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C-C Aguge §715804 09 F2d 29 Wgow HAmow
SE 7] st wgol AAYUL 55 Ay AVRE @A Aol
wEe SR
AHE o gEAOR PdE olgd C-C AgWso=zZ= Stille
reaction (Sn), Suzuki—Miyaura reaction (B), Hiyama reaction (Si)
5ol 3t (Scheme 1).!

R : usually sp? hybridized aryl, vinyl and alkyl
X : 1, Br, Cl, OTf (OTs)

R' : sp? or sp? hybridized aryl, vinyl, alkyl
M : Si, Sn, Zn, Li, Mg, B

cat. Pd

R'—

Scheme 1. PdE o] &3 C-C A&

C—C Agwts3 a7 FAFSE Wl © % C—heteroatom (heteroatom =
N, O, S, P, Si &) 2RSS &7 A4 7= ¢ltd. C—heteroatom

Agtsor AHHE = AFEste A FRol wE g



R : usually sp? hybridized aryl, vinyl and alkyl
X :1, Br, Cl, OTf (OTs)

Nu-H : R,NH, ROH, RSH

M : Pd, Ni, Cu, Fe

cat. M
R-X + Nu—H

R—Nu

Scheme 2. Ao]F%S o] &3t C—heteroatom ZA3H-g

C—C % C—hetercatom ZAgHFZe] o]&H+= FH &5 Fof

Zets (Pd), HZND, 78 (Cw, E(Fe) T2

cu(ly/(Iy

Ar—Nu LnCu() Ar—X

Ar Ar
/ /
LnCu(lll) LnCu(lll)
\ \

Nu y X
Base H+X- NuH, Base

Figure 1. Ullmann ¥+g< #HAYS



C—heteroatom ZAgwrsoz2 ML= & FT C-N, C-0, C-S
AgwS WAHEES scheme 39 e T?
C-N bond formation C-0O bond formation C-S bond formation
_Aryl
o ryl S,AryI
ArOH 7 ArSH N
— > R -+
=
NR, =
Diaryl ether Diaryl thioether
RoNH (7
IS %
Alkyl amino benzene o Alkyl s Alkyl
Aryl _|
halides Aryl |R'OH X Aryl |R'SH T N
NH, halidesT— R~ P halidesT—> " I __
NH; i X Alkyl aryl ether Alkyl aryl thioether
=
Aniline OH SH
MOH X MSH 7
— | _ | _
Phenol Thiohenol
Scheme 3. C—N, C-0, C-S A3$ WA E



o] FeofA C-0, C-S A% A4dE phenol¥} thiophenol> HA
T {4 BEAEY T3 AR 57 4 AFdA We Fs
° 2 & CyanidinZ X%, 57, =g FolA deves dd
7] 3gdEo|tl, I3 Resveratrold e ayE YEYE O HA

Z o)1 Nelfinavir& HIVE A7) AFLEt} (Figure 2).7

OH
Cyanidin
(a pigment found in many red berries)

OH

N O OH Nelfinavir

(antiretroviral drug)

Resveratrol
anti-cancer agent)

e
(

Figure 2. C—0, C-S AgS& ¥ 33 33 E
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Bl o]-& 3% phenole] FAHo]l NEIEI] ofHe] HAFAHOE=
aromatic sulfonic acidE NaOH 97]¢ &4 Hbg £7]d Y11 w2
2xo|A 7}43le] phenold AUt (Scheme 4).° HFAFsHA AFd A
Tdo 7 1928@9] chlorobenzenes H< NaOH =894 340 T,
170 atmollA HES3se] tiwrg] FEE  phenold A X3 B At}

