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General Experimental 

All reagents were purchased from Sigma-Aldrich Corp., TCI America, Rieke Metals, Inc. and were used 
without purification. Analytical thin-layer chromatography (TLC) was performed on 250 µm silica plates 
from Sorbent Technologies.  Visualization was accomplished via UV light, and/or the use of ninhydrin, 
iodine, and potassium permanganate solutions followed by application of heat.  Chromatography was 
performed using Silica Gel 60 (230-400 mesh) from Sorbent Technologies or Silica RediSep Rf flash 
columns on a CombiFlash Rf automated flash chromatography system.  All 1H and 13C NMR spectra were 
recorded on a Bruker AV-400 (400 MHz) instrument.  Chemical shifts are reported in ppm relative to 
residual solvent peaks as an internal standard set to δ 7.26 and δ 77.16 (CDCl3).  Data are reported as 
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, br = 
broad, dd = doublet of doublets, dq = doublet of quartets, td = triplet of doublets, pd = pentet of doublets, 
m = multiplet), coupling constat (Hz), integration. Low resolution mass spectra (LCMS) were recorded on 
an Agilent 1200 LCMS with electrospray ionization.  High resolution mass spectra (HRMS) were 
recorded on a Waters Qtof-API-US plus Acuity system with ES as the ion source. Analytical high 
performance liquid chromatography (HPLC) was performed on an Agilent 1200 analytical LCMS with 
UV detection at 214 nm and 254 nm along with ELSD detection.  Chiral separations were performed on a 
Thar Investigator II supercritical fluid chromatograph (SFC) utilizing Chiralcel® OD, OD-Cl, OJ, and 
Chiralpak® IA columns. Optical rotations were acquired on a Jasco P-2000 polarimeter at 23 ⁰C and 589 
nm.  The specific rotations were calculated according to the equation [α]23/D = 100α/l x c where l is the 
path length in decimeters and c is the concentration in g/100 mL.   
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Procedure for Chiral Chloro-alcohol Synthesis 

 

To a solution of aldehyde (1 mmol) and (2R, 5R)-2,5-diphenylpyrrolidine (0.1 eq., 0.1 mmol) in DCM 
(2.0 mL) was added N-chlorosuccinimide (173 mg, 1.3 mmol, 1.3 eq.) at 0 ⁰C.  The reaction was kept at 0 
⁰C for 1 hour at which point it was allowed to warm to ambient temperature.  It was then stirred until the 
aldehyde was completely consumed as determined by 1H NMR spectroscopy of the reaction mixture. The 
reaction was then cooled to 0 ⁰C and diluted with methanol (10 mL).  NaBH4 (189 mg, 5 mmol, 5 eq) was 
added in several portions and the mixture was stirred for 30 minutes and quenched via the addition of 
water.  The reaction was extracted 3X with EtOAc, dried with MgSO4, and concentrated.  

 

 

The product was prepared according to the chiral chloro-alcohol synthesis procedure and purified by 
silica chromatography (6:1 Hexanes/EtOAc) to afford the product as a clear oil (159.5 mg, 72.2%). 1H 
NMR (400.1 MHz, CDCl3) δ (ppm): 3.99 (s, br, 1H); 3.78-3.75 (m, 1H); 3.67-3.62 (m, 1H); 2.37-2.27 (m, 
1H); 1.80-1.64 (m, 2H); 1.55-1.46 (m, 1H); 1.42-1.36 (m, 1H); 1.25 (s, br, 14H); 0.87 (t, J = 6.5 Hz,  3H).  
13C NMR (100.6 MHz, CDCl3) δ (ppm): 66.92, 65.22, 34.18, 31.81, 29.49, 29.46, 29.34, 29.23, 29.03, 

26.24, 22.59, 14.01. Specific rotation [ߙሿ
ଶଷ

஽
=  -41.0⁰ (c = 100, MeOH). 

 

 

The product was prepared according to the chiral chloro-alcohol synthesis procedure and purified by 
silica chromatography (6:1 Hexanes/EtOAc) to afford the product as a clear oil (154 mg, 83%). 1H NMR 
(400.1 MHz, CDCl3) δ (ppm): 7.33-7.20 (m, 5H); 4.02-3.96 (m, 1H); 3.82-3.67 (m, 2H); 2.94-2.87 (m, 
1H); 2.80-2.73 (m, 1H); 2.09-1.99 (m, 3H). 13C NMR (100.6 MHz, CDCl3) δ (ppm): 140.61, 128.49, 

128.47, 126.17, 66.92, 64.02, 35.75, 32.30. Specific rotation [ߙሿ
ଶଷ

஽
=  -43.1⁰ (c = 100, MeOH). 
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The product was prepared according to the chiral chloro-alcohol synthesis procedure and purified by 
silica chromatography (6:1 Hexanes/EtOAc) to afford the product as a clear oil (157 mg, 82%). 1H NMR 
(400.1 MHz, CDCl3) δ (ppm): 5.36-5.23 (m, 2H); 3.97-3.91 (m, 1H); 3.74-3.68 (m, 1H); 3.65-3.59 (m, 
1H); 2.87 (s, br, 1H); 2.03-1.95 (m, 4H); 1.79-1.60 (m, 2H); 1.56-1.47 (m, 1H); 1.43-1.28 (m, 3H); 0.91 
(td, J1 = 1.97 Hz, J2 = 7.50, 3H). 13C NMR (100.6 MHz, CDCl3) δ (ppm): 131.86, 128.52, 68.81, 64.80, 

34.07, 29.10, 26.73, 25.83, 20.41, 14.23.  Specific rotation [ߙሿ
ଶଷ

஽
=  -31.3⁰ (c = 100, MeOH). 

