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ABSTRACT 

The disclosure relates to chemokine CXCR4 receptor modulators and uses related thereto. 

The receptor modulators can be formulated to form pharmaceutical compositions comprising the 

disclosed compounds or pharmaceutically acceptable salts or prodrugs thereof. The compositions 

may be used for managing CXCR4 related conditions, typically prevention or treatment of viral 5 

infections abnormal cellular proliferation, retinal degeneration, inflammatory diseases, or as an 

immunostimulant or immunosuppressant or for managing cancer and may be administered with 

another active ingredient such as an antiviral agent or chemotherapeutic agent.  
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CHEMOKINE CXCR4 RECEPTOR MODULATORS AND USES RELATED 

THERETO 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a divisional of Australian Application No. 2024202195 which itself is 

a divisional application of Australian Application No. 2018225556, filed 21 February 2018, 

which is related to PCT/US2018/018973, and claims priority from U.S. Provisional Application 

No. 62/461,682 filed 21 February 2017, U.S. Provisional Application No. 62/461,690 filed 21 

February 2017, U.S. Provisional Application No. 62/461,695 filed 21 February 2017, and U.S. 

Provisional Application No. 62/461,698 filed 21 February 2017, all of which are incorporated 

herein by reference in their entirety. 

FIELD 

The disclosure relates to chemokine CXCR4 receptor modulators and uses related 

thereto. In certain embodiments, the disclosure relates to pharmaceutical compositions 

comprising compounds disclosed herein or pharmaceutically acceptable salts or prodrugs 

thereof. In certain embodiments, the compositions disclosed herein are used for managing 

CXCR4 related conditions, typically prevention or treatment of viral infections such as HIV or 

for managing cancer.  

BACKGROUND 

As of the end of 2007, an estimated 33 million people worldwide were living with 

HIV/AIDS, and the Centers for Disease Control and Prevention (CDC) estimates that 1,200,000 

U.S. residents are living with HIV infection (UNAIDS/WHO AIDS epidemic update, December 

2008; The Henry J. Kaiser Family Foundation HIV/AIDS Policy Fact Sheet, July 2007). 

Although new infections have decreased in recent years, an estimated 2.6 million new HIV 

infections occurred worldwide during 2007 and approximately 40,000 new HIV infections occur 

each year in the United States.  

HIV entry within the target cells involves a series of molecular events. The three main 

steps of virus entry within the cell are: (i) attachment of the virus to the subject cells; (ii) 

interaction of the virus with the co-receptors; and (iii) fusion of the virus and subject cell 

membranes. Considering the complexity of the molecular events involved in viral infection, all 

three of these steps have been considered for drug design. The T-lymphocyte cell surface protein 

CD4 is the primary receptor involved in the interaction with the viral glycoprotein gp120, but a 
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1a 
 

cellular co-receptor is also needed for the successful entry of the virus within the cell. At least 

two types of such co-receptors have been identified so far, both of which are chemokine 

receptors, CCR5 and CXCR4. These chemokine receptors are therefore gateways for HIV entry, 

determinants of viral tropism and sensitivity.  

Compounds targeting viral entry have two advantages over those that target the HIV-1 reverse 

transcriptase or protease enzymes: entry inhibitors do not depend on efficient cellular uptake or 

intracellular 

 

intracellular
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activation processes to exert their biological effects, and they are highly unlikely to show any cross-

resistance with protease inhibitors or reverse transcriptase inhibitors. Viral entry has been validated as a

clinically effective pathway for targeted intervention by the first fusion inhibitor, enfuvirtide. Other classes

5

CXCR4 is a major co-receptor for T-tropic HIV infection. For example, U.S. Pat. No. 6,429,308 discloses

10 HIV agent. PCT application publication number WO 2001/56591 describes peptide fragments of viral

macrophage inflammatory protein II, which are described as selectively preventing CXCR4 signal

transduction and co-receptor function in mediating entry of HIV-I. Additional molecular antagonists of the

chemokine CXCR4 receptor are disclosed in PCT application publication numbers WO 2009/121063 and

WO 2006/020415 and US patent number 8,969,381.

15 Studies have shown that CXCR4 interactions also regulate the migration of metastatic cells.

Hypoxia, a reduction in partial oxygen pressure, is a micro-environmental change that occurs in most solid

tumors and is a major inducer of tumor angiogenesis and therapeutic resistance. Hypoxia increases CXCR4

levels (Staller et al., 2003, Nature 425: 307-311). Microarray analysis on a sub-population of cells from a

bone metastatic model with elevated metastatic activity showed that one of the genes increased in the

20 metastatic phenotype was CXCR4. Furthermore, over-expression of CXCR4 in isolated cells significantly

increased the metastatic activity (Kang et al., 2003, Cancer Cell 3: 537-549). In samples collected from

various breast cancer patients, Muller et al. (2001, Nature 410: 50-56) found that CXCR4 expression levels

are higher in primary tumors relative to normal mammary gland or epithelial cells. These results suggest

that the expression of CXCR4 on cancer cell surfaces may direct the cancer cells to sites that express high

25 levels of SDF-I. Consistent with this hypothesis, SDF-I is highly expressed in the most common

destinations of breast cancer metastasis including lymph nodes, lung, liver, and bone marrow. Moreover,

CXCR4 antibody treatment has been shown to inhibit metastasis to regional lymph nodes when compared

to control isotypes that all metastasized to lymph nodes and lungs (Muller et al., 2001, Nature 410: 50-56).

In addition to regulating migration of cancer cells, CXCR4-SDF-1 interactions may regulate

30 vascularization necessary for metastasis. Blocking either CXCR4/SDF-1 interaction or the major G-protein

of CXCR4/SDF-1 signaling pathway (G) inhibits VEGF-dependent neovascularization. These results

indicate that SDF-1/CXCR4 controls VEGF signaling systems that are regulators of endothelial cell

morphogenesis and angiogenesis. Numerous studies have shown that VEGF and MMPs actively contribute

to cancer progression and metastasis.
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SUMMARY
5 The disclosure relates to chemokine CXCR4 receptor modulators and their uses in therapeutic and

diagnostic applications.
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wherein the substituent R ² may be individually and independently mono- - or di-substitued onto RX² where

10 cyclopropyl, fluorine, chlorine, methoxy and trifluoromethyl.

In yet further features of this embodiment RA¹ is selected from the group comprising:
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5 or salts thereof wherein RD is H or alkyl, RE is methyl, isopropyl or an amino substituted carbocyclyl; RF

is an optionally substituted heterocyclyl; wherein the substituents of RF are selected from one or more and

the same or different RX²; and RX² is optionally substituted aryl, optionally substituted heterocyclyl or

optionally substituted amino, and wherein the substituents of RX² are selected from one or more and the

same or different R ²; and R ² is selected from the group comprising methyl, ethyl, isopropyl, cyclopropyl,
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oxetane, amino, dimethylamino, methylpiperazine, pyridine, pyridinylmethyl, pyrimidine and

*
*

*

N N
OHN

O

or NH,

5 Further features of this embodiment provide for RE to be selected from the group comprising:
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*CH, , and NH ;
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X

or salts thereof wherein RG is an optionally substituted alkene, which may be E or Z, an optionally

substituted carbocyclyl, optionally substituted aryl, optionally substituted heterocyclyl or an optionally

5 when X is N.

Y*
R' R' R'

* * *
R' *

Y
R', *

, ,
, and R';

, ,

wherein Y is H, alkyl or halogen; R¹ is selected from the group comprising H, NH, halogen, CHNHR¹,

10

different substituent for each cycle; and RJ is selected from the group comprising:

F *
F

N O O *
*

N OH, * * * * O NH, , , , , ,

or for RG to be an alkyl linking the attached NMe to the tetrahydroquinoline;

NH N O N
N N N N* * * * CH=CHCHR,, , ,

W
R
Y2

RY2
Y2 * NR

N * *

15 OCHCHR², NHRY², *

W W R
*

, , , ,
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N NH S S"0
N N N N N* * * *

N R
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N O RN *

N N
N N N N* * * *

IZ O
* * H, ,

O
*

R
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HN
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N R
* N O

* R
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H, , , ,

5

O*

N
* * *

*
N N

O N
* * N O NH* NH- N* *

, , , , , , ,

O

*

CF O *

N HN O
N S HN

N N S* * O O
* *

N ** F and
, , , ,

appropriatewhen X is C or absent when X is N.
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and a CHCH group linking the NCH to the tetrahydroquinoline.

10 In an exemplary embodiment, the compound of Formula (III) is selected from the group comprising:
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In accordance with a fourth embodiment of the invention there is provided a compound of Formula (IV)

RK
N NZiii

N

N Z
A

Formula (IV)

or salts thereof wherein ring A is an heteroaromatic ring system, with or without a fused benzene ring

5
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N NH N NH
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N N
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N N

N N NH N S

N N
N N N NHZiii

N N
N NH

N N

5 and

In certain embodiments, the disclosure relates to isolated compositions comprising compounds

In certain embodiments, the disclosure relates to a pharmaceutical composition comprising a

10

excipient, diluent, or carrier.

In certain embodiments, the pharmaceutical composition comprises compounds in greater than

15

abnormal cellular proliferation, retinal degeneration, inflammatory diseases, or as an immunostimulant or

immunosuppressant.

In certain embodiments, the disclosure relates to pharmaceutical compositions comprising a

compound as described herein and another active ingredient such as an antiviral agent or chemotherapeutic

20 agent.
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In certain embodiments, the disclosure relates to administering a CXCR4 antagonist disclosed

In certain embodiments, the disclosure relates to methods of treating or preventing a viral infection

5 optionally in combination with another active ingredient to a subject in need thereof. In further

embodiments, the subject is at risk of, exhibiting symptoms of, or diagnosed with a viral infection.

In certain embodiments, the disclosure relates to uses of a compound as described herein in the

production of a medicament for the treatment of a viral infection. In typical embodiments, the viral infection

10

optionally in combination with another active ingredient to a subject in need thereof. In further

embodiments, the subject is at risk of, exhibiting symptoms of, or diagnosed with cancer.

15 DETAILED DESCRIPTION

Terms

20 For R substituents, the symbol * indicates the carbon which forms the point of attachment to the

H
RB

HN

Markush structure. For example, in the Formula: wherein RB is * NH , the
,

IZ
H
N

NH
HN

proposed species is

As used herein, "alkyl" means a noncyclic straight chain or branched, unsaturated or saturated

hydrocarbon such as those containing from 1 to 10 carbon atoms, typically 1 to 4 otherwise designated C-

25 4alkyl. Representative saturated straight chain alkyls include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-

hexyl, n-septyl, n-octyl, n-nonyl, and the like; while saturated branched alkyls include isopropyl, sec-butyl,

isobutyl, tert-butyl, isopentyl, and the like. Unsaturated alkyls contain at least one double or triple bond

between adjacent carbon atoms (referred to as an "alkenyl" or "alkynyl", respectively). Representative
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pentenyl, 2-pentenyl, 3-methyl-1-butenyl, 2-methyl-2-butenyl, 2,3-dimethyl-2-butenyl, and the like; while

pentynyl, 2-pentynyl, 3-methyl-1-butynyl, and the like.

5

heteroatoms independently selected from nitrogen, oxygen and sulfur which may be saturated or

10 unsaturated (but not aromatic), monocyclic or polycyclic, and wherein the nitrogen and sulfur heteroatoms

may be optionally oxidized, and the nitrogen heteroatom may be optionally quaternized. Heterocarbocycles

tetrahydrothiophenyl, tetrahydrothiopyranyl, and the like.

The term "aryl" refers to aromatic homocyclic (i.e., hydrocarbon) mono-, bi- or tricyclic ring-

containing groups preferably having 6 to 12 members such as phenyl, naphthyl and biphenyl. Phenyl is a

preferred aryl group. The term "substituted aryl" refers to aryl groups substituted with one or more groups,

preferably selected from alkyl, substituted alkyl, alkenyl (optionally substituted), aryl (optionally

substituted), heterocyclo (optionally substituted), halo, hydroxy, alkoxy (optionally substituted), aryloxy

20

(optionally substituted), arylester (optionally substituted), cyano, nitro, amino, substituted amino, amido,

with the atoms to which they are bonded form a 3 to 7 member ring.

25

30

44

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

5
 
2
6
 
F
e
b
 
2
0
2
6

2
5

4
4



mono- and polycyclic ring systems may be aromatic, non-aromatic or mixtures of aromatic and non-

"Alkylthio" refers to an alkyl group as defined above attached through a sulfur bridge. An example

5 "Alkoxy" refers to an alkyl group as defined above attached through an oxygen bridge. Examples

of alkoxy include, but are not limited to, methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy, t-

butoxy, n-pentoxy, and s-pentoxy. Preferred alkoxy groups are methoxy, ethoxy, n-propoxy, i-propoxy, n-

butoxy, s-butoxy, t-butoxy. "Alkylamino" refers an alkyl group as defined above attached through an amino

10

"Alkanoyl" refers to an alkyl as defined above attached through a carbonyl bridge (i.e., --

(C=O)alkyl).

15

20 "Alkylsulfinyl" refers to an alkyl as defined above attached through a sulfinyl bridge (i.e. --

The terms "halogen" and "halo" refer to fluorine, chlorine, bromine, and iodine.

substituent. When substituted, one or more of the groups are "substituents". The molecule may be multiply

25 substituted. In the case of an OXO substituent ("=0"), two hydrogen atoms are replaced. Example

substituents within this context may include halogen, hydroxy, alkyl, alkoxy, nitro, cyano, oxo, carbocyclyl,

carbocycloalkyl, heterocarbocyclyl, heterocarbocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, --

NRR, --NRC(=O)R, --NR,,C(=O)NR,NR, --NRC(=)ORb, --NRSOR, --C(=0)Ra, --C(=0)ORa, --

C(=O)NRRb, --OC(=O)NRR, --ORa, --SRa, --SORa, --S(=0)Ra, --OS(=0)R and --S(=0)OR. R and

30 Rb in this context may be the same or different and independently hydrogen, halogen hydroxyl, alkyl,

alkoxy, alkyl, amino, alkylamino, dialkylamino, carbocyclyl, carbocycloalkyl, heterocarbocyclyl,

heterocarbocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl.

The term "optionally substituted", as used herein, means that substitution is optional and therefore

it is possible for the designated atom to be unsubstituted.
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is modified making acid or base salts thereof. Examples of salts include, but are not limited to, mineral or

acidic residues such as carboxylic acids; and the like. In preferred embodiment the salts are conventional

5

tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic,

10 sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic,

isethionic, and the like.

Prodrugs are often useful because, in some situations, they may be easier to administer than the parent

15 compound. They may, for instance, be bioavailable by oral administration whereas the parent compound is

not. The prodrug may also have improved solubility in pharmaceutical compositions over the parent drug.

A prodrug may be converted into the parent drug by various mechanisms, including enzymatic processes

and metabolic hydrolysis.

As used herein, the terms "prevent" and "preventing" include the prevention of the recurrence,

20

embodiments, the onset is delayed, or the severity of the disease is reduced.

patient) is cured and the disease is eradicated. Rather, embodiments, of the present disclosure also

25

30
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Methods of Use

infections where the virus utilized CXCR4 to infect cells.

5 reduction of symptoms associated with AIDS is provided, including administering a compound disclosed

herein to a subject. In certain embodiments, the compound can be provided to a subject before treatment of

infection with another compound. In a separate embodiment, the compound is provided to a patient that has

been treated for HIV infection to reduce the likelihood of recurrence, or reduce mortality associated with

10

administering an effective amount of the active compound or a pharmaceutically acceptable prodrug or salt

thereof in the presence of a pharmaceutically acceptable carrier or diluent.

20 pharmaceutically acceptable salt, solvate, prodrug, or ester thereof to a subject in need of treatment is

thereof can be administered to a subject in need thereof to reduce the severity of AIDS related disorders. In

In a separate embodiment, a method for the treatment of, prevention of, or reduced severity of liver

25 disease associated with viral infections including administering at least one compound described herein is

provided.

Chronic hepatitis C virus (HCV) and hepatitis B virus (HBC) infection is accompanied by

inflammation and fibrosis eventually leading to cirrhosis. A study testing the expression and function of

CXCR4 on liver-infiltrating lymphocytes (LIL) revealed an important role for the CXCL12/CXCR4

30 pathway in recruitment and retention of immune cells in the liver during chronic HCV and HBV infection

(Wald et al., (2004) European Journal of Immunology. 34(4): 1164-1174). High levels of CXCR4 and

TGFß have been detected in liver samples obtained from patients infected with HCV. (Mitra et al., (1999)

Int. J. Oncol. 14: 917-925). In vitro, TGFß has been shown to up-regulate the expression of CXCR4 on T

cells and to increase their migration. The CD69/TGF/CXCR4 pathway may be involved in the retention
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1164-1174).

other infections associated with chemokine receptor activation, for example, liver diseases associated with

5

of which include, but are not limited to, types of cancers and proliferative disorders listed below. Abnormal

10 cellular proliferation, notably hyperproliferation, can occur as a result of a wide variety of factors, including

genetic mutation, infection, exposure to toxins, autoimmune disorders, and benign or malignant tumor

example, is a benign disease of human skin generally characterized by plaques covered by thickened scales.

15 The disease is caused by increased proliferation of epidermal cells of unknown cause. In normal skin the

time required for a cell to move from the basal layer to the upper granular layer is about five weeks. In

psoriasis, this time is only 6 to 9 days, partially due to an increase in the number of proliferating cells and

an increase in the proportion of cells which are dividing (G. Grove, Int. J. Dermatol. 18:111, 1979). Chronic

eczema is also associated with significant hyperproliferation of the epidermis. Other diseases caused by

20

keratosis, basal cell carcinoma and squamous cell carcinoma.

disorders, autoimmune disorders, graft-versus-host rejection, tumors and cancers.

25

the formation of atherosclerotic lesions.

30
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resulting in a hepatic scar can also be caused by viral infection such as hepatitis. Lipocytes appear to play

Mesangial disorders are brought about by abnormal proliferation of mesangial cells. Mesangial

5 nephropathy, malignant nephrosclerosis, thrombotic microangiopathy syndromes, transplant rejection, and

glomerulopathies.

Another disease with a proliferative component is rheumatoid arthritis. Rheumatoid arthritis is

generally considered an autoimmune disease that is thought to be associated with activity of autoreactive T

10

syndrome, acute respiratory distress syndrome (ARDS), ischemic heart disease, post-dialysis syndrome,

leukemia, acquired immune deficiency syndrome, vasculitis, lipid histiocytosis, septic shock and

20 In certain embodiments, the subject is diagnosed with acute childhood lymphoblastic leukemia;

carcinoma, adult (primary) hepatocellular cancer, adult (primary) liver cancer, adult acute lymphocytic

lymphocytic leukemia, adult non-Hodgkin's lymphoma, adult primary liver cancer, adult soft tissue

25 sarcoma, AIDS-related lymphoma, AIDS-related malignancies, anal cancer, astrocytoma, bile duct cancer,

bladder cancer, bone cancer, brain stem glioma, brain tumors, breast cancer, cancer of the renal pelvis and

ureter, central nervous system (primary) lymphoma, central nervous system lymphoma, cerebellar

astrocytoma, cerebral astrocytoma, cervical cancer, childhood (primary) hepatocellular cancer, childhood

30 childhood brain stem glioma, childhood cerebellar astrocytoma, childhood cerebral astrocytoma, childhood

extracranial germ cell tumors, childhood Hodgkin's disease, childhood Hodgkin's lymphoma, childhood

hypothalanic and visual pathway glioma, childhood lymphoblastic leukemia, childhood medulloblastoma,

childhood non-Hodgkin's lymphoma, childhood pineal and supratentorial primitive neuroectodermal

tumors, childhood primary liver cancer, childhood rhabdomyosarcoma, childhood soft tissue sarcoma,
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leukemia, colon cancer, cutaneous T-cell lymphoma, endocrine pancreas islet cell carcinoma, endometrial

pancreatic cancer, extracranial germ cell tumor, extragonadal germ cell tumor, extrahepatie bile duct cancer,

5

carcinoma, islet cell pancreatic cancer, Kaposi's sarcoma, kidney cancer, laryngeal cancer, lip and oral

10 cavity cancer, liver cancer, lung cancer, lympho proliferative disorders, macroglobulinemia, male breast

cancer, malignant mesothelioma, malignant thymoma, medulloblastomia, melanoma, mesothelioma,

syndrome, myelogenous leukemia, myeloid leukemia, myeloproliferative disorders, nasal cavity and

15 paranasal sinus cancer, nasopharyngeal cancer, neuroblastoma, non-Hodgkin's lymphoma during

pregnancy, nonmelanoma skin cancer, non-small cell lung cancer, occult primary metastatie squamous neck

cancer, oropharyngeal cancer, osteo/malignant fibrous sarcoma, osteosarcoma/malignant fibrous

histiocytoma, osteosarcoma/malignant fibrous histiocytoma of bone, ovarian epithelial cancer, ovarian

germ cell tumor, ovarian low malignant potential tumor, pancreatic cancer, paraproteinemias, purpura,

20

myeloma, primary central nervous system lymphoma, primary liver cancer, prostate cancer, rectal cancer,

sarcoidosis sarcomas, sezary syndrome, skin cancer, small cell lung cancer, small Intestine cancer, soft

25

hyperproliferative disease located in an organ system listed above.

30
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hyperplasia, endometrial hyperplasia, fibromuscular hyperplasia, foca epithelial hyperplasia, gingival

endothelial hyperplasia, nodular hyperplasia of prostate, nodular regenerative hyperplasia,

5 (including acute leukemia (e.g., acute lymphocytic leukemia, acute myelocytic leukemia (including

myeloblasts, promyelocyte, mylomonocytic, monocytic, and erythroleukemia)) and chronic leukemia (e.g.,

chronic myelocytic (granulocytic) leukemia and chronic lymphocytic leukemia)), polycythemia vera,

lymphomas (e.g., Hodgkin's disease and non-Hodgkin's disease), multiple myeloma, Waldenstrom's

10

synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,

pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal cell

15

20 neuroblastoma, and retinoblastoma.

reduced severity of, age-related macular degeneration (ARMD) and other pathogenic states involving

a subject in need thereof.

25 CXCR4 plays a role in ocular diseases involving the retina such as age-related macular

degeneration (ARMD). The retinal pigment epithelium has a major role in the physiological renewal of

photoreceptor outer segments in the provision of a transport and storage system for nutrients essential to

the photoreceptor layer. The retinal pigment epithelial (RPE) cells predominantly express CXCR4

30 pigment epithelial cells from the blood-retina barrier leads to chemokine secretion and migration in

response to stromal cell-derived factor Ia. (J. Immunol. 200; 165: 4372-4278). The level of CXCR4 mRNA

expression increases upon stimulation with IL-1ß or TNF (Dwinell, et al. (1999) Gastroenterology. 117:

359-367). RPE cells also migrated in response to SDF-1 indicating that SDF-1/CXCR4 interactions may

modulate the effects of chronic inflammation and subretinal neovascularization at the RPE site of the blood-

51

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

5
 
2
6
 
F
e
b
 
2
0
2
6

2
5

5
1



human retinal pigment epithelial cells from the blood-retina barrier leads to chemokine secretion and

Age-related macular degeneration is characterized by both primary and secondary damage of

5

detecting faces. Late stages of ARMD cause central scomota, which is extremely disabling if occurrence is

10 bilateral (Bressler and Bressler (1995) Ophthalmology. 1995; 102: 1206-1211).

In a separate embodiment, a method for the treatment of, prevention of, or reduced severity of

chemokine receptors, with CXCR4 being particularly prominent (Gupta, et al. (1998) J Biol Chem. 273:

15 4282; Volin, et al. (1998) Biochem Biophys Res Commnun. 242: 46).

A RT-PCR based strategy which utilized CXCR4 specific primers demonstrated that mRNA for

the chemokine receptor CXCR4 is expressed not only in primary cultures and transformed type II alveolar

epithelial cells (pneumocytes) but also in a number of epithelial cell lines derived from various other tissues.

(Murdoch, et al. (1998) Immunology. 98(1): 36-41). Unlike with endothelial cells, CXCR4 is the only

20

pathology. CXCR4 expressed on the epithelium may facilitate the recruitment of phagocytic cells to sites

the immune response or participate in wound healing or neovascularization. CXCR4 may also be involved

25

or tissue damage. Certain inflammatory chemokines activate cells to initiate an immune response or

30
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the treatment or prophylaxis of an inflammatory disorder. In certain embodiments, the inflammatory

Generally, inflammatory disorders include, but are not limited to, respiratory disorders (including

5 atherosclerosis, post-angioplasty, restenosis, coronary artery diseases and angina); inflammatory diseases

of the joints (including rheumatoid and osteoarthritis); skin disorders (including dermatitis, eczematous

dermatitis and psoriasis); post transplantation late and chronic solid organ rejection; multiple sclerosis;

autoimmune conditions (including systemic lupus erythematosus, dermatomyositis, polymyositis, Sjogren's

10

disorders of adipose tissue; and proliferative disorders (including Kaposi's sarcoma and other proliferative

disorders of smooth muscle cells).

20 chronic bronchitis NOS, chronic tracheitis and chronic tracheobronchitis), emphysema, other chronic

include allergic and non-allergic rhinitis as well as non-malignant proliferative and/or inflammatory disease

passages or lungs means one or more of (1) alveolitis, such as extrinsic allergic alveolitis, and drug toxicity

25 such as caused by, e.g. cytotoxic and/or alkylating agents; (2) vasculitis such as Wegener's granulomatosis,

allergic granulomatosis, pulmonary hemangiomatosis and idiopathic pulmonary fibrosis, chronic

eosinophilic pneumonia, eosinophilic granuloma and sarcoidoses.

In one embodiment, the compounds of the disclosure are administered to a patient suffering from

30 atherosclerosis, post-angioplasty, restenosis, coronary artery diseases, angina, and other cardiovascular

diseases.

In certain embodiments the disorder is a non-cardiovascular inflammatory disorder such as

rheumatoid and osteoarthritis, dermatitis, psoriasis, cystic fibrosis, post transplantation late and chronic

solid organ rejection, eczematous dermatitis, Kaposi's sarcoma, or multiple sclerosis. In yet another
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mediated by mononuclear leucocytes.

veterinary and human subjects, to enhance or elevate the number of progenitor cells and/or stem cells. The

5

disclosed herein. Moreover, the disclosure is directed to methods of effecting regeneration of cardiac tissue

10 in a subject in need of such regeneration using the disclosed compounds.

The compounds of the disclosure may be used for the treatment of diseases that are associated with

therapy) or combination of conventional drugs used in the treatment of autoimmune diseases and

15 graft/transplantation rejection, which causes immunosuppression; immunosuppression due to congenital

deficiency in receptor function or other causes; and infectious diseases, such as parasitic diseases, including

but not limited to helminth infections, such as nematodes (round disclosure thus targets a broad spectrum

of conditions for which elevation of progenitor cells and/or stem cells in a subject would be beneficial or,

where harvesting of progenitor cells and/or stem cell for subsequent stem cell transplantation would be

20

by a deficiency in white blood cell count, or which would benefit from elevation of said WBC count.

Combination Therapies

25

inhibitors of infection by the human immunodeficiency virus type 1 (HIV-1) at the level of viral entry.

30
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approach to prevent infection by HIV-1. (Alkhatib et al., Science. 1996, 272: 1955-1988 and Challita-Eid

In some embodiments, the disclosure relates to treating a viral infection by administering a CXCR4

5 described herein are administered in combination or alternation with at least one compound that inhibits

HIV entry into a cell through a mechanism not dependent on CXCR4, and in particular embodiments, are

administered in combination or alternation with a compound that inhibits CCR5, gp120, gp41 or CD4

binding or activity. In some embodiments, such a compound is at least one of Maraviroc (Celsentri) or

10

In further embodiments, the subject is co-administered with abacavir, acyclovir, acyclovir,

adefovir, amantadine, amprenavir, ampligen, arbidol, atazanavir, atripla, boceprevir, cidofovir, combivir,

20 disoproxil, tipranavir, trifluridine, trizivir, tromantadine, truvada, valaciclovir (Valtrex), valganciclovir,

HIV is typically treated with a combination of antiviral agent, e.g., two nucleoside-analogue reverse

inhibitor. The three drug combination is commonly known as a triple cocktail. In certain embodiments, the

25 disclosure relates to treating a subject diagnosed with HIV by administering a chemokine CXCR4 receptor

modulator disclosed herein in combination with two nucleoside-analogue reverse transcription inhibitors

and/or one non-nucleoside-analogue reverse transcription inhibitor or protease inhibitor.

In certain embodiments, the disclosure relates to treating a subject by administering a chemokine

30 embodiments, the disclosure relates to treating a subject by administering a chemokine CXCR4 receptor

modulator disclosed herein, emtricitabine, tenofovir and raltegravir. In certain embodiments, the disclosure

relates to treating a subject by administering a chemokine CXCR4 receptor modulator disclosed herein,

emtricitabine, tenofovir, ritonavir and darunavir. In certain embodiments, the disclosure relates to treating
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tenofovir, ritonavir and atazanavir.

herein in combination with a CCR5 antagonist such as maraviroc (selzentry) or vicriviroc.

5

with a banana lectin.

10 The cancer treatment may be applied as a sole therapy or may involve, conventional surgery or

radiotherapy or chemotherapy. Such chemotherapy may include one or more of the following categories of

such as alkylating agents (for example cis-platin, carboplatin, cyclophosphamide, nitrogen mustard,

15 melphalan, chlorambucil, busulfan and nitrosoureas); antimetabolites (for example antifolates such as

fluoropyrimidines like 5-fluorouracil and gemcitabine, tegafur, raltitrexed, methotrexate, cytosine

arabinoside and hydroxyurea); antitumour antibiotics (for example anthracyclines like adriamycin,

bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C, dactinomycin and

mithramycin); antimitotic agents (for example vinca alkaloids like vincristine, vinblastine, vindesine and

20

epipodophyllotoxins like etoposide and teniposide, amsacrine, topotecan and camptothecin); and

[Agrylin.RTM.]; and the agent alpha-interferon

25

reductase such as finasteride;

30

epidermal growth factor receptor (EGFR) antibody, cetuximab), farnesyl transferase inhibitors, tyrosine
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kinase inhibitors and serine/threonine kinase inhibitors, for example inhibitors of the epidermal growth

7-methoxy-6-(3-morpholinopropoxy)quinazolin-4- -amine (gefitinib), N-(3-ethynylphenyl)-6,7-bis(2-

5 morpholinopropoxy)quinazoli-n-4-amine (CI 1033), for example inhibitors of the platelet-derived growth

factor family and for example inhibitors of the hepatocyte growth factor family, for example inhibitors or

phosphotidylinositol 3-kinase (PI3K) and for example inhibitors of mitogen activated protein kinase kinase

(MEK1/2) and for example inhibitors of protein kinase B (PKB/Akt), for example inhibitors of Src tyrosine

10

factor, (for example the anti-vascular endothelial cell growth factor antibody bevacizumab [Avastin.

and compounds that work by other mechanisms (for example linomide, inhibitors of integrin ocvß3 function

15

20 interleukin 4 or granulocyte-macrophage colony stimulating factor, approaches to decrease T-cell anergy,

cytokine-transfected tumour cell lines and approaches using anti-idiotypic antibodies, and approaches using

25 Formulations

Pharmaceutical compositions disclosed herein may be in the form of pharmaceutically acceptable

salts, as generally described below. Some preferred, but non-limiting examples of suitable pharmaceutically

acceptable organic and/or inorganic acids are hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,

30 reference is made to the references referred to below).

When the compounds of the disclosure contain an acidic group as well as a basic group, the

compounds of the disclosure may also form internal salts, and such compounds are within the scope of the

disclosure. When a compound contains a hydrogen-donating heteroatom (e.g. NH), salts are contemplated
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Suitable acid addition salts are formed from acids which form non-toxic salts. Examples include the acetate,

citrate, cyclamate, edisylate, esylate, formate, fumarate, gluceptate, gluconate, glucuronate,

5

xinofoate salts. Suitable base salts are formed from bases which form non-toxic salts. Examples include the

10 aluminium, arginine, benzathine, calcium, choline, diethylamine, diolamine, glycine, lysine, magnesium,

meglumine, olamine, potassium, sodium, tromethamine and zinc salts. Hemisalts of acids and bases may

2002), incorporated herein by reference.

The compounds described herein may be administered in the form of prodrugs. A prodrug can

include a covalently bonded carrier which releases the active parent drug when administered to a

mammalian subject. Prodrugs can be prepared by modifying functional groups present in the compounds

in such a way that the modifications are cleaved, either in routine manipulation or in vivo, to the parent

compounds. Prodrugs include, for example, compounds wherein a hydroxyl group is bonded to any group

20

prodrugs include, but are not limited to, acetate, formate and benzoate derivatives of alcohol functional

Testa and Mayer, Hydrolysis in Drug and Prodrug Metabolism, Wiley (2006). Typical prodrugs form the

active metabolite by transformation of the prodrug by hydrolytic enzymes, the hydrolysis of amide, lactams,

25

pharmaceutically acceptable carriers, and, if desired, in combination with other pharmaceutical active

30
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Generally, for pharmaceutical use, the compounds may be formulated as a pharmaceutical

or excipient and/or adjuvant, and optionally one or more further pharmaceutically active compounds.

5 suitably packaged, for example in a box, blister, vial, bottle, sachet, ampoule or in any other suitable single-

dose or multi-dose holder or container (which may be properly labeled); optionally with one or more leaflets

containing product information and/or instructions for use. Generally, such unit dosages will contain

between 1 and 1000 mg, and usually between 5 and 500 mg, of the at least one compound of the disclosure,

10

specific preparation used. The compound will generally be administered in an "effective amount", by which

is meant any amount of a compound that, upon suitable administration, is sufficient to achieve the desired

15

20 treatment regimen may be determined by the treating clinician, depending on factors such as the age, gender

Reference is again made to U.S. Pat. No. 6,372,778; U.S. Pat. No. 6,369,086; U.S. Pat. No. 6,369,087; and

25 Depending upon the manner of introduction, the compounds described herein may be formulated

in a variety of ways. Formulations containing one or more compounds can be prepared in various

pharmaceutical forms, such as granules, tablets, capsules, suppositories, powders, controlled release

formulations, suspensions, emulsions, creams, gels, ointments, salves, lotions, or aerosols and the like.

30 administration of precise dosages. Solid dosage forms for oral administration include, but are not limited

to, tablets, soft or hard gelatin or non-gelatin capsules, and caplets. However, liquid dosage forms, such as

solutions, syrups, suspension, shakes, etc. can also be utilized. In another embodiment, the formulation is

administered topically. Suitable topical formulations include, but are not limited to, lotions, ointments,
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formulation is administered intranasally.

pharmaceutically acceptable carrier composed of materials that are considered safe and effective and may

5

and coating compositions.

10 Carrier also includes all components of the coating composition which may include plasticizers,

pigments, colorants, stabilizing agents, and glidants. Delayed release, extended release, and/or pulsatile

science and practice of pharmacy", 20th ed., Lippincott Williams & Wilkins, Baltimore, Md., 2000, and

"Pharmaceutical dosage forms and drug delivery systems", 6th Edition, Ansel et al., (Media, Pa.: Williams

and Wilkins, 1995). These references provide information on carriers, materials, equipment and process for

preparing tablets and capsules and delayed release dosage forms of tablets, capsules, and granules.

Examples of suitable coating materials include, but are not limited to, cellulose polymers such as

cellulose acetate phthalate, hydroxypropyl cellulose, hydroxypropyl methylcellulose, hydroxypropyl

20

phthalate, acrylic acid polymers and copolymers, and methacrylic resins that are commercially available

polysaccharides.

Additionally, the coating material may contain conventional carriers such as plasticizers, pigments,

25

of a solid dosage form so that a practical size is provided for compression of tablets or formation of beads

30
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Binders are used to impart cohesive qualities to a solid dosage formulation, and thus ensure that a

include, but are not limited to, starch, pregelatinized starch, gelatin, sugars (including sucrose, glucose,

5 tragacanth, sodium alginate, cellulose, including hydroxypropylmethylcellulose, hydroxypropylcellulose,

ethylcellulose, and veegum, and synthetic polymers such as acrylic acid and methacrylic acid copolymers,

methacrylic acid copolymers, methyl methacrylate copolymers, aminoalkyl methacrylate copolymers,

polyacrylic acid/polymethacrylic acid and polyvinylpyrrolidone.

10

Disintegrants are used to facilitate dosage form disintegration or "breakup" after administration,

and generally include, but are not limited to, starch, sodium starch glycolate, sodium carboxymethyl starch,

15

20 Examples of anionic surfactants include sodium, potassium, ammonium of long chain alkyl sulfonates and

sodium dodecylbenzene sulfonate; dialkyl sodium sulfosuccinates, such as sodium bis-(2-ethylthioxyl)-

25 cetrimonium bromide, stearyl dimethylbenzyl ammonium chloride, polyoxyethylene and coconut amine.

Examples of nonionic surfactants include ethylene glycol monostearate, propylene glycol myristate,

glyceryl monostearate, glyceryl stearate, polyglyceryl-4-oleate, sorbitan acylate, sucrose acylate, PEG-150

laurate, PEG-400 monolaurate, polyoxyethylene monolaurate, polysorbates, polyoxyethylene

30 Poloxamer.RTM, 401, stearoyl monoisopropanolamide, and polyoxyethylene hydrogenated tallow amide.

Examples of amphoteric surfactants include sodium N-dodecyl-B-alanine, sodium N-lauryl-B-

iminodipropionate, myristoamphoacetate, lauryl betaine and lauryl sulfobetaine.

If desired, the tablets, beads, granules, or particles may also contain minor amounts of nontoxic

auxiliary substances such as wetting or emulsifying agents, dyes, pH buffering agents, or preservatives.
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to about 100 wt. % (weight percent). For oral use, the pharmaceutical formulation will generally contain

will generally have from about 0.5 to about 50 wt. % of the active material.

5

example, as described in "Remington--The science and practice of pharmacy" (20th ed., Lippincott

10 Williams & Wilkins, Baltimore, Md., 2000). A diffusion system typically consists of two types of devices,

a reservoir and a matrix, and is well known and described in the art. The matrix devices are generally

polymers, and fatty compounds. Plastic matrices include, but are not limited to, methyl acrylate-methyl

15 methacrylate, polyvinyl chloride, and polyethylene. Hydrophilic polymers include, but are not limited to,

cellulosic polymers such as methyl and ethyl cellulose, hydroxyalkylcelluloses such as hydroxypropyl-

cellulose, hydroxypropylmethylcellulose, sodium carboxymethylcellulose, and Carbopol.RTM. 934,

polyethylene oxides and mixtures thereof. Fatty compounds include, but are not limited to, various waxes

such as carnauba wax and glyceryl tristearate and wax-type substances including hydrogenated castor oil

20

In certain preferred embodiments, the plastic material is a pharmaceutically acceptable acrylic

methyl methacrylate copolymers, ethoxyethyl methacrylates, cyanoethyl methacrylate, aminoalkyl

methacrylate copolymer, poly(acrylic acid), poly(methacrylic acid), methacrylic acid alkylamine

25

in NF XVII as fully polymerized copolymers of acrylic and methacrylic acid esters with a low content of

30
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Eudragit® RL30D and Eudragit® RS30D are copolymers of acrylic and methacrylic esters with a low

(meth)acrylic esters being 1:20 in Eudragit® RL30D and 1:40 in Eudragit® RS30D. The mean molecular

5 RL (high permeability) and RS (low permeability) refer to the permeability properties of these agents.

Eudragit® RL/RS mixtures are insoluble in water and in digestive fluids. However, multiparticulate

systems formed to include the same are swellable and permeable in aqueous solutions and digestive fluids.

The polymers described above such as Eudragit® RL/RS may be mixed together in any desired

10

skilled in the art will recognize that other acrylic polymers may also be used, such as, for example,

Eudragit® L.

20 added to the extended release system by means of either applying an immediate release layer on top of the

containing extended and immediate release beads.

25 incorporate polymers, diluents, binders, and lubricants as well as the active pharmaceutical ingredient. The

usual diluents include inert powdered substances such as starches, powdered cellulose, especially

crystalline and microcrystalline cellulose, sugars such as fructose, mannitol and sucrose, grain flours and

similar edible powders. Typical diluents include, for example, various types of starch, lactose, mannitol,

30 Powdered cellulose derivatives are also useful. Typical tablet binders include substances such as starch,

gelatin and sugars such as lactose, fructose, and glucose. Natural and synthetic gums, including acacia,

alginates, methylcellulose, and polyvinylpyrrolidone can also be used. Polyethylene glycol, hydrophilic

polymers, ethylcellulose and waxes can also serve as binders. A lubricant is necessary in a tablet
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slippery solids as talc, magnesium and calcium stearate, stearic acid and hydrogenated vegetable oils.

the art such as a direct blend method, a congealing method, and an aqueous dispersion method. In the

5

intestine.

10 The delayed release dosage units can be prepared, for example, by coating a drug or a drug-

containing composition with a selected coating material. The drug-containing composition may be, e.g., a

Preferred coating materials include bioerodible, gradually hydrolyzable, gradually water-soluble, and/or

15 enzymatically degradable polymers, and may be conventional "enteric" polymers. Enteric polymers, as will

be appreciated by those skilled in the art, become soluble in the higher pH environment of the lower

gastrointestinal tract or slowly erode as the dosage form passes through the gastrointestinal tract, while

enzymatically degradable polymers are degraded by bacterial enzymes present in the lower gastrointestinal

tract, particularly in the colon. Suitable coating materials for effecting delayed release include, but are not

20

cellulose, hydroxypropyl methyl cellulose, hydroxypropyl methyl cellulose acetate succinate,

acetate phthalate, cellulose acetate trimellitate and carboxymethylcellulose sodium; acrylic acid polymers

and copolymers, preferably formed from acrylic acid, methacrylic acid, methyl acrylate, ethyl acrylate,

25

RS (water-insoluble polymers having different degrees of permeability and expandability); vinyl polymers

30
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The preferred coating weights for particular coating materials may be readily determined by those

different quantities of various coating materials. It is the combination of materials, method and form of

5 studies.

The coating composition may include conventional additives, such as plasticizers, pigments,

colorants, stabilizing agents, glidants, etc. A plasticizer is normally present to reduce the fragility of the

coating, and will generally represent about 10 wt. % to 50 wt. % relative to the dry weight of the polymer.

10

particles in the dispersion. Typical stabilizing agents are nonionic emulsifiers such as sorbitan esters,

polysorbates and polyvinylpyrrolidone. Glidants are recommended to reduce sticking effects during film

15

20 meant that a plurality of drug doses is released at spaced apart intervals of time. Generally, upon ingestion

occurs within about one hour of ingestion. This initial pulse is followed by a first time interval (lag time)

25 pulses may be designed. The duration of the nearly drug release-free time interval will vary depending upon

the dosage form design e.g., a twice daily dosing profile, a three times daily dosing profile, etc. For dosage

forms providing a twice daily dosage profile, the nearly drug release-free interval has a duration of

approximately 3 hours to 14 hours between the first and second dose. For dosage forms providing a three

30 between each of the three doses.

In one embodiment, the pulsatile release profile is achieved with dosage forms that are closed and

preferably sealed capsules housing at least two drug-containing "dosage units" wherein each dosage unit

within the capsule provides a different drug release profile. Control of the delayed release dosage unit(s) is

accomplished by a controlled release polymer coating on the dosage unit, or by incorporation of the active
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tablet, wherein each tablet within the capsule provides a different drug release profile. For dosage forms

ingestion of the dosage form, while a second tablet releases drug approximately 3 hours to less than 14

5

the dosage form. It is possible that the dosage form includes more than three tablets. While the dosage form

10 will not generally include more than a third tablet, dosage forms housing more than three tablets can be

utilized.

one or more excipients or polymers. Drug-containing beads can be produced by applying drug to an inert

support, e.g., inert sugar beads coated with drug or by creating a "core" comprising both drug and one or

more excipients. As is also known, drug-containing "granules" and "particles" comprise drug particles that

may or may not include one or more additional excipients or polymers. In contrast to drug-containing beads,

granules and particles do not contain an inert support. Granules generally comprise drug particles and

require further processing. Generally, particles are smaller than granules, and are not further processed.

20

are generally employed to provide delayed release.

forms include lotions, creams, ointments, and gels. A "gel" is a semisolid system containing a dispersion of

the active agent, i.e., Nox inhibitor, in a liquid vehicle that is rendered semisolid by the action of a

25

the art.

30
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parasympathomimetics, stimulants, anorectics and anti-narcoleptics. "Adjunctive administration", as used

with one or more other active agents.

5 combinations thereof.

The present disclosure will now be described in more detail with reference to the following non-

limiting examples. It should be noted that the particular assays used in the examples section are designed

to provide an indication of activity. There are many other assays available to determine the activity of given

10

General Procedures: Unless otherwise indicated, all reactions were conducted in oven (150°C) or

flame-dried glassware using distilled and degassed solvents under positive pressure of dry argon with

15

20 system. Visualization was accomplished with ultraviolet light (UV 254 nm), or by shaking the plate in a

solutions (this was accomplished by holding the edge of the TLC plate with forceps or tweezers and

25 TLC on a paper towel prior to heating): 10% phosphomolybdic acid in ethanol, 1% potassium

permanganate/7% potassium carbonate/0.5% sodium hydroxide aqueous solution, and/or anisaldehyde in

ethanol with 10% sulfuric acid. Flash column chromatography was performed using Silica Flash P60

silica gel (40-63 µm) from Silicycle, or Teledyne Isco Combiflash. All work-up and purification procedures

30
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A1-A22

NHBoc STAB-H R- ZI
H

R- + HN N
O N

DCEN
BocHN

5

NaOH. The organics were separated, dried with NaSO, filtered and concentrated then purified via silica

gel chromatography (combiflash, DCM:Mixture B{80:20:3, DCM:MeOH:NHOH}, 0%B for 5 minutes,

10% B for 8 minutes, 50% B for 8 minutes). All purifications were conducted using this standard mixture

10

IZ

N NHBoc

Following general procedure A, tert-butyl (4-aminobutyl)carbamate (1.933 g, 10.27 mmol), DCE

(Volume: 20 ml) and picolinaldehyde (0.888 ml, 9.34 mmol) followed by STAB-H (2.97 g, 14.00 mmol)

were combined and stirred overnight. Purification via combiflash yielded tert-butyl (4-((pyridin-2-

15 ylmethyl)amino)butyl)carbamate A1 (1.8 g, 6.44 mmol, 69 % yield) as a yellow oil. ¹H NMR (400 MHz,

CDCl):  = 8.55 (dd, J= 5.0, 1.2 Hz, 1H), 7.63 (dt, J= 7.6, 1.8 Hz, 1H), 7.29 (d, J= 7.8 Hz, 1H), 7.15 (dd,

J= 7.5, 5.0 Hz, 1H), 4.76 (s, 1H), 3.90 (s, 2H), 3.12 (q, J= 4.1 Hz, 2H), 2.67 (t, J= 6.6 Hz, 2H), 1.60-1.50

(m, 4H), 1.43 (s, 9H); LC/MS 75-95% MeOH in HO over 3 minutes, r = 0.527 at 254 nM, MS (+) 280.2.

20

mmol) were combined and stirred overnight. Purification via combiflash yielded tert-butyl (4-((3-

methylpyridin-2-ylmethyl)amino)butyl)carbamate A2 (1.98 g, 6.72 mmol, 83% yield) as a yellow oil. ¹H

25 NMR (400 MHz, CDCl):  = 8.38 (d, J= 4.7 Hz, 1H), 7.42 (dq, J= 7.6, 0.8 Hz, 1H), 7.07 (dd, J= 7.6, 4.8

Hz, 1H), 4.76 (s, 1H), 3.87 (s, 2H), 3.13 (q, J= 7.2 Hz, 2H), 2.72 (t, J= 6.4 Hz, 2H), 1.61-1.56 (m, 4H),

1.43 (s, 9H); LC/MS 75-95% MeOH in HO over 3 minutes, I= 0.488 at 254 nM, MS (+) 292.2.
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N NHBoc

5 ylmethyl)amino)butyl)carbamate A3 (1.1 g, 3.34 mmol, 53% yield). ¹H NMR (400 MHz, CDCl):  = 8.12

(d, J= 8.5 Hz, 1H), 8.05 (d, J= 8.5 Hz, 1H), 7.80 (d, J= 8.4 Hz, 1H), 7.70 (dt, J= 8.4, 1.2 Hz, 1H), 7.52 (dt,

J= 8.4, 1.2 Hz, 1H), 7.45 (d, J= 8.5 Hz, 1H), 4.76 (s, 1H), 4.12 (s, 2H), 3.14 (q, J= 6.6 Hz, 2H), 2.77 (t,J=

6.4 Hz, 2H), 1.63-1.57 (m, 4H), 1.42 (s, 9H); LC/MS 75-95% MeOH in H2O over 3 minutes, r 0.509 at

10

Z NHBoc

Following general procedure A, tert-butyl (4-aminobutyl)carbamate (1.658 ml, 8.67 mmol), DCE

stirred overnight. Purification via combiflash yielded tert-butyl (4-(((6-methylpyridin-2-

15

7.51 (t, J= 7.6 Hz, 1H), 7.09 (d, J= 7.6 Hz, 1H), 7.00 (d, J= 7.6 Hz, 1H),4.77 (s, 1H), 3.84 (s, 2H), 3.12 (q,

J= 6.4 Hz, 2H), 2.66 (t, J= 6.3 Hz, 2H), 1.59-1.47 (m, 4H), 1.43 (s, 9H); LC/MS 75-95% MeOH in HO

over 3 minutes, = 0.503 at 254 nM, MS (+) 294.2.