(Scheme 5). 28y ol HHe 2%7F YUF =11 HES A|7to] <@

49w ok A#vg 2

rir

o}k phenol Ao+ HFA st =

9HSe A A Ao
SOzH SO5Na* O'Na* OH
NaOH NaOH
H,O 350 °C

Scheme 4. %3 <l phenold %4

Cl OH
1. dilute NaOH, 340 °C, 170 atm
2. H;0*
Chloro benzene Phenol

Scheme 5. Dow process
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23t Q). o] ML e go] Ay rhokdt X3S

zb= phenol &S FAstE d AdaA %ttt (Scheme 6).'°

OH
HsO* *
©)\ 0, ©)(00H 3 ©/ . )k
heat

Cumene Cumene Phenol Acetone
hydroperoxide

Scheme 6. Cumene process

o] ety (Pd) =wE ©l8% phenol AWl 7
Aol AAAJ 78 (Cu) FE ©] &3t phenol &4
k. WA 20099 Taillefer Z&°lA  diketone 3= (LD E
ARSI T You  ZE oA 1,10-phenanthroline #E (L2)E
AFg-3tel  phenols FAsHE WPl 77 HaEHgY o]F  F

Suj el A 2ol= vad gt=s L3 - Le)ol H=H3dn (Scheme

ol AFNAE thFe aryl halideZ2F ¥ 3+ &7 HH5 92 phenols

UUEE AR YA

53

St 3t =d D—glucoses} & 7k

1,10—phenanthroline ¥} 2 H|2 =& o] &3t7] % 3}t



Rl X X [Cu], ligand (L), base R N OH
L~ Solvent L~
i L1
/ A s
COO'Na

PhMPh —N N= ﬁ

L2 L3

L1
(Dibenzoylmethane) (1,10-Phenanthroline) (lithium pipecolinate)
OH A
+2
EA )
L4 L5
(D-glucose) (8-Hydoxyquinolin-N-oxide)

H

L6
(5-Bromo-2-(1H-imidazol-2-yl)pyridine)

Scheme 7. T3t g7tEE o] £ 3% phenol ¥AH

AT HAANE HIE=E AMESA 2= phenol @AW
B sk Aryl bromide® T2 v CuCly9t dd#dl Zelo] =, 7]
KoCO3 ZAstelA 130 TollA 20A%F whg-ato] ot oddll =fo]&
ASAE d2 5, ofd odd =golF ASAE A7 stel| dwkeho]

gttt (Scheme 8). ©] W&ol A

il

phenol 3@ &S F W7

od= SebolF2 Aok B 2t= 4 &vle ZEsqld



OH
5 mol% CuCl, o

BT K2COs N KOH ~OH
Ir I I
R _ Ethylene glycol R P DMSO RT _
130°C, 20 h 100°C, 3 h

Scheme 8. o€ ¥ ZFg}o|ZFE o] &3 5 @A Phenol T4

2= AFeAE dEd Sgto]FS o83 7 A RS NSk 2-
dimethylaminoethanol&  ©]&3to] 3+ ©74 ®W-§©S=F  phenols
skt 3 TE. Aryl halide®t 2—dimethylaminoethanol® W29

ostol C-0 A% FA7E APHR Aol A U Huwkgow

oo of) sttt (Scheme 9).

32

phenole] A44d

= [Cu], base = %

Scheme 9. 945+ 2—dimethylaminoethanols ©]&-3F
3+ WA phenol ¥4



Thiophenol?] 3% A <l non—catalytic FAAHOoRTE AEAS AW,

ghAnkg, A A @Rkgo] vk AdF A WH L diazonation HE
T A &7 RESo] o dAle] A WA HH, FARSS o] &3t
749+ aryl sulfonyl chloride®} £ 543 A4AE Ho=Z st} Aryl
halide= F&A X3 W3S F3to] thiophenol®Z W& 4 St} ]
g & 255 FQR i theket aryl halideo] #4438 4 ok
GdS 7FA a2 Atk (Scheme 10).7°

Traditional methods

Leuckart thiophenol

NH,
sioats alipn ot

Newman-Kwart rearrangement

OH
TN . >25o°c TN SWN\ base TN
RT —| RT —— R
7 = o 5

Reductive methods

SH

0

I
X sulfonation X $-cl reduction x-oH
R R—r O R_:
= = 7

Nucleophilic aromatic substitution

S SH
\ ~ \
—(j NaSAlkyl R _:(j/ Alkyl >150°C @/
/ /
(excess)

