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W7HII) Q== WA (manganes(II) iodosylbenzene) HEAE 7|vko & sl du|slo|= Ak3} Zuf E3hx),

7] B f==AA HAE dulstel =] 4 7](formyl group) 49k Aoz dh= Z1<,

ddsto]= atsl Zu) B3HA],

AT 4
A 18l lo] A,

A7) dHEtol e Alo]F R A A IFE Aok H|Elo] = (cyclohexencarboxaldehye), #Wl=<ke)s}o] = (benzaldehyde),
4-tert-F-EHll 2L HsFo]| = (4-tert-butylbenzaldehyde), 4-FZZWlZ=Ld|s}o]=(4-fluorobenzaldehyde), 4-2
22l = slo] = (4-chlorobenzaldehyde), 4-H 2Rl 2kd|S}o] = (4-bromobenzaldehyde), ¥-%+<(butanal),
Heke(pentanal), A+ (hexanal), =% (octanal), =% (nonanal), ©7}+%(decanal), 2-wlEH-E]Zd|s}
o] =(2-methylbutyraldehyde), 2,2-tve X 2 32k (2, 2-dimethylpropanal ), A =d-2-7hlLddslo| =
(quinoline-2-carbaldehyde), WX &#-1-7}u}<d|s}e]= (naphthalene-1-carbaldehyde), SQFEZFAI-9-7}u}<td|
3}o] = (anthracene-9-carbaldehyde), ¥ #-1-7}u}&d]s}o] = (pyrene-1-carbaldehyde) = 1-Alo|ZF=ZA-1-7}
E 2~ 9kd|8}o] = (1-cyclohexene-1-carboxaldehyde) &2 o] Fo|zl oA AElEE= A2l
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otdjslol = Abal Zul =34,

tlo

Sm Aol BH(I) LE=E=AWA (manganes(Ill) iodosylbenzene) E§HA¢} ddslo]=s F<idlo] WhE-g-o
=1
=

A7) gENde] AskES FdstE dAE
AT 6
A5aell de] A,

Srejstol =9 st .

[s}eh4] 1]

AT% 8
A5l loj A,

A7) R s ANAl B 4] ddstel=e] R Y] (formyl group) At FoztE shs A

AFE 9

A5l glo1A,
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[0003]

[0004]
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A7 duslol=e  AlolER2 AT 2~ v 5lo] = (cyclohexencarboxaldehye), W= <d|s}o] = (benzal dehyde)
4-tert-F-E Wl 2 H|slo| = (4-tert-butylbenzaldehyde), 4-Z= &2 Z2d|5}0]=(4-fluorobenzaldehyde),

Z R =Y 8to] = (4-chlorobenzaldehyde), 4-H & Xl =)o) = (4-bromobenzaldehyde), —‘?—%O—J(butanal)
#Eeret(pentanal), N4k (hexanal), <% (octanal), =< (nonanal), ©7}¢(decanal), 2-WEFEl2d s}
o] = (2-methylbutyraldehyde), 2,2-tugl X 2 72 (2, 2-dimethylpropanal ), HA=H-2-7Huted ) sto] =
(quinoline-2-carbaldehyde), & d-1-7}u}<d)|s}o] = (naphthalene-1-carbaldehyde), <QFE@}Al-9-7}u}ete)
3Fo] = (anthracene-9-carbaldehyde), 3 @-1-7}u}etd|3}o] = (pyrene-1-carbaldehyde) 2 1-Alo|EFZ & A-1-7}
B ~okdslo] & (1-cyclohexene-1-carboxaldehyde) &2 o] Fo] 7 Fo| A AeElE= A

Sre|sel =] A5} .

A3 10
A58 QlofA],
A7) gulj= CHiCN/CF5CH.0H &7, CHsCOCHs/CFsCH;0H &7, CH,Cl,/ CFsCH;OH &7 2 CFCH,0H &7 5 o= 3}

o] Ao

XY,

Sre|sel o] Aks} .

WA 328 K 5= W ejolA Fash=

>,\I
o

gy o] Hy

7l € & °F

Boag e obgslo| = 4kl Euf HEghAo] @3 Ao, v AAEAE WD) oAl EgkA w3
70|

)

o g 7 &

dejsto]=o] Absh= AACAM vdet a3 S fste] FRISSA FdEY. dHstol=s Eias

(Aldehyde dehydrogenases; ALDH)E ZH|dto] =g FhuAdato g AataA =L thAbellA OLE]’S} 1= 352

A E Al (cellular homeostasis) ¢+ X2 kst z 913k Wke-A Udu|sto]= A AL} e Fa3 WkeS

ook, dE 5o, dEEe] dAb TG = ok EL Sl = (acetaldehyde) = ALDH2°ﬂ ofel qkstE o] =

g, g 3 QI3 DNA-eb i vhal EAS WA drlstol =8 EAskelr] 91al] ALDHO] 24 H-9lol Sis=
o .

Alz=H9l ]9 F(sulfur)S Ldsiol= A
r)¢ NAD(P)HZ A|&3l= NAD(P)+oll slol=glol= AYS 33},
change) &, E]RoAE+= A 7R E S 7 2~H|Q

Fast t}e-, E] Qo 2 (thioeste
A 5499 538 W3 (isomorphic
4

N[
il
12 i
=)
>,

|

£

;

o

dosto]l == AESH A2®l(biological system)o| A AtslE]7] HXwk, iR ddsle]== AWy oz
A3l (autoxidation)dl HlEA ol HEZH o= dhslo|us 2B AN0R Zn) A7)

(permanganate), Tthola=2ZHAM (dichromate), %244 (periodate), S<=(oxone)s EFHeE =g AlsiAl&
ga 2 s}, H2o dFE gddte|=o v 2stE 98 e 2keAl(nild oxidants)E LA N, oA
3] =% 2 (sluggish activity)®] 7Fesh 208 e ¢, B3k, gif-ie] gdstel=9 4hsl g2 =7t
FH3 ddol=rt o we Wk A7k EZolE dAeg e (=0 A4S FAsEr] Ya =22 1A

_5_
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[0007]

[0008]

[0009]

[0011]

[0012]

ZIHSd 10-2024-0158079

(ucleophile) L2 e, ol Ao WAL DTG A A pstet. dof
=) 8

A, ddstol=9] 2tstE A% &l el A

RS = | A

AE-F7]38}8k(bioinorganic chemistry)olAl S & A (metalloenzymes)E T4 FHZA(metal superoxo), (3F
ol =2)H & A ((hydro)peroxo) 2 (3to]=2) %A ((hydr)oxo) FIHAET 22 a4 A At $& o &3t
of thekgt Aks) stehs "@aeth. 55 WA Akk S 2 9 R3S olallEtr] sl vk AA g
Zte 9 RkSA Abr BES Ze nd %;‘”ﬂ% dAdste] - 4% 24 3H(C-H bond activation), 4FA3}
(oxygenation), €| E3}(demethylation), % (deformylation) = X&3 vt 4kst QbSO A
ZAFSFA T, dstol=E F2 F5% T%*J@rﬁ Z(metal peroxospecies)ol] <& &4 ®WIPFS W= 7|F
(substrate)® E&] AREHo] gkt vt gdlste|=rt 7R R JbstE = AL & kA SA19 W
A oATdA @ #EETE. B, S5 Ak A og ddlstel =] AR Abste o Hs] =EET

~

Y 7] ¢

H]| & 5] ¢
(ME3+4d 0001) Liu, Z. J.; Sun, Y. J.; Rose, J.; Chung, Y. J.; Hsiao, C. D.; Chang, W. R.; Kuo,
I.; Perozich, J.; Lindahl, R.; Hempel, J.; Wang, B. C. The First Structure of an Aldehyde
Dehydrogenase Reveals Novel Interactions between NAD and the Rossmann Fold. Nat. Struct. Biol. 1997,
4, 317-326.

A9 AE 55
2 oo A A wE dystel= ke FHu] HEAE W) =2 WAl (manganes (1)

=
iodosylbenzene) &S 7|Hto 2 3t},
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[0019]
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[0023]

[0024]
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A7) WD) LEEAWAl B3As ddste]l=e] 7] (formyl group) 49 A3 2E e AL 4 A

A7) dHElol e Alo] F R A A IFE A~ H|Elo] = (cyclohexencarboxaldehye), #Wl=<ke)s}o] = (benzaldehyde),
4-tert-F-e Wl 2 Ud|8lo] = (4-tert-butylbenzaldehyde), 4-ZZZ2Wl=2d3}lo]=(4-fluorobenzaldehyde), 4-Z
22l = s}o] = (4-chlorobenzaldehyde), 4-H ZE M= ds}o] = (4-bromobenzaldehyde), -8+ (butanal),
et (pentanal ), AAFY(hexanal), ¥ (octanal), =% (nonanal), U7+ (decanal), 2-WEF-E]Zd|3}
o] = (2-methylbutyraldehyde), 2,2-Yv e 232 (2,2-dimethylpropanal ), 5 -2-7puped | slo| =
(quinoline-2-carbaldehyde), WX &#-1-7}u}<d|s}o] = (naphthalene-1-carbaldehyde), SQFEEFAI-9-7}u}<td|
3}o] = (anthracene-9-carbaldehyde), ¥ #-1-7}u}&d]s}o] = (pyrene-1-carbaldehyde) = 1-Alo|ZF=ZA-1-7}
& | 8Fo] = (1-cyclohexene-1-carboxaldehyde) .2 o] Fo]Z Foll A AEE = AA 4= Qlr).

() L ==24Al (manganes (1)
A

=
iodosylbezne) 3ot &d|s}o] g7] Whggeel AbsiRkgS

2
P wAE T,
47) WD e RN REAE ) st 12 BA8E A 5 v

[3}sh4] 1]

k)

) SEEAWA BEA 5= 0.5 WA 1 MY 5 o).

m
I ==l 5dAs 7] ddlstol=9] xd7|(formyl group) a9t FE=hE s AL

olr

A7 dg|slo] == Aol E 23 Al 7HE A~ 2|8l o] = (cyclohexencarboxaldehye), W= 3}o] = (benzaldehyde),
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=

=
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7} (decanal), 2-WEF-E]ZH

3}o] = (4-fluorobenzaldehyde), 4

ks

3}o] = (4-bromobenzaldehyde), Y-8+ (butanal),

[e)
(naphthalene-1-carbaldehyde),

}o] = (pyrene-1-carbaldehyde)

=

o

3ol

o

2,2-t) el X 232 (2, 2-dimethylpropanal ),
3] @l -1-7}u} &g
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3L E]

it

(4-tert-butylbenzaldehyde), 4-Z 22
F(hexanal), =%¥%(octanal), *=%+<(nonanal),

=
=

Fo

A
SLEN Y
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(quinoline-2-carbaldehyde),
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g =AIE Aot
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T 12 2

L

o] A HAAldo wE FIHIM) LA WAl E3hA 9L g ghe Wlzddsto]l =] In(kk,)
Hammet plot<S Z=A]SH Holt}.
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Hammet plot<S Z=AISH Holt}.
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T 36 E o] o Ao wE () Lo EAMA B3k e} Alo]ZF R ke slo] =e] AkstukL-of A
o F7]1 BV N, #9171 stell A9 vbg £28 TAIgE Aot
= 372 2 o] A AA]do Lo x=AdA

B el £95 A BoblA B89 A8 A AL Solabl AN 5 s B el A ol
of A ARstuA ek, e B odge ofel /b ol YHE FAD F gor] ofrlx Musts
ARl BYEA etk ER, BAN QA dAA FAE FEUEES FAF PHALES e,

