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Abbreviations

Throughout this dissertation, various abbreviations have been
employed to save space. For convenience, a comprehensive list of most

abbreviations has been compiled for easy reference.

rt room temperature

GC Gas chromatography
PTC Phase transfer catalyst
ACN Acetonitrile
DCM Dichloromethane

RFB Redox Flow Battery
AORFB Aqueous Organic Redox Flow Battery

1L Tonic Liquid
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Table 1. The properties of the main TEMPO derivatives and their

voltage in AORFBs.

Anode Cathode Solubility Voltage in AORFB
H
v N 2.1 M (H20 125V
N N A} N (H20)
I 2Cl
0
4-OH-TEMPO MV
\.I/ -
NI ¢l
+/ Ty 4
>(:j< —N, A N— 23M{(1.5MNaCl) 1.4V
3 2Cl
TMA-TEMPO MV
[
O/\/\Nf
|7 \+/ +/ N 4+ \+/
o NN/ N —  4.62M (H0) 1.1V
N acl
o)
TMAP-TEMPO BTMAP-Vi
WO
201 | v N TN WS somMH0 135V
T N N ./ O M (H20) '
N 4cl
o}
Na-TEMPO BTMAP-Vi
!
o/\/ﬁN
cl Q N N \ND
/_/_ v/ Ny \__+ 3.35M(H0) 157V
\ _
N N+ 4cl

o L
Pyr-TEMPO [PyrPV]Cly




Table 1 (continued)

ZnCl,
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0NN
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) Z Aot} (Scheme 3-5).
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BAIB (1.1 equiv.)
a) i“ IL-CLICK-TEMPO (10 mol%) /?L R = alkyl, aryl
= R CH,Cl, rt R R’ R' = alkyl, aryl, H

i"' IL/SMNP-TEMPO (50 mol%) j\ R = alkyl, aryl
b) R R Toluene, 2atm O,, 80°C R- R R =alkyl aryl, H

[Imim-TEMPOJ*CI" (5 mol%)
[Imim-COOH]*CI* (10 mol%)

o i"‘ NaNO, (5 mol%) - j\ R = alkyl, aryl
R & H,0, O, 2 R R' = alkyl, aryl, H
(1) PAA (5equiv.)
lodoarene-TEMPO (0.2 equiv.)
d iH HAP, > 2,47(NO,),CgH NHN=<R
) R R (2) 2,4(NO,),CeHsNHNH,, H,80, 7 2/2=60’3 R
R = alkyl, aryl
R' = alkyl, aryl, H
@® N— 0] N’d
O-N O/\K\'N.___/\/N\/ HzNg\N\)L PV;M01004
N=pN BF, [y o] 5
4
IL-CLICK-TEMPO IL/SMNP-TEMPO

.0
N @ =\ , o
— VN_\)LO [ |~©\/ng—%3“ O-N 080,
X
X =ClorBF,
imidazolium salt-TEMPO lodoarene-TEMPO

Scheme 11. o] 24 A A2 TEMPO ¢3& A3t
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ot} (Figure 3).
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= Al MIM—cis—Butene—O—TEMPO (4 — [4— (N—methyl

imidazolium) cis—2—butenyl]l —2,2,6,6—tetramethylpiperidine—1—oxyl

chloride) & 38% ¢ T&= AU (Scheme 12, 2). 2v I53F H

AR Fez Polgm, SAEE BIEEE 10.

oz st

g ca— \—a (r{l) fN/ N
N TBAHSO, , KOH \U/ N\/)
10MH0 o 0.5 M ACN © ci
OH rtz,‘goabh kﬁ 60 °C, f days k/\ﬁﬁ\
cl 95% , N

Scheme 12. MIM—cis—Butene—O—TEMPO¢% %A

<3 AG-AFHE Ed MIM-cis—Butene—O—TEMPO(2) 2] #7]
etz 54S F4ste] wige dEdRe] d5s Flselth. (Figure 4)

=42  Working electrode—Glassy carbon/Counter electrode—Pt

bt

o

wire/Reference electrode—Ag/AgCl(1 M KCl) AHd= Aoz A3

1, CVY FAEEE= 20 mV/solor,
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@ MIM~—trans—Butene—O—TEMPO(3) 2 &4 9 7|32 &
3 3

TEMPO F%EA49 linker F&of trans FE S C-C o]=4d3%S 23

Is B A<l MIM—trans—Butene—O—TEMPO (4 — [4— (N—methyl

imidazolium)trans—2—butenyl] —2,2,6,6 —tetramethylpiperidine—1—oxy!l

ol
rlr

chloride) & 39% ¢ T&= AU (Scheme 13, 3). 3= ¢A] A€

29} wdA A5st F2 AA FHER dofRi, ke =EETES

10.0 m, %% 3.0 MFFo & Felsqltt
- Q
Q ; N
; Br 2 N N
N TBA HSO," , KOH N/ !
1.0M H,0 ° 0.5 M ACN o o
OH b «  60°C,2days Br
’ 97% N
Br E/ -
0
N

Amberlite IRA-900(CI)

ion-exchange

x Cl
Pt

Scheme 13. MIM—trans—Butene—O—TEMPO0O¢] %4
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Ad-AFHES E& MIM—-trans—Butene—O—TEMPO(3) 2] =
71sterd 5A4E 545t Wiy 5429 Ae s gAdskth(Figure
5). 5742 Working electrode—Glassy carbon/Counter electrode—Pt

wire/Reference electrode—Ag/AgCl(1 M KCl) A= FAo 2 AP35

Ol

I, CVe FAF &2 20 mV/soltk.

0.4 -
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0.0
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-0.4 T T T T T T
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Potential (V)

Figure 5. MIM—trans—Butene—O—TEMPOY <3 A¢-AFH

o]#]st MIM—cis—Butene—O—-TEMPO(2) 2} MIM—trans—Butene—
O—-TEMPO(3) 9] 473 &%= 28a A7|ststd] dae, 7] A4
A gHdste] wlEE R AFE ThsAd7bA] Q1% linker®E urea”’] 7 Qe
TEMPO %4 (Table 1, 1n) 9k fFAFSH ghe E<Qlth(Table 3). TEMPO
LA 1nes AORFBY &=4= ARgste] v g HAEE dsials o,
1.0 MZ 100AtelE THAE &= 5t &% ol &E°] 76.18%=
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=] ] S S =
fAGE e A F 9

32
=

TF ®2E&L 99.06%, A9 E&S

81.71%°) #< 7HAE 21& sttt (Figure 6-7).7° whebr] fAkgH

g

AL 7} = TEMPO &%# MIM—cis—Butene—O—TEMPO (2) 8¢ MIM-—

trans—Butene—O—TEMPO(3) %] AFox o]e T 7&

tlo

7 A

ftlo

ZIdiety A5 A& Fold.
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Table 3. C—C ©]|%24% 2" TEMPO §5A % A 54 vl

TE T A5 =8FE | =FE
o
f(l 0.8
0.6 4
0.4
HN_ _O T oz
h = il 60.6 m 3.6 M

HN 021
1.
_ N~ X

cl D T os s 08 10 12 14

\ Potential (V)

\E:j/ 0.4
) < 0.0 10.0 m 3.0M

\\/Nf }
— 00 02 04 06 08 10 12 14

i(mA)

Potential (V)
N 0.4
0.24

0.0 10.0 m 3.0 M

H CI_ -0.24
NEN

-0.4

K/Nr_‘ 00 02 04 06 08 10 12 14
— )
Potential (V)

i(mA)
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0.5-1.45V
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£ 600
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©
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©
O 400
—=— Charge
1.0M Tempo-18 —e— Discharge
200
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Cycle No.

