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Abstract

We have identified a series of positive allosteric NMDA receptor (NMDAR) modulators derived 

from a known class of GluN2C/D-selective tetrahydroisoquinoline analogues that includes CIQ. 

The prototypical compound of this series contains a single isopropoxy moiety in place of the two 

methoxy substituents present in CIQ. Modifications of this isopropoxy-containing scaffold led to 

the identification of analogues with enhanced activity at the GluN2B subunit. We identified 

molecules that potentiate the response of GluN2B/GluN2C/GluN2D, GluN2B/GluN2C, and 

GluN2C/GluN2D-containing NMDARs to maximally effective concentrations of agonist. Multiple 

compounds potentiate the response of NMDARs with submicromolar EC50 values. Analysis of 

enantiomeric pairs revealed that the S-(−) enantiomer is active at the GluN2B, GluN2C, and/or 

GluN2D subunits, whereas the R-(+) enantiomer is only active at GluN2C/D subunits. These 

results provide a starting point for the development of selective positive allosteric modulators for 

GluN2B-containing receptors.
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Introduction

The NMDA (N-methyl-D-aspartic acid), AMPA (α-amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid), and kainic acid receptors are ligand-gated ionotropic glutamate 

receptors expressed in the central nervous system (CNS) 1. NMDARs are involved in 

nervous system development, learning, memory,2,3 and synaptic plasticity,4,5 and these 

receptors mediate a slow Ca2+-permeable component of the excitatory postsynaptic current 

that is voltage-dependent by virtue of channel block by extracellular Mg2+ 6–9. The NMDAR 

is a heterotetrameric assembly of two GluN1 subunits and two GluN2 subunits, and the 

opening of the cation-selective pore is induced by simultaneous binding of the co-agonists 

glycine and glutamate1 to GluN1 and GluN2, respectively. Pharmacological and functional 

properties of the NMDAR, including different agonist potency10, open probability,11–14 and 

deactivation time course following removal of agonist,15 depend on GluN2 subunit 

composition. The four grin2 genes encoding GluN2A-D are differentially expressed 

throughout the brain and show distinct developmental profiles.16–18 Each GluN1 and GluN2 

subunit comprises four semiautonomous domains: an amino terminal domain (ATD), an 

agonist binding domain (ABD), a transmembrane domain (TMD), and a carboxy terminal 

domain (CTD). Crystallographic analysis of GluN1/GluN2 receptors that contained the 

ATD-ABD-TMD domains revealed inter-subunit and inter-domain interactions that 

distinguish the NMDA receptor from other members of the glutamate receptor family. 

Notably, the ATD of the NMDA receptor is tightly packed and in close contact with the 

ABD, whereas in the AMPA receptor, the ATD and ABD are clearly separated. The close 

contact between these domains may account for ATD-regulation of channel function in the 

NMDA receptor, a property that is not observed in non-NMDA receptors.19,20

NMDARs have been discussed as both contributing factors and therapeutic targets in 

multiple neurological disease states, notably Alzheimer’s disease,21 brain ischemia,22,23 

depression,24 Parkinson’s disease,25 epilepsy26, and schizophrenia27,28. For this reason, a 

number of NMDA-selective ligands with potential therapeutic use have been developed.29–31 

Channel blockers show minimal subunit-selectivity as a result of their binding within the 

highly conserved channel pore.32,33 FDA-approved channel blockers include amantadine 

and memantine, which are used for the symptomatic treatment of Parkinson’s disease and 

Alzheimer’s disease, respectively,34 and the antitussive dextromethorphan, which has been 

approved for use in pseudobulbar affect35. The anesthetic ketamine appears effective in 

clinical trials for treatment-resistant depression,36 and also has had a positive signal in 

preliminary trials for obsessive compulsive disorder (OCD)37 and post-traumatic stress 

disorder (PTSD).38 Although these compounds do have useful clinical applications, channel 

blocker administration is often accompanied by side effects that include altered 

cardiovascular activity, decreased motor function, hallucinations, and delusions, perhaps due 

to the strong nonselective block of all NMDA receptors regardless of subunit composition.39

The first subunit-selective NMDAR modulator reported was the noncompetitive inhibitor 

ifenprodil (Figure 1), which is over a 100-fold more potent at NMDA receptors that contain 

the GluN2B subunit compared to the GluN2A, GluN2C, or GluN2D subunits.40,41 

Ifenprodil and related derivatives have been evaluated in animal models of disease and 

clinical trials.42–45 A negative allosteric modulator that is selective for GluN2A-containing 
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receptors,46 3-chloro-4-fluoro-N-[4-[[2-

(phenylcarbonyl)hydrazino]carbonyl]benzyl]benzenesulfonamide (TCN-201, Figure 1), 

binds to the GluN1-GluN2 ligand binding domain heterodimer interface, resulting in a 

decrease in glycine potency. 46–48 Additional classes of subunit-selective negative allosteric 

NMDAR modulators include pyrazine-containing GluN2A-selective antagonists such as 5-

(((3-fluoro-4-fluorophenyl)sulfonamido)methyl)-N-((2-methylthiazol-5-

yl)methyl)methylpyrazine-2-carboxamide (MPX-007, Figure 1),49 GluN2C/GluN2D-

selective quinazolin-4-ones (QNZ-46), and dihydroquinoline-pyrazolines (DQP-1105).50–53 

Several studies have described naphthalene and phenanthrene compounds with varying 

potency and subunit-selectivity.54–57

By contrast, less is known about subunit-selective positive allosteric NMDAR modulators. 

Tetrahydroisoquinoline-containing compounds selectively enhance the response of 

recombinant and native GluN2C- and GluN2D-containing NMDARs 58,59 to maximally 

effective concentrations of agonist with EC50 values between 5–10 μM60,61. The 

naphthalene derivative 9-cyclopylphenanthrene-3-carboxylic acid (UBP-710, Figure 1) 

potentiates GluN2A- and GluN2B-containing receptors at 100 μM and inhibits GluN2C and 

GluN2D receptors at higher concentrations.54 Pyrrolidinone-containing compounds are 

highly selective positive allosteric modulators of diheteromeric GluN1/GluN2C (EC50 

values 5–20 μM) with minimal effects on NMDARs that contain GluN2A, GluN2B, or 

GluN2D.62,63 Recently, a class of positive allosteric modulators of GluN2A-containing 

NMDA receptors were developed by Genentech64,65. The best-in-class compound of this 

series has an EC50 value of 0.021 μM at GluN2A and is >200-fold more potent at GluN2A 

than the GluA2 AMPA receptor65.

Multiple endogenous compounds have been characterized as modulators of NMDA 

receptors that contain GluN2B. For example, polyamines, such as spermine, selectively 

potentiate the response of GluN1/GluN2B receptors with low potency (100–200 μM EC50) 

by reducing tonic proton inhibition that is present at physiological pH.66,67 A number of 

positively charged aminoglycoside antibiotics also selectively potentiate GluN2B-containg 

receptors with EC50 values typically between 30 and 150 μM.68 The neurosteroid 

pregnenolone sulfate potentiates GluN2A and GluN2B-containing receptors by enhancing 

open probability.69 However, each of these classes of molecules have characteristics that 

complicate their use as tool compounds as well as their development as therapeutic agents. 

Despite the lack of a potent and selective tool compounds that selectively potentiate 

NMDARs that contain the GluN2B, there is evidence supporting the therapeutic value of 

such a compound. For example, overexpression of GluN2B receptors in the forebrain of 

mice enhances activation of synaptic NMDA receptor.2 This activation has been shown to 

improve learning, long-term memory, spatial performance, and cued and contextual fear 

conditioning70–73.

We have previously described a series of tetrahydroisoqinoline analogues based on the 

prototypical positive allosteric modulator CIQ (1).60,61 CIQ is selective for GluN2C- and 

GluN2D-containing NMDARs over GluN2A- and GluN2B-containing NMDARs and has no 

effect on AMPA or kainate receptors. An extensive SAR was described, and the most potent 

compounds in the series had EC50 values of 300 nM at GluN2C and GluN2D subunits.61 
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During our initial exploration of the SAR of this series of GluN2C/GluN2D-selective 

positive allosteric modulators (1), we discovered a single compound (2) that displayed 

activity not just at GluN2C and GluN2D subunits, but also at the GluN2B subunit (Figure 2). 

Compound 2 resulted from the replacement of the dimethoxy groups in CIQ (1) with a 

single isopropoxy group. Here we describe an extensive structure-activity relationship 

(SAR) around compound 2 with significant activity at the GluN2B subunit. We also have 

separated enantiomers for the most potent compounds in the class to show that the GluN2B 

activity is stereodependent. The modifications and stereodependence exhibited by the 

tetrahydroisoquinoline compounds reported here show that the CIQ scaffold, originally 

described as selective for GluN2C and GluN2D subunits, can be tuned to target the GluN2A 

and GluN2B subunits.

Results

Chemistry

To probe the SAR around the new analogue that potentiates GluN2B-, GluN2C-, and 

GluN2D-containing NMDA receptors, each of the three aromatic rings (referred to as A, B, 

and C) of the tetrahydroisoquinoline were modified (Figure 3). The nonselective potentiation 

arose from modifications to the C-ring, and all functionality to the C-ring was installed via 

one of three methods (Scheme 1, Scheme 2, or Scheme 3). Compounds with an ether linkage 

in the R1 position were synthesized beginning with the previously described tert-butyl 3-

hydroxyphenethylcarbamate 3,61 which was either subjected to alkylation conditions or 

Mitsunobu coupling conditions to yield phenethylcarbamate compounds 4–8. Under acidic 

conditions, the Boc group was removed to afford the functionalized phenethylamine 

compounds 9–13, which were acylated by chloroacetyl chloride to afford 2-chloro-N-

phenethylacetamide compounds 14–19. Compounds 14–19 were then alkylated with ortho, 

meta, and para-substituted phenols to yield linear amides 20–29 (Scheme 1).

Oxygen functionality on the C-ring could also be installed utilizing Scheme 2, which 

includes an Ullmann copper coupling sequence.74 Bromine-substituted phenethylamine 30 
was subjected to acylation conditions to yield N-(3-bromophenethyl)-2-chloroacetamide 31, 

and the chlorine was then displaced by para-substituted phenols to give linear amides 32–33. 

The bromine in compounds 32 and 33 was then exchanged for an iodine in an aromatic 

Finkelstein reaction75 to give 34 and 35, respectively. The aryl iodine-containing compounds 

were then reacted with a variety of substituted alcohols in a copper-catalyzed coupling 

reaction74 to yield oxygen-containing linear amides 36–38, and this is an alternative method 

to develop the phenethylamine scaffold from that shown in Scheme 1. Since installing an 

isopropoxy is challenging via an Ullmann-type coupling, compound 40 was ultimately 

prepared by removing the benzyl group of compound 38 by hydrogenolysis and subjecting 

the resulting hydroxyphenethylacetamide (39) to alkylation conditions with 2-iodopropane.

The aryl iodine intermediates 34 and 35 can also be directly converted to nitrogen 

functionality by one of two methods shown in Scheme 3. Compounds 34 and 35 were 

subjected to Ullmann copper-catalyzed coupling76 with cyclohexylamine, piperidine, or 

morpholine to afford compounds 41–43. An alternate copper-catalyzed reaction77 of 34 and 
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aqueous ammonia afforded aniline-containing amide 44, which underwent reductive 

amination conditions to yield either the dimethylamino acetamide 45 or the isopropylamino-

substituted acetamide 46.78 Compound 46 was then subjected to a second reductive 

amination to afford di-N-substituted compound 47. Oxygen or nitrogen-containing 

intermediates (20–29, 36–37, 40–43, and 45–47) were then cyclized using Bischler-

Napieralski conditions to form the dihydroisoquinolines 48–66, which were reduced with 

sodium borohydride to afford the corresponding tetrahydroisoquinolines 67–85 (Scheme 4).

Tetrahydroisoquinolines (67–85) were then either acylated with a variety of benzoyl 

chlorides or were subjected to typical EDCI coupling conditions with benzoic acids to afford 

final compounds (2, 87–128, 130, 133–137, 147). Nitro-containing 128 was reduced via 

hydrogenation to afford aniline-containing 132. Once TBDMS-protected intermediate 130 
had been synthesized via typical EDCI coupling conditions, the protected phenol was 

deprotected using TBAF to afford analog 131 (Scheme 5). Amide-containing analogs were 

then converted to thioamide analogs (138–146, 148) using Lawesson’s reagent in refluxing 

toluene (Scheme 5).

The enantiomers of compounds 2 and 97 were separated via a ChiralPakAD-H semi-

preparatory chiral column chromatography (Scheme 6), and both enantiomers of compounds 

2 and 97 were converted to their thioamide-containing counterparts, compounds 138 and 

142, respectively. Crystal structures of S-(-)-138 (Figure 4) allowed for the assignment of the 

absolute stereochemistry of the enantiomers.

Potentiation of NMDA Receptors

All compounds synthesized were evaluated in two-electrode voltage clamp recordings of 

currents arising from recombinant GluN1/GluN2A, GluN1/GluN2B, GluN1/GluN2C, and 

GluN1/GluN2D NMDA receptors expressed in Xenopus oocytes and activated by saturating 

concentrations of glutamate (100 μM) and glycine (30 μM). Compound 2 served as the 

starting point for this study, and retained selectivity over AMPA and kainate receptors; the 

response of co-application of 30 μM of compound 2 with 100 μM glutamate and 30 μM 

glycine was 106+2% and 96+9% of the control response to glutamate alone for GluA1 (n=8) 

and GluK2 homomeric receptors (n=9), respectively (See Methods). In addition, 30 μM of 

compound 2 showed no agonist activity when co-applied with either 30 μM glutamate or 10 

μM glycine onto oocytes expressing GluN1/GluN2B (n=6), GluN1/GluN2C (n=6–8), or 

GluN1/GluN2D (n=6–8). All analogues developed from compound 2 were tested in at least 

3 oocytes from at least 2 different frogs at GluN2B, GluN2C, and GluN2D-containing 

NMDA receptors, and in at least 4 oocytes from 1–3 frogs at GluN2A-containing NMDA 

receptors. The average potentiation at 30 μM of drug is displayed in Tables 1–5, and is 

defined as the mean ratio of current in the presence of test compound to current response in 

the absence of test compound; the standard error of the mean is given. If the average 

potentiation exceeded 120% of control, concentration-effect curves were generated by co-

applying increasing concentrations of drug with 100 μM glutamate and 30 μM glycine, and 

the EC50 value was calculated by fitting equation 1 to the data. Only ten compounds 

displayed modest potentiation (greater than 120%) at GluN2A-containing receptors, and this 

effect was not studied further (See Supplemental Table S1).
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Effect of Modifying the C-ring—In order to evaluate whether other modifications to the 

C-ring, in addition to the isopropoxy group in compound 2, would result in potentiation at 

the GluN2B subunit, a variety of ether-linked moieties were installed at that site (Table 1). 

Previously published compound 86 with a methoxy group in the R1 position61 was selective 

for GluN2C and GluN2D subunits. When the methoxy group on the C-ring was replaced 

with an ethoxy group as in compound 87, potentiation was observed at the GluN2B subunit 

in addition to GluN2C and GluN2D. Similarly to compound 2, all compounds with a 

methoxy group on the B-ring and a branched or cyclic ether moiety on the C-ring at R1 (88, 

89, and 90) were active at GluN2B, GluN2C, and GluN2D subunits. When the methoxy 

substitution in the R2 position on the B-ring was exchanged for an ethoxy group, more 

subunit-selectivity began to emerge. Compound 91 was inactive at all subunits, but once an 

ethoxy group at R1 was replaced with branched functionality as in compounds 92, 93, and 

94, activity at the GluN2B subunit was restored. Compound 92 with an isopropoxy group on 

the C-ring was only active at GluN2B and GluN2C subunits, whereas 93 and 94 were active 

at all three subunits.

In addition to studying the effect of a variety of ether-linked moieties on the C-ring, 

nitrogen-containing functional groups were also installed and evaluated (Table 2). A number 

of mono- and di-substituted nitrogen-containing compounds were synthesized that were 

active at GluN2B, GluN2C, and GluN2D subunits, however, compounds with ether 

functionality at this position were generally more potent. After exploring a variety of 

changes to the C-ring, Compound 92 showed the strongest subunit-selectivity, with 

detectable potentiation of the response to maximal agonist at only the GluN2B and GluN2C 

subunit. For this reason, in moving forward with the SAR, the isopropoxy group on the 

Cring and the ethoxy group in the para-position of the B-ring were held constant.

Effect of Modifying the A-ring—All of the compounds mentioned previously above 

were synthesized with a chlorine in the meta-position on the A-ring. We also synthesized 

compounds to determine optimal placement and identity of A-ring substitutions (Table 3). 

Specific substitution on the A-ring is required for activity as compound 95 was inactive at all 

subunits. Compounds with a phenyl group (99), a methyl group (100), and a methoxy group 

(101) were inactive as well, but compounds with halogens in the meta-position of the A-ring 

were active. Similar to compound 92, compound 96 with a meta-substituted bromine was 

active at GluN2B and GluN2C. Notably, compound 97 with fluorine substitution at that 

position was active at only GluN2B, but with modest potency (EC50 7.2 μM). Since 97 was 

selective for GluN2B, the ortho-and para-substituted fluorine and the chlorine analogues 

(102, 103, 104, 105) were also made to probe ideal substituent placement. A chlorine or 

fluorine in the ortho-position (102 and 103) or the para-position (104 and 105) caused a 

complete loss of activity, indicating that meta-position substitution is required for activity. 

Di-substituted compounds 106, 107, 108, and 109 were also synthesized, and with the 

exception of 2,4-dichloro compound 109, were active as well. Compounds were also 

synthesized that were similar to 2 with a methoxy group in the para-position of the B-ring 

(Table 4). These compounds exhibited potentiation at the GluN2B, GluN2C, and GluN2D 

subunits with occasional potentiation at the GluN2A subunit, although none showed 

selectivity for GluN2B. Thus, it appeared as if fluorine in the meta-position of the A-ring 
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was optimal in terms of GluN2B selectivity, and for this reason a number of compounds 

were synthesized that maintained the fluorine on the A-ring and para-ethoxy functionality on 

the B-ring with various C-ring ether moieties (Table 5). Unfortunately, none of these 

compounds were more selective for GluN2B than 97, being either completely inactive or 

equally potent at GluN2B, GluN2C, and GluN2D. Compound 136, however represents a 

very efficacious potentiator of GluN2B, GluN2C, and GluN2D with maximum potentiation 

ranging from 325% to 364% at the three subunits.

Effect of Modifying the B-ring—To first determine the optimal placement of 

substituents on the B-ring when an isopropoxy group was present on the C-ring, compounds 

110 and 111 were synthesized (Table 6). When the methoxy functionality was moved from 

the para position to the meta position as in compound 110, the compound was selective for 

GluN2C and GluN2D. In 111, when the methoxy group was moved to the ortho position, all 

activity was lost. This data suggests that the para position is optimal for activity at GluN2B, 

and a number of compounds were synthesized with different substituents in the para-

position, which resulted in varying degrees of selectivity. Compound 112 potentiated 

GluN2C and GluN2D with slight activity at GluN2B, while compound 92 was GluN2B- and 

GluN2C-selective. Compound 113 with an isopropoxy on the B-ring was moderately 

GluN2B-selective with maximum potentiation at GluN2B of 159% and only 134% at 

GluN2C. Since fluorine substitution on the A-ring (97) and isopropoxy substitution on the 

B-ring (113) both resulted in selectivity for the GluN2B subunit, these two modifications 

were combined in compound 116. This compound was active at GluN2C in addition to 

GluN2B, but the maximum potentiation at GluN2C was only 133%, suggesting that the 

isopropoxy group on the B-ring does indeed drive activity towards GluN2B (Table 6).

Effect of Modifying the A-ring Linker—Lastly, the linker between the 

tetrahydroisoquinoline core and the A-ring was modified by converting the amide to the 

thioamide (Table 7), a modification that yielded significant improvements in potency. When 

2 was converted to thioamide 138, GluN2B, GluN2C, and GluN2D activity was observed, 

however there was approximately a 10-fold increase in potency at GluN2B and GluN2D 

with an approximate 4-fold increase at GluN2C potency compared to 2. Similarly, a 

significant increase in potency was observed when converting 114, which had an EC50 value 

at GluN2B of 36 μM, to thioamide 139, a compound with an EC50 at GluN2B of 1.4 μM. A 

number of compounds with an ethoxy group on the B-ring and an isopropoxy group on the 

C-ring were converted to thioamides, and these were consistently more potent at each of the 

subunits. Notably, compound 142, although not selective for GluN2B like its amide 

precursor 97, was 13-fold more potent at GluN2B than 97. The second GluN2B-selective 

compound, 113, was then converted to thioamide 145, and while activity was picked up at 

GluN2C and GluN2D, the EC50 values at each of the subunits was 0.48 μM and 0.41 μM, 

respectively, a substantial improvement in potency over the original GluN2B, GluN2C, and 

GluN2D potentiator, 2. Thioamide compounds 146 and 148 are the most potent GluN2B, 

GluN2C, and GluN2D potentiators in the class with EC50 values of approximately 0.3 μM, 

suggesting that the thioamide in combination with B-ring functionality is important, and 

enables compounds to simultaneously exhibit activity at these three subunits.
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The increased potency when converting an amide to a thioamide was further investigated 

using computational methods. We hypothesized that there are two potential factors that 

contribute to the activity of these compounds. The first factor is the increase in lipophilicity 

when converting the amide to a thioamide (Table 8). A 1.42 log unit increase in the AlogP 

value upon conversion of the amide to the thioamide was calculated (Table 8) and could 

contribute to the increased potency of the thioamide. Second, we investigated the change in 

the cis/trans conformational preference of the molecules due steric and electronic properties 

of thioamides compared to amides. The cis/trans conformation is defined by carbonyl/

thionyl orientation with respect to the chiral carbon (Supplemental Figure S1). We studied 

the cis/trans conformational preference by generating optimized geometries for both 

compounds S-(−)-138 and the S-(−)-2 in the cis and trans configuration using density 

functional theory (DFT) at the B3LYP/6–311-G(2d,2p) level. Implicit aqueous and 

oleaginous conditions were used to simulate the aqueous and protein environment. In the 

aqueous conditions the trans conformation of the thioamide compound is slightly favored 

(0.1 kcal/mol), while the cis conformation is moderately favored in the amide containing 

compound (0.3 kcal/mol; Supplemental Figure S1). In the oleaginous condition, 

representative of the diffusion of the compounds into the peptide core, both compounds 2 
and 138 exhibit a shift away from the trans conformation (0.3 and 0.6 kcal/mol, 

respectively), although a greater portion of the thioamide remains in the trans conformation 

(Supplemental Figure S1). Given that the thioamide has a greater barrier to rotation with 

respect to the amide, it is possible that the peptide bound conformation is kinetically biased 

toward the aqueous equilibrium, while the amide more rapidly equilibrates toward the cis 
conformation within the binding pocket. We therefore postulate that the increased 

lipophilicity and trans population of the thioamide results in an increase potency of the 

thioamide-containing compounds.

Potency of Enantiomers—The enantiomers of 2 were separated via chiral 

chromatography and both enantiomers were converted to thioamide-containing 138 
enantiomers. It proved difficult to resolve the stereochemistry of either the R- or S-2 
enantiomers with X-crystallography, but with the conversion of the amide to a thioamide, the 

absolute stereochemistry of one of the enantiomers was determined to be the S-(−) 

enantiomer by X-ray crystallography (see Supplemental Methods, Supplemental Table S2). 

In contrast to the CIQ (1) scaffold where only one enantiomer exhibited activity,61 

evaluation of the 2 enantiomers revealed that both enantiomers were active, although they 

differed in potency and subunit selectivity. R-(+)-2 enantiomer was selective for GluN2C 

and GluN2D over GluN2A and GluN2B, with EC50 values of 0.71 μM and 1.0 μM, 

respectively (Table 8, Supplemental Table S1). The S-(−) enantiomer was less potent and 

showed different subunit selectivity, with EC50 values for potentiation of the response to 

maximal concentrations of glutamate and glycine at GluN2B-, GluN2C-, and GluN2D-

containing NMDA receptors in the range of 3.0 – 3.8 μM. When both amide-containing 

enantiomers were converted to the thioamide, the same trend in subunit-selectivity was 

observed. R-(+)-138 was selective for GluN2C and GluN2D alone, while S-(−)-138 was 

active at GluN2B, GluN2C, and GluN2D subunits (Table 8, Supplemental Table S1). 

Interestingly, EC50 values were approximately 10-fold more potent (0.32–0.48 μM) at each 

subunit for the thioamide compared to the S-(−)-2 enantiomer, whereas the thioamide 
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appears to have reduced potency for R-(+)-2 enantiomer at GluN2C and GluN2D. These 

data suggest that the GluN2B activity lies in the S-(−) enantiomer, while the R-(+) 

enantiomer is exclusively active at GluN2C and GluN2D.

Based on the results with enantiomers of 2 and 138, GluN2B-selective 97 was separated 

with the hypothesis that only the S-(−)-enantiomer would be active and the compound would 

exhibit exclusive activity at GluN2B. The potentiation by 30 μM S-(−)-97 at GluN2B was 

approximately 200%, whereas potentiation at GluN2C and GluN2D was only 127% and 

110%, respectively. By contrast, no activity at any subunits was recorded for the R-(+)-

enantiomer, further suggesting that GluN2B activity resides in the S-(−)-enantiomer (Table 

8, Supplemental Table S1). When the 97 enantiomers were converted to the thioamide 142, 

only S-(−)-142 was active, whereas R-(+)-142 was inactive at all subunits (Table 8, 

Supplemental Table S1).

A significant proportion of NMDA receptors in adult brain contain two different GluN2 

subunits, with triheteromeric receptors made up of GluN1/GluN2A/GluN2B present in 

principle cells79–82. We therefore tested GluN2B-preferring S-(−)-97 on triheteromeric 

receptors expressed in Xenopus oocytes coexpressing GluN1 with two different GluN2 

subunits that contain modified intracellular domains that allow control of surface expression 

(see Methods). We found that 10 μM S-(−)-97 showed no effect on diheteromeric GluN1/

GluN2A (103+1.2% of control, n=6) activated by maximally effective concentrations of 

glutamate and glycine, but potentiated diheteromeric GluN1/GluN2B (177+7.2% of control, 

n=14) and triheteromeric GluN1/GluN2A/GluN2B (136+2.7% of control, n=14). These data 

confirm that this series of positive allosteric modulators retains some activity at 

triheteromeric NMDA receptors that contain a single GluN2A and GluN2B subunit.

The development of an extensive SAR around this series with an isopropoxy group on the C-

ring has allowed us to progress from compounds that exhibit activity as racemic mixtures to 

compounds that are only active as single enantiomers. This effect suggests that it may be 

possible to develop a unique class of compounds with stereodependency that can be 

exploited as potent and efficacious subunit–selective modulators. The thioamide-containing 

S-(−)-enantiomers of these two compounds, S-(−)-138 and S-(-)-142, are two of the most 

potent compounds in the class with EC50 values at GluN2B, GluN2C, and GluN2D subunits 

ranging from 0.32 μM – 0.58 μM.