20 N NHBoc

Following general procedure A, tert-butyl (4-aminobutyl)carbamate (1.658 ml, 8.67 mmol), DCE

(Volume: 16.51 ml), 5-methylpicolinaldehyde (1 g, g, 8.26 mmol) and STAB-H (2.62 g, 12.38 mmol) were

stirred overnight. Purification via combiflash yielded tert-butyl (4-(((5-methylpyridin-2-

yl)methyl)amino)butyl)carbamate A5 (0.82 g, 2.79 mmol, 34% yield). ¹H NMR (400 MHz, CDCl):  =

25

2H), 3.12 (q, J= 6.0 Hz, 2H), 2.64 (t, J= 6.0 Hz, 2H), 1.58-1.53 (m, 4H), 1.43 (s, 9H); LC/MS 75-95%
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IZ

Z
N

Following general procedure A, tert-butyl (4-aminobutyl)carbamate (1.597 ml, 8.35 mmol), DCE

(Volume: 15.90 ml), 4-methylpicolinaldehyde (0.963 g, 7.95 mmol) and STAB-H (2.53 g, 11.92 mmol)

were stirred overnight. Purification via combiflash yielded tert-butyl (4-(((4-methylpyridin-2-

5

8.36 (d, J= 4.8 Hz, 1H), 7.09 (d, J= 4.1 Hz, 1H), 6.96 (d, J= 6.0 Hz, 1H), 4.73 (s, 1H), 3.82 (s, 2H), 3.09

(br S, 2H), 2.63 (t, J= 5.6 Hz, 2H), 2.32 (s, 3H), 1.53-1.50 (m, 4H), 1.43 (s, 9H); LC/MS 75-95% MeOH in

10

(Volume: 3.18 ml), isoquinoline-3-carbaldehyde (0.25 g, 1.591 mmol) and STAB-H (0.506 g, 2.386 mmol)

ylmethyl)amino)butyl)carbamate A7 (0.41 g, 1.245 mmol, 78% yield). ¹H NMR (400 MHz, CDCl):  =

15

(+) 330.2.

a

20 N NHBoc

Following general procedure A, tert-butyl (4-aminobutyl)carb. (1.655 g, 8.79 mmol), DCE

(Volume: 15.99 ml), 5-fluoropicolinaldehyde (1 g, 7.99 mmol) and STAB-H(2.54 g, 11.99 mmol) were

stirred overnight. Purification via combiflash yielded tert-butyl (4-(((5-fluoropyridin-2-

yl)methyl)amino)butyl)carbamate A8 (1.64 g, 5.52 mmol, 69% yield). ¹H NMR (400 MHz, CDCl): =

25 8.40 (d, J= 2.7 Hz, 1H), 7.35 (dd, J= 8.5, 2.8 Hz, 1H), 7.32 (dd, J= 8.6, 4.7 Hz, 1H), 4.73 (s, 1H), 3.89 (s,

2H), 3.12 (q, J= 6.0 Hz, 2H), 2.67 (t, J= 6.6 Hz, 2H), 1.58-1.54 (m, 4H), 1.43 (s, 9H); LC/MS 75-95%

MeOH in HO over 3 minutes, 0.498 at 254 nM, MS (+) 298.2.
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N NHBoc

5

8.38 (dt, J= 4.7, 1.5 Hz, 1H), 7.35 (ddd, J= 9.6, 8.3, 1.4 Hz, 1H), 7.20 (ddd, J= 8.3, 4.7, 4.2 Hz, 1H), 4.72

FC

10 N NHBoc

Following general procedure A, tert-butyl (4-aminobutyl)carbamate (0.591 g, 3.14 mmol), DCE

(Volume: 5.71 ml), 5-(trifluoromethyl)picolinaldehyde (0.5 g, 2.86 mmol) and STAB-H(0.908 g, 4.28

mmol) were stirred overnight. Purification via combiflash yielded tert-butyl (4-(((5-

(trifluoromethyl)pyridin-2-yl)methyl)amino)butyl)carbamate A10 (.716 g, 2.061 mmol, 72 % yield). ¹H

15 NMR (400 MHz, CDCl): = 8.81 (s, 1H), 7.88 (dd, J= 8.3, 2.4 Hz, 1H), 7.46 (d, J= 8.1 Hz, 1H), 4.71 (s,

1H), 3.97 (s, 2H), 3.13 (q, J= 6.2 Hz, 2H), 2.66 (t, J= 6.5 Hz, 2H), 1.59-1.53 (m, 4H), 1.43 (s, 9H); LC/MS

75-95% MeOH in HO over 3 minutes, r = 0.497 at 254 nM, MS (+) 348.2.

MeO

/ NHBoc

20

(Volume: 7.29 ml), 5-methoxypicolinaldehyde (0.5 g, 3.65 mmol) and STAB-H (1.159 g, 5.47 mmol) were

25
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OMe

N NHBoc

Following general procedure A, tert-butyl (4-aminobutyl)carbamate (0.755 g, 4.01 mmol), DCE

(Volume: 7.29 ml), 3-methoxypicolinaldehyde (0.5 g, 3.65 mmol) and STAB-H (1.159 g, 5.47 mmol) were

stirred overnight. Purification via combiflash yielded tert-butyl (4-(((3-methoxypyridin-2-

5 yl)methyl)amino)butyl)carbamate A12 (0.77 g, 2.489 mmol, 68% yield). ¹H NMR (400 MHz, CDCl): =

(s, 2H), 3.84 (s, 3H), 3.12 (q, J= 6.8 Hz, 2H), 2.66 (t, J= 7.4 Hz, 2H), 1.57-1.51 (m, 4H), 1.43 (s, 9H);

LC/MS 75-95% MeOH in HO over 3 minutes, r = 0.498 at 254 nM, MS (+) 310.2.

CF3

10 N NHBoc

(trifluoromethyl)picolinaldehyde (0.5 g, 2.86 mmol), DCE (Volume: 5.71 ml) and STAB-H(0.908 g, 4.28

mmol) were stirred overnight. Purification via combiflash yielded tert-butyl (4-(((3-

15

9H); LC/MS 75-95% MeOH in HO over 3 minutes, I= 0.503 at 254 nM, MS (+) 348.2.

$ NHBoc

N
NH

Following general procedure A, tert-butyl (4-aminobutyl)carbamate (0.998 g, 5.30 mmol), DCE

stirred overnight. Purification via combiflash yielded tert-butyl (4-((thiazol-4-

ylmethyl)amino)butyl)carbamate A14 (.653 g, 2.288 mmol, 65% yield). ¹H NMR (400 MHz, CDCl): =

8.77 (d, J= 1.6 Hz, 1H), 7.16 (d, J= 1.6 Hz, 1H), 4.75 (s, 1H), 3.95 (s, 2H), 3.12 (q, J= 5.0 Hz, 2H), 2.65

(t, J= 5.9 Hz, 2H), 1.58-1.50 (m, 4H), 1.43 (s, 9H); LC/MS 75-95% MeOH in HO over 3 minutes, r

0.491 at 254 nM, MS (+) 286.0.
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$ NHBoc

NH

6.89 (s, 1H), 4.81 (s, 1H), 3.80 (s, 2H), 3.07 (q, J= 6.4 Hz, 2H), 2.64 (s, 3H), 2.60 (t, J= 7.0 Hz, 2H), 1.50-

N NHBoc

10 Following general procedure A, tert-butyl (4-aminobutyl)carbamate (0.659 g, 3.50 mmol), DCE

1-ylmethyl)amino)butyl)carbamate A16 (.779 g, 2.365 mmol, 74% yield). ¹H NMR (400 MHz, CDCl):

= 8.45 (d, J= 5.7 Hz, 1H), 8.17 (dq, J= 8.4, 0.9 Hz, 1H), 7.82 (d, J= 8.0 Hz, 1H), 7.68 (ddd, J= 8.1, 6.8,

15 1.3 Hz, 1H), 7.60 (ddd, J= 8.3, 6.8, 1.4 Hz, 1H), 7.55 (d, J= 5.8 Hz, 1H), 4.74 (s, 1H), 4.41 (s, 2H), 3.14

over 3 minutes, 0.518 at 254 nM, MS (+) 330.2.

NHBoc
$

20 Following general procedure A, tert-butyl (4-aminobutyl)carbamate (0.915 g, 4.86 mmol), DCE

25

0.485 at 254 nM, MS (+) 286.2.
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CI

N NHBoc

(Volume: 17.66 ml), 5-chloropicolinaldehyde (1 g, 7.06 mmol) and STAB-H(2.70 g, 12.72 mmol) were

stirred overnight. Purification via combiflash yielded tert-butyl (4-(((5-chloropyridin-2-

5 yl)methyl)amino)butyl)carbamate A18 (1.24 g, 3.95 mmol, 56% yield). ¹H NMR (400 MHz, CDCl): =

8.50 (dd, J= 2.5, 0.7 Hz, 1H), 7.61 (dd, J= 8.3, 2.5 Hz, 1H), 7.27 (d, J= 8.8 Hz, 1H), 4.72 (s, 1H), 3.87 (s,

2H), 3.12 (q, J= 6.4 Hz, 2H), 2.65 (t, J= 6.7 Hz, 2H), 1.56-1.53 (m, 4H), 1.43 (s, 9H); LC/MS 75-95%

MeOH in HO over 3 minutes, 0.483 at 254 nM, MS (+) 314.0.

a
32

10

Following general procedure A, tert-butyl (4-aminobutyl)carbamate (1.596 g, 8.48 mmol), DCE

(Volume: 14.13 ml), 4-chloropicolinaldehyde (1 g, 7.06 mmol) and STAB-H (2.70 g, 12.72 mmol) were

stirred overnight. Purification via combiflash yielded tert-butyl (4-(((4-chloropyridin-2-

15 8.44 (d, J= 5.4 Hz, 1H), 7.35 (d, J= 2.0 Hz, 1H), 7.17 (dd, J= 5.2, 2.0 Hz, 1H), 4.71 (s, 1H), 3.88 (s, 2H),

3.12 (q, J= 5.0 Hz, 2H), 2.65 (t, J= 6.8 Hz, 2H), 1.56-1.53 (m, 4H), 1.43 (s, 9H); LC/MS 75-95% MeOH

in HO over 3 minutes, 0.480 at 254 nM, MS (+) 314.0.

CI

IZH
2

N NHBoc

20 Following general procedure A, tert-butyl (4-aminobutyl)carbamate (0.798 g, 4.24 mmol), DCE

stirred overnight. Purification via combiflash yielded tert-butyl (4-(((3-chloropyridin-2-

yl)methyl)amino)butyl)carbamate A20 (0.81 g, 2.58 mmol, 73% yield). ¹H NMR (400 MHz, CDCl): =

8.46 (dd, J= 4.6, 1.5 Hz, 1H), 7.64 (dd, J= 8.0, 1.5 Hz, 1H), 7.14 (dd, J= 8.0, 4.6 Hz, 1H), 4.74 (s, 1H),

25 4.02 (s, 2H), 3.12 (q, J= 6.0 Hz, 2H), 2.69 (t, 6.7 Hz, 2H), 1.60-1.53 (m, 4H), 1.43 (s, 9H); LC/MS 75-

95% MeOH in H2O over 3 minutes, 0.488 at 254 nM, MS (+) 314.0.
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N

Following general procedure A, tert-butyl (4-aminobutyl)carbamate (0.352 g, 1.869 mmol), DCE

MS (+) 320.2.

10

N NHBoc

Following general procedure A, tert-butyl (4-aminobutyl)carbamate (0.296 g, 1.570 mmol), DCE

(Volume: 3.57 ml), 3-vinylpicolinaldehyde (.190 g, 1.427 mmol) and STAB-H (0.544 g, 2.57 mmol) were

stirred overnight. Purification via combiflash yielded tert-butyl (4-(((3-vinylpyridin-2-

15 yl)methyl)amino)butyl)carbamate A22 (0.31 g, 1.015 mmol, 71% yield). ¹H NMR (400 MHz, CDCl): =

8.45 (dd, J= 4.8, 1.8 Hz, 1H), 7.76 (dd, J= 7.8, 1.8 Hz, 1H), 7.19 (dd, J= 7.8, 4.8 Hz, 1H), 6.91 (dd, J=

17.4, 11.0 Hz, 1H), 5.69 (d, J= 17.4 Hz, 1H), 5.44 (d, J= 11.0 Hz, 1H), 4.74 (s, 1H), 4.02 (s, 2H), 3.13 (q,

J= 6.4 Hz, 2H), 2.76 (t, J= Hz, 2H), 1.67-1.52 (m, 4H), 1.43 (s, 9H); LC/MS 75-95% MeOH in HO

over 3 minutes, 0.497 at 254 nM, MS (+) 306.2.

20

A1-A22 THIQ B1-B22
O N

R- H Boc N

N

BocHN

formyl-3,4-dihydroisoquinoline-2(1F)-carboxylate (THIQ, 1.1 equiv.) and STAB-H (1.5 equiv.) The

25 reaction was allowed to stir overnight (12-24h) then diluted with DCM and quenched with 1.0M NaOH.
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The organic layer was dried with MgSO4, filtered, concentrated and purified via silica gel chromatography

(combiflash, DCM:Mixture B{80:20:3, DCM:MeOH:NHOH}, 0%B for 5 minutes, 10% B for 8 minutes,

5 The reaction was allowed to stir overnight (12-24h). The reaction was diluted with DCM and quenched

with 1.0M NaOH. The organics were dried with MgSO4, filtered, concentrated and purified via combiflash

to afford final compounds EMU013-EMU015, EMU025-EMU028, EMU047-EMU048, EMU079-

EMU081, EMU103-EMU104, EMU110-EMU112, EMU128-EMU129, EMU131, and EMU189-

EMU190.

10

Z

N

HN

NH2

EMU015: Following general procedure B, A1 (.515 g, 1.843 mmol), DCE (Volume: 4.61 ml),

combiflash

15

72.4 yield) as a yellow semi solid. Carbamate 1(.46 g, 0.877 mmol), DCM (Volume: 8.77 ml) and TFA

ylmethyl)-N1-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (.241 g, 0.743 mmol, 85 %

yield) as a yellow-brown oil. (79% over two steps). ¹H NMR (400 MHz, CDCl):  = 8.51 (dd, J= 4.8, 1.0

20 Hz, 1H), 7.66 (dt, J= 7.7, 1.8 Hz, 1H), 7.45 (d, J= 7.8 Hz, 1H), 7.15 (t, J= 5.0 Hz, 1H), 7.09-7.05 (m, 3H),

25 (ESI) [M+H], calcd for CHN 325.23867, found 325.23840; LC/MS 75-95% MeOH in H2O over 3

minutes, r = 0.816 at 254 nM, MS (+) 325.2, MS(+)/2 163.2; purity (>95%) 10-95% MeOH in HO over

10 minutes, r, = 6.356 at 254 nM, MS (+) 325.2, MS(+)/2 163.2.
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N
N

combiflash provided (R)-tert-butyl 3-((4-(tert-butoxycarbonyl)amino)butyl)((3-methylpyridin-2-

5 yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(IH)-carboxylate (Carbamate 2, 0.289 g, 0.536 mmol,

tetrahydroisoquinolin-3-yl)methyl)butane-l,4-diamine (.042 g, 0.124 mmol, 41.8 % yield) 59% over 2

10

(d, J= 15.0 Hz, 1H), 3.87 (d, J= 12.4 Hz, 1H), 3.67 (d, J= 12.6 Hz, 1H), 2.89-2.87 (m, 1H), 2.63-2.55 (m,

CDCl):  = 157.2, 146.3, 138.1, 135.5, 134.5, 132.8, 129.2, 126.4, 126.0, 125.6, 122.5, 60.8, 60.7, 55.4,

15 nM, MS (+) 339.2, MS(+)/2 170.2

N

N

HN

NH

EMU014: Following general procedure B, A3 (.390 g, 1.184 mmol), DCE (Volume: 2.96 ml),

20 combiflash

87% yield). Carbamate 3 (0.34 g, 0.592 mmol), DCM (Volume: 6.0 ml) and TFA (1.0 ml) were stirred
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overnight. Purification via combiflash yielded (R)-N1-(quinolin-2-ylmethyl)-N1-((1,2,3,4-

tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (.187 g, 0.499 mmol, 84% yield) as a yellow-brown

5 1H), 7.09-7.03 (m, 3H), 6.99-6.97 (m, 1H), 4.03 (d, J= 14.2 Hz, 2H), 3.94 (d, J= 15.1 Hz, 1H), 3.88 (d, J=

14.6 Hz, 1H), 2.99-2.93 (m, 1H), 2.71-2.63 (m, 6H), 2.61-2.53 (m, 1H), 2.47 (dd, J= 15.0, 10.4 Hz, 1H),

1.62-1.54 (m,2H), 1.51-1.36 (m, 2H); ¹³C NMR (100 MHz, CDCl):  = 160.9, 147.6, 136.4, 135.6, 134.5,

129.5, 129.2, 129.0, 127.6, 127.4, 126.4, 125.6, 120.8, 62.5, 60.9, 55.6, 51.8, 48.6, 42.1, 33.9, 31.6, 24.7;

HRMS (ESI) [M+H], calcd for CHN 375.25432, found 375.25391; LC/MS 75-95% MeOH in H2O

10 over 3 minutes, r = 0.689 at 254 nM, MS (+) 375.2, MS(+)/2 188.2

Me 2
N

HN

NH2

(0.476 g, 1.822 mmol) and STAB-H (0.527 g, 2.485 mmol) were stirred overnight. Purification via

15

_yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 4, 0.780 g, 1.448 mmol,

overnight. Purification via combiflash yielded (R)-N1-(6-methylpyridin-2-yl)methyl)-N1-(1,2,3,4-

tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (.124 g, 0.366 mmol, 52% yield) as a yellow oil.

20

1.51 (m,2H), 1.49-1.37 (m, 2H); ¹³C NMR (100 MHz, CDCl):  = 159.5, 157.4, 136.5, 135.4, 129.0, 126.2,

125.8, 125.4, 121.2, 119.3, 61.5, 60.5, 55.4, 51.6, 48.4, 41.9, 33.7, 31.3, 24.5, 24.3; HRMS (ESI) [M+H],

25

254 nM, MS (+) 339.2, MS(+)/2 170.2
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Me

N

HN

80 % yield). Racemic Carbamate 5 was synthesized using racemic THIQ and analyzed by Chiral HPLC,

(254 nm) 5% ¡PrOH in hexanes, isocratic, 30 minutes, 1.0 mL/min, AD-H (Daicel, ChiralPak, 150 mm, 4.6

10

yl)methyl)-N1-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1,4-damine (0.091 g, 0.269 mmol, 48

% yield) as a yellow oil 64% over 2 steps. ¹H NMR (400 MHz, CDCl):  = 8.30 (s, 1H), 7.43 (d, J= 7.8

J= 15.0 Hz, 1H), 3.78 (d, J= 14.3 Hz, 1H), 3.63 (d, J= 14.3 Hz, 1H), 2.89-2.82 (m, 1H), 2.63-2.53 (m, 6H),

CDCl):  = 156.9, 149.3, 137.1, 135.4, 131.3, 129.1, 126.3, 125.9, 125.5, 122.4, 61.1, 60.4, 55.3, 51.6,

Me

N

HN

NH
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EMU027: Following general procedure B, A6 (0.519 g, 1.767 mmol), DCE (Volume: 4.5 ml),

THIQ (0.508 g, 1.944 mmol) and STAB-H (0.562 g, 2.65 mmol) were stirred overnight. Purification via

combiflash provided (R)-tert-butyl 3-(4-(tert-butoxycarbonyl)amino)butyl)(4-methylpyridin-2-

yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 6, 0.72 g, 1.336 mmol,

5

overnight. Purification via combiflash yielded (R)-N1-((4-methylpyridin-2-yl)methyl)-N1-(1,2,3,4-

tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (.064 g, 0.189 mmol, 35 % yield) as a yellow oil.

56% over 2 steps. ¹H NMR (400 MHz, CDCl):  = 8.33 (d, J= 5.2 Hz, 1H), 7.20 (s, 1H), 7.06-7.01 (m,

3H), 6.97-6.92 (m, 2H), 3.98 (d, J= 15.1 Hz, 1H), 3.89 (d, J= 15.5 Hz, 1H), 3.77 (d, J= 14.2 Hz, 1H), 3.65

10 (d, J= 14.2 Hz, 1H), 2.88-2.81 (m, 1H), 2.65-2.61 (m, 3H), 2.57-2.56 (m, 3H), 2.52-2.40 (m, 2H), 2.32 (s,

3H), 1.56-1.49 (m,2H), 1.47-1.33 (m, 2H); ¹³C NMR (100 MHz, CDCl):  = 159.8, 148.8, 147.5, 135.6,

134.5, 129.1, 126.4, 126.0, 125.6, 123.7, 123.1, 61.5, 60.7, 55.6, 51.8, 48.4, 42.0, 33.8, 31.4, 24.7, 21.2;

HRMS (ESI) [M+H], caled for CHN 339.25432, found 339.25415; LC/MS 65% MeOH in HO over

3 minutes r, = 1.069 at 254 nM, MS (+) 339.2, MS(+)/2 170.2

15

N

HN

NH

EMU028: Following general procedure B, A7 (.38 g, 1.153 mmol), DCE (Volume: 3 ml), THIQ

(0.322 g, 1.269 mmol) and STAB-H (0.367 g, 1.730 mmol) were stirred overnight. Purification via

combiflash provided (R)-tert-butyl -(4-(tert-butoxycarbonyl)amino)butyl)(isoquinolin-3-

20 ylmethyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 7, 0.429 g, 0.746 mmol,

65 % yield). Carbamate 7 (0.2 g, 0.348 mmol), DCM (Volume: 3 ml) and TFA (0.6 ml) were stirred

tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (.071 g, 0.19 mmol, 55% yield) as a yellow oil. 60%

25 1H), 7.69 (s, 1H), 7.63 (ddd, J= 8.1, 6.9, 1.2 Hz, 1H), 7.51 (ddd, J= 8.0, 6.9, 1.0 Hz, 1H), 7.08-6.93 (m,

1H), 2.96-2.89 (m, 1H), 2.67-2.62 (m, 6H), 2.59-2.53 (m, 1H), 2.46 (dd, J= 16.0, 10.8 Hz, 1H), 1.63-1.55

129.1, 127.7, 127.6, 126.8, 126.5, 126.4, 125.9, 125.6, 118.7, 61.2, 60.5, 55.6, 51.9, 48.6, 42.1, 33.9, 31.7,
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F

N

NH2

5 EMU047: Following general procedure B, A8 (0.379 g, 1.276 mmol), DCE (Volume: 3.19 ml),

THIQ (0.35 g, 1.339 mmol) and STAB-H (0.406 g, 1.913 mmol) were stirred overnight. Purification via

combiflash provided (R)-tert-butyl 3-((4-(tert-butoxycarbonyl)amino)butyl)(5-fuoropyridin-2-

yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 8, 0.621 g, 1.144 mmol,

90% yield). Carbamate 8 (0.275 g, 0.507 mmol), DCM (Volume: 2.5 ml, Ratio: 3) and TFA (Volume:

10 0.833 ml, Ratio: 1) were stirred overnight. Purification via combiflash yielded (R)-N1-(5-fluoropyridin-2-

yield). 86% over 2 steps. ¹H NMR (400 MHz, CDCl):  = 8.33 (d, J= 2.2 Hz, 1H), 7.42 (dd, J= 8.5, 4.5

Hz, 1H), 7.34 (dd, J= 8.3, 2.6 Hz, 1H), 7.07-6.96 (m, 4H), 3.99 (d, J= 15.1 Hz, 1H), 3.92 (d, J= 15.1 Hz,

15

(dd, C-F J= 23.2, 2.3 Hz), 135.4, 134.3, 129.1, 126.3, 125.9, 125.6, 123.6 (d, C-F J= 3.9 Hz), 123.3 (d, C-

20

F

N

NH
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EMU048: Following general procedure B, A9 (.270 g, 0.908 mmol), DCE (Volume: 2.270 ml),

THIQ (0.249 g, 0.953 mmol) and STAB-H (0.289 g, 1.362 mmol) were stirred overnight. Purification via

combiflash provided (R)-tert-butyl 3-((4-(tert-butoxycarbonyl)amino)butyl)(3-fluoropyridin-2-

5 90% yield). Carbamate 9 (0.210 g, 0.387 mmol), DCM (Volume: 2.5 ml, Ratio: 3) and TFA (Volume:

yl)methyl)-N1-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (.121 g, 0.353 mmol, 91%

yield). 91% over 2 steps. ¹H NMR (400 MHz, CDCl):  = 8.39 (d, J= 4.8 Hz, 1H), 7.38 (ddd, J= 9.7, 8.3,

10 Hz, 1H), 3.98 (dd, J= 13.2, 2.0 Hz, 1H), 3.73 (dd, J= = 13.4, 1.6 Hz, 1H), 3.03-2.96 (m, 1H), 2.69-2.45 (m,

15

F3C

2

HN

NH

EMU081: Following general procedure B, A10 (0.350 g, 1.008 mmol), DCE (Volume: 2.52 ml),

THIQ (0.290 g, 1.108 mmol) and STAB-H (0.320 g, 1.511 mmol) were stirred overnight. Purification via

20 combiflash provided (R)-tert-butyl3-(4-(tert-butoxycarbonyl)amino)butyl)((5-(trifluoromethyl)pyridin-

2-yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 10, 0.525 g, 0.886

(Volume: 0.833 ml, Ratio: 1) were stirred overnight. Purification via combiflash yielded (R)-N1-((1,2,3,4-

25 g, 0.357 mmol, 79% yield). 84% over 2 steps. ¹H NMR (400 MHz, CDCl):  = 8.77 (d, J= 2.0 Hz, 1H),

7.89 (dd, J= 8.2, 2.2 Hz, 1H), 7.60 (d, J= 8.0 Hz, 1H), 7.09-6.97 (m, 4H), 4.02 (d, J= 15.5 Hz, 1H), 3.94

1H) 2.66 (t, 7.0 Hz, 2H), 2.61-2.56 (m, 3H), 2.53 (dd, J= 10.2, 3.1 Hz, 1H), 2.48 (dd, J= 16.8, 10.8 Hz,

1H), 2.21 (bs, 3NH), 1.56-1.48 (m,2H), 1.46-1.35 (m, 2H); ¹³C NMR (100 MHz, CDCl):  = 164.3 (q, C-
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393.22606, found 393.22585; LC/MS 85% MeOH in HO over 3 minutes, r = 0.692 at 254 nM, MS (+)

5

MeO

N

NH2

EMU080: Following general procedure B, All (0.290 g, 0.937 mmol), DCE (Volume: 2.5 ml),

THIQ (0.269 g, 1.031 mmol) and STAB-H (0.298 g, 1.406 mmol) were stirred overnight. Purification via

combiflash provided (R)-tert-butyl B-(4(tert-butoxycarbonyl)amino)butyl)(5-methoxypyridin-2-

yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 11, 0.448 g, 0.808

l)methyl)-N1-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (.088 g, 0.248 mmol, 67%

15 yield) 77% over 2 steps. ¹H NMR (400 MHz, CDCl):  = 8.18 (d, J= 2.8 Hz, 1H), 7.30 (d, J= 8.7 Hz, 1H),

7.16 (dd, J= 8.7, 3.0 Hz, 1H), 7.07-6.96 (m, 4H), 3.99 (d, J= 15.4 Hz, 1H), 3.91 (d, J= 15.0 Hz, 1H), 3.81

20

355.2, MS(+)/2 178.2
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OMe

N
2

HN

NH

EMU079: Following general procedure B, A12 (0.330 g, 1.067 mmol), DCE (Volume: 2.67 ml),

combiflash provided (R)-tert-butyl 3-((4-(tert-butoxycarbonyl)amino)butyl)((3-methoxypyridin-2-

5 yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate_(Carbamate 12, 0.446 g, 0.804

mmol, 75% yield). Carbamate 12 (.192 g, 0.346 mmol), DCM (Volume: 3 ml, Ratio: 3) and TFA (Volume:

10

Hz, 1H), 3.82 (s, 3H), 3.61 (d, J= 13.0 Hz, 1H), 2.99-2.92 (m, 1H), 2.66-2.56 (m, 6H), 2.50-2.42 (m, 2H),

2.37 (bs, 3NH), 1.50-1.43 (m,2H), 1.42-1.25 (m, 2H); ¹³C NMR (100 MHz, CDCl):  = 154.4, 148.8,

15

CF3

N
N

HN

NH2

EMU103: Following general procedure B, A13 (0.318 g, 0.915 mmol), DCE (Volume: 2.266 ml),

THIQ (0.237 g, 0.906 mmol) and STAB-H (0.288 g, 1.360 mmol) were stirred overnight. Purification via

combiflash provided (R)-tert-butyl 3-(4-(tert-butoxycarbonyl)amino)butyl)(3-(trifluoromethyl)pyridin-

20 2-yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 13, 0.44 g, 0.742

mmol, 82% yield). Carbamate 13 (.44 g, 0.742 mmol), DCM (Volume: 4 ml, Ratio: 4) and TFA (Volume:

1.000 ml, Ratio: 1) were stirred overnight. Purification via combiflash yielded ((R)-N1-((1,2,3,4-
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tetrahydroisoquinolin-3-yl)methyl)-N1-(3-(trifluoromethyl)pyridin-2-yl)methyl)butane-1,4-diamine

5 (m, 5H), 2.60 (t, J= 7.0 Hz, 2H), 2.42 (dd, J= 15.6, 10.9 Hz, 1H), 2.06 (bs, 3NH), 1.54-1.45 (m,2H), 1.4-

51.6, 48.4, 41.9, 33.6, 31.4, 24.1; ¹F NMR (375.8 MHz, CDCl):  = -59.86; HRMS (ESI) [M+H], calcd

10 nM, MS (+) 393.2, MS(+)/2 197.2

z
N

HN

NH

DCE (Volume: 3.50 ml) and STAB-H (0.446 g, 2.102 mmol) were stirred overnight. Purification via

15 combiflash provided (R)-tert-butyl 3-((4-(tert-butoxycarbonyl)amino)butyl)(thiazol-4-

ylmethyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 14, 0.576 g, 1.085 mmol,

1.000 ml, Ratio: 1) were stirred overnight. Purification via combiflash yielded (R)-N1-((1,2,3,4-

20 yield). 68% over 2 steps. ¹H NMR (500 MHz, CDCl):  = 8.74 (d, J= 2.0 Hz, 1H), 7.16 (d, J= 1.8 Hz,

(bs, 3NH), 1.57-1.53 (m,2H), 1.49-1.37 (m, 2H); ¹³C NMR (125 MHz, CDCl):  = 155.8, 152.6, 135.6,

25
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$

Me
N

2

HN

NH2

EMU110: Following general procedure B, A15 (0.095 g, 0.317 mmol), THIQ (0.087 g, 0.333

mmol), DCE (Volume: 0.8 ml) and STAB-H (0.101 g, 0.476 mmol) were stirred overnight. Purification via

combiflash provided a yellow oil which was dissolved in DCM (Volume: 4.5 ml, Ratio: 5) and TFA

5 (Volume: 1.000 ml, Ratio: 1) and stirred overnight. Purification via combiflash yielded (R)-N1-((2-

methylthiazol-4-yl)methyl)-N1-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (.071 g,

0.206 mmol). 65.0 yield over 2 steps. ¹H NMR (500 MHz, CDCl):  = 7.09-6.99 (m, 4H), 6.94 (s, 1H),

2.95-2.89 (m, 1H), 2.70-2.67 (m, 2H), 2.68 (s, 3H), 2.64-2.60 (m, 2H), 2.58-2.57 (m, 2H), 2.53-2.45 (m,

10

HRMS (ESI) [M+H], calcd for CHNS 345.21074, found 345.21076; LC/MS 10-95% MeOH in HO

over 10 minutes, r= 7.781 at 254 nM, MS (+) 345.2, MS(+)/2 173.2

N

HN

15

EMU112: Following general procedure B, A16 (0.358 g, 1.087 mmol), THIQ (0.284 g, 1.087

via combiflash provided (R)-tert-butyl 3-(4-(tert-butoxycarbonyl)amino)butyl)(isoquinolin-1-

ylmethyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 16, 0.494 g, 0.859 mmol,

20 79% yield). Carbamate 16 (0.264 g, 0.459 mmol), DCM (Volume: 5 ml, Ratio: 5) and TFA (Volume: 1.000

ml, Ratio: 1) were stirred overnight. Purification via combiflash yielded (R)-N1-(isoquinolin-1-ylmethyl)-

N1-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-l,4-diamine (.13 g, 0.347 mmol, 76% yield) as a

86

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

M
e

N
2

H
N

N
H
2

N

H
N

1
5

8
6



yellow oil. 78% yield over 2 steps. ¹H NMR (400 MHz, CDCl):  = 8.43 (d, J= 8.4 Hz, 1H), 8.39 (d, J=

(d, J= 12.5 Hz, 1H), 3.82 (d, J= 15.0 Hz, 1H), 3.61 (d, J= 15.0 Hz, 1H), 2.71-2.60 (m, 1H), 2.58 (t, J= 6.9

5

125.5, 120.7, 61.3, 60.8, 55.9, 51.8, 48.3, 41.9, 33.8, 31.5, 24.1; HRMS (ESI) [M+H], caled for CHN

10

HN

NH2

EMU111: Following general procedure B, A17 (0.176 g, 0.617 mmol), THIQ (0.161 g, 0.617

via combiflash provided a yellow oil which was dissolved in DCM (Volume: 5 ml, Ratio: 5) and TFA

15 (Volume: 1.000 ml, Ratio: 1) and stirred overnight. Purification via combiflash yielded (R)-N1-((1,2,3,4-

tetrahydroisoquinolin-3-yl)methyl)-N1-(thiazol-2-ylmethyl)butane-1,4-diamin (0.130 g, 0.393 mmol) as

a pale yellow oil B17 64 % yield over 2 steps. ¹H NMR (400 MHz, CDCl):  = 7.65 (d, J= 3.3 Hz, 1H),

Hz, 1H), 3.98 (d, J= 15.2 Hz, 1H), 3.94 (d, J= 15.7 Hz, 1H), 2.98-2.90 (m, 1H), 2.69-2.58 (m, 6H), 2.57-

20

171.7, 142.4, 135.4, 134.2, 129.1, 126.3, 125.9, 125.6, 119.2, 60.5, 56.7, 55.4, 51.8, 48.5, 42.0, 33.7, 31.4,

24.8; HRMS (ESI) [M+H], calcd for CHNS 331.19509, found 331.19607; LC/MS 75% MeOH in
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N
"In

NH

THIQ (0.397 g, 1.517 mmol) and STAB-H (0.579 g, 2.73 mmol) were stirred overnight. Purification via

combiflash provided (R)-tert-butyl 3-((4-(tert-butoxycarbonyl)amino)butyl)(5-clloropyridin-2-

yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 18, 0.666 g, 1.191

mmol, 78 % yield). Carbamate 18 (0.335 g, 0.599 mmol), DCM (Volume: 5 ml, Ratio: 5) and TFA

(Volume: 1.000 ml, Ratio: 1) were stirred overnight. Purification via combiflash yielded (R)-N1-((5-

chloropyridin-2-yl)methyl)-N1-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (0.154 g,

10

1H), 3.98 (d, J= 15.0 Hz, 1H), 3.92 (d, J= 15.0 Hz, 1H), 3.78 (d, J= 14.6 Hz, 1H), 3.64 (d, J= 14.6 Hz,

1.47 (m,2H), 1.42-1.33 (m, 2H); ¹³C NMR (125 MHz, CDCl):  = 158.3, 147.8, 136.2, 135.4, 134.3, 130.2,

CI

N
N

NH2

EMU128: Following general procedure B, A19 (0.430 g, 1.370 mmol), DCE (Volume: 3.26 ml),

20 THIQ (0.341 g, 1.305 mmol) and STAB-H (0.498 g, 2.349 mmol) were stirred overnight. Purification via

combiflash provided (R)-tert-butyl 3-(4-(tert-butoxycarbonyl)amino)butyl)(4-chloropyridin-2-

yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 19, 0.616 g, 1.102
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mmol, 84 % yield). Carbamate 19 (0.319 g, 0.571 mmol), DCM (Volume: 5 ml, Ratio: 5) and TFA

(Volume: 1.000 ml, Ratio: 1) were stirred overnight. Purification via combiflash yielded (R)-N1-((4-

0.451 mmol, 79 yield) as a yellow oil. 83 yield over 2 steps. ¹H NMR (500 MHz, CDCl):  = 8.37 (d,

5 J= 5.4 Hz, 1H), 7.44 (d, J= 1.8 Hz, 1H), 7.13 (dd, J= 5.4, 1.8 Hz, 1H), 7.09-7.03 (m, 3H), 6.99-6.97 (m,

1H), 2.89-2.83 (m, 1H), 2.66-2.65 (m, 3H), 2.64-2.54 (m, 3H), 2.52-2.43 (m, 2H), 1.72 (s, 3H), 1.54-1.50

(m,2H), 1.45-1.34 (m, 2H); ¹³C NMR (125 MHz, CDCl):  = 162.1, 149.9, 144.5, 135.5, 134.3, 129.1,

10

2
N

HN

NH2

EMU131: Following general procedure B, A20 (0.491 g, 1.565 mmol), DCE (Volume: 3.73 ml),

15 THIQ (0.389 g, 1.490 mmol), and STAB-H (0.568 g, 2.68 mmol) were stirred overnight. Purification via

combiflash provided (R)-tert-butyl -(4-(tert-butoxycarbonyl)amino)butyl)((3-chloropyridin-2-

yl)methyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (Carbamate 20, 0.592 g, 1.058

(Volume: 1.000 ml, Ratio: 1) were stirred overnight. Purification via combiflash yielded (R)-N1-((3-

20 chloropyridin-2-yl)methyl)-N1-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine(.157 g,

(dd, J= 4.5, 1.4 Hz, 1H), 7.67 (dd, J= 8.0, 1.4 Hz, 1H), 7.16 (dd, J= 8.0, 4.5 Hz, 1H), 7.09-7.04 (m, 3H),

7.01-6.99 (m, 1H), 4.03 (d, J= 13.0 Hz, 1H), 4.00 (d, J= 14.9 Hz, 1H), 3.94 (d, J= 14.9 Hz, 1H), 3.74 (d,

J= 13.0 Hz, 1H), 2.95-2.89 (m, 1H), 2.70-2.60 (m,6H), 2.58-2.50 (m, 1H), 2.46 (dd, J= 15.9, 10.9 Hz, 1H),

25 1.62 (s, 3H), 1.55-1.46 (m,2H), 1.44-1.30 (m, 2H); ¹³C NMR (125 MHz, CDCl):  = 156.2, 146.9, 137.4,

135.6, 134.4, 132.1, 129.1, 126.4, 125.9, 125.5, 123.4, 60.4, 58.6, 55.1, 51.5, 48.5, 41.9, 33.7, 31.4, 24.7;

HRMS (ESI) [M+H], calcd for CHNCI 359.1970, found 359.19972; LC/MS 75% MeOH in H2O over

3 minutes, r= 0.783 at 254 nM, MS (+) 359.2, MS(+)/2 180.2
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Z
N

HN

EMU189: Following general procedure B, A21 (0.2 g, 0.626 mmol), DCE (Volume: 1.491 ml),

STAB-H(0.227 g, 1.073 mmol) and THIQ (0.156 g, 0.596 mmol) were stirred overnight. Purification via

5 combiflash provided a yellow oil which was dissolved in DCM (Volume: 5 ml, Ratio: 5) and TFA (Volume:

1.000 ml, Ratio: 1) and stirred overnight. Purification via combiflash yielded (R)-N1-((3-

cyclopropylpyridin-2-yl)methyl)-N1-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-l,4-diamine

(0.157 g, 0.431 mmol, 72 % yield over two steps). ¹H NMR (500 MHz, CDCl):  = 8.29 (dd, J= 4.6, 1.1

10 12.6 Hz, 1H), 3.93 (d, J= 15.1 Hz, 1H), 3.82 (d, J= 12.3 Hz, 1H), 3.77 (d, J= 14.8 Hz, 1H), 2.74-2.69 (m,

NMR (125 MHz, CDCl):  = 157.9, 145.6, 138.2, 135.4, 134.4, 132.1, 129.1, 126.3, 125.9, 125.5, 122.5,

60.6, 60.6, 55.6, 51.8, 48.5, 41.9, 33.8, 31.5, 24.2, 11.4, 8.4, 8.1; HRMS (ESI) [M+H], calcd for CHN

15 365.26997, found 365.26970; LC/MS 10-95% MeOH in HO over 10 minutes, r = 2.723 at 254 nM, MS

(+) 365.2, MS(+)/2 183.2

Z

NH

20 STAB-H (0.238 g, 1.123 mmol) and THIQ (0.163 g, 0.624 mmol) were stirred overnight. Purification via

1.000 ml, Ratio: 1) and stirred overnight. Purification via combiflash yielded (R)-N1-((1,2,3,4-
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tetrahydroisoquinolin-3-yl)methyl)-N1-(3-vinylpyridin-2-yl)methyl)butane-1,4-damne (0.134 g, 0.382

mmol, 61% yield over two steps). ¹H NMR (500 MHz, CDCl):  = 8.40 (dd, J= 4.5, 1.0 Hz, 1H), 7.80 (d,

J= 7.0 Hz, 1H),7.18 (dd, J= 7.6, 5.0 Hz, 1H), 7.15 (dd, J= 17.6, 11.1 Hz, 1H), 7.07-7.04 (m, 2H), 7.02-7.00

(m, 1H), 6.97-6.96 (m, 1H), 5.71 (d, J= 17.4 Hz, 1H), 5.40 (d, J= 10.8 Hz, 1H), 3.96 (d, J= 15.2 Hz, 1H),

5

(m,6H), 2.39 (dd, J= 15.9, 10.7 Hz, 1H), 1.86 (br S, 3NH), 1.53-1.46 (m,2H), 1.41-1.27 (m, 2H); ¹³C NMR

(125 MHz, CDCl):  = 156.1, 147.9, 135.5, 134.5, 133.4, 133.4, 133.1, 129.1, 126.4, 126.0, 125.6, 122.9,

116.4, 60.8, 60.4, 55.4, 51.8, 48.5, 42.0, 33.8, 31.6, 24.1; HRMS (ESI) [M+H], caled for CHN

351.25423, found 351.25390; LC/MS 75% MeOH in HO over 3 minutes, r = 0.450 at 254 nM, MS (+)

10 351.2, MS(+)/2 176.2

General Procedure C:

BocO, NaBH4

N CN 2) TFA, DCM N

NH
To a stirred solution of 3,5-dimethylpicolinonitrile (1 equiv.) in MeOH (0.1M) at 0 °C was added

15 BOC-Anhydride (2 equiv) and Nickel (II) Chloride hexahydrate (0.1 equiv). To the stirred mixture was

added NaBH4 (7-10 equiv) in small portions over 30 minutes to prevent exothermic eruption and the

reaction was allowed to stir for 3h. Additional NaBH4 was added if the reaction was not complete and

allowed to stir overnight. N1-(2-aminoethyl)ethane-1,2-diamine (2 equiv.) was added to complete the

reaction. The mixture was concentrated to an oil, dissolved in EtOAc, washed with saturated sodium

20 bicarbonate, brine and dried with MgSO4, filtered and concentrated to afford a solid. The solid was

dissolved in DCM (0.7M) and TFA (Ratio DCM:TFA, 5:1) was added and the reaction was stirred

overnight. The reaction was quenched with 2M NaOH, extracted with DCM, dried with MgSO4, filtered

and concentrated to afford the pyridylamine.

N
25

Following the general procedure C, 3,5-dimethylpicolinonitrile (3.67 g, 27.8 mmol), MeOH

mmol), NaBH4 (7.35 g, 194 mmol) An additional 2g of NaBH4 was added and the reaction was allowed to
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5 2 steps. ¹H NMR (400 MHz, CDCl): = 8.33 (s, 1H), 7.44 (s, 1H), 3.89 (s, 2H), 2.49 (s, 3H), 2.36 (s, 3H);

N

Following the general procedure C, 5-fluoro-3-methylpicolinonitrile (0.672 g, 4.94 mmol), MeOH

(Volume: 38.0 ml), di-tert-butyl dicarbonate (2.155 g, 9.87 mmol), Nickel (II) Chloride hexahydrate (0.117

10 g, 0.494 mmol) then sodium borohydride (1.868 g, 49.4 mmol). N1-(2-aminoethyl)ethane-1,2-diamine

(1.067 ml, 9.87 mmol) was added to the light brown reaction and stirred for 30 minutes (brown to pink).

The reaction was then concentrated to an oil, diluted with EtOAc, washed with NaHCO, dried with MgSO4,

15 allowed to stir overnight. Work-up and concentrated to a yellow oil which was purified via silica gel

chromatography (30% EtOAc in hexanes) to afford (5-fluoro-3-methylpyridin-2-yl)methanamine (0.18 g,

1.284 mmol, 41 % yield). 59% over 2 steps. ¹H NMR (400 MHz, CDCl): = 8.26 (d, 2.7 Hz, 1H), 7.18

(dd, J= 9.0, 2.7 Hz, 1H), 3.92 (s, 2H), 2.30 (s, 3H).

In

20

Following general procedure C, 3-fluoro-5-methylpicolinonitrile (2.04 g, 14.99 mmol), MeOH

(Volume: 100mL), di-tert-butyl dicarbonate (6.54 g, 30.0 mmol), NiCl2 6H20 (0.355 g, 1.499 mmol),

NaBH4 (5.67 g, 150 mmol). N1-(2-aminoethyl)ethane-1,2-diamine (3.24 mL, 30.0 mmol) was added to the

light green reaction and stirred for 30 minutes turned to pink. The reaction was then concentrated to an oil

25 and purified via combiflash (gradient 10-30% EA in hexanes) to afford a solid (1.22 g, 5.08 mmol, 33.9 %

1.000) were stirred overnight work-up and concentrated to afford (3-fluoro-5-methylpyridin-2-
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yl)methanamine (.220 g, 1.570 mmol, 75% yield). 55% over 2 steps. ¹H NMR (500 MHz, CDCl): = 8.22

(s, 1H), 7.17 (d, J= 8.3 Hz, 1H), 4.01 (s, 2H), 2.36 (s, 3H)

Procedure for EMU078, EMU102, EMU109

CHO N O
Boc NH NH

N 1) STAB-H, DCE N
+

STAB-H, DCE
+Boc N

N 2) TFA, DCM
N

NH (Boc)HN HN

5

10

To a 20 mL vial was added the yellow semi-solid (0.165 g, 0.432 mmol), DCE (2.0 mL) butyl-aldehyde

(0.249 g, 0.865 mmol), and STAB-H (0.137 g, 0.649 mmol). The reaction was allowed to stir overnight

15

min, 10%B-(80:20:3, DCM:MeOH:NH4OH) 7 min, 50%B 10 min) to afford (R)-N1-((3,5-

20 0.182 mmol, 41 % yield) 46% over 3 steps. ¹H NMR (400 MHz, CDCl):  = 8.15 (d, J= 1.6 Hz, 1H), 7.24

(d, J= 1.6 Hz, 1H), 7.07-6.95 (m, 4H), 3.97 (d, J= 14.9 Hz, 1H), 3.89 (d, J= 15.1 Hz, 1H), 3.84 (d, J= 12.5

Hz, 1H), 3.59 (d, J= 12.5 Hz, 1H), 2.86-2.79 (m, 1H), 2.61 7.0 Hz, 1H), 2.60-2.53 (m, 3H), 2.45 (dd,

25 129.0, 126.3, 125.9, 125.5, 60.3, 60.2, 55.2, 51.7, 48.4, 41.9, 33.7, 31.4, 24.1, 18.2, 17.9; HRMS (ESI)

0.779 at 254 nM, MS (+) 353.2, MS(+)/2 177.2

93

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

C
H
O

N
O

B
o
c

N
H

N
H

N
N

+
S
T
A
B
-
H
,
 
D
C
E

+
N

B
o
c
.

