






2.84 (td, J = 2.9, 11.7 Hz, 1H), 2.99 (dd, J = 3.3, 12.5 Hz, 1H), 3.09 -  3.23 (m,

3H), 4 .3 0 -4 .4 0  (m, 2H), 4.46 (dd, J =  8.1, 11.0 Hz, 1H), 4.77 (bm, 1H), 6.96 (d, 

J = 9.2 Hz, 1H), 7.20 (m, 1H), 7.51 (m, 1H), 7.58 (bd, J = 7.7 Hz, 1H), 7.68 (bd, J 

= 8.4 Hz, 1H), 7.87 (d, J = 9.2 Hz, 1H); 13C NMR (100 MHz, CDCI3): 5 20.7,

40.8, 45.9, 46.0, 49.7, 60.5, 109.0, 122.2, 122.8, 126.5, 127.0, 129.4, 137.3,

147.6, 156.9, 170.9.

0 2N o 2n

1. ACE-CI, DCE 
reflux

Bn 2. MeOH, A
NH

2-[2-Phenylpiperazin-1-yl]-6-nitroquinoline 135. To a solution of quipazine 

174 (0.097 g, 0.23 mmol) in dry dichloroethane (4 mL) under argon was added 1- 

chloroethyl chloroformate (0.066 g, 0.46 mmol). After stirring for 5 min the 

reaction was heated at reflux for 2 h, then stirred at ambient temp for 16 h. The 

solvent was evaporated and the residue dissolved in methanol (8  mL) and 

heated at 65 °C for 2 h. The methanol was evaporated and the residue was 

dissolved in 1 M HCI (20 mL) and washed with CH2CI2 ( 4 x 1 5  mL). The aqueous 

phase was made basic with 4 M NaOH, diluted with saturated NaHC03 (20 mL) 

and extracted with CH2CI2 (4 x 20 mL). The combined organic extracts were 

dried (K2C0 3) and concentrated to give 135 as a yellow foam (0.070 g, 91%). 

TLC 0.31 (MeOH:CH2CI2, 1:9). 1H NMR (400 MHz, CDCI3): 5 1.89 (bs, NH, 

1H), 3.02 (td, J = 3.7, 12.1 Hz, 1H), 3.18 (bm, doublet shape, J = 12.1 Hz, 1H), 

3.32 -  3.42 (m, 2H), 3.71 (bd, J = 13.2 Hz, 1H), 4.68 (bd, J = 13.2 Hz, 1H), 5.69
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(bs, 1H), 6.98 (d, J = 9.5 Hz, 1H), 7.24 -  7.29 (m, 1H, overlapped with CDCI3), 

7.29 -  7.38 (m, 4H), 7.65 (d, J = 9.5 Hz, 1H), 7.93 (d, J = 9.2 Hz, 1H), 8.29 (dd, J 

= 2.6, 9.5 Hz, 1H), 8.52 (d, J =  2.6 Hz, 1H); 13C NMR (400 MHz, CDCI3): 5 41.3,

45.7, 49.5, 54.8, 110.7, 121.1, 123.6, 124.2, 127.0, 127.1, 127.2, 128.9, 138.8,

138.9, 141.8, 151.5, 158.8; HRMS (ESI-TOF) m/z (M + H)+ calcd. for Ci9Hi9N40 2  

355.1508 found 355.1507.

1. ACE-CI, DCE 
reflux

NH2. MeOH, A

2-[2-Benzylpiperazin-1-yl]-6-nitroquinoline 136. To a solution of quipazine

175 (0.083 g, 0.19 mmol) in dry dichloroethane (4 mL) under argon was added 1-

chloroethyl chloroformate (0.054 g, 0.38 mmol). The reaction was heated at

reflux for 2 h then stirred at ambient temperature for 16 h. The solvent was

evaporated and the residue dissolved in methanol (8  mL) and heated at 65 °C for

2 h. The mixture was concentrated and the residue was dissolved in 20 mL 1 M

HCI and washed with CH2CI2 ( 4 x 8  mL). The aqueous phase was made basic

with 4 M NaOH, diluted with saturated NaHC03 (10 mL) and extracted with

CH2CI2 ( 3 x 8  mL). The combined extracts were dried (K2C0 3) and concentrated

to give 136 as a yellow-orange foam (0.056 g, 85%). Rf 0.24 (MeOH:CH2Cl2,

1:9). 1H NMR (400 MHz, CDCI3): 5 2.05 (bs, NH, 1H), 2.83 -  2.98 (m, 3H), 3.05

(m, broad doublet shape, 1H), 3.21 -  3.29 (m, 2H), 3.38 (td, J = 2.9, 12.8 Hz,

1H), 4.45 (bs, 1H), 4.78 (bs, 1H), 6.96 (d, J = 9.2 Hz, 1H), 7.19 (m, 1H), 7.27 -

7.35 (m, 4H), 7.69 (d, J = 9.5 Hz, 1H), 7.90 (d, J = 9.2 Hz, 1H), 8.31 (d, J = 2.6,
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9.5 Hz, 1H), 8.52 (d, J = 2.6 Hz, 1H); 13C NMR (100 MHz, CDCI3): 5 34.4, 40.9,

46.2, 46.8, 54.0, 110.8, 121.0, 123.6, 124.2, 126.4, 127.1, 128.5, 129.4, 138.4,

138.9, 141.8, 151.5, 158.4; HRMS (ESI-TOF) m/z (M + H)+ calcd. for C20H21N4O2 

349.1665 found 349.1678.

Ethyl Bromophenylacetate 147. The synthesis of 147 is adapted from the 

method of Epstein.138 To a solution of ethyl phenylacetate (1.03 g, 6.28 mmol) in 

CCU (16 mL) was added NBS (1.15 g, 6.47 mmol) and two drops of HBr (48%). 

The mixture was heated to reflux and maintained until the solids floated on top of 

the solvent. This mixture was cooled and filtered through a pad of Fluorosil 

(Magnesium silicate) the pad was rinsed with CH2CI2 and the filtrate concentrated 

to give the crude product that was purified by column chromatography (silica gel, 

EtOAc:Hexanes, 1:3) to afford 147 as a clear, loose oil (1.50 g, 98%). TLC Rf 

0.60 (EtOAc:Hexanes, 2:3). 1H NMR (400 MHz, CDCI3): 5 1.28 (t, 3H), 4.24 (m, 

AB pattern 0-CH 2-CH3, 2H), 5.35 (s, 1H), 7.34 -  7.40 (m, 3H), 7.53 -  7.58 (m, 

2H); 13C NMR (100 MHz, CDCI3): 5 13.9, 46.8, 62.5, 128.6, 128.8, 129.2, 135.8,

168.2.