Pharmacokinetic and metabolic analysis

We have previously shown that the GluN2C/GluN2D-selective tetrahydroisoquinoline CIQ 

was brain penetrant83 although CIQ has high protein binding and the free fraction in vivo is 

likely quite low (Jensen, Egebjerg, Bundgaard, unpublished data, personnel 

communication). We therefore determined the brain to plasma ratio for compound 2 of this 

new series of positive allosteric modulators. A dose of 10 mg/kg was administered IP in 

vehicle comprising 5% NMP/20% solutol/75% solution of 20% hydroxypropyl-β-

cyclodextrin. Samples were evaluated by LC/MS/MS (See Methods) at 15, 30, 60, 120, 240 

minutes. Administration of 10 mg/kg of compound 2 to C57Bl/6 mice produced a slow 

increase in plasma concentration that peaked at 2 hours (789 ng/mL, 1.7 μM) and slowly 

drops thereafter, and thus half-life could not be determined (n=3 mice). Brain concentration 
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followed the plasma concentration, being 303 ng/mL (0.7 μM) at 15 and 30 min, and 

eventually dropping to 169 ng/mL (0.4 μM) at 4 hours. This corresponded to brain to plasma 

ratio of 0.7 at 15 minutes and 0.9 at 4 hours (n=3 mice). These data suggest that this class 

enters the brain, although more work is needed to define the pharmacokinetic properties and 

free fraction for members of this class.

Metabolic stability assays provide essential information on drug clearance, half-life and oral 

bioavailability, parameters that are useful during discovery/development. We therefore 

evaluated the metabolic stability in human liver microsomes (see Methods) of racemic 138, 

which is the thioamide analogue of prototypical compound 2. Compound 138 was found to 

have an in vitro microsome half-life of 29 minutes, being exclusively metabolized by 

cytochrome P450 enzymes and/or uridine-5-diphospho-glucuronosyltransferases. We also 

evaluated the stability of the thioamide, tracking conversion of compound 138 to compound 

2, which represented conversion of the thioamide to an amide. We found that less than 1% of 

the thioamide was converted to an amide at 30 minutes, suggesting this functional group was 

relatively stable.

Conclusion

Whereas the previously published compound referred to as CIQ61 is highly selective for 

GluN2C- and GluN2D-containing NMDARs over GluN2A- and GluN2B-containing 

receptors, we have been able to target the GluN2B subunit with the replacement of 

dimethoxy groups on the C-ring with single isopropoxy functionality. Additionally, an 

extensive SAR has revealed that the tetrahydroisoquinoline series, once thought to be 

GluN2C/GluN2D selective, can be tuned to target the GluN2B, GluN2B/GluN2C, and 

GluN2B/GluN2C/GluN2D subunits. We have synthesized a number of compounds that are 

active at GluN2B, GluN2C, and GluN2D, and have shown that the isopropoxy-containing 

series has a distinct SAR from the series based around CIQ (several differences are 

summarized in Table 9). Changes to the scaffold of compound 2 induced different effects on 

NMDA potentiation than the same changes to the CIQ scaffold. Two important substituent 

changes were a methoxy group in the meta-position of the B-ring and an ethoxy group in the 

para-position of the B-ring. While these two functional groups were inactive when 

introduced into the CIQ scaffold61, they induced GluN2C/GluN2D activity (Compound 92) 

and GluN2B/GluN2C (Compound 110) when an isopropoxy on the Cring was present, 

suggesting the isopropoxy was able to revive some activity that had been eliminated in CIQ. 

Interestingly, the substitution of an ethoxy for methoxy in the para position of the B-ring in 

CIQ scaffold attenuated activity at GluN2C/GluN2D even for the isopropoxy-substituted C-

ring, leaving GluN2B activity as the strongest effect of this analogue. Perhaps most 

significantly, the thioamide was inactive on the CIQ scaffold61, but was essential for potent 

activity when the tetrahydroisoquinoline contains an isopropoxy group as in compound 2.

While the majority of compounds have EC50 values in the micromolar range, thioamide-

containing compounds are significantly more potent with submicromolar EC50 values. 

Moreover, replacement of the para-methoxy on the B-ring with an ethoxy-group consistently 

yielded compounds that were selective for GluN2B and GluN2C over GluN2D. SAR studies 

around each of the rings led to varying degrees of selectivity, with significant shifts in 
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potency arising from modifications to the A-ring linker. Compound 2, the first GluN2B, 

GluN2C, and GluN2D potentiator of maximally activated NMDARs, had EC50 values at all 

subunits in the low micromolar range. The most potent non-selective potentiators have EC50 

values that are an order of magnitude lower (i.e., more potent) than 2; compound 148 had the 

highest potency at GluN2B (270 nM).

With the separation of the 2 and 138 enantiomers and the resolution of the S-(−) enantiomer 

by X-ray crystallography, we have determined that the GluN2B activity resides exclusively 

in the S-(−) enantiomer. While both enantiomers are active, the R-(+) enantiomer is selective 

for GluN2C and GluN2D-containing receptors and the S-(−) enantiomer causes potentiation 

at GluN2B, GluN2C, and GluN2D-containing receptors. This is a distinct difference from 

the GluN2C/GluN2D-selective CIQ enantiomers, where only one enantiomer was active 

(predicted to be the (R)-(+)-enantiomer based on a stereoselective reduction61,84). By 

exploring the tetrahydroisoquinoline scaffold, we have developed positive allosteric 

modulators of NMDAR function that are more active at the GluN2B subunit. This is 

demonstrated by compounds 97 and 142, which showed a significantly greater degree of 

potentiation at GluN2B than other GluN2 subunits. Racemic compound 97 exhibited a fitted 

maximal potentiation to 155+5.3% (mean + SEM) of control at GluN2B (n=17) compared to 

no discernable activity at GluN2C (104+2.2% of control at 30 μM, n=12) or at GluN2D 

(92+1.7% of control at 30 μM, n=15). Similarly, the (S)-( −)-enantiomer of 97 showed 

similar potencies at GluN2B and GluN2C, but had a greater maximal fitted response at 

GluN2B (208+7.3% of control, n=27) compared to GluN2C (135+4.8% of control, n=14, 

p<0.001 t-test). Potentiation of the GluN2B subunit has been observed with some 

endogenous molecules, such as polyamines, neurosteroids, as well as aminoglycoside 

antibiotics. However, small, drug-like molecules that selectively potentiate GluN2B-

containing NMDARs have not been described. There is a need for potent compounds that 

can be utilized as probes to evaluate the ramifications and utility of GluN2B potentiation. 

Thus, the synthesis of compounds 97, 142, 147, 146, and 136 demonstrate a potential means 

for developing such tools.

Biology Experimental procedures

Unfertilized Xenopus laevis oocytes were obtained from Ecocyte (Austin TX). Two-

electrode voltage-clamp recordings were performed on oocytes injected with mRNA to 

express recombinant rat GluN1/GluN2A, GluN1/GluN2B, GluN1/GluN2C, GluN1/

GluN2D, GluA1, or GluK2 receptors. cDNAs for rat GluN1–1a (GenBank accession 

numbers U11418 and U08261; hereafter GluN1), GluN2A (D13211), GluN2B (U11419), 

GluN2C (M91563), GluN2D (D13213), GluA1 (X17184), GluK2 (Z11548) were provided 

by Drs. S. Heinemann from the Salk Institute, S. Nakanishi from Kyoto University, and P. 

Seeburg from University of Heidelberg. GluN2C and GluN2D were modified as previously 

described16. Oocyte isolation, cRNA synthesis and cRNA were performed as previously 

described85. For the two-electrode voltage clamp recordings, oocytes were placed in a 

perfusion chamber and continually washed with a recording solution that contained (in mM) 

90 NaCl, 1.0 KCl, 0.5 BaCl2, 0.005 EDTA, and 10 HEPES at pH 7.4 and a temperature of 

23°C. The glass electrodes with a tip resistance of 0.5 – 2.5 MΩ were pulled from thin-

walled glass capillary tubes and filled with 0.3–3.0 M KCl. The membrane potential of the 
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oocytes was held at −40 mV by an OC-725C amplifier (Warner Instrument Co). All 

compounds were made as 20 mM stock solutions in DMSO and diluted to reach the desired 

final concentration in recording solution containing 100 μM glutamate and 30 μM glycine; 

final DMSO content was 0.05–0.5% (vol/vol). A gradual increase in current response over 

the course of the experiment is common with oocytes expressing GluN1/GluNA. To prevent 

this, oocytes expressing GluN1/GluN2A were either pretreated with 50 μM BAPTA-AM 

(1,2-bis(oaminophenoxy)ethane-N,N,N′,N′-tetraacetic acid tetraacetoxymethyl ester) for 10 

min or injected with 20 nl of 100 mM K-BAPTA (potassium 1,2-bis(o-

aminophenoxy)ethane-N,N,N′,N′-tetraacetic acid). Compounds that had a modest effect on 

GluN1/GluN2A expressing oocytes were not studied further. We also evaluated the function 

of NMDA receptors that contained GluN2A and GluN2B subunits modified to contain the 

GluN2A intracellular C-terminal domain fused to either a C1 or C2 coiled-coil domain and 

an ER retention signal, as previously described86. Only receptors that contained GluN2 

subunits with complementary C1 and C2 domains (GluN2AC1/GluN2AC2, GluN2AC1/

GluN2BC2, GluN2BC1/GluN2BC2) will reach the cell surface, allowing us to evaluate a 

population of receptors with known subunit stoichiometry. Controls performed with GluN2 

subunits inactivated by mutations in the agonist binding domain suggest that >95% of the 

current response arose from NMDA receptors that contained the desired GluN2 subunit 

combinations.86

Every test compound was recorded at 5–7 concentrations in at least 4 oocytes from at least 2 

different frogs at GluN2B-, GluN2C-, and GluN2D-containing NMDA receptors and in 3–

15 oocytes from 1–3 frogs at GluN2A-containing receptors. The potentiation of the test 

compounds at a concentration of 30 μM was averaged and reported as I30μM/Icontrol (mean + 

SEM, %), where I equals current. A few compounds with lower solubility were reported as 

I10μM/Icontrol or I3μM/Icontrol (mean + SEM, %). For test compounds with potentiation that 

exceeded 120% at 30 μM, an EC50 value (the half-maximal effective concentration of 

potentiator) was determined by fitting the following equation

Response = (100 − maximum)/(1 + ([concentration]/EC50)N) + maximum (1)

to the mean composite concentration-response data normalized to the current in the absence 

of the potentiator (100%) where N equals the Hill slope and maximum is the maximal 

response predicted for saturating concentration of potentiator. The concentration that gave a 

2-fold increase in the current response was determined by rearranging equation (1) to yield

Doubling concentration = EC50 ((100 − maximum)/(200 − maximum) − 1)1/N (2)

Determination of pharmacokinetics and brain penetration was performed for compound 2 
following IACUC-approved protocols and the animal welfare regulations outlined in the 

“Guide for the Care and Use of Laboratory Animals”. Briefly, 30–35 gm C57Bl/6 mice were 

injected intraperitoneal (i.p.) with 10 mg/kg of compound 2 at 1.25 mg/mL in 5% NMP/20% 
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solutol/75% of a 20% solution of hydroxypropyl-β-cyclodextrin. No behavioral 

abnormalities were observed for all animals post-dosing. Animals were terminally 

anaesthetized by a raising the concentration of CO2, and following the cessation of 

breathing, the blood removed via cardiac punctureand collected in heparinized vials. The 

chest cavity was opened to expose the heart, an incision cut at the right auricle by surgical 

scissors and a syringe full of saline was pushed into the heart slowly via the left ventricle 

(saline volume ~20 mL for rat and 10 mL for mouse). After perfusion, the brain was 

removed, and samples were washed with saline, dried with clean surgical gauze, and then 

put into weighed tubes. The brain samples were stored at −75±15°C until analysis. Plasma 

samples for 0.25~0.5 h time points were prepared by sequentially adding 5 μL of blank 

solution, 2 μL of plasma sample, 8 μL of blank plasma, and fifteen volumes of acetonitrile 

(150 μL) for protein precipitation; the final compound concentration in plasma (ng/mL) was 

corrected by multiplying 5. Other plasma samples were prepared by adding 5 μL of blank 

solution, 10 μL of plasma samples, fifteen volumes of acetonitrile (150 μL) for protein 

precipitation. Brain samples were prepared by adding brain weight (g) to deionized water 

volume (mL) at a ratio of 1:4 for homogenization, and 30 μL of brain homogenate was 

added to 15 μL of blank solution, followed by addition of 150 μL of acetonitrile for protein 

precipitation. The mixtures were vortexed for 30 s, then centrifuged at 4000 rpm for 15 min, 

and the supernatant diluted 3 times with water. An aliquot of 3 μL for plasma or 1 μL for 

brain of the diluted supernatant was injected into the LC-MS/MS system that included a 

Shimadzu LC-30A coupled with Rack Changer Autosampler/AB API6500 and a 

Phenomenex Kinetex 2.6u F5 (30 × 2.1mm) column. A solvent gradient was obtained from 

95% water/0.1% formic acid and 95% acetonitrile/0.1% formic acid; the flow rate was 0.6 

ml/min at room temperature. Concentrations were determined from an 8 point standard 

curve generated in duplicate. Blood and brain samples were collected at 0, 15, 30, 60, 120, 

240 min from three C57Bl/6 mice at each time point.

The metabolic stability of compound 138 was evaluated in human liver microsomes in the 

presence of NADPH, a cofactor required for cytochrome P450 enzymes (CYP) and flavin 

monooxygenases activity, plus UDPGA, a cofactor required for glucuronic acid conjugation 

(glucuronidation) by UGT enzymes (uridine-5′-diphospho-glucuronosyltransferases). A 

reversed phase gradient HPLC method with positive ion electrospray ionization (ESI) mass 

spectrometry (MS) detection employing an internal standard was utilized to quantify the 

concentrations of unchanged parent compound 138 and the potential amide metabolite 2, as 

well as positive controls that were run in parallel (verapamil and 7-hydroxycoumarin for 

Phase I and Phase II metabolism, respectively) to establish systems’ competency.

Compound 138 (5.1 μM or 2458 ng/mL) was incubated in triplicate in human liver 

microsomes (0.5 mg total protein), with and without the necessary cytochrome P450, flavin 

monooxygnease, and uridine-5′-diphospho-glucuronosyltransferase (UGT) cofactors 

(NADPH, UDPGA) to determine its metabolic stability. UGT Solution B (UGT-B; BD 

Biosciences) is a solution of 0.5 M (5X) Tris buffer and alamethicin (a pore-forming agent 

used to mitigate the latency of UGT enzymes). UGT Solution A (UGT-A) is a 25 mM 

UDPGA (uridine-5′-diphosphoglucuronic acid) solution, the cofactor necessary for 

glucuronidation. The NADPH regenerating system consists of a 2% (w/v) sodium 
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bicarbonate with magnesium chloride, NADP, glucose-6-phosphate and glucose-6-phosphate 

dehydrogenase. Bicarbonate solution without the cofactors was used as a negative control. 

Incubations were performed in 13 × 100 mm glass culture tubes. Samples were placed in a 

water bath shaker set at 37°C and shaken at 150 rpm. Negative controls (without cofactors 

but containing drug and microsomes) and controls without microsomes were run in parallel 

to account for any chemical degradation. Incubations of the positive controls, verapamil (1 

μM) and 7-hydroxycoumarin (261 μM), demonstrated that the incubation systems were 

competent with respect to oxidative activities and conjugation (glucuronidation). A control 

without drug was run and used for matrix standard preparation and to determine specificity. 

Aliquots of 100 μL were taken at 0, 15, 30, 60 and 120 min for the NADPH/UDPGA sample 

and at 0 and 120 minutes for the negative controls. These aliquots were mixed with 400 μL 

of an internal standard in a 1.5-mL conical polypropylene microcentrifuge tube that 

consisted of 1 μM the metabolite 2 in acetonitrile with 0.1% formic acid for the compound 

138 assay and 5 μM of the metabolite D5–7-ethoxycoumarin in acetonitrile with 0.1 % 

formic acid for the verapamil and coumarin assays. Subsamples plus internal control from 

each time point were vortexed for 10 seconds and centrifuged for 2 minutes at 13,000 rpm. 

Supernatants were decanted into 2-mL LC vials and analyzed by LCMS/MS using a Zorbax 

column (Eclipse XDB-C18, 4.6 × 150 mm, 5μm) run at 35°C with a flow rate of 1000 

μl/min and an injection volume of 5 μl. The mobile phase gradient was made from 50 mM 

ammonium acetate (aq) + 0.1% formic acid (v/v) and acetonitrile + 0.1% formic acid (v/v). 

Quantitation was performed using the mean response factor (analyte/internal standard ratios) 

of the time zero replicates. These samples were assigned a value of 100% and the 

subsequent time-point samples were calculated as a percentage relative to this time-zero 

average response. These values represented the % parent compound (138) remaining at the 

corresponding time-point. For the compound 2 quantitation, a 5-point calibration curve was 

built and the sample concentrations were calculated in ng/mL.

Chemistry Experimentals

Density Functional Theory Computational Methodology—The Schrodinger Small-

Molecule Drug Discovery Suite 2016-2 (Small-Molecule Drug Discovery Suite 2016-2, 

Schrödinger, LLC, New York, NY, 2017) was used. Initial structures were generated using 

molecular mechanics modeling in combination with geometric constraints. These poses 

identify two conformations of the A ring either extended or adjacent to the C ring. These can 

be identified respectively as cis and trans conformations of the amide carbonyl or sulfonyl 

moiety with respect to the chiral carbon, as depicted in Supplemental Figure S1. These 

geometries were then optimized at the B3LYP/6-311-G(2d,2p) level using the TeraChem 

software package (Titov DOI: 10.1021/ct300321a) in the mixed precision mode. These 

calculations were conducted in vacuo and employing the polarizable continuum model (Liu 

DOI: 10.1021/acs.jctc.5b00370) of solvation with dielectric constants of 78.3 and 7 to 

represent the corresponding geometry in water (National Bureau of Standards - Research 

Paper 2641) and the peptide interior (Li DOI: 10.1021/ct400065j).

General Experimental—All reagents were purchased from commercial vendors and used 

without further purification. Thin layer chromatography (TLC) on precoated aluminum 

plates (silica gel 60 F254, 0.25 mm) or LCMS (Varian) were used to monitor reaction 
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progress. Purification by flash column chromatography was done on a Teledyne ISCO 

Combiflash Companion using Teledyne Redisep normal phase columns. Proton and carbon 

NMR spectra were recorded on an INOVA-400 (400 MHz), VNMRS-400 (400 MHz), 

Mercury 300 Vx (300 MHz) or INOVA-600 (600 MHz). All chemical shifts were reported in 

parts per million and coupling constants were reported in Hertz (Hz). The spectra were 

referenced to the solvent peak. Mass spectra were performed by the Emory University Mass 

Spectroscopy Center on either a VG 70-S Nier Johnson or JEOL instrument. Purity was 

established by LC-MS (Varian) in two solvents systems (MeOH:water and ACN:water) 

unless indicated by combustion analysis. For each compound where purity was established 

with LC-MS, the retention time in both solvent conditions is given. The conditions were 

determined for each individual compound. Three compounds (98, 99, and 109) were not 

greater than 95% pure by LCMS, but all compounds were greater than 87% pure and the 

specific details for each compound are given below. Elemental analysis was performed by 

Atlantic Microlab, Inc (Norcross, GA) for C, H, and N, and agreed with proposed structures 

within 0.4 + of theoretical values. Optical rotation values were obtained using a Perkin-

Elmer 314 instrument.

General preparation for phenethylcarbamate compounds (Procedure I)—
Potassium carbonate (4.0 equiv) was added to a solution of tert-butyl 3-

hydroxyphenethylcarbamate 3 (1.0 equiv) in dry DMF (44.4 ml) and the reaction was 

allowed to stir for 2 hours before the alkyl halogen (1.5 – 2.0 equiv) was added and the 

reaction was heated to 60°C. After stirring for 24 hours, the reaction was quenched with 

saturated NH4Cl and extracted into EtOAc. The organic layer was washed with water and 

brine, dried with MgSO4, filtered, and concentrated in vacuo. The resulting residue was 

subjected to flash column chromatography to afford the title compound.

General preparation for phenethylcarbamate compounds (Procedure II)—
Triphenylphosphine (1.0 equiv), the substituted alcohol (1.2 equiv), and triethylamine (1.0 

equiv) were added to a solution of tert-butyl 3-hydroxyphenethylcarbamate (1.0 equiv) 

dissolved in dry THF. The reaction was brought to 0 °C with an ice bath and (Z)-diisopropyl 

diazene-1,2-dicarboxylate (1.0 equiv) was added dropwise. After stirring for 6 days, the 

reaction was quenched with 1M HCl and extracted into EtOAc. The organic layer was 

washed with water and brine, dried with MgSO4, filtered, and concentrated in vacuo. The 

resulting residue was subjected to flash column chromatography to afford the title 

compound.

General preparation for phenylethanamine hydrochloride compounds 
(Procedure III)—The phenethylcarbamate compound was dissolved in a solution of ether 

and 12 N HCl (2:1 mixture) and allowed to stir at room temperature for 40 minutes. The 

volatiles were removed in vacuo to afford the title compound, which was carried forward 

without any further purification.

General preparation for 2-chloro-N-phenethylacetamide compounds 
(Procedure IV)—A solution of the phenethylamine (1 equiv.) in dry DCM was brought to 

0°C using an ice bath. Triethylamine (2 equiv.) was added followed by the dropwise addition 
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of 2-chloroacetyl chloride (1.2 equiv.) The reaction was allowed to cool to room temperature 

and stir for 3 hours. Upon completion by TLC, the reaction was quenched with 1M HCl, 

extracted into DCM, washed with water and brine, dried with MgSO4, filtered, and 

concentrated in vacuo. The resulting residue was then subjected to column chromatography 

to afford the title compound.

General procedure for N-(phenethyl)-2-(phenoxy)acetamide compounds 
(Procedure V)—To a solution of phenol (1.2 equiv.) dissolved in dry ACN was added 

Cs2CO3 (4 equiv.). The solution was allowed to stir for 2 hours before the 2-chloro-N-

phenethylacetamide compound (1.0 equiv.) dissolved in dry ACN was added and the 

reaction was allowed to stir for 15 hours. Once TLC indicated complete conversion, the 

reaction was quenched with saturated NH4Cl and extracted into EtOAc. The organic layer 

was washed with water and brine, dried with MgSO4, filtered, and concentrated in vacuo. 

The resulting residue was then subjected to column chromatography to afford the title 

compound.

General procedure for N-(3-iodophenethyl)-2-(phenoxy)acetamide compounds 
(Procedure VI)—A 10 mL sealed vial was charged with the N-(3-bromophenethyl)-2-

phenoxyacetamide compound (1.0 equiv), copper(I) iodide (0.5 equiv), and sodium iodide 

(1.5 equiv). The vial was sealed, evacuated, and backfilled with argon. This was repeated 

twice more before N1,N2-dimethylethane-1,2-diamine (0.1 equiv) and dry dioxane were 

added and the reaction was stirred at 110 °C for 24 hours. The reaction was then allowed to 

cool to room temperature, quenched with a 30 % ammonium hydroxide solution, and diluted 

with water. The reaction was extracted into EtOAc, washed with water and brine, dried with 

MgSO4, filtered, and concentrated in vacuo. The resulting residue was then subjected to 

column chromatography to afford the title compound.

General procedure for N-(phenethyl)-2-(phenoxy)-acetamide compounds 
(Procedure VII)—A 10 mL sealed vial was charged with the N-(3-iodophenethyl)-2-

(phenoxy)acetamide compounds (1.0 equiv), copper(I) iodide (0.1 equiv), 1,10-

phenanthroline (0.2 equiv), and cesium carbonate (2.0 equiv). The vial was sealed, 

evacuated, and back-filled with argon. This was repeated twice more before the alcohol 3-

pentanol (9.3 equiv) was added, and the vial was submerged in an oil bath heated to 110 °C. 

After stirring for 24 – 48 hours, the reaction was allowed to cool to room temperature, 

diluted with EtOAc, and filtered through a plug of celite rinsing with EtOAc. The organic 

layer was washed with water and brine, dried with MgSO4, filtered, and concentrated in 

vacuo. The resulting residue was then subjected to column chromatography to afford the title 

compound.

General procedure for 2-(4-methoxyphenoxy)-N-(3-(piperidin-1-
yl)phenethyl)acetamide, N-(3-(cyclohexylamino)phenethyl)-2-(4-
methoxyphenoxy)acetamide, and 2-(phenoxy)-N-(3-
morpholinophenethyl)acetamide compounds (Procedure VIII)—A 10 mL sealed 

vial was charged with the N-(3-iodophenethyl)-2-(phenoxy)acetamide compounds (1.0 

equiv), copper(I) iodide (0.2 equiv), potassium carbonate (2.0 equiv), and L-proline (0.2 
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equiv). The vial was sealed, evacuated, and back-filled with argon. This was repeated twice 

more before DMSO was added followed by cyclic amines or cyclohexanes (1.5 equiv) and 

the reaction was submerged in an oil bath heated to 80 °C. After stirring for 48 hours, the 

reaction appeared to be complete by LCMS and TLC. The reaction was allowed to cool to 

room temperature, diluted with EtOAc, and washed with water (3×), brine (6x), and 5.0 % 

LiCl solution (8x). The organic layer was dried with MgSO4, filtered, and concentrated in 

vacuo. The resulting residue was then subjected to column chromatography to afford the title 

compound.

General procedure for N-(3-(amino)phenethyl)-2-(4-
methoxyphenoxy)acetamide compounds (Procedure IX)—The N-(3-

(amino)phenethyl)-2-(4-methoxyphenoxy)acetamide compound (1.0 equiv) and 

paraformaldehyde (10 equiv) were dissolved in AcOH and sodium cyanoborohydride (5.0 

equiv) was added in one portion at room temperature. After stirring for 4 – 20 hours the 

reaction was brought to 0°C was made basic using concentrated NH4OH. The reaction was 

extracted into EtOAc, washed with water and brine, dried with MgSO4, filtered, and 

concentrated in vacuo. The resulting residue was then subjected to column chromatography 

to afford the title compound.

General procedure for 3,4-dihydroisoquinoline Compounds (Procedure X)—
The amide (1.0 equiv) was suspended in dry toluene and the reaction mixture was brought to 

reflux. Phosphorous trichloride (3.0 equiv) was added and the reaction was allowed to stir 

until TLC indicated complete conversion. The reaction was allowed to cool to room 

temperature, the excess toluene was decanted, and the remaining residue was carried on 

without further purification.

