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1. Gener al Met hod

Unl ess otherwise noted, alll ma v ipr ui | eadt igd nass s(wre
without using-l BhantdectdhxBguA€dk monitored by
chromatography (TLC). Concentration afrereact
by rotary eM@dpdcCatntomnasppbepr Patefped compo
dried under vacuum. Yields refer to purifie

ot herwise stated.

Chemical s

Al | the reagents such as starting materials
pur chased-Afl rdfFnh kSiagfCehseanrs Bé e Phar m and used a

Sol vent s

Et hyl acetat e, Hexane, Dichl oromet hane, Me t
Scientific, Qualigen and useddastiédaitveeoad. wi
|l i ke Toluene, THH, oRiaok| maeldeadrnealpeyr chaéed fro
Al drich, Fisher Scientific and wae@RBMS@& r ecei
were purchased from Sigma Aldrich and TCI <c¢h

Surfactants

Al the surfactants wer e p7uSk h(a2s% dw/fw)e na nXi gS
55 (2% w/ w)whwielfeS (48&8& w/w) was diluted to 2
MilliQ water. Ot her, s8bDp8EBtahwy cootedi ngt iISd
were made using MilliQ water before using th

Chromatography

Thin | ayer chromatography (TLC) -cwaast epde rwiotrhmez
Om thickness 2spillaitoeass guentd @@ dsdaral U¥Y | i ght (25
compounds were purified usi-2@0 cmd sulmns iche osnalt |
400 mesh size eluted using either Et OAc: Hex

Spectroscopy and I nstruments

NMR NMR '&€ndNMR spectra were recorded on Br
spectrometers respectively using tetramethyl
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as an internddansd€aNddh eémi Balt hshi fts were re
milli on downf i el d f @d=dywith teetsolvantresidimalypbak.iF#r a M MR (

CDGIld7.26; For'€& NMR: ;@D/a6,'* NMRpectra were refere
uni fied chemical Mhriddgdomsamde dfasteditvrommd thtey lom
t he respecti ve sol v&dntgr eCorugp o mtgedc oinrst oaretrd
abbreviations indicating multiplicity were u

(triplet), g (quartet) and m (multiplet).

Hi gheson umaos specspact HRMS) : compounds - wer e (
TOF spectromet®r iiom posieti ve ( ESI

The data coll ection was done on two instrume
1. 651044 QC/ MS Agil ent Technol ogi es:

Spectra of compoundsTOQwerleC/oNdS aA gnielde nbty Tee5cdhs5n o(
spectrometer®iiom)ponoidtei.ve ( ESI

2. Orbitrap FusionTM:

Spectra of compounds were obtained by Vanqui
Massachusetts, W)l epguenddp Mlevde qua it wp@ad-DWl t h PD
A) operated W7t soCh wamel &oonnp o smiotdieve ( ESI

Mel ti ngThPeoimel:ti ng point of sol id®®uccVampaduwmds
Poi nrR66DMi st r ument .

Zetsa zRynamitc ddagtht ering (DLS) for particle s
zetasizer (NanozZzS90, Malvern Instruments, Ca

pHmet @ hgH o fa gtuhesooul suntairserc or d €du tupse’fh@ § st r ument .

Hi gpher f or mance | i quid chromatography (HPLC):

The purity was analyzed using two different

1. AnAgi | ent 1260 IwiftihniAgyi llelnts yEsctleinpse Pl us |
mM, eNb) eluted at 1 mL/min with mrafdi eat ere
(ultrapugregmeet HRp©@ bcured from qualigens) wa
purity of the compounds,; 100 ppm @ffr adlee ar
met hanol. The method opti mi AZ&d nwe sT Imgjr eaadti iemi
vol ume ewvasThe® detectofarviayl de¢ecwasndi dde
revealed purity of nmrhen)t han 95%. (Wavel en
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Tab%$ler adi ent program used for the method d

Ti me ( Mi FQ i Met han
0.00 80. 0 20.0
2.00 50. 0 50.0
4.00 30.0 70.0
6.00 20. 0 80.0
10.0C 10.0 90.0
12.00¢C 50. 0 50.0
13.0C 80. 0 20.0
15.0C¢C 80. 0 20.0
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2 . List of chemicals and reagents

(0]
NaO3SO\/\/\/\/\/\/ OJWO\/C/\/ /\/\ﬁ/\/\
+

N >N
Sodium dodecyl sulfate (SDS) Na SO; O \/\/x
\'L,, Dioctyl sulfosuccinate sodium salt Tetrabutylammonium halide
PN e PV e e g (SDOSS)
Br Cetrimonium bromide (CTAB)

ol

e
w o X
o

— o) O\/TOH
(6] y

Tween-80 (Polysorbate) o Triton X-100
/g Polyoxyethylene octyl phenyl ether
S [SPAN-80 (Sorbitan esters
HO { ) O)ﬁ/\(\j/\/\w/
Z 5 5 5
Designer surfactant ~ eeeeeeiiieceeciiicccetiiitccetiiittcetiitttoctiitttccniittsocaiienaee
(0]
(0] O
oY
16 0
O
TPGS-750M 3)

0
o o)
o _ SPGS-550M HO/‘F/O\%/\OJL(\/\)T(O
|‘|C=)12 ® 4 o
o) (®)
PTS g

Fi gulrlei sSt of surfactants
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3. Optimization Study

Tabl d n$2 wédn@&dD&centration
N CN . T\ Me
e N\_/NH =/ Ag. SDS (X% wiw), eh N\_/N_Q_CN
1a 2a rt, 5h
3a

Entry SDS (% w/w) 3a (% yield)?

1 1 26

2 2 45

3 4 44

4 6 44

5 8 45

6 10 45

Conditions: 1a (0.2 mmol) and2a (0.3 mmol, 1.5 equiv) were stirred
aqueous SDSX% w/w, 1 mL) at rt for 5 h@Yields refer to isolated an
purified yields of3a.

Tabl d n$3 uereae tafon ti me
_ CN /\ Me
Ph=N_ NH —/ o SDS 2% W Ph—N\_/N—Q_CN
1a 2a rt, X h
3a

Entry Time (h) 3a (% yield)?

1 5 45

2 12 58

3 18 69

4 24 81

Conditions: 1a (0.2 mmol) and2a (0.3 mmol, 1.5 equiv) were stirred
aqueous SDS0o w/w, 1 mL) at rt for different time interval8Yields refer
to isolated and purified yields 8.

Tabl d n$4 uereaectafon temperature

N CN . T\ Me
e N\_/NH =/ Ag. SDS (2% wiw), Ph N\_/N_Q_CN
1a 2a 24 h, X°C
3a
Entry Temperature ( (3a(% yield)?
1 Rt (2571 28) 81
2 50 82
3 80 86
4 100 71
Conditions: 1a (0.2 mmol) and2a (0.3 mmol, 1.5 equiv) were stirred
aqueous SD2¢6 w/w, 1 mL) for24 h at different temperatur®ields refer
to isolated and purified yields 8.
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4, Representative proc€dPue ry lf pir-pyelhazusnyamtema g ir
(3a)

Aq. SDS (2% w/w) Me
OO - om0 O
\—/ CN

rt, 24 h
1a 2a 3a, 81%

To acwelhed tube equiddpmd3 BALt RBmolsY j rablayl n
2a(3d.mg ,68d , 3Mmo | , 1.5 equiv), and agq. SDS (2029
resul tant mixture was stirred mtxtruaem wtaesmpda r
with EtOAc (2 x 2 mL) and vortexed the resul
t he product and other organic residue was r e
dried ovebQamhyadondNantuvaéedpuaesseur eedThe cru
adsorbed on silica gel ReEnd.pMBsHeEtawAdrr Guglv/ vl
to get anal yt34d3anmg,y Spld)iestagsnmed®A o6t YIC.NMR (500
MHz ,DC@i7.261 7.23(m, 2H), 6.90 (dJ = 8.6 Hz, 2H), 6.85 (1] = 7.2 Hz, 1H), 3.17 (t,

J=5.0 Hz, 4H), 3.03 (td] = 7.0, 5.8 Hz, 1H), 2.67 (hept= 5.4 Hz, 4H), 2.53 (ddl = 16.7,

5.7 Hz, 1H), 2.37 (dd] = 16.7, 7.4 Hz, 1H), 1.22 (d,= 6.7 Hz, 3H) 1ENMR (125 MHz,
CD CJd) 41151.26, 129.17, 119.96, 118.73, 116.26, 77.42, 77.16, 76.91, 56.17, 49.50, 48.39,
21.29, 1547HRMS (TECGH) MMz #*CH] cd1Hb§sf23@ . 165 2, obse
230.1670.
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5, Spectroscopic ohasgotbesrzatdonodcdhpbands

3-(4-Phenylpiperazin-1-yl)butanenitrile (3a): White solid(37 mg 81%); mp: 57-60 °C;
[\ Me 'H NMR (500 MHz, CDCl3) i 7.271 7.2 (m, 2H), 6.90 (dJ =
N N_Q_ 8.6 Hz, 2H), 6.85 (tJ = 7.2 Hz, 1H), 3.17 () = 5.0 Hz, 4H),
— CN 3.03 (td,J = 7.0, 5.8 Hz, 1H), 2.67 (hepl,= 5.4 Hz, 4H), 2.5
(dd,J = 16.7, 5.7 Hz, 1H), 2.37 (dd,= 16.7, 7.4 Hz, 1H), 1.22 (d,= 6.7 Hz, 3H) 13C
NMR (125 MHz, CDCls) 1151.3,129.2, 120.0, 118.7, 116.3, 56.2, 49.5, 48.4, 21.3; ]
HRMS (ESI-TOF) m/z: [M + H]" Calcd for G4H20N3" 230.1652, observed 230.1648.

