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Abstract

Modification of Tetrahydroisoquinoline-and-Mopholine-Containing CXCR4 Antagonists with
morpholine analogs

By Yuming Wen
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EMU-000172
ICs) CXCR4 =23.8 + 11.5 nM (Ca2")

=825+ 4.00 nM (cAMP) 11b 12
IC5y mAChR > 16.7 mM
ICsy CYP450 2D6 = 4.28 mM
LM% (H/R/M) = 46/1/1
PAMPA (nm/s) = 438 (pH = 5.5)

=936 (pH =7.4)

Caco-2 efflux ratio = 6.11

CXCR4 is a G-protein-coupled receptor that has only one natural ligand, CXCL12. Upon
the binding of CXCL12, pathways downstream of CXCR4 such as pro-survival, proliferation,
chemotaxis signaling, and transcription of immunosuppressive related genes are triggered.
Cancer cells that overexpress CXCR4 can be attracted to CXCL12 rich niches and recruit
immunosuppressive leukocytes. Inhibition of CXCR4 with small molecule antagonists can make
the cancer cells more susceptible to chemotherapy drugs and the immune system and less likely
to metastasize. EMU-000172 is one of a series of tetrahydroisoquinoline-based CXCR4
antagonists developed by Liotta group. It has a good predicted passive diffusion rate but still
requires improvement in its off-target effect and metabolic stability. A series of morpholine
analogs were chosen to replace the morpholine on EMU-000172. 11b and 12 were the first two
to be synthesized. The approaches applied to synthesize 11b suffer from low conversion rates
and a large amount of byproducts. However, with a Buchwald-Hartwig amination condition
different from those previously used by other group members and a tailored TFA-mediated N-

Boc  deprotection, the effort to make 12 resulted in a good yield.
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Introduction

The CXC chemokine receptor type 4 (CXCR4) was discovered to play an important role
in T-tropic HIV entry in 1996. The only known ligand of CXCR4 is CXC ligand type 12 (CXCL12,
also known as stromal cell-derived factor 1, or SDF-1). Binding of CXCL12 to CXCR4 prevents
the virus from binding to the receptor.' More recently, scientists discovered that CXCL12/CXCR4
pairing promotes tumor cell proliferation and metastasis. The pro-cancer effects are mediated by
interactions with surrounding stromal cells to create a preferable microenvironment. Both the
receptor and its ligand are overexpressed by various human cancer types.” Methods targeting
CXCR4 should be applicable in the treatment of both T-tropic HIV infection and cancer.

CXCRA4 is a G-protein-coupled receptor (GPCR), which is widely expressed on the plasma
membrane of hematopoietic stem cells, leukocytes, and non-hematopoietic cells including
endothelial and epithelial cells.” Damaged and hypoxic tissues express CXCR4 as well. When
CXCLI12 binds to CXCR4, several downstream signaling cascades are triggered to facilitate
chemotaxis, cell survival/proliferation, and gene transcription and expression. During the process,
Ca’" ions are released and cyclic adenosine monophosphate (cAMP) are generated intracellularly.”
These two substances may be measured to quantify CXCR4 activity in vitro. CXCL12 is normally
secreted by liver, bone marrow, lymph nodes and lungs. Hypoxic and damaged tissue also secrete
CXCL12.> Tumor cells that overexpress CXCR4 can be attracted to CXCL12 rich sites, where
they are surrounded and protected by stromal cells. Tumor cells that metastasize to bone marrow
can evade immune recognition and chemotherapy drugs. CXCR4-mediated transcription of
angiogenic factors and immunosuppressive cytokines assists tumors in coping with hypoxic
environment and cytotoxic agents respectively.’

In principle, CXCR4 antagonists can hinder cancer cells’ recruitment of



immunosuppressive leukocytes and proangiogenic cells and cancer cells’ metastasis to CXCL12
rich regions. Therefore, CXCR4 antagonists can expose cancer cells to patients’ immune system
and chemotherapy drugs. A variety of CXCR4 antagonists, both small molecules and peptides, has
been developed.” The bicyclam AMD 3100 represents the first-generation antagonist. It can
mobilize hematopoietic stem cells (HSC) from the bone marrow into the circulating blood (Fig.
1).® It can also be used in combination therapy to quench the upregulation of CXCR4/CXCL12
caused by the hypoxia, which is induced by cytotoxic agents. However, owing to its cardiotoxicity
and poor oral availability,” a second generation antagonist (AMD 11070) was created. AMD 11070,
though orally available, potently inhibits cytochrome P450 (CYP450) 2D6 and 3A4.'° Numerous
AMD 11070 analogs have since been developed. Some modified the tetrahydroquinoline (THQ)
moiety,'' some altered the butyl amine side chain,'? and others substituted the benzimidazole
moiety."? One success among them is GSK812397, which possesses great potency and absorption,
distribution, metabolism, and excretion (ADME) profiles (Fig. 1)."* Other classes of CXCR4 small
molecule antagonists such as ITIt contain isothiourea moieties (Fig. 1)."> Polypeptides like cyclo(-
D-Tyr-Arg-Arg-Nal-¥-Gly-) may also have a good half maximal inhibitory concentration (ICs)