General procedure for 3,4-dihydroisoquinoline Compounds (Procedure XI)—
The amide (1.0 equiv) was suspended in dry toluene and the reaction mixture was brought to 

reflux. Phosphorous trichloride (3.0 equiv) was added and allowed to stir until TLC 

indicated complete conversion. The reaction was allowed to cool to room temperature, made 

basic (pH 13) with concentrated NH4OH, and the organic layer was extracted into DCM. 

The organic layer was then washed with water, brine, dried with MgSO4, filtered, and 

concentrated in vacuo. The resulting residue was carried on without further purification.

General procedure for 1,2,3,4-tetrahydroisoquinoline Compounds (Procedure 
XII)—The dihydroisoquinoline (1.0 equiv) was dissolved in dry MeOH and brought to 0°C 

using an ice bath. Sodium borohydride (3.0 equiv) was added slowly and the reaction was 

allowed to stir overnight and warm to room temperature. The volatiles were concentrated in 

vacuo, and the resulting residue was extracted into DCM. The organic layer was washed 

with water and brine, dried with MgSO4, filtered, and concentrated in vacuo. The resulting 

residue was then subjected to column chromatography to afford the title compound.

General procedure for 3,4-dihydroisoquinolin-2(1H)-yl)methanone) 
Compounds (Procedure XIII)—The tetrahydroisoquinoline (1.0 equiv) was dissolved in 

dry DCM and brought to 0°C using an ice bath. Triethylamine (2.0 equiv) was added 

followed by the benzoyl chloride (1.2 equiv). The reaction mixture stirred for approximately 
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3 hours under an argon atmosphere, at which point TLC indicated complete conversion. The 

reaction was quenched with 1M HCl and extracted into DCM. The organic layer was washed 

with water and brine, dried with MgSO4, filtered, and concentrated in vacuo. The resulting 

residue was then subjected to column chromatography to afford the title compound.

General procedure for 3,4-dihydroisoquinolin-2(1H)-yl)methanone) 
Compounds (Procedure XIV)—Benzoic acid (1.0 equiv) was dissolved in dry DCM and 

brought to 0 °C using an ice bath. N1-((ethylimino)methylene)-N3,N3-dimethylpropane-1,3-

diamine (1.2 equiv) and N,N-dimethylpyridin-4-amine (1.2 equiv) were added and the 

reaction was allowed to stir for 2 hours before tetrahydroisoquinoline (1.0 equiv) dissolved 

in dry DCM was added. The reaction was allowed to stir overnight and warm to room 

temperature. The reaction was quenched with DI water, extracted into DCM, washed with 

water and brine, dried with MgSO4, filtered, and concentrated in vacuo. The resulting 

residue was then subjected to column chromatography to afford the title compound.

General procedure for 3,4-dihydroisoquinolin-2(1H)-yl)methanethione) 
Compounds (Procedure XV)—The dihydroisoquinoline (1 equiv) was dissolved in dry 

toluene and 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.5 – 1 

equiv) was added. The reaction was brought to reflux. After 2 – 8 hours, the solvent was 

removed under reduced pressure and the residue was dissolved in DCM. The solution was 

washed with a 10% solution of NaHCO3, dried with MgSO4, filtered, and concentrated in 

vacuo. The resulting residue was then subjected to column chromatography to afford the title 

compound.

General procedure for 3,4-dihydroisoquinolin-2(1H)-yl)methanethione) 
Compounds (Procedure XVI)—The dihydroisoquinoline (1 equiv) was dissolved in dry 

toluene and 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.5 – 1 

equiv) were dissolved in toluene in a sealed tube. The material was heated to 150°C for 35 

minutes in the microwave. The reaction was diluted with DCM, quenched with saturated 

sodium bicarbonate. The organic layer was washed with water and brine, dried with MgSO4, 

filtered, and concentrated in vacuo. The resulting residue was then subjected to column 

chromatography to afford the title compound.

(3-Chlorophenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (2)—Tetrahydroisoquinoline 2 was prepared 

via Procedure XIII using tetrahydroisoquinoline 67 (0.15 g, 0.48 mmol) and 3-

chlorobenzoyl chloride (0.061 mL, 0.45 mmol) in DCM (7.0 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.15 g, 70% mixture of 

two amide rotamers). 1HNMR (CDCl3, 400 MHz) δ: 8.04-7.93 (m, 0.5H), 7.56-7.52 (m, 

0.5H),7.39-7.19 (m, 4H), 6.91-6.66 (m, 6H), 5.98 (t, J = 4.8 Hz, 0.5H), 5.14-5.10 (m, J = 3.6 

Hz, J = 6.0 Hz, 0.5H), 4.87-4.82 (m, J = 4.8 Hz, J = 5.2 Hz, 0.5H), 4.55-4.49 (m, 1H), 

4.37-4.29 (m, 1H), 4.12 (t, J = 10 Hz, 0.5H), 3.93-3.90 (m, 0.5H), 3.74 (s, 3H), 3.72-3.64 

(m, 1H), 3.29-3.01 (m, 1H), 2.92-2.71 (m, 1.5H), 1.32 (d, J = 6.0 Hz, 6H); 13CNMR 

(CDCl3, 100 MHz) δ: 170.6, 169.8, 157.6, 157.0, 154.4, 154.3, 153.1, 152.6, 138.3, 138.1, 
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136.6, 135.5, 134.9, 134.8, 134.6, 133.6, 130.4, 130.2, 129.9, 129.8, 128.7, 128.4, 128.3, 

127.0, 125.9, 125.1, 124.9, 124.0, 116.2, 115.9, 115.5, 114.9, 114.8, 114.7, 114.5, 76.9, 

71.2, 70.1, 57.3, 55.9, 52.0, 42.8, 35.5, 29.9, 28.5, 22.3, 22.2; HRMS calcd. for 

C27H29ClN1O4, 466.17784 [M + H]+; found 466.17796 [M + H]+; Anal. (C27H28N1O4Cl): 

C, H, N; mp: 72°C.

(6-(Benzylthio)-1-((4-methoxyphenoxy)methyl)-3,4-dihydroisoquinolin-2(1H)-yl)
(3-chlorophenyl)methanone (87)—Dihydroisoquinoline 58 was prepared via procedure 

X using amide 36 (0.67 g, 2.0 mmol) and phosphorous trichloride (1.3 mL, 6.1 mmol) in dry 

toluene (11 mL). The crude residue (0.84 g) was carried on without further purification. 

HRMS calcd. for C19H22O3N1, 312.15942 [M + H]+; found 312.15912 [M + H]+. 

Tetrahydroisoquinoline 77 was prepared via procedure XII using dihydroisoquinoline 58 
(0.84 g, 2.7 mmol) and sodium borohydride (0.31 g, 8.1 mmol) in dry MeOH (14 mL). The 

crude residue was subjected to flash column chromatography (ISCO, Redisep 24 g column, 

0–10% MeOH/DCM gradient) to afford tetrahydroisoquinoline 75 (0.21 g, 25 %) in an 

impure form. The impurities were inseparable by chromatography. The product was visible 

by LCMS and was carried on without further purification. Tetrahydroisoquinoline 87 was 

prepared via procedure XIII using tetrahydroisoquinoline 77 (0.21 g, 0.68 mmol) and 3-

chlorobenzoyl chloride (0.10 mL, 0.81 mmol) in DCM (11 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10–80% EtOAc/hexanes 

gradient) to afford the title compound as a white foam (0.059 g, 19 % yield, mixture of two 

amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.71; 1HNMR (CDCl3, 400 MHz) δ: 

7.61-7.56 (m, 0.5H), 7.42-7.22 (m, 4H), 6.95-6.69 (m, 6.5H), 5.98-6.01 (m, 0.5H), 5.16-5.13 

(m, J = 3.2 Hz, J = 9.2 Hz, 0.5H), 4.89-4.85 (m, J = 5.2 Hz, J = 12.4 Hz, 0.5H), 4.37-4.32 

(m, 1H), 4.15 (t, J = 10.4 Hz, 0.5H), 4.03 (q, J = 6.8 Hz, 2H), 3.96-3.92 (m, 0.5H), 3.77 (s, 

3H), 3.73-3.67 (m, 1H), 3.31-3.12 (m, 1H), 2.95-2.74 (m, 1.5H), 1.42 (t, J = 6.8 Hz, 3H); 
13CNMR (CDCl3, 100 MHz) δ: 170.5, 169.7, 158.6, 158.1, 154.3, 154.2, 153.1, 152.6, 

141.4, 138.3, 138.2, 136.6, 135.6, 134.9, 134.6, 133.6, 131.7, 130.2, 129.9, 129.8, 128.7, 

128.4, 128.3, 128.2, 127.0, 125.8, 125.2, 124.9, 124.2, 115.9, 115.5, 114.9, 114.4, 113.6, 

113.4, 71.3, 70.2, 63.7, 57.3, 55.9, 51.9, 42.8, 35.5, 29.9, 28.5, 15.1, 14.1; HRMS calcd. for 

C26H27NO4
35Cl, 452.16231 [M + H]+; found 452.16203 [M + H]+. Anal. (C26H26N1O4Cl): 

C, H, N.

(3-Chlorophenyl)(6-isobutoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (88)—Dihydroisoquinoline 53 was prepared 

via Procedure X using 25 (1.1 g, 3.1 mmol) and phosphorous trichloride (1.9 mL, 3.1 mmol) 

in dry toluene (16 mL). The crude residue (0.82 g) was carried on without further 

purification. HRMS calcd. for C21H26O3N1, 340.19072 [M + H]+; found 340.19061 [M + 

H]+. Tetrahydroisoquinoline 72 was prepared via Procedure XII using dihydroisoquinoline 

53 (0.82 g, 2.4 mmol) and sodium borohydride (0.27 g, 7.2 mmol) in dry MeOH (13 mL). 

The crude residue was purified by silica gel chromatography (ISCO, Redisep 20 g column, 

0–20% MeOH/DCM gradient) to afford the title compound as a yellow solid (0.45 g, 55 %) 

in an impure form. The impurities were inseparable by chromatography. The product was 

visible by LCMS and was carried on without further purification. HRMS calcd. for 

C21H28O3N1, 342.20637 [M + H]+; found 342.20630 [M + H]+. Tetrahydroisoquinoline 88 
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was prepared via Procedure XIII using tetrahydroisoquinoline 72 (0.23 g, 0.66 mmol) and 3-

chlorobenzoyl chloride (0.11 mL, 0.79 mmol) in DCM (10 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.087g, 27% yield, 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.68; 1HNMR 

(CDCl3, 400 MHz) δ: 7.58 (s, 0.5H), 7.39-7.19 (m, 4H), 6.92-6.67 (m, 6.5H), 5.97-5.96 (m, 

0.5H), 5.12-5.11 (m, J = 3.2 Hz, J = 9.6 Hz, 0.5H), 4.37-4.30 (m, 1H), 4.13 (t, J =9.6 Hz, 

0.5H), 3.93-3.89 (m, 1H), 3.72 (s, 3H), 3.69 (d, J = 6.4 Hz, 2H), 3.66-3.63 (m, 0.5H), 

3.28-3.09 (m, 1H), 2.92-2.72 (m, 1.5H), 2.11-2.01 (m, 1H), 1.00 (d, J = 6.8 Hz, 6H); 13C 

NMR (CDCl3, 100 MHz) δ: 170.4, 169.7, 158.9, 158.4, 154.4, 154.3, 153.0, 153.6, 138.4, 

138.2, 136.6, 135.5, 134.9, 134.5, 130.2, 129.9, 129.8, 128.7, 128.3, 128.2, 127.0, 125.8, 

125.1, 124.9, 124.1, 115.9, 115.4, 114.9, 114.8, 114.4, 113.7, 113.5, 74.7, 71.3, 70.2, 57.3, 

55.9, 51.9, 42.9, 35.5, 29.9, 28.5, 19.5, 19.4; HRMS calcd. for C28H31NO4
35Cl, 480.19361 

[M + H]+; found, 480.19346 [M + H]+; Anal. (C28H30N1O4Cl): C, H, N.

(3-Chlorophenyl)(1-((4-methoxyphenoxy)methyl)-6-(pentan-3-yloxy)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (89)—Tetrahydroisoquinoline 89 was 

prepared via Procedure XIII using tetrahydroisoquinoline 73 (0.16 g, 0.44 mmol) and 3-

chlorobenzoyl chloride (0.069 mL, 0.52 mmol) in DCM (6.8 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10–80% EtOAc/hexanes 

gradient) to afford the title compound as a white foam (0.087 g, 41 % yield, mixture of two 

amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.69; 1HNMR (CDCl3, 400 MHz) δ: 

7.59 (s, 1H), 7.37-7.18 (m, 4H), 6.91-6.67 (m, 7H), 5.97 (t, J = 4.8 Hz, 0.5 H), 5.13-5.10 (m, 

J = 3.6 Hz, J = 10 Hz, 0.5 H), 4.86-4.82 (m, J = 5.6 Hz, J = 13.2 Hz, 0.5 H), 4.37-4.29 (m, 

1H), 4.14-4.06 (m, 1.5 H), 3.92-3.89 (m, J = 3.2 Hz, J = 13.2 Hz, 0.5 H), 3.75 (s, 3H), 

3.69-3.62 (m, 1H), 3.27-3.08 (m, 1H), 2.93-2.71 (m, 1.5H), 1.69-1.63 (m, 4H), 0.95 (t, J = 

7.2 Hz, 6H); 13CNMR (CDCl3, 100 MHz) δ: 170.4, 169.6, 158.4, 157.9, 154.4, 154.2, 

153.1, 152.6, 138.4, 138.3, 136.6, 135.5, 134.8, 134.5, 130.2, 129.9, 129.8, 128.7, 128.3, 

128.2, 127.0, 125.9, 125.1, 124.9, 123.9, 116.3, 115.9, 115.4, 114.9, 114.8, 114.5, 80.3, 

71.2, 70.1, 57.3, 55.9, 51.9, 42.8, 35.4, 29.9, 28.6, 26.4, 9.8; HRMS calcd. for 

C29H33NO4
35Cl, 494.20962 [M + H]+; found 494.21000 [M + H]+; Anal. (C29H32N1O4Cl): 

C, H, N.

(3-Chlorophenyl)(6-(cyclohexyloxy)-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (90)—Dihydroisoquinoline 55 was prepared 

via Procedure XI using amide 27 (0.52 g, 1.4 mmol) and phosphorus trichloride (0.84 mL, 

4.1 mmol) in dry toluene (7.6 mL). The crude solid was carried on without further 

purification. HRMS calcd. for C23H28O3N, 366.20627 [M + H]+; found 366.20615 [M + H]
+. Tetrahydroisoquinoline 74 was prepared via Procedure XII using 55 (0.58 g, 1.6 mmol) 

and sodium borohydride (0.18 g, 4.8 mmol) in dry MeOH (8.0 mL). The crude residue was 

subjected to flash column chromatography (ISCO, Redisep 24 g column, 0–10% 

MeOH/DCM gradient) to afford tetrahydroisoquinoline 74 (0.32 g, 55 %) in an impure form. 

The impurities were inseparable by chromatography. The product was visible by LCMS and 

was carried on without further purification. HRMS calcd. for C23H30NO3, 368.22202 [M + 

H]+; found, 368.22227 [M + H]+. Tetrahydroisoquinoline 90 was prepared via Procedure 
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XIII using tetrahydroisoquinoline 74 (0.16 g, 0.44 mmol) and 3-chlorobenzoyl chloride 

(0.071 mL, 0.53 mmol) in DCM (6.9 mL). The crude residue was purified by silica gel 

chromatography (ISCO, Redisep 12 g column, 10–80% EtOAc/hexanes gradient) to afford 

the title compound as a white foam (0.038 g, 17% yield, mixture of two amide rotamers) 

TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.72 ; 1HNMR (CDCl3, 400 MHz) δ: 7.57 (s, 0.5H), 

7.39-7.17 (m, 3H), 7.25-7.23 (m, 1H), 7.19-7.17 (m, 0.5H), 6.90-6.66 (m, 6H), 5.96 (t, J = 

4.8 Hz, 0.5H), 5.12-5.09 (m, 3.2 Hz, J = 9.2 Hz, 0.5H), 4.86-4.81 (m, J = 5.6 Hz, J = 12.8 

Hz, 0.5H), 4.33-4.29 (m, 1H), 4.23-4.20 (m, 1H), 4.14-4.09 (m, 0.5H), 3.92-3.89 (m, 0.5H), 

3.75 (s, 3H), 3.72-3.62 (m, 1H), 3.27-3.08 (m, 1H), 2.90-2.70 (m, 1.5H), 1.98-1.95 (m, 2H), 

1.79-1.77 (m, 2H), 1.57-1.23 (m, 8H); 13CNMR (CDCl3, 100 MHz) δ: 170.4, 169.6, 167.2, 

157.5, 156.9, 154.3, 153.1, 152.6, 138.4, 138.2, 136.6, 135.5, 134.8, 134.5, 132.0, 130.2, 

129.8, 128.7, 128.3, 127.1, 125.8, 124.8, 124.1, 122.6, 117.7, 116.3, 116.0, 115.9, 115.4, 

114.9, 114.8, 114.6, 71.3, 70.7, 70.2, 69.3, 66.6, 63.0, 59.0, 57.8, 57.3, 56.8, 55.9, 53.5, 

51.9, 49.9, 48.0, 42.8, 37.5, 35.4, 31.9, 29.9, 28.5, 25.8, 23.9, 22.6; HRMS calcd. for 

C30H33NO4
35Cl, 506.20926 [M + H]+; found 506.20932 [M + H]+; Anal. (C30H32N1O4Cl): 

C, H, N.

(3-Chlorophenyl)(6-ethoxy-1-((4-ethoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (91)—Dihydroisoquinoline 56 was prepared 

via procedure X using amide 29 (0.58 g, 1.7 mmol) and phosphorus trichloride (0.84 mL, 

4.1 mmol) in dry toluene (8.4 mL). The crude solid was carried on without further 

purification. HRMS calcd. for C20H24O3N, 326.17507 [M + H]+; found 326.17457 [M + H]
+. Tetrahydroisoquinoline 75 was prepared via procedure XII using 56 (0.91 g, 2.8 mmol) 

and sodium borohydride (0.32 g, 8.4 mmol) in dry MeOH (14 mL). The crude residue was 

subjected to flash column chromatography (ISCO, Redisep 24 g column, 0–10% 

MeOH/DCM gradient) to afford tetrahydroisoquinoline 77 (0.12 g, 14 %) in an impure form. 

The impurities were inseparable by chromatography. The product was visible by LCMS and 

was carried on without further purification. Tetrahydroisoquinoline 91 was prepared via 

procedure XIII using tetrahydroisoquinoline 75 (0.061 g, 0.19 mmol) and 3-chlorobenzoyl 

chloride (0.029 mL, 0.22 mmol) in DCM (2.9 mL). The crude residue was purified by silica 

gel chromatography (ISCO, Redisep 12 g column, 10–80% EtOAc/hexanes gradient) to 

afford the title compound as a white foam (0.039 g, 45 % yield, mixture of two amide 

rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.70; 1HNMR (CDCl3, 400 MHz) δ: 7.6 (bs, 

0.5H), 7.42-7.22 (m, 3.5H), 6.94-6.92 (m, 0.5H), 6.87-6.69 (m, 6.5H), 6.0-5.98 (m, 0.5H), 

5.14-5.13 (m, 0.5H), 4.88-4.84 (m, 0.5H), 4.35-4.32 (m, 1H), 4.14 (t, J = 10 Hz, 0.5), 4.40 

−3.92 (m, 4.5H), 3.79-3.66 (m, 1H), 3.31-3.11 (m, 1H), 2.98-2.74 (m 1.5H), 1.44-1.38 (m, 

6H); 13CNMR (CDCl3, 100 MHz) δ: 170.4, 169.7, 158.7, 158.2, 153.8, 153.1, 152.6, 138.5, 

138.3, 136.6, 135.6, 134.9, 134.6, 130.2, 129.9, 128.7, 128.3, 128.2, 127.1, 125.8, 125.4, 

124.9, 124.4, 116.0, 115.8, 115.6, 114.9, 114.5, 113.7, 113.5, 71.4, 70.4, 64.3, 63.8, 57.4, 

52.1, 42.9, 35.6, 30.0, 28.6, 15.2, 15.1; HRMS calcd. for C27H29NO4Cl, 446.17796 [M + H]
+; found 446.17853 [M + H]+; Purity was established using an Agilent pump on a Zorbax 

XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% water over 3 mins 

at 1 mL/min (retention time = 1.74 minutes). Method 2: 75% MeOH/25% Water to 95% 

MeOH/5% water over 8 mins at 1 mL/min (retention time 5.55 minutes).
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(3-Chlorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (92)—Tetrahydroisoquinoline 92 was 

prepared via procedure XIII using tetrahydroisoquinoline 76 (0.15 g, 0.44 mmol) and 3-

chlorobenzoyl chloride (0.070 mL, 0.48 mmol) in dry DCM (7.0 mL). The crude residue 

was purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.11 g, 56 % mixture of 

two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.78 1HNMR (CDCl3, 400 MHz) 

δ: 7.37-7.18 (m, 4H), 6.91-6.74 (m, 5H), 6.74-6.66 (m, 2H) 5.97-5.85 (t, J = 5.2 Hz, 0.5H), 

5.12-5.09 (dd, J = 3.6 Hz, J = 9.6 Hz, 0.5H), 4.86-4.81 (dd, J = 5.2 Hz, J = 12.4 Hz, 0.5H), 

4.55-4.49 (m, 1H), 4.35-4.32 (m, 1H), 4.14-4.09 (m, 0.5 H), 3.98-3.89 (m, 2.5 H), 3.75-3.66 

(m, 1H), 3.25-3.09 (m, 1H), 2.88-2.70 (m, 1.5 H), 1.39-1.35 (t, J = 7.2 Hz, 3H), 1.33-1.31 (d, 

6H); 13CNMR (100 MHz, CDCl3) δ: 170.2, 169.6, 157.6, 157.1, 153.8, 152.5, 148.3, 138.4, 

136.7, 135.6, 134.9, 134.6, 130.2, 129.9, 129.8, 128.8, 128.3, 128.2, 127.1, 125.9, 125.7, 

124.9, 124.1, 116.2, 115.9, 115.7, 115.6, 115.5, 114.7, 114.5, 71.3, 70.3, 64.2, 57.3, 52.0, 

42.9, 35.5, 29.9, 28.5, 22.3, 22.2, 15.2; HRMS calcd. for C28H31ClN1O4, 480.19361 [M + 

H]+; found 480.19337 [M + H]+. Anal. (C28H30ClN1O4): C, H, N.

(3-Chlorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isobutoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (93)—Tetrahydroisoquinoline 93 was 

prepared via Procedure XIII using tetrahydroisoquinoline 79 (0.18 g, 0.50 mmol) and 3-

chlorobenzoyl chloride (0.076 mL, 0.60 mmol) in DCM (7.7 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.80 g, 33 % yield, 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.67; 1HNMR 

(CDCl3, 400 MHz) δ: 7.59 (s, 0.5H), 7.42-7.21 (m, 4H), 6.94-6.92 (m, 0.5), 6.85-6.69 (m, 

6H), 5.98 (t, J = 4.8 Hz, 0.5H), 5.15-5.12 (m, J = 3.6 Hz, J = 9.6 Hz, 0.5H), 4.89-4.84 (m, J 
= 5.2 Hz, J = 12.4 Hz, 0.5H), 4.39-4.32 (m, 1H), 4.14 (t, J = 10.4 Hz, 0.5H), 3.98 (q, J = 6.8 

Hz, 2H), 3.94-3.92 (m, 0.5H), 3.79-3.75 (m, 0.5H), 3.71 (d, J = 6.4 Hz, 2H), 3.68-3.65 (m, 

0.5H), 3.31-3.11 (m, 1H), 2.94-2.74 (m, 1.5H), 2.11-2.05 (m, 1H), 1.40 (t, J = 6.8 Hz, 3H), 

1.03 (d, J = 6.8 Hz, 6H); 13C NMR (CDCl3, 100 MHz) δ: 170.5, 169.7, 158.9, 158.5, 153.7, 

153.6, 153.0, 152.5, 138.4, 138.2, 136.6, 138.2, 136.6, 135.5, 134.9, 134.6, 130.3, 129.9, 

128.7, 128.3, 128.2, 127.1, 125.9, 125.2, 124.9, 124.1, 115.9, 115.7, 115.6, 115.5, 114.9, 

114.4, 113.7, 113.5, 74.7, 71.3, 70.2, 64.2, 57.3, 52.0, 42.9, 35.5, 29.9, 28.5, 19.5, 15.2; 

HRMS calcd. for C29H33NO4
35Cl, 494.20926 [M + H]+; found, 494.20919 [M + H]+; mp: 

75°C. Anal. (C29H32N1O4Cl): C, H, N

(3-Chlorophenyl)(6-(cyclopentyloxy)-1-((4-ethoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (94)—Tetrahydroisoquinoline 94 was 

prepared via procedure XIII using tetrahydroisoquinoline 78 (0.18 g, 0.50 mmol) and 3-

chlorobenzoyl chloride (0.080 mL, 0.60 mmol) in DCM (8.0 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.17 g, 68% yield, 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.69; 1HNMR 

(CDCl3, 400 MHz) δ: 8.04-7.94 (m, 0.5H), 7.55-7.53 (m, 0.5H), 7.40-7.25 (m, 3H), 

7.20-7.17 (m, 0.5H), 6.90-6.75 (m, 5H), 6.70-6.64 (m, 1.5H), 5.98 (t, J = 5.2 Hz, 0.5H), 
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5.13-5.10 (m, J = 3.2 Hz, J = 9.6 Hz, 0.5H), 4.87-4.82 (m, J = 5.2 Hz, 12.8 Hz, 0.5H), 

4.37-4.29 (m, 1H), 4.13 (t, J = 10.0 Hz, 0.5H), 3.96 (q, J = 7.2 Hz, 2H), 3.92-3.89 (m, 0.5H), 

3.76-3.63 (m, 1H), 3.29-3.09 (m, 1H), 2.29-2.70 (m, 1.5H), 1.88-1.74 (m, 6H), 1.68-1.60 (m, 

2H), 1.38 (t, J = 6.8 Hz); 13C NMR (CDCl3, 100 MHz) δ: 170.5, 169.8, 169.2, 157.8, 157.2, 

153.7, 153.6, 152.9, 152.5, 138.3, 136.5, 135.4, 134.9, 134.8, 134.5, 133.7, 130.4, 130.2, 

129.9, 129.8, 128.7, 128.2, 127.0, 125.9, 124.9, 123.8, 115.9, 115.7, 115.6, 115.5, 115.4, 

114.5, 114.2, 79.5, 71.3, 70.1, 64.2, 57.3, 52.0, 42.8, 35.5, 33.1, 29.9, 28.6, 24.2, 15.2; 

HRMS calcd. for C30H33NO4
35Cl, 506.20925 [M + H]+; found, 506.20991 [M + H]+. Purity 

was established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 

3.5 μm). Method 1: 85% ACN/25% water over 6 mins at 1 mL/min (retention time = 2.30 

minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 

mL/min (retention time 2.42 minutes).