1,4-Dibenzyl-3-phenylpiperazine-2-one 151. To a stirred solution of N,N- 

dibenzyl ethylenediamine (10.2 g, 42.5 mmol) in acetonitrile (55 mL) under argon
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was added a solution of bromo ester 147 (5.17 g, 21.3 mmol). This solution was 

heated at reflux for 6  h then stirred for 38 h at ambient temperature. The solvent 

was evaporated and the residue partitioned between 1 M NaOH (60 mL) and 

ether (50 mL). The organic phase was separated and the aqueous phase 

extracted with ether (2 x 40 mL). The combined organic phases were washed 

with brine (2 x 30 mL), dried (Na2SC>4) and the solvent evaporated to give 12.5 g 

of crude material that was purified by column chromatography (silica gel, 

EtOAc:Hexanes, 1:9 -  1:3) to afford 151 as a very thick oil (5.85 g, 77%). TLC Rf 

0.29 (EtOAc:Hexanes, 2:3). 1H NMR (400 MHz, CDCI3): 8  2.47 (td, J = 3.7, 12.1 

Hz, 1H), 2.97 (dt, J = 3.3, 12.1 Hz, 1H), 3.09 -  3.18 (m, 2H), 3.47 (td, J = 3.7,

11.0, 1H), 3.75 (d, J =  13.2 Hz, 1H), 4.14 (s, 1H), 4.59 (m, AB pattern, J = 14.3 

Hz, 2H), 7.22 -  7.42 (m, 15H); 13C NMR (400 MHz, CDCI3): 8  45.8, 46.6, 50.2,

58.8, 71.2, 127.2, 127.5, 127.8, 128.2 (two overlapped peaks), 128.4, 128.6,

128.7, 129.0, 136.8, 137.7, 139.4, 168.3.

1,4-Dibenzyl-2-phenylpiperazine 152. To a solution of amide 151 (1.19 g, 3.34 

mmol) in dry THF (20 mL) was added LiAIH4 (0.597 g, 15.7 mmol) in one portion. 

The mixture was heated at reflux for 5 h. After cooling, the excess LiAIH4 was 

quenched by the careful, sequential addition of 0.25 mL water, 0.5 mL 4 N NaOH 

and 0.25 mL water. The mixture was stirred 15 min and the solids that formed 

were filtered (Celite) and the filtrate concentrated to give the crude material that

LiAlH4, Et20
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was purified by column chromatography (silica gel, EtOAc:Hexanes, 2:3) to 

provide 152 as a white solid 0.922 g, 81%). TLC Rf 0.52 (EtOAc:Hexanes, 2:3). 

1H NMR (400 MHz, CDCI3): 5 2.14 -  2.21 (m, 1H), 2.22 -  2.32 (m, 2H), 2.78 (m, 

1H), 2 .8 3 -2 .9 1  (m, 3H), 3.43 (dd, J = 2.6, 10.3 Hz, 1H), 3.50 (m, singlet shape, 

2H), 3.79 (d, J = 13.2 Hz, 1H), 7.17 -  7.52 (m, 15H); 13C NMR (100 MHz, 

CDCI3): 5 51.7, 53.2, 58.9, 62.0, 62.9, 67.3, 126.7, 127.0, 127.4, 128.0, 128.2,

128.4, 128.7, 129.2, 137.8, 139.0, 142.2.

MeOH, HCI

2-Phenylpiperazine dihydrochloride 153. To a suspension of dibenzyl 

piperazine 152 (0.500 g, 1.46 mmol) in methanol (25 mL) was added HCI (12 M, 

0.24 mL, 2.92 mmol) and 5% Pd/C (0.075 g). The flask was sealed with a septa 

and H2 was bubbled through the solution via balloon. The reaction was 

monitored by TLC until 152 was consumed, refilling H2 if necessary. The 

reaction mixture was filtered (Celite) and the filtrate concentrated to provide 153 

as a white solid (0.345 g, quantitative). 1H NMR (400 MHz, D20): 5 3.37 (m, 1H),

3.49 (m, 1H), 3.57 (m, 1H), 3.63 -  3.76 (m, 3H), 4.59 (m, 1H, overlapped with 

HOD), 7.31 -  7.40 (m, 5H); 13C NMR (100 MHz, DMSO-cfe): 5 39.0, 41.0, 44.5,

55.4, 128.1, 129.0, 129.8, 133.1.
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H N ^ |
^ l H 1 .C H 2CI2 . B 3N 

H .2HCI 2. Trityl chloride

NTrit

3-Phenyl-1-triphenylmethylpiperazine 154. To a stirring suspension of 

piperazine 153 (0.433 g, 1.84 mmol) in dry CH2CI2 ( 2 0  mL) under argon was 

added anhydrous triethylamine (1.0 mL, 7.4 mmol). The resultant clear solution 

was cooled to 0 °C and a solution of trityl chloride (0.514 g, 1.84 mmol) in dry 

CH2CI2 (5 mL) was added (dropwise). The reaction was stirred an additional 10 

min at 0 °C then warmed to ambient temperature and stirred for 1.5 h. The 

solution was washed with saturated NaHC0 3  (30 mL) and the aqueous solution 

extracted with CH2CI2 ( 2 x 1 5  mL). The combined organic extracts were dried 

(K2CO3) and concentrated to provide 154 as a white solid (0.760 g, quantitative). 

TLC Rf 0.50 (MeOH:CH2CI2, 1:9). 1H NMR (400 MHz, CDCI3): 5 1.23 (bs, 1H), 

1.53 (m, t shape, 1H), 1.67 (m, t shape, 1H), 3.06 -  3.14 (m, 2H), 3.20 (m, 1H),

3.35 (m, 1H), 4.20 (m, 1H), 7 .1 5 -7 .6 5  (m, 20H); 13C NMR (100 MHz, CDCI3): 8

46.7, 48.2, 56.0, 61.2, 77.1, 126.0, 126.9, 127.3, 127.5, 127.9, 128.3, 129.3 

(broad), 142.6.

2-(2-Phenylpiperazin-1-yl)quinoline 155. To a 0 °C solution of N-trityl 

piperazine 154 (0.605 g, 1.49 mmol) in dry ether (20 mL) under argon was added 

(dropwise) a solution of n-butyllithium in hexanes (2.33 M, 0.64 mL, 1.49 mmol).
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The orange turbid solution was stirred for 20 min. then a solution of 2 - 

chloroquinoline (0.163 g, 1.0 mmol) in dry ether (4 mL) was added dropwise 

forming a green-blue solution. The reaction was maintained at 0 °C for an 

additional 50 min then stirred at ambient temperature for 19 h. The solution was 

diluted with ether (10 mL) and washed with saturated NaHC0 3  (2 x 20 mL) and 

brine ( 2 x 1 5  mL), dried (K2CO3) and concentrated to provide the crude material 

that was purified by column chromatography (silica gel, EtOAc:Hexanes, 1:3) to 

afford a yellow foam intermediate (0.555 g, 104%) TLC Rf  0.58 (EtOAc:Hexanes 

2:3) that was not spectroscopically characterized and immediately deprotected. 