3-(4-(p-Tolyl)piperazin-1-yl)butanenitrile (3b): White solid(41.8 mg, 86%); mp: 7578
4o °Ci’HNMR (500 MHz, CDCl3) (i7.08 (d.J = 8.4 Hz, 2H),
HiG N/_\N—Q_ 6.85 (d,J = 8.6 Hz, 2H), 3.15 (1 = 5.0 Hz, 4H), 3.07 (dq
—/ cN J=13.4,6.7 Hz, 1H), 2.70 (dd= 11.0, 6.0 Hz, 4H), 2.5
(dd,J = 16.6, 5.6 Hz, 1H), 2.41 (dd= 16.7, 7.5 Hz, 1H), 2.28 (s, 3H), 1.26 Jd; 6.6 Hz,
3H); 3C NMR (125 MHz, CDCle) i 149. 2, 129.7, 129. 6,
21.3, 20.5, 1%; HRMS (ESI-TOF) m/z: [M + H]* Calcd for GsH22N3* 244.1808, observe
244.1800.

3-(4-(3-Methoxyphenyl)piperazin-1-yl)butanenitrile (3c): Pale yellow solid(42.5 mg
82%); mp: 69-73 °C; 'H NMR (500 MHz, CDCls) 1 7.17 (t,
,/— Me J=82Hz 1H) 6.54 (ddl=8.3, 1.6 Hz, 1H), 6.46 (§= 2
N\_/N—Q_ 4 Hz, 1H), 6.43 (dd) = 8.2, 3.1 Hz, 1H), 3.79 (s, 3H), 3.1¢
CN t,J=5.0 Hz, 4H), 3.09 3.03 (m, 1H), 2.69 (hepd,= 5.4 H
z, 4H), 2.56 (ddJ = 16.7, 5.7 Hz, 1H), 2.40 (dd,= 16.7, 7.5 Hz, 1H), 1.25 (d,= 6.7 Hz,
3H); 13C NMR (125 MHz, CDCls) 11160.7, 152.7, 129.9, 118.8, 109.1, 104.7, 102.8, ¢
55.3, 49.5, 48.4, 21.4, 15.5RMS (ESI-TOF) m/z: [M + H]* Calcd for GsH2oN3zO"
260.1757 pbserved 260.15

MeQO

3-(4-(2-Methoxyphenyl)piperazin-1-yl)butanenitrile (3d): Pale yellow solid(456 mg,
OMe 88%); mp: 67-70 °C; 'H NMR (500 MHz, CDCl3s) i 7 . 0 (
S\ Me J=8.0, 6.4, 2.6 Hz, 1H), 6.946.91 (m, 2H), 6.86 (ddl = 8.0,
N\_/N_Q_CN 1.2 Hz, 1H), 3.85 (s, 3H), 3.103.04f (m, 5H), 2.73 (gt} = 10.6,
4.7 Hz, 4H), 2.57 (dd] = 16.7, 5.6 Hz, 1H), 2.40 (dd,= 16.7,
7.6 Hz, 1H), 1.26 (dJ = 6.7 Hz, 3H)13C NMR (125 MHz, CDCls) 1i152.3, 141.2, 123.1
121.0,118.9, 118.3, 111.1, 56.3, 55.4, 50.9, 48.5, 21.1,HBMS (ESI-TOF) m/z: [M +
H]* Calcd for GsH22NsO* 260.1757, observed 260.15/4
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2-(4-(1-Cyanopropan-2-yl)piperazin-1-yl)benzonitrile (3€): Brown liquid (40.6 mg,

80%); 'H NMR (500 MHz, CDCl3) . 7 . 5J37.6,d.dHz,
—— 1H), 7.46 (dddJ = 9.1, 7.6, 1.7 Hz, 1H), 6.99 (dddi= 9.4, 7.8,
N N—Q_ 1.5 Hz, 2H), 3.20 (td) = 4.2, 2.5 Hz, 4H), 3.05 (d,= 6.7 Hz,
— CN 1H), 2.73 2.70 (m, 4H), 2.54 (dd] = 16.7, 6.1 Hz, 1H), 2.4
(dd,J = 16.8, 7.2 Hz, 1H), 1.21 (d,= 6.7 Hz, 3H):3C NMR (125 MHz, CDCls)i 1 5
134.3, 133.9, 121.9, 118.118.6, 118.4, 106.0, 56.1, 51.7, 48.3, 21.5, 13E8S (ESI-
TOF) m/z: [M + H]* Calcd for GsHioN4" 255.1604, observed 255.1583.

CN

3-(4-(4-Nitrophenyl)piperazin -1-yl)butanenitrile (3f): Yellow solid (44.4 mg, 81%); mp:
I~ Me 97-103 °C;*H NMR (500 MHz, CDCls) ti8.141 8.11 (m,
O,N N N_Q_ 2H), 6.84i 6.80 (m, 2H), 3.4% 3.42 (m, 4H), 3.09 (h] =
— CN 6.7 Hz, 1H), 2.70 (tJ = 5.0 Hz, 4H), 2.55 (dd] = 16.8,
6.3 Hz, 1H), 2.44 (dd] = 16.8, 6.9 Hz, 1H), 1.23 (d,= 6.7 Hz, 3H)3C NMR (125 MHz,
CDCl3) li154.9,138.7, 126.0, 118.5, 112.9, 56.3, 48.1, 47.5, 21.8 MRS (ESI-TOF)
m/z: [M + H]" Calcd for G4H19N4O->" 275.1503, observed 275.1513.

3-(4-(4-(Trifluoromethyl)phenyl)piperazin -1-yl)butanenitrile (3g): Pale yellow solid

—\  Me (50.5 mg, 85%); mp: 8387 °C;H NMR (500 MHz,
FaC N N—Q_ CDCl3)ti 7 . 488.8(HH, 2H), 6.91 (d] = 8.8 Hz, 2H),

- N 3.28 (ddJ= 6.2, 3.9 Hz, 4H), 3.07 (= 6.7 Hz, 1H), 2.6¢
(td,J= 4.5, 1.8 Hz, 4H), 2.55 (dd,= 16.8, 6.0 Hz, 1H), 2.42 (dd,= 16.8, 7.2 Hz, 1H)
1.24 (d,J= 6.7 Hz, 3H)13C NMR (125 MHz, CDCl) ii 1 5126.530,3JcF = 3.8 Hz), 1
24.8 (q,NcrF = 268.75 Hz), 120.8 (dJcr J= 32.7 Hz),118.6, 114.8, 56.3, 48.4, 48.2, 21
15.4;°%F NMR (471 MHz, CDCl) 1i-61.18;HRMS (ESI-TOF) m/z: [M + H]* Calcd for
CisH19F3N3" 298.1526, observed 298.1505.