N
N

N
H

H
N

m
i
n
,
 
1
0
%
B
-
(
8
0
:
2
0
:
3
,
 
D
C
M
:
M
e
O
H
:
N
H
4
O
H
)
 
7
 
m
i
n
,
 
5
0
%
B
 
1
0
 
m
i
n
)
 
t
o
 
a
f
f
o
r
d
 
(
R
)
-
N
1
-
(
(
3
,
5
-

9
3



TI

+ Me Boc NHN1) STAB-H, DCE

N + N
NH (Boc)N N F

2) TFA, DCM
HN(Boc)N

EMU102: To a 20 mL vial was added (5-fluoro-3-methylpyridin-2-yl)methanamine (0.186 g, 1.327

5

(0.45 g, 1.094 mmol, 82 % yield). To a 20 mL vial was added THIQ (0.254 g, 0.972 mmol), DCE (Volume:

2.4 ml), secondary amine (0.4 g, 0.972 mmol) and STAB-H (0.371 g, 1.750 mmol). The reaction was stirred

overnight, diluted with DCM, washed with 1M NaOH, dried with MgSO, filtered and concentrated to a

10 yellow oil. The residue was purified via combiflash (DCM 2 minutes, 10% B(80:20:3,

DCM:MeOH:NH4OH) 5 minutes and 50% B 9 minutes). The fractions were concentrated to afford the boc

protected intermediate which was dissolved with 4 mL DCM followed by the addition of 1 mL TFA and

then stirred overnight. The mixture was diluted with DCM and washed with 2M NaOH, dried with MgSO4,

15

N1-(5-fluoro-3-methylpyridin-2-yl)methyl)-N1-((,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1.4

diamine (0.201 g, 0.564 mmol, 58% yield). 66% over 3 steps. ¹H NMR (400 MHz, CDCl):  = 8.17 (d,

J= 2.8 Hz, 1H), 7.15 (dd, J= 9.0, 2.7 Hz, 1H), 7.07-6.94 (m, 4H), 3.95 (d, J= 15.2 Hz, 1H), 3.88 (d, J=

15.2 Hz, 1H), 3.82 (d, J= 12.7 Hz, 1H), 3.61 (d, J= 12.6 Hz, 1H), 2.84-2.77 (m, 1H), 2.59 (t, J= 6.8 Hz,

20

(bs, 2NH), 1.52-1.43 (m,2H), 1.39-1.27 (m, 2H); ¹³C NMR (100 MHz, CDCl):  = 158.6 (d, C-F, 259.8

25 (ESI) [M+H]*, calcd for CHON 357.24490, found 357.244769; LC/MS 75% MeOH in H2O over 3

minutes, r = 0.808 at 254 nM, MS (+) 357.2, MS(+)/2 179.2

o F
F CHO

F 1) STAB-H, DCE NHBoc N+ ZI
H N

N N +
2) TFA, DCM N

(Boc)N N

NH HN
(Boc)N
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EMU109: To a 20 mL vial was added (3-fluoro-5-methylpyridin-2-yl)methanamine (0.09 g, 0.642

5 purification. To a 20 mL vial was added THIQ (0.088 g, 0.336 mmol), secondary amine (0.145 g, 0.352

diluted with DCM, washed with 2M NaOH, dried with NaSO, filtered and concentrated to a yellow oil.

The oil was dissolved in 2mL DCM and 0.5 mL TFA was added and the mixture was stirred overnight. The

reaction was diluted with DCM and quenched by the addition of 1M NaOH. The aqueous layer was

10

15

2.32 (s, 3H), 2.09 (bs, 3NH), 1.57-1.45 (m,2H), 1.44-1.31 (m, 2H); ¹³C NMR (100 MHz, CDCl):  = 159.1

(d, C-F, J= 323.5 Hz), 145.5 (d, C-F, J= 5.0 Hz), 144.6 (d, C-F, J= 17.4 Hz), 136.0, 134.8, 134.7 (d, C-F,

20

NH 1) STAB-H, DCM
~4:1 dr

R- column separation

N
2) TFA deprotection N

substituted

25
(S)-methylaminopyridines

Following the procedure adapted from Boggs, S.; Elitzin, V.I.; Gudmundsson, K.; Martin, M. T.;
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Me OMe
N

H
Me

1-(pyridin-2-yl)ethanone (4.49 ml, 40 mmol, 1.05 equiv.), DCE (Volume: 38.1 ml, 1.0M) and STAB-H

5

concentrated to an oily residue. The residue was purified via combiflash to separate the diastereomers (~4:1

by crude NMR, 80g column 10-30% EtOAc in hexanes over 40 min). The fractions were concentrated to a

clear oil which solidified upon standing. (S)-1-(4-methoxyphenyl)-N-(S)-1-(pyridin-2-

10 yl)ethyl)ethanamine (3.86 g, 15.06 mmol, 40 % yield). ¹H NMR (400 MHz, CDCl):  = 8.60 (d, J= 5.2

Hz, 1H), 7.61 (dt, J= 7.6, 1.8 Hz, 1H), 7.21-7.12 (m, 1H), 7.13 (d, J= 9.2 Hz, 2H), 7.06 (d, J= 7.2 Hz 1H),

3.80 (s, 3H), 3.57 (q, J= 7.4 Hz, 1H), 3.39 (q, J= 6.9 Hz, 1H), 1.29 (d, J= 6.8 Hz, 3H), 1.26 (d, J= 7.3 Hz,

3H); LC/MS 75% MeOH in HO over 3 minutes, I= = 0.480 at 254 nM, MS (+) 257.2

Me
N

15 NH2

Commercially available from Astatech: To a 50 mL RBF was added (S)-1-(4-methoxyphenyl)-N-

((S)-1-(pyridin-2-yl)ethyl)ethanamine (2 g, 7.80 mmol) and TFA (12.02 ml, 156 mmol) with stirring. The

solid was slowly dissolved and the solution turned brick red and the reaction was allowed to stir overnight.

20

(0.938 g, 7.68 mmol, 98% yield) which was used without further purification. ¹H NMR (400 MHz, CDCl):

1.2 Hz 1H), 4.16 (q, J= 6.7 Hz, 1H), 1.43 (d, J= 6.7 Hz, 3H); LC/MS 75% MeOH in HO over 3 minutes,

25 r = 0.484 at 254 nM, MS (+) 123.2
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Me

Me OMe
N

H

To a 250 mL RBF was added (S)-1-(4-methoxyphenyl)ethanamine (6.24 ml, 42.3 mmol), 1-(5-

at rt and the reaction was stirred for 24h. The reaction was quenched by the addition of 1N NaOH until a

pH of 8 was achieved. The phases were separated and the organic layer was treated with 1N NaOH until

pH 11 was observed. The DCM layer was dried with MgSO4, filtered and concentrated to an oily residue.

Me
N

15 NH
To a 50 mL RBF was added (S)-1-(4-methoxyphenyl)-N-((S)-1-(5-methylpyridin-2-

yl)ethyl)ethanamine (2 g, 7.40 mmol) and TFA (11.40 ml, 148 mmol) with stirring. The solid was slowly

dissolved and the solution turned brick red and the reaction was allowed to stir overnight. The reaction was

diluted with water and extracted with ether. The ether layer was washed with water and then set aside. The

20 aqueous layers were made basic, pH 14, with 2M NaOH then extracted with DCM. The DCM layer was

dried with MgSO4, filtered and concentrated to a yellow oil (S)-1-(5-methylpyridin-2-yl)ethanamine (0.76

8.35 (d, J= 2.2 Hz, 1H), 7.43 (ddd, J= 8.0, 2.2, 0.8 Hz, 1H), 7.17 (d, J= 7.8 Hz, 1H), 4.10 (q, J= 6.6 Hz,

1H), 1.39 (d, J= 6.6 Hz, 3H);

25
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Me OMe
N

Me

To a 250 mL RBF was added (S)-1-(4-methoxyphenyl)ethanamine (6.39 g, 42.3 mmol), 1-(3-

methylpyridin-2-yl)ethanone (6 g, 44.4 mmol), DCM (Volume: 106 ml) and STAB-H (17.92 g, 85 mmol)

5

The residue was purified via combiflash to separate the diastereomers (~4:1 by crude NMR, 80g column

10-30% gradient over 40 min). H NMR (400 MHz, CDCl): = 8.45 (d, J= 4.8 Hz, 1H), 7.34 (d, J= 7.6

Hz, 1H), 7.13 (d, J= 8.5 Hz, 2H), 7.04 (dd, J= 7.8, 4.6 Hz, 1H), 6.82 (d, J= = 9.2 Hz, 2H), 3.79 (s, 3H), 3.74

10 (q, J= 6.0 Hz, 1H), 3.27 (q, J= 5.9 Hz, 1H), 1.24 (d, J= 6.3 Hz, 3H), 1.20 (d, J= 6.3 Hz, 3H); LC/MS 75%

MeOH in HO over 3 minutes, = 0.480 at 254 nM, MS (+) 271.2

Me
N

NH

6.6 Hz, 3H);
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Procedure for EMU065, EMU066, EMU067 and EMU108

Me
N

Boc 1) STAB-H, DCE
Me N

Zii

N
N N

+ H
NH

EMU065 (S)-1-(pyridin-2-yl)ethanamine (0.45 g, 3.68 mmol), DCE (18 ml), THIQ (1.011 g, 3.87

mmol) and STAB-H (1.405 g, 6.63 mmol). The reaction was stirred for 24 h then quenched with 2M NaOH,

5

10 afford (S)-1-(pyridin-2-yl)-N,N-bis((R)-1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)ethanamine (0.095 g,

0.230 mmol, 53% yield). ¹H NMR (400 MHz, CDCl):  = 8.57 (d, J= 4.5 Hz, 1H), 7.65 (t,J= 7.5 Hz, 1H),

7.29 (d, J= 7.8 Hz, 1H), 7.17 (dd, J= 7.4, 4.8 Hz, 1H), 7.15-6.99 (m, 8H), 4.16 (q, J= 6.9 Hz, 1H), 4.08 (d,

Hz, 2H), 1.54 (d, J= 6.9 Hz, 3H); ¹³C NMR (125 MHz, CDCl):  = 161.5, 148.9, 136.0, 135.4, 134.3,

15

CHN 413.26997, found 413.26952; LC/MS 75-95% MeOH in HO over 3 minutes, = 0.951 at 254

nM, MS (+) 413.2, MS(+)/2 207.2

CHO Me
O

STAB-H, DCE Boc 1) STAB-H, DCE

Me Me N NN+N N + 2)TFA, DCM N HN

NH NH
(Boc)N HN

N(Boc)

20

(Volume: 5.85 ml), butyl-aldehyde (0.672 g, 2.339 mmol) and STAB-H (0.744 g, 3.51 mmol) and the

reaction was allowed to stir overnight. The reaction was stirred for 16h then quenched with 2M NaOH,

extracted with DCM, dried with MgSO4, filtered and concentrated to a semisolid. The crude material was

purified via combiflash (DCM 2 minutes, 10%B (B= 80:20:3 DCM:MeOH:NH4OH) 7 minutes, 50%B 8

25 minutes) to afford secondary amine (0.733 g, 1.863 mmol, 80 % yield). To a 20 mL vial was added THIQ
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(0.247 g, 1.166 mmol). The reaction was stirred overnight for 14 h. The reaction was diluted with DCM,

washed with 2M NaOH, dried with MgSO4, filtered and concentrated to a yellow oil. The oil was dissolved

5

combiflash (DCM 2 minutes, 10%B (B= 80:20:3 DCM:MeOH:NH4OH) 7 minutes, 50%B 8 minutes) to

afford N1-(S)-1-(pyridin-2-yl)ethyl)-N1-((R)-1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1,4

10

5.0, 0.8 Hz, 1H), 7.08-6.96 (m, 4H), 4.03 (d, J= 14.6 Hz, 1H), 4.03 (q, J= 6.9 Hz, 1H), 3.96 (d, J= 14.9

Hz, 1H), 2.85-2.80 (m, 1H), 2.62 (t, J= 6.9 Hz, 2H), 2.59-2.53 (m, 2H), 2.52 (dd, J= 13.1, 4.2 Hz, 1H),

2.45 (dd, J= 13.8, 7.1 Hz, 1H), 2.39 (dd, J= 15.4, 10.5 Hz, 1H), 1.80 (bs, 2NH), 1.49-1.41 (m,2H), 1.43 (d,

J= 6.9 Hz, 3H), 1.41-1.32 (m, 2H); ¹³C NMR (125 MHz, CDCl):  = 162.5, 148.7, 136.0, 135.6, 134.6,

15 129.1, 126.4, 125.9, 125.5, 122.6, 121.9, 60.1, 56.6, 52.2, 51.3, 48.7, 42.1, 33.9, 31.5, 25.7, 16.2; HRMS

Me
CHO Me 0 1) STAB-H, DCE N

N +

IZ
2)TFA, DCM N HN+

NH N N
Boc

(Boc)N HN

20 EMU066: To a 50mL RBF was added (S)-1-(5-methylpyridin-2-yl)ethanamine (0.45 g, 3.30

mmol), DCE (Volume: 16.52 ml), THIQ (0.907 g, 3.47 mmol) and STAB-H (1.260 g, 5.95 mmol). The

reaction was stirred for 16 h, then quenched with 2M NaOH, extracted with DCM, dried with MgSO4,

25

80% yield) which was taken directly to the next step. To a 20 mL vial was added (R)-tert-butyl 3-((((S)-1-

(5-methylpyridin-2-yl)ethyl)amino)methyl)-3,4-dihydroisoquinoline-2(lD)-carboxylat (0.5 g, 1.311

mmol), DCE (Volume: 4.37 ml) and butyl amine aldehyde followed by STAB-H (0.500 g, 2.359 mmol)

and the reaction was stirred overnight. The reaction was quenched by the addition of 2M NaOH and

30 extracted with DCM. The organic phase was dried with MgSO4, filtered and concentrated to a yellow oil.

The crude oil was dissolved in 3 mL DCM and TFA (1 mL) was added and the mixture was allowed to stir
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overnight. The reaction was quenched with 2M NaOH extracted with DCM, dried with MgSO4, filtered

1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (.167 g, 0.474 mmol, 36 yield over three

5 steps). ¹H NMR (400 MHz, CDCl):  = 8.36 (s, 1H), 7.44 (d, J= 8.6 Hz, 1H), 7.22 (d, J= 8.4 Hz, 1H), 7.10-

7.08 (m, 2H), 7.05-7.00 (m, 2H), 4.06 (d, J= 15.4 Hz, 1H), 4.01 (q, J= 7.0 Hz, 1H), 4.00 (d, J= 14.8 Hz,

60.7, 56.5, 52.1, 51.2, 48.7, 42.1, 33.89, 31.51, 25.6, 18.0, 16.5; HRMS (ESI) [M+H]*, caled for CHN

10 353.26997, found 353.26950; LC/MS 75-95% MeOH in HO over 3 minutes, = 0.781 at 254 nM, MS (+)

O Me

Boc 1) STAB-H, DCE
N STAB-H, DCE N

+

N N
Boc (Boc)N

EMU067: To a 50mL RBF was added (S)-1-(3-methylpyridin-2-yl)ethanamine (0.45 g, 3.30

15 mmol), DCE (Volume: 16.52 ml), THIQ (0.907 g, 3.47 mmol) and STAB-H (1.260 g, 5.95 mmol). The

reaction was stirred for 16 h, then quenched with 2M NaOH, extracted with DCM, dried with MgSO4,

20 67 % yield)To a 20 mL vial was added (R)-tert-butyl 3-((S)-1-(3-methylpyridin-2-

yl)ethyl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (0.5 g, 1.311 mmol), DCE (Volume:

4.37 ml) and aldehyde(0.753 g) followed by STAB-H (0.500 g, 2.359 mmol) and the reaction was stirred

overnight. The reaction was quenched by the addition of 2M NaOH and extracted with DCM. The organic

phase was dried with MgSO4, filtered and concentrated to a yellow oil. The crude oil was dissolved in 3

25 mL DCM and TFA (1 mL) was added then the mixture was allowed to stir overnight. The reaction was

quenched with 2M NaOH extracted with DCM, dried with MgSO4, filtered and concentrated to a yellow

oil. The oil was purified via combiflash (DCM 5 min, 10%B (80:20:3, DCM:MeOH:NH4OH) 7 min, 50%B

10 min) to afford N1-(S)-1-(3-methylpyridin-2-yl)ethyl)-N1-((R)-1,2,3,4-tetrahydroisoquinolin-3-

yl)methyl)butane-1,4-diamine (0.281 g, 0.797 mmol, 61 % yield). ¹H NMR (400 MHz, CDCl):  = 8.37

30 (d, J= 4.7 Hz, 1H), 7.42 (d, J= 7.6 Hz, 1H), 7.08-7.04 (m, 3H), 6.99-6.96 (m, 2H), 4.27 (q, J= 6.6 Hz, 1H),

3.99 (d, J= 15.2 Hz, 1H), 3.87 (d, J= 15.2 Hz, 1H), 2.81 (dd, J= 11.4, 2.8 Hz, 1H), 2.71-2.65 (m, 1H),

2.60-2.49 (m, 8H), 2.46 (s, 3H), 2.22 (dd, J= 16.6, 10.4 Hz, 1H), 1.43 (d, J= 6.6 Hz, 3H), 1.32-1.24 (m,
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121.9, 58.4, 57.8, 52.7, 52.0, 48.6, 42.0, 33.8, 31.6, 26.8, 18.7, 11.8; HRMS (ESI) [M+H], caled for

CHN 353.26997, found 353.26955; LC/MS 85% MeOH in HO over 3 minutes, r = 0.689 at 254 nM,

5

IZ

H
N

1) NaH, Mel, DMF 1) STAB-H, DCE
N

N + N
N

Boc NH N

Boc
N

1) STAB-H, DCE
ZI

N
STAB-H, HNMe CHO+

N N
2) TFA, DCM N

DCM N N
NH

N N

Boc HN

H
N

STAB-H, HNMe + 1) STAB-H, DCE

2) TFA, DCM

HN

N

10
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reaction was stirred overnight then diluted with DCM, quenched with 2M NaOH, dried with MgSO4,

MHz, CDCl):  = 8.19 (s, 1H), 7.37 (s, 1H), 4.21 (s, 2H), 2.84 (s, 3H), 2.31 (s, 3H), 2.24 (s, 3H);

5

N
NH

10

15 (+) 137.2

N
NH

To a 100 mL RBF was added 5-methylpicolinaldehyde (1 g, 8.26 mmol) and DCE (Volume: 40.0

ml, Ratio: 8). To the stirred solution was added methanamine hydrochloride (1.672 g, 24.77 mmol) in one

20 portion. MeOH (Volume: 5 ml, Ratio: 1.000) was added followed by STAB-H (3.15 g, 14.86 mmol) in one

portion and the reaction was allowed to stir overnight. The reaction was diluted with DCM and washed

with 1 M NaOH, dried with NaSO, filtered and concentrated to afford N-methyl-1-(5-methylpyridin-2-

yl)methanamine (0.92 g, 6.76 mmol, 82 % yield) which was sufficiently pure by ¹H NMR. ¹H NMR (400

MHz, CDCl):  = 8.37 (s, 1H), 7.44 (d, J= 8.4 Hz, 1H), 7.17 (d, J= 7.9 Hz, 1H), 3.82 (s, 2H), 2.46 (s, 3H),

25 2.30 (s, 3H); LC/MS 75-95% MeOH in HO over 3 minutes, rt = 0.488 at 254 nM, MS (+) 137.2
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Boc

COMe
Br

2-(tert-butyl) 3-methyl (R)-5-bromo-3,4-dihydroisoquinoline-2,3(1H)-dicarboxylate: prepared

according to PCT Int. Appl. (2014), WO 2014193781 A1 20141204

Boc BocZI

Boc N N COMe N CHO
N 10 mol % SPhos DIBAL

COMe N
KPO, dioxane 120°C

Toluene, -78°C

Br Boc
N N

N, N,
5 Boc Boc

Step 1) To a 50 mL Schlenk tube was added all solids and the vessel was placed under vacuum.

The Dioxane (Volume: 6.10 ml) was degassed for 1h then added to (R)-2-tert-butyl 3-methyl 5-bromo-3,4-

dihydroisoquinoline-2,3(1H)-dicarboxylate (0.904 g, 2.440 mmol) in a 20 mL vial and dissolved. The

solution was added to a stirring mixture of solids then the solution was degassed with three cycles of

10 evacuation and argon purge. The solution was then heated in an oil bath (pre-heated to 120 °C) with a cold

finger attached to the schlenk tube. The reaction turned from red to light green and was monitored by TLC

cooled to RT, diluted with DCM, filtered through celite and concentrated to an orange oil which was

purified via silica gel chromatography (0-30% EA/hex) (R)-2-tert-butyl 3-methyl 5-(4-(tert-

15 butoxycarbonyl)piperazin-1-yl)-3,4-dihydroisoquinoline-2,3(IH)-dicarboxylat (ester 1 0.705 g, 1.482

(Volume: 5.26 ml). The solution was cooled to -78 °C then disobutylaluminum hydride (2.63 ml, 3.15

reaction was diluted with methanol and poured into a sat. solution of rochelle salt and stirred for 30 minutes.

20

a white solid (R)-tert-butyl 5-(4-(tert-butoxycarbonyl)piperazin-1-yl)-3-formyl-3,4-dihydroisoquinoline-
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N N

EMU107: To a 20 mL vial was added CHO 1 (0.270 g, 0.605 mmol), 1-(3,5-dimethylpyridin-2-

5

0.5 mL TFA. The solution turned blue then green. The reaction was allowed to stir overnight. The reaction

was diluted with DCM, washed with 1M NaOH, dried with NaSO, filtered and concentrated to afford a

10 yellow oil. The crude material was purified via combiflash (DCM 2 minutes, 10% B(80:20:3,

DCM:MeOH:NH4OH) 5 minutes and 50% B 9 minutes). The fractions were concentrated to afford (R)-1-

(3,5-dimethylpyridin-2-yl)-N-methyl-N-((5-(piperazin-1-yl)-1,2,3,4-tetrahydroisoquinolin-3-

yl)methyl)methanamine (0.110 g, 0.290 mmol, 48% yield over two steps) as an orange semi solid. ¹H NMR

(500 MHz, CDCl):  = 8.19 (s, 1H), 7.09 J= 7.7 Hz, 1H), 6.87 (d, J= 7.8 Hz, 1H), 6.75 (d, J= 7.5 Hz,

15 1H), 4.04 (s, 2H), 3.73 (d, J= 12.4 Hz, 1H), 3.60 (d, J= 12.4 Hz, 1H), 3.03-2.88 (m, 9H), 2.69-2.65 (m,

131.8, 129.8, 126.0, 121.6, 116.8, 63.4, 63.1, 53.1, 51.2, 48.6, 46.5, 42.9, 30.1, 18.3, 17.9; HRMS (ESI)

[M+H]*, calcd for CHN 380.28087, found 380.28068; LC/MS 10-95% MeOH in HO over 10 minutes,

20 r,= 5.701 = at 254 nM, MS (+) 380.3, MS(+)/2 190.7

Z

HN NH
N

EMU127: To a 20 mL vial was added N-methyl-1-(3-methylpyridin-2-yl)methanamine (0.110 g,

0.808 mmol), DCE (Volume: 1.68 ml), STAB-H (0.257 g, 1.212 mmol) and CHO 1 (0.3 g, 0.673 mmol)
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then the mixture was allowed to stir overnight. The reaction was diluted with DCM, washed with 1M NaOH,

dried with NaSO, filtered and concentrated to afford a yellow oil. The crude material was purified via

combiflash (DCM 2 minutes, 10% B(80:20:3, DCM:MeOH:NH4OH) 5 minutes and 50% B 9 minutes). The

fractions were concentrated to afford a yellow oil which was dissolved in 5 mL DCM and 0.5 mL TFA.

5 The solution turned blue then green. The reaction was allowed to stir overnight. The reaction was diluted

with DCM, washed with 1M NaOH, dried with NaSO, filtered and concentrated to afford a yellow oil.

The crude material was purified via combiflash (DCM 2 minutes, 10% B(80:20:3, DCM:MeOH:NHOH)

5 minutes and 50% B 9 minutes). The fractions were concentrated to afford (R)-N-methyl-1-(3-

methylpyridin-2-yl)-N-(5-(piperazin-1-yl)-1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)methanamine.

10 (0.145 g, 0.397 mmol, 59% yield over two steps) as an orange semi solid. ¹H NMR (500 MHz, CDCl): 

= 8.35 (d, J= 4.7 Hz, 1H), 7.43 (d, J= Hz, 1H), 7.09-7.06 (m, 2H), 6.84 (d, J= 7.5 Hz, 1H), 6.73 (d, J=

7.5 Hz, 1H), 4.03 (d, J= 15.0 Hz, 1H), 4.00 (d, J= 15.0 Hz, 1H), 3.73 (d, J= 12.5 Hz, 1H), 3.62 (d, J= 12.5

Hz, 1H), 3.02-2.88 (m, 8H), 2.66 (t, J= Hz, 3H), 2.61 (dd, J= 12.0, 9.5 Hz, 1H), 2.52 (dd, J= 12.2, 3.5

Hz, 1H), 2.44 (s, 3H), 2.28 (s, 3H), 2.18 (dd, J= 17.0, 11.0 Hz, 1H); ¹³C NMR (125 MHz, CDCl): =156.8,

15 151.8, 146.2, 138.1, 136.4, 133.0, 129.8, 126.1, 122.5, 121.6, 116.8, 63.7, 63.6, 53.2, 51.3, 48.7, 46.6, 43.0,

30.3, 18.5; HRMS (ESI) [M+H], calcd for CHN 366.26522, found 366.26504; LC/MS 10-95% MeOH

in HO over 10 minutes, 6.687 at 254 nM, MS (+) 364.4, MS(+)/2 182.8; LC/MS 75% MeOH in HO

Z.

N

HN NH

20

EMU130: To a 20 mL vial was added N-methyl-1-(5-methylpyridin-2-yl)methanamine (0.110 g,

0.808 mmol), DCE (Volume: 1.683 ml), STAB-H (0.257 g, 1.212 mmol) and CHO 1 (.3 g, 0.673 mmol)

then the mixture was allowed to stir overnight. The reaction was diluted with DCM, washed with 1M NaOH,

25 combiflash (DCM 2 minutes, 10% B(80:20:3, DCM:MeOH:NH,OH) 5 minutes and 50% B9 minutes). The

The solution turned blue then green. The reaction was allowed to stir overnight. The reaction was diluted
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5

10

N N

Boc

N,O DCE H

15 To a 50 mL RBF was added tert-butyl 4-(3-aminopropyl)piperazine-l-carboxylate (1.105 g, 4.54

mmol), DCE (Volume: 10.32 ml), 5-methylpicolinaldehyde (0.5 g, 4.13 mmol) and STAB-H (1.575 g, 7.43

mmol). The reaction was stirred overnight then diluted with DCM and quenched with 2M NaOH. The

20 minutes) to afford tert-butyl 4-(3-((5-methylpyridin-2-yl)methyl)amino)propyl)piperazine-l-carboxylate

(0.75 g, 2.152 mmol, 52% yield). ¹H NMR (400 MHz, CDCl):  = 8.36 (d, J= 2.0 Hz, 1H), 7.44 (dd, J=

Boc

Z.

25

232
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To a 50 mL RBF was added tert-butyl 4-(3-aminopropyl)piperazine-1-carboxylate (1.105 g, 4.54

mmol), DCE (Volume: 10.32 ml), 3-methylpicolinaldehyde (.5 g, 4.13 mmol) and STAB-H (1.575 g, 7.43

mmol). The reaction was stirred overnight then diluted with DCM and quenched with 2M NaOH. The

organic layer was dried with NaSO, filtered and concentrated to a yellow oil which was purified via silica

5 gel chromatography (DCM 2 minutes, 10% B(80:20:3, DCM:MeOH:NH4OH) 5 minutes and 50% B 9

minutes) to afford tert-butyl 4-(3-(3-methylpyridin-2-yl)methyl)amino)propyl)piperazine-l-carboxylate

(0.88 g, 2.53 mmol, 61 yield). ¹H NMR (400 MHz, CDCl):  = 8.37 (d, J= 5.0 Hz, 1H), 7.42 (d, 7.3

Hz, 1H), 7.07 (dd, J= 7.6, 4.8 Hz, 1H), 3.88 (s, 2H), 3.43 (t, J= 5.2 Hz, 4H), 2.79 (t, J= 6.8 Hz, 2H), 2.45

(t, 7.2 Hz, 2H), 2.39 5.2 Hz, 4H), 2.30 (s, 3H), 1.78 (pent, J= 7.0 Hz, 2H), 1.45 (s, 9H);

10

Me

N
N

NH

N

yl)methyl)amino)propyl)piperazine-1-carboxylate (0.2 g, 0.574 mmol), STAB-H(0.219 g, 1.033 mmol) and

15

5 minutes and 50% B 9 minutes). The fractions were concentrated to afford a yellow oil which was

dissolved in 2.5 mL DCM and 0.5 mL TFA The reaction was allowed to stir overnight. The reaction was

20

DCM:MeOH:NH4OH) 5 minutes and 50% B9 minutes). The fractions were concentrated to afford (R)-N-

((5-methylpyridin-2-yl)methyl)-3-(piperazin-1-yl)-N-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)propan-

1-amine (0.101 g, 0.257 mmol, 45% yield). ¹H NMR (500 MHz, CDCl):  = 8.30 (s, 1H), 7.42 8.4

25 J= 15.1 Hz, 1H), 3.78 (d,J= 14.3 Hz, 1H), 3.64 (d, 14.3 Hz, 1H), 2.90-2.86 (m, 1H), 2.82 (t,J=4.8 Hz,

137.1, 135.5, 134.4, 131.3, 129.1, 126.3, 125.9, 125.5, 122.4, 61.1, 60.4, 57.0, 54.6, 53.4, 51.7, 48.5, 46.0,
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Me

NH
N

ZX

5

10 DCM:MeOH:NH,OH) 5 minutes and 50% B9 minutes). The fractions were concentrated to afford a yellow

oil which was dissolved in 2.5 mL DCM and 0.5 mL TFA The reaction was allowed to stir overnight. The

afford a yellow oil. The crude material was purified via combiflash (DCM 2 minutes, 10% B(80:20:3,

DCM:MeOH:NH4OH) 5 minutes and 50% B 9 minutes). The fractions were concentrated to afford (R)-N-

15 (3-methylpyridin-2-yl)methyl)-3-(piperazin-l-yl)-N-(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)propan

Hz, 1H), 3.65 (d, J= 12.8 Hz, 1H), 2.84-2.79 (m, 1H), 2.80 J= 4.6 Hz, 3H), 2.63-2.46 (m, 8H), 2.40 (s,

3H), 2.34-2.19 (m, 3H), 1.68-1.62 (m,2H); ¹³C NMR (125 MHz, CDCl):  = 157.0, 146.2, 138.1, 135.3,

20 134.4, 132.8, 129.1, 126.3, 126.0, 125.5, 122.5, 60.6, 60.5, 57.0, 54.5, 53.5, 51.7, 48.4, 45.9, 33.7, 23.9,
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=
N

HN NH
N

=

EMU164: To a 20 mL vial was added tert-butyl 4-(3-(((3-methylpyridin-2-

5

to afford a yellow oil. The crude material was purified via combiflash (DCM 2 minutes, 10% B(80:20:3,

DCM:MeOH:NH4OH) 5 minutes and 50% B9 minutes). The fractions were concentrated to afford a yellow

oil which was dissolved in 2.5 mL DCM and 0.5 mL TFA The reaction was allowed to stir overnight. The

reaction was diluted with DCM, washed with 1M NaOH, dried with NaSO, filtered and concentrated to

10 afford a yellow oil. The crude material was purified via combiflash (DCM 2 minutes, 10% B(80:20:3,

DCM:MeOH:NH4OH) 5 minutes, 50% B9 minutes, 100% B 10 minutes). The fractions were concentrated

CDCl):  = 8.32 (dd, J= 4.8, 1.1 Hz, 1H), 7.40 (d, J= 7.0 Hz, 1H), 7.05 (t, J= 7.7 Hz, 1H), 7.04 (dd, J=

15

1H), 1.70-1.59 (m,2H); ¹³C NMR (125 MHz, CDCl):  = 157.1, 151.8, 146.2, 138.1, 136.1, 132.7, 129.7,

126.1, 122.5, 121.6, 116.9, 60.6, 60.6, 57.1, 54.5, 53.4, 53.2, 51.7, 48.4, 46.6, 46.0, 30.0, 23.9, 18.5; HRMS

20

Me

N
N

HN NH
N
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EMU165: To a 20 mL vial was added tert-butyl (4-(((5-methylpyridin-2-

yl)methyl)amino)butyl)carbamate (0.15 g, 0.511 mmol), DCE (Volume: 1.162 ml), CHO 1 (0.207 g, 0.465

5

oil (R)-tert-butyl3-((4-(tert-butoxycarbonyl)amino)butyl)((5-methylpyridin-2-yl)methyl)amino)methy).

5-(4-(tert-butoxycarbonyl)piperazin-1-yl)-3,4-dihydroisoquinoline-2(lH)-carboxylate (.238 g, 0.329

mmol, 71% yield). To a 20 mL vial was added (R)-tert-butyl 3-((4-(tert-butoxycarbonyl)amino)butyl)(5

10 methylpyridin-2-yl)methyl)amino)methyl)-5-(4-(tert-butoxycarbonyl)piperazin-1-yl)-3,4-

dihydroisoquinoline-2(1H)-carboxylate (.238 g, 0.329 mmol), DCM (Volume: 1.372 ml, Ratio: 5) and TFA

(Volume: 0.274 ml, Ratio: 1.000) then the mixture was allowed to stir overnight. The reaction was diluted

with DCM, washed with 1M NaOH, dried with NaSO, filtered and concentrated to afford a yellow oil.

The crude material was purified via combiflash (DCM 2 minutes, 10% B(80:20:3, DCM:MeOH:NH4OH)

15

yl)methyl)-N1-(5-(piperazin-1-yl)-1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)butane-1,4-diamine (0.072

g, 0.170 mmol, 52% yield) as a yellow semi solid. NMR (500 MHz, CDOD):  = 8.58 (s, 1H), 8.15 (d,

J= 7.8 Hz, 1H), 7.74 (d, J= 7.8 Hz, 1H), 7.12 (t, 7.8 Hz, 1H), 6.96 (d, J= 7.8 Hz, 1H), 6.86 (d, J= 7.8

Hz, 1H), 4.34 (d, J= 16.6 Hz, 1H), 4.27 (d, J= 16.6 Hz, 1H), 4.18 (d, J= 16.6 Hz, 1H), 3.84 (d, J= 15.8

20 1H), 3.62-3.58 (m, 1H), 3.21-3.10 (m, 5H), 3.02-2.99 (m, 2H), 2.93-2.83 (m, 4H), 2.71 (t,J= 7.0 Hz, 1H),

2.56 (dd, J= 17.5, 11.4 Hz, 1H), 2.45 (t, J= 7.0 Hz, 1H), 2.35 (s, 3H), 1.51-1.37 (m, 4H); ¹³C NMR (125

MHz, CDOD):  = 152.4, 151.3, 147.9, 143.0, 138.5, 130.7, 129.1, 128.2, 127.5, 124.1, 120.6, 57.4, 56.5,

423.32307, found 423.32311; LC/MS 75% MeOH in HO over 3 minutes, rt = 0.449 at 254 nM, MS (+)

25 423.2, MS(+)/2 212.2; LC/MS 10-95% MeOH in HO over 10 minutes, 0.702 at 254 nM, MS (+) 423.2,

MS(+)/2 212.2
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Me

N

HN NH
N NH2

5

10 carboxylate (0.208 g, 0.288 mmol, 62% yield) which was dissolved in DCM (Volume: 1.199 ml, Ratio: 5)

15

6.85 (d, J= 8.0 Hz, 1H), 6.73 (d, J=8.0 Hz, 1H), 4.04 (d, J= 15.5 Hz, 1H), 3.90 (d, J= 15.5 Hz, 1H), 3.87

20

60.8, 60.2, 55.4, 53.2, 51.7, 48.2, 46.6, 41.4, 30.6, 29.9, 24.4, 18.5; HRMS (ESI) [M+H], calcd for

CHN 423.32307, found 423.32311; LC/MS 75% MeOH in HO over 3 minutes, r = 0.450 at 254 nM,

MS (+) 423.2, MS(+)/2 212.2

25

112

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

M
e 2

H
N

N
H

N

2
5

1
1
2



Synthesis of EMU023 and EMU024: Scheme 1:

COOH COOH OH
S

O TEA BHCbz
HN + N Cbz

N
N CI

N
Boc Boc N.

Boc
7

N TEA

SO
N O NZii.

N
N NH O

NH
Cbz AcOH Cbz Cbz

N N NaB(OAc)HI N

N. NaB(OAc)H N N
Boc Boc Boc

10
9 8

TFA

N N
N

O=0=O

N
N S OH N+ O NaB(OAc)H

Cbz N
N Cbz

N HN
NH N N

N N

11 and 12 13 and 14 EMU023 (Stereoisomer 1)

and
EMU023 (Stereoisomer 2)

5

1-(Benzyloxy)carbonyl)-4-(tert-butoxycarbonyl)piperazine-2-carboxylic acid (compound 6)

The solution of 4-(tert-butoxycarbonyl)piperazine-2-carboxylic acid (7.12 g, 30.9 mmol) in 1,4-

dioxane (100 ml), water (50 ml), and trimethylamine (TEA) (10.78 ml, 77 mmol) was cooled to 0 °C and

benzyl chloroformate (5.5 ml, 37.1 mmol) was added slowly. The reaction was stirred at 0°C for 30 minutes

10 then let it warm to room temperature and stirred for another 2 hours. The reaction was diluted with 1N HCI

and then extracted with DCM 3 times. Combined organic layers was dried over NaSO; filtered off and

evaporated. The crude product was used as it is for the next step.
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The solution of compound 6 (11.27 g, 30.9 mmol) in 155 ml of anhydrous THF was cooled to 0 °C

5

times. Combined organic layers was dried over MgSO4, filtered off and evaporated. The crude product was

used as it for the next step.

10

with NaHPO4 solution, 1N HCI and brine then dried over MgSO4; filtered off and evaporated. The crude

15 product was used it as it is for the next step.

1-Benzyl-4-(tert-butyl)

20

Organic phase was washed with water and brine; dried over NaSO; filtered off and concentrated. Purified

with column chromatography using DCM:MeOH:NH40H (9:1:0.1)to give 100% yield. ¹H NMR (400Hz,

25 CDCl):  1.400 (s, 4.5H), 1.468 (s, 4.5H) 1.625-2.021 (m, 4H), 2.519 (broad S, 1H), 2.684-3.017 (m, 7H),

3.719-4.321 (m, 5H), 5.152 (m, 2H), 7.042 (m, 1H), 7.336 (m, 6H), 8.336 (s, 1H); MS: m/z 481.0 (M+H)

30

After treating with sodium triacetoxyborohydride (12.56 g, 59.2 mmol) the reaction mixture was stirred for

another 2 hours, followed by addition of 3.75 g paraformaldehyde, 1.05 ml acetic acid and 6.0 g sodium

triacetoxyborohydride. This was allowed to stir at room temperature overnight and quenched with saturated
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NaHCO solution. Aqueous phase was extracted with DCM. Combined organic phase was washed with

chromatography using DCM:MeOH:NHOH (9:1:0.1) to give yellow oil (59% yield). ¹H NMR (400Hz,

CDCl):  1.39 (s, 4.5H), 1.46 (s, 4.5H) 1.60-2.10 (m, 4H), 2.29 (s, 3H), 2.67-3.02 (m, 7H), 3.70-4.32 (m,

5 5H), 5.12-5.15 (m, 2H), 7.02-7.05 (m, 1H), 7.31-7.36 (m, 6H), 8.34 (s, 1H)

Benzyl (S)-2-(methyl(S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)piperazine-1-carboxylate

(Compounds 11 and 12)

10 Compound 10 (6.46 g, 13.06 mmol) was treated TFA (20.12 ml, 261 mmol) and the reaction was

stirred at room temperature for overnight. It was basified with 1N NaOH solution to pH>10-12. The

aqueous phase was extracted with DCM 2 times. Combined organic layers was dried over anhydrous

NaSO; filtered off and evaporated. The diasteromers were separated with column chromatography starting

15

(m, 7H), 3.83-3.85 (m, 1H), 3.73-4.07 (m, 3H), 5.12 (q, J = Hz, 2H), 7.04-7.08 (m, 1H), 7.26-7.38 (m,

1.82-2.10 (m, 2H), 2.29 (s, 3H), 2.30-2.51 (m, 1H), 2.60-3.22 (m, 8H), 3.73-4.01 (m, 3H), 5.11 (d, J = 3.6

Hz, 2H), 7.04-7.08 (m, 1H), 7.28-7.36 (m, 6H), 8.43 (d, J = 3.6 Hz, 1H)

20

Benzyl (R)-2-(methyl(S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-4-(pyridine-2-

ylmethyl)piperazine-1-carboxylate (compound 13)

25

off and evaporated. Product was purified with column chromatography using DCM:MeOH:NHOH

(9:1:0.1) with 88% yield. ¹H NMR (400 MHz, Chloroform-d)  8.49 (d, J = 4.0 Hz, 1H), 8.39 (d, J = 4.9

Hz, 1H), 7.56 (td, J = 7.7, 1.8 Hz, 1H), 7.37 - 7.26 (m, 6H), 7.17 - 7.10 (m, 1H), 7.08 (d, J = 7.8 Hz, 1H),

30 6.87 (dd, J = 7.6, 4.7 Hz, 1H), 5.19 - 5.07 (m, 2H), 4.20 - 4.04 (m, 1H), 3.88 - 3.73 (m, 2H), 3.57 (d, J =

14.3 Hz, 1H), 3.46 (d, J = 14.3 Hz, 1H), 3.10 (t, J = 11.0 Hz, 2H), 2.80 (ddd, J = 15.2, 9.3, 5.0 Hz, 2H),
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ylmethyl)piperazine-1-carboxylate (compound 14)

5

DCM; combined organic layers was extracted with water and dried over anhydrous MgSO4 and filtered off

and evaporated. Product was purified with column chromatography with DCM:MeOH:NHOH (9:1:0.1)

10

N

HN
N

N

EMU023: (Stereoisomer 1): To the solution of compound 13 (0.338 g, 0.696 mmol) in 15 ml

15 DCM methanesulfonic acid (0.904 ml, 13.92 mmol) was added and stirred for overnight at room

temperature. The reaction was cooled to 0°C and the reaction was basified with saturated NaHCO solution

until the pH>8-9. The organic phase was washed with water; dried over MgSO4; filtered off and evaporated.

It was purified with column chromatography using DCM:MeOH:NHOH (9:1:0.1) to give yellow oil (37%

yield). ¹H NMR (400 MHz, Chloroform-d)  1.78 - 1.58 (m, 2H), 2.04 - 1.90 (m, 3H), 2.41 - 2.30 (m, 4H),

20 2.21 - 2.12 (m, 1H), 1.89 - 1.58 (m, 4H), 2.96 - 2.60 (m, 9H), 2.42 (s, 3H), 2.17 (td, J = 11.0, 3.3 Hz, 1H),

2.04 - 1.91 (m, 2H), 1.90 1.79 (m, 1H), 2.44 2.41 (m, 4H), 8.53 (ddd, J = 4.9, 1.9, 0.9 Hz, 1H), 8.41 (dd,

J = 4.7, 1.7 Hz, 1H), 7.62 (td, J = 7.6, 1.8 Hz, 1H), 7.36 (dt, J = 7.9, 1.1 Hz, 1H), 7.32 (ddt, J = 7.7, 1.8, 0.8

Hz, 1H), 7.13 (ddd, J = 7.5, 4.9, 1.2 Hz, 1H), 7.04 - 6.99 (m, 1H), 3.91 (dd, J = 9.2, 5.7 Hz, 1H), 3.70 - 3.54

(m, 2H), 2.97 - 2.58 (m, 9H); MS: m/z 352.2 (M+H); HRMS Calc. for CHN (M+H):352.24230, Found:

25 352.24919; EMU023 (Stereoisomer 2): To the solution of 14 (0.282 g, 0.581 mmol) in 15 ml DCM

methanesulfonic acid (0.754 ml, 11.61 mmol) was added at room temperature and stirred for overnight.

The reaction was cooled to 0°C and basified with saturated NaHCO solution until the pH is around 8. The

organic phase was washed with water; dried over MgSO4; filtered off and evaporated. It was purified with

column chromatography using DCM:MeOH:NHOH (9:1:0.1) to give yellow oil (39% yield). ¹H NMR

116

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

N

H
N

N

1
1
6



(400 MHz, Chloroform-d)  8.57 - 8.54 (m, 1H), 8.47 - 8.42 (m, 1H), 7.63 (td, J = 7.7, 1.9 Hz, 1H), 7.36

3.87 (dd, J = 9.4, 6.0 Hz, 1H), 3.64 (s, 2H), 2.94 - 2.85 (m, 4H), 2.83 - 2.58 (m, 5H), 2.57 - 2.42 (m, 2H),

2.32 (s, 3H), 2.22 (dt, J = 10.8, 6.8 Hz, 1H), 2.11 - 2.02 (m, 1H), 1.98 (dd, J = 13.0, 7.5 Hz, 1H), 1.91 - 1.74

5 (m, 2H); MS: m/z 352.2 (M+H); HRMS Calc. for CHN (M+H):351.24230, Found: 352.24910

Br O R R
R1. N R

O R N R
IZ
N
H DIBAL-H

O O O
N Pd(dba) N toluene N.

Boc (±)-BINAP Boc Boc-78 °C

CsCO
toluene

120 °C

N NZii.

N

Zii

N

Boc TFA/DCM
N R HN R

N N N.

RHN

Zii

N

N R HN R1

R R
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2-tert-butyl 3-methyl 5-(4-(tert-butoxycarbonyl)piperazin-l-yl)-3,4-dihydroisoquinoline-2,3(1H)-

N

Br O
Boc (±)-BINAP

N
N CsCO

O O+

N
toluene

N.
Boc 120 °C

H

5

The vial was sealed with a Teflon-lined septum and purged with argon for 5 minutes. Degassed toluene

10

15 2.95 mmol, quantitative yield). ¹H NMR (400 MHz, Chloroform-d)  7.13 (td, J = 7.8, 4.2 Hz, 1H), 6.98 -

6.65 (m, 2H), 5.03 (dd, J = 6.1, 3.5 Hz, 0.5H), 4.80 - 4.55 (m, 1.5H), 4.42 (dd, J = 34.5, 16.1 Hz, 1H), 3.75

- 3.39 (m, 7H), 3.15 (ddd, J = 52.9, 15.5, 5.9 Hz, 1H), 2.98 - 2.60 (m, 5H), 1.62 - 1.27 (m, 18H). HRMS

calculated for [C25H37N3O6 H]*: 476.27606, found: 476.27542.

20 Tert-butyl

carboxylate:

Boc Boc

N N

N O NDIBAL-H

toluene O
N -78 °C NBoc Boc

To a 100 mL round-bottom flask containing a Teflon-coated stir bar was charged with racemic 2-

tert-butyl 3-methyl 5-(4-(tert-butoxycarbonyl)piperazin-l-yl)-3,4-dihydroisoquinoline-2,3(lH)-
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dicarboxylate (0.50 g, 1.051 mmol) and anhydrous toluene (13.14 mL). Diisobutylaluminum hydride 1 M

quenched carefully with methanol under argon atmosphere then allowed to warm to 0 °C. A saturated

solution of Rochelle salt was added and stirred for 1-2 hour at room temperature. The biphasic mixture was

5

times). The combined organic extract was dried over anhydrous sodium sulfate and concentrated under

(R)-tert-butyl 5-(4-(tert-butoxycarbonyl)piperazin-l-yl)-3-(methyl(S)-5,6,7,8-tetrahydroquinolin-8-

yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate and (S)-tert-butyl 5-(4-(tert-

butoxycarbonyl)piperazin-1-yl)-3-((methyl((S)-5,6,7,8-tetrahydroquinolin-8-y)amino)methy)-3,4-

Boc

N N N
NaBH(OAc) N N

N
1,2-DCE

+
+ Boc Boc Boc Boc

N N N N
O N

N N
N NH

Boc
15

To a 20 mL scintillation vial equipped with a Teflon-coated magnetic stir bar was charged with

20 carboxylate (0.2093 g, 0.470 mmol) in 1,2-dichloroethane (1 mL) was added dropwise. The resulting

25 pressure to a crude diastereomeric mixture which was separated and purified by CombiFlash system (24g

6.79 (d, J = 7.9 Hz, 1H), 6.66 (dd, J = 14.9, 7.5 Hz, 1H), 4.66 - 4.37 (m, 2H), 3.85 (d, J = 17.0 Hz, 1H),

30
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[C34H49N5O4 + H]: 592.38628, found: 592.38611. Stereoisomer 2: yellow foam (0.086 g, 0.146 mmol,

5 (d, J = 16.8 Hz, 1H), 3.71 - 3.19 (m, 6H), 2.93 (t, J = 9.0 Hz, 2H), 2.68 - 2.53 (m, 5H), 2.46 (dd, J = 12.8,

[C34H49N504 + H]*: 592.38628, found: 592.38507.

General procedure for global deprotection:

N

N F N
O

Boc Boc
NH

N CI CI N

10 EMU034

To a 20 mL scintillation vial equipped with a Teflon-coated magnetic stir bar was charged with

15 addition of 3M NaOH until pH> 12. The biphasic mixture was transferred to a separatory funnel. The

aqueous layer was separated and extracted with DCM (3 times). The combined organic extract was dried

over anhydrous sodium sulfate and concentrated under reduced pressure to a crude material which was

purified by CombiFlash system using a gradient of solvent A (DCM) to solvent B (8:2:0.6

DCM/MeOH/NH solution, 7N in MeOH) as eluent on a silica gel column to afford the final product.

20

N
N

N

EMU034 (Stereoisomer 1): Prepared according to the general procedure for global deprotection.
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afford product (67.5 mg, quantitative yield) as a light yellow foam. ¹H NMR (400 MHz, Chloroform-d) 

7.5 Hz, 1H), 4.66 (s, 2H), 4.22 - 4.11 (m, 1H), 4.08 - 3.95 (m, 2H), 3.05 - 2.87 (m, 8H), 2.86 - 2.56 (m, 6H),

2.44 (s, 4H), 2.11 - 1.87 (m, 3H), 1.80 - 1.64 (m, 1H). HRMS calculated for [C24H33N5 + H]*: 392.28142,

5

deprotection. The crude material was purified by CombiFlash (12g column, 5 minutes A then 30 minutes

d)  8.44 (dd, J = 4.7, 2.0 Hz, 1H), 7.35 (dd, J = 7.7, 1.7 Hz, 1H), 7.15 - 7.02 (m, 2H), 6.94 - 6.85 (m, 1H),

10 1H), 3.07 - 2.86 (m, 5H), 2.69 (ddd, J = 41.9, 20.3, 10.7 Hz, 7H), 2.49 (s, 3H), 2.24 - 2.09 (m, 1H), 2.09 -

1.92 (m, 1H), 1.87 - 1.59 (m, 2H), 1.23 (s, 2H).

