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Abbreviations

Many abbreviations are used throughout in this dissertation in order to save space.

For convenience, a list of most abbreviations is compiled for easy access.

cat catalytic

DCM dichloromethane

DMF N, N-dimethylformamide

equiv Equivalent

RT room temperature

EtOAc ethyl acetate

AcOH acetic acid

OTf triflatemethylsulfonyl

NMP N-methyl-2-pyrrolidone

DBU 1,8—Diazabicyclo[5.4.0]Jundue—7-ene

Ph Phenyl



THF

MeCN

PMB

DMSO

Phen

PEG-200

bpy

DMAP

Et;N

TLC

NMR

GC

mmol

tetrahydrofuran

acetonitrile

p—methoxybenzyl

dimethylsolfoxide

phenanthroline

ploy ethylene glycol-200

2,2'—bipyridine

4-Dimethylaminopyridine

triethylamine

thin layer chromatography

nuclear magnetic resonance

gas chromatography
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C-0 % C-S AT FAH/ 9IF A77F APHUD o]

R4
o CO,H HO

\/\O o o -

/ ’ OH
N\
R, HO : OH
OH
PPAR
(peroxisome proliferator activatedreceptor) Salilcin

Viloxazine Glabridin

Ellagic acid

Figure 3. Diverse compounds with C—O bond



|
N—NH N
/
N
/ \ / \H
: Jees
~
N~ ~O
H S
Axitinib Chlopromazine
H
N
! L]
OH
0] = s S
AZD 4407
5-lipoxygenase inhibitor Vortioxetine

Figure 4. Diverse compounds with C—S bond

A Fe FujE o]gt C-O ZAgol disi AHEd tizs Hdwdd+=
Chan-Lam coupling® Buckwald-Hartwig coupling2 92 & 4 Slth.
1998 o] IEHE Chan-Lam coupling2 =& ZFuWZ 35to arylboronic
acid Stga AANA 7] cross—coupling ¥Fgoz2 AL F7] FA C-
N, C-0, C-§ 59 dotir-go] o]Fojxw o] whgofA Cu(ll)2t Cul(0)Z+e]

catalytic cycle Fofl §-§o] P Ht(Figure 5).'°

B(OH), CuX,, solvent AN,

R + HY-R 2L g TR
7 RT, air 7

Y=N, O, S, etc.

Scheme 2. Chan—-Lam coupling cross coupling reaction

-5-



L2CU(OAC)2

______

!
FAHE Wl

HO-R'

_________________

, Ligand exchange '

AcOH

SEATZ 2000 thof] HmE
23 o HHAOE B8
Pd Zu}E AHg ol



X cat.Pd
| ~ /R3 Base
R1_| _ + Y\
R Ligand
X=CI, Br, I, OTf
Y=N, O, S

R,= Alkyl, Aryl, H
Rs= Alkyl, Aryl

Scheme 3. Buckwald—Hartwig C—hetero bond formation reaction

PdET m&4 0]

]tk (Scheme 4).'*

S X Ao

1IN + i

L R4+ P
X=Br I

R N7 N on
It + i
T R4+ _
X=Br, |

ol gko] rhof

Buckwald-Hartwig type

St

1—

reaction S°.&

€

o

C_O 75?:}‘91 1__'7_

n:eu

o]

0.25-2.5 mol% (CuOTf),PhH

5 mol% EtOAc

Cs,COg, toluene, 110°C

[ArCO,H]

I X 0 X
- R¢ | R2
= =

5 mol% Cul, 10 mol% additive

additive AN

7
N

O

KsPO,, DMSO, 80-90 °C, 24h NN
R | 5R?
= =

OH

Scheme 4. Diverse copper—catalyzed C—O bond formation reaction of Buckwald

group



gFet Coy—O 2% 4ol disl WA AmHEW SEA Scheme 40 7]&H
Buckwald group® @& HEF} oIdd FdRol Uth(Scheme 5)."
Phenol(pKa=10) aliphatic alcohol(pKa=16~18) &3EHTt pKaZt Yot
g2 A whgo] F dojuty] wize] Aguhgol AH-&o] golstrt.

#Zoll= phenols& ©]83 aryl halide®td] C,,-O 2% ¥4 zdor 4

lo

ZALS A Aro A Aol Ttse A ATrt HEE Y THScheme 6).%

DMG ™e

o X HO 5 mol% [Cu(MeCN)4]PFg C NS
R1_: . | _R2 2 R1_| | —R2

P _ 2.0 equiv Cs,CO3 % Z

toluene, 110°C,5-45h

DMG = Directed Metalation Group

X HO 20 mol% [Cu(PPha);Br] AN
1_1 N 2 R1_| | _R2
R * | R g ~ —
= = 3.0 equiv Cs,CO;4

NMP, 100 °C, 17 -24 h

Scheme 5. C,,,;—O bond formation of aryl halids with phenols



| 10 mo% Cul
X

OH

R4 ©/ Etom 7
| +
/

O
- 0
1.0 equiv DBU =
0.5 equiv KOft-Bu
CH3CN, RT
12 h

Scheme. 6 C,,,,—O bond formation of aryl halide with phenol at room temperature

Buckwald groupolA E7F

b Ot Y 2dse EE
StAtHScheme 7). 124 aliphatic alcoholZ ©]&3H Aol Lz 710]
ZQRskal 1& alcoholsoflft 8ol 7hsske] 22, 32 alcohol®] #-goll=
olz-Zo] ol FH BINAME o]-8ste] IIQfo|A aliphatic alcohols&
o] g9t X THEEG O} o3| aliphatic alcohol2 12X A3 EA ligand”}t

gast At 7

FA122 1ek(Scheme 8).



| Cul

, OR?
7N cat. 1,10-phenanthroline 7N
R +  R2OH R
= =
Cs,COg3, 110°C
5 Cul, 10 mol% Me,Phen OR?
R 2 . A
[ + R“OH R‘l_'
= Cs,COg3, toluene L
80-130°C, 12-30 h
Me Me
Me 2 A Me
—N N=
Me,Pen

Scheme 7. C,,;—O bond formation with aliphatic alcohols by Buckwald

group
X 20 mol% BINAM OR'
X X
R_: + R'OH 20 mol% Cul - R+
= 2.0 equiv Cs,CO4 =
o]
X = Br, | 110 °C, pressure tube
Scheme 8. C,,,—O bond formation with aliphatic alcohols

2 A7 A AFoAE EA ligand §lo] aliphatic diol 3&E<

- 10 -



ST o7 A AFEH oEd ZEtolEd2 AleF YW ligand A fWiz2 %
45199 tH(Scheme 9).

5 mol% CuCl,

X B 3.0 equiv K,CO; O 0on
Ry~ Ry~
% 1.0 mL HO(CH,),OH =
130 °C, 20 h

5 mol% CuCl,

XN X 3.0 equiv K,CO4 @/O(CHz)nOH
R— > R—
= 1.0 mL HO(CH,),OH W (n=34)

130°C,20 h

X=Br, |

Scheme 9. C,,,—O bond formation with ethylene glycol

SA Hi= Hhel Zo] aryl halideE &% &# 23 aliphatic alcohol®] C,,, -

O 2w gty oz 12 gh§o|H, electron—withdrawing group= %

+ ZA%Hd 4 aryl halideE 7|82 o] &3t Aot A2l ¥hgol 7}
s ot7] el A=drgos duts} strjol= ARt ot

< B31H diaryliodonium salt 3t&E2 f-7]80] XA aryl iodide
Hop 2 WeAde 7MY iodine ¥oles THLR FE tiAH Es
B2 aryl groupol 250 e +2E 7FAA A (Scheme 11). ©HE
shetEte] Z2otirgol o]fold Fo= Holdle aryl iodideE 2= F271
HF-8-9 dummy group®] =™, iodine ol || FHiz thfet ol

X< 7Hd & slom Zol9 FFol et diaryliodonium salto]

ca
olo
lo



10 N ! = 2 NuX | N Nu 2 1l = !
R-T | TR ——— > R + R
% % = %

X= OTf, PFg, BF,, etc. Dummy group

Scheme 11. Structure and reaction of diaryliodonium salts

&g dFEol K la, C-0O ZARe] 4 dF T3t JPE ot
22 TE" C-0 2o dA zHo= diaryliodonium salts o] &3t
Coy—O 279 W ell= Olofosson group® &5l glo] A-=2olA 74
712 o] &35t o7} Qth(Scheme 12).%° 22}, 3%} aliphatic alcoholS Z3JH3E ot
43t alcoholE0] A7 A diaryliodonium salts®}t §¥H-5-5Fo] thFSt aryl
ether 3tghE2 AT, 12y, AR8H  alcohol> AH7IE  o]&7t
alkoxide® At ¥ Apgsfiof stz 7o wgs 28715 714 okg

=° A&s7l= ofze @ol st

12 -



| X
S S
I ®
OH 2|_/ | /_ 2 0]
AN A A
R R R
= £-BUOK, THF

RT-40°C,15min-2h

©
Ox £BuONa (1.2 equiv) oL
R-OH + A" Sar R™ A
toluene
RT, 30 - 90 min
® >(0Na
A= =X (2.0 equiv) o
A 2 - Ar
r pentane (2.5 mL, RT, 3 h
® o .
R-OH + Ar1—!—X NaHMDS (1.0 equiv) _ O.
Ar2 R Ar

pentane , RT, 3 h

Scheme 12. C,,,,—O bond formation with diaryliodonium salts by Olofosson

group

T2t Onomoura groupol Al HES AFoA= A7) aliphatic diolZ ©]

T

435te] 100 °C 9 24 F7 ZHujE o]&ste] 1247 o4+

o
Pe) ’o—/K

)

#

1

oheF3t alcohol”]E 714 aryl alkyl etherdtgtE2 o

H H

ox
S

AF7F B = A
P

ol

| me zAu WAzl Atk

s L =

rlr
L
o
o

QltH(Scheme 13).%¢

- 13 -



)
OH ® oTf 10 mol% Cu(OTf), OPh
+ PN .
OH Ph™ Ph 3.0 equiv NasPO, OH
toluene

1 mmol 1.5 equi
mmo equiv 100 °C ,15 h

Scheme 13. C,,,,—O bond formation with diaryliodonium salts and aliphatic

diols by Onomoura group

2 A4 = diaryliodonium salt #3tE3 aliphatic diols ¢ C,,-~O Z

& 4 WHe st okl AP AFolA aliphatic diol aliphatic

- 14 -



Caryl_S é’@-_@/‘l —E—)H]-xgq] m—c——)ﬁ /\E}‘Tﬁiiqﬂ, Caryl_

w
iih)
2
19
2

4 gyow

e

A
AAFAE Cu Zuf st arylboronic acidE 7]Z 2 g Cham-Lam %¥H-g0]
AaL, aryl halidesE ©]-8%t C-§ 2¢9 o4 A+sol HiHo] ot &t

w P, olgd&wn?®, 2Z&Rh?, F(Cw's HFt F&5 FulE |8

Coy=S Aol ¥t AFEo] HZ7HA A& HAL th(Scheme 14).

0.1 - 2.5 mol% cat. Pd
X 1.1 equiv KOtBu Sr
+ HS—-R >
dioxane, 110 °C, 12 h

X=Br, CI R= Ar, Bn, alkyl

0.2 mol% Ir[dF(CF3)ppyl(dtbbpy)PFg

| 0.1 equiv. NiCl,'glyme, 0.15 equiv dtbb SN
©/ + HS_R q 2'glyme, q py ©/ R
hv, MeCN, RT, 24 h

{Bu tBu R= benzyl, alkyl,
— — 4-tol, PMB
/) N\
\ / 7/
dtbbpy

(4,4'-Di-tert-butyl-2,2'-dipyridyl)

1.0 mol% Coly(dppe)

I 0, S\
©/ . HS-R 1.5 mol% Zn _ ©/ R
1.0 equiv. pyridine

toluene, 70 °C, 10 h

1.0. mol% Cul
' . SH " hy (Hg lamp, 100 W) - S
1.0 equiv NaOfBu

MeCN,0°C,5-8h

Scheme 14. Various C,,,—S bond formation reaction

- 15 -



ok
o

AFAHo A= F2 Zuf stof aryl halide®t 1,2-ethandithiol&

7}
2130 C-S 292 A T F in-situ BoEE-Se] YDA E aryl thiol2 &
a4

T AU (Scheme 15).%

5 mol% CuSO45H,0
X 5.0 equiv KOH
X
R{E::T/ + pg>SH R
Z DMSO/H,0 (10/1)
90 °C-110°C, 20 h

S
NI s A
R-+ _

Scheme 15. One step synthesis of aryl thiols with 1,2—ethandithiol

O3], ary thiol2 &7|FoA A AtgtEe] disulfide2 HFEZR aryl

thiol®] 242 &4

He EEA 49EA ok 2¥ER aryl thiol Al

diaryl disulfideE aryl thiol®] HFA=ZA &

goto] ARt ole] diaryl
sulfideE aryl thiol ¢ F&AH= Z8oto] aryl halide?} WHgsSto] ThYFS

o
unsymmetric diarylsulfide

= L5
= Ell—E_l___ SF Al

Hol B3 = HF QIthH(Scheme 16).%



I Cu-bpy (10 mol%) S
i AN S . | 2 Mg R I AN \_
R1 | + X ~ R1 ] | R2
= ! S _— Pz
Row. DMF, 110 °C

| CuFe,04 5 mol% S
C s Cs,CO3 1.0 equiv. X
RiC * s >~ Ry
Z 24 h, 100 °C =

| = Cul 10 mol% S
A TR2 MtPy 10 mol% X X
Ri + A S\s X - R | R
= R, KOH, DMSO = /
Z 110 °C, N,

MtPy
(4'-(4-methoxyphenyl)-2,2":6',2"-terpyridine)

Scheme 16. Synthesis of unsymmetric diaryl sulfides with diaryl disulfides

oA ¥ aryl thiol® &FSHZ Abgol 7hset diaryl disulfide®] 92 sulfur
o (Sy)E ©l&ste] HFRZ aryl halide¢te] whgo=z2 3P4 SHAY, o E
sulfur source®d ©]-83F A

g ol A4 Holgtth(Scheme 17).%

- 17 -



X g
7N CuCly/Phen S \,—R
R|_ + SB > X \S

= (nBu)4NF, C52CO3, Hzo R_:
100 °C, 24 h =
/ |
SH - R
N Air, DMF, EtzN NPENEN
R - . s
= RT, sonication R _
SH g R
A NH; Europhtal catalyst, Cul (20 mol%) l
R:_ + Sa/ | X S\S X

= NH, NaHCO3;, PEG-200, 120 °C, 12 h R P

Scheme 17. Researchs of disulfide bond formation

B AT HE B8 -5 A% w40l TR anyl thiole] AFEH
?l diaryl disulfide 2FtE< AT 4 Sl THES Zx Yo Sulfur

sourece2 A 7]&0] &#H A sulfur powder T thiourea ©]&lo] /7|3}g&

m&v

S ZrotR 1 thFeh aryl halides®t ¥HSA|A diaryl disulfide 3tH&ES &4

st gk,

e

- 18 -



I. 23 9 v%

I-1. 32 Zu]E o]-&3t aliphatic diol #} diaryliodonium salt2]

Caryl_ O Z;']_ —@-]ﬁ ﬂ?

2 AFoA= aryl halide®td =2 ¥+-3/42 7= diaryliodonium salt &}t

M)

237} aliphatic diolse ©]-83lo] &% C,
dAFste] MA diphenyliodonium hexafluorophosphate™ €&l Zato]Z2 o]&
Sto] APAe? 2 22 FURF 130 °C, Bl §hg 2E X0 R AFRo
A F 71| "HIAE 9GS sHtH(Table 1).

Table 1. Temperature effect on C,,,—O bond formation between

aryl
diphenyliodonium hexafluorophosphate and ethylene glycol
+ 'SFG

| 1.0 mL 5~ OH ©/o\/\OH
5 mol% CuCl,

3.0 equiv K,CO3

Entry Temp Time Yield®
1 130 °C 20 h 74%
2 RT 20 h 40%
4GC yield

- 19 -



1

b
&
il

hexafluorophosphates ©]-835to] CuCl, o|elof| ofeFst 2] S F7 2
H7] sl A& ™PstaAth(Table 2).
Table 2. Effect of copper catalysts on C—O bond formation between

diphenyliodonium hexafluorophosphate and ethylene glycol

. PFg
! 1mLHO™ 1 O ~on
©/ \© 3.0 equiv K,CO4 ©/
5.0 mol% [Cu]
RT, 20 h
Entry [Cu] Yield?
1 CuCl, 40%
2 Cu(OH), 24%
3 CuSO, 25%
4 CuS0,45H,0 16%
5 Cu(OAc), H,0 67%
6 Cu,0 85%(82%)P
7 Cul 20%
8 CuBr 14%
9 CucCl 14%
aGC vyield. P6h

- 20 -



of & zo]E Holw 1 F Cu,07} 85%

j -

o,

Foll whet g

HYHentry 6). ¥ & GC-mass oA diaryliodonium
A==

ot whe

N

=i &

o

conversione & 4

A7t

]

Axt 82% Fa& HAAth olof Cu,0 9, ¥h&

SFATHTable

ey

3).

21 -



Table 3. Effect of base on C-O bond formation between diphenyliodonium

hexafluorophosphate and ethylene glycol

+ PFB

I 1mL HO/\/OH O\/\OH
3.0 equiv Base

5.0 mol% Cu,0O

RT,6 h

Entry Base Yield?
1 K,CO4 82%
2 Na,CO3 92%
3 K3PO4 14%
4 NaOH 14%
5 KOH 87%
6 Et;N 0%
7 DMAP 0%
8 DBU 0%

aGC yield.

Ad 23 amined F7IE AMES A BAES 2 4 % entries 6, 7, 8),

S o 7Py WA W et At

=
@)
T
EX
i
=
o
Ho
r *]
lo
f
r g
i)
o
38

FAe] W7} SIS YTHentry 5). Tt A4 ¥ A shREYo]|E(CO3Y)

£ 7He 771 97 TR =2 588 H%d(entries 1, 2), ©] T 92%= 7V
=2 Taa HY Na,COslentry 2)5 A9 d7|= =5t Wik AlZsty &
= ol s¢tes vhgE9 Mat o] m=A Hole AS TS 4 UAS=H



olF Higog whgo] ©f F2 ARE ol UE o= sttt weEbA v
A= gt dede 835 (Table 4).
Table 4. Reaction time for C—O bond formation diphenyliodonium

hexafluorophosphate and ethylene glycol

+ PFG

! 1 mL Ho > O "~oH
3.0 equiv Na,CO3

5.0 mol% Cu,O

RT
Entry Time Yield?
1 6 h 92%
2 3h 92%
3 10 min 98%

4GC yield.

iy
)
L
k1

T

iFS2 10E%] ¢H2% 98% AMAES d& 5 U
diphenyliodonium hexafluorophosphate”l ¥t-g-&of xOSHA] Aggt-go] of-%

e APES ¢ 5 AT APAHE BTz HHs W A% 108

o=

kl
o

et & o3 AdES Y5kl
o222 diphenyliodonium salt SFghE9] hexafluorophosphateZt obd 2 2

ol Fwol e ¥hs Fde LdotE7] ddS AystAH(Table 5).
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Table 5. Effect of the counteranions on for C—O bond formation

diphenyliodonium salt and ethylene glycol

. X
| 1 mLHO™ > O ~on
©/ \O 3.0 equiv Na,CO4 - ©/
5.0 mol% Cu,O
RT, 10 min

Entry anion Yield?
1 PFg 98%
2 BF, 75%
3 oTf 87%
4 Br 0%
5 cl 0%
6 I 0%

aGC vyield.

Adl AT} halide S20l29 A% 9 A Hb-go] XY
(entries 4, 5, 6), 7}

B9 PE U B @ 4 qlolth anR APy we el 2L

ilo
J

diaryliodonium hexafluorophosphates & &4 =2 1At AA-S FdYstal
A stged g sAY @Aol

diaryliodonium hexafluorophosphate 2}g&2] FFo Agro] STt

PRy Bt W &8 7HAAY gt 7s71E 7HA

=24 -



or
<

o,

ol
S5

a oA A

“OTfE counter anion2 & Sl= di-p-tolyliodonium triflates 7]

1

]
=

=

Table 6. Effect of copper catalysts on C—O bond formation di—p—tolyliodonium

triflate and ethylene glycol

| OTf Ho/\/OH 1 mL /©/o\/\OH
/[ j [ j\ 3.0 equiv KOH
5 mol% Cu
RT
Entry Cu Time Yield?
1 - 10 min 0%,0%°?
2 Cu (powder) 10 min 0%,0%®?
3 Cul 10 min 0%,4%®
4 CuBr 10 min 0%
5 CuCl 10 min 0%
6 Cu,0 10 min 99%,98%°¢
7 CuOAc 10 min 2%.8%P
8 Cu(acac), 10 min 3%,4%"
9 CuCl, 10 min 6%, 0%",6%¢
10  Cu(OAc);monohydrate 10 min  10%,43%",16%¢
11 Cu(OH), 10 min 0%,6%"
12 CuSO, 10 min 5%,6%"
13 CuS0O45H,0 10 min 0%,10%?
14 CuO 10 min 0%
15 Cu(OTf), 10 min 11%

@ GC yield, ? 90 °C, Cisolation yield, ¢ 30min

- 25 -



o o

A 2 e e =

O s O O
== Fae2 H

B

Tod
o)

o
—
Ife]

mwo

(Table 6, entries 1, 2, 3, 6, 7, 8, 9, 11, 13, 14, 16). oA ¢

<+
o
ol
Y
A
oM
ol

AL
;oo

o
<

oA

ot Cu,09 4E 2 mol%7hA]

o]
AR

2 molnpz 1A § oz F7

o
=

LR

=
=

o o]

19 cH(Table 7).

S

3

[e] [e]
S FE= A

s

jint

™
BR

Ile}

o
ol

—

Fo

7AO

o] 90% o©]

of
<k

A =

ANM =

!

Nd

71971

Ak

T

ot
<N

oy
BR

el

<k

g]

F

yAO

o 97% o©]

sH.©
He

Q
o

°Fd 7] NaHCO;(pKa 10.3)2 @712 A}

s
!

wmo

(entry 6).

Hentry 7).

R
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Table 7. Base screening for C—O bond formation between

di-p—tolyiodonium triflate and ethylene glycol
oTf

OH
! HO """ 1ml O "oH
2.0 equiv Base

2 mol% Cu,0O

RT

Entry Base Time Yield?
1 KOH 10 min 98%
2 NaOH 10 min 92%
3 K>,COs3 10 min 87%
4 K3POy4 10 min 98%
5 Na,CO; 10 min 98%
6 NaHCO; 10 min 97%
7 - 10 min 96%”
8 Et;N 10 min 70%
9 Pyridine 10 min 0%
10 imidazole 10 min 0%

aGC yield, Pisolation yield

=)

SR e Ed, 97, WgAz 25 5o P4 dgowm

AE & & AATE 2 mol% Cu,O, 1 mL ethylene glycol, RT. AHHE 2| & 35}

27< toFet 715712 7b diaryliodonium sale sFHEe] 28507 9%

-27 -



A2 APt th(Table 8). tefet 7I571E 7AW Holeez OTtE %

L diaryliodonium triflate & 177125 <22 FdAdHoz AH T4 T 4

Alstol Ao AHg st
FZ9l 7+ aryl7]oll electron—donating group®©]UY electron—withdrawing

group®] A= 7HA #g7]] Auglel Re stehEo Z9Rts &0 o

= A oz2o] S9lof, BF,” & counteranion®® ZrE= saltE HAsto

AH-S AYPsA L electron donating group?] AAS 7HA o2 287

©
i)

7R 2 90%e1g e &S dSstiey By @2 62%°] 2dE €A

i)

SH&o mesityl7]7F, ©F2 FE<Q functional groupe ZFAIL Qe HIHA A

Zt= diaryliodonium salt= 7FE3dl glo] FAIgE A 85%, 78%< A==

A 9l th(Table 8, entries 13, 14).
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Table 8. Cu—catalyzed C—O bond formation of ethylene glycol with various

diaryliodonium salt

OTf
OH
AN HO™ >™""" 1.0 mL ANO"on
R1_I | _RZ o R1—'
% = 2 mol% Cu,O =
RT
1, 1 mmol 3
Entry S.M Time Product Yield?
| OTf o
* 10 mi " oH 94%
1 1a min 3a
I()Tf o
~
2 /©/ +\©\ 10 min )©/ OH 96%
1b 3b
I(_)Tf o
1c 3c
I6Tf o
+ " 0H
4 10 min 85%
1d 3d
OTf
; O~oH
5 /©/ \©\ 20 min /©/ 94%
t-Bu t-Bu 1e t-Bu 3e
I<5Tf o
\/\
6 /©/+\©\ 10 min /©/ OH 94%
Cl Cl  1f Cl 3f
oTf
cl | cl cl o)
e > A
19 3g
cl cl
8

ot ¢!

| o

+ 30 min ~""0H 70%
1h 3h

-29 .-



(Table 8 continued)

Entry S.M Time Product Yield?
oTf
; O~ oH
9 /©/ \©\ 10 min /©/ 88%
Br Br i Br 3i
oTf

| O~
o I, e T
F F o1 F 3j

oTf

| o~
i
11 /©/ \©\ 15 min /©/ OH 89%
FsC CF; 1k FsC 3k

BF,

!
12 /©/ \©\ 30 min
MeO OMe 1l M

(@]
/©/ TTOH 62
o 3l

e

oTf
o)
! ~"0oH
B Eo m 10min g0 \ 78%
m
0 o)
o) OTf 0
| .
14 Eto)b/ j@\ 10 min gt O\/\OH 85%
1n 3n
oTf
| O\/\
! OH
15 10 min 83%
1o 30
5 ) o)
oTf
| O\/\
1 OH
16 10 min 84%
C » T .

oTf
0
| ~
PhO 1q PhO 3q

@ jsolation yield

-30 -



A FAZAA ethylene glycolo] theFet diaryliodonium salt@t ¥H-g-5}oq

C-0 ZAdg AAdEcl FAHAHES Zgt =, gt aliphatic diol&

i
=
=
2
g
a.
o,
Mo
ol
=2
o,
>
7
o
o
e)
r
>,
7
o
il
rEl
>
oo
it
i
Ju
W
ofl
ot
N
o
el
au)

uebA whgo AgE AET e 2712 Aok (Table 9).

Table 9. Screening solvents for C—O bond formation between di—p—

tolyliodonium triflate and ethylene glycol

OTf

! Ho ™>~OH OnoH
/©/ \©\ 3.0 equiv KOH /©/
5 mol% Cu
RT, 10 min
Entry S.M HO/\/OH solvent Yield?
1 1.0 equiv 3.0 equiv Toluene 88%
2 1.0 equiv 3.0 equiv DCM 84%
3 1.0 equiv 3.0 equiv DMF 16%
4 1.0 equiv 3.0 equiv DMSO 7%
5 1.5 equiv 1.0 equiv DCM 48%
6 1.0 equiv 2.0 equiv DCM 48%
7 1.0 equiv 1.0 equiv DCM 48%
aGC yield
ogdll ZetolZ WS 3.0 ¥R 14 & AAgt §vj xS 27



ole] wtz} DCM -&wfiofl Al

aliphatic diol 3

F5 a0l @dn. I12al diolo]

7 7ol

]

o

¥tk (Table 10, entry 6). Aliphatic diol®o] 2x}

]S

603/\

SLE.O
A=

2

alcohole] C-0O

ArE]QitH(Table 11, entries 7

Catechol®} hydrobenzoin %A X 80%<]

~13).

gtk Hydrobenzoing Ao A 474 fufjo] =3

s
T

e (Table 11, entry 13).

o)

%

&l

o] %ol 40°Co 2=oA Rhg&
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Table 10. Cu—catalyzed C-O bond formation of diaryliodonium salt with

various primary aliphatic diols

| oTf o on
©/+\© 2, 3.0 equiv W
2 mol% Cu,O R R
RT, DCM 1.0 mL
1, 1.0 mmol 4

Entry Ho™ N AOH Time Product Yield?
A~ OH 10 min O~ oH 76%

1 HO 2a 4a °

o) OH
2 HO™ >"0OH 30 min ~ 78%
2b 4b
o)
OH ~ONT
3 HO S OH o 1h ©/ OH . 70%
4 Th O _~_~_0OH 68
NN
HO OH 24 ©/ 4d °
° O™ O 5 30min @(O%OH s 85%
OH
80%

6
HO
/\/\‘/ o

OH
(0]
30 min ©/ \/\‘/ af

@ jsolation yield
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Table 11. Cu—catalyzed C-O bond formation of diaryliodonium salt with

various secondary aliphatic diols

oTf

! 2, 3.0 equiv OYI/\H/OH
n
2.0 equiv Na,CO3 R R
2 mol% Cu,O
1,1.0 mmol RT, DCM 1.0 mL 4
Entry HO/\L/]’nOH Time Product Yield® Yield (no base)?
OH qH
7 /H,OH 30 min Oj/k 93% 80%
2g 49
OH OH
8 10 mi o 90% 62%
OH min
2h 4h
OH OH
° 10 min 0o 90% 70%
OH
0 2i O 4
OH OH
10 OH 10 min o 90% 67%
2j 4j
OH HO
11 o
OH 10 min @/ 91% 73%
2k a4k
OH OH
12 OH 30 min o 80% 65%
2| 4
13 OH O ©\o
O 10 min O 8O%a 61 %b
OH 2m 4m
OH

gisolation yield ? 40°C

=34 -



747 g 71571E 72 Sl iodonium salt & 5742 2Fet
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Table 12. C—O bond formation with di—p—tolyliodonium salt and various
aliphatic diols
oTf

! 2, 3.0 equiv OWOH
n
2.0 equiv Na,CO3 R R

2 mol% Cu,O

1b, 1 mmol RT, DCM 1.0mL 3
Entry Ho™ NkOH Time Product Yield?
o OH
1 HO™ " OH 30 min )©/ TN 70%,80%"
2b 5a

OH

OH
. o)
2 /'\ro"' 30 min W/v\ 89%
2h 5b
OH
. o)
OH _ 10 min 90%
2j O 5¢
OH
OH o)
10 min
2k /©/ 5d 93%
OH
OH _ o
om 30 min s 61%

ajsolation yield © no base

£ w
O
(e
T

OH

o

A O 2 para &l r—~butyl7] & 7FA] 2 91+ iodonium salt leE ©]

olt

ot FLsHA A AFsAL, 44 MER gese Fol &l

o

%

tH(Table 13).



Table 13. C—O bond formation with di—utyl-liodonium salt and various

aliphatic diols

OTf

/©/1\©\ 2, 3.0 equiv D/OWOH
. i R R
By Bu 2.0 equiv Na,CO3 Bu
6

2 mol% Cu,O

1e, 1 mmol RT, DCM 1.0 mL
Entry Ho™ OH Time Product Yield?
0 OH
1 HO™ >"0H 30 min /©/ TN 75%,82%"
2b tBu 6a
OH OH
2 /krOH 10 min OW/'\ 96%
2h 6b
Bu
OH OH
. O 0,
3 OH 10 min 97%
o 2j O 6c
tBu
OH OH
OH 0
. 0,
4 2K 10 min /©/ 6d 91%
tBu

OH

OH
OH o
5 30 min 88%
2m tBu 7e

@ isolation yield ? no base
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77t fze shese A4t UHTable 14).