3-(4-(4-Chlorophenyl)piperazin-1-yl)butanenitrile (3h): White solid (43.1 mg, 82%);
/—\ Me  mp:175177 °C;*H NMR (500 MHz, CDCl) i 7 . 3
C'—Q—N\_,N—Q_CN = 9.0 Hz, 2H), 6.79 (dl= 9.0 Hz, 2H), 3.11 (dd|= 5.8, 4.3
Hz, 4H), 3.01 (dJ = 6.5 Hz, 1H), 2.67 2.60 (m, 4H), 2.5(

(dd,J = 16.7, 5.9 Hz, 1H), 2.37 (dd,= 16.7, 7.3 Hz, 1H), 1.19 (d,= 6.7 Hz, 3H);!3C

NMR (125 MHz,CDCls)t 149.8, 128.8, 124.4, 118
HRMS (ESI-TOF) m/z: [M + H]* Calcd for G4H19CIN3* 264.1262, observed 264.1244
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3-(4-(Pyridin -2-yl)piperazin-1-yl)butanenitrile (3i): Brown solid (39.1 mg,85%); mp:
=N\ Me 64-68 °C;'H NMR (500 MHz, CDCBk) i 8 . 1 J=4(9d2d
\ / N\_/N—Q_ 0.9 Hz, 1H), 7.46 (dddl=8.9, 7.1, 2.0 Hz, 1H), 6.636.60 (m,
CN  2H), 3.53 (tdJ = 4.7, 1.3 Hz, 4H), 3.05 (td,= 7.1, 5.8 Hz, 1H)
2.63 (hept) = 5.4 Hz, 4H), 2.54 (dd] = 16.7, 5.8 Hz, 1H), 2.39 (dd=16.7, 7.4 Hz, 1H)
1.22 (dJ=6.7 Hz, 3H; 3 C NMR (125 MHz,CDCll)ti 159. 5, 148. 0,
107.2,56.3,48.2,45.5, 21.4, 134RMS (ESI-TOF) m/z: [M + H] " Calcd for GeH22N30."
231.1604, observed 231.1597.

3-(4-(Pyrimidin -2-yl)piperazin-1-yl)butanenitrile (3j): Brown solid(39.8 mg,86%); mp:
=N —\  Me 69-73 °C;'H NMR (500 MHz, CDCls) 11 8.30 (d,J = 4.7 Hz,
<\:,)—N\_/N—§_ 2H), 6.50 (tJ = 4.7 Hz, 1H), 3.88 () = 5.3 Hz, 4H), 3.18 (h]
N CN =6.7 Hz, 1H), 2.69 (] = 5.1 Hz, 4H), 2.65 2.61 (m, 1H), 2.49
(dd,J = 16.8, 7.3 Hz, 1H), 1.26 (d,= 6.7 Hz, 3H):13C NMR (125 MHz, CDCls) 11 161.5,
157.9, 118.2, 110.4, 56.5, 48.3, 43.4, 21.3, 1HRMS (ESI-TOF) m/z: [M + H]* Calcd
for C12H1sNs"232.1557, observed 232.1546.

3-(4-(2,4,6 Trimethylbenzyl)piperazin -1-yl)butanenitrile (3k): Brown liquid (46.8 mg,
/—\  Me 82%); H NMR (500 MHz, CDCIs)ti 6. 86 ( s,

Me, N\_/N—Q_ 2H), 3.00 (dgy) = 13.4, 6.7 Hz, 1H), 2.52 (dd= 16.7, 5.6 Hz
gigiw'e CN' 9H), 2.38 (s, 6H), 2.36 2.32 (m, 1H), 2.30 (s, 3H), 1.22 (@
= 6.7 Hz, 3H) 13C NMR (125 MHz, CDCl3) 11 138.0, 136.2

Mé 131.7, 128.8, 118.8, 56.0, 55.7, 52.8, 48.5, 20.9, 20.8,
15.6;HRMS (ESI-TOF) m/z: [M + H]* Calcd for GgH2gN3"286.2278, observed 286.227

3-(4-(Benzo[d][1,3]dioxot5-yImethyl)piperazin-1-yl)butanenitrile (31): Brown liquid

/—\ Me  (471mg,82%);"H NMR (500 MHz, CDCl3) Ui 6 . 82

N\_/N—Q_ 1.4 Hz, 1H), 6.74 6.70 (m, 2H), 5.92 (s, 2H), 3.40 (s, 2H

N 299 (dddJ=7.6, 6.6, 5.5 Hz, 1H), 2.572.45 (m, 9H), 2.3

i (dd,J=16.6, 7.6 Hz, 1H), 1.19 (s, 3C NMR (125 MHz,

o CDCla)i 147.7, 146.7, 131.9

101.0,62.8, 56.2, 53.1, 48.2, 21.2, 15HRMS (ESI-TOF) m/z: [M + H]* Calcd for
Ci6H22N302288.1707, observed 288.1696.
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3-(4-(4-Fluorobenzyl)piperazin-1-yl)butanenitrile (3m): Brown liquid (43.9mg, 84%); *
F H NMR (500 MHz, CDClz) i 71. 728 (m, 2H), 6.99 6.94
(m, 2H), 3.44 (s, 2H), 2.97 (td= 7.0, 5.6 Hz, 1H), 2.50 (ddi,

ye  =221,175,8.4Hz 9H), 2.33 (dif 16.7, 7.5 Hz, 1H), 1.17

N/_\N—Q_ d,J = 6.7 Hz, 3H)3C NMR (125 MHz, CDCl) i 1 6 21Jc{

—/ CN - =244.9 Hz), 133.7 (dJcr = 3.1 Hz), 130.7 (¥Jcr = 7.8 H
z),118.8 115.0 (d2Jcr = 21.2 Hz)62.1, 56.0, 53.1, 48.1, 21.1, 15'% NMR (471 MHz

, CDCl3) G1-116.61; HRMS (ESI-TOF) m/z: [M + H]* Calcd for GsH21FNs" 262.1714,
observed 262.1700.

3-(4-Benzhydrylpiperazin-1-yl)butanenitrile (3n): White solid (56.2 mg38%); mp: 130
133°C;'H NMR (500 MHz, CDCls) . 7 . 4JE 8.3, d.41Hz,

O 4H), 7.27 (tJ = 7.7 Hz, 4H), 7.18 (t) = 7.3 Hz, 2H), 4.22 (s
/\  Me  1H),2.98 (dt]J= 6.7, 1.2 Hz, 1H), 2.6D 2.50 (m, 5H), 2.51
N N
/ _Q_CN 2.42 (m, 4H), 2.34 (dd}= 16.6, 7.6 Hz, 1H), 1.21 (d= 6.6 Hz,
O 3H): 3C NMR (125 MHz, CDCl)&i 142 . 8, 142

127.1, 118.9, 76.2, 56.1, 52.1, 48.6, 21.1, 16IRMS (ESI-
TOF) m/z: [M + H]* Calcd for GiH2eN3" 320.2121, observed 320.2103.

3-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)butanenitrile (30): Yellow liquid

(57.9mg, 82%); 'H NMR (500 MHz, CDCIz) . 7 . 3%

O 7.8, 4.6 Hz, 4H), 7.28 (d,= 7.5 Hz, 2H), 7.2% 7.22 (m, 2H),

N/_\N_<_ 7.2171 7.17 (m, 1H), 4.20 (s, 1H), 2.99 (h+ 6.8 Hz, 1H), 2.54

s/ oy (td,J=15.2,7.1 Hz, 5H), 2.38 (dd~ 16.6, 9.1 Hz, 5H), 1.2

O (s, 3H): 13C NMR (125 MHz, CDCl) & 142 . 06

132.61, 131.49, 129.95, 129.18, 128.70, 128.66, 12

128.43, 127.83, 127.23, 118.76, 77.30, 77.25, 77.04, 7

75.39, 55.98, 51.91, 48.43, 21.05, 15.6RMS (ESI-TOF) m/z: [M + H]* Calcd for
C21H25CINs* 354.1732 observe®54.1758

Cl

3-(4-(Furan-2-carbonyl)piperazin-1-yl)butanenitrile (3p): Brown liquid (38.6 mg,78%);
'H NMR (500 MHz, CDCl3) Ui 7.46 (d,J = 2.0 Hz, 1H), 6.98 (d

{ N/_\N Me J=3.4 Hz, 1H), 6.46 (ddl = 3.5, 1.8 Hz, 1H), 3.80 (s, 4H), 3.(
g / _Q_CN (h,J = 6.7 Hz, 1H), 2.58 (t) = 5.0 Hz, 4H), 2.51 (dd] = 16.8,
9 6.3 Hz, 1H), 2.39 (dd] = 16.8, 7.0 Hz, 1H), 1.19 (d,= 6.7 Hz,
3H); 3C NMR (125MHz,CDCls)i 159 . 1, 147

116.7, 111.4, 56.2, 48, 46.8, 21.6, 15.24RMS (ESI-TOF) m/z: [M + H]* Calcd for
C13H1gN30»"248.1394, observed 248.1394.

3pq



3-(4-Benzoylpiperazin-1-yl)butanenitrile (3q): Yellow liquid (40.1 mg,78%);'H NMR
Ph ,— e (500 MHz, CDCk) i 7.39 (ddt,J = 7.2, 5.2, 2.9 Hz, 5H), 3.70

}/-—N\_/N—Q_ 3.43 (m, 4H), 3.04 (h] = 6.7 Hz, 1H), 2.60 (s, 2H), 2.49 (tdi=
o CN14.8, 7.1 Hz, 3H), 2.38 (dd,= 16.7, 7.0 Hz, 1H), 1.18 (d,= 6.7
Hz, 3H);13C NMR (125 MHz, CDCls) 11 170.4, 135.7, 135.2, 130.2, 129.9, 128.8, 12
127.2, 118.5, 56.3, 48.9, 48.1, 21.7, 154RMS (ESI-TOF) m/z: [M + H]* Calcd for
Ci15H20N30* 258.1601, observed 258.1620.

