purified by flash
chromatography (DCM/hexane from 3:5 to 4:5 to ébafford72 as a colourless oil (5.49 g,
56% over two steps}H NMR (400 MHz, CDCYJ) & 8.29 (s, 1H, ArH), 7.73 (dl = 8.4 Hz,
1H, ArH), 7.52 (s, 1H, ArH), 7.44 (s, 1H, ArH), 4.2d,J = 8.4 Hz, 1H, ArH), 5.36 (s, 2H,
ArOCH,0CHg), 3.95 (s, 3H, -CeCH3), 3.57 (s, 3H, ArOCKLDCH3), 2.73 (t,J = 7.6 Hz,
2H, ArCHy-), 1.73-1.65 (m, 2H, -CsCH,CH-), 1.62-1.53 (m, 1H, -C#H,CH-), 1.28-1.19
(m, 2H, -CHCH,CH-), 0.89 (dJ = 6.8 Hz, 6H, -CHCH3),); *C NMR (100 MHz, CDGJ) &
166.7, 153.2, 143.4, 136.2, 132.4, 128.5, 126.8,612125.3, 121.3, 111.2, 95.2, 56.3, 52.1,
38.6, 36.5, 29.0, 27.9, 22.6; HRMS-EI calcd festGs04 [M '] 330.1834; found 330.1831.

Methyl 3-hydroxy-6-(4-methylpent-1-yl)-2-naphthoate (73). To a stirring solution of72
(5.28 g, 16.0 mmol) in methanol (40 mL) was addgdeaus 2 M HCI (5 mL). The mixture

was stirred at room temperature for 4 h beforedgeitracted with diethyl ether (2 x 50 mL).
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The organic extracts were combined, washed withrated aqueous NaHG@ ml), water

(20 mL), brine (20 mL), dried over MaO, and concentrated in vacuo. The resultant residue
was purified via flash chromatography (20% EtOAd&xane) to give’'3 as a viscous oil
(4.48 g, 98%)*H NMR (400 MHz, CDCJ) 6 10.45 (s, 1H,0H), 8.42 (s, 1H, ArH), 7.70 (d,
J=8.4 Hz, 1H, ArH), 7.44 (s, 1H, ArH), 7.24 (s, 1ArH), 7.18 (ddJ = 8.4 & 1.6 Hz, 1H,
ArH), 4.00 (s, 3H, -C@Hj), 2.71 (t,J = 8.0 Hz, 2H, A€CH,), 1.74-1.66 (m, 2H, -
CH,CH,CH-), 1.64-1.55 (m, 1H, -C}¥H,CH-), 1.30-1.25 (m, 2H, -C4¥H,CH-), 0.91 (dJ

= 6.8 Hz, 6H, -CHCH3),); *C NMR (100 MHz, CDG)) § 170.4, 156.5, 144.3, 138.3, 132.1,
129.1, 125.7, 124.6, 113.3, 111.1, 52.4, 38.7,,38B®, 27.9, 22.6; HRMS-EI for;gH,,03

[M™] 286.1566; found 286.1569.

3-Hydr oxy-6-(4-methylpent-1-yl)-2-naphthoic acid (74). Method as that described f2®.

73 (3.50 g, 12.2 mmol) and LiOH (1.46 g, 61.0 mmdipraled 74 as a pale yellow solid
(2.36 g, 71%); mp: 168-17T; *H NMR (400 MHz, DMSO#dg) & 8.46 (s, 1H, ArH), 7.85 (d,
J=8.4 Hz, 1H, ArH), 7.51 (s, 1H, ArH), 7.21 (s, 1ArH), 7.19 (d,J = 8.4 Hz, 1H, ArH),
2.65 (t,J = 7.6 Hz, 2H, A€H,-), 1.65-1.47 (m, 3H, -C¥CH,CH-), 1.20-1.14 (m, 2H, -
CH,CH,CH-), 0.82 (d,J = 6.4 Hz, 6H, -CHCH3),); *C NMR (100 MHz, DMSOdg) &
172.1, 156.7, 144.1, 138.0, 132.7, 129.6, 125.9,712124.6, 114.7, 110.7, 38.5, 36.2, 28.8,
27.8, 22.9; MS (ESI) 271 (W 227; Anal. (G/H2003) C, H.

(E)-(6-(4-M ethylpent-1-en-1-yl)naphthalene-2,3-dicar bonitrile (76). A flask was charged
with 75 (1.00 g, 3.89 mmol), palladium acetate (8.7 mgadl%) and trie-tolylphosphine
(47.4 mg, 4 mol%). The flask was then briefly exated and backfilled with argon three
times. Degassed anhydrous DMF (20 mL) was addéairfet! by 4-methylpent-1-ene (0.62
mL, 4.86 mmol) and triethylamine (0.68 mL, 4.86 mjym@he resultant mixture was heated
at 100°C overnight. After being allowed to cool to roormigerature the reaction mixture
was filtered through a celite pad to remove angiprated Pd(0) and then poured into a
stirred solution of EtOAc (100 mL), water (100 mar)d aqueous 1 M HCI (10 mL). The
organic layer was subsequently isolated and theagphase further extracted with EtOAc
(2 x 50 mL). The organic extracts were pooled, wedshith water (2 x 100 mL), brine (100
mL) and dried over MgS© Concentration in vacuo afforded a clay colour@disvhich was
purified by flash chromatography (10% EtOAc in hexpto afford76 as a light yellow oll
(773 mg, 77%)*H NMR (400 MHz, CDC}) § 8.29-8.25 (m, 2H, ArH), 7.90-7.86 (m, 2H,
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ArH), 7.77 (s, 1H, ArH), 6.59-6.47 (m, 2H;H=CH-), 2.20 (t,J = 6.4 Hz, 2H, -
CH,CH(CHs)2), 1.81 (sep) = 6.4 Hz, 1H, -CHCH(CHz),), 0.98 (dJ = 6.4 Hz, 6H, -
CH,CH(CH3),); **C NMR (100 MHz, CDGJ) § 140.5, 135.5, 135.5, 135.0, 133.8, 132.2,
129.4, 128.7, 128.6, 125.3, 116.1, 116.0, 110.8,11@2.6, 28.5, 22.4; HRMS-ESI calcd for
CigH1eN2 [M + Na]* 283.1206; found 283.1214.

6-(4-M ethylpent-1-yl)naphthalene-2,3-dicar boxylic acid (77). To a stirring suspension of
76 (400 mg, 1.54 mmol) in a 3:1 glacial acetic acat®v mix (40 mL) was added
concentrated sulphuric acid (5 mL). The resultaixtume was heated at reflux until TLC
indicated complete hydrolysis. After 24 h the namlution was allowed to cool to room
temperature before being poured into a stirring afi€EtOAc and water (75 mL each). The
organic layer was isolated and the aqueous phatbefiextracted with EtOAc (2 x 25 mL).
The organics were pooled, washed with water (2 mR} brine (2 x 25 mL), dried over
MgSO, and concentrated in vacuo to afford an orangeluesiThe crude product was then
suspended in water (50 mL) and basified using aggi&dVl NaOH. The resultant aqueous
solution was extracted with diethyl ether (25 mhylahen acidified with aqueous 1 M HCI
before being extracted with EtOAc (3 x 30 mL). Trganic extracts were combined,
washed with water (25 mL), brine (25 mL), dried oMgSQ, and concentrated in to afford
the di-acid as a viscous orange oil which usedauthurther purification or characterisation.
A solution of the crude alkene (427 mg, 1.43 mmoEtOAc (100 mL) was hydrogenated
under 3 bar of hydrogen in the presence of 10 wa¥#adium on activated carbon (50 mg)
for 18 h. The reaction mixture was then filtererbtigh a celite pad before being
concentrated in vacuo to afford as a glassy yellow solid (275 mg, 60%); mp: >250'H
NMR (400 MHz, CDC}) & 7.98 (s, 1H, ArH), 7.93-7.89 (m, 2H, ArH), 7.79 {#1, ArH),
7.52 (ddJ=8.8 & 1.6 Hz, 1H, ArH), 2.80 (8, = 7.6 Hz, 2H, A€CHy>-), 1.73 (qQuinJ=7.6
Hz, 2H, CH,CH,CH(CHg),), 1.58 (sepJ = 6.8 Hz, 1H, -CHCH,CH(CHs),), 1.26-1.19 (m,
2H, -CH,CH>,CH(CHs),), 0.85 (d,J = 6.8 Hz, 6H, -CHCH3),); **C NMR (100 MHz, CDG))
6 167.8, 167.7, 141.0, 133.9, 132.5, 131.1, 1229,11, 128.3, 127.1, 126.9, 38.9, 35.9, 28.3,
27.8, 22.8; HRMS-ESI calcd for,gH2004 [M - H] 299.1289; found 299.1283; Anal.
(C18H2004) C, H.