profile (Fig. 1).'°
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Figure 1. Previously developed small CXCR4 protagonists. ¥ indicates the y[-C(=NH)-

NH-] substructure. Nal stands for 3-(2-naphthyl)alanine.



The Liotta group designed TIQ-15 based on AMD 11070. The benzimidazole moiety is
replaced with a tetraisoquinoline (THIQ) moiety.'” TIQ-15 is highly potent and selective. However,
the Parallel artificial membrane permeability assay (PAMPA) assay predicts that it has poor
intestinal permeability (P.). TIQ-15 also has a very short half-life in mouse liver microsomes.
Hence, it is difficult to apply the murine model to study the in vivo efficacy of TIQ-15. Moreover,
TIQ-15 inhibits CYP 2D6 at a very low concentration, which restricts its potential usage in
combination therapy. Several approaches were taken to improve the ADME property of TIQ-15.
The general objectives are reducing the number of rotatable bonds, introducing bulky substituents
to hinder CYP binding, increasing lipophilicity, and reducing the number of hydrogen bond donors
and the basicity of the amines.'® Modifications were done to the THQ,' the distal amine on the
side chain,” the side chain,?"*** and the C-2 position of THIQ.18 The best of each series is listed in

Figure 2.
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EMU-000013 EMU-000073 EMU-000180 EMU-000138 EMU-000161
ICs: 24.4 nM ICs0: 33.7nM ICsy: 24.2 1M ICs): 33 1M 1Cs: 3.59 nM

Figure 2. TIQ-15 analogs synthesized previously by the Liotta research group at Emory
University.

According to the criteria of target-product profile that were defined: (1) CXCR ICso < 100
nM, (2) muscarinic acetylcholine receptors (mAChR) ICs, / CXCR ICso > 1000, (3) CYP ICsy >
20,000 nM, (4) > 50 % in HLM and > 20% in mouse liver microsomes (MLM) remaining, and (5)
P. > 100 nM/s, it was decided that the next step was to change the the substituent on THIQ.

After several heterocycles having been screened, morpholine, instead of the bicyclic



piperazine, was selected to serve as a surrogate for the piperazine on EMU-000034 (Fig. 3) to
remove a basic amine, while a hydrogen bond acceptor (HBA) remains. Morphline and its
derivatives can be incorporated into the molecule through conventional synthetic pathways.” A
methyl group was appended to the amine in THIQ of EMU-000172 to increase P, (Fig. 3).
However, the methyl group surprisingly and significantly negatively impacted all ADME results.
The dimethyl morpholine in HHN-1-255 completely diminished the CXCR4 binding activity (Fig.

3). Herein, the design and synthesis of EMU-000172 analogs were described.

(;O | O |

EMU-000034 1o 258 EJ248 HHN-1-255
ICsy: 6.1 nM 50t 25 1Cypt 571 nM ICsy: 4,710 nM

Figure 3. Analogs of EMU-000034 previously synthesized by Liotta group.

Results and discussion

In order to perturb different possible H-bond trajectories, the positions of the oxygen on
several morpholine analogs relative to morpholine was analyzed using software by Schrodinger
(conducted by Dr. Eric J Miller). The THIQ instead of the whole compound was drawn to reduce
variables for the sake of analysis (Fig. 4). In order to increase the stability of EMU-000172 in
HLM and reduce its inhibition of CYP450 2D6, the morpholine ring needs to be more rigid. 2-
oxa-6-azaspiro[3.3]heptane (1) and 2,2-dimethylmorpholine (2) were chosen as the first to be
synthesized. The ring strain of 1 is very high, and it is very rigid. The oxetanyl group of 1 is also
known for reducing the rate of metabolic degradation of XXX/by XXX.** The two methyl groups
on 2 block one of the potentially labile methylene groups and make it difficult for 2 to undergo

conformational transitions. Compared with the four methyl groups on the 2,2,6,6-



tetramethylmorpholine, the two methyl groups on 2 would add to 2’s lipophilicity but not so much

that 2 would become promiscuous and bind to plasma proteins more readily.*

Figure 4. Morpholine analog candidates and the position of their oxygen relative to the original
morpholine oxygen. The angle was predicted with SMALL-MOLECULE DRUG DISCOVERY
SUITE by Schrodinger. The 3D structure was drawn with PyMOL by Schrodinger.

