creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

A A EaF AR

AN TEER

Zn—Br Redox Flow Battery |
o] &-E = FHA S FAAY P}

2016



Zn—Br Redox Flow Battery |

20154 11€¢

)5t}



Ny
["_81.‘4
N
1o

X
>
%
do
(i
M
o
gl
ro
AN
%

20154 11€¢

}\ A e ee e s s s s s s sss e see e (}\ 1 ]
I I— OI _,/CI--- ee s ssssss s ‘]Dﬂ LC — O >
}\I AI— ()I ¢ B (}\ O —1- L‘]
_,/I--- ses sessss s ll R — O >

-----(}\ 11 XU 1 ]

= 1 . (@] —q- L)






Redox flow battery+= 22 AA=Z oY A A #x o]t}. Redox
flow battery % Zn—Br redox flow battery: oy A WE7} FolA
&3t felste] 1970d U F 8 A= gt Zn—Br battery+

s A Brr2FE 28T Bry/b 2% (membrane) & &8k

"4 (discharge)©] doju7]  wio] Br,2 Folzx £ 9=
Z+#| (complexing  agent) 7} F L3t}  ZAEE  quarternary

ammonium bromide (QBr)E AFg3t1 thE Al ZA+= 1—ethyl—-1-
methylpyrrolidinium bromide (MEPBr) ©] t}.

oA ¢#x FAZE MEPBr, EPPBr, MEMBr, 2—MEPyBr

rlo
e

Sol gk, 2eA AL ML SAE Foh AEE HAE,
QBr).Brel 718k £43 @dA HAE Fo] PRHow Agw
At maEgon A AAH FAHS vuBT v TS

717 HAES Bryg complexingdls 58& H7e Alds SE9r

2 Aol E MEPBr#t 4dx #AAE fA4sta ZA H7hHe
FH 5, AAEES Hubesith. ¢¥z #FAE (MEPBr, EPPBr,

MEMBr, 2-MEPyBr 5)& &si=¢ A4% H7l 71 S40=
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I. A

Redox flow battery (RFB)&= 2xF AX|Z oA

=

A Aol b2

‘l“l:
RN

=
=

A

-

A4 ) Aol F 744 Aol ok on 1 T HHEL

3}

H} = 5}

ha

ri&‘

gt WSS Ao A7|NYAE AAsAY W=l Flow battery+

o

tank, pump, unit cell2 FA¥ETh A3fBS F tanko] YA o,

Hﬂ

7} A= (electrode) ¥} 8% (membrane) S 7F unit

=

-

83t} (Figure 1). Cell voltage® o3 o1 =)

T[] Aol WAE I 71 F FErFef weEl vkt redox flow

battery 7} £A13tck(Table 1).°

AC/DC Converter

Positive Negative

Electrode Electrode

Electrolyte Electrolyte

Tank Tank

Pump
Figure 1. Image of redox flow battery
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ole] 7}#] RFBE % Vanaduim redox battery:= w32l RFBe|t}.
VRB(Vanaduim Redox Battery)s= Wt (Vanaduim) 9] Absh gkl
Hhgo 2 A7vAE AFsta WwESth VRBy 4=, a5l 59
HhubE  ole2s ARESH] wiEel redox o]&o]l EHTE Tyl
A E = cross overZh oyl dds WA kst B olU A BEE
Tt ZHel Stk (Table 1). W, VRB: te& RFBeOl vl oy~
WE7F strks whido] Stk CduA WEe 518 Fo sl duEth
v 2 M o] ol o] whAlste] dafolo] O o]} =Y
ool BhEe] =g T7HA717I7F o8 9] VRFS oA Wt vk b
0T s olml AWM VRBel thdt A #as] W E o
Iuell A AF7EE el oA o] o= ool Stk
A ggel vidEo]l Sk g Ajore] ZH o] wiE o] Qlol dAAE
T4k doll T3 grjobe] ARGl dFS A A webA,
AALA & A e] b etA] X3l VRBE 7H4 FEst ol 7hsAdo] Qlth
Zn—Br RFBiz VRBETF olux] &&°] Holx= who] QAL
AxpA o] Al gFo] FFsto] 7Aoo AL cell voltage”t =& o]t
¥al Zn—Br RFBe] 38 F5°] & Ssl=s 7HAaL 9lo] ey~
UErb 2 Holgk g gFstE aty] Fol A% AEH Qlek 210

Zn—Br RFBE 3t 7}x] ©d& t}&E REBo| H|&| self—discharge’} %+

w



dojdrt= Aolth. Fd Al Br 258 23 Bry7l 89S & sto]
negative electrodeo|A ®AE T Self—dischargeE 7] &A=

WA E Brogs Fol=E 4 9+ 24| (complexing agent) 7} & 2 31t} (Figure

2) 10,12, 13

(a)

Tank

Pump
Figure 2. Positive electrode half—cell of Zn—Br RFB; (a) Q(Brs) . Br
complex

Zn—Br RFBi Br ¢t Zn”'7b Abgh &9 kg dte]  FH o
AUYAE AA&stal Znet Bro7b Abst 39 wrgstd A st
ANHUAE W F=th(Scheme 1 — (a)). T HA oA Br o] Ats}tsto
$=3 Bry Z1A7F BAaT Bro= A7 el d%e = By

olyet E# TS E3}3o] self—dischargeE o7tk M oapA,



Zn—Br RFBe|A = Bro& #otl+& 4 3%+ #A (complexing agent) 7}

ol

i)

Q 5k},
Zn—Br RFBo|A Bry2 complexingdt:= H Aoz QBr(R,N'Br;
quaternary ammonium bromide salt) 7} AF8 Hth QBr& Br,=

complexing s%4 Q(Bry) Br& #4438t Bry 714 243} Brool o3

WS wol A9 gkgA el 719 gtk (Scheme 1 - (b)), 'O 1% 19

% 3 i iy SRR Erp—

DYSIChial e
Scheme 1. (a) Charge—discharge equation of Zn—Br RFB (b)
Complexing reation of QBr and Brs



AAZ AR EE 2%l QBr& MEPBr (N—ethyl-N—methyl—
pyrrolidinium bromide) o]t}. % '* 1% MEPBr ¢]e|%= MEMBr (N—
ethyl= N—methylmorpholinium bromide), 2—MEPyBr (2—methyl—
N—ethylpyridinium bromide), EPPBr(N—ethyl—N—
propylpyrrolidinium bromide)< MEPBro £ =7} FAFSH 2A=

el A 9t} (Figure 3). 19161727

O X
. » () | i
N N o= +- —N—
! \_'\ i N |

1 =1 BY
/\ K— 1
VEPLY P VENEL R EPVEY TVAGH
| V

Lo LDalp (), ()

Si S

A A

Figure 3. Complexing agents of Zn—Br RFB
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Cedzynska K. & 1995 MEPBr¥} MEMBr& ©]&3% Zn—DBr
RFBS #ald (electrolyte) AA+E 33t} 2" MEPBr, MEMBr< %
o AdafHe] oist &=t FAY MEPBrol MEMBrEt A uf €]
CE (current efficiency), VE (voltage efficiency), EE (energy
efficiency) ®E5F <£t. X3, MEMBr& 724 bromine}
complexing® ™ solids ¥FA43s FEAol W A= o HARE

bol  fEAel Frh oledd AW Wl

Oft

MEPBr& oil& 34
MEPBre] Zn—Br RFB ujellA] 7} o] ARg g}, %27

7ZBB Technologies Inc. oA 1997 el EPPBref| tfs] &%e w&
Adfeel el g3 AEEE HAE §iH. HAE A
MEPBr# n]5=gk oF/do] vebwot, 17

Bromine Compounds Ltd.°l| A= 2014 pyridines EAZ Zt=
2—MEPyBr¥ N—-alkyl-3—methylpyridinium bromide< 4j¢] &2 4
FFt AEmg At ' MEPBr—Br, complex® 0 ToflA] <]

94 AL TAE RBPI pyridined EAEZ zZtE QBrd Bry

complex+= dAZ  YeEYT. MEPBr< dE=%7F 88 ~ 95
mS/cmo] A 7k 2—MEPyBr} N—alkyl—=3—methylpyridinium
bromides 412 242 AdLE%7F 120 ~ 143 mS/cmz AE=%7}
sttt



ICL-IP R&D°|A Lancry E. ¢ 19 Tx&5<2 2013d°] MEPBr¥
2o Z4E& 7FAY alkyl chaino]l th& QBro] A& ZApsilch P
QBr& X3t AR 5o =of Q= Bry 555 A4 (titration)
W oz Z743o] alkyl chain® ZAoleo] wWE complexing 5%
ZAbskd T A9 A, alkyl chain® Aeol7l A% QBro] Bro$t

complexing 3t AL7l ¢ AXY= A3 E Ao (Figure 4).

1.2

o
0o

[Aqueous Br,], %
o o
i~ (0)]

o
o

\—r\

Ethyl nPropyl isoPropyl nButyl isoPentyl nHexyl

—=
0

Figure 4. [Bry] in water layer of N—alkyl—N—alkyl pyrrolidinium
bromide electrolyte '°



Satya N. Bajpal 19819 QBr—Bry, complexd Z7]¢S
manometerZ o] &3 =43ttt Y TMABr (Tetramethylammonium
bromide), MEMBr, TOMAC (Trioctylmethylammonium chloride) 2]
Br, complex oils& #39 S 7] (vapor pressure) S 259 uwa}
0 CHE 60 T7HA SAsAtt. 54 @3, MEMBr—Br, complex?]
<7170 B2 sgeel w& 2 2Asglvh. TMABrat TOMACH G

MEMBro] 2HA| 24 Bro¥ complexs # JAso= dE25 ATt

Vacuum Pump

Nesdle - Valve - B q;o”- OFF Stop Cock
Atmosphers —=— &
c

—= VYacuum Gauge

ON-OFF Stop Cock —= 2 *A

["- Null - Monometer
4--Etch - Markings

Zizg |

25ml

Bromine Complex —

Figure 5. Measurement of QBr—Br, complex vapor pressure’?
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1. &#2 FA9 FA

2 AFoAE 7S 4 AAES A Frkete WHE
S8kt &4elx ZA= MEPBr, MEMBr, EPPBr, Pyridine #<,
Pyrrolidine A< o] At (Table 2). 44> vy Zo
3t tF(Scheme 2). MEPBr, A—1 ~ A-5, MEMBr, C-1 ~ C-3, 2—
MEPyBr 3% o}¥l (amine) el <2 HEwulo]E (alkyl bromide) &
g AlA 1A Rbger 1A e v AdHow 7Y xS
37k ofwl 23} ofvle] &7 HEulol|=F WS AlA WHEO] FHIY
AFEEEtE. dE 59, EPPBr 32k oYl (1-ethylpyrrolidine) &

32 o}wle] <7 B Zn}o]E (1-bromopropane) =

11



Table 2. Structure of known complexing agent.

(S Ly (e (D (D

i Br Br-
: / N / \_\ / ); \_L \_\_\

ﬂ\ Br—i MEPBr A-2 A-3

RiR, !
! Z+> Z+>
A AN _/NE\

: \:5\_\; EPPBr

o !

0] X Z
() [ (i)
! >+ \
B N N

+ +
N" Br NBr -
/o r i Br Br
Ri Ry / — Ro Br k u
B MEMBr Cc C-1 C-2 C-3 2-MEPyBr
XD 0B NEOH RS- thyRacetate
Hpla R RN\ Y
HPORCORC R 1i-50%8 & -5 i1 -

Scheme 2. General synthesis of complexing agent
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2. A9 H/d

MEPBr¥ <¢#x QBrEg A3 xm H7istesE WS FHeA .