Methyl (E)-3-Acetoxy-7-styryl-2-naphthoate (78a). Method identical to that described for
11a. 63 (1.00 g, 3.1 mmol), palladium acetate (7 mg, 1%)okri-o-tolylphosphine (38 mg, 4
mol%), styrene (0.45 mL, 3.9 mmol), triethylami®e54 mL, 3.9 mmol) and anhydrous
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DMF (25 mL) yielded an orange/yellow solid whichsv&-crystallized from toluene to
afford 78a (843 mg, 79 %) as an off-white solid; mp: 195-287'H NMR (400 MHz,

CDCl3) 6 8.58 (s, 1H), 7.93 (s, 1H), 7.86 (dik 8.8 & 2.0 Hz, 1H, ArH), 7.79 (d,= 9.0

Hz, 1H, ArH), 7.59-7.55 (m, 2H, ArH), 7.51 (s, 1AtH), 7.42-7.37 (m, 2H, ArH & -
CH=CH-), 7.33-7.27 (m, 1H, -CH=CH-), 7.25 (s, 2HH), 3.94 (s, 3H, -C@CH3), 2.41 (s,
3H, -OAc); *C NMR (125 MHz, CDGJ) 6 170.3, 165.0, 146.8, 137.0, 135.7, 135.2, 133.7,
131.0, 130.0, 128.8, 128.0, 127.9, 127.6, 127.8,71226.6, 122.2, 121.0, 52.3, 21.1; MS
(ESI") m/z 369 (M + Na, 100 %); HRMS-ESI calcd fopl1804 [M + NaJ* 369.1097; found
369.1107; Anal (&H1804.0.3GHs) C, H.

(E)-3-Hydroxy-7-styryl-2-naphthoic acid (79a). To a stirring suspension @8a (250 mg,
0.72 mmol) in a dioxane/water mix (2:1, 60 mL) vealsled aqueous 1 M NaOH (2.88 mL,
2.88 mL). The resultant mixture was stirred at raemperature until TLC indicated
complete de-protection. After 18 h, the dioxane vessoved in vacuo causing precipitation
of an orange solid. The aqueous mixture was toppedith water and acidified to pH 1
using aqueous 2 M HCI. The precipitate was filtewsdwashed copiously with water and
then dried over s overnight to afford’9a as an orange solid (199 mg, 95 %); mp: >250
°C;*H NMR (400 MHz, DMSOs) & 8.33 (s, 1H, ArH), 7.92 (s, 1H, ArH), 7.78 (duk 8.8
& 1.6 Hz, 1H, ArH), 7.67-7.60 (m, 3H, ArH), 7.4138 (m, 3H, ArH & -CH=CH-), 7.31-
7.23 (m, 2H, ArH & -CH=CH-), 7.05 (s, 1H, ArH}*C NMR (100 MHz, DMSOdg) 5 170.8,
159.3, 137.3, 136.0, 131.0, 130.8, 128.6, 128.8,71227.2, 126.9, 126.2, 126.2, 125.9,
124.6, 121.5, 109.3; MS (Eph/z 289 (M - H, 100 %), 245 (25); HRMS-ESI calcd for
CioH1405 [M - H]* 289.0870; found 289.0874; Anal.(E1403.0.75H0) C, H.

(E)-7-(2-car boxystyryl)-3-hydroxy-2-naphthoic acid (79b). Method identical to that
described fodla. 63 (600 mg, 1.86 mmol), palladium acetate (4.2 mapal%), tri-o-
tolylphosphine (22.6 mg, 4 mol%), methyl 2-vinylzeate (378 mg, 2.33 mmol),
triethylamine (0.33 mL, 2.33 mmol) and anhydrous {25 mL) yielded a viscous orange
oil. Purification by flash chromatography (2 % EtO# hexane) afforded the protected
styryl intermediat&8b as a white solid (752 mg) which was taken forwaitthout further
characterisation.

To a stirring suspension @8b (752 mg, 1.86 mmol), in a THF/water mix (3:1, 8Q)rwas
added aqueous 1 M NaOH (11.16 mL, 11.16 mmol).rékeltant mixture was heated at
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reflux until TLC indicated complete de-protectigkfter 4 h the reaction was allowed to cool
to room temperature and the THF removed in vache.résultant aqueous solution was
topped up with water and acidified to pH 1 usingeaus 2 M HCI. The solid which
precipitated from solution was filtered off, washapiously with water and dried oves@
overnight to afford’9b (187 mg, 30%) as a yellow solid; mp: >250 *&;NMR (DMSO-s,
500 MHz)8 8.52 (s, 1H, ArH), 8.05 (s, 1H, ArH), 7.99 = 16.5 Hz, 1H, -CH=CH-), 7.87
(m, 2H, ArH), 7.81 (m, 2H, ArH), 7.60 (m, 1H, ArHj},40 (m, 1H, ArH), 7.33 (s, 1H, ArH),
7.28 (d,J = 16.5 Hz, 1H, -CH=CH-)}*C NMR (DMSO4ds, 125 MHz)3 171.4, 168.6, 156.5,
137.9, 136.9, 132.8, 132.5, 131.9, 130.4, 130.8,71228.1, 127.4, 127.0, 126.8, 126.6,
126.6, 126.5, 115.9, 111.1; MS (BSiVz 333 (M — H, 100 %); HRMS-ESI calcd for
Cz0H130s, 333.0768; found, 333.0766; Anal.,#14050.89H0) C, H.

(E)-7-(3-carboxystyryl)-3-hydroxy-2-naphthoic acid (79c). Method identical to that
described fodla. 63 (500 mg, 1.55 mmol), palladium acetate (3.5 migyal%), tri-o-
tolylphosphine (18.9 mg, 4 mol%), methyl 3-vinylzeate (315 mg, 1.94 mmol) [32]
(Erdelyi et al, 2008), triethylamine (0.27 mL, 1.84nol) and anhydrous DMF (25 mL)
yielded the crude protected styryl intermedi&e (627 mg) as a viscous orange oil which
was taken forward without further purification draczacterization.

De-protection was carried out in an identical fashio79b. 78c (627 mg, 1.55 mmaol),
THF/water (3:1, 80 mL) and aqueous 1 M NaOH (9.20 #2130 mmol) afforded9c as a
yellow solid (278 mg, 53 %)np: >250 °C;’H NMR (400 MHz, DMSOeg) 6 8.45 (s, 1H,
ArH), 8.14 (s, 1H, ArH), 8.06 (s, 1H, ArH), 7.9472.(m, 4H, ArH & -CH=CH-), 7.49 ({] =
7.6 Hz, 1H, ArH), 7.41 (s, 2H, ArH), 7.28 (s, 1HHY; **C NMR (100 MHz, DMSOds) &
171.4,167.1, 156.4, 137.5, 136.9, 132.5, 132.4,31330.4, 129.2, 129.1, 128.3, 128.1,
127.4,127.2,126.8, 126.7, 126.5, 115.7, 111.1(E&) m/z 333 (M - H, 100 %); HRMS-
ESI calcd for GoH130s, 333.0768; found, 333.0772; Anal.x81405H,0) C, H.