2o A Ao mE dugtel= Aks FHv] HEAe W) SEXEAWIAl(manganes (1)
iodosylbenzene) E3A|Z 7|Hto® 3= Aoz Ay o =
hy A

Al (manganes(II) iodosylbenzene) E3+A|E E&3c),

—~

47) BRI SESAMA BFAE ] B 12 BAEE 29 5 g

A48 s A9 F Avh

o

fol

271 B e ==l HgAlE ddlstel =] 24 7](formyl group) 49k &

A7) dgslo] == Aol E &2 3 Al 7HE A2 H| 8l o] = (cyclohexencarboxaldehye), W= 3}o] = (benzaldehyde),
4-tert-F-E Wl 2 d|slo] = (4-tert-butylbenzaldehyde), 4-Z=E &2 Z2H|5}0]=(4-fluorobenzaldehyde), 4-F
22l =2d5lo] = (4-chlorobenzaldehyde), 4-B =Rl =< d3}o] = (4-bromobenzaldehyde), ¥+ (butanal),
et (pentanal), ANAFY(hexanal), <% (octanal), =% (nonanal), ©7}¢(decanal), 2-WEFEl2d s}
o] = (2-methylbutyraldehyde), 2,2-tiH| el L2 92 (2, 2-dimethylpropanal ), F = -2-7ule g slo)| =
(quinoline-2-carbaldehyde), U=eral-1-7}u}etd]3}o] = (naphthalene-1-carbaldehyde), <FE@}al-9-7puleto)
3Fo] = (anthracene-9-carbaldehyde), 3 @-1-7}u}etd|3}o] = (pyrene-1-carbaldehyde) 2 1-Alo]|EFZ & A-1-7}
B~y 3lo| = (1-cyclohexene-1-carboxaldehyde) & 2 o] Fo| oA MeEEE= AY 4= ).
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A7) WZHID S==AMAl HEgAe F=E 0.5 WA 1 mMd 4 SUT).

7] I SEEAMA E3dAE Y] ddiste]l=e] 7] (formyl group) A9t FEAE st AU
ATt

7] dustel=

= Aol 2 AT 2~ ¢ b 8lo] = (cyclohexencarboxaldehye), W= | Slo] = (benzaldehyde),
4-tert-F-e Wl 2U4d|8lo] = (4-tert-butylbenzaldehyde), 4-ZZ 2w =2 d3}o]=(4-fluorobenzaldehyde), 4-Z
22l = slo] = (4-chlorobenzaldehyde), 4-H 2Rl =2kd|S}o] = (4-bromobenzaldehyde), ¥-%+<(butanal),
Hleke(pentanal), &4+ (hexanal), =% (octanal), =% (nonanal), U©7}+%(decanal), 2-wEH-E]Zd|5}
o] = (2-methylbutyraldehyde), 2,2-tve Z 2 32k (2, 2-dimethylpropanal ), F=d-2-7hlLdd slo| =
(quinoline—2-carbaldehyde), WX & #-1-7}u}<d|s}e]= (naphthalene-1-carbaldehyde), SQFEZFA-9-7}u}<td|
3}o] = (anthracene-9-carbaldehyde), ¥ #-1-7}u}&dd]s}o] = (pyrene-1-carbaldehyde) = 1-Afo|EF=ZA-1-7}
52 g 5}o] = (1-cyclohexene-1-carboxaldehyde) ©. 2 o] Fo] R oA Aelxi= AU 4= ).

é) ] ‘Q‘UH = CHgCN/CFgCHzOH ‘Q‘UH CHgCOCHg/CFgCHzOH ‘Q‘UH CHZCIZ/CFgCHZOH 'Q‘UH \:ﬂ CF5CH.0H 'Q‘UH
S

d7] Abshukg-S 288 K W] 328 K 2= W9foll M dsh= Ad = vt

SIS

Az . Bt 53A (P e=4uAd 53h4) 9 A

1) 9 (nonheme) W7H(II) L9 =2AuA 23h4 2 A [Mn' (TBDAP)(OIPh)-(OH) 1" (TBDAP = N.N-di-tertbutyl-2,11-
diazal3.31(2,6)-pyridinophane) & A&t o, v ¢ oz A&},

ZHI) 20wl BEA= 20 €, &) CHON/CR.CHOH(v:v = 3:1)0 4] [Mn' (TBDAP)(OT),](OTf = CF4S0
) 2 3 equive PhIO(Iodosylbenzene)2] HF&(ex: [MnH(TBDAP)(OTf)g] 1.0 mM, PhIO 3.0 mM) 2. & 3THAIslS ).

FAE PrHI) 20wl BEA [Ma (TBDAP) (0IPh) (OH) 1= sh7] 318la] 1oA]e} o] ma=E 4 9lu.

Mn' (TBDAP)(OTf).1Sk Ph109] 7} & $uj2 7]#o= a= Ao},
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AN 1. Aol 22 AR AGH o =] 2b5}

e

Ato]| Z 2 A AT A o H| 3Fo] = (Cyclohexanecarboxaldehyde; CCA)E Ab7] A xdolA gAds w7k L2 =4
WAl AL o] &3te] Abshikg AlFTH

T (293 K) P %%7], %UH CHgCN/CFgCHzOH(VV = 3:1,
W) @0 EAwA EaA ol 200 mie] Ao Z & S ALFFE Aok slo] =
(18 /\]_ =

E
FE AWt sAY ol Ee] 7 FEE §u)8 /Fo2 S Aol

AN 2. Aol FEAWAE ALY Sto| 9] 215}

37 AN 19 B FaAsE, 7] B97) StelA 50 mie] Aol 2= ekl soth|ete| =8 o $5}irt,

4.

H3]7]7] B A,

UV-vis 2FEH (IV-vis spectra)> A= Aot} <=3} $Z(circulating water bath)ZS €8] UNISOKU
Scientific Instruments”’} =% Hewlett Packard 8454 diode array 3% 3 %=7|(spectrophotometer)el] 7]=

s At

AZ|EE o|23l ZZE A (Electrospray ionization mass—spectrometry; ESI-MS) AHEHS 45 WH S ALE
sto] Al (sample) & A(source)ol AHF FUToZM Waters(Milford, MA, USA) Acquity SQD quadrupole
Mass instrumentoll X = ATt. 5 A (spray voltage) 2.5 kV, EAF 2% (capillary temperature)
80 T2 A},

HNR AHEZ S NIST &3tete] 28 Aol Agilent 400-MR DD2 H#A|= ZA it}

AAE BA O B o]L3} 71&7](flame ionization detector; FID)& A= A7) (GC-MS)7} #&% Thermo
Fisher Trace 1310 7}~ AZETHZ(GC) A|2ES thAo 2 383 T).

2l7] B E (Magnetic Moment) =7.

3L
s Y

28] acetonitrile-d3 & (with 0.03 % TMS)S ¥ &3} WILMAD coaxial insert(sealed capillary) HFH =
CDsCN/CF4CD:0D(v/v = 3:1, with 0.03 % TMS)oll &af® =W7HII) S=AdAl E3HA(3.0 mM)e} Alo]EZ3AAl

FHE 2 E8ko] =(200.0 miD o] Whg--ols EFSFaL QU= normal NMR FHe Al G w5 53A

_12_
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(paramagnetic metal complexes)®] &A] dtollA THS F I (L /wEx= &uf 3]7)9 334 o]%(chemical shift)
L YR 5% A4 HH(inner coaxial insert tube)®] TMS I I (H/HEE &) «43’.)4 3184 o] =3} v WY
. & A7) RHE(effective magnetic moment)E . = 0.0618(A vT/2£1) S olgate] Axtalalon

34 7] (superconducting spectrometer)®] W37] F3}4=(oscillator frequency)(MHz), T
=

=y

o]2] & FX(molar concentration), vi= F 7|5 AlZ(reference signals)® T35

Computational Details.

U= g4 o]Z(Density Functional Theory; DFT) AAh2 WIHIM) Lo =2wlAl H3AE o] &3 ddslo]=2]
FHE AT}, o] Z4 AAk2 Gaussian

2+3} wkgo tiet WAYES EZ2 (mechanistic insights)S ¥7] -ﬂﬁﬁ
A& ARESle] DFTZ 3= k. B3LYP ¥4 double- ¢ basis setsHE] SDD(Mn [),6- 31G*(rest)]—‘
zte B E A H A 3 (geometry optimizations)(energy = E1, free energy correction = Georr)ol AF&E UL
o TE xbol] tha] DFT-D3(BJ) w4 (single-point) w4t WS AL-8-3F B3LYP/def2-TZVP WS Al-8-3lo]
SDD & o A9lE ARgste] HAHsbE ¢4 (energy = E2)9] AWAE oldA #HE& 9wk, [SDD(Mn, 1),6-
31Gx(rest) ]} def2-TZVP 713 AEE 77k Bl ¥ B2 mAEch. HAsE ¥dd BE A4S &)
(acetonitrile)ol A CPCM(Conductor-like Polarizable Continuum Model) ®2]& Ap&3lo] =afslvt. H##
(Mulliken) =¥ #4& EF3 2GS Advt. B4 A= 74 (Molecular orbital composition)¥ ¥4} %7+
Atole] F3 R A (overlap populations)& QMForgeES AM&-3)o] 74]*&5] 2. &9 998 - Z(starting input
structure)®= HIHID) Lo E=AMA EatAe] AA Fx2RE Ao HH(coordinate) S AHEsIITH. DFT A4t
of A=EEE A4 S8, ¥ s.=AwAl E3hA <] 21145}3 Ads N L=l H3HA 9
A7 Fz9 Rt 0.032 A Hi Ay HXRMSD) #hS T3t o] F 2] Alte] AFAS FoJ33t).

A4 1. [Mo (TBDAP)(OIPh)(OH)]” E g o ok Aol Z R AT 2 EA| L H 30| =
(Cyclohexanecarboxaldehyde) 9] A3}

U-vis =FEZ #4]

f1a

A7) AA ] 104 Aol F R AATIE A Blo] = AbBlo A W) Lo EAwlAl EatAel Adaly] AlF
g W-vis 97 29 EYH = 19 (a)d] =ASAT(E 19] ()9 A= 400 nme] SFwl=cl e Az ol
(time course)E EAIgH Aolt}). Alo]E= &7}%/\@3]0}0] FEo oigh WK S =AWA E3kA &
Hol %7] WS £ (initial reaction rates; r)E & 19 (b)ol Z=AEAY. = 19 (bh)+ A7) AAld 1

o Aol Apo] S e 7 okh|afo] = Al

A,
(plot)2 %3} HES BHYon, o= &% AA WA (rate-determining step) oo WIHI) L =2dA
B39} AlolE 2@ skgt g g slo]l = Alole] HE A 3 (pre—equilibrium process)ol A 7} (adduct; E)
7} EA8kE AS 9usiy, 2v AQER WHEste 334 A FUHEE)Y 84S §
B3]