Scheme 10. T3t thiophenold] 331




oful, &5 =9 N-, O-nucleophile®} 24 thiol(—SH) I1&<&

oX

of ukgol %

el

i

F&o] EZAo] 1, aryl thiol?) =& HFE

ol

dojdtty. wkoF =& Fuf sfellA aryl thiolo] A€t &A% aryl

it

halide9t A¥ste] diaryl sulfide7t A HAY HA Atsiste] diaryl
disulfide”} A5 3tth (Scheme 11).'° NaSH9} Na,Seb #& 49,
aryl halide® =A& HbESo] dojup 34} diaryl sulfide®} diaryl
disulfide®] FilEo] #HFoz dofzxnt'’ aejng G4 ZwE o] &9

C-S Age w3z oA dAsty 9t

X

s 3=
A A A X S A
R ] M gD . Ry | SR + L0 Y S
= Pz pZ P R P

Diaryl sulfide Diaryl disulfide

Scheme 11. &% |43 C-S 23S
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= ] 233 ZdoAe wWrE o Z aryl halide® WEZAZ st

=% FulE o]&s F oA thiophenol &R o] B Hoglth. Metal

L%
sulfides o]&3t A3 ®&S oA AP FAEE9 WAooz
Hg&dol2z  thal &4 (metal sulfide equivalents)S o] &3F

A2 WSl HuEdy. hAEAES deprotective WP EE=

3t 2 WY o 7 A o] thiophenold A st (Scheme 12).

S. (a) deprotective
X ©/ P cleavage SH
"Ni, Pd, Cu"
S< @
-
(b) reductive

cleavage

thiol surrogate

(a) deprotective cleavage :
S (o) | SN

o)
TIPS-SH
HzNJ\NHz HSJ\Ph HS = HS/\)kOR

(b) reductive cleavage : Sg, Na,S,04

Scheme 12. 3+ 2 W F @74 thiophenol ¥4
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o. 23 9 uF
Part 1. 78] W& o]&3 phenold ¥4

B oA Hd3 AFoA = aryl bromidest ol€#d ZgtolFE, g

=i (CuClz) & 7] (K2CO3) 31 8ol A 130 TeollA 20417 ¥E-3-31oq

=

2

|23 =2gto]lE AIAE IS, 97] KOH, €9 DMSO x=H°o

B} <

.

ol

bl % wA

=

=
SO % phenol 3=l doFE FAsAUH

= U

(Scheme 13).

OH
5 mol% CuCl, o
K,CO
N Br 2LU3 N SN KOH N OH
RT _ Ethylene glycol RT DMSO R
130 °C, 20 h 100 °C, 3 h

Scheme 13. € d ZFo|ZF& o] £33t T @A Phenol ¥4

= ATeM e olEd SEelEe olgd Ady o] WA 2-

E

dimethylaminoethanol& ®k-g A9

f
o,
ofo
=
HU

AFE-EF T (Table 1).

d715 KOHZE AHE3t3ls W 53%9] phenol $t&&E A EHAI ©

=

nﬂ
ules
N

Ql Cs2COsE AFE3IAS W C-0 AT stgt=9 F AA =9

e
2
g}

01[

th. o]= ¥3lo] 7177} phenold 3 AR AAaEr] ATt Az

- 13 -



Table 1. 2—Dimethylaminoethanolg &w& A}£3F phenol T4

10 mol% Cu(OAc), H,0 -

I OH O N
/©/ s /©/ * Q/ )

2-Dimethylaminoethanol 1 mL

1 mmol 100°C, 20 h A B
Entry Base Conversion (%) A (%)’ B (%)

1 KOH (5 equiv) 100 53 47

2 Cs,CO3 (3 equiv) 100 3 90

"GC yield and conversion.