To a suspension of the crude intermediate (0.555g, 1.04 mmol) in 95% ethanol 

(20 mL) was added 6  M HCI (4 mL). The flask was swirled until the sides were 

cleared of solids and a homogenous solution resulted. Stirring continued at 

ambient temperature for 1 0  min then the reaction contents were diluted with ~ 2 0  

mL of CH2CI2. The mixture was made basic with 4 M NaOH and diluted with 20 

mL saturated NaHC0 3 - The organic phase was separated and the aqueous 

phase extracted with CH2CI2 ( 3 x 1 5  mL). The combined organic extracts were 

dried (K2CO3) and concentrated to provide the crude product that was purified by 

column chromatography (silica gel, eluting first with EtOAc:CHCl3, 4:1, to remove 

non-polar impurities, then MeOH:CH2Cl2, 1:9) to provide 155 as a pale colored oil 

(0.260 g, 8 6  %). TLC R f 0.24 (MeOH:CH2CI2, 1:9). 1H NMR (400 MHz, CDCI3): 5

1.79 (bs, NH, 1H), 3.02 (td, J  = 3.7, 12.1 Hz, 1H), 3.15 (m, 1H), 3.32 -  3.41 (m, 

2H), 3.65 (m, 1H), 4.63 (m, 1H), 5.56 (m, singlet shape, 1H), 6.87 (d, J  = 9.2 Hz, 

1H), 7.17 -  7.25 (m, 2H), 7.29 -  7.34 (m, 4H), 7.53 (m, 1H), 7.58 (m, doublet
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shape, 1H), 7.69 (d, J = 9.2 Hz, 1H), 7.84 (d, J = 9.2 Hz, 1H); 13C NMR (100 

MHz, CDCIs): 5 41.4, 45.9, 50.0, 54.7, 109.1, 122.1, 122.9, 126.5, 126.7, 127.1,

127.2, 128.7, 129.5, 137.6, 139.7, 147.9, 157.3.

3,4-Dihydro-6-nitroquinolin-2(1H)-one 158. To a -5 °C solution of hydro- 

carbostyril 157 (1.089 g, 7.4 mmol) in conc. H2SO4 (20 mL) was slowly added 

water (5 mL). After the solution cooled back to -5 °C, nitric acid (15.4 M, 0.49 

mL, 7.5 mmol) was added, three drops at a time, in three minute increments to 

minimize heating. Ten minutes following the addition, the reaction contents were 

transferred to a beaker and 60 mL of cold water was slowly added with stirring, 

forming a white precipitate. The precipitate mixture was cooled on ice for 15 min, 

and the solids were collected by filtration and washed sparingly with a few 

portions of cold EtOAc. The solids were dried under high vacuum providing 158 

as a pale colored solid (1.258 g, 8 8 %). 1H NMR (400 MHz, CDCI3): 6  2.73 (m, 

2H, triplet shape), 3.10 (m, 2H, triplet shape), 6.93 (m, 1H, doublet shape), 8.08 

-  8.13 (m, 2H), 9.28 (bs, NH, 1H); 13C NMR (100 MHz, CDCI3): 5 25.0, 29.9,

115.5, 123.85, 123.93, 124.1, 142.8, 143.2, 171.7.

D D Q , P O C I3

2-Chloro-6-nitroquinoline 159. To a suspension of 158 (1.06 g, 5.5 mmol) in 

benzene (20 mL) under argon was added DDQ (1.25 g, 5.5 mmol) followed by
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POCb (2.55 mL, 4.20 g, 27.4 mmol) in a dropwise manner. The bright yellow- 

orange mixture was heated at reflux for 3 h. After cooling, 20 mL of cold water 

was added and the mixture was brought to neutral pH with 4 M NaOH. The 

solids were collected by filtration and washed with cold water and -2 0  mL of cold 

ether. The filtrate was extracted with EtOAc (3 x 60 mL) and the combined 

extracts were dried (K2CO3) and concentrated to give a solid. Both batches of 

solids were combined and dissolved with heating in -30  mL of THF. Silica gel ( 6  

g) was added and the solvent evaporated to adsorb the crude product onto the 

silica gel. The material was loaded onto a chromatography column, and purified 

(silica gel, EtOAc:Hexane, 1:9) to provide 159 as a tan solid (1.13 g, 98 %). TLC 

R f  0.45 (EtOAc:Hexanes, 2:3). 1H NMR (400 MHz, DMSO-de): 5 7.84 (d, J  = 8 .8  

Hz, 1H), 8.16 (d, J =  9.2 Hz, 1H), 8.52 (dd, J =  2.6, 9.2 Hz, 1H), 8.79 (d, J =  8 .8  

Hz, 1H), 9.14 (d, J  = 2.6 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): 5 124.1,

124.4, 125.1, 125.9, 129.7, 141.9, 145.3, 149.2, 153.6.

N-ferf-Butoxycarbonyl-N-benzylglycyl-DL-phenylglycine Methyl Ester 162.

The general peptide coupling procedure was used as described above for 96. 

Column chromatography of the crude product (silica gel, EtOAc:Hexanes, 1:3, to 

remove non-polar material, then EtOAc:Hexanes, 2:3, to elute the product)

CO2MG

CH 2CI2, r.t., 1 h
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provided 162 as a clear, viscous oil (1.87 g, 93%, solvent heavy). TLC Rf 0.33 

(EtOAc:Hexanes, 2:3). 1H NMR (400 MHz, CDCI3): 5 1.47 (bs, 9H), 3.71 (s, 3H), 

3.76 -  3.94 (bm, 2H), 4.42 (d, J = 15 Hz, 1H), 4.52 -  4.68 (bm, 1H), 5.50 (d, J =

7.3 Hz, 1H), 6.78 (bs, NH, 0.4H), 7.18 -  7.42 (m, 10H); 13C NMR (100 MHz, 

CDCI3): 5 28.2, 50.7, 51.7 (broad), 52.7, 56.1, 81.2, 127.1, 127.6, 128.2, 128.5,

128.7, 128.8, 136.2, 137.1, 155.4 (broad), 168.7 (broad), 170.8.

n v-
C02Me

1 . MeOH, SOCI2

2. NH4 OH, MeOH

1-Benzyl-3-phenylpiperazine-2,5-dione 163. To a 0 °C solution of dipeptide 

162 (1.873 g, 4.54 mmol) in methanol (25 mL) was slowly added excess thionyl 

chloride (1.5 mL) to avoid sputtering. Following the addition, the solution stirred 

at ambient temperature for 21 h. The solvent was evaporated and the residue 

was triturated with -3 0  mL of ether to produce a solid that was collected by 

filtration. The solid was dissolved in methanol (~30 mL) and treated with 

ammonium hydroxide (29%, 10 mL) at ambient temperature. The solution was 

stirred for 2 0  h then concentrated (the flask sat sealed, in the hood for 2  months). 

The residue was partitioned between saturated NaHC03 (20 mL) and 

CHCI3:isopropyl alcohol, 4:1 (50 mL). The organic phase was separated and the 

aqueous phase extracted with CHCI3:isopropyl alcohol, 4:1 (4 x 50 mL). The 

combined organic phases were dried (K2C0 3) and concentrated to afford 163 as 

a white solid (1.098 g, 8 6 %) with adequate purity for subsequent transformations.
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TLC Rf 0 .5 4  (MeOH:CH2CI2, 1:9). 1H NMR (400 MHz, CDCI3): 8  3.87 (m, quartet