3-(4-Acetylpiperazin-1-yl)butanenitrile (3r): Yellow liquid (31.6 mg,81%); *H NMR
MG\ Me (500 MHz, CDCBk) U 31.3819(m, 2H), 3.41 (dl=4.3 Hz, 2H),
b—N\_/N—Q_ 3.00 (dJ=13.3 Hz, 1H), 2.52 2.40 (m, 5H), 2.38 2.31 (m, 1H),
o CN' 2.047 1.99 (m, 3H), 1.15 1.09 (m, 3H);3C NMR (125 MHz,
CDClsyu 168. 9, 118.4, 56. 1, 48. EBRMS{EBI-TOR)
m/z: [M + H]" Calcd for GoH1sN3O* 196.1444, obseed 196.1432.

tert-butyl-4-(1-cyanopropan2-yl)piperazine-1-carboxylate (3s):Yellow liquid (41.5 mg,
82%);'H NMR (500 MHz, CDCl3) i 3 . 386.4, 34 Hz|
%— }/_ _{”i 4H), 2.98 (qd,J = 6.6, 2.4 Hz, 1H), 2.48 2.41 (m, 5H), 2.3
oy (dd,J=16.8, 7.2 Hz, 1H), 1.41 (d,= 3.4 Hz, 9H), 1.14 (d] =
6.7 Hz, 3H)13C NMR (125 MHz,CDClL)ii 154 . 6,
56.3, 48.2, 28.4, 21.3, 15.2tRMS (ESI-TOF) m/z: [M + H]* Calcd for G3H24N302"
254.1863, observed 254.1850.

3-(4-(1-Cyanopropan-2-yl)piperazin-1-yl)butanenitrile (3t): White solid(33 mg,75%);
Me mp: 9295 °C;'H NMR (500 MHz, CDCls) i 2 . 986.7
_)— ) —Q_ Hz, 2H), 2.53 (qdJ = 15.1, 5.3 Hz, 10H), 2.35 (dd= 16.7, 7.4
NC CN' Hgz, 2H), 1.19 (dJ = 6.7 Hz, 6H)3C NMR (125 MHz, CDCl)
g 118.8, 56. IHRMS(&SI-Orpitrap)In/z3[M + H]5Cal6d; for GoH21N4"
221.1761, observed 221.1763.

3po



1-Phenyl-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5a): White solid(52.3mg, 76%);
mp: 108110 °C *H NMR (500 MHz, CDClz) iU 71. 796

M
@_Nf \N_Co (m, 2H), 7.64i 7.59 (m, 1H), 7.56 7.52 (m, 2H), 7.26 7.21
\ / 1

S—ph (m, 2H), 6.871 6.82 (M, 3H), 3.47 (dd] = 14.2, 6.1 Hz, 1H)

O 3.37 (h,J = 6.6 Hz, 1H), 3.03 2.95 (m, 3H), 2.87 (ddd] =
11.1, 6.6, 3.4 Hz, 2H), 2.51 (qddi= 10.5, 6.4, 3.3 Hz, 4H), 1.18 (@= 6.8 Hz, 3H):3C
NMR (125 MHz, CDCls) i 151.3, 140.6, 133.6, 1209
54.7, 49.2, 47.8, 14.94RMS (ESI- Orbitrap ) m/z: [M + H]* Calcd for GoHasN2O,S'

345.1631, observed 345.1621.

1-(2-M ethoxyphenyl}4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5b): Pale yellow
OMe solid (53.8mg, 72%); mp: 112114 °C *H NMR (500 MHz,
N/_\N 'V'eo CDCl)u  71.795(m, 2H), 7.65 7.61 (m, 1H), 7.57 7.53
/ _Q_g_Ph (m, 2H), 6.99 (tdJ = 7.7, 1.6 Hz, 1H), 6.90 (td,= 7.6, 1.5
y Hz, 1H), 6.83 (ddd) = 7.9, 4.3, 1.6 Hz, 2H), 3.82 (s, 3H), 3.
(dd,J = 14.4, 5.8 Hz, 1H), 3.37 (d,= 6.5 Hz, 1H), 3.00 (dd] = 14.2, 6.5 Hz, 1H), 2.9
2.70 (m, 4H), 2.61 2.49 (m, 4H), 1.21 (d] = 6.7 Hz, 3H):13C NMR (125 MHz, CDCls)
a 152.3, 141.2, 140.6, 133.6, 129. 2,
50.4, 47.9, 15.3HRMS (ESI- Orbitrap ) m/z: [M + H]* Calcd for GoH27N20sS" 375.1737,
observed 375.1729.

2-(4-(1-(Phenylsulfonyl)propan-2-yl)piperazin-1-yl)benzonitrile (5¢): White solid(52.4
CN mg, 71%); mp: 128130 °C H NMR (500 MHz, CDCls) U
@N/_\N 'V'eo 7.991 7.94 (m, 2H), 7.69 7.63 (m, 1H), 7.61 7.54 (m, 3H),
-/ _Q—g—Ph 7.517 7.45 (m, 1H), 7.02 (t) = 7.5 Hz, 1H), 6.93 (dJ = 8.3

u Hz, 1H), 3.49 (ddJ = 14.0, 6.1 Hz, 1H), 3.41 (9,= 6.5 Hz,

1H), 3.04 (ddtJ = 14.1, 10.3, 4.7 Hz, 3H), 2.94 (ddik 10.9,

6.4, 2.8 Hz, 2H), 2.60 (qdd,= 10.4, 6.3, 3.1 Hz, 4H), 1.23 (d= 6.7 Hz, 3H);13C NMR
(125 MHz, CDCHh) U 155. 73, 140. 72, 134. 44, 13

118.75, 118.52, 106.16, 58.79, 54.70, 51.46, 47.84, 1HRMS (ESI- Orbitrap ) m/z: [M
+ H]" Calcd for GoH24N30.S" 370.1584, observed 370.1577.

1-(4-Nitrophenyl) -4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5d): Yellow solid(52.9
—\ Me mg, 68%); mp: 197199 °C H NMR (500 MHz,
O,N N\_/N—Q_Pl CDCls) . 81.8108 (m, 2H), 7.96 7.90 (m, 2H), 7.64
5~Ph i 7.59 (m, 1H), 7.55 (dd,= 8.5, 7.0 Hz, 2H), 6.766.70
© (m, 2H), 3.41 (ddd) = 18.4, 15.2, 6.6 Hz, 2H), 3.26
3.19 (m, 2H), 3.09 (dt] = 12.0, 4.9 Hz, 2H), 3.01 (dd= 13.6, 5.4 Hz, 1H), 2.51 ({,= 5.2
Hz, 4H), 1.15 (dJ = 6.6 Hz, 3H);:3C NMR (125 MHz, CDCl) i 1 5 40.68138.6]
133.7,129.3,128.1, 126.1,112.7,59.0, 54.8, 47.4, 47.0,HRMS (ESI- Orbitrap ) m/z:
[M + H]" Calcd for GoH24N304S" 390.1482, observed 390.1474.
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1-(1-(Phenylsulfonyl)propan-2-yl)-4-(4-(trifluoromethyl)phenyl)piperazine (5€): White
— Me solid (57.7 mg, 70%); mp: 145147 °C *H NMR (500
FsC N N_Q_lci MHz, DMSO-dg) U 7 . 92=7.4,d.d Hz, 2H), 7.6{
— S=Ph (t, J = 7.3 Hz, 1H), 7.60 (dd] = 8.3, 6.8 Hz, 2H), 7.4}
0 (d,J=8.6 Hz, 2H), 6.94 (d] = 8.7 Hz, 2H), 3.77 (dd]
=14.6, 7.3 Hz, 1H), 3.23 (dd= 14.7, 5.4 Hz, 1H), 3.193.13 (m, 1H), 2.96 (ddd,= 10.9,
6.8, 3.2 Hz, 2H), 2.77 (ddd,= 11.2, 6.8, 3.Hz, 2H), 2.42 (ddd) = 10.5, 6.9, 3.2 Hz, 2H
2.34 (dddJ=10.8, 6.9, 3.3 Hz, 2H), 1.00 (@i= 6.7 Hz, 3H)**C NMR (125 MHz, DMSO-
d)i 153.16, 140. 77, 11831783 Hz) 127.86126.%0,(q>J¢-2
= 3.6 Hz),117.66 (q2Jcr = 31.8 Hz) 114.01, 57.30, 54.54, 46.76, 46.60, 13229:NMR
(471 MHz, DMSO-ds) U -61.37; HRMS (ESI- Orbitrap ) m/z: [M + H]" Calcd for
CooH24F3N20,S* 413.1505, observed 413.1498.