=742 skt Flow battery 57474 =0l &8t AA 2Fof
&= F71 "Wl 3 MAR %= HAES sld. 3% SHFF9
Zn=Br RFB2] SOC 0% ® & el gt s HAES st
AN e table 33 o] SOC 0%, 60%, 100%°] wE Zn—Br RFB
A x5 4, AlAkste] o] &3kl

I e AR HAES SOC 60%lA 335kl Zn—Br RFBE
s A Al W] Bry $%7F EobAlal QBrit WEgEko] A
QBr—Br,; complex oilz°] FAET. QBr—Br, complex® H=7}
=AY 2A dHE wE dA el 35 9 fF2E e 7 e
Ao det 2o AA7E Zssted 9T = 5 Aok 2E sk
AN AL HAEE MEPBrit wlwsto] ##sle] 7|=g oz
RS S

SOC 60%< Halds "=o QBr—Bry complex oils s g 3|

=

{
~

°
Ay

N

9= 3oF¢lth. manometer® o] &d &% Wk Bryf

=717 4vety "ol Ye=7lE F43%i MEPBr& 7|+ =2 At



Table 3. Concentration of electrolyte in SOC.*

Q0% l BN Q8 OHORY OGORV
GO0 ORI QAR 080 W OOR
JO0C I OROOR Q8 BNV OR08\

A BPEY TRt AA vEE gue il Au4 i

S
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1) €3 "HAE
S = HAEE gy o] AAFAE. ZnBr, 1.00 M, ZnCl,

0.24 M 552 AN (SOC 0%)° QBr 0.36 M ¥tk FA glo]
FYstA =mow 0%, HAEeo] HASH X¥EA, HHAEO]
AR HBr& Yol “om AXAE sto] YeErudct. <8zl
24 ZAH= MEPBr, EPPBr, MEMBr:= £33 %7 A9, 2-
MEPyBr, C-3& £d%7} v, 1811 A-1, A-2, A-3+

S 57 oY A-4, A-HE ST 2 9 Aoz e

o

12§49 alkyl chainol Zo4A5% g} £4 242 & 5

- "

0 () -

Figure 6. Comparison of solubility; (a) O, (b) X, (c) A
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AN E HA2EE vy o] At ZnBry 0.41 M, ZnCly
0.24 M, QBr 0.36 Mol Br,°] 0.61 M(SOC 60%)°] HE= ¥t}

=

ol

Al 7F ZoF Al oAx] pHIS & AANTE ¥
24 T o) L AL RERY - To =

bck, #ad,

¢

MEPBr, EPPBr, MEMBr< oilg 82 uElg*w 2-MEPyBra C-
3= ofzk WM 1A dHE YeiEgd. C-13 C-22 I53F oild
Je| S =9 A-2, A-3% MEPBrat 29] oil JelZ et A-

4, A-5, A—6% 1A FEATh Table 4= &R

s

HA o] 83l 5 of

Figure 7. Comparison of fluidity; (a) MEPBr(good), (b) solid
complex (bad)

16



Table 4. Solubility and fluidity of known complexing agents.
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>+ wl T
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3) 71 53

ZnBry 0.41 M, ZnCl; 0.24 M, QBr 0.36 M, Br; 0.61 M @& < (SOC
60%)E HrEo] 24 A Fr wakelth AAEE F oilF
(Q(Br2),Br)E #3sto] manometers o]&a 2% ©WE F7|%=
S48k th. Figure 9+ &7t 1 0il5 9 fFedol £2 HAE

Adstel F7Iks ST d9E JEddY. S 54 A3, VE

A9l MEPBr, MEMBr, EPPBr& Z71¢ =343 {ASE GFAS
HAY. A-12 MEPBrixt S717F € yUsggoew C-2+= C-1HTG
Z717F @ 2Asto] alkyl chaino] ZAoJA+= Br, 7|7} @ yt+=

(o3}
=

il
B
¥2
32
i)

ZE!

il

Figure 8. Apparatus for measuring vapor pressure
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10

——MEPBr —#—A-1 —A—EPPBr —¢-MEMBr —¢—C-1 ——C-2

R.T 40 °C 50 °C 55 °C 60 °C 70 °C 80 °C

Figure 9. Vapor pressure of known complexing agents

19



3. =& A9 A4

i
i)

do FgMez de FRET wgon Aze AL AR
=

b

AE EAske] fAskn AMER AAS @44 W Scheme 29

Scheme 33 #o] AT 7|& ZHAJ] MEPBr#t &

it

Za R
7+ pyrrolidine Al & (A) = =& morpholine Al & B),
piperazineAld (C), alkyl amineAdl¥d (E), piperidineAl¥d (F),
QBr1-linker—QBr2 (G), 5—membered aromatic heterocycleAd &

(H), 6—membered aromatic heterocycle AlE (), iminiumAd <

D B2 G

it

A& 7k

-

AE FdskAth(Table 6).

A-6 ~ A-10, A-13, B—-1 ~B-9,D-1 ~ D-7, E-1 ~ E-9, F-1
~ F=5, H-1 ~ H-4, I-1 ~ -3 3 o}vly} &7 HZujo]= 99
1A W&o w ATt A-11, A-12, A-14 ~ A-17, J-1&
EPPBr¥} #2 W oz 23 oinly} &7 HEmfo]ug 33k ofyl S

T F, 2 3% ohwlst 47 mEvlel=g FYAA 1A 9L

A ATk
QBrl1-linker—QBr2 (G)= Scheme 33 #o] 29dA A®Hgow
skAEl ol 3k ofwl @ tho]l M 2 R kA ¢l (dibromoalkane) S HE-S-A] A

AA de 2 T aA A3 33 obvls WEeAA (G E AT
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Y, Siny 2esiEis @0 g, Mesienin = ® ® o

el : R, U : I O O
AR (R - i o B 1 - e

Scheme 3. General synthesis of QBr1—linker—QBr2 (G)

Table 5. Structure of new complexing agents.

E O | |

(N () 5
N B 1 A6~A17 N"Br ' B-1~B-9 | Piperazine | p.1~D-7

R1 ' VAR 1 !

2 : Ri Ry !

A B . D .

: | QBri- !
Alkylamine | g 4 ~ g.g | Piperidine : g4 < F.5 linker ! G1~G-7

! ! -QBr2

E ; F | G |

5-Membered ! 6-Membered ! |

aromatic | H.q ~H-4 | aromatic | 4 ~3 Iminium - J1
heterocycle . heterocycle | :
Ho I J
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etk PyrrolidineAld  (A) FolA A-119 A-14%F Zo]
SAAAVE TS g ES S 27 =3 QBr—Bry complex
FEAo] Fof AAEE EUTH A-14, A-15, A-16< alkyl chain©]

T wet g Apo]7h vpERsTE A-
14, A-15 3¢EL &= A4dE HAE At 447 A-16
FFES HBr T4 Al Aajde] 3ol &=7F "HoHds & F

2931 MEPBrX®t} ZE3 QBr—Brs complexs A dlo] FEA4 9]

Morpholinedd (B) & B—-13% B-2+= HBr ¢ % Hs|do
=ov B-3 ~ B-6< &dl=7F WMt B-7¥ B-92 &d|wvt

Z=td. B-1, B-2, B-7, B—-92 QBr—Bry complex?’} oil®

oflt
o
i
3
N
o
d,
=
o3
g}
os)
=
4
i)
™
JIn
o
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o
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PiperazineAd (DM)< 25+ AL FAAAE HAE A9yt £XH
kokth. A 8715 =<9le D—4,D-5% Fdl=7F FA koot

Alkyl amineAld (E) T4 E-8, E-9 =Y Ll £4
okok31 QBr—Bry, complex’}t 1Al FElE JEsth. E—-13 E-2+&
HBr 7% & dafjdo] F3koy complex7t AP E = YeEbwH. E-
3, E-6, E-72 £dE=7F =311 E-3 ~ E-7 EF QBr—Bry
complex® fr&/dol F3tt.

PiperidineAld (F) Felx F-1 ~ F-3 =S L=t
Z9ro1t QBr—Br, complex’} 1AE YEMWT. F—4, F-5%

L =7F £ QBr—Br, complex’} MEPBrX®Et XE3F 0ilo]

QBrl-linker—QBr2 ((G)+ EF fax7F =X %431 QBr—DBry
complex’} A2 YEeElYT. X715 £ G-2, G-4, G-6, G—

7% FAse] rARAR o 3}

Gl
iy
b
ofo
:Iol:'
b
N
o
N
52
¥0

5—Membered aromatic heterocycleAl¥d (H) %, H-1 ~ H-32
LA =7 =43 H-4+= £ E7F =X 4¢3 QBr—Bre complex+

A2 yeErgt. H-1 ~ H-39 QBr—Br, complex:® %4 0]

6—Membered aromatic heterocycleAld (DL ®EF L7}
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wAoz Waglth I-17% 1-3& SOC 60%Y vl + - §3° 27}
ol A et Hdv I-13% 1-32 5 - fF35°] AetA oile s
wdd F flod FVESsdEe & o+ o I-2= QBr—Bry
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Table 6. Solubility and fluidity of new complexing agents 1.
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Table 7. Solubility and fluidity of new complexing agents 2.

COITIDOLN K0 SONUDI VISRV CONTIDOLE YO SOR IORTVECN 1Ol BUNCRTY]

VEPEY ONCH 2l ONCH
DEG DNSORd GR1 DNSORd
DR/ LXISONO € ¥ DNSORd
M YANRSORO G} XSORO
27 JANRSONC R XISORO
2K ONO GAS DXNSONG
chA A w € XISORC
2l A w €n XISORC
2.3 ORI HE ONOY
2-n OROY %) ORON
=5 NSORC ! OMOK
=& XEORG 3 XSORC
a-i ORSIORd - ORNOLAG
av ORSON vi ORIO
FE3 [.],‘ SORd K! [.], -!!-5
2! ONOK N VANRCORO

g e =& 3T E(A-9, A-11, A—-14, A—15, A—16, A—17, E—
3, E-4, E-5,E-6, E-7, H-1, H-3)9 Z7]1¢<S =439} (Figure
10 ~ 12). A-=9, A—11 = MEPBr Xt} Br, =7]7} Zo] v}gor,

QBr—Br, complexing w8°] o= AL 5 & & Ut A-
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14 o S71%F =74 A= MEPBr 3 fAHeti o™ A—14 A alkyl
chain 7i¢7F Eeld A-156 ~ A-16 & Br, F7I7F &

A3 o (Figure 10).

E-3, E-4, E-5 = MEPBr 3 W3 S7I4574 Aa7h vers
E-3 ~ E-5 & &4 Zou alkyl chain ©] Eolv sgEo|th
Alkyl chain ©] 7F% 71 E-5 7} Br, 5717} 28 4o+ ZS Hol
alkyl chain ¢ ZHol7} ZAojdA+% QBr—Bry complexing &9 °]
Foldt= RS 5% + A (Figure 11). E-6 3% E-7 & E-3

~E-53 g2 ALV E 7H FEE°laL Br, T717F @el ustoh

H-1 9 H-3 & MEPBr ¥ Z71¢ =4 A7}t v%s91 %7}
70 C o 4 W Br, T7I7F ¢ HAsY 2Rt o
Bry & complexing sz s3] "ojzlitt= AMdS & 5 slglHh
, 271 53 H7rdA A%7F MEPBr

LA A Y ¥ Ue #A5(A-14, E-3, E-4, E-5, H-1, H-3)<&
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Figure 10. Vapor pressure of new complexing agents (A)
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Figure 11. Vapor pressure of new complexing agents (E)

———MEPBr —#—H-1 —4—H-3
35
30
25
20
15
10

ul

R.T 40 °C 50 °C 55 °C 60 °C 70 °C 80 °C

Figure 12. Vapor pressure of new complexing agents (H)
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m 2 £

Redox flow battery (RFB)+& 22t AX=Z Uz A Zx o|u
Zn—Br RFB+ olyx] "WX7l wob tf&&Fststr] FEob 1970d o - H
M Foltk Bryol oa] Hdo] gA dojur] wiEel Brog #Fe 7
Sl ZA (complexing agent) 7} H 3tk £ AFoM= ZA 7}
Broe complexingsls 8€& H7tete WS FHENT FAE
dAsta Hrbedoh 7 WHoRE Sl Hr, HAL HUL
/1% S84S5 skl &Exl #AAe] H7FE alkyl chain®] ZHol7t

ol gAEA ¢asE Br, vaport B udevhs AL @ 5

PyrroldineAl¥d (A) (A—16), morpholinedld B) (B-3 ~ B-6),
piperazineZAl¥d (D) (D—1 ~ D=7), alkyl amineAl¥ (E) (E-8, E-9),

QBr1-linker—QBr2 (G) (G—-1, G-3, G-5)& g x7} =5 9o

R

)
JIn
&

WYL ol WAE B Anm £A LU EAE G

i

Moz A wde AdHuA MEe AV E YW FPE
B-7,B-9,D-4,D-5 E-3 ~E-7,F-4,F-5, G—-2, G—-4, G—6, G—
7% #4&3ich. o|2 ¥3 B-7, B-9, E-3, E-4, E-5, E-6, E-7