Methyl (E)-3-Acetoxy-7-(4-(methoxycar bonyl)styryl)-2-naphthoate (78d). Method
identical to that described fada. 63 (1.00 g, 3.10 mmol), palladium acetate (7 mg, 19mp
tri-o-tolylphosphine (38 mg, 4 mol%), methyl 4-vinylbeate (629 mg, 3.88 mmol),
triethylamine (0.54 mL, 3.88 mmol) and anhydrous {25 mL) yielded a yielded a yellow
solid which was re-crystallized from toluene tooaff 78d (891 mg, 71 %) as a pale yellow
solid; mp: 185-189C; *H NMR (400 MHz, CDCJ) § 8.59 (s, 1H, ArH), 8.06 (dl = 8.4 Hz,
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2H, ArH), 7.95 (s, 1H, ArH), 7.86 (dd,= 8.8 & 1.6 Hz, 1H, ArH), 7.81 (d,= 8.8 Hz, 1H,
ArH), 7.62 (d,J = 8.4 Hz, 2H, ArH), 7.52 (s, 1H, ArH), 7.36, (= 16.4 Hz, 1H, -CH=CH-),
7.26 (d,J = 16.4 Hz, 1H, -CH=CH-), 3.94 (s, 3H, -@CH3), 3.94 (s, 3H, -C@CH3), 2.41 (s,
3H, -OAC); 1°C NMR (100 MHz, CDGJ) § 170.2, 166.8, 164.9, 147.1, 141.4, 135.4, 135.1,
133.8, 130.9, 130.4, 130.1, 129.2, 128.8, 127.9,71226.5, 126.4, 122.4, 121.1, 52.4, 52.1,
21.0; MS (EST) m/z 427 (M + Na, 100 %); HRMS-ESI calcd fopE,006 [M + NaJ*
427.1152; found 427.1143; Anal. £€1,00s) C, H.

(E)-7-(4-Carboxystyryl)-3-hydroxy-2-naphthoic acid (79d). Method identical to that
described foi79b. 78d (250 mg, 0.62 mmol), THF/water (3:1, 80 mL) andeaus 1 M
NaOH (3.72 mL, 3.72 mmol) affordétdd (141 mg, 68%) as a yellow/orange solid; mp:
>250°C; 'H NMR (400 MHz, DMSO#dg) & 12.91 (br s, 1H,GO,H), 11.25 (br s, 1H), 8.52
(s, 1H, ArH), 8.10 (s, 1H, ArH), 7.98-7.92 (m, 3AtH), 7.80 (d,J = 8.4 Hz, 1H, ArH), 7.74
(d,J=8.4 Hz, 2H, ArH), 7.51 (d] = 16.4 Hz, 1H, -CH=CH-), 7.42 (d,= 16.4 Hz, 1H, -
CH=CH-), 7.34 (s, 1H, ArH)**C NMR (100 MHz, DMSOdg) 6 171.3, 167.0, 156.5, 141.4,
136.9, 132.4, 132.2, 130.6, 129.7, 129.3, 128.3,2226.7, 126.5, 126.5, 126.3, 115.8,
111.0; MS (ES) m/z333 (M - H, 96 %), 289 (75), 245 (100); HRMS-E&lad for GeH1405
[M - H]* 333.0768; found 333.0767; Anal.41405.0.4H0) C, H.

(E)-3-hydroxy-7-(2-methoxystyryl)-2-naphthoic acid (79e). Method identical to that
described fodla. 63 (1.00 g, 3.10 mmol), palladium acetate (7 mg, 19mptri-o-
tolylphosphine (38 mg, 4 mol%), 2-vinylanisole (528, 3.88 mmol), triethylamine (0.54
mL, 3.88 mmol) and anhydrous DMF (25 mL) yielded thude protected styryl intermediate
78e (1.17 g) as a viscous yellow oil which was takemard without further purification or
purification.

De-protection was carried out in an identical fashio79b. 78e (1.17 g, 3.10mmol),
THF/water (3:1, 80 mL) and aqueous 1 M NaOH (1214 #2.4 mmol) afforded9e (100
mg, 10 %) as a yellow solid; mp: >235 °C (dé&):NMR (DMSO-ds, 400 MHz)5 8.52 (s,
1H, ArH), 8.03 (br.s, 1H, ArH), 7.86 (dd,= 9.0 & 1.5 Hz, 1H, ArH), 7.77 (d,= 9.0 Hz,
1H, ArH), 7.69 (ddJ = 8.0 & 1.5 Hz, 1H, ArH), 7.51 (d,= 16.5 Hz, 1H, -CH=CH-), 7.34
(d,J=16.5Hz, 1H, -CH=CH-), 7.32 (br s, 1H, ArH), 8.@n, 1H, ArH), 7.05 (dJ = 8.0 Hz,
1H, ArH), 6.99 (ptJ = 7.0 Hz, 1H, ArH), 3.88 (s, 3HOMe); **C NMR (100 MHz, DMSO-
ds) 0 171.5, 156.5, 156.3, 136.7, 133.1, 132.4, 128,64, 127.5, 126.9, 126.7, 126.5,
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126.3, 125.5, 122.9, 120.7, 115.7, 111.5, 111.05;38S (EST) m/z 319 (100 %); Anal.
(CaH1604) C, H.

(E)-3-Hydroxy-7-(3-methoxystyryl)-2-naphthoic acid (79f). Method identical to that
described fodla. 63 (500 mg, 1.55 mmol), palladium acetate (3.5 migyal%), tri-o-
tolylphosphine (19 mg, 4 mol%), 3-vinylanisole (26@, 1.94 mmol), triethylamine (0.27
mL, 1.94 mmol) and anhydrous DMF (25 mL) yielded thude protected styryl intermediate
78f (583 mg) as a viscous orange oil which was takendrd without further purification or
characterisation.

De-protection was carried out in an identical fashio79b. 78f (583 g, 1.55 mmol),
THF/water (3:1, 80 mL) and aqueous 1 M NaOH (6.20 20 mmol) affordedof as a
yellow solid (391 mg, 79%); mp: > 250 °&4 NMR (400 MHz, DMSO#ds)  8.30 (br s, 1H,
ArH), 7.89 (br s, 1H, ArH), 7.74 (dd,= 8.8 & 1.6 Hz, 1H, ArH), 7.61 (d,= 8.8 Hz, 1H,
ArH), 7.36 (d,J = 16.4 Hz, 1H, -CH=CH-), 7.29 (m, 1H, ArH), 7.28 § = 16.4 Hz, 1H, -
CH=CH-), 7.19 (m, 2H, ArH), 6.99 (br s, 1H, ArH).88 (m, 1H, ArH), 3.81 (s, 3HOMe);
3C NMR (100 MHz, DMSOde) § 170.8, 160.1, 159.6, 138.9, 136.0, 130.7, 13®8,7,
129.2,127.9, 126.7, 126.2, 125.9, 124.3, 122.8,9.113.2, 111.2, 109.1, 55.1; MS (BSI
m/z 319 (M — Na, 100 %); Anal. (gH:isNaQy) C, H.

(E)-3-hydr oxy-7-(4-methoxystyryl)-2-naphthoate (79g). Method identical to that described
for 11a. 63 (500 mg, 1.55 mmol), palladium acetate (3.5 mignal%), tri-o-tolylphosphine
(19 mg, 4 mol%), 4-vinylanisole (260 mg, 1.94 mmuaiethylamine (0.27 mL, 1.94 mmol)
and anhydrous DMF (25 mL) yielded the crude pre@styryl intermediat@8g (583 mg) as
a viscous yellow/orange oil which was taken forwarthout further purification or
characterisation.