All synthetic pathways in the Scheme 1 were developed by other members of Liotta
group.'®** As depicted in scheme 1, the route started with STAB-H-mediated reductive amination
of the ketone 3 and the chiral auxiliary amine 4 to provide the amine 5. The directing group on
amine 5 was removed with TFA to yield a TFA salt 6. The R-THIQ ester 7, which was previously
prepared by other members of the Liotta research group,'® was reduced with DIBAL-H to furnish
the aldehyde 8. The THQ top piece 6 and the THIQ bottom piece 8 was fused via STAB-H-
mediated reductive amination to give 9. A methyl group was added onto the none-protected
secondary amine of 9 via STAB-H-mediated reductive amination with paraformaldehyde to
prepare 10. 10 was utilized as a key intermediate to access a variety of commercially available
morpholine analogs through Buchwald—Hartwig amination or Suzuki coupling (Fig. 4).

Scheme 1. Preparation of the key intermediate 10
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In early efforts to apply Buchwald-Hartwig coupling to append 1 and 2 to 10, poor
conversion, a dehalogenated byproduct, and epimerized products were obtained. Several different
palladium catalyst systems were tested. Use of Pd (OAc),, H,O, XPhos, K,COs;, tBuOH at 110 °C
%% and Pd (dba),, (£)-BINAP, Cs,CO3/K,COs, toluene at 120 °C generated poor yields. Strong
bases like NatOBu was hypothesized to deprotonate the benzylic hydrogen, which is also alpha to
the tertiary amine, on the THQ top piece and gave a large amount of epimerization. For 11a, the
G3 Buchwald precatalyst with RuPhos gave perfect conversion and generated very little byproduct
and side product. However, for 11b, neither did Pd,(dba); with (+)-BINAP nor did the use of a G3
Buchwald precatalyst with RuPhos result in a good conversion (Scheme 2). The B-hydride
elimination of the morpholine analogs was hypothesized to cause the proto-dehalogenation. The
ring strain of 1 hampers the lining up of N-C bond with the metal surface, while 2 does not have
the ring strain as strong.”® However, the B-hydride elimination byproducts stemmed from 1 and 2
were not recovered because they are volatile. Meanwhile, the reason why 1 produces so much less
epimerization than 2 remains unclear.

Scheme 2. Preparation of 11a and 11b
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The deprotection of Boc group on 11a with 32 eq. of TFA and a reaction concentration of
0.1M in DCM was first conducted overnight. After workup, the reaction gave an almost 50:50
mixture of product and byproduct. LCMS results show that the byproduct has a mass of (M+18).
The byproduct was hypothesized to be the diol 13 derived from ring opening of oxetanyl group.”
TLC analysis illustrated that not even mobile phase with 5% ammonia hydroxide can stop the
product or the byproduct from streaking on the plate. Instead of attempting to isolate the product
with reverse phase prep HPLC, the mixture was subjected to a condition of neat TFA at 60 °C
under reflux to convert all the product to 13.* Unexpectedly, the reaction generated an even
mixture of 13 and (M+18) the next day, where M is the mass of 13. The triol 14 derived from
azetidine ring opening was hypothesized to be the new byproduct. Meanwhile, the first step of
Scheme 3 was conducted again for 5 hours and monitored hourly. The reaction was complete and
the percentage of 13 started to accelerate after around two hours. The subsequent Boc deprotection
of 11a was run for 1 hour and 15 min because the conversion rate was already at 80% (Scheme 3).

Scheme 3. N-Boc group deprotection of 11a with TFA
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Future work

The in vitro ADME profile of 12 should be established. CXCR4 Ca*" and cAMP flux
assays can determine the CXCR4 ICsj of 12. The neurotoxicity of 12 can be predicted by mAChR
Ca’" assays. CYP Inhibition assays can tell if the rigidity of 1 prevents 12 from binding to CYP.
Human and murine liver microsomal stability assays can be used to help people decide if the
oxetanyl group improves the metabolic stability of 12 relative to EMU-000172. A PAMPA assay
will demonstrate if 12 carries the same good passive diffusion ability of EMU-000172 (Fig. 3). A
Caco-2 assay can illustrate if 12 undergoes active efflux by heterogeneous human epithelial
colorectal adenocarcinoma cells.