1-(4-Chlorophenyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5f): Pale yellowsolid
I~ Me (55.9mg, 74%); mp: 115117 °C *H NMR (500 MHz,
cl N N_Q_loI CDCl)t  71.795(m, 2H), 7.64 7.59 (m, 1H), 7.56
—/ S=Ph 7.52 (m, 2H), 7.19 7.15 (m, 2H), 6.76 6.72 (m, 2H),
© 3.45 (dd,J = 14.2, 6.2 Hz, 1H), 3.37 (3,= 6.5 Hz, 1H),
3.00 (dd,J = 14.2, 6.1 Hz, 1H), 2.94 (ddd,= 10.7, 6.6, 3.5 Hz, 2H), 2.82 (dd#i= 108,
6.4, 3.4 Hz, 2H), 2.49 (tdd,= 10.8, 6.6, 3.5 Hz, 4H), 1.17 (8= 6.7 Hz, 3H);**C NMR
(125MHz,CDCk)u 149. 95, 140.60, 133.63, 129.
54.72, 49.17, 47.67, 14.8MRMS (ESI- Orbitrap ) m/z: [M + H]" Calcd for
C19H24CIN20,S" 379.1242, observed 379.1235.

1-(1-(Phenylsulfonyl)propan-2-yl)-4-(pyridin -4-yl)piperazine (5g): Pale yellowsolid
e (49.7 mg, 72%); mp: 117119 °C H NMR (500 MHz,
ND_N/_\N_Q_O CDCly) i 8. 235.8Hd,,2H), 7.92 (dd] = 7.7, 1.7 Hz,
\ —/ :s:—Ph 2H), 7.64i 7.59 (m, 1H), 7.54 (dd] = 8.4, 7.0 Hz, 2H), 6.5
o i 6.55 (m, 2H), 3.40 (ddd] = 25.7, 13.4, 6.5 Hz, 2H), 3.1
(ddd,J=12.1, 6.0, 3.9 Hz, 2H), 3.032.96 (m, 3H), 2.47 (td] = 5.1, 2.8 Hz, 4H), 1.14 (q
J=6.6 Hz, 3H);®*C NMR (125 MHz, CDCls)&i 154. 94, 150.02,
128.11, 108.38, 58.96, 54.83, 47.35, 45.85, 1482MS (ESI- Orbitrap ) m/z: [M + H]*
Calcd for GgH24N30.S"346.1584, observed 346.1575.

3pu



2-(4-(1-(Phenylsulfonyl)propan-2-yl)piperazin-1-yl)pyrimidine (5h): Pale yellowsolid
N (49.8 mg, 72%); mp: 125127 °CG H NMR (500 MHz,
<\:/>—N\_/N—§_Pl CDCl3)U 8. 264.7(HH, 2H), 7.96 7.91 (m, 2H), 7.65
N S=Ph 7.60 (m, 1H), 7.57 7.52 (m, 2H), 6.45 (&) = 4.7 Hz, 1H),

© 3.60 (dddJ = 13.0, 6.7, 3.6 Hz, 2H), 3.46 (dd#>= 16.6, 8.1,

4.9 Hz, 3H), 3.37 (h) = 6.6 Hz, 1H), 2.99 (dd] = 14.2, 6.1 Hz, 1H), 2.39 (qdd,= 10.7,

6.5, 3.5 Hz, 4H), 1.14 (d,= 6.8 Hz, 3H);**C NMR (125 MHz,CDClz)ti 161 . 59

140.70, 133.63, 129.25, 128.15, 109.97, 58.99, 55.00, 47.78, 43.49, HRVME (ESI-

Orbitrap ) m/z: [M + H]* Calcd for G7H23N4O.S" 347.1536, observed 347.1530.

1-(Benzo[d][1,3]dioxo}t5-yImethyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5i):
S\ Me White solid (57.1 mg, 71%); mp: 105107 °G 'H NMR
N\—/N_Q—Q—Ph (500 MHz, CDCk) Gt 77. 781 (m, 2H), 7.63 7.58 (m,
X 1H), 7.52 (ddJ = 8.4, 7.1 Hz, 2H), 6.76 (d,= 1.6 Hz, 1H),

Ok/d © 6.72 (d,J=7.8 Hz, 1H), 6.66 (ddl= 7.9, 1.7 Hz, 1H), 5.9
o (s, 2H), 3.41 (ddy = 14.2, 5.7 Hz, 1H), 3.30 (s, 2H), 3.]
i 3.24 (m, 1H), 2.94 (dd] = 14.2, 6.5 Hz, 1H), 2.41 2.02 (m, 8H), 1.13 (d] = 6.7 Hz,
3H); 13C NMR (125 MHz, CDCl) i 147 .66, 146.67, 140
128.09, 122.37, 109.63, 107.92, 100.98, 62.76, 58.70, 54.49, 52.60, 47.59 HF\28;

(ESI- Orbitrap ) m/z: [M + H]* Calcd for GiH27N20.S" 403.1686, observed 403.1675.

1-Benzhydryl-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5j): White solid (65.1 mg,

75%); mp: 108110 °C *H NMR (500 MHz, CDCls) i 7.

O 7.88 (m, 2H), 7.62 7.57 (m, 1H), 7.51 (dd] = 8.4, 7.1 Hz,
NZY “"eo 2H), 7.37i 7.32 (m, 4H), 7.27 (d] = 2.2 Hz, 1H), 7.24 (dd]

A Y pnh =7.9,2.3Hz, 3H), 7.107.14 (m, 2H), 4.13 (s, 1H), 3.42 (d

O o J=14.2,5.7 Hz, 1H), 3.27 (3,= 6.6 Hz, 1H), 2.95 (dd] =

14.2, 6.7 Hz, 1H), 2.45 2.06 (m, 8H), 1.16 (d) = 6.7 Hz,
3H); 13C NMR (125 MHz, CDCls) i 142.59, 142.57, 140
128.13, 128.08, 128.07, 127.05, 127.04, 77.41, 77.16, 76.91, 76.09, 58.76, 54.42
47.91, 15.26 HRMS (ESI- Orbitrap ) m/z: [M + H]* Calcd for GeH31N20.S" 435.2101,
observed 435.2098.

3p o



1-(Bis(4-fluorophenyl)methyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5k): Pale
yellow solid (69.6 mg, 74%); mp: 93-96 °C H NMR (500
MHz, CDCl3) i 87.7044m, 3H), 7.74 7.32 (m, 5H), 6.93

O (d, J=10.0 Hz, 5H), 4.11 (s, 1H), 3.44 (dbk 35.9, 14.5 Hz
T\ Me  1H),3.25(d)=19.1Hz, 1H), 2.94 (dl=12.0 Hz, 1H), 2.5¢

N\_/N_Q_g_Ph i 2.08 (m, 8H), 1.18 1.05 (m, 3H):13C NMR (125 MHz,

O 0 cDClyti 162.83, 160.88, 140
129.37, 129.31, 129.16, 128.06, 115.50, 115.34, 74.31, §

F 54.34, 51.39, 47.78, 15.15F NMR (471 MHz, CDCl3) i -

115.65,-115.65; HRMS (ESI- Orbitrap ) m/z: [M + H]" Calcd for GeH20F2N202S*
471.1912pbserved 471.1901.

Phenyl(4(1-(phenylsulfonyl)propan-2-yl)piperazin-1-yl)methanone (51): Pale yellow
Q. /\  Me solid (61.0 mg, 82%); mp: 87-89 °C H NMR (500 MHz,

i-N\_,N—Q_ES%_Ph CDCl) i 7 . 9% 7.5Ht, 2H), 7.64 (dd] = 8.4, 6.5 Hz,

i 1H), 7.55 (t,J = 7.6 Hz, 2H), 7.37 () = 6.0 Hz, 3H), 7.37

(dd,J = 7.7, 2.1 Hz, 2H), 3.57 (s, 1H), 3.41 (ddks 14.1, 6.7

Hz, 1H), 3.34 (dgJ = 13.3, 6.8 Hz, 2H), 3.14 (d,= 47.1 Hz, 2H), 2.97 (ddl = 14.1, 5.7
Hz, 1H), 2.39 (s, 4H), 1.10 (d,= 6.6 Hz, 3H);**C NMR (125 MHz, CDCls) &4t 1 7

140.57, 135.61, 133.66, 129.84, 129.25, 128.56, 128.02, 127.11, 58.84, 54.86, 48.4¢

41.88, 14.49HRMS (ESI- Orbitrap ) m/z: [M + H]* Calcd for GoH2sN20sS" 373.1580,

observed 373.1571.