De-protection was carried out in an identical fashio 79b. 78g (583 g, 1.55 mmol),
THF/water (3:1, 80 mL) and aqueous 1 M NaOH (6.20 20 mmol) afforded9g as a
yellow solid (140 mg, 28%); mp: > 250 °@&4 NMR (400 MHz, DMSO#s,) 5 8.43 (s, 1H,
ArH), 7.94 (s, 1H, ArH), 7.83 (d1 = 8.5 Hz, 1H, ArH), 7.71 (d] = 8.5 Hz, 1H, ArH), 7.56
(d,J=8.5Hz, 2H, ArH), 7.27 (] = 16.0 Hz, 1H, -CH=CH-), 7.21 (s, 1H, ArH), 7.19 J =
16.0 Hz, 1H, -CH=CH-), 6.96 (d,= 8.5 Hz, 2H, ArH), 3.78 (s, 3HOMe); *C NMR (100
MHz, DMSO-dg) 6 171.3, 158.9, 157.4, 136.3, 132.4, 131.7, 1228,7, 127.5, 127.1,
126.7, 126.2, 126.1, 125.9, 114.2, 110.4, 55.1;(E&) m/z 319 (100 %); Anal.
(CooHisNaQy) C, H.
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(E)-3-Hydroxy-7-(2-nitr ostyryl)-2-naphthoic acid (79h). Method identical to that described
for 11a. 63 (737 mg, 2.28 mmol), palladium acetate (5 mg, 19mptri-o-tolylphosphine (28
mg, 4 mol%), 2-nitrostyrene (425 mg, 2.85 mmolgttrylamine (0.40 mL, 2.85 mmol) and
anhydrous DMF (25 mL) yielded the crude protectgdykintermediate/8h (892 mg) as a
viscous dark orange oil which was taken forwarchautt further purification or
characterisation.

De-protection was carried out in an identical fashio79b. 78h (892 mg, 2.28 mmol),
THF/water (3:1, 80 mL) and aqueous 1 M NaOH (9.12 #112 mmol) afforded%h as a
yellow solid (343 mg, 45%); mp: > 250 °& NMR (500 MHz, DMSO#dg) & 8.55 (br s, 1H,
ArH), 8.13 (br.s, 1H, ArH), 8.01 (m, 2H, ArH), 7.88d,J = 9.0 & 1.5 Hz, 1H, ArH), 7.81
(d,J=9.0 Hz, 1H, ArH), 7.76 (m, 1H, ArH), 7.56 (m, 2BrH & -CH=CH-), 7.44 (d,) =
16.5 Hz, 1H, -CH=CH-), 7.34 (br s, 1H, ArHfC NMR (125 MHz, DMSQdg) 5 171.4,
156.7, 147.9, 137.1, 133.5, 133.1, 132.7, 132.0,8,.328.8, 128.5, 128.0, 126.7, 126.7,
126.7, 124.5, 122.6, 116.0, 111.1; MS (EEB¥z 334 (M — H, 100 %); HRMS-ESI calcd for
C1oH12NOs, 414.0948; found, 414.0941; Anal.;6813NOs.0.1H,0) C, H, N.

(E)-3-Hydroxy-7-(3-nitrostyryl)-2-naphthoic acid (79i). Method identical to that described
for 11a. 63 (1.00 g, 3.10 mmol), palladium acetate (7 mg, 19mptri-o-tolylphosphine (38
mg, 4 mol%), 3-nitrostyrene (521 mg, 3.88 mmolgttrylamine (0.54 mL, 3.88 mmol) and
anhydrous DMF (25 mL) yielded the crude protectgdysintermediater8i (1.21 g) as a
viscous yellow oil which was taken forward withdutther purification or purification.
De-protection was carried out in an identical fashio79b. 78i (1.21 g, 3.10 mmol),
THF/water (3:1, 80 mL) and aqueous 1 M NaOH (1214 #?.4 mmol) afforded9i as a
brown solid (120 mg, 12 %); mp: > 250 °t&t NMR (400 MHz, DMSO#) & 8.44 (pt,J =
1.5 Hz, 1H, ArH), 8.34 (s, 1H, ArH), 8.09 (dil= 8.0 & 2.0 Hz, 2H, ArH), 7.98 (br s, 1H,
ArH), 7.80 (dd,J = 9.0 & 1.5 Hz, 1H, ArH), 7.67 (m, 2H, ArH), 7.%8,J = 16.5 Hz, 1H, -
CH=CH-), 7.44 (dJ = 16.5 Hz, 1H, -CH=CH-), 7.04 (br s, 1H, ArHjC NMR (100 MHz,
DMSO-dg) 6 170.8, 160.0, 148.4, 139.5, 136.4, 132.3, 131B3,d, 130.4, 130.2, 128.7,
126.2, 126.1, 124.7, 124.5, 122.2, 121.6, 120.9,4MS (ESI) m/z 334 (100 %); Anal.
(C19H13NOs.0.38H0) C, H, N.

(E)-3-Hydroxy-7-(4-nitr ostyryl)-2-naphthoic acid (79j). Method identical to that described
for 11a. 63 (500 mg, 1.55 mmol), palladium acetate (3.5 mignal%), tri-o-tolylphosphine
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(19 mg, 4 mol%), 4-nitrostyrene (289 mg, 1.94 mmiigthylamine (0.27 mL, 1.94 mmol)
and anhydrous DMF (25 mL) yielded the crude pretstyryl intermediaté8j (607 mg) as
a viscous yellow/orange oil which was taken forwarthout further purification or
characterisation.

De-protection was carried out in an identical fashio79b. 78] (607 mg, 1.55 mmol),
THF/water (3:1, 80 mL) and aqueous 1 M NaOH (6.20 20 mmol) afforded9j as a
yellow solid (154 mg, 30%); mp: >250 °&4 NMR (500 MHz, DMSOsdg) & 8.53 (s, 1H,
ArH), 8.25 (d,J = 8.5 Hz, 2H, ArH), 8.13 (br s, 1H, ArH), 7.96 t+ 8.5 Hz, 1H, ArH),
7.89 (d,J = 8.5 Hz, 2H, ArH), 7.82 (d] = 8.5 Hz, 1H, ArH), 7.64 (d] = 16.0 Hz, 1H, -
CH=CH-), 7.51 (d,J = 16.0 Hz, 1H, -CH=CH-), 7.35 (s, 1H, ArH}C NMR (125 MHz,
DMSO-ds) 6 171.4, 156.8, 146.1, 144.1, 137.2, 133.0, 1332, 129.1, 127.2, 126.7,
126.6, 126.2, 124.1, 115.9, 111.2; MS (EEB¥z 334 (M — H, 100 %); HRMS-ESI calcd for
Ci19H12NOs, 334.0721; found, 334.0727; Anal..¢8:3NOs) C, H, N.

3-Hydroxy-7-phenethyl-2-naphthoic acid (81a). 78a (450 mg, 1.30 mmol) was dissolved in
dioxane (100 mL) and the resulting solution hydraged under 3 bar of hydrogen in the
presence of 10 wt % palladium on activated car®mnig) for 18 h. The reaction mixture
was then filtered through a Celite pad before bewmmcentrated in vacuo to yield a clear oll
which solidified on standing. Purification by flashromatography (16> 20% EtOAc in
hexane) afforded the protected phenethyl interme8@a (300 mg, 66%) as a white solid
which was utilised in the next step without furtisbaracterisation.

De-protection was carried out in an identical fashio79b. 80a (300 mg, 0.86 mmol),
THF/water (3:1, 80 mL) and aqueous 1 M NaOH (3.44 844 mmol) afforde®1la (238
mg, 95%) as a pale yellow/green solid; mp: >260'H NMR (400 MHz, DMSO#dg) & 8.37
(s, 1H, ArH), 7.70 (s, 1H, ArH), 7.65 (d= 8.4 Hz, 1H, ArH), 7.41 (ddl = 8.4 & 1.6 Hz,

1H, ArH), 7.30-7.22 (m, 4H, ArH), 7.20-7.14 (m, 2&rH), 3.03-2.91 (m, 4H,GH.CH>-);
3C NMR (100 MHz, DMSQdg) 5 171.3, 156.4, 141.4, 136.2, 135.5, 131.2, 1229,3]
128.1, 127.2, 126.5, 125.7, 125.6, 117.2, 110.8,36.7; MS (ES) mz291 (M - H, 100
%); HRMS-ESI calcd for GH1603 [M - H]" 291.1027; found 291.1038; Anal.
(C19H1603.0.1H:,0) C, H.