15

N
N

HN

EMU044 (Stereoisomer 1): Light yellow foam. ¹H NMR (400 MHz, Methanol-d4)  8.45 (dd, J =

4.9, 1.6 Hz, 1H), 7.61 (dd, J = 7.8, 1.6 Hz, 1H), 7.28 (dd, J = 7.7, 4.8 Hz, 1H), 7.13 (t, J = 7.9 Hz, 1H), 6.72

(d, J = 8.2 Hz, 1H), 6.59 (d, J = 7.7 Hz, 1H), 4.98 (s, 3H), 4.37 (d, J = 3.2 Hz, 1H), 4.12 - 4.08 (m, 1H),

3.73 (dtd, J = 10.9, 5.6, 2.3 Hz, 2H), 3.44 (dt, J = 13.1, 4.0 Hz, 2H), 3.18 - 3.03 (m, 4H), 2.98 - 2.54 (m,

5H), 2.25 - 2.17 (m, 2H), 2.12 (s, 5H), 1.96 - 1.70 (m, 4H). HRMS calculated for [C25H35N5 + H]:

4.5 Hz, 2H), 3.97 (d, J = 15.0 Hz, 1H), 3.93 - 3.83 (m, 2H), 3.43 - 3.20 (m, 4H), 2.94 (dtd, J = 23.6, 10.5,

25

1.30 - 1.16 (m, 2H). HRMS calculated for [C25H35N5 + H]: 406.29707, found: 406.29599.

121

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

2
6
 
F
e
b
 
2
0
2
6

5 0

N
N

H
N

2
5

1
2
1



N

N

EMU058 (Stereoisomer 1): ¹H NMR (400 MHz, Chloroform-d)  8.44 (dd, J = 4.9, 1.7 Hz, 1H),

7.38 - 7.31 (m, 1H), 7.12 - 7.03 (m, 2H), 6.86 (dd, J = 7.9, 1.2 Hz, 1H), 6.75 (dd, J = 7.8, 1.2 Hz, 1H), 4.13

(d, J = 15.5 Hz, 1H), 4.04 - 3.92 (m, 2H), 3.47 - 3.22 (m, 4H), 3.13 - 2.93 (m, 2H), 2.90 - 2.81 (m, 4H),

5 2.68 (dt, J = 17.0, 5.2 Hz, 2H), 2.43 (s, 3H), 2.30 (dd, J = 17.6, 10.9 Hz, 1H), 2.03 - 1.81 (m, 4H), 1.71

(dddd, J = 18.6, 13.3, 6.7, 3.4 Hz, 1H), 1.61 - 1.44 (m, 2H); HRMS Calc. for CHN (M+H):406.28925,

Found: 406.29826

N
N

HN NH
N

10 EMU096 (Stereoisomer 1): White foam. ¹H NMR (400 MHz, Chloroform-d)  8.38 (dd, J = 4.7,

1.7 Hz, 1H), 7.29 - 7.19 (m, 1H), 7.02 - 6.90 (m, 2H), 6.75 (d, J = 7.9 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H),

3.97 (d, J = 15.2 Hz, 1H), 3.88 - 3.76 (m, 2H), 2.98 - 2.55 (m, 11H), 2.41 (d, J = 26.6 Hz, 5H), 2.19 - 2.02

(m, 2H), 1.91 (td, J = 15.0, 12.9, 7.9 Hz, 3H), 1.66 - 1.57 (m, 1H), 0.97 (dd, J = 22.7, 6.3 Hz, 6H). HRMS

calculated for [C26H37N5 + H]*: 420.31272, found: 420.31131. EMU096 (Stereoisomer 2): White foam.

15 ¹H NMR (400 MHz, Chloroform-d)  8.41 (dd, J = 4.7, 1.7 Hz, 1H), 7.27 - 7.18 (m, 1H), 7.00 - 6.92 (m,

2H), 6.73 (d, J = 7.9 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H), 4.03 (q, J = 15.3 Hz, 2H), 3.86 (dd, J = 9.7, 6.0 Hz,

1H), 2.98 - 2.65 (m, 8H), 2.59 (d, J = 13.0 Hz, 2H), 2.37 (d, J = 21.4 Hz, 5H), 2.07 (dt, J = 13.9, 7.7 Hz,

2H), 1.95 - 1.85 (m, 2H), 1.74 (td, J = 9.8, 5.0 Hz, 1H), 1.60 (tdd, J = 12.1, 7.4, 4.2 Hz, 1H), 0.96 (dd, J =

28.0, 6.3 Hz, 6H). HRMS calculated for [C26H37N5 + H]*: 420.31272, found: 420.31202.

20
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Scheme 3: Chiral route: side chain modification

N N N
NH

reductive amination
N TFA/DCM N
R R

Boc Boc
or alkylation

Boc Boc
N N N N HN NH

N N N

5

Boc
N N N

N NH
Br O N N N

N Boc BocIZ

H DIBAL-H NH N N
O O N

N. Pd(dba) N toluene N.
Boc Boc Boc NaBH(OAc)

(±)-BINAP -78 °C 1,2-DCE

CsCO 49% yield

toluene (12:1 dr) major

89% yield

93:7 er

Following a similar route described in the synthesis of EMU034 starting from (R)-2-tert-butyl 3-

10 literature method by Beadle et al. (PCT Int. Appl., 2014193781, 04 Dec 2014). Yellow gel. ¹H NMR (400

MHz, Chloroform-d)  8.36 - 8.29 (m, 1H), 7.35 (d, J = 7.5 Hz, 1H), 7.16 (t, J = 7.8 Hz, 1H), 7.09 - 7.01

(m, 1H), 6.93 - 6.79 (m, 2H), 4.67 (d, J = 16.8 Hz, 2H), 4.32 (d, J = 16.5 Hz, 1H), 3.86 - 3.22 (m, 6H), 2.95

(s, 2H), 2.85 - 2.61 (m, 6H), 2.59 - 2.24 (m, 2H), 1.95 (s, 2H), 1.65 (d, J = 8.7 Hz, 2H), 1.49 (d, J = 8.8 Hz,

18H). HRMS calculated for [C33H47N504 + H]*: 578.37063, found: 578.36923.

15

(R)-tert-butyl 5-(4-(tert-butoxycarbonyl)piperazin-1-yl)-3-((ethyl(S)-5,6,7,8-tetrahydroquinolin-8.

yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate

N N

NaBH(OAc)

Boc
N N N N1,2-DCE

N N

inseparable mixture of diastereomers (12:1 dr)
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tert-butyl 5-(4-(tert-butoxycarbonyl)piperazin-l-yl)-3-(S)-5,6,7,8-tetrahydroquinolin-8-

5

mixture was quenched by addition of 1M NaOH. The biphasic mixture was transferred to a separatory

funnel. The aqueous layer was separated and extracted with DCM (3 times). The combined organic extract

was dried over anhydrous sodium sulfate and concentrated under reduced pressure to a crude material which

was purified by CombiFlash system (24g gold silica column, 5 minutes DCM then 30 minutes 0-10%

MeOH/DCM) to afford the product (0.0874 g, 0.144 mmol, 55.6 % yield) as yellow foam. ¹H NMR (400

MHz, Chloroform-d)  8.29 (d, J = 5.5 Hz, 1H), 7.28 (d, J = 7.6 Hz, 1H), 7.09 (t, J = 7.8 Hz, 1H), 6.97 (dd,

15

F OH
N NF

N F O N

Boc Boc
N NH

N N

EMU162

Prepared according to the general procedure for global deprotection. The crude material was

20

7.30 (dd, J = 7.7, 1.7 Hz, 1H), 7.12 - 6.97 (m, 2H), 6.84 (d, J = 7.8 Hz, 1H), 6.74 (d, J = 7.6 Hz, 1H), 4.14

- 4.03 (m, 2H), 3.88 (d, J = 15.2 Hz, 1H), 3.09 - 2.61 (m, 17H), 2.46 (dd, J = 13.2, 10.4 Hz, 1H), 2.17 (dd,

J = 16.5, 10.8 Hz, 1H), 2.06 - 1.85 (m, 3H), 1.76 - 1.64 (m, 1H), 1.09 (t, J = 7.1 Hz, 3H). HRMS calculated

25

These following compounds were obtained according to Scheme 3:
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N

HN NH
N

(dd, J = 9.5, 1.9 Hz, 1H), 7.08 - 6.95 (m, 2H), 6.82 (d, J = 7.7 Hz, 1H), 6.68 (d, J = 7.6 Hz, 1H), 4.12 - 3.97

(m, 2H), 3.43 (d, J = 15.3 Hz, 1H), 3.24 - 3.07 (m, 2H), 3.07 - 2.49 (m, 13H), 2.26 (d, J = 10.9 Hz, 2H),

5 2.05 - 1.94 (m, 3H), 1.74 (dt, J = 11.2, 5.6 Hz, 1H), 1.11 (dd, J = 27.8, 6.6 Hz, 6H). HRMS calculated for

[C26H37N5 + H]*: 420.31272, found: 420.31198.

Scheme 4: Late-stage Buchwald-Hartwig coupling

N N NZu

N R1~

R

Zii.

N
N

IZ

Boc Boc TFA/DCM
N N R1 HN R1

Pd(dba)
Br (±)-BINAP N N

R RCsCOtoluene

10

(R)-tert-butyl 5-bromo-3-(methyl(S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-3,4-

dihydroisoquinoline-2(1H)-carboxylate

N
N

Z''''

Br O Br N
HN

O O N

Boc
-78 °C 1,2-DCE

Following a similar route described in the synthesis of EMU034 starting from (R)-2-tert-butyl 3-
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literature method by Beadle et al (PCT Int. Appl., 2014193781, 04 Dec 2014). Colorless gel. ¹H NMR (400

MHz, Chloroform-d)  8.30 (s, 1H), 7.35 (d, J = 7.8 Hz, 1H), 7.28 (s, 1H), 6.94 (t, J = 7.4 Hz, 2H), 6.87 (s,

1H), 4.83 - 4.30 (m, 2H), 3.96 - 3.60 (m, 2H), 3.14 (d, J = 17.0 Hz, 1H), 2.84 - 2.70 (m, 2H), 2.70 - 2.48

(m, 2H), 2.36 (s, 4H), 2.09 - 1.72 (m, 3H), 1.62 (s, 1H), 1.47 (s, 9H). HRMS calculated for [C25H32BrN3O2

5 + H]: 486.17561, found: 486.17731.

(R)-tert-butyl 3-(methyl((S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-5-(4-(oxetan-3-y)piperazin-

1-yl)-3,4-dihydroisoquinoline-2(1H)-carboxylate

N CsCO O
Boc

toluene N N
Br ZIN 120 °C N

H

10 To an oven-dried Biotage 5-10 mL microwave vial equipped with a Teflon-coated magnetic stir

bar

15

yl)piperazine (0.089 g, 0.627 mmol) was added in one portion via a syringe. The resulting mixture was

heated at 120 °C for 24 hours in an oil bath. Upon the completion of the reaction as judged by TLC and

LCMS analysis, the mixture was allowed to cool to room temperature, filtered through a Celite pad, and

concentrated to a crude material which was purified by CombiFlash system (24 gram silica Gold column,

20 5 minutes DCM then 30 minutes 0-10% MeOH) to afford the product as a yellow foam (0.1975 g, 0.361

mmol, 69.1 % yield). ¹H NMR (400 MHz, Chloroform-d)  8.14 (d, J = 5.1 Hz, 1H), 7.20 (d, J = 7.7 Hz,

25 548.36007, found: 548.35931.
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OH

N F N

Boc
N N HN N

N CI CI N

EMU183

EMU183: Prepared according to the general procedure for global deprotection. The crude material

was purified by CombiFlash (12g column, 5 minutes A then 30 minutes 0-50% B) to afford product (146.2

mg, 91 % yield) as a white foam. ¹H NMR (400 MHz, Chloroform-d)  8.46 (dd, J = 4.7, 1.7 Hz, 1H), 7.40

5 - 7.32 (m, 1H), 7.15 - 7.04 (m, 2H), 6.90 (dd, J = 7.8, 1.2 Hz, 1H), 6.78 (dd, J = 7.6, 1.1 Hz, 1H), 4.70 -

These following compounds were obtained according to Scheme 4:

N
N

N

15

5H), 2.06 - 1.87 (m, 3H), 1.68 (dddd, J = 15.5, 10.3, 7.2, 4.8 Hz, 1H). HRMS calculated for [C25H35N5 +

H]: 406.29707, found: 406.29649.

127

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

O
H

N
F

N

B
o
c

N
N

H
N

N
N

C
I

C
I

N

E
M
U
1
8
3

N
N

N

1
5

1
2
7



N
N

HN O
N

5

J=8Hz), 7.34 (d, 1H, J=7Hz), 8.44 (dd, 1H, J=1Hz, J=4Hz); MS (m/z): 393.2 (M+H)

N

HN N23
H
N

10 yl)methyl)-5,6,7,8-tetrahydroquinolin-8-amine. ¹H NMR (400MHz, CDCl): 1.74 (m, 1H), 1.91 (m, 2H),

4.07 (m, 2H), 4.15 (m, 2H), 6.44 (dd, 2H, J=2Hz, J=8Hz), 7.05 (t, 1H, J=8Hz), 7.08 (t, 1H, J=3Hz), 7.36

(d, 1H, J=8Hz), 8.4 (d, 1H, J=4Hz); MS (m/z): 436.2 (M+H).

N

HN

N
Z15

EMU229: Light orange foam. NMR (400 MHz, Chloroform-d)  8.45 (dd, J = 4.7, 1.7 Hz, 1H),

7.37 - 7.29 (m, 1H), 7.10 - 6.93 (m, 3H), 6.47 (dd, J = 6.3, 2.6 Hz, 1H), 4.24 (s, 1H), 4.06 - 3.86 (m, 3H),
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3.06 - 2.33 (m, 17H), 2.30 (s, 3H), 2.10 - 1.84 (m, 4H), 1.68 (dddt, J = 16.1, 11.2, 8.0, 3.0 Hz, 1H). HRMS

calculated for [C25H36N6 + H]: 421.30797, found: 421.30811.

HN N

N

5 EMU198: Light yellow foam. ¹H NMR (400 MHz, Chloroform-d)  8.38 (dd, J = 4.7, 1.7 Hz, 1H),

Hz, 1H), 3.91 - 3.79 (m, 2H), 2.88 - 2.54 (m, 8H), 2.44 (s, 4H), 2.33 - 2.09 (m, 7H), 2.01 - 1.83 (m, 3H),

1.65 (t, J = 6.4 Hz, 1H), 1.02 (dd, J = 25.3, 6.2 Hz, 6H). HRMS calculated for [C27H39N5 + H]: 434.32837,

found: 434.32964.

10

N

HN NH
N

1H), 3.89 - 3.76 (m, 2H), 3.00 - 2.30 (m, 17H), 2.12 (dd, J = 16.5, 10.4 Hz, 1H), 1.99 - 1.83 (m, 3H), 1.65

15 - 1.56 (m, 1H), 1.12 (d, J = 25.6 Hz, 6H). HRMS calculated for [C26H37N5 + H]*: 420.31272, found:

420.31334.
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N

HN NH
N

J = 9.0, 2.5 Hz, 1H), 3.57 (s, 1H), 3.35 - 3.30 (m, 1H), 2.92 (dd, J = 10.2, 2.1 Hz, 1H), 2.71 - 2.51 (m, 7H),

5

2H). HRMS calculated for [C25H33N5 + H]: 404.28142, found: 404.28069.

N
N

HN NH

N

10

16.0, 4.7 Hz, 1H), 4.21 - 3.96 (m, 4H), 3.79 - 3.70 (m, 1H), 3.50 - 3.38 (m, 1H), 3.27 - 2.54 (m, 9H), 2.27

(d, J = 2.9 Hz, 3H), 2.11 - 1.80 (m, 5H), 1.73 (d, J = 8.9 Hz, 1H). HRMS calculated for [C25H33N5 + H]:

404.28142, found: 404.28088.

N
/

HN N
N

15

EMU160: White foam. ¹H NMR (400 MHz, Chloroform-d)  8.35 (dd, J = 4.8, 1.7 Hz, 1H), 7.21

(dd, J = 7.7, 1.7 Hz, 1H), 7.00 - 6.88 (m, 2H), 6.78 (d, J = 7.9 Hz, 1H), 6.63 (d, J = 7.6 Hz, 1H), 3.96 (d, J
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= 15.5 Hz, 1H), 3.87 - 3.78 (m, 2H), 2.95 (dddd, J = 26.7, 13.1, 6.7, 2.2 Hz, 4H), 2.77 - 2.59 (m, 5H), 2.58

- 2.49 (m, 2H), 2.46 - 2.33 (m, 4H), 2.29 (td, J = 10.9, 3.1 Hz, 1H), 2.07 (ddp, J = 15.1, 10.4, 5.6, 5.1 Hz,

3H), 1.96 - 1.54 (m, 8H), 1.36 (dq, J = 15.6, 5.0 Hz, 1H). HRMS calculated for [C27H37N5 + H]:

432.31272, found: 432.31401.

5

N

HN N
/

EMU161: White foam. ¹H NMR (400 MHz, Chloroform-d)  8.38 (dd, J = 4.8, 1.7 Hz, 1H), 7.24

(dd, J = 7.7, 1.7 Hz, 1H), 7.04 - 6.91 (m, 2H), 6.83 (d, J = 7.8 Hz, 1H), 6.67 (d, J = 7.6 Hz, 1H), 3.97 (d, J

= 15.4 Hz, 1H), 3.91 - 3.76 (m, 2H), 3.09 - 2.96 (m, 4H), 2.75 (tdd, J = 26.2, 11.2, 4.4 Hz, 5H), 2.57 (dd, J

10

1H). HRMS calculated for [C27H37N5 + H]: 432.31272, found: 432.31206.

Z

HN
///

EMU199: White foam. ¹H NMR (400 MHz, Chloroform-d)  8.45 (dd, J = 4.8, 1.7 Hz, 1H), 7.39

15 - 7.32 (m, 1H), 7.12 - 7.05 (m, 2H), 6.90 (dd, J = 7.9, 1.2 Hz, 1H), 6.77 (dd, J = 7.6, 1.1 Hz, 1H), 4.13 (d, J

= 15.5 Hz, 1H), 4.02 - 3.95 (m, 2H), 3.05 (dd, J = 11.7, 5.0 Hz, 2H), 2.89 - 2.45 (m, 18H), 2.40 - 2.23 (m,

+ H]: 420.31272, found: 420.31300.
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HN N
N

(ddd, J = 7.6, 1.8, 0.9 Hz, 1H), 7.12 - 7.04 (m, 2H), 6.87 (dd, J = 7.9, 1.1 Hz, 1H), 6.76 (dd, J = 7.6, 1.1 Hz,

5

432.31272, found: 432.31173.

N

2

10 7.29 - 7.23 (m, 1H), 7.04 - 6.95 (m, 2H), 6.81 (d, J = 7.9 Hz, 1H), 6.68 (d, J = 7.6 Hz, 1H), 4.00 (d, J = 15.4

1.65 (s, 1H), 1.02 (d, J = 6.7 Hz, 6H). HRMS calculated for [C27H39N5 + H]*: 434.32837, found:

434.32803.

N N

HN N

N

15

EMU202: White foam. ¹H NMR (400 MHz, Chloroform-d)  8.50 (d, J = 4.9 Hz, 1H), 8.40 (d, J =

4.6 Hz, 1H), 7.58 (td, J = 7.6, 1.8 Hz, 1H), 7.37 (d, J = 7.8 Hz, 1H), 7.25 (s, 1H), 7.08 (dd, J = 7.4, 5.1 Hz,
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1H), 7.03 - 6.96 (m, 2H), 6.80 (d, J = 7.9 Hz, 1H), 6.68 (d, J = 7.6 Hz, 1H), 4.00 (d, J = 15.4 Hz, 1H), 3.91

- 3.82 (m, 2H), 3.69 - 3.64 (m, 2H), 2.99 (dt, J = 10.0, 4.1 Hz, 2H), 2.80 - 2.41 (m, 16H), 2.10 (dd, J = 16.5,

10.2 Hz, 1H), 2.01 - 1.84 (m, 3H), 1.67 - 1.58 (m, 1H). HRMS calculated for [C30H38N6 + H]*: 483.32362,

found: 483.32315.

5

N

N

HN N
N

EMU201: White foam. ¹H NMR (400 MHz, Chloroform-d)  8.43 (dd, J = 4.7, 1.8 Hz, 1H), 8.17

(dd, J = 5.0, 1.9 Hz, 1H), 7.44 (ddd, J = 8.9, 7.1, 2.0 Hz, 1H), 7.29 (dd, J = 7.8, 1.7 Hz, 1H), 7.11 - 6.96 (m,

2H), 6.84 (d, J = 7.9 Hz, 1H), 6.75 (d, J = 7.6 Hz, 1H), 6.64 (d, J = 8.6 Hz, 1H), 6.59 (dd, J = 7.1, 5.0 Hz,

10 1H), 4.04 (d, J = 15.4 Hz, 1H), 3.99 - 3.84 (m, 2H), 3.60 (d, J = 33.1 Hz, 4H), 3.07 (dt, J = 10.4, 4.5 Hz,

2H), 2.90 - 2.44 (m, 11H), 2.19 (dd, J = 16.4, 10.4 Hz, 1H), 2.07 - 1.86 (m, 3H), 1.72 - 1.60 (m, 1H). HRMS

calculated for [C29H36N6 + H]: 469.30797, found: 469.30711.

Z

N

HN N N

15 EMU203: Light yellow foam. ¹H NMR (400 MHz, Chloroform-d)  8.43 (d, J = 4.6 Hz, 1H), 8.28

(t, J = 4.6 Hz, 2H), 7.29 (d, J = 7.7 Hz, 1H), 7.07 - 6.97 (m, 2H), 6.81 (d, J = 7.9 Hz, 1H), 6.74 (d, J = 7.6

Hz, 1H), 6.44 (t, J = 4.8 Hz, 1H), 4.20 - 3.69 (m, 7H), 2.99 (dq, J = 12.2, 7.2, 5.9 Hz, 2H), 2.89 (dd, J =

20
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HN Z
N

5

29.6, 22.0, 11.3, 3.3 Hz, 3H), 1.75 - 1.62 (m, 1H). HRMS calculated for [C31H36F3N5 + HJ*:536.30011,

N

10

11.7, 11.1 Hz, 1H), 1.71 (d, J = 13.7 Hz, 1H). HRMS calculated for [C26H35N5 + H]*: 418.29707, found:

418.29653.

15

N

HN

Z
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EMU240: Yellow foam. ¹H NMR (400 MHz, Chloroform-d)  8.44 (dd, J = 4.8, 1.7 Hz, 1H), 7.38

- 7.32 (m, 1H), 7.10 - 7.03 (m, 2H), 6.93 (dd, J = 7.9, 1.2 Hz, 1H), 6.76 (dd, J = 7.6, 1.1 Hz, 1H), 4.13 (d, J

= 15.4 Hz, 1H), 4.03 - 3.93 (m, 2H), 2.88 - 2.65 (m, 9H), 2.59 (s, 3H), 2.45 (s, 3H), 2.24 (s, 3H), 2.08 - 1.53

(m, 12H). HRMS calculated for [C27H39N5 + H]*: 434.32837, found: 434.32803.

5

N
N

N
HN

EMU228: White foam. ¹H NMR (400 MHz, Chloroform-d)  8.44 (dd, J = 4.8, 1.7 Hz, 1H), 7.39

- 7.33 (m, 1H), 7.12 - 7.06 (m, 2H), 6.86 (dd, J = 8.0, 1.1 Hz, 1H), 6.75 (dd, J = 7.6, 1.1 Hz, 1H), 4.17 (d, J

= 15.5 Hz, 1H), 4.00 (d, J = 15.8 Hz, 2H), 3.16 - 3.05 (m, 2H), 2.90 - 2.65 (m, 7H), 2.44 (s, 3H), 2.33 (s,

10 6H), 2.29 - 2.14 (m, 2H), 2.09 - 1.83 (m, 6H), 1.79 - 1.54 (m, 4H). HRMS calculated for [C27H39N5 + H]:

434.32837, found: 434.32751.

N
Z

N
HN

N 2000

15 (dd, J = 7.7, 1.7 Hz, 1H), 7.10 - 7.04 (m, 2H), 6.83 (dd, J = 8.1, 1.1 Hz, 1H), 6.71 (dd, J = 7.6, 1.1 Hz, 1H),

4.16 (d, J = 15.5 Hz, 1H), 4.04 - 3.98 (m, 2H), 3.28 (dd, J = 9.2, 6.5 Hz, 1H), 3.11 (dd, J = 9.2, 2.5 Hz, 1H),

2.89 - 2.63 (m, 13H), 2.44 (s, 3H), 2.34 (d, J = 8.1 Hz, 5H), 2.26 (dd, J = 8.8, 4.9 Hz, 1H), 2.08 - 1.91 (m,

3H), 1.79 - 1.65 (m, 1H). HRMS calculated for [C27H37N5 + H]*: 432.31272, found: 432.31279.
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H N

H

5 2.63 (m, 13H), 2.39 (dd, J = 9.4, 3.8 Hz, 6H), 2.13 - 1.86 (m, 5H), 1.85 - 1.61 (m, 3H). HRMS calculated

for [C27H37N5 + H]*: 432.31272, found: 432.31329.

/
HN

2
I

10

H]: 432.31272, found: 432.31243.

HN
N Z

15

EMU237: Light yellow foam. ¹H NMR (400 MHz, Chloroform-d)  8.43 (dd, J = 4.7, 1.7 Hz, 1H),

7.37 - 7.33 (m, 1H), 7.08 - 7.03 (m, 2H), 6.74 (d, J = 8.0 Hz, 1H), 6.67 - 6.62 (m, 1H), 4.21 (d, J = 15.5 Hz,
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1H), 4.07 - 3.98 (m, 2H), 3.50 - 3.44 (m, 1H), 3.30 (d, J = 8.5 Hz, 1H), 3.08 - 3.04 (m, 1H), 2.99 - 2.94 (m,

1H), 2.85 - 2.60 (m, 8H), 2.43 (s, 3H), 2.27 (s, 6H), 2.14 - 1.69 (m, 7H). HRMS calculated for [C26H37N5

+ H]: 420.31272, found: 420.31315.

N

N

HN
Z Z

5

7.38 - 7.33 (m, 1H), 7.10 - 7.02 (m, 2H), 6.81 (dd, J = 8.0, 1.1 Hz, 1H), 6.67 (dd, J = 7.6, 1.1 Hz, 1H), 4.12

(d, J = 15.5 Hz, 1H), 4.04 - 3.94 (m, 2H), 3.38 - 3.27 (m, 2H), 3.01 - 2.75 (m, 7H), 2.71 - 2.62 (m, 2H),

2.44 (s, 3H), 2.25 (s, 7H), 2.12 - 1.79 (m, 6H), 1.76 - 1.65 (m, 1H). HRMS calculated for [C26H37N5 +

10 H]*: 420.31272, found: 420.31278.

Scheme 5. Synthesis of EMU234

N N N N

N N N N

Boc. Cbz TFA Cbz (CHO)n Cbz TFA
N N HN N N N N NH

N DCM N NaBH(OAc) N CFSOH N
1,2-DCE

EMU234

Benzyl 4-(R)-3-(methyl(S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-1,2,3,4-

15

(4-(benzyloxy)carbonyl)piperazin-l-yl)-3-(methyl((S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-

3,4-dihydroisoquinoline-2(1H)-carboxylate, which was synthesized according to Scheme 4. The crude

material was used for next step without purification.

Benzyl 4-(R)-2-methyl-3-((methyl(S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-1,2,3,4-

20 tetrahydroisoquinolin-5-yl)piperazine-l-carboxylate: To a 20-mL scintillation vial equipped with a Teflon-

yl)amino)methyl)-1,2,3,4-tetrahydroisoquinolin-5-yl)piperazine-1-carboxylate (0.336 g, 0.639 mmol),
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organic extract was dried over anhydrous sodium sulfate and concentrated under reduced pressure to a crude

5 material which was purified by CombiFlash system (24g silica column, 5 minutes DCM then 30 minutes

0-30% 8:2:0.6 DCM/MeOH/NH solution, 7N in MeOH) to afford the product as a yellow gel (0.4101 g,

6H), 7.10 (t, J = 7.7 Hz, 1H), 7.02 (dd, J = 7.7, 4.7 Hz, 1H), 6.84 (d, J = 7.9 Hz, 1H), 6.77 (d, J = 7.6 Hz,

10

[C33H41N502 + H]: 540.33385, found: 540.33370.

Z

N NH
Z

15

acid (3.80 ml). Trifluoromethanesulfonic acid (0.202 ml, 2.280 mmol) was added dropwise at 0 °C, and the

by LCMS analysis, the mixture was diluted with DCM, cooled in an ice-bath, and carefully quenched by

20

aqueous layer was separated and extracted with DCM (3 times). The combined organic extract was dried

purified by CombiFlash system (12g silica column, 5 minutes DCM then 30 minutes 0-80% 8:2:0.6

25 % yield). ¹H NMR (400 MHz, Chloroform-d)  8.44 (td, J = 4.5, 1.6 Hz, 1H), 7.38 - 7.30 (m, 1H), 7.12 (t,

3.90 - 3.77 (m, 3H), 3.13 (t, J = 4.8 Hz, 3H), 3.02 - 2.78 (m, 8H), 2.74 - 2.44 (m, 7H), 2.29 (s, 3H), 2.07 -

1.86 (m, 3H), 1.73 - 1.61 (m, 1H). HRMS calculated for [C25H35N5 + H]*: 406.29707, found: 406.29641.
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O H
N

N N
N

1) Na(OAc)BH, DCM, rt,

N CHO, Na(OAc)BH, DCE, N N HNTFA, DCM, rt, 30 hrs, 61% yield

N
N

rt, 29 hrs, 65% yield 24 hrs, 61% yield 2) Pd/C, H, MeOH, rt,
N

NBoc NBoc NH

N
N

CbzN

NBoc

1-benzyl 4-(tert-butyl) 2-(methyl(S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)piperazine-

5 1,4-dicarboxylate: 1-Benzyl 4-(tert-butyl) 2-(S)-5,6,7,8-tetrahydroquinolin-8-

yl)amino)methyl)piperazine-1,4-dicarboxylate (mixture of diastereomers) was prepared according to Zhao,

1-benzyl 4-(tert-butyl)

dicarboxylate (5.50 g, 11.4 mmol, 1.00 eq) in DCE (114 mL) was added paraformaldehyde (2.06 g, 68.6

10 mmol, 6.00 eq), and the resulting mixture was stirred at room temperature for 30 min. Sodium

triacetoxyborohydride (7.27 g, 34.3 mmol, 3.00 eq) was then added, and the resulting reaction mixture was

stirred at room temperature for 29 hrs. After this time, the reaction was quenched with saturated aqueous

were washed once with water, washed once with brine, dried over anhydrous sodium sulfate, filtered, and

15

the desired mixture of diastereomers (3.65 g, 7.38 mmol, 65% yield).

Z
N

CbzN

NH
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5

sodium hydroxide, and the resulting aqueous layer was extracted twice with DCM. Combined organic

layers were washed once with water, washed once with brine, dried over anhydrous sodium sulfate, filtered,

and evaporated under reduced pressure. The crude mixture of diastereomers was purified via column

10

N

NN

N
N

=

15

yl)amino)methyl)piperazine-1-carboxylate (0.285 g, 0.722 mmol, 1.00 eq) and 2-(4-methylpiperazin-1-

After this time, sodium triacetoxyborohydride (0.258 g, 1.16 mmol, 1.60 eq) was added, and the resulting

20

1 N aqueous potassium carbonate. The resulting aqueous layer was extracted with DCM (3 x 40 mL), and

combined organic layers were washed with 1 N aqueous potassium carbonate (2 x 100 mL), washed once

with brine, dried over anhydrous sodium sulfate, filtered, and evaporated under reduced pressure. The crude

25

1H), 7.00 (d, J = 6.0 Hz, 1H), 6.93 (t, J = 7.2 Hz, 1H), 6.86 (dd, J = 4.5 Hz, J = 7.5 Hz, 1H), 5.08 (q, J =
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12.6 Hz, 2H), 4.12 (m, 1H), 3.75 (m, 2H), 3.43 (d, J = 13.2 Hz, 1H), 3.27 (d, J = 12.6 Hz, 1H), 2.91-2.97

(m, 7H), 2.69-2.72 (m, 2H), 2.43-2.59 (m, 7H), 2.35-2.37 (m, 1H), 2.32 (s, 3H), 2.09-2.19 (m, 3H), 1.85-

1.88 (m, 1H), 1.69 (m, 2H), 1.51 (m, 1H). HRMS (ESI) m/z = 583.37575 (M + H); Theo. for CHON

+ H = 583.37550. To a solution of benzyl 2-(methyl(S)-5,6,7,8-tetrahydroquinolin-8-

5 yl)amino)methyl)piperazine-1-carboxylate (0.255 g, 0.438 mmol, 1.00 eq) in MeOH (11.0 mL) was added

palladium on carbon (0.250 g, 0.235 mmol, 0.54 eq), and the resulting mixture was stirred vigorously under

10 plug of celite, which was subsequently washed with MeOH, and the resulting mother liquor was evaporated

under reduced pressure. The crude material was purified via column chromatography eluting with 9:1

DCM/MeOH, followed by 38:10:1 DCM/MeOH/NH,OH to yield the desired product as a yellow foam

(0.132 g, 0.294 mmol, 67% yield). ¹H NMR (600 MHz, CDCl)  8.32 (d, J = 4.2 Hz, 1H), 7.43 (d, J = 7.8

Hz, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.21 (m, 1H), 7.03-7.12 (m, 3H), 4.70 (s, 2H), 4.19 (m, 1H), 3.67 (d, J =

15 12.6 Hz, 1H), 3.57 (d, J = 12.6 Hz, 1H), 3.49 (dd, J = 11.7 Hz, J = 14.1 Hz, 1H), 3.36 (m, 1H), 3.27 (m,

1H), 2.92-3.06 (m, 6H), 2.86-2.92 (m, 2H), 2.58-2.82 (m, 7H), 2.47 (s, 3H), 2.13-2.17 (m, 3H), 2.04-2.06

(m, 1H), 1.96-1.98 (m, 1H), 1.80-1.87 (m, 1H), 1.73-1.77 (m, 1H). HRMS (APCI) m/z = 449.33818 (M +

H); Theo. for CHN + H = 449.33872.

N

N

20

EMU090: prepared by the methylation of EMU034 with paraformaldehyde (5 equiv) using

25 (m, 4H), 1.61 (tdd, J = 10.9, 5.6, 3.2 Hz, 1H). HRMS calculated for [C26H37N5 + H]*: 420.31272, found:

420.31212.
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EMU239: prepared by the methylation of EMU161 with paraformaldehyde (3 equiv) using

condition described in Scheme 5. Orange gel. ¹H NMR (400 MHz, Chloroform-d)  8.42 (dd, J = 4.8, 1.7

Hz, 1H), 7.31 (ddd, J = 7.8, 1.9, 1.0 Hz, 1H), 7.07 (t, J = 7.7 Hz, 1H), 7.00 (dd, J = 7.7, 4.7 Hz, 1H), 6.90

5 (dd, J = 7.9, 1.2 Hz, 1H), 6.72 (dd, J = 7.6, 1.1 Hz, 1H), 3.82 - 3.70 (m, 3H), 3.15 - 2.98 (m, 4H), 2.96 -

2.75 (m, 5H), 2.75 - 2.37 (m, 8H), 2.34 - 2.13 (m, 5H), 2.05 - 1.58 (m, 7H), 1.52 - 1.39 (m, 1H). HRMS

calculated for [C28H39N5 + H]: 446.32837, found: 446.32747.

N

Z.
N

Z.

10

condition described in Scheme 5. Orange gel. ¹H NMR (400 MHz, Chloroform-d)  8.42 (dd, J = 4.7, 1.7

Hz, 1H), 7.32 (dd, J = 7.7, 1.7 Hz, 1H), 7.07 (t, J = 7.7 Hz, 1H), 7.01 (dd, J = 7.6, 4.7 Hz, 1H), 6.90 (dd, J

= 7.9, 1.2 Hz, 1H), 6.72 (dd, J = 7.6, 1.2 Hz, 1H), 3.84 - 3.69 (m, 3H), 3.17 - 2.73 (m, 9H), 2.73 - 2.33 (m,

8H), 2.33 - 2.15 (m, 5H), 2.04 - 1.60 (m, 7H), 1.45 (tt, J = 11.2, 5.3 Hz, 1H). HRMS calculated for

[C28H39N5 + H]*: 446.32837, found: 446.32761.

Me

N
N

HN NH
2
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EMU230: To a 20 mL vial was added (S)-3-methyl-5,6,7,8-tetrahydroquinolin-8-amine (0.2 g,

1.233 mmol), DCE (Volume: 2.80 ml), (R)-tert-butyl 5-(4-(tert-butoxycarbonyl)piperazin-1-yl)-3-formyl-

3,4-dihydroisoquinoline-2(1H)-carboxylate (0.499 g, 1.121 mmol) and STAB-H (0.428 g, 2.017 mmol)

then the reaction was allowed to stir overnight. The reaction was diluted with DCM, washed with 1M

5 NaOH, dried with NaSO, filtered and concentrated to afford a yellow oil. The crude material was purified

via combiflash (DCM 2 minutes, 10% B(80:20:3, DCM:MeOH:NHOH) 5 minutes and 50% B 9 minutes)

to afford(R)-tert-butyl 5-(4-(tert-butoxycarbonyl)piperazin-I-yl)-3-((S)-3-methyl-5,6,7,8-

10

0.424 mmol, 94% yield). To a 20 mL vial was added (R)-tert-butyl 5-(4-(tert-butoxycarbonyl)piperazin-l-

15 yl)-3-(methyl(S)-3-methyl-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-3,4-dihydroisoquinoline-

2(1H)-carboxylate (0.18 g, 0.297 mmol), DCM (Volume: 3 ml, Ratio: 5) and TFA (Volume: 0.600 ml,

Ratio: 1.000) then the mixture was allowed to stir overnight. The reaction was diluted with DCM, washed

with 1M NaOH, dried with NaSO, filtered and concentrated to afford a yellow oil. The crude material

20 B 9 minutes). The fractions were concentrated to afford (S)-N,3-dimethyl-N-(R)-5-(piperazin-1-yl)-

1,2,3,4-tetrahydroisoquinolin-3-yl)methyl)-5,6,7,8-tetrahydroquinolin-8-amine (0.091 g, 0.224 mmol, 76

% yield) as a yellow oil. ¹H NMR (500 MHz, CDCl):  = 8.28 (d, J= 1.4 Hz, 1H), 7.14 (d, J= 1.0 Hz,

1H), 7.07 (t, J= 7.8 Hz, 1H), 6.85 (d, J= 7.6 Hz, 1H), 6.74 (d, J= 7.6 Hz, 1H), 4.04 (d, J= 15.2 Hz, 1H),

3.91 (d, J= Hz, 1H), 3.91-3.88 (m, 1H), 3.01-2.91 (m, 6H), 2.85-2.60 (m, 6H), 2.55-2.47 (m, 1H), 2.51

25 (s, 3H), 2.26 (s, 3H), 2.14 (dd, J= 16.1, 10.6 Hz, 1H), 2.05-1.91 (m, 2H), 1.72-1.63 (m, 1H); ¹³C NMR (125

MHz, CDCl):  = 155.1, 151.9, 147.4, 137.2, 136.8, 133.2, 130.8, 130.1, 126.0, 121.8, 116.8, 64.3, 59.9,

406.29652, found 406.29611; LC/MS 75% MeOH in HO over 3 minutes, r = 0.460 at 254 nM, MS (+)

406.2, MS(+)/2 203.6

30
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General scheme

NHBoc N N
N STAB TFA

N HN

NH O BocN NHBoc HN NH
NHBoc

I Il III IV V VI

Synthesis of EMU073 (Stereoisomer 1) and EMU073 (Stereoisomer 2)

N

NH

NHBoc

5

10 quenched by addition of sat. NaCO solution, extracted with CHCl (3x) and dried over NaSO The crude

15

Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 346.2 (M + H), t = 0.462 min; For the isomer 25: ¹H

20

= 17.1, 5.1 Hz, 1H), 2.63 (tt, J = 10.9, 3.7 Hz, 1H), 2.25-1.92 (m, 4H), 1.79-1.65 (m, 2H), 1.44 (s, 9H),

1.35-1.08 (m, 6H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min,

C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 346.2 (M + H), t = 0.479 min;
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Z
N

27 and 28

A 50 mL Schlenk tube equipped with a stir bar and rubber septum was charged with 0.314 g of the

amine 26 (0.912 mmol, 1 equiv), 0.262 g of tert-butyl (R)-3-formyl-3,4-dihydroisoquinoline-2(IH)-

carboxylate (1.00 mmol, 1.1 equiv) and 9.1 mL of CHCl. Then 401 µL of titanium isopropoxide (1.37

5

was purified on silica gel column using 0 to 50% EA in hexanes as eluent affording 0.492 g (92%) of the

product 27 as a slightly yellow oil. ¹H NMR (400 MHz, CDCl, ppm) : 8.40 (s, 1H), 7.24 (d, J = 7.2 Hz,

10 1H), 7.15-6.94 (m, 5H), 4.94 (br S, 0.5H), 4.73-4.61 (m, 1H), 4.56 (br S, 1H), 4.35 (br S, 0.5H), 4.23 (B of

AB, JAB = 17.0 Hz, 1H), 3.96 (dd, J = 6.4, 8.7 Hz, 1H), 3.70 (br S, 1H), 3.17-2.37 (m, 7H), 2.06 (br S, 1H),

1.95-1.86 (m, 1H), 1.84-1.23 (m, 10H), 1.48 (s, 9H), 1.43 (s, 9H). LC-MS (ESI-API, 254 nm) 75-95%

µm), m/z = 591.3 (M + H), t = 1.549 min; Compound 28 was synthesized from amine 25 and tert-butyl (R)-

15 3-formyl-3,4-dihydroisoquinoline-2(1H)-carboxylate following the procedure for the synthesis of

compound 27. The crude product was purified on silica gel column using 0 to 100 % EA in CHCl affording

0.523 g (94%) of the product 28 as a slightly yellow powder. ¹H NMR (400 MHz, CDCl, ppm) : 8.39 (s,

1H), 7.25 (d, J = 7.7 Hz, 1H), 7.14-6.95 (m, 5H), 4.69 (d, J = 16.7 Hz, 1H), 4.53 (br S, 0.5H), 4.36 (s, 0.5H),

4.23 (br S, 1 H), 4.19 (d, J = 17.2 Hz, 1H), 4.06-3.91 (m, 1H), 3.26-2.30 (m, 7H), 2.10-1.23 (m, 8H), 1.48

20 (s, 9H), 1.41 (s, 9H), 1.05-0.82 (m, 2H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1%HCOH),

0.663 min, 93% purity;
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N
N

HN 'NH

5

material was purified on silica gel column using 0 to 60% of solvent 2 in CHCl (solvent 2 = 70% CHCl,

30% MeOH, 3 % NH4OH) as eluent affording 61 mg (49%) of the product EMU073 (Stereoisomer 1) as

a slightly yellow powder. H NMR (600 MHz, CDCl, ppm) : 8.44 (d, J = 4.6 Hz, 1H), 7.26 (d, J = 7.0

10

146.82, 136.34, 135.77, 134.56, 133.27, 128.87, 126.34, 125.62, 125.25, 121.22, 62.59, 60.56, 53.08, 52.27,

15

20

over NaSO. The crude material was purified on silica gel column using 0 to 60 % of solvent 2 in CHCl

EMU073 (Stereoisomer 2) as a slightly yellow powder. ¹H NMR (600 MHz, CDCl, ppm) : 8.45 (d, J =

25 4.7 Hz, 1H), 7.26 (d, J = 7.0 Hz, 1H), 7.09-6.99 (m, 4H), 6.94 (d, J = 6.5 Hz, 1H), 4.15 (t, J = 7.8 Hz, 1H),

3.89 (d, J = 15.0 Hz, 1H), 3.38 (d, J = 15.0 Hz, 1H), 3.14 (dd, J = 13.5, 3.0 Hz, 1H), 3.08 (t, J = 3.5 Hz,

1H), 2.82-2.71 (m, 2H), 2.66 (dt, J = 16.4, 4.2 Hz, 1H), 2.54 (dd, J = 15.6, 3.1 Hz, 2H), 2.43 (dt, J = 45.3,

13.3 Hz, 1H), 2.26 (br S, 1H), 2.09-1.96 (m, 2H), 1.85-1.47 (m, 9H). ¹³C NMR (400 MHz, CDCl, ppm)
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: 159.31, 146.80, 136.28, 135.75, 134.56, 133.29, 128.85, 126.32, 125.60, 125.22, 121.14, 62.70, 60.13,

53.39, 52.39, 48.45, 45.26, 33.79, 32.96, 32.87, 29.46, 29.03, 26.43, 25.54, 21.99. HRMS (ESI+) caled for

in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm),

5

BocHN
BocHN BocHN

Br

'NH
NH NH

N
OH O

O N N, N
Boc Boc

O
112 113 114 115

N N

H H
N,, N,,

NH NHBoc

EMU089 116

a &

0N

0 0
Similar as in ref. (Organic Syntheses, Coll. Vol. 8, p.528 (1993); Vol. 68, p.77 (1990), 111 was

synthesized from (R)-2-amino-3-(2-bromophenyl)propanoic. acid in 78% yield. A 50 mL rb flask equipped

10 with a stir bar was charged with 3.76 g of the oxazolidinone 111 (14.7 mmol, 1 equiv), 0.485 g of

paraformaldehyde (16.2 mmol, 1.1 equiv), 14.3 mL of acetic acid and 4.8 mL of sulfuric acid (acids must

be premixed). After stirring at rt for 12 h, the reaction mixture was poured portion wise into sat. NaCO

solution, extracted with CHCl (3x) and dried over NaSO. The crude product was purified on silica gel

15 solution affording 3.04 g (77%) of the product 112 as white needles. ¹H NMR (400 MHz, CDCl, ppm) :
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BocHN

5

12.4 mL of dioxane (degassed by bubbling through Ar for 1 h) was added.After stirring at 140 °C for 3 h

in the µW reactor (normal power), EA was added and the suspension was filtered through celite plug. The

(30%) of the product 113 as a white solid and 193 mg (26%) of the de-Boc product as a white solid. ¹H

10

1H), 4.77 (A of AB, JAB = 16.7 Hz, 1H), 4.61 (t, J = 8.1 Hz, 1H), 4.42 (d, J = 7.7 Hz, 1H), 4.33 (B of AB,

3.25 (br S, 2H), 2.68 (A of ABX, JAB = 14.9 Hz, JAX = 4.6 Hz, 1H), 2.41 (B of ABX, JAB = 15.0 Hz, JBX =

15

BocHN

stirring at 110 °C for 1.5 h in a µW reactor (normal power), the reaction mixture was transferred to 50 mL

20

dioxanes and 3.3 mL of water. After stirring at rt for 48 h, the reaction mixture was neutralized by addition

of sat. NH4Cl solution and diluted HCl, extracted with CHCl (3x) and dried over NaSO. The crude

product was purified on silica gel column (40 g) using 0-100 % EA in hexanes as eluent to afford 0.208 g

(53%) of the product 114 as a white solid. ¹H NMR (400 MHz, CDCl, ppm) : 7.07 (t, J = 7.8 Hz, 1H),

25 6.49 (d, J = 8.4 Hz, 2H), 4.71 (br S, 1H), 4.63-4.55 (m, 1H), 4.46-4.36 (m, 1H), 4.31-4.18 (m, 1H), 3.66-
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3.17 (m, 3H), 2.63 (A of ABX, JAB = 15.9 Hz, JAX = 6.5 Hz, 1H), 2.45 (B of ABX, JAB = 15.9 Hz, JBX = 2.6

Hz, 1H), 2.20-2.12 (m, 2H), 2.11-2.03 (m, 2H), 1.60 (br S, 3H), 1.48 (s, 9H), 1.45 (s, 9H), 1.31-1.17 (m,

2H).

BocHN

"NH

Boc
5

A 50 mL Schlenk tube equipped with a magnetic stir bar and septum was charged with 0.208 g of

mL of DMSO was added dropwise and the reaction mixture was allowed to warm up to rt in 5 h. The

10 reaction mixture was quenched by addition of sat. NaHCO solution, extracted with CHCl (3x) and dried

over NaSO. The crude product was purified on silica gel column using 0 to 10% EA in CHCl as eluent

affording 150 mg (72%) of the product 115 as a slightly yellow oil.