1-Benzyl-3-Phenylpiperazine 164. To a suspension of diamide 163 (1.16 g, 

4.15 mmol) in dry THF (75 mL) was added L1AIH4 (0.630 g, 16.6 mmol) in one 

portion, producing a gentle effervescence. The mixture was maintained on ice 

until the bubbling stopped, then the flask was heated at reflux for 5 h. The 

mixture was cooled and stirred an additional hour, then the excess UAIH4 was 

quenched by the careful, sequential addition of 0.6 mL water, 1.2 mL 4 M NaOH 

solution and 0.6 mL water. After stirring 10 min, the solids were filtered (Celite) 

and the filtrate concentrated. The crude material was purified by column 

chromatography (silica gel, MeOHiCHCb, 1:49) to provide 164 as a pale colored 

oily solid (0.780 g, 74 %). TLC R f 0.24 (MeOH:CH2CI2, 1:9). 1H NMR (400 MHz, 

CDCI3): 8  2.08 (m, triplet shape, 1H), 2.20 (dd, J  = 4.4, 11 Hz, 1H, overlapped 

with bs, NH, 1H), 2.84 (m, doublet shaped, 1H), 2.91 (m, doublet shape, 1H),

3.02 -  3.12 (m, 2H), 3.55 (s, 2H), 3.89 (dd, J  = 2.9, 10.3 Hz, 1H) 7.22 -  7.40 (m, 

10H); 13C NMR (100 MHz, CDCI3): 8  46.2, 53.1, 60.3, 61.1, 63.3, 127.0, 127.4,

128.2, 128.3, 129.2, 137.8, 142.4

shape, AB pattern, J  = 17.9 Hz, 2H), 4.55 (m, AB pattern, J  = 14.3 Hz, 2H), 5.17 

(bd, 1H), 6.89 (bs, NH, 1H), 7.14 -  7.18 (m, 2H), 7.26 -  7.41 (m, 8 H); 13C NMR 

(100 MHz, CDCI3): 8  48.7, 49.8, 59.5, 126.4, 128.1, 128.2, 128.8, 128.9, 129.1,

135.0, 137.0, 164.6, 166.0.

O

□Aim , THF
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.0 co2M©

0  OH C 0 2Me

F
CH2CI2, r.t., 1 h CH2CI2, Et3 N, 

r.t., 2 0  h

N-te/t-Butoxycarbonyl-N-benzylglycyl-DL-phenylalanine Methyl Ester 166.

The general peptide coupling procedure was used as described above for 96. 

Column chromatography of the crude product (silica gel, EtOAc:Hexanes, 1:3, to 

remove non-polar material, then EtOAc:Hexanes, 3:2, to elute the product) 

provided 166 as a clear, viscous oil (2.17 g, 102%, solvent heavy). TLC R f  0.33 

(EtOAc:Hexanes, 2:3). 1H NMR (400 MHz, CDCI3): 5 1.45 (s, 9H), 2.99 -  3.16 

(bm, 2H), 3.72 (s, 3H), 3.79 (bd, J  = 16.1 Hz, overlapped with bm, 2H), 4.30 -

4.50 (bm, 2H), 4.85 (m, 1H, quartet shaped), 6.27 (bs, 0.3H), 6.63 (bs, 0.3H),

7.05 -  7.11 (bm, 2H), 7.17 -  7.34 (m, 8 H); 13C NMR (100 MHz, CDCI3): 5 28.2,

37.8, 50.2, 51.2 (v. broad), 52.3, 52.8 (broad), 81.1, 127.1, 127.6, 128.1 (broad),

128.6, 129.1, 135.6, 136.9, 155.3 (broad), 168.9 (broad), 171.5.

1,3-Dibenzylpiperazine-2,5-dione 167. To a 0 °C solution of dipeptide 166 

(2.18 g, 5.11 mmol) in methanol (30 mL) was slowly added excess thionyl 

chloride (1.9 mL) to avoid sputtering. Following the addition, the solution stirred 

at ambient temperature for 2.5 h. The solvent was evaporated and the residue
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was triturated with -3 0  mL of ether, producing a white solid that was collected by 

filtration. The solid was dissolved in methanol (40 mL) and treated with 

ammonium hydroxide (29%, 10 mL) at ambient temperature. The solution was 

stirred for 18 h then concentrated. The solid residue was partitioned between 

saturated NaHC0 3  (40 mL), water (20 mL) and CHCbiisopropyl alcohol, 4:1 (40 

mL). The organic phase was separated and the aqueous phase extracted with 

CHCbMsopropyl alcohol, 4:1 (3 x 40 mL). The combined organic phases were 

dried (K2CO3) and concentrated to afford 167 as a white solid (1.382 g, 92%) with 

adequate purity for subsequent transformations. TLC Rf 0.49 (MeOH:CH2Cl2 , 

1:9). 1H NMR (400 MHz, CDCI3): 5 2.99 (d, part of AB pattern, J = 17.6 Hz, 1H), 

3.17 (m, AB pattern, 2H), 3.52 (d, part of AB pattern, J = 17.6 Hz, 1H), 4.35 (m, 

1H), 4.48 (m, AB pattern, J = 14.7 Hz, 1H), 6.39 (bs, NH, 1H), 7.13 -  7.35 (m, 

10H, overlapped with CDCI3); 13C NMR (100 MHz, CDCI3): 5 40.5, 48.2, 49.6,

56.4, 127.4, 128.1, 128.59, 128.63, 128.8, 130.0, 134.65, 134.68, 165.2, 166.3.

1,3-Dibenzylpiperazine 168. To a 0 °C suspension of dione 167 (1.38 g, 4.7 

mmol) in dry THF (120 mL) was added LiAIH4 (0.713 g, 18.8 mmol) in two 

portions, producing a gentle effervescence. The mixture was maintained on ice 

until the bubbling stopped, then the reaction was heated at reflux for 2.5 h. The 

solution was cooled and stirred for an additional 19 h then the excess LiAIH4 was 

quenched by the careful, sequential addition of 0.7 mL water, 1.3 mL 4 M NaOH

O
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and 0.7 mL water. The solids that formed will filtered (Celite) and the filtrate 

concentrated to provide 168 as a pale colored solid (1.29 g, 103%, with THF) that 

slowly formed from an oil. TLC R f  0.21 (MeOH:CH2Cl2, 1:9). 1H NMR (400 MHz, 

CDCI3): S 1.93 (m, triplet shape, 1 H), 2.11 (td, J  = 2.9, 11.0 Hz, 1H, overlapped 

with bs, NH, 1H), 2.58 (dd, 8 .8 , 13.2 Hz, 1H), 2.70 -  2.77 (m, 2H), 2.79 -  2.87 

(m, 2H), 2.92 (dt, J  = 2.3, 11.7 Hz, 1H), 3.02 (m, 1H), 3.51 (dd, AB pattern, J  =

12.8 Hz, 2H), 7.18 -  7.33 (m, 10H); 13C NMR (100 MHz, CDCI3): 5 40.7, 45.6,

53.3, 56.2, 59.6, 63.3, 126.3, 127.0, 128.1, 128.4, 129.2, 137.9, 138.5.

MeOH, HCI

2-Benzylpiperazine dihydrochloride 169. To a solution of piperazine 168 (1.25 

g, 4.69 mmol) in methanol (20 mL) was added HCI (12 M, 0.78 mL, 9.38 mmol) 

and 5% Pd/C (0.188 g). The flask was sealed with a sepum and H2 was bubbled 

through the solution via balloon. The reaction was monitored by TLC until 168 

was consumed, refilling H2 if necessary. The mixture was filtered (Celite) and the 

filtrate concentrated to provide 169 as a white solid (1.10 g, 94%). 1H NMR (400 

MHz, D20): 5 2.90 (dd, AB pattern, J  = 7.7, 14.3 Hz, 1H), 2.97 (dd, AB pattern, J  

= 7.0, 14.3 Hz, 1H), 3.13 (m, triplet shape, 1H), 3.22 (m, 2H), 3.52 -  3.59 (m, 

3H), 3.72 (m, 1H), 7.15 -  7.32 (m, 5H); 13C NMR (100 MHz, D20 , dioxane int. 

std 67.4 ppm): 5 36.8, 40.9, 41.4, 45.1, 54.6, 129.0, 130.3 (overlapped peaks),

133.9.
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H 2HCI methylformate

CH2 CI2, Et3N H N ^ |

CHO

3-Phenylpiperazine-1-carbaldehyde 170. To a suspension of powdered 

piperazine 153 (0.206 g, 0 .8 8  mmol) in CH2CI2 (2 mL) was added triethylamine 

(0.26 mL, 1.85 mmol) followed by additional CH2CI2 to facilitate stirring. The 

mixture was cooled to 0 °C and methylformate (0.06 mL, 0.96 mmol) was added. 