3-Hydroxy-7-(2-car boxyphenethyl)-2-naphthoic acid (81b). Method identical to that
described foB0a with the exception that EtOAc (100 mL) was usestead of dioxan&8b
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(336 mg, 0.83 mmol) and 10 wt % palladium on ad¢édacarbon (50 mg) yielded the
protected phenethyl intermedid@@b as a tacky white solid (337 mg) which was taken
forward without further purification or characteation.

De-protection was carried out in an identical fashio79b. 80b (337 mg, 0.83 mmol),
THF/water (3:1, 80 mL), and aqueous 1 M NaOH (418 4.98 mmol) yielded a light
brown solid thatH-NMR indicated was a mixture of the desired prddur the methyl
ester. As base hydrolysis was not sufficient tadpthe reaction to completion, the crude
product was suspended in a mixture of glacial a@atid and water (25 mL each), and 6 M
HCl added (50 mL). The resulting suspension wascheat reflux for 18 hours before being
allowed to cool to room temperature. The solid \utpeecipitated from solution was filtered
off, washed with plenty of water and then driedrd®#s overnight to yield a
yellow/mustard coloured solid. Re-crystallisatioonh methanol (BO was added to
precipitate the product) afford@lb as a pale yellow solid (191 mg, 68 %); mp: >260'H
NMR (400 MHz, DMSO+dg) 6 12.93 (br s, 1H,GO,H), 10.97 (br s, 1H,GH), 8.43 (s, 1H,
ArH), 7.83 (ddJ=8.0 & 1.2 Hz, 1H, ArH), 7.73 (s, 1H, ArH), 7.7d,J = 8.8 Hz, 1H,

ArH), 7.49-7.42 (m, 2H, ArH), 7.34-7.29 (m, 2H, ArH.28 (s, 1H, ArH), 3.30-3.24 (m, 2H,
-CH,CHy-), 2.92-2.90 (m, 2H, -C}CH,-); *C NMR (100 MHz, DMSOdg) § 171.5, 168.7,
155.5, 142.5, 137.1, 135.8, 131.7, 131.6, 130.0,51330.3, 127.2, 126.6, 126.1, 125.9,
115.1, 110.6, 37.2, 35.6; MS (EBiVz 335 (M - H, 100 %); HRMS-ESI calcd forg 1605
[M - H]* 335.0925; found 335.0928.

7-(4-Carboxyphenethyl)-3-hydr oxy-2-naphthoic acid (81c). Method identical to that
described foB0a with the exception that THF (100 mL) was usedeadtof dioxaner8d
(500 mg, 1.24 mmol) and 10 wt % palladium on ad¢édacarbon (50 mg) yielded the
protected phenethyl intermedi&@@c (504 mg) as a white solid which was taken forward
without further characterisation or purification.

De-protection was carried out in an identical fashio79b. 80c (504 mg, 1.24 mmol),
THF/water (3:1, 80 mL) and aqueous 1 M NaOH (1.24 in24 mmol) afforde®1c (388
mg, 93 %) as a yellow solid; mp: >250; *H NMR (400 MHz, DMSOdg) § 12.5 (br s, 1H, -
CO,H), 8.36 (s, 1H, ArH), 7.85 (d,= 8.4 Hz, 2H, ArH), 7.70 (s, 1H, ArH), 7.63 (= 8.4
Hz, 1H, ArH), 7.42-7.34 (m, 3H, ArH), 7.16 (s, 1ArH), 3.02 (s, 4H,EH,CH»-); **C NMR
(100 MHz, DMSOs¢) 6 171.3, 167.2, 156.7, 146.8, 135.8, 135.4, 13129,71, 129.3, 128.6,
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128.4, 127.3, 126.5, 125.6, 109.8, 36.6, 36.3; B m/z 335 (M - H, 100 %); HRMS-ESI
caled for GoH160s [M - H]™ 335.0925; found 335.0928; Anal.4f1605.0.25H0) C, H.

Dimethyl 6-Styrylnaphthalene-2,3-dicarboxylate (84). Methylamine (2.0 M in methanol,
3.2 mL, 6.4 mmol) was added dropwise to a stirdf¢ solution of78a (1.10 g, 3.2 mmol)

in toluene (20 mL). The resultant mixture was stirat 0°C for 2 hours. The solid which
precipitated from solution was filtered off, wash&dh methanol (20 mL) and dried under
vacuum to afford the crude phen@2) as a pale yellow solid which was taken forward
without further purification or characterisation.

To a solution 082 (974 mg, 3.2 mmol) in anhydrous DCM (20 mL) at “@was added
triethylamine (0.89 mL, 6.4 mmol) and,;T (0.7 mL, 4.2 mmol). The resultant mixture was
stirred at room temperature for 2 h before aqudoMsHCI (10 mL) was added. The organic
layer was separated, washed with water (10 mLpeb(l0 mL), dried over MgSQand
concentrated in vacuo. The resultant residue waseggiathrough a short silica plug to afford
the crude triflate &3) which was taken forward without further purificat or
characterisation.

A flask was charged with Pd(OAcf72 mg, 0.32 mmol) and DPPP (172 mg, 0.42 mmol)
before being briefly evacuated and backfilled wad#litbon monoxide. A degassed mixture of
83 (1.39 g, 3.2 mmol) and triethylamine (0.89 mL, &vnol) in a mixture of anhydrous
DMF and methanol (3:1, 12 mL) was added. The rastilnixture was heated at 80 for 24

h. After being allowed to cool to room temperatules reaction was diluted with aqueous 1
M HCI (10 mL) and then extracted with ethyl acetéex 25 mL). The organic phase was
isolated, washed with water (15 mL), brine (15 nmdrjed over MgS® and concentrated in
vacuo. The resultant residue was purified via flelsftomatography (20% EtOAc in hexane)
to afford a white solid which was further purifibgl re-crystallisation from toluene to gigd
(459 mg, 41% over 3 stepsfH NMR (400 MHz, CDCY)) 8.24 (s, 1H, ArH), 8.21 (s, 1H,
ArH), 7.91-7.86 (m, 3H, ArH), 7.59-7.57 (m, 2H, AxrH.42-7.38 (m, 2H, ArH & -CH=CH-

), 7.33-7.28 (m, 3H, ArH & -CH=CH-), 3.97 (s, 3H;O,CH5), 3.96 (s, 3H, -C@CH3); °C
NMR (100 MHz, CDC4) 168.3, 168.0, 137.7, 137.8, 133.9, 132.8, 13030.0, 129.9,
129.2, 129.0, 128.8, 128.2, 128.0, 127.7, 126.8.7,2126.2, 52.7, 52.7; MS (ESI) 347
(MH™), 369 (MN4), 315; HRMS (ESI) for gH140,required 347.1278, obtained 347.1283.

(E)-6-Styrylnaphthalene-2,3-dicar boxylic acid (85). Method identical to that described for
29. 84 (415 mg, 1.2 mmol) and LiOH (144 mg, 6.0 mmolpafied85 as an off-white solid
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(329 mg, 86%); mp: >250 °CH NMR (400 MHz, DMSOds) 8.28 (s, 1H, ArH), 8.24 (s,
1H, ArH), 8.16 (s, 1H, ArH), 8.08 (d,= 8.4 Hz, 1H, ArH), 8.01 (dl = 8.4 Hz, 1H, ArH),
7.67-7.64 (m, 2H, ArH), 7.46-7.38 (m, 4H, ArH & -G8H-), 7.31-7.28 (m, 1H, -CH=CH-);
3C NMR (100 MHz, DMSOdg) 169.2, 169.0, 137.6, 137.2, 133.7, 132.7, 13130,9,
130.0, 129.6, 129.4, 129.4, 129.3, 128.5, 128.3,2,227.1, 126.5; MS (ESI) 318 (M374;
Anal. (CoH1404) C, H.