ZANE ARG ST EFst C-0 23 3+3E (B)©] phenol 3}

FE(A)F H%E var AAHY wiEed C-0 AFS &7 YA

olaAto 7 YEly thE WA DMSO €] 2497 phenolo] A H

k. o1& &3 DMSO¢® £ SmE Abggtubd C-0 A9 A4 W

4535 4—iodotoluene ¥} 4 —bromotoluene ©. = 511 2—
dimethylaminoethanols 1.2 9%, =2 10 mol% Cu(OAc): - H:0,
97] KOH 5 9&& & DMSO$ HO o= 100 TelAl 2047

HE-2-3l9ith. 1 A3, 4—bromotoluenes HF2o] A9 HXawx o 7

- 14 -



of H]3]A 4-iodotoluene GC Z ¥} phenol 33 &

=
S Ha¥ # Aok BYse $&% FAYL Wi 50% PR

o

phenol 3§H&ES LAt (Table 2). A5 7HAE 7HE 3 Zo] odd =

Table 2. 7]¥ ¥k 24 &<l

X | 10 mol% Cu(OAc), H,0 OH
[ j/ 5 equiv KOH
N
+ HO/\/ ~ Q/

DMSO/H,0 (10:1)

1 mmol 1.2 equiv 100°C. 20 h
(X=1,Br) 00°C, 20
Entry Substrate Conversion (%) GCyield (%) Isolated yield (%)

Br
1 /©/ 0 0 ;
|
2 /©/ 100 100 50

AeA Golur) 2 sgich of W, @719 FE 5 FPIM 3 FFOE B

A¥e @ Avh, HOE FoF molA Pob 3 YO

i
>
e
o
=
o
ol
ol
2
O



2—Dimethylaminoethanols £wjZ AFE3t WSS s 49 conversions =
AW 2—dimethylaminoethanol®}2] C—-0 A% 3}shE°] 47%7F A/d H o
phenol 3}eE3 1:19 A¥ES ® Yt} (Table 3, entry 1). C—0 Ag A
=9 &= =017l SF WHoE uE &wE AbEste] Whgske] gt
1,4=Dioxane3} DMSO?| A% A&l 50% F&= F&& B 4 &
mrEo 2 S gelsksitt. ol wet &=

et =9 e dste] Ads Bkt 1,4-Dioxane? 7% =°| 7t
H whgo] A9 dojubA] ¢k AE gld £ Ak =3 DMSO+ &9]

714 74 conversion®] ¥4 YESI, 71 % DMSO 1.5 mL, H20 0.5 mL

Ql %ol phenol 3}3E°] 94%2] £& +&& YERAY (Table 3).

- 16 -



Table 3. €d 2 W3lo] W& w5 A7

| | 10 mol% Cu(OAc),'H,0O OH
3 equiv KOH
T e ™y
Solvent

1 mmol 1.2 equiv 100°C, 24 h Product
Entry Solvent Conversion (%) Product (%)

1 2-Dimethylaminoethanol 100 53

2 DMF 0 0

3 1,4-Dioxane 70 50

4 Toluene 78 42

5 DMSO 100 53

6 1,4-Dioxane/H,0 (1:1) 0 0

7 1,4-Dioxane/H,0 (3:2) 0 0

8 1,4-Dioxane/H,0 (3:1) 0 -

9 DMSO/H,0 (1:1) 97 79

10 DMSO/H,0 (3:2) 95 79

11 DMSO/H,0 (3:1) 100 94

12 DMSO/H,0 (4:1) 100 81

"GC vyield and conversion.

Table 39 entry 119 Zd& 7|2 o2 & wre 1S FHA3} 317
ot F714 02 2—dimethylaminoethanol®] 9Y&3 -8 Fuj, @7

W eEE WaAA nod

-17 -



2—Dimethylaminoethanol®] Q%] W& &S Lolw ¢t} (Table
4). 0.3 G2 AFE3Y S ¢, conversion©] 11%%E phenol BAES

o

R4

ok
o

2
32
o

T a9 a 2 R 3 3RS ARgElE wWe BF 100%

ol

conversion< X {1, Z+7F 89 82%, 99% = YElyth AyFo=w 3
=t

ofl

o

&

A}

ofo

s W M 2L FES OHSA
t}+= aryl halide®} 2gH-s & 4 ] AddwrsS 3] phenols AA

Fe 2e HRoR & & g

g = —

ol

Table 4. 2—Dimethylaminoethanol®] ¥ WH3lo| o}

i
r-il',_‘
olo
ind
B

10 mol% Cu(OAC),H,0

/@/' | 3 equiv KOH /@/OH
+ /\/
HO A DMSO/H,0 (3:1)