 

 

The product was prepared according to the chiral chloro-alcohol synthesis procedure and purified by 
silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (199 mg, 79%). 1H NMR 
(400.1 MHz, CDCl3) δ (ppm): 4.10-4.04 (m, 1H); 3.83-3.77 (m, 1H); 3.71-3.63 (m, 3H); 2.11-2.06 (m, 
1H); 1.94-1.85 (m, 1H); 1.81-1.71 (m, 2H); 1.68-1.53 (m, 1H); 0.89 (S, 9H); 0.047 (S, 6H). 13C NMR 
(100.6 MHz, CDCl3) δ (ppm): 66.85, 64.86, 62.30, 30.70, 29.25, 25.83, 18.21, -5.43. HRMS (TOF, ES+) 

C11H25ClO2Si [M+H]+ calc. mass 253.1391, found 253.1393.  Specific rotation [ߙሿ
ଶଷ

஽
 = -13.8 (c = 100, 

MeOH). 
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General Procedure for Chiral Chloro-Diamine Synthesis 

 

Lutidine (10 eq.) was added to a solution of chloro alcohol (1 eq.) in DCM (0.1 M) in a flame dried flask 
and the reaction was cooled to -78 ⁰C.  Triflic Anhydride (1.3 eq.) was added dropwise to the reaction and 
it was allowed to stir for 30 minutes.  To this reaction, still at -78 ⁰C, was added the diamine (2 eq.) 
dropwise, dissolved in 1 mL of DCM. This reaction was allowed to warm to room temperature over the 
next 4 hours and was quenched with water and brine.  It was extracted 3X with EtOAc, dried with 
MgSO4, and concentrated before purification. 

 

 

 

 

 

 

 

The product was prepared according to the chloro diamine procedure on a 0.23 mmol scale and purified 
by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (78 mg, 0.17 mmol, 
75%). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 7.34-7.30 (m, 4H); 7.29-7.24 (m, 1H); 5.04 (s, br, 1H); 
3.94-3.86 (m, 1H); 3.71-3.61 (m, 2H); 3.27-3.10 (m, 2H); 2.81-2.69 (m, 2H); 2.67-2.55 (m, 2H); 1.85-
1.74 (m, 1H); 1.61-1.55 (m, 1H); 1.44 (s, 9H); 1.28 (s, 16H); 0.90 (t, J = 7.01, 3H). 13C NMR (100.6 
MHz, CDCl3) δ (ppm): 156.07, 138.59, 128.87, 128.28, 127.18, 78.84, 61.32, 59.42, 54.01, 38.13, 35.94, 
31.82, 29.51, 29.48, 29.39, 29.24, 29.06 (one set of coincident signals), 28.33, 26.11, 22.60, 14.04. 
HRMS (TOF, ES+) C26H46N2O2Cl [M+H]+ calc. mass 453.3248, found 453.3245.  Specific rotation 

ሿߙ]
ଶଷ

஽
=  -7.0⁰ (c = 100, MeOH). 
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The product was prepared according to the chloro diamine procedure on a 0.27 mmol scale and purified 
by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (97 mg, 0.23 mmol, 
87%). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 7.37-7.19 (m, 10H); 5.00 (s, br, 1H); 3.91-3.83 (m, 1H); 
3.60 (s, 2H); 3.25-3.08 (m, 2H); 2.92-2.83 (m, 1H); 2.81-2.68 (m, 3H); 2.64-2.51 (m, 2H); 2.23-2.12 (m, 
1H); 1.93-1.82 (m, 1H); 1.47 (s, 9H). 13C NMR (100.6 MHz, CDCl3) δ (ppm): 155.94, 140.97, 138.62, 
128.88, 128.47, 128.33, 127.21, 126.06, 78.84, 61.28, 60.18, 54.00, 39.20, 37.53, 32.29, 28.42. HRMS 

(TOF, ES+) C24H34N2O2Cl [M+H]+ calc. mass 417.2309, found 417.2308.  Specific rotation [ߙሿ
ଶଷ

஽
=  -5.5⁰ 

(c = 100, MeOH). 

 

 

 

 

 

The product was prepared according to the chloro diamine procedure on a 0.41 mmol scale and purified 
by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (138 mg, 0.33 mmol, 
80%). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 7.35-7.28 (m, 4H); 7.28-7.23 (m, 1H); 5.41-5.26 (m, 2H); 
4.97 (s, br, 1H); 3.92-3.84 (m, 1H); 3.69-3.60 (m, 2H); 3.26-3.09 (m, 2H); 2.79-2.66 (m, 2H); 2.66-2.52 
(m, 2H); 2.08-1.98 (m, 4H); 1.84-1.74 (m, 1H); 1.63-1.46 (m, 2H); 1.43 (s, 9H); 1.41-1.22 (m, 3H); 0.96 
(t, J = 7.5, 3H). 13C NMR (100.6 MHz, CDCl3) δ (ppm): 155.93, 138.69, 131.80, 128.85, 128.68, 128.28, 
127.16, 78.79, 61.32 (one set of coincident signals), 59.43, 54.05, 38.19, 35.81, 29.18, 28.36, 26.83, 
25.75, 20.46, 14.32.  HRMS (TOF, ES+) C24H40N2O2Cl [M+H]+ calc. mass 423.2778, found 423.2779.  