(E)-2-0x0-6-styryl-2H-chromene-3-car boxylic acid (88). (E)-2-hydroxy-5-
styrylbenzaldehyde [19] (64 mg, 0.29 mmol), Meldtsiacid (41 mg, 1.34 mmol) and
piperidinium acetate (1mg, 0.01 mmol) were mixedtimanol (5 mL) and stirred at rt for 20
min before heating at reflux for 2 h. The mixturasathen cooled to 0 °C for 1 h and the
resulting precipitate was filtered, washed withaeibl and dried under vacuum to gB&as a
white solid (50 mg, 60%); mp: >250 °&4 NMR (500 MHz, DMSOds) § 13.28 (br s, 1H, -
CO2H), 8.71 (s, 1H, ArH), 8.09 (d,= 2.0 Hz, 1H, ArH), 7.99 (dd] = 8.5 & 2.0 Hz, 1H,
ArH), 7.62 (br dJ = 7.0 Hz, 2H, ArH), 7.46 (d] = 8.5 Hz, 1H, ArH), 7.40 (m, 2H, ArH & -
CH=CH-), 7.30 (m, 3H, ArH & -CH=CH-)*C NMR (125 MHz, DMSOdq) & 164.0, 156.6,
153.8, 148.2, 136.7, 133.9, 129.5, 128.8, 128.9,51226.6, 126.5, 118.7, 118.2, 116.6; MS
(ESI) m/z 291 (100 %); Anal. gH;.04: C, H.

Biology Experimental
Expression and electrophysiological analysis of NMDAR activity.

cDNA encoding the rat NMDAR subunits was generoysiyvided by Dr. Shigetada
Nakanishi, Kyoto, Japan (GluNl1a), Dr. Peter Seebiigidelburg, Germany (GIuN2A,
GIuN2C, and GIluN2D) and Drs. Dolan Pritchett andviDaLynch, Philadelphia, USA
(GIuN2B). Plasmids were linearized with Not | (Glla, GIuN2C, and GIuN2D), EcoR |
(GIuN2A) or Sal | (GIuN2B) and transcribed vitro with T7 (GluN1a, GIuN2A, GIuN2C,
and GIluN2D) or SP6 (GIuN2B) RNA polymerase using @sshge mMachine transcription
kits (Ambion, Austin, TX, USA).

Oocytes from mature femakenopus laevis (Xenopus One, Ann Arbor, MI, USA) were
removed and isolatel}. GluN1a and GIuN2 RNAs were mixed in a molar rafid:1-3 and
microinjected (50 nl, 15-30 ng total) into the otecgytoplasm. Oocytes were incubated in
ND-96 solution at 17°C prior to electrophysiolodiaasay (1-5 days). Electrophysiological

responses were measured using a standard twoeeleatoltage clamp (TEVC) using a
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Warner Instruments (Hamden, CT, U.S.A.) model O6B/®ocyte Clamp amplifier and a
Digidata 1440 data acquisition system with pClarf@sdftware (Molecular Devices,
Sunnyvale, CA, USA). The recording buffer contdiid6 mM NacCl, 2 mM KCI, 0.3 mM
BaClk and 5 mM HEPES, pH 7.4. Response magnitude wasi@ed by the steady plateau
response elicited by bath application offld L-glutamate plus 1M glycine at a holding
potential of -60 mV. Dose-response results wenesing GraphPad Prism (IS Software,
San Diego, CA, U.S.A.) (Costa et al., 2010).

Supporting Information Available.

Proton and carbon NMR spectra for final compouldismental analyses for intermediates

and final compounds.
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Table 1. SAR studies on naphthalene derivativescantparsion to corresponding phenanthrene deres/itVMalues are percentage response for

agonist (10 uM L-glutamate/10 uM glycine) in preseof test compound (100 uM) compared to agonisteal

R2
R3 R?
0

HO,C ‘

Cr

A B
NMDAR (n24)®
Compound Formula R* R? R® R* GIuN2A GIluN2B GluN2C GIluN2D
1 A | - - - 108.6+4.8 100.9+0.1 659+0.1 477+ 3.0
12a B Pent-1-ene-1-yl H H COH 51+18 58+5 82+9 68 + 6
12b B CH=CHCH,CH(CHs), H H COH 135+11 152 +9 264 + 41 220 + 40
14a B (CH,),CHs H H COH 131+5 102 +2 126 +3 110+ 4
14b B (CH,)sCH(CHa), H H COH 171+6 17149 192 + 6 207 £ 15
17 B Cyclopropyl H H COH 97.0+34 97.0+16  97.0+06  94.0+3.2
18 B (CH,),CHs H H CH,OH 89+3 84+8 76 +3 85+ 2
21 B (CH,),CHs H H CH,CO,H  67+18 67 +10 60 +3 37+2
22 B (CH,)4CHa Br H COH 73+11 52 +15 97.0+43  99.0+28
24 B O(CH,)sCHs H H COH 55+ 7 46 +3 63 +15 57+3
27a B (CH,)4Ph H H CO,H 118 +13 120+ 4 123 +10 115+5
27b B (qu?,@ H H COH 136 + 7 175 +13 171+13 161 +11
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29 B 4-methylpent-1-yn-1-yl H H CO;H 104 +12 99 +7 125+ 15 110+ 20

74 B (CH,)sCH(CHs3), H OH CO.H 178 +30 309 + 107 357+93  301+113
69 B (CH,)sCH(CHa), H CO,H H 123+36  120+12 115 + 22 80 +21
65 B (CH,)sCH(CHs), H CO,H OH 78 +23 113 +18 113 +38 180 + 51
77 B (CH,)sCH(CHsa), H COH COMH  920:7.9 88+6 47 +2 24+1

%Compounds were tested by TEVC for activity at rebimrant NMDA receptors (GluN1a and the indicatedN&wsubunit)
expressed iXenopus oocytes. After obtaining a steady state NMDARyoese evoked by 10 uM L-glutamate and 10 uM glycine
test compounds (100 uM) were co-applied with ageni¥alues (meat s.e.m.) represent the % response in the preséiice o
test compound compared to response in the preséagmnists alone. Values >100 represent potémiaind those < 100

represent inhibition of the agonist response.
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Table 2. SAR studies to probe the effect of sulosbih of the alkyl chain at the 6-position of
the naphthalene ring. Values are percentage resgonagonist (10 uM L-glutamate/10 uM
glycine) in presence of test compound (100 pM) careg to agonist alone.

R1
N CO,H
HOLC OO R HOZC
A B
NMDAR (n24)?

Compound Formula R* R? R® GIUN2A  GIuN2B  GIuN2C  GIuN2D
33 A H H COH 110+6 85+ 6 98 + 2 107 +12
31 B - - - 107 + 4 97+4 105+05 97+1
42 A H H  CH,CO,H 60+10 64 +8 96+10  71+13
46 A CH; H CHs 281+42 225+25 337+55 317+37
60 A H CO,H CHs 104 + 6 78+6  118+10 85+5

4Compounds were tested by TEVC for activity at rebmrant NMDA receptors (GluNla and
the indicated GIuN2 subunit) expressed in Xenopeyies. After obtaining a steady state
NMDAR response evoked by 10 uM L-glutamate and W0glycine, test compounds (100
KM) were co-applied with agonists. Values (meanetm.) represent the % response in the
presence of the test compound compared to respotise presence of agonists alone.