Stirring continued for 20 min at 0 °C then 24 h at ambient temperature. The 

mixture was diluted with saturated NaHC0 3  (6  mL) and extracted with CH2CI2 (3 

x 10 mL). The combined extracts were dried (K2CO3) and concentrated to 

provide the crude material that was purified by column chromatography (silica 

gel, MeOH:CH2CI2, 1:39) to provide 170 as a oil (0.103 g, 62%). TLC Rf 0.35 

(MeOH:CH2Cl2, 1:9). 1H NMR (400 MHz, CDCI3): (approximate 1:1 mixture of 

amide rotamers) 5 2.71 (dd, J = 10.6, 12.8 Hz, 0.5H), 2.83 -  2.93 (m, 1.5H), 3.11 

-  3.22 (m, 1.5H), 3.34 (td, J = 2.9, 11.7 Hz, 0.5H), 3.55 (m, 1H), 3.70 (td, J = 3.3, 

10.6 Hz, 1H), 4.40 (m, 1H), 7.27 -  7.44 (m, 5H), 8.07 (s, CHO, 0.5H), 8.10 (s, 

CHO, 0.5H); 13C NMR (100 MHz, CDCI3): 5 40.2, 45.5, 45.9, 46.8, 47.2, 53.1,

59.8, 61.4, 126.8, 126.9, 127.9, 128.1, 128.5, 128.6, 140.4, 140.7, 160.7, 160.8.

3-Benzylpiperazine-1-carbaldehyde 171. To a suspension of powdered 

piperazine 169 (0.304 g, 1.22 mmol) in dimethoxyethane (1.5 mL) was added 

triethylamine (0.35 mL, 2.56 mmol). The stirred mixture was cooled to 10 °C,
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methylformate (0.11 mL, 1.83 mmol) was added and stirring was continued for 1 

h at 10 °C then 24 h at ambient temperature. The mixture was diluted with 

saturated NaHC0 3  ( 6  mL) and extracted with CHCb-isopropyl alcohol, 4:1 ( 3 x 1 5  

mL). The combined extracts were dried (K2CO3) and concentrated and the crude 

product was purified by column chromatography (silica gel, MeOH:CH2CI2, 1:19 — 

1:9) to provide 171 as an oil (0.189 g, 76%). TLC Rf 0.27 (MeOH:CH2CI2, 1:9). 

1H NMR (400 MHz, CDCI3): (approximate 1:1 mixture of amide rotamers) 5 2.0 

(bs, NH, 1H), 2.54 -  2.72 (m, 2.5H), 2.75 -  2.89 (m, 2.5H), 2.96 (m, dd shape, 

0.5H), 3.00 -  3.06 (m, 1H), 3.24 (td, J = 3.3, 11.7 Hz, 0.5H), 3.45 -  3.52 (m, 1H),

4.25 (m, doublet shape, 0.5H), 4.35 (m, doublet shape, 0.5H), 7.17 -  7.36 (m, 

5H), 7.98 (s, 0.5H), 8.04 (s, 0.5H); 13C NMR (100 MHz, CDCI3): 5 39.9, 40.0,

40.4, 45.0, 45.7, 46.1, 46.3, 51.3, 55.8, 57.1, 126.6, 126.7, 128.6, 128.7, 129.0,

129.1, 137.0, 137.3, 160.70, 160.75.

Trityl chloride

3-Benzyl-1-triphenylmethylpiperazine 172. To a stirred suspension of 

piperazine 169 (0.396 g, 1.59 mmol) in dry CH2CI2 (20 mL) under argon was 

added anhydrous triethylamine (0.88 mL, 6.4 mmol). The resultant clear solution 

was cooled to 0 °C and a solution of trityl chloride (0.443 g, 1.59 mmol) in dry 

CH2CI2 (7 mL) was added (dropwise). The reaction was stirred an additional 5 

min at 0 °C then warmed to ambient temperature and stirred for 16 h. The 

solution was washed with saturated NaHC0 3  (40 mL) and brine (40 mL), and 

then dried (K2C0 3 ) and concentrated to provide 172 as a white solid (0.650 g,
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98%). TLC Rf 0.42 (MeOH:CH2CI2) 1:9). 1H NMR (400 MHz, CDCI3): 8  1.35 (bs,

(bm, 4H), 3.27 (m, 1H), 7.12 -  7.56 (m, 20H); 13C NMR (100 MHz, CDCI3): 8

2-(4-Benzyl-2-phenylpiperazin-1-yl)-6-nitroquinoline 174. A suspension of 

quinoline 159 (0.0382 g, 0.183 mmol) and piperazine 164 (0.092 g, 0.365 mmol) 

in dry DMSO (0.5 mL) was sealed under argon in a vial and placed in a 120 °C 

oil bath for 24 h. The reaction mixture was pipetted into water (20 mL) and 

saturated NaHC03 (10 mL), then extracted with ether (2 x 20 mL). The 

combined ether extracts were washed with water ( 5 x 8  mL) and brine (20 mL), 

then dried (K2C 03) and concentrated. The crude material was purified by column 

chromatography (silica gel, EtOAc:Hexanes, 1:19 -  1:9) to provide 174 as an 

orange oil (0.060 g, 76%). TLC Rf 0.50 (EtOAc:Hexanes, 2:3). 1H NMR (400 

MHz, CDCI3): 8  2.36 (td, J = 2.9, 11.4 Hz, 1H), 2.58 (dd, J = 3.7, 11.7 Hz, 1H),

3.02 (bd, J = 10.3 Hz, 1H), 3.66 (bd, J = 12.8 Hz, 1H), 3.41 -  3.54 (m, 3H), 4.54 

(bd, J = 12.8 Hz, 1H), 5.86 (bs, 1H), 7.03 (d, J = 9.2 Hz, 1H), 7.22 -  7.43 (m, 

10H), 7.65 (d, J = 9.2 Hz, 1H), 7.93 (d, J = 9.2 Hz, 1H), 8.29 (dd, J = 2.6, 9.2 Hz, 

1H), 8.51 (d, J = 2.6 Hz, 1H); 13C NMR (100 MHz, CDCI3): 8  40.9, 53.3, 54.1,

1H), 1.59 (bs, 2H), 2.42 (bs, 1H), 2.65 (dd, J = 3.7, 13.2 Hz, 1H), 2.85 -  3.16

40.8, 46.4, 48.3, 54.4, 56.9 (all broad), 77.05, 125.9, 126.2, 127.4 (broad, 2

peaks), 128.4, 129.1,129.3 (broad), 138.7.