Specific rotation [ߙሿ
ଶଷ

஽
=  -7.0⁰ (c = 100, MeOH). 
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The product was prepared according to the chloro diamine procedure on a 0.37 mmol scale and purified 
by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (113 mg, 0.23 mmol, 
63%). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 7.35-7.22 (m, 5H); 5.00 (s, br, 1H); 3.99-3.90 (m, 1H); 
7.73-3.55 (m, 4H); 3.26-3.09 (m, 2H); 2.83-2.68 (m, 2H); 2.67-2.53 (m, 2H); 1.96- 1.88 (m, 1H); 1.79-
1.68 (m, 1H); 1.66-1.54 (m, 2H); 1.43 (s, 9H); 0.90 (s, 9H); 0.05 (s, 6H). 13C NMR (100.6 MHz, CDCl3) δ 
(ppm): 155.97, 138.66, 128.84, 128.30, 127.15, 78.87, 62.43, 61.40, 61.31, 59.41, 53.95, 38.21, 32.51, 
29.41, 28.35, 25.87, 18.24, -5.37. HRMS (TOF, ES+) C25H46N2O3ClSi [M+H]+ calc. mass 485.2966, 

found 485.2970.  Specific rotation [ߙሿ
ଶଷ

஽
=  -2.7⁰ (c = 100, MeOH). 
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General Procedure for Chiral Chloro-Aminoalcohol Synthesis 

 

Lutidine (10 eq.) was added to a solution of chloro alcohol (1 eq.) in DCM (0.1 M) in a flame dried flask 
under an argon atmosphere and the reaction was cooled to -78 ⁰C.  Triflic Anhydride (1.3 eq.) was added 
dropwise to the reaction and it was allowed to stir for 30 minutes.  To this reaction, still at -78 ⁰C, was 
added the aminoalcohol (2 eq.) dropwise, dissolved in 1 mL of DCM. This reaction was allowed to warm 
to room temperature over the next 4 hours and was quenched with water and brine.  It was extracted 3X 
with EtOAc, dried with MgSO4, and concentrated before purification. 

 

 

 

 

 

 

 

 

 

The product was prepared according to the chloro amino alcohol procedure on a 0.36 mmol scale and 
purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (94 mg, 0.27 
mmol, 74%). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 7.39-7.32 (m, 4H); 7.31-7.26 (m, 1H); 4.0-3.9 (m, 
1H); 3.79-3.65 (m, 2H); 3.65-3.53 (m, 2H), 2.90-2.62 (m, 5H); 1.81-1.70 (m, 1H); 1.66-1.45 (m, 2H); 
1.29 (s, br, 15H); 0.92 (t, J = 6.81).  13C NMR (100.6 MHz, CDCl3) δ (ppm): 138.29, 128.97, 128.38, 
127.34, 61.44, 61.21, 59.43, 58.75, 56.27, 35.98, 31.84, 29.53, 29.49, 29.39, 29.26, 29.06, 26.14, 22.63, 
14.07. HRMS (TOF, ES+) C21H37NOCl [M+H]+ calc. mass 354.2564, found 354.2563.  Specific rotation 

ሿߙ]
ଶଷ

஽
=  -8.8⁰ (c = 100, MeOH). 
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The product was prepared according to the chloro amino alcohol procedure on a 0.38 mmol scale and 
purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (91 mg, 0.29 
mmol, 76%). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 7.40-7.20 (m, 10H); 3.99-3.90 (m, 1H); 3.76-3.53 
(m, 4H); 2.96-2.63 (m, 7H); 2.18-2.07 (m, 1H); 1.99-1.88 (m, 1H). 13C NMR (100.6 MHz, CDCl3) δ 
(ppm): 140.85, 138.20, 128.97, 128.49, 128.46, 128.42, 127.38, 126.11, 61.14, 60.30, 59.34, 58.82, 56.28, 
37.60, 32.30. HRMS (TOF, ES+) C19H25ClNO [M+H]+ calc. mass 318.1625, found 318.1624. Specific 

rotation [ߙሿ
ଶଷ

஽
=  -15.1⁰ (c = 100, MeOH). 

 

 

 

 

 

 

 

 

The product was prepared according to the chloro amino alcohol procedure on a 0.29 mmol scale and 
purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (71 mg, 0.22 
mmol, 76%). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 7.39-7.30 (m, 4H); 7.30-7.24 (m, 1H); 5.43-5.26 
(m, 2H); 3.98-3.88 (m, 1H); 3.78-3.63 (m, 2H); 3.63-3.50 (m, 2H); 2.87-2.61 (m, 5H); 2.09-1.97 (m, 4H); 
1.80-1.69 (m, 1H); 1.64-1.45 (m, 2H); 1.43-1.22 (m, 4H); 0.96 (s, J = 7.53, 3H).  13C NMR (100.6 MHz, 
CDCl3) δ (ppm): 138.24, 131.87, 128.96, 128.63, 128.39, 128.35, 61.33, 61.15, 59.39, 58.73, 56.24, 
35.87, 29.14, 26.14, 25.76, 20.45, 14.30. HRMS (TOF, ES+) C19H31ClNO [M+H]+ calc. mass 324.2094, 

found 324.2094. Specific rotation [ߙሿ
ଶଷ

஽
=  -9.5⁰ (c = 100, MeOH). 
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The product was prepared according to the chloro amino alcohol procedure on a 0.37 mmol scale and 
purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (106 mg, 0.27 
mmol, 74%). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 7.36-7.23 (m, 5H); 4.03-3.93 (m, 1H); 3.78-3.49 
(m, 6H); 2.83-2.69 (m, 4H); 2.68-2.59 (m, 1H); 1.95-1.83 (m, 1H); 1.79-1.67 (m, 1H); 1.66-1.51 (m, 2H); 
0.89 (s, 9H); 0.04 (s, 6H). 13C NMR (100.6 MHz, CDCl3) δ (ppm): 138.24, 128.95, 128.38, 127.33, 62.30, 
61.24, 61.20, 59.40, 58.77, 56.20, 32.45, 29.33, 25.88, 18.24, -5.38. HRMS (TOF, ES+) C20H37NO2ClSi 

[M+H]+ calc. mass 386.2282, found 386.2282. Specific rotation [ߙሿ
ଶଷ

஽
=  -5.7⁰ (c = 100, MeOH).  
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General Procedure for Cyclization to Piperazines 

 

Potassium tert-butoxide (5 eq) was added to a solution of chloro-diamine (1 eq) in DMF (0.02 M) at -20 
⁰C. This reaction was followed via TLC and was typically done within 2 hours.  Upon consumption of 
starting material, diethyl ether followed by water was added to the reaction.  It was extracted 3X with 
diethyl ether, dried with MgSO4, and concentrated before purification. 