.
ReEANA BEA e Aol FR AN s sl =9 WS EAF Aolnt,

UEHID) 8. =A%

23
A
%
Y
B
ik}
lo,
B
N
=
olo
I
k1
5
K
il

7] AAel 20049 AFLo] Alo]EFRIAFIE AL EIO|E EA] Sloll A w 7J(HI) L“?_Eé‘ﬂ?ﬂ AT &
Hal7] Al&slsE U-vis &9 2FE"Y & 39 (a)o] =AIEER o™, 400 nme] S5=ore] AlZE Wol(time
course)E £ 39 (bl EAEAT. = 38 FHXsIH, AEiLel Ao ]%E@V‘H}E/\%}H]é}o]cﬂ I &
=AMl A ekl vk AnE W-vis 2FER Wstel fAgE 53 ZEIAAS BHlon ol RUbE
(B)e] #=4 Ao 7|Qlgtt. Ato] 24T ~ddsto] o WIHIT) S =AwAl J3HA9 olgfgk v
gk UN-vis ~FEH ] Wsle W) S =4AMA H3FAe; Ao 1a§@ﬁ7}%i%ﬂ]’5}°15 Atolel efgh H]F

fr deegoe] EA5H, oo uhel F 23} ‘el (oxidation state)9f WIHID) L=2dA E3hAe] wl¢
(coordination) 54 2 fXEdt. dH HI7IE(E)Y] 2HS ESI-MS(electrospray ionization mass
spectrometry) ol Al E18k4] Zapglem, 1 Ax H7HID) L=l E3A(1)e F8 9=37F vErston
Ao 3719 T Rk 237 AE EAEA Fitt. ry @ Aol 2RI~ LSOl = (CAL) FE AL

;

_13_



[0085]

[0086]

[0088]

[0090]

[0091]

[0093]

[0094]

[0096]

[0097]

[0098]

ZIHSd 10-2024-0158079

ole] A

rr
s

s}

JH

25 A8t 8h7] A (Dol o] H" (fitted)stlth:
21 (1)

kl eq[ ][CCA]/(I + Keq[CCA])

1
=
2
>
ey
rlo
I
1
i)
o2l
mv)
X
Lo
b
k1
ox
&
»
m!)
o
s
k1
SN
rlr
ol
)
S
ko
to
1
i
=3
[ﬁ
Az

A (Do} AtolE 2
7R b el sl =(CCA) Atelo] H7b=(E) A4S AWsks |d A0 ol deld vd(data fit) =5

B, AAd 29 uhgolMe] K9 ke zHzb 1.23(6) M 7 1.7(1) X 10~ s & ZAHC}.

Thes 22 rlE )]~ AGGCNS) £HEY A

247) A el 194 e] Aol Z Rk ok sto] meke] BIRH L@ AMAl Hekale] whg glel vig 7}
> azvhEaee GO0l 9@ B4R B4 A%E & o] BASEY. 7 A3 = 48 Fxstd, Ae|ZRal
LR (PN LOEANA BFA 7F 66(5)0)S HE AHRZ AFAGon], ot T4 Hex F

—-—'_E,
o
rir

H [e}
(metal peroxo species)o] &H|slo]=go} HFS3le] AL A EF th2w | Alo]FZ A= (cyclohexanone)
|

Alo]ZFZ Al (cyclohexene)o] & AMAER TAHAL. A3 SN (resultant solution)?] GC-MS dlo]E]& Alo]

Fz23A 722 A2 (cyclohexanecarboxylic acid)dl thal] 128.19 m/z(mass—to- charge)( ‘0= YeERslem,
i

71 A 1l e e elel®m FUPHoR Y] AAld 19 SdstAl sdstE  [Mn

3

rsL'

r_\.u

, = 40lA

rr

(TBDAP)(OTf),] &% =& #(starting complex)®] £ole] Phl 02 A7sto=x 49 [

(TBDAP) (“01P) ("0 1 (1-"0)2 o] g3Fe] 0 H9 92 (isotope) . HAE Alo]FZ a7 oty sto] =S =
AHow olgagon, AT HYdirHer 02 AW WD) LoEAWMA EIAS Agste] /2

3]
H
130.1% o]Fate] APE Wl At dA7F KD e w=dwldl S3HAeA s HoFArt.

ko
to
1

>,
=

&7) AAld 1ol e W A BFA e} Alo] EF R4 2 U5l o] =9 | oo] ESI-MS 3]
Z & 59 A E s, ESI-MS < ERLS tpkst gz HF Ui AAEE

A A3} g% (resultant solution)e] *7] R E (magnetic moment)E WZH) AA & i

3l owk~¢] NMRY (Evans' NMR method) . EFE 4.6 pBE ZAHAJL. %= 50149 mass peaks®EA Z+

932.6 m/z= [Mn (TBDAP)(OH)(CH:CN)1™, 241.6 m/z= [Mn' (TBDAP)(OH)(CH,CN)(1,0)1°, 273.6 m/z:= [Mn

o
37
=
H o
[@)]

A

O

0 mlo
=
Auj

T £
Q.
(o
H o
I

B N

(TBDAP) (CECH,0) (CH:ON) 1™, 523.3  m/z=  [Mn (TBDAP)(OH)(CF.CH,0)]",  551.4  m/z=  [Mn"

(TBDAP) (OH) (Cal11,C00) 1", 605.4 m/z3= [Mn' (TBDAP) (CF,CH:0)5] , 633.5 m/z%= [Mn' (TBDAP)(Cell;1CO) (CFsCH,0) ] =
eb,

AAe 3 WA 8
g7 AAld 1elAe] WD) g =AMl &
A, FrHHoR Z7] AAd 13 Tdd =

Bkt

FA et AtolZ R AT~ sto] =0 Whgo] g JRE
A sl A, 37 & 19 €= B9 (288 WA 328 K)olA nkee

PN o

# 1
T8 Temperature
AAld 3 288 K
AA 1 293 K
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A 4 298 K
AAld 5 303 K
A 6 308 K
A 7 318 K
A 8 328 K

| 89] 2= wslolAel FaF AshgolAe BYAF L SE P4

)
N
oy
N
il
>
2
-
il
>
2
w
=
N

T 69 (a)= A7) AAd 1, 3 A 69 288 WA 308 K &% F7Fo| A 9] Alo]Z2AMATIE A~ HFlolE &
o WE 7] HhE ET ()Y FHoH, & 69 (b)E A7 AAd 7 2 89 318 K & 328 K &% 7oA 9

Aol S RN AGd S| B Fledl mE 7] WS S(r)9] HAlolv.

< 37 & 20149 7] A 1, AAe 3 WA 89 &% WA Fag ArsNk-gol Aol AP LT E
ZIHho 2 RN S =AWl H3A P Alo|ER AR A Ele] 5] WG el 9t A A9E
A Ao, = 79 (a)& 2984 w7l W4 (thermodynamic parameter)E ZAAst7] #lste] 1/Tell sk 3
FA49=(equilibrium constant; K,)2l SFAolw L 79 (b)& A3} vj7f¥4=(activation paremter)E ZAA3}

7] 93ke] 1/Tol W3k 22k &= Ar4=(second-order rate constant; In(kk,/7))e =Aloltl, &= 79 (a)&
o, WK S AdwlAdl H3HA, Alo]E2 bt addstols 9 FrHEI dA-dd Hy e ois
ol
=

9.4 keal -mol |, AS" =-31.9 cal ‘mol K., AG , 293K = -0.1 kcal -

i
%
)
:.'é
:\é
E
&
N
N
>
=
I

mol = ZAAHE van't Hoff plote AlFste] 1/Tdl e HY (L) Yz 48 JddA7E #EEA.

Aot A= dubAor A4 HIPA BFHE AT BY e o] dgvAder Miva ey
How Teleithe s AANRT. WhE H(af) o &% AR 283 W] 328 Ko 2% WHeloA Ale]E =
AT~ sto] =9k WD) K0 =AHAl F3A 9 wkgolx Hol AEj(TS)el e &5 43t oy~
(kinetic activation energies)E 7] 98] ZAlsle] & 8ol TAEAT. & 82 A3} virdgE A
flete], skl 3 20049 A7l AAle] 1, Al 3 A 89 2% ool g Abstukgol o] FH g
g 7|wte & 1/Tdl tigh &= A4=(rate constant; In(k/T))2l A& Z=AIEE H 9| =79 (b)) ¥ = 8%
Fzetd 1Tel W ki ®l Byring plote $2 A9 AudAE wojFglon, Wil 8. =dwAl 53]

S} Aol EestR ctu|stol B o] Wl g BHH WAWEE AHT = 18.2 keal *mol |, AST = -1.6

cal ~mol ', AGE, 293 K = 18.7 keal - mol & AIA3HAT}.

#Z 2
T8 Temperature K,/ N ks kK, / Mos
Aol 3 288 K 1.58 5.5 % 10° 8.8 x 10°
e 1 293 K 1.23 1.7 % 10° 2.1 <10
A4l 4 298 K 0.94 3.7 % 10° 3.5 X 10
AAel 5 303 K 0.66 8.9 x 10° 59 % 107
AA4 6 308 K 0.50 90 % 107 1.1 % 10"
ERER: 318 K 0.31 7.4 % 10 2.3 X 10
A 8 328 K 0.21 2.9 6.2 % 10"

_15_



[0107]

[0108]

[0109]

[0111]

[0112]

[0114]

[0115]

[0117]

[0118]

[0120]

[0121]

[0123]

[0124]

[0126]

[0127]

ZIHSd 10-2024-0158079

AAle 9.

Wl = okg|ako] = (benzaldehyde) S A7) AlZolol A S WMD) Qo w=AMAl EIAS o] gate] Aspurs

At
HES-& 20 (293 K), 8wl CH,CN/CFsCH.OH(v:v = 3:1, 2 ml)olA 333 em, 1 mMe W7HIl) 8=
=

>
i‘l

pul

WAl BakAe} 200 mMe] W=z d o) =E vk A H Y. WIHID) Lo = A sha o} wl=zotyslo) =] z}
TE BUE VIEeR }—E o]t}

AAle 9-1.

A7) Axe 98k BAEA FAEE, MELu st =E M=dute]= AR para-X-Ph-CHO(X = Bw)E ©]

§7) ANe) 9st BAs FAsE, Mzsdese| = s W=akuste] = FAMIE paraX-Phi-CHOX = F)E o]

Alef 99k T8 sty , wl=dste]l =g Wl=dste]= AR E para-X-Ph-CHO(X

COHE °|&

Aol 9% BASA FAsts], MEAES = E WEA o= FAAE para-k-Ph-CHOX = Br)E o &

Agd 3. WMz 3to|= Absuke B

otd|&to] = (benzaldehyde) & ©]&3to] Ldstol=
Al v R, D e S )
WZHI) SoEaAdA Balxe 4 wiso AaS
A BstE & 99 EA]s}gigtq T 9o Ao A
&= 10014, wWl=ddste]=o] qbste] Wik =7
o, X 1004 AAld oA W= } | =-h(benzaldehyde-h) (black line)<}t
o] =-d(benzaldehyde-d) (purple line)®] kol that 7] £X(r)e] F4E& =4

m oo [ 1o o
oo N

>

>,

o

iy

T,

i
>

@ golth. = 10004 K. k @ 242 1.65(5) M 9} 4.3(2) X 1073 s 2 AAHATY. ¥-3 g (reaction

olution)e AAHE A Wz benzoic acid)(WZH(IM) Lo T=AulA 2alx 7132 85(4)%)2 FAS 71e3s)

A At
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7] A 9 WA 134 wlzgdEtel= H gtk gy wl= g H| ko] = (para-X-Ph-CHO(X = H(A Al 9),
‘Bu(A e 10), F(AA6l 11), CL(AAd 12), Br(AAld 13)& H7He 292 © 11d LAsdon, & 12
oAl o]lE2] opt o I Inlkk, Hammet plotS =AIEIG oW, 317] ¥ 394 olE9] 32 i
(stoichiometric reaction)®] %E=% d|o]E (kinetic data)E AT, = 12 @ ¥ 3& FZX3W, ki,
opt @t Arole]l A#AA A U2 Hammett plot -1.9(2)9 &9 p #& BPow ol &% A4 WA
H=edstol=ol et B3I =l Skl A &4 (electrophilic attack)s WEFHITE
5], o]#3t A= F& WS4 FH(metal peroxo moiety)®] Z13Al(nucleophilicity)o] &H|dte]l= WY
= EiE gizAo)th. & 13 V] AAd 9 WA 134 9] =gl =