The B-hydride elimination byproducts of 1 and 2 may be recovered in future experiments
through distillation. Full characterization of triol 14 and more literature research is required. If the
synthesis of 12 is to be scaled up, the amount of the byproduct diol 13 will increase so that 13 may
streak and make it harder to isolate the product. In order to limit the amount of oxetanyl ring
opening, the molar eq. of TFA used in the N-Boc deprotection may be reduced but to no lower
than 5 eq., which is enough to protonate all the basic nitrogens. Experiments can be carried out to
determine the relationship between reaction time and eq. of TFA used. With a sensible reaction
time in mind, the amount of TFA used can be decided.

The next morpholine analog to be appended on the THIQ should be 7-Oxa-2-
Azaspiro[3,5]Nonane (15) (Fig. 4). Under the same condition as 12 was synthesized, 15 should
yield a good conversion rate with even less byproduct during the deprotection step because it
contains a tetrahydropyran group instead of an oxetanyl group. However, the final product with 15
attached may have a metabolic stability less than that of 12.

Conclusion



Several morpholine analogs were proposed to replace the morhopholine on EMU-000172
to address the CYP 2D6 inhibition and poor murine liver microsomal stability. The addition to the
THIQ moiety of two morpholine analogs, 1 and 2 were attempted because both are rigid and 1
contains an oxetanyl group which may improve liver microsomal stability of the compound.
However, only the Buchwald-Hartwig amination of 12 gave a good conversion rate and minimal
amount of byproducts. For 2, both previously developed Buchwald-Hartwig coupling conditions
and newly applied G3 Buchwald precatalyst generate unacceptable amounts of byproducts and
have a poor conversion rate. The byproducts were proposed to be due to epimerization of the
starting material and product and dehalogenation of the starting material. The dehalogenation was
proposed to stem from B-hydride elimination of the morpholine analogs. The TFA-mediated N-
Boc deprotection of 12 was run for 1h 15 min instead of overnight to give both as good conversion
rate and a minimal amount of byproduct. In vitro and in vivo safety and pharmacokinetics studies
of 12 will need to be conducted.

Experimental

General: Automated flash column chromatography was performed using a Teledyne ISCO
CombiFlash Companion system with silica gel-packed columns (SiliCycle Inc.). Analytical thin-
layer chromatography (TLC, commercially available from Sigma) was carried out on aluminum-
supported silica gel plates (thickness: 200 pm) with fluorescent indicator (F-254). Visualization of
compounds on TLC plates was accomplished UV light (254 nm) and/or with phosphomolybdic
acid, ninhydrin, or ceric ammonium molybdate. NMR spectra (‘H, and °C) were obtained using
either a Varian INOVA 600 MHz spectrometer, a Varian INOVA 500 MHz spectrometer, a Varian
INOVA 400 MHz spectrometer. NMR samples were prepared and processed in deuterated

chloroform (CDCIl3) using the residual solvent peak (CDCl3: '"H=7.26 ppm, °C = 77.36 ppm) as



10

an internal reference. NMR data are reported to include chemical shifts (8) reported in ppm,
multiplicities indicated as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), coupling
constants (J) reported in Hz, and integration normalized to 1 atom (H or C). High resolution mass
spectrometry (HRMS) was performed by the Emory University Mass Spectrometry Center,
directed by Dr. Fred Strobel. Liquid chromatography-mass spectrometry (LCMS) was performed
on an Agilent 1200 HPLC equipped with a 6120 Quadrupole mass spectrometer (ESI-API) eluting

at a rate of 1.00 mL/min with mixtures of HPLC grade MeOH and H»O (all spiked with 0.1%

formic acid) through an analytical, reverse-phase, Agilent C18 XDB eclipse column (50 mm x 4.6
mm, 3.5 pM). LCMS samples were prepared in a solution of 50:50 MeOH/H,O (spiked with 0.1%
formic acid), and ultraviolet activity was monitored at 254 nm. Final compound purity was

assessed using 'H, *C NMR, and LCMS.

= | (S)-N-((S)-1-(4-Methoxyphenyl)ethyl)-5,06,7,8-tetrahydroquinolin-8§-

SN RN
Hﬁlﬁ amine (5):

Sodium triacetoxyborohydride (2.88 g, 13.6 mmol, 2 eq.) was added to a
100 mL flask with a stir bar, diluted with DCM (68 mL), and stirred vigorously at room
temperature. 6,7-Dihydroquinolin-8(5H)-one (1 g, 6.8 mmol, 1 eq.) and (S)-1-(4-
methoxyphenyl)ethanamine (1.0274 g, 1 mL, 6.8 mmol, 1.00 eq.) were subsequently added, and
the resulting brown slurry was allowed to stir vigorously at room temperature overnight. The
reaction was quenched with 1 M aqueous sodium hydroxide until pH = 13~14. The aqueous layer
was extracted twice with DCM, and the combined organic layers were washed once with brine,
dried over anhydrous sodium sulfate, filtered, and evaporated under reduced pressure to yield a

mixture of brown solid and yellow crystals.
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= Tert-butyl-(R)-5-bromo-3-formyl-3,4-dihydroisoquinoline-2(1H)-
<)
H : carboxylate (6):
o oM
F>(O§ @O O 5(1 g,3.54 mmol, 1 eq.) was added to a 100 mL flask with a stir bar and
e
F F £ F diluted with TFA (10.1 mL), which caused the solution to become purple.