DMSO
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55.5, 62.8, 110.8, 121.0, 123.6, 124.3, 126.9, 127.0, 127.2, 127.5, 128.2, 128.3,

129.0, 137.6, 138.8, 139.7, 141.7, 151.5, 158.3.

0 2N

o 2n

Cl
+

Bn 120 °C

DMSO

H Bn

2-(2,4-Dibenzylpiperazin-1-yl)-6-nitroquinoline 175. A suspension of quinoline 

159 (0.035 g, 0.172 mmol) and piperazine 168 (0.090 g, 0.338 mmol) in dry 

DMSO (1.0 mL) was sealed under argon in a vial and placed in a 120 °C oil bath 

for 24 h. The reaction was pipetted into water (20 mL) and saturated NaHC0 3  

(10 mL), and then extracted with ether (2 x 20 mL). The combined extracts were 

washed with water ( 5 x 5  mL) and brine (20 mL), then dried (K2CO3) and 

concentrated. The crude material was purified by column chromatography (silica 

gel, EtOAc:Hexanes, 1:9 -  2:3) to provide 175 as an orange oil (0.056 g, 74%). 

TLC Rf 0.39 (EtOAc:Hexanes, 2:3). 1H NMR (400 MHz, CDCI3): 5 2.08 (dd, J =

3.7, 11.7 Hz, 1H), 2.26 (td, J  = 3.7, 11.7 Hz, 1H), 2.80 -  2.87 (m, 2H), 3.07 (m, 

bd shaped, 1H), 3.27 (dd, J  = 9.9, 12.5 Hz, 1H), 3.40 -  3.50 (m, 2H, an AB 

doublet is overlapped here J  = 12.8 Hz), 3.62 (d, part of AB pattern, J  = 12.8 Hz, 

1H), 4.45 (bs, 1H), 4.71 (bs, 1H), 6.98 (d, J  = 9.2 Hz, 1H), 7.09 -  7.19 (m, 5H), 

7.31 -  7.43 (m, 5H), 7.70 (d, J  = 9.2 Hz, 1H), 7.92 (d, J  = 9.2 Hz, 1H), 8.31 (dd, J  

= 2.6, 9.2 Hz, 1H), 8.53 (d, J =  2.6 Hz, 1H); 13C NMR (100 MHz, CDCI3): 8 35.3,

40.7, 53.4, 54.5, 62.9, 110.8, 120.9, 123.6, 124.3, 126.2, 127.1, 127.3, 128.31, 

128.34, 129.3, 129.4, 138.0, 138.4, 139.1, 141.7, 151.6, 158.1.
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o 2n

Polar column CH2CI2, Boc20 ;
fraction from ------------------------ *■

Entry 1 (Table 4.1) Chromatography
Boc

2-[4-(tert-Butoxycarbonyl)-3-phenylpiperazin-1 -yl]-6-nitroquinoline 176. To

the polar column fraction from Entry 1 , Table 4.1 (0 .1 1 1  g) dissolved in CH2CI2 (5 

mL) is added a solution of di-fe/f-butyldicarbonate (~0 . 1 1 g, 0.5 mmol) in CH2CI2 

(2 mL). The reaction was allowed to proceed for 5 h and TLC analysis showed 

the formation of a non-polar product (R f  0.38, EtOAc:Hexanes, 2:3) consistent 

with Boc-protected quipazines. The solvent was evaporated and the residue 

purified by column chromatography (silica gel, EtOAc:Hexanes, 2:3) to provide 

176 as a yellow foam (0.045 g). TLC R f 0.38 (EtOAc:Hexanes, 2:3). 1H NMR 

(400 MHz, CDCI3): 5 1.40 (s, 9H), 3.43 -  3.53 (bm, 2H), 4.05 -  4.16 (bm, 2H), 

4.21 -  4.28 (bm, 1H), 4.57 -  4.67 (bm, 1H), 5.32 (bs, 1H), 6.97 (d, J  = 9.2 Hz, 

1H), 7.21 -7 .2 6  (m, 1H), 7 .2 8 -7 .3 7  (m, 4H), 7.72 (bs, 1H), 7.98 (d, J =  9.2 Hz, 

1H), 8.32 (dd, J =  2.6, 9.2 Hz, 1H), 8.55 (d, J =  2.6 Hz, 1H).

2-(3-Phenylpiperazin-1-yl)-6-nitroquinoline 177. A solution of quipazine 176 

(0.045 g, 0.10 mmol) in THF (0.5 mL) and 4 M H 2 S O 4  (3 mL) was stirred at 

ambient temperature. The deprotection of the Boc group was found to be slow, 

so 3 drops of conc. H 2 S O 4  was added. After 1 h, the reaction was complete (176 

gone by TLC) and the reaction was pipetted onto ice, made basic with 4 M N a O H  

and diluted with saturated NaHCOs (10 mL). The aqueous mixture was extracted
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with CH2CI2 ( 2  x 2 0  mL) and the combined extracts dried (K2CO3) and 

concentrated to provide 177 as a yellow-orange solid (0.032 g, 94%). TLC R f  

0.44 (MeOH:CH2CI2, 1:9). 1H NMR (400 MHz, CDCI3): 5 2.12 (bs, NH, 1H), 3.00 

-3 .1 1  (m, 2H), 3 .1 9 -3 .3 2  (m, 2H), 3.88 (dd, J  = 2.9, 10.6 Hz, 1H), 4.63 (bd, J  =

12.8 Hz, 2H), 7.08 (d, J  = 9.2 Hz, 1H), 7.31 -  7.43 (m, 3H), 7.50 (m, doublet 

shape, 2H), 7.64 (d, J  = 9.2 Hz, 1H), 7.96 (d, J  = 9.2 Hz, 1H), 8.28 (dd, J  = 2.6,

9.2 Hz, 1H), 8.52 (d, J  = 2.6 Hz, 1H); 13C NMR (100 MHz, CDCI3): 5 44.9, 46.1,

52.1, 60.5, 110.9, 121.0, 123.6, 124.2, 127.1 (shouldered, 2 overlapping peaks),

128.1, 128.7, 138.7, 141.2, 141.9, 151.5, 158.4.

C 0 2Me Oy l

i^00̂  ULX
c o 2m ©

CH2CI2. Et3N,
r.t., 20 h

N-ferf-Butoxycarbonyl-N-benzylglycyl-DL-aspartate Dimethyl Ester 183. The

general peptide coupling procedure was used as described above for 96.

Column chromatography of the crude product (silica gel, EtOAc:Hexanes, 1:3, to 

remove non-polar material, then EtOAc:Hexanes, 2:3, to elute product) provided 

183 as a clear, viscous oil (1.96 g, 96%). TLC Rf 0.18 (EtOAc:Hexanes, 2:3). 1H 

NMR (400 MHz, CDCI3): 8  1.49 (s, 9H), 2.72 (bm, 1H), 2.99 (dd, J  = 3.6, 16.8, 

1H), 3.67 (s, 3H), 3.74 (s, 3H), 3.77 -  3.97 (bm, 2H), 4.42 (d, J  = 15.4, 1H), 4.59 

(bd, J  = 15.4, 1H), 4.82 (bm, 1H), 6.82 (bs, 0.4H), 7.12 (bs, 0.3H), 7.20 -  7.34 

(m, 5H); 13C NMR (100 MHz, CDCI3):8  28.2, 35.9, 48.1, 50.3, 51.6 (broad), 51.9,
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52.7, 81.1, 127.6, 128.2 (broad), 128.6, 137.1, 155.3 (broad), 169.1, 170.8

(broad), 171.2 (broad).