Wi L odm . te

st} ke W=ty aho] = (para-X-Ph-CHO(X = H(A Al 9), Bu(2Ae] 10), F(AAd 11), Cl(AA« 12),
Br(AAe] 13))¢ ¥kEAl opt ol th3l Ink., Hammet plotS %A|3 Aot} % 138 %&b, para-X-Ph-
CHOS} W2+(I) Lo=AdwlAl Eghae ke [, 32 W=ddslol= FAAY HAxF Fo] FTE3T 22 A

folsfor grl, W= slo]l= FAA S Bld 128 (phenyl ring)ell HAE ¢ wo

AT ASE ), | AlFsle A
717 ¥ 2 EHY AFU)E xAUdoew, oy wHxHN) L=l EIFAE HE W e (pre-
equilibrium state)ollA] &dslol=9] 7] &4 AAh YAbe} Fs gt RS 9n] gt
* 3
T2 Substrate fubstituen 0p+ Keq/Mﬂ kl/sil kK. / st
2 A4 9 benzaldehyde H 0 1.65 13 % 107 71 % 10°
AA 10 |4-tert-butylbe | g, 0.26 | 233 |1, 0 107 log x 10°
nzaldehyde
Ao 11 | 4-fluorobenzal F -0.07 1.80 57 % 10° 10 % 107
dehyde
A - -3 B
AAld 12 | 4-chlorobenzal Cl 0.11 1.51 37 % 10 56 % 10°
dehyde
A A 13 | 4-bromobenzald Br 0.15 1.33 33 % 10" 4.4 < 10
ehyde

¥ 3914 “op+“—“:— "Hansch, C.; Leo, A.; Taft, R. W. A Survey of Hammett Substituent Sonstants and
Resonance and Field Parameters. Chem. Rev. 1991, 91, 165-195."¢] H|o]E| & o]&3%+ Zo|t},

AFd 4. C-H A% 843 4

A7) AA e 9 D AA G 9-10 olale], WZHII) L EAEA Bk AAANEE AFo| Far, WIHI) &
orAwA  BakAo]  osle] ddHFlol=eol C-H AY FAE JtsAS HESYT. wzddsie)=
(benzaldehyde-h)(ie.,  Ph-CHO)(XAldl  9)9F  F44s wWlzddsle]=(deuterated  benzaldehyde;

benzaldehyde-d) (ie., Ph-CDO) (A Ae] 9-1)¢] HISe-&EEE Hlwsle] KIE(kinetic isotope effect) AL =3

3 = 108 FEe, F443 zddslo]=9] wkeo] 3t L e ¥3I} £EEORRE 2.2(1) X 10 s

'z AgH. Web KIE @ 2,002 doiAv, ot £Ead% WA Wxddstelme] i AF B4t
b EgEe etk oleld KIE Adbs, WD) K= B3l o8] AWE waltal H A
TSl AoIAE RKIE = 4,003 $% 29 1 94 FES B3l Lejstel= WFS sk W A4

B34 (manganese peroxo complexes)®| 7-$-(KIE

e CH AT Bdol YHOR g W] &x

ol
NN
o
mv)

X
2
4,
2
_?E
ui
s
oy
tlo
v
ful
E
ui

AAd 14,

12k delste] = (1" -CHO) &= e (pentanal)S 7] AlZdolA A

f
0%
)
S
fo
to
ki
i
=
(ﬁ
do
ot
2
il
%)
oo
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r>~
ot
r;e
oo
rlo
)
S
@
<
©
oc}
Z

1] CHsCN/CFsCH,OH(v:v = 3:1, 2 ml

)ol
WAl EekAleh 200 mie] AEAS WESART. PR e =AdwlAl SghAleh Agkede] 2 R &viE 7
=

A A4 15,

A7) A6 1Usk SAeA FAekE, 13k FelshelEoh ohd 24 ehelafel= (2
(2-methylbutyraldehyde)& ©]-&3}3it}.
W2 AEew s Ao,

-CHO) & 2-Wg R =
WIHID) e =l E53kAet e-vEd g Huslol=e] 7} v2v &

A A4 16.

A7) AA A 149t A ey, 13 Ldsle] =7 old 33k LEte]=(3° -CHO)E 2,2-vdd T2 3et
(2,2-dimethylpropanal )& ©]&3}3ith. WIHID) L=l EgAe} 2, 2-vivgd Z2 o] 7z s &
g 71%o d= Ao},

A 17.

A7) A 149 FUsA sk, 1% Olﬁlé}o]‘:ﬂ old  1-Alo] FEZANAM-1-FHE A~ L d 5o = (1-
cyclohexene-1-carboxaldehyde) S ©]-&3}%th. WIHID) Lo =AWAl Hatae} 1-Alo]Z 28 A-1-7H5 =< d| 6
ol=o] 7} FEE fulE V|Fo R sk ATt

AP 5. FHFIE Agol me Wy A

A7) AAld 14 WA 160149 12 Ldste]l=(1° -CHOY 49 et (pentanal)),

ch 221 ddsto]l = (2°
- el FE] Zd|3to] = (2-methylbutyraldehyde)) % 3%} &dsfo]=(3°

-CHO<]

4% -CHO®] 7<% 2, 2-t]wg =23t
(2,2-dimethylpropanal))¢] WZHI) Q=2WlAl EH3bA|el oA WIHI) S=2dAl E3tAe] HAx;
4 , 22k ddstel= W 3xF LHgtel= Fiio digk 7] w

2712 z2AEIG e old e 12 otdslel=
T(r)9 FAE T 149 E=AET A7) AAd 14 WA 179149 e
T (ke 4= 3° -CHO > 2° —CHO > 1°
UEHID) S =l E3hAe JHxAdS Adstt. 1 58 #

= L -
2,2-tHe 2 #(2,2-dimethylpropanal )&] 7% 2, 2-tdEZ 2 3AH(2,2-
€
=

ANE s7] i 4o A3t
-CHOZ #ZElen, o= ¢
e

dimethylpropanoic acid)(98%), Z—Uﬂ‘;“jﬂ%ﬂlé}olc(2—methy1butyraldehyde)94 A4S o-mE R e (2-
methylbutanoic acid)(84%), TNetA(pentanal)e] 4% HeriH(pentanoic acid)(67%) 0.2 EFETE.
FZ 4
TE2 Substrate KCQ/M_l ks kK../ Product Yield (%)
-1 1
M s
A 1 cyclohexanecar 1.23 17 % 107 91 % 10 cyclohgxanegarbo 66(5)
boxaldehyde xylic acid
A A e 14 pentanal 1.25 83 % 10° 10 % 107 pentanoic acid 67(6)
Ao 15 2-methylbutyra 0.74 18 % 107 13 % 107 2—methyll?utanoic 84(13)
ldehyde acid
2l 16 2,2-dimethylpr 0.87 65 % 10 57 % 10° 2,2—dirpethy!prop 98(2)
opanal anoic acid
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[0157]

[0159]
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[0163]

[0165]
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A A e 17 1-cyclohexene- 2.05 33 % 10" 6.8 x 10° 1-cyclohexene-1- 55(7)
1-carboxaldehy carboxylic acid
de
Hlnd 1.

71 AAld 13 sl Fask, ’\}01
methyl ketone)E o]-&3k3lth. WiHID) &
o7 3} Aolt}.

PO g
ruz
=
r__>‘4_“
do
ot
2
fo
~
>
%)
g
fr
e
>
=)
i)
)
it
o,
N
off
ol
rlr
oo
1=
Ll
N,

HnLof 2,

7] A 13 FdeAl Fasty, Alo]E R~ sto] =Tt ofd 1-ofAE-1AFe] 22 F Al (1-acetyl-
1-cyclohexene) & ©]&3}5t). WIHIM) Lo =2wlAl E3Ae} 1-ofEd-1xjo] S 28 Ao 7} 3%+ |uE 7]
To 2 = Aot

AA ¢ 18.

A7) AN 178 FLE Al F3EkE, 100 mMe]  1-AFo] E R AN A -1-7HE AL H 8o = (1-cyclohexene-1-
carboxaldehyde) ("Xene-CA")E ol &3t3ith. G e =dwlAdl HAel 1-Ato]F 23 Al-1-7H5 2 d6fo]
=9 7} gee &WE Ve o® sk Aol

Add 6. FtRY $49 FHof B

C-H A% &3t AlolEz2a gt ~ddste] =] WIHI) S =AM Ao ot Aksle] A oA o]
1% svheE RS FULE ASE] HdEl, & 15049 2ol #HAYUE ZEH (mechanistic probes) 24 Al &=
AT 2 e B = ("CCA") (A Al 4 1), 1-Ato] S 2 A A -1-7Hg 2= e st o] = (1-cyclohexene-1-
carboxaldehyde)(H, 7} ®l A$24  "Xene-CA") (Al 18), Alo]ZFzdAvdAE (cyclohexyl methyl

ketone) (Hya/F §15 AFEA "CMK")(H]xLef] 1), 1-ofAlE-1Ato] E 23 Al (1-acetyl-1-cyclohexene) (Hy & Hijge

7F 1= 24 "Ac-Xene")(RluLd] 2)oA o] vk owRE SEH WMD) L EAWMA EehA|o 400 nm &
FHE A AZFHolE & 169 EAISHATHE 16004, Alo]ER2 AT A~ dsto] = (CCA) (AAld DE AA
A(black) o2, 1-Alo]F 2 Al-1-7H5 24 d5lo] = (Xene-CA) (A4 18)E WA (red) o2, Ato]Z 23 avd
AE(CMK) (Bl 1Lef] 1) 34 (blue) 2.2, 1-o}ME-1-Alo]Z 23 Al (Ac Xene)(lﬂlﬂ_oﬂ 2)2 25 (green) o2
EAISAT).

= = A7 ALl 1809 D L mAMAl Al (red) 2] 7 bel] e W-vis A EH
3= =413 Aolw | A% (inset)E 400 nme] F4 WMEoA e A7k WolZ TAIZE Aolt}, = 179 (bh)E AVl
Ao 1804 9] Xene-CA9] -sXko st %7] W3 FL(r)E EAS Aort. = 16 ¥ & 178 Fx

3

Xene-CARFo] W7H(II) £ o& AgEe] K= 2.05 M, kS 3.3 X 100 s 9 %8 &%

(saturation kinetics)Z = X7 FA AAZE WD Lo =AMAl HkAo] ok sk

ol=9] Akl wbEol Fadt AAAS on|stt, F7] AAlo] 18e49] WHIM) K =AWAl 53] Xene-CA

9}o] whg-golo] A ]
e}

to
k1
il
3
ri_“
Bl
st
2
o

2]

il 2 E A A (methyl cyclohexene-1-carboxylic acid)(™z}F
5%)o] HAE whd | WMD) =AW E&Ae] CMK(H|ald 1) =
A(starting materials)®ro] #ZHPY. ETAV|ZHE T3

=8 W) ¥4 & (manganese(I) peroxo complex)<l [Mn' (0y)-

_‘T_
(L)1 ol ot wkgah= dds] ta2n, 7N a-8BAR2REHY H 94 5L $5 24 9ot o]yt
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7HE4 2bol= C-H 23 &Adstol A PhI0] of=l(arene) &2l A

: 2 A9l aleh B L= g
Aol A B4 1918 & e,

AR 7. A% AT duA A

2 ouye) 7] Azl AE BN 8eMA BA thate] S A4 wANA -l AT B4
stol gel® AEatel, C-Il ATel BTN PAAD LowAMA B W3 Susk AF e oA
% st AEe S8t

(bond dissociation energie; BDE) A}ole] J#AAE &}7] & 5ol Al = 189 EAls
o] AAjof 1|A1e] Ale]FREAAIFHE 2L H| 5ol =(CCA) Q] Atste] digh WH(II) 2

E(kk)E 2 CH 2% &3 &3t wbs3 AdA717] 98, 79.5 kcalmolili’ﬂ C-Hage 2%<] BDEQ] 7]
AbE Fs AREETE. S, 7] AA 13 sl sty , VA2 A -1 4-v =R Y FEolulo| =
(1-benzyl-1,4-dihydronicot inamide; BNAH) , 10-H"-9,10-t]slo] = 2o} 8] Y (10-methyl-9, 10-
dihydroacridine; AcrH,), Ztel(xanthene), 9,10-T]d}o]==Zet=2}41(9,10-dihydroanthracene; DHA) 2 1,4-A}

o] ZF 2 A l(1,4-cyclohexadiene; CHE)ES o]&3}le], C-H Agte] EAslolA W7H(I) Lo 2AdlAl 53 9

WS &1 ol At &7 oYX (bond dissociation energie; BDE) Alo]e] A#AAES F 5o AEstal = 189
ZAEHSIT.