(1-((4-Ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-yl)
(phenyl)methanone (95)—Tetrahydroisoquinoline 95 was prepared via procedure XIII 

using tetrahydroisoquinoline 76 (0.20 g, 0.59 mmol) and benzoyl chloride (0.080 mL, 0.70 

mmol) in DCM (9.0 mL). The crude residue was purified by silica gel chromatography 

(ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to afford the title 

compound as an off-white foam (0.06 g, 24 % mixture of two rotamers) TLC (EtOAc: 

hexanes, 1:1, v/v) Rf = 0.54 1HNMR (CDCl3, 400 MHz) δ: 7.51-7.19 (m, 5H), 6.89-6.65 (m, 

6H), 5.96-5.99 (m, 0.5 H), 5.18-5.16 (d, J = 5.6 Hz, 0.5H), 4.88-4.84 (dd, J = 4.4 Hz, J = 

12.4 Hz, 0.5H), 4.55-4.47 (m, 1H), 4.35-4.33 (m, 1H), 4.12-4.07 (m, 0.5 H), 3.98-3.89 (m, 

2.5H), 3.80-3.62 (m, 1H), 3.27-3.09 (m, 1H), 2.93-2.68 (m,1.5 H), 1.39-1.35 (t, J = 6.8 Hz, 

3H), 1.33-2.31 (d, 6H); 13CNMR (100 MHz, CDCl3) δ: 171.9, 171.2, 157.5, 156.9, 153.7, 

153.5, 153.1, 152.7, 136.7, 135.7, 129.8, 129.6, 128.8, 128.5, 128.3, 127.7, 126.8, 125.6, 

124.5, 116.1, 115.9, 115.6, 114.6, 114.3, 71.4, 70.3, 70.1, 64.2, 57.2, 51.8, 42.8, 35.4, 30.0, 

28.7, 22.3, 22.2, 15.2; ; HRMS calcd. for C28H32N1O4, 446.23259 [M + H]+; found 

446.23242 [M + H]+. Anal. (C29H32N1O4): C, H, N.

(3-Bromophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (96)—Tetrahydroisoquinoline 96 was 

prepared via procedure XIII using tetrahydroisoquinoline 76 (0.15 g, 0.44 mmol) and 3-

bromobenzoyl chloride (0.070 mL, 0.48 mmol). The crude residue was purified by silica gel 

chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to afford 

the title compound as an off-white foam (0.12 g, 51 % mixture of two amide rotamers) TLC 

(EtOAc: hexanes, 1:1, v/v) Rf = 0.80 1HNMR (CDCl3, 400 MHz) δ: 7.55-7.41 (m, 2H), 

7.29-7.18 (m, 2H), 6.91-6.66 (m, 7H), 5.94-5.93 (m, 0.5 H), 5.12-5.09 (dd, J = 3.2 Hz, J = 

9.2 Hz, 0.5H), 4.85-4.81 (dd, J = 5.2 Hz, J = 12.8 Hz, 0.5H), 4.55-4.49 (m, 1H), 4.33-4.30 

(m, 1H), 4.14-4.09 (m, 0.5 H), 3.98-3.89 (m, 2.5 H), 3.74-3.66 (m, 1H), 3.27-3.09 (m, 1H), 

2.9-2.71 (m, 1.5H), 1.39-1.35 (t, J = 7.2 Hz, 3H), 1.33-1.31 (d, 6H); 13CNMR (100 MHz, 

CDCl3) δ: 170.3, 169.5, 157.6, 157.1, 153.7, 153.6, 153.0, 152.5, 138.6, 136.6, 132.9, 132.8, 

132.7, 131.0, 130.5, 130.1, 129.9, 128.8, 128.3, 126.3, 125.3, 125.2, 124.1, 122.9, 122.7, 

116.2, 115.9, 115.6, 115.5, 115.3, 114.8, 114.5, 71.3, 70.2, 70.1, 64.2, 57.3, 51.9, 42.8, 35.8, 

29.9, 28.5, 22.3, 22.2, 15.2; HRMS calcd. for C28H31BrN1O4, 524.14310 [M + H]+; found 

524.14327 [M + H]+. Anal. (C28H30BrN1O4): C, H, N.
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(1-((4-Ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-yl)(3-
fluorophenyl)methanone (97)—Tetrahydroisoquinoline 97 was prepared via procedure 

XIII using tetrahydroisoquinoline 76 (0.15 g, 0.44 mmol) and 3-fluorobenzoyl chloride 

(0.060 mL, 0.48 mmol) in DCM (7.0 mL). The crude residue was purified by silica gel 

chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to afford 

the title compound as an off-white foam (0.090 g, 46 % mixture of two amide rotamers) 

TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.80 1HNMR (CDCl3, 400 MHz) δ: 7.42-7.29 (m, 

2H), 7.21-7.06 (m, 2H), 6.90-6.66 (m, 7H), 5.97-5.95 (t, J = 4.4 Hz, 0.5H), 5.14-5.11 (dd, J 
= 4.0 Hz, J = 10.0 Hz, 0.5H), 4.86-4.81 (dd, J = 5.2 Hz, J = 12.8 Hz, 0.5H), 4.55-4.48 (m, 

1H), 4.37-4.29 (m, 1H), 4.13-4.08 (m, 0.5 H), 3.98-3.89 (2.5 H), 3.76-3.66 (m, 1H), 

3.28-3.08 (m, 1H), 2.90-2.69 (m, 1.5 H), 1.39-1.35 (t, J = 7.2 Hz, 3H), 1.33-1.31 (d, 6H); 
13CNMR (100 MHz, CDCl3) δ: 170.5, 169.8, 163.9, 161.4, 157.6, 157.0, 153.7, 153.6, 

153.0, 152.5, 138.6, 136.6, 135.6, 130.7, 130.6, 130.2, 128.7, 128.3, 125.2, 124.2, 123.5, 

122.5, 116.9, 116.8, 116.7, 116.6, 116.2, 115.9, 115.7, 115.6, 115.5, 114.7, 114.4, 114.0, 

71.3, 70.2, 64.2, 57.3, 51.9, 42.9, 35.5, 29.9, 28.5, 22.3, 22.2, 15.1; HRMS calcd. for 

C28H31FN1O4, 464.22316 [M + H]+; found 464.22293 [M + H]+; mp: 75°C.Purity was 

established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 

μm). Method 1: 85% ACN/25% water over 6 mins at 1 mL/min (retention time = 1.56 

minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 

mL/min (retention time 1.25 minutes).

(6-Isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-dihydroisoquinolin-2(1H)-yl)
(3-(trifluoromethyl)phenyl)methanone (98)—Tetrahydroisoquinoline 98 was prepared 

via procedure XIII using tetrahydroisoquinoline 76 (0.13 g, 0.40 mmol) and 3-

(trifluoromethyl)benzoyl chloride (0.070 mL, 0.43 mmol) in DCM (7.0 mL). The crude 

residue was purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% 

EtOAc/hexanes gradient) to afford the title compound as an off-white foam (0.19 g, 55 % 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.66 1HNMR (CDCl3, 

400 MHz) δ: 7.70-7.48 (m, 3.5 H), 7.22-7.19 (m, 0.5 H), 6.89-6.66 (m, 6.5 H), 6.00-5.98 (t, 

J = 5.2 Hz, 0.5H), 5.09-5.07 (dd, J = 3.2 Hz, J = 9.6 Hz, 0.5H), 4.89-4.84 (dd, J = 5.6 Hz, J = 

12.8 Hz, 0.5H), 4.55-4.49 (m, 1H), 4.36-4.34 (m, 0.5 H), 4.15-4.09 (m, 1H), 3.93-3.89 (m, 

0.5 H), 3.74 (s, 3H), 3.69-3.68 (m, 1H), 3.29-3.12 (m, 1H), 2.91-2.72 (m, 1.5 H), 1.33-1.12 

(dd, J = 1.6 Hz, J = 6.4 Hz, 6H); 13CNMR (100 MHz, CDCl3) δ: 170.5, 169.7, 168.2, 157.6, 

157.1, 154.4, 154.3, 153.0, 152.5, 137.4, 137.2, 136.6, 135.4, 133.5, 131.1, 130.9, 130.2, 

129.4, 129.3, 129.1, 128.7, 128.3, 126.5, 123.9, 116.2, 115.9, 115.4, 115.3, 114.9, 114.8, 

114.5, 71.3, 70.1, 57.4, 55.9, 52.1, 42.9, 35.5, 29.9, 28.5, 22.3, 22.2; HRMS calcd. for 

C29H29F3N1O4, 500.20432 [M + H]+; found 500.20415 [M + H]+; mp: 85°C. Purity was 

established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 

μm). Method 1: 85% ACN/25% water over 6 mins at 1 mL/min (retention time = 1.77 

minutes). Compound 98 was 87% pure (impurity retention time =1.82 minutes)

Biphenyl-3-yl(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (99)—Tetrahydroisoquinoline 99 was 

prepared via procedure XIV using biphenyl-3-carboxylic acid (0.29 g, 1.5 mmol), N1-

((ethylimino)methylene)-N3,N3-dimethylpropane-1,3-diamine (.25 g, 1.6 mmol), N,N-
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dimethylpyridin-4-amine (0.19 g, 1.6 mmol), and tetrahydroisoquinoline 76 (0.46 g, 1.4 

mmol). The crude residue was purified by silica gel chromatography (ISCO, Redisep 12 g 

column, 10 – 80% EtOAc/hexanes gradient) to afford the title compound as an off-white 

foam (0.10 g, 15 % mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 

0.65 1HNMR (CDCl3, 400 MHz) δ: 7.79-7.56 (m, 4H), 7.52-7.30 (m, 5H), 7.24-7.21 (m, 0.5 

H), 6.91-6.66 (m, 6.5 H), 6.03-6.00 (t, J = 4.4 Hz, 0.5H), 5.25-5.21 (dd, J = 3.6 Hz, J = 9.2 

Hz, 0.5H), 4.91-4.87 (dd, J = 5.6 Hz, J = 13.2 Hz, 0.5H), 4.55-4.49 (m, 1H), 4.41-4.34 (m, 

1H), 4.17-4.12 (m, 0.5 H), 3.95-3.92 (m, 1.5 H), 3.89-3.65 (m, 1H), 3.28-3.14 (m, 1H), 

2.95-2.69 (m, 2.5 H), 1.39-1.35 (t, J = 7.2 Hz, 3H), 1.33-1.32 (m, 6H);13CNMR (CDCl3,100 

MHz) δ: 171.9, 171.1, 157.5, 156.9, 153.7, 153.45, 153.1, 152.6, 141.8, 141.5, 140.6, 140.5, 

137.3, 137.1, 136.7, 135.7, 129.3, 129.1, 129.0, 128.9, 128.8, 128.5, 128.4, 127.9, 127.8, 

127.4, 127.3, 126., 125.6, 125.5, 5124.6, 116.2, 115.9, 115.8, 115.6, 115.4, 114.3, 71.4, 

70.4, 70.1, 64.2, 57.3, 51.9, 42.9, 35.5, 30.1, 28.6, 22.5, 22.3, 15.2; ; HRMS calcd. for 

C45H36N1O4, 522.26389 [M + H]+; found 522.26390 [M + H]+. Purity was established 

using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 

1: 85% ACN/25% water over 6 mins at 1 mL/min (retention time = 2.07 minutes). Method 

2: 75% MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 mL/min (retention time 

2.20 minutes). Compound 230 was only 94% pure (retention time of impurity = 2.07 

minutes)

(1-((4-Ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-yl)
(m-tolyl)methanone (100)—Tetrahydroisoquinoline 100 was prepared via procedure XIII 

using tetrahydroisoquinoline 76 (0.21 g, 0.62 mmol) and 3-methylbenzoyl chloride (0.11 

mL, 0.74 mmol) in DCM (9.7 mL). The crude residue was purified by silica gel 

chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to afford 

the title compound as an off-white foam (0.22 g, 78 % yield, mixture of two amide rotamers) 

TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.88; 1HNMR (CDCl3, 400 MHz) δ: 7.47-7.45 (m, 

1H), 7.35-7.33 (m, 1H), 7.26-7.21 (m, 2H), 6.95-6.71 (m, 1H), 6.02-6.01 (m, 0.5H), 

5.27-5.25 (m, 0.5H), 4.90 (m, J = 4.4 Hz, J = 12.0 Hz, 0.5H), 4.61-5.54 (m, 1H), 4.39 (d, J = 

5.2 Hz, 1H), 4.18-4.10 (m, 0.5H), 4.00 (q, J = 7.2 Hz, 2H), 3.89-3.67 (m, 1H), 3.31-3.13 (m, 

1H), 2.98-2.72 (m, 2H), 2.41 (s, 3H), 1.42 (t, J = 6.4 Hz, 3H), 1.37 (d, J = 6.0 Hz, 6H); 13C 

NMR (CDCl3, 100 MHz) δ: 172.2, 171.4, 157.4, 156.9, 153.5, 153.1, 153.7, 138.7, 138.4, 

136.7, 136.5, 135.8, 130.4, 128.8, 128.6, 128.3, 127.4, 125.6, 124.6, 123.6, 116.1, 115.9, 

115.8, 115.6, 115.5, 114.5, 114.3, 71.4, 70.3, 70.0, 64.2, 57.1, 51.7, 42.8, 35.4, 30.1, 28.7, 

22.3, 22.2, 21.6, 15.2; HRMS calcd. for C29H34NO4, 460.24824 [M + H]+; found, 

460.24844 [M + H]+; Anal. (C29H33N1O4): C, H, N.

(1-((4-Ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-yl)(3-
methoxyphenyl)methanone (101)—Tetrahydroisoquinoline 101 was prepared via 

procedure XIII using tetrahydroisoquinoline 76 (0.21 g, 0.62 mmol) and 3-methoxybenzoyl 

chloride (0.10 mL, 0.74 mmol) in DCM (9.7 mL). The crude residue was purified by silica 

gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to 

afford the title compound as an off-white foam (0.20 g, 68 % yield, mixture of two amide 

rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.69; 1HNMR (CDCl3, 400 MHz) δ: 

7.35-7.22 (m, 1H), 7.09-7.07 (m, 1H), 6.97-6.68 (m, 9H), 5.99 (t, J = 4.8 Hz, 0.5H), 
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5.23-5.20 (m, J = 3.6 Hz, J = 8.8 Hz, 0.5H), 4.89-4.85 (m, J = 5.6 Hz, J = 12.8 Hz, 0.5H), 

4.58-4.49 (m, 1H), 4.37-4.33 (m, 1H), 4.16-4.09 (m, 0.5H), 4.00-3.95 (q, J = 6.8 Hz, 2H), 

3.82-3.79 (d, J = 11.2 Hz, 3H), 3.70-3.61 (m, 0.5H), 3.30-3.11 (m, 1H), 2.95-2.71 (m, 1.5H), 

1.41-1.38 (t, J = 7.2 Hz, 3H), 1.35-1.34 (d, J = 6.0 Hz, 6H); 13C NMR (CDCl3, 100 MHz) δ: 

171.7, 170.9, 159.9, 159.7, 156.9, 153.7, 153.5, 153.1, 152.7, 138.0, 137.8, 136.7, 135.8, 

129.9, 129.6, 128.8, 128.3, 125.5, 124.6, 119.9, 118.8, 116.1, 115.9, 115.7, 115.6, 114.6, 

114.3, 113.1, 112.0, 71.4, 70.4, 70.0, 64.2, 57.1, 55.6, 51.8, 42.8, 35.5, 30.0, 28.6, 22.7, 

15.2; HRMS calcd. for C29H34NO5, 476.24315 [M + H]+; found, 476.24324 [M + H]+. 

Purity was established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 

mm, 3.5 μm). Method 1: 85% ACN/25% water over 3 mins at 1 mL/min (retention time = 

1.19 minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 

mL/min (retention time 2.96 minutes).

(1-((4-Ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-yl)(2-
fluorophenyl)methanone (102)—Tetrahydroisoquinoline 102 was prepared via 

procedure XIII using tetrahydroisoquinoline 76 (0.14 g, 0.41 mmol) and 2-fluorobenzoyl 

chloride (0.049 mL, 0.41 mmol) in DCM (6.0 mL). The crude residue was purified by silica 

gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to 

afford the title compound as an yellow foam (0.10 g, 53 % yield, mixture of two amide 

rotamers). TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.86; 1HNMR (CDCl3, 400 MHz) δ: 

7.44-7.36 (m, 1H), 7.27-7.11 (m, 3H), 6.97-6.68 (m, 7H), 6.02 (t, J = 4.8 Hz, 0.5H), 

5.02-4.92 (m, 0.5H), 4.57-4.51 (m, 1H), 4.39-4.31 (m, 1H), 4.14-4.06 (m, 0.5H), 4.00-3.90 

(m, 2.5H), 3.75-3.67 (m, 1H), 3.31-3.09 (m, 1H), 2.93-2.73 (m, 1.5H), 1.39 (t, J = 7.2 Hz, 

3H), 1.36-1.33 (m, 6H); 13C NMR (CDCl3, 100 MHz) δ: 166.7, 166.4, 157.4, 157.0, 153.5, 

153.1, 152.6, 136.5, 132.9, 131.4, 128.8, 128.3, 125.3, 124.9, 124.2, 115.9, 115.7, 115.6, 

115.4, 114.6, 114.4, 71.4, 70.3, 70.1, 64.2, 60.6, 51.9, 44.6, 42.5, 35.6, 29.9, 28.8, 22.3, 

15.1; HRMS calcd. for C28H31N1O4F, 464.22316 [M + H]+; found, 464.22228 [M + H]+. 

Purity was established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 

mm, 3.5 μm). Method 1: 85% ACN/25% water over 3 mins at 1 mL/min (retention time = 

1.14 minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 

mL/min (retention time 2.94 minutes).

(2-Chlorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (103)—Tetrahydroisoquinoline 103 was 

prepared via procedure XIII using tetrahydroisoquinoline 76 (0.14 g, 0.41 mmol) and 2-

chlorobenzoyl chloride (0.062 mL, 0.49 mmol) in DCM (6.3 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an yellow foam (0.090 g, 56 % yield, 

mixture of two amide rotamers). TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.86; 1HNMR 

(CDCl3, 400 MHz) δ: 7.59-7.21 (m, 4H), 6.96-6.67 (m, 7H), 6.06-6.00 (m, 0.5H), 4.99-4.95 

(m, J = 4.8 Hz, J = 12.0 Hz, 0.5H), 4.88-4.84 (m, J = 4.0 Hz, J = 9.2 Hz, 0.5H), 4.59-4.50 

(m, 1H), 4.41-4.31 (m, 1H), 4.09 (t, J = 9.6 Hz, 0.5H), 4.01-3.90 (m, 2H),3.91-3.75 (m, 

0.5H), 3.64-3.49 (m, 1H), 3.30-3.04 (m, 1H), 2.89-2.72 (m, 1.5H), 1.41-1.34 (m, 9H); 13C 

NMR (CDCl3, 100 MHz) δ: 168.2, 167.8, 157.3, 157.0, 153.6, 153.5, 152.9, 152.6, 136.5, 

136.1, 135.9, 135.7, 135.0, 130.8, 130.5, 130.3, 130.1, 129.9, 129.8, 129.3, 128.8, 128.7, 

Strong et al. Page 26

J Med Chem. Author manuscript; available in PMC 2018 July 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



128.3, 128.1, 127.7, 127.5, 127.4, 127.1, 126.7, 125.4, 125.2, 124.5, 115.9, 115.8, 115.7, 

115.6, 115.5, 115.4, 114.6, 114.3, 71.3, 70.4, 70.0, 64.2, 56.8, 51.7, 42.7, 42.3, 35.7, 29.9, 

29.8, 28.8, 22.3, 15.2; HRMS calcd. for C28H31N1O4Cl, 480.19361 [M + H]+; found, 

480.19269 [M + H]+. Anal. (C28H30N1O4Cl): C, H, N.

(1-((4-Ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-yl)(4-
fluorophenyl)methanone (104)—Tetrahydroisoquinoline 104 was prepared via 

procedure XIII using tetrahydroisoquinoline 76 (0.21 g, 0.62 mmol) and 4-fluorobenzoyl 

chloride (0.089 mL, 0.74 mmol) in DCM (9.7 mL). The crude residue was purified by silica 

gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to 

afford the title compound as an off-white foam (0.19 g, 65 % yield, mixture of two amide 

rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.81; 1HNMR (CDCl3, 400 MHz) δ: 

7.55-7.54 (m, 1H), 7.40-7.42 (m, 1H), 7.24-7.21 (m, 0.5H), 7.13-7.06 (m, 2H), 6.94-6.68 (m, 

6.5H), 5.98-5.97 (m, 0.5H), 5.17-5.16 (m, 0.5H), 4.88-4.83 (m, J = 5.2 Hz, J = 12.4 Hz, 

0.5H), 4.59-4.50 (m, 1H), 4.36 (s, 1H), 4.15-4.10 (m, 0.5H), 3.97 (q, J = 6.8 Hz, 2H), 

3.79-3.67 (m, 1H), 3.29-3.11 (m, 1H), 2.91-2.73 (m, 2H), 1.39 (t, J = 7.2 Hz, 3H), 1.34 (d, J 
= 6.0 Hz, 6H); 13C NMR (CDCl3, 100 MHz) δ: 171.1, 170.3, 164.8, 162.3, 157.5, 156.9, 

153.7, 153.0, 152.6, 136.7, 135.6, 132.7, 130.1, 129.1, 128.8, 128.3, 125.4, 124.3, 116.2, 

115.9, 115.6, 114.7, 114.4, 71.3, 70.3, 70.0, 64.2, 57.4, 51.9, 42.9, 35.5, 29.9, 28.5, 22.3, 

22.2, 15.1; HRMS calcd. for C28H31NO4F, 464.22316 [M + H]+; found, 464.22329 [M + H]
+. Purity was established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 

50 mm, 3.5 μm). Method 1: 85% ACN/25% water over 3 mins at 1 mL/min (retention time = 

1.17 minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 

mL/min (retention time 2.94 minutes).

(4-Chlorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (105)—Tetrahydroisoquinoline 105 was 

prepared via procedure XIII using tetrahydroisoquinoline 76 (0.21 g, 0.62 mmol) and 4-

chlorobenzoyl chloride (0.095 mL, 0.74 mmol) in DCM (9.7 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.12 g, 40 % yield, 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.87; 1HNMR 

(CDCl3, 400 MHz) δ: 7.50-7.48 (m, 1H), 7.42-7.34 (m, 3H), 7.23-7.19 (m, 0.5H), 6.93-6.68 

(m, 6.H), 5.99-5.97 (m, 0.5H), 5.16-5.14 (m, 0.5H), 4.89-4.83 (m, J = 4.8 Hz, J = 12.4 Hz, 

0.5H), 4.57-4.51 (m, 1H), 4.36-4.34 (m, 1H), 4.14-4.08 (m, 0.5H), 3.97 (q, J = 6.8 Hz, 2H), 

3.76-3.69 (m, 1H), 3.29-3.12 (m, 1H), 2.92-2.72 (m, 2H), 1.40 (t, J = 7.2 Hz, 3H), 1.34 (d, J 
= 5.6 Hz, 6H); 13C NMR (CDCl3, 100 MHz) δ: 170.9, 170.2, 157.5, 157.0, 153.8, 153.6, 

153.0, 152.5, 136.6, 135.8, 135.7, 135.6, 135.1, 129.4, 129.1, 128.8, 128.4, 128.3, 125.3, 

124.2, 116.2, 115.7, 115.6, 115.5, 114.7, 114.4, 71.3, 70.2, 70.1, 64.2, 57.3, 51.9, 42.9, 35.4, 

29.9, 28.7, 22.3, 22.2, 15.2; HRMS calcd. for C28H31NO4Cl, 480.19361 [M + H]+; found, 

480.19379 [M + H]+; Anal. (C28H30N1O4Cl): C, H, N.

(3,4-Difluorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (106)—Tetrahydroisoquinoline 106 was 

prepared via procedure XIII using tetrahydroisoquinoline 76 (0.21 g, 0.62 mmol) and 3,4-

Strong et al. Page 27

J Med Chem. Author manuscript; available in PMC 2018 July 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



difluorobenzoyl chloride (0.094 mL, 0.74 mmol) in DCM (9.7 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.18 g, 62 % yield, 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.86; 1HNMR 

(CDCl3, 400 MHz) δ: 7.50-7.46 (m, 0.5H), 7.29-7.16 (m, 3H), 6.94-6.92 (m, 0.5H), 

6.83-6.69 (m, 6H), 5.97 (bs, 0.5H), 5.16-5.15 (m, 0.5H), 4.84-4.82 (m, 0.5H), 4.59-4.51 (m, 

1H), 4.35 (s, 1H), 4.15 (t, J = 10.4 Hz, 0.5H), 3.98 (q, J = 6.8 Hz, 2H), 3.76-3.71 (m, 0.5H), 

3.29-3.14 (m, 1H), 2.90-2.75 (m, 2H), 1.40 (t, J = 6.8 Hz, 3H), 1.34 (d, J = 6.0 Hz, 6H); 13C 

NMR (CDCl3, 100 MHz) δ: 169.7, 168.9, 157.6, 157.1, 153.8, 153.6, 152.9, 152.4, 150.1, 

149.9, 136.6, 135.4, 133.3, 128.7, 125.1, 124.5, 123.9, 117.9, 117.6, 117.4, 116.8, 116.2, 

115.8, 115.5, 114.8, 114.5, 71.2, 70.1, 64.2, 57.4, 53.1, 42.9, 35.5, 29.9, 28.4, 22.3, 22.2, 

15.1; HRMS calcd. for C28H30NO4F2, 482.21374 [M + H]+; found, 482.21387 [M + H]+; 

Anal. (C28H29N1O4F2): C, H, N.