Values >100 represent potentiation and those <x@f@sent inhibition of the agonist
response.
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Table 3. SAR studies to probe the effect of heteroar methylene substitution
of the alky chain. Values are percentage resparsagonist (10 uM L-
glutamate/10 uM glycine) in presence of test commpod00 pM) compared to

agonist alone.

z o
LY Y Y
HO,C HO,C HO,C
A

B C

NMDAR (n24)*

Compound Formula X 4 GIuN2A GluN2B GluN2C GIluN2D
38 B CH, O 128 +10 82+9 99 +12 79+12
44 B CH, CH, 163 +12 265 + 29 349+45 31049
49 A S - 113+ 15 77+11 105 +£13 100.2+7
52 B NH @] 65 +17 65 +10 46+ 14 99+5
54 C - - 73+12 45+ 10 56 £12 42 £10
57 A @] - 83+14 49 +10 83+9 72+8
35 B @] @] 159 £ 21 17935 144 + 17 169 + 30

4Compounds were tested by TEVC for activity at rebmrant NMDA receptors (GluNl1a and
the indicated GIuN2 subunit) expressed in Xenomeytes. After obtaining a steady state
NMDAR response evoked by 10 uM L-glutamate and WOglycine, test compounds (100
KM) were co-applied with agonists. Values (meanetm.) represent the % response in the
presence of the test compound compared to resppotise presence of agonists alone.
Values >100 represent potentiation and those <@@@sent inhibition of the agonist

response.
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Table 4. EGo (UM, r>4) values for potentiation of GIUN1/GIuN2 NMDAR sypes

Compounds GIuN2A GIuN2B GIluN2C GIuN2D
1l4a 26.7+5.6 ND 113 + 66 61 +33
(39.0+5.9) (42.7 £16.1) (17.3+£16.2)
14b 28.0+4.6 3463 37.2+28 289+41
(68.6 + 16.2) (102.0 £17.8) (117.2 £22.3) (88.4 +9.6)
27b 75+28 27.0+6.3 22.4+3.6 34.7+10.3
(38.4 +4.7) (61.9+10.9) (105.3 £26.1) (65.6 + 18.4))
44 114.4+7.2 116.4£19.8 26.1+45 72.3+15.5
(230.4 + 84.6) (416.6 £ 70.9) (136.6 + 11.6) (277.2 £ 36.8)
46 39.4+275 25.0+11.6 36.2+5.7 30.6+£7.5
(277.2 £ 36.8) (192.3 + 46.6) (262.6 £33.9) (240.3 £ 63.6)

®EC5o values (mean + s.e.m.) for the potentiation ofNAUGIUN2 NMDAR responses
responses. Values in parenthesis are the maximtentetion expressed as a percentage (+
s.e.m.) above the agonist alone response (L-glu&grh@ uM and glycine, 10 uM). ND = not
determined.
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Table 5. SAR studies on naphthalene derivativdédMBAR NAMs. Values are percentage
response for agonist (10 uM L-glutamate/10 uM glggiin presence of test compound (100
KM) compared to agonist alone.

R y R g
HO,C A E | HO,C E |
N N
A B

NG

HO,C HO,C
HO,C OO o0~ O
Cc D
NMDAR (n24)*

Compound Formula R GIuN2A GluN2B GluN2C GIluN2D
7 - - 28.4+2.6 49.9+9.0 26.1+1.7 26.1+4.6
79a A H 32.7+3.8 7316 21.7+0.7 11.3+3.3
85 C - 55.0+12.6 66.7+14.2 37.1+6.8 38.6+6.1
88 D - 95.1+12.4 92.0+5.6 114.3+8.6 118.9+7.9
8la B H 71.4+14.3 54.3+9.0 46.8+5.7 32129
79b A 0-CO,H 92.1+5.9 845128 83.7+3.1 102.6 £5.0
81b B 0-CO,H 91.8+15.7 85.2+24 94.1+15 80.7+1.7
79c A m-CO,H 90.3+4.3 70.0+£5.7 76.8+3.7 61.4+2.1
79d A p-CO,H 89.7+3.2 89.0£6.0 85.2+2.7 67.0+11.0
81c B p-CO,H 101.9+4.3 95.8+7.6 1146 +6.1 92.6+22
79e A 0-OMe  105.0+12.3 74.0+183 61.7+15.6 71.0+9.3
79f A m-OMe  52.4+10.2 249+3.7 30.8+4.9 29951
799 A p-OMe 42.7+£20.6 36.0£6.6 39.6+7.2 39.0+£10.0
79h A 0-NO, 80.5+4.7 56.1+7.8 35.1+3.2 26.8+3.4
79i A m-NO, 50.5+11.0 28.8+5.5 24.4+53 30.7+7.0
79 A p-NO, 474+57 53.2+6.7 43.3+5.1 344+20

4Compounds were tested by TEVC for activity at rebmrant NMDA receptors (GluN1la and
the indicated GIuN2 subunit) expressed in Xenomeytes. After obtaining a steady state
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NMDAR response evoked by 10 uM L-glutamate and W0glycine, test compounds (100
KM) were co-applied with agonists. Values (mearetns.) represent the % response in the
presence of the test compound compared to respotise presence of agonists alone.
Values >100 represent potentiation and those <@@@sent inhibition of the agonist

response.
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Table 6. I1Go (UM, r>4) values for inhbition of GIUN1/GIuN2 NMDAR subtgg

Compoun GIuN2A GIuN2B GIluN2C GIuN2D
ds

7° 11.0+5.2 97.8+20.9 41.8+8.4 49.6 £6.0
(71.5+£6.4) (56.8 £5.2) (105.5+4.4) (98.6 £3.2)

79a 17.8+4.6 75+2.0 13.8+3.3 8.6+19
(83.2+11.4) (93.9+7.3) (86.3£4.7) (93.6 +4.2)

79h 6.0+4.1 32.2+16.0 82+1.2 2904
(30.5+6.3) (61.3£18.1) (80.1£4.1) (79.7 £ 2.8)

79i 9.7+3.8 9.2+53 79142 1.4+04
(49.7 £6.8) (66.3+5.2) (74.4 £6.9) (70.0 £ 4.6)

79j 58+1.1 11.1+29 6.5+2.8 29+0.3
(54.1 £5.5) (48.4+6.0) (55.9 £3.9) (72.3+2.1)

%Cso values (mean * s.e.m.) for the inhibition of GIUGILIN2 NMDAR responses. Values

in parenthesis are the percentage maximum inhib{ttcs.e.m.) of the agonist response (L-

glutamate, 10 uM and glycine, 10 uM).

®y/alues taken from Costa et al., 2012.
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Figure 1 Structures of known NMDAR positive and negativiesteric modulators.

Figure 2 Potentiation of NMDAR responses by 2-naphthoid agrivatives.

Select PAMs identified in Table 1 were tested fonaty at various

concentrations to determine potency and effica@ompounds were tested on

NMDA receptors containing GluNla and the indicaBdN2 subunit expressed

in Xenopus oocytes. After obtaining a steady state NMDARbaese evoked by

10 uM L-glutamate and 10 uM glycine, test compoundese co-applied with

agonists at various concentrations. Values (ntese.m.) represent the %

potentiation of the response above the agonistealesponse.

Figure 3 Inhibition of NMDAR responses by 2-naphthoic acatidatives. A. 7, B. 79h, C.
791, D. 79). NAMs described in Table 6 were tested for agfigit various concentrations to
determine inhibitory potency and the percentagmafimum inhibition. Compounds were
tested on NMDA receptors containing GluN1a andnléated GIuN2 subunit expressed in
Xenopus oocytes. After obtaining a steady state NMDAR ozse evoked by 10 uM L-
glutamate and 10 uM glycine, test compounds werappdied with agonists at various
concentrations. Values (mean * s.e.m.) repreberfid response in the presence of the test
compound compared to response in the presenceoniség alone.