1 mmol 100°C, 24 h Product
Entry /\/|L (equiv) Conversion (%)’ Product (%)’
HO ~
1 0.3 11 -
2 2 100 82
3 3 100 99

"GC yield and conversion.

- 18 -



e gy Sl dEFS LotEy] See] Adde

rlo
b

=z
AaEF e, 3 @] 2—dimethylaminoethanol & AFg3F A
ZFo] BAGel HFErE 100% conversion I 90% o]A2 F&ES HO

A7] wjEof, 2—dimethylaminoethanol & 2

>
30
i

orekul AFgate] Zujo] wE HreAS nuwatgdth (Table 5).

o

Table 5. T3t 8 Fvo] ¥sle] wE 9§ 23

10 mol% [Cu]

! | 3 equiv KOH OH
DMSO/H,0 (3:1)

1 mmol 100°C, 24 h Product
Entry [Cul  [Cu] mol% Z'Dim(‘ztggi'\‘j)thano' Conversion (%) Product (%)’
1 cul 10 2 100 84
2 CuBr 10 2 100 87
3 Cu,0 10 2 100 88
4 Cu,0 5 3 100 79
5 Cu,0 10 3 100 99
6 Cu (powder) 10 2 88 75
7 Cu(acac), 10 2 100 76
8 CuCl, 10 2 100 76
9 CuBr, 10 2 100 68
10 Cu(OAc),H,0 10 2 100 83
11 Cu(OH), 10 2 100 73
12 CuSO, 10 2 100 72
13 Cuo 10 2 100 78

"GC yield and conversion.
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T2 1 7} &<l Cul, CuBr, Cuz0, O 7F2l Copper powder, 2 7}9l
Cu(acac)2, CuClz, CuBrz, Cu(OAc)2H20, Cu(OH)s, CuSO4, CuO =
AHg3lth. Copper powder & Ags E&E Fwse 100%9)
conversion & XA, F7 1 77 2 JtEY gAFdoR £ &S
et At 1 5, Cu:0 7} 88%°] &% 7M & &S5 YErlT).

soz 4719 dFE dotrR7] fste] FmME Cu05 AFESHo
Al ske] ®WSkth (Table 6). %1719 KOH, CsOH, NaOH$} °F47]<l

Cs2C03, K2CO3, K3POuE AFE3IY. A7l A 7FA EF 100%

1o

conversione XA, 99%° F&S YEIUAT. FH719 A HESo)
AL AP A dS AS AT 4 QY. 1
=4 YyEld A& Ki3POu7b 13% =% YErWtl. 71 % phenol 3 E2

5%° F8& MW, 8%E C-0 AR AHER U, ot

&
ol loji} APAOR phenol FAT 4 Ut AL wAETh
%

712 94718 A48 W, CsOH+ th& f7]el vl

18
9
2
Ly
iy,
)
S

0% 714 golg KOHE =gt}
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Table 6. &7]

W3l wE Whg 2

10 mol% Cu,O
3 equiv Base

3}

' |
/©/ + HO/\/N\

DMSO/H,0 (3:1)

o

1 mmol 3 equiv 100°C, 24 h Product
Entry Base Conversion (%) Product (%)
1 KOH 100 99
2 CsOH 100 99
3 NaOH 100 99
4 CSQCO3 5 4
5 K,COs4 0 0
6 KsPO, 13 5

"GC yield and conversion.
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nprjEk o 7 %o 3t JeS 2-dimethylaminoethanolE 2 T3},

3 9P AHgstel Amuotth A/ AESHAE 100 ColAnTE B

& &%°lA phenolol FAETHA FHol 2 & vt Ao w&

rfo
b
i
£

5 3to] Boktd (Table 7).