Figure 6. 1.0 M TEMPO F%x(1n)¢ HiElE] £ o]|&&

100 B D it

90 -

80 4

Efficiency (%)

70 A

—— CE
= VE 1.0M Tempo-18

60 T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Cycle No.

Figure 7. 1.0 M TEMPO #%=A4(1n) ¢ HEH &&
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2) Dimer &9 TEMPO &% A 4 Hd7|3ez EA
7€ B AfAoA AAEJE Ao = TEMPO EA7} svvtk )

FAPT, B AFAE stel FEAle]l TEMPO RA,

H O A L

Ft

A

il
o

A= [0}
- T

Eal}

M x3ets FEAE T4

—r

linker 7123l solubilizing moiety & Z}2}

=1
et

¢, 7€ TEMPO fEASHT &%

02

sheich. ol s gol FAL

b3 sd FReAM T o] Abst g 8-S 7HE S Vg
o WS Ve £ WEs Fassld sid FAANeE 4-

OH-TEMPO®| chloroacetyl chloride®} tetramethylethylenediamine

(TMEDA) & AF&3lo] TEMPO o] gdAE ¢4 8+ th(Scheme 14). ™

Z-0.
Z-0.

0
ridine
. ol py
C')J\/ 0.5 M DCM

1.1 equiv rt, 18 h o.__0
OH \f
cl
|
/N\/\N/ .
| N o cl
~0.5 equiv JJ\/*N</\ [ 0
ormEoH T TN
70°C, 24 h Cl .
80%

Scheme 14. 4—hydroxy—TEMPO &-&3% TEMPO dimer? 343
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71

e

of &elxl NS &t ¥ Aol e 4—amino—-TEMPOE
gg3sto] TEMPO dimerE @48ttt =3 F WA dAAM S F&5
=o]7] ¢3te], 7]E F3 9 chloroacetyl chlorideE AFg3td 7o A
bromoacetyl bromide® W73ty WS HUo], 7|£2 HHHOZE 80%

oYW F WA WA FEE 96%7H SHch(Scheme 15). 5 H &)

VAR dojFon, Brrl 195\, ZUEEE 263 moe ZAFYL}
5 Q
1 O N
N . )J\/Br pyridine -
Br 0.5 M DCM
, 1.1 equiv 0 °C, 30 min HNTO
Br
[
|
0.5 equiv
0.5 M ACN
60°C, 18 h

96%

Amberlite IRA-900(Cl)

-

ion-exchange

Scheme 15. 4—amino— TEMPO &% TEMPO dimer? &4
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3 HAY-dARHEE Fd 4-amino—TEMPO &3 TEMPO
dimer(5) 9] 7|3te+4 545 SHs] "W d=d2] des FAst
A}, 42 Working electrode—Glassy carbon/Counter electrode —Pt
wire/Reference electrode—Ag/AgCl (1 M KCD) A= F+4d oz a3
AR, CVe FAE = 20 mV/solth(Figure 6).7° dld A8 S FallA &

3 o] 71& TEMPO HZAE3 nlmate] FU FrolA

x
)
)
32
)
N

i (mA)

02 04 06 08 1.0
Potential (V)

Figure 8. 4—amino—TEMPO #&%3% TEMPO dimer? 3 A¢-AF
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3) 4—Amino—TEMPO %9 &4

71 B A Ao AYPEJY AFodE tFEE 4-OH-TEMPOE
g8stey 84 FEAE FAAIT. wex E AFelA = 4—amino—

TEMPOE 3ol fuAS F4dus ek /2ol FHIAY #=

A ZFoA Table 298] 1f+= 4—-OH-TEMPO¢®] linker+ propane= A}&3

-

1. solubilizing moiety o]+ 1—methyl imidazoleS A}€3 FEA=, 2
T = T FEAANA EAE 4—amino—TEMPOE AFE3eo] FEAE

g sl 6bE T A3kt (Scheme 16).

o
Br~ >~ "Br Q N/ N
: 2.0 equiv N M
? K,CO, 2.0 equiv N\/)
N TBAB 0.2 equiv 1.5 equiv HN
0.5 M ACN HN 0.5M ACN W\
NH, 40°C,5h \K 60 °C, 2 days Br I
10-15% 10% D)
6a ©Bf 6b \_y

Scheme 16. 4—amino— TEMPO #%=A2 A



10-15%% dojA dld %A (6b) = AFE3te] 7|38ty HAE
StAY wiE e FEAZ s S Feldole oEHes Ao A

2 HAEE= A3s1A F59 ) (Figure 9).

HNHr <\>

Target Product Main Product
6a 6c

Figure 9. 4—amino— TEMPO FEA] A2 EAA
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2. Ast-g w29 TEMPO XA &

oo
2
-

= AT Aol AORFBE =4z &&3t7] 98 o F84
TEMPO fFEAlEs AT ofo] AAkste] & A= V& Zd=olA
AW mpel o] AnkA o7 AFEEE “Anelli A3 ol 2 A
Aol A gk 84 TEMPO FEAS A HES Aol u(PTC)
glol FE& oA dFES ol tlgdte dustolE Ee AE FFEE

AstA 9l Aol eldata AFE 2 thH(Scheme 17).%7

OH 1 mol% 4-MeO-TEMPO, 1.25 equiv NaOCl| 0
R1”>R2 0.1 equiv KBr, NaHCO;, CH,Cl,-H,0, 0°C R1J\R2

Scheme 17. €329 7}lHd FE=R AFHE 93 Uutz <l
TEMPO/NaOCl “Anelli oxidation” ZZA

2 AFelA= PTC glol +84 TEMPO FEAlst 3FE7
AFghAIQl NaOCIRES  Abgste]l 43 &S 7hEd SteER A7)+
W HAgeta, HAstE 20e thFet 13 23 dFIge] 4835
olo] &3t ddstol=sgl AE FFEZ AbstAI A TH

28] frAkgt AgelA TEMPOE &8st 4389 Atst =&

1—Phenylethanol& AFg3sto] =7 H#ZA 3 A3 S Y53t

-30 -



w3k gterEEA A3AIQl NaOClel A &9 oA+ A3 aq.
NaOClRtt A e 33E<e NaOCl- 5H.07F 9 &F3 &2
ZHAt s Aot QAR U2 §ld Alefo]l 429] BUbsettt 1y
HodpAea A s =84 TEMPO #2459 544 aq. 13% NaOCl