(3,4-Dichlorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (107)—Tetrahydroisoquinoline 107 was 

prepared via procedure XIII using tetrahydroisoquinoline 76 (0.25 g, 0.73 mmol) and 3,4-

dichlorobenzoyl chloride (0.18 g, 0.89 mmol) in DCM (12 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.16 g, 42 % mixture of 

two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.59 1HNMR (CDCl3, 400 MHz) 

δ: 7.71-7.42 (m, 2H), 7.36-7.34 (m, 0.5 H), 7.22-7.15 (m, 1H), 6.92-6.89 (m, 0.5 H), 

6.84-6.66 (m, 6H), 5.96-5.92 (m, 0.5 H), 5.11-5.08 (dd, J = 3.2 Hz, J = 9.2 Hz, 0.5H), 

4.83-4.79 (dd, J = 4.8 Hz, J = 12.8 Hz, 0.5H), 4.56-4.48 (m, 1H), 4.36-4.29 (m, 1H), 

4.15-4.09 (m, 0.5 H), 3.98-3.91 (m, 2.5 H), 3.71-3.67 (m, 1H), 3.27-3.08 (m, 1H), 2.91-2.72 

(m, 1.5 H), 1.39-1.36 (t, J = 6.8 Hz, 3H), 1.33-1.32 (d, J = 1.6 Hz, 3H), 1.31-1.30 (d, J = 1.6 

Hz, 3H); 13CNMR (CDCl3, 100 MHz) δ: 169.6, 168.8, 157.6, 157.1, 153.8, 153.6, 152.9, 

152.3, 136.5, 136.4, 136.3, 135.4, 134.1, 133.9, 133.3, 132.8, 130.9, 130.6, 130.3, 129.1, 

128.7, 128.3, 127.2, 126.2, 125.0, 123.9, 116.2, 115.8, 115.7, 115.6, 115.4, 115.2, 114.8, 

114.5, 71.2, 70.1, 64.2, 57.4, 52.1, 42.8, 35.5, 29.9, 28.5, 22.3, 22.2, 15.2; HRMS calcd. for 

C28H30Cl2N1O4, 514.15464 [M + H]+; found 514.15456 [M + H]+. Anal. (C29H32N1O4): C, 

H, N.

(3-Chloro-4-fluorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (108)—Tetrahydroisoquinoline 108 was 

prepared via procedure XIV using 3-chloro-4-fluorobenzoic acid (0.085 g, 0.49 mmol), N1-

((ethylimino)methylene)-N3,N3-dimethylpropane-1,3-diamine (0.082 g, 0.53 mmol), N,N-

dimethylpyridin-4-amine (0.055 g, 0.45 mmol), and tetrahydroisoquinoline 76 (0.14 g, 0.41 

mmol). The crude residue was purified by silica gel chromatography (ISCO, Redisep 12 g 

column, 10 – 80% EtOAc/hexanes gradient) to afford the title compound as an off-white 

foam (0.14 g, 69 % yield, mixture of two amide rotamers). TLC (EtOAc: hexanes, 1:1, v/v) 

Rf = 0.32; 1HNMR (CDCl3, 400 MHz) δ: 7.74-7.72 (m, 0.5H), 7.45 (s, 1H), 7.29-7.13 (m, 

2H), 6.97-6.93 (m, 0.5H), 6.82-6.69 (m, 5H), 5.98 (s, 0.5H), 5.15 (d, J = 6.4 Hz, 0.5H), 

4.86-4.81 (m, J = 4.4 Hz, J = 12.0 Hz, 0.5H), 4.59-4.50 (m, 1H), 4.36 (m, 1H), 4.16 (t, J = 

10.0 Hz, 0.5H), 4.01-3.96 (m, 2.5H), 3.75-3.68 (m, 1H), 3.30-3.15 (m, 1H), 2.93-2.75 (m, 
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1.5H), 1.40 (t, J = 6.8 Hz, 3H), 1.36-1.33 (m, 6H); 13C NMR (CDCl3, 100 MHz) δ: 169.8, 

168.9, 160.2, 157.6, 157.1, 153.8, 153.6, 152.9, 152.4, 126.6, 135.4, 133.5, 130.9, 129.7, 

128.7, 128.3, 128.1, 127.1, 125.1, 123.9, 121.5, 117.2, 116.8, 116.2, 115.8, 115.7, 115.6, 

115.4, 114.8, 114.5, 71.2, 70.1, 64.2, 57.5, 52.2, 42.9, 35.6, 29.9, 28.4, 22.3, 22.2, 15.2; 

HRMS calcd. for C28H29N1O4ClF, 498.18419 [M + H]+; found, 498.18419 [M + H]+. Anal. 

(C28H29N1O4ClF): C, H, N.

3,5-Dichlorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (109)—Tetrahydroisoquinoline 109 was 

prepared via procedure XIII using tetrahydroisoquinoline 76 (0.20 g, 0.59 mmol) and 3,5-

dischlorobenzoyl chloride (0.15 g, 0.70 mmol) in DCM (9.0 mL). The crude residue was 

purified by silica gel title compound as an off-white foam (0.070 g, 23 % mixture of two 

amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.71 1HNMR (CDCl3, 400 MHz) δ: 

7.46-7.38 (m, 2H), 7.21-7.17 (m, 1H), 6.93-6.66 (m, 7H), 5.94-5.92 (m, 0.5 H), 5.08-5.50 

(dd, J = 3.2 Hz, J = 9.6 Hz, 0.5H), 4.83-4.78 (dd, J = 5.2 Hz, J = 12.8 Hz, 0.5H), 4.56-4.48 

(m, 1H), 4.33-4.28 (m, 1H), 4.17-4.14 (m, 0.5 H), 4.00-3.89 (m, 2.5 H), 3.68-3.67 (m, 1H), 

3.28-3.07 (m, 1H), 2.93-2.72 (m, 1.5 H), 1.39-1.35 (t, J = 7.2 Hz, 3H), 1.33-1.32 (d, 6H); 
13CNMR (CDCl3, 100 MHz) δ: 168.9, 168.2, 157.6, 157.2, 153.8, 152.9, 152.4, 139.4, 

136.5, 135.7, 135.4, 129.8, 129.7, 128.7, 128.4, 126.5, 125.3, 124.9, 123.7, 116.2, 115.9, 

115.7, 115.6, 115.3, 114.8, 114.5, 71.1, 70.1, 64.1, 57.4, 52.2, 42.8, 35.5, 29.9, 28.3, 22.3, 

22.2, 15.1; HRMS calcd. for C28H30Cl2N1O4, 514.15464 [M + H]+; found 514.15456 [M + 

H]+. Purity was established using an Agilent pump on a Zorbax XBD-C18 column (46 mm 

× 50 mm, 3.5 μm). Method 1: 85% ACN/25% water over 6 mins at 1 mL/min (retention time 

= 2.24 minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 5 mins at 

1 mL/min (retention time 2.49 minutes). Compound 109 was only 93% pure (impurity 

retention time = 2.30 minutes

(3-Chlorophenyl)(6-isopropoxy-1-((3-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone) (110)—Dihydroisoquinoline 50 was 

prepared via Procedure X using amide 21 (1.4 g, 4.3 mmol) and phosphorus trichloride (1.2 

mL, 13 mmol) in dry toluene (24 mL). The crude solid was carried on without further 

purification. HRMS calcd. for C20H23O3N1, 326.17507 [M + H]+; found 326.17588 [M + 

H]+. Tetrahydroisoquinoline 69 was prepared via Procedure XII using 50 (4.9 g, 15 mmol) 

and sodium borohydride (1.7 g, 45 mmol) in dry MeOH (75 mL). The crude residue was 

subjected to flash column chromatography (ISCO, Redisep 24 g column, 0–10% 

MeOH/DCM gradient) to afford tetrahydroisoquinoline 38b (0.26 g, 5.0 %) in an impure 

form. The impurities were inseparable by chromatography. The product was visible by 

LCMS and was carried on without further purification. HRMS calcd. for C19H23NO3, 

314.17507 [M + H]+; found, 314.17484 [M + H]+. Tetrahydroisoquinoline 110 was prepared 

via Procedure XIII using tetrahydroisoquinoline 69 (0.26 g, 0.81 mmol) and 3-

chlorobenzoyl chloride (0.12 mL, 0.89 mmol) in DCM (13 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep12 g column, 10–80% EtOAc/hexanes 

gradient) to afford the title compound as a white foam (0.094 g, 31%, mixture of two amide 

rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.88 ; 1HNMR (CDCl3, 400 MHz) δ: 

7.60-7.13 (m, 5H), 6.92-6.75 (m, 1H), 6.71-6.66 (m, 2H), 6.52-6.42 (m, 3H), 6.00-5.98 (t, J 
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= 5.2 Hz, 0.5H), 5.15-5.12 (dd, J = 2.8 Hz, J = 9.2 Hz, 0.5H), 4.87-4.82 (dd, J = 5.2 Hz, J = 

12.8 Hz, 0.5H), 4.55-4.49 (m, 1H), 4.40-4.33 (m, 1H), 4.19-4.09 (m, 0.5 H), 3.95-3.91 (dd, J 
= 3.6 Hz, J = 10.4 Hz, 0.5H), 3.78-3.62 (m, 4H), 3.28-3.09 (m, 1H), 2.92-2.71 (m, 1.5 H), 

1.33-1.32 (d, 6H); 13CNMR (CDCl3, 100 MHz) δ: 170.4, 169.6, 168.6, 161.1, 160.9, 160.1, 

159.6, 157.9, 157.6, 157.1, 138.4, 138.2, 136.6, 135.6, 134.9, 134.6, 131.9, 130.2, 130.1, 

129.9, 129.4, 128.8, 128.4, 127.1, 125.7, 125.1, 124.9, 123.9, 123.5, 122.7, 116.2, 115.9, 

115.1, 114.5, 109.3, 108.2, 107.3, 107.1, 106.4, 102.3, 101.3, 100.9, 70.5, 70.1, 69.5, 57.2, 

55.6, 51.8, 42.8, 42.3, 35.4, 29.9, 29.6, 28.5, 22.3; HRMS calcd. for C27H29ClN1O4, 

466.17796 [M + H]+; found 466.17733 [M + H]+. Anal. (C27H28ClN1O4): C, H, N.

(3-Chlorophenyl)(6-isopropoxy-1-((2-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (111)—Tetrahydroisoquinoline 111 was 

prepared via Procedure XIII using tetrahydroisoquinoline 68 (0.20 g, 0.61 mmol) and 3-

chlorobenzoyl chloride (0.090 mL, 0.67 mmol) in DCM (9.0 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.15 g, 53 % mixture of 

two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.72 1HNMR (CDCl3, 400 MHz) 

δ: 7.75-7.52 (m, 1H), 7.42-7.19 (m, 3.5 H), 6.96-6.66 (m, 6.5 H), 6.05-6.02 (t, J = 5.6 Hz, 

0.5H), 5.19-5.15 (dd, J = 4.0 Hz, J = 10.4 Hz, 0.5H), 4.87-4.83 (dd, J = 5.6 Hz, J = 12.8 Hz, 

0.5H), 4.54-4.48 (m, 1H), 4.45-4.35 (m, 1H), 4.24-4.19 (m, 0.5 H), 4.02-3.98 (dd, J = 4.0 

Hz, J = 10.4 Hz, 0.5H), 3.90-3.74 (m, 4H), 3.29-3.09 (m, 1H), 2.88-2.73 (m, 1.5 H), 

1.34-1.31 (d, 6H); 13CNMR (CDCl3, 100 MHz) δ: 170.6, 169.9, 157.6, 157.1, 149.8, 148.1, 

138.2, 136.6, 135.7, 134.5, 130.2, 129.8, 129.7, 128.7, 128.4, 128.3, 127.2, 126.2, 125.3, 

124.9, 124.2, 122.1, 122.0, 121.2, 120.8, 116.3, 115.9, 114.7, 114.4, 113.4, 112.7, 111.9, 

71.6, 70.2, 70.1, 57.3, 56.2, 55.8, 51.8, 42.7, 35.3, 29.9, 28.4, 22.3, 22.2; HRMS calcd. for 

C27H29ClN1O4, 466.17796 [M + H]+; found 466.17790 [M + H]+. Anal. (C27H28ClN1O4): 

C, H, N.

(3-Chlorophenyl)(6-isopropoxy-1-((4-(trifluoromethoxy)phenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (112)—Dihydroisoquinoline 52 was 

prepared via procedure X using amide 24 (1.58 g, 4.0 mmol) and phosphorous trichloride 

(1.0 mL, 11.9 mmol) in dry toluene (20 mL). The crude residue (1.33 g) was carried on 

without further purification. HRMS calcd. for C20H21O3N1F3, 380.14680 [M + H]+; found 

380.14716 [M + H]+. Tetrahydroisoquinoline 71 was prepared via procedure XII using 

dihydroisoquinoline 52 (1.33 g, 3.5 mmol) and sodium borohydride (0.40 g, 11 mmol) in dry 

MeOH (19 mL). The crude residue was subjected to flash column chromatography (ISCO, 

Redisep 24 g column, 0–10% MeOH/DCM gradient) to afford tetrahydroisoquinoline 71 
(0.30 g, 19 %) in an impure form. The impurities were inseparable by chromatography. The 

product was visible by LCMS and was carried on without further purification. 

Tetrahydroisoquinoline 112 was prepared via procedure XIII using tetrahydroisoquinoline 

71 (0.15 g, 0.38 mmol) and 3-chlorobenzoyl chloride (0.058 mL, 0.46 mmol) in DCM (5.9 

mL). The crude residue was purified by silica gel chromatography (ISCO, Redisep 12 g 

column, 10–80% EtOAc/hexanes gradient) to afford the title compound as a white foam 

(0.089 g, 45 % yield, mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 

0.65; 1HNMR (CDCl3, 300 MHz) δ: 8.12 – 7.52 (m, 0.5H), 7.44 – 7.28 (m, 3H), 7.21 – 7.03 
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(m, 2.5H), 6.97 – 6.48 (m, 5H), 5.99 (t, J = 5.2 Hz, 0.5H), 5.16 (dd, J = 9.9, 3.1 Hz, 0.5H), 

4.86 (dd, J = 11.5, 4.8 Hz, 0.5H), 4.61 – 4.47 (m, 1H), 4.38 (d, J = 5.1 Hz, 1H), 4.18 (t, J = 

10.0 Hz, 0.5H), 3.95 (dd, J = 10.0, 3.6 Hz, 0.5H), 3.79 – 3.62 (m, 1H), 3.36 – 3.05 (m, 1H), 

2.97 – 2.64 (m, 1.5H), 1.34 (m, 6H); 13CNMR (CDCl3, 100 MHz) δ: 170.16, 169.70, 

169.52, 157.48, 157.13, 156.97, 138.01, 137.85, 136.42, 135.38, 134.74, 134.40, 130.03, 

129.82, 129.70, 129.68, 128.49, 128.06, 127.92, 126.81, 125.51, 124.63, 124.61, 123.45, 

122.60, 122.49, 122.37, 121.54, 119.51, 116.04, 115.69, 115.49, 115.12, 115.11, 114.57, 

114.33, 56.86, 51.58, 42.74, 35.27, 29.71, 28.30, 22.07; HRMS calcd. for C27H26NO4Cl1F3, 

520.14970 [M + H]+; found 520.14947 [M + H]+. Purity was established using an Agilent 

pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% 

water over 3 mins at 1 mL/min (retention time = 2.34 minutes). Method 2: 75% MeOH/25% 

Water to 95% MeOH/5% water over 8 mins at 1 mL/min (retention time 5.89 minutes).

(3-Chlorophenyl)(6-isopropoxy-1-((4-isopropoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (113)—Tetrahydroisoquinoline 113 was 

prepared via procedure XIII using tetrahydroisoquinoline 70 (0.13 g, 0.36 mmol) and 3-

chlorobenzoyl chloride (0.056 mL, 0.44 mmol) in dry DCM (5.8 mL). The crude residue 

was purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.048 g, 26 % mixture 

of two amide rotamers) TLC (EtOAc: hexanes, 1:3, v/v) Rf = 0.55; 1HNMR (CDCl3, 400 

MHz) δ: 7.39-7.21 (m, 4H), 6.87-6.85 (m, 6H), 6.0-5.98 (m, 0.5H), 5.14-5.13 (m, 0.5H), 

4.88-4.84 (m, J = 5.2 Hz, J = 12.0 Hz, 0.5), 4.60-4.53 (m, 1H), 4.46-4.40 (m, 1H), 4.36-4.32 

(m, 1H), 4.17-4.06 (m, 0.5H), 3.95-3.92 (m, 0.5H), 3.74-3.66 (m, 1H), 3.30-2.73 (m, 2.5H), 

1.35 (d, J = 6.4 Hz, 6H), 1.31 (d, J = 6.0 Hz, 6H); 13CNMR (100 MHz, CDCl3) δ: 157.3, 

156.8, 152.9, 152.4, 152.3, 152.1, 138.2, 137.9, 136.4, 135.3, 134.6, 134.6, 129.9, 129.6, 

129.5, 129.2, 128.5, 128.1, 127.9, 126.8, 125.6, 124.9, 124.6, 123.9, 117.5, 117.3, 117.2, 

115.9, 115.6, 115.2, 115.1, 114.5, 114.2, 71.0, 70.8, 69.8, 57.1, 51.7, 42.6, 35.2, 29.7, 28.3, 

22.1; HRMS calcd. for C29H33ClN1O4,494.20926 [M + H]+; found 494.20919 [M + H]+; 

mp: 103°C. Anal. (C29H32FN1O4): C, H, N.

(3-Fluorophenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (114)—Tetrahydroisoquinoline 114 was 

prepared via procedure XIII using tetrahydroisoquinoline 67 (0.10 g, 0.32 mmol) and 3-

fluorobenzoyl chloride (0.044 mL, 0.38 mmol) in DCM (5.0 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.17 g, 53 % yield, 

mixture of two amide rotamers). TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.53; 1HNMR 

(CDCl3, 400 MHz) δ: 7.41-7.08 (m, 5H), 6.91-6.66 (m, 6H), 5.98-5.96 (m, 0.5H), 5.14-5.13 

(m, 0.5H), 4.86-4.82 (m, J = 5.2 Hz, J = 12.8 Hz, 0.5H), 4.56-4.49 (m, 1H), 4.34-4.30 (m, 

1H), 4.12 (t, J = 9.6 Hz, 0.5H), 3.94-3.91 (m, 0.5H), 3.74 (s, 3H), 3.69-3.63 (m, 1H), 

3.27-3.08 (m, 1H), 2.91-2.70 (m, 1.5H), 1.32 (d, J = 6.0 Hz, 6H); 13C NMR (CDCl3, 100 

MHz) δ: 170.6, 169.7, 164.0, 161.4, 157.6, 157.5, 154.4, 154.3, 153.1, 152.6, 138.5, 136.6, 

135.6, 130.7, 130.6, 130.3, 130.2, 128.7, 128.3, 125.2, 124.1, 123.4, 122.5, 116.9, 116.8, 

116.7, 116.6, 116.1, 115.9, 115.5, 115.2, 114.9, 114.8, 114.7, 114.4, 114.2, 114.0, 71.3, 

70.2, 70.1, 57.3, 55.9, 51.9, 42.7, 35.5, 29.9, 28.6, 22.3, 22.2; HRMS calcd. for 
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C28H29NO4F, 450.20751 [M + H]+; found, 450.20722 [M + H]+. Purity was established 

using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 

1: 85% ACN/25% water over 3 mins at 1 mL/min (retention time = 1.03 minutes). Method 

2: 75% MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 mL/min (retention time 

2.77 minutes).

(3-Fluorophenyl)(6-isopropoxy-1-((4-(trifluoromethoxy)phenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (115)—Dihydroisoquinoline 52 was 

prepared via procedure X using amide 24 (1.58 g, 4.0 mmol) and phosphorous trichloride 

(1.0 mL, 11.9 mmol) in dry toluene (20 mL). The crude residue (1.33 g) was carried on 

without further purification. HRMS calcd. for C20H21O3N1F3, 380.14680 [M + H]+; found 

380.14716 [M + H]+. Tetrahydroisoquinoline 71 was prepared via procedure XII using 

dihydroisoquinoline 52 (1.33 g, 3.5 mmol) and sodium borohydride (0.40 g, 11 mmol) in dry 

MeOH (19 mL). The crude residue was subjected to flash column chromatography (ISCO, 

Redisep 24 g column, 0–10% MeOH/DCM gradient) to afford tetrahydroisoquinoline 71 
(0.30 g, 19 %) in an impure form. The impurities were inseparable by chromatography. The 

product was visible by LCMS and was carried on without further purification. 

Tetrahydroisoquinoline 115 was prepared via procedure XIII using tetrahydroisoquinoline 

71 (0.15 g, 0.38 mmol) and 3-fluorobenzoyl chloride (0.055 mL, 0.46 mmol) in DCM (5.9 

mL). The crude residue was purified by silica gel chromatography (ISCO, Redisep 12 g 

column, 10–80% EtOAc/hexanes gradient) to afford the title compound as a white foam 

(0.10 g, 53 % yield, mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 

0.63; 1HNMR (CDCl3, 300 MHz) δ: 7.88 – 7.28 (m, 1H), 7.23 – 7.03 (m, 5H), 7.03 – 6.65 

(m, 5H), 5.99 (t, J = 4.9 Hz, 0.5H), 5.18 (dd, J = 9.7, 3.2 Hz, 0.5H), 4.87 (dd, 0.5H), 4.61 – 

4.47 (m, 1H), 4.38 (d, J = 4.9 Hz, 1H), 4.18 (m, 0.5H), 3.96 (dd, J = 10.2, 3.4 Hz, 0.5H), 

3.84 – 3.56 (m, 1H), 3.37 – 3.04 (m, 1H), 3.00 – 2.69 (m, 1.5H), 1.45 – 1.25 (m, 6H); 
13CNMR (CDCl3, 100 MHz) δ: 170.25, 169.62, 163.58, 161.62, 161.52, 157.49, 157.14, 

156.97, 156.61, 143.15, 143.12, 142.98, 142.97, 142.95, 138.27, 138.17, 138.11, 136.42, 

136.40, 135.41, 130.52, 130.46, 130.15, 130.08, 130.05, 129.99, 128.49, 128.03, 125.76, 

124.65, 123.49, 123.13, 123.10, 122.58, 122.49, 122.37, 122.19, 121.55, 120.42, 120.25, 

119.50, 116.98, 116.80, 116.67, 116.64, 116.51, 116.06, 115.70, 115.48, 115.12, 115.05, 

114.87, 114.56, 114.55, 114.32, 114.31, 114.01, 113.82, 70.74, 69.92, 69.71, 56.80, 51.57, 

42.69, 35.28, 29.72, 28.31, 22.03. HRMS calcd. for C27H26NO4F4, 504.17925 [M + H]+; 

found 504.17909 [M + H]+. Purity was established using an Agilent pump on a Zorbax 

XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% water over 3 mins 

at 1 mL/min (retention time = 1.89 minutes). Method 2: 75% MeOH/25% Water to 95% 

MeOH/5% water over 5 mins at 1 mL/min (retention time 5.54 minutes).

(3-Fluorophenyl)(6-isopropoxy-1-((4-isopropoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (116)—Tetrahydroisoquinoline 116 was 

prepared via procedure XIII using tetrahydroisoquinoline 70 (0.80 g, 0.23 mmol) and 3-

fluorobenzoyl chloride (0.031 mL, 0.27 mmol) in dry DCM (3.5 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.074 g, 70 % mixture 

of two amide rotamers) TLC (EtOAc: hexanes, 1:3, v/v) Rf = 0.76; 1HNMR (CDCl3, 400 
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MHz) δ: 7.44-7.10 (m, 5H), 6.94-6.68 (m, 6H), 5.99 (t, J = 6.4 Hz, 0.5H), 5.18-5.13 (m, J = 

5.6 Hz, J = 4.8 Hz, 0.5H), 4.89-4.48 (m, J = 5.6 Hz, J = 6.8 Hz, 0.5H), 4.58-4.48 (m, 1H), 

4.47-4.36 (m, 1H), 4.39-4.31 (m, 1H), 4.17-4.10 (m, 0.5H), 3.97-3.92 (m, 0.5H), 3.76-3.64 

(m, 1H), 3.32-3.09 (m, 1H), 2.96-2.72 (m, 1.5H), 1.36-1.29 (m, 12H); 13CNMR (100 MHz, 

CDCl3) δ: 170.5, 169.7, 164.0, 163.8, 161.6, 161.4, 157.6, 157.1, 153.1, 152.6, 152.5, 152.4, 

138.7, 138.5, 136.6, 135.6, 130.7, 130.6, 130.3, 130.2, 130.1, 128.7, 128.3, 125.9, 125.2, 

124.2, 123.4, 122.5, 120.5, 117.7, 117.6. 117.2. 116.9, 116.8, 116.7, 116.6, 116.2, 115.8, 

115.4, 115.2, 114.7, 114.4, 114.3, 114.0, 71.3, 71.1, 71.0, 70.6, 70.2, 70.1, 60.6, 57.3, 53.7, 

51.9, 42.8, 35.4, 31.8, 31.2, 29.9, 28.6, 22.9, 22.3, 22.2, 21.3, 14.4; HRMS calcd. for 

C29H33FN1O4, 478.23881 [M + H]+; found 478.23858 [M + H]+; Anal. (C29H32FN1O4): C, 

H, N

(3-chlorophenyl)(6-(dimethylamino)-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (117)—Tetrahydroisoquinoline 117 was 

prepared via Procedure XIII using tetrahydroisoquinoline 83 (0.26 g, 0.85 mmol) and 3-

chlorobenzoyl chloride (0.14 mL, 1.0 mmol) in DCM (13 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as a yellow foam (0.31 g, 81 % mixture of 

two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.43; 1HNMR (CDCl3, 400 

MHz) δ: 7.59-7.16 (m, 4.5H), 6.89-6.76 (m, 4.5 H), 6.68-6.57 (m, 1H), 6.52-6.48 (m, 1H), 

5.97-5.95 (t, J = 5.2 Hz, 0.5H), 5.12-5.09 (dd, J = 3.2 Hz, J = 9.2 Hz, 0.5H), 4.86-4.82 (dd, J 
= 5.2 Hz, J = 12.8 Hz, 0.5H), 4.33-4.31 (m, 1H), 4.14-4.09 (m, 0.5H), 3.92-3.88 (dd, J = 3.2 

Hz, J = 6.8 Hz), 3.73 (s, 3H), 3.70-3.65 (m, 1H), 3.27-3.09 (m, 1H), 2.94 (s, 6H), 2.87-2.71 

(m, 1.5 H); 13CNMR (100 MHz, CDCl3) δ: 170.4, 169.6, 154.3, 153.2, 152.7, 150.2, 138.6, 

138.4, 136.1, 134.8, 134.5, 130.3, 130.2, 129.9, 129.8, 129.7, 128.3, 128.2, 127.9, 127.1, 

125.8, 124.9, 115.9, 115.4, 114.9, 114.8, 112.7, 111.2, 71.2, 70.2, 57.3, 55.9, 51.8, 42.9, 

40.7, 35.6, 30.2, 28.8; HRMS calcd. for C26H27ClN2O3, 451.17830 [M + H]+; found 

451.17929 [M + H]+. Purity was established using an Agilent pump on a Zorbax XBD-C18 

column (46 mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% water over 3 mins at 1 

mL/min (retention time = 3.67 minutes). Method 2: 75% MeOH/25% Water to 95% 

MeOH/5% water over 5 mins at 1 mL/min (retention time 2.43 minutes).