Furan-2-yl(4-(1-(phenylsulfonyl)propan-2-yl)piperazin-1-yl)methanone  6m): Pale
Q. /\  Me yellow solid (49.2mg, 68%); mp: 114116 °C *H NMR (500
N\_/N—Q_P._ MHz, CDCls) i 71.79@(m, 2H), 7.66 7.61 (m, 1H), 7.56
O\\ § "M (dd,J=8.5, 7.1 Hz, 2H), 7.45 7.42 (m, 1H), 6.94 (d] = 3.4
Hz, 1H), 6.45 (ddJ = 3.5, 1.8 Hz, 1H), 3.56 (s, 2H), 3.42 (q
J=14.0, 6.8 Hz, 2H), 3.303.32 (m, 2H), 2.98 (dd = 14.0, 5.6 Hz, 1H), 2.39 (di,= 6.5,
2.8 Hz, 4H), 1.11 (d) = 6.7 Hz, 3H)**C NMR (125 MHz, CDClz)&i 159 . 0,
140.7, 133.7, 129.3, 128.1, 116.5, 111.4, 58.9, 54.9, HRBIS (ESI- Orbitrap ) m/z: [M
+ H]" Calcd for GgH23N204S" 363.1373pbserved 363.1363.

3p X



tert-butyl-4-(1-(phenylsulfonyl)propan-2-yl)piperazine-1-carboxylate Gn): White solid

(50.8mg,69%); mp: 9598 °C H NMR (500 MHz, CDCls)

%‘ }_ _Q_ U 71 798 (m, 2H), 7.67 7.62 (m, 1H), 7.55 (1) = 7.8

S—Ph Hz, 2H), 3.40 (ddJ = 14.2, 6.4 Hz, 1H), 3.32 (,= 6.6 Hz,

5 1H), 3.20 (dtJ = 10.6, 4.9 Hz, 2H), 3.07 (s, 2H), 2.96 (dd

=14.2, 6.1 Hz, 1H), 2.382.23 (m, 4H), 1.42 (s, 9H), 1.11 @z= 6.7 Hz, 3H):13C NMR

(125 MHz, CDCk)i 154 . 6 8, 140. 63, 133.66, 129

28.53, 14.70HRMS (ESI- Orbitrap ) m/z: [M + H]" Calcd for GeH29N204S" 369.1843,
observed 369.1833.

2-(4-(1-(Phenylsulfonyl)propan-2-yl)piperazin-1-yl)ethan-1-amine (50): Yellow liquid
(44.8mg, 72%); *H NMR (500 MHz, CDCl3)ti 7 . 84

"N\ ("0 7.7Hz, 2H), 7.57 ()= 7.4 Hz, 1H), 7.49 (= 7.8 Hz, 2H),
—/ Y_pn 3.21(ddJ=14.1, 6.6 Hz, 2H), 3.163.10 (m, 1H), 2.96 (d

0  J=4.7Hz 1H), 2.60 (dg = 12.0, 6.1 Hz, 1H), 2.52 (di,=

11.5, 6.4 Hz, 1H), 2.31 (dtl,= 12.9, 8.7, 4.6 Hz, 5H), 1.50 (= 5.7 Hz, 4H), 1.34 (q] =
6.1 Hz, 2H), 1.12 1.07 (m, 3H)13C NMR (125 MHz, CDCls)ti 139. 76, 1
127.76, 77.42, 61.87, 58.10, 54.43, 48.62, 43.34, 25.61, 24.19, PIRR4S (ESI-TOF)

m/z: [M + H]" Calcd for GoH2sN202S" 312.1740 observed®12.1745

1-Cyclohexyt4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5p): White solid (51.8 mg,
Ve 74%); mp: 112115 °C *H NMR (500 MHz, DMSO-d) U
f‘N/_\N_Q_Pu 7.88 (dd,J = 7.4, 1.7 Hz, 2H), 7.69 (§,= 7.4 Hz, 1H), 7.61
—/ S—Ph (t,J=7.6 Hz, 2H), 3.69 (dd] = 14.7, 7.4 Hz, 1H), 3.13 (¢

0 J=5.3 Hz, 1H), 3.06 (h)= 6.7 Hz, 1H), 2.10 (dd} = 96.3,

25.9 Hz, 8H), 1.68 (d] = 12.4 Hz, 2H), 1.65 1.51 (m, 3H), 1.18 1.08 (m, 2H), 1.08
0.97 (m, 3H), 0.96 (d] = 6.7 Hz, 3H)}C NMR (125 MHz,DMSO-dg) i 140 . 6 §

128.88, 127.46, 62.37, 57.08, 54.24, 47.49, 28.03, 25.71, 25.15, HRMS (ESI-
Orbitrap ) m/z: [M + H]* Calcd for GoH3z1N20.S" 351.2101, observed 351.2094.

1-(1-(Methylsulfonyl)propan-2-yl)-4-phenylpiperazine 6q): White solid(37.2mg,66%);

—\ Mo mp: 120123 °G H NMR (500 MHz, CDCls) . 7 . 23 3.6

Ph—N N_Q_Pl Hz, 2H), 6.921 6.87 (m, 2H), 6.87 6.82 (m, 1H), 3.45 (ddp =

7~Me 10.5, 7.0, 3.3 Hz, 1H), 3.343.26 (m, 1H), 3.19 (ddd] = 10.4,

o 7.2,3.2 Hz, 2H), 3.163.08 (m, 2H), 3.05 (dl= 2.9 Hz, 3H), 2.81

i 2.69 (m, 3H), 2.65 (ddd] = 10.6, 6.9, 3.4 Hz, 2H), 1.14 (dd= 7.0, 3.0 Hz, 3H)EC

NMR (125 MHz, CDCls) i 128,1129.29, 120.24, 116.34, 58.06, 55.13, 49.61, 4

43.10, 13.47HRMS (ESI- Orbitrap ) m/z: [M + H]* Calcd for G4H23N20.S" 283.1475,
observed 283.1468.

3p W



3-(4-Phenylpiperazin-1-yl)tetrahydrothiophene 1,1-dioxide (6a): White solid (40.3mg,

72%); mp: 160-162 °C 'H NMR (500 MHz, CDCl3) i 71.72®

PN Sfo (m, 2H), 6.95/ 6.91 (m, 2H), 6.89 (td) = 7.3, 1.1 Hz, 1H), 3.3

Yo (ddt,J=11.0, 8.1, 5.4 Hz, 3H), 3.21 {t= 5.0 Hz, 4H), 3.13 3.01

(m, 2H), 2.73 (dtJ = 10.3, 5.0 Hz, 2H), 2.65 (di,= 10.7, 5.0 Hz, 2H), 2.46 (dil,= 12.3,

5.1, 2.9 Hz, 1H), 2.16 (dddd= 12.6, 11.1, 9.8, 8.0 Hz, 1HFC NMR (125 MHz, CDClI53)

d 151. 03, 129. 28, 120. 25, 116. 3RRMS ESI-
Orbitrap ) m/z: [M + H] " Calcd for G4H21N20.S"281.1318, observe2B1.1342

Methyl-3-(4-phenylpiperazin-1-yl)butanoate (6b): Brown liquid (37.2 mg, 71%); H
S\ Me NMR (500 MHz, CDCls) G 7 . 2=67.1 Hz, 2H), 6.94 6.90
Ph-N\_/N (m, 2H), 6.871 6.83 (m, 1H), 3.68 (s, 3H), 3.23 (dt= 8.1, 6.5
COMe  Hz 1H), 3.17 (dddJ = 5.9, 4.1, 1.8 Hz, 4H), 2.69 (t4,= 10.3,
5.4 Hz, 4H), 2.64 2.59 (m, 1H), 2.30 (dd] = 14.4, 8.1 Hz, 1H), 1.10 (d,= 6.6 Hz, 3H);
BBCNMR (125MHz,CDClIs)i 173 . 15, 151. 55, 129. 2174,
48.30, 38.43, 15.10HRMS (ESI- Orbitrap ) m/z: [M + H]" Calcd for GsH23N202"
263.1754, observe?b3.1871

3-Morpholinobutanenitrile (6¢): White liquid (25.8 mg, 84%); *H NMR (500 MHz,

T\ Me CDCls) 0 3. 2=24.7H¢, 4H), 2.46 (h]) = 6.6 Hz, 1H), 2.12 2.00

o N—Q_ (m, 5H), 1.92 (dd) = 16.9, 7.4 Hz, 1H), 0.72 (dd,= 6.9, 1.7 Hz, 3H)
\—/ CN -

13C NMR (125 MHz, CDCls) 4 118 . 4, 66. 9, 5

HRMS (ESI- Orbitrap ) m/z: [M + H]* Calcd for GH1sN2O* 155.1179, observed 155.118

3-Thiomorpholinobutanenitrile ( 6d): White liquid (25.2mg, 74%); *H NMR (500 MHz,

/\  Me CDCl) i 2. 976.8(Hg,,1H), 2.75 () = 5.4 Hz, 4H), 2.62 (1) =

S\_/N—Q_ 5.1 Hz, 4H), 2.47 (dd] = 16.7, 6.4 Hz, 1H), 2.31 (ddd= 16.8, 7.3, 1.€

N Hg, 1H), 1.13 (ddJ = 7.0, 1.6 Hz, 3H)}*C NMR (125 MHz, CDCl) U

118.7, 57.7, 50.8, 28.3, 21.1, 15HRMS (ESI- Orbitrap ) m/z: [M + H]* Calcd for
CgH1sN2S" 171.0950, observed 171.0952.