¥ 5

Substrate BDE(kcal *mol ) |kM's ) b'M's ) logk, '
BNA 70.7 1.3(1) % 10° 6.5 x 10 2.81
Acrl, 73 5.1(2) % 10 2.6 %10 1.41
xanthene 75.5 6.5(2) 3.3 0.51
DHA 77 2.7(1) 68 x 10" -0.17
Ciib ® 6.2 x 10°  |1.6 x 10 ~0.81
CCA(E AL 1) 79.5 2.1(2) % 107 9.1 % 10 -1.68

¥ 52 % 18014, QA €AY 2.1(2) X 10 = kKo™, k'E kb S 712 (substrate)dl A 57 C-H 2
sto]l o] 9]&}e] i Fh(e.g., DHAYE 4, CHD:= 4, BNAHE= 2, AcrHi= 2, xanthene2 2, CCAXE 1)o]t}.

g 8. A4 A+ (Computational Studies)

APE S S8 AFE B3, DFT ALkS AREste] 7] AA el 2049 HIHI) S0 =4l 53t
o5t Afo]E R I AL HElo] =] 4bstel] gk 7 AEE dow, 11 AFRE & 19 WA E 274 EA
stem, E 6 WA X 109 AYsIGlTE. olEH AXEAE FHuste EE AR UB3LYP/Def2-
TZVP/UB3LYP/SDD(Mn, 1) ,6-31G+(rest)e] o]&4 FFEolA FHJet. =3 wabd glo] 553 W (quintet
surface)oll A ZREAQ WhHgo] A= o2 Yy, = 195 CHye 2% 43k (bond activation)& &

& () g =l EhAlel o3t AfolFEEbyE A sto] =] AbstoA o] Mk AdAp oA

(computational electronic energy) ~Z3U(in kcal -molil)% = =

(quintet spin state)ellx] e Alo]Z2axFLE ~o g slo] =} 7)) L EAMA B34 9
st 7leke F2E EAG A(AFAY @lE A)olw, E 212 35 23 A (triplet spin state)ol A<
Aol S 2 AT~ g slo| =of WRH(I) Sl HEAY wkgdAe HAstE v|stE FERE EAIS
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H, £ 22¢ oY 23 JH(singlet spin state)ol A9 Alo] &2 FHE A~ | S)o]

A A vk A HAHstE 7|sst FE EAIS AETAY 9G¥ e A

= (quintet spin state)ollA 2] Alo]ZFZAAFIE A~y slo]| =9 7HIT) Lo =2l

wa o] wSoA HolAE(1S)e] HAFE 738t T2 mAE A(AFAD B9 A)oln, TsE Alo] 2
2oty slo| =9 W7 (foymyl group)®] H 9%} FZo| )3+ Aoy, 5TSalfa—‘E a-%2(a-carbon) ¢

H oA F3o] tia zlolw, IS, 0-1 Felol et 2olof, TSyont 87 widd WD 8w

[
2

Al E3bAe] O F-#ol 9%k XA 3 Z (nucleophilic attack)ol
el =("CCA")9F HAHID) Lo =AwAl EahA|

E 62 Ao ERAFHE S gte] =9 vl d (D) S EAWAl E
t}ekgt SCF & At b ol J X (relative free energies)E A& 3sFATt.

# 6
El / hartrees Georr / hartrees E2 / hartrees (E24Georr)  /  keal -
mol

SRC -2273.025619 0.882212 -2272.960893 0.00

3RC -2273.007183 0.890097 -2272.918532 31.55
IRC -2272.973159 0.895436 -2272.881732 58.02
5E -2273.031149 0.885965 -2272.969041 -1.93
3E -2272.99374 0.889712 -2272.931688 23.05
1E -2272.950004 0.891696 -2272.886605 52.61
QTS -2272.990058 0.882977 -2272.917337 19.92
3TS -2272.987479 0.883433 -2272.879524 49.48
ITS -2272.935432 0.894542 -2272.860195 61.62
QTS' -2272.985951 0.883654 -2272.914077 22.41
3TS' -2272.986313 0.885138 -2272.903814 37.68
ITS' -2272.94237 0.884013 -2272.860115 64.42
slnt -2273.07888 0.885435 -2273.003958 -28.85
Int -2273.010942 0.881683 -2272.931843 17.91
IInt -2272.997361 0.887561 -2272.918485 29.99
5P -2273.120641 0.892335 -2273.053277 -57.67
3P -2273.091617 0.903834 -2273.026379 -27.55
1P -2273.050059 0.902143 -2272.983192 -1.49
QTSmfa -2272.963896 0.892241 -2272.885072 28.14
STS&I —-2272.992588 0.880995 =-2272.894493 45.68
QTSMJM -2272.984602 0.897317 -2272.886928 46.40
arsmgnml -2272.963978 0.891739 -2272.903535 29.41
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= 25% C-Hyee 2% E43H(bond activation)S E3 WHID) Le=2wlxl H3hAlo] <3t Alo|E =il E
2otg|slo] =9 Alsto Aol HAF HA | HX] (computational electronic energy) EE32U(in kecal ‘mol )&
=AS Aolw | = 259 A= (inset)= ESF TSI 9] 7184 B (geometric information)E =S Ao}
= 252 Fxsld, HE A AE(pre-equilibrium state)E 2z} H7H(I) L =AwlAl B3 A oA Alo]|EF2

A

S 4b7 2okl ahol = (CA) el T Ioh PIO 3 Afole] e 2ol W) RoEAWAl H3HA-CCA 37}
€(5E)’] sé/lgog O]O‘IXE]'L 740 ?:_}‘ T+ 3 . U‘:}Z_}'(m) B—S—E/\Ehﬂx] —C—g’xﬂ CCA 2‘7}?(5]3)0“/‘1 Iphlog} Occ/\

-
Ao} A= 2.64 Ao AAFAoU, thE AFE iR ol 9le] Phl0st CCA Atele] ofdh B4 45z
g9 Ut HE B () LowAual BaA-ccA BAECE) 2S¢ oix:= Reol HlE -1.9 keal -

Xl x

mol o] o] glom ol wE 53 WA (van't Hoff equation)ol 18] Z4¥ -0.1 keal -mol o 23 3
A oluR et X3}, 7] (substrate) ¥ F% 2o =AWAl F3HAe] &24 AdH(halogen bonding)S E] Q.o

U< (thioanisole)#<] [Fe (tpena )- (0IPh)17'e] o]24 A= AFdE= AL gold 5 g
BY A HE b g4E 2 E 08 Ao|Zaaatuste] s Bl BolA PhI0 o] At bl i

g, a9 o B otdlatol =0l 4 A EEEhe] 1S, AHS ATdh. Fol 9§ H A 22 (H

T

atom abstraction; HAA)ol 3l A3} o|UA= 19.9 kecal -molilolﬁ, o] ofo]® WA (Eyring equation)
oA AR® 18.7 keal -mol o] €48} A5 o (activation free energy)st 498 SAbeit. £ @Ae

2 oo ardlalol=71o A Reol dk HAAS] thE BAE VA (TS )= 22.4 keal -mol 2 AAHAG. w

24 RC 2 E AEI WY AEolT TS DTS el A olUXZE SARRE de nEd f TS, 0l
8l

ApolF 2Tt B k|3t 2e) q gl A HMSl Yl BAE JUA (TS, 1) TSue Tt 8.2keal mol

mﬂ

o ouiRe] el QUH(E 25 2 E 6). oledd AFE WIHI) Heak BEA M (0L == 1] ot
Apol 22 82 7h R 2 obb aho] = 2 R o] HAAS] 7

8 A7} 1 keal -mol ol Q= A} o)
& QA et hd aba Ao 1y

9 ¥ B (formyl carbon) @ a-EFZAoA] HAAS] o)
Ak, Bl o@ Fu el Ao HAAS) $H$]E PhIO -
AApg-e] v A 3} (delocalization)ol 7]?1 = 9ty. ¥4 B

2=
o thst EQ —OIPh( TSNA?OIPh) 2 —OH(STSNA,OH) FEo XA (nucleophilic attack)el w3t A3} UA = Z+

nﬂﬂ

7} 29.4 X 46.4 keal -mol 2 AFEW | o] 1S, oA R WA E=THE 23, & 24 2 ¥ 6). wpAu
o, WMD) £om=AwA 2o 0-1 23 52 (bond cleavag)® A3t AUA (TSe)E 45.7 keal -
mol o] ¥EE dolxn | o]zRE WIHIN) f.om=Aual Al 0-1 A% %611 o] o] A nAAT} W

7t 24 (high-valent manganese o0x0)9 ¥l A CH = 23, = 24 ¥ X 6). WA dd|slo]=7]9] HAA=
FIHID) S x2wlAl E3kAol od] dusto]l=g AsA7|= 71 A E 7?”‘5} AR AL AT 4 Q).

¢

oH

S0l A 01-H1 2 Cl-H1 23 Zo]i= z}2F 1.34 A 2 1.26 Ao® Uegdon o= 24 24 7044 <

3 HAAGIA TRE Az 2 AAF. e 01-1 A% Aol £ 2.02 AclA TS0 2.51 Ao® Aol

ol H ¥Ake] Ag3} g7 Phl0e] 0-1 Aol FAlo E£EES vekdtl. Mn-0, 23S £33 o2 AFE2>
Aol W37l glo] Wi T4 Akst el 2 w9l d(coordination sphere)?] W37 gl&S & 4 ATt

S,08) Z15H9H A WRHID LomAWA BEAe] o8 AWE CH A BAselA B v 3
3 Sl ol FEaor @tk mebd B RLEAWMA AL FAW g AmelA AolEnd
A sgstol 2ot (DS AN Ao AFHETh, BAA olol 29 (iodine) AW/ Ao AEAE

= ApolZR AT ey a0 = BAlE TS, 004 PRIO BROZRE 2.91 A Wold vk, AWHOF PhIsh
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Apol 2z S AR Aok tol = ks Eell A TS, 7HA 2] Azel A Eaw).