Table 7. <% W3l o v 23

I | 10 mol% Cu,0
/©/ + HO/\/N\ 3 equiv KOH
DMSO/H,0 (3:1)
1 mmol 24 h

o

Product

L -
Entry  Temp. (°C) HO/\/N\ (equiv)  Conversion (%)

Product (%)’

1 2 93
70

2 3 100

3 2 100
80

4 3 100

5 2 100
90

6 3 100

7 100 3 100

60

"GC yield and conversion.
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70 T, 80 T, 90 C RE 2%9A4 100%9 =& conversiones X%

. 100 Teolgtel A= phenol A =] R &S YHEeRRH =, o+
2—dimethylaminoethanol®} C-04% AAHES AT F+ Addnkgo]

dojyx] kol work up FAA salt7} A FH] = Fof 53 A
o7 FAAY, AyHor 70 C, 80 C, 90 C Al €% % 100 T

X "WE&-3k A (Table 7, entry 7) BTF $£80] wHtovzg HZF

rfo

=+ 100 T

9 AxEL xso] 3 @ 2—dimethylaminoethanol, 10 mol%
Cu20, 3 F% KOH® €vw DMSO/H,O0 (3:1)= ¥ 100 TeAM 22—
24 AZE RbgEE o whg e FHeiy. gEld whg o
Z vek3t aryliodidet 2 7}A aryl bromide 2} aryl chloride€ phenol

stebe== A& 5 QAo (Table 8).

getdo. A7) = Hd7|E XS E aryl iodidex 57-99%° F&
S H. G (Table 8, entries 1=5). WE 7|7} ortho Y Xl &= A

9lglth (Table 8, entries 2, 3).

>

Naphthalene (1, 2" $£1#]) A & F&<= HEH (Table 8, entries
6, 7). WIEAl 719 sFo]==Al7]= meta S+ para 1Al H]E] ortho
AR Ae&FE F&o] de Ao Z LELN Tt (Table 8, entries 8—14).
AAE7] @7 2B ATE 77T%S FEE A0, UERTVE 7HA
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t aryl iodide:= HF-&A o] ol 7]E ZAA FAHEC] o] AAH
o] Fwl, gl ¥ &EE niiro] ¥t (Table 8, entries 16,
17, 23, 24). T2ZANE AF7|E Zb= aryl iodide® A 37]7F HZEQ]
4%+ bromideX® WHS-&lo] Fukgo] wo] AAEAY] wid F=Z=Z 9
EFeE A$7|E 2= aryl iodide 3= thste] A3 ekl (Table

8, entries 18—21). Aryl bromide+ ortho ¢ *] 3}o]|==A]7], para ¢ A

&

of WERZ|7} Qe A E zZe Af wh&o]l dojxttk (Table 8,
entries 25, 26). ortho Y9 UE=R7]E ztE aryl chloride:® 89%2)
&% " phenol FI=S DAtk (Table 8, entry 28).
Benzothiazole®] 7d-%- bromide$®} chloride =5 Ful $lo] ®¥H-53to] 90%
2 FE&ZE enol FHZF ofd keto FH O] AAHES A3t (Table 8,

entries 27, 29).
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Table 8. T3t phenol 3FEQ A

X | 10 mol% Cu,O OH
X ; X
= . =
DMSO/H,0 (3:1)
1, 1 mmol (X=I) 2, 3 equiv 100 °C, 22-24 h 3
Solvent
Entry  Substrate [Cu] (Mol%) DMSO/H,0 (mL) Temp (°C) Time (hr) 3 (%)

1 4©—| 10 15:0.5 100 24 90
3a

2 | 10 15:0.5 100 24 65
3b

3 | 10 15:05 130 22 57
3c

4 | 10 15:0.5 100 22 99
3d

5 Ph©—| 10 1.5:0.5 100 22 90
3e

|

6 10 15:05 100 22 81

3f
|

7 10 15:05 100 22 99

39
|

8 ©i 10 15:05 100 24 56

OCH5 3h
|

9 Q 10 15:05 100 24 88
H,CO 3i

10 15:05 100 24 97

S
I
@
(@)
o
o0 —
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Table 8. theF3l phenol 3FTE9 A