(3-bromophenyl)(6-(dimethylamino)-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (118)—Tetrahydroisoquinoline 118 was 

prepared via Procedure XIII using tetrahydroisoquinoline 83 (0.26 g, 0.85 mmol) and 3-

bromobenzoyl chloride (0.14 mL, 1.0 mmol) in DCM (13 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as a yellow foam (0.30 g, 76 % mixture of 

two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.43; 1HNMR (CDCl3, 400 

MHz) δ: 7.75-7.41 (m, 2H), 7.31-7.15 (m, 2H), 6.89-6.85 (m, 2H), 6.82-6.77 (m, 3H), 

6.67-6.57 (m, 1H), 6.52-6.47 (m, 1H), 5.97-5.94 (t, J = 5.2 Hz, 0.5H), 5.12-5.09 (dd, J = 3.6 

Hz, J = 9.6 Hz, 0.5H), 4.86-4.82 (dd, J = 5.2 Hz, J = 12.8 Hz, 0.5H), 4.33-4.28 (m, 1H), 

4.14-4.05 (m, 0.5 H), 3.92-3.88 (dd, J = 3.6 Hz, J = 10.0 Hz, 0.5H), 3.75 (s, 3H), 3.71-3.61 

(m, 1H), 3.29-3.08 (m, 1H), 2.94 (s, 6H), 2.89-2.71 (m, 1.5H); 13CNMR (100 MHz, CDCl3) 

δ: 170.3, 169.5, 154.3, 154.2, 153.2, 152.6, 150.2, 149.8, 138.8, 138.6, 135.9, 134.9, 132.8, 
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132.7, 131.0, 130.4, 130.1, 129.8, 128.3, 127.9, 126.3, 125.3, 122.9, 122.6, 119.9, 115.9, 

115.4, 114.8, 112.7, 112.4, 11.9, 111.2, 78.6, 71.2, 70.2, 57.3, 55.9, 51.9, 42.9, 40.8, 40.8, 

35,7, 30.2, 28.8; HRMS calcd. for C26H27BrN2O3, 495.12778 [M + H]+; found 495.12898 

[M + H]+. Purity was established using an Agilent pump on a Zorbax XBD-C18 column (46 

mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% water over 5.5 mins at 1 mL/min 

(retention time = 2.75 minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water 

over 3 mins at 1 mL/min (retention time 1.40 minutes).

(3-chlorophenyl)(6-(isopropyl(methyl)amino)-1-((4-
methoxyphenoxy)methyl)-3,4-dihydroisoquinolin-2(1H)-yl)methanone (119)—
Tetrahydroisoquinoline 119 was prepared via procedure XIII using tetrahydroisoquinoline 

85 (0.13 g, 0.39 mmol) and 3-chlorobenzoyl chloride (0.050 mL, 0.39 mmol) in DCM (6.2 

mL). The crude residue was purified by silica gel chromatography (ISCO, Redisep 12 g 

column, 10 – 80% EtOAc/hexanes gradient) to afford the title compound as a yellow foam 

(0.098 g, 52 % yield, mixture of two amide rotamers). TLC (EtOAc: hexanes, 1:1, v/v) Rf = 

0.72; 1HNMR (CDCl3, 400 MHz) δ: 7.42-7.17 (m, 4H), 6.91-6.80 (m, 5H), 6.75-6.54 (m, 

2H), 5.99 (t, J = 5.2 Hz, 0.5H), 5.14-5.11 (m, J = 3.2 Hz, J = 9.6 Hz, 0.5H), 4.89-4.85 (m, J 
= 5.2 Hz, J = 12.4 Hz, 0.5H), 4.36-4.29 (m, 0.5H), 4.18-4.07 (m, 1.5H), 3.96-3.91 (m, 0.5H), 

3.78-3.60 (m, 4H), 3.31-3.12 (m, 1H), 2.94-2.74 (m, 5H), 1.20-1.18 (m, 6H); 13C NMR 

(CDCl3, 100 MHz) δ: 170.4, 169.6, 154.3, 153.2, 152.7, 149.7, 149.4, 138.6, 138.4, 136.1, 

134.9, 134.5, 130.2, 129.8, 129.7, 128.4, 128.2, 128.0, 127.0, 125.9, 124.9, 120.8, 119.5, 

115.9, 115.4, 114.8, 114.6, 114.4, 112.9, 112.7, 112.3, 111.4, 71.2, 70.2, 57.2, 55.9, 51.8, 

48.9, 48.8, 42.9, 35.7, 30.3, 30.0, 28.9, 19.7; HRMS calcd. for C28H32N2O3Cl, 479.20960 

[M + H]+; found, 479.20975 [M + H]+; Anal. (C28H31N2O3Cl): C, H, N.

(3-chlorophenyl)(6-(isopropylamino)-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (120)—Tetrahydroisoquinoline 120 was 

prepared via procedure XIII using tetrahydroisoquinoline 84 (0.039 g, 0.12 mmol) and 3-

chlorobenzoyl chloride (0.015 mL, 0.12 mmol) in DCM (1.8 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as a yellow foam (0.024 g, 42 % yield, 

mixture of two amide rotamers). TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.59; 1HNMR 

(CDCl3, 400 MHz) δ: 7.60-7.25 (m, 4H), 6.89-6.78 (m, 5H), 6.52-6.36 (m, 2H), 5.95 (t, J = 

5.2 Hz, 0.5H), 5.10-5.07 (m, J = 2.8 Hz, J = 9.2 Hz, 0.5H), 4.86-4.81 (m, J = 5.6 Hz, J = 

13.2 Hz, 0.5H), 4.33-4.29 (m, 1H), 4.15-4.06 (m, 0.5H), 3.92-3.88 (dd, J = 3.6 Hz, J = 10.0 

Hz, 0.5H), 3.77 (s, 3H), 3.71-3.67 (m, 1H), 3.65-3.57 (m, 1H), 3.28-3.06 (m, 1.5H), 

2.89-2.67 (m, 2H), 1.23-1.21 (m, 6H); 13C NMR (CDCl3, 100 MHz) δ: 170.4, 169.6, 154.3, 

153.1, 152.6, 138.5, 138.4, 136.4, 135.4, 134.9, 134.5, 130.2, 129.8, 129.7, 128.6, 128.2, 

127.0, 125.9, 124.9, 115.9, 115.4, 114.9, 114.8, 114.1, 113.3, 71.2, 70.2, 57.3, 55.9, 51.9, 

42.8, 35.5, 29.9, 28.6, 22.9, 22.7; HRMS calcd. for C27H30N2O3Cl, 465.19395 [M + H]+; 

found, 465.19225 [M + H]+; mp: 108°C. Purity was established using an Agilent pump on a 

Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% water over 

3 mins at 1 mL/min (retention time = 0.89 minutes). Method 2: 75% MeOH/25% Water to 

95% MeOH/5% water over 3 mins at 1 mL/min (retention time 1.84 minutes).
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(3-chlorophenyl)(1-((4-methoxyphenoxy)methyl)-6-(piperidin-1-yl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (121)—Tetrahydroisoquinoline 121 was 

prepared via Procedure XIII using tetrahydroisoquinoline 80 (0.11 g, 0.32 mmol) and 3-

chlorobenzoyl chloride (0.050 mL, 0.39 mmol) in DCM (5.0 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.11 g, 67 % yield, 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.48; 1HNMR 

(CDCl3, 400 MHz) δ: 7.58 (s, 0.5H), 7.37-7.23 (m, 3H), 7.18-7.16 (m, 0.5H), 6.89-6.7 (m, 

7H), 5.96 (t, J = 4.8 Hz, 0.5H), 5.12-5.08 (m, J = 3.6 Hz, J = 3.6 Hz, 0.5H), 4.86-4.82 (m, J 
= 5.6 Hz, J = 13.2 Hz, 0.5H), 4.36-4.29 (m, 1H), 4.12 (t, J = 10.4 Hz, 0.5H), 3.92-3.89 (m, 

0.5H), 3.75 (s, 3H), 3.72-3.62 (m, 0.5H), 3.28-3.32 (m, 1.5H), 3.15-3.08 (m, 4H), 2.91-2.69 

(m, 1.5H), 1.76-1.66 (m, 4H), 1.58-1.57 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ: 170.4, 

169.6, 167.9, 153.3, 154.2, 153.1, 152.6, 151.7, 138.5, 138.3, 135.9, 134.9, 134.5, 133.1, 

130.2, 129.8, 129.7, 128.8, 128.2, 127.9, 127.0, 125.9, 124.8, 122.4, 116.6, 115.9, 115.7, 

115.4, 114.9, 114.8, 71.2, 70.1, 57.3, 55.9, 51.9, 50.6, 42.9, 35.6, 30.1, 29.9, 25.9, 24.4; 

HRMS calcd. for C29H32N2O3
35Cl, 491.20960 [M + H]+; found, 491.20961 [M + H]+. 

Purity was established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 

mm, 3.5 μm). Method 1: 85% ACN/25% water over 3 mins at 1 mL/min (retention time = 

0.85 minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 3 mins at 1 

mL/min (retention time 1.30 minutes).

(3-chlorophenyl)(1-((4-methoxyphenoxy)methyl)-6-morpholino-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (122)—Tetrahydroisoquinoline 122 was 

prepared via Procedure XIII using tetrahydroisoquinoline 81 (0.23 g, 0.67 mmol) and 3-

chlorobenzoyl chloride (0.10 mL, 0.80 mmol) in DCM (11 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.18 g, 55 % yield, 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.74; 1HNMR 

(CDCl3, 400 MHz) δ: 7.57 (s, 0.5H), 7.39-7.19 (m, 4H), 6.93-6.65 (m, 6.5H), 5.96 (t, J = 5.2 

Hz, 0.5H), 5.12-5.09 (m, J = 3.6 Hz, J = 9.2 Hz, 0.5H), 4.86-4.81 (m, J = 5.2 Hz, J = 12.8 

Hz, 0.5H), 4.36-4.29 (m, 1H), 4.14-4.09 (m, 0.5H), 3.92-3.89 (m, 0.5H), 3.83 (t, J = 4.8 Hz, 

4H), 3.78 (s, 3H), 3.69-3.62 (m, 1.5H), 3.28-3.20 (m, 0.5H), 3.17-3.13 (m, 4H), 2.92-2.70 

(m, 1.5H); 13C NMR (CDCl3, 100 MHz) δ: 170.4, 169.7, 154.4, 154.2, 153.1, 152.6, 150.9, 

150.4, 138.9, 138.2, 136.1, 135.11, 134.8, 134.5, 130.3, 129.9, 129.8, 128.4, 128.2, 128.1, 

127.0, 125.8, 124.9, 124.6, 123.4, 115.9, 115.4, 114.9, 114.8, 114.2, 71.2, 70.1, 67.0, 57.3, 

55.9, 51.9, 49.4, 49.2, 42.9, 35.6, 30.1, 28.7, 21.3; HRMS calcd. for C28H30N2O4
35Cl, 

493.18886 [M + H]+; found, 493.18900 [M + H]+; mp: 108°C. Purity was established using 

an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 85% 

ACN/25% water over 6 mins at 1 mL/min (retention time = 1.33 minutes). Method 2: 75% 

MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 mL/min (retention time 0.85 

minutes).

(3-bromophenyl)(1-((4-methoxyphenoxy)methyl)-6-morpholino-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (123)—Tetrahydroisoquinoline 123 was 

prepared via Procedure XIII using tetrahydroisoquinoline 81 (0.23 g, 0.67 mmol) and 3-
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bromobenzoyl chloride (0.11 mL, 0.80 mmol) in DCM (11 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.16 g, 46 % yield, 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.72; 1HNMR 

(CDCl3, 400 MHz) δ: 7.72 (s, 0.5H), 7.55-7.49 (m, 1.5H), 7.41-7.19 (m, 2H), 6.93-6.91 (m, 

0.5H), 6.86-6.65 (m, 6.5H), 5.95 (t, J = 4.8 Hz, 0.5H), 5.12-5.09 (m, J = 3.2 Hz, J = 9.6 Hz, 

0.5H), 4.86-4.82 (m, J = 5.2 Hz, J = 12.0 Hz, 0.5H), 4.39-4.29 (m, 1H), 4.12 (t, J = 10.4 Hz, 

0.5H), 3.92-3.89 (m, 0.5H), 3.84 (t, J = 4.8 Hz, 4H), 3.74 (s, 3H), 3.69-3.56 (m, 1.5H), 

3.27-3.20 (m, 0.5H), 3.13 (s, 4H), 2.91-2.70 (m, 1.5H); 13C NMR (CDCl3, 100 MHz) δ: 

170.3, 169.5, 154.4, 154.2, 153.1, 152.6, 150.9, 150.5, 138.6, 138.5, 137.2, 135.1, 132.8, 

130.9, 130.5, 130.2, 129.9, 128.4, 128.1, 126.3, 125.3, 124.6, 123.4, 122.9, 122.6, 116.1, 

115.9, 115.5, 114.9, 114.8, 114.2, 71.2, 70.1, 67.0, 62.2, 57.3, 55.9, 51.9, 49.4, 49.2, 42.9, 

35.6, 30.1, 28.7; HRMS calcd. for C28H30N2O4
79Br, 537.13835 [M + H]+; found, 

537.13859 [M + H]+; Anal. (C28H29N2O4Br): C, H, N.

(3-chlorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-morpholino-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (124)—Tetrahydroisoquinoline 124 was 

prepared via Procedure XIII using tetrahydroisoquinoline 82 (0.21 g, 0.57 mmol) and 3-

chlorobenzoyl chloride (0.086 mL, 0.67 mmol) in DCM (8.8 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.11 g, 38 % yield, 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.32; 1HNMR 

(CDCl3, 400 MHz) δ: 7.57 (s, 0.5H), 7.37-7.19 (m, 4H), 6.93-6.91 (m, 0.5H),6.82-6.77 (m, 

5H), 6.71-6.65 (m, 1H), 5.97-5.95 (m, 0.5H), 5.12-5.09 (m, J = 5.2 Hz, J = 9.2 Hz, 0.5H), 

4.33-4.29 (m, 1H), 4.14-4.09 (m, 0.5H), 3.95 (q, J = 7.2 Hz, 2H), 3.84 (t, J = 4.4 Hz, 4H), 

3.73-3.64 (m, 1H), 3.28-3.14 (m, 5H), 2.90-2.70 (m, 2H), 1.37 (t, J = 6.8 Hz, 3H); 13C NMR 

(CDCl3, 100 MHz) δ: 170.4, 169.6, 154.2, 153.7, 153.6, 153.0, 152.5, 150.9, 150.5, 138.4, 

138.2, 136.2, 135.1, 134.9, 134.5, 133.4, 130.2, 129.9, 128.5, 128.1, 127.0, 125.8, 124.7, 

123.5, 115.8, 115.7, 115.6, 115.4, 114.8, 114.2, 71.2, 70.1, 67.1, 64.2, 57.3, 55.9, 51.9, 49.4, 

49.2, 42.9, 40.0, 35.6, 30.1, 28.7, 26.3, 15.2; HRMS calcd. for C29H32N2O4
35Cl, 507.20451 

[M + H]+; found, 507.20466 [M + H]+. Anal. (C21H26NO3Br): C, H, N.

(3-bromophenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (125)—Tetrahydroisoquinoline 125 was 

prepared via procedure XIII using tetrahydroisoquinoline 67 (0.15 g, 0.46 mmol) and 3-

bromobenzoyl chloride (0.070 mL, 0.51 mmol) in DCM (8.0 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as a white foam (0.13 g, 56 % mixture of two 

amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.73; 1HNMR (CDCl3, 400 MHz) δ: 

7.74-7.50 (m, 2H), 7.42-7.18 (m, 2H), 6.91-6.66 (m, 6H), 5.97-5.95 (t, J = 5.2 Hz, 0.5H), 

5.13-5.10 (dd, J = 3.2 Hz, J = 9.6 Hz, 0.5H), 4.86-4.81 (dd, 5.2 Hz, J = 12.4 Hz, 0.5H), 

4.55-4.49 (m, 1H), 4.37-4.29 (m, 1H), 4.15-4.08 (m, 0.5 H), 3.92-3.89 (dd, J = 3.6 Hz, J = 

9.6, 0.5H), 3.75 (s, 3H), 3.73-3.62 (m, 1H), 3.27-3.08 (m, 1H), 2.29-2.70 (m, 1.5 H), 

1.33-1.31 (d, 6H); 13CNMR (CDCl3, 100 MHz) δ: 170.3, 169.6, 157.7, 157.1, 154.4, 154.3, 

153.1, 152.8, 138.6, 138.4, 136.6, 135.6, 133.2, 132.8, 131.1, 130.4, 130.1, 129.9, 128.8, 
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128.3, 126.3, 125.3, 124.1, 122.9, 122.6, 116.2, 115.9, 115.5, 114.9, 114.8, 114.7, 114.5, 

71.3, 70.1, 57.3, 55.9, 51.9, 42.8, 35.5, 29.9, 28.5, 22.3, 22.2; HRMS calcd. for 

C21H27BrO3N1, 510.12745 [M + H]+; found 510.12750 [M + H]+. Purity was established 

using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 

1: 85% ACN/15% water to 95%ACN/5% water over 6 mins at 1 mL/min (retention time = 

1.62 minutes). Method 2: 85% MeOH/15% Water to 95% MeOH/5% water over 5 mins at 1 

mL/min (retention time 1.34 minutes).

(3-iodophenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (126)—Tetrahydroisoquinoline 126 was 

prepared via procedure XIV using 3-iodobenzoic acid (0.18 g, 0.71 mmol) dissolved in dry 

DCM (2.3 ml) and THF (1.7 ml), N1-((ethylimino)methylene)-N3, N3-

dimethylpropane-1,3-diamine hydrochloride (0.16 g, 0.85 mmol), N, N-dimethylpyridin-4-

amine (0.096 g, 0.78 mmol), and tetrahydroisoquinoline 67 (0.23 g, 0.71 mmol). The crude 

residue was purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% 

EtOAc/hexanes gradient) to afford the title compound as an off-white foam (0.15 g, 38 % 

yield, mixture of two amide rotamers). TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.64; 1HNMR 

(CDCl3, 400 MHz) δ: 7.96-7.73 (m, 1.5H), 7.48 (d, J = 7.2 Hz, 0.5H), 7.36 (d, J = 7.6 Hz, 

0.5H), 7.23-7.12 (m, 1.5H), 6.94-6.69 (m, 7H), 5.98 (t, J = 5.2 Hz, 0.5H), 5.16-5.13 (m, J = 

3.6 Hz, J = 9.2 Hz, 0.5H), 4.88-4.84 (m, J = 5.6 Hz, J = 12.8 Hz, 0.5H), 4.59-4.52 (m, 1H), 

4.39-4.32 (m, 1H), 4.17-4.12 (m, 0.5H), 3.95-3.92 (dd, J = 3.2 Hz, J = 9.6Hz, 0.5H), 3.77 (s, 

3H), 3.75-3.64 (m, 1H), 3.30-3.11 (m, 1H), 2.94-2.73 (m, 1.5H), 1.35 (d, J = 6.0 Hz, 6H); 
13C NMR (CDCl3, 100 MHz) δ: 170.2, 169.4, 157.6, 157.0, 154.4, 154.3, 153.1, 152.6, 

142.2, 139.1, 138.8, 138.6, 138.5, 136.7, 136.6, 135.6, 130.5, 130.2, 129.4, 128.7, 128.4, 

126.8, 125.8, 125.2, 124.1, 116.2, 115.9, 115.5, 114.9, 114.8, 114.7, 115.5, 71.2, 70.1, 57.3, 

55.9, 51.9, 42.8, 35.4, 29.9, 28.5, 22.3, 22.2; HRMS calcd. for C27H28N1O4I, 558.11358 [M 

+ H]+; found, 558.11362 [M + H]+. Purity was established using an Agilent pump on a 

Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% water over 

3 mins at 1 mL/min (retention time = 1.34 minutes). Method 2: 75% MeOH/25% Water to 

95% MeOH/5% water over 5 mins at 1 mL/min (retention time 4.29 minutes).

(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-yl)(3-
(trifluoromethyl)phenyl)methanone (127)—Tetrahydroisoquinoline 127 was prepared 

via procedure XIII using tetrahydroisoquinoline 67 (0.17 g, 0.49 mmol) and 3-

(trifluoromethyl)benzoyl chloride (0.080 mL, 0.54 mmol) in DCM (8.0 mL). The crude 

residue was purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% 

EtOAc/hexanes gradient) to afford the title compound as an off-white foam (0.13 g, 54 % 

mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.66 1HNMR (CDCl3, 

400 MHz) δ: 7.88-7.48 (m, 4H), 7.22-7.20 (m, 0.5 H), 6.89-6.66 (m, 6.5 H), 5.99-5.96 (m, 

0.5 H), 5.09-5.06 (dd, J = 3.2 Hz, J = 6.4 Hz, 0.5H), 4.89-4.84 (dd, J = 5.6 Hz, J = 12.8 Hz, 

0.5H), 4.55-4.49 (m, 1H), 4.37-4.34 (m, 1H), 4.15-4.10 (m, 0.5 H), 3.98-3.89 (m, 2.5H), 

3.70-3.69 (m, 1H), 3.27-3.12 (m, 1H), 2.91-2.72 (m, 1.5H), 1.39-1.35 (t, J = 7.2 Hz, 3H), 

1.33-1.32 (d, J = 1.6 Hz, 3H), 1.31-1.30 (d, J = 1.6 Hz, 3H); 13CNMR (100 MHz, CDCl3) δ: 

170.5, 169.7, 168.4, 157.6, 157.1, 153.8, 153.6, 152.9, 152.4, 137.4, 137.3, 136.5, 135.4, 

133.5, 131.5, 131.1, 130.8, 130.2, 129.4, 129.3, 129.1, 128.7, 127.2, 126.5, 125.2, 123.9, 
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116.2, 115.9, 115.6, 115.5, 115.4, 115.3, 114.8, 114.5, 76.9, 71.2, 70.1, 64.2, 57.4, 52.1, 

42.9, 35.5, 29.8, 28.5, 22.3, 22.2, 15.1; HRMS calcd. for C29H31F3N1O4, 514.21914 [M + 

H]+; found 514.21949 [M + H]+. Purity was established using an Agilent pump on a Zorbax 

XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% water over 3 mins 

at 1 mL/min (retention time = 1.34 minutes). Method 2: 75% MeOH/25% Water to 95% 

MeOH/5% water over 5 mins at 1 mL/min (retention time 4.29 minutes).

(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-dihydroisoquinolin-2(1H)-yl)
(3-nitrophenyl)methanone (128)—Tetrahydroisoquinoline 128 was prepared via 

procedure XIII using tetrahydroisoquinoline 67 (0.33 g, 0.99 mmol) and 3-nitrobenzoyl 

chloride (0.22 mL, 1.2 mmol) in DCM (16 mL). The crude residue was purified by silica gel 

chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to afford 

the title compound as an yellow foam (0.26 g, 53 % yield, mixture of two amide rotamers). 

TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.45; 1HNMR (CDCl3, 400 MHz) δ: 8.53-8.27 (m, 

1.5H), 7.85-7.22 (m, 2.5H), 6.92-6.70 (m, 7H), 5.99-6.01 (m, 0.5H), 5.09-5.07 (m, 0.5H), 

4.91-4.86 (m, J = 5.2 Hz, J = 12.4 Hz, 0.5H), 4.59-4.52 (m, 1H), 4.40-4.37 (m, 1H), 4.18 (t, 

J = 10.4 Hz, 0.5H), 3.96-3.93 (m, J = 3.6 Hz, J = 9.2 Hz, 0.5H), 3.77 (s, 3H), 3.75-3.73 (m, 

1H), 3.34-3.14 (m, 1H), 2.98-2.77 (m, 1.5H), 1.35 (d, J = 6.0 Hz, 6H); 13C NMR (CDCl3, 

100 MHz) δ: 169.4, 168.6, 157.7, 157.2, 154.5, 153.0, 152.4, 148.4, 148.2, 138.2, 136.5, 

135.3, 133.8, 132.9, 130.2, 129.7, 128.7, 128.3, 124.9, 124.6, 124.5, 123.6, 123.4, 122.1, 

116.3, 115.9, 115.4, 114.9, 114.6, 71.3, 70.1, 69.9, 57.5, 55.9, 52.3, 42.9, 35.5, 29.8, 28.5, 

22.3; HRMS calcd. for C27H29N2O6, 477.20201 [M + H]+; found, 477.20169 [M + H]+. 

Anal. (C27H28N2O6): C, H, N.

(3-hydroxyphenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (131)—Tetrahydroisoquinoline 130 (.15 g, 

0.27 mmol) was dissolved in THF (1.59 ml) and brought to 0 °C using an ice bath. 

Tetrabutylammonium fluoride (0.14 g, 0.53 mmol) was added and the reaction was allowed 

to stir for 5 minutes before the reaction was warmed to room temperature. The reaction 

stirred for 1 hour, at which point it was complete by TLC. The reaction was quenched with 

1M HCl, extracted into EtOAc, washed with water and brine, dried with MgSO4, filtered, 

and concentrated in vacuo. The crude residue was purified by silica gel chromatography 

(ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to afford the title 

compound as a white foam (0.11 g, 66 % mixture of two amide rotamers) TLC (EtOAc: 

hexanes, 1:1, v/v) Rf = 0.42; 1HNMR (CDCl3, 400 MHz) δ: 7.19-7.03 (m, 2H), 6.93-6.64 

(m, 9H), 5.97-5.94 (t, J = 5.2 Hz, 0.5H), 5.23-5.19 (dd, J = 4.4 Hz, J = 9.2 Hz, 0.5H), 

4.83-4.78 (dd, J = 5.6 Hz, J = 13.2 Hz, 0.5H), 4.54-4.48 (m, 1H), 4.33-4.26 (m, 1H), 

4.14-4.04 (m, 0.5 H), 3.92-3.88 (dd, J = 4.0 Hz, J = 10.0 Hz, 0.5H), 3.83-3.79 (m, 0.5 H), 

3.71 (s, 3H), 3.63-3.55 (m, 0.5 H), 3.51-3.05 (m, 1H), 2.89-2.64 (m, 1.5 H), 1.32-1.30 (d, 

3H, J = 2.4 Hz), 1.31-1.30 (d, 3H, J = 2.4 Hz); 13CNMR (CDCl3, 100 MHz) δ: 172.7, 171.9, 

157.5, 157.2, 157.0, 154.3, 154.2, 153.1, 152.6, 136.8, 136.7, 136.4, 135.7, 129.9, 129.6, 

128.8, 128.4, 125.2, 124.4, 118.6, 117.6, 116.2, 116.1, 115.9, 115.8, 115.6, 115.5, 114.9, 

114.7, 114.4, 114.3, 71.3, 70.3, 70.1, 60.7, 57.2, 55.9, 52.0, 42.9, 35.9, 29.9, 28.6, 22.3, 

22.3; HRMS calcd. for C27H30N1O5, 448.21185[M + H]+; found 448.21131 [M + H]+. 

Purity was established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 

Strong et al. Page 38

J Med Chem. Author manuscript; available in PMC 2018 July 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mm, 3.5 μm). Method 1: 85% ACN/25% water over 6 mins at 1 mL/min (retention time = 

0.87 minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 

mL/min (retention time 0.84 minutes).