Figure 4 79h does not compete with L-glutamate or glycine at\Rs. 30 uM7%h did
not display reduced inhibition of GIUN1/GIuN2C (b)uand GIuN1/GIuN2D (gray) NMDAR
responses evoked by high concentrations of agaf@@&uM glutamate / 300 uM glycine;
dark blue/gray) than by low agonist concentrati@tspuM glutamate / 10 uM glycine; light
blue/gray).
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Figure2
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Figure3
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Figure4
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Scheme 12

xR b R’
a ""o.,‘/\/
X X 1

[x =CO,Me 11a-b EX =CO,Me 13a-b b w{Y
C C

X=CO,H 12a-b X=CO,H 14a-b

"
MeO,C
10
" -
MeO,C
15

x CO,Me 16

X CO,H 17
8Reagents and conditions: (a) Alkene, P(o-tolyl);, TEA, Pd(OAc),, DMF, 100 °C, 18 h; (b) Hy,
10% Pd/C, rt, 18 h; (c) (i) LiOH or NaOH (aq), THF, 65 °C or dioxane, 80 °C, (ii) 1 M HCI (aq);

(d) (n-Bu)3SnCH=CH,, Pd(PPhs3),, toluene, reflux, 4 h; (e) CH,l,, Et,Zn, DCM, 0 °C, 18 h;
(f) (i) NaOH (aq), THF/H,0, rt, 18 h, (ii) 1 M HCI (aq).
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Scheme 22
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3Reagents and conditions: (a) LiAlH4, THF, 0 °C then 65 °C, 4 h; (b) PBr3, 0 °C
then rt, 1 h: (c) NaCN, TBAB, H,O/DCM (1:1), rt, 48 h; (d) H,SOy4, AcOH/H,0
(1:1), 118 °C, 18 h; (e) Bry, AcOH, 50 °C; (f) (i) 1-Bromobutane, NaOH,
EtOH/H,0 (3:1), 78 °C, 18 h, (ii) 10% NaOH, 78 °C, 2 h, (iii) 2 M HCI (aq).
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Scheme 32
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3Reagents and conditions: (a) Alkene, P(o-tolyl);, TEA, Pd(OAc),, DMF, 100 °C, 18 h; (b) H,,10% Pd/C,
rt, 18 h; (c) (i) NaOH, THF/H,0, 65 °C, (ii) 1 M HCI (aq); (d) 4-methylpent-1-yne, NHEt,, Cul, Pd(Ph3),Cl,,
THF, 50 °C, 18 h; (e) (i) LiOH, dioxane/H,0, rt, 18 h, (ii) 1 M HCI (aq); (f) (i) NaOH, dioxane/H,0, rt, 18 h,
(i) 1 M HCI (aq).

75



Scheme 42

X=Br X X
d[
37

X=CO,Me 41
[x CO,Me . E 2vie
= 42
X=CO,H 38 X = CO-H
37 - k g
X X
|:X =CO,Me 43 |:X =CO,Me 45
e e
X=CO,H 44 X=CO,H 46

8Reagents and conditions: (a) Isobutanol, H,SOy, reflux, 18 h; (b) CO, DPPP, NEt;, Pd(OAc),, H,O/DMF, 85
°C, 24 h; (c) (i) ethyl 4-methylvalerate, LIHMDS, THF, -78 °C then rt 3 h, (ii) 1 M NaOH (aq), 50 °C, 18 h, (iii)
conc HCI (aqg), 60 °C, 1 h; (d) CO, DPPP, NEtz, Pd(OAc),, MeOH/DMF, 90 °C, 18 h; (e) (i) LiOH, dioxane/H,0,
rt, 18 h, (i) 1 M HCI (aq); (f) 4-pentyn-2-ol, NEt3, CuBr, Pd(PPh3)4, 65 °C, 18 h; (g) H,, 10% Pd/C, EtOH, rt, 1
h; (h) DMP, DCM, rt, 2 h; (i) methyl diethylphosphonoacetate, KHMDS, THF, 0 °C 1 hthen rt 4 h; (j) H,, 10%
Pd/C, EtOH, rt, 1 h; (k) CH3PPh3Br, KHMDS, THF, -78 °C 1 hthen rt 2 h.
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Scheme 52
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dReagents and conditions: (a) 2-Methylpropan-1-thiol, Na, EtOH; (b) (i) LiOH,
dioxane/H,0, rt, 18 h, (ii) 1 M HCI (aq); (c) Isobutylamine, NEt;, DCM, 0 °C
then rt, 18 h; (d) Isobutyryl chloride, NEt;, DCM, 0 °C then rt, 1 h, (ii) 2 M
NaHCO3 (aq), 0 °C, 3 h, (iii) 1 M HCI (aq).

77



Scheme 6°
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a
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e
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3Reagents and conditions: (a) 2-Methylpropan-1-ol, Na, DMF, rt, 7 h; (b) CO,
DPPP, NEt;, Pd(OAc),, H,O/DMF, 85 °C, 24 h; (c) ethyl 4-methylvalerate,

KHMDS, THF, -78 °C 0.5 h then rt, 18 h; (d) CO, DPPP, NEts, Pd(OAc),,
MeOH/DMF, 80 °C, 18 h; (e) (i) LiOH, dioxane/H,0, rt, 18 h, (i) 1 M HCI (aq).
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Scheme 72
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aReagents and conditions: (a) Mel, KxCO3, DMF, rt, 12 h; (b) Ac,0, TEA, DMAP, DCM, rt, 12 h;
(c) 4-methylpent-1-ene, P(o-tolyl)s, Pd(OAc),, NEts, DMF, 100 °C, 18 h; (d) H,, 10% Pd/C, EtOH,
rt, 1 h; (e) (i) LIOH, dioxane/H,0, rt, 18 h, (i) 1 M HCI (aq); (f) (CH3),NH, MeOH, 0 °C then rt 1 h;
(g) Tf,0, NEtz, DCM, -10 °C, 2 h; (h) HCOOH, NEt5, Pd(PPhs),, DMF, 80 °C, 18 h.
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Scheme 8
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3Reagents and conditions: (a) 4-Methylpent-1-yne, NHEt,, Cul, Pd(PPh3),Cl,, 45 °C, 18 h; (b) H,, 10%
Pd/C, rt, 18 h; (c) (i) t-BulLi, 0 °C, 1h, (ii) methyl chloroformate, -78 °C then rt 1h; (d) 2 M HCI (aq), MeOH;
(e) (i) LiOH, dioxane/H,0, rt, 18 h, (ii) 1 M HCI (aq); (f) 4-Methylpent-1-ene, P(o-tolyl);, Pd(OAc),, NEt;,
DMF, 100 °C, 18 h; (g) HySO,4, AcOH/H,0 (3:1), 118 °C, 24 h; (h) H,, 10% Pd/C, EtOAc, rt, 18 h.
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Scheme 92
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@Reagents and conditions: (a) Styrene, P(o-tolyl);, NEts, Pd(OAc),, DMF, 100 °C, 18 h; (b) (i) NaOH (aq),
THF/H,0, reflux or dioxane/H,0, rt, (ii) 2 M HCI (aq); (c) Hy, 10% Pd/C, THF or dioxane, rt, 18 h; (d) NHMe,,
0°C, 2 h; (e) Tf,0, NEt;, DCM, -10 °C, 2 h; (f) CO, DPPP, NEtj, Pd(OAc),, MeOH/DMF, 80 °C, 24 h;

(9) (i) LiOH, dioxane/H,O, rt, 18 h, (ii) 1 M HCI (aq).

81



Scheme 10°
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@Reagents and conditions: (a) Meldrum's acid, piperidinium acetate, EtOH, rt 20 min, then reflux 2 h.
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Highlights

SAR studies on 2-naphthoic acid derivatives revealed a series of NMDAR PAMs and NAMs.
6-Alkyl substituted 2-naphthoic acid derivatives such as 14b are NMDAR PAM:s.

Adding heteroatoms into the 6-alkyl chain generally led to NMDAR NAMs.
7-(Nitrostyryl)-3-hydroxy-2-naphthoic acids (79h-j) are GIuN2D preferring partial NMDAR NAMs.

NMDAR NAMs and PAMs may treat chronic pain and cognitive disorders, respectively.