Aok AAE AF We SWE AT £ Ye ol YRow

=)
)
re
r2
—
1>
=
>,
2
oiN
)
o
i
e
oX,
o
)
o
ol
o
&

Q% 4—amino—
TEMPOE XREAZ AFE3st1l linker ¥ amide, solubilizing moiety

BB O 1-methyl imidazole?l TEMPO 5% 1j(Table 2)& A}&3}o

o
u:
T
k)
o

2 Juj7} 753 TEMPOSH vl w ekl

olmj A FEHR d&o] e TEMPO HEA:= 334 F7I

of

B A wEgo] # A EA & FHAoR oigste] ol Ful(PTC) Y
F5Fo e A3x vluwstazt stk Aol FulE+= NaHSO, - HoOE
AARsle]l AbgsFQTE T3 o2 Blu 2AEEE =< TEMPOO

e 2, e U WE 2R U APS 2ol WS

ut
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Table 4. Optimized reaction parameters for the oxidation of 1—

phenylethanol

13% aq. NaOCI 1.2 equiv
TEMPO Catalyst

OH - CH;
1.0 M Solvent
Entry Catalyst % PTC (%)® Solvent Temp(°C) Time(h) Yield®
1 TEMPO 2 0 ACN 0-rt 24 0
2 TEMPO 2 10 ACN 0 1 93
3 TEMPO 2 0 Toluene 0-rt 24 0
4 TEMPO 2 10 Toluene 0 1 73
5 TEMPO ) 0 ACN O-rt 24 12
6 TEMPO 5 10 ACN 0 2 79
7 TEMPO 5 0 Toluene O-rt 24 35
8 TEMPO 5 10 Toluene 0 2 92
9 1 2 10 ACN 0 1 85
10 1 2 0 ACN 0 1 86
11 1j 2 0 ACN 0 2 99
12 1 2 0 ACN rt 2 93
13 1 2 10 Toluene 0 1 73
14 1] 2 0 Toluene O-rt 3 87
15 1j 2 0 Toluene 0 10 95
16 1] 2 0 Toluene rt 2 93
17 1j 2 0 Toluene 0 24 93
18 1j 2 0 Toluene rt 24 92
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Table 4 (continued)

Entry Catalyst % PTC (%)? Solvent  Temp(°C) Time(h) Yield?

19 1j 2 0 Toluene 0 48 89
20 1j 2 0 DCM 0-rt 6 81
21 1j 5 10 ACN 0 2 96
22 1j 5 0 ACN 0 2 93
23 1j 5 10 Toluene 0 2 91
24 1 5 0 Toluene 0 2 92
25 1j 4 0 ACN 0 3 89
26 1 4 0 Toluene 0 3 91

eNaHSO, H,0
b yield of GC/MS

TEMPOE 2% AFg&3t #A9, PTCE 9x oW 24A7F wESES
BUlE dkgo] M wx] ka1, GCAY &9 00 e+ AS g &

ATt (Table 4, entry 1, 3). ©]# 3 A= TEMPOS DS 5%7A

Ir

S FAFSEAl 24417 o) WEEE HWE w, Whgel GC &0
Hol 35%7kA 5ol e =tk (Table 4, entry 7).

F44 TEMPO %49 15 2% A&t A%, PTCE AFE3HA] &1
b 225 AR27bA YA ol 0TelA 2A17F ghe  ACNefA]
99%ek= UWbAQl TEMPOeC] Hl&} wi-¢ £ F&5 Hole Ag &

T AT (Table 4, entry 11).



e
-
i
ui
02
ol
ol
)
it
i)
<
iy,
<)
o,
o
(@)
=)
@
o
=
»)
O
=
2
ui
r
>
O
z,
=
>

REgo] w2A AP 3, 2717 AHE s g8 F At (Table 4,

entry 11, 15, 20). 181 ®¥8 259 H$ AkS ¥S uw, 0CTofA

W7IRE gtob, REE A[FFo] o= A& Aol wet A7t R EE

=HE FEole & dFE 7AA et s gRlssith(Table 4,
o]

entry 11, 12). 2831 TEMPO %A

Gl Aol ol 2519 2002 AW AASAUL Wo} o WA wHgol
XA 31 conversion®| E7FA Hi= AS QIS (Table 4, entry 11,

22, 25).
o] 2 HAEE F3to] HZY Ay x2S AA3A Y. TEMPO
FEAY A 2%=2 1ASATE HEE S Ae V|EFH o7 ACNS

AREERE ACNel 2 =4 o= HISA =dolzhd toluenedd HAE=

olo] theFdt 484 TEMPO F=A419 &3E5 wuwsr] s oA
Ado|x AT} FHOF  1-phenylethanolS  acetophenonel &

AFSEAl At (Table 5).
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Table 5. Results for the oxidation of 1—phenylethanol using different
TEMPO derivatives

13% aqg. NaOCI 1.2 equiv

OH 2 mol% Catalyst R CH,
1.0 M Solvent, 0 °C

Entry Catalyst Solvent Time Yield?
1 TEMPO ACN 2h 40%
2 TEMPO Toluene 3h 12%
3 1a ACN 2h 43%
4 1a Toluene 3h 12%
5 1h ACN 2h 43%
6 1h Toluene 3h 12%
7 1i ACN 2h 97%
8 1i Toluene 3h 57%
9 1j ACN 2h 99%
10 1j Toluene 3h 87%
11 1K ACN 2h 42%
12 1K Toluene 3h 38%
13 11 ACN 2h 44%
14 11 Toluene 3h 12%
15 m ACN 2h 46%
16 m Toluene 3h 46%
17 19 ACN 2h 42%
18 19 Toluene 3h 42%
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Table 5 (continued)

Entry Catalyst Solvent Time Yield?
19 4 ACN 2h 90%
20 4 Toluene 3h 49%
21 5 ACN 2h 56%
22 5 Toluene 3h 55%

@ yield of GC/MS

ACN zAeA+= TEMPO %Al 5 1i7F 97%, 1j7F 99%, 47}t
90% = A 7FA] Z=ul] 7} =2 TEE 1—phenylethanol<
acetophenone &% AFs}3FQl A Wk (Table 5, entry 7, 9, 19), toluene°l| A&
1jste]l 87%% ACNelA ®us AW oE  tolueneold ol
Add@tsel W& =2 &S B9 wes wkg 212 TEMPO

Zmj2= 1 2 mol%, REASFAZE NaOCl 1.2 GO
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Table 6. Oxidation of alcohols to carbonyl derivatives using TEMPO
derivative 1j

Catalyst 1j (2 mol%) ‘ :
(0] ‘ N o} = :
)\ 13% aqg. NaOCI (1.2 equiv.) fL ! J\;(\N__ !
R'”R? ~ RVR? N 0
1.0 M Solvent h H 1j .

Entry Substrate Product Solvent Temp(°C) Time(h) Yield?