N
23

BocN

NHBoc

15 A 20 mL vial equipped with a stir bar was charged with 0.150 g of the aldehyde 115 (0.317 mmol,

1 equiv), 0.067 g of the amine V (0.412 mmol, 1.3 equiv) and 3.2 mL of DCE. Then 0.101 g of STAB

(0.475 mmol, 1.5 equiv) was added and the suspension was stirred at rt for 3 h. The reaction mixture was

crude product was purified on silica gel column using 0 to 100 % EA in hexanes as eluent affording 131

20

149

20
26

20
14

55
   

   
26

 F
eb

 2
02

6B
o
c
H
N

N
H

B
o
c

B
o
c
N

N
H
B
o
c

1
5

1
4
9



Z
2

HN
H
N

NH5

EMU089: A 20 mL vial equipped with a stir bar was charged with 131 mg of the amine 116 (0.211

mmol, 1 equiv) dissolved in 2.1 mL of CHCl. Then 488 µL of TFA (6.34 mmol, 30 equiv) was added.

10 60% Solvent 2 in CHCl (solvent 2 = 70% CHCl, 30% MeOH, 3% NH4OH) as eluent affording 77 mg

(87%) of the product EMU089 as a slightly yellow powder. ¹H NMR (600 MHz, CDCl, ppm) : 8.47 (d,

J = 4.7 Hz, 1H), 7.34 (d, J = 7.7 Hz, 1H), 7.06 (dd, J = 7.7, 4.7 Hz, 1H), 7.00 (t, J = 7.8 Hz, 1H), 6.45 (d, J

= 8.1 Hz, 1H), 6.39 (d, J = 7.6 Hz, 1H), 4.00 (dd, J = 8.9, 6.4 Hz, 1H), 3.94 (A of AB, JAB = 15.3 Hz, 1H),

15 2.35 (dd, J = 15.5, 4.2 Hz, 1H), 2.17-1.64 (m, 9H), 1.30-1.14 (m, 4H). ¹³C NMR (400 MHz, CDCl, ppm)

51.57, 51.18, 50.21, 48.95, 41.37, 35.35, 35.31, 32.18, 32.11, 29.19, 28.82, 24.84, 21.24. HRMS (ESI+)

calcd for CHN ([M+H]): 420.3122. Found: 420.3123, error 0.2 ppm. LC-MS (ESI-API, 254 nm) 75-
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The Pyridine TIQ-15

NN N
NH

N N N +
N Boc

NHCI NH
N

O O
N

I II III IV V

N N N

NH N N

Boc Boc
N N HN

N N

V VI VII

0
0

0
NHCI

ID

74

5 As in ref., (Organic Process Research & Development 2002, 6, 938-942, Bioorganic & Medicinal

N

N N
Z

75 76

A 1L rb flask equipped with a magnetic stir bar and rubber septum was charged with 26.9 g of the

10 ester 74 (101 mol, 1 equiv), 42.2 mL of TEA (303 mmol, 3 equiv), 1.23 g of DMAP (10.1 mmol, 0.1 equiv)

and 253 mL of THF. Then 27.6 g of BocO (126 mmol, 1.25 equiv) was added and the suspension was

stirred for 3 h. The suspension was not going into solution and another portion of 21 mL of TEA (151

mmol, 1.5 equiv) was added followed by 300 mL of acetonitrile and 100 mL of MeOH. After the clear

solution was stirred at rt for 12 h, the reaction mixture was concentrated and EA was added. The ammonium

151

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

N
o

N
N

N
H

N
N

N
+

N
B
o
c

N
H
C
I

O
O

N
H

N

N

I
V

V

N
N

N
N
H

N
N

B
o
c

B
o
c

N
N

H
N

N
N

V
V
I

V
I
I

7
4

5

N

N
N

N

7
5

7
6

1
5
1



purified on silica gel column using 0-65 % EA in hexanes as eluent affording 2.24 g (8 %) of 76 as a yellow

5

JAB = 16.5 Hz, JAX = 2.2 Hz, 0.25H), 3.17 (B of ABX, JAB = 16.2 Hz, JBX = 6.3 Hz, 1H), 1.52 (s, 9H), 1.48

10

4.57 (B of AB, JAB = 17.0 Hz, 0.5H), 4.50 (d, J = 16.7 Hz, 1H), 3.65 (s, 1.5H), 3.63 (s, 1.5H), 3.47 (A of

15

315.0 (M + Na), 293.1 (M + H), t = 0.560 min;

Z

N

0

77
20

of 1.2 M solution of DIBAL-H (6.84 mL, 2 equiv) was added dropwise and the solution was stirred at 78
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152

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

2
6
 
F
e
b
 
2
0
2
6

5 0

N

0
7
7

2
0

1
5
2



NH

Boc
N

N

78

To a 20 mL vial equipped with a stir bar was added 608 mg of (S)-5,6,7,8-tetrahydroquinolin-8-

amine (4.10 mmol, 1.2 equiv), 897 mg of the aldehyde 77 (3.42 mmol, 1 equiv), 942 mg of STAB (4.45

mmol, 1.3 equiv) and 11.4 mL of DCE. After stirring at rt for 1.5 h, the reaction mixture was quenched by

5 addition of sat. NaCO solution and the product was extracted with CHCl (3x), washed with sat. NaCO

solution, brine and dried over NaSO. The crude product was purified on silica gel column using EA,

followed by 20 % MeOH in CHCl as eluent affording 0.905 (67 %) g of the product 78. ¹H NMR (400

MHz, CDCl, ppm) : 8.44-8.40 (m, 1H), 8.35 (d, J = 4.5 Hz, 1H), 7.39 (d, J = 7.4 Hz, 1H), 7.34 (d, J =

7.7 Hz, 1H), 7.147.09 (m, 1H), 7.05 (t, J = 4.2 Hz, 0.5H), 7.03 (t, J = 4.2 Hz, 0.5H), 5.02-4.58 (m, 2H),

10 4.24 (B of AB, JAB = 18.3 Hz, 1H), 3.76 (br S, 0.5 H), 3.69 (br S, 0.5 H), 3.23 (A of ABX, JAB = 16.6 Hz,

JAX = 6.2 Hz, 0.5H), 3.19 (A of ABX, JAB = 16.6 Hz, Jax = 6.2 Hz, 0.5H), 3.07 (B of AB, JAB = 16.9 Hz,

0.5H), 2.94 (B of AB, JAB = 16.8 Hz, 0.5H), 2.85-2.63 (m, 4H), 2.04-1.91 (m, 1H), 1.72-1.63 (m, 1H),

1.52-1.28 (m, 2H), 1.49 (s, 4.5H), 1.42 (s, 4.5H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1%

HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 417.2 (M

15 + Na), 395.2 (M + H), t = 0.511 min, 86 % purity;

N
N

Boc

N

97

A 20 mL vial equipped with a stir bar was charged with 0.086 g of paraformaldehyde (2.85 mmol,

2 equiv), 0.563 g of the amine 78 (1.43 mmol, 1 equiv), 82 µL of acetic acid (1.43 mmol, 1 equiv) and 14.3

20 mL of DCE. Then 0.605 g of STAB (2.85 mmol, 2 equiv) was added. After stirring for 2 days, the reaction

mixture was quenched by addition of sat. NaHCO solution, extracted with CHCl (3x) and dried over
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NaSO. The crude product is purified on silica gel column using 0 to 10% MeOH in EA as eluent affording

208 mg (36%) of URf-97 (Stereoisomer 1), 66 mg (11%) of mixture of the isomers and 189 mg (32%) of

LRf-97 (Stereoisomer 2). The stereoisomer 2 elutes faster than stereoisomer 1 on TLC using 10% MeOH

in EA. For the stereoisomer 1: ¹H NMR (400 MHz, CDCl, ppm) : 8.30 (d, J = 4.1 Hz, 1H), 8.24 (s, 1H),

5

(m, 1H), 2.72-2.44 (m, 4H), 2.40-2.25 (m, 1H), 2.29 (s, 3H), 1.96-1.82 (m, 2H), 1.80-1.67 (m, 1H), 1.63-

10

15

N

HN

N

EMU174 (Stereoisomer 1): A 20 mL vial equipped with a stir bar was charged with 192 mg of

the amine URf-97 (0.470 mmol, 1 equiv) dissolved in 4.7 mL of CHCl. Then 1.09 mL of TFA (14.1 mmol,

20

NaOH solution, extracted with CHCl (3x) and dried over NaSO. The crude material was purified on

CDCl, ppm) : 8.52 (d, J = 4.4 Hz, 1H), 8.34 (d, J = 4.7 Hz, 1H), 7.34 (d, J = 1.0 Hz, 1H), 7.31 (d, J = 7.7
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5 HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 309.2 (M

+ H), 155.2 (M/2 + H), t = 0.465 min; EMU174 (Stereoisomer 2): A 20 mL vial equipped with a stir bar

0.718 mL of TFA (9.33 mmol, 30 equiv) was added. After stirring at rt for 12 h, the reaction mixture was

quenched by addition of 2 N NaOH solution, extracted with CHCl (3x) and dried over NaSO. The crude

10 material was purified on silica gel column using 0 to 45 % of solvent2 (solvent2 = 30 % MeOH, 70 %

CHCl and 3 % NH4OH) in CHCl as eluent affording 80 mg (83 %) of the product EMU174

(Stereoisomer 2). ¹H NMR (600 MHz, CDCl, ppm) : 8.47 (d, J = 4.1 Hz, 1H), 8.35 (d, J = 4.8 Hz, 1H),

7.35 (dd, J = 7.6, 0.9 Hz, 1H), 7.31 (d, J = 7.2 Hz, 1H), 7.06 (dd, J = 7.7, 4.7 Hz, 1H), 7.02 (dd, J = 7.7, 4.8

Hz, 1H), 4.00 (A of AB, JAB = 15.2 Hz, 1H), 3.96 (dd, J = 9.3, 6.0 Hz, 1H), 3.89 (B of AB, JAB = 15.2 Hz,

1H), 2.92 (tt, J = 10.5, 3.5 Hz, 1H), 2.83-2.76 (m, 3H), 2.68 (dt, J = 16.2, 4.5 Hz, 1H), 2.57 (dd, J = 16.9,

10.9 Hz, 1H), 2.51 (dd, J = 12.9, 10.1 Hz, 1H), 2.52 (s, 3H), 2.10-2.04 (m, 1H), 2.05-1.98 (m, 1H), 1.97--

1.90 (m, 1H), 1.74-1.67 (m, 1H). ¹³C NMR (400 MHz, CDCl, ppm) : 157.76, 155.06, 147.13, 146.75,

136.46, 133.86, 133.64, 130.94, 121.38, 120.63, 64.36, 59.44, 51.72, 47.48, 41.14, 37.00, 29.10, 25.80,

20 (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax

The stereochemical assignment of select compounds were determined as described below and the protected
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O
N N N

NH N NNaBH(OAc)
+ +

Boc Boc Boc
N N N

separation of

4a-b
R,S-S27

S,S-S27

O
Br

Br

o

N NH N Z NPhth

Boc Boc Boc

4b S29-33

Synthesis of the analogs with different side-chains. The synthesis was started from the amine S.S-

S27 with known stereochemistry, and ¹H NMR of the products S29-33 were compared with the ¹H NMR

5

O O
N N

Ñ
NN

+
Boc Boc

N N

N N

R,S-S27 S,S-S27

A 20 mL vial equipped with a stir bar was charged with 824 µL of p-anisaldehyde (6.78 mmol, 1.1

equiv), 2.43 g of the amine 4a-b (6.16 mmol, 1 equiv), 70.5 µL of acetic acid (1.23 mmol, 0.2 equiv) and
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41.1 mL of DCE. Then 1.70 g of NaBH(OAc) (8.01 mmol, 1.3 equiv) was added. After stirring at rt for

5

(32%) of S,S-S27, 350 mg (11%) of the mixture of the isomers and 600 mg (19%) of R,S-S27. The R,S-

CDCl, ppm) : 8.41 - 8.35 (m, 2H), 7.38 - 7.24 (m, 3H), 7.21 (d, J = 7.6 Hz, 1H), 7.05 (dd, J = 5.0, 6.4

10 (br S, 0.5 H), 4.53 (br S, 0.5H), 4.26 (br S, 1H), 4.12 (A of AB, JAB = 17.5 Hz, 1H), 3.97 - 3.89 (m, 1H),

2.77 (d, J = 13.1 Hz, 1H), 2.56 - 2.39 (m, 2H), 2.31 - 2.13 (m, 1H), 2.02 - 1.93 (m, 1H), 1.83 - 1.67 (m,

2H), 1.56 - 1.37 (m, 1H), 1.45 (s, 9H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in H20 (0.1% HCO2H),

3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 515.0 (M + H), 258.0

15 (M/2 + H), t = 0.744 min; For R.S-isomer: ¹H NMR (400 MHz, CDCl, ppm) : 8.39 (s, 1H), 8.35 (dd, J =

J = 17.7 Hz, 0.5H), 4.14 (br S, 0.5H), 3.96 (br S, 0.5H), 3.78 (s, 3H), 3.86 - 3.26 (m, 3H), 3.21 - 2.93 (m,

2H), 2.72 - 2.42 (m, 3H), 2.27 (br S, 0.5H), 2.15 (br S, 0.5H), 1.99 - 1.88 (m, 1H), 1.81 - 1.38 (m,

20

N
NH

HN

N

4a
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product was purified on silica gel column using 0 to 60% solvent2 (solvent2 = 30% MeOH in CHCl + 3%

NH4OH) in CHCl as eluent affording 216 mg (100%) of the product 4a as a yellowish oil. ¹H NMR (400

MHz, CDCl, ppm) : 8.24 (dd, J = 4.7, 1.7 Hz, 1H), 8.21 (dd, J = 4.8, 1.7 Hz, 1H), 7.20 (dd, J = 7.7, 1.7

5 Hz, 1H), 7.14 (dd, J = 7.7, 1.7 Hz, 1H), 6.89 (dd, J = 7.9, 4.7 Hz, 1H), 6.87 (dd, J = 7.5, 4.9 Hz, 1H), 3.87

2.80 (dd, J = 6.8, 3.9 Hz, 1H), 2.64 (A of AB, JAB = 8.8 Hz, 1H), 2.61 (B of AB, JAB = 8.9 Hz, 1H), 2.69

(400 MHz, CDCl, ppm) : 157.09, 154.74, 146.97, 146.46, 136.41, 133.25, 131.95, 131.02, 121.38, 120.56,

10

(0.1% HCO2H), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z =

Br
Zii

N
02020

0=6=0

N Br

N

S28

15 A 20 mL vial equipped with stir bar was charged with 200 mg of the amine 4a (0.679 mmol, 1

equiv), 237 µL of Et3N (1.70 mmol, 2.5 equiv), 8.30 mg of DMAP (0.0679 mmol. 0.1 equiv) and 6.7 mL

of CHCl. Then 399 mg of 4-bromobenzenesulfonyl chloride (1.56 mmol, 2.3 equiv) was added and the

reaction mixture was stirred at rt for 12 h. The reaction mixture was quenched by addition of sat. NaHCO3

20

of the product S28 as a white solid. The product was recrystallized from the mixture of ethyl acetate and

25 7.7, 4.6 Hz, 1H), 4.83 (dd, J = 11.2, 6.4 Hz, 1H), 4.70 - 4.60 (m, 1H), 4.60 (A of AB, JAB = 17.0 Hz, 1H),

4.28 (B of AB, JAB = 16.9 Hz, 1H), 3.39 - 3.27 (m, 2H), 3.16 (A of ABX, JAB = 17.2 Hz, JAX = 2.7 Hz,

1H), 2.91 (B of ABX, JAB = 17.3 Hz, JBX = 6.7 Hz, 1H), 2.89 - 2.77 (m, 1H), 2.67 (B of AB, JAB = 16.7
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Hz, 1H), 2.52 - 2.43 (m, 1H), 2.29 (q, J = 12.2 Hz, 1H), 2.10 - 2.01 (m, 1H), 1.78 - 1.65 (m, 1H). ¹³C NMR

5

H), t = 2.265 min;

To prove the stereochemistry of all 2,6-naphthyridines, all common intermediates with different

10 recorded data.

N

NH

Boc
N

N

4b

on carbon (0.155 mmol, 0.1 equiv) and 392 mg of ammonium formate (6.22 mmol, 4 equiv) and the vial

was sealed and set under Ar. Then 800 mg of the carbamate S,S-S27 (1.55 mmol, 1 equiv) dissolved in 16

15 mL of dry ethanol (degassed by bubbling Ar for 30 min) was added. After stirring at 45°C for 12 h, the

reaction was not completed and 109 mg of 20w% of Pd(OH) on carbon (0.155 mmol, 0.1 equiv) and 250

mg of ammonium formate (3.96 mmol, 2.6 equiv) were added and the stirring was continued for 18 more

hours. Then the reaction mixture was filtered through a celite plug and the celite plug was washed with

ethanol. The organics were concentrated in vacuo (rotatory evaporator) and the crude product was purified

20 on silica gel column using 0 to 30% solvent2 (solvent2 = 30% MeOH in CHCl + 3% NH4OH) in CHCl

as eluent affording 314 mg (51%) of the product 4b as a white foam. ¹H NMR (600 MHz, CDCl, ppm) :

8.39 (dd, J = 4.9, 1.6 Hz, 1H), 8.33 (d, J = 4.7 Hz, 1H), 7.37 (d, J = 7.8 Hz, 1H), 7.31 (d, J = 7.7 Hz, 1H),

7.09 (dd, J = 7.7, 4.8 Hz, 1H), 7.01 (dd, J = 7.7, 4.7 Hz, 1H), 4.97 - 4.62 (m, 2H), 4.23 (br S, 2H), 3.75 (s,

1H), 3.21 (A of ABX, JAB = 16.9 Hz, JAX = 6.4 Hz, 1H), 2.92 (B of ABX, JAB = 16.9, JBX = 1.6 Hz,

25 1H), 2.80 - 2.63 (m, 4H), 2.04 - 1.90 (m, 2H), 1.66 (br S, 2H), 1.40 (s, 9H). LC-MS (ESI-API, 254 nm) 75-

95% MeOH in H20 (0.1% HCO2H), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6

mm, 3.5 µm), m/z = 395.0 (M + H), t = 0.527 min.
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N

N
N

Boc
N O

N

S29

procedure for the synthesis of S8 affording 20 mg (44%) of the product. The ¹H NMR for compound S29

5 and S,S-isomer-S8 were identical. LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3

(M/2 + H), t = 0.644 min;

(S)

N Ziii

N
O

BocN (S) N

S30

10

15
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N O
N

N
Boc

N O

N

S31

procedure for the synthesis of S10 affording 35 mg (78%) of the product. The ¹H NMR for compound S30

5 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 593.8 (M + H), 297.5

(M/2 + H), t = 0.654 min;

O
(S)

N NZiii

N

BocN (S)

S32

The compound S32 was synthesized from 30 mg of amine 4b and purified according to the

10 and S,S-isomer-S11 were identical. LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3

min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 643.8 (M + H), 322.5

(M/2 + H), t = 0.720 min;

N

N

Boc
N

N

S33
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The compound S33 was synthesized from 30 mg of amine 4b and purified according to the

procedure for the synthesis of S7 affording 25 mg (81%) of the product. The ¹H NMR for compound S33

5 0.578 min;

Synthesis of thiomorpholine analogs

N N
N Pd(dba)

N + HN S
Boc

Boc BINAP N S HN S
N

N

1 2 3

N
N

Boc
N S

N

10

To an oven dried Biotage 5-10 ml Microwave vial was charged with compound 1 (0.268 g, 0.551

15 another 5 minutes. After heating to 120 °C for 24 hours, the reaction mixture was filtered off over celite

and celite was washed with EtOAc. Combined filtrate was evaporated and purified with column

chromatography using 0-100%DCM:MeOH:NH (9:1:0.2). ¹H NMR (400 MHz, Chloroform-d)  8.26 (s,

20

2H), 1.60 (m, 1H), 1.49 (s, 9H).
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N

HN S

N

Compound 3 (0.170 g, 0.334 mmol) was dissolved in DCM and added TFA (0.515 ml, 6.68 mmol)

and stirred at room temperature overnight. The reaction mixture was cooled with ice bath and basified to

5

4.69 (s, 2H), 4.44 (d, J = 16.1 Hz, 1H), 4.27 (d, J = 16.1 Hz, 1H), 4.17 (dd, J = 10.6, 6.0 Hz, 1H), 3.44 -

10 1H), 1.91 - 1.79 (m, 1H), 1.76 - 1.65 (m, 1H), 1.22 (s, 1H); ¹³C NMR (126 MHz, CDCl)  156.54, 152.35,

146.00, 138.28, 134.74, 129.54, 127.45, 122.35, 121.92, 121.71, 119.09, 74.69, 64.55, 57.98, 54.41, 52.47,

43.53, 35.34, 28.98, 28.43, 25.20, 21.22.

N
N

N

1

A 20 mL vial equipped with a stir bar was charged with 0.030 g of paraformaldehyde (1.00 mmol,

by addition of sat. NaHCO solution, extracted with CHCl (3x) and dried over NaSO. The crude product

was purified on silica gel column (12 g) using 0 to 50% of solvent 2 (30% MeOH in CHCl and 3% of

NH4OH) in CHCl affording 123 mg (91%) of the product 1 as a yellowish thick oil. ¹H NMR (400 MHz,

Hz, 1H), 6.85 (d, J = 7.9 Hz, 1H), 6.73 (d, J = 7.5 Hz, 1H), 3.84 (t, J = 4.5 Hz, 4H), 3.80 - 3.74 (m, 1H),
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3.75 (A of AB, JAB = 17.5 Hz, 1H), 3.68 (B of AB, JAB = 15.8 Hz, 1H), 2.98 - 2.75 (m, 8H), 2.70 - 2.58

(m, 2H), 2.48 (dd, J = 12.2, 7.5 Hz, 1H), 2.41 (s, 3H), 2.28 (s, 3H), 2.08 - 1.95 (m, 1H), 1.95 - 1.87 (m,

2H), 1.68 - 1.57 (m, 1H). (7% of the other conformer was noticed 8.46 (d, J = 4.9 Hz, 0.07H); ¹³C NMR

(100 MHz, CDCl)  157.64, 151.02, 146.49, 136.37, 135.43, 133.68, 129.10, 125.89, 121.57, 121.39,

5

75-95% MeOH in H20 (0.1% HCO2H), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6

N
N

Boc
N S

O
N

10

(0.514 mmol, 1 equiv), 90.0 mg of thiomorpholine 1, 1-dioxide (0.668 mmol, 1.3 equiv), 48.0 mg of BINAP

(0.077 mmol, 0.15 equiv), 0.251 g of CsCO (0.771 mmol, 1.5 equiv), and 24.0 mg of Pd(dba) (0.026

15 mL of dioxane (degassed by bubbling through Ar for 1 h) was added. After stirring at 140°C for 3 h in the

product was purified on silica gel column using 0-100% EA in hexanes as eluent affording 252 mg (91%)

of the product 15. ¹H NMR (400 MHz, CDCl)  8.28 (s, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.11 (t, J = 7.8 Hz,

1H), 7.07 - 6.99 (m, 1H), 6.91 (d, J = 7.6 Hz, 1H), 6.80 - 6.72 (m, 1H), 4.70 (br S, 0.5H), 4.58 (d, J = 17.1

20

- 2.61 (m, 4H), 2.47 - 2.20 (m, 1H), 2.23 (s, 3H), 2.02 - 1.80 (m, 3H), 1.66 - 1.56 (m, 1H), 1.50 (s, 9H);

LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent

Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 541.2 (M + H), t = 0.514 min.
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O

0N

A 20 mL vial equipped with a stir bar was charged with 192 mg of the amine 15 (0.355 mmol, 1

equiv) dissolved in 3.6 mL of CHCl. Then 821 µL of TFA (10.7 mmol, 30 equiv) was added. After stirring

5

= 7.6 Hz, 1H), 7.05 (t, J = 8.8 Hz, 1H), 7.03 (dd, J = 8.7, 3.7 Hz, 1H), 6.86 (dd, J = 7.9, 1.1 Hz, 1H), 6.80

(dd, J = 7.6, 1.1 Hz, 1H), 4.01 (A of AB, JAB = 15.5 Hz, 1H), 3.96 - 3.89 (m, 1H), 3.89 (B of AB, JAB =

10 15.7 Hz, 1H), 3.41 - 3.04 (m, 10H), 2.82 - 2.70 (m, 3H), 2.68 - 2.60 (m, 1H), 2.50 (dd, J = 13.0, 9.8 Hz,

1H), 2.44 (s, 3H), 2.13 (dd, J = 17.0, 11.1 Hz, 1H), 2.06 - 1.85 (m, 3H), 1.72 - 1.60 (m, 1H); ¹³C NMR

for C24H33N4O2S ([M+H]+): 441.2319. Found: 441.2317, error 0.15 ppm; LC-MS (ESI-API, 254 nm)

15

mm, 3.5 µm), m/z = 441.2 (M + H), 221.2 (M/2 + H), t = 0.495 min.

N
F

N F

16

A 5 mL µW tube equipped with a stir bar was charged with 250 mg of tert-butyl (R)-5-bromo-3-

20 (methyl(S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-3,4-dihydroisoquinoline-2(1)-carboxylate
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(0.514 mmol, 1 equiv), 90.0 mg of 4,4-difluoropioeridine (0.668 mmol, 1.3 equiv), 48.0 mg of BINAP

(0.077 mmol, 0.15 equiv), 0.251 g of CsCO (0.771 mmol, 1.5 equiv), and 24.0 mg of Pd(dba) (0.026

mmol, 0.05 equiv) and the system was set under Ar atmosphere by flashing through Ar for 1 h. Then 2.57

mL of dioxane (degassed by bubbling through Ar for 1 h) was added. After stirring at 140°C for 3 h in the

5 µW reactor (normal power), EA was added and the suspension was filtered through celite plug. The crude

of the product 16. ¹H NMR (400 MHz, CDCl)  8.25 (s, 1H), 7.33 (d, J = 7.7 Hz, 1H), 7.08 (t, J = 7.8 Hz,

1H), 7.00 (t, J = 6.3 Hz, 1H), 6.86 (dd, J = 8.0, 1.1 Hz, 1H), 6.74 - 6.63 (m, 1H), 4.66 (br S, 0.5H), 4.58 (A

10

(br S, 0.5H), 2.32 (dd, J = 13.1, 8.2 Hz, 0.5H), 2.27 (s, 3H), 2.24 - 1.93 (m, 5H), 1.90 - 1.83 (m, 2H), 1.64

- 1.53 (m, 1H), 1.50 (s, 9H); LC-MS (ESI-API, 254 nm) 75-95% MeOH in H2O (0.1% HCO2H), 3 min,

1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 527.2 (M + H), t = 0.616

min.

15

N
N

F

HN F

N

A 20 mL vial equipped with a stir bar was charged with 148 mg of the amine 16 (0.281 mmol, 1

equiv) dissolved in 2.8 mL of CHCl. Then 650 µL of TFA (8.43 mmol, 30 equiv) was added. After stirring

at rt for 20 h, the reaction mixture was quenched by addition of 1 N KOH solution, extracted with CHCl

20

7.6 Hz, 1H), 7.10 - 7.03 (m, 2H), 6.86 (dd, J = 7.9, 1.1 Hz, 1H), 6.78 (dd, J = 7.7, 1.1 Hz, 1H), 4.05 (A of

AB, JAB = 15.5 Hz, 1H), 3.98 - 3.92 (m, 1H), 3.92 (B of AB, JAB = 15.6 Hz, 1H), 3.12 - 2.99 (m, 4H),

25 2.87 - 2.74 (m, 5H), 2.71 - 2.63 (m, 1H), 2.51 (dd, J = 12.3, 9.7 Hz, 1H), 2.49 (s, 3H), 2.19 - 1.89 (m, 8H),

1.77 - 1.63 (m, 1H). ¹³C NMR (100 MHz, CDCl)  157.86, 150.68, 146.76, 136.85, 136.62, 133.78, 129.89,

125.95, 122.15, 121.87 (t, J = 241.6 Hz), 121.48, 117.05, 64.42, 59.93, 51.43, 48.89 (t, J = 5.5 Hz), 48.60,
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5

Boc
N

N

(0.514 mmol, 1 equiv), 66.0 mg of 4-methylpiperidine (0.668 mmol, 1.3 equiv), 48.0 mg of BINAP (0.077

10 mmol, 0.15 equiv), 0.251 g of CsCO (0.771 mmol, 1.5 equiv), and 24.0 mg of Pd(dba) (0.026 mmol,

15 the product 17. ¹H NMR (400 MHz, CDCl)  8.27 (s, 1H), 7.32 (d, J = 8.4 Hz, 1H), 7.06 (t, J = 7.8 Hz,

1H), 6.99 (dd, J = 7.7, 4.6 Hz, 1H), 6.83 (d, J = 8.2 Hz, 1H), 6.66 (d, J = 7.6 Hz, 0.6H), 6.61 (d, J = 7.6 Hz,

0.4H), 4.64 - 4.59 (m, 0.4H), 4.55 (A of AB, JAB = 16.9 Hz, 1H), 4.43 - 4.34 (m, 0.6H), 3.90 (B of AB,

20

254 nm) 75-95% MeOH in H20 (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50

mm x 4.6 mm, 3.5 µm), m/z = 505.2 (M + H), 253.2 (M/2 + H), t = 0.726 min.
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N

N

HN
N

6

A 20 mL vial equipped with a stir bar was charged with 143 mg of the amine 17 (0.283 mmol, 1

5 (3x) and dried over NaSO. The crude material was purified on silica gel column using 0 to 20% Solvent 2

in CHCl (solvent 2 = 70% CHCl, 30 % MeOH, 3% NH4OH) as eluent affording 102.0 mg (89%) of

the product 6 as a yellowish thick oil. ¹H NMR (400 MHz, CDCl)  8.46 (dd, J = 4.8, 1.7 Hz, 1H), 7.32

(dd, J = 7.7, 1.0 Hz, 1H), 7.08 - 7.02 (m, 2H), 6.83 (dd, J = 7.9, 1.1 Hz, 1H), 6.71 (dd, J = 7.6, 1.1 Hz, 1H),

10

1H), 2.31 (td, J = 11.8, 2.4 Hz, 1H), 2.15 (dd, J = 16.3, 10.4 Hz, 1H), 2.09 - 1.90 (m, 3H), 1.75 - 1.57 (m,

3H), 1.52 - 1.24 (m, 3H), 0.96 (d, J = 6.3 Hz, 3H). ¹³C NMR (100 MHz, CDCl)  158.01, 152.35, 146.71,

136.52, 136.33, 133.67, 129.82, 125.73, 121.39, 121.05, 116.51, 64.39, 59.83, 53.07, 51.93, 51.52, 48.60,

41.40, 35.02, 34.83, 30.74, 30.01, 29.15, 25.97, 21.97, 21.23. HRMS (ESI+) calcd for C26H37N4

N

N N

F

18
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A 50 mL Schlenk tube equipped with a stir bar and cold-finger reflux condenser was charged with

250 mg of tert-butyl (R)-5-bromo-3-((methyl(S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-3,4.

acid (0.668 mmol, 1.3 equiv), 54.0 mg of PPh (0.206 mmol, 0.4 equiv), 1.0 mL of 2 M K2CO aq. solution

5

12 h, the reaction mixture was quenched by addition of water, extracted with CHCl (3x) and dried over

10 8.26 (d, J = 5.1 Hz, 1H), 8.18 (dd, J = 4.8, 1.7 Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.23 (t, J = 7.6 Hz, 1H),

7.19 (dt, J = 5.2, 1.7 Hz, 1H), 7.12 - 7.04 (m, 1H), 7.11 (d, J = 7.7 Hz, 1H), 6.98 (dd, J = 7.6, 4.6 Hz, 1H),

15

mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 503.2 (M + H), t = 0.530 min;

N

HN N

F

4

A 20 mL vial equipped with a stir bar was charged with 101 mg of the amine 18 (0.201 mmol, 1

20 equiv) dissolved in 2.0 mL of CHCl. Then 464 µL of TFA (6.03 mmol, 30 equiv) was added. After stirring

(3x) and dried over NaSO. The crude material was purified on silica gel column using 0 to 25% Solvent 2

25 = 5.1 Hz, 1H), 7.31 (d, J = 7.7 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 7.10 - 7.06 (m, 2H), 7.03 (dd, J = 7.7, 4.7

15.4 Hz, 1H), 3.91 (dd, J = 9.2, 5.8 Hz, 1H), 2.99 (br S, 1H), 2.80 - 2.70 (m, 2H), 2.68 - 2.58 (m, 2H), 2.45
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Hz), 146.79, 138.21 (d, J = 3.1 Hz), 136.60, 136.48, 133.77, 131.66, 127.14, 126.67, 125.71, 122.09 (d, J =

5 NMR (376 MHz, CDCl)  -69.21. HRMS (ESI+) calcd for C25H28N4F ([M+H]+): 403.2293. Found:

403.2294, error 0.14 ppm. LC-MS (ESI-API, 254 nm) 75-95% MeOH in H20 (0.1% HCO2H), 3 min, 1.00

H), t = 0.517 min.

N

Boc

ZI
H
N O

N

N O

10 19

A 5 mL µW tube equipped with a stir bar was charged with 350 mg of tert-butyl (R)-5-bromo-3-

((methyl((S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-3,4-dihydroisoquinoline-2(If)-carboxylate

BINAP (0.108 mmol, 0.15 equiv), 0.352 g of CsCO (1.08 mmol, 1.5 equiv), and 33.0 mg of Pd(dba)

15

in the µW reactor (normal power), EA was added and the suspension was filtered through celite plug. The

H), t = 0.717 min; (90% purity, there is 10% of the dehalogenated starting material: m/z = 408.2 (M + H),
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N

Boc NHN

13

A 20 mL vial equipped with a stir bar and septum was set under argon atmosphere and charged

with 180 mg of the amine 19 (0.281 mmol, 1 equiv), 30 mg of Pd/C (10 w%) (0.028 mmol, 0.1 equiv) and

1.4 mL of degassed MeOH (Ar was bubbled for 30 min). Then 32 mg of NaBH4 (0.844 mmol, 3 equiv)

5 was added in several portion. A rapid bubbling of hydrogen was noticed. The system was closed and

with 3% of NH4OH as eluents affording 80.0 mg (56%) of the product 13. ¹H NMR (400 MHz, CDCl) 

10 8.26 (dd, J = 5.0, 1.6 Hz, 1H), 7.32 (d, J = 7.6 Hz, 1H), 7.06 (t, J = 7.8 Hz, 1H), 6.99 (dd, J = 7.6, 4.7 Hz,

1H), 6.83 (dd, J = 8.0, 1.1 Hz, 1H), 6.70 - 6.59 (m, 1H), 4.63 (br S, 0.5H), 4.57 (A of AB, JAB = 16.9 Hz,

1H), 4.46 - 4.36 (m, 0.5H), 3.87 (B of AB, JAB = 17.0 Hz, 1H), 3.60 - 3.52 (m, 1H), 3.24 - 3.00 (m, 3H),

2.92 - 2.76 (m, 3H), 2.71 - 2.57 (m, 3H), 2.49 - 2.28 (m, 2H), 2.26 (s, 3H), 2.04 - 1.52 (m, 10H), 1.49 (s,

9H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent

15 Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 528.2 (M + Na), 506.2 (M + H), 253.6 (M/2 + H), t =

0.489 min,

N
N

ZI
H

Boc N

N
F

20

A 20 mL vial equipped with a stir bar was charged with 80.0 mg of the amine 13 (0.158 mmol, 1

20 equiv), 33.0 µL of TEA (0.237mmol, 1.5 equiv) and 1.6 mL of CHCl. Then 37.0 mg of 4-
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fluorobenzenesulfonyl chloride (0.190 mmol, 1.2 equiv) dissolved in 0.8 mL of CHCl was added dropwise

at 0°C. After stirring at rt for 12 h, the reaction mixture was quenched by addition of sat. NaHCO solution,

was purified on silica gel column using 0-100% EA in hexanes as eluent affording 84.0 mg (80%) of the

5

Hz, 1H), 7.24 - 7.19 (m, 2H), 7.05 (t, J = 7.8 Hz, 1H), 7.02 - 6.96 (m, 1H), 6.77 (d, J = 7.9 Hz, 1H), 6.70

- 6.59 (m, 1H), 4.63 (br S, 0.5H), 4.55 (A of AB, JAB = 17.0 Hz, 1H), 4.46 - 4.35 (m, 1.5H), 3.88 - 3.77

10

N
N

N

N

(3x) and dried over NaSO. The crude material was purified on silica gel column using 0 to 30% Solvent 2

in CHCl (solvent 2 = 70% CHCl, 30% MeOH, 3% NH4OH) as eluent affording 58.0 mg (85%) of the

product 5 as a white solid. ¹H NMR (400 MHz, CDCl)  8.46 (d, J = 4.2 Hz, 1H), 7.95 - 7.89 (m, 2H),

20

- 3.89 (m, 1H), 3.89 (B of AB, JAB = 16.7 Hz, 1H), 3.29 (br s, 1H), 2.98 (d, J = 12.7 Hz, 1H), 2.93 - 2.64

(d, J = 254.3 Hz), 157.94, 151.30, 146.75, 137.54 (d, J = 3.4 136.60 (2 signals), 133.76, 129.93, 129.46

25
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bar. Diluted with THF (0.10 M), and the resulting solution was stirred vigorously under Ar at room

the morning, the reaction was quenched dropwise with MeOH at room temperature, ensuring that the

ensuing gas expulsion did not become too vigorous. 1 M Aqueous sodium hydroxide was added, and the

resulting aqueous layer was extracted 3 times with EtOAc. Combined organic layers were washed once

with 1 M aqueous sodium hydroxide, washed once with brine, dried over anhydrous sodium sulfate, filtered,

and evaporated under reduced pressure.

General Reductive Amination Protocol A: Dess-Martin periodinane (1.25 eq) was added to a flask

with a stir bar. Diluted with DCM (0.25 M), and the resulting slurry was stirred vigorously at room

15

reaction mixture was stirred vigorously under Ar at room temperature. After 2.5 hrs, TLC indicated

was dried over anhydrous sodium sulfate, filtered, and evaporated under reduced pressure. A solution of

20 amine (1.00 eq) in DCM (0.12 M) was added to a flask with a stir bar. Added a solution of aldehyde (1.05

eq) in DCM (0.53 M), and the resulting mixture was stirred under Ar at room temperature for 5 min. After

this time, acetic acid (1.00 eq) was added, and the resulting mixture was stirred under Ar at room

temperature for 15 min. After this time, sodium triacetoxyborohydride (3.00 eq) was added, and the

25

anhydrous sodium sulfate, filtered, and evaporated under reduced pressure. The crude material was taken

up in DCM (40 mL per mmol amine), filtered, and evaporated under reduced pressure.

30 added to a flask with a stir bar. Added a solution of aldehyde (1.00 eq) in DCM (0.30 M), and the resulting

dropwise fashion, and the resulting mixture was stirred under Ar at room temperature for 2 hrs. After this

time, sodium borohydride (3.00 eq) and MeOH (0.90 M) were added, and the resulting reaction mixture

was stirred under Ar at room temperature. After 2 hrs, TLC indicated almost complete conversion of starting
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material. The reaction was quenched with 1 M aqueous sodium hydroxide. The organic layer was separated,

and MeOH from the aqueous layer was evaporated under reduced pressure. The resulting aqueous layer

was extracted twice with DCM, and combined organic layers were dried over anhydrous sodium sulfate,

filtered, and evaporated under reduced pressure.

5

added to a flask with a stir bar. Added a solution (0.54 M) of ketone (1.00 eq) in DCM, and the resulting

reaction mixture was stirred at room temperature under Ar for 5 min. Added acetic acid (0.031 mL, 0.538

mmol, 1.00 eq), and the resulting mixture was stirred at room temperature under Ar for 2.5 hrs. Added

10

15 Diluted with DCM (0.10 M), and the resulting solution was stirred under Ar and room temperature for 5

room temperature under Ar overnight. Once TLC indicated complete conversion of starting material, the

reaction mixture was quenched with 1 M aqueous sodium hydroxide until the pH reached 13-14. The

20

O

HO
BH-MeS, DCM, rt

HO
1) Dess-Martin periodinane, DCM, rt

2) STAB-H, AcOH,
DCM, rt

NHBoc NHBoc
N

d.r. > 95:5 NH

N NZii

TFA, DCM, rt
N

Zii.

N
NH NHBoc

HN BocN
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Tert-butyl (4-(hydroxymethyl)benzyl)carbamate. Synthesis was carried out according to the

General Reduction Protocol. Purified via column chromatography (CombiFlash, 24 g column, 30 mL/min)

eluting with the following gradient to yield a white solid (462 mg, 1.95 mmol, 49% yield): 0-5 min, 5%

5 MeOH in DCM; 5-10 min, 5-10% MeOH in DCM; 10-20 min, 10% MeOH in DCM; 20-25 min, 10-50%

MeOH in DCM. ¹H NMR (500 MHz, CDCl)  7.33 (d, J = 8.0 Hz, 2H), 7.26-7.28 (m, 2H), 4.87 (br S, 1H),

4.68 (s, 2H), 4.31 (d, J = 5.5 Hz, 2H), 1.87 (br S, 1H), 1.46 (s, 9H). HRMS (NSI) m/z = 238.14408 (M +

H); Theo. for CHON + H = 238.14377. LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1%

HCOH), 5 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 260.2 (M

10 + Na), 164.2 (M - tBuO), t = 1.862 min.

HO NHBoc

tert-butyl (3-(hydroxymethyl)benzyl)carbamate: Synthesis was carried out according to the General

15

MeOH in DCM; 5-10 min, 0-5% MeOH in DCM; 10-15 min, 5% MeOH in DCM; 15-20 min, 5-10%

MeOH in DCM; 20-30 min, 10% MeOH in DCM; 30-35 min, 10-50% MeOH in DCM. ¹H NMR (500

MHz, CDCl)  7.32 (app t, J = 7.5 Hz, 1H), 7.28 (m, 1H), 7.25-7.27 (m, 1H), 7.21 (d, J = 7.5 Hz, 1H),

20

N NHBoc

BocN
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tert-butyl (R)-3-((4-(tert-butoxycarbonyl)amino)methyl)benzyl)(S)-5,6,7,8-tetrahydroquinolin-

8-yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate. Synthesis was carried out according to

General Reductive Amination Protocol A. Purified via column chromatography (CombiFlash, 24 g column,

5

10

2
NHBoc

BocN

15 tert-butyl (R)-3-((3-(tert-butoxycarbonyl)amino)methyl)benzyl)(S)-5,6,7,8-tetrahydroquinolin-

8-yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate:. Synthesis was carried out according to

General Reductive Amination Protocol A. Purified via column chromatography (CombiFlash, 24 g column,

30 mL/min) eluting with the following gradient to yield a white foam (298 mg, 0.486 mmol, 55% yield):

0-3 min, 0% MeOH in DCM; 3-15 min, 0-5% MeOH in DCM; 15-20 min, 5% MeOH in DCM; 20-25 min,

20 5-25% MeOH in DCM. H NMR (600 MHz, CDCl)  8.45 (d, J = 9.0 Hz, 1H), 7.25-7.29 (m, 2H), 7.17-

7.24 (m, 2H), 7.14 (d, J = 6.0 Hz, 1H), 7.04-7.09 (m, 2H), 6.84-7.01 (m, 3H), 5.34 (br S, 0.5H), 4.96 (br S,

0.5H), 4.62 (d, J = 16.8 Hz, 1H), 4.49 (d, J = 16.8 Hz, 1H), 4.24-4.35 (m, 2H), 3.99-4.03 (m, 1H), 3.55-

1.64-1.71 (m, 1H), 1.47-1.52 (m, 18H). HRMS (NSI) m/z = 613.37482 (M + H); Theo. for CHON +

25 H = 613.37483. LC-MS (ESI-API, 254 nm) 75-95% MeOH in H2O (0.1% HCOH), 8 min, 1.00 mL/min,

MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5

µm), m/z = 613.2 (M + H), t = 4.848 min.
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N NH2

N

HN

EMU093: (S)-N-(4-(aminomethyl)benzyl)-N-(R)-1,2,3,4-tetrahydroisoquinolin-3-yl)methy)-

,6,7,8-tetrahydroquinolin-8-amine: Synthesis was carried out according to the General Deprotection

5 Protocol. Purified via column chromatography (CombiFlash, 12 g column, 25 mL/min) eluting with the

following gradient to yield a clear oil (82 mg, 0.199 mmol, 49% yield): 0-3 min, 0% 100:10:1

DCM/MeOH/NHOH in DCM; 3-15 min, 0-100% 100:10:1 DCM/MeOH/NH4OH in DCM; 15-25 min,

100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz, CDCl)  8.51 (dd, J = 1.5 Hz, J = 4.5 Hz, 1H),

10

1H), 3.90 (d, J = 14.5 Hz, 1H), 3.84 (s, 2H), 3.68 (d, J = 15.0 Hz, 1H), 2.91 (dd, J = 2.8 Hz, J = 13.3 Hz,

2.16 (m, 1H), 1.91-2.00 (m, 3H), 1.62-1.88 (m, 2H). ¹³C NMR (125 MHz, CDCl)  158.9, 146.9, 141.8,

140.5, 136.5, 135.7, 134.7, 134.2, 129.1, 128.6 (2C), 127.1 (2C), 126.5, 125.9, 125.5, 121.5, 62.1, 59.2,

N
N NH
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EMU094: (S)-N-(3-(aminomethyl)benzyl)-N-((R)-I_2,3,4-tetrahydroisoquinolin-3-yl)methy]).

,6,7,8-tetrahydroquinolin-8-amine: Synthesis was carried out according to the General Deprotection

Protocol. Purified via column chromatography (CombiFlash, 12 g column, 25 mL/min) eluting with the

5

100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz, CDCl)  8.47-8.49 (m, 1H), 7.23-7.39 (m,

Hz, J = 10.5 Hz, 1H), 3.94 (d, J = 15.0 Hz, 1H), 3.86 (d, J = 14.5 Hz, 1H), 3.84 (s, 2H), 3.62-3.68 (m, 1H),

2.89 (m, 1H), 2.71-2.77 (m, 1H), 2.60-2.65 (m, 2H), 2.53 (dd, J = 3.5 Hz, J = 16.0 Hz, 1H), 2.32-2.44 (m,

10

15

18, 50 mm x 4.6 mm, 3.5 µm), m/z = 413.2 (M+H), 207.2 (M/2 + H), t = 6.694 min.
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EtO) N

O
H N NH

2) Dess-Martin periodinane, N
Zu

N
DCM, rt, 3 hrs

BocN
2) NH-NH (aq), MeOH, rt, ovn,

Ho

NH
1) KI, DiPEA, MeCN, 50°C, ovn

51% yield

O

NBr

N O N
NH

N

NH
2) NH-NH (aq), MeOH, rt, ovn,

BocN BocN

In

N
Z

BocN

Tert-butyl (R)-3-((4-(1,3-dioxoisoindolin-2-yl)methyl)benzyl)(S)-5,6,7,8-tetrahydroquinolin-8-

5 yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate: (4-(Aminomethyl)phenyl)methanol (5.00 g,

36.4 mmol, 1.00 eq) was added to a 500 mL flask with a stir bar. Diluted with THF (121 mL), added

triethylamine (5.08 mL, 36.4 mmol, 1.00 eq) and ethyl 1,3-dioxoisoindoline-2-carboxylate (7.99 g, 36.4

mmol, 1.00 eq), and the resulting reaction mixture was stirred vigorously at room temperature under Ar

overnight. After 17 hrs, TLC indicated complete conversion of starting material to one major spot. Solvent

10 was evaporated under reduced pressure to yield a yellow paste, which was carried forward without further

purification. Dess-Martin periodinane (17.0 g, 40.1 mmol, 1.10 eq) was added to a 500 mL flask with a stir
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bar. The white solid was diluted with DCM (121 mL), and the resulting slurry was stirred vigorously at

room temperature. Added a solution of 2-(4-(hydroxymethyl)benzyl)isoindoline-1,3-dione (9.74 g, 36.4

mixture was stirred vigorously at room temperature under Ar. After 3 hrs, TLC indicated complete

5

aqueous sodium thiosulfate, washed once with brine, dried over anhydrous sodium sulfate, filtered, and

evaporated under reduced pressure to yield an orange oil. Half of the crude material was immediately

10

3.00 eq) was added to a 500 mL flask with a stir bar. Diluted with DCM (87.0 mL), and the resulting slurry

was stirred vigorously at room temperature under Ar. Added a solution of (R)-tert-butyl 3-(((($)-5,6,7,8-

15

at room temperature under Ar overnight. After 15 hrs, TLC indicated complete consumption of starting

material. The reaction mixture was diluted with DCM and washed three times with 1 M aqueous sodium

hydroxide. The resulting aqueous layer was extracted twice with DCM. Combined organic layers were

20 washed once with brine, dried over anhydrous sodium sulfate, filtered, and evaporated under reduced

25 DCM. ¹H NMR (600 MHz, CDCl)  8.40 (d, J = 14.4 Hz, 1H), 7.85-7.87 (m, 2H), 7.72 (dd, J = 3.0 Hz, J

= 5.4 Hz, 2H), 7.29-7.30 (m, 3H), 7.19-7.26 (m, 2H), 7.03 (app t, J = 6.6 Hz, 1.5H), 6.93-6.97 (m, 3H),

6.74 (d, J = 6.6 Hz, 0.5H), 4.83-4.88 (m, 2H), 4.61-4.76 (m, 1H), 4.36-4.39 (m, 1H), 4.01-4.10 (m, 1H),

3.85-3.88 (m, 1H), 3.60 (app t, J = 16.2 Hz, 1H), 3.50 (d, J = 14.4 Hz, 0.5H), 3.36 (d, J = 17.4 Hz, 0.5H),

2.89-3.09 (m, 2H), 2.80 (d, J = 16.2 Hz, 0.5H), 2.62-2.66 (m, 3H), 2.48 (dd, J = 9.6 Hz, J = 12.0 Hz, 0.5H),

30

(m, 1H), 1.48 (s, 4.5H), 1.42 (s, 4.5H). HRMS (NSI) m/z = 643.32782 (M + H); Theo. for CHNO + H

= 643.32788. LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 5 min, 1.00 mL/min, C18

(Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 643.2 (M + H), = 1.137 min; 50-95% MeOH
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/
N

N

5 Tert-butyl (R)-3-(E)-4-(1,3-dioxoisoindolin-2-yl)but-2-en-l-yl)(S)-5,6,7,8-tetralydroquinolin-

1.00 eq) was added to a 250 mL flask equipped with a stir bar and a reflux condenser. Diluted with

acetonitrile (126 mL), and the resulting solution was stirred vigorously at room temperature under Ar.