Table 14. C-O bond formation with di—p—chloro—iodonium salt and various
aliphatic diols

OTf

/©/1\©\ 2, 3.0 equiv /Q/OWOH
i R R
cl cl 2.0 equiv Na,CO3 cl
7

2 mol% Cu,O

1f, 1 mmol RT, DCM 1.0 mL
Entry Ho Rk OH Time Product Yield?
o) OH
1 Ho™ " 0H 30 min /©/ N 77%,88%"
2b cl 7a
OH o
OH 10 mi 0o 8
5 min 98%
2h 7b
cl

OH

0
OH 10 min /©/ 96%
2j cl 0O Tc
OH
OH o\('j
10 min /©/ 93%
2k 7d
cl
OH
OH ©
30 min 67%
2m cl 7e

@ josolation yield ? no base

N
(@)
(e O
I

OH

O
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HAH OS2 meta YA electro-withdrawing 4242 7Fx 1 31+& chloro”]
7b 9= iodonium salt 1g& °]&ste] sdstA dds Y st 2424 A

22 FFBELS FY5] YUrk(Table 15).

Table 15. C-O bond formation with di—m—chloro—iodonium salt and various
aliphatic diols

OTf

cl ! cl 2, 3.0 equiv cl oWOH
2.0 equiv Na,CO4 R R
8

2 mol% Cu,O

19, 1 mmol RT, DCM 1.0 mL
Entry Ho~ N OH Time Product Yield?
cl o) OH
1 Lo 0H 30 min \©/ N 76%,83%"
2b 8a
OH OH
|
2 /krOH 10 min c OW/'\ 97%
2h 8b
OH OH
Cl o
3 o OH . 10 min 89%
2j O 8c
OH OH
OH cl o
i 0,
4 2K 10 min \©/ 8d 90%
OH OH

OH Cl (0]
1h 64%
2m 8e

2 josolation yield © no base

o
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npzeto 2 ghEolli= mesityl7] S 2T 2 @Eo] groupe 7HAlE

iodonium salt Im= ©]8sto] FUstA AHS *3

MzE shteses 94

/gste] Aol Atk (Table 16).

Table 16. C—O bond formation with (4-(ethoxycarbonyl)phenyl) —mesity—

iodonium salt and various aliphatic diols

oTf

| OH .
+ HO/\M’n 2, 3.0 equiv O\M/n\OH
EtO 2.0 equiv. Na,CO3 EtO
2 mol% Cu,0
o 1m, 1 mmol RT, DCM 1.0mL S 8
Entry Ho™ AOH Time Product Yield®
o) OH
1 HO > "0H 30min N 80%,77%"
2b EtO 9a
OH © OH
OH , 0
2 10min 98%
2h EtO 9b
o)
OH OH
o)
3 OH 10min 96%
o 2j EtO O 9c
o}
OH OH
OH o
. 950
4 2k 10min EtO\H/©/ ad %
o}
oH OH
OH O\@
5 10min 80%
2m EtO 9e °

@ josolation yield ? no base
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¢ drbAor 2] S A WA AHAATE substitutiono] Lot

Asll F71x=del st 9 HgolAds |7l Alef glo] S4xANME

|+ B3 ¥ daryliodonium salt®] Fufjut-g WAYS S AHEH aryl”7| 7}
ol® HAYUZE E5| CuZ transfer’} dojp=x: wats] dre] A dH7b 9
S} oxidative addition© 2 transfer® arylZ]oll &Js Cuoll %2 oxidation
state’} AAAAHS &2lstH o Diaryliodonium salt®] catalytic HIAYSE <
ToF 2] Fvf 62 C-heteroatom A #HAYE A+t A4 oA AE2

HE Edz2 28 oA AdEHe wAUSEES oAds) B wA

2

iy

1

dl ZetolEo] o HiflEo] oxidationo] HE F dojukE ligand ¥

ek
o
e

% diaryliodonium salt®] aryl7| ¢} triflateZ7} FF8]2 transfer7} & of

o

tt. 1 % Cu(l)7} Cu(ll)=2 AFSt=]™H A oxidative addition®] dojubm
aryl iodide group®] dummy groupC =2 HEojx yitthk I o dF°] Sn2

VA

o

S

S
s
>
N
N

FA A coordination st AW o= FFolF F

2
i<
L
Wl

leaving grouop® &S ZtE= triflate@} substitution©] Lojut

A7 Hot.* th-2 DA A reductive elimination ©] doji} AY

o,
o
o
ne
alx
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catalytic cycle2 ZJHt oA4F

0>~
ol
oL
38
)
%)
)
=
T
3
9
—_
*

TfO"""'/'iCL_J(lll)

HO 6H
' Oxidative addition !
o) ) 0 s
OH
C%.’Ufrc_:u(ul)
TfOH H -
HOOH
L

Scheme 18. Presumed mechanism of Cu—catalyzed C—O bond formation with

diaryliodonium salt and aliphatic diols



aliphatic diols= 2-§3l= Ad<s A3t A3}, 13 dioldk= E8 2% diol
o] A% W39 Ay FHAXA A= vhgol & dojuA] oot oF 50% AS

o] &5 Hol WM of ¢7]Ql Na,COE H7IstA=s B+

Hir

= TER
= ek, olell 22k aliphatic diol®] pKa(pKa=17~18)7} 12}
aliphatic diol®] pKa(pKa=15~16) Bt} 7] wf2el & &2} whgo] o
Aurl fsiMde F4xd Ho o @714l A 2ol ashy] fioz

4= tH(Table 11).
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I-2. #2 &5 o]g3t thioglycolic acid®} arylhalid®] C-S A3t

ol3t disulfide S}IHE €A

B AFAA glycolic acidE 2HE E& Alefog o]85to] aryl halide®}
C-0 AgS 53 phenol = 2-phenoxyacetic acidE FAAsFA L o]

71gtsto] B Ao A= glycolic acid 4! thioglycolic acidE 2835}

(phenylthio)acetic acid7} ¥ =] okofal A9 Ay} 7P =2 H|&= S-S &4

2 7R diaryl disulfide7} 3= E I th(Scheme 19).

10 mol% Cul o /©/
| i S.
©/ .\ HS/\H/OH 4.0 equiv K,COg3 S\)J\OH /©/ s
o DMSO/H,0 (2 mL/1 mL)
(o]
1.0 mmol 3.0 equiv 120°C, 24 h expected observed

Scheme 19. Reaction of iodobenzene and thioglycolic acid

Aryl halide25 ¥ diaryl disulfideE /45171 98l NaS, Sg, thiourea 5 THFRF

3} sources 08 AFEo] APH HE QO thioglycolic acidE o83t &4



ZAL olA| Huml Ho] gle AMEL At Thioglycolic acidE ©]-&35}]
diaryl disulfide® ®&2o= 4L = Q= 02 27] fs & A= UPst

Atk AEES B9 F gk 23} diphenyl disulfidec]@]o] FALEER
diphenyl sulfide, diphenyl trisulfide”} @7 A4=+= A Z<IstITt. ofof FA

4= %ol disulfide 2HHETE A7) $150 aryl iodide®} thioglycolic acidell 2] =

=
)
N,
:
,==
OXE

S Bast A} S Lot fIs) Ade skt
22t AAHE52 NMR intensity Hl-& 2424 #2432 S At +&3t=
A7] falA iodobenzene Ett =52 NMR peak®] H|1W 7} 8-0]3F methyl”]
= 714 iodotoluenes 7142 AMESte] HRE ALE dotHgitt WA LE] Zuj

Z5o] T We AnkE eIt grh(Table 17).

- 45 -



Table 17. Effect of the copper catalysts on disulfide bond formation between

4-iodotoluene and thioglycolic acid

| 10 mol% [Cu] /@/
/@/ . HSWOH 2.0 equivK,CO3
S DMSO/H,0 (2 mL/ 1 mL)
120°C, 16 h /©/ \©\

1.2 equiv

Entry [Cu] Time Yield(A)? Yield(B)?
1 - 16 h 0% 0%
2 Cu 16 h 80% 6%
3 Cul 16 h 59% 14%
4 CuCl, 16 h 77% 6%
5 CuSO, 16 h 78% 8%
6 Cu(OAc),.H,0O 16 h 84% 6%
7 Cu(acac), 16 h 70% 5%
8 Cu(OH), 16 h 74% 5%
9 Cu(OTf), 16 h 74% 7%

@ jsolation yield

1 A Cu(OAc),H,09] A% disulfide A7} 84%= 7} =& £8=2 AU,
BAAER trisulfide B7F 6%2 AR tH(Table 16, entry 6). o] APZ s} =
sulfide 3FtE2 H=ZER] oIt 8] SWE AF8otA] &2 AH¢ Hhgo] Ao

2] ¢erom GC-mass= 2Helgt A} 4-iodotoluene®] ¥HESHz] 11 Idi=
- 46 -



dojx oy NMR

=
1—

wofelgch. o

o

intensity H]

o] wet disulfided] Jgo] et

&=

A}

=
=

Cu (OAC) Z.HZO

A cHTable 18).

[

)

2

I Rel
dde

Sf

of17] ]

o}
=
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Table 18. Effect of the base reagents on disulfide bond formation between

4-iodotoluene and thioglycolic acid

10 mol% Cu(OAC),.H,0

|
/©/ . HSWOH 2.0 equivBase S\S/S B
O  DMSO/H,0 (2 mL/ 1 mL)

1.2 equiv 120°C, 16 h S
JORGNE
Entry Base Time Yield(A)? Yield(B)? Yield(C)?
1 Na,COs4 16 h 46% 9% 0%
2 Cs,CO5 16 h 68% 9% 3%
3 K,CO4 16 h 84% 6% 0%
4 KsPOy4 16 h 63% 11% 4%
5 KOH 16 h 52% 24% 0%

@jsolation yield

771 @71 SolMe KCOs & ol8de W M &2 &2 ¥4 & Add

(Table 17, entry 3). KOH%} &2 ZFA7|E5 AFHSAST+= trisulfide A2 Aol 5

rl

7F E913l(Table 18, entry 5), Cs,CO; = K,PO, @71 ZAA+= sulfide C7F

P

& A cH(Table 18, entries 2,4).
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x| T v3AnE dotry] 919 AES Adstey, A9 A 120 °C

of| A disulfide 82%, trisulfide 7%, 110 °CoJ|A disulfide 80%, trisulfdie 3%, 100 °C

of| A disulfide 47%, trisulfide 4% 2 FZ3] Wold& & 4= At 100°Colste]

2EoA ¥HEES] 4-iodotolueneo] §HEEFA] Eotal Wol ol ¥hg HE-Eo]

worth. mheba] o] Whgo] APy 54 100 °ColAde] &7t Basin, Aw
al

o w

=

Hke ol At er g 120 °CE TSI tH(Table 19).
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Table 19. Temperature effect on disulfide bond formation between 4-

/©/ g s "
0

iodotoluene and thioglycolic acid

10 mol% Cu(OAc), H,0

4.0 equiv K,CO4

DMSO/H,0 (2 mL/ 1 mL)

o
o

AT
L

, 120 °C, 16 h
3.0 equiv
Entry Temp Time Yield(A)? Yield(B)?
1 90 °C 16 h 33% 5%
2 100 °C 16 h 47% 4%
3 110 °C 16 h 80% 3%
4 120 °C 16 h 82% 7%
5 130 °C 16 h 82% 8%

4jsolation yield

222 Cu(OAc),yH,09] %ol &

(Table 20).

- 50 -

/\(1)1/\ %—T’—]' /\gx %O



Table 20. Effect of the amount of Cu(OAc),H,O on disulfide bond formation

between 4-iodotoluene and thioglycolic acid

I CU(OACz) Hzo
/©/ + HSWOH 4.0 equiv K,CO3
o DMSO/H,0 (2 mL/ 1 mL)

120 °C, 16 h /©/

QA
s

3.0 equiv
Entry Cu(OAcy)H,0  Time Yield(A)®  Yield(B)?
1 100 mol% 16 h 41% 8%
2 20 mol% 16 h 77% 15%
3 10 mol% 16 h 82% 7%
4 5 mol% 16 h 76% 12%

@ jsolation yield

Cu(OAc),H,0& 1 FFe H7Iet 4% 23518 &0 41%=2 E3oH
(Table 20, entry 1), 5 mol%=2 9= HFolx oF 12%7F #4AH 76%°] =
&2 HJtH(Table 20, entry 4). 18y a2 ZujzFy} T35t LAAE0]
10-15% = @5=Ao. ol 38 49 T7te Fee daA71L F84e
< 79 e el BAglel dAY AAHHETE dES i, HelE
thioglycolic acid®] <o w2 HWg ZAHE A7z Pt H7MEH=

thioglycolic acid®] g&of mat K,CO,9 F=F

o
ol
N
N
Y
olt
el
2
>,
e}
o
R
o
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St tH(Table 21).

Table 21. Effect of the amount of thioglycolic acid on disulfide bond formation

between 4-iodotoluene and thioglycolic acid

S\S
| 10 mol% Cu(OAc),.H,0 /©/
/@/ . HSWOH 2.0 equiv K,CO4
0]

DMSO/H,0 (2 mL/ 1 mL)

120 °C, 16 h /©/S\S/S\©\
B

Entry Thioglycolic acid Time Yield(A)? Yield(B)?
1 3.0 equiv 16 h 72%P 21%P
2 2.0 equiv 16 h 85% 9%
3 1.5 equiv 16 h 82% 8%
4 1.2 equiv 16 h 82% 5%
5 1.1 equiv 16 h 83% <1%

@jsolation yield, ? 4.0 equiv K,CO3

Thioglycolic acid7} 3.0 F% F+d Hdls o FAAH=9] vl&o] Hd 21%

7h2] A= Qo (Table 21, entry 1), G50l Eol&545 F A= 44

ﬂﬂ
i
Iy
rr
oM,
o
o
filo
ok
o,
ek
>
o
32,
=
>_]
=8
]
SER
~
(@]
o,
1)
o5
e
(e
ol
ot
o

FAstAS W FEdE0l 79 AYEHA dS= A & 5+ AAH(Table
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21, entry 5).

teow ) xd wE WSANES M| 9F AW WA Table

22, entries 1, 2, 3). E3F H,O0 2 mL Tt FUSH ¢ wh-go] dojipr] Fotrt.

wk2tA] thioglycolic acid?t aryl iodideol] ZAgHst

r
o
Q.
=
c
5
(@
(@)
!
o
flo
oflh
oX,
ol
el

7] glshdE gulE DMSOSH H,07b A4 Hgz Bage o

l

>
30,
$0,
i)

(Table 22, entry 2).

Table 22. Effect of the solvents on disulfide bond formation between

4—-iodotoluene and thioglycolic acid

| OH 10 mol% CU(OAC)z.Hzo /@/
/@/ + HS/\[( K2CO3 2.0 equiv. /©/S\S
(0]

120°C, 16 h
1.0 mmol 1.1 equiv

Entry solvent Yield?
1 DMF/H,0 (2 mL/1 mL) 0%
2 DMSO/H,0 (2 mL/1 mL) 83%
3 DMSO (2 mL) <50%
4 H,O (1 mL) 0%

aGC yield
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matA] aryl iodide®t thioglycolic acidE o] diaryl disulfide 3}g=2

Aol A A2 Cu(OAd,H,0 (10 mol%), K,CO; (2.0equiv),
thioglycolic acid (1.1 equiv), DMSO/H,0 (2 mL/1 mL)& ©]&3}o] 120 °C
oA 16A17Ee] HhgAIZte 2 AY sttt ¥ 22 A & o

aryliododieE ©|-§sto] AHg ¥Hgx79 842 AHIth(Table 23).

A% A} electron donating group2 7H4 aryl iodide] A% 70% o4 33t
== foRled, 24xE 9 Tt 2t 295 80 Has Fdskd

ot Iy electron withdrawing group 9¥-& st= halide?7t Z2@H

aryliodide®] 7% Z4=80] 50% wulvteln], disulfide®} sulfideZde 714 T

tol

dEol =2 HEgR &/

2

34

filo
ok

ol & 4= Qlolth(Table 24).
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Table 23. Synthesis of diaryldisulfide from various aryl iodide

|
AN OH
R + HS/\@.(

10 mol% Cu(OAc),.H,0
2.0 equiv K,CO5

- S.
= TN S N
DMSO/H50 (2 mL/1 mL) R—r
1.1 equiv 120°C, 16 h Z 10
Entry Substrate Product Yield?
! Q
T g
& G
| /©\
10c
. Lr
10d
5 @i S\p 77%
10e
I /©\
6 80%

e

TR



(Table 23 continued)

Entry Substrate Diaryl disulfide Yield?
OMe OMe
I
7 S\S 109 77%
OMe
MeO | /@\
MeO S.
8 \©/ © s OoMe 5%
10h
OMe
I
/©/ /©/S\S/©/ 90%
MeO ;
9 MeO 101
oM
| OMe ©
10 MeO OMe Me 9]
MeO OMe
75%

t-Bu
|
S\ /©/
11 /©/ S
t-Bu 10k
t-Bu

2 jsolation yield
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Table 24. Synthesis of diaryldisulfide from aryl iodides having halide

substituents and thioglycolic acid

10 mol% Cu(OAGc),.H,0

A I OH 2.0 equiv K-CO ~ 1R
. uiv
R—! P + HS/\H/ q 203 NN ! + N S | AN
@) H mL/1 m R—L R— —
DMSO/H,0 (2 mL/1 mL) ©/ s T = R

1.1 equiv 120°C, 16 h

Diaryl sulfide Yield?(Disulfide:Sulfide)

s
/©/ \©\ 57% (66:33)
F F
s
/©/ \©\ 49%(50:50)
cl cl
7 or
/©/ \©\ 529% (52:58)
Br Br

4GC yield of total GC yield of diaryl disulfide and diaryl sulfide

Entry Substrate Diaryl disulfide

1©©
C ST o
ST oy

F

filo
f
%
)
oX
Ui
i,
o
I
=
2

Diaryl disulfiderx= scheme 213 Z2 HWAYE

= ol Aryl iodide®t WA thioglycolic acid7} #+8] vz ¥h-gote] ¢

1

A B ¥$ o= thiolate?} A Hth

M

o)
T

o
)

A2ANA FFA

DMSO¥9] oxidant &= F EZ}9] thiole] dimerization®] = oA diaryl

i)

<]

disulfide’} A HD ALt FF AAUE FHE A F7t A%

o] oo tk(Scheme 21)."
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i Reductivei
. Elimination ;
|
Cu(lll)
. r
(mcu”
OH
HS
o] / Base

_______________________

H,O + 8 o+ ©/S\S/ i:

Scheme 21. Presumed mechanism of diaryldisulfide formation from the coupling

product tof aryl iodide and thioglycolic acid
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A4 dARE diaryl disulfide 2tgES 7]EC] & Ao A -§sto
aryl thiol®] FSAE AME7HseHA] Aeds 285l Diaryl disulfide= 4t
SUHAA HHES LA dFOo=2 aryl thiol2 W&EE o], aryliodide®t HH-§

Stod diaryl sulfideg FAATACR A5ttt GC-massZ2 AL &8 S

O>’

AAH(Scheme 22). AdZA¥ aryl iodide?t ¥F-5-5}o] unsymmetric diaryl

sulfide SHEES FHT + Qo™ oo £ ATNA FFT 2A0E @

et diaryl disulfide SFHE-E aryl thiol®] F5AHAZA tret C,.,-S 2
steb= 4ol A8 7Isde & & Adoh

s /@ I 5 mol% CuFe,O4 S
s + > 75%
1.0 equiv Cs,CO5
DMSO 2 mL
100 °C, 24 h

s /@ I 5mol% CuFe,0O4 ©/S\©\
\S + /©/ 40%
©/ NG 1.0 equiv Cs,CO45 CN
DMSO 2 mL
100°C, 24 h

s /@ I 5 mol% CuFe,04 S
> i /©/ 1.0 equiv Cs,C05. 55%
MeO .U equiv Csy 3 OMe
DMSO 2 mL

100°C, 24 h
Scheme 22. Application to the synthesis of unsymmetric aryl sulfides from diaryl

disulfides
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zh= diaryliodonium salt S}
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—

dr

o8 BS, B

=
=

1! diaryliodonium salt

2o

o]

fehe A

o)

LUl A% @7 ma

diaryliodonium

Cu,0 2 mol%et 8= =atol=,

L
1

AT Iy 2 AFoA

(5

<k

ol
7o

ol

ol

ol

o

sfol e ohje} 1%} 42, 2

A= 487

7H 714

=
=

aliphatic diols®= diaryliodonium
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[-291M%E F2] Zuf st diaryl disulfideE §goke M2 1S AFs}

At Aryl thiol2 =2 ¥r-gAdo 2 Qs8] A 571 FlA diaryl disulfidez A+t

rr
o,
k!
e
o
2
=
s
o
é
_>L

b + diaryl disulfideE aryl thiol®] F5A4=2 0]l
tt. B Ao AE= aryl iodide?} thioglycolic acidE ©]-8€35le] Cu(OAc),H,O 10
mol%2} 2 equiv K,CO,, 283 DMSO/H,0 (2 mL/1 mL) €1 Z71-& FHs}
o 120 °C, 16A[7te] ¥-gAIZS Fafl ohdet diaryl disulfideE €= 4 AT
Tt At o2 A% diaryl disulfideE unsymmetric diaryl sulfide®] 34

o olgstd, Cuy=S A slheEol "= &dsiin. o€ sdll diaryl

ol

disulfide7} arylthiol®] FSAHZA] hgUolA] &g B2 arylthiole W&

[e] O~
2 < 5 Y
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1. 48717 2 Ak

(D) 247171

'H NMR¥} “C NMR A E-2 Varian-500(500MHz 'H, 125MHz “C)&-3
AZEE dglew, NMR €2 CDCl, DMSO-ds& AHEol¥itt. Chemical
shift= FE4 tetramethylsilane(TMS)ZHE ppm @92 7|55}t dlo]H
+ chemical shift multiplicity(s—singlet, d-doublet, t—triplet, m—multiplet, dd-
doublet of doublet, dr—doublet of triplet), coupling constant(Hz), intergration®]
A2 7]1E0A . Gas chromatography (GC)+= Hewlett Packard Series 6890 &
dz2 HP-1 capillary columna AREola, MSDRRE AFEAZI(MS)+=
ionization YO 2 electron impact (EDo] oJsl ¥o] m/z2 7|FsIAtt. AAE
o] AHFgFHRAMo|= internal standard® dodecane2 AFESFTE  Thin layer
chromatography(TLC) &= MerckAHe] silica gel 60 F,;,7F 9517 glass plateg At
|5t TLC Aol 298 49 &<1E 98] UV lamp(254 mm)S AH&sHA L

KMnO, 89| stainsto] 2FQlstAT.
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(2) AeF

)

Hhgof ARgE B8 Ak Sigma-Aldrich, Alfa Aesar, TCI oA F{i5}o

Hro] ZA glo] Abgstairt.

2. AT

o2t

1) Diaryliodonium salt 3}3H=-2] g4

General procedure A

1k % m-—chloroperbenzoic acid(77% active oxidant, 0.26 mmol)E st

dry A|AS & Seal tube®] m—chloroperbenzoic acid®} aryl iodide 0.23 mmol =

o

Fal stirring barg 231 CH,Cl, 1.0 mlo]l =<It}. Arene 0.26 mmolS 347} 9F
0°C &2 AA 22 Yzt AZl & TfOH 2.0 equive F5te] dropwise =

d7ketd. Wk EdEe

2

A2LoA stirring?t & 7Y otoll &ufE A|AS]

ot E,O 1.0 mL 2 10859 stirring 3F] SPQFY 1 A|S1tE2 JAAZ &

Y
o
i)
o,
ol
k]
&
©
I
%,
2
MN
i)
i)
,
o
N
ru
j_‘O_lI‘
ok
i
tlo

i)

& 304 5% YAA

oy
A/
ol
ol
=
ofo
=)
i
e
2
ol
=2
M
ol
ol
2
4
>

ol
ol
o
o
flo
ol
2
e
O,

General procedure B

Hh-8-  m-chloroperbenzoic acid(77% active oxidant, 6.00 mmol)-& 7%t st
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dryAlZl ¥ seal tube®]| stirring bar ¢} aryl iodide 5.4 mmol& @74 Y1 CH,CL,
20 mLo]l ¢tk I ok WRg-Eo] BFyOFt, 13.5 mmol& A-LolA H7ieitt
T solutions AF2oA] 458E-8Qt stirring ¥R 0 °C2 HZF Al &
arylboronic acid 6.00 mmol& 1028t WrolA F7F g & AF2oA 307 &

&

St strring @reh. o] ¥hg-Eo] TfOHE 6.00 mmol& dropwise® H7} g

ay
o

oA 1585 vhS-A171tt, o] H-S-E-S silica plug 12.0 g& Z3 CH,Cl, 24 mlZ2

Bolfjo] Folgl aryl iodide®} m-CPBAE A|A

et

% 5% MeOH in CH,CI,

240 mmol FEL Bokd & A< st §U1E AATLE ELO 20 mLE ¥

ol

shghEe WA A7 F 158 5o siming @ F ELO AolFwA =y @it

dojzl shteS A% stoll 8ulE A7sH =2t st

ftlo

det. &

Flo
tal
il

& 3.0 mmol& DCM 10 mlo] =21 & TfOH 1.1 equiv& dropwise 3+ §& &2

PHom Aot Fol2o] A &3t sigtes =

General procedure C

Hh-8- 7 m-—chloroperbenzoic acid(77% active oxidant, 6.00 mmol)-= 7¢ste]

dryAZl & & vie S2kA Ao stirring bar ¢} aryl iodide 9.0 mmol& CH,Cl,

1-4
S
Ny

40 mLo] =<1 ¥ mesitylene 10 mmolS 7} gt} ¥h-g=& 0 °CE JZh A

< TtOH 169 &= dropwise® 35S H7Iet tha A2olA 243t 55 Whs

AR, ghgol 2 & et sholl gullE Al7staL, Er,O 20 mLE ¥al -20 °C
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Diphenyliodonium triflate (1a) [CAS 66003-76-7]

oTf
SR
General procedure AQ] HI'H O 2 seal tube®] iodobenzene 0.23 mmol, benzene
0.26 mmol= ¥il 102-5%F Hhesttt. e &= 2ESHY En,O2 Aojs
% iodonium salt = (BA 314, 77mg, 80%)= At 'H NMR (500 MHz,
dmso) & 8.25 (d, /= 7.8 Hz, 4H), 7.67 (t, /= 7.4 Hz, 2H), 7.54 (t, /= 7.8 Hz,

4H). "C NMR (126 MHz, dmso) 6 135.60 (s), 132.49 (s), 132.19 (s), 116.92 (s).

Di(p—toly)liodonium triflate (1b) [CAS 123726-16-9]
OTf
JORON
General procedure A°] HIHO =2 geal tubeo] iodotoluene 0.23 mmol, toluene

0.26 mmol& ¥ 108%F

8
T
olo
_O|L
pats
&
gt
olo
rlol
)
il
rlo

BElsho] EOR 4ol



% jodonium salt 3FgHE (B 1A, 62mg, 52%)-2 AUt 'H NMR (500 MHz,
dmso) 6 8.08 (d, /= 8.3 Hz, 2H), 7.33 (d, /= 8.0 Hz, 2H), 2.34 (s, 3H). *C

NMR (126 MHz, dmso) & 142.88 (s), 135.43 (s), 132.74 (s), 113.46 (s), 21.27 (s).

Di(m-toly)liodonium triflate (1c) [CAS 1416276-98-6]
OTf

General procedure BO] ®Hl O =2 seal tubeo] 3-iodotoluene 5.4 mmol ¥}

w
hes!
@)
S2
o
(9)]
8
8
o,
ftlo
i
kl
~
(9)]
M
olft
r [¢]
rE
olo
>
™
o

m-—tolylboronic acid 6.0
mmol & 21 108%5¢r S A7t TfOH 6.0 mmol& A7} 3 & AFLofA 15
Bxol vke X171t} 5% MeOH in CH,Cl, 240mmol2 A 3t & 7hetstol -&nj

A Er,0O 2 "Este] Aol & F iodonium salt 2FeteE (T4 114,

it

1.48g, 60%)= LAt 'H NMR (500 MHz, dmso) 6 8.09 (s, 1H), 8.03 (d, /=
8.0 Hz, 1H), 7.48 (d, /= 7.6 Hz, 1H), 7.42 (t, /= 7.8 Hz, 1H), 2.34 (s, 3H). ”C
NMR (126 MHz, dmso) & 142.20 (s), 135.73 (s), 133.13 (s), 132.63 (s), 131.87

(s), 116.56 (s), 21.18 (s).
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bis(3,5-dimethylphenyliodonium triflate (1d) [CAS 270909-67-6]

OTf
|

+

General procedure Bl WO =2 seal tube®] 1-iodo-3,5-dimethylbenzene 5.4
mmol ¥ BF;OEt, 13.5 mmol& Y1 458 %o HWE A1 & (35—
dimethylphenyl)boronic acid 6.0 mmol & 21 10252t ¥H3-A]171t}t. TfOH 6.0
mmol& H7F 3 F A2oA 151253 w-SAIIth 5% MeOH in CH,ClL
240mmolz ZA| ?t & ZAefste] gulE AARM Er,O & Este] Ao & &

YA 314, 2.05g, 78%)= AUt 'H NMR (500 MHz,

ikl

iodonium salt S}g}
dmso) & 7.88 (s, 2H), 7.30 (s, 1H), 2.30 (s, 6H). *C NMR (126 MHz, dmso) &

141.81 (s), 133.88 (s), 132.84 (s), 116.17 (s), 21.09 (s).

bis(4—(tert—butyl)phenyDiodonium (1e) [CAS 84563-54-2]
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OTf

1—(tert—butyl)—4-iodobenzene 2.0 mmol¥} mCPBA 2.2 mmol& CH,CI, 10 ml¢]

=919 tert—butylbenzene 2.0 mmolS H7Fetch A2oA TfOH 4.0 mmol=

-

-~
g

dropwise St & 24A|7F ¥h&5 3F & General procedure A2t 22 ®Ho =2 A5}
o] iodonium salt SFgH& (BM 114, 975mg, 90%)& LIt 'H NMR (500 MHz,
dmso) 6 8.15 (d, /= 8.7 Hz, 2H), 7.55 (d, / = 8.8 Hz, 2H), 1.26 (s, 9H). “*C
NMR (126 MHz, dmso) & 155.66 (s), 135.41 (s), 129.30 (s), 113.27 (s), 35.35 (s),

31.16 (s).

bis(4-chlorophenyl)iodonium triflate (1f) [CAS 175391-06-7]

| oTf
General procedure A°] WHOZ geal tubed] 1-chloro—4-iodobenzene 0.23
mmol, chlorobenzene 0.26 mmolS @1 AR&oA 17417t <t Hke51qict Hhe
&3t "HS E,0R AojE & iodonium salt 3FgHE (314 1A, 95mg,
83%)= Airh. 'H NMR (500 MHz, dmso) 6 8.37 — 8.14 (m, 4H), 7.70 - 7.51
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(m, 4H). *C NMR (126 MHz, dmso) 6 137.92 (s), 137.42 (s), 132.23 (s), 115.11

(s).

bis(3—chlorophenyl)iodonium triflate (1g) [CAS 1416277-00-3]
OoTf

ROAGA

General procedure Be] W O 2 geal tubeo 1-chloro—3-iodobenzene 5.4 mmol
7 BF;OEt, 13.5 mmole ¥ 457 &<t ¥Whg A|X1 (3—chlorophenyl)boronic
acid 6.0 mmol & ¥ 10253 ¥+-3AIXItt TfOH 6.0 mmol& 7t & F A=
oA 1585 ¥ A7tk 5% MeOH in CH,Cl, 240mmol® A §+ & 745}
of &miE AAR . Et,0 2 "ESt] Aol & F iodonium salt 2HgtaE (T4
T A, 1.40g, 47%)& 22tk 'H NMR (500 MHz, dmso) 6 8.51 (¢, /= 1.8 Hz,
1H), 8.25 (d, /= 8.0 Hz, 1H), 7.81 — 7.74 (m, 1H), 7.59 (t, /= 8.1 Hz, 1H). *C
NMR (126 MHz, dmso) & 135.32 (s), 134.88 (s), 134.28 (s), 133.71 (s), 132.84