[0182] T 268 Alo|FRIAMIFIE AU Sl =2 EE H 92 FE(HA) Y AF2A REHoZ AYHW onjeo] A-3a)
= "159] B2-AAtE HA W= (B2-caculated nature orbital)S =A% Aot} & 7 E F 82 Alo|F =2
FHE g Eto]l =} WD) o= AulAl HgA|e] whgolA S = 2 553 ¥W(quintet surface)2] 4 3td
718keke] 1% 2% U (Group spin densities)] EX(E 7)¢ YA A3}(Atom charges)?] EX(X 8)& A
gk Ao},
Z7
[0183] Group Mn TBDAP 0 IPh H CCA(-H) OH CCcA’ sum
sipn
densitie
s
SRC 3.91 0.03 -0.01 0.04 0.00 0.00 0.02 0.00 4.00
5E 3.90 0.03 0.00 0.04 0.00 0.00 0.02 0.01 4.00
STS y 3.95 0.02 -0.19 0.50 -0.01 -0.36 0.04 0.06 4.00
STS,”, 3.99 0.01 -0.18 0.40 0.00 -0.31 0.03 0.05 4.00
SInt 3.90 0.02 0.03 0.00 0.00 0.00 0.04 0.00 4.00
5P 3.96 0.01 0.00 0.00 0.00 0.01 0.03 0.00 4.00
# 8
[0184] Atomic |Mn TBDAP 0 IPh H CCA(-H) OH OCA’ sum
charges
SRC 1.17 0.94 -0.60 0.84 0.09 -0.06 -0.43 0.05 2.00
5E 1.13 0.91 -0.65 0.91 0.10 -0.06 -0.43 0.10 2.00
STS'ld 1.28 0.82 -0.78 0.70 0.28 0.08 -0.46 0.08 2.00
STS“ 1.28 0.83 -0.76 0.77 0.12 0.12 -0.45 0.08 2.00
SInt 1.13 0.86 -0.82 0.02 0.32 0.88 -0.44 0.04 2.00
5P 1.08 1.06 -0.58 0.05 0.39 0.24 -0.32 0.07 2.00
[0186] = 278 Alo|FEAATHE A fElo] =t W) Lo EAwA EakAele] wh-go|Ae r(0-H)E ztE Ao ]%
2R AU Elo]|=o o] 1F AW WXxk(black line)$¢t A&} W3k (blue line)E EAISE Aot} & 2
ol Lol A o]Fdl= A VA S AYH L g L EXA dFKoz HIPHr),
[0187] 9 % F 10& ¥r2ol A S=2 55F3 FW(quintet surface)olld W7HII) Lo =AMA B o st Alo] &
ZaATHE A Elo] o] A Eoto] HAFHE 7)stete] aE A% WX (Group spin densities)®] X (E
9 9xF A3F(Atom charges)] X (F 10)E A3 Folt}.
FZ9
[0188] RO-H/A Mn TBDAP 0 IPh H CCA(-H) OH ocA’ sum
2.0 3.92 0.02 -0.01 0.04 0.00 0.00 0.02 0.01 4.00
1.8 3.93 0.02 -0.01 0.04 0.00 0.00 0.02 0.01 4.00
1.6 3.95 0.02 -0.03 0.04 0.00 -0.01 0.02 0.01 4.00
1.5 3.96 0.02 -0.04 0.04 0.00 -0.02 0.02 0.01 4.00
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1.4 3.99 0.02 ~0.06 | 0.06 | 0.00 -0.04 | 0.01 | 0.01 | 4.00
1.34 3.95 0.02 0.19 | 0.50 | -0.01 | -0.36 | 0.04 | 0.06 | 4.00
1.3 3.91 0.02 0.1 | 0.68 | -0.03 | -0.57 | 0.04 | 0.07 | 4.00
1.2 3.90 0.03 0.01 | -0.54 | 0.05 0.57 | 0.04 | -0.05 | 4.00
1.1 3.88 0.02 0.03 | 0.00 | 0.01 0.00 0.05 | 0.00 | 4.00
0.97 3.90 0.02 0.03 | 0.00 | 0.00 0.00 0.04 | 0.00 [ 4.00
3 10
RO-H/ A Mn TBDAP 0 IPh [H CCA(-H) ~ |OH oca’ |sum
2.0 1.19 0.92 -0.74 | 0.93 | 0.12 -0.10 | -0.43 | 0.10 | 2.00
1.8 1.20 0.92 -0.76 | 0.95 | 0.19 -0.16 | -0.43 | 0.10 | 2.00
1.6 1.20 0.93 -0.78 | 0.94 | 0.24 -0.21 | -0.43 | 0.10 | 2.00
1.5 1.20 0.94 -0.78 | 0.93 | 0.27 -0.23 | -0.43 | 0.10 | 2.00
1.4 1.21 0.93 -0.78 | 0.90 | 0.28 -0.22 | -0.43 | 0.10 | 2.00
1.34 1.28 0.82 -0.78 | 0.70 | 0.28 0.08 -0.46 | 0.08 | 2.00
1.3 1.19 0.84 -0.79 | 0.68 | 0.28 0.20 -0.46 | 0.07 | 2.00
1.2 1.14 0.84 -0.75 | 0.55 | 0.27 0.36 0.45 | 0.05 | 2.00
1.1 1.12 0.77 -0.74 | 0.13 | 0.32 0.86 -0.49 | 0.03 | 2.00
0.97 1.13 0.86 -0.82 | 0.02 | 0.32 0.88 0.44 | 0.04 | 2.00

=26, ¥ 72 ¥ 8% Axatd, T1S,,.0 1% 2% WX (group spin densities)(p)E PhI09} Apo]Zm s AL

f

FhE- 2oy sle] =l Al pPhlI0 = 0.31 2 pCCA = -0.382, O EAS =#ton] | HAA 9Hale] x7] oA
A otdlatel=e] (-0 AFe wel BEHZ gehdd. = 27, ¥ 9 2 ¥ 102 Zxahd, TS, & =7

f
oy
o)

of, B =¥
(Mulliken spin densities)?} ¥x} A3}(molecular charges): [PhI]el Z$% 0.003 +0.02, [R-CO] 4 39

R-
0.007} +0.88, [Mn (TBDAP)(OH),]'®] 79~ 3.999} +1.060.2 77+ QeAch. wa, [R-01'e) (-0 23S A%

Clnt)ell @ A= AR= [Phl] 2 [R-C0] BHo|A Hlgt)d =4S wor, o

]
“

Zdol7k 1.13 A, sR-C-07F 164.5° 9 AFAH AF AFow yeh} [RC=01'E [RC=0]' &4
(resonance form)® YERGTE, wta, £% 24 H A F5S E& ddstol=r} #7H(II) fo =2l
Ao o8] 2kslE = Aol HHE XA, o]ojA wE WA M} Ad, F A 543} Ho](hydride transfer)”}

Jolitr}, o] A= ma AWF N AT BAst] OF o|Fe] Az AAFTF. Inte] o] [Mn2
(TBDAP) (OH),]' = [R-C=01"e] A& EAL 7}ste] Alo]2

HE AR AT, o] WA= Aol i Aol PR duAE HETH.

AA A 19

71 AAle 1A 9] AlolE 2 J e Agdsto) =9} (I L =AMA B (1.0 mM)e ¥ho] ZFaw
T EY HF YAHAEREH, N, 997 8, 20 T 2 8w CHON/CFsCHOH(v/v = 3:1, 2 ml)olA =xHI) &
Q=AW A B340 PhI0(10.0 mM) A 7}atoict. w7k Q0 =AM A 554,
ApolZ R AT Aok 3lo] = PhlI09] 74 TRt fmE VEo R & Aot

AA A 20

A7) AAd 199 BAsA F3EtE, &9l acetone/CFsCH.O0H(v/v = 3:1, 2 ml)olA PhIO(3.0 mM)E

A7 et W) Lo EAMA BaA | Ajo|ERATE ~edste] =, PhI0g £EE |uE VFo= )
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[0199]

[0200]

[0202]

[0203]

[0205]

[0207]

[0209]

.20 C(293 K) 2 200 mMe] Apo]

, &1 (solvent) 2 ml,
,4]Ji@ﬁﬂ%i%ﬂﬂﬂ5

ZIHSd 10-2024-0158079

SRAER2LE Ol SN, ] E 129 BN 825

PhI0 %= %4 &

A
, PhI0 ¢ 7} T=& &ulE 7|Fo= sl Aolu).

_‘4
2

Age) 9. dustol=e] A48t T4 [Mn (TBDAP)(OIPh)(OH)1” Z7HA|e] Zw) &4
5291mﬁz%ﬂéywﬂwﬂﬁﬁuwmsiﬂéﬂ WatE EAE Zlolm, A (inset)E 400 mme] &5 Wi
oA AIZE WHolE Z=AIRE Fo|th, & 289 (b) A7) AAld 2000142 UV-vis ~FEF] WElE ZAS o]
o, AE(inset)¥ 400 mme FF WEA A7F Blo]E Z=AIS Zlolth. & 289 (a) B (b)ollA A (black
line)& 77] Aol 10149 Alo]E 2 &gt~ dstol=eF H7HI) S =4 E3HA(1.0 mD<] REE-o]
8% T Yehd W-vis 2FE- WH3loln] WA (red line)L AAld 10148 Ato]|F R AMT}HE 22 H|8}o]
Tol Wz o=l HIA(1.0 mDe wkgo]l FRE o]F PhI0 7kl WdF UV-vis ~FHEF
H glol )
¥ 11 vgst 2o () e =AMl EIA ("1 E o] &5ty Ao EREATHE A~ ste| =] Aks)
2 ZAgE Aot
¥ 11
T8 1 PhIO Sovlent Reaction Time TON
(mM) (mM) [h]
AA 4 21-1 0.05 10 MeCN/TFE(v/v = 3:1) 3 4.2
AR 4 21-2 0.05 10 MeCN/TFE(v/v = 3:1) 3 15.1
AA 4 21-3 0.5 100 MeCN/TFE(v/v = 3:1) 1 4.7
A Ao 21-4 0.5 100 MeCN/TFE(v/v = 3:1) 3 10.5
AA 4 21-5 0.5 100 MeCN/TFE(v/v = 3:1) 6 16.6
AA 4 21-6 0.5 100 MeCN/TFE(v/v = 3:1) 24 32.0
AAld 21-7 0.5 100 Acetone/TFE(v/v = 3:1) 1 5.2
2Ald 21-8 0.5 100 Acetone/TFE(v/v = 3:1) 3 16.2
2AIAld 21-9 0.5 100 Acetone/TFE(v/v = 3:1) 6 27.8
A AT 0.5 100 MC/TFE(v/v = 3:1) 1 0.7
21-10
A A4 0.5 100 MC/TFE(v/v = 3:1) 3 1.4
21-11
A AT 0.5 100 MC/TFE(v/v = 3:1) 6 1.8
21-12
A A4 0.5 100 TFE 1 0.13
21-13
A AT 0.5 100 TFE 3 0.18
21-14
A A4 0.5 100 TFE 6 0.24
21-15
3% 11914, MeCNE CHi N, AcetoneS CHyCOCH;, MCE CH,Cl, 2 TFEE CFsCH,0HO|™, TONS =7H(II) L. E2ul
A B3A9] E(mol) Wn] Aol FZaAAFEA|AL] B (mol)o] ™, Alo]EFR2ANFEAIA] FEs JlA ARAE
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[0211]

[0213]

[0214]

[0215]

[0216]

ZIHSd 10-2024-0158079

213 9] (gas chromatography)el] &Jsle] AA T},

T 28
7] &ell A 20" CollA A& &M (product solution)ell PhIOE F7k= FH7hst
A9 W-vis &7 W= QS FFsIUTE. 18 vhy, 9N 8%
AUE A& S8l 233 xxdelA #< Phl07y EAEE A9 Gulsto|=7F BN S = HAl Btk
olgte] Ft2 R w Huf AbstEE RS AYIr(=E 29 4 E 11 #Fx). ¥ 1S #F=xsd