3-(Piperidin -1-yl)butanenitrile (6€): Yellow liquid (22.2mg, 73%); *H NMR (500 MHz,
Me CDCls)u 3. 026.8(Hz,,1H), 2.54 (d] = 5.4 Hz, 1H), 2.52 2.47
<:/\N—<_ (m, 2H), 2.43 (dtJ) = 10.9, 5.4 Hz, 2H), 2.34 (ddd~ 16.7, 7.9, 1.6 Hz
CN  1H), 1.57 (pJ = 5.7 Hz, 4H), 1.43 () = 5.3 Hz, 2H), 1.20 (ddl1 = 6.7,
1.6 Hz, 3H);3C NMR (125 MHz, CDCls) 4 119 . 25, 56. 92, 4 ¢
15.60; HRMS (ESI- Orbitrap ) m/z: [M + H]* Calcd for GH17N2" 153.1386,0bserved
153.1388.
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3-(Adamantan-1-yl)amino)butanenitrile (6f): Yellow liquid (32.7 mg, 75%); *H NMR
(500 MHz, CDCk) i 3 . 246.3(Hh, 1H), 2.68 (s, 1H), 2.37 (dbs
@ 16.5, 5.1 Hz, 1H), 2.32 (dd,= 16.5, 6.8 Hz, 1H), 2.02 (8 = 3.5 Hz,
HN_{"i 3H), 1.68i 1.49 (m, 11H), 1.20 (d,= 6.3 Hz, 3H)13C NMR (125 MHz,
cn CDCla)i 118.7, 51.5, 43. 2, HRMS (ESI;
Orbitrap ) m/z: [M + H]" Calcd for GsH2sN2" 219.1856, observe
219.1859.

3-(Cyclohexyl(methyl)amino)butanenitrile (6g): Yellow liquid (28.1mg, 78%); *H NMR
(500 MHz, CDCk) 4 3 . 2-66.7HN 1H), 2.43 (dd|= 16.6, 6.3 Hz
N 1H), 2.37 (ddtJ=10.8, 6.5, 3.4 Hz, 1H), 2.29 (d#k 16.6, 7.2 Hz, 1H)
Me 2.20 (s, 3H), 1.79 1.71 (m, 4H), 1.57 (dgdl = 10.1, 3.3, 1.7 Hz, 1H
_Q_CN 1.2871 1.16 (m, 4H), 1.15 (d] = 6.7 Hz, 3H), 1.11 1.02 (m, 1H);:3C
NMR (125 MHz, CDCls)i 119.22, 60.94, 5
26.11, 25.93, 25.90, 23.19, 17.18RMS (ESI- Orbitrap ) m/z: [M + H]" Calcd for
C11H21N>" 181.1699, observet81.1709

/
H3C

3-((2-Hydroxyethyl)amino)butanenitrile (6h): Yellow liquid (16.6 mg, 65%); *H NMR

HO (500 MHz, CDCk) i 3 . 5=%.2 Hz, 2H), 3.03 2.99 (m, 1H), 2.9¢
N Me (s, 2H), 2.70 (tgJ = 12.1, 6.4 Hz, 2H), 2.43 (d,= 5.7 Hz, 2H), 1.19
HN . (dd,J=6.7, 1.6 Hz, 3H)!1C NMR (125 MHz, CDCl) i 118 .

49.8, 48.4, 24.7, 20.H{RMS (ESI- Orbitrap ) m/z: [M + H]* Calcd for
CiaH17Nz* 129.1022, observed 129.1024.

3-(Prop-2-yn-1-ylamino)butanenitrile (6i): Yellow liquid (18.1mg, 74%); *H NMR (500
= Me MHz, CDCIl3) 0 3 . 442.4(Hd, 2H), 3.20 (p] = 6.1 Hz, 1H), 2.42
HN—Q_ (d,J=5.6 Hz, 2H), 2.21 (q) = 2.3 Hz, 1H), 1.18 (dd] = 6.6, 1.6 Hz,
CN 3H); ®C NMR (125 MHz,CDClz)t 117. 8, 81. 2,
20.0; HRMS (ESI- Orbitrap ) m/z: [M + H]* Calcd for GH1i1N2* 123.0917, observe
123.0917.

3-(Phenethylamino)butanenitrile (6j): Yellow liquid (25.9 mg, 69%); *H NMR (500
MHz, CDCl3) i 71. 738Z (m, 2H), 7.29 7.23 (m, 3H), 3.06 (h] =

6.1 Hz, 1H), 2.95 2.88 (m, 2H), 2.83 (tJ = 7.0 Hz, 2H), 2.44 (d] =

HN—<_ 5.7 Hz, 2H), 1.24 (ddJ = 6.6, 1.5 Hz, 3H)13C NMR (125 MHz,
°N cpclgi 139.6, 128.7, 128.6, 126
20.6;HRMS (ESI-TOF) m/z: [M + H]* Calcd for GoH17N2" 189.1386, observed 189.138

Ph

3-(Diethylamino)butanenitrile (6k): White liquid (21 mg, 75%); *H NMR (500 MHz,
Me—,  Me CDCls)td 3. 196.1Hz, 1H), 2.49 2.38 (m, 5H), 2.26 (ddd] =

N 16.6, 7.6, 1.5 Hz, 1H), 1.12 (d#lz 6.9, 1.6 Hz, 3H), 1.01 (td,=7.1, 1.5
Me—/ CN' Hz, 6H);13C NMR (125 MHz, CDCls) i 119. 2, 52. 3
15.6, 14.3HRMS (ESl-orbitrap) m/z: [M + H]* Calcd for GH17N2" 141.1386, observe
141.1387.
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6. |l nvestigation of DEvedesRBRe®teifon Bystielmses i |

6. 1 ReadtRloenny | pi per azalnley | ( lia¢fio cwiatmbd e e opt i mi
condiatnidom haracterization of urea derivative

/\ Aq. SDS (2% wiw) —\ HN—/_
N NH OCN
1a

rt, 24 h
7b 8a, 85%

To a-cwelahed tube equl amBed 4wimgh, &B0LsMi8mmdla)r,,
i socyra@atmg?2 6 A5, 0.3 mmol , 1.5 equiv), and ac
added. The resultant mixture was stirred at
was diluted withvBroORge@2the2rmbul amaat mi xt u
containing the product and other organic res
|l ayer was dri eSddamdercoarmcteyd.r aNad under reduc
products Wweor adbbchegel and fpa@sEUdOAbr odeghka
= 5l:v/v) to get amall ypihealyll yp i-fpcear mbzg m@@iuct e (
41mg8 %) mxsle ygeloWMR (500 HMHz7(tBHTI. 7 Hz, 2H
6. P&®. 8m, 3 H),J=5.190. 2(,d dito,. 8, 8= 71 M.z, HzH) ,1H).,2(
J= 9.9 Hz, JA4HY.,84HH63J4 15, ., 7 SHBOIZAHY ., 2 3HS5 4 H),
i3.16n, UYH)NMR5MHZ2, e€eDCB7.51, 151.11, 135.59,
116. 62, 116. 05, HHOAMS3 1(EHIBt 8ap MA&EH/ @& cd for
CtHiNsNa®@68. 1420, observed 268.14109.
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6. 2 Reacthemyobpi perazine (1la) 7cwi tuhapdalrimilz eids c
condiatnidom haracterization of thi ourea derivat