(s), 117.47 (s).

bis(2—-chlorophenyl)iodonium (1h) [CAS 1469474-08-5]

-69 -



Cl oTs ¢!
Shs

General procedure Be] W 02 seal tube]| 1-chloro—2-iodobenzene 5.4 mmol

3} BF;OEt, 13.5 mmol& Y1 458 &<t ¥kg AJX1 (2-chlorophenyl)boronic

[T

acid6.0 mmol & Y1 10&5<¢t 9h3-A1Z1th TfOH 6.0 mmol& H7F oF & A2

o] A 158%<F Ht

olo

A7t} 5% MeOH in CH,Cl, 240mmol& AA & & 7rtst

o §uiE A~

=l

ot Et,0 2 =H sto] Aol & ¥ iodonium salt 3tz (2144
TA|, 1.46g, 49%)& Atk 'H NMR (500 MHz, dmso) & 8.53 (dd, /= 8.0, 1.4
Hz, 2H), 7.85 (dd, /= 8.0, 1.4 Hz, 2H), 7.71 (td, /= 7.8, 1.5 Hz, 2H), 7.50 (td, /
= 8.0, 1.4 Hz, 2H). “C NMR (126 MHz, dmso) & 139.36 (s), 136.40 (s), 135.21

(s), 130.91 (s), 130.64 (s), 119.96 (s).

bis(4-bromophenyl)iodonium triflate (1i) [CAS 139139-81-4]

lE)Tf
General procedure A9 HWI'HO=Z geal tube®]| 1-bromo-4-iodobenzene 0.23
mmol, bromobenzene 0.26 mmol& Y3l 0°CollA 1A]7F B2t ¥Hgolch whs-

=dE2 "Hsk] Er,O2 AojE £ iodonium salt 39tE (21 314, 122meg,
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91%)= AJTt. 'H NMR (500 MHz, dmso) 6 8.17 (d, /= 8.7 Hz, 1H), 7.77 (d,
J=8.7Hz, 1H). "C NMR (126 MHz, dmso) 6§ 137.51 (s), 135.14 (s), 126.80 (s),

115.78 (s).

bis(4-fluorophenyl)iodonium triflate (1j) [CAS 732306-64-8]

I(_)Tf
General procedure B] B O 2 seal tubed]| 1-fluoro—4-iodobenzene 5.4 mmol
¥} BF;OEt, 13.5 mmol& @1l 457 §<¢t ¥H3 (4-fluorophenyl)boronic acid 6.0
mmol & Y1 108%<F 8F2-A]7Ith TfOH 6.0 mmolS &7} o & ArLoA 15
H5ot Hhg A7t} 5% MeOH in CH,Cl, 240mmol2 A ot 5 7t shof &

AAT} E,0 2 e oste] Kol Z T jodonium salt 3FEE (34 14,

il
o)

1.81g, 72%)S At 'H NMR (500 MHz, dmso) & 8.32 (dd, /= 8.7, 5.1 Hz,
1H), 7.42 (t, /= 8.9 Hz, 1H). *C NMR (126 MHz, dmso) & 165.41 (s), 163.41

(s), 138.42 (d, /= 9.1 Hz), 119.74 (s), 119.56 (s), 111.57 (d, /= 3.1 Hz).

bis(4—(trifluoromethyl) phenyl)iodonium (1k) [CAS 871362-15-1]
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OTf
oL
F4C CF

General procedure B9 H

3

I 0 2 geal tubeo]] 1-iodo—

54 mmol I BF;OFEt, 135 mmol&

(trifluoromethyl) phenyl)boronic acid 6.0 mmol
TfOH 6.0 mmol& 7}

CH,Cl, 240mmolZ A A

ol =

% jodonium salt 3=

AAgH. Et,O

(@4 1A, 1.53g,

4—(trifluoromethyl)benzene

458 Fb W (-
93 1085 WAL,

93 A1ZITE 5% MeOH in
2 g st

50%)& AUt 'H NMR

(500 MHz, dmso) & 8.51 (d, /= 8.4 Hz, 1H), 7.95 (d, /= 8.4 Hz, 1H). *C NMR

(126 MHz, dmso) 6 136.67 (s), 132.65 (s), 132.39 (s), 128.95 (d, /= 3.7 Hz),

124.89 (s), 122.72 (s), 121.37 (s).

bis(4—methoxyphenyl)iodonium tetrafluoroborate (11)

BF,
oL
MeO OMe

seal tubeo] mCPBA 0.3 mmolg& CH2CI2 1.0

methoxybenzene 0.27 mmol=&

-72 -

Yo & 800ColA 10837 74

[CAS 1426-58-0]

mlo]|

=0
=

-

% 1-iodo—4-

gttt 0oC2 WYzt



A1 & BF;OEt, 0.68mmole %=t -780ColA CH,Cl, 1.0 mlell (4-
methoxyphenyl)boronic acid 0.3 mmol & =91 &8-S W-§Eof cannulation
S ot A4S ARog oZdr. 1 oS 5% MeOH in CH,Cl, 240mmol&

A g & A stoll §uE AARTE Er,02 ZE sto] Mol & F jodonium

—lOll

salt 2Fot= (A 114, 53mg, 46%)2 AUth 'H NMR (500 MHz, dmso) 6
8.12 (d, /= 9.1 Hz, 4H), 7.06 (d, /= 9.1 Hz, 4H), 3.79 (s, 6H). *C NMR (126

MHz, dmso) & 162.27 (s), 137.29 (s), 117.77 (s), 106.43 (s), 56.12 (s).

(4-(ethoxycarbonyl)phenyl) (mesityl)iodonium triflate. (1m) [CAS 1204518-04-6]

OTf

!
+
Etop

@)

General procedure Co] o2 G vie Z8tA A9 ethyl 4-iodobenzoate 9.0
mmol®}t mesitylene 10 mmol& 7} gt} ¥Hg=& 0°CE Yz A]X1 & TfOH
L6 3d= dropwise® 32E% FA7IRE tha ARolA 247 F¢F wHhg AR

o =
ks =

=2 "Hote] Et, 02 MolE % ijodonium salt 3= (34 114,
3.53g, 72%)& ¥ich 'H NMR (500 MHz, dmso) & 8.08 (d, /= 8.7 Hz, 2H),

7.99 (d, /= 8.7 Hz, 2H), 7.24 (s, 2H), 4.32 (d, /= 7.1 Hz, 2H), 2.59 (s, 6H), 1.30

73 -



(t, /= 7.1 Hz, 3H). *C NMR (126 MHz, dmso) & 164.98 (s), 143.79 (s), 142.11
(s), 135.12 (s), 133.09 (s), 132.39 (s), 130.33 (s), 123.07 (s), 119.73 (s), 61.89 (s),

26.73 (s), 20.97 (s), 14.47 (s).

(3-(ethoxycarbonyl)phenyl) (mesityl)iodonium triflate (1In) [CAS 1203709-78-7]
o oTf

Eto)U !

General procedure Co] o2 G+ vie Z8tA A9 ethyl 3-iodobenzoate 9.0

mmol®} mesitylene 10 mmol& 7} gt ¥HgE& 0°CE ¥2F A1 & TfOH

1.69%E dropwise2 3750 H7Iet thZ A=A 2A17F &k ¥Hg Al

o =
kg =

=2 Y st Ey,O= Mol £ iodonium salt 2Fet= (B4 114,
2.94g, 60%)2 ARt 'H NMR (500 MHz, dmso) & 8.46 (s, 1H), 8.14 (d, /=
7.8 Hz, 1H), 8.06 (d, /= 8.1 Hz, 1H), 7.63 (t, /= 7.9 Hz, 1H), 7.25 (s, 2H), 4.33
(d, /=17.1 Hz, 2H), 2.59 (s, 6H), 2.31 (s, 3H), 1.31 (s, 3H). *C NMR (126 MHz,

dmso) 6 164.35 (s), 143.86 (s), 142.15 (s), 138.48 (s), 134.72 (s), 133.10 (s),
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132.72 (s), 132.34 (s), 130.32 (s), 122.90 (s), 114.84 (s), 62.02 (s), 26.73 (s), 20.94

(s), 14.42 (s).

(4-acetylphenyl) (mesityl)iodonium triflate (10) [CAS 1482504-42-6]

General procedure Co] ®Wozg F HeE  EgtAIo  ethyl 4-
iodoacetophenone 9.0 mmol®t mesitylene 10 mmolS 347} gt ¥H3-E-S 0°C
2 Yzt A1 & TfOH 1.69 %2 dropwiseZ 35%59F H7IgE th2 AFLof| A 24]
7t &t vk AlZITE ¥R E9tE2 dH sto] Er,02 AolE ¥ iodonium salt
RtE (F2M 14, 2.96g, 64%)& AUt 'H NMR (500 MHz, dmso) 6 8.07
(s, 2H), 7.99 (s, 2H), 7.24 (s, 2H), 2.59 (s, 6H), 2.58 (s, 3H), 2.30 (s, 3H). “C
NMR (126 MHz, dmso) & 196.86 (s), 143.77 (s), 142.12 (s), 139.61 (s), 138.48
(s), 133.71 (s), 132.72 (s), 131.92 (s), 130.30 (s), 122.94 (s), 115.36 (s), 27.25 (s),

26.77 (s), 20.95 (s).

[1,1'-biphenyl]-4-yl(mesityDiodonium triflate (1p) [CAS 1276111-26-2]
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OTf
Oy

General procedure Co] WHHoz T HYE EgAFo]  1-iodo—4-

tlo

0°C

t

olo

phenoxybenzene 9.0 mmol®} mesitylene 10 mmolS 7} gt HESE

o

Zt A7l & TfOH 1.69%-2 dropwise® 3E%5<¢F 715t of2 AhlofA] 24]7F

o
2

k- A|7Ic}, WhS E3HE-2 "E 5ho] Et,0% Aol& T iodonium salt Sh

o)
O

2 (FA 1A, 3.55g, 72%)& A2Att.'H NMR (500 MHz, dmso) & 8.04 (d, /
= 8.6 Hz, 2H), 7.78 (d, /= 8.7 Hz, 2H), 7.68 (d, /= 7.2 Hz, 2H), 7.49 (t, /= 7.5
Hz, 2H), 7.44 (d, J = 7.5 Hz, 1H), 7.24 (s, 2H), 2.63 (s, 6H), 2.31 (s, 3H). °C
NMR (126 MHz, dmso) & 143.85 (s), 143.59 (s), 142.04 (s), 138.46 (s), 135.45
(s), 130.30 (d, /= 11.5 Hz), 129.58 (s), 129.10 (s), 127.44 (s), 123.04 (s), 113.38

(s), 26.79 (s), 20.96 (s).

mesityl(4—phenoxyphenyl)iodonium triflate (1q) [CAS 1872400-62-8]
oTf

o
!
PhO

General procedure Co] ®WHozn GF HY ZgtAFo]  1-iodo—4-



phenoxybenzene 9.0 mmol®} mesitylene 10 mmol-& 7} gt HMH-E-2 (0°CE

ek

WzF A7 & TfOH 1.69%2 dropwise® 3E5<¢H H715t o3 ARofA 24]7H
Bt vhs A1t ¥HS S3E2 "H ste] Et,02 Aoj¥ ¥ iodonium salt S}
= (A 1A, 2.64g, 52%)S AATE 'H NMR (500 MHz, dmso) 6 10.44 (s,
1H), 7.82 (d, /= 9.0 Hz, 2H), 7.19 (s, 3H), 6.84 (d, /= 9.0 Hz, 2H), 2.60 (s, 6H),
2.28 (s, 3H). *C NMR (126 MHz, dmso) & 160.51 (s), 155.05 (s), 143.50 (s),

141.89 (s), 137.35 (s), 130.86 (s), 130.17 (s), 125.50 (s), 123.33 (s), 120.90 (s),

120.48 (s), 106.30 (s), 26.70 (s), 20.91 (s).

2) Diaryliodonium salt ¢} F2|FH|& ©]-&3 C-0 A &4

General procedure A

HAE JFHo| magnetic barg Y1 diaryliodonium salt 1 mmol, Cu,0O 0.02

—_—

71gtth Ar2ofA WS AlZ1 & ethyl acetate @F & YO] extraction & F7|&
= Ko} 2 brinee 2 AolFEth MgSO,E ¥l dry AXl & ZE & A9 st
BUE AA Aoh BAAEE silica AH Sto] BA F & &4 aryl alcohols 2}

dE=e de.
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General procedure B
HIAE JFHo| magnetic barg Y1 diaryliodonium salt 1 mmol, Cu,0 0.02
mmol, Na,CO; 2 mmol& ¥+t HAERFEE argon &3 § ol Z2}o]

= 3 mmol¥ 21 dichloromethane 1.0 mLE ¥t} ¥hR2o] doji}= AL

1

Ql

gt & AF2oflA stirring St ¥HS AlXIth IN HCI2 ¥Hg-&ES acidify

el

=
=1} Ethyl acetate= extraction?t & {§7]5= Hof &1 brine= HojFErh
MgSO,E ¥l dry AX1 & e F A% stoll 8uiE AATH. 4= silica

=

A9 sto] AA 3 F &3 aryl alcohols FHE-S A=t

2-phenoxyethanol (3a) [CAS: 122-99-6]

o

General A°] B0 2 diphenyliodonium salt triflate 1.0 mmol-& 11 9§

-

ol

Fed

2-Phenoxyethanol 3tgr&E (FA A4, 130mg, 94%)E DAL
"H NMR (500 MHz, CDCI3) 6 7.31-7.28 (m, 2H), 6.97-6.91 (m, 3H), 4.08 (t, /
= 4.0 Hz, 2H), 3.98-3.94 (m, 2H), 2.20 (s, 1H); *C NMR (126 MHz, cdcl;) 6

158.59 (s), 129.48 (s), 121.01 (s), 114.53 (s), 69.12 (s), 61.22 (s). MS (E) m/z =
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138, 94(100), 77, 66, 51.

2—(p—tolyloxy)ethan—1-ol (3b) [CAS: 15149-10-7]

Sy

General A°] o2 di-p-toly—iodonium salt triflate 1.0 mmol-& ¥1 W&

]_

ol

o] 2-(p—tolyloxy)ethan—1-ol &}t&E (ZM 14|, 150mg, 98%)E L3It

'"H NMR (500 MHz, CDCI3) & 7.08 (d, /= 8.5 Hz, 2H), 6.82 (d, /= 8.5 Hz,
2H), 4.05 (t, /= 5.0 Hz, 2H), 3.96-3.93 (m, 2H), 2.29 (s, 3H), 2.12 (¢, /= 5.0 Hz,
1H): BC NMR (126 MHz, cdcly) & 156.59 (s), 130.43 (s), 130.04 (s), 114.53 (s),

69.40 (s), 61.56 (s), 20.54 (s). MS (ED) m/z= 152, 108 (100), 91, 77, 65.

2-(m—tolyloxy)ethan—1-ol (3c) [CAS 13605-19-1]

\©/O\/\OH

General A9 WO 2 di-m—toly—iodonium salt triflate 1.0 mmol& ¥il W&
sto] 2-(m-tolyloxy)ethan—1-ol S (A 114, 140mg, 92%)S At}

'H NMR (500 MHz, cdcly) 6 7.17 (t, /= 7.8 Hz, 1H), 6.79 (d, /= 7.5 Hz, 1H),
6.76 — 6.68 (m, 2H), 4.08 — 4.04 (m, 2H), 3.96 — 3.92 (m, 2H), 2.33 (s, 3H):

PC NMR (126 MHz, cdcly) 6 158.74 (s), 139.72 (s), 129.38 (s), 122.09 (s),
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115.56 (s), 111.57 (s), 69.19 (s), 61.64 (s), 21.63 (s). MS (ED m/z =

152,108,91,77,65. FT-IR : 3362, 2923, 2871, 1453, 1376, 997, 855 cm ™.

2-(3,5-dimethylphenoxy)ethan—1-ol (3d) [CAS 5960-05-4]

O~oH

al

ol

General A9] O 2 bis(3,5-dimethylphenyl)iodonium triflate 1.0 mmol=
Hh-g otod 2-(3,5-dimethylphenoxy)ethan—1-ol 3}gHE (FA HA| 126mg, 75%)
£ €2 'H NMR (500 MHz, cdcly) 6 6.63 (d, /= 0.5 Hz, 1H), 6.56 (s, 2H),
4.08 — 4.04 (m, 2H), 3.94 (d, /= 4.2 Hz, 2H), 2.29 (d, /= 1.8 Hz, 6H), 2.04 (t, /
= 5.9 Hz, 1H). ®C NMR (126 MHz, cdcl;) & 158.77 (s), 139.43 (s), 123.04 (s),
112.48 (s), 69.15 (s), 61.69 (s), 21.56 (). MS (ED) m/z = 166, 122 (100), 107, 77.

2-(4~(tert—butyl)phenoxy)ethan—1-ol (3e) [CAS 713-46-2]

o
[ j ~"0H
t-Bu

General A°] W OS2 bis(4—(tert—butyl)phenyl)iodonium triflate 1.0 mmol& %
31 §kg 5t 2-(4-(tert—butyl)phenoxy)ethan—1-ol 3}tz (M 14| 185mg,
95%)% ¥ltt. 'H NMR (500 MHz, cdcly) 6 7.34 — 7.28 (m, 2H), 6.90 —

6.83 (m, 2H), 4.09 — 4.04 (m, 2H), 3.94 (d, /= 4.0 Hz, 2H), 2.31 (s, 1H), 1.30 G,
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9H); “C NMR (126 MHz, cdcly) 6 156.40 (s), 143.79 (s), 126.30 (s),114.12
(5),69.31 (5),61.41 (s), 34.10 (s), 31.56 (s). MS (E) m/z = 194, 179, 135, 107 FT-

IR : 3362, 2959, 2868, 1512, 1243, 827cm™".

2-(4~chlorophenoxy)ethan—1-ol (3f) [CAS 1892-43-9]

o
Cl

General A9 ®H =2 bis(4-chlorophenyl)iodonium triflate 1.0 mmol& 237 Hb
% 3} 2-(4-chlorophenoxy)ethan—-1-ol 3}g&E (74 A7 160mg, 93%)& &
2ttt 'H NMR (500 MHz, cdcly) 6 7.26 = 7.22 (m, 2H), 6.88 — 6.83 (m, 2H),
4.08 - 4.03 (m, 2H), 3.96 (dd, /= 9.3, 5.3 Hz, 2H), 2.09 - 2.03 (m, 1H) ; C
NMR (126 MHz, cdcly) 6 157.31 (s), 129.46 (s), 126.05 (s), 115.91 (s), 69.62 (s),
61.36 (s). MS (ED) m/z= 172, 128, 111, 92

2-(3—chlorophenoxy)ethan—1-ol (3g) [CAS 6161-83-7]

C'\@/O\/\OH

General A°] B2 bis(3—chlorophenyl)iodonium triflate 1.0 mmol& @37 Hb
5 5t 2-(3-chlorophenoxy)ethan—1-ol &= (74 BA|, 141mg, 82%) <&
Atk 'H NMR (500 MHz, cdcly) 6 7.21 (t, /= 8.1 Hz, 1H), 6.96 (ddd, /= 7.9,

1.8, 0.8 Hz, 1H), 6.92 (t, /= 2.2 Hz, 1H), 6.81 (ddd, /= 8.4, 2.5, 0.8 Hz, 1H),
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4.07 (dd, /= 5.1, 3.9 Hz, 2H), 3.99 — 3.94 (m, 2H), 2.06 (s, 1H); *C NMR (126
MHz, cdcly) 6 159.44 (s), 135.01 (s), 130.39 (s), 121.40 (s), 115.09 (s), 113.15 (s),

69.57 (s), 61.36 (s). MS (ED m/z= 172, 128, 111, 92

2-(2—chlorophenoxy)ethan—1-ol (3h) [CAS 15480-00-9]

Cl

©/ O on

General A9 B o2 bis(2-chlorophenyl)iodonium triflate 1.0 mmol& 217 gt
5 5t 2-(2-chlorophenoxy)ethan—1-ol Stgt&E (FA HA|, 106mg, 62%)E &
Atk 'H NMR (500 MHz, cdcly) 6 7.37 (dt, /= 7.9, 1.4 Hz, 1H), 7.25 - 7.19
(m, 1H), 6.98 - 6.90 (m, 2H), 4.17 - 4.13 (m, 2H), 4.00 (d, /= 4.0 Hz, 2H),
2.25 (s, 1H); ®C NMR (126 MHz, cdcly) 6 154.25 (s), 130.43 (s), 127.91 (s),
123.26 (s), 122.08 (s), 114.15 (s), 70.79 (s), 61.36 (s). MS (ED) m/z = 172, 128,

111, 92 FT-IR : 3364, 2936, 1373, 1162, 794cm™.

2-(4-bromophenoxy)ethan—1-ol (3i) [CAS 34643-88-9]

o
Br

General A°] WH O 2 bis(4-bromophenyl)iodonium triflate 1.0 mmol-& g1l H
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o ot 2-(4-bromophenoxy)ethan—1-ol a}et=E (M 14|, 199mg, 92%)& <
olttk. 'H NMR (500 MHz, cdcly) 6 7.41 — 7.36 (m, 2H), 6.84 — 6.78 (m, 2H),
4.08 — 4.04 (m, 2H), 3.99 — 3.93 (m, 2H), 2.03 = 1.94 (m, 1H); *C NMR (126
MHz, cdcly) 6 157.78 (s), 132.37 (s), 116.40 (s), 113.31 (s), 69.53 (s), 61.29 (s).
MS (EI) m/z = 216, 172, 157, 93 FT-IR : 3299, 2922, 2863, 1576, 1364, 1168,

913cm™.

2-(4~fluorophenoxy)ethan—1-ol (3j) [CAS 2924-66-5]

o
F

General A9 YO =2 bis(4—fluorophenyliodonium triflate 1.0 mmol-&

i

LAy
5 oty 2—(4-fluorophenoxy)ethan—1-ol 3¢tz (M 1A, 145mg, 93%)E <&
At 'H NMR (500 MHz, cdcly) 6 7.02 — 6.95 (m, 2H), 6.89 — 6.82 (m, 2H),
4.07 — 4.03 (m, 2H), 3.95 (d, /= 4.1 Hz, 2H), 2.07 (s, 1H); *C NMR (126 MHz,
cdely) 6 158.42 (s), 156.53 (s), 154.81 (d, /= 2.2 Hz), 116.00 (s), 115.89 -

115.52 (m), 69.98 (s), 61.36 (s). MS (EI) m/z = 156, 112, 95, 84

2—(4—(trifluoromethyl) phenoxy)ethan—1-ol (3k) [CAS 681508-62-3]
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o
F3C

General A°] ¥R 02 bis(4-(trifluoromethyl)phenyl)iodonium triflate 1.0 mmol

o

= ¥il ¥ sto] 2-(4-(trifluoromethyl)phenoxy)ethan—-1-ol 2tg= (214 11
A, 194mg, 94%)E AUtt. 'H NMR (500 MHz, cdcly) 6 7.56 (d, /= 8.7 Hz,
2H), 6.99 (d, /= 8.7 Hz, 2H), 4.15 - 4.11 (m, 2H), 4.00 (dd, /= 9.3, 4.9 Hz,
2H), 2.01 (s, 1H) *C NMR (126 MHz, cdcl;) 6 161.19 (s), 127.07 (q, /= 3.8

Hz), 125.57 (s), 123.62 — 123.17 (m), 114.62 (s), 69.54 (s), 61.32 (s). MS (ED)

m/z =206, 162, 145, 112, 95 FT-IR : 3299, 2871, 1589, 1424, 950, 733cm™".

2-(4-methoxyphenoxy)ethan—1-ol (31) [CAS 5394-57-0]

o
/©/ > oH
MeO

General A9l ®HO=Z bis(4-methoxyphenyl)iodonium tetrafluoroborate 1.0
mmol& Y1 ¥hg St 2-(4-methoxyphenoxy)ethan—1-ol &gr&E (24 114,

91mg, 62%)5 AU 'H NMR (500 MHz, cdcly) 6§ 6.89 — 6.82 (m, 4H), 4.06
- 4.02 (m, 2H), 3.97 — 3.92 (m, 2H), 3.77 (s, 3H), 2.01 (td, /= 6.3, 1.2 Hz, 1H).
PC NMR (126 MHz, cdcly) 6 154.26 (s), 152.88 (s), 115.73 (s), 114.84 (s), 70.04

(s), 61.74 (s), 55.88 (s). MS (EI) m/z = 168, 124 (100), 109, 81.
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ethyl 4-(2—hydroxyethoxy)benzoate (3m) [CAS 25389-23-5]

O~ on
EtO

0]

General A9 B o2 (4-(ethoxycarbonyl)phenyl) (mesityl)iodonium triflate 1.0
mmol2 23l ¥ 5} ethyl 4-(2-hydroxyethoxy)benzoate StgtaE (FAH A,
177mg, 718%)E Att. H NMR (500 MHz, cdcly) & 8.00 (dd, /= 9.0, 0.7 Hz,
2H), 6.94 (dd, /= 7.6, 1.4 Hz, 2H), 4.40 — 4.31 (m, 2H), 4.18 — 4.11 (m, 2H),
4.00 (dd, /= 9.6, 5.1 Hz, 2H), 2.04 (s, 1H), 1.38 (td, /= 7.1, 0.6 Hz, 3H). "*C
NMR (126 MHz, cdcly) 6 166.47 (s), 162.42 (s), 131.70 (s), 123.43 (s), 114.19
(s), 69.46 (s), 61.38 (s), 60.84 (s), 14.48 (s). MS (ESD) m/z = 210, 165, 138, 121,

93 FT-IR : 3441, 2936, 1580, 1455 1421 cm™.

ethyl 3—(2-hydroxyethoxy)benzoate (3n) [CAS 104217-00-7]
O
EtO)K©/O\/\OH
General A9 B o2 (3-(ethoxycarbonyl)phenyl) (mesityl)iodonium triflate 1.0
mmolZ Y31 Jhg 5tod ethyl 3-(2-hydroxyethoxy)benzoate 3FgtE (FA A,

164mg, 85%)5 ¥t 'H NMR (500 MHz, cdcly) 6 7.70 - 7.65 (m, 1H),
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7.59 (dd, /= 2.5, 1.4 Hz, 1H), 7.35 (t, / = 8.0 Hz, 1H), 7.12 (ddd, /= 8.2, 2.7,
1.0 Hz, 1H), 4.42 — 4.34 (m, 2H), 4.17 — 4.12 (m, 2H), 4.02 — 3.96 (m, 2H),
2.07 d, /= 5.2 Hz, 1H), 1.40 (td, /= 7.2, 1.7 Hz, 3H). 3C NMR (126 MHz,
cdely) 6 166.52 (s), 158.70 (s), 131.99 (s), 129.57 (s), 122.49 (s), 119.86 (s),
114.92 (s), 69.54 (s), 61.48 (s), 61.24 (s), 14.44 (s). MS (ESD) m/z = 210, 165, 138,

121, 93 FT-1IR : 3415, 2936, 1392, 1171, 807cm™.

1-(4-(2-hydroxyethoxy)phenyl)ethan—1-one (30) [CAS 31769-45-6]

ST

O

General A9 WO 2 (4-acetylphenyl)(mesityl)iodonium triflate 1.0 mmol& %
31 ¥kg ot 1-(4-(2-hydroxyethoxy)phenyl)ethan—1-one 3}tz (314 114,
151mg, 84%)5 ¥ 'H NMR (500 MHz, cdcly) 6 7.95 (dd, /= 8.9, 1.7 Hz,
2H), 6.96 (dd, /= 8.8, 1.7 Hz, 2H), 4.18 — 4.13 (m, 2H), 4.01 (dd, /= 9.1, 4.5
Hz, 2H), 2.57 (d, /= 1.7 Hz, 3H), 2.02 (¢, /= 5.9 Hz, 1H). "C NMR (126 MHz,
cdcly) 6 196.95 (s), 162.66 (s), 130.77 (s), 114.34 (s), 69.53 (s), 61.39 (s), 26.49

(s). MS (ESI) m/z= 180, 165, 121, 93, 77

2-([1,1'-biphenyl]-4-yloxy)ethan—1-ol (3p) [CAS 19070-95-2]
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o

General A9] ®H o2 [1,1'-biphenyl]-4-yl(mesityl)iodonium triflate 1.0 mmol-&

A3,

Y3 ®/hg oto] 2-([1,1'-biphenyll-4-yloxy)ethan—1-ol 3}g=E (L

rO

150mg, 70%)S 4t 'H NMR (500 MHz, cdcly,) & 7.54 (t, /= 8.5 Hz, 4H),
7.42 (t, /=1.6 Hz, 2H), 7.31 (t, /= 7.4 Hz, 1H), 7.00 (d, /= 8.4 Hz, 2H), 4.17 -
4.11 (m, 2H), 3.99 (dd, /= 9.8, 5.1 Hz, 2H), 2.03 (t, /= 6.3 Hz, 1H). °C NMR
(126 MHz, cdcly) 6 158.31 (s), 140.84 (s), 134.42 (s), 128.88 (s), 128.38 (s),

126.89 (s), 115.00 (s), 69.42 (s), 61.68 (s). MS (EI) m/z= 214, 170,152,141, 115.

2—(4-phenoxyphenoxy)ethan—1-ol (3q) [CAS 63066-74-0]

Oy
PhO

General A°] Bt 22 mesityl(4—phenoxyphenyl)iodonium triflate 1.0 mmol& %
3 WS St 2-(4-phenoxyphenoxy)ethan—1-ol 3t&E (A 14|, 161mg,
70%)2 U 'H NMR (500 MHz, cdcly) & 7.34 = 7.27 (m, 2H), 7.08 -
7.02 (m, 1H), 7.02 - 6.87 (m, 6H), 4.09 — 4.06 (m, 2H), 3.97 (dd, /= 9.7, 5.4
Hz, 2H), 2.01 (t, / = 6.3 Hz, 1H). *C NMR (126 MHz, cdcl;) 6 158.48 (s),
155.00 (s), 150.73 (s), 129.77 (s), 122.69 (s), 120.93 (s), 117.85 (s), 115.78 (s),
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69.85 (s), 61.68 (s). MS (ESD) m/z = 230, 186, 157, 109, 77 FT-IR : 3566, 3038,

1376, 1290, 1107, 931, 815cm ™.