1. MeOH, SOCI2  

0 °C - r.t., 2 h

C 0 2Me 2. MeOH, NH4OH
4 \ ^ C 0 2Me r.t. 20 h

HN N-Bn

M e02C '  O
H H

Methyl 2-(1 -Benzyl-2,5-dioxopiperazin-3-yl)acetate 184. To a 0 °C solution of 

dipeptide 183 (1.9 g, 4.4 mmol) in methanol (25 mL) was added slowly excess 

thionyl chloride (2 mL) to avoid sputtering. Following the addition, the solution 

stirred at ambient temperature for 4.5 h. The solvent was evaporated and the 

oily residue was triturated with ether (20 mL). The ether was decanted and the 

process repeated. The still oily residue was dissolved in methanol (~45 mL) and 

treated with ammonium hydroxide (29%, 10 mL) at ambient temperature. The 

solution stirred for 16 h and the solvent was evaporated. The residue was 

partitioned between saturated NaHC0 3  (25 mL) and CHCb:isopropyl alcohol, 4:1 

(20 mL). The organic phase was separated and the aqueous phase extracted 

with CHCI3:isopropyl alcohol, 4:1 (3 x 20 mL). The combined organic phases 

were dried (K2CO3) and concentrated to afford 184 as a white solid (1.15 g, 97%) 

of adequate purity for subsequent steps. TLC Rf 0.38 (MeOH:CH2CI2, 1:9). 1H 

NMR (400 MHz, CDCI3): 5 2.86 (dd, J = 8.1, 17.2 Hz, 1H), 3.06 (dd, J = 3.7, 17.2 

Hz, 1H), 3.68 (s, 3H), 3.87 (m, 2H, qd shape), 4.40 (m, 1H), 4.59 (m, AB pattern, 

s shape), 7.05 (bs, 1H), 7.24 -  7.37 (m, 5H); 13C NMR (100 MHz, CDCI3):6  25.3, 

38.0, 48.8, 49.8, 51.8, 52.2, 128.1, 128.4, 128.9, 134.8, 164.6, 165.2, 170.9.
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o
/ “ A  THF, UAIH4 H N ^ I

HN N-Bn ------------------- ► 7  1
" - - 7  \ \  reflux, 5 h

M e0 2C —' O H

1-Benzyl-3-(2-hydroxyethyl)piperazine-2,5-dione 186. To a 0 °C suspension 

of amide 184 (1.15 g, 4.16 mmol) in dry THF (100 mL) under argon was added 

UAIH4 (0.949 g, 25 mmol) in 3 small portions. The mixture was heated at reflux 

for 5 h, then cooled. The excess LiAIH4 was destroyed by the careful, sequential 

addition of 1 mL water, 2 mL 4 N NaOH and 1 mL water. After stirring 1 h, the 

solids that formed were filtered (Celite) and the filtrate concentrated to give 186 

as a pale colored oil (0.896 g, 98%). The crude material was used without 

purification in subsequent reactions.

A pure sample of 186 was generated through the deprotection of N-formyl 

protected alcohol 187 (0.067g, 0.27 mmol) by dissolving 187 in THF (1 mL) and 4 

M H2SO4 (3 mL) and heating at 55 °C for 3 h. The reaction was made basic with 

4 M NaOH, diluted with saturated NaHC0 3  (10 mL) and extracted with CH2CI2 (5 

x 10 mL). The combined extracts were dried (K2CO3) and concentrated to 

provide pure 186 as an oily solid that solidified upon standing (0.052 g, 8 8 %). 

TLC Rf 0.07 (MeOH:CH2CI2, 1:9). 1H NMR (400 MHz, CDCI3): 5 1.55 (m, 2H),

1.80 (m, 1H), 1.99 (m, 1H), 2.70 -  3.06 (m, 6 H, overlapped d at 2.73), 3.47 (s, 

2H), 3.76 (m, 2H), 7.20 -  7.36 (m, 5H); 13C NMR (100 MHz, CDCI3): 6  35.3,

45.3, 54.0, 55.4, 59.6, 61.7, 63.4, 127.0, 128.1, 129.1, 137.8.
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HO

H N ^ j

H
Acetic anhydride

Formic Acid ohc' n^

Bn
H

4-Benzyl-2-(2-hydroxyethyl)piperazine-1-carbaldehyde 187. To a 0 °C

solution of amino alcohol 186 (0.853 g, 3.87 mmol) in formic acid (8 8 %, 11 mL) 

was added (dropwise) acetic anhydride (3.25 g, 31.8 mmol). The reaction stirred 

at 0 °C for 30 min then at ambient temperature for an additional 45 min. Ice (~15 

g) was added and the contents were transferred to a beaker and placed in an ice 

bath before the solution was brought to basic pH by the addition of 4 N NaOH. 

The contents were diluted with saturated NaHCOs (20 mL) and extracted with 

CH2CI2 (5 x 2 0  mL). The combined extracts were dried (K2CO3) and 

concentrated to give the crude material that was purified by column 

chromatography (silica gel, MeOHiCHCb, 1:49) to afford 187 as an almost 

colorless oil (0.582g, 61%). TLC Rf 0.47 (MeOH:CH2CI2, 1:9). 1H NMR (400 

MHz, CDCI3): (approximate 7:3 mixture of amide rotamers) 6  1.66 -  1.85 (m, 1H),

1.95 -  2.12 (m, 1H), 2.14 -  2.34 (m, 2H), 2.72 -  2.97 (m, 2.7H), 3.08 (bm, 0.3H),

3.26 -  3.74 (m, 5.7H), 3.84 (m, 0.3H), 4.20 (m, 0.3H), 4.50 (m, 0.7H), 7.21 -  7.37 

(m, 5H), 8.07 (m, 2 overlapped -CHO, 1H); 13C NMR (100 MHz, CDCI3): 8  32.6,

33.6, 36.5, 42.6, 45.3, 51.0, 52.3, 52.9, 56.1, 56.7, 58.1, 58.2, 62.5, 62.6, 127.3,

128.3, 128.7, 128.8, 137.5, 161.6, 162.2.
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OHC' N ^  DMF, NaH 0H C ' N ^ |

H O ^ ^ I ^ N 'Bn CHg-l ^ N '  Bn
H rl

4-Benzyl-2-(2-methoxyethyl)piperazine-1-carbaldehyde 188. To a 0 °C

solution of alcohol 187 (0.500 g, 2.01 mmol) in dry DMF (8  mL) was added NaH 

(95%, 0.145 g, 6.04 mmol) in one portion. After stirring 5 min, iodomethane 

(0.300 g, 2.11 mmol) was added and the mixture stirred for 15 min at 0°C then at 

ambient temperature for 1.5 h. The excess NaH was destroyed by the careful 

addition of water and the mixture was diluted with 20 mL each of water and 

saturated NaHC0 3 . The aqueous mixture was extracted with EtOAc (4 x 30 mL) 

and the combined extracts washed with brine (2 x 20 mL), dried (K2CO3) and 

concentrated to give the crude product that was purified by column 

chromatography (silica gel, MeOH:CHCI3, 1:199 -  1:49) to afford 188 as a loose, 

almost colorless oil (0.493 g, 93%). TLC Rf 0.Q2 (MeOH:CH2CI2, 1:9). 1H NMR 

(400 MHz, CDCI3): (approximate 7:3 mixture of amide rotamers) 6  1.81 (m, 0.7H), 

1.91 (m, 0.3H), 1 .97 -2 .11  (m, 1.3H), 2.14 -  2.34 (m, 1.7H), 2.74 (m, 1H), 2 .7 9 -