282428 © 9|4 (turnover number; TON)7F 16.6%1 #<
AT EAEA Fe AF Aol ERIAATIE ALY
T e AoxE Uewth. =gk, WK S =AWl B3] FHu kg ohE ﬁ“ﬂoﬂ’\i A3
(% 11 #x). ofAlE(acetone)> 20 T2 N, &2917] 3tell A 6A1ZF &<QF TONO] 27.82 7} -3 SvldS

I Qo o= acetone/CFCHOH(v/v = 3:1)olA =ZHII) Lo =AWlAl Eabxel mE 349 dX|sr}(=

tlo
ﬂ#

x319, Aol F 271 scku|slo Eel WIHID) 2 AMAl BiAe) wgo] ghrE F, N, B9

m:{o
rlo
£
B °“‘
ﬂlZ
o
=
3
N
M
4

AA 4 22,

org|slel= 71d el MYE FA3ly] g8 HAsE 2PoF Fv] ¥ 12 ¥ 139] theFet ek (aromatic)
2 A7 Addsto]=(alkyl aldehyde)E AF&3te] Abshib-g-& st (= 30 #2). N, #9171 2 20 CollA,

i:lil

\u]

T7H(I) L =AWl l—%?}ﬂ]([MnH(TBDAP)(OTf)g]%(lA mg, 0.002 mmol) 2 PhIO(89.8 mg, 0.4 mmol)o. & &

A)E ¥3H3E= acetone/CFsCHOH(v/v = 3:1, 4 mL) &wjo] &dstel= 7]12(0.4 mmol)S H7}3le] whe oS

[e5

AZFA AT w%: 0.5 mie] WF 534 Sol (P 8=l 534)), 100.0 mMe] PhI0 2 100.0
mie] gddslel= 71A(E 12 E ¥ 13). AxE ¥ks &9 317] ¥ 12 € E 139 H-EAIZE FoF unkelsit.
WRE & Hkg 8N T)~3 dE(disk filer)E ©]83t oFgk & GCol 93ty B4 H. AHES 7+
AN E& mlalo] 9sle] Felagon, MAE F£88 FF HE(standard integration or standard area)™} H

: o
stel A4,

Al

El
of

Z 12
T8 713 Ll iy ARE
(= 30 71¥)
A A4 22-1 cyclohexanecarboxaldehyde 6 AlZk 2b
A Ao 22-2 1-cyclohexene-1-carboxaldehyde 6 AlZF 3b
2 A4 22-3 benzaldehyde 6 AlZk 4b
A Ao 22-4 4-methylbenzaldehyde 6 AlZF 5b
2 Ao 22-5 4-bromobenzaldehyde 6 AlZk 6b
A A ¢ 22-6 4-chlorobenzaldehyde 6 AlZF 7b
A Ao 22-7 4-fluorobenzaldehyde 6 AlZk 8b
A Ao 22-8 4-tert-butylbenzaldehyde 24 A3+ 9b
A A 4] 22-9 4-methoxybenzaldehyde 6 AlZk 10b
A Ao 22-10 butanal 6 AZF 11b
# 13
TE 714 HE-g-A 7k ARE
(X 30 7]1&)
A4 22-11 pentanal 6 A|ZF 12b
A Ao 22-12 hexanal 6 AZF 13b
A A o] 22-13 octanal 6 A1Zk 14b
AN o 22-14 nonanal 6 A|ZF 15b
A A o] 22-15 decanal 6 A1Zk 16b
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[0218]

[0219]

[0220]

[0221]

[0222]

[0224]

[0225]

ZIHSd 10-2024-0158079

A A o 22-16 2-methylbutyraldehyde 6 AlZk 17b
A Ao 22-17 2,2-dimethylpropanal 6 AZF 18b
A A o] 22-18 quinoline-2-carbaldehyde 6 AlZk 19b
A Ao 22-19 naphthalene-1-carbaldehyde 6 AlZF 20b
A A o] 22-20 anthracene-9-carbaldehyde 6 AlZk 21b
A Ao 22-21 pyrene—1-carbaldehyde 6 AZF 22b

A4 10, &H3to]=e] Fujiksl(Catalytic Oxidation of Aldehydes)

A7) ARG 22¢] WE AEA, E 302 HOWF(TON) 9 H7HI) & )
ToA] FFEAAo 2ol AbEle] 7] A (substrate) HYE LA ﬁom. = 3094 &L GC A4 o3 A
I, TONS %7F0Mn) Zme] Z(mol) thy] AR FEA ALY &

] AAd 220] W AFEA, & 31 WA = 342 g dEste]= 712 (100 mi) el EHID) 2.9
A (714 t¥] 0.5 mol®) el wE Fv 452 HE F5E YLES] C 2FEHS TAS Ao, 6 Azt
H Rolm | ¥FE b AHEFLE 8.0 mMeE FoFT(XE 31: a) cyclohexanecarboxaldehyde, b) 1-
cyclohexene-1-carboxaldehyde, c¢) benzaldehyde, d) 4-methylbenzaldehyde, e) 4-bromobenzaldehyde, f) 4-
chlorobenzaldehyde, %= 32: a) 4-fluorobenzaldehyde, b) 4-tert-butylbenzaldehyde, «¢) 4-
methoxybenzaldehyde, d) butanal, e) pentanal, f) hexanal, & 33: a) octanal, b) nonanal, c¢) decanal,

o

©.
R A

d) 2-methylbutyraldehyde, e) 2,2-dimethylpropanal, f) quinoline-2-carbaldehyde, %= 34: a) naphthalene-
1-carbaldehyde, b) anthracene-9-carbaldehyde, c¢) pyrene-l-carbaldehyde).

W) LAl EgA o3 Il X3y wWlzddslo]l= f=A (para-substituted benzaldehyde

derivatives)¢l para-X-Ph-CHO(X = OMe, Me, Bu, F, H, Cl, Br)e] Zu] Atste] oa) 7+ Hwo] TONCE 309
4b-10b)& zre= sy wWizAlo] FAFHAT, WY TONS kinetic ATolA #ZE -1.69 29 7]&72 A
s AAAATE AojA= AR Fo] X F7](electron-donating substituent)9}t €A FT7FATHE Aol FE|of
(&= 35 FF). gubAel AW dd|slo] = (normal fatty aldehydes)®] A|MHAF(fatty acids) 29 Zuf 4F
St 4 WA 10(%= 309 11b-13b)e] A& Zol2 AT, SuFA%E, dvbdl A4k(normal fatty
acids)®l F&2 A& Hol7} F7tgel wet S7kgvh. iAo g WEEL du|sto]| = (aromatic aldehyde)+=
Weks Jh2 524k (aromatic carboxylic acid)o] 2H3HAl FojR= 7|AR AFEFHATH = 309 16b-19b). &
ZHID) 8. =AwlAl H3hAldl o)g vhekdt dulgto]=r]e] FHuj 4hste] dibe dubd o HArd F5-& &
stoj=o g BRI AS YERY, ole 3SGEZA Bkgo] digk A¥4 9 o]lE4 WAUSF AT &
2R lein=

dostol = =0 A% 4 n Ao = A3 WHA A (electrophile)® & 4# A vk, wepA], AFH L
2 gHslol=e] Ag AMAS Aleste] RdY| e sp-stolHelE onEs Ao ARG, UAA
(&A)vE & (transient (oxo)methylium)S AAsh= LHlstol=9] - 2% &Asl= 7F=2 X d(carbonyl) 2
AEE 9t A AR A2elth. oyd Al glv FASE AY WAUES T4 Phl BES AFEH]
Yl "oz 242 Y (two-electron reduction)S He ZYA7F ofoled Ax(hypervalent iodine
atom)7} WIHID) L =AMAl Aol A8ty wZoltt. dAIAS WEES A4 929 a1y A% (lone

Y

pair of electrons)oﬂ o3& <tz o] SAxFH T2 ¥ e (resonance form)ES FAst=d], o]o o&)
FHID) S =AWzl E3kAlel ofsk xr|e C-H A% %}éﬁ}} a-7HERT o sttt dYes S8 E
o 3 AW ANAE ALgFFo M dusto] =2 7kx] 9l 287 (functional group)® HAFAZA F 9l

He
=158 AT

AAld] 23. Apo|E2ATIF AL H S| 2 43}

ZheFo] PhI(HZHIN) Sx=4wlal 534 div] 20 equival)E BA FY3te], T Phlzt &4 stell A 37
Al 29k EdsHA FAEAT.

x2
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[0227]

[0228]

[0229]

[0231]

[0232]

[0234]

[0235]

[0236]

[0238]

[0240]

ZIHSd 10-2024-0158079

Add 11, E947]d e 9eEE g HE

7] 20 o dEste| =] A AbsbrE dHlsto]=oke] wbE Sk wWFH(ID) 2o =ANAl HekAl e
A FEE skl fE N, shell A Ale]E 2 AbTRE ek vlsto| =op M) 2 e = AMAl H3HA ] vk

%% (blue line)= k = 1.7 X 10 s |, Kq=1.16 N =, AAld] 20] w}
line)(ky = 1.7 X 10 s, Kq=1.23 M )(23e] 1 22)9} SA1851T}

FAdon odstolme] sk B WD) ReEAMA Bide] 0-1 Afel WaHe] F4w
v/v -

WD) L. =AWl HekAlek Mn o =0+PhI 3HebE Abele] RS Rlahy] flsl, 471 AAle] 2 ¥ A7) A
Alell 23(3&Fe] PhI &4 270 dhellA & Z4zke] whg £2E & 37 ZAeklth. = 370041 A7) AAle 2
o] Bkg Hr= A (black line)ol™, 7] Al 239 whg &= sb&d(black line)olv. = 378 3=
s, A7) Aald 29 Wg % (black line): k= 1.7 X 10 s, Kq = 1.23 M o5l 7] 2ale] 23¢]

92 %% (blue line): k= 1.8 X 10 s , Kq = 1.08 M _o]u], el A =3t oke] Phlv} ZAahd Hrs

)2k ok sfo| mol| A ekE|Efo] 9] (-1 @?;s; gasto] e AWt WA 2C 45.7 keal -mol o S5}
I]]

B AN BE e2 Wk 90 W-vis 2FEH WstE RYEFs] 1 em UV ¥ (cuvette) oA 3
=) L

o &£n A4(rate constants)tE 20 ColA ko ]ﬂ(subrate) =7 kel 400 nmol A 3= WA
35 wFo] AASATE. W2 Hoj A ¥ wHEHow AYHdi, Riud dolgE o vhgo HAS
el 9hg gm0 o 71 A HReA BEakgo] 9 S ‘”ﬂo}ﬂ A3 =7] H% ZAH400 nmell A
WZHID) Lo =alAl E3bAe] Boo] 27] 1095 RUEH)E ol &ste Hy 4 ¢ uks £ A5 A4t
sidch. WHzel 71A7 gl 3, WIHIN) Lo =AWl E3bA et "a}fﬂo}‘ﬂEo BE g2 37 FoA 53
=Sl

HE &3 g2 (van't Hoff equation)¥ oo™ 2 (Eyring equation)S &3l + 7Fx @984 4
SR, HHE a2 WS Zuk 3135 (starting compound) 2H-E] 9] 0|59 WA e o] W3lo] it
A4 detulE, 3% G (AF°) B AEZI(AST)E ATt & i Wt E

71 2 (2)5 AHgate] 288 WA 328 K W99 HE FF(Ky) t 2% ERelA dolxith:

O R o

21 (2)