2 gl=7F St 18 A-14 ~ A-16, E-3 ~ E-52] H7}

b4
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A3 =2 alkyl chain®] AAAFE &3 =7F XA Bry, vaporZt
g s AMS 2 o QY BElE, AAEETE 1%
%74& %3 pyrrolidineAd (A) (A-11, A-14), alkyl amineAl ¥
(E) (E-3, E—-4, E-5, E-6, E-7), 5-membered aromatic
heterocycleAld (H) (H-1, H-3) ¢ #Zo] §alEg FeAol £
Bro¥ complexing s#°] MEPBr# fAMSHAY o £ HAE

S g o
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1. A7171 & Ak

1 23717

'"H NMR#Z "C NMR A~#EL Varian—500 (500 MHz 'H, 125
MHz PC) ®BZAZFH dolxtk. NMR &viz+& CD;OD, DO,
DMSO& AFgstel o, chemical shift+ EEeEdd
tetramethylsilane . % 5-H ppm&9| = 71 &35l o tlolH &=
chemical shift multiplicity (s=singlet, d=doublet, t=triplet,
m=multiplet), coupling constant (Hz), integration® <TOo=
7153k k. High Performers Liquid Chromatography (HPLC) &
Hewleet Packard Series 110022 =, column< Poroshell 120
HILIC(2.1 x 100 mm, 2.7 pm)2 AR&stlvh. A>ZE4 7] (MS) &
Electrospray ionization (ESI) #2419 Agilent Technologies 6130
2aS AFEsto] &Sk tt. Thin layer chromatography (TLC) &
MerckAFe] silica gel 60 Fas.0] Y382 glass plates AF-&3F3 ©H,
TLCAl 22" =49 Zde s UV lamp(254nm) &
ALEEHAY PMAG9 E= KMnO, & @ § 7t4dste] &<l
sttt Flash column chromatography+ Merck A9 Silica gel
70-230 mesh& Abgate] stk £ £%+ 'H, C NMR,
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[-‘O
_OL
3
=
o\
N
A7
o
|\
o

HES-of] AbgH 2] AJeke Aldrich—Sigma, Alfa Aesar, Junsei,

o\
il

= 2~
aTT

TCI oA Fsiskel FA Qo] Abgsh3lth. Wateri= 3%

A3 o

2. Ay

et

1) ZA < B7t

(i) €= H2E

ZnBry, ZnCly, Bry7b 50b le 55 Yol ZnBry, 1.00 M, ZnCl, 0.24
M, Bry 0.016 Me] HE% HI F, QBrs 036 M HEF

FHAT(SOC 0%). =1 s =22 o, T34 = FHE O

(ii) FPE HXE

Zl’lBI”g-Tq‘ Zl’lc12 %%@1% 7—}‘7—}‘ Zl’lBI”g 0.41 M, Zl’lc12 0.24 MO]

ol

HEE HF3 3 QBro] 0.36 M Felth. o] Ao Br.s 0.61 M
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7FeHH(SOC 60%). 24 A3 &< wwkst & HJAAEE

)

(iii) Vapor pressure =

L

Zl’lBrg:‘—q’ ZI'ICIZ %%@1]% 7—} Zl’lBrg 0.41 M, ZI'ICIZ 0.24 MO]

0.3

(@}

M

Frt

Atk o] Az el BryE 061 M

S
A

5]

= <, QBr

e
o

8

7FeH(SOC 60%). 24 A1ZF F<oF wwksk & f4#217]2 5000
rpmCl 2 5% ZHUth, °F 10mLe QBr—Brs complexsS ¥ ool

=714 =As3t. QBr—Bry, complexsS FAE FZ Ao A

FHRYL  FaAstw, AWzl A8 =aA:  Fooh

Manometer =% =&Yool US &S 5, funneld] AZAH

FIE #° QBr—Brs complex® 3—-neck s vy ZgrA3
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QBr-Br>

Complex vapor

Vacuum pump

=)

Figure 13. Vapor pressure measurement with manometer

g
Manometer

Figure 14. Apparatus for vapor pressure measurement
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2) &7 FA 9 A4

1—Ethyl—1—-methylpyrrolidinium bromide (MEPBr)

N
T

/' — [CAS 69227-51-6]

1—Methylpyrrolidine (8.5 g, 100 mmol) ¥ ethyl acetate(20 mL) 7}
5017t 100 mL &< ¥te ZgkA~Fe] bromoethane(9.2 mL, 120
mmol) & ice bath <¢FolA dropwise® 7}3tt}. Bromoethane©] Tt}
S0171H, AF&elA 6 Az F<F wRESHTE ethyl acetate® 3¥ ©]4F A
5, AFH oA evaporators ©]-&38] &ulE AXAIA A 1A (17.7 g,
91%)5 A=t ®

MS (ED m/z =114 (M), m/z =80 (M"). 'H NMR (500 MHz, cdsod)
6 3.61 — 3.50 (m, 4H), 3.46 (q, J = 7.3 Hz, 2H), 3.07 (s, 3H), 2.24
(s, 4H), 1.51 - 1.36 (m, 3H). 'C NMR (125 MHz, dmso) & 63.58,

59.01, 47.59, 21.77, 9.58.
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1—Methyl—1—propylpyrroldinium bromide (A—1)

A

+
T
/

i
[CAS 608140-09-6]

1—Methylpyrrolidine (21 mL, 200 mmol) ¥} ethyl acetate(20 mL) 7}

=917 100 mL & vy Z2F2~ 39 1-bromopropane (27 mL, 300

mmol) & 7}stoh. 2ol 72 Al s<QF wAHbskt} ethyl acetate® 39

Y

o] AL & AFAE oA evaporators o]g3] LuiE AXAA IAAM
1A (41 g, 98%) 5 Ak !

MS (ED m/z = 128 (M"), m/z = 80 (M7). 'H NMR (500 MHz, dmso)
8 3.54 - 3.37 (m, 4H), 3.31 - 3.21 (m, 2H), 2.98 (s, 3H), 2.08 (s,
4H), 1.71 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H). '°C NMR (125 MHz, dmso)

0 65.07, 64.06, 48.19, 21.76, 17.28, 11.37.

1—Methyl—1—isopropylpyrrolidinium bromide (A—2)

Z+>=3]

n —
/ >
[CAS 1628944—-26-2]
1—Methylpyrrolidine (40 mL, 0.39 mol) 3 ethyl acetate (40 mL) 7}
=97F 500 mL &+ vFe Z8A~ 9] 2—bromopropane (110 mL, 1.17

mol) & Y=tk 70 TolA 72 AZF &<t wHEst}h ethyl acetate® 3W
37



g

o]} M F NFAE A evaporators o] &d] LS HAXAA v
TA (44 g, 54%) 5 Ao P

MS (ED) m/z = 128 (M"), m/z = 80 (M7). '"H NMR (500 MHz, cdsod)
8 3.70 — 3.41 (m, 5H), 2.91 (s, 3H), 2.33 — 2.19 (m, 4H), 1.44 (d, J
= 6.6 Hz, 6H). "C NMR (125 MHz, dmso) & 66.42, 63.67, 41.82,

21.74, 17.84.

1—-Butyl—1—-methylpyrrolidinium bromide (A—3)

(D

[\

SN [CAS 93457-69-3]

1—Methylpyrrolidine (21 mL, 200 mmol) #} ethyl acetate(20 mL)7}
507t T vty ZEkA~ 39 1-bromobutane (32 mL, 300mmol) <
7heteh, el A 72 AZF FF wHkstth ethyl acetate® 3®W o]AF A
%, X3 E A evaporatorg o] &3l &ulE UXRAA X 314 (39 g,
88%)5 A&t *

MS (ED m/z =142 (M"), m/z =80 (M"). 'H NMR (500 MHz, d,0) §
3.52 - 3.28 (m, 4H), 3.31 — 3.10 (m, 2H), 2.91 (s, 3H), 2.08 (s, 4H),
1.80 = 1.57 (m, 2H), 1.36 — 1.12 (m, 2H), 0.82 (t, J = 7.4 Hz, 3H).

BBC NMR (125 MHz, dmso) & 64.05, 63.52, 48.15, 25.63, 21.76,
38



20.02, 14.23.

1—Methyl—1—-pentylpyrrolidinium bromide (A—4)

()

N =

/ \_\_\
[CAS 833446—30-3]

1—Methylpyrrolidine (21 mL, 200 mmol) ¥} ethyl acetate(20 mL) 7}

S0zt T vy Zgk~Fel 1-bromopetane (37 mL, 300 mmol) &
7hgtt 50 CollA 48 AlZF “s<F wHEstt, ethyl acetate® 3 ©]7 A
%, AFdH A evaporatorgs ©lgd &lE AXAA A 1A (40 g,
85%) 5 det ¥

MS (ED m/z = 156 (M), m/z =80 (M"). 'H NMR (500 MHz, dmso)
6 3.56 - 3.36 (m, 4H), 3.32 - 3.25 (m, 2H), 2.98 (s, 3H), 2.08 (s,
4H), 1.76 — 1.64 (m, 2H), 1.40 — 1.21 (m, 4H), 0.90 (t, J = 7.2 Hz,
3H). 'C NMR (125 MHz, dmso) & 64.04, 63.67, 48.14, 28.73, 23.33,

22.36, 21.76, 14.46.
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1—-Hexyl—1—methylpyrrolidinium bromide (A—5)

N\ SIS

/ \_\_\;
[CAS 261719—-74-8]

1—Methylpyrrolidine (21 mL, 200 mmol) ¥} ethyl acetate(20 mL) 7}
o7t o3 vty E¢kA~Ae]| 1-bromohexane (42 ml, 300 mmol) <
7hgtet 70 CollA 48 A7 5?F wRkght} ethyl acetate® 3¥ o] A&
%, AFdH A evaporators ©lgd &ulE AxAA A 1A (33 g,
66%)5 A=t ¥

MS (ED m/z =170 (M), m/z =80 (M"). 'H NMR (500 MHz, dmso)
6 3.41-3.49 (m, 4H), 3.32 — 3.26 (m, 2H), 2.98 (s, 3H), 2.08 (s,
4H), 1.74 — 1.63 (m, 2H), 1.37 - 1.22 (m, 6H), 0.88 (t, J = 6.9 Hz,
3H). '°C NMR (125 MHz, dmso) & 64.04, 63.67, 48.14, 31.38, 26.26,

23.58, 22.58, 21.75, 14.55.

1—Ethylpyrrolidine

N
K [CAS 7335-06-0]

Ice bath <SFell4] 38% pyrrolidine (49.8 g, 0.7 mol) solution®] &7 500

40



mL 3—neck THY Z2AF 9] 50% NaOH (68 g, 0.84 mol) solution®}
bromoethane (76.6 g, 0.7 mol) S dropwiseZ FA]el 7}3pAA, 1 A7+
30 & B wrRkEn ¢kds] 74e v, EEES 60 TolA 24 AIF F
oF wHketLh 28l ¥ {758 #2l8Fal anhydrous Ko,COzZ A FA|ZIT)
ekl 100 T F2ellA T ek HAQl 1-ethylpyrrolidine (56 g, 81%)

g ged

MS (ED m/z =100 (M+1). '"H NMR (500 MHz, cdzod) & 2.64 — 2.44

(m, 61, 1.93 - 1.73 (m, 4H), 1.14 (t, J = 7.3 Hz, 3H).

1—Ethyl—1—-propylpyrrolidinium bromide (EPPBr)

()

NN
_/

[CAS 187144—44-1]
1—Ethylpyrrolidine (11 g, 0.11 mol) ¥ ethyl acetate (25 mL) 7} &7+
T vte Zgk A9 1-bromopropane (20 mL, 0.22 mol) S Y=t}
70 CelA 72 AJZF §<QF wHEST}, ethyl acetate® 3W o] A &
A5 H el evaporatorE ©l&a &wiE AxAIA A 1A (14 g,
57%)5 A=t ™
MS (ED m/z = 142 (M), m/z = 80 (M"). 'H NMR (500 MHz, dmso)
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8 3.44 (d, J= 1.4 Hz, 4H), 3.28 (dd, J = 8.3, 6.1 Hz, 2H), 3.15 (dd, J
= 8.6, 5.8 Hz, 2H), 2.04 (s, 4H), 1.63 (dd, J = 14.4, 7.3 Hz, 2H), 1.21
(dd, J = 8.9, 5.4 Hz, 3H), 0.91 (td, J = 7.2, 2.5 Hz, 3H). "’C NMR

(125 MHz, dmso) ¢ 62.27, 60.21, 54.71, 22.08, 16.75, 11.30, 9.16.