3—phenoxypropan—1-ol (4b) [CAS 6180-61-6]

©/O\/\/OH

General Be] Y5 92 Diphenyliodonium salt triflate 1.0 mmol ¥} propane—1,3-
diol 3.0 mmol& ¥1 WS 35} 3-phenoxypropan—1-ol 3}gtE (£ HA
118mg, 78%)& ALt

'H NMR (500 MHz, cdcly) 6 7.32 = 7.26 (m, 2H), 6.99 - 6.86 (m, 3H), 4.13
(dd, /= 8.7, 3.3 Hz, 2H), 3.90 - 3.85 (m, 2H), 2.05 (dq, /= 11.3, 5.6 Hz, 2H),
1.79 (s, 1H). *C NMR (126 MHz, cdcly) & 158.86 (s), 129.60 (s), 121.00 (s),

114.61 (s), 65.80 (s), 60.68 (s), 32.14 (s). MS (ED) m/z= 152, 94, 77

4-phenoxybutan—1-ol (4¢c) [CAS 1927-71-5]

e

General Be] ¥ o2 diphenyliodonium salt triflate 1.0 mmol ¥ butane—1,4-
diol 3.0 mmol& Y1 ¥hg 3s}o] 4-phenoxybutan—1-ol 3FHE (FA  HA]

116mg, 70%)E A3t 'H NMR (500 MHz, cdcly) 6 7.32 = 7.25 (m, 2H), 6.98
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~ 6.87 (m, 3H), 4.01 (t, /= 6.2 Hz, 2H), 3.73 (t, /= 6.3 Hz, 2H), 1.89 (dq, / =
8.2, 6.4 Hz, 2H), 1.82 — 1.72 (m, 2H), 1.60 (s, 1H); *C NMR (126 MHz, cdcly)
& 7797.82 (s), 7768.42 (s), 7759.67 (s), 7753.47 (s), 7706.61 (s), 7701.55 (s),

7668.53 (s), 7664.82 (s). MS (EI) m/z = 166, 94, 77

5-phenoxypentan—1-ol (4d) [CAS 16654-52-7]

©/O\/\/\/OH

General Be] B o2 diphenyliodonium salt triflate 1.0 mmol ¥} propane—1,5-
diol 3.0 mmol& ¥1 ¥hg s}o] 5-phenoxypentan—1-ol 3FetE (FA A
122mg, 68%)5 AUt 'H NMR (500 MHz, cdcly) 6 7.31 — 7.24 (m, 2H),
6.96 — 6.85 (m, 3H), 3.97 (t, /= 6.4 Hz, 2H), 3.68 (t, /= 6.5 Hz, 2H), 1.87 —
1.78 (m, 2H), 1.69 — 1.61 (m, 2H), 1.56 (ddd, /= 12.4, 7.0, 2.2 Hz, 3H); “C
NMR (126 MHz, cdcl;) 6 159.11 (s), 129.51 (s), 120.65 (s), 114.59 (s), 67.78 (s),

62.83 (s), 32.52 (s), 29.16 (s), 22.48 (s). MS (ED) m/z= 180, 94, 77

2,2—-dimethyl-3-phenoxypropan—1-ol (4e) [CAS 1991-46-4]

O></OH
>l

General Be] W o= diphenyliodonium salt triflate 1.0 mmol I 2,2-
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dimethylpropane—1,3-diol 3.0 mmol& %Y1 %3 35to] 2,2-dimethyl-3—
phenoxypropan—1-ol 3}gta (A AA| 150mg, 83%)E AUt 'H NMR
(500 MHz, cdcly) 6 7.32 = 7.25 (m, 2H), 6.94 (ddd, /= 23.1, 11.7, 4.8 Hz, 3H),
3.78 (s, 2H), 3.56 (s, 2H), 1.92 (s, 1H), 1.04 (s, 6H).; *C NMR (126 MHz, cdcly)
& 159.13 (s), 129.55 (s), 120.95 (s), 114.64 (s), 74.96 (s), 70.12 (s), 36.49 (s),

21.81 (s). MS (ED m/z= 180, 107, 94, 77

2—-methyl-4-phenoxybutan—-2-ol (4f) [CAS 87077-92-7]

©/O\/\i/OH

General B9 HHo=Z diphenyliodonium salt triflate 1.0 mmol I 3-
methylbutane—1,3-diol 3.0 mmol& 23l ¥hg 5}o] 2-methyl-4-phenoxybutan—
2-ol 2Rt=E (R4 AA|, 144mg, 80%)E At 'H NMR (500 MHz, cdcly) 6
7.29 (dd, /= 8.7, 7.4 Hz, 2H), 6.99 — 6.94 (m, 1H), 6.94 — 6.89 (m, 2H), 4.19 (t,
J = 6.2 Hz, 2H), 2.33 (s, 1H), 2.00 (t, /= 6.2 Hz, 2H), 1.32 (s, 6H). *C NMR

(126 MHz, cdcly) 6 158.62 (s), 129.64 (s), 121.15 (s), 114.64 (s), 70.57 (s), 65.22

(s), 41.76 (s), 29.72 (s).

(1R,2S)-1-phenylpropane—1,2-diol (4g) [CAS 118711-23-2]
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OH
O
General Be] W o2 diphenyliodonium salt triflate 1.0 mmol I+ (2R,35)-
butane-2,3-diol 3.0 mmol& 21 ¥-§ 5}9{(1R,2S)-1-phenylpropane—1,2—-diol
RtE (FA A, 144mg, 93%)E AUt 'H NMR (500 MHz, cdcly) 6 7.33 -
7.24 (m, 2H), 7.00 - 6.90 (m, 3H), 4.15 (p, /= 6.3 Hz, 1H), 3.95 — 3.74 (m,
1H), 2.55 (s, 1H), 1.28 — 1.22 (m, 6H). *C NMR (126 MHz, cdcly) & 157.80 (s),

129.66 (s), 121.34 (s), 116.31 (s), 78.97 (s), 71.01 (s), 18.57 (s), 15.68 (s).

(1S,2R)-2-phenoxycyclopentan—1-ol (4h) [CAS 118711-13-0]

OH

A

General Be] HH o2 diphenyliodonium salt triflate 1.0 mmol I+ (1R,25)-
cyclopentane-1,2-diol 3.0 mmol2 ¥ ¥  SFo  (1S,2R)-2-
phenoxycyclopentan—1-ol 3}gtE (FA 4], 160mg, 90%) S LUt

'H NMR (500 MHz, cdcly) 6 7.32 = 7.26 (m, 2H), 7.00 — 6.91 (m, 3H), 4.54
(dt, /= 6.3, 49 Hz, 1H), 431 - 4.22 (m, 1H), 2.42 (t, /= 3.0 Hz, 1H), 2.08 -

1.98 (m, 1H), 1.98 - 1.79 (m, 4H), 1.59 (qdd, /= 7.8, 4.2, 2.5 Hz, 1H). °C

-91 -



NMR (126 MHz, cdcly) 6 157.68 (s), 129.59 (s), 121.25 (s), 115.80 (s), 79.78 (s),

73.35 (s), 31.22 (s), 28.33 (s), 19.79 (s). MS (ED) m/z= 178, 94, 77

(3S,4R)—4-phenoxytetrahydrofuran—3-ol (4i)
OH

ae
(G
General B9 WO =2 diphenyliodonium salt triflate 1.0 mmol ¥} (3R,4S)-
tetrahydrofuran—-3,4-diol 3.0 mmol& Y31 ¥ 35t (3S,4R)-4-
phenoxytetrahydrofuran—-3-ol (314 14|, 162mg, 90%)& L ULt
'H NMR (500 MHz, cdcly) & 7.34 — 7.28 (m, 2H), 7.03 (tt, /= 7.5, 1.0 Hz,
1H), 6.95 — 6.90 (m, 2H), 4.76 (dd, /= 10.1, 5.5 Hz, 1H), 4.49 (dq, /= 6.5, 5.4
Hz, 1H), 4.14 (dd, /= 9.9, 5.7 Hz, 1H), 4.04 (dd, /= 9.5, 5.5 Hz, 1H), 3.93 (dd, /
=9.9, 4.5 Hz, 1H), 3.83 (dd, /= 9.5, 5.0 Hz, 1H), 2.61 (d, /= 6.6 Hz, 1H). “C

NMR (126 MHz, cdcly) 6 157.20 (s), 129.84 (s), 122.12 (s), 115.69 (s), 76.99 (s),

72.96 (s), 71.09 (s), 70.60 (s). MS (EI) m/z= 180, 120, 107, 94, 77

(1S,2R)—2-phenoxycyclohexan—1-ol (4j) [CAS 118711-16-3]

she
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General B9 HH o2 diphenyliodonium salt triflate 1.0 mmol I} (1R,25)-
cyclohexane-1,2-diol 3.0 mmol& Yi ®¥-§& 3} (1S,2R)—2—
phenoxycyclohexan—-1-ol (84 14|, 173mg, 90%)E AUt 'H NMR (500
MHz, cdcly) & 7.31 = 7.25 (m, 2H), 6.96 (ddd, /= 8.7, 7.6, 2.7 Hz, 3H), 4.38
(dt, /= 7.4, 2.8 Hz, 1H), 3.94 (t. /= 6.3 Hz, 1H), 2.20 (d. /= 5.8 Hz, 1H), 2.03
- 1.86 (m, 2H), 1.76 — 1.57 (m, 4H), 1.42 — 1.30 (m, 2H). *C NMR (126 MHz,
cdely) 6 157.47 (s), 129.58 (s), 121.29 (s), 116.48 (s), 77.41 (s), 69.33 (s), 30.49

(s), 26.55 (s), 21.77 (s), 21.54 (s). MS (EI) m/z= 192, 94, 81, 77

(1S,2R)-2-phenoxycyclooctan—1-ol (4k) [CAS 1877296-98-4]

o

General Be] HH o2 diphenyliodonium salt triflate 1.0 mmol I+ (1R,25)-

HO

cyclooctane-1,2-diol 3.0 mmol& ¥i HS S} (1S,2R)-2-
phenoxycyclooctan—1-ol (ZA 1A, 202 mg, 92%)E At 'H NMR (500
MHz, cdcly) 6 7.32 = 7.27 (m, 2H), 6.96 (tt, /= 7.6, 1.1 Hz, 1H), 6.92 — 6.87
(m, 2H), 4.49 — 4.44 (m, 1H), 4.11 — 4.05 (m, 1H), 2.54 — 2.50 (m, 1H), 2.19

— 2.07 (m, 1H), 2.00 - 1.89 (m, 1H), 1.86 — 1.46 (m, 10H).; "C NMR (126
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MHz, cdcly) 6 157.34 (s), 129.61 (s), 121.04 (s), 116.06 (s), 79.67 (s), 71.72 (s),
29.42 (s), 27.01 (s), 26.21 (s), 25.31 (d, /= 18.8 Hz), 21.82 (s). MS (ED m/z =

220, 109, 94, 77

2-phenoxyphenol (41) [CAS 2417-10-9]

OH

Sae

General Be] ¥ o2 diphenyliodonium salt triflate 1.0 mmol ¥} pyrocatechol
3.0 mmol-& g1 ¥$ 5}o] 2-phenoxyphenol (1A 14, 149 mg, 80%)S A<
tt. '"H NMR (500 MHz, cdcly) 6 7.38 — 7.31 (m, 2H), 7.12 (ddt, /= 8.5, 7.7,
1.1 Hz, 1H), 7.07 = 7.00 (m, 4H), 6.86 (dddd, /= 8.7, 8.1, 3.8, 2.2 Hz, 2H), 5.56
(s, 1H). ; ®C NMR (126 MHz, cdcly) 6 156.89 (s), 147.63 (s), 143.60 (s), 130.00
(s), 124.90 (s), 123.72 (s), 120.76 (s), 119.02 (s), 118.12 (s), 116.33 (s). MS (EI)

m/z =186, 169, 157, 129, 109, 77

(1IR,2R)—2-phenoxy—1,2—diphenylethan—1-ol (4m)

OH

et
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General Be] W o2 diphenyliodonium salt triflate 1.0 mmol ¥ (1R,25)-1,2-
diphenylethane—1,2-diol 3.0 mmol& 21l ¥Mg s}o] (1R,2R)-2-phenoxy-1,2-
diphenylethan—1-ol (84 14|, 232 mg, 80%)S ¥Utt. 'H NMR (500 MHz,
cdely) 6 7.25 — 7.14 (m, 8H), 7.11 (ddd, /= 5.8, 3.2, 2.1 Hz, 2H), 7.07 — 7.02
(m, 2H), 6.92 — 6.84 (m, 3H), 5.10 (d, /= 7.8 Hz, 1H), 4.91 (dd, /= 7.8, 1.9 Hz,
1H), 3.32 (d, /= 1.9 Hz, 1H); "C NMR (126 MHz, cdcly) & 157.74 (s), 138.75
(s), 137.29 (s), 129.53 (s), 128.52 (s), 128.31 (s), 128.23 — 127.99 (m), 127.56 (s),
127.35 (s), 126.84 (s), 121.52 (s), 116.26 (s), 85.64 (s), 78.78 (s) MS (ED) m/z =
290, 183, 167, 155, 105, 94, 77 FT-IR : 3565, 3033, 1596, 1294, 1158, 917,

842cm™,

3—(p—tolyloxy)propan—1-ol (5a) [CAS 52449-00-0]

/@/O\/\/OH

General A9l B o2 di-p-tolyliodonium triflate 1.0 mmol 2 propane—1,3-
diol 3.0 mmol& 21 -3 5}o] 3—(p-tolyloxy)propan—1-ol (814 17|, 116 mg,
10%)E At 'H NMR (500 MHz, cdcly) & 7.08 (dd, /= 8.7, 0.6 Hz, 2H),
6.83 — 6.78 (m, 2H), 4.10 (t, /= 5.9 Hz, 2H), 3.86 (t, /= 5.8 Hz, 2H), 2.28 (s,

3H), 2.04 (dt, /= 16.5, 5.9 Hz, 2H), 1.82 (s, 1H). ®C NMR (126 MHz, cdcly) &
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156.72 (s), 130.24 (s), 130.03 (s), 114.46 (s), 66.11 (s), 60.83 (s), 32.13 (s), 20.59

(s). MS (EI) m/z= 166, 108 91, 77.

(2S,3R)~3~(p—tolyloxy)butan—2-ol (5b)

OH
ot
General Be] o2 di-p-tolyliodonium triflate 1.0 mmol I} (2R,3S)—butane-
2,3—diol 3.0 mmol& ¥1 ¥ d}o] (1R,2S)-1-(p—tolyl)propane-1,2-diol (=
2HA OB, 148 mg, 89%)E ¥t  'H NMR (500 MHz, cdcly) 6 7.11 — 7.06
(m, 2H), 6.86 — 6.79 (m, 2H), 4.12 — 4.05 (m, 1H), 3.82 (pd, /= 6.4, 3.1 Hz,
1H), 2.57 d, /= 3.1 Hz, 1H), 2.29 (s, 3H), 1.23 (dd, /= 8.4, 6.3 Hz, 6H). °C
NMR (126 MHz, cdcly) 6 155.58 (s), 130.62 (s), 130.05 (s), 116.31 (s), 79.21 (s),
70.96 (s), 20.53 (s), 18.48 (s), 15.61 (s). MS (ED) m/z = 180, 135, 108, 91, 77.

FT-IR : 3416, 2977, 2923, 1613, 968, 704cm ™.

(3S,4R) -4~ (p—tolyloxy)tetrahydrofuran—3-ol (5¢)
OH
e
/©/ 0
General Be] #H o=z di-p-tolyliodonium triflate 1.0 mmol I (3R,45)-
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tetrahydrofuran—3,4-diol 3.0 mmol& Y31 Wrg 3dto]  (3S,4R)-4-(p—
tolyloxy)tetrahydrofuran—3-ol (M 14| 175 mg, 90%)& L 'H NMR
(500 MHz, cdcly) & 7.1 (dd. /= 8.1, 0.7 Hz, 2H). 6.83 (dd. /= 6.5, 2.1 Hz, 2HD),
471 (dd, /= 10.6, 5.1 Hz, 1H), 4.52 — 4.43 (m, 1H), 4.17 — 4.08 (m, 1H), 4.02
(dd, /=9.5,5.5 Hz, 1H), 3.91 (dd, /= 9.9, 4.5 Hz, 1H), 3.82 (dd, /= 9.5, 4.9 Hz,
1H), 2.64 (d, /= 6.5 Hz, 1H), 2.30 (s, 3H). “C NMR (126 MHz, cdcl;) 6 155.10
(), 131.62 (s), 130.31 (s), 115.67 (s), 77.26 (s), 73.06 (s), 71.12 (s), 70.67 (s),
20.61 (s). MS (EI) m/z= 194, 108, 91, 77. FT-IR : 3476, 3035, 2958, 2920, 2866,

1585, 1461, 1415, 878, 726cm ™.

(1S,2R)—2-(p-tolyloxy)cyclohexan—1-ol (5d)

OH
jsne
General Be] ®WHo=z di-p-tolyliodonium triflate 1.0 mmol ¥ (1R,25)-
cyclohexane-1,2-diol 3.0 mmol& Yi wW-§ st (1S,2R)-2-(p—
tolyloxy)cyclohexan—1-ol (ZA 14, 192 mg, 92%)E ¥Jct. 'H NMR (500
MHz, cdcl;) 6 7.08 (dd, /= 8.1, 0.6 Hz, 2H), 6.88 — 6.81 (m, 2H), 4.32 (d, /=
7.8 Hz, 1H), 3.93 (s, 1H), 2.29 (s, 3H), 2.21 (d, /= 5.3 Hz, 1H), 2.00 — 1.84 (m,
2H), 1.77 — 1.55 (m, 4H), 1.42 - 1.22 (m, 2H). “C NMR (126 MHz, cdcl;) &
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155.33 (s), 130.82 (s), 130.14 (s), 116.67 (s), 77.82 (s), 69.41 (s), 30.59 (s), 26.67
(s), 20.65 (s). MS (EI) m/z = 206, 108, 91, 77. FT-IR : 3421, 2932, 2850, 1508,

1235, 988, 804, 510cm™.

2—(p—tolyloxy)phenol (5e) [CAS 35094-90-7]

OH
fsne
General Be] W o 2 di-p-tolyliodonium triflate 1.0 mmol ¥} pyrocatechol 3.0
mmol& ¥l §hg 5t 2-(p-tolyloxy)phenol (4 114, 122 mg, 61%)E A
tt.  'H NMR (500 MHz, cdcly) & 7.14 (dd, /= 8.7, 0.7 Hz, 2H), 7.07 - 6.99
(m, 2H), 6.96 — 6.90 (m, 2H), 6.87 — 6.78 (m, 2H), 5.59 (s, 1H), 2.34 (s, 3H).
BC NMR (126 MHz, cdcly) & 154.51 (s), 147.46 (s), 144.21 (s), 133.43 (s),
130.49 (d, /= 1.7 Hz), 124.49 (d, /= 3.2 Hz), 120.67 (d, /= 2.6 Hz), 118.37 (dd,
J=16.9,4.0Hz), 116.15 (d, /= 7.3 Hz), 20.83 (s). MS (ED) m/z = 200, 184, 128,

91

3-(4—(tert—butyl)phenoxy)propan—1-ol (6a) [CAS 5892-03-6]

/@/O\/\/OH
t-Bu
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General A°] ®H o2 bis(4-(tert—butyl)phenyl)iodonium triflate 1.0 mmol ¥}
butane—1,4-diol 3.0 mmol& 21l ¥hg s}o] 3—(4—(tert—butyl)phenoxy)propan—

—ol (FA HA|, 156 mg, 75%)& Att. 'H NMR (500 MHz, cdcly) 6 7.30
(dd, /= 9.0, 0.5 Hz, 2H), 6.87 — 6.83 (m, 2H), 4.12 (, /= 5.9 Hz, 2H), 3.86 (t, /
= 5.9 Hz, 2H), 2.08 - 2.00 (m, 2H), 1.88 (d, /= 30.8 Hz, 1H), 1.30 (d, /= 0.7
Hz, 9H). *C NMR (126 MHz, cdcly) & 156.56 (s), 143.71 (s), 126.36 (s), 114.06
(s), 65.98 (s), 60.79 (s), 34.19 (s), 32.13 (s), 31.64 (s). MS (ESI) m/z = 208, 193,

135, 107, 91. FT-IR : 3338, 1579, 1392, 1118, 951, 730cm™".

(25,3R)=3~(4~(tert—butyl)phenoxy)butan—-2-ol (6b)

OH

o

General Be] B 02 bis(4—(tert—butyl)phenyliodonium triflate 1.0 mmol ¥}
(2R,3S)-butane-2,3—diol 3.0 mmol& %1 ¥ 35} (2S,3R)-3-(4—(tert—
butyl)phenoxy)butan-2-ol (74 HA|, 200 mg, 96%)E AU 'H NMR (500
MHz, cdcly) 8 7.30 (dt, /= 5.4, 1.8 Hz, 2H), 6.89 — 6.83 (m, 2H), 4.11 (p, /=
6.3 Hz, 1H), 3.82 (pd, /= 6.5, 3.1 Hz, 1H), 2.55 (d, /= 3.0 Hz, 1H), 1.30 (d, / =
0.5 Hz, 8H), 1.25 (s, 3H), 1.24 (s, 3H). “C NMR (126 MHz, cdcly) & 155.46 (s),

143.92 (s), 126.35 (s), 115.70 (s), 78.90 (s), 70.88 (s), 34.11 (s), 31.56 (s), 18.48
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(s), 15.67 (s). MS (EI) m/z =222, 177, 150, 135, 107, 91, 77. FT-IR : 3422, 2902,

2869, 1607, 967, 931cm™.

(3S,4R) -4~ (4~ (tert—butyl) phenoxy)tetrahydrofuran—3-ol (6¢)

OH

eae

General BS] B 02 bis(4—(tert—butyl)phenyliodonium triflate 1.0 mmol ¥}
(3R,4S)—tetrahydrofuran—3,4-diol 3.0 mmolS Y1l ¥-§ dto] (3S,4R)-4-(4-
(tert—butyl)phenoxy)tetrahydrofuran-3-ol (24 1A, 29 mg, 97%)& LUt
'H NMR (500 MHz, cdcly) 6 7.35 — 7.30 (m, 2H), 6.86 (d, /= 8.7 Hz, 2H),
473 (dd, /= 10.2, 5.5 Hz, 1H), 4.52 — 4.43 (m, 1H), 4.13 (dd, /= 9.9, 5.7 Hz,
1H), 4.03 (dd, /= 9.5, 5.5 Hz, 1H), 3.92 (dd, /= 9.9, 4.6 Hz, 1H), 3.83 (dd, /=
9.5, 49 Hz, 1H), 2.63 (d, /= 6.4 Hz, 1H), 1.30 (s, 9H). *C NMR (126 MHz,
cdcly) 6 154.95 (s), 145.06 (s), 126.68 (s), 115.24 (s), 77.16 (s), 73.08 (s), 71.13
(s), 70.73 (s), 34.29 (s), 31.59 (s). MS (EI) m/z = 236, 221, 135, 107, 91, 77. FT-

IR : 3382, 2959, 2862, 1605, 1581, 1425, 1392, 885, 728cm™".

(1S,2R)—2-(4—(tert—butyl) phenoxy)cyclohexan—1-ol (6d)
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OH

peae

General Be] ®H o2 bis(4-(tert—butyl)phenyl)iodonium triflate 1.0 mmol 3}
(IR,2S)-cyclohexane—1,2—diol 3.0 mmol& Y1 W& st (1S,2R)-2-(4—(tert—
butyl)phenoxy)cyclohexan—1-ol (84 14|, 226 mg, 91%)E ¥Utt.  'H NMR
(500 MHz, cdcly) & 7.29 (dd, /= 6.7, 2.2 Hz, 2H), 6.87 (dd, /= 6.7, 2.1 Hz, 2H),
434 (d, /= 7.8 Hz, 1H), 3.93 (s, 1H), 2.20 (d, /= 5.8 Hz, 1H), 2.03 - 1.82 (m,
2H), 1.67 (ddd, /= 18.6, 13.6, 8.1 Hz, 4H), 1.44 — 1.28 (m, 11H). *C NMR
(126 MHz, cdcly) & 155.24 (s), 144.16 (s), 126.46 (s), 116.01 (s), 77.55 (s), 69.42
(s), 34.24 (s), 31.65 (s), 30.60 (s), 26.76 (s). MS (EI) m/z = 248, 150, 135, 107, 91,

77. FT-IR : 3258, 2936, 2859, 1511, 1241, 827, 550cm™.

2~ (4~ (tert—butyl)phenoxy)phenol (6e) [CAS 1145678-02-9]

OH

gene

General Be] B o2 bis(4-(tert—butyl)phenyliodonium triflate 1.0 mmol ¥}
pyrocatechol 3.0 mmol-& Y1 ¥hg 5} 2-(4—(tert—butyl) phenoxy)phenol (4
A, 201 mg, 83%)& LUt  'H NMR (500 MHz, cdcl;) & 7.37 — 7.32 (m,

2H), 7.07 = 7.00 (m, 2H), 6.99 - 6.93 (m, 2H), 6.90 — 6.79 (m, 2H), 5.60 (s,
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1H), 1.32 (s, 9H). "C NMR (126 MHz, cdcly) & 154.43 (s), 147.55 (s), 146.71 (s),
143.94 (s), 126.82 (s), 124.63 (s), 120.67 (s), 118.74 (s), 117.70 (s), 116.15 (s),

34.48 (s), 31.62 (s). MS (EI) m/z= 242, 227, 109, 91

3-(4—chlorophenoxy)propan—1-ol (7a) [CAS 18673-04-6]

/@/O\/\/OH
Cl

General A°] WOz bis(4-chlorophenyDiodonium triflate 1.0 mmol ¥}
propane—1,3-diol 3.0 mmol& g1l ¥h§ 5to] 3-(4-chlorophenoxy)propan—1-
ol (FA HA| 143 mg, 77%)& VAUt 'H NMR (500 MHz, cdcly) 6 7.28 -
7.20 (m, 2H), 6.88 — 6.81 (m, 2H), 4.09 (¢, /= 6.0 Hz, 2H), 3.86 (t, /= 5.9 Hz,
2H), 2.08 — 2.00 (m, 2H), 1.68 (s, 1H). *C NMR (126 MHz, cdcly) & 157.44 (s),
129.36 (s), 125.66 (s), 115.80 (s), 65.69 (s), 59.90 (s), 31.96 (s). MS (ED) m/z =

186, 128, 99

(2S,3R)—3~-(4~-chlorophenoxy)butan—2-ol (7b)

OH

/©)\rOH
Cl

General Be] Wt o=  bis(4-chlorophenyliodonium triflate 1.0 mmol 3}
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(2R,3S)-butane-2,3-diol 3.0 mmol& Y1 ®¥kS sto]  (2S,3R)-3-(4-
chlorophenoxy)butan—2-ol (2 44|, 182 mg, 98%)& LA "H NMR (500
MHz, cdcly) 6 7.30 = 7.21 (m, 2H), 6.91 — 6.81 (m, 2H), 4.10 (p, /= 6.3 Hz,
1H), 3.83 (pd, /= 6.4, 3.4 Hz, 1H), 2.44 (d, /= 3.2 Hz, 1H), 1.29 - 1.21 (m,
6H). *C NMR (126 MHz, cdcl;) 6 156.35 (s), 129.44 (s), 126.02 (s), 117.51 (s),
79.36 (s), 70.71 (s), 18.45 (s), 15.42 (s). MS (ED) m/z = 200, 155, 128, 111. FT-

IR : 3414, 2978, 2933, 1594, 1453, 632cm™.

(3S,4R) -4~ (4-chlorophenoxy)tetrahydrofuran—3-ol (7¢)

OH

Fone

General B9 Wt o=  bis(4-chlorophenyliodonium triflate 1.0 mmol 3}
(3R,4S)—tetrahydrofuran—3,4-diol 3.0 mmol2 Y1l ¥-§ 3to] (3S,4R)-4-(4-
chlorophenoxy)tetrahydrofuran—-3-ol (74 BA|, 205 mg, 97%)E VI 'H
NMR (500 MHz, cdcly) 6 7.30 — 7.23 (m, 2H), 6.90 - 6.84 (m, 2H), 4.71 (dt, /
=9.9, 5.0 Hz, 1H), 4.53 — 4.45 (m, 1H), 4.12 (dd, /= 10.0, 5.6 Hz, 1H), 4.03
(dd, /= 9.5, 5.6 Hz, 1H), 3.91 (dd, /= 10.0, 4.3 Hz, 1H), 3.81 (dd, /= 9.5, 5.1
Hz, 1H), 2.52 (d, /= 6.9 Hz, 1H). *C NMR (126 MHz, cdcl;) 6 155.85 (5),

129.74 (s), 127.10 (s), 117.01 (s), 77.43 (s), 72.90 (s), 71.12 (s), 70.51 (s). MS (ED)
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m/z = 214, 154, 128, 111, 99. FT-IR : 3411, 2948,2872, 1487, 1235, 1059, 822

cm .

(1S,2R)—2-(4-chlorophenoxy)cyclohexan—1-ol (7d)

Fone

General B9 WH o=  bis(4-chlorophenyliodonium triflate 1.0 mmol 3}
(1R,2S)—cyclohexane—1,2-diol 3.0 mmol& Y1 ®-& 3} (1S,2R)-2-(4-
chlorophenoxy)cyclohexan—1-ol (F2 <HA|, 2310 mg, 93%)& LUt 'H
NMR (500 MHz, cdcly) 6 7.26 — 7.21 (m, 2H), 6.90 — 6.85 (m, 2H), 4.36 —
431 (m, 1H), 3.96 — 3.89 (m, 1H), 2.13 (dd, /= 5.9, 0.4 Hz, 1H), 2.00 — 1.82
(m, 2H), 1.76 = 1.52 (m, 4H), 1.42 - 1.28 (m, 2H). *C NMR (126 MHz, cdcly)
§ 156.12 (s), 129.50 (d, /= 9.5 Hz), 126.21 (s), 117.84 (s), 116.79 (s), 77.99 (s),
69.44 (s), 30.50 (s), 26.51 (s), 21.64 (s). MS (ED) m/z = 226, 128, 111, 99. FT-IR :

3397, 2936, 2860, 1487, 1236, 985, 822, 504cm™.

2-(4—-chlorophenoxy)phenol (7e) [CAS 3380-46-9]

ST
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General B9 "W o= bis(4—chlorophenyl)iodonium triflate 1.0 mmol ¥}

i

pyrocatechol 3.0 mmol& g1 ¥Hg S}o] 2—(4-chlorophenoxy)phenol (34 11
A, 147 mg, 67%)5 Ayt  'H NMR (500 MHz, cdcly) 6§ 7.32 = 7.28 (m,
2H), 7.07 = 7.05 (m, 2H), 6.98 — 6.93 (m, 2H), 6.88 — 6.83 (m, 2H), 5.48 (s,
1H). “C NMR (126 MHz, cdcly) 6 155.55 (s), 147.55 (s), 143.33 (s), 129.99 (s),
128.81 (s), 125.31 (s), 120.92 (s), 119.37 (s), 119.01 (s), 116.56 (s). MS (ED) m/z

=220, 184, 128, 112, 80

3-(3—chlorophenoxy)propan—1-ol (8a) [CAS 57264-55-8]

General A°] WO =Z bis(3-chlorophenyDiodonium triflate 1.0 mmol ¥}

r

propane—1,3—diol 3.0 mmol& ¥l ¥h§ 5}o] 3-(3-chlorophenoxy)propan—1-
ol (B4 oBA|, 141 mg, 76%)5 L 'H NMR (500 MHz, cdcly) 6 7.19 (t, /
= 8.1 Hz, 1H), 6.94 (dd, /= 2.0, 0.9 Hz, 1H), 6.93 - 6.89 (m, 1H), 6.79 (ddd, /
=84, 25,09 Hz, 1H), 4.11 (t, /= 6.0 Hz, 2H), 3.86 (t, /= 5.9 Hz, 2H), 2.04 (p,
J=6.0 Hz, 2H), 1.66 (s, 1H). *C NMR (126 MHz, cdcl;) & 159.60 (s), 134.88

(s), 130.30 (s), 121.01 (s), 114.94 (s), 113.06 (s), 65.51 (s), 59.74 (s), 31.94 (s).