(3-aminophenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (132)—To a suspension of 

tetrahydroisoquinoline 128 (0.24 g, 0.49 mmol) in THF (0.82 ml) and 2-propanol (0.82 ml) 

was added palladium on carbon (0.024 g, 0.015 mmol). The reaction was hydrogenated at 

room temperature using a balloon. After stirring overnight the reaction was filtered through 

a pad of celite washing with MeOH and DCM and the volatiles were removed in vacuo. The 

crude residue was purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 

80% EtOAc/hexanes gradient) to afford the title compound as an off-white foam (0.20 g, 

90 % yield, mixture of two amide rotamers). TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.20; 
1HNMR (CDCl3, 400 MHz) δ: 7.23-7.14 (m, 2H), 6.93-6.78 (m, 5.5H), 6.74-6.63 (m, 3.5H), 

5.98 (t, J = 5.2 Hz, 0.5H), 5.26-5.23 (m, J = 4.4 Hz, J = 8.8 Hz, 0.5H), 4.87-4.83 (m, J = 5.2 

Hz, J = 12.8 Hz, 0.5H), 4.57-4.51 (m, 1H), 4.37 (d, J = 5.6 Hz, 1H), 4.16-3.94 (m, 0.5H), 

3.97-3.83 (m, 2H), 3.76 (s, 3H), 3.67-3.60 (m, 0.5), 3.26-3.11 (m, 0.5H), 2.92-2.68 (m, 1H), 

1.34 (d, J = 1.6 Hz, 3H), 1.33 (d, J = 1.6 Hz, 3H); 13C NMR (CDCl3, 100 MHz) δ: 172.1, 

171.4, 157.4, 156.9, 154.2, 153.2, 152.9, 147.0, 146.8, 137.8, 137.6, 136.6, 135.9, 129.7, 

129.5, 128.8, 128.4, 125.6, 124.8, 117.5, 116.4, 116.2, 115.9, 115.8, 115.7, 114.9, 114.6, 

114.3, 114.2, 113.2, 71.4, 70.6, 70.1, 57.0, 55.9, 51.7, 42.7, 35.5, 30.1, 28.7, 22.3, 22.2; 

HRMS calcd. for C27H31N2O4, 447.22783 [M + H]+; found, 447.22712 [M + H]+. Anal. 

(C27H30N2O4): C, H, N.

(4-chlorophenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (133)—Tetrahydroisoquinoline 133 was 

prepared via procedure XIII using tetrahydroisoquinoline 67 (0.15 g, 0.46 mmol) and 4-

chlorobenzoyl chloride (0.06 mL, 0.55 mmol) in DCM (8.0 mL). The crude residue was 

purified by silica gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/

hexanes gradient) to afford the title compound as an off-white foam (0.07 g, 31 % mixture of 

two amide rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.79 1HNMR (CDCl3, 400 MHz) 

δ: 7.47-7.30 (m, 4H), 7.23-7.16 (m, 0.5 H), 6.91-6.65 (m, 6.5 H), 5.61-5.95 (m, 0.5 H), 

5.13-5.11 (dd, 0.5 H, J = 8.8 Hz, J = 2.8 Hz), 4.85-4.81 (dd, 0.5 H, J = 5.2 Hz, J = 12.4 Hz), 

4.54-4.48 (m, 1H), 4.33-4.32 (m, 1H), 4.12-4.07 (m, 0.5 H), 3.93-3.89 (dd, 0.5 H, J = 4.0 

Hz, J = 9.6 Hz), 3.74 (s, 3H), 3.69-3.66 (m, 1H), 3.26-3.07 (m, 1H), 2.89-2.69 (m, 1.5 H), 

1.33-1.31 (d, 6H); 13CNMR (100 MHz, CDCl3) δ: 171.0, 170.2, 157.6, 157.0, 154.4, 154.2, 

153.1, 152.6, 136.6, 135.9, 135.7, 135.6, 134.9, 134.8, 131.7, 129.3, 129.1, 128.9, 129.0, 

128.9, 128.8, 128.4, 128.3, 128.1, 125.2, 124.1, 116.2, 115.9, 115.6, 115.4, 114.9, 114.8, 

114.7, 114.4, 71.3, 70.2, 70.1, 57.3, 55.9, 51.9, 42.8, 35.4, 29.9, 28.6, 22.3, 22.2; HRMS 

calcd. for C27H29ClN1O4, 466.17796 [M + H]+; found 466.17812 [M + H]+. Anal. 

(C27H28ClN1O4): C, H, N.

(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-dihydroisoquinolin-2(1H)-yl)
(4-methoxyphenyl)methanone (134)—Tetrahydroisoquinoline 134 was prepared via 

procedure XIII using tetrahydroisoquinoline 67 (0.10 g, 0.31 mmol) and 4-methoxybenzoyl 
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chloride (0.06 mL, 0.33 mmol) in DCM (10. mL). The crude residue was purified by silica 

gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to 

afford the title compound as a white foam (0.08 g, 56 % mixture of two amide rotamers) 

TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.88 1HNMR (CDCl3, 400 MHz) δ: 7.50-7.48 (m, 

1H), 7.37-7.35 (m, 1H), 7.21-7.19 (m, 0.5 H), 6.89-6.66 (m, 8.5 H), 5.95 (m, 0.5 H), 

5.28-5.23 (m, 0.5 H), 4.82-4.79 (d, J = 7.6 Hz, 0.5H), 4.55-4.47 (m, 1H), 4.35-4.33 (m, 1H), 

4.13-4.08 (m, 0.5 H), 3.94-3.84 (m, 1H), 3.82 (s, 3H), 3.74 (m, 3H), 3.69-3.63 (m, 0.5 H), 

3.22-3.12 (m, 1H), 2.89-2.69 (m, 1.5 H), 1.32-1.30 (d, 6H); 13CNMR (100 MHz, CDCl3) δ: 

171.9, 171.2, 160.8, 157.5, 156.9, 154.2, 153.2, 152.8, 136.8, 135.8, 129.7, 128.9, 128.3, 

125.9, 124.8, 116.1, 115.9, 115.6, 114.9, 114.6, 114.3, 114.0, 113.8, 71.5, 70.5, 70.1, 66.1, 

57.4, 56.0, 55.9, 55.6, 51.9, 43.0, 35.6, 30.1, 29.9, 28.6, 22.3, 22.2; HRMS calcd. for 

C28H32N1O5, 462.22750 [M + H]+; found 462.22672 [M + H]+. Anal. (C28H32N1O5): C, H, 

N.

(6-ethoxy-1-((4-ethoxyphenoxy)methyl)-3,4-dihydroisoquinolin-2(1H)-yl)(3-
fluorophenyl)methanone (135)—Dihydroisoquinoline 56 was prepared via procedure X 

using amide 29 (0.58 g, 1.7 mmol) and phosphorus trichloride (0.84 mL, 4.1 mmol) in dry 

toluene (8.4 mL). The crude solid was carried on without further purification. HRMS calcd. 

for C20H24O3N, 326.17507 [M + H]+; found 326.17457 [M + H]+. Tetrahydroisoquinoline 

75 was prepared via procedure XII using 56 (0.91 g, 2.8 mmol) and sodium borohydride 

(0.32 g, 8.4 mmol) in dry MeOH (14 mL). The crude residue was subjected to flash column 

chromatography (ISCO, Redisep 24 g column, 0–10% MeOH/DCM gradient) to afford 

tetrahydroisoquinoline 75 (0.12 g, 14 %) in an impure form. The impurities were inseparable 

by chromatography. The product was visible by LCMS and was carried on without further 

purification. Tetrahydroisoquinoline 135 was prepared via procedure XIII using 

tetrahydroisoquinoline 75 (0.061 g, 0.19 mmol) and 3-fluorobenzoyl chloride (0.026 mL, 

0.22 mmol) in DCM (2.9 mL). The crude residue was purified by silica gel chromatography 

(ISCO, Redisep 12 g column, 10–80% EtOAc/hexanes gradient) to afford the title compound 

as a white foam (0.025 g, 30 % yield, mixture of two amide rotamers) TLC (EtOAc: 

hexanes, 1:1, v/v) Rf = 0.70; 1HNMR (CDCl3, 400 MHz) δ: 7.43-7.09 (m, 4H), 6.94-6.91 

(m, 0.5H), 6.86-6.73 (m, 6H), 6.68 (s, 0.5H), 6.0-5.98 (m, 0.5H), 5.16-5.14 (m, 0.5H), 

4.88-4.84 (m, J = 5.6 Hz, J = 5.2 Hz, 0.5H), 4.36-4.32 (m, 1H), 4.12 (t, J = 10 Hz, 0.5H), 

4.03-3.92 (m, 4.5H), 3.78-3.65 (m, 1H), 3.30-3.11 (m, 1H), 2.94-2.73 (m, 1.5H), 1.44-138 

(m, 6H); 13CNMR (CDCl3, 100 MHz) δ: 170.6., 169.8, 162.8 (J = 247 Hz), 162.7 (J = 247 

Hz), 158.6, 158.1, 153.8, 153.6, 153.0, 152.5, 138.8, 138.7, 138.6, 138.5, 136.6, 135.6, 

130.7, 130.6, 130.4, 130.3, 128.7, 128.3, 125.3, 124.3, 123.4, 122.5, 116.9, 116.8, 116.7, 

116.6, 115.9, 115.7, 115.6, 115.5, 115.4, 115.2, 114.9, 115.2, 114.9, 114.4, 114.3, 114.0, 

113.6, 113.4, 71.4, 70.2, 64.2, 63.8, 63.7, 57.3, 51.9, 42.8, 35.4, 30.0, 28.6, 15.1, 15.0; 

HRMS calcd. for C27H29NO4F, 450.20751 [M + H]+; found 450.20805 [M + H]+. Anal. 

(C28H31N1O5): C, H, N.

(1-((4-ethoxyphenoxy)methyl)-6-isobutoxy-3,4-dihydroisoquinolin-2(1H)-yl)(3-
fluorophenyl)methanone (136)—Tetrahydroisoquinoline 136 was prepared via 

Procedure XIII using tetrahydroisoquinoline 79 (0.18 g, 0.50 mmol) and 3-fluorobenzoyl 

chloride (0.073 mL, 0.60 mmol) in DCM (7.7 mL). The crude residue was purified by silica 
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gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to 

afford the title compound as an off-white foam (0.61 g, 27 % yield, mixture of two amide 

rotamers). TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.83; 1HNMR (CDCl3, 400 MHz) δ: 

7.47-7.09 (m, 5H), 6.94-6.92 (m, 0.5H), 6.87-6.74 (m, 5H),6.68-6.69 (m, 0.5H), 5.98 (t, J = 

4.8 Hz, 0.5H), 5.16-5.14 (m, J = 6.4 Hz, J = 9.6 Hz, 0.5 H), 4.89-4.84 (m, J = 5.2 Hz, J = 

12.8 Hz, 0.5H), 4.36-4.31 (m, 1H), 4.15-4.10 (m, 0.5H), 4.00-3.95 (q, J = 6.4 Hz, 2H), 

3.93-3.91 (m, 0.5H), 3.79-3.74 (m, 0.5H), 3.71 (d, J = 6.4 Hz, 2H), 3.68-3.65 (m, 0.5H), 

2.11-2.03 (m, 1H), 1.40 (t, J = 6.8 Hz, 3H), 1.03 (d, J = 6.8 Hz, 6H); 13C NMR (CDCl3, 100 

MHz) δ: 170.6, 169.8, 164.0, 158.9, 158.4, 153.7, 153.6, 153.0, 152.5, 138.6, 136.6, 135.5, 

130.7, 130.3, 128.7, 126.1, 125.2, 124.1, 123.4, 122.5, 120.7, 117.2, 116.8, 116.6, 115.8, 

115.7, 115.6, 115.4, 115.2, 114.8, 114.4, 114.3, 114.1, 113.7, 113.4, 111.2, 74.6, 71.3, 70.2, 

64.2, 57.3, 51.9, 42.8, 35.5, 29.9, 28.4, 19.5, 15.2; HRMS calcd. for C29H33NO4F, 

478.23881 [M + H]+; found, 478.23887 [M + H]+. Purity was established using an Agilent 

pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% 

water over 3 mins at 1 mL/min (retention time = 1.33 minutes). Method 2: 75% MeOH/25% 

Water to 95% MeOH/5% water over 6 mins at 1 mL/min (retention time 5.50 minutes).

(6-(cyclopentyloxy)-1-((4-ethoxyphenoxy)methyl)-3,4-dihydroisoquinolin-2(1H)-
yl)(3-fluorophenyl)methanone (137)—Tetrahydroisoquinoline 137 was prepared via 

Procedure XIII using tetrahydroisoquinoline 78 (0.18 g, 0.50 mmol) and 3-fluorobenzoyl 

chloride (0.073 mL, 0.60 mmol) in DCM (8.0 mL). The crude residue was purified by silica 

gel chromatography (ISCO, Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to 

afford the title compound as an off-white foam (0.18 g, 64% yield, mixture of two amide 

rotamers) TLC (EtOAc: hexanes, 1:1, v/v) Rf = 0.69; 1HNMR (CDCl3, 400 MHz) δ: 

7.85-7.71 (m, 0.5H), 7.43-7.09 (m, 4H), 6.90-6.74 (m, 5H), 6.69 (s, 1H), 6.64 (s, 0.5H), 5.97 

(t, J = 4.4 Hz, J = 9.2 Hz, 0.5H), 5.15-5.11 (m, J = 2.8 Hz, J = 9.2 Hz, 0.5H), 4.87-4.82 (m, J 
= 5.6 Hz, J = 13.2 Hz, 0.5H), 4.74-4.71 (m, 1H), 4.37-4.29 (m, 1H), 4.11 (t, J = 10.4 Hz, 

0.5H), 3.95 (q, J = 7.2 Hz, 2H), 3.91-3.89 (m, 0.5H), 3.76-3.63 (m, 1H), 3.28-3.08 (m, 1H), 

2.93-2.70 (m, 1.5H), 1.88-1.76 (m, 6H), 1.68-1.60 (m, 2H), 1.37 (t, J = 6.8 Hz, 3H); 13C 

NMR (CDCl3, 100 MHz) δ: 170.6, 169.8, 164.0, 163.8, 161.6, 161.4, 157.8, 157.3, 153.7, 

153.6, 153.0, 152.5, 138.7, 138.6, 138.5, 138.4, 136.5, 135.5, 130.7, 130.6, 130.3, 128.6, 

128.2, 126.0, 124.9, 123.9, 123.5, 122.4, 120.4, 117.2, 116.9, 116.8, 116.7, 116.6, 115.9, 

115.6, 115.5, 115.4, 115.2, 114.5, 114.3, 114.2, 114.0, 113.8, 106.2, 103.0, 94.5, 82.1, 79.5, 

71.3, 70.2, 64.2, 57.3, 51.9, 42.8, 35.5, 33.1, 29.9, 28.6, 24.2, 15.2; HRMS calcd. for 

C30H33NO4F, 490.23881 [M + H]+; found, 490.23958 [M + H]+. Purity was established 

using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 

1: 85% ACN/25% water over 6 mins at 1 mL/min (retention time = 1.99 minutes). Method 

2: 75% MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 mL/min (retention time 

1.83 minutes).

(3-Chlorophenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanethione (138)—Tetrahydroisoquinoline 138 was 

prepared via procedure XV using tetrahydroisoquinoline 2 (0.045 g, 0.97 mmol) and 2,4-

bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.039 g, 0.97 mmol) in 

toluene (5.0 mL). The crude residue was purified by silica gel chromatography (ISCO, 
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Redisep 12 g column, 0–80% EtOAc/hexanes gradient) to afford the title compound as a 

yellow foam (0.032 g, 68%, mixture of two thioamide rotamers); TLC (EtOAc:hexanes, 1:1, 

v/v) Rf = 0.80; 1H NMR (CDCl3, 400 MHz) δ: 7.32-7.25 (m, 3.5H), 7.14-7.13 (m, 0.5H), 

6.87-6.70 (m, 7H), 5.75-5.70 (m, J = 5.2 Hz, J = 5.2 Hz, 0.5H), 5.14-5.38 (m, J = 4.0 Hz, J = 

3.6 Hz, 0.5H), 4.70-4.69 (doublet of doublet, J = 4.0 Hz, J = 4.0 Hz, 0.5H), 4.58-4.52 (m, 

1H), 4.50-4.46 (doublet of doublet, J = 4.4 Hz, J = 4.0 Hz, 0.5H), 4.20-4.15 (m, 0.5H), 

4.05-3.87 (m, 2H), 3.77 (s, 3H), 3.72-3.64 (m, 0.5H), 3.36-3.28 (m, 0.5H), 2.98-2.90 (m, 

1H), 2.83-2.79 (m, 0.5H), 1.36-1.34 (m, 6H); 13C NMR (100 MHz, CDCl3) δ: 200.4, 198.9, 

157.9, 158.1, 154.5, 154.4, 152.9, 152.4, 145.0, 144.7, 134.9, 134.7, 130.2, 128.8, 128.6, 

128.5, 128.1, 124.9, 123.5, 116.0, 115.9, 115.7, 115.1, 114.9, 114.8, 114.7, 70.8, 70.2, 61.5, 

58.4, 55.9, 48.1, 30.1, 28.1, 22.3, 22.2; HRMS calcd. for C27H28ClNO3S, 482.15512 [M + 

H]+; 488.15514 [M + H]+ found; mp: 80°C. Purity was established using an Agilent pump 

on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% water 

over 6 mins at 1 mL/min (retention time = 1.94 minutes).

(3-Fluorophenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanethione (139)—Tetrahydroisoquinoline 139 was 

prepared via procedure XV using tetrahydroisoquinoline 114 (0.028 g, 0.61 mmol) and 2,4-

bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.025 g, 0.61 mmol) in 

toluene (4.0 mL). The crude residue was purified by silica gel chromatography (ISCO, 

Redisep 12 g column, 0–80% EtOAc/hexanes gradient) to afford the title compound as a 

yellow foam (0.19 g, 65%, mixture of two thioamide rotamers); TLC (EtOAc:hexanes, 1:1, 

v/v) Rf = 0.83; 1H NMR (CDCl3, 400 MHz) δ: 7.34-7.25 (m, 1H), 7.08-6.97 (m, 2H), 

6.88-6.69 (m, 8H), 5.75-5.70 (m, J = 4.4 Hz, J = 4.8 Hz, 0.5H), 5.42-5.39 (m, J = 4.0 Hz, J = 

4.4 Hz, 0.5H), 4.71-4.67 (doublet of doublet, J = 4.4 Hz, J = 4.4 Hz, 0.5H), 4.56-4.52 (m, 

1H), 4.50-4.46 (m, J = 4.4 Hz, J = 4.4 Hz, 0.5H), 4.21-4.16 (t, J = 9.6 Hz, 0.5H), 4.05-3.87 

(m, 1.5H), 3.77-3.59 (m, 3H), 3.36-3.27 (m, 0.5H), 2.99-2.91 (m, 1H), 2.83-2.78 (m, 0.5H), 

1.36-1.34 (m, 6H); 13C NMR (100 MHz, CDCl3) δ: 200.5, 199.1, 164.4, 161.1, 157.9, 

157.1, 154.6, 154.4, 152.9, 152.4, 154.4, 145.3, 136.2, 134.9, 130.7, 130.6, 130.1, 128.5, 

128.1, 124.9, 123.5, 116.0, 115.9, 115.8, 115.7, 115.6, 115.4, 115.1, 114.9, 114.8, 114.6, 

70.9, 70.3, 70.2, 70.1, 61.4, 58.4, 55.9, 40.1, 42.7, 30.1, 28.1, 22.3; HRMS calcd. for 

C27H38FNO3SNa, 488.16661 [M + H]+; 488.16668 [M + H]+ found. Purity was established 

using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 

1: 85% ACN/25% water over 3 mins at 1 mL/min (retention time = 1.64 minutes). Method 

2: 75% MeOH/25% Water to 95% MeOH/5% water over 6 mins at 1 mL/min (retention time 

4.58 minutes).

(3-Chlorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanethione (140)—Tetrahydroisoquinoline 140 was 

prepared via procedure XV using tetrahydroisoquinoline 92 (0.067 g, 0.14 mmol) and 2,4-

bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.029 g, 0.071 mmol) in 

toluene (5.0 mL). The crude residue was purified by silica gel chromatography (ISCO, 

Redisep 12 g column, 0–80% EtOAc/hexanes gradient) to afford the title compound as a 

yellow foam (0.024 g, 33%, mixture of two thioamide rotamers) TLC (EtOAc:hexanes, 1:5, 

v/v) Rf = 0.58; 1H NMR (CDCl3, 400 MHz) δ: 7.32-7.22 (m, 3H), 7.14-7.13 (m, 1H), 
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6.86-6.70 (m, 7H), 5.75-5.70 (m, J = 5.2 Hz, J = 12.8 Hz, 0.5H), 5.41-5.38 (m, J = 4.0 Hz, J 
= 9.6 Hz, 0.5H), 4.70-4.67 (m, J = 4.0 Hz, J = 10.0 Hz, 0.5H), 4.60-4.52 (m, 1H), 4.49-4.46 

(m, J = 4.8 Hz, J = 10.4 Hz, 0.5H), 4.23-4.13 (m, 1H), 4.08-3.87 (m, 3.5H), 3.71-3.63 (m, 

0.5H), 3.36-3.27 (m, 0.5H), 2.98-2.79 (m, 1.5H), 1.42-1.33 (m, 9H); 13C NMR (75 MHz, 

CDCl3) δ: 200.4, 198.9, 157.8, 157.1, 153.9, 152.7, 152.9, 152.3, 145.0, 144.8, 136.2, 134.9, 

134.8, 130.2, 129.7, 128.8, 128.6, 128.5, 128.2, 124.9, 123.5, 116.0, 115.9, 115.7, 115.6, 

115.5, 115.1, 114.8, 70.8, 70.2, 70.1, 64.2, 61.5, 58.4, 48.1, 42.7, 30.1, 28.1, 22.3, 15.1; 

HRMS calcd. for C28H31NO3ClS, 496.17077 [M + H]+; 496.17044 [M + H]+ found. Purity 

was established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 

3.5 μm). Method 1: 85% ACN/25% water over 3 mins at 1 mL/min (retention time = 1.39 

minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 6 mins at 1 

mL/min (retention time 4.17 minutes).

(3-Bromophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanethione (141)—Tetrahydroisoquinoline 141 was 

prepared via procedure XV using tetrahydroisoquinoline 96 (0.033 g, 0.081 mmol) and 2,4-

bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.043 g, 0.081 mmol) in 

toluene (3.0 mL). The crude residue was purified by silica gel chromatography (ISCO, 

Redisep 12 g column, 0–80% EtOAc/hexanes gradient) to afford the title compound as a 

yellow foam (0.030 g, 68%, mixture of two thioamide rotamers); TLC (EtOAc:hexanes, 1:1, 

v/v) Rf = 0.80; 1H NMR (CDCl3, 400 MHz) δ: 7.50-7.40 (m, 1.5H), 7.25-7.17 (m, 1.5H), 

6.88-6.69 (m, 8H), 5.74-5.70 (m, J = 4.8 Hz, J = 12.0 Hz, 0.5H), 5.41-5.38 (m, J = 4.0 Hz, J 
= 9.6 Hz, 0.5H), 4.70-4.66 (m, J = 4.0 Hz, J = 5.6 Hz, 0.5H), 4.59-4.52 (m, 1H), 4.49-4.45 

(m, J = 4.8 Hz, J = 10.4 Hz, 0.5H), 4.20-4.12 (m, 0.5H), 4.04-3.87 (m, 4H), 3.71-3.63 (m, 

0.5H), 3.36-3.27 (m, 0.5H), 2.98-2.90 (m, 1H), 2.83-2.79 (m, 0.5H), 1.42-1.33 (m, 9H); 13C 

NMR (100 MHz, CDCl3) δ: 200.2, 198.8, 157.9, 157.1, 153.8, 153.7, 152.8, 152.3, 145.3, 

144.9, 136.2, 131.7, 131.5, 130.4, 128.5, 128.1, 125.9, 123.5, 122.8, 116.0, 115.9, 115.7, 

115.6, 115.5, 115.1, 114.6, 70.8, 70.1, 64.2, 61.5, 58.4, 48.1, 42.7, 30.1, 29.9, 28.1, 22.3, 

22.2, 15.1; HRMS calcd. for C28H30BrNO3S, 540.12025 [M + H]+; 540.12060 [M + H]+ 

found. Anal. (C28H30N1O3SBr): C, H, N.

(1-((4-Ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-yl)(3-
fluorophenyl)methanethione (142)—Tetrahydroisoquinoline 142 was prepared via 

procedure XV using tetrahydroisoquinoline 97 (0.10 g, 0.22 mmol) and 2,4-bis(4-

methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.045 g, 0.11 mmol) in toluene 

(8.0 mL). The crude residue was purified by silica gel chromatography (ISCO, Redisep 12 g 

column, 0–80% EtOAc/hexanes gradient) to afford the title compound as a yellow foam 

(0.035 g, 35%, mixture of two thioamide rotamers) TLC (EtOAc:hexanes, 1:1, v/v) Rf 

=0.69; 1HNMR (CDCl3, 400 MHz) δ: 7.34-7.33 (m, 1H), 7.07-6.97 (m, 2.5H), 6.88-6.69 (m, 

7.5H), 5.75-5.70 (m, 5.2 Hz, 4.8 Hz, 0.5H), 5.42-5.38 (m, 3.6 Hz, 4.0 Hz, 0.5H), 4.70-4.67 

(doublet of doublet, J = 4.4 Hz, J = 10.0 Hz, 0.5H), 4.59-4.52 (m, 1H), 4.49-4.46 (doublet of 

doublet, J = 4.8 Hz, J = 10.0 Hz, 0.5H), 4.21-4.13 (m, 0.5H), 4.05-3.86 (m, 2H), 3.77 (s, 

3H), 3.71-3.64 (m, 0.5H), 3.36-3.27 (m, 0.5H), 2.99-2.90 (m, 1H), 2.83-2.77 (m, 0.5H), 

1.42-1.33 (m, 9H); 13C NMR (100 MHz, CDCl3) δ: 199.2, 161.5, 157.9, 157.1, 153.9, 

153.8, 152.9, 145.4, 136.2, 134.9, 130.7, 130.6, 128.5, 128.2, 124.9, 123.6, 116.0, 115.9, 
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115.8, 115.7, 115.6, 115.5, 115.4, 115.1, 114.7, 70.9, 64.3, 61.5, 58.4, 48.1, 42.8, 30.2, 29.9, 

28.1, 22.4, 22.3, 15.2; HRMS calcd. for C28H31NO3FS, 480.20032 [M + H]+; 480.19774 [M 

+ H]+ found; mp: 75°C; Anal. (C28H30N1O3SF): C, H, N.