ACN 0 1 93

2 ACN 0 1 95

4 ACN 0 1 90

H o)
CHs ©)LCH3
Ta
o)
©/\OH @)’LH
7b
o)
o)
3 7 UOH /OULH ACN 0 1 99
7c
o)
OH CfLH
: :CI ol
7d
OH
\/E “NO,

o]
s
é\ ACN 0 3 99
NO,
Te

6 ,H\/OH S0 Toluene 0-rt 5 91

10 10
7f
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Table 6 (continued)

Entry Substrate Product Solvent  Temp(°C) Time(h) Yield?
H (e}
7 Toluene 0-rt 6 82
79
OH O
oo oo ¢ T
7h
H;C._ _OH H,C.__O
9 ACN 0 1 99
Br Br
7i
(e}

10 OH ACN 0 2 86
H
7j
OH 0
11 ACN 0 2 99
H

7k
OH 0]
12 Q%/ — ACN 0 3 44
71
H (0]
13 Toluene 0-rt 9 96
7m
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Table 6 (continued)

Entry Substrate Product Solvent  Temp(°C) Time(h) Yield®
14 ﬂ\/o"' I NP ACN 0 1 83
S S
7n

0 0
HO o~
15 /\@[ ) /\C[ ) ACN 0 1 99
0 o
70

OH 20
16 Toluene 0-rt 18 58

7p

0 i
7 e (/AE/OH Hac R Toluene  O-tt 8 53

7q

4 isolated yield

A 13 43 &7 23 &I EE 5 4 & benzyl alcohol® 1-

HEAZI7F Q= A 99%° &R T7cE 933, chlorine°] 3l

rlr

HlZAAdTL ALoE 90%9 FE&E 7dE dJoH, YHolEx7]|7L 2l

rr

Aol E 99%° &2 7Tes IAd. 53] WAL FZ chlorine®] 3l

rr

A= ddstol=29 4kt Ao wAlagle] chlorinated”} &

rr
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g4 Eol

e

L.
T

e A el A

=, 3

gl

A7 A

o
iy

1—dodecanol®} 1-octanol?

toluene °f A

3

<l

=
=

Ahs}

octanal (7q) = 9]

dodecanal (7€) ¥}

M

2 Tm<

P
TE

Huo] 96%9]

[e3e)
E‘l”a"é

cyclododecanol® 7-$ tolueneol A

gH

4—phenyl—2—butanol® %

2 Kol
= o B

=

<% toluene®l

BlQl 7gR 82%9) F&E dolH i, ACNe| & 5o} yhgo]

(6]

Al =

o] A% 7tRd 33tE Th, 7iE 727t 99% T =2

RR
P

<+

83~99% 2]

= = O
=

Sk
H

A e

} ok (75, 7k, 7n, 7o0).

3=
S°

0

A

2—phenyl—1-

o] =
L

F27]7} hindered o]

o)
=

FEE dojzxled,

S

)
o%

ol

B¢ 58%° TE&E TpE ¥UL,

propanol ]
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m. d&

TEMPO(2,2,6,6 —Tetramethylpiperidine 1-oxyl) = N-oxyl

=

g GEAQ Aotk N-oxyl FEEE 55 547 WA

s

7H gAits @ 7] 2hu Aokl tEA )l o FPo®, ojHd ket

A AL N-oxyl E4S Ax 231 ¥ (ESR) Ao 2=

o
%

gl B AgeA FAsA, oluA AR A2 At nkAl, FF
REEelA iR A" 4 Al st mek gs W W7 §Et
Asakg-o] Emje s AFRE £ QA F

2 Aol A= TEMPOS oy A 2] = SEHAZ 5A4S
ggato] A FEAZ F§ stedol 9y TEMPO RfEAE
§gdsti, TEMPOS Absinbg Fwjze] BEAS &3t F4 4=
gE47 &8 7tsAol e TEMPOE Atshibs Fujz2 F83ls A+S
eyt

OI-194+= TEMPOS oyx] AF Fxe g5 dEHAZe EAS

A}

g3t TEMPOE A 4= FEH=E g3ty g8 71€9 §7)
guje] = TEMPOE o i AZ TEMPO A&z FAds+3ith
TEMPO®] C-C ¢1ZA% 7715 #olAY, TEMPO F /& #oIA
olgA ez wEol Eo| ¥ TEMPO #IZAE A o5

A7gteta SAS AR AA FA /771 dE5s 355 AA MY &2
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TEMPO 9]

.
T

-2 4

o) 7.

SERR

=
=

TEMPO

LT,
1w

S el

=
=

TEMPO -#%A)

ol
o)
o
ol

ATolM =

£
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V. A9
1. 4977 & Al
D Ag77]
'"H NMR#} C NMR ©lolg AHEZHL ¥37 ZEOL-500(500 MHz

for 'H, 126 MHz for C)Z=%¥ dgoH, CDCls¢ DMSO-dsS NMR

ofo

2 AFEsFYE T NMR AFE oA 9 Chemical shifty ppm Y=

+522l tetramethylsilane (TMS) ZF-E dojA 7|=3513 T HolEH =

b

Multiplicity in proton NMR (s—singlet, d—doublet, t—triplet, dd—doublet
of doublet, di—doublet of triplet, ¢t—triplet of triplet, m—multiplet),
coupling constant(Hz), intergration® <A=Z 7]E33.  Gas
chromatography (GC)+ Hewlett Packard Series 6890 X =lo] HP-1
capillary columne AF&3F3lth. Thin layer chromatography (TLC)+=
MerckAFe] TLC silica gel 60 Fosu s AFE3F3 12, UV lamp (254 mm) E+&
KMnO8&-9el staindhe= WHE AR&ste] TLC 7oA EelHe 549

o

—

Sias High resolution mass spectra (HRMS) &

ol
r

729X LdATY ) FAE (KBSI, Deagu)ollA €9ttt FT-IRS

ot

FT—IR spectrometer system(Thermo Scientific, Nicolet iS50,

Enhanced spectral range DLaTGS detector (4000~400 cm™ 1))l 2]l

Qo] 7] %3eict

- 43 -



2) Aok
Aleke TCI, Alfa Aesar, Sigma—Aldrich, Samchun, Daejung®l]A

it Mol HAl B4 glo] Abgetsitt

2. Aduy

1) AORFB9 &E2=Z° TEMPO XA T4

MIM—cis—Butene—O—TEMPO (2) & &4

0
\|/\N/\|/
O\L/\ °
NSNRA,
\—/
=1 Z oA 4—hydroxy—TEMPO 1.0 eq2}

tetrabutylammonium hydrogensulfate 10 mol% 2 KOH 2.0 eqE 3 3l

stirring barS Y31l argon X &3 & H,0°f 1.0 M 5¢1 th2 A2 oA

[>
.
o

B|¥ S dHA] cis—1,4—di—chloro—2—butene 1.2 eqe H7}3t H, ¥F%

O

Fol A HhAl whgS Btk Rbgo] 2 EEolAM fUlEES

(ot
]

o
o

)=
==

il

ethyl acetate® F=3%t}. FE3 U brines &3l 55 AASL
NazSOs2 ol Qe 55 AAS F, Jds55L7E ol&sto] sFAZ
F, column chromatography® ethyl acetate®} hexane 183 methanols
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o] g3 Hg A s (MIM—cis—Butene—O—TEMPO step 1 product,

M

43%)