10 Added (E)-2-(4-bromobut-2-en-1-yl)isoindoline-1,3-dione (4.24 g, 15.1 mmol, 1.20 eq), potassium iodide

15 washed once with brine, dried over anhydrous sodium sulfate, filtered, and evaporated under reduced

pressure to yield a brown oil. Purified via column chromatography (CombiFlash, 120 g column, 75 mL/min)

eluting with the following gradient to yield a yellow foam (3.78 g, 6.38 mmol, 51% yield): 0-3 min: 0%

100:10:1 DCM/MeOH/NH4OH in DCM; 3-18 min: 0-100% 100:10:1 DCM/MeOH/NH-OH in DCM; 18-

20

2H), 1.47 (s, 9H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 5 min, 1.00 mL/min,

25
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N NH
N

BocN

Tert-butyl (R)-3-(4-(aminomethyl)benzyl) (S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-

3,4-dihydroisoquinoline-2(1H)-carboxylate: (R)-tert-Butyl 3-((4-(1,3-dioxoisoindolin-2-

yl)methyl)benzyl)((S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-

5 carboxylate (0.769 g, 1.20 mmol, 1.00 eq) was added to a 50 mL flask with a stir bar. Diluted with MeOH

(12.0 mL), added a small volume of DCM to coerce all of the starting material into solution, and the

resulting solution was stirred vigorously at room temperature under Ar. Added a solution of hydrazine (1.29

mL, 9.57 mmol, 8.00 eq) in water (24% by wt.) in dropwise fashion via syringe pump at a rate of 4 mL/hr,

and the resulting reaction mixture was stirred vigorously at room temperature under Ar overnight. After 17

10 hrs, TLC indicated almost complete conversion of starting material to one major product spot. The reaction

mixture was partitioned between DCM and 1 M aqueous sodium hydroxide. The resulting aqueous layer

was extracted 3 times with DCM, and combined organic layers were dried over anhydrous sodium sulfate,

filtered, and evaporated under reduced pressure to yield a yellow foam (617 mg). The crude material was

purified via column chromatography (CombiFlash, 24 g column, 30 mL/min) eluting with the following

15 gradient to yield a white foam (474 mg, 0.925 mmol, 77% yield): 0-3 min: 0% 100:10:1

DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1 DCM/MeOH/NHOH in DCM; 18-30 min:

100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz, CDCl)  8.43 (d, J = 10.0 Hz, 1H), 7.29-7.34

(m, 2H), 7.25 (d, J = 7.5 Hz, 1H), 7.19-7.20 (m, 2H), 7.04-7.09 (m, 2H), 6.82-7.00 (m, 3H), 4.65-4.78 (m,

1H), 4.45-4.52 (m, 1H), 3.89-4.10 (m, 2H), 3.85 (s, 2H), 3.57-3.81 (m, 2H), 2.86-3.05 (m, 2H), 2.52-2.75

20 (m, 3H), 2.10-2.24 (m, 1H), 1.94-1.95 (m, 1H), 1.79 (app p, J = 11.0 Hz, 1H), 1.42-1.66 (m, 12H). HRMS

(NSI) m/z = 513.32201 (M+H); + Theo. for CHNO + H = 513.32240. LC-MS (ESI-API, 254 nm) 50-

95% MeOH in HO (0.1% HCOH), 6 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm,

3.5 µm), m/z = 513.2 (M+H), 457.2 (M - tBu + H), 413.2 (M - Boc + H), 257.1 (M/2 + H), t = 0.854 min;

25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6

25 mm, 3.5 µm), m/z = 513.2 (M + H), 457.2 (M - tBu + H), 413.2 (M - Boc + H), 257.1 (M/2 + H), t = 4.136

min.
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1) Ti(OiPr) 4, NaBH, DCM, MeOH,

rt, 4 hrs, 37% yield

H
N IZN

O

Zii.

H
N O

O
HN

2) TFA, DCM, rt, ovn, 88% yield

1) Na(OAc)BH, AcOH, X

N
DCM, rt, ovn

NHZin

N IZ
N

N O

Zii.

H
N

BocN X
HN

X = C(CH), CF,O
2) TFA, DCM, rt, ovn

1) Ti(OiPr) 4, NaBH, DCM

MeOH, rt, 4 hrs

N
O

Zu
IZN
H

N N
NH

HN
2) TFA, DCM, rt, ovn

N 23

0

BocN

Tert-butyl (R)-3-((4-(tetrahydro-2H-pyran-4-yl)methyl)amino)methyl)benzy)(S)-5,6,7,8-

5 tetrahydroquinolin-8-yl)amino)methyl)-3,4-dihydroisoquinoline-2(IH)-carboxylate Synthesis was carried

out according to General Reductive Amination Protocol B. Purified via column chromatography

(CombiFlash, 24 g column, 30 mL/min) eluting with the following gradient to yield a clear oil (110 mg,

0.180 mmol, 37% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NH,OH in DCM; 3-18 min: 0-100% 100:10:1

DCM/MeOH/NH,OH in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz,
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5

mm X 4.6 mm, 3.5 µm), m/z = 611.2 (M + H), 306.2 (M/2 + H), t = 1.126 min; 25-95% MeOH in HO

(0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z =

10

2

BocN

Tert-butyl

15 (CombiFlash, 24 g column, 30 mL/min) eluting with the following gradient to yield a white foam (166 mg,

0.267 mmol, 59% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1

DCM/MeOH/NHOH in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz,

20 (m, 2H), 3.02-3.05 (m, 1H), 2.71-2.99 (m, 2H), 2.52-2.74 (m, 3H), 2.46 (m, 1H), 2.10-2.24 (m, 1H), 1.94-

1.95 (m, 1H), 1.63-1.77 (m, 5H), 1.46-1.58 (m, 9H), 1.32-1.43 (m, 4H), 1.18-1.24 (m, 2H), 0.92 (s, 3H),

0.91 (s, 3H). HRMS (NSI) m/z = 623.43140 (M + H); Theo. for CHNO + H = 623.43195. LC-MS

(ESI-API, 254 nm) 50-95% MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax

XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 623.3 (M + H), 312.2 (M/2 + H), t = 2.592 min; 25-95% MeOH

25 in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm),

m/z = 623.2 (M+H), 312.2 (M/2 + H), t = 5.806 min.
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a
The

Z

BocN

tetrahydroquinolin-8-yl)amino)methyl)-3,4-dihyaroisoquinoline-2(1H)-carboxylate: Synthesis was carried

out according to General Reductive Amination Protocol C. Purified via column chromatography

5 (CombiFlash, 24 g column, 30 mL/min) eluting with the following gradient to yield a clear oil (238 mg,

0.377 mmol, 84% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1

CDCl)  8.43 (d, J = 9.5 Hz, 1H), 7.30-7.32 (m, 2H), 7.24 (d, J = 7.5 Hz, 1H), 7.19 (m, 2H), 7.04-7.07 (m,

10 3.03 (m, 2H), 2.53-2.75 (m, 4H), 2.10-2.24 (m, 3H), 1.90-1.94 (m, 3H), 1.71-1.87 (m, 4H), 1.64-1.66 (m,

1H), 1.46-1.60 (m, 12H). HRMS (NSI) m/z = 631.38184 (M + H); Theo. for CHFNO + H =

(Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 631.2 (M + H), 316.2 (M/2 + H), t = 1.620

min; 25-95% MeOH in H2O (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm

N

BocN

20

(CombiFlash, 24 g column, 30 mL/min) eluting with the following gradient to yield a white foam (220 mg,

0.369 mmol, 76% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1
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DCM/MeOH/NHOH in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz,

CDCl)  8.43 (d, J = 9.0 Hz, 1H), 7.29-7.32 (m, 2H), 7.24 (d, J = 7.5 Hz, 1H), 7.20 (br S, 2H), 7.04-7.07

3.41 (dt, J = 2.0 Hz, J = 11.8 Hz, 2H), 2.86-3.03 (m, 3H), 2.53-2.78 (m, 4H), 2.11-2.22 (m, 1H), 1.93 (m,

5 1H), 1.87 (dd, J = 1.5 Hz, J = 12.5 Hz, 2H), 1.78 (app p, J = 10.3 Hz, 1H), 1.64-1.65 (m, 1H), 1.43-1.58 (m,

12H). HRMS (NSI) m/z = 597.38109 (M + H); Theo. for CHNO + H = 597.37992. LC-MS (ESI-API,

254 nm) 50-95% MeOH in HO (0.1% HCOH), 6 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50

mm x 4.6 mm, 3.5 µm), m/z = 597.2 (M + H), 299.2 (M/2 + H), t = 0.906 min; 25-95% MeOH in HO

(0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z =

10 597.2 (M + H), 299.2 (M/2 + H), t = 4.219 min.

Z

BocN

Tert-butyl (R)-3-(4-((pyridin-4-ylmethyl)amino)methyl)benzyl)(S)-5,6,7,8-tetrahydroquinolin-

8-yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carbocylate: Synthesis was carried out according to

15 General Reductive Amination Protocol B. Purified via column chromatography (CombiFlash, 24 g column,

30 mL/min) eluting with the following gradient to yield a white foam (192 mg, 0.318 mmol, 65% yield):

0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1 DCM/MeOH/NHOH

in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz, CDCl)  8.56-8.57 (m,

20 3H), 4.65-4.78 (m, 1H), 4.46-4.52 (m, 1H), 3.87-4.09 (m, 2H), 3.83 (s, 2H), 3.56-3.79 (4H), 2.72-3.03 (m,

HRMS (NSI) m/z = 604.36456 (M + H); Theo. for CHNO + H = 604.36460. LC-MS (ESI-API, 254

nm) 75-95% MeOH in HO (0.1% HCOH), 5 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x

4.6 mm, 3.5 µm), m/z = 604.2 (M + H), 302.8 (M/2 + H), t = 0.553 min; 25-95% MeOH in HO (0.1%

25 HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 604.2 (M

+ H), 302.6 (M/2 + H), t = 4.253 min.
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N

BocN

5 30 mL/min) eluting with the following gradient to yield a white foam (179 mg, 0.296 mmol, 61% yield):

0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1 DCM/MeOH/NHOH

in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz, CDCl)  8.59 (br S, 1H),

7.32 (m, 2H), 7.27 (dd, J = 5.0 Hz, J = 7.5 Hz, 1H), 7.22-7.25 (m, 3H), 7.04-7.05 (m, 2H), 6.78-7.00 (m,

10

(m, 3H), 2.53-2.70 (m, 3H), 2.11-2.24 (m, 1H), 1.95 (m, 1H), 1.65-1.80 (m, 3H), 1.53 (s, 4.5H), 1.46 (s,

4.5H). HRMS (NSI) m/z = 604.36444 (M+H); Theo. for CHNO + H = 604.36460. LC-MS (ESI-API,

N
Z zuN

BocN

20

General Reductive Amination Protocol B. Purified via column chromatography (CombiFlash, 24 g column,

30 mL/min) eluting with the following gradient to yield a yellow foam (181 mg, 0.300 mmol, 62% yield):
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0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1 DCM/MeOH/NHOH

in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz, CDCl)  8.58 (d, J = 5.0

Hz, 1H), 8.43 (d, J = 10.0 Hz, 1H), 7.65 (dt, J = 1.8 Hz, J = 7.9 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.29-7.31

5

Hz, 2H), 3.56-3.71 (m, 2H), 3.02-3.09 (m, 1H), 2.91-2.99 (m, 1H), 2.72-2.87 (m, 1H), 2.52-2.69 (m, 3H),

2.11-2.26 (m, 2H), 1.94-1.95 (m, 1H), 1.77-1.80 (m, 1H), 1.58-1.69 (m, 1H), 1.53 (s, 4.5H), 1.46 (s, 4.5H).

HRMS (NSI) m/z = 604.36452 (M + H); Theo. for CHNO + H = 604.36460. LC-MS (ESI-API, 254

nm) 75-95% MeOH in HO (0.1% HCOH), 5 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X

10 4.6 mm, 3.5 µm), m/z = 604.2 (M + H), 302.6 (M/2 + H), t = 0.535 min; 25-95% MeOH in HO (0.1%

HN

HN

15 EMU216: (S)-N-(4-(tetrahyaro-2H-pyran-4-y)methyl)mino)methyl)benzyl)-N-()-1,2,3,4-

tetrahydroisoquinolin-3-yl)methyl)-5,6,7,8-tetrahydroquinolin-8-amine: Synthesis was carried out

according to the General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g

column, 25 mL/min) eluting with the following gradient to yield a clear oil (81.0 mg, 0.159 mmol, 88%

20

CDCl)  8.51 (d, J = 4.0 Hz, 1H), 7.42 (d, J = 7.5 Hz, 2H), 7.33 (d, J = 7.5 Hz, 1H), 7.25 (d, J = 8.0 Hz,

3.90-3.98 (m, 4H), 3.76 (s, 2H), 3.67 (d, J = 15.0 Hz, 1H), 3.38 (dt, J = 1.3 Hz, J = 11.8 Hz, 2H), 2.90 (dd,

J = 2.8 Hz, J = 13.3 Hz, 1H), 2.73-2.80 (m, 1H), 2.63-2.68 (m, 2H), 2.55 (dd, J = 3.5 Hz, J = 16.0 Hz, 1H),

25 2.51 (d, J = 7.0 Hz, 2H), 2.35-2.48 (m, 2H), 2.12-2.16 (m, 1H), 1.91-1.99 (m, 3H), 1.66-1.76 (m, 2H), 1.62-

1.65 (m, 2H), 1.25-1.33 (m, 3H). ¹³C NMR (125 MHz, CDCl)  159.0, 146.9, 140.8, 139.0, 136.6, 135.7,
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XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 511.2 (M + H), 256.2 (M/2 + H), t = 3.070 min.

5

N
N

EMU181: (S)-N-(4-(4,4-dimethylcyclohexyl)amino)methyl)benzyl)-N-(R)-1,2,3,4-

tetrahydroisoquinolin-3-yl)methyl)-5,6,7,8-tetrahydroquinolin-8-amine. Synthesis was carried out

according to the General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g

10

yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1

CDCl)  8.51 (dd, J = 1.5 Hz, J = 5.0 Hz, 1H), 7.41 (d, J = 8.0 Hz, 2H), 7.33 (dt, J = 0.8 Hz, J = 7.8 Hz,

1H), 7.26 (d, J = 8.0 Hz, 2H), 7.04-7.08 (m, 3H), 6.95-7.02 (m, 2H), 4.40 (d, J = 14.0 Hz, 1H), 4.10 (dd, J

15 = 6.5 Hz, J = 10.0 Hz, 1H), 3.94 (dd, J = 14.3 Hz, J = 26.3 Hz, 2H), 3.79 (s, 2H), 3.69 (d, J = 15.0 Hz, 1H),

(m, 3H), 2.10-2.15 (m, 1H), 1.90-1.99 (m, 2H), 1.70-1.75 (m, 2H), 1.61-1.69 (m, 1H), 1.37-1.40 (m, 2H),

CDCl)  159.0, 146.9, 140.6, 139.4, 136.5, 135.8, 134.8, 134.2 129.2, 128.5 (2C), 128.1 (2C), 126.5, 125.9,

125.5, 121.5, 62.2, 59.4, 58.0, 56.5, 52.1, 51.1, 48.7, 37.9, 33.9, 32.3, 30.3, 29.8, 29.5, 29.4, 25.0, 22.2.

HRMS (NSI) m/z = 523.37923 (M + H); Theo. for CHN + H = 523.37952. LC-MS (ESI-API, 254 nm)

25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6

mm, 3.5 µm), m/z = 523.2 (M+H), 262.2 (M/2+H), = 3.052 min; 10-95% MeOH in HO (0.1%HCOH),

10 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 523.2 (M + H),

262.2 (M/2 + H), t = 4.873 min.

190

20
26

20
14

55
   

   
26

 F
eb

 2
02

6N

E
M
U
1
8
1
:

y
i
e
l
d
)
:
 
0
-
3
 
m
i
n
:
 
0
%
 
1
0
0
:
1
0
:
1
 
D
C
M
/
M
e
O
H
/
N
H
O
H
 
i
n
 
D
C
M
;
 
3
-
1
8
 
m
i
n
:
 
0
-
1
0
0
%
 
1
0
0
:
1
0
:
1

1
9
0



the

2 ZIN
H

N

HN

EMU182:

according to the General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g

5 column, 25 mL/min) eluting with the following gradient to yield a white foam (147 mg, 0.277 mmol, 73%

yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1

DCM/MeOH/NHOH in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz,

1H), 7.26 (d, J = 8.0 Hz, 2H), 7.04-7.08 (m, 3H), 6.95-7.02 (m, 2H), 4.39 (d, J = 14.5 Hz, 1H), 4.10 (dd, J

10 = 6.8 Hz, J = 10.3 Hz, 1H), 3.94 (dd, J = 14.8 Hz, J = 24.8 Hz, 2H), 3.78 (s, 2H), 3.68 (d, J = 15.0 Hz, 1H),

2.90 (dd, J = 3.0 Hz, J = 13.0 Hz, 1H), 2.74-2.80 (m, 2H), 2.63-2.70 (m, 3H), 2.55 (dd, J = 3.5 Hz, J = 16.0

¹³C NMR (125 MHz, CDCl)  158.9, 146.9, 140.9, 138.9, 136.5, 135.7, 134.7, 134.2, 129.1, 128.6 (2C),

128.0 (2C), 126.5, 125.9, 125.5, 123.5 (t, J = 239.4 Hz), 121.5, 62.3, 59.4, 58.0, 53.2, 52.1, 51.2, 48.7, 33.9,

15 31.5 (t, J = 23.8 Hz, 2C), 29.6, 29.5, 28.8 (t, J = 4.4 Hz, 2C), 22.2. ¹F NMR (376 MHz, CDCl, TFA

standard)  -95.7 (app d, J = 236.9 Hz), -98.6 (app d, J = 229.4 Hz). HRMS (NSI) m/z = 531.32872 (M +

H); Theo. for CHFN + H = 531.32938. LC-MS (ESI-API, 254 nm) 25-95% MeOH in H2O (0.1%

HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 531.2 (M

+ H), 266.2 (M/2 + H), t = 1.124 min; 10-95% MeOH in HO (0.1% HCOH), 10 min, 1.00 mL/min, C18

20 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 531.2 (M + H), 266.2 (M/2 + H), t = 3.512

min.
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2
ZII

Z
Z

HN

EMU217: (S)-N-(4-(tetrahydro-2H-pyran-4-yl)amino)methyl)benzyl)-N-(R)-1,2,3,4-

according to the General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g

5 column, 25 mL/min) eluting with the following gradient to yield a white foam (159 mg, 0.320 mmol, 87%

yield). 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1

J = 7.0 Hz, 2H), 7.04-7.07 (m, 3H), 6.95-7.01 (m, 2H), 4.39 (d, J = 14.0 Hz, 1H), 4.10 (dd, J = 6.5 Hz, J =

10 10.0 Hz, 1H), 3.90-3.98 (m, 4H), 3.81 (s, 2H), 3.68 (d, J = 15.0 Hz, 1H), 3.70 (dt, J = 2.0 Hz, J = 11.8 Hz,

2H), 2.90 (dd, J = 2.5 Hz, J = 8.3 Hz, 1H), 2.64-2.80 (m, 5H), 2.55 (dd, J = 3.5 Hz, J = 16.0 Hz, 1H), 2.35-

2.45 (m, 2H), 2.11-2.15 (m, 1H), 1.91-1.99 (m, 2H), 1.83-1.86 (m, 2H), 1.62-1.70 (m, 1H), 1.26-1.49 (m,

3H). ¹³C NMR (125 MHz, CDCl)  158.9, 146.9, 140.7, 138.9, 136.5, 135.7, 134.7, 134.1, 129.1, 128.5

(2C), 128.0 (2C), 126.4, 125.9, 125.5, 121.4, 66.8 (2C), 62.2, 59.3, 58.0, 53.2, 52.1, 50.3, 48.7, 33.9, 33.8,

15 33.8, 29.6, 29.5, 22.2. HRMS (NSI) m/z = 497.32792 (M+H); Theo. for CHNO + H = 497.32749 LC-

MS (ESI-API, 254 nm) 25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax

XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 497.2(M + H), 249.2 (M/2 + H), t = 0.631 min; 10-95% MeOH

20

N 23Z
N Z

HN
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EMU218: (S)-N-(4-(pyridin-4-ylmethyl)amino)methyl)benzy)-N-(R)-1,2,3,4-

tetrahydroisoquinolin-3-yl)methyl)-5,6,7,8-tetrahydroquinolin-8-amine Synthesis was carried out

5 mmol, 82% yield). ¹H NMR (500 MHz, CDCl)  8.54-8.55 (m, 2H), 8.52 (d, J = 4.5 Hz, 1H), 8.45 (d, J =

8.0 Hz, 2H), 7.34 (d, J = 7.5 Hz, 1H), 7.27-7.29 (m, 4H), 6.99-7.08 (m, 3H), 6.93-7.00 (m, 2H), 4.38 (d, J

= 14.0 Hz, 1H), 4.11 (dd, J = 6.8 Hz, J = 9.8 Hz, 1H), 3.94 (app t, J = 15.8 Hz, 2H), 3.80 (s, 2H), 3.79 (s,

2H), 3.66 (d, J = 15.0 Hz, 1H), 2.90 (dd, J = 2.3 Hz, J = 13.3 Hz, 1H), 2.74-2.80 (m, 1H), 2.62-2.68 (m,

2H), 2.55 (dd, J = 3.0 Hz, J = 16.0 Hz, 1H), 2.43 (dd, J = 11.0 Hz, J = 12.5 Hz, 1H), 2.37 (dd, J = 11.3 Hz,

10 J = 15.8 Hz, 1H), 2.13-2.17 (m, 1H), 1.92-1.99 (m, 3H), 1.64-1.71 (m, 2H). ¹³C NMR (125 MHz, CDCl)

 158.9, 149.9 (2C), 149.5, 146.9, 141.1, 138.3, 136.5, 135.7, 134.7, 134.2, 129.1, 128.6 (2C), 128.1 (2C),

126.5, 125.9, 125.5, 123.1 (2C), 121.5, 62.4, 59.4, 58.1, 53.1, 52.1, 51.8, 48.7, 33.9, 29.5, 29.5, 22.2. HRMS

(NSI) m/z = 504.31252 (M+H); Theo. for CHN + H = 504.31217. LC-MS (ESI-API, 254 nm) 25-95%

MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5

15 µm), m/z = 504.2 (M + H), 252.6 (M/2 + H), t = 0.636 min; 10-95% MeOH in HO (0.1% HCOH), 10

min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 504.2 (M + H), 252.7

(M/2 + H), t = 2.506 min.

20 EMU219: (S)-N-(4-(pyridin-3-ylmethyl)mino)methyl)benzyl)-N-((R)-1,2,3,4-

tetrahydroisoquinolin-3-yl)methyl)-5,6,7,8-tetrahydroquinolin-8-amine: Synthesis was carried out

according to the General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g

25 (d, J = 7.5 Hz, 2H), 7.33 (d, J = 7.5 Hz, 1H), 7.24-7.29 (m, 3H), 7.02-7.08 (m, 3H), 6.92-7.01 (m, 2H), 4.39

(s, 2H), 3.79 (s, 2H), 3.67 (d, J = 15.0 Hz, 1H), 2.90 (dd, J = 2.5 Hz, J = 13.0 Hz, 1H), 2.74-2.80 (m, 2H),

2.63-2.67 (m, 2H), 2.55 (dd, J = 3.0 Hz, J = 16.0 Hz, 1H), 2.43 (dd, J = 10.5 Hz, J = 13.0 Hz, 1H), 2.37 (dd,
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(2C), 128.1 (2C), 126.5, 125.9, 125.5, 123.5, 121.5, 62.3, 59.4, 58.1, 53.1, 52.1, 50.4, 48.7, 33.9, 29.6, 29.5,

22.2. HRMS (NSI) m/z = 504.31292 (M+H); Theo. for CHN + H = 504.31217. LC-MS (ESI-API, 254

5

CC

HN

10

(S)-N-(4-(pyridin-2-ylmethyl)amino)methyl)benzyl)-N-(R)-1,2,3,4-

tetrahydroisoquinolin-3-yl)methyl)-5,6,7,8-tetrahydroquinolin-8-amine. Synthesis was carried out

according to the General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g

column, 25 mL/min) eluting with 100:10:1 DCM/MeOH/NHOH to yield a white foam (106 mg, 0.210

15 mmol, 70% yield). ¹H NMR (500 MHz, CDCl)  8.56-8.57 (m, 1H), 8.51 (d, J = 4.5 Hz, 1H), 7.63 (dt, J =

1.8 Hz, J = 7.8 Hz, 1H), 7.43 (d, J = 8.0 Hz, 2H), 7.29-7.34 (m, 4H), 7.15-7.17 (m, 1H), 7.02-7.07 (m, 3H),

6.94-7.01 (m, 2H), 4.42 (d, J = 14.0 Hz, 1H), 4.10 (dd, J = 6.5 Hz, J = 10.0 Hz, 1H), 3.94 (dd, J = 15.0 Hz,

J = 17.5 Hz, 2H), 3.92 (s, 2H), 3.84 (s, 2H), 3.68 (d, J = 14.5 Hz, 1H), 2.73-2.91 (m, 3H), 2.63-2.71 (m,

2H), 2.55 (dd, J = 3.5 Hz, J = 16.0 Hz, 1H), 2.35-2.44 (m, 2H), 2.11-2.15 (m, 2H), 1.91-1.98 (m, 2H), 1.62-

52.1, 48.7, 33.9, 29.7, 29.5, 22.2. HRMS (NSI) m/z = 504.31269 (M + H); Theo. for CHN + H =

504.31217. LC-MS (ESI-API, 254 nm) 25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18

(Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 504.2 (M + H), 252.6 (M/2 + H), t = 0.852

x 4.6 mm, 3.5 µm), m/z = 504.2 (M + H), 252.6 (M/2 + H), t = 3.286 min.
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1) Ti(OiPr) 4, NaBH, DCM, MeOH,

rt, 4 hrs, 40% yield

H
N

N
N

O
HN

2) TFA, DCM, rt, ovn, 75% yield

1) Na(OAc)BH, AcOH,
N Zm

DCM, rt, ovn
N

NH O N X
BocN

Zu

N
X N

H
X = C(CH), CF, O HN

2) TFA, DCM, rt, ovn

1) Ti(OiPr)4, NaBH, DCM

MeOH, rt, 4 hrs

N
O

N
N

N
HN

2) TFA, DCM, rt, ovn

2
H

BocN

tert-butyl (R)-3-((E)-4-(tetrahydro-2H-pyran-4-yl)metlyl)amino)but-2-en-I-y)(S)-5,6,7,8-

5 tetrahydroquinolin-8-yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate Synthesis was carried

(CombiFlash, 24 g column, 30 mL/min) eluting with the following gradient to yield a clear oil (120 mg,

0.214 mmol, 40% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1
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5

in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm),

m/z = 561.2 (M + H), 281.2 (M/2 + H), t = 0.793 min; 25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00

mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 561.2 (M + H), 281.2 (M/2 +

10

BocN

tert-butyl

15

(CombiFlash, 24 g column, 30 mL/min) eluting with the following gradient to yield a clear oil (173 mg,

0.302 mmol, 63% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1

DCM/MeOH/NHOH in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz,

CDCl)  4.39 (d, J = 14.5 Hz, 1H), 7.24 (d, J = 7.5 Hz, 1H), 7.05-7.10 (m, 2H), 6.97 (m, 3H), 5.58-5.67

20 (m, 2H), 4.44-4.69 (m, 2H), 4.07 (app t, J = 16.5 Hz, 1H), 3.97 (app t, J = 7.0 Hz, 1H), 3.34-3.41 (m, 1H),

1.15-1.29 (m, 4H), 0.89 (s, 3H), 0.89 (s, 3H). HRMS (NSI) m/z = 573.41600 (M+H); Theo. for CHNO

+H = 573.41630. LC-MS (ESI-API, 254 nm) 25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min,

25

X 4.6 mm, 3.5 µm), m/z = 574.2 (M + H), 287.2 (M/2 + H), t = 5.200 min.
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32

BocN

(CombiFlash, 24 g column, 30 mL/min) eluting with the following gradient to yield a clear oil (143 mg,

0.246 mmol, 51% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1

DCM/MeOH/NHOH in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz,

CDCl)  8.39 (d, J = 13.5 Hz, 1H), 7.25 (d, J = 7.0 Hz, 1H), 7.06-7.10 (m, 2H), 6.98 (m, 3H), 5.58-5.70

(m, 2H), 4.46-4.70 (m, 2H), 4.07 (app t, J = 15.5 Hz, 1H), 3.96 (br S, 1H), 3.36-3.37 (m, 1H), 3.17 (d, J =

10 5.5 Hz, 2H), 3.12 (dd, J = 5.8 Hz, J = 14.3 Hz, 1H), 2.91-3.00 (m, 2H), 2.51-2.71 (m, 5H), 2.06-2.13 (m,

2H), 1.86-1.99 (m, 4H), 1.67-1.80 (m, 4H), 1.57-1.64 (m, 1H), 1.42-1.53 (m, 11H). HRMS (NSI) m/z =

581.36530 (M+H); Theo. for CHFNO + H = 581.36616. LC-MS (ESI-API, 254 nm) 50-95% MeOH

m/z = 581.2 (M+H), 291.2 (M/2 + H), t = 1.106 min; 25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00

15 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 581.2 (M + H), 291.1 (M/2 +

N

BocN

tetrahydroquinolin-8-yl)amino)methyl)-3,4-dlihydroisoquinoline-2(lH)-carboxylate: Syntbesis was carried

out according to General Reductive Amination Protocol C. Purified via column chromatography

0.160 mmol, 61% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1
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DCM/MeOH/NHOH in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz,

CDCl)  8.38 (d, J = 13.5 Hz, 1H), 7.24 (d, J = 5.5 Hz, 1H), 7.05-7.09 (m, 2H), 6.97 (m, 3H), 5.59-5.70

= 4.5 Hz, 2H), 3.11 (dd, J = 5.3 Hz, J = 14.3 Hz, 1H), 2.91-3.00 (m, 2H), 2.50-2.68 (m, 5H), 1.91-1.98 (m,

5 2H), 1.70-1.82 (m, 4H), 1.57-1.64 (m, 1H), 1.45-1.54 (m, 9H), 1.36-1.41 (m, 2H). HRMS (NSI) m/z =

547.36397 (M + H); Theo. for CHNO + H = 547.36427. LC-MS (ESI-API, 254 nm) 50-95% MeOH

in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm),

m/z = 547.2 (M + H), 274.2 (M/2 + H), t = 0.859 min; 25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00

mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 547.2 (M + H), 274.2 (M/2 +

10 H), t = 4.085 min.

Z

Tert-butyl (R)-3-(E)-4-(pyridin-4-ylmethyl)amino)but-2-en-1-yl)(S)-5,6,7,8-

tetrahydroquinolin-8-yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate Synthesis was carried

15 out according to General Reductive Amination Protocol B. Purified via column chromatography

(CombiFlash, 24 g column, 30 mL/min) eluting with the following gradient to yield a yellow foam (175

mg, 0.316 mmol, 59% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100%

100:10:1 DCM/MeOH/NH,0H in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500

MHz, CDCl)  8.54 (dd, J = 1.5 Hz, J = 4.5 Hz, 2H), 8.38 (d, J = 14.5 Hz, 1H), 7.25 (m, 3H), 7.04-7.06

20 (m, 2H), 6.97 (m, 3H), 5.61-5.71 (m, 2H), 4.47-4.70 (m, 2H), 4.09 (app t, J = 15.8 Hz, 1H), 3.96-3.97 (m,

(m, 2H), 1.71-1.77 (m, 2H), 1.53-1.65 (m, 1H), 1.48 (s, 9H). HRMS (NSI) m/z = 554.34869 (M+H); Theo.

for CHNO + H = 554.34895. LC-MS (ESI-API, 254 nm) 50-95% MeOH in HO (0.1% HCOH), 8

min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 554.2 (M + H), 277.6

25
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2 ZIN N

BocN

Tert-butyl (R)-3-(E)-4-((pyridin-3-ylmethy))amino)but-2-en-1-yl)(S)-5,6,7,8-

tetrahydroquinolin-8-yl)amino)methyl)-3,4-dilydroisoquinoline-2(1H)-carboxylate: Synthesis was carried

out according to General Reductive Amination Protocol B. Purified via column chromatography

5 (CombiFlash, 24 g column, 30 mL/min) eluting with the following gradient to yield a yellow foam (188

mg, 0.340 mmol, 63% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100%

100:10:1 DCM/MeOH/NH40H in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500

MHz, CDCl)  8.54 (d, J = 1.5 Hz, 1H), 8.51 (dd, J = 1.8 Hz, J = 4.8 Hz, 1H), 8.39 (d, J = 15.5 Hz, 1H),

10 4.09 (app t, J = 16.0 Hz, 1H), 3.97 (dd, J = 6.0 Hz, J = 8.0 Hz, 1H), 3.75 (s, 2H), 3.31-3.38 (m, 1H), 3.18

(d, J = 5.5 Hz, 2H), 3.11 (dd, J = 5.8 Hz, J = 14.3 Hz, 1H), 2.92-3.01 (m, 2H), 2.52-2.72 (m, 4H), 1.92-2.00

(m, 2H), 1.74 (dd, J = 10.0 Hz, J = 21.0 Hz, 1H), 1.58-1.66 (m, 2H), 1.48 (s, 9H). HRMS (NSI) m/z =

554.34895 (M + H); Theo. for CHNO + H = 554.34895. LC-MS (ESI-API, 254 nm) 50-95% MeOH

in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm),

15 m/z = 554.2 (M + H), 277.6 (M/2 + H), t = 0.932 min; 25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00

mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 554.2 (M + H), 277.6 (M/2 +

H), t = 4.144 min.

N NZI
Z

BocN

20 Tert-butyl (R)-3-((E)-4-(pyridin-2-ylmethyl)amino)but-2-en-1-y)((S)-5,6,7,8-

tetrahydroquinolin-8-yl)amino)methyl)-3,4-dilydroisoquinoline-2(1H)-carboxylate: Synthesis was carried

out according to General Reductive Amination Protocol B. Purified via column chromatography
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(CombiFlash, 24 g column, 30 mL/min) eluting with the following gradient to yield a yellow foam (161

mg, 0.291 mmol, 54% yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100%

100:10:1 DCM/MeOH/NHOH in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500

5

5.61-5.71 (m, 2H), 4.45-4.69 (m, 2H), 4.07 (app t, J = 16.5 Hz, 1H), 3.98 (m, 1H), 3.86 (s, 2H), 3.32-3.40

(m, 1H), 3.18-3.25 (m, 2H), 3.11 (dd, J = 5.5 Hz, J = 14.5 Hz, 1H), 2.91-3.02 (m, 2H), 2.51-2.72 (m, 4H),

10

HN

15

EMU180: (E)-N1-(tetrahydro-2H-pyran-4-yl)methyl)-N4-(R)-1,2,3,4-tetrahydroisoquinolin-3-

yl)methyl)-N4-(S)-5,6,7,8-tetrahydroquinolin-8-yl)but-2-ene-1,4-diamine Synthesis was carried out

according to the General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g

column, 25 mL/min) eluting with the following gradient to yield a clear oil (74.0 mg, 0.161 mmol, 75%

20 yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1

DCM/MeOH/NH,OH in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz,

7.01 (m, 1H), 5.69-5.78 (m, 2H), 4.10 (dd, J = 6.3 Hz, J = 9.8 Hz, 1H), 4.01 (d, J = 10.5 Hz, 1H), 3.94 (dt,

J = 2.0 Hz, J = 11.5 Hz, 2H), 3.82 (d, J = 15.0 Hz, 1H), 3.63 (dd, J = 5.3 Hz, J = 14.3 Hz, 1H), 3.32-3.38

25 (m, 3H), 3.22 (d, J = 4.5 Hz, 2H), 2.87 (dd, J = 3.5 Hz, J = 13.0 Hz, 1H), 2.71-2.80 (m, 2H), 2.65-2.68 (m,

1H), 2.60 (dd, J = 3.5 Hz, J = 16.0 Hz, 1H), 2.47 (d, J = 7.0 Hz, 2H), 2.37-2.44 (m, 3H), 2.05-2.09 (m, 1H),

1.94-2.01 (m, 1H), 1.87-1.93 (m, 1H), 1.63-1.74 (m, 2H), 1.58-1.61 (m, 2H), 1.22-1.30 (m, 3H). ¹³C NMR

(125 MHz, CDCl)  158.7, 146.9, 136.6, 135.7, 134.8, 134.0, 131.9, 130.3, 129.2, 126.5, 126.0, 125.6,
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3.5 µm), m/z = 461.2 (M + H), 231.2 (M/2 + H), t = 0.535 min; 10-95% MeOH in H2O (0.1% HCOH), 10

5 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 461.2 (M + H), 231.2

N
Z ZII

HN

EMU153: (E)-N1-(4,4-dimethylcyclohexyl)-N4-(R)-1,2,3,4-tetrahydroisoquinolin-3-y)methy)-

10 N4-(S)-5,6,7,8-tetrahydroquinolin-8-yl)but-2-ene-1,4-diamine: Synthesis was carried out according to the

General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g column, 25

mL/min) eluting with the following gradient to yield a clear oil (27.0 mg, 0.057 mmol, 19% yield): 0-3

DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz, CDCl)  8.45 (dd, J = 1.0

Hz, J = 4.5 Hz, 1H), 7.31 (d, J = 7.0 Hz, 1H), 7.06-7.09 (m, 2H), 6.98-7.05 (m, 3H), 5.69-5.77 (m, 2H),

29.4 (2C), 28.1, 24.8, 22.1. HRMS (NSI) m/z = 473.36329 (M + H); Theo. for CHN + H = 473.36387.
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N

32

EMU154: (E)-N1-(4,4-difhuorocyclohexyl)-N4-(R)-1,2,3,4-tetrahydroisoquinolin-3-yl)methy)-

N4-(S)-5,6,7,8-tetrahydroquinolin-8-yl)but-2-ene-1,4-diamine. Synthesis was carried out according to the

5

0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1 DCM/MeOH/NHOH in DCM;

4.5 Hz, 1H), 7.32 (dd, J = 0.5 Hz, J = 7.5 Hz, 1H), 7.06-7.10 (m, 2H), 2.99 (m, 3H), 5.68-5.78 (m, 2H),

4.10 (dd, J = 6.3 Hz, J = 9.8 Hz, 1H), 4.01 (d, J = 15.0 Hz, 1H), 3.82 (d, J = 15.0 Hz, 1H), 3.62 (dd, J = 6.0

10 Hz, J = 14.0 Hz, 1H), 3.33 (dd, J = 5.3 Hz, J = 14.3 Hz, 1H), 3.24 (d, J = 5.5 Hz, 2H), 2.87 (dd, J = 3.5 Hz,

J = 13.0 Hz, 1H), 2.71-2.80 (m, 2H), 2.70 (m, 1H), 2.58-2.65 (m, 2H), 2.38-2.44 (m, 2H), 1.92-2.13 (m,

136.6, 135.6, 134.7, 134.0, 131.9, 130.3, 129.2, 126.5, 126.0, 125.6, 123.4 (t, J = 239.4 Hz), 121.5, 61.2,

57.2, 56.5, 53.5, 52.1, 48.9, 48.6, 33.9, 31.8 (t, J = 24.4 Hz, 2C), 29.5, 28.9 (t, J = 2.5 Hz), 28.9 (t, J = 3.8

15

= 220.0 Hz). HRMS (NSI) m/z = 481.31303 (M + H); Theo. for CHFN + H = 481.31373. LC-MS

(ESI-API, 254 nm) 25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax

XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 481.2 (M + H), 241.2 (M/2 + H), t = 0.591 min; 10-95% MeOH

in H2O (0.1% HCOH), 10 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm),

20 m/z = 481.2 (M + H), 241.2 (M/2 + H), t = 2.382 min.

N 0
Z IZ

HN
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EMU155: (E)-N1-(tetrahydro-2H-pyran-4-yl)-N4-(R)-1,2,3,4-tetralydroisoquinolin-3-

yl)methyl)-N4-(S)-5,6,7,8-tetrahydroquinolin-8-yl)but-2-ene-1,4-damine Synthesis was carried out

column, 25 mL/min) eluting with the following gradient to yield a clear oil (126 mg, 0.282 mmol, 96%

5 yield): 0-3 min: 0% 100:10:1 DCM/MeOH/NHOH in DCM; 3-18 min: 0-100% 100:10:1

DCM/MeOH/NHOH in DCM; 18-30 min: 100% 100:10:1 DCM/MeOH/NHOH. ¹H NMR (500 MHz,

CDCl)  8.46 (dd, J = 1.3 Hz, J = 4.8 Hz, 1H), 7.32 (dd, J = 0.8 Hz, J = 7.8 Hz, 1H), 7.06-7.10 (m, 2H),

10 J = 5.0 Hz, 2H), 2.88 (dd, J = 3.5 Hz, J = 13.0 Hz, 1H), 2.58-2.80 (m, 6H), 2.38-2.44 (m, 2H), 2.04-2.09

(m, 1H), 1.94-2.01 (m, 1H), 1.87-1.93 (m, 1H), 1.79-1.82 (m, 2H), 1.65-1.74 (m, 1H), 1.34-1.42 (m, 2H).

125.5, 121.4, 66.9, 66.8, 61.0, 57.1, 56.4, 53.3, 52.0, 48.6, 48.0, 33.8, 33.7 (2C), 29.4, 27.9, 21.9. HRMS

15

(M/2 + H), t = 1.126 min.

/
Z

HN

EMU221: (E)-N1-(pyridin-4-ylmethyl)-N4-((R)-I,2,3,4-tetrahydroisoquinolin-3-yl)methy)-N4-

(S)-5,6,7,8-tetrahydroquinolin-8-yl)but-2-ene-1,4-diamine: Synthesis was carried out according to the

General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g column, 25

25

2H), 4.10 (dd, J = 6.5 Hz, J = 9.5 Hz, 1H), 4.00 (d, J = 15.5 Hz, 1H), 3.82 (d, J = 15.0 Hz, 1H), 3.78 2H),

3.64 (dd, J = 5.8 Hz, J = 14.3 Hz, 1H), 3.34 (dd, J = 5.0 Hz, J = 14.0 Hz, 1H), 3.25 (d, J = 5.5 Hz, 2H), 2.87
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136.6, 135.7, 134.7, 134.0, 132.4, 129.7, 129.1, 126.4, 125.9, 125.5, 123.0 (2C), 121.5, 61.2, 57.2, 56.5,

5 + H = 454.29652. LC-MS (ESI-API, 254 nm) 25-95% MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min,

x 4.6 mm, 3.5 µm), m/z = 454.2 (M + H), 227.8 (M/2 + H), t = 0.834 min.

N
2 N

HN

10

EMU222: (E)-N1-(pyridin-3-ylmethyl)-N4-(R)-I,2,3,4-tetrahydroisoquinolin-3-yl)methy)-N4-

General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g column, 25

mL/min) eluting with 100:10:1 DCM/MeOH/NHOH to yield a yellow oil (138 mg, 0.304 mmol, 90%

15 yield). ¹H NMR (500 MHz, CDCl)  8.53 (d, J = 2.0 Hz, 1H), 8.49 (dd, J = 1.8 Hz, J = 4.8 Hz, 1H), 8.46

(d, J = 5.0 Hz, 1H), 7.64-7.66 (m, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.22 (dd, J = 4.8 Hz, J = 7.8 Hz, 1H), 7.06-

Hz, J = 13.8 Hz, 1H), 3.25 (d, J = 5.0 Hz, 2H), 2.87 (dd, J = 3.5 Hz, J = 13.5 Hz, 1H), 2.58-2.79 (m, 5H),

20 2.37-2.43 (m, 2H), 2.05-2.09 (m, 1H), 1.87-2.00 (m, 2H), 1.65-1.73 (m, 1H) 1.34 (br s, 1H). ¹³C NMR (125

126.4, 125.9, 125.5, 123.4, 121.5, 61.1, 57.2, 56.4, 52.0, 50.8, 50.6, 48.6, 33.8, 29.4, 28.1, 21.9. HRMS

(NSI) m/z = 454.29690 (M+H); Theo. for CHN + H = 454.29652. LC-MS (ESI-API, 254 nm) 25-95%

MeOH in HO (0.1% HCOH), 8 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5

µm), m/z = 454.2 (M + H), 227.6 (M/2 + H), t = 0.534 min; 10-95% MeOH in H2O (0.1% HCOH), 10

min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 454.2 (M + H), 227.6

(M/2 + H), t = 1.015 min.
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N

N
I

HN

(S)-5,6,7,8-tetrahydroquinolin-8-yl)but-2-ene-1,4-diamine: Synthesis was carried out according to the

General Deprotection Protocol. Purified via column chromatography (CombiFlash, 12 g column, 25

5 mL/min) eluting with 100:10:1 DCM/MeOH/NHOH to yield a yellow oil (130 mg, 0.287 mmol, 99%

yield). ¹H NMR (500 MHz, CDCl)  8.53-8.54 (m, 1H), 8.45-8.46 (m, 1H), 7.58-7.62 (m, 1H), 7.31 (d, J

1H), 5.73-5.81 (m, 2H), 4.10 (dd, J = 6.5 Hz, J = 9.5 Hz, 1H), 4.00 (d, J = 15.5 Hz, 1H), 3.88 (s, 2H), 3.83

10 (dd, J = 3.0 Hz, J = 13.0 Hz, 1H), 2.58-2.79 (m, 5H), 2.37-2.43 (m, 2H), 2.05-2.09 (m, 1H), 1.87-1.99 (m,

2H), 1.65-1.73 (m, 1H). ¹³C NMR (125 MHz, CDCl)  159.7, 158.6, 149.3, 146.8, 136.5, 136.4, 135.7,

51.0, 48.6, 33.8, 29.4, 28.1, 21.9. HRMS (NSI) m/z = 454.29750 (M + H); Theo. for CHN + H =

15

min; 10-95% MeOH in HO (0.1% HCOH), 10 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm

x 4.6 mm, 3.5 µm), m/z = 454.2 (M + H), 227.8 (M/2 + H), t = 2.148 min.

Racemic route: Syntheses of EMU100 (Stereoisomer 1) and EMU100 (Stereoisomer 2)
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Boc Boc
Boc N N N
N NH

Br o N N 0 N
N Boc Boc
H DIBAL-H NH N N

N
N. Pd(dba) N. toluene N

Boc Boc Boc
NaBH(OAc)

(#)-BINAP -78 °C 1,2-DCE
racemic CsCO 68% yield

toluene (1:1 dr)

quantitative yield

N N

N N

N N
O

TFA/DCM

1,2-DCE

N N

N N

N N

EMU100 (Stereoisomers 1 and 2)

2-tert-butyl 3-methyl 5-(4-(tert-butoxycarbonyl)piperazin-l-yl)-3,4-dihyaroisoquinoline-2,3(IH)-

dicarboxylate

Boc

N
Pd(dba)

Boc

N
+

N.
toluene

Boc
IZ
N N
H

120 °C Boc

5 To an oven-dried Biotage 10-20 mL microwave vial equipped with a Teflon-coated magnetic stir

bar was charged with racemic 2-tert-butyl 3-methyl 5-bromo-3,4-dihydroisoquinoline-2,3(IH)-

dicarboxylate (1.03 g, 2.78 mmol), tert-butyl piperazine-1-carboxylate (0.622 g, 3.34 mmol), Pd(dba)

(0.127 g, 0.139 mmol), rac-BINAP (0.260 g, 0.417 mmol), and cesium carbonate (1.269 g, 3.89 mmol).

The vial was sealed with a Teflon-lined septum and purged with argon for 5 minutes. Degassed toluene

10 (13.91 mL) was added, and the vessel was degassed with argon for another 5 minutes. The resulting mixture

was heated at 120 °C for 48 hours in an oil bath. Upon the completion of the reaction as judged by TLC

analysis, the mixture was allowed to cool to room temperature, filtered through a Celite pad, and

concentrated to a crude material which was purified by CombiFlash system (40 gram silica column, 5
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minutes hexane then 30 minutes 0-30% ethyl acetate) to afford the product as a light yellow gel (1.4011 g,

5 + 476.27542.