 

 

 

 

 

 

 

 

The product was prepared according to the cyclization to piperazines on a 0.12 mmol scale and was 
purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (33mg, 0.08 
mmol, 66%), which was determined to have an ee of 89% by chiral SFC analysis (Lux Cellulose-4, tR 
(major) = 4.49 min, tR (minor) = 3.78 min, traces shown below). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 

7.32-7.21 (m, 5H); 3.99 (s, br, 1H); 3.90-3.82 (m, 1H); 3.53 (d, J = 13.2, 1H); 3.37 (d, J = 13.3, 1H); 3.05 
(t, J = 12.5, 1H); 2.75-2.65 (m, 2H); 2.06-2.00 (m, 2H); 1.78-1.73 (m, 1H); 1.66-1.61 (m, 1H); 1.45 (s, 
9H); 1.30-1.15 (m, 16H); 0.88 (t, J = 7.5, 3H).  13C NMR (100.6 MHz, CDCl3) δ (ppm): 154.81, 138.39, 
128.68, 128.12, 126.93, 79.18, 62.80, 55.39, 53.29, 51.37, 39.24, 31.84, 29.74, 29.59, 29.56, 29.53, 29.50, 
29.27, 28.38, 26.20, 22.52, 14.04. HRMS (TOF, ES+) C26H45N2O2 [M+H]+ calc. mass 417.3481, found 

417.3480.  Specific rotation [ߙሿ
ଶଷ

஽
=  -34.68⁰ (c = 100, MeOH). 
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The product was prepared according to the cyclization to piperazines on a 0.165 mmol scale and was 
purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (42mg, 0.11 
mmol, 67%), which was determined to have an ee of 95% by chiral SFC analysis (Chiralpak IA, tR 
(major) = 4.77 min, tR (minor) = 4.29 min, traces shown below) . 1H NMR (400.1 MHz, CDCl3) δ (ppm): 
7.40-7.26 (m, 7H); 7.25-7.17 (m, 3H); 4.14 (s, br,  1H); 3.96 (s, br, 1H); 3.60 (d, J = 13.4, 1H); 3.40 (d, J 
= 13.4, 1H); 3.15 (t, J = 12.8, 1H); 2.86-2.73 (m, 2H); 2.62-2.45 (m, 2H); 2.20-1.99 (m, 4H); 1.50 (s, 9H). 
13C NMR (100.6 MHz, CDCl3) δ (ppm): 154.81, 142.11, 138.37, 128.78, 128.39 (set of two coincident 
signals), 128.21, 127.05, 125.70, 79.41, 62.84, 55.10, 53.39, 51.35, 39.45, 32.65, 31.68, 28.40. HRMS 

(TOF, ES+) C24H33N2O2 [M+H]+ calc. mass 381.2542, found 381.2545. Specific rotation [ߙሿ
ଶଷ

஽
=  -41.0⁰ 

(c = 100, MeOH). 

 

 

 

 

 

The product was prepared according to the cyclization to piperazines on a 0.15 mmol scale and was 
purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (53mg, 0.137 
mmol, 91%), which was determined to have an ee of 95% by chiral SFC analysis (Chiralpak IC, tR 
(major) = 4.62 min, tR (minor) = 4.10 min, traces shown below). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 
7.37-7.23 (m, 5H); 5.42-5.27 (m, 2H); 4.03 (s, br, 1H); 3.89 (d, J = 11.03, 1H); 3.56 (d, J = 13.42, 1H); 
3.40 (d, J = 13.42, 1H); 3.08 (t, J = 10.90, 1H); 2.77 (d, J = 10.9, 1H); 2.68 (d, J = 11.32, 1H); 2.11-1.98 
(m, 6H); 1.86-1.74 (m, 1H); 1.72-1.60 (m, 1H); 1.47 (s, 9H); 1.43-1.31 (m, 2H); 1.26-1.16 (m, 2H); 0.97 
(t, J = 7.53, 3H). 13C NMR (100.6 MHz, CDCl3) δ (ppm): 154.79, 138.38, 131.57, 129.00, 128.69, 
128.13, 126.94, 79.23, 62.79, 60.31, 55.41, 53.28, 51.31, 39.07, 29.61, 28.38 (one set of coincident 
signals), 27.01, 25.82, 20.44, 14.31.  HRMS (TOF, ES+) C24H39N2O2 [M+H]+ calc. mass 387.3012, found 

387.3009. Specific rotation [ߙሿ
ଶଷ

஽
=  -45.4⁰ (c = 100, MeOH). 
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The product was prepared according to the cyclization to piperazines on a 0.19 mmol scale and was 
purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (68.5mg, 0.15 
mmol, 78%), which was determined to have an ee of 75% by chiral SFC analysis (Lux Cellulose-2 (OZ), 
tR (major) = 6.54 min, tR (minor) = 5.73 min, traces shown below). 1H NMR (400.1 MHz, CDCl3) δ 
(ppm): 7.34-7.20 (m, 5H); 4.02 (s, br, 1H); 3.93-3.81 (m, 1H); 3.61 (t, J = 6.14, 2H); 3.52 (d, J = 13.09, 
1H); 3.38 (d, J = 13.59, 1H); 3.05 (t, J = 11.58, 1H); 2.73 (d, J = 10.32, 1H); 2.66 (d, J = 11.27, 1H); 
2.11-1.96 (m, 2H); 1.94-1.82 (m, 1H); 1.71-1.59 (m, 1H); 1.50-1.35 (m, 11H); 0.89 (s, 9H); 0.04 (s, 6H). 
13C NMR (100.6 MHz, CDCl3) δ (ppm): 154.78, 138.41, 129.31, 128.65, 126.94, 79.28, 62.99, 62.76, 
55.68, 53.22, 51.24, 38.91, 29.53, 28.37, 26.20, 25.89, 18.25, -5.32. HRMS (TOF, ES+) C25H45N2O3Si 

[M+H]+ calc. mass 449.3199, found 449.3198. Specific rotation [ߙሿ
ଶଷ

஽
=  -29.9⁰ (c = 100, MeOH). 
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General Procedure for Chiral Morpholine Synthesis 

\ 

Potassium tert-butoxide (5 eq) was added to a solution of chloro-diamine (1 eq) in MeCN (0.02 M) at -20 
⁰C. This reaction was followed via TLC, and upon consumption of starting material, diethyl ether 
followed by water was added to the reaction.  It was extracted 3X with diethyl ether, dried with MgSO4, 
and concentrated before purification. 