MS (ED) m/z= 186, 128, 99
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(2S,3R)~3~(3~chlorophenoxy)butan—-2-ol (8b)

OH
CI\©/O\H\
General B9 Wt o=  bis(3-chlorophenyliodonium triflate 1.0 mmol 3}
(2R,3S)-butane-2,3-diol 3.0 mmol& Y1 ®¥S st (2S,3R)-3-(3-
chlorophenoxy)butan—2-ol (2 A, 180 mg, 97%)E AJct. 'H NMR (500
MHz, cdcly) 6 7.20 (dd, /= 8.3. 7.8 Hz, 1H), 6.95 (dd, /= 1.9, 0.9 Hz, 1H), 6.95
- 6.91 (m, 1H), 6.84 — 6.79 (m, 1H), 4.14 (p, /= 6.3 Hz, 1H), 3.87 - 3.80 (m,
1H), 2.43 (s, 1H), 1.26 (d, /= 1.1 Hz, 3H), 1.24 (d, /= 1.2 Hz, 3H). *C NMR
(126 MHz, cdcly) & 158.46 (s), 134.94 (s), 130.32 (s), 121.39 (s), 116.50 (s),
114.41 (s), 79.24 (s), 70.81 (s), 18.47 (s), 15.50 (s). MS (ED) m/z = 200, 155, 128,

111. FT-IR : 3413, 2978, 2934, 1156, 969, 606, 556cm ™",

(3S,4R) -4~ (3-chlorophenoxy)tetrahydrofuran—3-ol (8¢)
OH
cl o\é
O I®
General B9 ®WHo=2  bis(3-chlorophenyliodonium triflate 1.0 mmol 3}
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(3R,4S)~tetrahydrofuran—3,4-diol 3.0 mmol2 Y3 ®hg sto] (3S,4R)-4-(3-
chlorophenoxy)tetrahydrofuran-3-ol (214 14|, 190 mg, 89%)& A}tt. 'H
NMR (500 MHz, cdcly) 6 7.23 (¢, /= 8.2 Hz, 1H), 7.03 — 6.99 (m, 1H), 6.94
(dd. /= 4.0, 1.8 Hz, 1H), 6.82 (ddd, /= 8.3, 2.5, 0.9 Hz, 1H), 473 (td, /= 5.5.
4.4 Hz, 1H), 4.54 — 4.46 (m, 1H), 4.13 (dd, /= 10.0, 5.6 Hz, 1H), 4.03 (dd, /=
9.5, 5.6 Hz, 1H), 3.92 (dd, /= 10.0, 4.3 Hz, 1H), 3.81 (dd, /= 9.5, 5.1 Hz, 1H),
2.50 (d, /= 6.8 Hz, 1H). *C NMR (126 MHz, cdcly) 6 157.94 (s), 135.31 (5),
130.69 (s), 122.43 (s), 116.24 (s), 114.05 (s), 77.32 (s), 72.95 (s), 71.19 (s), 70.58

(s). MS (EI) m/z= 214, 154, 128, 111

(1S,2R)—2-(3-chlorophenoxy)cyclohexan—1-ol (8d)

OH
peRe
General B9 Wi o=2  bis(3-chlorophenyliodonium triflate 1.0 mmol 3}
(1R,2S)-cyclohexane—1,2-diol 3.0 mmol& %1 ¥ 35to] (1S,2R)-2-(3-
chlorophenoxy)cyclohexan—1-ol (A <BA] 203 mg, 90%)E LA} 'H
NMR (500 MHz, cdcly) 6 7.19 (t, /= 8.5 Hz, 1H), 6.98 — 6.93 (m, 2H), 6.87 —
6.80 (m, 1H), 4.37 (d, /= 7.6 Hz, 1H), 3.93 (s, 1H), 2.10 (d, /= 5.8 Hz, 1H),

2.02 = 1.85 (m, 2H), 1.67 (dddd, /= 30.0, 22.4, 15.7, 9.8 Hz, 4H), 1.37 (tdd, /=
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11.9, 8.1, 3.6 Hz, 2H). *C NMR (126 MHz, cdcl;) & 158.31 (s), 135.00 (s),
130.40 (s), 121.49 (s), 116.84 (s), 114.74 (s), 77.84 (s), 69.41 (s), 30.50 (s), 26.52
(s), 21.61 (d, /= 8.8 Hz). MS (EI) m/z = 226, 128, 111, 99. FT-IR : 3400, 2936,

2861, 1591, 1474, 1226, 986, 766, 680cm™.

2-(3-chlorophenoxy)phenol (8¢) [CAS 354551-96-5]

General B9 ®WH o2  bis(3-chlorophenyliodonium triflate 1.0 mmol 3}

Cl

pyrocatechol 3.0 mmol& ¥l ¥h§ 5}o] 2-(3-chlorophenoxy)phenol (214 11
A, 141 mg, 64%)= L '"H NMR (500 MHz, cdcly) 6 7.29 - 7.23 (m,
1H), 7.12 = 7.04 (m, 1H), 7.01 (¢, /= 2.2 Hz, 1H), 6.94 - 6.84 (m, 1H), 5.45 (s,
1H). "C NMR (126 MHz, cdcly) 6 157.84 (s), 147.68 (s), 142.77 (s), 135.40 (s),
130.77 (s), 125.67 (s), 123.84 (s), 121.03 (s), 119.62 (d, /= 1.0 Hz), 118.23 (s),
116.71 (s), 116.02 (s). MS (ED) m/z = 220, 184, 128, 112, 80. FT-IR : 3419, 2923,

1580, 1457, 1232, 842, 753cm ™.

ethyl 4-(3-hydroxypropoxy)benzoate (9a) [CAS 46731-01-5]
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O ~_OH

0]

General A9 B o2 (4-(ethoxycarbonyl)phenyl) (mesityl)iodonium triflate 1.0
mmol I} propane—1,3-diol 3.0 mmol& ¥i ®-g 5t ethyl 4-(3-
hydroxypropoxy)benzoate (84 14|, 179 mg, 80%)E ¥ttt  'H NMR (500
MHz, cdcly) 6 8.03 — 7.96 (m, 2H), 6.96 — 6.89 (m, 2H), 4.35 (dt, /= 8.7, 6.4
Hz, 2H), 4.18 (¢, /= 6.0 Hz, 2H), 3.87 (s, 2H), 2.07 (p, /= 6.0 Hz, 2H), 1.71 (,
1H), 1.38 (t, /= 7.1 Hz, 3H). ”C NMR (126 MHz, cdcly) 6 166.55 (s), 162.64
(s), 131.65 (s), 123.06 (s), 114.12 (s), 65.60 (s), 60.79 (s), 59.98 (s), 32.01 (s,
14.48 (s). MS (ED) m/z= 224, 179, 166, 151, 138, 121. FT-IR : 3335, 2884, 1580,

1463, 1420cm™.

ethyl 4-(((2R,3S)~-3~hydroxybutan—2-yl)oxy)benzoate (9b)

OH
OWA
\/O\H/©/
O

General B9 ®H o2 (4-(ethoxycarbonyl)phenyl) (mesityl)iodonium triflate 1.0
mmol I (2R,3S)-butane-2,3-diol 3.0 mmol& Y1 ®hg 5}o] ethyl 4-

(((2R,3S)—3-hydroxybutan—2-yloxy)benzoate (e HA|, 220 mg, 98%)E A
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2tk 'H NMR (500 MHz, cdcly) 6 8.02 — 7.96 (m, 2H), 6.97 — 6.90 (m, 2H),
4.35(q, /= 7.1 Hz, 2H), 4.26 (p, /= 6.2 Hz, 1H), 3.88 (pd, /= 6.3, 2.8 Hz, 1H),
2.41 (s, 1H), 1.38 (t, /= 7.1 Hz, 3H), 1.27 (dd, / = 8.8, 6.3 Hz, 6H). °C NMR
(126 MHz, cdcly) 6 166.34 (s), 161.58 (s), 131.61 (s), 123.10 (s), 115.22 (s),
78.62 (s), 70.53 (s), 60.69 (s), 18.41 (s), 15.38 (s), 14.36 (5). MS (ED) m/z = 238,

193, 166, 138, 121 . FT-IR : 3470, 2979, 2934, 1579, 1446, 968cm ™.

ethyl 4-(((3R,4S)-4-hydroxytetrahydrofuran—3—yl)oxy)benzoate (9¢)
OH

O

General B9 W o2 (4-(ethoxycarbonyl)phenyl) (mesityl)iodonium triflate 1.0
mmol I (3R,4S)-tetrahydrofuran—3,4-diol 3.0 mmol& ¥il ¥hg 5} ethyl
4-(((3R,4S)~4~-hydroxytetrahydrofuran—3-yl)oxy)benzoate (814 117, 242 mg,
9%%)E 4t 'H NMR (500 MHz, cdcly) 6 8.04 — 8.00 (m, 2H), 6.97 -
6.92 (m, 2H), 4.83 (dt, /= 5.5, 4.3 Hz, 1H), 4.53 (dq, /= 6.9, 5.4 Hz, 1H), 4.36
(qd, /= 7.1, 1.5 Hz, 2H), 4.17 (ddd, /= 10.1, 5.6, 1.3 Hz, 1H), 4.05 (dd, /= 9.5,
5.6 Hz, 1H), 3.93 (dd, /= 10.1, 4.3 Hz, 1H), 3.83 (ddd, /= 9.5, 5.2, 1.3 Hz, 1H),

248 (d, /= 7.1 Hz, 1H), 1.39 (¢d, /= 7.1, 1.5 Hz, 3H). "C NMR (126 MHz,

- 110 -



cdely) 6 166.18 (s), 160.77 (s), 131.90 (s), 124.40 (s), 115.08 (s), 76.99 (s), 72.94
(s), 71.26 (s), 70.64 (s), 60.99 (s), 14.50 (s). MS (ED) m/z = 252, 207, 192, 147,

138, 121. FT-IR : 3357, 2952, 2939, 1695, 1602, 1244, 1062, 769, cm™'.

ethyl 4-(((1R,2S)-2-hydroxycyclohexyl)oxy)benzoate (9d)

OH

Weae

O

General Be] ¥ o2 (4-(ethoxycarbonyl)phenyl)(mesityl)iodonium triflate 1.0
mmol ¥} (1R,2S)-cyclohexane—1,2—diol 3.0 mmol& 21 ¥hg otof ethyl 4-
(((1R,2S)—2-hydroxycyclohexyloxy)benzoate (4 A, 251 mg, 95%)& A
tt.  'H NMR (500 MHz, cdcly) 6 8.02 — 7.97 (m, 2H), 6.98 — 6.92 (m, 2H),
4.49 (dt, /= 7.8, 2.8 Hz, 1H), 4.39 — 4.30 (m, 2H), 3.96 (s, 1H), 2.11 (d, /= 4.8
Hz, 1H), 1.95 (dddd, /= 20.4, 11.5, 8.3, 3.4 Hz, 2H), 1.78 — 1.57 (m, 4H), 1.45
— 1.30 (m, 5H). *C NMR (126 MHz, cdcly) & 166.46 (s), 161.38 (s), 131.70 (s),
123.26 (s), 115.52 (s), 115.27 (s), 77.40 (s), 69.42 (s), 60.81 (s), 30.50 (s), 26.49
(s), 21.61 (d, /= 11.4 Hz), 14.47 (s). MS (ED) m/z = 264, 219, 166, 138, 121. FT-

IR : 3470, 2937, 2863, 1703, 1603, 1273, 1246, 1100, 769, 729, cm™.
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ethyl 4-(2—hydroxyphenoxy)benzoate (9¢) [CAS 91378-27-7]

OH

w0 T

O

General B9 W o2 (4-(ethoxycarbonyl)phenyl) (mesityl)iodonium triflate 1.0
mmol ¥ pyrocatechol 3.0 mmol& ¥i ®Rg Sto]  ethyl 4-(2-
hydroxyphenoxy)benzoate (314 14|, 206 mg, 80%)E AUt  'H NMR (500
MHz, cdcly) 6 8.04 — 8.00 (m, 2H), 7.14 — 7.06 (m, 2H), 7.05 — 7.00 (m, 2H),
6.96 (dd, /= 8.0, 1.6 Hz, 1H), 6.89 (ddd, /= 8.1, 7.1, 1.8 Hz, 1H), 5.46 (s, 1H),
436 (q, /= 7.1 Hz, 2H), 1.39 (t. /= 7.1 Hz, 3H). *C NMR (126 MHz, cdcly) 6
166.18 (s), 161.09 (s), 147.97 (s), 142.26 (s), 131.88 (s), 126.04 (s), 125.51 (s),
121.05 (s), 120.35 (s), 116.89 (d, /= 13.9 Hz), 61.11 (s), 14.48 (s). MS (E]) m/z =

258, 230, 213, 128

2) Thioglycolic acid ¢} F2]FujE o83t diaryldisulfide 2g T4

General procedure A

Test tube®] aryl iodie 1.0 mmol, Cu,(OAc),.H,0 10 mol%, K,CO; 2.0 equiv &

Ll

1=

A3 argon A€ gttt 1t DMSO 2.0 mL 9} argon® =2 Z3ke H,O 1.0 ml
£ H7I$t & thioglycolic acid 1.1 equivE 37} $tt}. Sealing & 120 °C oil bath
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of &7} 16A17F &8t §hg AZIt ArRoA A3l g H,0%} etyl actate=

extraction ¥t & 5 M2 2 § MgSO,2 2 ES AlA & & eI
g

o= sigtas 22, A v Aok stell §ulE &ds] A7Iste] et shet

1,2-diphenyldisulfane (10a) [CAS 882-33-7]

General A9l YO 2 jodobenzene 1.0 mmol 3} thioglycolic acid 1.1 equiv. &

i

3 ¥hE sto] 1,2-diphenyldisulfane (4 114, 80 mg, 73%)& AUt 'H
NMR (500 MHz, cdcly) 6 7.53 = 7.47 (m, 2H), 7.32 = 7.27 (m, 2H), 7.25 -
7.20 (m, 1H). C NMR (126 MHz, cdcly) & 137.02 (s), 129.06 (s), 127.50 (s),

127.14 (s).

1,2-di—o-tolyldisulfane (10d) [CAS 4032-80-8]
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General A9 o2 2-iodotoluene 1.0 mmol ¥ thioglycolic acid 1.1 equiv. &

i

3 "Hh$ Sto] 1,2-di-o-tolyldisulfane (FA A], 90 mg, 73%)& Lt 'H
NMR (500 MHz, cdcly) 6 7.53 = 7.49 (m, 1H), 7.18 - 7.09 (m, 3H), 2.42 (s,
3H). *C NMR (126 MHz, cdcly) & 137.34 (s), 135.38 (s), 130.29 (s), 128.57 (s),

127.29 (s), 126.67 (s), 20.00 (s).

1,2-di-m—tolyldisulfane (10c) [CAS 20333-41-9]

o

General A9 ¥ o2 3-jodotoluene 1.0 mmol ¥ thioglycolic acid 1.1 equiv. &

i

1 ¥k sto 1,2-di-m-tolyldisulfane (A HA, 97 mg, 79%)& AUt 'H
NMR (500 MHz, cdcly) 6 7.33 — 7.26 (m, 2H), 7.18 (t, /= 7.4 Hz, 1H), 7.03 (d,
J =172 Hz, 1H), 2.31 (s, 3H). *C NMR (126 MHz, cdcl;) & 138.91 (s), 136.90

(s), 128.88 (s), 127.99 (s), 124.54 (s), 21.38 (s).

1,2-di-p—tolyldisulfane (10b) [CAS 103-19-5]

S<
SO
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General A°] ®¥l 22 4-jodotoluene 1.0 mmol 2} thioglycolic acid 1.1 equiv. =

i

I WS 5Fo] 1,2-di-p-tolyldisulfane (2128 314, 102 mg, 83%)E IAUtt. 'H
NMR (500 MHz, cdcly) 6 7.38 (d, /= 8.1 Hz, 2H), 7.13 — 7.07 (m, 2H), 2.32 (s,
3H). C NMR (126 MHz, cdcl;) 6 137.42 (s), 133.88 (s), 129.77 (s), 128.52 (s),

21.05 (s).

1,2-bis(2,6—dimethylphenyl)disulfane (10e) [CAS 2905-17-1]

General A°] WH o2 2-iodo-1,3-dimethylbenzene 1.0 mmol 2} thioglycolic
acid 1.1 equiv. & 41 ¥-& dFo]  1,2-bis(2,6—dimethylphenyl)disulfane
(__ 106 mg, 77%)E ¥Uct. 'H NMR (500 MHz, cdcl;) 6 7.13 — 7.07 (m,
1H), 7.01 (d, /= 7.5 Hz, 2H), 2.23 (s, 6H). "C NMR (126 MHz, cdcly) & 143.40

(s), 134.71 (s), 129.25 (s), 128.02 (s), 21.43 (s).

1,2-bis(3,5—dimethylphenyl)disulfane (10f) [CAS 65151-60-2]
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General A9 YHo=2 2-iodo-1,3-dimethylbenzene 1.0 mmol 2} thioglycolic
acid 1.1 equiv. & €1 W-§ st 1,2-bis(2,6—dimethylphenyDdisulfane (

110 mg, 80%)E A3t 'H NMR (500 MHz, cdcly) 6 7.11 (d, /= 0.4 Hz, 2H),
6.84 (d, /= 0.6 Hz, 1H), 2.28 (s, 6H). "C NMR (126 MHz, cdcly) 6 138.71 (s),

136.80 (s), 128.99 (s), 125.13 (s), 21.25 (s).

1,2-bis(2-methoxyphenyl)disulfane (10g) [CAS 13920-94-0]

General A2l Y02 2-iodoanisole 1.0 mmol ¥} thioglycolic acid 1.1 equiv. &
Y3 ¥hg 5ko] 1,2-bis(2-methoxyphenyldisulfane (F-A 94A)], 107 mg, 77%)E
1gih. 'H NMR (500 MHz, cdcly) ¢ 7.53 (dd, /= 7.8, 1.4 Hz, 1H), 7.18 («d, /=
8.1, 1.5 Hz, 1H), 6.91 (td, /= 7.6, 1.0 Hz, 1H), 6.85 (dd, /= 8.2, 0.8 Hz, 1H),
3.90 (s, 3H). PC NMR (126 MHz, cdcly) & 156.58 (s), 127.66 (d, /= 15.4 Haz),

124.60 (s), 121.33 (s), 110.48 (s), 55.88 (s).
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1,2-bis(3—methoxyphenyl)disulfane (10h) [CAS 59014-89-0]

aoh

General A9] WH OS2 3-iodoanisole 1.0 mmol ¥} thioglycolic acid 1.1 equiv. =

11 9§ ot 1,2-bis(3-methoxyphenyl)disulfane (728 HA|, 104 mg, 75%)&

o,

At '"H NMR (500 MHz, cdcly) & 7.21 (¢, /= 7.9 Hz, 1H), 7.11 - 7.02 (m,
2H), 6.79 - 6.72 (m, 1H), 3.77 (s, 3H). "C NMR (126 MHz, cdcly) 6 160.02 (s),

138.27 (s), 129.88 (s), 119.57 (s), 113.12 (s), 112.53 (s), 55.29 (s).

1,2-bis(4—methoxyphenyldisulfane (10i) [CAS 5335-87-5]

e
S.
ore
~o
o]

General A2] Y02 3-jodoanisole 1.0 mmol ¥} thioglycolic acid 1.1 equiv. &

1 HFZ Sho] 1,2-bis(4-methoxyphenyl)disulfane (£A] 44|, 126 mg, 90%)=

i

A3}t 'H NMR (500 MHz, cdely) 6 7.39 (d, /= 8.8 Hz, 2H), 6.83 (d, /= 8.8
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Hz, 2H), 3.79 (s, 3H). *C NMR (126 MHz, cdcly) 6 159.90 (s), 132.65 (s),

128.42 (s), 114.60 (s), 55.36 (s).

1,2-bis(2,4-dimethoxyphenyl)disulfane (10j) [CAS 55990-92-6]

General A°] o2 1-iodo-2,4-dimethoxybenzene 1.0 mmol 2} thioglycolic

acid 1.1 equiv. =

i

I WS 5o 1,2-bis(2,4-dimethoxyphenyl)disulfane (=gt
A A 144 mg, 75%)E A}t 'H NMR (500 MHz, cdcly) 6 7.40 (d, /= 8.9
Hz, 1H), 6.47 — 6.40 (m, 2H), 3.80 (d, /= 2.8 Hz, 6H). "C NMR (126 MHz,
cdely) 6 161.36 (s), 159.22 (s), 133.41 (s), 116.50 (s), 104.93 (s), 98.87 (s), 55.83

(s), 55.47 (s).

1,2-bis(4—(tert—butyl)phenyl)disulfane (10k) [CAS 7605-48-3]
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General A9 ®IH o2 1-(tert—butyl)—4-iodobenzenel.0 mmol I} thioglycolic
acid 1.1 equiv. & ¥ ¥hg 5t 1,2-bis(4—(tert—butyl)phenyl)disulfane (F
oA, 124 mg, 75%)5 AUt 'H NMR (500 MHz, cdcly) 6 7.44 (d, /= 8.5 Hz,
2H), 7.32 (d, /= 8.5 Hz, 2H), 1.29 (s, 9H). C NMR (126 MHz, cdcly) 6 150.48

(s), 133.99 (s), 127.72 (s), 126.10 (s), 34.54 (s), 31.25 (s).
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Abstract

Efficient copper—catalyzed synthesis of C-O and C-S bonds

Kyung—Mi Kim

Department of Chemistry

Graduate School of

Sungshin University

C-0O bond formation is a very important reaction for intermediates of natural
product, pharmaceuticals, and biochemical material. These days, many groups
demonstrate the efficient synthetic methods for C—O bond formation using Pd, Ni,
Rh as transition metal catalysts. Among them, copper catalysts are inexpensive
and easy to handle. Therefore, a lot of synthetic methods have been developed
vigorously. And also, Many coupling reaction between aryl halides and aryl and

aliphatic alcohols have been studied recently. However, these synthetic reaction
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conditions have limitations such as using strong bases or requiring high reaction
temperatures. To overcome these limitations, we have investigated efficient and
mild conditions of C,,,—~O bond reaction using diaryliodonium salts which have
more reactivity than aryl halide and aliphatic diol. We determined the optimized
condition as 2 mol% Cu,O and neutral, room temperature. It was possible to
synthesize aryl alkyl ether compounds which have various functional groups

including alkyl, hydroxyl, ester, ketone groups).

C-S bond formation is also as important as C—O bond formation in various
categories of compounds. Therefore studies for C—-S bond formation have also
been on going. Aryl thiols are starting materials in the C,,,—S bond formation.
Aryl thiol easily oxidize to convert into diaryl sulfide, so it has a storage problem.
Thus, diaryl disulfide is used as an intermediate to prepare aryl thiol, because
diaryl disulfide can be reduced to aryl thiol and used for the reaction. Therefore,
studies on the synthesis of diaryldisulfide compounds by various methods are on
going. In the studies on the synthesis of disulfide bonds’ sulfur powder(S;), metal
sulfur compounds such as Na,S and other organic reagents have been closed. In
this study, thiolglycolic acid as new sulfur source was employed to synthesize
disulfide bond which was reactioned with aryl iodide. We developed the optimized

condition as follows: Cu(OAc),H,0 as a catalyst, K,CO; as a weak base, and
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DMSO/H,0 2:1, 120 °C in 16 h. We success synthesized various diaryldisulfide

compounds using the developed protocol.
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Appendix

Parameter Value ba@nbhag
1 Title KM-salti-1H Ul
2 Comment Std proton e
3 Origin Varian
4 Spectrometer vnmrs
5 Solvent dmso o
6 Temperature 30,0 F I
7 Experiment 1D F S—0
8 Mumber of Scans 16 I
9 Spectrometer Frequency 500,02 F 0
10 Spectral Width 8012.8
11 Lowest Frequency -997.2 I
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
|
|
L
i ied
T T T T T T T T T T T
14 13 " 10 9 8 = (8 ; 5 3 -1
ppm.
: 1
Figure 6. '"H NMR spectrum of la
Parameter Value 258 &
1 Tile KM-saltl-13C ged g
2 Comment Std carbon WV
3 Origin Varian
4 Spectrometer vamrs
5 Solvent dmso
6 Temperature 3.0
7 Experiment 1D
8 MNumber of Scans 256
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8 r
11 Lowest Frequency -2042.4
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
|
{
|
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 B0 50 40 30 20 10 -10

Figure 7. PC NMR spectrum of 1a
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Parameter
Title
Comment
Origin
Spectrometer
Solvent
Temperature
Experiment
Number of Scans

@~ s W —

w

10 Spectral Width

11 Lowest Frequency
12 Nucleus

13 Acquired Size

14 Spectral Size

Value
KM-salt2-1H
Std proton
Varian
vnmrs
dmso
30,0
1D
16

Spectrometer Frequency 500,02

8012.8
-997.4
H
16415
65536

F O

[

F ﬁ—o
F 0

2.336

=

8

T T T

B
1 (ppm)

Figure 8. 'H NMR spectrum of 1b

Parameter
Title
Comment
QOrigin
Spectrometer
Solvent
Temperature
Experiment
Number of Scans

@ e W —

w

10 Spectral Width

11 Lowest Frequency
12 Nucleus

13 Acquired Size

14 Spectral Size

Walue
KM-salt2-13C
Std carbon
Varian
vnmrs
dmso
30
1D
256

Spectrometer Frequency 125,74

30487.8
-2042.4
13C
39649
131072

— 4287
35,427

6 al o

3

T T T
220 210 200

T T T T T
180 180 170 160 180

T T T
120 110 100
1 (ppm)

T T
140 130

Figure 9. *C NMR spectrum of 1b
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Parameter Value

2322

1 Title KM-salt3-1H

2 Comment Std proton

3 Origin Varian

4 Spectrometer ynmrs

5 Solvent dmso

6 Temperature 30,0

7 Experiment 1D 0
8 MNumber of Scans 16 F Il
9 Spectrometer Frequency 500,02 F%S—O’
10 Spectral Width 8012.8 Il
11 Lowest Frequency -997.2 F 0
12 Nucleus H

13 Acquired Size 16415 HaC 1 CHs
14 Spectral Size 65536 \©/ \©/

x =
T Em=

1.85.
5

2
5.

T T T T T T T T T T T T T

B
1 (ppm)

Parameter Value 8

Iy
& PURE 8

1 Title KM-5alt3-13C § 838a g

2 Comment Std carbon | SNNZ

3 Origin Varian

4 Spectrometer ynmrs

5 Solvent dmso

6 Temperature 3.0

7 Experiment 1D 0

8 Mumber of Scans 176 R I

9 Spectrometer Frequency 125,74 F%—S—O'

10 Spectral Width 30487.8 ]

11 Lowest Frequency -2042,4 F [e]

12 Nucleus 13C

13 Acquired Size 39649 HaC. 1 CHa
14 Spectral Size 131072 \©/ U

T T T T T T

T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 HU( 100 90 80 70 B0 50 40 30

1 {ppm)
Figure 11. ®C NMR spectrum of 1c¢
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Parameter Value i 5

)
2
—2.302

1 Title KM-saltd-1H 'l' 'I'
2 Comment Std proton
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso F i
6 Temperature 30,0 i e
7 Experiment 1D B ﬁ o
8 Mumber of Scans 16 F 0
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -997.2 .
12 Nucleus H kgt { £k
13 Acquired Size 16415
14 Spectral Size 65536
CH, CH,
LJL
Jg 2z 3
T T T T T T v' : T T T T T T T
14 13 12 " 10 9 8 ; (B 5 4 3 2 1
1 (ppm

Figure 12. "H NMR spectrum of 1d

Parameter Walue g =3 & 4
1 Title KM-saltd-13C B o £
2 Comment Std carbon i Vi T
3 Origin Warian
4 Spectrometer YNMrs
5 Solvent dmso
6 Temperature 3.0 F, ﬁ
7 Experiment 1D > S
8 Number of Scans 84 3 ﬁ Q
9 Spectrometer Frequency 125,74 F o)
10 Spectral Width 30487.8 5
11 Lowest Frequency -2042.4 HsC CH,
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072

CHa CH,
|
|- .
T T T T T T T T T T T T T T T T T T T T

220 210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30

1 {ppm)

Figure 13. C NMR spectrum of 1d
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Parameter Value 29 b9 b
1 Title KM-salts-1H L ¥
2 Comment Std proton
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso
6 Temperature 30,0
7 Experiment 1D
8 Number of Scans 16 F ﬁ
9 Spectrometer Frequency 500,02 E 8§—0
10 Spectral Width 8012.8 I
11 Lowest Frequency -997.2 F 0
12 Nucleus H +
13 Acquired Size 16415 I
14 Spectral Size 65536

H.C CH,
HaC cH, HiC CH,
i ¥ b
i & &
T T T T T T T T T T T T T T
14 13 12 " 10 9 8 i (B 5 5 4 3 1 -1
ppm.
Figure 14. "H NMR spectrum of le

Parameter Value b 58 b g3
1 Title KM-salt5-13C b 8 & g 8 5
2 Comment Std carbon | | | |
3 Origin Varian
4 Spectrometer vmrs
5 Solvent dmso
6 Temperature 3.0
7 Exrpetiment 1D
8 Number of Scans 256 F ﬁ
9 Spectrometer Frequency 125,74 E 8§—0
10 Spectral Width 30487.8 ; I
11 Lowest Frequency -2042.4 F 0
12 Nucleus 13C T*
13 Acquired Size 39649
14 Spectral Size 131072 HiC CH,

HaC oty e CH,
|
| |
ot
T T T T T T T T T T T T T T T T T T T T T T T T

220 210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 1} -10

Figure 15.

1 {ppm)

BC NMR spectrum of le
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Parameter Value BBRIR S a8
I Title KM-salté-1H QEI WS
2 Comment Std proton
3 Origin Yarian
4 Spectrometer vmrs
5 Solvent dmso
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16 F 0
9 Spectrometer Frequency 500,02 Il
10 Spectral Width 8012.8 F%ﬁ S—0'
11 Lowest Frequency -997.2 ”
12 Nucleus H F
13 Acquired Size 16415 i
14 Spectral Size 65536
cl Cl
[
"N
i S
T T T T T T T T T T T T T T
14 13 12 " 10 9 8 B 5 4 3 1 -1
1 {ppm)
Figure 16. "H NMR spectrum of 1f
Parameter Value 48 @ ®
1 Title KM-salt6-13C 6n & B4
2 Comment Std carbon o |
3 Origin Yarian
4 Spectrometer vmrs
5 Solvent dmso
6 Temperature 3.0
7 Experiment 1D
8 MNumber of Scans 256 F o)
9 Spectrometer Frequency 125,74 Il
10 Spectral Width 30487.8 F%ﬁ S—0!
11 Lowest Frequency -2042.4 ”
12 Nucleus 13 FE @
13 Acquired Size 39649 i
14 Spectral Size 131072
cl Cl
|
I
| |
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 1} -10

1 (ppm)

Figure 17. ®C NMR spectrum of 1f
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Pararneter Value
1 Title KM-salt?-1H
2 Comment Std proton
3 Origin Warian
4 Spectrometer YNMrs F 0
5 Solvent dmso ||
B Temperature 30,0 F S—O0
7 Experiment 1D 1= "
8 Number of Scans 16 0
9 Spectrometer Frequency 500,02 cl i cl
10 Spectral Width 8012.8
11 Lowest Frequency -997.0
12 Nucleus 1H
13 Acquired Size 16415
14 Spectral Size 65536

il
E
T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 95 80 85 80 75 70 65 60 55 650 45 40 35 30 25 20 1.5 1.0 05 00 -1.0
f1 (ppm)
Figure 18. "H NMR spectrum of 1g

Parameter Value I
1 Title KM-salt7-13C [
2 Comment Std carbon y
3 Origin Warian
4 Spectrometer YNMrs
5 Solvent dmso
6 Temperature 3.0 0
7 Experiment 1D F ”
8 Number of Scans 168 F%S—O'
9 Spectrometer Frequency 125,74 |[
10 Spectral Width 30487.8 F 0
11 Lowest Frequency -2042.4 I
12 Nucleus 13C a ! cl
13 Acquired Size 39643
14 Spectral Size 131072

h) (
| O,
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 lf‘lD( II;CI 90 80 70 60 50 40 30 20 10 a -10
ppm.