AE A HA G AAEE 1.0 eqe 52 vie ZEbAFo) stirring
bar®} o] ¥ i, argon A&3 F ACNOe=Z 05 M %g =t 1-
methylimidazoles 1.2 eq®s Hsled €1 243F 60 TollA RHESS
Btk gkSo] ¢ 5§ E3 ethyl acetates AFE3Fe] Aol EF5S T2t
dsHSTLE AF-g-stod == ! MIM—cis—Butene—0—
TEMPO (#3k4 3114, 93%)E 43Utk 'H NMR (500 MHz, DMSO—ds) 6
9.21 (s, 1H), 7.73 (dt, J= 8.9, 1.7 Hz, 2H), 5.86 (m, 1H), 5.70 (m, 1H),
492 (d, J=17.2, 2H), 4.17 (dd, J = 5.9, 1.3 Hz, 2H), 3.86 (s, 3H), 3.62
(tt, /= 11.1, 4.0 Hz, 1H), 1.90 (dt, / = 12.8, 1.9 Hz, 2H), 1.26 (t, J=
11.8 Hz, 2H), 1.06 (d, / = 17.5, 12H). 6—8 ppm®ll Sli= peaks<> phenyl
hydrazine peake]t}. "’C NMR (126 MHz, DMSO-ds) ¢ 137.0, 134.0,
128.8, 124.6, 124.3, 122.7, 70.6, 63.8, 58.5, 46.4, 45.1, 36.3, 33.0, 21.0.;
HR-MS(ED: m/z = 307.2260, calcd. For C17H29N302: 307.4362.; ATR—
IR: 3380, 3143, 3073, 2974, 2937, 1645, 1572, 1463, 1377, 1363, 1243,

1219, 1166, 1080, 1015, 983, 900, 846, 770, 622, 553, 493 cm™!
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MIM—trans—Butene—O—TEMPO(3) &] %Al

0
\t’j/
O
H cr
-
= Zg AT 4—hydroxy—TEMPO 1.0 eqs}t

Tetrabutylammonium hydrogensulfate 10 mol% 2 KOH 2.0 eqE 3l
stirring barg Yail argon #| &3t & H,0°f 1.0 MW =9l v 2o
AEYES sPdEA frans—1,4—di—chloro—2—butene 1.2 eqS A7} H,
e EdEe Ad2olAd Wl wkes Btk wWkgo] 2y EeEolA
71555 ethyl acetate® FE3TH FEF% thF brines &&3t0] &E&

AL NaSOZ ol & &8 AA

=)

<, JAFEHTHIE o] &3t
F%AZ7] H, column chromatography® ethyl acetate®} hexane 181l
methanols ©o] &3] &g AA|gc}, (MIM—trans—Butene—O—TEMPO step

1 product, 33%)

AAdE 3 HA dA AAHNE 1.0 eqe o vY Z8A 0] stirring
bare} #o] Yil, argon A3 T ACNO=Z 0.5 M wF =it 1-
methylimidazoles 1.2 eqWtE FHstel ¥ 293 60 TeolAd w55

Btk wkso] BY 5 E3 ethyl acetateE AFE3te] Ao =& mor}
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E%< Amberlite® TRA—900(CD, ion exchange resinge W< ZAHIe|
A3 AN A, dEFHTENE AESte] B8 d@] MIM-trans—

Butene—O-TEMPO (%74 314, 98%)% 2%tk 'H NMR(500 MHz,
DMSO—ds) 6 9.21 (s, 1H), 7.72 (m, 2H), 5.86 (m, 2H), 4.83 (d, J = 4.6
Hz, 2H), 3.98 (d, J = 3.4 Hz, 2H), 3.85 (s, 3H), 3.58 (tt, /= 11.1, 4.1
Hz, 1H), 1.85 (dt, J = 12.7, 2.0 Hz, 2H), 1.24 (t, /= 11.6 Hz, 2H), 1.05
(d, J = 15.6 Hz, 12H). 6—8 ppme°l] 3+ peaks< phenyl hydrazine
peake|tl.  ¥C NMR (126 MHz, DMSO-ds) & 137.1, 134.3, 128.8,
124.6, 124.3, 122.7, 70.5, 67.1, 58.4, 50.3, 45.1, 36.3, 33.0, 21.0.; HR—-
MS(ED: m/z = 307.2260, calcd. For Ci17Hz9N302: 307.4362.; ATR—IR:
3384, 3154, 3081, 2974, 2937, 2870, 1640, 1571, 1461, 1363, 1243,
1219, 1165, 1118, 1088, 1059, 1016, 974, 899, 844, 759, 656, 623, 564

cm!

4—amino— TEMPO &&3 TEMPO dimer (5)2] 34
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Tt Z8A~309] 4—amino—TEMPO 1.0 eqE #3l stirring bars
Y3 argon A &3+ & DCMe| 0.5 MwWE 9l thg ice bathel| A *]3}o]
0C2 25F Y+u. AHHLS d9AA pyridine 1.0 eqe H7F3H H,

bromoacetyl bromide 1.0 eqE ¢+ WX HH3| Yot} ¥Hg =TS

o] g3ty FFHAZ] F, column chromatography® ethyl acetate®}
hexaneS AFg3lo] F2 A st} (step 1 product, 50%)

AdE A HA A AAE 2.0 eqe T viE ZEFA A9 stirring
bar2} o] ¥i, argon H&3I} F ACNOe=ZE 05 M HHEF FAdt}
Tetramethylethylenediamine< 1.0 eqWts 3kl €311 60 TellA 18 h
HES Bt dkgo] 89 H 53 DCMS AMEste] Ao E5S B2t

S Amberlite® IRA—900(Cl), ion exchange resine %

e
of
llo

N
o
¢ o
=2

THAZ FH, AHAEFTEVIE ARl &8 ¥¥ 4—amino—TEMPO
g3 TEMPO dimer (#7114, 95%) 5 4th. 'H NMR (500 MHz,
DMSO—-ds) & 9.07 (d, /= 7.6 Hz, 2H), 4.24 (d, /= 11.1 Hz, 8H), 3.96
(m, 2H), 3.29 (s, 12H), 1.68 (dd, /= 12.6, 3.4 Hz, 4H), 1.34 (t, /= 12.4

Hz, 4H), 1.03 (d, J = 4.6 Hz, 24H). 6—8 ppme°l] U+ peakE< phenyl
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hydrazine peake]tl. 'C NMR (126 MHz, DMSO—ds) ¢ 162.3, 128.9,
62.6, 58.3, 56.7, 52.4, 44.9, 41.4, 33.1, 20.1.; HR-MS(ED: m/z =
575.4052, caled. For CosHs6CINgO4: 576.2434.; ATR—-IR: 3191, 3044,
2985, 2935, 1672, 1546, 1459, 1366, 1304, 1242, 1226, 1181, 974, 929,

901, 886, 730, 603, 566, 539, 517, 495, 476, 444, 431, 422 cm™!