Tert-butyl 5-(4-(tert-butoxycarbonyl)piperazin-1-yl)-3-formyl-3,4-dihydroisoquinoline-2(1)-

carboxylate:

Boc Boc

N N

N NDIBAL-H

toluene O
N -78 °C N

Boc Boc

10

tert-butyl 3-methyl 5-(4-(tert-butoxycarbonyl)piperazin-l-yl)-3,4-dihydroisoquinoline-2,3(1H)-

15

20

Boc

N 0
1,2-DCE

Boc

N 68% yield
N

Boc
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(S)-5,6,7,8-tetrahydroquinolin-8-amine (0.105 g, 0.705 mmol), sodium triacetoxyborohydride (0.179 g,

0.846 mmol), and 1,2-dichloroethane (1.349 mL). After stirring for 5 minutes, a solution of racemic tert-

butyl 5-(4-(tert-butoxycarbonyl)piperazin-l-yl)-3-formyl-3,4-dihydroisoquinoline-2(1H)-carboxylate

5

stirred at room temperature for 48 hours. Upon the completion of the reaction as judged by TLC and LCMS

organic extract was dried over anhydrous sodium sulfate and concentrated under reduced pressure to a crude

10

minutes 0-10% MeOH/DCM) to afford the inseparable mixture of two diastereomers as a light yellow gel

15 1.53 - 1.25 (m, 18H). HRMS calculated for [C33H47N5O4 + H]*: 578.37063, found: 578.37036.

(R)-tert-butyl 5-(4-(tert-butoxycarbonyl)piperazin-l-yl)-3-((cyclohexylmethyl)((S)-5,6,7,8-

tetrahydroquinolin-8-yl)amino)methyl)-3,4-dihyadroisoquinoline-2(H)-carboxylat and (S)-tert-butyl 5-

(1-(tert-butoxycarbonyl)piperidin-4-yl)-3-((cyclohexylethyl)(S)-5,6,7,8-tetrahydroquinolin-8-

20 yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate

N N N0
NH N N

+Boc Boc Boc Boc Boc Boc
N N NaBH(OAc) N N N N

N 1,2-DCE N N

To a 20-mL scintillation vial equipped with a Teflon-coated magnetic stir bar was charged with

tert-butyl 5-(4-(tert-butoxycarbonyl)piperazin-1-yl)-3-(S)-5,6,7,8-tetrahydroquinolin-8-

yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (1:1 mixture of diastereomers) (0.4899 g,

25

After stirring for 5 minutes, cyclohexanecarbaldehyde (0.308 ml, 2.54 mmol) was added dropwise. The
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(3 times). The combined organic extract was dried over anhydrous sodium sulfate and concentrated under

5 as light yellow gel, which was pushed to the deprotection step.

General procedure for global deprotection: To a 20-mL scintillation vial equipped with a Teflon-

coated magnetic stir bar was charged with Boc-protected substrate (1 equiv) and DCM (0.13 M).

10 temperature overnight. Upon the completion of the reaction as judged by LCMS analysis, the mixture was

mixture was transferred to a separatory funnel. The aqueous layer was separated and extracted with DCM

(3 times). The combined organic extract was dried over anhydrous sodium sulfate and concentrated under

reduced pressure to a crude material which was purified by CombiFlash system using a gradient of solvent

15

to afford the final product.

HN NH
N

20 (m, 1H), 4.12 (d, J = 15.1 Hz, 1H), 4.08 - 3.96 (m, 2H), 3.11 (dd, J = 12.8, 5.3 Hz, 1H), 3.00 - 2.59 (m,

1H), 7.30 (dd, J = 7.7, 1.7 Hz, 1H), 7.10 - 7.00 (m, 2H), 6.84 (d, J = 7.8 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H),

25

J = 13.1, 6.4 Hz, 1H), 2.29 (ddd, J = 27.1, 12.0, 5.9 Hz, 2H), 2.13 (ddt, J = 13.0, 5.3, 2.2 Hz, 1H), 2.01 -

1.90 (m, 2H), 1.78 - 1.57 (m, 6H), 1.38 (dtd, J = 14.4, 7.1, 3.3 Hz, 1H), 1.20 - 1.06 (m, 3H), 0.74 (ddd, J =

25.4, 12.7, 3.1 Hz, 2H). HRMS calculated for [C30H43N5 + H]*: 474.35967, found: 474.35881.
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These following compounds were obtained according to the above scheme but starting from the

enantiomerically pure (R)-2-tert-butyl 3-methyl 5-bromo-3,4-dihydroisoquinoline-2,3(1H)-dicarboxylate,

which was prepared in gram scale using literature method by Beadle et al (PCT Int. Appl., 2014193781, 04

5

2

HN NH
N

EMU119: White foam. ¹H NMR (400 MHz, Chloroform-d)  8.48 (dd, J = 4.7, 1.7 Hz, 1H), 7.36

(dd, J = 7.7, 1.7 Hz, 1H), 7.19 - 7.02 (m, 2H), 6.91 (dd, J = 7.9, 4.1 Hz, 1H), 6.81 (dd, J = 7.7, 4.1 Hz, 1H),

10 4.28 (dd, J = 10.3, 6.2 Hz, 1H), 4.18 (d, J = 15.2 Hz, 1H), 3.97 (d, J = 15.2 Hz, 1H), 3.58 - 2.56 (m, 18H),

2.32 - 2.11 (m, 2H), 2.07 - 1.91 (m, 2H), 1.84 - 1.71 (m, 1H), 1.04 - 0.93 (m, 1H), 0.53 (dqt, J = 26.1, 8.8,

4.3 Hz, 2H), 0.28 - 0.01 (m, 2H). HRMS calculated for [C27H37N5 + H]*: 432.31272, found: 432.31179.

New

an

2

HN NH
N

- 7.31 (m, 1H), 7.14 - 7.04 (m, 2H), 6.88 (dd, J = 7.9, 1.1 Hz, 1H), 6.79 (dd, J = 7.6, 1.1 Hz, 1H), 4.23 -

3.96 (m, 3H), 3.12 - 2.85 (m, 9H), 2.84 - 2.60 (m, 6H), 2.37 (dd, J = 13.5, 8.5 Hz, 1H), 2.16 - 1.79 (m, 9H),

1.52 (s, 5H), 1.16 (t, J = 12.1 Hz, 2H). HRMS calculated for [C30H41F2N5 + H]*: 510.34083, found:
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General scheme

N N N

NH N X NPG N X NHSTAB
+ X NPG

BocN BocN HN

I II III IV

Synthesis of EMU030 and EMU031

O

N OTBS

1
O 2

5

of triphenylphosphine (4.99 mmol, 1.15 equiv) and 22 mL of THF. Then 1.02 mL of DIAD (5.25 mmol,

1.21 equiv) was added at rt. The yellow color disappeared immediately and a clear solution was obtained.

10

(2X), washed with water and brine and dried over NaSO. The crude product was purified on silica gel

column using 10% EA in hexanes as eluent affording 1.28 g (85%) of the product 2 as a white solid. ¹H

15 1H), 0.36 (q, J = 5.5 Hz, 1H), 0.04 (s, 2H), 0.03 (s, 2H); ¹³C NMR (300 MHz, CDCl, ppm) : 167.89,

133.39, 132.04, 122.75, 62.72, 37.58, 25.66, 18.34, 18.05, 18.00, 14.75, 8.51, -5.47, -5.59; LC-MS (ESI-

0

N OH
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(3.66 mmol, 1 equiv), 3.7 mL 2 M HCI (7.40 mmol, 2 equiv) and 3.7 mL of THF. After stirring at rt for 1.5

h, the reaction mixture was quenched by addition of sat. NaHCO solution, extracted with CHCl (2X) and

5

4.4 Hz, 1H), 1.34-1.19 (m, 2H), 0.80 (td, J = 8.7, 5.1 Hz, 1H), 0.18 (q, J = 5.6 Hz, 1H); LC-MS (ESI-API,

254 nm) 95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm

X 4.6 mm, 3.5 µm), m/z = 254.0 (M + Na), t = 0.546 min.

10

Z

to

the alcohol 3 (1.80 mmol, 1 equiv), 1.33 mL of TEA (9.51 mmol, 5.3 equiv) and 5.4 mL of CHCl. After

the reaction mixture was cooled to 0 °C, 1.14 g of SO* Py (7.18 mmol, 4 equiv) dissolved in 5.4 mL of

15 DMSO was added dropwise and the reaction mixture was stirred at rt for 2 h. Then the reaction mixture

over NaSO. The crude product was purified on silica gel column using 30 % EA in hexanes as eluent

20 7.7 Hz, 1H), 2.03-1.94 (m, 2H), 1.82 (sext, J = 7.6 Hz, 1H), 1.40 (dt, J = 7.0, 5.3 Hz, 1H), 1.23 (td, J = 8.1,

5.0 Hz, 1H); ¹³C NMR (400 MHz, CDCl, ppm) : 199.98, 167.83, 133.91, 131.83, 123.16, 36.24, 27.03,

0
N

N
230

BocN
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To a 50 mL Schlenk tube equipped with a septum and stir bar was added 554 mg of the amine I

reaction mixture was quenched by addition of 1N KCO solution, extracted with ether (3x), washed with

5 1N KCO solution, brine and dried over NaSO. The crude product was purified on silica gel column

using 0-70 EA in hexanes as eluent affording 291 mg (34%) of URf-5 isomer, 174 mg (20%) of mixture

10 0.5H), 4.56 (s, 0.5H), 4.30 (d, J = 17.2 Hz, 0.5H), 4.19 (d, J = 16.5 Hz, 0.5H), 4.10-3.76 (m, 2H), 3.41 (dd,

J = 13.8, 10.0 Hz, 1H), 3.22-2.40 (m, 7H), 2.15-2.02 (m, 1H), 1.99-1.88 (m, 1H), 1.86-1.73 (m, 1H),

1.71-1.56 (m, 1H), 1.48 (s, 9H), 1.51-1.31 (m, 1H), 1.25-1.12 (m, 1H), 1.05 (h, J = 7.4 Hz, 1H), 0.61 (td,

15 + H), t = 0.624 min, 97 purity. For LRf-5 isomer: ¹H NMR (400 MHz, CDCl, ppm) : 8.41-8.28 (m,

1H), 7.84-7.73 (m, 2H), 7.72-7.62 (m, 2H), 7.23 (d, J = 6.7 Hz, 1H), 7.11-6.86 (m, 5H), 4.75-4.43 (m,

2H), 4.25-4.09 (m, 2H), 3.86-3.68 (m, 1H), 3.37-3.26 (m, 1H), 3.19-3.03 (m, 1H), 3.02-2.48 (m, 6H),

2.14-1.30 (m, 5H), 1.48 (s, 9H), 1.28-1.18 (m, 1H), 0.96 (dt, J = 14.2, 7.0 Hz, 1H), 0.54 (td, J = 8.3, 4.7

Hz, 1H), 0.13 (q, J = 5.4 Hz, 1H); LC-MS (ESI-API, 254 nm) 75-95% MeOH in H2O (0.1% HCOH), 6

20 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 607.2 (M + H), t =

/

BocN

6

A 20 mL vial equipped with a stir bar was charged with 202 mg of the amine URf-5 (0.333 mmol,

25

equiv) was added. After stirring at rt for 12h, the reaction mixture was quenched by addition of sat. NaCO
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step without purification. The same procedure was used to synthesize LRf-6 isomer.

NH

BocN

5

1 equiv) dissolved in 3.34 mL of CHCl. Then 771 µL of TFA (10.0 mmol, 30 equiv) was added. After

stirring at rt for 5 h, the reaction mixture was quenched by addition of sat. NaCO solution and 2 N KOH

solution, extracted with CHCl (3x), washed with brine and dried over NaSO. The crude material (94

10 87 mg (69 %) of the product EMU030 as a slightly yellow solid. The same procedure was used to synthesize

N

HN NH

15 7.7 Hz, 1H), 7.14-6.99 (m, 5H), 4.17-4.05 (m, 1H), 4.10 (A of AB, JAB = 16.2 Hz, 1H), 3.81 (B of AB, JAB

= 16.2 Hz, 1H), 3.35 (br S, 1H), 3.28 (dd, J = 13.2, 4.6 Hz, 1H), 2.88 (d, J = 12.8 Hz, 1H), 2.81-2.61 (m,

NMR (400 MHz, CDCl, ppm) : 157.90, 146.57, 136.69, 135.39, 134.06, 133.16. 128.90, 126.04, 125.74,

20

HRMS (ESI+) calcd for CHN ([M+H]*): 377.2700. Found: 377.2695, error -0.5 ppm; LC-MS (ESI-
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API, 254 nm) 55% MeOH in H2O (0.1% HCOH), 6 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50

2: ¹H NMR (600 MHz, CDCl, ppm) : 8.44 (d, J = 4.6 Hz, 1H), 7.31 (d, J = 7.7 Hz, 1H), 7.09-6.97 (m,

5H), 4.27 (dd, J = 10.0, 6.4 Hz, 1H), 4.00 (A of AB, JAB = 15.2 Hz, 1H), 3.81 (B of AB, JAB = 15.2 Hz,

5 1H), 2.92 (A of ABX, JAB = 13.2 Hz, JAX = Hz, 1H), 2.89-2.70 (m, 5H), 2.67 (B of AB, JAB = 16.5 Hz,

1H), 2.61 (dd, J = 16.1, 3.8 Hz, 1H), 2.57 (dd, J = 13.1, 8.4 Hz, 1H), 2.41-2.35 (m, 2H), 2.13-2.07 (m,

126.20, 125.68, 125.28, 121.25, 60.76, 57.49, 53.89, 52.33, 48.47, 41.99, 33.78, 29.35, 26.35, 21.92, 19.70,

10 15.54, 9.36. HRMS (ESI+) caled for CHN ([M+H]): 377.2700. Found: 377.2699, error -0.1 ppm; LC-

MS (ESI-API, 254 nm) 55% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax

XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 377.2 (M + H), 189.2 (M/2 + H), = 0.783 min.

NHBoc

17
15

A 100 mL rb flask equipped with magnetic stir bar was charged with 2.5 g of 4-

aminocyclohexanecarboxylic acid (17.5 mmol, 1 equiv), 17.5 mL of dioxane and 36.7 mL of 1 M NaOH

equiv) dissolved in 17.5 mL of dioxane was added dropwise. After stirring at rt for 5 h the pH of the

20

17 was obtained as a white solid which was used in the next step without purification. ¹H NMR (400 MHz,

CDCl, ppm) : 4.41 (br S, 1H), 3.42 (br S, 1H), 2.25 (tt, J = 11.8, 3.3 Hz, 1H), 2.11-2.00 (m, 4H), 1.60-1.41

(m, 2H), 1.44 (s, 9H), 1.12 (q, J = 12.7 Hz, 2H).

25

CH2OH

NHBoc

18

215

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

5
 
2
6
 
F
e
b
 
2
0
2
6

N
H
B
o
c

1
7

2
5

C
H
2
O
H

N
H
B
o
c

1
8

2
1
5



4.25 g of the acid 17 (17.5 mmol, 1 equiv) and 58 mL of THF. Then the reaction mixture was cooled to 0

5

The filtrate was concentrated and triturated with diethyl ether affording 1.01 g of more product 18 (total

2.65 g, 66 %). ¹H NMR (400 MHz, CDCl, ppm) : 4.39 (br S, 1H), 3.45 (t, J = 6.0 Hz, 2H), 3.39 (br S, 1H),

NHBoc
19

Compound 19 was synthesized from alcohol 18 following the procedure for the synthesis of

3.4 Hz, 1H), 1.18 (A of ABX, JAB = 12.8 Hz, JAX = 3.6 Hz, 1H), 1.11 (B of ABX, JAB = 12.7 Hz, JBX = 3.6

BocN

20
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as eluent affording 263 mg (84%) of the product 20 as a slightly yellow oil. ¹H NMR (400 MHz, CDCl,

4.32 (m, 1.5H), 4.29-4.17 (m, 1H), 3.97 (br S, 0.5H), 3.79 (br S, 0.5H), 3.29 (br S, 1H), 3.18 (d, J = 15.8

Hz, 1H), 3.13-2.88 (m, 2H), 2.74-2.50 (m, 4H), 2.33-2.21 (m, 1H), 2.17-1.78 (m, 5H), 1.73-1.42 (m, 3H),

5 1.49 (s, 9H), 1.42 (s, 9H), 1.10-0.94 (m, 1H), 0.96 (qd, J = 12.5, 3.6 Hz, 1H), 0.76 (q, J = 13.0 Hz, 1H),

0.71-0.59 (m, 1H); LC-MS (ESI-API, 254 nm) 75-95% MeOH in H2O (0.1% HCOH), 6 min, 1.00

NH2
Z

Z

HN

10 EMU074: Compound EMU074 was synthesized from amine 20 following the procedure for the

solvent 2 in CHCl (solvent 2 = 70% CHCl, 30% MeOH, 3 % NH4OH) as eluent affording 107 mg (94

%) of the product EMU074 as a slightly yellow oil. ¹H NMR (600 MHz, CDCl, ppm) : 8.42 (dd, J = 4.8,

1.6 Hz, 1H), 7.32 (d, J = 8.5 Hz, 1H), 7.10-7.06 (m, 2H), 7.06-6.99 (m, 3H), 4.07 (A of AB, JAB = 14.8

15 Hz, 1H), 4.03 (dd, J = 10.5, 6.4 Hz, 1H), 3.97 (B of AB, JAB = 14.9 Hz, 1H), 3.16 (dd, J = 13.8, 5.6 Hz,

2.44-2.38 (m, 1H), 2.37 (dd, J = 13.6, 8.1 Hz, 1H), 2.24 (dd, J = 13.4, 10.2 Hz, 1H), 2.14-2.07 (m, 1H),

2.01-1.94 (m, 2H), 1.90-1.83 (m, 4H), 1.74-1.65 (m, 1H), 1.42-1.34 (m, 1H), 1.12-1.03 (m, 2H), 0.92--

0.84 (m, 2H); ¹³C NMR (400 MHz, CDCl, ppm) : 158.91, 146.51, 136.22, 135.61, 134.69, 133.79, 128.99,

20 126.37, 125.74, 125.33, 121.17, 61.97, 61.73, 58.13, 52.34, 51.07, 48.78, 37.26, 36.72, 36.61, 33.71, 30.46,

30.31, 29.37, 22.12; HRMS (ESI+) calcd for CHN ([M+H]): 405.3013. Found: 405.3062, error 5.0

ppm; LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent

Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 405.2 (M + H), 203.2 (M/2 + H), t = 0.767 min.

25 Synthesis of EMU121
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0

Compound 21 was synthesized from tert-butyl (((1r,4r)-4-

(hydroxymethyl)cyclohexyl)methyl)carbamate following the procedure for the synthesis of compound 4.

The crude product was purified on silica gel column using 0-50 % EA in hexanes as eluent affording 390

5

(m, 2H), 1.44 (s, 9H), 1.29 (A of ABX, JAB = 12.7 Hz, JAX = 3.1 Hz, 1H), 1.23 (B of ABX, JAB = 13.2 Hz,

= 3.6 Hz, 1H).

10

20

N

Compound 20 was synthesized from tert-butyl (R)-3-((S)-5,6,7,8-tetrahydroquinolin-8-

15

(m, 1H), 4.72 (br S, 0.5H), 4.73 (A of AB, JAB = 14.8 Hz, 0.5H), 4.68 (A of AB, JAB = 14.8 Hz, 0.5H), 4.55

(br S, 1H), 4.35 (br S, 0.5H), 4.25 (B of AB, JAB = 15.3 Hz, 0.5H), 4.21 (B of AB, JAB = 15.3 Hz, 0.5H),

20 (m, 3H), 2.28 (dd, J = 13.2, 6.1 Hz, 1H), 2.16-1.79 (m, 4H), 1.78-1.40 (m, 5H), 1.50 (s, 9H), 1.44 (s, 9H),

1.36-1.23 (m, 1H), 1.05 (br S, 1H), 0.90-0.52 (m, 4H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in H2O

(0.1% HCOH), 6 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z =

619.3 (M + H), t = 0.744 min.
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Z NH2

N

HN

EMU121: Compound EMU121 was synthesized from amine 22 following the procedure for the

synthesis of compound EMU030. The crude material was purified on silica gel column using 0-60 % of

5 solvent 2 in CHCl (solvent 2 = 70 % CHCl, 30 % MeOH, 3% NH4OH) as eluent affording 110 mg

(quant.) of the product EMU121 as a slightly yellow oil. ¹H NMR (600 MHz, CDCl, ppm) : 8.42 (d, J =

4.1 Hz, 1H), 7.32 (d, J = 7.6 Hz, 1H), 7.10-7.01 (m, 5H), 4.15-3.95 (m, 3H), 3.12 (br S, 1H), 2.93 (d, J =

13.2 Hz, 1H), 2.82 (br S, 1H), 2.75 (ddd, J = 16.5, 11.5, 5.0 Hz, 1H), 2.65 (B of AB, JAB = 16.5 Hz, 1H),

2.58 (d, J = 15.4 Hz, 1H), 2.52 (dd, J = 6.4 Hz, 4H), 2.47-2.22 (m, 1H), 2.14-1.65 (m, 8H), 1.39 (s, 1H),

1.28-1.18 (m, 1H), 0.97-0.78 (m, 4H). ¹³C NMR (400 MHz, CDCl, ppm) : 158.93, 146.45, 136.26,

135.41, 134.63, 133.80, 128.98, 126.36, 125.77, 125.34, 121.17, 62.03, 61.74, 58.09, 52.38, 48.70, 48.64,

41.54, 38.04, 33.56, 31.19, 31.10, 30.46, 30.38, 29.34, 22.08. HRMS (ESI+) caled for CHN ([M+H]*):

419.3169. Found: 419.3168, error -0.1 ppm. LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1%

HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 419.2 (M

15 + H), 210.2 (M/2 + H), t = 0.499 min.

General scheme

O N N
Ti(OiPr)4

R¹ N R N R
STAB N BocN STAB TFA

+ +
N

O HN R
R¹ R¹

R
NH

BocN HN

V VI VIII VII IX X

20 Synthesis of EMU075
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HO SCgH17

13

A 250 mL rb flask equipped with a rubber septum and a magnetic stir bar was set under Ar

solution was cooled to ) °C. Then 6.84 mL of 1-octane thiol (39.4 mmol, 3 equiv) was added dropwise.

5 After stirring at rt for 20 min, 1.50 g of 3,3-dimethyldihydrofuran-2(3H)-one (13.1 mmol, 1 equiv)

10

= 5.4, 3.1 Hz, 2H), 7.67 (dd, J = 5.5, 3.0 Hz, 2H), 3.68-3.63 (m, 2H), 2.70 (t, J = 7.4 Hz, 2H), 1.97-1.92

(m, 2H), 1.45 (p, J = 7.5 Hz, 1H), 1.28 (s, 6H), 1.34-1.18 (m, 10H), 0.83 (t, = 6.8 Hz, 3H). ¹³C NMR (400

28.97, 28.84, 28.59, 25.20, 22.54, 14.00. LC-MS (ESI-API, 254 nm) 95% MeOH in H2O (0.1% HCOH),

20

0
0

N
=

30

A 20 mL vial equipped with a stir bar was charged with 594 mg of the thioester 29 (1.53 mmol, 1

25 equiv), 27.0 mg of PdCl (0.152 mmol, 0.1 equiv), 43 µL of TEA (0.305 mmol, 0.2 equiv) and 3.1 mL

220

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

H
O

1
3

1
0

S
C
H

N
X

3
0

2
2
0



CHCl. Then 731 µL of triethylsilane (4.57 mmol, 3 equiv) was added dropwise and the solution turned to

citric acid solution, filtered through celite plug, extracted with CHCl (2 X) and dried over NaSO. The

5

3.1 Hz, 2H), 7.71 (dd, J = 5.5, 3.0 Hz, 2H), 3.70-3.61 (m, 2H), 1.93-1.84 (m, 2H), 1.16 (s, 6H). LC-MS

N
HN

N

31
10

Compound 31 was synthesized from aldehyde 30 and (S)-5,6,7,8-tetrahydroquinolin-8-amine

following the procedure for the synthesis of compound 25. The crude product was purified on silica gel

column using EA as eluent affording 492 mg (100 %) of the product 31 which crystallizes in freezer to

white solid. ¹H NMR (400 MHz, CDCl, ppm) : 8.38 (d, J = 4.7 Hz, 1H), 7.82 (dd, J = 5.5, 3.0 Hz, 2H),

15 7.68 (dd, J = 5.5, 3.0 Hz, 2H), 7.35 (d, J = 7.7 Hz, 1H), 7.05 (dd, J = 7.6, 4.7 Hz, 2H), 3.75-3.69 (m, 3H),

2.81 (dt, J = 13.6, 6.6 Hz, 1H), 2.72 (dt, J = 16.8, 5.6 Hz, 1H), 2.61 (A of AB, JAB = 11.3 Hz, 1H), 2.55 (B

of AB, JAB = 11.4 Hz, 1H), 2.14-1.98 (m, 2H), 1.84-1.62 (m, 4H), 1.04 (s, 3H), 1.03 (s, 3H). LC-MS (ESI-

API, 254 nm) 95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50

mm x 4.6 mm, 3.5 µm), m/z = 378.2 (M/2 + H), t = 0.469 min.

20

O
Z

N /

BocN (R)

32
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product 32 as a slightly yellow powder. ¹H NMR (400 MHz, CDCl, ppm) : 8.38 (br S, 0.7H), 8.33 (br S,

6.88 (dd, J = 7.7, 4.6 Hz, 1H), 4.71 (br S, 0.3 H), 4.71 (A of AB, JAB = 16.8 Hz, 0.7H), 4.67 (A of AB, JAB

5 = 16.8 Hz, 0.3H), 4.44 (br S, 0.7H), 4.27 (B of AB, JAB = 17.4 Hz, 0.3H), 4.15 (B of AB, JAB = 17.2 Hz,

(A of AB, JAB = 16.2 Hz, 0.3H), 3.02-2.82 (m, 2H), 2.68-2.08 (m, 7H), 1.95-1.87 (m, 1H), 1.80-1.31 (m,

3H), 1.49 (s, 6.3H), 1.46 (s, 2.7H), 0.98 (s, 2.1H), 0.91 (s, 2.1H), 0.87 (s, 0.9H), 0.84 (s, 0.9H). LC-MS

(ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 6 min, 1.00 mL/min, C18 (Agilent Zorbax

10 XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 623.2 (M + H), t = 0.946 min, 97% purity.

N
N

NH
BocN (A)

33

15

N
NH2

HN

synthesis of compound EMU030. The crude material was purified on silica gel column using 0 to 60% of

solvent 2 in CHCl (solvent 2 = 70% CHCl, 30% MeOH, 3 % NH4OH) as eluent affording 69 mg (85

20

4.7 Hz, 1H), 7.30 (d, J = 7.7 Hz, 1H), 7.08-7.02 (m, 3H), 7.01-6.98 (m, 2H), 4.02 (dd, J = 11.0, 6.2 Hz,

1H), 4.00 (A of AB, JAB = 14.5 Hz, 1H), 3.79 (B of AB, JAB = 14.9 Hz, 1H), 3.54 (d, J = 14.5 Hz, 1H), 2.84
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(d, J = 13.5 Hz, 1H), 2.78-2.71 (m, 2H), 2.66-2.58 (m, 1H), 2.48 (dd, J = 15.8, 3.4 Hz, 1H), 2.44 (d, J =

2H), 1.73-1.64 (m, 1H), 1.53 (dt, J = 13.1, 8.2 Hz, 1H), 1.44 (dt, J = 13.1, 8.2 Hz, 1H), 0.97 (s, 3H), 0.95

5

25.79, 25.30, 22.48. HRMS (ESI+) caled for CHN ([M+H]*): 393.3013. Found: 393.3092, error 7.9

10

General scheme

N N R³ N R³

NH
R¹

Zu

N R²
Z
N R²

+
Hal R² R¹ R¹

BocN R³ BocN HN

I XI XII XIII

Synthesis of EMU124

OH
OH

34
15

(138 mmol, 4.2 equiv) and 33 mL of diethyl ether. After the suspension was cooled to 0 °C, 5.00 g of

4,5,6,7-tetrahydroisobenzofuran-1,3-dione. (32.9 mol, 1 equiv) dissolved in 33 mL of diethyl ether was

added drop wise and the suspension was stirred at rt for 3 h. The reaction mixture was quenched by careful

20

were concentrated and 2.89 g (62%) of the product 34 was obtained. ¹H NMR (400 MHz, CDCl, ppm) :
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OH
35

A 250 mL rb flask equipped with a stir bar and rubber septum was charged with 2.89 g of the diol

34 (20.3 mmol, 1 equiv), 1.52 g of imidazole (22.4 mmol, 1.1 equiv), 3.22 g of TBSCI (21.3 mmol, 1.05

5 of NHCl solution, extracted with CHCl (3x) and dried over NaSO. The crude product was purified on

silica gel column using 0 to 20 % EA in hexanes as eluent affording 1.71 g (33 %) of the product 35. ¹H

NMR (400 MHz, CDCl, ppm) :  4.15 (s, 2H), 4.05 (s, 2H), 2.16-2.03 (m, 5H), 1.62-1.57 (m, 4H), 0.90

(s, 9H), 0.08 (s, 6H).

OTBS

0

36
10

Compound 36 was synthesized from alcohol 35 following the procedure for the synthesis of

eluent affording 2.17 g (88%) of the product 36. ¹H NMR (400 MHz, CDCl, ppm) : 7.85-783 (m, 2H),

15 9H), 0.11 (s, 6H).

0 N 0

Compound 37 was synthesized from TBS ether 36 following the procedure for the synthesis of

compound 3. The crude product was purified by dissolving the product in minimal amount of CHCl and

20

with diethyl ether. The product was dried under high vacuum affording 1.28 g (84%) of the product 37 as
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a white solid. ¹H NMR (400 MHz, CDCl, ppm) : 7.84 (dd, J = 5.5, 3.0 Hz, 2H), 7.73 (dd, J = 5.4, 3.1 Hz,

2H), 4.42 (s, 2H), 4.24 (d, J = 6.4 Hz, 2H), 3.28 (t, J = 6.5 Hz, 1H), 2.20 (br S, 2H), 1.93 (br S, 2H), 1.62-

5

Br

38

A 100 mL rb flask equipped with a stir bar and rubber septum was charged with 0.350 g of the

alcohol 37 (1.29 mmol, 1 equiv), 0.389 g of triphenylphosphine (1.48 mmol, 1.15 equiv) and 6.5 mL of

CHCl. Then 0.492 g of CBr (1.48 mmol, 1.15 equiv) was added portion wise and the mixture was stirred

10 at rt for 2h. The reaction mixture was quenched by addition of water, extracted with CHCl (2x) and dried

over NaSO. The crude product was purified on silica gel column using CHCl as eluent affording 414

#
/

Z

BocN (R) N

0

15

A 50 mL Schlenk tube equipped with a cold finger condenser and stir bar was charged with 0.386

g of the bromide 38 (1.16 mmol, 1.2 equiv) and 0.016 g of KI (0.096 mmol, 0.1 equiv). Then 0.379 g of the

tert-butyl (R)-3-(S)-5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-3,4-dihydroisoquinoline-2(IH)-

20

water, extracted with diethyl ether (3x) and dried over NaSO. The crude product was purified on silica
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(d, J = 14.8 Hz, 1H), 4.28-4.03 (m, 3H), 3.63-3.51 (m, 1H), 3.20-2.83 (m, 4H), 2.77-2.47 (m, 3H), 2.30--

1.64 (m, 8H), 1.50 (s, 9H), 1.54-1.38 (4H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1%

5 HCOH), 6 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 647.2 (M

+ H), t = 1.119 min;

$N
N

NH2

10

200

/

HN NH2

synthesis of EMU030. The crude material was purified on silica gel column using 0 to 60 % of solvent2

(solvent2 = 30 % MeOH, 70 % CHCl and 3% NH4OH) in CHCl as eluent affording 59 mg (43 %) of

(m, 2H), 2.70-2.63 (m, 1H), 2.59 (d, J = 16.2 Hz, 1H), 2.41-2.26 (m, 3H), 2.18-2.04 (d, J = 11.2 Hz, 3H),

2.02-1.89 (m, 3H), 1.69 (q, J = 11.5, 10.9 Hz, 1H), 1.62-1.47 (m, 6H). ¹³C NMR (400 MHz, CDCl, ppm)
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59.14, 56.96, 56.06, 51.53, 47.90, 42.23, 33.63, 30.68, 29.37, 29.23, 25.72, 22.77, 22.75, 22.00. HRMS

(ESI+) calcd for CHN ([M+H]*): 417.3013. Found: 417.3010, error 0.3 ppm. LC-MS (ESI-API, 254

5

in

41

As in ref. (Nucleosides, Nucleotides, and Nucleic Acids 2008, 27, 213-223), a 1 L 3 neck flask

equipped with a stir bar, addition funnel and rubber septa was charged with 20.9 mL of ethyl 2-

10 (diethoxyphosphoryl)-2-fluoroacetate (103 mmol, 1 equiv) and 313 mL of THF. After cooling the reaction

mixture to -78 °C, 41.3 mL of 2.5 M nBuLi solution in hexanes (103 mmol, 1 equiv) was added dropwise

and the reaction mixture was allowed to warm to 0 °C during 30 min. The solution was cooled to -78 °C,

and 19.9 mL of 1-((tert-butyldimethylsilyl)oxy)propan-2-on. (103 mmol, 1 equiv) dissolved in 38 mL of

THF was added drop wise through addition funnel. After stirring at -78 °C for 1 h and 0 °C for 1 h, the

15 reaction mixture was allowed to warm up to rt and the stirring was continued for 12 more h. Then the

using 0 to 5 % EA in hexanes as eluent to afford 25.9 g (91%) of the product 41 as a mixture of ZIE (2:1)

isomers. ¹H NMR (400 MHz, CDCl, ppm) : 4.67 (d, J = 2.7 Hz, 0.8H), 4.36 (d, J = 3.7 Hz, 2H), 4.28 (q,

20 J = 7.1 Hz, 2H), 4.27 (q, J = 7.1 Hz, 0.8H), 2.12 (d, J = 3.2 Hz, 2H), 1.92 (d, J = 4.4 Hz, 0.8H), 1.34 (t, J =
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in toluene (108 mmol, 2.2 equiv) was added and the reaction mixture was stirred at 0 °C for 2 h. Then the

reaction mixture was quenched by addition of 40 mL of MeOH and the stirring was continued at rt for 12

5 h. The suspension was filtered through a celite plug and concentrated. The crude product was purified on

silica gel column using 0 to 30% EA in hexanes as eluent affording 10.1 g (88%) of the product 42 as a

yellow oil. ¹H NMR (400 MHz, CDCl, ppm) : 4.27 (d, J = 22.4 Hz, 1H), 4.26 (d, J = 3.2 Hz, 2H), 4.25

(d, J = 22.1 Hz, 2H), 4.15 (d, J = 2.4 Hz, 1H), 1.72 (d, J = 2.9 Hz, 4.5H), 1.69 (br S, 1.5 H), 0.90 (s, 4.9H),

0.90 (s, 9H), 0.08 (s, 3H), 0.07 (s, 6H).

10

J = 3.2 Hz, 2H), 1.88 (d, J = 2.9 Hz, 3H), 1.70 (d, J = 3.5 Hz, 1.5H), 0.91 (s, 4.5H), 0.87 (s, 9H), 0.11 (s,

3H), 0.02 (s, 6H).

Z

44

20 Compound 44 was synthesized from TBS ether 43 following the procedure for the synthesis of

compound 3. The crude product was purified by crystallization affording 2.46 g (48 %, 7:1 Z/E), 1.04 g (20

%, 1:3 Z/E). 0.916 g (18 %, 1.8:1 ZIE) of the product 44 as white solids.
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N

5

($)

8Z N 0
N

the

Z
Z

BocN (R) N BocN (R)
0

46 47

Compounds 46 and 47 were synthesized from tert-butyl (R)-3-(S)-5,6,7,8-tetrahydroquinolin-8-

yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylat and bromide 45 following the procedure for

the synthesis of compound 39. The crude product was purified on silica gel column using 0 to 20% EA in

10 CHCl affording 330 mg (31 %) of 46, 158 mg (15%) of the mixture of the isomers and 339 mg (32%)

3.99 (m, 1H), 3.62 (d, J = 13.4 Hz, 1H), 3.24-2.78 (m, 3H), 2.77-2.46 (m, 4H), 2.25-2.09 (m, 1H), 1.95

(br S, 1H), 1.87-1.63 (m, 2H), 1.74 (s, 3H), 1.50 (s, 9H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in

15 HO (0.1% HCOH), 6 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z

7.84-7.79 (dd, J = 5.4, 3.0 Hz, 2H), 7.70 (dd, J = 5.5, 3.0 Hz, 2H), 7.22 (br S, 1H), 7.12-6.90 (m, 5H), 4.74-

20
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($)

N
N a

BocN (R)
NH

48

Compound 48 was synthesized from amine 46 following the procedure for the synthesis of

compound 6. The crude material was used in the next step without purification.

0N
N

NH2
an

BocN (R)

5

as
Z

HN (R) NH2

10 EMU125: Compound EMU125 was synthesized from amine 48 following the procedure for the

synthesis of compound EMU030. The crude material was purified on silica gel column using 0 to 60% of

solvent2 (solvent2 = 30 % MeOH, 70 % CHCl and 3% NH4OH) in CHCl as eluent affording 118 mg

(100 %) of the product EMU125. ¹H NMR (400 MHz, CDCl, ppm) : 8.42 (d, J = 4.1 Hz, 1H), 7.32 (d, J

= 7.9 Hz, 1H), 7.12-7.06 (m, 2H), 7.05-7.01 (m, 3H), 4.16 (br S, 1H), 4.11 (A of AB, JAB = 14.9 Hz, 1H),

15 4.06-4.01 (m, 1H), 4.00 (B of AB, JAB = 15.1 Hz, 1H), 3.60 (A of ABX, JAX= 24.5 Hz, JAB = 14.9 Hz, 1H),
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3.52 (B of ABX, JBX = 21.8 Hz, JAB = 14.9 Hz, 1H), 3.16 (dd, J = 13.0, 4.0 Hz, 1H), 2.93-2.88 (m, 1H),

: 158.92, 158.04 (d, J = 247.6 Hz), 146.52, 136.24, 135.12, 134.27, 134.03, 128.91, 126.30, 125.82,

5

30.1 Hz), 33.51, 29.86, 29.26, 22.21, 12.76 (d, J = 8.3 Hz). ¹F NMR (400 MHz, CDCl, ppm) : - -114.36

(t, J = 23.4 Hz). HRMS (ESI+) calcd for CHFN ([M+H]*): 395.2606. Found: 395.2603, error -0.3 ppm.

10

nOe

N

NH
HN

EMU126: Compound EMU126 was synthesized from amine 49 following the procedure for the

synthesis of compound EMU030. The crude material was purified on silica gel column using 0 to 60% of

solvent2 (solvent2 = 30 % MeOH, 70% CHCl and 3 % NH4OH) in CHCl as eluent affording 129 mg

15 (100 %) of the product EMU126. ¹H NMR (400 MHz, CDCl, ppm) : 8.45 (d, J = 4.7 Hz, 1H), 7.31 (d, J

= 7.7 Hz, 1H), 7.13-6.98 (m, 5H), 4.10-4.00 (m, 2H), 3.86 (d, J = 15.1 Hz, 1H), 3.81-4.75 (m, 1H), 3.40

2H), 2.66 (B of AB, JAB = 16.4 Hz, 1H), 2.61 (d, J = 15.1 Hz, 1H), 2.45 (br S, 2H), 2.12-2.06 (m, 1H),

2.00-1.89 (m, 2H), 1.76 (s, 3H), 1.78-1.67 (m, 1H). ¹³C NMR (400 MHz, CDCl, ppm) : 158.43, 156.06

20 (d, J = 245.6 Hz), 146.62, 136.20, 135.08, 134.38, 133.64, 128.92, 126.24, 125.78, 125.32, 121.18, 111.53

(d, J = 12.7 Hz), 60.90, 57.16, 52.08, 52.00 (d, J = 14.2 Hz), 48.28, 39.56 (d, J = 30.8 Hz), 33.41, 29.29,

28.07, 21.92, 14.03 (d, J = 4.8 Hz). ¹F NMR (400 MHz, CDCl, ppm) : -120.90 (t, J = 21.7 Hz). HRMS

(ESI+) calcd for CHFN ([M+H]): 395.2606. Found: 395.2649, error 4.3 ppm. LC-MS (ESI-API, 254

nm) 75-95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X

25 4.6 mm, 3.5 µm), m/z = 395.2 (M + H), 198.2 (M/2 + H), t = 0.797 min;
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3
0

-

50

Compound 50 was synthesized from alcohol 42 following the procedure for the synthesis of

a/
33

/

OTBS

51
5

Compound 51 was synthesized from tert-butyl (R)-3-(S)-5,6,7,8-tetrahydroquinolin-8-

yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate and bromide 50 following the procedure for

the synthesis of compound 39. The crude product was purified on silica gel column using 0 to 30% EA in

hexanes as eluent affording 408 mg of the product 51.

10

8 3Z
as

N
an

N N

15 : 8.44 (br S, 1H), 7.19 (d, J = 8.0 Hz, 1H), 7.06-6.84 (m, 5H), 4.64-4.43 (m, 2.5H), 4.36 (br S, 0.5H), 4.17

(d, J = 16.6 Hz, 1H), 4.13-3.98 (m, 1H), 3.75 (br S, 1H), 3.20-2.90 (m, 2H), 2.86 (dd, J = 15.8, 5.6 Hz,
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1H), 2.55-2.47 (m, 2H), 2.37-1.97 (m, 4H), 1.83 (s, 3H), 1.89-1.31 (m, 2H), 1.50 (s, 9H). LC-MS (ESI-

API, 254 nm) 95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50

8.34 (d, J = 4.5 Hz, 1H), 7.29 (d, J = 7.7 Hz, 1H), 7.16-6.95 (m, 5H), 4.61 (A of AB, JAB = 17.0 Hz, 1H),

5 4.55 (d, J = 11.7 Hz, 1H), 4.52-4.45 (m, 1H), 4.26 (B of AB, JAB = 17.1 Hz, 1H), 3.87-3.78 (m, 1H), 3.69

9H). LC-MS (ESI-API, 254 nm) 95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent

Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 496.2 (M + H), t = 0.725 min;

10

Z
an

2

BocN Z

54

15 7.79 (dd, J = 5.4, 3.1 Hz, 2H), 7.69 (dd, J = 5.5, 3.1 Hz, 2H), 7.30 (d, J = 7.3 Hz, 1H), 7.11 (s, 3H), 7.05-

6.98 (m, 1H), 6.98 (dd, J = 7.8, 4.8 Hz, 1H), 4.81-4.66 (m, 1.5H), 4.54 (br S, 0.5H), 4.30-4.02 (m, 4H),

(Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 625.2 (M + H), t = 0.989 min;

20

N
You

/
N

BocN C
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eluent affording 0.958 g (78 %) of the product 55. ¹H NMR (400 MHz, CDCl, ppm) : 8.31 (br S, 1H),

5

(B of AB, JAB = 15.6 Hz, 1H), 4.14 (B of AB, JAB = 17.1 Hz, 1H), 3.95 (br S, 1H), 3.28-2.88 (m, 3H),

2.77-2.56 (m, 5H), 2.15-1.63 (m, 4H), 1.46 (s, 9H), 1.39 (d, J = 2.8 Hz, 3H). LC-MS (ESI-API, 254 nm)

10

N F

/

BocN NH

Compound 56 was synthesized from amine 54 following the procedure for the synthesis of

compound 6. The crude material was used in the next step without purification.

N
NH2

BocN

57
15
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N
B.

HN NH2
nOe

EMU140: Compound EMU140 was synthesized from amine 56 following the procedure for the

synthesis of compound EMU030. The crude material was purified on silica gel column using 0 to 60% of

solvent2 (solvent2 = 30 % MeOH, 70% CHCl and 3 % NH4OH) in CHCl as eluent affording 109 mg

5 (56%) of the product EMU140. ¹H NMR (600 MHz, CDCl, ppm) : 8.43 (d, J = 4.7 Hz, 1H), 7.33 (d, J =

7.7 Hz, 1H), 7.10-7.00 (m, 5H), 4.27 (dd, J = 30.3, 14.6 Hz, 1H), 4.09 (dd, J = 10.7, 6.5 Hz, 1H), 4.05 (A

10 J = 16.0, 10.9 Hz, 1H), 2.35 (dd, J = 12.5, 11.0 Hz, 1H), 2.15-2.08 (m, 1H), 2.00-1.94 (m, 1H), 1.93-1.86

(m, 1H), 1.76 (d, J = 3.1 Hz, 3H), 1.74-1.65 (m, 1H). ¹³C NMR (400 MHz, CDCl, ppm) : 158.60, 154.19

(d, J = 248.9 Hz), 146.57, 136.40, 135.56, 134.37, 133.96, 128.92, 126.36, 125.73, 125.37, 121.33, 116.73

15 CHFN ([M+H]*): 395.2606. Found: 395.2618, error 1.2 ppm. LC-MS (ESI-API, 254 nm) 75-95%

MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5

µm), m/z = 395.2 (M + H), 198.2 (M/2 + H), t = 0.815 min;

N a

Z
(NH
nOe

HN
nOe

20 EMU141: Compound EMU141 was synthesized from amine 57 following the procedure for the

synthesis of compound EMU030. The crude material was purified on silica gel column using 0 to 60 % of

solvent2 (solvent2 = 30 % MeOH, 70 % CHCl and 3% NH4OH) in CHCl as eluent affording 186 mg
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(90%) of the product EMU141. ¹H NMR (600 MHz, CDCl, ppm) : 8.43 (d, J = 4.7 Hz, 1H), 7.33 (d, J =

7.7 Hz, 1H), 7.11-6.99 (m, 5H), 4.24 (dd, J = 29.9, 14.8 Hz, 1H), 4.09 (dd, J = 10.8, 6.5 Hz, 1H), 4.07 (A

JAB = 13.3 Hz, Jax = 2.5 Hz, 1H), 3.32 (B of ABX, JAB = 13.3 Hz, JBX = 2.6 Hz, 1H), 2.94-2.87 (m, 2H),

5

2.48-2.31 (m, 2H), 2.13-2.07 (m, 1H), 2.00-1.86 (m, 2H), 1.73 (d, J = 2.6 Hz, 3H), 1.79-1.65 (m, 1H). ¹³C

NMR (400 MHz, CDCl, ppm) : 158.60, 153.23 (d, J = 245.9 Hz), 146.43, 136.26, 135.47, 134.37, 133.78,

10

(M/2 + H), t = 0.818 min;

15 Synthesis of EMU177 and EMU208

A 250 mL rb flask equipped with a stir bar and rubber septum was charged with 5.00 mL of 3-

methylfuran-2(5H)-one (57.6 mmol, 1 equiv) and 48.0 ml of toluene. After cooling to 0 °C, 106 mL of 1.2

20

suspension was filtered through celite plug and the celite plug was washed with EA. The organics were

concentrated and 5.71 g (97%) of the product 58 was obtained. ¹H NMR (400 MHz, CDCl, ppm) : 5.60

25

4.

TBSO OH TBSO OH
59

Compound 59 was synthesized from diol 58 following the procedure for the synthesis of compound

35. The crude product was purified on silica gel column using 0-30 % EA in hexanes as eluent affording

3.42 g (27%) of the product 59 as a mixture of regioisomers. ¹H NMR (400 MHz, CDCl, ppm) : 5.54 (t,
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(s, 6H).

0

0
60

5

Compound 60 was synthesized from alcohol 59 following the procedure for the synthesis of

compound 2. The crude product was purified on silica gel column using 0 to 10% of EA in hexanes as

eluent. The organics were concentrated and the product was used in the next step.

0

HO N HO N

61 62
10

Compounds 61 and 62 were synthesized from TBS ether 60 following the procedure for the

%) of 61. For the first isomer 62: ¹H NMR (300 MHz, CDCl, ppm) : 7.85-7.81 (m, 2H), 7.74-7.69 (m,

15 2H), 5.32 (t, J = 8.0 Hz, 1H), 4.38 (dd, J = 8.0, 0.9 Hz, 2H), 4.28 (s, 2H), 2.83 (br S, 1H), 1.83-1.81 (m,

3H). LC-MS (ESI-API, 254 nm) 95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent

3.1 Hz, 2H), 5.76 (t, J = 7.6 Hz, 1H), 4.40 (d, J = 0.8 Hz, 2H), 4.31 (d, J = 7.5 Hz, 2H), 2.82 (br S, 1H),

1.72-1.70 (m, 3H). LC-MS (ESI-API, 254 nm) 95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min,

C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 254.0 (M + Na), t = 0.548 min.

0
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Compound 63 was synthesized from alcohol 61 following the procedure for the synthesis of

compound 38. The crude product was purified on silica gel column using CHCl as eluent affording 883

Hz, 2H), 7.73 (dd, J = 5.5, 3.0 Hz, 2H), 5.73 (t, J = 8.6 Hz, 1H), 4.36 (s, 2H), 4.27 (dt, J = 8.6, 0.8 Hz, 2H),

5 1.78 (d, J = 0.8 Hz, 3H).

(S)

N
N

64

Compound 64 was synthesized from tert-butyl (R)-3-(S)-5,6,7,8-tetrahydroquinolin-8-

10 the synthesis of compound 39. The crude product was purified on silica gel column using 0 to 40% EA in

Hz, 1H), 4.74-4.59 (m, 1.5H), 4.51 (br S, 0.5H), 4.26 (A of AB, JAB = 14.7 Hz, 1H), 4.20 (B of AB, JAB =

14.8 Hz, 1H), 4.14-4.00 (m, 2H), 3.62-3.53 (m, 1H), 3.47-3.30 (m, 1H), 3.06-2.91 (m, 2H), 2.79-2.44 (m,

15

Z.