 

 

 

 

 

 

The product was prepared according to the cyclization to morpholines procedure on a 0.19 mmol scale 
and was purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (39 
mg, 0.12 mmol, 65%), which was determined to have an ee of 92% by chiral SFC analysis (Chiralpak IA, 
tR (major) = 2.76 min, tR (minor) = 2.12 min, traces shown below). 1H NMR (400.1 MHz, CDCl3) δ 
(ppm): 7.32-7.24 (m, 5H); 3.84 (dq, J1 = 11.5 Hz, J2 = 1.8, 1H); 3.65 (td, J1 = 11.5, J2 = 2.5, 1H); 3.52-
3.45 (m, 3H); 2.74-2.71, (m, 1H); 2.65 (dq, J1 = 11.4, J2 = 1.8, 1H); 2.14 (td, J1 = 11.4, J2 = 3.3, 1H); 
1.87-1.82 (m, 1H); 1.5-1.25 (m, 18H); 0.87 (t, J = 7.1, 3H).  13C NMR (100.6 MHz, CDCl3) δ (ppm):  
137.76, 129.11, 128.17, 127.03, 75.76, 66.73, 63.29, 58.80, 53.12, 33.67, 31.83, 29.60, 29.52, 29.51, 
29.45, 29.24, 25.33, 22.60, 14.04. HRMS (TOF, ES+) C21H36NO [M+H]+ calc. mass 318.2797, found 

318.2795.   Specific rotation [ߙሿ
ଶଷ

஽
=  +13.04⁰ (c = 100, MeOH). 
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The product was prepared according to the cyclization to morpholines procedure on a 0.15 mmol scale 
and was purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (31 
mg, 0.11 mmol, 74%), which was determined to have an ee of 95% by chiral SFC analysis (Chiralpak IB, 
tR (major) = 3.36 min, tR (minor) = 2.57 min, traces shown below). 1H NMR (400.1 MHz, CDCl3) δ 
(ppm): 7.39-7.25 (m, 7H); 7.24-7.18 (m, 3H); 3.92 (d, J = 11.12, 1H); 3.70 (td, J1 = 2.38, J2 = 11.12, 1H); 
3.58-3.50 (m, 3H); 2.86-2.63 (m, 4H); 2.21 (td, J1 = 3.18, J2 = 11.12, 1H); 1.92 (t, J = 10.73, 1H); 1.89-
1.78 (m, 1H); 1.74-1.63 (m, 1H). 13C NMR (100.6 MHz, CDCl3) δ (ppm): 141.97, 137.72, 129.12, 
128.40, 128.27, 128.20, 127.07, 125.70, 74.82, 66.70, 63.27, 58.62, 53.16, 35.30, 31.54. HRMS (TOF, 

ES+) C19H24NO [M+H]+ calc. mass 282.1858, found 282.1857.   Specific rotation [ߙሿ
ଶଷ

஽
=  +25.2⁰ (c = 

100, MeOH). 

 

 

 

 

The product was prepared according to the cyclization to morpholines procedure on a 0.13 mmol scale 
and was purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (26 
mg, 0.09 mmol, 68%), which was determined to have an ee of 98% by chiral SFC analysis (Chiralpak IA, 
tR (major) = 2.68 min, tR (minor) = 1.79 min, traces shown below). 1H NMR (400.1 MHz, CDCl3) δ 
(ppm): 7.38-7.25 (m, 5H); 5.43-5.28 (m, 2H); 3.89-3.83 (m, 1H); 3.67 (td, J1 = 11.34, J2 = 2.39, 1H); 
3.56-3.46 (m, 3H); 2.75 (d, J = 11.72, 1H); 2.67 (d, J = 11.73, 1H); 2.16 (td, J1 = 11.62, J2 = 3.66, 1H); 
2.09-1.98 (m, 4H); 1.87 (t, J = 10.39, 1H); 1.56-1.21 (m, 7H); 0.97 (t, J = 7.95, 1H). 13C NMR (100.6 
MHz, CDCl3) δ (ppm): 137.76, 131.62, 129.10, 128.95, 128.17, 127.03, 75.69, 66.74, 63.28, 58.77, 53.12, 
33.56, 29.73, 26.90, 24.99, 20.42, 14.29.   HRMS (TOF, ES+) C19H30NO [M+H]+ calc. mass 288.2327, 

found 288.2328.   Specific rotation [ߙሿ
ଶଷ

஽
=  +10.8⁰ (c = 100, MeOH). 
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The product was prepared according to the cyclization to morpholines procedure on a 0.13 mmol scale 
and was purified by silica chromatography (9:1 Hexanes/EtOAc) to afford the product as a clear oil (26 
mg, 0.09 mmol, 68%), which was determined to have an ee of 80% by chiral SFC analysis (Chiralpak IA, 
tR (major) = 3.08 min, tR (minor) = 2.66 min, traces shown below). 1H NMR (400.1 MHz, CDCl3) δ 
(ppm): 7.35-7.23 (m, 5H); 3.84 (dd, J1 = 1.69, J2 = 11.33, 1H); 3.69-3.55 (m, 3H); 3.54-3.44 (m, 3H); 2.74 
(d, J = 10.79, 1H); 2.65 (d, J = 11.26, 1H); 2.15 (td, J1 = 3.13, J2 = 11.21, 1H); 1.86 (t, J = 10.69, 1H); 
1.70-1.58 (m, 1H); 1.58-1.40 (m, 3H); 0.89 (s, 9H); 0.039 (s, 6H). 13C NMR (100.6 MHz, CDCl3) δ 
(ppm): 137.76, 129.08, 128.18, 127.03, 75.56, 66.71, 63.27, 63.01, 58.75, 53.10, 29.97, 28.64, 25.91, 
18.27, -5.36. HRMS (TOF, ES+) C20H36NO2Si [M+H]+ calc. mass 350.2515, found 350.2514.   Specific 

rotation [ߙሿ
ଶଷ

஽
=  +11.1⁰ (c = 100, MeOH). 
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Procedure for Debenzylation and Formation of Dopamine Antagonist 