/\ Ag. SDS (2% w/w) /\ HN—/_
N  NH SCN

rt, 24 h
1a 7c 8b, 82%

To a-cwelahed tube equl amBed 4wimgh, &B0LsMi8mmdla)r,,

i sot hi @ Raniga,? €, 0.3 mmol, BDS €é4% w) w, afhdmh
added. The resultant mi xture was stirred at
was diluted with EtOAc (2 x 2 mL) and vortex

containing the prodacwasanrdemd\whed oargamulcl y.es’
| ayer was dri eSddamdercoarmcteyd.r aNad under reduc
products were adsorbed on si If3 cOa 498;l EtnQA o:a st
= 1:5, v/iv) to getN-alnig hya n yclap itlpcearpabzo €énhep 0 a thiu d
8b)(42 m88 ) walsistoel ' HMdNMR (500 sMHua (MNEP&EIL 8 Hz, 2H
6. P&. 8m, 3 H),J=5.1966. 4,ddito,. 2, b= 95 .Hz Hzl,H)1,H)5. 65
J= 17.3, 1.7 Mz,101lR) Hz5J=2210%).(6 ,Hz33 2®%H),, ( #, 04H)
3.82.260, MH)NMR (126 3MHz, 11&€®DC#8, 134.06, 129.
117.15145,. 96, 48. 8 HRM&8 .(@&XZpli t4r7a 2 ; m7Cia]l cd for
CiHN:S'262. 1372, observed 262.1372.
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7. 8d®temination test:

TheH of the aqueous solution was measured u:
gl ass eMeeacsturroednree.nt s were performed by i mmers
agueous SDS solution and the reactiaep mmekbut
recording (Tthhe pndavsalrees . val ues were pH 6.56

RM of 11.54, and final RM of 8. 71.

3 ¢



8 Scale up study

Aqg. SDS (2%
OOw + —on e (Dl
N ju— CN

rt, 24 h
1a 2a 3a
1a used Aq. SDS (2% w/w ) used 3a (% Yield)
19 10 mL 81%

Represent at iTvoe apcrhwoeckeldeud et:ube equdidipgde 7 wmbL h a
6. mBol ) nialHO.I&ERDI77 L @24 mmo | , 1.5 equiv), and a
5 mL) were added. The resultant24dmi xTheer svact

mi xture was diluted with EtOAc (2 X 10 mL)

supernatant |l iquid containing the product an
recovered organic | aS@arn dwasd ndareieedd uonwdesrr a rehdyu.c
The crude products were adsorbed on silica

Hexane/ Et OAc) to get3danig B %) ivwehailtley spoulried pr odu

3¢ X



0. Recyclability studies

To acWwelahed tube eqgdid@BRe ® wilt,h Bal 24t&imo Ib)ar ,al |
24 13. 42 Mg, @63 7Mmohndlaf. e§DBVI2% w/ w, 1 mL
resul tant mixture was sh. rTlkeh ragiaxattaicgoe twemp ed
with EtOAc (2 X 1 mL) and vortexed the resul
t he product and other organic residue was r e
dried ovebQamhyadondNaenedated pndesesure. The cr
adsorbed on silica gel and passed through
anal ytical I33 g8 &) pmha dwectsol i d

The strategy outlined above has been carried out to the residual adaygeniswvith the

exception of adding frestqueous SDS (2% w/vipr product formationn the ensuing cycles,

as shown in the summary belofter 39 run the yield was drastically reduced.

Ag. SDS (2% wiw)

/\ CN 1mL /\
@-N NH + =/_ L» N N—<_
—/ rt, 24 h —/ CN
1a 2a 3a

Recyclability study
‘\3‘3. 81 % {\S‘a. 82 % ﬂ. 81 % ‘\;a. 76 % na. 42 %

\

Optimized ‘ Optimized ‘ Optimized ‘ Optimized ‘ Optimized
Conditions Conditions Conditions Conditions Conditions ‘
1a + 2a > l > > > l - J
ot Cycle 18t Cycle 2" Cycle 3 Cycle 4" Cycle
Fi g®$6%c he meetpircesent ation of recyclability s

In order to the understand the loss of reactivity, zeta sizer analysis on the patrticle size
distribution after the "8 run was carried out which revealed a dire increase in average particle
size (2707 nm) as compared t fun (66 nm), suggesting destruction of required nano

micellar composition, and that could be the reason of yield reduction. (See Fijure S

3 Y



Determination of Average particle size and P

elles (fresditycpregpamsedg the Zeta sizer:

Sample prédpauvati0oon: mL of freshly prepared ac
were pipetted out and diluted one time (1x)
s further filtered throu-yyhl FE po0Qaed2proe eMesmlizrea
ydrhopic PTFE, 47 mm membrane). The filtrate
mpl e measurements were made at 25 N 2 AC in
ere analyzed using Zetasizer 63Zowvmaramndd agmueglc

s SDS '(tayfctleer) dvas anal yzed.

(a) . . (b)

20

1 10 100 1000 10000
Size (d.nm) 1 10 100 1000 10000

Ag. SDS (2% w/w), freshly prepared: 66.34 nm Aqg. SDS (2% w/w), after 4" cycle: 2707 nm

Fig&iv(ea)let a sizer analysis (Particle size distri
(b)and aq. SDS (@y«Iwéd w) after 4

3¢ w



10

Cal cul ati on

/N CN
N NH + —

@u _/_
1a

of Gr eemr anted «

Aq. SDS (2% w/w)
(1 mL)

rt, 24 h
2a

olcs for the deve

@0
> N N
/ \cn

3a

Entities

Molecular mass

Quantity used

1a
2a
3a

162.11
67.04
229.15

32.40 mg
13.42 mg
37 mg

E-f actor

1. Mass of or(@an#édc»-\(Bays 8482
2. Mass ofi@vamer :
3. Mass of Et OAc (X2 rmgti on
4. Mass of 3granduct :
- O TG TWT
AE HHT UITHHT "H"!LIJEqJC PTS ¢ LY
o X
. - . W Tt
A HHTTT i 10 W HI—ng thQ)p

EFact or without extraction s
~ wr & RN U mg
AE H'HTT 1L THE ™1 'HTHI o lllHlu@—l—cci S [ )]
AT A T T "-A'I' 1 A A A GOEA O DA 'AASC)Z\O

T T AR R GaEA A AOAT B

G G§ou
Spmmpmnmhb
Pog P QRWT P P

30T

solvent):

ol vent (recycl abl
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1BRoOoss

#1

@afssaynt hesi zed

T 60T 1

$-3/ #AOOOT 147 i pi O] A

compound

156 70.00% 0.00% 198 J0.00% 0.00% 1948 10 009 0.00% 158 10,000 0.00%
5 786.4 = 786.4 4 s 786.4 4 s 786.4
8 8 8 8
— — - —
= ) = =
g s g 2] % o s g 2]
o o 4 ©
< < < <
o] O = o] o]
B 221 P 2621 a D 2621 D 2621
07.68% 2.32% 92.929% 7.08% 69.67% 30.33% 85.08% 14.92%
o 1t 1 10 o w0 0" 100 100 10 10 10 o 1w w0 w0 0 100 10 10 w00 10°
FL1-AREA FL1-AREA FLL-AREA FL1-AREA
14l €edet erminati on
1Cs0 (39) ICs (3h)
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Conc. (my/mL) Conc. (my/mL)
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122 ADMET propert Bgasndaf compound

Tab$SADMET pr3hndrasopredicted by Qi kProp (Schrodi

Ent i Property Range Compougn Compoun
1 SASA 300to 1000 556. 22 533. 1¢4
2 dH B 0 to 6 0 0
3 aH B 2 to 2( 4.5 0
4 QPlog Po/ 2.0 to 2.939 2.574
5 QPlogS 6.5 to 4. 022 -2.768
6 QPlogHERG Bel &w 5. 43 5.462
7 QPPCach <25 poor, >500 grea 606. 81 540 .588
8 QPlogBB' -3.0to 1.2 0. 466 0.311
9 QPPMDCK <25 poor, >500 grea 1405. 1 694.5
11 %Human Oral Absorption >80% is high, <25% 93. 96 ¢ 90. 93

poor

12 Rul e *f f 0 to 5 0 0

SSASAptal solvent accessibl edosmnoirfdB e sdiidBratiend s
-bonds that would be donated by the @aotpt EBEESH
mat ed n u-+bboenrd soft htht woul d be accepted by the ¢
9d QPl ogPp et i otcd anol / wat er ‘QPdroBiISeidoct ede AAfgiue io @

ol ®mis the concentration of the solute in so
dQPl ogHPR®di estvaldué Cf or RIGo&k a g &QePbPsC,aftFoe di ct e d
acd cell per meabi2 icteyl lisn anrne/ séde lcrom dfeall® 8ft corigfBtBg d i g

ain/blood par'@P R MDQ@Krceodei fcftiecdi eanptppar ent MDCK ce
cells are considered tlor dien akuomade miirnailc Aboeral ity
uman or al absorption on O to 100% Scale. The
odeRulle oMumber:ofofvibilpmgitnekis's rule of five.
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