The resulting reaction mixture was stirred vigorously at room temperature under argon overnight.
In the morning, TLC indicated complete conversion of starting material to one major spot. The
reaction was quenched with MeOH until the solution become clear yellow. Solvent was evaporated
under reduced pressure. The crude material was diluted with 18 mL MeOH, stirred vigorously for
30 min at room temperature, filtered, and the resulting mother liquor was evaporated under reduced
pressure. The resulting crude material was diluted with 26 mL hexanes and a small volume of Et,0.
The resulting solution was stirred vigorously at room temperature under Ar for 30 min, decanted,
and dried under reduced pressure to yield a fine white powder. The material was dissolved in DCM
with a small volume of ether until almost full dissolution was achieved, and left at 0°C for two
days. The resulting crystals were filtered, washed with cold hexanes, and dried under vacuum to
yield to give clear needles. IH NMR (500 MHz, CDCls) ¢ 8.45 (d, J =5 Hz, 1H), 7.7 (d, J = 8 Hz,
1H), 7.44 (dd, J =5 Hz, ] = 7.5 Hz, 1H), 7.27 (s, CDCl3), 4.605 (t, J = 6 Hz, 1H), 2.94-2.79 (m,
2H), 3.025 -2.9622 (m, 1H), 2.902-2.845 (m, 1H), 2.387-2.415 (m, 1H), 2.219-2.182 (m, 1H),
2.156-2.128 (m, 1H). LC-MS (ES-API, 10-95 % MeOH in water over 10 min) m/z calculated for

[COH12N2 + H]' = 149.2, found 149.2.

Br (S)-8-Ammonio-35,6,7,8-tetrahydroquinolin-1-ium-2, 2, 2-trifluoroacetate (8):

H O
i
@CN( A round bottom flask containing a stir bar was charged with 2-(tert-butyl) 3-

Boc
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methyl (R)-5-bromo-3,4-dihydroisoquinoline-2,3(1H)-dicarboxylate (0.7 g, 1.89 mmol, 1 eq.) and
anhydrous toluene (18.9 mL, 10 eq.). Diisobutylaluminum hydride (1 M solution in toluene, 4.7
mL, 5.6 mmol, 2.96 eq.) was added dropwise at =78 °C. After 2 hours at =78 °C, the reaction was
quenched carefully with MeOH (0.23 mL, 5.6 mmol, 2.96 eq.) and then allowed to warm to 0 °C.
A saturated solution of Rochelle salt was added, and the mixture was stirred at room temperature
for an hour. The biphasic mixture was transferred to a separatory funnel. The aqueous layer was
separated and extracted twice with ethyl acetate. The combined organic extract was dried over
anhydrous sodium sulfate and concentrated under reduced pressure to afford the title compound
(slightly yellow clear oil) as a crude material, which was used for the next step without purification.

TLC (1:4, EtOAc:Hex) indicated that no reactant was left. Crude NMR indicated the presence of

an aldehyde.
= | tert-butyl -(R)-5-bromo-3-((((S)-3,6,7,8-tetrahydroquinolin-§-
N vl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (9):
H
5 A 25 mL round bottom flask equipped with a magnetic stir bar was charged with
OCN

Br amine 6 (1 g, 2.66 mmol, 1.41 eq.), STAB-H (0.676 g, 3.19 mmol, 1.69 eq.), and

DCM (6.6 mL). After the solution was stirred for 5 min, aldehyde 8 (0.643 g,

1.89 mmol, 1 eq.) dissolved in DCM (2.7 mL) was added in one portion. The resulting mixture
was stirred at room temperature for 48h. Upon the completion of the reaction as judged by LC-MS
(C18, 25 ~ 95 % MeOH in water over 6 min). The mixture was quenched with 1 M NaOH. The
TLC (1:20, MeOH:DCM) indicated that there was no reactant left. The biphasic mixture (pinkish
color) was transferred to a separatory funnel. The aqueous layer was separated and extracted with