X | 10 mol% Cu,O OH
R~©/ . HO/\/N\ 3 equiv KOH R~©/
DMSO/H,0 (3:1)

1, 1 mmol (X=1) 2, 3 equiv 100 °C, 22-24 h 3

Solvent
Entry Substrate [Cu] (mol%) DMSO/H,0 (mL) Temp (°C) Time (hr) 3 (%)

H,CO |
11 10 15:05 100 24 64

OCHj
12 BnOOl 10 15:05 100 24 76
3l
|
13 @[ 10 15:05 100 24 72
OH 3m
HO |
14 \©/ 10 15:05 100 24 87
3n
\
15 N | 10 15:05 110 24 72
/ 30
0
16 HO ! 10 15:05 100 24 77
3p
o
17 }—@| 10 15:05 100 24 77
HO 3q
cl |
18 \©/ 10 15:05 100 24 91
3r
19 C|©—| 10 15:05 100 22 80
3s
F |
20 \©/ 10 15:05 100 24 71
3t
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Table 8. theF3l phenol 3FTE9 A

X | 12 moI%KCOquO OH
equiv
R©/ + HO/\/N\ R~©/
DMSO/H,0 (3:1)

1, 1 mmol (X=I, Br, Cl) 2, 3 equiv 100 °C, 22-24 h 3
Solvent
Entry Substrate [Cu] (mol%) DMSO/H,0 (mL) Temp (°C) Time (hr) 3 (%)

21 F@ 10 1.5:05 100 24 96
3u
|
22 10 1.5:05 100 24 64
3v
| .
23 Q S 11 60 24 85

26 O,N Br 10 15:0.5 80 24 73
3z
N
27 \>7Br 0 15:0.5 60 24 92
S 3aa
28  O,N cl 10 15:0.5 100 24 89
3ab
N
29 \}m 0 15:05 60 24 89
S 3ac
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Part 2. 78] Zd]& o]£3 thiophenol & 4

Thiophenol phenol AR FALSHAl ofd  Eefol=9} 1,2—-
ethanedithiol® @7 279 F8 Fu sto Wr&AAH C-S A3 WA=
ZHul2 Aoukgo] doju} t}ekdt thiophenols FHHS glo]

d dAZ dAT 5+ JdAdrtt (Scheme 15).
SH
X [Cul HST NS X SH
R|_ R_: -————0 RI_
= Base, Solvent = %

i R
- R@VS@ -
=

Scheme 15. 1,2—ethanedithiol& ©]£3t @< ©A thiophenols ¥4

2 AFA A= thiophenol? HZAstdE 4 1S 37 f38to] o
kst oA AFS ATt 1 Ay 2 G 1,2—ethanedithiol, 5

mol% CuSO45H20, 5 @& KOHE ¥ i DMSO/H:0 (10/1) ZzielA
aryl iodide® 90 T, aryl bromide® 110 TeollA 20 A7+ Hk$ &= A
o7 S gAY,

w AFNAE FYd ve 2de st X871 E 2 aryl halide
of Agd Rttt (Table 9). 1 mmolel ¢ 545 Akgsta, 77t 3t

=0 5o gtFo] xS Wee] HAH Y F&e Holkx: wWhET)
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gt @ 7}A aryl iodide®t aryl bromide® A& Ra&Hh, 22 7]
£  Hs37|E zt= aryl  iodide®t  biphenyl  bromide, 1-—
bromonaphthalene©] ¥< &% thiophenolZ AdE 7S & + A3
t} (Table 9, entries 1—-3). &FA|7] ¢} ofnl, dto]=5A]7] A 3% aryl

S Htt (Table 9, entries 4—6).