 

To a solution of benzyl protected morpholine (435 mg, 1.54 mmol) in methanol (31 mL, 0.05 M) under 
an argon atmosphere was added 0.2 eq of 10% Pd/C. The flask was then purged with H2 and was left to 
react under a hydrogen atmosphere and followed via TLC and LC-MS until consumption of the starting 
material was determined.  Upon consumption of the starting material, the reaction was filtered through 
celite, concentrated, and resuspended in MeCN (7.7 mL, 0.2 M).  To this solution was added potassium 
carbonate (1,064 mg, 7.7 mmol) and 2-(chloromethyl) benzimidazole (256.6 mg, 1.54 mmol) and the 
reaction was left to stir overnight. The reaction was then quenched with water and was extracted 3X with 
ethyl acetate.  The organic layer was dried with magnesium sulfate, filtered, and was concentrated.  It was 
purified using flash column chromatography (5% methanol in dichloromethane) to afford the product as a 
waxy solid (376 mg, 1.17 mmol, 76%). 1H NMR (400.1 MHz, CDCl3) δ (ppm): 7.62 (s, br, 2H); 7.31-
7.23 (m, 4H); 7.21-7.12 (m, 3H); 3.90-3.77 (m, 3H); 3.57 (td, J1 = 11.63, J2 = 2.10, 1H); 3.42-3.44 (m, 
1H); 2.78-2.56 (m, 4H); 2.34 (td, J1 = 11.65, J2 = 3.43, 1H); 2.04 (t, J = 10.28, 1H); 1.84-1.73 (m, 1H); 
1.63-1.53 (m, 1H). 13C NMR (100.6 MHz, CDCl3) δ (ppm): 151.82, 141.73, 138.69, 128.43, 128.35, 
125.82, 122.45, 114.94, 74.68, 66.50, 58.69, 56.60, 53.35, 35.04, 31.36. HRMS (TOF, ES+) C20H24N3O 

[M+H]+ calc. mass 322.1919, found 322.1917.   Specific rotation [ߙሿ
ଶଷ

஽
=  +38.3⁰ (c = 100, MeOH). 
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Compound Information

Ricerca # Ricerca Code Alt. Code 1 Alt. Code 2 Alt. Code 3 Molecular Weight

1160665 VU-206 MCO-III-157-Rac 321.42

1160666 VU-207 MCO-III-157-A 321.42

1160667 VU-208 MCO-III-157-B 321.42
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To evaluate, in Radioligand Binding assays, the activity of test compound(s).
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Summary

STUDY OBJECTIVE
To evaluate, in Radioligand Binding assays, the activity of the test compound(s) MCO-III-157-Rac (VU-206, PT# 
1160665), MCO-III-157-A (VU-207, PT# 1160666), MCO-III-157-B (VU-208, PT# 1160667).

METHODS
Methods employed in this study have been adapted from the scientific literature to maximize reliability and reproducibility.
Reference standards were run as an integral part of each assay to ensure the validity of the results obtained.  Assays 
were performed under conditions described in the accompanying "Methods" section of this report.

Where presented, IC50 values were determined by a non-linear, least squares regression analysis using MathIQTM (ID 
Business Solutions Ltd., UK).  Where inhibition constants (Ki) are presented, the Ki values were calculated using the 
equation of Cheng and Prusoff (Cheng, Y., Prusoff, W.H., Biochem. Pharmacol.  22:3099-3108, 1973) using the 
observed IC50 of the tested compound, the concentration of radioligand employed in the assay, and the historical values 
for the KD of the ligand (obtained experimentally at Ricerca Biosciences, LLC).  Where presented, the Hill coefficient 
(nH), defining the slope of the competitive binding curve, was calculated using MathIQTM.  Hill coefficients significantly 
different than 1.0, may suggest that the binding displacement does not follow the laws of mass action with a single 
binding site. Where IC50, Ki, and/or nH data are presented without Standard Error of the Mean (SEM), data are 
insufficient to be quantitative, and the values presented (Ki, IC50, nH) should be interpreted with caution.

RESULTS
A summary of results meeting the significance criteria is presented in the following sections.  Complete results are 
presented under the section labeled "Experimental Results".  Individual responses, if requested, are presented under the 
section labeled "Individual Responses".

SUMMARY/CONCLUSION
Significant results are displayed in the following table(s) in rank order of potency for estimated IC50 and/or Ki values.
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Summary of Significant Results

Biochemical assay results are presented as the percent inhibition of specific binding or activity throughout the report. All other results
are expressed in terms of that assay's quantitation method.
· For primary assays, only the lowest concentration with a significant response judged by the assays' criteria, is shown in this 

summary.
· Where applicable, either the secondary assay results with the lowest dose/concentration meeting the significance criteria or, if 

inactive, the highest dose/concentration that did not meet the significance criteria is shown.

· Unless otherwise requested, primary screening in duplicate with quantitative data (e.g., IC50 ± SEM, Ki ± SEM and nH) are shown 
where applicable for individual requested assays. In screening packages, primary screening in duplicate with semi-quantitative 

data (e.g., estimated IC50, Ki and nH) are shown where applicable (concentration range of 4 log units); available secondary 
functional assays are carried out (30 mM) and MEC or MIC determined only if active in primary assays >50% at 1 log unit below 
initial test concentration.