DCM two times. The combined organic extract was dried over anhydrous sodium sulfate and
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concentrated under reduced pressure to a crude material (clear reddish pink, 0.9 g), which was
purified by a CombiFlash system (25 g RediSep Rf GOLD silica column, eluent A: DCM and
eluent B: MEOH; 0~2 min 0% B; 2~15 min, 0~5% B; 15~20 min, 5% B, 20~30 min, 5~20% B)
to afford the Boc-protected product. 1H NMR (500 MHz, CDCI13): 6 8.37 (d, J =35 Hz, 1H), 7.460
-7.358 (m, 2H), 7.06 (d, J = 6 Hz, 3H), 4.893-4.56 (m, 2H), 4.242 (d, J = 16 Hz, 1H), 3.775-3.696
(m, 1H), 3.178-3.145 (d, J = 19 Hz, 1H), 2.957-2.592 (m, 7H). LC-MS, (m/z): calculated for

[C24H30BrN;O, + H]™ = 472.16, 473.15, 474.15, 475.16, found: 472.2, 473.2, 474.0, 475.2.

Z tert-butyl (R)-5-bromo-3-((methyl((S)-5,6,7,8-tetrahydroquinolin-§-
,il\ yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (10):
Bocy A round bottom flask equipped with a magnetic stir bar was charged with amine 9
Br

(1 eq.) in DCM (0.1 M), and dropwise STAB-H (1.8 eq.). After the solution was

stirred for 5 min, paraformaldehyde (3 eq.) was added in one portion. The resulting mixture was
stirred at room temperature for 48h. The reaction was quenched with 1M NaOH. The aqueous
layer was extracted twice with DCM. Combine organic layers were washed once with brine and
dried over anhydrous sodium sulfate, filtered, and evaporated under reduced pressure. However,
the reaction did not go to completion after 48h according to TLC and LC-MS after workup. A MS
peak of 473.2 ([9 + H]") suggested the presence of starting material. Hence, the material was
resubjected to reaction condition amount of paraformaldehyde, DCM and STAB-H. After another
48h, the reaction went to completion. Both TLC and LC-MS (25 ~ 95 % MeOH in water over 8
min) results suggested the presence of diastereomers (d.r. = 1:1). The diastereomers have a Ry of

around 0.4 in a TLC system of 1:15 (MeOH:DCM). LC-MS (m/z): calculated for

[C25H37BrN3O2 + H]" = 486.17, 487.17, 488.17, 489. 17, found: 488.2, 489.2. The second
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workup gave a mixture of 427 mg of diastereomers. The mixture was purified by a CombiFlash
system (30 g RediSep Rf GOLD silica column, eluent A: DCM and eluent B: MEOH; 0~3 min,
0% B; 2~15 min, 0~5% B; 15~20 min, 5% B; 20~30 min, 5~25 %B) three times to yield 265 mg
of the target diastereomer. 'H NMR (500 MHz, CDCls): § 8.416 (d, J = 4 Hz, 1H), 8.271 (s, 1H),
7.35 (d, J = 4.5 Hz, 1H), 7.31 (s, 1H), 7.138 (q, J = 5 Hz, J = 8 Hz, 1H), 6.991-6.967 (m, 3H),
4.913-4.518 (m, 2H), 4.192-4.157 (m, 1H), 3.71 (s, 1H), 2.989 (m, 1H), 2.765 (m, 2H), 2.639-2.18

(m, 7H), 1.985-1.81 (m, SH), 1.643-1.568 (m, 1H), 1.528-1.407 (m, 10H), 1.359-1.202 (m, 1H).

a tert-butyl (R)-3-((methyl((S5)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-5-(2-
’i‘\ oxa-6-azaspiro[3.3]heptan-6-yl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (11a):
r 500 mg of 10 (1 eq.) was added to an oven-dried microwave vial with a stir bar.

Added [2-(2-aminophenyl)phenyl]-methylsulfonyloxy-palladium; dicyclohexyl-

11aR=1
11bR=2

[2-(2,6- diisopropoxyphenyl)phenyl]phosphane (0.01 eq.), 2-
Dicyclohexylphosphino-2',6'-di-i-propoxy-1,1'-biphenyl (0.01 eq.), and cesium carbonate (1.2 eq.)
in succession. The tube was then sealed with a microwave vial cap. The resulting mixture was
evacuated under reduced pressure and subsequently flushed with Ar. This two step procedure was
repeated twice more. 1 (1.2 eq.) was weighed out in an oven-dried and degassed LCMS vial.
Degassed THF was added to the LCMS vial. The 1 in THF was transferred to the microwave vial
and the resulting mixture was sonicated and then stirred vigorously under Ar for 5 min to mix well
the solid with the solution. The resulting reaction mixture (1 M) was stirred vigorously at 85 °C
for 4 hrs. The reaction mixture was then cooled to room temperature and filtered over a plug of
celite, which was subsequently washed with EtOAc. The resulting mother liquor was evaporated