4—-FEthyl—4 —methylmorphol—4 —inium bromide (MEMBr)

ey
O

L

NN
/" [CAS 65756—41—4]

4—methylmorpholine (25mL, 0.23 mol) ¥} ethyl acetate(10 mL)7}
S0l 250 mL & vtY =2t A 9] bromoethane (34 mL, 0.46 mol)

U=t Ao 72 AlZF FoF wHESkT} ethyl acetate@ 3W o] A&

O

| |SulE AXAA A 1A (41 g,

ol

T, Ao evaporatorgs o] &
85%) 5 At ®

MS (ED m/z = 130 M"), m/z =80 (M7). '"H NMR (500 MHz, dmso)
8 4.01 - 3.83 (m, 4H), 3.60 - 3.45 (m, 2H), 3.39 (t, J = 4.5 Hz, 4H),
3.09 (s, 3H), 1.25 (t, J = 7.3 Hz, 3H). ""C NMR (125 MHz, dmso) §

60.51, 59.98, 59.11, 46.05, 7.60.
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1—Ethylpyridinium bromide (C—1)

[CAS 1906—-79-2]
Pyridine (40 mL, 0.49 mol) ¥} ethyl acetate(20mL)7} E9i%l+= T
vle Z2k A~ 39 bromoethane (72mL, 0.98 mol) & 7}stt}. A2oA 72
AlZE FQF wHEEt}E ethyl acetate® 3¥H o]} A2 3 2 FALE] oA
evaporatorg o] g3 &vlE AXAA AN 1A (61 g 66%)F S 1O
MS (ED m/z = 108 (M"), m/z = 80 (M"). '"H NMR (500 MHz, cdsod)
6 9.06 (d, J = 5.8 Hz, 2H), 8.62 (t, /= 7.8 Hz, 1H), 8.14 (t, / = 6.9
Hz, 2H), 4.72 (q, J = 7.4 Hz, 2H), 1.68 (t, J = 7.4 Hz, 3H). "°C NMR

(125 MHz, dmso) & 146.09, 145.25, 128.76, 57.02, 17.05.

1—Ethyl—4 —methylpyridinium bromide (C—2)

N+
3
K:?]
[CAS 32353—49—4]
4—methlypyridine (25 mL, 258 mmol) ¥} ethyl acetate(15 mL)7}

S0P = T2 vk Z8F AT bromoethane (30 mL, 387 mol) S 7}3tt},
2

ol 96 A7t F<F wHESHT} ethyl acetate® 3W o] A T
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el A evaporators o]&d &wWE AXAIA AN 1A (46 g,
88%) 5 dErh *

MS (ED) m/z = 122 (M"), m/z = 80 (M"). '"H NMR (500 MHz, cdsod)
8 8.84 (d, J = 6.5 Hz, 2H), 7.95 (d, J = 6.1 Hz, 2H), 4.63 (q, J = 7.4
Hz, 2H), 2.69 (s, 3H), 1.64 (t, J = 7.4 Hz, 3H). ""C NMR (125 MHz,

dmso) & 159.29, 144.23, 129.01, 56.03, 22.05, 17.06.

1—-Ethyl—-3—methylpyridinium bromide (C—3)
7
N

=

[CAS 54778—-76—6]
3—methlypyridine (25 mlL, 258 mmol) ¥} ethyl acetate(15 mL)7}
Sol9le T2 vty ZgtA 39 bromoethane (30 mL, 387 mmol) <

7}ttt Ao A 96 AlZF FQF wwHEETh ethyl acetate® 3 o] A&

O

| |ulE AxXAA A 1A4(38 g,

ot

T AF4e oA evaporatorgs o] &
73%) % Ak

MS (ED) m/z = 122 \M"), m/z = 80 (M7). '"H NMR (500 MHz, dz0) ¢
8.59 (s, 1H), 8.53 (s, 1H), 8.23 (d, J = 7.9 Hz, 1H), 7.80 (s, 1H),
4.56 — 4.43 (m, 2H), 2.42 (s, 3H), 1.56 — 1.40 (m, 3H). "C NMR

(125 MHz, dmso) & 146.34, 144.79, 142.44, 139.35, 128.04, 56.78,
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18.56, 17.04.

1—-Ethyl—2—methylpyridinium bromide (2—MEPyBr)

@\
N+ |
N -

K-Al

[CAS 32353—-50-"7]

2—methylpyridine (100 mL, 1.01 mol) ¥} ethyl acetate(50 mL)7}
S0t 2 vbe =2} A 39 bromoethane (150 mL, 2.02 mol) S ¥+
Ao A 72 AlZF ‘&9l wWESHU} ethyl acetate® 3¥ oA} A& &
S E A evaporatorE o] &3] SwlE HFAIA A 1A (43 g,
21%) 5 A=t} 10
MS (ED m/z = 122 M), m/z = 80 (M"). 'H NMR (500 MHz, cdsod)
0 893 (d, J=4.4 Hz, 1H), 8.45 (t, J = 7.8 Hz, 1H), 8.01 (d, J = 8.0
Hz, 1H), 7.94 (t, J = 6.9 Hz, 1H), 4.67 (m, 2H), 2.91 (s, 3H), 1.61 (t,
J = 7.3 Hz, 3H). ¥C NMR (125 MHz, dmso) & 155.71, 145.70,

130.55, 126.43, 53.50, 20.16, 15.71.
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3) Az FAA FA

(i) AAdE &=
A-6

Pyrrolidine A4 3}$-% (300 mmol) & ethyl acetate(50 mL)7}F &3+
s vte EgkAAef alkyl bromide (360 mmol)& 7Fetth. Ao A 48
AlZE EQF wHESET ethyl acetate® 3W o] AL F, FFAH A
evaporators ©l&3 &mlE AxAA A uA(77%) = L=t
MS (ED m/z = 144 (M), m/z = 80 (M"). 'H NMR (500 MHz, d»0) o
3.84 — 3.71 (m, 2H), 3.47 (ddd, J = 12.8, 4.8, 2.4 Hz, 6H), 3.29 (s,

3H), 2.98 (s, 3H), 2.10 (s, 4H).

A-7

PyrrolidineAld 33E (160 mmol) & ethyl acetate(12 mL)7} {7+
T vt EgkA Ao alkyl bromide (200 mmol)& ice bath <kefA]
dropwise® 7}stt}. Alkyl bromide”} ©F Eo17bd, A2ollA 6 A|ZF &<t

HEskt}, ethyl acetate® 3 o] A2 &, XA e A evaporators

|:4

ol g8 FulE HERAA AEETAN 1A (74%) S =1}
MS (ED m/z = 130 \MY), m/z =80 (M"). 'H NMR (500 MHz, d,0) &

4.50 (s, 2H), 3.56 (s, 3H), 3.51 — 3.21 (m, 4H), 2.96 (s, 3H), 2.08 (s,
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4H).

A-8
Pyrrolidine A4 3% (390 mmol) & ethyl acetate(70 mL)7}F &3+
T vie Z2kA 39 alkyl bromide (480 mmol) S ice bath QFefA

dropwise@® 7}gtt}. Alkyl bromide”’} © &¢{7Fd, 50 CTolA 72 Azt

A

F<Fb wHESIT}.  ethyl acetate® 3¥H o] A& I ZFAE A
evaporators ©| &8 €& AXAA =HA TA(85%)E d+=t}
MS (EI) m/z = 158 \M"), m/z =80 (M"). 'H NMR (500 MHz, d.,0) ¢

3.98 — 3.75 (m, 2H), 3.67 — 3.32 (m, 8H), 2.99 (s, 3H), 2.11 (s, 4H),

1.10 (td, J = 7.1, 2.5 Hz, 3H).

A-9

Pyrrolidine A4 3}3H&E (300 mmol) ¥} ethyl acetate (30 mL)7}F 593+

T vte Z8F AT alkyl bromide (450 mmol) S 7}kl Ao A 6
A ZF Zob wHlslt) ethyl acetate® 3¥ o] A& S 21 FA | o A

evaporatorS o] g3 €S AXAA I 14 (85%) S A=)

MS (ED m/z = 130 MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)
8 5.28 (s, 1H), 3.84 (s, 2H), 3.52 (s, 6H), 3.48 — 3.40 (m, 2H), 3.05
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(s, 3H), 2.08 (s, 4H).

A-10
Alkyl bromide (100 mmol) ¥ ethyl acetate(50 mL) 7} €17t 5 af=t

ZetA Ao pyrrolidineZAlE 3F3HE (150 mmol) & 7FSoh, A2 oA 72

A 7F Z<F wHlksith Diethyl ether® A Il acetonitrile® 274 3o},
XA evaporatorg ©o|&8 fwlE AFXAA v 1A (84%) =

2
rir

.

MS (ED) m/z = 158 (\M"), m/z =80 (M"). 'HNMR (500 MHz, ds0) &
3.52 (t, J = 7.6 Hz, 2H), 3.47 — 3.35 (m, 4H), 2.92 (s, 3H), 2.79 (s,

1H), 2.72 (t, J = 7.3 Hz, 2H), 2.10 (s, 4H).

A-11

Pyrrolidine A4 3}$H& (267 mmol) & ethyl acetate(30 mL)7}F &3+

r

vlet =2 A~ 39 alkyl bromide (400 mmol) & 7}Fstt}. 40 CTeollA 72

of

=9l Wwhlt} ethyl acetate® 3¥W o]AF A2 Z X FAFE]of A

Y
s

]
evaporatorgs o] &3 €wWE AZXAA A 14 (90%) 5 L=t}
MS (ED m/z = 144 (MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)

8 5.31 (s, 1H), 3.79 (s, 2H), 3.63 — 3.44 (m, 4H), 3.43 — 3.33 (m,
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4H), 2.04 (s, 4H), 1.24 (t, J = 7.0 Hz, 3H).

A-12

PyrrolidineAld 33+ (84 mmol) 2 ethyl acetate(20 mL)7} E°]%t
100 mL & vy Z8kA~39] alkyl bromide(126 mmol) S 7}st}.
Alkyl bromide”} Tk Fol7bd, A&olA 72 AlZF FF wyIEtth Ethyl
acetate® 3W o] AL 5 XFAEolA evaporatorE ol&a EWE
AxXAA AN 1A 4T7%) 5 A=t

MS (ED m/z = 128 (M"), m/z = 80 (M"). 'H NMR (500 MHz, dmso)
6 3.49 — 3.38 (m, 4H), 3.28 (dq, J = 10.4, 3.6 Hz, 4H), 2.04 (d, J =

1.5 Hz, 4H), 1.21 (td, /= 7.2, 1.7 Hz, 6H).

A-13
Aqueous NaOH(8 g, 200 mmol) solution?} dibromoalkane (280 mmol)

E359] pyrrolidineAl¥d 3% (190 mmol) & dropwise® 7}3tt}. 30
= &< refluxstt). WESo] 4 & 213|311 aqueous NaOH solution®=
A=t F715S CH.CLE FH3Fal diethyl etherE 2ol IAS wEw

I HAAS AEY. €95 evaporator®Z EH . wAl 7 A (78%) =

MS (ED m/z = 126 \M"), m/z =80 (M). 'H NMR (500 MHz, cdsod)

49



6 3.58 (t, J= 7.1 Hz, 8H), 2.23 (s, 8H).

A-14-0

Ice bath QFellA pyrrolidineAl?d %3+ (140 mmol) solution®] w31
500 mL 3—neck THFE Z2FA~39 50% NaOH(8.8 g, 220 mmol)
solution¥} alkyl bromide(0.17 mol) & dropwise® sA|el] 7}spHE A, 1

AZE 30 A sob wkehth ehs] vhek v, e 60 TellA 24 A

MS (ED) m/z = 130 (M+1). 'H NMR (400 MHz, DMSO) & 3.40 (t, J
= 6.1 Hz, 2H), 3.23 (s, 3H), 2.54 (t, J = 6.1 Hz, 2H), 2.46 — 2.39 (m,

4H), 1.71 — 1.61 (m, 4H).

A-14
A—14-0 (100 mmol) ¥} ethyl acetate (50 mL) 7} S°]%F 100 mL =
viet Z2t AT alkyl bromide (150 mmol) 2 7}3Fc}, 40 TCollA] 48 A7+

Zol wHFsltl Ethyl acetate® 3Wl o)A A& & A

ok

el of] A
evaporatorg ©|&3] &vlE AXAIA AW 34 (74%) 5 I+=1}
MS (ED) m/z = 158 (\M"), m/z =80 (M"). 'HNMR (500 MHz, ds0) &

3.73 (s, 3H), 3.51 - 3.40 (m, 6H), 3.33 — 3.27 (m, 4H), 2.05 (s, 4H),
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1.21 (t, J = 6.5 Hz, 3H).