Significant responses (≥ 50% inhibition or stimulation for Biochemical assays) were noted in the primary assays listed below:

IC50*% Inh. nHKiAssay Name Species Conc.Cat #

Compound: MCO-III-157-A, PT #: 1160666

hum219800 Dopamine D3 15.7 µM 1.2374 46.2 µM100 µM

hum219900 Dopamine D4.2 0.071 µM 0.9466 0.18 µM0.3 µM

Compound: MCO-III-157-B, PT #: 1160667

hum219800 Dopamine D3 25.9 µM 1.0455 76.4 µM100 µM

Compound: MCO-III-157-Rac, PT #: 1160665

hum219800 Dopamine D3 10.8 µM 1.0151 31.8 µM30 µM

hum219900 Dopamine D4.2 0.14 µM 0.9469 0.36 µM1 µM

* A standard error of the mean is presented where results are based on multiple, independent determinations.
hum=Human
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Summary of Significant Results

IC50*% Inh. nHKiCompound Name Species Conc.

Above Primary Tests in Rank Order of Potency

219800  Dopamine D3 

hum 10.8 µM 1.0151 31.8 µM30 µMMCO-III-157-Rac (1160665)

hum 15.7 µM 1.2374 46.2 µM100 µMMCO-III-157-A (1160666)

hum 25.9 µM 1.0455 76.4 µM100 µMMCO-III-157-B (1160667)

219900  Dopamine D4.2 

hum 0.071 µM 0.9466 0.18 µM0.3 µMMCO-III-157-A (1160666)

hum 0.14 µM 0.9469 0.36 µM1 µMMCO-III-157-Rac (1160665)

* A standard error of the mean is presented where results are based on multiple, independent determinations.
hum=Human
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Experimental Results

IC50* nHKiAssay Name Spec. Conc.Cat # Batch* Rep. R% Inh.

Compound: MCO-III-157-A, PT #: 1160666

100 µMhum 2314852 >100 µM22219500 Dopamine D1

30 µMhum 2 4

10 µMhum 2 -9

3 µMhum 2 -1

1 µMhum 2 -8

100 µMhum 2314851 >100 µM32219600 Dopamine D2L

30 µMhum 2 25

10 µMhum 2 26

3 µMhum 2 12

1 µMhum 2 11

100 µMhum 2314850 46.2 µM74 1.2315.7 µM219800 Dopamine D3

30 µMhum 2 35

10 µMhum 2 14

3 µMhum 2 6

1 µMhum 2 2

3 µMhum 2314853 0.18 µM93 0.940.070 µM219900 Dopamine D4.2

1 µMhum 2 79

0.3 µMhum 2 66

0.1 µMhum 2 37

0.03 µMhum 2 13

100 µMhum 2314854 >100 µM21220200 Dopamine D5

30 µMhum 2 13

10 µMhum 2 -2

3 µMhum 2 1

1 µMhum 2 -1

Compound: MCO-III-157-B, PT #: 1160667

100 µMhum 2314852 >100 µM9219500 Dopamine D1

30 µMhum 2 15

10 µMhum 2 2

3 µMhum 2 0

1 µMhum 2 7

100 µMhum 2314851 >100 µM14219600 Dopamine D2L

30 µMhum 2 2

10 µMhum 2 -16

Note: Items meeting criteria for significance (≥50% stimulation or inhibition) are highlighted. 
* Batch: Represents compounds tested concurrently in the same assay(s). 
hum=Human
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Experimental Results

IC50* nHKiAssay Name Spec. Conc.Cat # Batch* Rep. R% Inh.

3 µMhum 2 2

1 µMhum 2 -7

100 µMhum 2314850 76.4 µM55 1.0425.9 µM219800 Dopamine D3

30 µMhum 2 33

10 µMhum 2 7

3 µMhum 2 -2

1 µMhum 2 2

100 µMhum 2314853 >100 µM40219900 Dopamine D4.2

30 µMhum 2 35

10 µMhum 2 18

3 µMhum 2 2

1 µMhum 2 14

100 µMhum 2314854 >100 µM6220200 Dopamine D5

30 µMhum 2 16

10 µMhum 2 3

3 µMhum 2 0

1 µMhum 2 6

Compound: MCO-III-157-Rac, PT #: 1160665

100 µMhum 2314852 >100 µM4219500 Dopamine D1

30 µMhum 2 6

10 µMhum 2 -2

3 µMhum 2 -10

1 µMhum 2 -3

100 µMhum 2314851 >100 µM20219600 Dopamine D2L

30 µMhum 2 -8

10 µMhum 2 -9

3 µMhum 2 3

1 µMhum 2 -5

100 µMhum 2314850 31.8 µM75 1.0110.8 µM219800 Dopamine D3

30 µMhum 2 51

10 µMhum 2 22

3 µMhum 2 7

1 µMhum 2 7

10 µMhum 2314853 0.36 µM98 0.940.14 µM219900 Dopamine D4.2

3 µMhum 2 90

Note: Items meeting criteria for significance (≥50% stimulation or inhibition) are highlighted. 
* Batch: Represents compounds tested concurrently in the same assay(s). 
hum=Human
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Experimental Results

IC50* nHKiAssay Name Spec. Conc.Cat # Batch* Rep. R% Inh.

1 µMhum 2 69

0.3 µMhum 2 48

0.1 µMhum 2 22

100 µMhum 2314854 >100 µM3220200 Dopamine D5

30 µMhum 2 13

10 µMhum 2 5

3 µMhum 2 1

1 µMhum 2 6

Ricerca Biosciences, LLC has an exclusive, worldwide limited use license from Synaptic Pharmaceutical Corporation to perform these assays: 
Adrenergic Alpha 1D, Adrenergic Alpha 2B, and Dopamine D5 for safety and selectivity profiling. Ricerca's license excludes performing those 
assays in connection with drug discovery or development activities where the principal therapeutic mechanism of action of the test compound 
involves selective binding to a licensed receptor. Customers may contact Synaptic directly if they believe they need a broader license.