under reduced pressure to yield a yellow oil of 619 mg. LCMS shows a crude relative area
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percentages of 11a : 10 : protodehalogenation byproduct (BP) = 69.2% : 29.4% : 1.5%. 1.04% of
11a epimerized. The reaction mixture after workup was resubjected to reaction condition with 0.05
equivalence of precatalyst and the ligand. The workup with same method conferred a yellow foam
of 641 mg. The crude material was purified with column chromatography (CombiFlash, 40 g
column, 30 min): solvent A = DCM; solvent B = MeOH; 0~3 min, 0% B; 3~20 min, 0~7% B;
20~25 min, 7~9% B; 25~30 min, 9~25% B) to yield a white foam of 370 mg (73.4% yield). 1H
NMR for 12 (600 MHz, CDCl;) é 8.244 (d, J =17.8, 1H), 7.23 (d, J = 5.76, 1H), 6.96 (t, ] = 7.74,
1H), 6.9 (d, J = 2.4, 1H), 6.38-6.5 (m, 1H), 6.27 (d, J = 7.92, 1H), 4.8-4.89 (m, 7H), 4.4-4.7 (m,
3H),4.16 (d,J=7.5,3H), 3.87 (d, ] = 7.5, 4H), 3.7-3.93 (m, 2H), 2.55-2.85 (m, 6H), 2.2-2.45 (m,
6H), 1.87-1.98 (m, 3H), 1.72-1.84 (m, 2H), 1.55-1.64 (m, 2H), 1.49 (s, 1H). LCMS (ESI-API) 50-

95% MeOH in H»O, 6 min, m/z=505.3 (M + H), t=2.75 min. . LCMS also shows a crude relative

area percentages of 11a: 10 : BP = 98.6% : ND : 1.7% with 1.3% of the product epimerized.
tert-butyl  (R)-5-(2,2-dimethylmorpholino)-3-((methyl((S)-5,6,7,8-tetrahydroquinolin-8-
yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (11b): 400 mg of 10 (1 eq.) was
added to an oven-dried microwave vial with a stir bar. Added [2-(2-aminophenyl)phenyl]-
methylsulfonyloxy-palladium;  dicyclohexyl-[2-(2,6- diisopropoxyphenyl)phenyl]phosphane
(0.05 eq.), 2-Dicyclohexylphosphino-2',6'-di-i-propoxy-1,1'-biphenyl (0.05 eq.), and cesium
carbonate in succession. The tube was then sealed with a microwave vial cap. The resulting
mixture was evacuated under reduced pressure and subsequently flushed with Ar. This two step
procedure was repeated twice more. 2 (1.2 eq.) was weighed out in an oven-dried and degassed
LCMS vial. Degassed THF was added to the LCMS vial. The 2 in THF was transferred to the
microwave vial and the resulting mixture was sonicated and then stirred vigorously under Ar for

Smin to mix well the solids with the solution. The resulting reaction mixture was stirred vigorously
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at 85 °C for 4 hrs. The reaction mixture was then cooled to room temperature and filtered over a
plug of celite, which was subsequently washed with EtOAc. The resulting mother liquor was
evaporated under reduced pressure to yield a yellow oil. The reaction mixture after workup was
subjected to another catalyst system that consists of Pdy(dba); (0.05 eq.), (RS)-2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl (0.05 eq.), and cesium carbonate (1.2 eq.). The same
procedure was repeated except that the solvent was toluene (0.8 M) and the reaction temperature
was 120 °C. LCMS shows a crude relative area percentages of 11b: 10 : PB =7% : 46.4% : 20.5%
with 18.5% of the product epimerized. LCMS (ESI-API) 50-95% MeOH in H,O, 6 min, m/z =
521.3 (M + H), t = 3.8 min. LCMS also shows a crude relative area percentages of 11b : 10 : PB

=4% : 71.2% :23.2% with 3.9% of the product epimerized.

= (8)-N-(((R)-5-(2-oxa-6-azaspiro[ 3.3 ]heptan-6-yl)-1,2,3,4-
tetrahydroisoquinolin-3-yl)methyl)-N-methyl-5,6,7,8-tetrahydroquinolin-
N 0 8-amine (12): A solution of spiral morpholine product 11a (360 mg, 1 eq.)
N/jC/ in DCM (0.1 M) was added to a 250 mL round bottom flask with a stir bar.