A-15
A—14-0 (100 mmol) ¥} ethyl acetate (10 mL) 7} E°]zF 100 mL &

vtk ZgkAFe] alkyl bromide (300 mmol) S 7}l A& oA 48 A7+

ok

<k wwkelth  Ethyl acetate® 3¥ o] S & A F7dH oA
evaporatorg °o]&3l §ulE HUZAA AN 14 (36%)E B=Th

MS (ED m/z =172 M"), m/z = 80 (M7). '"H NMR (500 MHz, dmso)
8 3.70 (s, 2H), 3.60 — 3.41 (m, 6H), 3.30 (s, 3H), 3.26 — 3.18 (m,
2H), 2.04 (s, 4H), 1.66 (tt, J = 15.0, 7.4 Hz, 2H), 0.89 (t, J = 7.3 Hz,

3H).

A-16
A—14—-0 (100 mmol) ¥ ethyl acetate(50 mL) 7} E¢J7F 100 mL 5+

el Zt AT alkyl bromide (300 mmol) S 7}3kc}, 40 TCollA] 48 A7+

ok

Tk wHsttE Ethyl acetate® 3¥ ol AL & AFdE A
evaporatorg ol &3 &wlE XAA I 1A (56%)F F+=t

MS (ED m/z= 186 (M"), m/z = 80 (M"). '"H NMR (500 MHz, d»0) &
3.73 (s, 2H), 3.53 - 3.37 (m, 6H), 3.28 (s, 3H), 3.25 - 3.14 (m, 2H),

2.05 (s, 4H), 1.59 (tt, J = 8.0, 4.9 Hz, 2H), 1.25 (ddd, J = 14.8, 7.4,
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2.5 Hz, 2H), 0.82 (td, J = 7.4, 2.5 Hz, 3H).
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A-17

A-14-0 (270 mmol) #} ethyl acetate(30 mL)7} &3t S whe

Z&tA 0l alkyl bromide (405 mmol) & 7Fstth, 40 CollA 24 A7 <t
WRESETE, Ethyl acetate® 3W o] A& & XA Hl oA evaporators

olg3l &WE UxAIA AA 1A (B7%)E =T

MS (ED m/z = 188 (M"), m/z =80 (M"). 'HNMR (500 MHz, d,0) §

3.73 (d, J = 4.0 Hz, 4H), 3.52 (dd, J = 11.5, 6.4 Hz, 8H), 3.27 (s, 6H),

2.07 (s, 4H).
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(ii) B A€ 3gE&E
B—-1

Morpholine A4 3}&-& (300 mmol) # ethyl acetate(10 mL) 7} &3+

r

!

RV

= Zg}AFe] alkyl bromide (400mmol) 2 Y=t} Ab2olA 72

A

ok

Al

e

&

0

WREStTE Ethyl acetate® 3W o] A 5 34 E oA
evaporators ©| &3l SwjE AXAIA AN 74 (15%) 5 D=t}

MS (ED m/z = 144 (M), m/z =80 (M"). 'H NMR (500 MHz, dmso)
8 3.97 — 3.86 (m, 4H), 3.44 - 3.36 (m, 6H), 3.12 (s, 3H), 1.66—1.74

(m, 2H), 0.92 (t, J = 7.3 Hz, 3H).

B-2

Morpholine A4 3}3= (300 mmol) ¥ ethyl acetate(10 mL) 7} &%+

r

nie Z2} A9 alkyl bromide (400 mmol) & Y&t 204 72

offl

S~
o~
ok

]3F &<_F wHEstth Ethyl acetate® 3W o] A& 3 a7t H oA
evaporators ©| &3] SvlE AXAIA AN 14 (8%)E I+=T}.

MS (ED m/z = 158 (M), m/z =80 (M"). 'H NMR (500 MHz, dmso)
6 3.92 (s, 4H), 3.49 - 3.36 (m, 6H), 3.12 (s, 3H), 1.73 — 1.60 (m,

2H), 1.40 - 1.25 (m, 2H), 0.95 (t, J = 7.3 Hz, 3H).
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B-3

MorpholineZAlg &3HE (400mmol) # ethyl acetate (20 mL)7} 513t

r

vtk ZgkAFo) alkyl bromide (500mmol) & E&=th AboA 72

of

A

ok

e el A

S
e

17t %<F wHkslth Ethyl acetate® 3W o] AL & A
evaporatorg ©| 838l &ulE AXAIA AN 1A (16%)E =Tt

MS (ED) m/z = 172 \M"), m/z =80 (M"). 'H NMR (500 MHz, dmso)
8 3.91 (s, 4H), 3.42 (t, /= 8.1 Hz, 6H), 3.12 (s, 3H), 1.76 — 1.62 (m,

2H), 1.41 - 1.23 (m, 4H), 0.90 (t, J = 7.2 Hz, 3H).

B-4

Morpholine A€ 3}3= (100 mmol) ¥ ethyl acetate (20 mL) 7} &%+

r

e Zgk Ao alkyl bromide (150 mmol) & ¥t} 50 CollA 48

offl

, A3 E oA

S
L
o

|7F &<k wmWkett}h. Ethyl acetate® 3W o] A&
evaporators ©l-&3 §WE UxXAIA AN A 0D E L=

MS (ED m/z= 186 (M"), m/z = 80 (M"). '"H NMR (500 MHz, ds0) &
3.92 (s, 4H), 3.53 — 3.27 (m, 6H), 3.06 (s, 3H), 1.78 — 1.53 (m, 2H),

1.34 = 1.08 (m, 6H), 0.76 (t, /= 7.0 Hz, 3H).
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B-5

Morpholine A4 3}3= (200 mmol) ¥ ethyl acetate(20 mL) 7} &%+

r

e Zgk Ao alkyl bromide (200 mmol) & Y=t} 40 CollA 48

of

S
e

17+ &<k wHEskt} Ethyl acetate® 3W o] A & A FA e oA
evaporatorg °o]&3l §ulE AXAA AN 1A (5%)E T

MS (ED m/z = 158 (M"), m/z = 80 (M7). 'H NMR (500 MHz, dmso)
8 3.91 (s, 4H), 3.39 (dd, J = 5.6, 3.5 Hz, 4H), 3.29 (ddd, J = 13.6,
9.0, 3.5 Hz, 2H), 3.11 (s, 2H), 1.67 (s, 2H), 1.31 (s, 3H), 0.88 (t, J =

6.9 Hz, 3H).

B-6

MorpholineZAlg &3HE (300mmol) # ethyl acetate(10 mL)7} 3t

T vte Z8kA~3ef alkyl bromide (400 mmol) S Yith A2 72
A ZF Zob wHksttl, Ethyl acetate® 3% oA RS 3 ZFA | o A

evaporators ©o| €3 SwlE AZXAIA AN 14 (2%)5 A=t}
MS (ED m/z = 144 (MY, m/z =80 (M"). 'HNMR (500 MHz, ds0) &
3.91 (s, 4H), 3.39 (ddd, J = 17.1, 11.7, 5.8 Hz, 8H), 1.32 - 1.05 (m,

6H).
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B-7

Morpholine A4 3}3H= (120 mmol) ¥ ethyl acetate(30 mL) 7} &%+

r

vtk ZgkAFo) alkyl bromide (180 mmol) & Y=t} 204 72

of

=9l wwhslt}, Ethyl acetate® 3¥ o] A T I e oA

S
e

|
evaporatorg ©|&3l §WlE UEzAA AT 1A (14%)E d=Th

MS (ED m/z = 160 (M"), m/z = 80 (M"). '"H NMR (500 MHz, dmso)
8 3.91 (s, 4H), 3.78 (d, J = 3.8 Hz, 2H), 3.73 - 3.68 (m, 2H), 3.54 -

3.39 (m, 4H), 3.29 (s, 3H), 3.19 (s, 3H).

B-8

Morpholine A4 3}3= (300 mmol) ¥ ethyl acetate(30 mL) 7} &%+

r

T kg 8k~ A9] 2—-bromoethylmethyl ether (360 mmol) & ¥t}
oA 72 AZF FQF wHbdth Ethyl acetate® 3W o] AL T
A5 ellAl  evaporators  o]&d  fWlE  AFAA 0 JdEEH
1A (1%)E A=t

MS (ED m/z = 174 (M), m/z = 80 (M"). 'H NMR (500 MHz, dmso)
8 3.91 (s, 4H), 3.76 — 3.65 (m, 4H), 3.64 — 3.55 (m, 2H), 3.41 —

3.50 (m, 4H), 3.29 (s, 3H), 1.20 (t, J = 7.0 Hz, 3H).
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B-9
MorpholineAlE 3}&-& (300 mmol) # ethyl acetate(30 mL) 7} &3+

vie Zgk A3 alkyl bromide (450 mmol) & Y=t} 40 CollA 48

offt
rl

=9l wwhslt}, Ethyl acetate® 3¥ o] A T I e oA

-

S
e

|

evaporators o] &3 SwWE AZXAA M 1A (82%)5 L=t}
MS (ED m/z = 146 (MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)

8 5.32 (d, J= 3.2 Hz, 1H), 3.90 (d, J = 24.6 Hz, 6H), 3.75 - 3.38 (m,

6H), 3.22 (s, 3H).
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(i) DAL FFE
D-1

PiperazineAld 3}3% (100 mmol) ¥} ethyl acetate (10 mL) 7} £
T vty EgkA=e] ice bath P4 alkyl bromide (300 mmol) &
dropwise® 7}stt}. AF2ox 24 A|ZF &<F wAHkstt} Ethyl acetate®
3 ol AL 3, XFAE A evaporatorEs ©] &3 &vWlE TRAIA
A 1A (94%) 5 A=tk
MS (ED m/z = 143 (M), m/z =80 (M"). 'H NMR (500 MHz, dmso)
6 3.50 — 3.32 (m, 6H), 2.99 (s, 3H), 2.77 — 2.56 (m, 4H), 2.27 (s,

3H), 1.24 (t, /= 7.3 Hz, 3H).

D-2

PiperazineAld 3}3%E (400 mmol) ¥} ethyl acetate (35 mL) 7} E93l

r

vlet =2~ alkyl bromide (800 mmol) & 7}Fstt}. 40 CTeollA 24

of

N
s

17F &<k wHEskT}. Ethyl acetate® 3W o] A & X FA e oA
evaporatorg °o]&3l §ulE AZAA AN 14 (58%)E B=Th

MS (ED) m/z = 157 \M"), m/z = 80 (M"). '"H NMR (500 MHz, dz0) ¢
3.45 — 3.12 (m, 6H), 2.98 (s, 3H), 2.73 (d, J = 22.0 Hz, 4H), 2.25 (s,
3H), 1.76 - 1.53 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H).
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D-3

Piperazine Al 3}3HE (400 mmol) ¥ ethyl acetate (35 mL) 7} Eoi3+=
T vtg ZekAFe alkyl bromide (800 mmol) & 7ttt 48 AlZF &<
reflux¥tth.  Ethyl acetate® 3WH o] A& 3 A H A
evaporatorg ©|g3l] &ulE AXAIA A 1A (15%) 5 A=t

MS (ED m/z =157 (M"), m/z =80 (M"). 'HNMR (500 MHz, ds0) §
3.35 (t, J = 27.7 Hz, 4H), 2.82 (s, 5H), 2.72 — 2.54 (m, 3H), 2.25 (s,

3H), 1.28 (d, J = 6.5 Hz, 6H).