Figure 19. ®C NMR spectrum of 1g
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1 Title KM-salt8-1H ] Y

2 Comment Std proton

3 Origin Warian

4 Spectrometer YAMrs

5 Solvent dmso 0

6 Temperature 300 F ”

7 Experiment 1D F%S—O’

8 Number of Scans 16 I

9 Spectrometer Frequency 500,02 F (o]

10 Spectral Width 8012.8

11 Lowest Frequency -996.5 Cl Cl
1H

12 Nucleus +
13 Acquired Size 16415 !
14 Spectral Size B5536

I

T T T T T T VV.I T T T T T
14 13 12 " 10 9 8 B 4 3
1 {ppm)
Figure 20. "H NMR spectrum of 1h
§ya88 %
IR
.
L
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 80 50
f1 (ppm)

Figure 21. *C NMR spectrum of 1h
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Parameter Value

1 Title KM-salt3-1H
2 Comment Std proton
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso
6 Temperature 30,0 0
7 Experiment 1D F ”
8 Mumber of Scans 16 F%S—'O'
9 Spectrometer Frequency 500,02 ||
10 Spectral Width 8012.8 F (o]
11 Lowest Frequency -997.0 -
12 Nucleus H !
13 Acquired Size 16415
14 Spectral Size 65536
Br Br
LT
T T T T T T T T T T T T T T
14 13 12 " 10 9 8 i (B 5 5 4 3 1 =4
ppm.
Figure 22. "H NMR spectrum of 1i
Parameter Value 89 2 H
1 Title KM-salt3-13C BE & 2
2 Comment Std carbon || |
3 Origin Yarian
4 Spectrometer vmrs
5 Solvent dmso
6 Temperature 3.0 0
7 Experiment 1D F ”
8 MNumber of Scans 256 F—>*S—-O'
9 Spectrometer Frequency 125,74 ||
10 Spectral Width 30487.8 F [o}
11 Lowest Frequency -2042.4 -
12 Nucleus 13 !
13 Acquired Size 39649
14 Spectral Size 131072
Br Br
1
!
Lo
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 1} -10

1 (ppm)

Figure 23. ®C NMR spectrum of 1i
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Parameter Value L8023

1 Title KM-salt10-1H WIS B
2 Comment Std proton i e g
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso
6 Temperature 30,0
7 Experiment ] F [o]
8 Mumber of Scans 16 I .
9 Spectrometer Frequency 500,02 F ﬁ_o
10 Spectral Width 8012.8 F 0
11 Lowest Frequency -997.2 o
12 Nucleus H |
13 Acquired Size 16415
14 Spectral Size 65536
F F
!
-
! Py
T T T T T T = T = T T T T T T T
14 13 12 " 10 9 8 ; (B 5 5 4 3 1 -1
1 (ppm
. 1 .
Figure 24. '"H NMR spectrum of 1j
Parameter Value 58 ae gl @i
1 Tile KM-salti0-13C | 83 58 8y
2 Comment Std carbon V1 Vv v V¥
3 Origin Yarian
4 Spectrometer vmrs
5 Solvent dmso
6 Temperature 3.0
7 Experiment 1D F [o]
8 MNumber of Scans 164 I .
9 Spectrometer Frequency 125,74 F ﬁ_o
10 Spectral Width 30487.8 F 0
11 Lowest Frequency -2042.4 s
12 Nucleus 13C |
13 Acquired Size 39649
14 Spectral Size 131072
F F
|
! 1
I Jod
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 1} -10

1 (ppm)

Figure 25. C NMR spectrum of 1j
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Parameter Value 28 @i
1 Title KM-salt11-1H F
2 Comment Std proton v v
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso
6 Temperature 30,0 F 0
7 Exrpetiment 1D " .
8 Mumber of Scans 16 F+S_O
9 Spectrometer Frequency 500,02 F (I)l
10 Spectral Width 8012.8
11 Lowest Frequency -996,2 i
12 Nucleus H
13 Acquired Size 16415 F F
14 Spectral Size 65536
F F
F F
A
T T T T T T T T T T T T T
14 13 12 " 10 9 8 B 5 3 1 =
1 {ppm)
Figure 26. 1H NMR spectrum of 1k
Parameter Walue 2asssaan
1 Title KM-sgalt11-13C Soismatals
2 Comment Std carbon VANV
3 Origin Warian
4 Spectrometer YNMrs
5 Solvent dmso
6 Temperature 3.0 E o)
7 Experiment 1D Il
8 Number of Scans 256 F%S—O'
9 Spectrometer Frequency 125,74 ||
10 Spectral Width 30487.8 F o]
11 Lowest Frequency -2042.4 12
12 Nucleus 13C
13 Acquired Size 39643 F)(O/ \O%
14 Spectral Size 131072
E F
F F
|
1"
LLLL
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 1} -10

Figure 27.

1 {ppm)

BC NMR spectrum of 1k
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Parameter Value s8eN 2880 &
1 Tile KM-salti2-1H Wy S %
2 Comment Std proton
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso
6 Temperature 30,0
7 Exrpetiment 1D F
8 Number of Scans 16 l_
9 Spectrometer Frequency 500,02 F_?_F
10 Spectral Width 8012.8 F
11 Lowest Frequency -997.2 s
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536 _CHa
? 0
CH,
J
T !
g g §
T T T T T T T T T T T
14 13 12 " 10 9 B 5 3 1
1 {ppm)
: 1
Figure 28. '"H NMR spectrum of 11
Parameter Walue & @ IS b 4
1 Title KM-salti2-13C | & & £ 8 @
2 Comment Std carbon | |
3 Origin Varian
4 Spectrometer vmrs
5 Solvent dmso
6 Temperature 3.0
7 Exrpetiment 1D E
8 Number of Scans 256 l_
9 Spectrometer Frequency 125,74 F—?'—F
10 Spectral Width 30487.8 F
11 Lowest Frequency -2042.4 s
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072 /CH3
(l) 0
CH,
1
|
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 -10

1 {ppm)

Figure 29. *C NMR spectrum of 11
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Parameter Value 858 & 2858 g2 a8
1 Tite KM-salti3-1H PP b B o e i
2 Comment Std proton N I s Il g
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02 F, ﬁ
10 Spectral Width 8012.8 E —0
11 Lowest Frequency -997.2 ” CH
12 Nucleus H F 0 N
13 Acquired Size 16415 14
14 Spectral Size 65536
HaC o]
R HaC CHa
[0}
|
|
|
(. i
g W b i 3
14 13 12 " 10 9 8 i B 5 4 3 1 1} -1
1 {ppm)
: 1
Figure 30. '"H NMR spectrum of 1m
Parameter Walue i 38 7RL8 Lo © oo m
1 Tile KM-salti3-13C | 3 gy Gmng mo 2 £z 2
2 Comment Std carbon i oSNy 1 1 1 “|' i
3 Origin Warian
4 Spectrometer YNMrs
5 Solvent dmso
6 Temperature 3.0
7 Experiment 1D
8 Number of Scans 256
9 Spectrometer Frequency 125,74 F 0
10 Spectral Width 30487.8 Il
11 Lowest Frequency -2042.4 F ﬁ_o
12 Nucleus 13 £ g CH,
13 Acquired Size 39643 P
14 Spectral Size 131072
HaC o]
Rl HaC CHs
[0}
!
|
1 I
ot
| [
J I “I | L
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 I:ID( I%Cl 90 80 70 60 50 40 30 20 10 o -0
ppm.

Figure 31. C NMR spectrum of 1m
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Parameter Value BE0S a2 Soe
1 Tile KM-saltl4-1H &) § & b
2 Comment Std proton =y l o
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02 o] CH,
10 Spectral Width 8012.8 %
11 Lowest Frequency -997.2 > o8 !
12 Nucleus H HL 0
13 Acquired Size 16415
1 :
14 Spectral Size 65536 H.C CHy
|
!

| 1'

| i l J

L i

oy T A T 3 &
T T T T T T - .v T T T T T
14 13 12 " 10 9 8 B 5 4 3 2

1 (ppm)
: 1
Figure 32. '"H NMR spectrum of 1n
Parameter Walue kit a @ o %% B
1 Title KM-salti4-13C | & RE 8 8 g G §
2 Comment Std carbon | | [ |
3 Origin Yarian
4 Spectrometer vmrs
5 Solvent dmso
6 Temperature 3.0 0
7 Experiment 1D JI R
8 MNumber of Scans 760 R SI—‘O
9 Spectrometer Frequency 125,74 F L
10 Spectral Width 30487.8
11 Lowest Frequency -2042.4
12 Nucleus 13 Ly
13 Acquired Size 39649
14 Spectral Size 131072 HaC
H.C CH,

T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 lf||D( Igﬂ 90 80 70 60 50 40 30
ppm.

Figure 33. *C NMR spectrum of 1n
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Parameter Value BB a ats
1 Title KM-salt15-1H TS 'i “"‘“)'
2 Comment Std proton
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16 F (o]
9 Spectrometer Frequency 500,02 || R
10 Spectral Width 8012.6 F%S—O _
11 Lowest Frequency -997.4 F |C|) 3
12 Nucleus H 1%
13 Acquired Size 16415
14 Spectral Size 65536
HsC
HaC CHay
o}
]

I

I J

s VR vl
T T T T T T T T T T T T T T

14 13 12 " 10 9 8 i B 4 3 1 -1
1 {ppm)

Figure 34. "'H NMR spectrum of 1o

w0 Nooarmoo N o

8 EMe N8 4 8 52 8

8 FiE88Hes 8 9 te oo

5 = o $ v a8 8

| SEVSIE L Vol

Parameter Value
1 Title KM-salt-15-13C
2 Comment Std carbon
3 Origin Varian
4 Spectrometer vnmrs E (o]
5 Solvent dmso ” .
6 Temperature 30 F $—0
7 Expetiment 1D F g CH,
8 Number of Scans 144
9 Spectrometer Frequency 125,74 1
10 Spectral Width 30487.8
11 Lowest Frequency -2042.4 I
12 Nucleus 13C HyC
13 Acquired Size 3949 HC CHs
14 Spectral Size 131072 0
. !
i
|| i “\’ | |
Wl
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 a0 30 20 10 0 -10

Figure 35. ®C NMR spectrum of 1o

f1 (ppm)
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Parameter Value 08 ELCTR RN
1 Title KM-salt16-1H LR US0LS T “l‘
2 Comment Std proton
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso
6 Temperature 30,0
7 Experiment 1D o
8 Mumber of Scans 16 F, I
9 Spectrometer Frequency 500,02 F%S—O’
10 Spectral Width 8012.8 Il
11 Lowest Frequency -997.2 F 0 CHa
12 Nucleus H +
13 Acquired Size 16415 !
14 Spectral Size 65536
HaC CH,
!
Litil J
bl % 3
B B 5 N
T T T T T T T T T T T T T T T
14 13 12 " 10 9 8 B 4 3 2 1 -1
1 {ppm)
Figure 36. "H NMR spectrum of 1p
Parameter Value g28599na801 &
I Title KM-saltl6-13C EEEEEEES S . G &
2 Comment Std carbon V2 | N2+ | (-
3 Origin Yarian
4 Spectrometer vmrs
5 Solvent dmso
6 Temperature 3.0
7 Exrpetiment 1D o
8 MNumber of Scans 256 F, I
9 Spectrometer Frequency 125,74 F%S—O’
10 Spectral Width 30487.8 Il
11 Lowest Frequency -2042.4 F 0 CHa
12 Nucleus 13C -
13 Acquired Size 38649 {
14 Spectral Size 131072
HaC CH,
I
|
| I
| | |
i
I\ | ‘ lH o
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 1} -10

1 (ppm)

Figure 37. C NMR spectrum of 1p
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Parameter Value

i85 8 3g g d
1 Title KM-salt17-1H> s = owo o
2 Comment Std proton v | [
3 Origin Yarian
4 Spectrometer YNmrs
5 Solvent dmso
6 Temperature 30,0 B 0
7 Experiment 1D ||
8 Number of Scans 16 F%S—U
9 Spectrometer Frequency 500,02 E y}
10 Spectral Width 8012.8 CHa
11 Lowest Frequency -997.2 -
12 Nucleus H I
13 Acquired Size 16415
14 Spectral Size 65536
(0] H,C CH,
1
|
!
'
! L 1! d
T T T T T T T T T T T T T
14 13 12 " 10 9 8 B 4 3 1 -1
1 {ppm)
Figure 38. '"H NMR spectrum of 1q
Parameter Value 8 3 888 BlEoo: 8 2 8
1 Title KM-salt!7-13C 8 8 8 s 3
2 Comment Std carbon [ | |
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent dmso
6 Temperature 30 o
7 Experiment 1D F ”
8 Number of Scans 84 F —0
9 Spectrometer Frequency 125,74 || CH
10 Spectral Width 30487.8 F 0 2
11 Lowest Frequency -2042.4 (8
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
(0} H.C CH;
| 1 1
| h i
| \ | l | |
Ll | | |
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 B0 50 40 30 20 10 o -10

f1 (ppm)

Figure 39. *C NMR spectrum of 1q
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w

8338053888588882 82588y £
Parameter Valus N S -'\'q" w b
1 Tite 2-phenoxysthanol
2 Comment Std proton o
3 Origin Varian \/\OH
4 Spectrometer vAmss
5 Solvent cdcld
6 Temperature 80.0
7 Experiment D
8 Number of Scans 16
9 Spectrometer Frequency 500.02
10 Spectral Width 80128
11 Lowest Frequency -1010.2
12 Nucleus H
13 Acguired 16415
14 Spectral Size 65536
[
|
A l
g 48 b T
T T T T T T T T T T T T T T T T T T T T T T T
105 100 895 9.0 85 80 75 720 65 60 55 &0 8 40 35 3.0 25 20 1.5 1.0 05 00 -05
f1 {ppm)
Figure 40. '"H NMR spectrum of 3a
Parameter Value & i o2 0 @
1 Title KM_Product_1_13C_1D_org | & & & ! @ :
2 Comment KM_Product_1_13C_1D | | |- | |
2017-05-23
3 Origin Varian
4 Spectrometer inova 0
5 Solvent cdel3 \/\OH
6 Temperature 25,0
7 Experiment 10
8 Number of Scans 256
9 Spectrometer Frequency 125,64
10 Spectral Width 314095
11 Lowest Frequency -1891,6
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
1
I
|
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 i I(ID 5 100 90 80 7 B0 50 40 30 20 10 o -10
ppm.

Figure 41. ®C NMR spectrum of 3a
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Parameter Value Gmmane DaRBREIYS 3 588

1 Tite S-methyl S0 w6 o L N e

2 Comment Std proton v I

3 Origin Yarian

4 Spectrometer ynmrs 0

5 Solvent cdel3 ~"Son

6 Temperature 30,0

7 Experiment 1D

8 Mumber of Scans 16

9 Spectrometer Frequency 500,02

10 Spectral Width 8012.8

11 Lowest Frequency -1005.5

12 Nucleus H

13 Acquired Size 16415

14 Spectral Size 65536

LLl h |
6
i g 1 5§

T T T T T T T T - T T T T T T T T T T T T T T T

105 100 95 3.0 85 80 7.5 7.0 65 B0 55 5.0 45 40 35 30 25 20 1.5 1.0 05 0.0 -0E
1 (ppm)

: 1

Figure 42. '"H NMR spectrum of 3b
Parameter Value & a8 a g o g

1 Title KM_Product-213C_1D_org | & 88 2 g = o

2 Comment KM_Product_2_13C_1D | / | | |
2017-05-23
3 Origin Varian
4 Spectrometer inova
5 Solvent cdel3 0
6 Temperature 250 \/\QH
7 Experiment 1D
8 Number of Scans 256
9 Spectrometer Frequency 125,64 H.C
10 Spectral Width 314095
11 Lowest Frequency -1878.7
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
I
|
|

T T T T T T T T T T T T T T T T T T T T T T T T

230 220 210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 B0 50 40 30 20 10 o -10

1 (ppm)

Figure 43. "C NMR spectrum of 3b

- 146 -



Parameter

Value

1988 I
1 Title 3-methylreal Ld9ss o
2 Comment Std proton =
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3 H,C 0.
6 Temperature 300 \/\OH
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1012.9
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
1
| [
|
!
| N |
TN 11 !
T T T T T T T : T T T T T - 'v T T T T T T T T
0.0 95 9.0 85 8.0 o] 7.0 65 6.0 55 50 45 40 35 3.0 25 2.0 1.5 1.0 05 0.0
1 {(ppm)
: 1
Figure 44. '"H NMR spectrum of 3c
Parameter Value a B a2 & 83 3 3 o
1 Title KM_Product.3_13C_1D_org | & 3 A N i £ &
2 Comment KM_Product_3_13C_1D | | | | |
2017-05-23
3 Origin Varian
4 Spectrometer inova
5 Solvent cdel3 H.C 0
6 Temperature 250 g \/\OH
7 Experiment 1D
8 Number of Scans 256
9 Spectrometer Frequency 125,64
10 Spectral Width 314095
11 Lowest Frequency -1863.8
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
!
|
|
T T T T T T T T T T T T T T T T T T T T T T T T
230, 220 210 200 190 180 170 160 150 140 130 120 EID ) 100 90 80 70 B0 50 40 30 20 10 -10
1 (ppm.

Figure 45. ®C NMR spectrum of 3¢
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Parameter Value a8 gx2aRz93s 38322
1 Tite 170626-3 666 RRRSPEL ain e o
2 Comment Std proton
3 Origin Yarian
4 Spectrometer vamrs HaC. o}
5 Solvent cdela oy
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02 CH
10 Spectral Width 8012.8 3
11 Lowest Frequency -1005.8
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
Mo
ba ik &
T T T T T T T T - T T T T T - |. T T T T T T T T
105 100 95 a0 85 8.0 75 7.0 65 6.0 55 5.0 45 4.0 35 30 25 2.0 115 1.0 0.5 00 -05
1 (ppm)
: 1
Figure 46. '"H NMR spectrum of 3d
Parameter Value 2 2 4 © [FR 2
1 Title KM-product23 @ 8 ke o & ¢ =
2 Comment Std carbon | |
3 Origin Varian
4 Spectrometer vnmrs
5 Solvent cdcl3 H,C o
6 Temperature 30 S~
7 Experiment 1D
8 MNumber of Scans 256
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8 CH
11 Lowest Frequency -2042.5 2
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
!
1
1 1
1
| L
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1]0( 100 90 80 70 B0 50 40 30 20 10 0 -10
f1

ppm)

Figure 47. C NMR spectrum of 3d
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Parameter Value 2ea 2o EegyBLe 3 2
1 Title d-tertbutylreal e s T
2 Comment Std proton >t
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3 0
6 Temperature 300 \/\OH
7 Exrpetiment 1D H,C
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02 H.C
10 Spectral Width 8012.8 3 CH,
11 Lowest Frequency -1013.3
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536

]
[
: lh . ;
B3 11 i !
T T T T T T T - T T T T T T V‘ T T T T T T T T
105 100 95 9.0 85 8.0 7.5 7.0 6.5 6.0 5:5 50 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -0t
1 (ppm)
: 1

Figure 48. '"H NMR spectrum of 3e

Parameter Value 8 a & b 2 0o
1 Tile KM_Product 4_13C_{D_org | q H : g o S
2 Comment KM_Product_4_13C_1D | | | |1

2017-05-23
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
6 Temperature 250 0\/\OH
7 Experiment 1D
8 Number of Scans 256 HsC
9 Spectrometer Frequency 125,64
10 Spectral Width 314095 HaC
11 Lowest Frequency -1882.0 CHa
12 Nucleus 13C !
13 Acquired Size 32768
14 Spectral Size B5536
'
'
i I
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120 1(1!3 ) 100 90 80 70 B0 50 a0 30 20 10 0 -10
1 (ppm.

Figure 49. "C NMR spectrum of 3e
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mwa o
BAEBES

Y E % G im e
g
Parameter Walue
1 Title 170403-3
2 Comment Std proton
3 Origin Varian O\/\
4 Spectrometer YNMIs OH
5 Solvent cdcl3
B Temperature 300 cl
7 Experiment 10
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width a012.8
11 Lowest Frequency -1005,0
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size B5536
1
|
S ) d

T T T T T T T T T T T T T T T T T T T

105 100 85 90 85 B8O 75 70 65 60

65 &0 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

Figure 50. "H NMR spectrum of 3f

Paramneter Value B a8 g o o=
1 Tite KM_Product_5_13C_1D_org | i 28 = & w
2 Comment KM_Product_5_13C_1D | || | | |

2017-05-23
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
B Temperature 25,0
7 Experiment 1D
8 Number of Scans 256
9 Spectrometer Frequency 125,64 0\/\OH
10 Spectral Width 314095
11 Lowest Frequency -1869,6
12 Nucleus 13C cl
13 Acquired Size 32768
14 Spectral Size B5536
1
!
|
|
1 ' l

T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 B0 50 40 30 20 10 o -10

f1 {ppm)

Figure 51. ®C NMR spectrum of 3f
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Figure 53.

BC NMR spectrum of 3g
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Parameter Valve EESAYERTIINE2ARe 2 nan, ge8es8s
1 Title 1704081 1 1101616 1616 16 1616 1616 16,16 16 0 16 1610 1616 RERLLE ai
2 Comment Std proton o
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3 cl 0.
6 Temperature 300 \/\OH
7 Expetiment 1D
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1005.8
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
|
'
" A
uioul a7 o
3 Gao e b
T T T T T T T T T T T T T T T T T T T T T T T
105 10.0 8.5 9.0 85 8.0 75 7.0 8.5 6.0 55 5.0 45 40 35 30 25 2.0 15 1.0 0.5 0.0 -0.!
1 (ppm)
Figure 52. "H NMR spectrum of 3g
Parameter Value bl 58 8 aa 2 @
1 Title KM_Product 6_13C_1D_org & 8 & 2P a :
2 Comment KM_Product_6_13C_1D | (| T | |
2017-05-24
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcl3
B Temperature 25,0
7 Experiment 1D
8 Number of Scans 266 ¢ O
9 Spectrometer Frequency 125.64 OH
10 Spectral Width 314095
11 Lowest Frequency -1866,7
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
|
|
1
1
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 i !IU ) 100 90 80 70 60 50 40 30 20 10 0 -10
ppm.



wooar dane OB BRNNOBY O mao® snowaon
EEEEE R R SRR R R EEEE a1
itk i s dh ) Q\W»“
Parameter Value
1 Title 170508-1
2 Comment Std proton Cl
3 Origin Varian 5
4 Spectrometer ynmrs
5 Solvent cdcl3 \/\OH
B Temperature 300
7 Experiment 10
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width a012.8
11 Lowest Frequency -1005,0
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size B5536
!
1
3 & i1

G . o

T T T T T T
105 100 85 9.0 85 8.0 7B 7.0 6.5 6.0 55 5.0 45 4.0 35

"1 (ppm)

: 1

Figure 54. '"H NMR spectrum of 3h
Parameter Value ki Be8 @ e
1 Title KM_Product_7_13C_1D_org w ghkEs o :n
2 Comment KM_Product_7_13C_1D | i | |
2017-05-24
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
B Temperature 25,0
7 Experiment 1D
8 Number of Scans 256
9 Spectrometer Frequency 125,64 Cl
10 Spectral Width 314095
11 Lowest Frequency -1866,7 0.
12 Nucleus 13C \/\OH
13 Acquired Size 32768
14 Spectral Size B5536
1
!
| ‘ i ‘
|

T T T T T T T T T T T T T T T T T

230, 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

1 (ppm)

Figure 55. *C NMR spectrum of 3h
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Parameter Value §33553%2228 g2insgsay §ad
1 Tite 170426-1 P e ] § 1 e e e e e
2 Comment Std proton ER W
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3 fo)
6 Temperature 30,0 \/\OH
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02 Br
10 Spectral Width 8012.8
11 Lowest Frequency -1005,3
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
4
/
( 1

T T T T T T v‘ T - T T T T T T T T T T T T T T T

05 100 85 90 85 80 75 70 65 60 655 60 45 40 35 30 25 20 1.5 1.0 05 00 -05
1 (ppm)

. 1 .

Figure 56. '"H NMR spectrum of 3i
Parameter Value 2 54 az 3 o
1 Title KM_Product 9_13C_1D_org | & o 22 @ :
2 Comment KM_Product_9_13C_1D | || | |
2017-05-24
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
B Temperature 25,0
7 Experiment 1D
8 Number of Scans 256
9 Spectrometer Frequency 125,64 o}
10 Spectral Width 314095 \/\OH
11 Lowest Frequency -1874.4
12 Nucleus 13C Br
13 Acquired Size 32768
14 Spectral Size B5536
|
|
!
(

T T T T T T T T T T T T T T T T T T T T T T T T T

230 220 210 200 190 180 170 160 180 140 130 120 !HJ ) 100 90 80 70 B0 50 a0 30 20 10 0 -10
1 (ppm.

Figure 57. ®C NMR spectrum of 3i
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28833843 05558550858888538 8833888 &
Parameter Valle - o1 916 w910 10 60 161 101 016 10 60 540 160 ijdiy e
| Tite 170424-3 g T
2 Comment Std proton
3 Origin Varian o
4 Spectrometer Ymrs \/\OH
5 Solvent cdel3
B Temperature 30,0
7 Experiment 1D F
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1005.0
12 Nucleus 1H
13 Acquired Size 16415
14 Spectral Size 65536
1
2z ol 3
e i b
T T T T T T T T T T T T T T T T T T T T
100 85 8.0 85 80 75 7.0 65 6.0 5.0 45 4.0 35 3.0 2.5 2.0 1.5 05 -05
f1 (ppm)
Figure 58. "H NMR spectrum of 3j
Parameter Value HE Elm? E B
1 Title KM_Product_8_13C_1D_org B8 sees g @
2 Comment KM_Product_8_13C_1D *
2017-05-24 Red ! !
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
B Temperature 25,0
7 Experiment 1D
8 Nurnber of Scans 256 0\/\
9 Spectrometer Frequency 125,64 OH
10 Spectral Width 314095
11 Lowest Frequency -1872.4 F
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
!
!
T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 B0 50 40 30 10 -10

1 (ppm)

Figure 59. C NMR spectrum of 3j
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Parameter Value g5 88 2aucEad g8
1 Tite 170428-3 ,,\,/, P Gauddmm N
2 Comment Std proton
3 Origin Yarian
4 Spectrometer vnmrs o
5 Solvent cdcl3 g
6 Temperature 30,0 F
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02 E o
10 Spectral Width 8012.8
11 Lowest Frequency -1005.5
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
|
[
i iy
2 8 28 &
105 100 85 90 85 80 75 70 65 60 50 45 40 35 30 25 20 05 -05
1 (ppm)
: 1
Figure 60. '"H NMR spectrum of 3k
g KRR ABRAR i 8
| =N I
Parameter Value
1 Title KM_Product_10_13C_1D_org
2 Comment KM_Product_10_13C_1D
2017-05-24
3 Origin Warian 0
4 Spectrometer inova \/\OH
5 Solvent cdel3 F
6 Temperature 2.0
7 Experiment 1D
8 Number of Scans 256 F E
9 Spectrometer Frequency 125,64
10 Spectral Width 314095
11 Lowest Frequency -1862.9
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size 65536
!
| '
| I
1 i
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120 100 S0 80 0 60 50 40 30 20 10 -10

1o
1 (ppm)

Figure 61. C NMR spectrum of 3k
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Parameter Value Bgasggasadn 852238
1 Title 170517-2 L bl AN
2 Comment Std proton
3 Origin Yarian
4 Spectrometer vnmrs 0
5 Salvent cdel3 \/\OH
6 Temperature 30,0
7 Experiment 1D 0
8 Mumber of Scans 16 ]
9 Spectrometer Frequency 500,02 CH,
10 Spectral Width 8012.8
11 Lowest Frequency -1005.8
12 Nucleus 1H f
13 Acquired Size 16415
14 Spectral Size 65536
T T T T T T T T T T T T T T T T T T T T T T
105 100 895 8.0 85 80 7.5 65 6.0 50 45 4.0 35 30 2.5 2.0 1:5 1.0 0.5 00 -05
1 {ppm)
Figure 62. '"H NMR spectrum of 3l
Parameter Value B a3 I g w
I Tile KM-product2d s 22 P o8
2 Comment Std carbon \/ \/ | |
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3 o
6 Temperature 30
7 Experiment 10 \/\OH
8 MNumber of Scans 512
9 Spectrometer Frequency 125,74 o
10 Spectral Width 30487.8 |
11 Lowest Frequency -2039.9 CHa
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
)
|
!
| ||| .
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 1200 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Figure 63. *C NMR spectrum of 31
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1 Title 170428-1 @ i - 5 S I I B R ol e e e e
2 Comment Std proton l -
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3 0
6 Temperature 30,0 \/\OH
7 Experiment 1D e o
8 Number of Scans 32 B
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8 o
11 Lowest Frequency -1004.0
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
!
[
J\_A U
Vi L 148 i it
T T T T T ‘l T " T T T T = NI T T T “v T = T T T T
106 100 95 90 85 80 75 70 65 60 50 45 40 35 30 25 2.0 15 1.0 0.5 00 -05
1 (ppm)
: 1
Figure 64. '"H NMR spectrum of 3m
@ - ' s ©
o5 R g 2 g ey 8
B89 o B A a e i
Parameter Value | | | | |
1 Title KM-product2?
2 Comrment Std carbon
0
3 Origin Varian \/\OH
4 Spectrometer ynmrs
5 Solvent cdel3 H,C 0.
6 Temperature 30 ~
7 Exrperiment 10
& Number of Scans 512 0
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042,5
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
|
I
|
|
| ‘
| i
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 lfl'U‘ ??U 90 80 70 60 50 40 30 20 10 0 -10
PR,

Figure 65. *C NMR spectrum of 3m
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CEEERREREEERR P E N
§o i i e o
d ybs
Parameter Value

1 Title 170619-1 0

2 Comment Std proton

3 Origin Varian

4 Spectrometer vnmrs 0 O\/\QH

5 Solvent cdcel3

6 Temperature 30,0

7 Experiment 1D HiC

8 Number of Scans 32

9 Spectrometer Frequency 500,02

10 Spectral Width 80128

11 Lowest Frequency -1002.8

12 Nucleus 1H

13 Acquired Size 16415

14 Spectral Size 65536

H ill £.d

Mmre i 7y g
38 2 & N & N

T T T T T T T T T T T T

T T T T
105 10,0 85 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45
f1 (ppm)

Figure 66. "H NMR spectrum of 3n

g & 28 83 = B8]
5 B 58 Hg ¥ B oo
Pararneter Value l ! A red ! v

1 Title KM-product28 o

2 Comment Std carbon

3 Origin Varian

4 Spectrorneter YNMIs 0 OV\OH

5 Solvent cdel3 J

6 Temperature 30

7 Experiment 10 H,C

8 Mumber of Scans 304

9 Spectrometer Frequency 125,74

10 Spectral Width 30487.8

11 Lowest Frequency -2042.5

12 Nucleus 13C

13 Acquired Size 39643

14 Spectral Size 131072

14,435

T T T T T T T

T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 I’IID( 1 l}D a0 80 70 60 50 40 30
ppm.

Figure 67. *C NMR spectrum of 3n
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Parameter

Walue

o

1 Tite 170826-2 © R R aini ninie
2 Comment Std proton
3 Origin Yarian
4 Spectrometer vnmrs {0}
5 Solvent cdcl3 ~"on
6 Temperature 30,0 HaC
7 Experiment 1D 2
8 Mumber of Scans 32
9 Spectrometer Frequency 500,02 0
10 Spectral Width 8012.8
11 Lowest Frequency -1002.8
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
i
1 1 1 i B
105 100 95 90 85 80 25 720 65 60 55 &0 45 40 35 30 25 20 1.5 1.0 05 00 -0F
1 {ppm)
: 1
Figure 68. '"H NMR spectrum of 30
3 g R 8 g 8 5
] g 8 b g o g
| | [ |
Parameter Value
1 Title KM-praduct2s 0\/\OH
2 Comment Std carbon
3 Origin Varian H.C
4 Spectrometer Ynmrs
5 Solvent cdel3
6 Temperature 30 (0]
7 Experiment 1D
8 Number of Scans 512
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
I
|
|
!
|
1
] |
-
T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 I1D( 1?0 90 80 70 60 50 a0 30 20 10 -10
1 (ppm

Figure 69. 13C NMR spectrum of 30
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Parameter Value | BIRgSENSEEE Agmessn 282
1 Title 170522-1 LQ\\:AW\; \\\\MV”; "‘\“")'
2 Comment Std proton
3 Origin Yarian
4 Spectrometer ynmrs 0.
5 Solvent cdela oy
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1006,0
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
1
e I 7
T T T T T T v‘ vI T T T T T T T T T T T T T T T
105 100 85 9.0 85 8.0 7.5 7.0 6.5 6.0 5. 50 45 4.0 35 30 25 2.0 L5 1.0 0.5 00 -0!
1 {(ppm)
- 1
Figure 70. '"H NMR spectrum of 3p
Parameter Value 2 & 2 el 2 i o
1 Title KM-product2s o g & 8L 2 @ :
2 Comment Std carbon | | N/ | |
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30
7 Experiment 10 [0}
8 MNumber of Scans 512 \/\OH
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
i
! |
| | |
| Ll L.
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 10 180 170 160 150 140 130 120 IID< I?D 90 80 70 60 50 40 30 20 10 -10
1 (ppm.