Added 2,2,2-trifluoroacetic acid (32 eq.), and the resulting reaction
mixture was stirred vigorously at room temperature under Ar for an hour and 15 min. The reaction
mixture was quenched with 1M aqueous sodium hydroxide until the pH reached 13-14. The
resulting aqueous layer was extracted 3 times with DCM, and combined organic layers were dried
over Na2S04, filtered, and evaporated under reduced pressure to yield 293 mg of yellow oil. The
crude material was purified via combiflash (0 ~ 100% DCM/(90:10:5, DCM:MeOH:NH40H)).

The fractions were concentrated to afford the title compound (219 mg, 75 % yield) as a white foam

and 13 (20 mg) as a white foam as well. "H NMR for 12 (600 MHz, CDCl3) & 8.46 (dd, J = 1.56,
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9.36 Hz, 1H), 7.33 (dt, ] =0.72, 5.64 Hz, 1H), 7.05 (dd, ] = 4.68, 7.68 Hz, 1H), 6.9 (t, ] = 7.8 Hz,
1H), 6.54 (d, T = 7.56 Hz, 1H), 6.29 (d, ] = 7.86 Hz, 1H), 4.796 (q, J = 6.36 Hz, 6H), 4.08 (d, ] =
7.44, 3H), 3.83-4.02 (m, 7H), 2.64-2.82 (m, 6H), 2.5 (s, 5H), 2.4-2.49 (m, 2H), 2.13 (d, T = 10.56,
1H), 2.1 (d, J=10.44, 1H), 1.65-1.75 (m, 1). >C NMR for 12 (600 MHz, CDCls) § 172.59, 158.1,
149.42, 146.92, 136.79, 136.65, 133.87, 125.78, 123.22, 121.59, 118.49, 110.51, 81.24, 64.41,
62.79, 59.93, 59.9, 51.64, 48.98, 41.66, 38.78, 31.45, 29.3, 26.18, 21.38. HRMS (NSI) m/z:

[M+H]" calcd for C25H372N4O0H 405.26; found 405.26510.

'H NMR for 13 (600 MHz, CDCl3) § 8.445 (d, J = 4.08 Hz, 1H), 7.35 (d, J = 7.56, 1H),
7.06 (dd, J =4.74, 9 Hz, 1H), 6.99 (t, ] = 7.8 Hz, 1H), 6.525 (d, ] = 7.56, 1H), 6.17 (d, J = 7.92,
1H), 3.79-4.02 (m, 7H), 3.67 (d, J = 12, 3H), 3.555 (d, J = 6, 3H), 3.355 (d, ] = 6.96, 3H), 2.84 (m,
6H), 2.40-2.51 (m, 7H), 2.148 (dd, J = 10.74, 15.54 Hz), 1.96-2.09 (m, 3H), 1.87-1.96 (m, 1H)
1.65-1.75 (m, 1H). C NMR for 13 (500 MHz, CDCls) & 157.9, 150.2, 147.2, 137.29, 134.44,
126.28,122.63,122.07,118.09, 110.9, 67.77, 64.8, 59.93, 58.53, 51.85, 48.99, 40.79, 39.81, 31.35,
29.65, 25.01, 21.7 (NMR sample was very dilute because only 20 mg of 12 was made). HRMS

(NSI) m/z: [M+H]" calcd for Cp5sH34N402H 423.27; found 423.27561.

NS

@ 2-(hydroxymethyl)-2-((((R)-3-((methyl((S)-5,6,7,8-tetrahydroquinolin-§8-
A yl)amino)methyl)-1,2,3,4-tetrahydroisoquinolin-5-
N OH
HN KE\OH yl)amino)methyl)propane-1,3-diol (14) (hypothesized structure): A
OH
NH

solution of spiral morpholine product 11a (46 mg, 1 eq.) in DCM was

added to a 5 mL round bottom flask with a stir bar. Added 2,2,2-trifluoroacetic acid (37 eq.) and
water (2 eq.), and the resulting reaction mixture was stirred vigorously at 60 °C under Ar overnight

under reflux. The reaction mixture was quenched with 1M aqueous sodium hydroxide until the pH
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reached 13-14. The resulting aqueous layer was extracted 3 times with DCM, and combined
organic layers were dried over Na,SOy, filtered, and evaporated under reduced pressure. LCMS
(ESI-API) 50-95% MeOH in H20, 6 min, m/z = 221.2 (M/2 + H), 441.3 (M + H), t = 2.29 min.

LCMS shows a crude relative area percentages of 13 : 14 = 56.4% : 43.6%.
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