D-4

PiperazineAd¥ 3}%+= (150 mmol) 3 ethyl acetate(10 mL) 7} 3+

r

vtk ZgkA~ 3] alkyl bromide (180 mmol) S 7}3tt). A0 A 48

of

N
s

1ZF &<t wHESko}h, Ethyl acetate® 3W o] AL 3, X 7dE oA
evaporatorg °|&3l §WiE dE=AA A4 1A (13%)E F=Th

MS (ED m/z = 173 (M"), m/z = 80 (M"). '"H NMR (500 MHz, dmso)
8 3.77 (d, J = 4.1 Hz, 2H), 3.63 (d, J = 4.6 Hz, 2H), 3.44 (s, 41),
3.30 (s, 3H), 3.10 (d, J = 2.8 Hz, 3H), 2.76 — 2.59 (m, 4H), 2.26 (s,

3H).
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D-5

PiperazineAd¥ 3}%+= (100 mmol) 3 ethyl acetate(10 mL) 7} 3+

r

vt Zgk A~ 3] alkyl bromide (100 mmol) S 7}kl 204 72

of

A

i
L

|12t F<F wHkstth Ethyl acetate® 3W o]} A2 . e oA
evaporatorg ol &3 &wlE XA A I 1A (40%) = E=H

MS (ED m/z =159 (M"), m/z =80 (M ). '"H NMR (500 MHz, dz0) §
3.96 (s, 2H), 3.57 — 3.34 (m, 6H), 3.10 (s, 3H), 2.75 (s, 4H), 2.25 (s,

3H).

D-6

PiperazineAl¥ 3} (300 mmol) 2t ethyl acetate(120 mL)7}
Sole T wte ZEkAFe ice bath <Al alkyl bromide(600
mol) & dropwise® 7}stt}, AF&eox 3 AlZF s<QF mAEkstY Ethyl
acetate® 3% ol A 5, AFAH A evaporators °]&3 &vE
AxAA AN 14 (53%) 5 At

MS (ED m/z = 141 (M"), m/z = 80 (M"). '"H NMR (500 MHz, dmso)

6 3.31 - 3.11 (m, 8H), 3.08 - 2.89 (m, 6H), 1.22 (t, J = 7.3 Hz, 3H).
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D=7
Piperazine A9 3}$% (300 mmol) ¢ ethyl acetate (25 mL) 7} 53+
T vty ZgAF9] icebath <¢FoAl  alkyl bromide (800 mmol) <

dropwise® 7}ttt Ad2 oA 3 AZF &<k wWHESICE Ethyl acetate® 3W

A
>

ol AL &, HAFAH A evaporators o]&sl] fulE AXAA A

1A (B7%)E A=t
MS (ED) m/z = 155 M"Y, m/z =80 (M"). 'H NMR (500 MHz, ds0) &
3.27 (s, 6H), 3.07 (s, 8H), 1.78 - 1.53 (m, 2H), 0.84 (td, J = 7.3, 3.1

Hz, 3H).
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(iv) EAIE 3EE
E-1

Alkyl amineAl¥ 3}3HE (207 mmol) ¥ ethyl acetate(15 mL)7}

:

Sol9de T2 vty Z8kAF9] alkyl bromide(310 mmol) S 7}3kt},
24 96 AIZF &b wHFSITE Ethyl acetate® 3¥ o] A F,

HEe oA evaporatorg ©o|&d fwlE AFAA AN 1A (95%) =

MS (ED m/z= 116 \M"), m/z =80 (M). 'H NMR (500 MHz, cdsod)

8 3.37 (q, J= 7.3 Hz, 6H), 2.98 (s, 3H), 1.40 - 1.29 (m, 9H).

E-2

Alkyl amineAl¥ 3}3HE (400 mmol) ¥ ethyl acetate(30 mL)7}

:

Sol9le T2 vY Z8AF9] alkyl bromide (620 mmol) S  7}3Ft}.
24 96 AIZF &b wHFSITE Ethyl acetate® 3¥ o] A F,

XA evaporatorg ©o|&d fwlE AFXAA AN 1A (29%) =

MS (ED m/z = 130 MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)

8 3.20 (q, J = 7.3 Hz, 8H), 1.28 — 1.05 (m, 12H).
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E-3
Alkyl amineAl¥ 3}3HE (150 mmol) ¥ ethyl acetate(10 mL) 7}

Q= T vy =g A3 alkyl bromide (160 mmol) S 7}3kt},

il
Mo 2

0,

ol 72 AZF Z<¢l wwislth Ethyl acetate® 3¥ o)A A& T

=
ok
™
2k

JEjoll A evaporatorgE ©l&d SwlE HUFAIA A 1A (94%) =

2
rir

=
MS (ED m/z = 118 (MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)
8 3.75 (d, J = 2.5 Hz, 2H), 3.55 (dd, J = 9.3, 6.2 Hz, 2H), 3.34 (s,

3H), 3.11 (s, 9H).

E—-4
Alkyl amineAl¥ 3}3HE (200 mmol) ¥ ethyl acetate(60 mL)7}

= T vy =gt A3F9 alkyl bromide (240 mmol) S 7}3kt},

il
o 2

0,

ol 48 AlZF Z<¢l wwislth Ethyl acetate® 3¥ o)A A& 3

=
ok

el A evaporatorg o|&d SwlE HAFAIA A 1A (49%) =

2
rir

=
MS (ED m/z = 132 (MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)
8 3.72 (s, 2H), 3.55 — 3.45 (m, 2H), 3.37 (qd, J = 7.2, 1.7 Hz, 2H),

3.29 (d, J = 0.5 Hz, 3H), 3.01 (s, 6H), 1.23 (t, J = 7.1 Hz, 3H).
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E-5

Alkyl amineZld 3}EE (500 mmol) ¥} ethyl acetate(70 mL)7}
509+ T vty ZEkA A alkyl bromide (750 mmol) & 7}t
40 CoA 72 A+ &<t wHESTE ethyl acetate® 3WH o] A2 &

XA evaporatorg ©o|&d fwlE AFXAA AN 1A (18%) =

2
rir

=
MS (ED m/z = 160 (MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)
8 3.69 (s, 2H), 3.49 — 3.37 (m, 3H), 3.29 (dd, J = 8.2, 6.1 Hz, 8H),

1.17 (t, J= 7.0 Hz, 9H).

E-6

Ethyl acetate® 3W o] A2 F X3 EolA] evaporatorg ©] &3l
s AxAA A 1A (73%)E Fth

MS (ED m/z = 104 (M"), m/z =80 (M"). 'H NMR (500 MHz, dmso)
8 5.28 (dd, J = 5.8, 3.7 Hz, 1H), 3.83 (s, 2H), 3.54 — 3.39 (m, 2H),

3.13 (s, 9H).
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E-7

Alkyl amineAl¥ 3}3HE (200 mmol) ¥ ethyl acetate(20 mL) 7}

Eol9le T vig ZgkA~ 9] alkyl bromide (100 mmol) S 7}stc}
Ao 72 AZF E<F wHksith Ethyl acetate® 3W oAy AL &

X2 o A evaporatorg o] &8 fwlE AFXAA AN 1A (19%) =

MS (ED m/z = 146 MY, m/z =80 (M"). 'HNMR (500 MHz, ds0) &

3.86 (s, 2H), 3.35 - 3.18 (m, 81D, 1.16 (t, /= 6.4 Hz, 9H).

E-8

5—membered aromatic heterocycleAld &&E(110 mmol) S
acetonitrile (20 mL)°l <9 %, alkyl amineAld 3}3% (110 mmol) 3}
ol 3 AZF &<t reflux Skt Tertiary alkyl ammonium bromide (100
mmol) Z} acetonitrile (100 mL)<S &< dHY ZHgide] Yi 5-

membered aromatic heterocycleZld 3$}3&E3 N, N—diisopropylethyl

o

A=

R

amine =3%&ES 7Fstty 72 AIZF E<F reflux dth HAE

i

acetonitrile® A2 ¥ ZFAE A evaporatorE o]g3 £
AZANA v 3A4(11%) 5 A=t}

MS (ED m/z = 154 (MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)
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8 9.60 (s, 1H), 8.03 (s, 2H), 4.86 (t, J = 6.4 Hz, 2H), 4.06 (t, J = 6.5

Hz, 2H), 3.21 (s, 9H).

E-9

6—membered aromatic heterocyclelld  3}%% (35 mmol) &
acetone (10 mL)°] =<9 ¥, alkyl amineA¥ 3} & (107 mmol) &
ice bath QtellA 7Fgtth. A2elA 72 A+ F<b wyrdt. &
evaporator® 9% 3 acetonitrile: Et,O (1 : 10) & A=t &4
1AL acetonitrile® =<9 ¥ 50% aqueous NaOH solutione

ol gkl AL f7]

ol

= F=%v. Evaporator® &WE E9d F,
ALETA uA(28%) 5 LTt

MS (ED) m/z =151 (M"), m/z = 80 (M"). '"H NMR (500 MHz, cdzod)
8 8.82 - 8.61 (m, 1H), 7.98 (td, 7 = 7.7, 0.8 Hz, 1H), 7.75 (d, J =

7.7 Hz, 1H), 7.56 (dd, J = 4.0, 3.0 Hz, 1H), 4.69 (s, 2H), 2.92 (s, 9H).
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(v) FAE 33FE
F-1

Piperidine A2 3+3HE (300 mmol) 3 ethyl acetate(10 mL) 7} 591%)

r

vtk Zg}k A9 alkyl bromide (400 mmol) & 7}3tch 50 ColA 72

of

S
Fi

]2 F<F wHEEth Ethyl acetate® 3W o] A& 5 XA H| ol A
evaporatorg ©|&3d| &wlE AXAA M 1A (7T7%)E L=t

MS (ED m/z =128 (M"), m/z =80 (M"). 'HNMR (500 MHz, ds0) §
3.28 (qd, J = 7.3, 2.2 Hz, 2H), 3.19 (t, J = 5.8 Hz, 4H), 2.87 (s, 3H),
1.75 (d, J= 1.8 Hz, 4H), 1.63 — 1.46 (m, 2H), 1.21 (ddd, J = 9.2, 5.2,

1.9 Hz, 3H).

F-2

PiperidineAl¥d 3}3E (109 mmol o] 9= T vty ZgpAzo
alkyl bromide (330 mmol) & 7}gtt}. 50 CollA 48 AlZF F<F wyksht}
Ethyl acetate® 39 o] AL & AFAE A evaporators ©| £
s AxAA A 1A (19%)E L=t

MS (ED m/z = 156 (M"), m/z = 80 (M"). 'H NMR (500 MHz, cdsod)
6 3.41-3.45 (m, 2H), 3.39 - 3.34 (m, 4H), 3.29 - 3.22 (m, 2H),

1.90 (s, 41D, 1.78 = 1.66 (m, 4H), 1.34 - 1.27 (m, 3H), 1.04 (t, J =
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7.3 Hz, 3H).

F-3

Piperidine A€ 3}3t= (365 mmol) #} ethyl acetate (30 mL) 7} 23+

r

et Zek Ao alkyl bromide (555 mmol) S 7}stth 50 CellA 48

of

9
s

17+ &<k wHEskt}, Ethyl acetate® 3W o] A & A FA e oA
evaporatorg ©|83dl &ulE AxAIA AW 1A (50%)E A=t

MS (ED) m/z = 142 (MY, m/z = 80 (M"). '"H NMR (500 MHz, cdzod)
8 3.41 (q, J = 7.3 Hz, 4H), 3.38 — 3.33 (m, 4H), 1.90 (s, 4H), 1.72

(m, 2H), 1.36 - 1.23 (m, 6H).

F-4

Piperidine AlE 3+3%E (100 mmol) ¥} ethyl acetate(10 mL) 7} 53+

r

vtk ZgkA~ 3] alkyl bromide (120 mmol) S 7}3tc). A0 A 48

oft

S
N

|12t F<F wmHkskth Ethyl acetate® 3W o]} AL T e oA
evaporatorg °o]&3l §ulE AZAA AN 1A (59%)E B=Th

MS (ED m/z = 158 (M"), m/z = 80 (M7). 'H NMR (500 MHz, dmso)
8 3.76 (d, J = 3.9 Hz, 2H), 3.67 — 3.51 (m, 2H), 3.45 — 3.33 (m,

4H), 3.30 (s, 3H), 3.06 (d, J = 2.9 Hz, 3H), 1.92 - 1.66 (m, 4H), 1.65
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- 1.42 (m, 2H).