4—amino— TEMPO %4 (6b) <] &4

o=t s et | 4—amino—TEMPO 1.0 eq8}
Tetrabutylammonium bromide 20 mol% 2} K.CO3 0.2 eqE F3&l stirring
bar® Yi argon X &3 F ACNe] 0.5 MWEF 3 thg AFLoA

T

AEHE dHA 1,3—dibromopropane 2.0 eqE #H7}3 ), whs ST ES

o

40 TCTolA HAZF ¥HeS ®muth 1 & EIAEA FI)EES ethyl

O

=% U5 brines &3t &5 Al78kal NaSO.=

A

acetate® =3t}

=

ol = BS AAS &, IJAsE5TU7E o]gsted §FA17 FH, column
chromatography= ethyl acetate$} hexane= AME3}o] e AA|dc}h, (4—
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amino— TEMPO %A step 1 product, 10—15%)

AdE A HA A AAE 1.0 eqer T vbE EH2EAA9 stirring
bare} #o] YWil, argon A3 T ACNO=Z 0.5 M Wi =dv}h 1-

methylimidazoleS 1.5 eq¥3 FHslo] Yu 297 60 TCoA #&S

A EHTUINE AT 22 98 4—amino—TEMPO XA (6b, %H-7HA
A, 10%) = LAk 'H NMR (500 MHz, DMSO—ds) & 9.15 (s, 1H),
777 (t, J= 1.8 Hz, 1H), 7.70 (t, /= 1.8 Hz, 1H), 4.22 (t, /= 7.0 Hz,
2H), 3.84 (s, 3H), 2.75 (m, 1H), 2.55 (t, /= 6.6 Hz, 2H), 1.93 (m, 2H),
1.74 (m, 2H), 1.16 (t, /= 12.0 Hz, 2H), 1.04 (d, / = 16.2 Hz, 12H). 6—8

ppmeol 3+ peaks< phenyl hydrazine peak©|t}.
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2) TEMPO #+X=AE €83 alcohol? oxidation

General procedure A

Test tube®] stirring bar®} TEMPO %4 (1j) 2 mol% (0.04 mmol,
13.2mg)E Y1 ACN 2.0 mLE A7}t % ice batholA 0 CTZ WL} aq.
13% NaOCl 1.2 eq(2.4 mmol)= 7}t &, ZA3S}Al stirringst™ alcohol
Aok 1.0 eq(2.0 mmol) Rt YolFErh. TLCE ol &sto] whgo] k4=
W74 HEGAIZAT olw] 2A]%ko] AU Rbgo] PAEA] Fom FE-ollA
ojojA] HEE& Hulw TLCE Hh3 ¢4 of -5 st} wh3o] ¢dd H,
H:08} diethyl ether? F& ¥ #7715+ WZE Lo} NaSOiZ 2 =2
AAT & Y o|HE AlEste] LAE Atk B 7lss #Y st
SuE AAFAY UF 7P A= AT airg EE5to] s 43

AAS ¥, Bl uweg} n—pentaned} diethyl etherZ 3}TES Fd,

-

dAst =t gEs deth

General procedure B
Test tube®l stirring bar®} TEMPO %4 (1j) 2 mol% (0.04 mmol,
13.2 mg) = Y91 Toluene 2.0 mLE #H7}3F 3 ice batheolA] 0 CT= W&},

aq. 13% NaOCl 1.2 eq(2.4 mmol) = 7}t &, A3l stirringdl™ alcohol

juv)

AlokE 1.0 eq(2.0 mmoD) Rt Yolst. TLCE o]&ste] whgo] kA=
W 7kA] WESAIZAT ol 2A]7Fo] AU whgo] PAEA] 9o AFEolA
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H:08} diethyl ether® F% ¥ F%5< WE Kol NaSO.E He ¢

AAR F Aol Z AHgatel WAF ABG RS §3% 2 ol

1

SE AASAY |UF 7R AdE AF airs &85t §rlE &3]

A A FH, n—pentane¥ diethyl ether® &35S Hgl, AFAste] =53

o

shtes Atk

Acetophenone (7a) [CAS 98—86—2]

O

CH,

General procedure A WH O =z test tube®] 1—phenyl ethanol 2.0
mmolS ¥ 1A 7F HE$-3}o] aceotophenone (=& HA], 0.2285 g, 95%) =
Atk 'H NMR (500 MHz, CDClz) 6 7.97 (dt, /= 8.4, 1.5 Hz, 2H), 7.57
(tt, /= 7.4, 1.5 Hz, 1H), 7.47 (tt, J= 7.6 Hz, 2H), 2.61 (s, 3H). "*C NMR

(126 MHz, CDCl3) 6 198.2, 137.1, 133.1, 128.6, 128.3, 26.6.

Benzaldehyde (7b) [CAS 100—-52-7]

@)
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General procedure A W5 © 2 test tube©l benzyl alcohol 2.0 mmolS
Y31 1AIZF WES-3}o] benzaldehyde (=&t 44|, 0.2012 g, 95%) & LAt}
"H NMR (500 MHz, CDCl3) & 10.03 (s, 1H), 7.89 (dt, / = 8.1, 1.5 Hz,
2H), 7.64 (tt, J = 7.4, 1.5 Hz, 1H), 7.54 (t, /= 7.6 Hz, 2H). 'C NMR

(126 MHz, CDCl3) ¢ 192.5, 136.5, 134.6, 129.4, 129.1.

m—Anisaldehyde (7c) [CAS 591—-31—-1]

O

General procedure A W O =E test tube®] 3—methoxybenzyl alcohol
2.0 mmolg Y1 1A7F ¥WF$38Fo] m—Anisaldehyde (=& 99|, 02684.g,
99%) 5 ¥tk 'H NMR (500 MHz, CDCls) 6 9.98 (s, 1H), 7.46 (m,
2H), 7.40 (t, /= 1.7 Hz, 11, 7.19 (m, 1H), 3.87 (s, 3H). ?C NMR (126

MHz, CDCl3) & 192.2, 160.2, 137.9, 130.1, 123.7, 121.6, 122.1, 55.6.

2—Chlorobenzaldehyde (7d) [CAS 89—-98-5]

o)

Cl

General procedure A WHHOZ test tube®] 2—chlorobenzyl alcohol
-53-



2.0 mmol& Y1 1A%t wk$3le] 2-Chlorobenzaldehyde =&k A,
0.2531g, 90%) % ¥}t 'H NMR (500 MHz, CDCl3) 6 10.50 (s, 1H),
7.94 (dd, 1H), 7.54 (td, /= 7.6, 1.7 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H),
7.40 (t, J = 7.4 Hz, 1H). C NMR (126 MHz, CDCl3) & 189.9, 138.0,

135.2, 132.6, 130.7, 129.5, 127 .4.

3—Nitrobenzaldehyde (7e) [CAS 99—-61-6]

0]

/

NO,

General procedure A W O % test tube®l| 3—nitrobenzyl alcohol 2.0
mmols ¥l 3AIZF ¥H§3Fe] 3—Nitrobenzaldehyde (=& 1A, 0.3155g,
99%)E AUtk '"H NMR (500 MHz, CDCls) 8 10.13 (s, 1H), 8.73 (t, J =
1.9 Hz, 1H), 8.50 (dq, / = 8.4, 1.1 Hz, 1H), 8.24 (dt, J = 7.6, 1.3 Hz,
1H), 7.77 (¢, J = 8.0 Hz, 1H). "C NMR (126 MHz, CDCls) & 189.8,

148.9, 137.5, 134.7, 130.5, 128.7, 124.6.