2.95 (m, 1.7H), 3.17 -  3.36 (m, 5.7H), 3.39 -  3.57 (m, 2H), 3.75 (m, 0.7H), 4.20 

(m, 0.7H), 4.50 (m, 0.3H), 7.22 -  7.38 (m, 5H), 8.03 (s, 1H); 13C NMR (100 MHz, 

CDCI3): 5 29.8, 30.2, 36.2, 42.3, 46.0, 51.2, 52.7, 53.8, 55.7, 56.7, 58.5, 58.6,

62.7, 68.5, 69.9, 127.2, 128.3, 128.7, 138.0, 161.0, 161.4.

205

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



o h c ' n ^

H
Bn

THF, H2S 0 4
HN' ''j 

H
Bn

1-Benzyl-3-(2-methoxyethyl)piperazine 189. The N-formyl methylether 188 

(0.493 g, 1.8 8  mmol) was dissolved in THF (3 mL) and 4 M H2SO4 (8  mL) and 

heated at 60 °C for 4 h. After cooling, the reaction was poured into 16 mL of cold 

(0 °C) 4 M NaOH and diluted with 10 mL of saturated NaHC0 3 . The mixture was 

extracted with CH2CI2 (4 x 2 0  mL) and the combined extracts were dried (K2CO3) 

and concentrated to provide 189 as a pale colored oil (0.420 g, 95%) with 

adequate purity for the subsequent transformations. TLC R f  0.16 (MeOH:CH2Cl2, 

1:9). 1H NMR (400 MHz, CDCI3): 8  1 .5 4 -1 .6 3  (m, 3H), 1.75 (m, 1H), 2.02 (td, J  

= 3.7, 10.6 Hz, 1H), 2.69 -  2.79 (m, 2H), 2.83 -  2.95 (m, 3H), 3.29 (s, 3H), 3.44 

(t, J  = 6 .6  Hz, 2H), 3.47 (m, AB pattern, J  = 13.2 Hz, 2H), 7.20 -  7.33 (m, 5H); 

13C NMR (100 MHz, CDCI3): 6  34.2, 45.7, 53.3, 53.8, 58.6, 60.0, 63.3, 70.3,

126.9, 128.1, 129.0, 138.1.

2-[4-Benzyl-2-(2-methoxyethyl)piperazin-1-yl]quinoline 190. To a 0 °C

solution of piperazine 189 (0.420 g, 1.79 mmol) in dry ether (20 mL) under argon 

was added (dropwise) a solution of n-butyllithium in hexane (2.45 M, 1.79 mmol) 

producing a clear amber solution. After stirring at 0 °C for 20 min, a solution of 2- 

chloroquinoline (0.195 g, 1.20 mmol) in ether (3.5 mL) was added (dropwise), 

producing a blood red solution. The reaction was stirred at 0 °C for 20 min then

'Bn 2-chloroquinoline, Et20

Et20 , n-BuLi, 0 °C;

H
Bn
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at ambient temperature for 3 h. The solution was diluted with ether (10 mL), 

washed with saturated NaHC0 3  (1 x 20 mL) and brine (1 x 20 mL), then dried 

(K2CO3) and concentrated. The crude product was purified by column 

chromatography (silica gel, EtOAc:Hexanes, 1:3) to provide 190 as a thick yellow 

oil (0.378 g, 8 8 %). TLC Rf 0.37 (EtOAc:Hexanes, 2:3). 1H NMR (400 MHz, 

CDCI3): 5 2.12 (m, 1H), 2 .1 7 -2 .3 2  (m, 3H), 2.89 (m, 1H), 2.99 (m, 1 H), 3.23 (s, 

3H, overlapped with), 3.22 -  3.41 (m, 3H), 3.46 (d, J = 13.2 Hz, 1H), 3.65 (d, J =

13.2 Hz, 1H), 4.59 (bm, 1H), 4.72 (bm, 1H), 7.06 (d, J = 9.2 Hz, 1H), 7.24 (m, 

1H), 7.32 (m, 1H), 7.36 -  7.46 (m, 4H), 7.56 (m, 1H), 7.62 (m, 1H), 7.75 (d, J =

8.4 Hz, 1H), 7.88 (d, J =  9.2 Hz, 1H); 13C NMR (100 MHz, CDCI3): 8  29.2, 39.3,

49.4, 53.5, 55.6, 58.2, 62.8, 69.5, 109.5, 121.8, 122.7, 126.3, 126.9 (two peaks),

128.1, 128.7, 129.2, 137.0, 138.4, 147.9, 156.8.
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APPENDIX:
Select 1H and 13C NMR Spectra of Target Compounds.

0 ,N 1 T
55 HOM -NQP  

H

2-[2-(Hydroxymethyl)piperzin-1 -yl]-6-nitroquinoline 55. 

1H NMR:

1

13C NMR:

■ U M«Mpi

160 150 140 130 120 110 100 90 80 70 60 50 40 30
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N ' 'N ''j 58 N-Boc-HOM-NQP

H

2-[4-(ferf-Butoxycarbonyl)-2-(hydroxymethyl)piperazin-1-yl]-6-nitroquinoline 

58. 

1H NMR:

J—I—A .
T
9

~ T
8

~F
6

~T~
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~r~A T
3

r
2

"T17

13C NMR:

«Nm JL l i
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N' 61 MeProF-NQP
' _  NH 
H ^

2-[2-((3-Fluoropropoxy)methyl)piperazine-1-yl]-6-nitroquinoline 61. 

1H NMR:

Full spectrum:
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OoN

61 MeProF-NQP

13C NMR:

Full spectrum:

J-F J-F

J-F
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Zoomed spectrum:
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N N ^ ^ | 65 MeProF-Tosylate-NQP

Boc

2-[4-(fert-Butoxycarbonyl)-2-((3-(4-methylbenzenesulfonate)propoxy) 
methyl)piperazine-1-yl]-6-nitroquinoline 65.

1H NMR:

13C NMR:

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
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\
N N '^ ' l  78 EtOMe-NQP

H

2-[2-(2-Methoxyethyl)piperazin-1-yl]-6-nitroquinoline 78. 

1H NMR:

13C NMR:

ppm 160 ISO 140 130 120 110 100 90 80 70 60 SO 40 30
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NH

2-[2-Phenylpiperazin-1 -y l]-6-nitroquinoline 135.

'H NMR:

11 J_____K

13,C NMR:

70 60 so 40 30160 150 140 130 120 110 100 90 80
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2-[2-Benzylpiperazin-1-yl]-6-nitroquinoline 136. 

1H NMR:

13C NMR:

l» l»  'I*  —I >« M>

160 150 140 130 120 110 100 90 80 70 60 50 40 30
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