F-5

Piperidine A€ 3}3t& (100 mmol) ¥} ethyl acetate (10 mL) 7} 593+

r

vt Zgk A~ 3] alkyl bromide (100 mmol) 2 7}kl 204 72

oft

Y
N

12t F<F wmHkstth Ethyl acetate® 3W o]} AL & e oA
evaporatorg °o]&3l §ulE UFZAA AN 1A (52%)E d=Th

MS (ED) m/z = 144 \M"), m/z = 80 (M7). '"H NMR (500 MHz, dz0) ¢
3.94 (s, 2H), 3.41 (dd, J = 5.9, 4.4 Hz, 2H), 3.30 (dtd, J = 18.1, 12.3,

5.7 Hz, 41, 3.02 (s, 3H), 1.78 (s, 4H), 1.63 — 1.45 (m, 2H).
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(vi) GAIE 3FF=E

G—-1-0

PyrrolidineAld 33+ (100 mmol) % ethyl acetate (20 mL)7} E°J3t
100 mL &< ¥tg &8k~ 39]  dibromoalkane (90 mmol) < ice bath
Qkol| A dropwise® 7}8tt}t. Dibromoalkane©] ©F 597}, A2ox 72
AlZE &b wHbekth Ethyl acetate® 3W o] A2 5 X3 E| oA
evaporators ©]&3 &mE AxAA A 1A (81%) = =t

MS (ED m/z = 235 (M), m/z= 80 (M"). 'H NMR (500 MHz, dmso)
& 3.57 (t, /= 6.6 Hz, 2H), 3.50 — 3.36 (m, 4H), 3.31 — 3.27 (m, 2H),
2.98 (s, 3H), 2.07 (s, 4H), 1.89 — 1.80 (m, 2H), 1.78 — 1.67 (m, 2H),

1.41 (dt, J = 14.9, 7.6 Hz, 2H).

G-1

G—1-0(80 mmol)< acetonitrile (200 mL)el] =1 F v
Z#}A 0] 5—membered aromatic heterocycleZlE 335 (90 mmol) &
7ttt 24 AZF Fob refluxdtt). FFSElo A evaporatorE  ©] -3
s 2 7lEe €5t I #7]== acetonitrile?} ethyl acetate®
A3 AzAA B2 14 (83%)E AT

'H NMR (500 MHz, ds0) & 8.65 (s, 1H), 7.58 — 7.23 (m, 2H), 4.66
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(s, 2H), 4.14 (dd, J = 9.2, 5.0 Hz, 2H), 3.81 (s, 2H), 3.42 (d, J = 6.6

Hz, 3H), 3.27 - 3.08 (m, 2H), 2.95 (s, 3H), 2.32 - 1.91 (m, 4H), 1.83

(ddd, /= 31.1, 25.1, 15.5 Hz, 4H), 1.31 (s, 2H).

G—-2-0

Pyrrolidine A€ 3}3H&E (20 mmol) ¥ ethyl acetate(6 mL)7}F Soi7t

100 mL ‘& ¥vg Z8} A3 dibromoalkane (24 mmol) S  7}3tt},
Aroqd 24 A7F EF<F wHEskt}h Ethyl acetate® 3W o]Ak A

S T
AT T,

XA evaporatorg o] &8 fwlE HAFXAA AN 1A (25%) =
A=t}

MS (ED m/z = 237 (MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)

8 3.88 (s, 2H), 3.85 — 3.64 (m, 2H), 3.63 — 3.56 (m, 2H), 3.55 (d, J

= 35.2 Hz, 6H), 3.04 (s, 3H), 2.08 (s, 4H).

G-2

G—2-0(3 mmol)¥} methanol(3 mL)7} E°7F test tubeel] 5-—

membered aromatic heterocycleZl ¥ 3}3H= (5 mmol) = 7}3Ft}. 48 A|3H

Z9l reflux 3t} Ethyl acetate® 3% o)A A

e 5, A A

evaporators ©| &3] SvlE AXAIA AN 14 (63%)E 4

A

=
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"H NMR (500 MHz, d20) 6 7.61 — 7.36 (m, 1H), 7.36 — 7.29 (m, 1H),
7.04 - 6.85 (m, 1H), 4.31 (dd, J = 9.5, 4.0 Hz, 31D, 3.95 - 3.72 (m,
6H), 3.59 (d, J = 2.2 Hz, 2H), 3.48 - 3.37 (m, 4H), 2.95 (dd, J = 37.1,

3.6 Hz, 3H), 2.05 (d, J = 2.2 Hz, 4H).

G—-3-0
Alkyl amineAld 3}3E (250 mmol) ¥ ethyl acetate (20 mL) 7} E917+
T vtet ZgkA 39 dibromoalkane (400 mmol) S ice bath <QFofA]

dropwise® 7}3tt}. Dibromoalkane®] t©t Eoj7bdH, Ar2oA 24 A|7F

ot
@

wHEskth Ethyl acetate® 3W o)Ak A& . 2L ol A

o

evaporatorg o] &3 SwE AFXAA A 1A (58%)5 L=t}
MS (ED m/z = 209 MY, m/z= 80 (M"). 'HNMR (500 MHz, ds0) &
3.26 (dd, J = 10.4, 6.6 Hz, 2H), 3.02 (d, J = 7.9 Hz, 11H), 1.89 -

1.68 (m, 4H), 1.35 (dt, / = 15.0, 7.6 Hz, 2H).

G-3

G—3-0(3 mmol) ¥} acetonitrile(3 mL)”7} =93t test tubeol] 5-—
membered aromatic heterocycleAld 3}3t= (3 mmol) = 7F&tt}. 24 AxE
&<t wHkSTE, Ethyl acetate® 3¥ o] AL 5, XF7E oA

evaporators ©| &3l SujE AZXAIA AN 74 (98%) 5 A=t}
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'H NMR (500 MHz, dy0) & 7.52 (s, 1H), 7.00 (s, 1H), 6.89 (s, 1H),

3.60 (s, 3H), 3.24 (m, 4H), 3.02 (s, 9H), 1.78 (m, 4H), 1.34 (m, 2H).

G—4-0

Alkyl amineAl¥ 3}gHE (20 mmol) ¥ ethyl acetate (12 mL) 7} 93t

r

vlg Z2}k A~ 39 dibromoalkane (24 mmol) S 7}3tth 2o A 24

oft

S
e
©
ok

|

F<F wwEskth Ethyl acetate® 3% oA A2 & WFAFe| oA
evaporatorg ©| 838l &ulE AXAIA AN IA(75%)F =t

MS (ED m/z = 201 (M"), m/z =80 (M"). 'H NMR (500 MHz, dmso)
5 3.88 (s, 2H), 3.82 — 3.75 (m, 2H), 3.69 — 3.53 (m, 4H), 3.17 -

3.05 (m, 9H).

G—4

G-4-0(3 mmol) ¥} methanol(l1 mL)7} E°J7F test tubeo] 5-—
membered aromatic heterocycle Al 33t (3 mmol) & 7}stth. 48 AJZF
&<k reflux 3tk Ethyl acetate® 3W o] AL % F7dE|A
evaporators ©l&a §WE HAAIA AN 1A (92%)F F=th

'H NMR (500 MHz, dg0) 8 7.52 (s, 1H), 7.31 (s, 1H), 6.93 (d, J =
52.9 Hz, 1H), 4.27 (dd, J = 25.8, 4.3 Hz, 3H), 3.81 (d, J = 51.6 Hz,
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4H), 3.62 - 3.36 (m, 4H), 3.06 (s, 9H).

G-5-0

PyrrolidineAld 33t (100 mmol) # ethyl acetate(20 mL)7} &1t
100 mL T ¥te Z82~ 39 dibromoalkane (90 mmol) = ice bath
Qkol A dropwise® 7}ttt Dibromoalkane©] t Eoj7}d, Ab2oA 24
Al F9t wHESHE, Ethyl acetate® 3W o] A2 &, X3 de oA
evaporators ©l-&3l &wlE HAxAA A 1A (70%)E d=th

MS (ED m/z = 221 (M), m/z= 80 (M"). 'H NMR (500 MHz, dmso)
6 3.59 (t, /= 6.1 Hz, 2H), 3.47 (m, J = 34.6, 11.3, 4.6 Hz, 4H), 3.37
(m, J = 8.5, 7.2 Hz, 2H), 3.00 (s, 3H), 2.09 (s, 4H), 1.85 (m, J = 8.8,

5.3 Hz, 4H).

G-5

G-5-0(100 mmol) ¥} ethyl acetate(20 mL)”7} £°1%F 100 mL &<
vitel ZEkA Aol pyrrolidineAlEd 313HE (120 mmol) = ice bath QFolA]
dropwise® 7}ttt Pyrrolidine A4 3tg&Eo] o =o7bdH, 24 6
A ZE F<t wHESTE Ethyl acetate®@ 3W o] AL . A de] ol A
evaporators ol §WE UxAIA AN 1A (91%) 5 D=

MS (ED) m/z= 113 \M'/2), m/z= 80 (M"). 'HNMR (500 MHz, dmso)
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8 3.51 (dd, J = 20.0, 14.0 Hz, 12H), 3.01 (s, 6H), 2.09 (s, 8H), 1.76

(s, 4H).

G-6

G—2-0(5 mmol) ¥} methanol(6 mL)7} E°I3F S wie EekAaTo
pyrrolidineAl4 3}&& (15 mmol) 2 7}t 24 Al < reflux3hot,
Ethyl acetate® 3W o A2 §, FA A evaporators ©]-&3l
S AxAA A IH(75%)F L=t

MS (ED m/z= 121 (M'/2), m/z= 80 (M"). 'HNMR (500 MHz, dmso)
6 3.87 (s, 4H), 3.60 (dd, J = 5.6, 3.6 Hz, 4H), 3.57 — 3.41 (m, 8H),

3.04 (s, 6H), 2.09 (s, 8H).

G-=7
G—4-0(10 mmol) ¥ methanol(6 mL)7} €3 T vy Z8AT9
alkyl amineAl¥ 33E(12 mmol)S 7}stoy, Ab2ox 96 AJ7F &<t

W HFSkC} Ethyl acetate® 3W o] WS & A FAE oA evaporator:
ol g3l &ulE AXAA A 1A (42%)E A=T.
MS (ED m/z =95 \M*/2), m/z =80 (M7). 'H NMR (500 MHz, dmso)

8 3.86 (s, 4H), 3.55 (d, J = 4.6 Hz, 4H), 3.10 (s, 18H).
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(vii) HAE sIgE
H-1

5—Membered aromatic cycleAld &FE(B00 mmol) I ethyl
acetate (10 mL)7} &3t & vlg Z2kA~ 39 alkyl bromide (400

mmol) = 7}t Ao 72 A FoF wHbstt}h ethyl acetate® 3W

Y

oA} N F AFAE A evaporatorE o]gd fUWiE AXAA I
TA(98%) 5 L=t

MS (ED m/z= 111 M"), m/z = 80 (M"). '"H NMR (500 MHz, dmso)
8 9.15 (d, J = 7.8 Hz, 1H), 7.89 - 7.60 (m, 2H), 4.17 — 4.22 (m,

2H), 3.85 (d, /= 1.0 Hz, 3H), 1.41 (t, /= 7.3 Hz, 3H).

H-2
5—Membered aromatic cycleAld =300 mmol) I} ethyl
acetate (30 mL)7} Eoj7F T2 vlg =g} AFo] alkyl bromide (400

mmol) & 7}tk A2 oA 72 AIZF F<QF wwRHeT} Ethyl acetate® 3W

NS

ol AL &, XNFdH YA evaporatorgs o] &3] &WlE AEAA FA
MNA (97%)E D=1t
MS (ED m/z = 125 (MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)

8 9.22 (d, J = 32.9 Hz, 1H), 7.78 (dd, J = 31.7, 12.2 Hz, 2H), 4.15
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(dd, /= 13.3, 6.8 Hz, 2H), 3.87 (s, 3H), 1.92 - 1.71 (m, 2H), 0.86 (s,

3H).

H-3
5—Membered aromatic cycleAld =300 mmol) I} ethyl
acetate (30 mL)7} Eol7F T2 vlg =g} AFo] alkyl bromide (450

mmol) & 7}tk A2 oA 72 AIZF F<QF wwRHe} Ethyl acetate® 3W

NS

o] AL & G oA evaporators o]g3] LuiE AXAA A
TA(68%)F L=t

MS (ED m/z = 141 (M"), m/z = 80 (M7). '"H NMR (500 MHz, dmso)
8 9.09 (s, 1H), 7.71 (d, J = 15.4 Hz, 2H), 4.41 - 4.31 (m, 2H), 3.87

(s, 3H), 3.76 — 3.56 (m, 2H), 3.27 (s, 3H).