Dodecanal (7f) [CAS 112-54-9]

\/\/\/\/\/\?0

General procedure B W O % test tube©] dodecanol 2.0 mmol<
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Y 5A12F WH8-8tod Dodecanal (R4 3 124, 0.3339¢g, 91%) S 4idt. 'H
NMR (500 MHz, CDCly) & 9.77 (t, J = 1.7 Hz, 1H), 2.42 (td, J = 7.3,
1.8 Hz, 2H), 1.62 (m, 2H), 1.30 (m, 16H), 0.88 (t, /= 7.1 Hz, 3H). '*C
NMR (126 MHz, CDCly) & 203.1, 44.0, 32.0, 29.7, 29.5 ,29.4, 29.4,

29.2, 22.8, 22.2 14.2.

4—Phenyl—2-butanone (7g) [CAS 2550—-26—7]

O

General procedure B W% test tube®] 4—phenyl—2—butanol 2.0
mmolS Y1 6A17F WkS3l9] 4—Phenyl—2—butanone (=& N A, 0.2425g,
82%) % ¥ttt 'H NMR (500 MHz, CDCls) & 7.28 (t, J = 7.6 Hz, 2H),
7.19 (t, J = 7.6 Hz, 3H), 2.90 (t, J = 7.6 Hz, 2H), 2.77 (t, J = 7.6 Hz,
2H), 2.14 (s, 3H). ""C NMR (126 MHz, CDCl3) & 208.1, 141.1, 128.6,

128.4, 126.2, 45.3, 30.2, 29.8.

Benzophenone (7h) [CAS 119-61-9]

0]
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General procedure A WHO 2 test tube©l] benzhydrol 2.0 mmolS
23 1A ¥9E$-3le] Benzophenone (=% 94|, 0.3611g, 99%)= At}
'"H NMR (500 MHz, CDCl3) & 7.81 (dd, 4H), 7.59 (tt, 2H), 7.49 (t, J =
7.6 Hz, 4H). ®C NMR (126 MHz, CDCl3) & 196.9, 137.7, 132.5, 130.2,

128.4.

4’ —Bromoacetophenone (7i) [CAS 99-90—-1]

HsC.__O

Br

General procedure A HHO®  test tubeo] 4—bromo—a-—
methylbenzyl alcohol 2.0 mmol& Y1 1AIZF HEgsle] 4 —
Bromoacetophenone (:x & 124, 0.4237g, 99%) %5 ¥<lth. 'H NMR (500
MHz, CDCl3) & 7.82 (dt, /= 9.0, 2.1 Hz, 2H), 7.61 (dt, /= 9.0, 2.1 Hz,
2H), 2.59 (s, 3H). "C NMR (126 MHz, CDCls) ¢ 197.1, 135.9, 132.0,

129.9, 128.4, 26.6.
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3—Phenylpropionaldehyde (7j) [CAS 104—53-0]

O

General procedure A ¥ © % test tube©] 3—phenyl—1—propanol 2.0
mmols Y1 2A]7F ¥E23}o]  3—Phenylpropionaldehyde (=% 94,
0.2297g, 86%)= <<2tt. 'H NMR (500 MHz, CDCl3) & 9.83 (s, 1H),
7.30 (t, /= 7.4 Hz, 2H), 7.21 (t, /= 8.6 Hz, 3H), 2.96 (t, J = 7.4 Hz,
2H), 2.79 (t, / = 7.6 Hz, 2H). "C NMR (126 MHz, CDCls) & 201.7,

140.4, 128.7, 128.4, 126.4, 45.4, 28.2.

Biphenyl—4—carboxaldehyde (7k) [CAS 3218-36—8]

O
OO0~
General procedure A WH O % test tube®l] 4—hydroxymethylbiphenyl
2.0 mmolS 21 2A]7F HE-$-3}e] Biphenyl—4—carboxaldehyde (=% 114,
0.3607g, 99%) 5 4tt. 'H NMR (500 MHz, CDCl3) 8 10.07 (s, 1H),
7.96 (dt, / = 8.4, 1.7 Hz, 2H), 7.76 (dt, J = 6.5 Hz, 2H), 7.64 (dt, J =

8.3, 1.7 Hz, 2H), 7.49 (tt, 2H), 7.42 (tt, J = 7.3, 1.5 Hz, 1H). *C NMR

(126 MHz, CDCl3) ¢ 192.0, 147.3, 139.8, 135.3, 130.4, 129.1, 128.6,
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127.8, 127.5.

Phenylpropargyl aldehyde (71) [CAS 2579-22-28]

@)
—

General procedure A HHH O Z test tubeo] 3—phenyl—2—-propyn—1-—
ol 2.0 mmolE ¥ 3l 3AI7F WH-E-3}o] Phenylpropargyl aldehyde (=& oA,
0.1160g, 44%)E ¥t 'H NMR (500 MHz, CDCl3) & 9.43 (s, 1H),
7.61 (dt, /= 8.1, 1.6 Hz, 2H), 7.50 (tt, /= 7.6, 1.6 Hz, 1H), 7.41 (tt, /=
6.7 Hz, 2H). *C NMR (126 MHz, CDCls) & 176.9, 133.4, 131.4, 128.8,

119.5, 95.2, 88.5.

Cyclododecanone (7m) [CAS 830—-13-7]

o]

General procedure B WHO=Z test tube¢] cyclododecanol 2.0
mmolS Y1 9AI7F ¥F2-3}e] cyclododecanone (43t =& 114, 0.3501g,
96%)E At} 'H NMR (500 MHz, CDCls) & 2.46 (m, 4H), 1.71 (m,

4H), 1.30 (m, 14H). *C NMR (126 MHz, CDCls) & 213.0, 40.5, 24.8,
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24.7, 24.3, 22.6, 22.4.

2—Thiophenecarboxaldehyde (7n) [CAS 98—-03—-3]

/ \_ 0
S

General procedure A WY S 2 test tube®] 2—thiophenemethanol 2.0
mmolS ¥ 1A|7F H¥E2-3}o] 2—-Thiophenecarboxaldehyde (Z2] oA
0.1863g, 83%) = ¥t} 'H NMR (500 MHz, CDClz) 6 9.95 (d, J = 0.8
Hz, 1H), 7.79 (dd, J = 3.8, 1.1 Hz, 1H), 7.77 (dt, /= 5.0, 1.1 Hz, 1H),

7.22 (dd, J = 5.0, 3.8 Hz, 1H). *C NMR (126 MHz, CDCls) & 183.1,

144.1,136.4, 135.2, 128.4.

Piperonal (70) [CAS 120-57-0]
@)
@)
General procedure A WO R test tube®| piperonyl alcohol 2.0
mmols Y1 1AI7F 983l Piperonal (=% A, 0.3200g, 99%) =
oot 'H NMR (500 MHz, CDCl3) 6 9.81 (s, 1H), 7.41 (dd, /= 7.8, 1.7

Hz, 1H), 7.33 (d, /= 1.5 Hz, 1H), 6.93 (d, /= 8.0 Hz, 1H), 6.08 (s, 2H).