Figure 71. *C NMR spectrum of 3p
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Parameter Walue
1 Title 170629-1
0.

2 Comment Std proton \/\OH

3 Origin Varian

4 Spectrometer Yynmrs

5 Solvent cdcl3 0

B Temperature 30,0

7 Exrperiment 1D

8 Mumber of Scans 16

9 Spectrometer Frequency 500,02

10 Spectral Width 80128

11 Lowest Frequency -1005,8

12 Nucleus H

13 Acquired Size 16415

14 Spectral Size B5536

l
!
& AT s i
pE: ae 3
T T T T T T T T T T T T T T T T T T T T
105 100 85 80 85 80 75 70 B5 60 65 50 40 35 30 25 20 15 1.0 05 -05
f1 (ppm)
: 1
Figure 72. '"H NMR spectrum of 3q
§8p g @338 g 2
Bdg g fare g 5
N (RN |
Parameter Value v o " !

I Tile KM-productzg S~ N

2 Comment Std carbon

3 Origin Varian

4 Spectrometer vnmrs (0]

5 Solvent cdcl3

6 Temperature 30

7 Experiment 1D

8 Number of Scans 608

9 Spectrometer Frequency 125,74

10 Spectral Width 30487.8

11 Lowest Frequency -2039.9

12 Nucleus 13C

13 Acquired Size 39643

14 Spectral Size 131072

I
|
A |
1L
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 lfl‘D( T?U 90 80 70 60 50 40 30 20 10 -10
PR,

Figure 73. *C NMR spectrum of 3q
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Parameter Value
1 Title 2-phenoxypropanol
2 Comment Std proton
3 Origin Varian
4 Spectrometer vnmrs O\/\/OH
5 Solvent cdcl3
E Temperature 30,0
7 Experiment i[o]
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012,8
11 Lowest Frequency -1007.2
12 Mucleus H
13 Acquired Size 16415
14 Spectral Size 65536

2 by J

1981
2381
0.6

T T T T T T T T T T T T T T

T T T T T
105 100 95 90 85 80 75 720 65 60 655 50 45 40 35 30 25 20 15
1 (ppm)

Figure 74. "H NMR spectrum of 4b

Parameter Value a a8 g o a = o
I Title Product!_13C_1D_org | & g 83 2 8 g 5
2 Comment Product!1_13C_1D | | | |
2017-06-26
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
B Temperature 25,0
7 Experiment 1D
8 Number of Scans 256
9 Spectrometer Frequency 125,63 O\/\/OH
10 Spectral Width 314095
11 Lowest Frequency -1886.4
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
|
. | |
I ‘ ‘
T T T T T T T T T T T T T T T T T T T T
230, 220 210 200 190 180 170 160 150 140 130 120 110 100 =] 80 70 B0 50 40

1 (ppm)

Figure 75. *C NMR spectrum of 4b
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4.021

b
Parameter Value
1 Title 2-phenaxybutanol-1
2 Comment Std proton
3 Origin Varian
4 Specrometer vnmrs 0\/\/\0H
5 Solvent cdeld
6 Temperature 30.0
7 Experiment 10
8 Number of Scans 16
9 Specrometer Frequency 500.02
10 Spacral Width 80128
11 Lowest Frequency -1007.0
12 Nucleus 1H
13 Acquired Size 16415
14 Specral Size €553

£ 7 o Pt
% @ 2 a aam
T T T T T T T T T T T T T T T T T T - T T T T
105 100 95 9.0 8.5 8.0 75 70 65 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05
1 {ppm)
: 1
Figure 76. '"H NMR spectrum of 4c
Parameter Value a b s &2
1 Title Product12_13C_1D_arg & 2 8 i
2 Comment Product12_13C_1D T 'l' "' “' 'I'
2017-06-
3 Origin Varian
4 Spectrometer inova
5 Solvent cdel3
B Temperature 25,0 0
7 Experiment 1D \/\/\OH
8 Number of Scans 256
9 Spectrometer Frequency 125,63
10 Spectral Width 314095
11 Lowest Frequency -1886,4
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
|
1
I I
t
!
I | ‘
T T T T T T T T T T T T T T T T T T T T T T T T
7860 7840 7820 7800 7780 7760 i )7740 7720 7700 7680 7660 7640
ppm.

Figure 77. PC NMR spectrum of 4¢
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Parameter Value
1 Title 170417-3
2 Comment Std proton
3 Origin Varian O\/\/\/OH
4 Spectrometer YAMrs
5 Solvent cdcl3
E Temperature 30,0
7 Experiment i[o]
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1006.5
12 Mucleus H
13 Acquired Size 16415
14 Spectral Size 65536

1

g 1 !

Y
o o a o e
8 8 2 B UGG
v o oo ainini

T T T T T T T T T T T T T T T T T T

T T T T T
105 100 85 80 85 B8O 75 70 65 B0 65 5 40 35 30 25 20 15 .0 05 00 -05

50 4.
11 (ppm)

Figure 78. "H NMR spectrum of 4d

Parameter Value 8 b 0 B . 8 am e
1 Title Product13_13C_1D_org @ H 8 2 5o :;,5\,, R;
2 Comment Product13_13C_1D | [ | Ik )

2017-06-26
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
B Temperature 25,0
7 Experiment 1D
8 Number of Scans 256 0 OH
9 Spectrometer Frequency 125,63 \/\/\/
10 Spectral Width 314095
11 Lowest Frequency -1886.4
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
I
1
|
T T T T T T T T T T T T T T T T T T T T T T T T

230 220 210 200 190 180 170 160 150 140 130 120 " !gpnm)wo =] 80 70 B0 50 40 30 20 10 o -10

Figure 79. ®C NMR spectrum of 4d
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Parameter

G@wonnd .

Walue

ar ros , .
23 BIHBnS ) ) &
1 Title 170307-2 & > % 7 ! 1
2 Comment Std proton i H
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3 CH
6 Temperature 30,0 SCH
7 Experiment 10 0\)</30H
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1007.0
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
|
|
JE—
i o 11 v !
T T T T T T T T T T T T T T T T T T T T T T T
105 100 85 90 85 80 75 70 65 60 &5 50 45 40 35 30 25 20 145 1.0 05 00 -05
1 {ppm)
Figure 80. '"H NMR spectrum of 4e
Parameter Value & @ 4 o & .
1 Title Product!6_13C_1D_org b & 48 5 =
2 Comment Product16_13C_1D [ | | |
2017-06-27
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
B Temperature 25,0
7 Experiment 1D
8 Number of Scans 256 HAC CHy
9 Spectrometer Frequency 125,63 O\X/OH
10 Spectral Width 314095
11 Lowest Frequency -1886.4
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
]
I
1 |
!
) "
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 " !;lpnm) 100 =] 80 70 B0 50 40 30 20 10 o -10

Figure 81. ®C NMR spectrum of 4e

- 165 -



Parameter Value 2355aRnggYagaaARz g g8k geas
1 Title 171013-55 2 111010 15101816 16 16 161616 16,16 16 10 10 & S i
e e
2 Comment Std proton W
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16 o CHEOH
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1007.5 CH,
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
|
L |
o3 s 7.4
T T T T T T T T T T T T T
14 13 12 11 10 El 8 [} 4 3 2
1 (ppm)
Figure 82. '"H NMR spectrum of 4f
Parameter Yalue o 2 8 8 5 o w
1 Title 171013-55-13C 8 § & 6 a & e
2 Comment Std carbon | | | | |
3 Origin Varian
4 Spectrometer ynmrs OH
5 Solvent cdcl3 o CHa
6 Temperature 30
7 Experiment 10 \/\‘/
8 Number of Scans 372 CH,
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2023.0
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072

T T T T T T T T T T T T T T T T T T
220 210 200 10 180 170 160 150 140 130 120 IIIII< I?D 90 80 70 60 50 40
f1 (ppm.

Figure 83. *C NMR spectrum of 4f
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Parameter Value
1 Title 170510-1
2 Comment Std proton
3 Origin Varian
4 Spacrometer vnmrs
5 Solvent cdeld
6 Temperature 0.0
7 Experiment 10
8 Number of Scans 16
9 Specyometer Frequency 500.02
10 Specral Width 80128
11 Lowest Frequancy -1007.5
12 Nucleus 1H
13 Acquired Size 16415
14 Specral Size E5536
1
1 oK
c A s ot by by
T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 BS5 8.0 75 0 6.5 6.0 5.5 5.0 45 4, 3.5 3.0 25 15 1.0 0.5 0.0 -05
1 {ppm)
- 1
Figure 84. '"H NMR spectrum of 4g
Parameter Value 8 8 5 8 g 2 B3
1 Tille Product!5_13C_1D_arg i g 5= 3 R o w
2 Comment Product15_13C_1D | (I | | ||
2017-06-26
3 Origin Varian
4 Spectrometer inova
5 Solvent cdel3
B Temperature 25,0
7 Exrperiment 10
8 Number of Scans 256
9 Spectrometer Frequency 125,63
10 Spectral Width 314095 oH
11 Lowest Frequency -1886,4
12 Nucleus 13C CH,
13 Acquired Size 32768
14 Spectral Size 65536 CH,
I
| |
|
|
I 1 ’
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 i 210 i 100 8 8 70 B0 50 4D 30 20 10 o -0
ppm.

Figure 85. *C NMR spectrum of 4g

- 167 -



BN On L ENO OB BN G Ceayaaman- LY E o @oeoIOL g maon
SREEA8Y BEE8883a33 2888 BABHELEEIR i 8N LnBBBREBRBBLLHLE
& 65161616 11 1614616 1646 1616 1616 EEEEEER e R niniei e - b
e Y]
Parameter Walue
1 Title 1703081 OH
2 Comment Std proton
3 Origin Varian 0,
4 Spectrometer YNMIs
5 Solvent cdcl3
B Temperature 300
7 Experiment 10
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width a012.8
11 Lowest Frequency -1006,5
12 Nucleus H
13 Acquired Size 16415 rovawooor @0 o
14 Spectral Size 65536 383a5aaas LEL]
(A, LW\";
| Iu
AN VAMAMAT
—e A.|‘ —_—
T T & T T T
1.95 1.90 1.85 1.80 1.75
; 1 (ppm)
1
{
/
[
| I
|
/
L
r o 1o § PR
& & il S 9
T T T T T T T T T T T T T T T T T T T T T T T
105 100 95 80 85 80 75 70 65 60 &5 60 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)
: 1
Figure 86. '"H NMR spectrum of 4h
Parameter Value 2 a 3 8 kg @
1 Tile Product17-13C_1D_org 5 3 8= - 5§ o
2 Comment Product17_13C_1D | || (. i8] |
2017-06-27
3 Origin Varian
4 Spectrometer inova
5 Solvent cdel3
6 Temperature 25,0 oH
7 Experiment 10 o,
8 Number of Scans 256
9 Spectrometer Frequency 125,63
10 Spectral Width 314095
11 Lowest Frequency -1886,4
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
|
|
| | 1y
| |
| I
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 i EiD 5 100 80 80 70 60 50 40 30 20 10 -10
ppm.

Figure 87. *C NMR spectrum of 4h
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Parameter Value 1 01616 1610 16 610 PR I R e i ey Y
| Tite 170420-1 =
2 Comment Std proton
3 Origin Varian OH
4 Spectrometer wnmrs 0,
5 Solvent cdel3
B Temperature 30,0
7 Experiment 1D o
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1005.8
12 Nucleus 1H
13 Acquired Size 16415
14 Spectral Size 65536
| Ll
1 $ 1 I £
Roee 78 2338 &
T T T T T T T T T T T T T T T T T T T T T T T
105 100 85 8.0 85 80 75 70 65 60 65 50 45 40 35 30 25 20 1.5 1.0 05 0o -05
f1 (ppm)
Figure 88. "H NMR spectrum of 4i
Parameter Value 2 2 & = Z88s
1 Title Product18_13C_1D_org o & 8 2 P
2 Comment Product18_13C_1D
2017-06-27 l I a
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
B Temperature 25,0
7 Experiment 1D
8 Number of Scans 256 OH
9 Spectrometer Frequency 125,63
10 Spectral Width 314095 0.
11 Lowest Frequency -1886.4
12 Nucleus 13C
13 Acquired Size 32768 2
14 Spectral Size B5536
1
(]
|
|
L .
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120 i !;lpnm) 100 90 80 70 B0 50 40 30 20 10 o -10

Figure 89. *C NMR spectrum of 4i
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Parameter Walue
1 Title 170308-3
2 Comment Std proton
3 Origin Varian
4 Spectrometer YNMIs OH
5 Solvent cdcl3 fo)
B Temperature 300
7 Experiment 10
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width a012.8
11 Lowest Frequency -1006,7
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size B5536
T T T T T T T T
1.80 175 1,70 1,65 1.600 155 1.50 1.45
f1 (ppm)
!
B {.
¥ @ 1oy oo s
T T T T T T T T T T T T T T T T T T T T T
105 100 85 90 85 80 75 70 65 60 65 50 45 40 35 30 25 20 1.5 1.0 05
f1 (ppm)

Figure 90. "H NMR spectrum of 4;

Parameter Value ] E 8 o awoa
2 1 8 9G8R
1 Title Product!9_13C_1D_org o b E I 3 B8N
2 Comment Product!9_13C_1D
Sidieus. I [ AN
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
B Temperature 25,0
7 Experiment 1D
8 Number of Scans 256 OH
9 Spectrometer Frequency 125,63 o,
10 Spectral Width 314095
11 Lowest Frequency -1886.4
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
|
|
|
|
|
1
J. i | L
T T T T T T T T T L T T T T T T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 B0 50 a0 30 20 10

f1 {ppm)

Figure 91. *C NMR spectrum of 4j
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Parameter Walue
1 Title 170424-2
2 Comment Std proton OH
3 Origin Varian
4 Spectrometer vnmrs 0}
5 Solvent cdel3
6 Temperature 300
7 Experiment 1D
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 80128
11 Lowest Frequency -1006,0
12 Nucleus 1H
13 Acquired Size 16415
14 Spectral Size 65536
T T
| 1.5 1.4
|
A l
L
T T T T T T — = T T T T T T T T — T T T T
105 10.0 85 8.0 85 80 7.5 7.0 65 6.0 55 50 45 4.0 35 3.0 25 2.0 1.5 1.0 05 0o -05
f1 (ppm)
: 1
Figure 92. '"H NMR spectrum of 4k
RatAifelet YAl ] E 3k b @ gakm=s
1 Title Product20_13C_1Dorg b & ¥ & £ R b
2 Comment Product20_13C_1D | | ASN
2017-06-27 | l I e
3 Origin Varian
4 Spectrometer inova
5 Solvent cdcel3
B Temperature 25,0
7 Experiment o]
8 Number of Scans 256 HQ
9 Spectrometer Frequency 125,63 o
10 Spectral Width 314095
11 Lowest Frequency -1886.4
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
|
! TR
| |
|
1 1 ‘ ‘
T T T T T T T T T L T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 180 140 130 120 :10 ) 100 90 80 70 B0 50 40 30 20 10 0 -10
1 {ppm

Figure 93. *C NMR spectrum of 4k
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Parameter Value

1 Tite 170531-1 OH

2 Comment Std proton

3 Origin Varian 2

4 Spectromster vnmrs

5 Solvent cdcl3

5 Temperature 30.0

7 Experiment 1D

8 Number of Scans 16

9 Spectrometer Frequency 500.02

10 Spectral Width 80128

11 Lowest Frequency -1007.2

12 Nucleus H

138 Acquired Size 16415

14 Spectral Size 65536

|

|
A 4
5 58! a
B fai b

T T

T
10.0 9.

T T T T T T T

T
5 9.0 85 8.0 i 7.0 6.5 6.0 55 5.0 45 40 35 3.0 15 1.0 05 =0
11 (ppm)

Figure 94. '"H NMR spectrum of 41

Parameter Value 2 =)
1 Title Product22_13C_1D_org 8 59
2 Comment Product2_13C_1D ||

2017-06-27
3 Origin Varian
4 Spectrometer inova
5 Solvent cdel3
6 Temperature 25,0
7 Experiment 10 OH
8 Number of Scans 256
9 Spectrometer Frequency 125,63 0
10 Spectral Width 314095
11 Lowest Frequency -1886,4
12 Nucleus 13C
13 Acquired Size 32768
14 Spectral Size B5536
I
I
|
| 1l H ‘
T T T T T T T T T T T T T T T T T T T T T T T T

230 220 210 200 190 180 170 160 150 140 130 120 110 100 80 8O Y BO 50 40 30 20 10 -10

Figure 95. *C NMR spectrum of 41

1 (ppm)
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Parameter Value
1 Title 170804-1
2 Comment Std proton
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdel3
B Temperature 30,0 o,
7 Exrperiment 1D OH
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1006,5
12 Nucleus 1H
13 Acquired Size 16415
14 Spectral Size £5536
a3 £q i
T T T T T T T T T T T T T T T T T T T T T T
105 10,0 95 9.0 8.5 8.0 745 7.0 65 6.0 55 5.0 45 40 35 30 2 20 1.5 1.0 0.5 0.0 -05
f1 {ppm)
: 1
Figure 96. '"H NMR spectrum of 4m
Parameter Value K BE HSJBm @ 5. g
1 Title Product21_13C_1D_org o Bn A8ANM © é :a
2 Comment Product21_13C_1D ! |
2017-06-27 WS | I
3 Origin Varian
4 Spectrometer inova
5 Solvent cdel3
6 Temperature 25,0
7 Experiment 10
8 Number of Scans 256 0
9 Spectrometer Frequency 125,63
10 Spectral Width 314095
11 Lowest Frequency -1886,4
12 Nucleus 13C OH
13 Acquired Size 32768
14 Spectral Size B5536
]
|
1
[l I‘ |
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 i EICI 5 100 90 80 70 B0 50 40 30 20 10 o -0
ppm.

Figure 97. *C NMR spectrum of 4m
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Parameter  Value
1 Tite 170822-1 1 10 1610 16 15 R i e
2 Comment Std proton ~
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdel3 Oms 7S M
6 Temperature 30,0
7 Experiment 1D
8 Number of Scans 16 HaC
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1007.0
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
|
|
i 9 ¥ JHE
T T T T T T T . T - T T T !v T T T T T T T T T
105 10.0 485 8.0 85 8.0 %5 7.0 B5 6.0 5.0 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0t
1 (ppm)
: 1
Figure 98. '"H NMR spectrum of 5a
Parameter Value 2 q9a @ 2 g a @
1 Title KM-product3d 8 88 1' g @ o
2 Comment Std carbon | v | |
3 Origin Varian
4 Spectrometer vnmrs O\/\/OH
5 Solvent cdcl3
6 Temperature 30
7 Experiment 1D HaC
8 Number of Scans 132
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
|
1
1
| || |
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 2000 10 180 170 160 150 140 130 120 HI:I< I?D 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm.

Figure 99. ®C NMR spectrum of 5a
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Parameter Walue
1 Title 170806-1-c35
2 Comment Std proton
3 Origin Varian
4 Spectrometer vnmrs OH
5 Solvent cdel3 0
6 Temperature 300 CH
7 Experiment 1D &
8 Number of Scans 16 CH,
9 Spectrometer Frequency 500,02 HaC
10 Spectral Width 8012.8
11 Lowest Frequency -1007.0
12 Nucleus 1H
13 Acquired Size 16415
14 Spectral Size B5536
!
8 L
33 il & 2 4
T T T T T T T T T T T T T . T T T T T T T T T T
105 100 85 80 85 80 75 70 65 60 55 50 4.0 35 30 25 20 1.5 1.0 05 00 -0t
f1 (ppm)
: 1
Figure 100. '"H NMR spectrum of 5b
Parameter Value s 28 o 4w g5
1 Title KM-product3s i 88 g g o GEn
2 Comment Std carbon v | | | i
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3 OH
6 Temperature 30
7 Experiment 1D 0.
8 Number of Scans 64 CH,
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.6 CH,
11 Lowest Frequency -2042.5 HC
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
'
1
| ’ ‘
1
T T T T T T T T T T T T T T T T T T T T T T T
220 210 2000 150 180 170 160 180 140 130 120 HI:I< IEI)CI 90 80 70 B0 50 40 30 20 10 -10
1 (ppm

Figure 101. *C NMR spectrum of 5b
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Parameter
Title
Comment
Origin
Spectrometer
Solvent
Temperature
Experiment
Number of Scans

@~ s W —

w

10 Spectral Width

11 Lowest Frequency
12 Nucleus

13 Acquired Size

14 Spectral Size

Spectrometer Frequency 500,02

by SrEsgadn : BECEREssasanumy
1706231 60 100 FHd A i me go oo
Std proton N
Varian
ynmrs
cdcl3
30,0 oH
10
18 0
8012.8
-1004.8 HaC (6]
H
16415
65536

I

L i

T x T 1 g i
T T T T T T T T T T T T T T T T T T T T T T T
105 100 95 9.0 85 8.0 7.5 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1,5 1.0 0.5 0.0 -05
1 (ppm)
Figure 102. '"H NMR spectrum of 5c
Parameter Value 3 T b Sggy @
1 Title KM-productdd 8 08 2 Koo
2 Comment Std carbon \/ N
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3 OH
6 Temperature 30 0.
7 Experiment 1D
8 Number of Scans 164
9 Spectrometer Frequency 125,74 0
10 Spectral Width 30487.8 H,C
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
!
it
! !
J |
T T T T T T T T T T T T T T T T T T T T T T T
220 210 2000 190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0 -10

Figure 103.

f1 (ppm)

BC NMR spectrum of 5¢c
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Parameter Value BELRERYL 88 8 gy
- PN e 4 @ niini
1 Title 170626-1 i W
2 Comment Std proton
3 Origin Varian
4 Spectrometer vamrs OH
5 Solvent cdcl3
6 Temperature 30.0 0.
¢ Numwrsca o
9 Spectrometer Frequency 500.02 HaC S it ) it 1
10 Spectral Width 80128
11 Lowest Freguency -1006.2
12 Nucleus H
18 Acguired Size 16415
14 Spectral Size 65536
T T T T T T T T T
21 20 19 1. 1.7 1.6 15 14 13 12
71 (ppm}
Ak
i T
g 8 g8 8
T T T T T T T - T T T T T T - l. T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 8.5 6.0 55 5.0 45 40 35 3.0
f1 (pom)
: 1
Figure 104. '"H NMR spectrum of 5d
Parameter Value a8 86 o 2 3 ie g
1 Title KM-productds 8 a8 g E @ S8 §
2 Comment Std carbon \/ | | [ |
3 Origin Varian
4 Spectrometer Ynmrs OH
5 Solvent cdcl3 o,
6 Temperature 3.0
7 Exrperiment 1D
8 Mumber of Scans 188
9 Spectrometer Frequency 125,74 H,C
10 Spectral Width 304878
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
|
!
|
|
l |
J )
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 HEI( t[))El 90 80 70 60 50 40 30 20 10 0 -0
f1 (ppm

Figure 105. *C NMR spectrum of 5d

-177 -



PR R R R b I DL et 5
bt REREE bR R R LR PEEERE L] 2
NIRRT LT LR S S S S e L Sa kL L 5
Parameter Walue o
1 Title 170626-2
2 Comment Std proton 0
3 Origin Varian
4 Spectrometer Yynmrs
5 Solvent cdcl3
B Temperature 30,0 HaC
7 Exrperiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1005,5
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
I
JIIr 4 s
b s P
T T T T T T T T T T T T T T T T T T T T T
105 100 9.5 9.0 85 80 75 7.0 6.5 6.0 5.0 45 40 35 3.0 25 20 1.5 1.0 0.5 0.0 -05
f1 (ppm)
Figure 106. '"H NMR spectrum of 5e
Parameter Value 2 82 faPsrRgeyde® o
. Sa 19N RN BY G0 o
1 Title KM-products0 @ 54 BasdduRERREee Q
2 Comment Std carbon | || \WWY N =" |
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30 OH
7 Experiment 1D
8 Mumber of Scans 168 0
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5
12 Nucleus 13C €
13 Acquired Size 39643
14 Spectral Size 131072
1
I
| 1
| |
(]
bl l |
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 1200 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Figure 107. C NMR spectrum of 5e
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Parameter Value
1 Tite 170725-1 P i@ i o 0 6o Y
2 Comment Std proton
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0 O\/\/OH
7 Experiment 1D
8 Mumber of Scans 16 HaC
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8 H,C
11 Lowest Frequency -1007.0 CH,

12 Nucleus H

13 Acquired Size 16415

14 Spectral Size 65536

|
T T T T T T T T T T T T T T T T T T T T T T T
105 100 85 3.0 85 8.0 7.8 7.0 65 6.0 55 5.0 4.0 35 30 25 2.0 1.5 1.0 0.5 00 -0
1 {ppm)
Figure 108. '"H NMR spectrum of 6a
Parameter Value @ s @ 8 = @ caa

1 Title KM-product3! H -] 8 . 8 g jeehe

2 Comment Std carbon | | | (| v

3 Origin Varian

4 Spectrometer vamrs O\/\/OH

5 Solvent cdcl3

6 Temperature 30 H,C

7 Experiment 10

8 MNumber of Scans 172 H.C

9 Spectrometer Frequency 125,74 3 CH,

10 Spectral Width 30487.8

11 Lowest Frequency -2042.5

12 Nucleus 13C

13 Acquired Size 39643

14 Spectral Size 131072

|
1
|
|| |
T T T T T T T T T T T T T T T T T T T T T T T
220 210 2000 10 180 170 160 150 140 130 120 lflIEI (ppr:gn 90 80 70 60 50 40 30 20 10 1] -10

Figure 109. *C NMR spectrum of 6a
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Parameter  Value
1 Tite 170726-1 1 6 1610 610 ifiiimpoooaoaga oo el
G s
2 Comment Std proton S \\1//
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdel3 oH
6 Temperature 30,0 o,
7 Experiment 1D CH
8 Mumber of Scans 16 H.C 3
9 Spectrometer Frequency 500,02 2 CH,
10 Spectral Width 8012.8
11 Lowest Frequency -1008,7 HaC
12 Nucleus H CHs
13 Acquired Size 16415
14 Spectral Size 65536
|
!
Il I [ | L
¥ i i 1
T T T T T T T T T T T T T T T T T T
105 10.0 85 3.0 85 8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 35 30 2.8 2.0 L5 1.0 0.0
1 (ppm)
Figure 110. '"H NMR spectrum of 6b
Parameter Value 8 2 5 1 4 0 @0
@ ) b 3 @ S 28
1 Title KM-product36 i ) & PR b @6
2 Comment Std carbon | | | | | E ||
3 Origin Varian OH
4 Spectrometer ynmrs o,
5 Solvent cdcl3 CH
B Temperature 30 CHa 2
7 Experiment 1D HaC CH,
8 Number of Scans 64
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8 CH,
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
1
1
’ |
|
1 1 Il | A N
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 lf‘l“(ppr‘nu)o 90 80 70 B0 50 40 30 20 10 -10

Figure 111. *C NMR spectrum of 6b
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Parameter Walue

1 Title 170705-1 it !
2 Comment Std proton SN
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0 OH
7 Experiment 1D 0,
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02 HaC
10 Spectral Width 8012.8 0
11 Lowest Frequency -1005.0
12 Nucleus H HCT Yo,
13 Acquired Size 16415
14 Spectral Size 65536
1
|
Ak Ak |
L I i I

T T T T T T T T T T T T T T T T T T T T T T

5 100 95 90 85 8.0 %5 7.0 65 6.0 5 50 45 40 35 30 25 20 1.5 1.0 05 oo -0!
1 {ppm)
Figure 112. '"H NMR spectrum of 6¢
Parameter Value io 8 @ 9 Goid B
1 Title KM-productd! o 4 8 5 Fere e
2 Comment Std carbon | N ||
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3
B Temperature 30 H
7 Experiment 1D
8 Number of Scans 64 0.
9 Spectrometer Frequency 125,74 CH
10 Spectral Width 30487.8 H.C ¥ g
11 Lowest Frequency -2024.9 2
12 Nucleus 13C
13 Acquired Size 39643 CHa
14 Spectral Size 131072
! !
|
1
|
1
. -

T T T T T T T T T T T T T T T T T T T T T T T T

220 210 2000 10 180 170 160 150 140 130 120 IfIIEI (pprign 90 80 70 60 50 40 30 20 10 1] -10

Figure 113. *C NMR spectrum of 6¢
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Parameter Walue b 335 bbb

e 8 2uLBATIBLR
1 Title 170707-1 U E-Sobrirdrindriniotogly i ininindninin
e
2 Comment Std proton e l
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdel3 H
6 Temperature 30,0 o
7 Experiment 1D
8 Mumber of Scans 16 H.C
9 Spectrometer Frequency 500,02 &
10 Spectral Width 8012.8
11 Lowest Frequency -1008,5 HaC
12 Nucleus H CH,
13 Acquired Size 16415
14 Spectral Size 65536
SNERE 980 5I300RECRRdsRMR
AINSN NV s
|
1 ]
b

5.0 45
1 (ppm)

Figure 114. '"H NMR spectrum of 6d

w @ -

Parameter Value

& = 9 8 5 g 4838
1 Title KM-productdf 8 Bl g = g & 259
2 Comment Std carbon | | | | | 1172
3 Origin Varian
4 Spectrometer ynmrs OH
5 Solvent cdcl3
6 Temperature 30 o)
7 Experiment 10
8 Number of Scans 172 HaC
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2023.4 H.C CH
12 Nucleus 13C 2
13 Acquired Size 39643
14 Spectral Size 131072

'
!
1
\ |
!
Lod ) I |
T T T T T T T T T T T T T T T T T T T T T T T T

220 210 200 190 180 170 160 150 140 130 1200 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Figure 115. *C NMR spectrum of 6d
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Parameter Value
1 Title 170725-2
2 Comment Std proton
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3
B Temperature 300
7 Experiment 10
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width a012.8
11 Lowest Frequency -1008,4

12 Nucleus H

Ao @ndnm . amoao

BRBe Il
B8888E8RE A B HER
E 0 61616 1616 16 1 10160

RN
OH
0
HaC
HaC
2 CH,

13 Acquired Size 16415
14 Spectral Size B5536
.y l‘
Lﬁh ; 1 A I
3 I3 & S
P Y 3 a
T T T T T T T T T T T T T T T T T T T T T T T
105 10.0 95 9.0 85 8.0 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 20 15 1.0 0.5 0.0 -05
f1 (ppm)
: 1
Figure 116. '"H NMR spectrum of 6e
Parameter Value - N9 43
1 Title KM-productst b : g5
2 Comment Std carbon | ||
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3
B Temperature 30 OH
7 Experiment 10
8 MNumber of Scans 156 0
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8 Ha,C
11 Lowest Frequency -2042.5
12 Nucleus 13C H.C
13 Acquired Size 39649 2 CHa
14 Spectral Size 131072
|
|
!
ol
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 10 180 170 160 150 140 130 120 III:I< I?D 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm.

Figure 117.