Note: Items meeting criteria for significance (≥50% stimulation or inhibition) are highlighted. 
* Batch: Represents compounds tested concurrently in the same assay(s). 
hum=Human
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Response Curves

- 1 Dopamine D3Assay:

 IC50 Compound Name nHKi

219800

46.2 µM 15.7 µM 1.23MCO-III-157-A (1160666)

0.41 nM 0.14 nM 1.03Spiperone
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Response Curves

- 1 Dopamine D4.2Assay:

 IC50 Compound Name nHKi

219900

0.18 µM 0.071 µM 0.94MCO-III-157-A (1160666)

0.39 nM 0.15 nM 1.03Spiperone
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Response Curves

- 1 Dopamine D3Assay:

 IC50 Compound Name nHKi

219800

76.4 µM 25.9 µM 1.04MCO-III-157-B (1160667)

0.41 nM 0.14 nM 1.03Spiperone
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Response Curves

- 1 Dopamine D3Assay:

 IC50 Compound Name nHKi

219800

31.8 µM 10.8 µM 1.01MCO-III-157-Rac (1160665)

0.41 nM 0.14 nM 1.03Spiperone
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Response Curves

- 1 Dopamine D4.2Assay:

 IC50 Compound Name nHKi

219900

0.36 µM 0.14 µM 0.94MCO-III-157-Rac (1160665)

0.39 nM 0.15 nM 1.03Spiperone
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Methods

Source: Ligand:

Vehicle:

Significance Criteria:

Dopamine D1

≥50% of max stimulation or inhibition

1% DMSO

1.40 nM [3H] SCH-23390Human recombinant CHO cells

Incubation Buffer: Quantitation Method:

Non-Specific Ligand:

Incubation Time/Temp: 2 hours @ 37°C

10.0 µM (+)-Butaclamol

Radioligand Binding50 mM Tris-HCl, pH 7.4, 1.4 mM 
Ascorbic Acid, 0.001% BSA, 150 mM 
NaCl

Specific Binding:

1.40 nM *

0.63 pmole/mg Protein *

90% *

Bmax:

Kd:

219500

Source: Ligand:

Vehicle:

Significance Criteria:

Dopamine D2L

≥50% of max stimulation or inhibition

1% DMSO

0.16 nM [3H] SpiperoneHuman recombinant CHO cells

Incubation Buffer: Quantitation Method:

Non-Specific Ligand:

Incubation Time/Temp: 2 hours @ 25°C

10.0 µM Haloperidol

Radioligand Binding50 mM Tris-HCl, pH 7.4, 1.4 mM 
Ascorbic Acid, 0.001% BSA, 150 mM 
NaCl

Specific Binding:

0.080 nM *

0.48 pmole/mg Protein *

85% *

Bmax:

Kd:

219600

Source: Ligand:

Vehicle:

Significance Criteria:

Dopamine D3

≥50% of max stimulation or inhibition

1% DMSO

0.70 nM [3H] SpiperoneHuman recombinant CHO cells

Incubation Buffer: Quantitation Method:

Non-Specific Ligand:

Incubation Time/Temp: 2 hours @ 37°C

25.0 µM S(-)-Sulpiride

Radioligand Binding50 mM Tris-HCl, pH 7.4, 1.4 mM 
Ascorbic Acid, 0.001% BSA, 150 mM 
NaCl

Specific Binding:

0.36 nM *

1.10 pmole/mg Protein *

85% *

Bmax:

Kd:

219800

Source: Ligand:

Vehicle:

Significance Criteria:

Dopamine D4.2

≥50% of max stimulation or inhibition

1% DMSO

0.50 nM [3H] SpiperoneHuman recombinant CHO-K1 cells

Incubation Buffer: Quantitation Method:

Non-Specific Ligand:

Incubation Time/Temp: 2 hours @ 25°C

10.0 µM Haloperidol

Radioligand Binding50 mM Tris-HCl, pH 7.4, 1.4 mM 
Ascorbic Acid, 0.001% BSA, 150 mM 
NaCl

Specific Binding:

0.32 nM *

0.55 pmole/mg Protein *

90% *

Bmax:

Kd:

219900

* Historical Values
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Methods

Source: Ligand:

Vehicle:

Significance Criteria:

Dopamine D5

≥50% of max stimulation or inhibition

1% DMSO

2.0 nM [3H] SCH-23390Human recombinant CHO cells

Incubation Buffer: Quantitation Method:

Non-Specific Ligand:

Incubation Time/Temp: 2 hours @ 37°C

10.0 µM Flupentixol

Radioligand Binding50 mM Tris-HCl, pH 7.4, 1.4 mM 
Ascorbic Acid, 0.001% BSA, 150 mM 
NaCl

Specific Binding:

0.73 nM *

0.47 pmole/mg Protein *

85% *

Bmax:

Kd:

220200

* Historical Values
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Reference Compounds

IC50* nHKiAssay Name Reference CompoundCat #

Historical Concurrent

IC50*Batch *

219500 Dopamine D1 0.70 nM 0.901.40 nMR(+)-SCH-23390 314852 0.90 nM

219600 Dopamine D2L 0.082 nM 1.200.26 nMSpiperone 314851 0.33 nM

219800 Dopamine D3 0.12 nM 0.900.36 nMSpiperone 314850 0.41 nM

219900 Dopamine D4.2 0.20 nM 0.900.50 nMSpiperone 314853 0.39 nM

220200 Dopamine D5 0.40 nM 0.901.50 nMR(+)-SCH-23390 314854 1.26 nM

* Batch: Represents compounds tested concurrently in the same assay(s).
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