¥C NMR (126 MHz, CDCl3) 6 190.4, 153.2, 148.8, 131.9, 128.8, 108.4,
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107.0, 102.2.

2—Phenylpropionaldehyde (7p) [CAS 93—-53—8]

_0

General procedure B ®H S % test tube°l] 2—phenyl—1—ethanol 2.0
mmolS 21 18A17F wWHS3le] 2—Phenylpropionaldehyde (53 oA,
0.1558g, 59%) % ¥t 'H NMR (500 MHz, CDCl3) 8 9.69 (d, J = 1.5
Hz, 1H), 7.38 (tt, /= 7.5 Hz, 2H), 7.30 (tt, J = 7.4, 1.6 Hz, 1H), 7.21
(dt, 2H), 3.64 (ad, /= 7.0, 1.1 Hz, 1H), 1.45 (d, J = 7.2 Hz, 3H). °C

NMR (126 MHz, CDCl3) ¢ 201.2, 137.8, 129.2, 128.4, 127.6, 53.1, 14.7.

1—Octanal (7q) [CAS 124-13-0]

\/\/WO

General procedure B WO % test tube¢] 1-—Octanol 2.0 mmol<
Yl 9AIZF HFE-3ke] 1-octanal (FFge AA, 0.1366g, 53%)E LUtk 'H
NMR (500 MHz, CDCl3) & 9.76 (s, 1H), 2.42 (td, 2H), 1.63 (q, 2H),
1.30 (m, 8H), 0.88 (t, / = 6.5 Hz, 3H). 'C NMR (126 MHz, CDCls) 4

44.0, 31.7, 29.2, 29.1, 22.6, 22.1, 14.1.
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ABSTRACT

Design and Synthesis of Water—Soluble TEMPO
Derivatives: Application in Aqueous Redox Flow

Batteries and Oxidation Reactions of Alcohols

Hyemi Kim
Department of Chemistry

Graduate School of

Sungshin Women's University

TEMPO (2,2,6,6—Tetramethylpiperidine 1—oxyl) is a representative
example of N—oxyl compounds. N—oxyl compounds constitute a distinct
class of organic radicals with unique characteristics and reactivity. Due
to their diverse chemical properties, these compounds can be used as
spin labels in electron spin resonance (ESR) research, charge carriers in

energy storage systems antioxidants in biological research, mediators in
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polymerization reactions, and as catalysts in chemical and
electrochemical oxidation reactions. Among them, TEMPO radicals are
relatively stabilized, because of the steric hindrance provided by the four
methyl groups on the alpha carbons. This hindrance prevents radical—
radical dismutation and restricts access to substances that could quench
the radical species.

Energy storage systems are gaining increased attention in the global
transition towards renewable energy networks. Recently, there has been
a focus on AORFB (aqueous organic redox flow batteries) which employ
organic electroactive molecules because they are non-—flammable, and
they can decouple the energy capacity and power generation. In this
study, various water—soluble TEMPO derivatives were synthesized by
linking TEMPO to different linkers and solubilizing moieties to enable
their use as aqueous organic redox materials. The solubility of the
synthesized water—soluble TEMPO derivatives was measured, and their
redox activity in aqueous solutions was confirmed, demonstrating their
potential as water—based cathode materials.

The oxidation of alcohols to the corresponding carbonyl compounds
1s an important reaction in organic synthesis. Particularly, developing the

oxidation conditions of primary alcohol selectively to aldehyde have been
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of interest. However, most synthetic protocols from the literatures often
involve the use of toxic reagents or suffer from limitations such as the
generation of wvarious by-—products. In this study, a water—soluble
TEMPO derivative was employed as a catalyst for the oxidation reaction
of alcohols under efficient and simple conditions. Using 2 mol% of the
TEMPO derivative, a range of primary and secondary alcohols were
oxidized to the corresponding aldehydes and ketones in 44% to 99%

yield, without the need for additional phase transfer catalysts.
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Figure 10. 'H NMR spectrum of 2
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Figure 11. *C NMR spectrum of 2
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Figure 12. '"H NMR spectrum of 3
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Figure 14. '"H NMR spectrum of 5
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3-Coupling Analysis Report
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Figure 16. '"H NMR spectrum of 6a
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Figure 18. 'H NMR spectrum of 6¢
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Figure 19. 'H NMR spectrum of 7a
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Figure 21. 'H NMR spectrum of 7b
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Figure 22. *C NMR spectrum of 7b
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Figure 23. 'H NMR spectrum of 7¢
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Figure 25. '"H NMR spectrum of 7d
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Figure 27. '"H NMR spectrum of 7e

] J-Couplling Analysis Report
- File : M-017-20-columnl_single_pulse-1-2.Jdf
] = 2 (= @]
CE s g2 - = =
o = 10.13(ppm) 1
1 - 8.73[ppm] 1 & J1 = 1.8[Hz]
1 x 8.50[ppm] 1 dg J1 = B.4[Hz)
Bl = T2 - 1igEe)
k| 9.240ppal 1 dt 31 = 7.60H]
= RTINS e
06 ] © 31 = 80[E)
] NO,
<
=~
=
e q
=
v
=
hF |
<
Laile
=
o
=
g
8
g 1
g§ 1
T 1
EE| 1,
— |
ie L
T T T T T T T
10.0 50 4.0 3.0 2.0 1.0 0
-
3 g
= : =
= =
X : parts per Million :

Figure 28. *C NMR spectrum of 7e

<
-
<
L]
<
i
=
z
E
: | |
£ < ; | - )
AU ASAAAAARABAARA ARAARAEA AR RARA A AARA AL AR AR BARAR SRR RARSS AR BRRASRALA AN RARSS RAAAS AARSE RARLN A
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 200 100 0 -10.0 -20.0
Il
| ANAN
g g BREgs
z Z TEFTl
g ¢ EFisds
X : parts per Million : Carbon13

-81 -



Figure 29. 'H NMR spectrum of 7f
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Figure 30. *C NMR spectrum of 7f
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Figure 31. 'H NMR spectrum of 7g
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33. 'H NMR spectrum of 7h
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Figure 35. 'H NMR spectrum of 7i
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Figure 37. '"H NMR spectrum of 7j
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Figure 38. *C NMR spectrum of 7j
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Figure 39. 'H NMR spectrum of 7k
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Figure 41. '"H NMR spectrum of 71
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Figure 42. *C NMR spectrum of 71

23
E,
=
i
==
-
=
9
= ]
9
—~ =2
=7
g 1
]
R
3 ]
N {14
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 60.0 50.0 40.0 30.0 20.0 100 0 -10.0 -20.0
z 2 5 7 g
g g & 88
£ & = 2 %
X : parts per Million : Carbonl3

- 88 -



Figure 43. '"H NMR spectrum of 7m
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Figure 44. *C NMR spectrum of 7m
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Figure 45. '"H NMR spectrum of 7n
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Figure 47. '"H NMR spectrum of 70
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Figure 48. *C NMR spectrum of 70
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Figure 49. '"H NMR spectrum of 7p
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Figure 50. *C NMR spectrum of 7p
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Figure 51. '"H NMR spectrum of 7q
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