BocN (R)
NH

65

20 Compound 65 was synthesized from amine 64 following the procedure for the synthesis of

compound 6. The organics were concentrated and the crude product was used in the next step.
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3Z

HN (fi)

NH

5 solvent2 (solvent2 = 30% MeOH, 70% CHCl and 3 % NH4OH) in CHCl as eluent affording 74 mg (74

%) of the product EMU177. ¹H NMR (600 MHz, CDCl, ppm) : 8.45 (d, J = 4.7 Hz, 1H), 7.31 (d, J = 7.6

Hz, 1H), 7.09-6.98 (m, 5H), 5.43 (t, J = 7.0 Hz, 1H), 4.10 (dd, J = 10.2, 6.5 Hz, 1H), 4.02 (A of AB, JAB =

10 (B of AB, JAB = 16.5 Hz, 1H), 2.58 (A of ABX, JAB = 16.1 Hz, JAX = 3.7 Hz, 1H), 2.44-2.34 (m, 2H),

MHz, CDCl, ppm) : 158.75, 146.66, 139.09, 136.33, 135.57, 134.52, 133.92, 128.97, 126.29, 125.76,

125.53, 125.36, 121.22, 59.92, 57.02, 51.66, 51.20, 48.50, 42.44, 33.81, 29.37, 28.27, 22.08, 21.99. HRMS

15

x 4.6 mm, 3.5 µm), m/z = 377.2 (M + H), 189.2 (M/2 + H), t = 0.465 min;

Br

66

Compound 66 was synthesized from alcohol 62 following the procedure for the synthesis of

20

Hz, 2H), 7.71 (dd, J = 5.4, 3.1 Hz, 2H), 5.51 (tq, J = 7.5, 1.5 Hz, 1H), 4.31 (dd, J = 7.6, 1.0 Hz, 2H), 4.19

(s, 2H), 1.87-1.86 (m, 3H).
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($)

Z
2

BocN (R) Z

67

Compound 67 was synthesized from tert-butyl (R)-3-((S)-5,6,7,8-tetrahydroquinolin-8-

yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate and bromide 66 following the procedure for

5

(m, 1.5H), 4.49 (br S, 0.5 H), 4.32-3.98 (m, 4H), 3.57 (A of AB, JAB= 13.4 Hz, 0.5H), 3.44 (A of AB, JAB

= 13.6 Hz, 0.5H), 3.22 (B of AB, JAB = 13.3 Hz, 0.5H), 3.11-2.84 (m, 2.5H), 2.74-2.47 (m, 4H), 2.18 (br

10 (0.1% HCOH), 6 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z =

(3)

Z

BocN (4) NH2

68

15
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($)

N
2

HN (R) NH2

5 %) of the product EMU208. ¹H NMR (600 MHz, CDCl, ppm) : 8.45 (d, J = 4.8 Hz, 1H), 7.32 (d, J = 7.8

Hz, 1H), 7.10-7.06 (m, 2H), 7.05-6.99 (m, 3H), 5.55 (t, J = 7.3 Hz, 1H), 4.11 (d, J = 12.9 Hz, 1H), 4.06

(A of AB, JAB = 15.1 Hz, 1H), 4.00 (dd, J = 10.5, 6.6 Hz, 1H), 3.91 (B of AB, JAB = 15.1 Hz, 1H), 3.51 (A

10 Hz, 1H), 2.65 (B of AB, JAB = 16.7 Hz, 1H), 2.57 (A of ABX, JAB = 16.2Hz, JAX = 3.6 Hz, 1H), 2.40 (B of

ABX, JAB = 16.4 Hz, JBX = 11.3 Hz, 1H), 2.33 (dd, J = 13.3, 10.3 Hz, 1H), 2.11-2.05 (m, 1H), 1.99-1.86

(m, 5H), 1.85 (s, 3H), 1.73-1.64 (m, 1H). ¹³C NMR (400 MHz, CDCl, ppm) : 158.66, 146.51, 136.72,

136.35, 135.45, 134.39, 133.97, 128.97, 128.82, 128.79, 126.26, 125.76, 125.37, 121.24, 58.57, 56.59,

54.34, 51.50, 48.49, 38.54, 33.68, 29.32, 28.53, 23.05, 22.10. HRMS (ESI+) calcd for CHN ([M+H]):

15

+ H), 189.2 (M/2 + H), = 0.454 min;

Synthesis of EMU143 and EMU211

0

ID N

0
69

20

A 250 mL rb flask equipped with a magnetic stir bar and rubber septum was charged with 3.00 g

of the HCI salt of (Z)-4-chlorobut-2-en-1-amine (21.1 mol, 1 equiv), 7.36 mL of TEA (52.8 mmol, 2.5

equiv), 0.129 g of DMAP (1.06 mmol, 0.05 equiv) and 70 mL of THF. Then 4.86 g of ethyl 1,3-

dioxoisoindoline-2-carboxylate (22.2 mmol, 1.05 equiv) was added. After stirring at rt for 48 h, the reaction

25 mixture was quenched by addition of water, extracted with diethyl ether (2x), dried over NaSO The crude

241

20
26

20
14

55
   

   
26

 F
eb

 2
02

6

N
2

N
H
2

0

I
D

N

6
9

2
0

2
5

2
4
1



material was purified on silica gel column using CHCl as eluent affording 3.11 g (63 %) of the product

Hz, 2H), 4.32 (dd, J = 7.8, 1.0 Hz, 2H).

5

(S)

2
N

BocN (R) N

70

Compound 70 was synthesized from tert-butyl (R)-3-((S)-5,6,7,8-tetrahydroquinolin-8-

yl)amino)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate and chloride 69 following the procedure for

10 CHCl as eluent affording 881 mg (82%) of the product 70. ¹H NMR (400 MHz, CDCl, ppm) : 8.37 (s,

1H), 7.77-7.71 (m, 2H), 7.69-7.55 (m, 2H), 7.22 (d, J = 7.7 Hz, 1H), 7.02-6.84 (m, 5H), 5.68 (dt, J = 12.7,

6.8 Hz, 1H), 5.41 (dt, J = 11.2, 6.9 Hz, 1H), 4.75-4.41 (m, 2H), 4.25 (A of ABX, JAB = 15.1, JAX = 6.8 Hz,

1H), 4.17 (B of ABX, JAB = 15.1, JBX = 6.8 Hz, 1H), 4.10-3.94 (m, 2H), 3.63-3.53 (m, 1H), 3.44-3.33 (m,

1H), 3.06-2.84 (m, 2H), 2.74-2.41 (m, 4H), 2.03 (br S, 1H), 1.92 (br S, 1H), 1.84-1.72 (m, 1H), 1.68-1.57

15 (m, 1H), 1.47 (s, 9H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 6 min, 1.00

mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 593.2 (M + H), t = 0.705 min,

96% purity;

(3)

N
/

BocN (4) NH2

71
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compound 6. The crude product was purified on silica gel column using 0 to 30% of Solv 2 (Solv2 = 30%

MeOH, 70 % CHCl, 3% NH4OH) in CHCl affording 573 mg (87 %) of the product 71. ¹H NMR (400

5 4.72-4.56 (m, 1.5H), 4.45 (br S, 0.5H), 4.16-4.04 (m, 1H), 3.94 (dd, J = 8.4, 5.8 Hz, 1H), 3.51-3.40 (m,

1H), 3.34-3.01 (m, 3H), 2.93 (d, J = 3.1 Hz, 2H), 2.73-2.42 (m, 4H), 2.04-1.85 (m, 2H), 1.79-1.31 (m,

($)

N
N

B.

On

BocN (R) NH

5.67-5.58 (m, 1H), 5.57-5.48 (m, 1H), 4.76-4.57 (m, 1.5H), 4.47 (br S, 0.5H), 4.17-4.07 (m, 1H), 3.99-

3.92 (m, 1H), 3.62-3.48 (m, 1H), 3.32-3.05(m, 3H), 3.01-2.87 (m, 2H), 2.74-2.45 (m, 5H), 2.13-1.56 (m,

20

(M/2 + H), t = 0.560 min;
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(S)

an

On

HN (R) NH

EMU143: Compound EMU143 was synthesized from amine 72 following the procedure for the

synthesis of compound EMU030. The crude material was purified on silica gel column using 0 to 60 % of

solvent2 (solvent2 = 30% MeOH, 70 % CHCl and 3% NH4OH) in CHCl as eluent affording 89 mg

5

(B of AB, JAB = 16.5 Hz, 1H), 2.65-2.59 (m, 1H), 2.58 (dd, J = 16.1, 3.4 Hz, 1H), 2.43-2.33 (m, 2H), 2.10-

10 1.80 (m, 7H), 1.75-1.61 (m, 3H), 1.48-1.37 (m, 2H). ¹³C NMR (400 MHz, CDCl, ppm) : 158.75, 146.56,

136.36, 135.54, 134.47, 133.93, 131.42, 130.37, 128.93, 126.31, 125.75, 125.36, 123.25 (t, J = 240.0 Hz),

60.04, 56.89, 53.33, 51.55, 51.05, 48.61, 43.76, 33.78, 31.51 (t, J = 24.3 Hz), 31.46 (t, J = 24.3 Hz), 29.28,

29.08, 28.81-28.54 (m), 21.96. ¹F NMR (400 MHz, CDCl, ppm) : -96.23 (d, J = 234.4 Hz), - 100.29 (d,

J = 233.7 Hz). HRMS (ESI+) calcd for CHFN ([M+H]*): 481.3137. Found: 481.3146, error 0.9 ppm.

15 LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent

Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 481.2 (M + H), 241.2 (M/2 + H), t = 0.818 min;

Boc
N NH

0 NH2

73

A 50 mL Schlenk tube equipped with a stir bar and rubber septum was charged with 0.181 g of the

20 amine 71 (0.390 mmol, 1 equiv), 136 µL of DIPEA (0.781 mmol, 2 equiv) and 3.9 mL of THF. Then 81

µL of 85 w% TMSNCO (0.508 mmol, 1.3 equiv) was added dropwise. After stirring at rt for 12 h, the

reaction mixture was quenched by addition of sat. NaCO solution, extracted with CHCl (3x) and dried
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over NaSO. The crude product was purified on silica gel column using 0 to 20% MeOH in EA as eluent

Hz, 1H), 4.10-3.88 (m, 2H), 3.76 (br S, 2H), 3.49 (br S, 1H), 3.24 (A of AB, JAB = 15.7 Hz, 1H), 3.05-2.82

5

9H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in H2O (0.1% HCOH), 6 min, 1.00 mL/min, C18 (Agilent

Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 506.2 (M + H), t = 0.533 min;

N

HN NH

NH

10

= 7.3 Hz, 1H), 7.11-7.05 (m, 3H), 7.03-7.01 (m, 1H), 6.98-6.96 (m, 1H), 5.91-5.85 (m, 1H), 5.77 (dt, J =

15 10.6, 7.1 Hz, 1H), 4.70 (s, 2H), 4.19 (dd, J = 9.4, 7.0 Hz, 1H), 4.02-3.92 (m, 1H), 3.95 (A of AB, JAB =

(dd, J = 13.0, 6.2 Hz, 1H), 2.78 (ddd, J = 16.3, 11.2, 4.9 Hz, 1H), 2.74-2.61 (m, 4H), 2.45 (dd, J = 13.1,

8.8 Hz, 1H), 2.32 (dd, J = 16.4, 10.8 Hz, 1H), 2.13-1.87 (m, 5H), 1.69 (q, J = 12.3 Hz, 1H). ¹³C NMR (400

MHz, CDCl, ppm) : 159.34, 158.04, 146.48, 136.77, 135.29, 134.36, 134.24, 130.71, 130.18, 128.95,

20 126.10, 125.78, 125.38, 121.62, 59.97, 57.05, 51.60, 50.31, 48.22, 37.25, 33.70, 29.36, 25.71, 21.72. HRMS

(ESI+) calcd for CHNO ([M+H]*): 406.2601. Found: 406.2597, error -0.4 ppm. LC-MS (ESI-API, 254
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O
N

N N
NH

N N +
N Boc

NHCI N
O O NH

N

IV V

0

NH2CI

NHCI
ID

74

5 As in ref., (Organic Process Research & Development 2002, 6, 938-942, Bioorganic & Medicinal

Chemistry 2003, 11, 433-450) 74 was synthesized from pyridine-2,3-dicarboxylic acid in 55% yield.

N

75 76

A 1 L rb flask equipped with a magnetic stir bar and rubber septum was charged with 26.9 g of the

10 ester 74 (101 mol, 1 equiv), 42.2 mL of TEA (303 mmol, 3 equiv), 1.23 g of DMAP (10.1 mmol, 0.1 equiv)

and 253 mL of THF. Then 27.6 g of BocO (126 mmol, 1.25 equiv) was added and the suspension was

stirred for 3 h. The suspension was not going into solution and another portion of 21 mL of TEA (151

mmol, 1.5 equiv) was added followed by 300 mL of acetonitrile and 100 mL of MeOH. After the clear

solution was stirred at rt for 12 h, the reaction mixture was concentrated and EA was added. The ammonium

15 salts were separated by filtration and the organics were concentrated under vacuum. The crude material was

purified on silica gel column using 0-65 % EA in hexanes as eluent affording 2.24 g (8 %) of 76 as a yellow

oil and 8.12 g (28 %) of 75 as a yellow oil which crystallizes in freezer to white solid. For 76 (4:1 mixture

of conformers): ¹H NMR (400 MHz, CDCl, ppm) : 8.47-8.41 (m, 1.25H), 7.46 (d, J = 7.7 Hz, 1.25H),

7.11 (dd, J = 7.7, 4.8 Hz, 1.25H), 5.27 (dd, J = 5.9, 2.1 Hz, 1H), 5.02 (br S, 0.25H), 4.89 (A of AB, JAB =
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18.1 Hz, 0.25H), 4.87 (A of AB, JAB = 17.9 Hz, 1H), 4.56 (B of AB, JAB = 18.2 Hz, 1H), 4.51 (B of AB,

JAB = 18.2 Hz, 0.25H), 3.63 (s, 3.75H), 3.29 (A of ABX, JAB = 16.5 Hz, Jax = 2.2 Hz, 1H), 3.24 (A of ABX,

5

4.57 (B of AB, JAB = 17.0 Hz, 0.5H), 4.50 (d, J = 16.7 Hz, 1H), 3.65 (s, 1.5H), 3.63 (s, 1.5H), 3.47 (A of

10

17.5 Hz, JBX = 6.6 Hz, 1H), 1.53 (s, 4.5H), 1.47 (s, 4.5H). LC-MS (ESI-API, 254 nm) 95% MeOH in HO

315.0 (M + Na), 293.1 (M + H), t = 0.560 min;

N

N

0
77

15

A 100 mL rb flask equipped with a stir bar and rubber septum was charged with 1.00 g of the ester

75 (3.42 mmol, 1 equiv) and 17.1 mL of toluene. After the reaction mixture was cooled to 78 °C, 5.70 mL

of 1.2 M solution of DIBAL-H (6.84 mL, 2 equiv) was added dropwise and the solution was stirred at 78

°C for 2 h. Then the reaction mixture was quenched by addition of 2.5 mL of MeOH followed by sat.

20 solution of Rochelle's salt. After stirring at rt for 30 min, the product was extracted with EA (3x) and dried

over NaSO. The crude product 77 (994 mg) was used in the next step without purification.

NH

Boc
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mmol, 1.3 equiv) and 11.4 mL of DCE. After stirring at rt for 1.5 h, the reaction mixture was quenched by

addition of sat. NaCO solution and the product was extracted with CHCl (3x), washed with sat. NaCO

5 solution, brine and dried over NaSO. The crude product was purified on silica gel column using EA,

followed by 20% MeOH in CHCl as eluent affording 0.905 (67%) g of the product 78. ¹H NMR (400

MHz, CDCl, ppm) : 8.44-8.40 (m, 1H), 8.35 (d, J = 4.5 Hz, 1H), 7.39 (d, J = 7.4 Hz, 1H), 7.34 (d, J =

7.7 Hz, 1H), 7.147.09 (m, 1H), 7.05 (t, J = 4.2 Hz, 0.5H), 7.03 (t, J = 4.2 Hz, 0.5H), 5.02-4.58 (m, 2H),

10 JAX = 6.2 Hz, 0.5H), 3.19 (A of ABX, JAB = 16.6 Hz, JAX = 6.2 Hz, 0.5H), 3.07 (B of AB, JAB = 16.9 Hz,

1.52-1.28 (m, 2H), 1.49 (s, 4.5H), 1.42 (s, 4.5H). LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1%

+ Na), 395.2 (M + H), t = 0.511 min, 86% purity;

15

($)

N N
N

BocN

20 (Stereoisomer 1), 337 mg (23 %) of the mixture of the isomers and 304 mg (21%) of LRf-98 (Stereoisomer

2). Stereoisomer 2 elutes faster than Stereoisomer 1 on TLC using 10 % MeOH in EA. For the

Stereoisomer 1: LC-MS (ESI-API, 254 nm) 75-95% MeOH in H2O (0.1% HCOH), 6 min, 1.00 mL/min,

min;

25
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N NH

BocN

Compound 99 (Stereoisomer 1) was synthesized from amine URf-98 (Stereoisomer 1) following

used in the next step. Compound 99 (Stereoisomer 2) was synthesized from amine LRf-98 (Stereoisomer

5

product was used in the next step.

2 NH
N

HN

N

EMU193: Compound EMU193 (Stereoisomer 1) was synthesized from amine 99 (Stereoisomer 1)

10 following the procedure for the synthesis of compound EMU030. The crude material was purified on silica

gel column using 0 to 45 % of solvent2 (solvent2 = 30% MeOH, 70% CHCl and 3% NH4OH) in CHCl

as eluent affording 71 mg (42%) of the product EMU193. ¹H NMR (600 MHz, CDCl, ppm) : 8.53 (dd,

J = 4.6, 1.6 Hz, 1H), 8.32 (dd, J = 4.9, 1.6 Hz, 1H), 7.45 (d, J = 7.7 Hz, 2H), 7.32 (d, J = 7.5 Hz, 1H), 7.26

(d, J = 7.3 Hz, 1H), 7.23 (d, J = 7.8 Hz, 2H), 7.05 (dd, J = 7.6, 4.7 Hz, 1H), 6.99 (dd, J = 7.7, 4.7 Hz, 1H),

15 4.05 (dd, J = 10.2, 6.0 Hz, 1H), 3.94 (A of AB, JAB = 15.1 Hz, 1H), 3.82 (s, 2H), 3.78 (A of AB, JAB = 14.8

Hz, 1H), 3.75 (B of AB, JAB = 14.8 Hz, 1H), 3.73 (B of AB, JAB = 15.0 Hz, 1H), 3.04 (dd, J = 12.7, 2.9 Hz,

1H), 2.84-2.65 (m, 5H), 2.52 (dd, J = 16.9, 11.0 Hz, 1H), 2.30-2.24 (m, 1H), 2.05-1.98 (m, 1H), 1.95-1.85

(m, 1H), 1.73-1.64 (m, 1H). ¹³C NMR (400 MHz, CDCl, ppm) : 157.95, 155.33, 147.08, 147.00, 141.68,

139.87, 136.23, 134.00, 133.88, 131.22, 128.16, 126.81, 121.47, 120.53, 62.05, 59.27, 56.03, 52.51, 47.60,

20 46.15, 37.10, 29.26, 26.24, 21.65. HRMS (ESI+) calcd for CHN ([M+H]): 414.2652. Found: 414.2647,

error -0.5 ppm. LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min,
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C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 414.2 (M + H), 207.6 (M/2 + H), t = 0.460

min; Compound EMU193 (Stereoisomer 2) was synthesized from amine 99 (Stereoisomer 2) following the

using 0 to 45% of solvent2 (solvent2 = 30 % MeOH, 70% CHCl and 3% NH4OH) in CHCl as eluent

5

1H), 8.33 (d, J = 4.4 Hz, 1H), 7.43 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 7.5 Hz, 1H), 7.26 (d, J = 7.5 Hz, 1H),

7.25 (d, J = 7.8 Hz, 2H), 7.06 (dd, J = 7.6, 4.7 Hz, 1H), 6.99 (dd, J = 7.7, 4.7 Hz, 1H), 4.37 (d, J = 14.3 Hz,

1H), 4.10 (dd, J = 10.3, 6.5 Hz, 1H), 3.94 (d, J = 15.0 Hz, 1H), 3.90 (d, J = 14.3 Hz, 1H), 3.84 (s, 2H), 3.62

(d, J = 14.9 Hz, 1H), 2.98 (dd, J = 13.2, 2.7 Hz, 1H), 2.81-2.62 (m, 4H), 2.53-2.43 (m, 2H), 2.17-2.11 (m,

10

146.60, 141.57, 140.16, 136.15, 133.80, 133.70, 130.85, 128.27, 126.73, 121.16, 120.45, 61.89, 58.94,

57.55, 52.02, 47.45, 46.04, 36.92, 29.35, 29.15, 21.88. HRMS (ESI+) caled for CHN ([M+H]*):

414.2652. Found: 414.2647, error -0.6 ppm. LC-MS (ESI-API, 254 nm) 75-95% MeOH in H2O (0.1%

HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 414.2 (M

15 + H), 207.6 (M/2 + H), t = 0.460 min;

General scheme

N N R³ N R³

NH
R¹

Zu

N R²
Zu

N R²

+
Hal R² R¹ R¹

BocN BocN HN

N N N

78 XI XXII XXIII

(S)

BocN Z

N
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mmol, 0.1 equiv). Then 1.00 g of the amine 78 (2.53 mmol, 1 equiv) and 0.662 mL of DIPEA (3.80 mmol,

5 was quenched by addition of water, extracted with diethyl ether (3x) and dried over NaSO. The crude

10 7.70 (dd, J = 5.5, 3.0 Hz, 2H), 7.25 (d, J = 4.4 Hz, 1H), 7.21 (br S, 1H), 6.97 (dd, J = 7.7, 4.7 Hz, 1H), 6.96

CDCl, ppm) : 8.39-8.32 (m, 2H), 7.81 (dd, J = 5.5, 3.1 Hz, 2H), 7.70 (dd, J = 5.5, 3.1 Hz, 2H), 7.30 (d,

4.25 (A of ABX, JAB = 15.1, JAX = 7.3 Hz, 1H), 4.17 (B of ABX, JAB = 14.8, JBX = 6.4 Hz, 1H), 4.12-3.91

(d, J = 21.9 Hz, 2H), 3.63-3.53 (m, 1H), 3.40-3.03 (s, 3H), 2.87-2.55 (m, 4H), 2.15-1.60 (m, 4H), 1.50 (s,

20

Z.

BocN NH2

N

104

Compound 104 (Stereoisomer 1) was synthesized from amine LRf-103 (Stereoisomer 2) following

25

311 mg (96%) of the product 104. ¹H NMR (400 MHz, CDCl, ppm) : 8.41-8.33 (m, 2H), 7.32-7.26 (m,
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2H), 7.08 (dd, J = 7.8, 4.9 Hz, 1H), 6.99 (br S, 1H), 5.51 (br S, 2H), 4.87-4.61 (m, 2H), 4.17-3.93 (m, 2H),

3.45 (br S, 1H), 3.30-2.99 (m, 5H), 2.83-2.48 (m, 4H), 2.10-1.59 (m, 6H), 1.50 (s, 9H). LC-MS (ESI-API,

mm X 4.6 mm, 3.5 µm), m/z = 463.2 (M + H), t = 0.546 min; Compound 104 (Stereoisomer 2) was

5

were concentrated and the crude product was used in the next step.

2

HN NH2

N

EMU142: Compound EMU142 (Stereoisomer 1)) was synthesized from amine 104 (Stereoisomer

10

silica gel column using 0 to 60% of solvent2 (solvent2 = 30 % MeOH, 70% CHCl and 3% NH4OH) in

Hz, 1H), 7.04 (dd, J = 7.7, 4.7 Hz, 1H), 7.01 (dd, J = 7.7, 4.7 Hz, 1H), 5.63 (t, J = 4.6 Hz, 2H), 4.10 (dd, J

15 = 10.2, 6.4 Hz, 1H), 4.00 (A of AB, JAB = 15.0 Hz, 1H), 3.87 (dd, J = 14.5, 6.0 Hz, 1H), 3.83 (B of AB, JAB

= 15.0 Hz, 1H), 3.42 (dd, J = 14.2, 5.1 Hz, 1H), 3.30 (dd, J = 14.4, 9.4 Hz, 1H), 3.30 (B of AB, JAB = 14.7

Hz, 1H), 2.90 (dd, J = 13.2, 3.0 Hz, 1H), 2.82 (tt, J = 10.6, 3.4 Hz, 1H), 2.79-2.72 (m, 2H), 2.65 (B of AB,

2.00-1.94 (m, 1H), 1.95-1.85 (m, 1H), 1.74-1.65 (m, 1H). ¹³C NMR (400 MHz, CDCl, ppm) : 158.43,

20 154.95, 147.07, 146.56, 136.27, 133.90, 133.70, 132.09, 130.84, 129.65, 121.19, 120.58, 60.19, 56.70,

51.73, 50.86, 47.52, 38.78, 36.93, 29.17, 28.76, 21.83. HRMS (ESI+) calcd for CHN ([M+H]):

+ H), 182.7 (M/2 + H), t = 0.821 min; Compound EMU142 (Stereoisomer 2) was synthesized from amine

25 104 (Stereoisomer 2) following the procedure for the synthesis of compound EMU030. The crude material

was purified on silica gel column using 0 to 60 % of solvent2 (solvent2 = 30% MeOH, 70% CHCl and

NMR (600 MHz, CDCl, ppm) : 8.50 (d, J = 4.7 Hz, 1H), 8.34 (d, J = 4.7 Hz, 1H), 7.34 (d, J = 7.7 Hz,
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3.40 (A of ABX, JAB = 14.1 Hz, JAX = 6.7 Hz, 1H), 3.40-3.32 (m, 2H), 3.32 (B of ABX, JAB = 14.5 Hz, JBX

5 13.0, 10.0 Hz, 1H), 2.15-2.10 (m, 1H), 2.04-1.98 (m, 1H), 1.89-1.79 (m, 1H), 1.74-1.64 (m, 1H). ¹³C

129.52, 121.59, 120.55, 60.52, 56.98, 52.17, 48.24, 47.48, 38.28, 36.88, 29.09, 23.60, 21.30. HRMS (ESI+)

calcd for CHN ([M+H]): 364.2496. Found: 364.2494, error -0.2 ppm. LC-MS (ESI-API, 254 nm) 75-

95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm,

10

$N

Z

N

106

Compound 106 was synthesized from amine 78 and (E)-2-(4-bromobut-2-en-1-yl)isoindoline-1,3-

Hz, 1H), 8.27 (d, J = 4.2 Hz, 1H), 7.82 (dd, J = 5.5, 3.0 Hz, 1H), 7.70 (dd, J = 5.5, 3.1 Hz, 1H), 7.31 (d, J

(m, 1H), 2.55 (s, 2H), 2.43-2.20 (m, 1H), 1.98-1.80 (m, 2H), 1.67-1.51 (m, 2H), 1.45 (s, 9H). LC-MS

(ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent Zorbax

= 7.5 Hz, 1H), 7.03 (dd, J = 7.7, 4.8 Hz, 1H), 6.93 (dd, J = 7.7, 4.7 Hz, 1H), 5.69 (br S, 1H), 5.59-5.46 (m,
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1H), 4.90-4.59 (m, 2H), 4.20-3.86 (m, 4H), 3.31-2.91 (m, 4H), 2.77-2.46 (m, 4H), 2.00-1.76 (m, 2H),

1.64 (s, 2H), 1.47 (s, 9H).LC-MS (ESI-API, 254 nm) 75-95% MeOH in HO (0.1% HCOH), 3 min, 1.00

t = 0.575 min;

5

N

107

Compound 107 (Stereoisomer 1) was synthesized from amine LRf-106 (Stereoisomer 2) following

used in the next step.

10

N
N

HN

N

EMU192: Compound EMU192 (Stereoisomer 1) was synthesized from amine 107 (Stereoisomer

1) following the procedure for the synthesis of compound EMU030. The crude material was purified on

silica gel column using 0 to 60% of solvent2 (solvent2 = 30 % MeOH, 70% CHCl and 3% NH4OH) in

15 CHCl as eluent affording 82 mg (67 %) of the product EMU192. ¹H NMR (600 MHz, CDCl, ppm) :

8.44 (d, J = 4.5 Hz, 1H), 8.35 (d, J = 4.8 Hz, 1H), 7.33 (d, J = 7.8 Hz, 1H), 7.30 (d, J = 7.8 Hz, 1H), 7.05

(dd, J = 7.7, 4.7 Hz, 1H), 7.02 (dd, J = 7.7, 4.7 Hz, 1H), 5.77-5.66 (m, 2H), 4.09 (dd, J = 10.1, 6.2 Hz, 1H),

4.04 (A of AB, JAB = 15.2 Hz, 1H), 3.82 (B of AB, JAB = 15.0 Hz, 1H), 3.59 (dd, J = 14.3, 6.3 Hz, 1H),

3.32-3.27 (m, 1H), 3.29 (d, J = 4.3 Hz, 2H), 3.01 (dd, J = 13.5, 3.0 Hz, 1H), 2.86-2.73 (m, 3H), 2.70-2.64

20 (m, 1H), 2.57 (dd, J = 16.9, 11.0 Hz, 1H), 2.50 (dd, J = 13.4, 10.2 Hz, 1H), 2.11-2.05 (m, 1H), 2.01-1.95

(m, 1H), 1.95-1.85 (m, 1H), 1.75-1.66 (m, 1H). ¹³C NMR (400 MHz, CDCl, ppm) : 158.17, 154.81,

147.14, 146.51, 136.44, 133.88, 133.75, 131.32, 130.66, 130.38, 121.33, 120.66, 61.33, 56.99, 55.86, 52.13,
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mL/min, C18 (Agilent Zorbax XDB-18, 50 mm X 4.6 mm, 3.5 µm), m/z = 364.2 (M + H), 182.6 (M/2 + H),

5

N
N

Boc
N NH

0 NH2

amine 104 (Stereoisomer 1) (0.298 mmol, 1 equiv), 104 µL of DIPEA (0.595 mmol, 2 equiv) and 3.0 mL

for 12 h, the reaction mixture was quenched by addition of sat. NaCO solution, extracted with CHCl

(3x) and dried over NaSO. The crude product was purified on silica gel column using 0 to 20 % MeOH

in EA as eluent affording 109 mg (72%) of the product 109.

Z

HN NH

N
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(m, 1H), 3.74-3.66 (m, 1H), 3.70 (B of AB, JAB = 14.7 Hz, 1H), 3.27 (dd, J = 13.1, 6.0 Hz, 1H), 2.83-2.65

(m, 6H), 2.47 (A of AB, JAB = 9.8 Hz, 1H), 2.45 (B of AB, JAB = 9.7 Hz, 1H), 2.16-1.87 (m, 3H), 1.74-

133.96, 130.78, 130.68, 130.27, 121.69, 120.77, 60.15, 56.76, 51.93, 50.54, 47.37, 37.38, 36.98, 29.36,

5 26.09, 21.78. HRMS (ESI+) calcd for CHNO([M+H] 407.2554. Found: 407.2550, error -1.0 ppm.

LC-MS (ESI-API, 254 nm) 75-95% MeOH in H2O (0.1% HCOH), 3 min, 1.00 mL/min, C18 (Agilent

Zorbax XDB-18, 50 mm x 4.6 mm, 3.5 µm), m/z = 429.2 (M + Na), 407.2 (M + H), 204.2 (M/2 + H), t =

0.489 min;

N

N NH2
Boc

2

N

110
10

gel column using 0 to 20% MeOH in EA as eluent affording 128 mg (83%) of the product 110.

N

N
/ NH

HN

N

15

EMU212: Compound EMU212 (Stereoisomer 1) was synthesized from amine 110 (Stereoisomer

1) following the procedure for the synthesis of compound EMU030. The crude material was purified on

silica gel column using 0 to 45 % of solvent2 (solvent2 = 30% MeOH, 70% CHCl and 3% NH4OH) in

CHCl as eluent affording 89 mg (95%) of the product EMU212 (Stereoisomer 1). ¹H NMR (600 MHz,

20 CDCl, ppm) : 8.44 (d, J = 4.2 Hz, 1H), 8.35 (d, J = 4.9 Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.31 (d, J = 7.6

Hz, 1H), 7.06 (dd, J = 7.7, 4.7 Hz, 1H), 7.03 (dd, J = 7.7, 4.7 Hz, 1H), 5.75 (dt, J = 13.3, 6.3 Hz, 1H), 5.66
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J = 13.5, 3.2 Hz, 1H), 2.77 (dd, J = 16.6, 4.2 Hz, 2H), 2.81-2.65 (m, 3H), 2.54 (dd, J = 16.3, 10.4 Hz, 1H),

5

407.2 (M + H), 204.2 (M/2 + H), t = 0.605 min;

10

Compound EMU232 was prepared according to the following general scheme:

N
Boc Me 1. NaBH(OAc) N

N N DCM
N + N Me

HN 2. TFA/DCM HN N

N

To 310 mg (1.65 mmoles) of (10bS)-1,2,3,4,4a,5,6,10b-octahydro-1,10-phenaathroline (prepared

15 of tert-butyl-(R)-3-formyl-5-(4-methylpiperazin-l-yl)-3,4-dihydroisoquinoline-2(1)-caboxylate in 10

mL of dichloromethane was added 667 mg of sodium triacetoxyborohydride. The reaction was stirred for

24 hours and worked up to yield 388 mg of a white foam after column chromatography (73% yield). This

20

N
N

HN N
N

EMU232:
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6H), 2.11 9m, 1H), 2.24 (m, 3H), 2.34 (s, 3H), 2.51 (m, 4H), 2.73 (m, 6H), 2.97 (m, 6H), 3.61 (m, 1H),

4.04 (m, 2H), 6.69 (d, 1H, J=8Hz), 6.85 (d, 1H, J=7Hz), 7.08 (m, 2H), 7.39 (d, 1H, J=8Hz), 8.36 (d, 1H,

5 Scheme 1:

Br N
R-CHO

N Boc Na(OAc)BH

Boc DCE Boc
N N N N

N or
DIPEA HN N

N
N

R-CH2-CI

r.t. 15 DIPEA R
Acetonitrile 16a-d

16a R= N 16c R= S
N

Boc
N R= N NH

N N N N

R

N

N N N N

R=

EMU185 EMU186

Tert-butyl (S)-4-(3-(5,6,7,8-tetrahydroquinolin-8-yl)amino)propyl)piperazine-l-carboxylate

(Compound 15)

10 (S)-5,6,7,8-tetrahydroquinolin-8-amine (0.941 g, 6.35 mmol), tert-butyl 4-(3-

bromopropyl)piperazine-1-carboxylate (1.5 g, 4.88 mmol) and DIPEA (2.132 ml, 12.21 mmol) were

dissolved in 20 ml acetonitrile and stirred for overnight. The reaction mixture was diluted with EtOAc;

15 (400 MHz, Chloroform-d)  8.35 (dd, J = 4.8, 1.5 Hz, 1H), 7.41 - 7.32 (m, 1H), 7.05 (dd, J = 7.7, 4.7 Hz,

2H), 2.23 - 2.05 (m, 1H), 2.05 - 1.87 (m, 2H), 1.83 - 1.67 (m, 4H), 1.43 (s, 9H).
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To the solution of tert-butyl (S)-4-(3-(5,6,7,8-tetrahydroquinolin-8-yl)amino)propyl)piperazine-1-

carboxylate (0.300 g, 0.801mmol) (compound 15) in 10 ml DCE, isoquinoline-3-carbaldehyde (0.126 g,

5

10

Tert-butyl (S)-4-(3-(5,6,7,8-tetrahydroquinolin-8-yl)amino)propyl)piperazine-l-carboxylate

(0.500 g, 1.3 mmol) (compound 15), 2.0 mmol of R-Cl (corresponding chloride), DIPEA (0.93 ml, 5.34

overnight. The reaction mixture was diluted with EtOAc; extracted with saturated NaHCO solution, water

15 and brine; dried over anhydrous MgSO4, filtered off and evaporated. It was used as it is for the next step.

General procedure for Boc deprotection for EMU168, EMU185, EMU186 and EMU187

20

column chromatography using DCM/MeOH/NHOH gradient.

NH

N

(EMU168): ¹H NMR (500 MHz, Chloroform-d)  9.20 - 9.18 (m, 1H), 8.50 (dd, J = 4.7, 1.7 Hz, 1H), 8.01

7.56 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H), 7.37 (dd, J = 7.6, 1.8 Hz, 1H), 7.07 (dd, J = 7.7, 4.7 Hz, 1H), 4.23 -
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4.13 (m, 2H), 4.02 (d, J = 15.1 Hz, 1H), 3.08 - 3.03 (m, 4H), 2.86 - 2.79 (m, 3H), 2.77 - 2.70 (m, 1H), 2.70

- 2.59 (m, 6H), 2.49 (t, J = 7.0 Hz, 2H), 2.26 - 2.20 (m, 1H), 2.08 - 1.99 (m, 1H), 1.93 (m, 1H), 1.68 (m,

N NH
Z

Z.
NH

1H), 7.58 (dt, J = 7.1, 3.6 Hz, 2H), 7.47 - 7.44 (m, 1H), 7.21 (dd, J = 6.0, 3.2 Hz, 2H), 7.19 - 7.13 (m, 1H),

- 2.43 (m, 4H), 2.31 - 2.19 (m, 2H), 2.10 - 2.01 (m, 1H), 1.96 - 1.84 (m, 1H), 1.70 (m, 1H), 1.60 - 1.51 (m,

2H), 1.30 - 1.23 (m, 1H). MS: m/z 405.2 (M+H); HRMS Calc. for CHN (M+H):405.26885, Found:

Z NH
Z Z

Z $

15

8-amine (EMU186): ¹H NMR (500 MHz, Chloroform-d)  8.46 (dd, J = 4.7, 1.8 Hz, 1H), 7.91 (dt, , J = 8.1, =

0.9 Hz, 1H), 7.89 - 7.84 (m, 1H), 7.43 (dd, J = 8.3, 7.2 Hz, 1H), 7.38 - 7.31 (m, 2H), 7.06 (dd, J = 7.7, 4.6

Hz, 1H), 4.52 (d, J = 16.8 Hz, 1H), 4.15 (td, J = 9.3, 8.7, 6.6 Hz, 1H), 4.04 (d, J = 16.7 Hz, 1H), 3.00 (m,

5H), 2.81 - 2.68 (m, 3H), 2.55 (m, 4H), 2.48 (t, J = 7.4 Hz, 2H), 2.24 (m, 1H), 2.07 - 1.96 (m, 1H), 1.86 (m,

20 1H), 1.76 - 1.69 (m, 3H); MS: m/z 423.2 (M+H); HRMS Calc. for CHNS (M+H):422.23002, Found:
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N

N N

5

Calc. for CHN (M+H):367.25319, Found: 367.23720

CXCR4-CEM Calcium Flux Assays

10 flux in CCRF-CEM cells, a human cell line that endogenously expresses CXCR4. Activation of CXCR4

measured using a wide variety of colorimetric calcium indicators and, as a result, calcium flux assays are

commonly employed methods for measuring G protein-coupled receptor (GPCR) activity. Because the

15 therapeutic potential of CXCR4 antagonists as anti-cancer agents likely relies on their ability to inhibit

CXCR4-mediated G protein signaling, this assay was utilized as a first-pass measure of inhibitor potency.

have been carried out with compounds of the invention and/or salts thereof.

20 Procedure: Human T lymphoblast cells (CCRF-CEM) expressing endogenous CXCR4 receptors were

grown in suspension culture and plated in clear bottom 384-well microplates (Greiner bio-one Cat# 789146)

in assay buffer [Hank's Buffered Saline Solution (Gibco Cat# 14025-092) supplemented with 20 mM

HEPES (Gibco Cat# 15630-080) and 0.1% fatty-acid free BSA (Sigma Cat# A9205)] at 40,000 cells per

25

assay buffer to 0.5% DMSO. They were added to the cells by FDSS6000 (Hamamatsu) at final

concentrations ranging from 25,000 nM to 0.423 nM. Activity of the compounds to induce calcium flux
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was monitored by FDSS in the "agonist mode" for 90 sec. For "antagonist mode" assessment, the cells are

subsequently incubated for 25 minutes at room temperature. SDF-1 (R&D System Cat# 350-NS/CF) was

then added at a final concentration of 4 nM to stimulate the cells. Inhibition of SDF-1 -induced calcium

flux was monitored by FDSS6000 for 90 seconds.

5

activation of the test compound (100% = maximum response triggered by a saturating concentration of

SDF-1, i.e., 160 nM). After correcting for background, EC values were determined. The EC is defined

as the concentration of test compound, which produces 50% of the maximal response and was quantified

using the 4-parameter logistic equation to fit the data. Inhibition data for the test compound over a range

of concentrations was plotted as percentage inhibition of the test compound as compared to an internal

maximal response and was quantified using the 4-parameter logistic equation to fit the data.

compounds demonstrated EC values >30 µM, indicating that they are not agonists of GPCRs that are

range of potencies in inhibiting SDF-1-induced calcium flux, indicating that they inhibit CXCR4-mediated

G protein signaling.

EMU015 230.50

EMU025 2,902.11

EMU026 71.02

EMU028 3,307.08

EMU047 260.19

EMU048 2,115.59

EMU065 1,099.26

EMU066 24.35

EMU067 1,709.64

EMU078 69.18

EMU079 2,290.39
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405.51

EMU104 ~16,558.92

EMU112 8,721.41

EMU128 V 33,333.33

EMU130 510.14

3,098.80

EMU149 92.12

EMU164 33.69

EMU165 114.62

EMU166 9.88

EMU024 1,001.31
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EMU074 (Stereoisomer 2) 1,828.78

EMU089 755.06

EMU090 171.06

EMU096 (Stereoisomer 1) 61.02

EMU096 (Stereoisomer 2)

EMU116 29.61

EMU135 146.11

EMU136 33.94

EMU160 2.92

EMU161 3.59

EMU163

EMU172 23.83

EMU173

EMU174 (Stereoisomer 1) > 33,333.33

EMU174 (Stereoisomer 2) 476.10

EMU183 380.49

EMU196 23.51

EMU197 16.93

EMU198 14.08

EMU199 13.84

EMU200

EMU201 17.9

EMU202 4.47

EMU203 30.74

EMU226

EMU227 9.56

EMU228 35.88

EMU229 47.43

EMU230 16.13

EMU234 31.97

EMU235 18.66

EMU236 11.42

EMU237 10.41
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EMU238

EMU239 44.55

EMU240 13.44

EMU241 58.14

EMU007 9.26

EMU012

EMU030 (Stereoisomer 1)

EMU030 (Stereoisomer 2) 19.13

EMU037 65.41

EMU074

EMU075 *33,333.33

EMU091 129.30

EMU093 114.84

EMU094

EMU100 (Stereoisomer 2)

EMU119

EMU120

EMU121

EMU124

EMU125 79.90

EMU126

EMU140

EMU141 43.71

EMU142 (Stereoisomer 1) 25.64

EMU142 (Stereoisomer 2) 502.51

EMU143 97.96

EMU153 64.63

EMU154 82.08

EMU155 15.47

EMU177

EMU180

EMU181
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EMU182 143.11 

EMU192 (Stereoisomer 1) 146.25 

EMU192 (Stereoisomer 2) -

EMU193 17,047.06 

EMU194 110.69 

EMU208 28.17 

EMU209 (Stereoisomer 1) 462.98 

EMU209 (Stereoisomer 2) -

EMU211 207.05 

EMU212 (Stereoisomer 1) 429.76 

EMU212 (Stereoisomer 2) -

EMU216 182.68 

EMU217 90.26 

EMU218 134.46 

EMU219 60.48 

EMU220 285.84 

EMU221 40.73 

EMU222 92.82 

EMU223 58.34 

EMU232 25.24 

EMU168 17.26 

EMU185 45.30 

EMU186 1,198.45 

EMU187 4,315.51 
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CLAIMS 

1. A compound of Formula (I)  

Formula (I) 

or salts thereof wherein RA1 is an optionally substituted heterocyclyl, wherein the substituents are 

selected from one or more, and the same or different RX1; RA2 is a hydrogen or an alkyl; RB is 

selected from the group comprising alkyl, optionally substituted aminoalkyl and optionally 

substituted heterocyclyl; wherein the substituents on RA2 are selected from one or more, and the 

same or different RX1; RC is a hydrogen, optionally substituted alkyl or optionally substituted 

heterocyclyl; and RX1 is selected from the group comprising alkyl, cycloalkyl, halogen, methoxy 

and triflouromethyl.  

2. The compound as claimed in claim 1 wherein RA1 is selected from: 

, , or ; 

RB is selected from the group comprising: methyl, , , and 

; RC is selected from the group comprising  H,  , , 

CH2R
Y2, CH=CHCH2R

Y2, OCH2CH2R
Y2, NHRY2, N(RY2)2, , , 

, , , , , , , , 

, , , , , , , 

CLAIMS
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, , , , ,  , , 

, ,  ,  ; RY2 is selected from the group comprising H, 

OH, F, CH3, CH2CH3, CH2OCH3, CH2F, CF3, NH2,  

, , , , , , , , , , 

,  , , , ; , ,  and 

; wherein the substituent RY2 is individually and independently mono- or di-

substitued onto RX2 where appropriate; and RX1 is selected from the group comprising methyl, 

ethyl, ethene, propyl, cyclopropyl, fluorine, chlorine, methoxy and trifluoromethyl. 

3. The compound as claimed in claim 1 wherein RA1 is selected from the group comprising: 
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, , , , and . 

4. The compound as claimed in claim 1 which is selected from the group comprising: 
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5. A compound of Formula (III) 

 Formula (III) 

or salts thereof wherein RG is an optionally substituted alkene, which may be E or Z, an 

optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted heterocyclyl 

or an optionally substituted quaternary carbon; X is C or N, and RH is a hydrogen or a 

heterocyclyl when X is C or absent when X is N. 

6.  The compound as claimed in claim 5 wherein RG to be selected from the group 

comprising: 

, , , , , and ; 

wherein Y is H, alkyl or halogen; RI is selected from the group comprising H, NH2, halogen, and 

CH2NHRJ, and in the case of the carbocycles, aryls and heterocycles RI optionally includes one 

or more and the same or different substituent for each cycle; and RJ is selected from the group 

comprising: 

H, , , , , ,  and , or RG is an 

alkyl linking the attached NMe to the tetrahydroquinoline; and RH is H,  , , 

, , CH2R
Y2, CH=CHCH2R

Y2, OCH2CH2R
Y2, NHRY2, N(RY2)2, , 

, , , , , , , , 

, , , , , , , 
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, , , , , ,  , 

, , ,  ,  , RY2 is selected from the group 

comprising H, OH, F, CH3, CH2CH3, CH2OCH3, CH2F, CF3, NH2,  

, , , , , , , , , , 

,  , , , ; , ,  and 

; wherein the substituent RY2 may be individually and independently mono- or di-

substitued onto RX2 where appropriatewhen X is C or absent when X is N. 

7. The compound as claimed in claim 5 wherein RG is selected from the group comprising: 
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, ,  , 

, ,  , , ,  , 

, , , , , 

, , , , 

, and a CH2CH2 group linking the NCH3 to the tetrahydroquinoline. 

8. The compound as claimed in claim 5 which is selected from the group comprising: 
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9. A compound of Formula (IV)  
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Formula (IV) 

or salts thereof wherein ring A is an heteroaromatic ring system, with or without a fused benzene 

ring system, RK is a C1 to C6 alkyl and Z is CH, NH, N or S. 

10. The compound as claimed in claim 9 wherein ring A is selected from the group 

comprising: 

, , , and . 

11. The compound as claimed in claim 9 which is selected from the group comprising: 

, , 

, and . 

 

12. A pharmaceutical composition comprising a compound as claimed in any one of claims 1 

to 12 including salts and prodrugs thereof and a pharmaceutically acceptable excipient, diluent, 

or carrier.  
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13. The pharmaceutical composition as claimed in claim 12 which comprises the compound 

in greater than 60%, 70%, 80%, 90%, 95%, 98% diastereomeric or enantiomeric excess.  

14. Use of a compound as claimed in any one of claims 1 to 12 in the manufacture of a 

medicament for the treatment of CXCR4 related conditions, including viral infections, abnormal 

cellular proliferation, retinal degeneration, inflammatory diseases, or as an immunostimulant or 

immunosuppressant.  

15. The use as claimed in claim 14 wherein the viral infection is an HIV infection.  

16. A pharmaceutical composition comprising a compound as claimed in any one of claims 1 

to 12 and another active ingredient selected from an antiviral agent or chemotherapeutic agent.  

17. A CXCR4 antagonist comprising a compound as claimed in any one of claims 1 to 12 in 

combination with a CCR5 antagonist.  

18. A method of treating or preventing a viral infection comprising administering a 

pharmaceutical composition comprising a compound as claimed in any one of claims 1 to 12, 

optionally in combination with another active ingredient to a subject in need thereof.  

19. The method as claimed in claim 18 wherein the subject is at risk of, exhibiting symptoms 

of, or diagnosed with a viral infection. 

20. A method of treating or preventing cancer comprising administering a pharmaceutical 

composition comprising a compound as claimed in any one of claims 1 to 12 optionally in 

combination with another active ingredient to a subject in need thereof.  

21. The method as claimed in claim 20 wherein the subject is at risk of, exhibiting symptoms 

of, or diagnosed with cancer.  
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