[Mn" (TBDAP) (OTPh) (OH)1” + CCA <> [Mn' (TBDAP)(OIPh)-(OH)(CCA)]™

webA] -31.9 cal ~mol K o €9 AS°E W) Lowual 2atxel Alo] 2z eI 2oy slo] = A}

ol¢o] A%t w3 (associative equilibrium)g ¢jw| e},

whdol, ofolsl WAL whge]l W SFRelA del guizel wash wpaste] B AH ey
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[0241]

[0242]

[0243]

[0245]

[0246]

[0248]

ZIHSd 10-2024-0158079

o 1 o
(thermal parameter), &/dste] I (Al ) 2 A3} QJERZST
=y

=) ASHE AT, B dgoa, ofold Z
E(plot) 3}7] 4] (3)& o]&3}e] 288 WA 328 K =& Z

21 (3)

]2+ ]2+

[Mn" (TBDAP) (OTPh) (OH)1” + 2CCA < [Mn' (TBDAP)(OH)(0-CCA)]™ + PhI + CCA

DFT Alatel Al o] QkZo] Exl(molecules)] 47 Fom =z, Ast e 0(zero)dll 717k #to2 Qdoxlt),

%%, AAHE 4 (Product analysis)

WA gl ZtaAZufE T (GC) 2 GC-MS #2419 thix+*(control or Blank) A& Zul7} &4 35}
A v &7 kel A 3.0 mMe] PhI0 & ATk ALgate] FSIITH(AAlo 21049 xS % 129 H¥ =
AdA 207} EAetA @E 27 dtolA Phl0 %9k BU&A 383, HAF: H3F YA E] A E
37 98] W7k 4E A & =w=(0D7F 3.0 mMOe® 7% [Mn' (TBDAP)(OT),] =% 23z2 &4 vks
Evans method)& 33}, FHF 43 A EC] S HH(I) EFAE it 2

= A9 = D (TBDAP)]1Y el 28 AEj7t S = 5/29) w29 A (high-spin state)o]”] wWEe] 4 9n T}

op

2

o

!

=2
=

[>

%
2

2 Aolth(elZ Sol, 12 d Mn o perE T 5.9003, 1AW d Mn o pers T o4.90]Th). EF, i
2o 937F H7HI) AR g w-S gdlo] ESI-NS dolgE BEA Tl ESI-MSH A WIHII) £9] dEE
Lo, Wk o] (counter ion) % A3} Ab(resultant acid)® S w9 X} (coordinating molecules)ol] wak
TheFal AR HE W7 AHES 43 Ask AHE 2= o] Buah. Eaebd, oubzo] 1 NMR W} ESI-NS

3+

Aede Aedr S A7) RdEZ AA4sT M (TBDAP)]” @l (conformation)S #Eate] HE W7t

ol gl el vikAR AAdel tiste] RAlshA AelaA w X wwel APl olo] BAHE A
e opa thgel AWM Aelstn g B oagel /1R Ade ol gd Fddel e WE @ A o
E9 2 oagel Peddlel Sake Aol
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=SIEL

=9
9]
(a)
c 0.6
c
1.0 e
@ <
% -ﬁl 0.44
:
2 05 0.2 , .
< 500 1000
t/s
400 600 800 1000
Wavelength / nm
(b)
"_m
=
]
o
-
=
0 I 1 I 1 I
0.0 0.2 04 0.6 0.8 1.0
[CCA]/M
92

1 CCA

H X OH o
Ko adauct(®)in ki B N k 2
~—  Pre-Equilibrium Phl N2 /N
~
-~

2411+

OH

Cyclohexane-

X = CH;CN, OTf", CF3CH0"  carboxylic acid
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EH3
@ 45
S 0.3
@ E 0.2
Q1.0+ s
@ 3 0.1
b <
9 0.0 . . .
2 0.5 600 800 1000
Wavelength / nm
0.0 i T T
400 600 800 1000
Wavelength / nm
(B) o7
£ 06
==
o
S 05+
ahd
L}
o 0.4
o
<
0.37 ee0e o
I I )
0 500 1000 1500
Time/s
Zr4
100- o '%oH g130.0
1]
e
=]
c
=
2 0
o 1007 128.0 160H
>
®
(4
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EH5
523.3
2416
232.6| 3736 551.4

f T T i
200 400 600 800

m/z
EH6

a)
( ? - 308 K
" —

= —
ll.}

=

-

0.0 0.5 1.0
[CCA]/M

(b)
"

=
b

S

=

0 T T
0.0 0.5 1.0
[CCA]/M
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k1
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I 1 1
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1
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_6_
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1 ) |
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-1
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k1
N2
(')

In(ky/T)

k1
N2
©

Absorbance

e
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_8_
_1u-
1 I 1}
0.0030 0.0032 0.0034
-1
1/TIK
=
£ 0.0
1.0- < i
®
@ 0.05-
{ | | ||
0.5 0 500 1000
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EH10
- 3 -1
257 Ky y=43x10" s
< 2.0
7]
=
° 1.5
o
T 1.04
.y
0.5- 3
kip=22x10 s
o-o I I 1 1
0.0 0.2 0.4 0.6 0.8
[benzaldehyde-h or -d] / M
EH]]

0 T T T T
0.0 0.2 0.4 0.6 0.8

[para-X-benzaldehydes] / M
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In(k1Keq)

InK,q

t
1.5- Bu
-2.01 H
F 5. Cl
-2.5- Br
L} I ] I
0.4 0.2 0.0 0.2
+
Op
1.0 -
0.8 -
8 tBu
F
0.6 4
Cl
0.4- H °
0.2 4 Br
|| 1 1 1
0.4 0.2 0.0 0.2
%p
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SIS

0 T T T T
0.0 0.2 04 0.6 0.8
[X°-aldehydes] / M
EHIS
(o] H (0] H o] 0]
CCA Xene-CA CMK Ac-Xene
(o] H (o] H
H
or Oy OH 0 OH
@ 2+ o or
/T
0\ /OH CH3CN/CF3CH,0H
— (viv=3:1) ° B
N-—-"M‘nlcl-'-N k 20 v C 66 /0 55 A
\Y. N/
=~ " ~

/i
1 >
- o o
H
1
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=918
BNAH
~ 5 2-
e Xanthene
. DHA
x
> CHD~.CCA
g |
| ] | || ] 1 ||
70 72 74 76 78 80 82
C-H BDE / keal mol”
=919

) AG
(kecalimol)
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EHA
Q. ., Q
A
0\ OH 0O-1 Bend Cleavage 0 OH
_— N/
LMn™ 45.7 Lmn"
1 TSo,
+CCA | 19
Q { ik
LO7TH o H 1 - z
A =% 19.9 29.4 ~o  oH
4 \/
—~H pH Lmn™
o \[_M/III Q 0% "H s
! 2 TSna_oirn
I 1
3 — D/ OH
N/
LMn™
5 H
E 2>
H
i Q P & - 281 | 46.4 QP N S|
% . S
A Fi 1 Jlll H7
““H--0, OH a o
7 \/ H
LMn"™ LMn't
*TSam *TSna_ow
C-H Bond Activation Nucleophilic Attack
EH25
A se
(kcal mol™) R 24 i
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EH27
Dﬁi o a
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™ \XPN%IH ﬁ‘!\x Phi\"’ﬁ’“\x
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-+
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=] I
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3] 1
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Absorbance

G;

Absorbance
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S K
< 064° ¢
1.0 - © K
@ 044
<
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100
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|| 1
400 600 800 1000
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......ool'l'l
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1000
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X = CH,CN, CF,CH,0", OTF

O
RJLU

H

- RCHO
- Phi

o]
R'JLH
o\\\
M, "
);R
Q o
i’ 2+
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EE30
0.5 mol% 1
j\ PhIO (1 equiv.) j\
R H in acetone/TFE (viv = 3:1) R OH
2a 22a 2568 by Ny 2b - 22b
-Phl
0. _OH
o; OH 0. _OH 0. _OH 1
2b, 3b, 4b, 5b,
TON = 27.7 ITON = 4.8 TON=7.4 TON = 14.8

Br

oé ;DH O~_ _OH o? ;OH O._ _OH D? Ecn-l
cl F Bu OMe

10b,

6b, 7b, b, 9b,
TON=43 TON=6.5 TON=6.9 TON=17.2 TON=18.7

0
OH \/\)I\DH

.

11b, 12b,
TON = 8.8 TON = 15.0
o o]
\/\H%LDH \/\Mgu\on
14b, 15b,

TON = 24.8 TON=21.6

o] o]
/\HLOH *LOH
17b, 18b,

TON =28.3 TON=46
Oi rH o] OH
20b, 21b,

TON=3.5 TON=10.5

(o]
WJ\OH
13b,

TON = 14.6
0
\/\M%tOH

16b,
TON =19.2

o
N
= CH
oy

19b,
TON =10.5

OH

22b,
TON =3.1
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2h,
TON=277

b)

3b,
*TON = 4.8

c)

4b,
TON=74

F

8b,
TON =6.9

b)
Oy OH

8h,
TON =17.2

c)

OMe

10k,
TON =18.7

SIS

d)
171 211
b l O OH
Std.
Sampe Sample
5b,
Blank A TON=148 | Blank |
Li T T T
14 16 18 20 18 20 22 24
Retention Time / min Retention Time / min
e)
18.7 26.3
Qo OH
Std.
o Std.
S !
L | Br Sample k
Blank &b, Blank A
T T TON=4.3 T T
14 16 18 22 24 26 28
Retention Time [ min Retention Time /[ min
f
20.2 234
Q OH
5td.
Std.
l Sample
ci a -
Sample .
Blank b, Blank J l
T T TON=86.5 T T
16 18 20 20 2 24 26
Retention Time / min Retention Time / min
d)
201 124
o Std.
Std. L
L /\AOH l
11b, Sampilo
Sample v TON= g3
Biank I Blank i
16 18 20 22 8 10 12 14
Retention Time / min Retention Time / min
e)
lii.i 13.6
5td. o Std.
\/\)'LOH
Sampla " T01':2=h.i5 g Sample o
Blank i 2 Blank
T T T T
20 22 24 8 10 12 14 1%
Retention Time / min Retention Time / min
f)
25.5 14.7
Sid, h
[+] Std.
\/\HzJLcH
Sample 13b,
TON = 14.6 Sample
Blank l " Blank |
2z 24 26 28 12 14 16 18

Retention Time f min
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EH33
a) d)
16.8 l
ST
0 (o]}
v\fﬂ%‘l\DH /\‘)\OH
14b, Sample 17b
TON=24.8 TON=28.3
Blank N
T T
8 10 12 14
Retention Time / min
b) e)
17.8
Std.
(o] (o]
\/\Héj\on Z)kou
15b, Sample 185
TON =21.6 "
Blank ] 4 TON=46
T T
14 16 18 20
Retention Time / min
c) f)
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\/\(.,}Jk A
=
& OH
16b, A
TON=19.2 Sample 19b,
Blank TON =10.5
14 16 18 20
Retention Time / min
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28.7
o] OH
ool
Sample
20b, 2
TON =3.5 Blank
A A — —
T T T
22 24 26 28 30
Retention Time / min
b)
235
Std.
(0] OH
CO0 femal 0
21b,
TON =105 | ~Blank A
T T
22 24 26 28
Retention Time / min
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18.2
(o]
<P
D [ A
22b, Blank
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T L] T
21 22 23 24 25

Retention Time / min
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12.8
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r T T
8 10 12 14
Retention Time / min
1.8
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Blank P |
l_ T T
8 10 12 14
Retention Time / min
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s |
OH
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Blank i
T T
12 14 16 18
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