(1-((4-Ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-yl)(3-
(trifluoromethyl)phenyl)methanethione (143)—Tetrahydroisoquinoline 143 was 

prepared via procedure XV using tetrahydroisoquinoline 98 (0.084 g, 0.16 mmol) and 2,4-

bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.066 g, 0.16 mmol) in 

toluene (8.2 mL). After stirring for 8 hours, the reaction was worked up. The crude residue 

was purified by silica gel chromatography (ISCO, Redisep 12 g column, 0–80% EtOAc/

hexanes gradient) to afford the title compound as a yellow foam (0.021 g, 56%, mixture of 

two thioamide rotamers) TLC (EtOAc:hexanes, 1:1, v/v) Rf =0.85; 1HNMR (CDCl3, 300 

MHz) δ: 7.63-7.43 (m, 3H), 7.28-7.25 (m, 1H), 6.89-6.70 (m, 7H), 5.75-5.73 (m, 0.5H), 

5.37-5.33 (m, J = 4.2 Hz, J = 3.6 Hz, 0.5H), 4.73-4.68 (m, 0.5H), 4.59-4.47 (m, 1.5H), 

4.23-4.16 (m, 0.5H), 4.01-3.87 (m, 4H), 3.75-3.65 (m, 0.5H), 3.40-3.29 (m, 0.5H), 2.98-2.76 

(m, 1.5H), 1.42-1.34 (9H); 13C NMR (100 MHz, CDCl3) δ: 200.3, 198.9, 157.9, 157.2, 

153.9, 153.7, 152.8, 152.2, 144.2, 143.9, 136.2, 134.8, 129.5, 128.9, 128.5, 128.1, 125.4, 

124.9, 123.3, 116.0, 115.9, 115.8, 115.6, 115.2, 114.7, 70.9, 70.2, 64.2, 61.6, 58.6, 48.2, 

42.7, 30.0, 28.1, 22.2, 15.1; HRMS calcd. for C29H31NO3F3S, 530.19822 [M + H]+; 

530.19888 [M + H]+ found; mp: 93°C. Purity was established using an Agilent pump on a 

Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 85% ACN/25% water over 

3 mins at 1 mL/min (retention time = 1.70 minutes). Method 2: 75% MeOH/25% Water to 

95% MeOH/5% water over 6 mins at 1 mL/min (retention time 4.69 minutes).

(3-Chloro-4-fluorophenyl)(1-((4-ethoxyphenoxy)methyl)-6-isopropoxy-3,4-
dihydroisoquinolin-2(1H)-yl)methanethione (144)—Tetrahydroisoquinoline 144 was 

prepared via procedure XV using tetrahydroisoquinoline 108 (0.072 g, 0.14 mmol) and 2,4-

bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.058 g, 0.14 mmol) in 

toluene (7.2 mL). The crude residue was purified by silica gel chromatography (ISCO, 

Redisep 12 g column, 0–80% EtOAc/hexanes gradient) to afford the title compound as a 

yellow foam (0.026 g, 35%, mixture of two thioamide rotamers); TLC (EtOAc:hexanes, 1:1, 

v/v) Rf = 0.95; 1H NMR (CDCl3, 400 MHz) δ: 7.32-7.24 (m, 1H), 7.15-7.14 (m, 1H), 

6.89-6.70 (m, 8H), 5.73-5.68 (m, J = 6.0 Hz, J = 5.6 Hz, 0.5H), 5.14-5.38 (m, J = 4.0 Hz, J = 

3.6 Hz, 0.5H), 4.70-4.66 (m, J = 4.0 Hz, J = 4.0 Hz, 0.5H), 4.58-4.51 (m, 1H), 4.49-4.45 (m, 

J = 4.4 Hz, J = 4.4 Hz, 0.5H), 4.23-4.14 (m, 0.5H), 4.01-3.89 (m, 4H), 3.70-3.63 (m, 0.5H), 

3.37-3.29 (m, 0.5H), 2.98-2.81 (m, 1.5H), 1.42-1.34 (m, 9H); 13C NMR (100 MHz, CDCl3) 

δ: 199.6, 198.1, 159.4, 158.6, 157.9, 157.2, 157.1, 156.9, 153.9, 153.8, 152.8, 152.2, 140.5, 

140.2, 136.2, 134.8, 128.5, 128.1, 124.8, 123.4, 116.9, 116.1, 115.9, 115.7, 115.6, 115.5, 

115.4, 114.7, 70.8, 70.2, 70.1, 64.2, 64.1, 61.6, 58.6, 48.2, 42.7, 30.1, 27.9, 22.3, 22.2, 15.2; 

HRMS calcd. for C28H30ClFNO3S, 514.16135 [M + H]+; 514.16130 [M + H]+ found. Purity 

was established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 

3.5 μm). Method 1: 85% ACN/25% water over 3 mins at 1 mL/min (retention time = 2.12 

minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 8 mins at 1 

mL/min (retention time 4.64 minutes).
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(3-Chlorophenyl)(6-isopropoxy-1-((4-isopropoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanethione (145)—Tetrahydroisoquinoline 145 was 

prepared via procedure XVI using tetrahydroisoquinoline 113 (0.026 g, 0.053 mmol) and 

2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.032 g, 0.080 mmol) 

in toluene (0.53 mL). The crude residue was purified by silica gel chromatography (ISCO, 

Redisep 12 g column, 0–80% EtOAc/hexanes gradient) to afford the title compound as a 

yellow foam (0.014 g, 51%, mixture of two thioamide rotamers); TLC (EtOAc:hexanes, 1:3, 

v/v) Rf = 0.76; 1H NMR (CDCl3, 400 MHz) δ: 7.33-7.25 (m, 3.5 H), 7.14-7.13 (m, 0.5H), 

6.88-6.69 (m, 7H), 5.75-5.71 (m, J = 5.6 Hz, J = 4.0 Hz, 0.5H), 5.41-5.37 (m, J = 4.0 Hz, J = 

4.4 Hz, 0.5H), 4.69-4.68 (m, 0.5H), 4.58-4.52 (m, 1H),4.49-4.40 (m, 1.5), 4.22-4.12 (m, 

0.5H), 4.04-3.88 (m, 2H), 3.71-3.64 (m, 0.5), 3.36-3.28 (m, 0.5H), 2.98-2.90 (m, 1H), 

2.83-2.79 (m, 0.5H), 1.36-1.34 (m, 6H), 1.32-1.29 (m, 6H); 13C NMR (100 MHz, CDCl3) δ: 

200.1, 198.7, 157.6, 156.9, 152.7, 152.4, 152.3, 152.2, 144.8, 144.5, 135.9, 134.7, 134.6, 

129.9, 128.6, 128.4, 128.3, 127.9, 124.7, 123.3, 117.5, 117.3, 115.8, 115.6, 115.4, 115.3, 

115.1, 114.9, 70.9, 70.6, 69.9, 61.3, 58.2, 47.9, 42.5, 29.8, 29.7, 27.8, 22.1, 22.0; HRMS 

calcd. for C29H33ClNO3S, 510.18642 [M + H]+; 510.18687 [M + H]+ found. Anal. 

(C29H32N1O3SCl): C, H, N.

(3-Fluorophenyl)(6-isopropoxy-1-((4-isopropoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanone (146)—Tetrahydroisoquinoline 146 was 

prepared via procedure XVI using tetrahydroisoquinoline 116 (0.043 g, 0.090 mmol) and 

2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.073 g, 0.18 mmol) in 

toluene (0.902 mL). The crude residue was purified by silica gel chromatography (ISCO, 

Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to afford the title compound as an 

off-white foam (0.030 g, 67 % mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:3, 

v/v) Rf = 0.89; 1HNMR (CDCl3, 400 MHz) δ: 7.38-7.32 (m, 0.8H), 7.25 (s, 0.2H), 7.07-6.97 

(m, 2H), 6.88-6.80 (m, 5H), 6.78-6.72 (m, 2.5H), 6.70-6.69 (m, 0.5H), 5.75-5.70 (m, J = 4.8 

Hz, J = 5.2 Hz, 0.5H), 5.42-5.38 (m, J = 4.0 Hz, J = 4.4 Hz, 0.5H), 4.71-4.67 (m, 0.5H), 

4.58-4.52 (m, 1H), 4.49-4.39 (m, 2H), 4.19 (t, J = 10 Hz, 0.5H), 5.06-3.87 (m, 1.5H), 

3.72-3.64 (m, 0.5H), 3.36-3.27 (m, 0.5H), 2.99-2.91 (m, 1H), 2.83-2.78 (m, 0.5H), 1.36-134 

(m, 6H), 1.32-1.30 (m, 6H); 13C NMR (100 MHz, CDCl3) δ: 200.4, 199.0, 162.6 (J = 247 

Hz), 157.8, 157.0, 152.9, 152.6, 152.5, 152.3, 145.3, 145.2, 136.1, 134.9, 130.6, 130.5, 

128.4, 128.0, 124.9, 123.5, 117.6, 117.5, 115.9, 115.8, 115.7, 115.6, 115.5, 115.4, 115.3, 

115.0, 114.6, 71.1, 71.0, 70.7, 70.2, 70.1, 70.0, 61.4, 58.3, 48.0, 42.7, 30.0, 28.0, 22.3, 22.2; 

HRMS calcd. for C29H33FNSO3, 429.21597 [M + H]+; found 429.21623 [M + H]+. Purity 

was established using an Agilent pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 

3.5 μm). Method 1: 85% ACN/25% water over 3 mins at 1 mL/min (retention time = 2.73 

minutes). Method 2: 75% MeOH/25% Water to 95% MeOH/5% water over 6 mins at 1 

mL/min (retention time 4.74 minutes).

(6-Isopropoxy-1-((4-isopropoxyphenoxy)methyl)-3,4-dihydroisoquinolin-2(1H)-
yl)(3-(trifluoromethyl)phenyl)methanone (147)—Tetrahydroisoquinoline 147 was 

prepared via procedure XIII using tetrahydroisoquinoline 70 (0.80 g, 0.23 mmol) and 3-

(trifluoromethyl)benzoyl chloride chloride (0.041 mL, 0.27 mmol) in dry DCM (3.5 mL). 

The crude residue was purified by silica gel chromatography (ISCO, Redisep 12 g column, 
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10 – 80% EtOAc/hexanes gradient) to afford the title compound as an off-white foam (0.090 

g, 77 % mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:3, v/v) Rf = 0.83; 1HNMR 

(CDCl3, 400 MHz) δ: 7.91 (s, 0.5H), 7.69-7.49 (m, 3H), 7.25-7.22 (m, 0.5H), 6.92-6.69 (m, 

8H), 5.99-6.00 (m, 0.5H), 5.10-5.08 (m, 0.5H), 4.90-4.86 (m, 0.5H), 4.59-4.48 (m, 1H), 

4.47-4.38 (m, 2H), 4.18-4.12 (m, 0.5H), 3.95-3.92 (m, 0.5H), 3.73-3.71 (m, 1H), 3.33-3.12 

(m, 1H), 2.94-2.74 (m, 1.5H), 1.36-1.29 (m, 12H); 13CNMR (100 MHz, CDCl3) δ: 170.5, 

169.7, 157.6, 157.1, 153.1, 152.6, 152.5, 137.5, 137.3, 136.6, 135.5, 131.2, 130.2, 129.5, 

129.3, 129.1, 128.7, 128.3, 126.5, 125.2, 123.9, 117.7, 117.6, 116.2, 115.9, 115.4, 114.8, 

114.5, 71.3, 71.1, 70.1, 57.5, 53.7, 52., 42.9, 35.5, 29.9, 28.5, 22.3, 22.2; HRMS calcd. for 

C30H33F3N1O4, 528.23562 [M + H]+; found 528.23530 [M + H]+. Anal. (C30H32N1O4F3): 

C, H, N.

(6-Isopropoxy-1-((4-isopropoxyphenoxy)methyl)-3,4-dihydroisoquinolin-2(1H)-
yl)(3-(trifluoromethyl)phenyl)methanethione (148)—Tetrahydroisoquinoline 148 was 

prepared via procedure XVI using tetrahydroisoquinoline 147 (0.043 g, 0.093 mmol) and 

2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.075 g, 0.18 mmol in 

toluene (0.93 mL). The crude residue was purified by silica gel chromatography (ISCO, 

Redisep 12 g column, 10 – 80% EtOAc/hexanes gradient) to afford the title compound as an 

off-white foam (0.035 g, 69 % mixture of two amide rotamers) TLC (EtOAc: hexanes, 1:3, 

v/v) Rf = 0.62; 1HNMR (CDCl3, 400 MHz) δ: 7.63-7.44 (m, 3H), 6.88-6.80 (m, 5H), 

6.78-6.70 (m, 3H), 5.73 (bs, 0.5H), 5.36-5.33 (m, J = 4.0 Hz, J = 4.4 Hz, 0.5H), 4.73-4.58 

(m, 0.5H), 5.57-4.40 (m, 3H), 4.19 (t, J = 10 Hz, 0.5H), 3.99-3.89 (m, 1.5H), 3.73-3.66 (m, 

0.5H), 3.38-3.30 (m, 0.5H), 2.97-2.91 (m, 1H), 2.85-2.79 (m, 0.5H), 1.36-1.34 (m, 6H), 

1.32-1.30 (m, 6H); 13C NMR (100 MHz, CDCl3) δ: 200.1, 198.7, 157.7, 156.9, 152.7, 

152.5, 152.3, 152.1, 143.9, 143.6, 134.6, 129.2, 128.8, 128.3, 127.8, 125.2, 125.1, 125.1, 

124.6, 123.1, 117.4, 117.3, 115.9, 115.8, 115.6, 115.4, 114.1, 114., 115.6, 114.4, 70.8, 70.6, 

70.0, 69.9, 69.8, 61.3, 58.3, 47.9, 29.8, 27.8, 22.0, 21.9; HRMS calcd. for C30H33F3N1O3S, 

544.21278 [M + H]+; found 544.21250 [M + H]+. Purity was established using an Agilent 

pump on a Zorbax XBD-C18 column (46 mm × 50 mm, 3.5 μm). Method 1: 75% 

MeOH/25% Water to 95% MeOH/5% water over 5 mins at 1 mL/min (retention time 4.04 

minutes).

Separation of 2 enantiomers—Semi-preparative separation of 2 enantiomers from 

racemic 2 (0.020 g) was done using a ChiralPak AD-H (30 mm × 250 mm) with the 

following conditions: 20 mL/min flow rate, 8 mL injection volume (2 mg / 1 mL), 65% 

hexanes / 35% IPA over 60 minutes to afford S-(−)-2: tR: 26.8; R-(+)-2: tR: 40.3 minutes. 

The enantiomeric excess (ee) was determined using an Agilent pump on a ChiralPak AD-H 

column (4.6 mm × 150 mm, 5 μm) with the following conditions: 1 mL/min flow rate, 10 μL 

injection volume, 65% hexanes / 35% IPA; S-(−)-2: tR: 14.5 minutes, 100% ee, [α]D20 = 

−70 (c 0.10, dry CHCl3), R-(+)-2: tR: 21.4 minutes, 100% ee, [α]D20 = +70 (c 0.10, dry 

CHCl3). The proton spectrum for each enantiomer was identical to that of the racemic 

mixture.

Separation of 97 enantiomers—Semi-preparative separation of 97 enantiomers from 

racemic 97 (0.14 g) was done using a ChiralPak AD-H (30 mm × 250 mm) with the 
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following conditions: 20 mL/min flow rate, 8 mL injection volume (2 mg / 1 mL), 70% 

hexanes / 30% IPA over 45 minutes to afford S-(−)-97 (0.055 g): tR: 25.2; R-(+)-97 (0.056 

g): tR: 46.1 minutes. The enantiomeric excess (ee) was determined using an Agilent pump 

on a ChiralPak AD-H column (4.6 mm × 150 mm, 5 μm) with the following conditions: 1 

mL/min flow rate, 10 μL injection volume, 80% hexanes / 20% IPA; S-(−)-97: tR: 18.1 

minutes, 100% ee, [α]D20 = −102 (c 0.1, dry CHCl3), R-(+)-97: tR: 33.4 minutes, 100% ee, 

[α]D20 = +103 (c 1.0, dry CHCl3). The proton spectrum for each enantiomer was identical 

to that of the racemic mixture.

(S)-(3-Chlorophenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanethione (S-138)—Tetrahydroisoquinoline S-138 
was prepared via procedure XV using tetrahydroisoquinoline S-2 (0.033 g, 0.071 mmol) and 

2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.029 g, 0.071 mmol) 

in toluene (3.5 mL). The crude residue was purified by silica gel chromatography (ISCO, 

Redisep 4 g column, 0–80% EtOAc/hexanes gradient) to afford the title compound as a 

yellow foam (0.022 g, 65%, a mixture of rotamers) TLC (EtOAc:hexanes, 1:1, v/v) Rf = 

0.80; 1H NMR (CDCl3, 300 MHz): 7.33-7.25 (m, 3.5H), 7.14-7.13 (m, 0.5H), 6.86-6.70 (m, 

7H), 5.75-5.70 (m, J = 5.2 Hz, J = 13.2 Hz, 0.5H), 5.41-5.38 (m, J = 4.0 Hz, J = 9.6 Hz, 

0.5H), 4.70-4.67 (double of doublets, J = 4.4 Hz, J = 10.4 Hz, 0.5H), 4.58-4.52 (m, 1H), 

4.50-4.46 (doublet of doublet, J = 4.8 Hz, J = 10.0 Hz, 0.5H), 4.20-4.17 (m, 0.5H), 4.04-3.87 

(m, 2H), 3.77 (s, 3H), 3.71-3.63 (m, 0.5H), 3.36-3.28 (m, 0.5H), 2.99-2.92 (m, 1H), 

2.83-2.79 (m, 0.5H), 1.36-1.34 (m, 6H); 13C NMR (100 MHz, CDCl3) δ: 200. 4, 199.0, 

157.8, 157.1, 154.5, 154.4, 152.9, 152.4, 145.0, 144.8, 136.2, 134.9, 130.2, 129.7, 128.7, 

128.6, 128.5, 128.1, 124.9, 123.5, 115.9, 115.7, 115.5, 115.1, 114.9, 114.8, 114.7, 70.9, 

70.1, 70.1, 61.5, 58.4, 55.9, 48.1, 42.7, 30.1, 28.1, 22.3; HRMS calcd. for 

C27H28ClNO3SNa, 482.15512 [M + H]+; 482.15515 [M + H]+ found; [α]D20 = −142.0 (c 
0.10, dry CHCl3); The enantiomeric excess was determined to be 96% ee using an Agilent 

pump on a ChiralPak AD-H column (4.6 mm × 150 mm, 5 μm) with the following 

conditions: 10% IPA/90% hexanes over 40 min, 1.0 mL per min flow rate, read at 254 nm, 

tR1 = 24.18 min, tR2 = 32.19.

(R)-(3-Chlorophenyl)(6-isopropoxy-1-((4-methoxyphenoxy)methyl)-3,4-
dihydroisoquinolin-2(1H)-yl)methanethione ((R)-138)—Tetrahydroisoquinoline 

R-138 was prepared via procedure XV using tetrahydroisoquinoline R-2 (0.022 g, 0.048 

mmol) and 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.019 g, 

0.048 mmol) in toluene (2.7 mL). The crude residue was purified by silica gel 

chromatography (ISCO, Redisep 4 g column, 0–80% EtOAc/hexanes gradient) to afford the 

title compound as a yellow foam (0.011 g, 49%, a mixture of rotamers) TLC 

(EtOAc:hexanes, 1:1, v/v) Rf = 0.79 ; 1H NMR (CDCl3, 300 MHz): 7.33-7.25 (m, 3.5H), 

7.14-7.13 (m, 0.5H), 6.86-6.70 (m, 7H), 5.75-5.70 (m, J = 5.2 Hz, J = 13.2 Hz, 0.5H), 

5.41-5.38 (m, J = 4.0 Hz, J = 9.6 Hz, 0.5H), 4.70-4.67 (dd, J = 4.4 Hz, J = 10.4 Hz, 0.5H), 

4.58-4.52 (m, 1H), 4.50-4.46 (dd, J = 4.8 Hz, J = 10.0 Hz, 0.5H), 4.20-4.17 (m, 0.5H), 

4.04-3.87 (m, 2H), 3.77 (s, 3H), 3.71-3.63 (m, 0.5H), 3.36-3.28 (m, 0.5H), 2.99-2.92 (m, 

1H), 2.83-2.79 (m, 0.5H), 1.36-1.34 (m, 6H) HRMS calcd. for C27H28ClNO3SNa, 

482.15512 [M + H]+; 482.15516 [M + H]+ found; [α]D20 = +114.0 (c 0.10, dry CHCl3); 
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The enantiomeric excess (ee) was determined to be 100% ee using an Agilent pump on a 

ChiralPak AD-H column (4.6 mm × 150 mm, 5 μm) with the following conditions: 10% 

IPA/90% hexanes over 40 min, 1.0 mL per min flow rate, read at 254 nm, tR1 = 24.18 min, 

tR2 = 32.19.

S-(1-((4-Ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-yl)
(3-fluorophenyl)methanethione (S-(−)-142)—Tetrahydroisoquinoline S-(−)-142 was 

prepared via procedure XVI using tetrahydroisoquinoline S-(−)-97 (0.047 g, 0.096 mmol) 

and 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.039 g, 0.096 

mmol) in toluene (3.6 mL). The crude residue was purified by silica gel chromatography 

(ISCO, Redisep 12 g column, 0–80% EtOAc/hexanes gradient) to afford the title compound 

as a yellow foam (0.026 g, 56%, mixture of two thioamide rotamers); TLC (EtOAc:hexanes, 

1:3, v/v) Rf = 0.70; [α]D20 = −121.0 (c 0.10, dry CHCl3); Following recrystallization with 

DCM/hexanes, the enantiomeric excess was determined to be 100% ee using an Agilent 

pump on a ChiralPak AD-H column (4.6 mm × 150 mm, 5 μm) with the following 

conditions: 10% IPA/90% hexanes over 100 min, 0.025 mL per min flow rate, read at 254 

nm, tR1 = 73.9 min, tR2 = 78.7 min. The proton spectrum was identical to that of racemic 

142.

(R)-(1-((4-Ethoxyphenoxy)methyl)-6-isopropoxy-3,4-dihydroisoquinolin-2(1H)-
yl)(3-fluorophenyl)methanethione (R-(+)-142)—Tetrahydroisoquinoline R-(+)-142 
was prepared via procedure XVI using tetrahydroisoquinoline R-(+)-97 (0.046 g, 0.096 

mmol) and 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (0.040 g, 

0.096 mmol) in toluene (3.6 mL). The crude residue was purified by silica gel 

chromatography (ISCO, Redisep 12 g column, 0–50% EtOAc/hexanes gradient) to afford 

the title compound as a yellow foam (0.031 g, 65%, mixture of two thioamide rotamers); 

TLC (EtOAc:hexanes, 1:3, v/v) Rf = 0.70; [α]D20 = +129.0 (c 0.10, dry CHCl3); Following 

recrystallization with DCM/hexanes, the enantiomeric excess was determined to be 100% ee 

using an Agilent pump on a ChiralPak AD-H column (4.6 mm × 150 mm, 5 μm) with the 

following conditions: 10% IPA/90% hexanes over 100 min, 0.025 mL per min flow rate, 

read at 254 nm, tR1 = 73.9 min, tR2 = 78.7 min. The proton spectrum was identical to that of 

racemic 142.
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Abbreviations

ABD agonist binding domain

ATD amino terminal domain

AMPA α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid

CTD carboxy terminal domain

CNS central nervous system

FDA Food and Drug Administration

HEK human embryonic kidney

NMDA N-methyl-D-aspartic acid

NMDAR NMDA receptor

OCD obsessive compulsive disorder

PK pharmacokinetics

PTSD post-traumatic stress disorder

SEM standard error of the mean

SAR structure activity relationship

TMD transmembrane domain
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Figure 1. 
Structures of relevant NMDA receptor positive and negative allosteric modulators.
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Figure 2. 
Scaffold of CIQ (1) and the structurally similar isopropoxy compound (2)
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Figure 3. 
Labeled tetrahydroisoquinoline to differentiate the A, B, and C-rings.
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Figure 4. 
Crystal structure of thioamide S-(−) enantiomer of 138, active at the GluN2B, GluN2C, and 

GluN2D subunit.
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Scheme 1. 
a) alkyl halide, K2CO3, DMF, 24 h, 35–72% (procedure I); b) substituted alcohol, DIAD, 

PPh3, Et3N, 6 days, 23–34% (procedure II); c) HCl/ether, 1 h, quant. (procedure III); d) 

chloroacetyl chloride, Et3N, DCM, 3 h, 52–72% (procedure IV); e) substituted phenol, 

Cs2CO3, ACN, 15 h, 58–92% (procedure V)
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Scheme 2. 
a) chloroacetyl chloride, Et3N, DCM, 3 h, 65% (procedure IV); b) substituted phenol, 

Cs2CO3, ACN, 15 h, 83–92% (procedure V); c) NaI, CuI, N, N-dimethylethylenediamine, 

dioxane, sealed tube, 110°C, 24 h, 69–80% (procedure VI); d) substituted alcohol, CuI, 

1,10-phen, sealed tube, 110°C, 24–48 h, 36–76% (procedure VII); e) Pd(OH)2, H2, MeOH/

THF; 91%; f) 2-iodopropane, Cs2CO3, ACN/DMF; 24 h, 88%
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Scheme 3. 
a) cyclic amines or cyclohexylamine, CuI, L-proline, K2CO3, DMSO, sealed tube, 80°C, 

43–87% (procedure VIII); b) Cu(I)O2, NH4OH, NMP, sealed tube, 85°C, 72%; c) 

paraformaldehyde, NaCNBH3, AcOH, 4–20 h, 57–70% (procedure IX); d) 2-propanone, 

NaCNBH3, AcOH/ACN, 2 h, 32%
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Scheme 4. 
a) POCl3, toluene, reflux, 1–5 h (procedure X or XI); b) NaBH4, MeOH, 20h, 8–55% over 2 

steps (procedure XII)
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Scheme 5. 
a) substituted benzoyl chlorides, Et3N, DCM, 3 h, 23–81% (procedure XIII); b) substituted 

benzoic acids, EDCI, DMAP, 24 h, 15–69% (procedure XIV); c) Pd/C, H2, THF/2-propanol, 

90%; d) TBAF, THF, 66%; e) Lawesson’s reagent, toluene, reflux, 33–69% (procedure XV); 

f) Lawesson’s reagent, toluene, MW, 35 min, 51–69% (procedure XVI)
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Scheme 6. 
The separation of 2 and 97. Methods for separation are given in the experimental section. a) 

Lawesson’s reagent, toluene, reflux, 49–65% (procedure XV); b) Lawesson’s reagent, 

toluene, MW, 35 min, 56–65% (procedure XVI)
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Table 9

Comparison of CIQ and Compound 2

R1 = OEt, R2 = H No activity at any subunits GluN2B/C

X = S No activity at any subunits GluN2B/GluN2C/GluN2D

R1 = H, R2 = OMe No activity at any subunits GluN2C/GluN2D
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