H-4

5—Membered aromatic cycleAld &FE(B0O0 mmol) I  ethyl
acetate (50 mL)7} 97t T wlg ZEkA Ao alkyl bromide(750
mmol) & 7}stth. 40 CTellA 72 A3F &<F Rk} Ethyl acetate® 3%
o AL %, HFAHeOA  evaporatorgs o] &3 &ulE AZAIA

AFEA 74 (8%)E L=t}
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MS (ED m/z = 128 (MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)
8 10.14 (s, 1H), 8.02 (s, 1H), 4.45 (qd, J = 7.2, 1.6 Hz, 2H), 2.55 (s,

3H), 1.46 (t, J = 7.3 Hz, 3H).
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~vii) 1A SEE
I-1
6—Membered aromatic cycleAld s}3t= (313 mmol) 7}
acetonitrile (100 mL) 7} &°13F &< vbe Z2k4~ 3 ef alkyl bromide (480

mmol) & 7}3ttl, 35 CTeollA reflux condensorES ZZo} 96 AlgF &<t

wHgth, A I AHE AZ23 92 3 diethyl ether® 3¥ o] A=t}
XA evaporatorg ©|&d fwlE AFXAA AN 1A (23%) =

2
rir

=
MS (EI) m/z = 109(M"), m/z = 80 (M"). 'H NMR (500 MHz, dmso)

8 9.54 (s, 2H), 9.28 (s, 2H), 4.70 (m, 2H), 1.58 (t, J = 7.3 Hz, 3H).

1-2
6—Membered aromatic cycleAl¥d 3}3= (300 mmol) ¥} acetonitrile (20
mL) 7} Eoj7F T2 vty Z8AFo] alkyl bromide (330 mmol) 2

7kgtth. 35 TCeolld 96 AlZF FQF wWHEITh Diethyl ether® A& +

ST AE AEY. AFAE A evaporatorE o] g EwE HXA|A
A 1A (81%) S A=t

MS (ED m/z = 109 (M"Y, m/z = 80 (M). 'H NMR (500 MHz, dmso)

8 9.93 (d, J = 5.7 Hz, 1H), 9.71 - 9.55 (m, 1H), 8.78 - 8.68 (m,
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1H), 8.60 (dd, J = 3.9, 2.5 Hz, 1H), 4.84 (qd, J = 7.3, 2.4 Hz, 2H),

1.59 (td, J = 7.3, 0.9 Hz, 3H).

I-3

6—Membered aromatic cycleAld #3-&= (187 mmol) # acetonitrile (20
mL)°] 57t T vte Z8kA~ 39 alkyl bromide (362 mmol) & 7}3Fc},
35 TolA 72 AlZF &<t wHEstth Diethyl ether® R w|d 1AE
AL F, AFFHAA  evaporatorgs olgd fulE AXAA A4
IA4) (34%) & DT

MS (ED m/z = 109 (M), m/z = 80 (M"). 'H NMR (500 MHz, dmso)
& 9.90 (s, 1H), 9.60 — 9.37 (m, 2H), 8.30 (t, / = 5.5 Hz, 1H), 4.73 -

4.52 (m, 2H), 1.56 (t, /= 7.3 Hz, 3H).
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(ix) JAY &

J-1-0

ImineAl¥ 3}3H% (400 mmol) ¥} acetonitrile (120 mL) 7} 03t &
vtg ZgkA Ao alkyl bromide (400 mmol)  ice bath  <QFef|A]
dropwise® 7}%tt}. Alkyl bromide”} tF Eoj71d, A2oA 24 A7t
&<k WWEStth  Ethyl acetate® 3% ©o]%F AOowA  X-FA E| ol A
evaporatorE o]gd €& AFAA FA A (19%) 5 A=t}

MS (ED m/z = 144 (M"), m/z = 80 (M) 'H NMR (500 MHz, dmso)
6 7.78 (d, J = 5.5 Hz, 1H), 3.19 (s, 2H), 2.87 (t, J = 9.8 Hz, 12H),

1.08 (dd, J = 7.4, 6.7 Hz, 3H).

-1
J-1-0& 50% NaOH aqueous solution®® i diethyl ether®
7152 F3 Evaporator®? &vlE AXAZ 5, 54 A4S A=tk
T B (70 mmol) & acetonitrile (30 mL)7F Eoi3t T vke
=g}~ Ao alkyl bromide(140 mmol)S ice bath <QFellA4 dropwise®
7}stt}. Alkyl bromideZ} ©F So]7FA, Ao 72 AlF FoF wHEST
IAE acetonitrile® =l ¥, 50% NaOH aqueous solutions 1:1%

7}ektl, Acetonitrile & F 3 ¥, diethyl etherE& 7}sto] A4 Asho}

%, evaporatorg ©|&3] SwlE HFXAA I
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1A (52%) S A=t
MS (ED m/z = 172 (MY, m/z = 80 (M). 'H NMR (500 MHz, dmso)
8 3.27 - 3.12 (m, 4H), 2.87 (d, J = 16.1 Hz, 12H), 1.08 (t, J = 7.1

Hz, 6H).
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Abstract

Synthesis and evaluation of complexing agents for

Zn—Br Redox Flow battery

Hyun—Ju Kim
Department of Chemistry
Graduate School of

Sungshin University

Redox Flow Battery is a rechargeable battery, which can store
energy. Zinc—Bromine Redox Flow Battery (ZBRFB) has been
developed 1970s as it can be easily scaled up due to its high
energy density.

Zn—Br RFB requires the complexing agents, which helps
avoiding discharge caused by rapid migration of Bry molecules

through a membrane, which are generated from Br~ during
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charging.

Quaternary Ammonium Bromide (QBr) has been used as a
complexing agent, and 1—Ethyl—-1—Methylpyrrolidinium Bromide
(MEPBr) is the most well—known complexing agent.

Widely known complexing agents from references are MEPBr,
EPPBr, MEMBr, 2-—MEPyBr. They have evaluated by their
solubility, conductivity, vapor pressure of Q(Bry)nBr, or a unit cell
test. However, the systematic methods for evaluation has been
rarely reported. Moreover, a limited number of complexing agents
have been synthesized and evaluated.

In this paper, evaluation methods for Bry—complexing agents was
established, which are composed of solubility, viscosity, and vapor
pressure tests. The known complexing agents including MEPBr
were tested accordingly.

Then, a variety of complexing agents that possess various
scaffolds such as pyrrolidine, morpholine, piperazine, alkyl amine,
piperidine, QBrl1—linker—QBr2, 5—membered aromatic heterocycle,
6 —membred aromatic heterocycle, and iminium, were synthesized

and analyzed by the established test methods. In addition, different
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types of functional groups are added to the complexing agents (A—
6 ~ A-17, B-7 ~ B-9, D—4, D-5, E-3 ~ E-9, F—-4, F-5, G—-2,
G—-4, G-6, G—7, H-3). Throughout the study with the synthesized
new complexing agents, relationship between structure of QBrs
and their Bro—complexing ability has been examined. Furthermore,
several complexing agents(A—14, E—-3, E—4, E-5, H-1, H-3,1-3),
having similar or better aspects, have been discovered after

evaluating the synthesized complexing agents and comparing them

with MEPBr.
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Figure 15. "H NMR spectrum of MEPBr
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Figure 16. 3C NMR spectrum of MEPBr
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Figure 17. "H NMR spectrum of A—1
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Figure 18. C NMR spectrum of A—1
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Figure 19. "H NMR spectrum of A—2
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Figure 20. *C NMR spectrum of A—2
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Figure 21. "H NMR spectrum of A—3
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Figure 22. 3C NMR spectrum of A—3
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Figure 23. "H NMR spectrum of A—4
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Figure 24. 3C NMR spectrum of A—4
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Figure 25. 'H NMR spectrum of A—5
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Figure 26. 3C NMR spectrum of A—5

98



e

\ A L

0 95 9.0 85 8.0 75 7.0 65 6.0 55 50 40 35 30 25 20 15 10 05 0.0 -05 -1

4.5
1 (ppm)

Figure 27. 'H NMR spectrum of 1—ethylpyrrolidine

99



Mo b

85 8.0 75 70 6.5 6.0 55 5.0 45 35 30 25 20 15 1.0 0s 0.0 -05 -1

4.0
1 (ppm)

Figure 28. 'H NMR spectrum of EPPBr
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Figure 29. 3C NMR spectrum of EPPBr
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Figure 30. "H NMR spectrum of MEMBr
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Figure 31. 3C NMR spectrum of MEMBr

101



95 9.0 85 8.0 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
1 (ppm)
. 1
Figure 32. "H NMR spectrum of C—1
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Figure 33. 3C NMR spectrum of C—1
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Figure 34. 'H NMR spectrum of 3&E& C-2
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Figure 35. 13C NMR spectrum of 3&& C-2
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Figure 36. 'H NMR spectrum of &&& C-3
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Figure 37. 3C NMR spectrum of 3%& C-3
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Figure 38. 'H NMR spectrum of 2—MEPyBr

X+
=l
=
220 210 200 190 180 170 160 150 140 130 120 110 1?0 90 80 70 60 50 40 30 20 10 -10

1 (ppm

Figure 39. 3C NMR spectrum of 2—MEPyBr
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Figure 40. 'H NMR spectrum of A—6
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Figure 41. 'H NMR spectrum of A—7
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Figure 43. 'H NMR spectrum of A—9
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Figure 44. "H NMR spectrum of A—10
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Figure 45. 'H NMR spectrum of A—11
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Figure 46. 'H NMR spectrum of A—12
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Figure 47 'H NMR spectrum of A—13
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Figure 49. 'H NMR spectrum of A—14
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Figure 50. 'H NMR spectrum of A—15
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Figure 51. 'H NMR spectrum of A—16
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Figure 52. 'H NMR spectrum of A—17
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Figure 53. 'H NMR spectrum of B—1
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Figure 54. 'H NMR spectrum of B—2
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Figure 55. 'H NMR spectrum of B—3
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Figure 56. 'H NMR spectrum of B—4
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Figure 57. "H NMR spectrum of B—5
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Figure 58. 'H NMR spectrum of B—6

115



Al

8'5 8'0 7‘5 7(0 SVS 6‘0 5‘5 50 4'5 4‘0 3‘5 3r0 25 2‘0 1‘5 1'0 0‘5 0.0 -0'5
1 1 (ppm)
Figure 59. "H NMR spectrum of B—7
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Figure 60 'H NMR spectrum of B—8
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Figure 61. 'H NMR spectrum of B—9
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Figure 62. 'H NMR spectrum of D—1
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Figure 63. 'H NMR spectrum of D—2
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Figure 65. 'H NMR spectrum of %% D—4

119



85 8.0 75 7.0 65 6.0 55 50 45 M‘(ngm} 35 30 25 20 15 1.0 05 0.0 05
- 1
Figure 66. "H NMR spectrum of D—5
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Figure 67. 'H NMR spectrum of D—6
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Figure 68. 'H NMR spectrum of D=7
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Figure 69. 'H NMR spectrum of E—1
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Figure 70. 'H NMR spectrum of E—2
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Figure 71. "H NMR spectrum of E—3
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Figure 72. 'H NMR spectrum of E—4
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Figure 73. "H NMR spectrum of E—5
| L1 .
85 8.0 T8 7.0 65 60 55 50 45 35 30 28 20 15 1.0 05 0.0 -05 -1

4.0
1 (ppm)

Figure 74. 'H NMR spectrum of E—6
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Figure 75. "H NMR spectrum of E—7
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Figure 76. 'H NMR spectrum of E—8

125



dla

J

-

8.0 75 70 65 6.0 55 5.0
1 (ppm)

Figure 77. 'H NMR spectrum of E—9
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Figure 78. 'H NMR spectrum of F—1
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Figure 79. 'H NMR spectrum of F—2
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Figure 80. "H NMR spectrum of F—3
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Figure 81. 'H NMR spectrum of F—4
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Figure 82. 'H NMR spectrum of F—5
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Figure 83. '™H NMR spectrum of G—=1-0
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Figure 84. 'H NMR spectrum of G—1
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Figure 85. "H NMR spectrum of G—2-0
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Figure 88. 'H NMR spectrum of G—3
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Figure 89. "H NMR spectrum of G—4-0
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Figure 90. 'H NMR spectrum of G—4
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Figure 91. "H NMR spectrum of G—5-0
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Figure 92. 'H NMR spectrum of G=5
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Figure 93. "H NMR spectrum of G—6
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Figure 94. 'H NMR spectrum of G=7
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Figure 95. 'H NMR spectrum of H—1
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Figure 96. 'H NMR spectrum of H—2
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Figure 98. 'H NMR spectrum of H—4
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Figure 100 'H NMRm spectrum of I—2
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Figure 101. 'H NMR spectrum of 1—3
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Figure 102. 'H NMR spectrum of J—1-0
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Figure 103. 'H NMR spectrum of J—1
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