BC NMR spectrum of 6e
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Parameter Value osgrcioRav e § < 55 i o o4
| Tite 170810-1 s W SN
2 Comment Std proton
3 Origin Varian
4 Spectrometer wnmrs
5 Solvent cdel3 O\/\/OH
B Temperature 30,0
7 Experiment 1D
8 Numberof Scans 32 cl
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1005.3
12 Nucleus 1H
13 Acquired Size 16415
14 Spectral Size 65536
) |
T T i L
a 8 8 & 3 b
oi N6
T T T T T T T ) T T T T T T T T T T T T T T
105 10.0 95 9.0 85 80 75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -05
f1 (ppm)
Figure 118. '"H NMR spectrum of 7a
Parameter Value 9 8o 8 @ @ o
1 Title KM-product32 i aa o .g Z,: ;
2 Comment Std carbon | |1 | . | |
3 Origin Varian
4 Spectrometer ynmrs O\/\/OH
5 Solvent cdcl3
6 Temperature 30
7 Experiment 1D
8 MNumber of Scans 64 o
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39649 !
14 Spectral Size 131072
|
|
|
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 150 180 170 160 150 140 130 120 lfIIEI (meTgD 90 80 70 B0 50 40 30 20 10 0 -10

Figure 119. ®C NMR spectrum

of 7a
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Parameter Yalue
1 Title 170613-1
2 Comment Std proton
3 Origin Varian
4 Spectrometer YNMIs
5 Solvent cdcl3
B Temperature 300
7 Experiment 10
8 Number of Scans R
9 Spectrometer Frequency 500,02
10 Spectral Width a012.8
11 Lowest Frequency -1004,8
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size B5536

8

I @OO OO n 0oy o 0t
MrBBLERRARR N an 19 BRE
i o oo 6on o

I i
w o o w @ o
5 7 = 8 b &
T T T T T T T T T T T T T T T T T T T T T
105 100 85 8.0 85 8.0 75 7.0 65 6.0 55 50 45 40 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
Figure 120. '"H NMR spectrum of 7b
Parameter Value 8 g2 o © a 53
1 Title KM-product3? 8 a8 ! g @ i
2 Comment Std carbon | || | | | ||
3 Origin Varian
4 Spectrometer vnmrs OH
5 Solvent cdcl3
6 Temperature 30 0
7 Experiment 1D CHa
8 Number of Scans 64 CH
9 Spectrometer Frequency 125,74 ol 3
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
1
|
|
|
1 Ji |
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 B0 50 40 30 20 10 -10

f1 (ppm)

Figure 121. *C NMR spectrum of 7b
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Parameter Value

1 Title 170613-2
2 Comment Std proton OH
3 Origin Varian o,
4 Spectrometer YRMmrs
5 Solvent cdcl3
B Temperature 30,0
7 Experiment 1D Cl o
8 Number of Scans 32
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1004.5
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
1
J LA L
& 2 re nm )
i ‘ - R ] G
T T T T T T T T T T T T T T T T T

T
105 100 85 9.0 85 8.0 7.5 7.0 65 6.0 40 35 30 25 2.0

Figure 122. '"H NMR spectrum of 7¢

5 5.0
{1 {ppm)

Parameter Value i RES 5
1 Title KM-productd2 i q& =
2 Comment Std carbon I
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3 OH
B Temperature 30
7 Experiment 1D 0
8 MNumber of Scans 64
9 Spectrometer Frequency 125,74 o
10 Spectral Width 30487.8 CI
11 Lowest Frequency -2029.8
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
1
1
I
|
|
i
|
I ‘
T T T T T T T T T T T T T T T T T T T
220 210 2000 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

1 (ppm)

Figure 123. *C NMR spectrum of 7c
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0 101 1010610 166 101610 0 § o e o e S o o v o o 2 e s e
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Parameter Walue
1 Title 170615-1
2 Comment Std proton
3 Origin Varian
4 Spectrometer vnmrs OH
5 Solvent cdcl3
B Temperature 300 0
7 Experiment 1D SN N @ GEROoon, MBNOM a0 na Moo oo
8 Number of Scans 16 BEEE0 amn B 6600 m M 18 0006 10 00 03 B3 B B 8 66
9 Spectrometer Frequency 500,02 iy
10 Spectral Width aizs | ©
11 Lowest Frequency -1005,0
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
T T T T T T T T T T
1.95 1.85 1.75 1.65 1.55
11 (ppm)
'
[ {
: LA
d ¥ 4
T T T T T T T T T T T T T T T T T T T T T T T
105 100 85 80 85 80 75 70 65 60 5 50 45 40 35 30 25 20 5 1.0 05 00 -05
f1 (ppm)
Figure 124 'H NMR spectrum of 7d
Parameter Value ® ﬁ‘m:N g8 © : 5c 8
1 Title KM-productd? @ age e ;’ a g E :
2 Comment Std carbon v/ \/ | | [
3 Origin Varian
4 Spectrometer vamrs
5 Solvent cdcl3 OH
6 Temperature 30
7 Experiment 1D 0.
8 Number of Scans 156
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2027.4 c
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
|
|
|
| ]
I
1
|
T T T T T T T T T T T T T T T T T T T T T T T
220 210 2000 10 180 170 160 150 140 130 120 1fl|D( I?D 90 80 70 60 50 40 30 20 10 0 -10
ppm,

Figure 125. *C NMR spectrum of 7d
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Parameter Value
1 Title 1708152
2 Comment Std proton
3 Origin Varian
4 Spectrometer vnmrs
5 Solvent cdcl3
6 Temperature 0.0
7 Experiment D
8 Number of Scans 16
9 Spectrometer Frequency 500.02
10 Spectral Width 80128
11 Lowest Freguency -1006.7
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536

O@I- 0O @Y A @ o
B8E8ERILBRE i
1616 16515 16,16 16 6 5 )

3 41 d
o e 3
T T T T T T T T T T T T T T T T T T T T T T T
105 10,0 895 8.0 85 8.0 75 70 B5 6.0 55 50 4.5 4.0 35 3.0 25 2.0 1.5 1.0 05 00 -05
1 (ppm)
Figure 126. '"H NMR spectrum of 7e
Parameter Value P Soadesh
1 Title KM-products2 8 59 agegsee
2 Comment Std carbon | || VAN
3 Origin Yarian
4 Spectrometer vmrs
5 Solvent cdel3
6 Temperature 3.0 oH
7 Experiment 1D
8 Number of Scans 124 0.
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2023.2
12 Nucleus 13 ¢l
13 Acquired Size 39649
14 Spectral Size 131072
1
1
L
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 |le 100 90 a0 70 60 50 40 30 20 10 0 -10

1 {ppm)

Figure 127. *C NMR spectrum of 7e
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Parameter Walue

@rwomn wA@me @ ©

LaRRY Bage2 @
1 Title 1707211 pkes G |
2 Comment Std proton S S
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0 Cl 0\/\/OH
7 Experiment 1D
8 Mumber of Scans 32
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1005.8
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
i
1
!
X o 1 I
T T T T T T T T T T T T T T T T T T T T T T
10.0 95 9.0 85 80 75 7.0 B5 6.0 5.5 5.0 45 4.0 35 30 2.5 2.0 1.5 1.0 05 00 -05
1 (ppm)
Figure 128. '"H NMR spectrum of 8a
Parameter Value 2 @ & LoBa s o= w
1 Title KM-product33 a 38 & ¥ 8 g b
2 Comment Std carbon | | 1\ (|
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3 cl o OH
6 Temperature 30 RLEFR G
7 Experiment 1D
8 MNumber of Scans 64
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
1
| N
|
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 2000 150 180 170 160 150 140 130 120 lflIEI (ppr‘rgn 90 80 70 B0 50 40 30 20 10 o -10

Figure 129. *C NMR spectrum

of 8a
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Parameter Value pE R e R e g3sdicagysas § BHS
1 Title 170805-1 i 161516101616 1016 1016 16 1015 § i e m o
oy
2 Comment Std proton —
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3 OH
6 Temperature 30,0
7 Exrpetiment 1D Cl 0,
8 Mumber of Scans 16 CH,
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8 CHs
11 Lowest Frequency -1005,3
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
|
s L T il
T T T T T T T T T T T T T T T T T T T T T T
105 100 95 a0 85 8.0 7.5 70 65 6.0 55 50 40 35 30 25 2.0 1.5 1.0 0.5 00 -0f
1 {(ppm)
Figure 130. '"H NMR spectrum of 8b
Parameter Value & 9 & 8 &% 1 @ 0
1 Tile KM-product3s-1 8 §® &5 e3 g s de
2 Comment Std carbon | [T | | (|
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30
7 Experiment 1D
8 Number of Scans 296
9 Spectrometer Frequency 125,74 OH
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5 cl fo)
12 Nucleus 13C CHa
13 Acquired Size 39643
14 Spectral Size 131072 CHa
'
! 1 |
| | | | I
L I
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 a0 80 70 B0 50 40 30 20 10 o -10

f1 (ppm)

Figure 131. *C NMR spectrum of 8b
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Parameter Yalue B
1 Title 170701-2
2 Comment Std proton oH
3 Origin Varian
4 Spectrometer ynmrs Cl. 0,
5 Solvent cdcl3
B Temperature 300
7 Experiment 10 0
8 Number of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width a012.8
11 Lowest Frequency -1005,3
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size B5536
J‘ l Ao
prude Al L iy
dGao 28 2438 P
r T T T T T T T T T T T T T T T T T T T T T T
105 100 95 9.0 8.5 8.0 75 7.0 65 60 55 50 45 4.0 35 30 25 2.0 15 1.0 0.5 0.0 -05
f1 (ppm)
Figure 132. '"H NMR spectrum of 8¢
Parameter Value o 2@ 8 29 s mem
& - B iQS 4988
1 Title KM-productd3 o 8 & & e RaEE
2 Comment Std carbon | | | | SN
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3
B Temperature 30 OH
7 Experiment 1D
8 MNumber of Scans 136 cl )
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2023.4 0
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
Nl
! Hn
|
1 1
| |
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 10 180 170 160 150 140 130 120 lfIIEI (pprign 90 80 70 60 50 40 30 20 10 1] -10

Figure 133.

BC NMR spectrum of 8¢
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1 Title 170708-1 S i U i1 hl-lririninintrdnledo Oyl g
(ot bbb\ e
2 Comment Std proton g l
3 Origin Yarian
4 Spectrometer vnmrs OH
5 Solvent cdcl3
6 Temperature 30,0 Cl 0,
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1005,3
12 Nucleus H BEGesandst
13 Acquired Size 16415
14 Spectral Size 65536 St |
T T T T T T T
180 1,75 1,70 1.5 1.B0 1.55 1,50 1.45
11 (ppm)
'
I
|
g & 7 LI AL
g ik : & 55 % 4
T T T T T T T T T T T T T T T T T T T T T T
105 100 85 80 85 80 75 70 65 60 50 45 40 35 30 25 20 1.5 1.0 05 00 -05
1 {(ppm)
Figure 134. '"H NMR spectrum of 8d
Parameter Value o g8 8 5 8
1 Title KM-productds 8 o8 E a
2 Comment Std carbon (] | |
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3
B Temperature 30 OH
7 Experiment 1D
8 Number of Scans 160 cl 0
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
|
i I
i
!
| ‘ | 'l
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 2000 180 180 170 160 150 140 130 120 1fIIEI (ppr‘n?n 90 80 70 60 50 40 30 20 10 0 -10

Figure 135.

BC NMR spectrum of 8d
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Value

Parameter

1 Title 1707241
2 Comment Std proton
3 Origin Varian
4 Spectrometer vAmrs OH
5 ‘Solvent cdcld
6 Temperature 30.0 Cl o
7 Experiment 1D
8 Number of Scans 16
9 Spectrometer Freguency 500.02
10 Spectral Width 80128
11 Lowest Frequency -1006.5
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
|
|
l T
“
s A
any b
T T T T T T T T T T T T T T T T T T T T T
105 100 95 8.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 40 3.5 3.0 25 2.0 15 1.0 0.5 0.0 -0.
11 (ppm)
Figure 136. '"H NMR spectrum of 8e
Parameter Value a 8 L § Eradne
1 Title KM-products3 ia 5 % 8 8SRLrrEer
2 Comment Std carbon | | IS8/
3 Origin Varian
4 Spectrometer vmrs
5 Solvent cdcl3
B Temperature 30
7 Experiment 1D
8 MNumber of Scans 120 On
9 Spectrometer Frequency 125,74 cl o
10 Spectral Width 30487.8
11 Lowest Frequency -2023.0
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
WA
|
|
il h“'
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 ]flln( t[))l] 90 a0 70 60 50 40 30 20 10 -10
ppm.

Figure 137. *C NMR spectrum

of 8e
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Parameter Value
1 Title 1707291
2 Comment Std proton
3 Origin Varian
4 Spectrometer YRmrs O\/\/OH
5 Solvent cdel3
B Temperature 30,0
7 Experiment 10 H3C\/O
8 Number of Scans 16
9 Spectrometer Frequency 500,02 0
10 Spectral Width 80128
11 Lowest Frequency -1003,3
12 Nucleus 1H
13 Acquired Size 16415
14 Spectral Size B5536
]
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11 (ppm)
Figure 138. '"H NMR spectrum of 9a
Parameter Value 8o 3 o = o oo ° @
1 Title KM-product3s | 8 ER § o8 o 4
2 Comment Std carbon | | (L
3 Origin Varian
4 Spectrometer ynmrs
5 Salvent cdel3 O
6 Temperature 3.0
7 Exrperiment 1D
8 Mumber of Scans 64 H3C\/O
9 Spectrometer Frequency 125,74
10 Spectral Width 304878 0
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
1
'
| |
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 |fl|U( I?U 90 80 70 60 50 40 30 20 10 0 -10
ppm.

Figure 139. C NMR spectrum of 9a
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Parameter Value
I Tile 170731-0 QH
2 Comment Std proton o,
3 Origin Varian CH.
4 Spectrometer YRMmrs 2
5 Solvent cdel3 HaC (] CH,
6 Temperature 30,0 ~
7 Experiment 1D
8 Number of Scans 16 0
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1004.0
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
|
)
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y 1 mwor T T
T T T T T T T v‘ T T T T - T . T T I( T T = T T T T
105 100 85 9.0 85 80 75 70 65 6.0 55 5.0 40 35 3.0 25 2.0 1.5 1.0 0.5 00 -0
f1 (ppm)
: 1
Figure 140. '"H NMR spectrum of 9b
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Parameter Value [ | | | - \l (Y]
1 Title KM-product3d
2 Comrment Std carbon 0,
3 Origin Varian CHa
4 Spectrometer ynmrs
5 Solvent cdel3 HaC (0] CH,
B Temperature 30 ~
7 Exrperiment 10 )
& Number of Scans B4
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042,5
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072
|
|
|
|
| '
|
‘ | ’
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 lfIlU( I?U 30 80 70 60 50 40 30 20 10 -10
PR,

Figure 141. *C NMR spectrum of 9b
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Parameter Walue
1 Title 170729-2
2 Comment Std proton
3 Origin Varian
4 Spectrometer vnmrs OH
5 Solvent cdcl3 o,
B Temperature 30,0
7 Exrperiment 1D
8 Mumber of Scans 16 H.C o
9 Spectrometer Frequency 500,02 ~7 Y
10 Spectral Width 8012.8
11 Lowest Frequency -1004,5 o
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
1
‘ l l L
T I 4
8 3 @ 5
T T T T T T T T T T T T T T T T T T T
10.0 g5 9.0 85 8.0 75 7.0 65 6.0 5.5 5.0 45 4.0 3.5 30 25 20 145 1.0
f1 (ppm)
Figure 142. '"H NMR spectrum of 9¢
Parameter Value 8 ¢ g 8 8 war e o
2488 ]
1 Title KM-productdd | & & o 2 Spip o @
2 Comment Std carbon [ | | | PN |
3 Origin Yarian OH
4 Spectrometer ynmrs
5 Salvent cdel3 0
B Temperature 30
7 Experiment 1D
8 Mumber of Scans 164 H;C\/O 2
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8 lo}
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
1
|
|
|
{
(R |
heod | .
T T T T T T T T T T T T T T T T T T T T T
220 210 200 10 180 170 160 150 140 130 120 IfIlEI( I?D 90 80 70 60 50 40 30 20
ppm.

Figure 143. *C NMR spectrum of 9c
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Parameter Walue
1 Title 170731-7
2 Comment Std proton
3 Origin Varian OH
4 Spectrometer YNMIs o,
5 Solvent cdcl3
B Temperature 300
7 Experiment 10 H.C 0.
8 Number of Scans 16 e
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8 0
11 Lowest Frequency -1004,5
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size B5536
T T T T
1.46
| 1 )
] A
3 g A T T
b @ ar @ s~ % 4
T T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 .5 1.0 05 00 -05
f1 (ppm)
: 1
Figure 144. '"H NMR spectrum of 9d
Paramneter Value 9 2 a3 8 & o o« - @ @ e o
? L 5 Eod e § § & 8888 §
1 Title KM-productd8 | & @ o & R o 88 an o
2 Comment Std carbon I A | | iV | | | || |
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30
7 Experiment 1D OH
8 Number of Scans 156
9 Spectrometer Frequency 125,74 O,
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5 H.C 0
12 Nucleus 13 =S
13 Acquired Size 39649
14 Spectral Size 131072 (o]
!
|
(!
| l [
1 1
L | | l
T T T T T T T T T T T T T T T T T T T T T T T
220 210 2000 10 180 170 160 150 140 130 120 HEI( I?D 90 80 70 60 50 40 30 20 10 0 -10
1 {ppm

Figure 145. *C NMR spectrum of 9d
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Parameter Value
1 Title 170731-8
2 Comment Std proton
3 Origin Varian OH
4 Spectrometer YRMmrs
5 Solvent cdcl3 0
B Temperature 30,0
7 Experiment 1D
8 Number of Scans 16 HsC (0]
9 Spectrometer Frequency 500,02 ~
10 Spectral Width 8012.8
11 Lowest Frequency -1005.5 0
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
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50
f1 (ppm)
Figure 146. '"H NMR spectrum of 9e
Parameter Value 'T "l' |' -]I T v";;'f\'f\l':\:/ 3 |‘
1 Title KM-productsd
2 Comment Std carbon
3 Origin Varian
4 Spectrometer vnmrs OH
5 Solvent cdel3
6 Temperature 30 o
7 Experiment 1D
8 Number of Scans 144 H.C o
9 Spectrometer Frequency 125,74 BN
10 Spectral Width 30487.8
11 Lowest Frequency -2042,5 0
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072

o T

T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 lfl‘D( T?U a0 80 0 60 50 40 30 20 ) 0 -10
PR,

Figure 147. “C NMR spectrum of 9e
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Parameter Walue

1 Title praduct1Qa-1H
2 Comment Std proton

3 Origin Yarian

4 Spectrometer ynmrs

5 Solvent cdcl3

6 Temperature 30,0

7 Experiment 1D

8 Mumber of Scans 16

9 Spectrometer Frequency 500,02

oo
5864

199

10 Spectral Width 8012.8
11 Lowest Frequency -1013.6
12 Nucleus H
13 Acquired Size 16415
14 Spectral Size 65536
|
T
T T T T T T T T T T T T
13 12 i 10 9 7 6 5 4 3 1 -1
1 {(ppm)
Figure 148. "H NMR spectrum of 10a

Parameter Value 2 88
1 Title product]a-13C L
2 Comment Std carbon | \Y
3 Origin Yarian
4 Spectrometer vmrs
5 Solvent cdel3
6 Temperature 3.0
7 Exrpetiment 1D
8 MNumber of Scans 512
9 Spectrometer Frequency 125,74 S\
10 Spectral Width 30487.8 S
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39649
14 Spectral Size 131072

|
|
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 lf‘lD( I(gCI 90 80 70 60 50 40 30 20 10 1} -10
ppm.

Figure 149. *C NMR spectrum of 10a

- 199 -



Parameter Walue
1 Title praduct10b-1H
2 Comment Std proton
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02

O

R

S

10 Spectral Width 8012.8
11 Lowest Frequency -1011.4 s
12 Nucleus H NN
13 Acquired Size 16415
14 Spectral Size 65536 CHs
1 1
r T T T T T T = T T T T . T T
14 13 12 " 10 El 8 7 6 5 3 1 -1
1 {(ppm)
: 1
Figure 150. '"H NMR spectrum of 10b
Parameter Value Ga sBal g
1 Tile productiDb-13C 58 28RS b
2 Comment Std carbon NNI2 |
3 Origin Varian
4 Spectrometer vmrs
5 Solvent cdel3
6 Temperature 3.0
7 Exrpetiment 1D
8 MNumber of Scans 256
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8 CH,
11 Lowest Frequency -2042.5
12 Nucleus 13 SN\
3 y S
13 Acquired Size 39649
14 Spectral Size 131072 CHa
L |
I
il
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 lf|lD( 120 90 80 70 60 50 40 30 20 10 1} -10
ppm.

Figure 151. *C NMR spectrum of 10b
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Parameter Walue 5888nhHY 2
1 Title productic-1H WSS E
2 Comment Std proton R iasd
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1013.8 HaC S\
12 Nucleus H S CH,
13 Acquired Size 16415
14 Spectral Size 65536
N S |
L05 Py
T T T T T = T T T T T T T T T
13 12 il 10 8 6 4 3 2 1 0 -1
1 {(ppm)
: 1
Figure 152. '"H NMR spectrum of 10c
Parameter Value o8 254 o
1 Tile product!c-13C 88 asd =
2 Comment Std carbon \ \Z2 |
3 Origin Varian
4 Spectrometer vmrs
5 Solvent cdel3
6 Temperature 3.0
7 Exrpetiment 1D
8 MNumber of Scans 188
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5 HaC s
12 Nucleus 13C ¢ g CHa
13 Acquired Size 39649
14 Spectral Size 131072
|
| | ‘
|
L |

T T T
220 210 200

T T T T
180 180 170 160

T T T

T T T T T T
140 130 120 110 100 S0 80 70 60

1 {ppm)

Figure 153. *C NMR spectrum of 10c
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Parameter Walue

2.3

1 Title praduct10d-1H
2 Comment Std proton
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0
7 Experiment 1D CH,
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8 S\
11 Lowest Frequency -1009,7 S
12 Nucleus H
13 Acquired Size 16415 H.C
14 Spectral Size 65536 N
¥ 1
T T T T T T T T T T T T T
14 13 12 " 10 El 8 7 6 5 3 1 -1
1 {(ppm)
Figure 154. "H NMR spectrum of 10d
Parameter Value a8 o
1 Title product!0d-13C 5ads z
2 Comment Std carbon VAR
3 Origin Varian
4 Spectrometer vmrs
5 Solvent cdel3
6 Temperature 3.0
7 Exrpetiment 1D CHa
8 MNumber of Scans 220
9 Spectrometer Frequency 125,74 s
10 Spectral Width 30487.8 \S
11 Lowest Frequency -2042.5
12 Nucleus 13C
13 Acquired Size 39649 HaC
14 Spectral Size 131072
|
ol |
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 lf‘lD( Igﬂ 90 80 70 60 50 40 30 20 10 1} -10
ppm.

Figure 155. *C NMR spectrum of 10d
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Parameter Walue C8nTE @
1 Title productile-1H b o
2 Comment Std proton
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0
7 Experiment 1D H.C
8 Number of Scans 16 CH C
9 Spectrometer Frequency 500,02 3
10 Spectral Width 8012.8 S
11 Lowest Frequency -1007.7 \S A
12 Nucleus H
13 Acquired Size 16415 CHa
14 Spectral Size £5536 CHy
¢
T T T T T T ‘I T T T T T
14 13 11 10 El 8 [} 3 1 -1
1 (ppm)
: 1
Figure 156. '"H NMR spectrum of 10e
Parameter Value g 248 $
1 Title productile-13C g o 88 &
2 Comment Std carbon | Y] |
3 Origin Varian
4 Spectrometer vmrs
5 Solvent cdel3
6 Temperature 3.0
7 Exrpetiment 1D HaC
8 Number of Scans 256 CHs
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8 S
11 Lowest Frequency -2042.5 S \
12 Nucleus 13C CH
13 Acquired Size 39649 CH. 2
14 Spectral Size 131072 3
|
|
! | i
i
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 1} -10

1 {ppm)

Figure 157. *C NMR spectrum of 10e
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Parameter Value seed 2
1 Title producti0f-1H IR S
2 Comment Std proton
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0 CH,
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1012.1 HiC S\S CH
12 Nucleus 1H A
13 Acquired Size 16415
14 Spectral Size 65536
CH,
|
1 j I 1
1
r T T T T T T T T T T T T T T
14 13 12 il 10 9 8 7 6 4 3 2 1 -1
1 {(ppm)
Figure 158. "H NMR spectrum of 10f
Parameter Walue ca 88 o
1 Tile product!Bf-13C a8 =8 &
2 Comment Std carbon \ |1
3 Origin Varian
4 Spectrometer vmrs
5 Solvent cdel3
6 Temperature 3.0
7 Experiment 1D CH,
8 MNumber of Scans 216
9 Spectrometer Frequency 125,74
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5 HaC. S\
12 Nucleus 13C S CHa
13 Acquired Size 39649
14 Spectral Size 131072

CH,

T T T T T T
220 210 200 180 180 170

Figure 159.

T T T T T
160 150 140 130 120

BC NMR spectrum of 10f

T T T T T T T T T
110 100 90 80 70 B0 50 40 30
1 {ppm)
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Parameter Value R R E R 2
1 Title productiOg-1H rindag M—‘.’f 7
2 Comment Std proton B
3 Origin Varian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0
7 Exrpetiment 1D H.C
8 Number of Scans 16 ® o
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1007.7
12 Nucleus H
13 Acquired Size 16415 S\S
14 Spectral Size 65536
0
cH,
Y
T T T T T T T vI - T T T T T T
14 13 12 11 10 9 8 7 [} 5 4 3 1 -1
1 (ppm)
: 1
Figure 160. '"H NMR spectrum of 10g
Parameter Value @ 2838 & o
1 Title product|0g-13C 8 Nkl g g
2 Comment Std carbon | vl |
3 Origin Varian
4 Spectrometer Ynmrs
5 Solvent cdel3
6 Temperature 3.0
7 Exrpetiment 1D
8 MNumber of Scans 212 HaC
9 Spectrometer Frequency 125,74 \O
10 Spectral Width 30487.8
11 Lowest Frequency -2042.5 S
12 Nucleus 13C TN
13 Acquired Size 39649 o
14 Spectral Size 131072 \CH

T T
220 210

Figure 161.

T T T T T T T T T T T
200 180 180 170 160 150 140 130 120 110 100 S0

1 (ppm)

BC NMR spectrum of 10g
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Parameter Walue B
1 Title productiOh-1H RIS IRS T
2 Comment Std proton
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8
11 Lowest Frequency -1006.2
12 Nucleus H HSC/O S\s O/CH3
13 Acquired Size 16415
14 Spectral Size 65536
!
T T T T T T T T T T T T T
14 13 12 11 10 8 7 [} 5 4 3 2 0 -1
1 (ppm)
Figure 162. "H NMR spectrum of 10h
Parameter Value & B e b Za =
1 Title product-8-13C-180525-1 | ¢ @ a g oo o
2 Comment Std carbon i 1 | Y i
3 Origin Warian
4 Spectrometer YNMmrs
5 Solvent cdel3
6 Temperature 3.0
7 Experiment 1D
8 Number of Scans 280
9 Spectrometer Frequency 125,74 0 S\ /CH3
10 Spectral Width 30487.8 H,C S o
11 Lowest Frequency -2042.4
12 Nucleus 13C
13 Acquired Size 39643
14 Spectral Size 131072
! i |
J b I
*
T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 lZfDl( H)D 100 90 80 70 60 50 40 30 10
ppm.

Figure 163. *C NMR spectrum of 10h
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Parameter Value 88 ga i
1 Title producti0i-1H "\'/' kol
2 Comment Std proton
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0
7 Experiment 1D
8 Number of Scans 16 0
9 Spectrometer Frequency 500,02 CH,
10 Spectral Width 8012.8
11 Lowest Frequency -1009.2 S\S
12 Nucleus H
13 Acquired Size 16415 HaC
14 Spectral Size 65536 0
ll I L J
4 by
T T T T T T T T T T T T T T T
14 13 12 " 10 g R [} 4 3 2 1 0 -1
1 (ppm)

Parameter
Title
Comment
Origin
Spectrometer
Solvent
Temperature
Experiment
Number of Scans
Spectrometer Frequency
10 Spectral Width
11 Lowest Frequency
12 Nucleus
13 Acquired Size
14 Spectral Size

Do s W —

w

Walue
product10i-13C
Std carbon
Varian
vnmrs
cdel3
30
1D
152
125,74
30487.8
-2042.5
13C
39649
131072

a

2 2 8
ne 8
o
ScH,
s
g

T T T
220 210 200

Figure 165.

180

T T
180 170

T
160

T
180

T
140

T T T T T T T T

110 100 90 80 70 B0 50 40 30 20 10
1 {ppm)

T T
130 120

BC NMR spectrum of 10i
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Parameter Value o8 e S5
1 Title producti0j-1H ] 5 T
2 Comment Std proton v g Y
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3
6 Temperature 30,0
7 Experiment 1D
8 Mumber of Scans 16 H.C o
9 Spectrometer Frequency 500,02 2 \O \CH
10 Spectral Width 8012.8 &
11 Lowest Frequency -1006,0 S.
12 Nucleus H N
13 Acquired Size 16415 e B
14 Spectral Size 65536 3
p ral =12 \O \CH3
1 3
T T T T T T T T : T T T T T
14 13 12 11 10 9 8 7 [} 4 2 1 -1 -
1 (ppm)
. 1 .
Figure 166 '"H NMR spectrum of 10j
Parameter Value Be & 8 o @0
1 Title product-10-13C-180525-2 | io & 2 2 3 g 55
2 Comment Std carbon || | | v
3 Origin Varian
4 Spectrometer vmrs
5 Solvent cdel3
6 Temperature 3.0 H.C o
7 Experiment 1D N o \CH;,
8 MNumber of Scans 168
9 Spectrometer Frequency 125,74 S.
10 Spectral Width 30487.8 \S N
11 Lowest Frequency -2042.4
12 Nucleus 13 Bl S
13 Acquired Size 39649 2
14 Spectral Size 131072
1
T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 126%! )I 10 100 90 80 70 60 50 40 30 20 10
1 (ppm

Figure 167. *C NMR spectrum of 10j
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Parameter Value

228
333

N

3

1 Title product!Ok-1H W
2 Comment Std proton
3 Origin Yarian
4 Spectrometer ynmrs
5 Solvent cdcl3 CHa
6 Temperature 300 CH,
7 Experiment 1D
8 Mumber of Scans 16 CH,
9 Spectrometer Frequency 500,02
10 Spectral Width 8012.8 S\
11 Lowest Frequency -1008.9 CH s
12 Nucleus H HaC 3,
13 Acquired Size 16415 “
14 Spectral Size 65536
CH,
| |
JJI it
4 !
T T T T T T T T T T T T T
14 13 12 " 10 9 8 [} 4 3 -1
1 (ppm)
Figure 168. "H NMR spectrum of 10k
Parameter Value @ g ag 38
1 Title praduct10k-13C 8 8 &8 g5
2 Comment Std carbon [ Juif
3 Origin Varian
4 Spectrometer vmrs
5 Solvent cdcl3 CH,
6 Temperature 30 CH,
7 Exrpetiment 1D
8 MNumber of Scans 256 CHa
9 Spectrometer Frequency 125,74 s
10 Spectral Width 30487.8 \S
11 Lowest Frequency -2042.5 CHa
12 Nucleus 13C HaC
13 Acquired Size 39649
14 Spectral Size 131072

CH,

T T T T T T T T T T T T T v T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 B0
1 {ppm)

Figure 169. *C NMR spectrum of 10k
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