fifo

iodide A W& ZHANM £ 5
Zx2golE®E X3H 7[-E 3= thiophenolZ M3 AS gl

th (Table 9, entry 7). ¥h&Ao] & UEH, 78d, o ~H, oddsto]=

el
o
ze,
rlr
BN
B
o
=
Anj
ol
k)

W71 wiEe, kg7l Cs.COzE o] &3t
Zo]gltt (Table 9, entries 9—12). T3k, 2—bromoquinoline¥} #Z& 3

H=Z 18 gdEANAE 94% 5 YHEFUY AT (Table 9, entry 13).
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Table 9. t}eF3l thiophenol 3}3E9 A

X 5 mol% CuS0O,45H,0 SH
X
R+ . HS/\/SH 5 equiv KOH R:—(j/
= =
DMSO/H,0 (10:1)
4, 1 mmol (X=I, Br) 5, 2 equiv 90-110°C, 20 h 6
Solvent
Entry Substrate Base DMSO/H,0 (mL) Temp (°C) 6 (%)
1 I KOH 2.0:0.2 90 96
6a
Br
2 /©/ KOH 20:0.2 110 85
Ph 6b
Br
3 KOH 2.0:0.2 110 92
6¢c
|
4 KOH 2.0:0.2 90 88
HaCO 6d
HO |
5 \©/ KOH 20:02 90 90
6e
|
6 @E KOH 2.0:0.2 90 99
NH, ©f
|
7 /©/ KOH 20:0.2 90 87
Cl 6g
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Table 9. t}eF3l thiophenol 3}3E9 A

X 5 mol% CUSO45H20 SH
X
R P . HS/\/SH 5 equiv KOH R©/
DMSO/H,0 (10:1)
4, 1 mmol (X=l, Br) 5, 2 equiv 90-110 °C, 20 h 6
Solvent

Entry Substrate Base DMSO/H,0 (mL) Temp (°C) 6 (%)

ﬁ 2.0:0.2 90 97

/©/ Cs,CO4 20:0 110 87

10 \ﬂ/©/ Cs,CO; 20:0 110 87

11 /©/ Cs,CO; 2.0:0 90 85
EtOOC

12

13 @[j OH 20:02 110 04

Cs,CO3 20:0 90 91
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thiophenol& e HulE olgste] ¥ wAZ FH= WU

RS Part 14 = & A2 9 dEd Sdol== ol &8 F @

AFEe A g U= oA, WA ATY F

dHdEss M A=d o AdeMd= wlar @ 2-

o Fugl APHE FAES JA AAZ F UATE Aryl halide®
2—dimethylaminoethanol® 2 v (Cu:0), €71 (KOH), £mj
(DMSO/Hz0) Z=HeolA wt&3t A3, aryl iodidex= 7 phenol®
AstE R, 2 7FA] aryl bromide2} aryl chlrorideZ%E phenol
st ES AT = QST Part 204 = o] F&55 o] &3 FA o]
o} 2% thiophenol& aryl halide®t 1,2-ethanedithiols T8 Fvl&E
ojg3ste] & wWAR AL F AT Wk =S W AAAA

CuSO45H0E o]l &3t o™, sulfide E+ disulfide 52 FAH= 9]



<

22715 zr= aryl iodide9}t aryl bromide”} 3714 <l

2l¢] thiophenol® # g% T},
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1. 437171 & A ¢

(1) 43717

'"H NMRZ} "C NMR A#E#2 Varian—500 (500 MHz 'H, 125 C)
TFAZRE dojxlth. NMR &vWlZ% CDCls, DMSOE Ahg3taloH,
chemical shifty= ZFE2 ¢l tetramethylsilane (TMS)=Z%E ppm
o2 7]E39 0 dolE = chemical shift multiplicity (s—singlet,
d—doublet, r—triplet, m—multiplet, dd—doublet of doublet, dr—doublet
of triplet), coupling constant (Hz), integration® <A=Z 7]=3}% o).
Gas chromatopraphy (GC)+ Hewlett Packard Series 6890 R &=
HP—1 capillary column< AF£3t$ 1, MSDEZHE AZHEA7] (MS) =
ionization WHOZ electron impact (ED 9& LojFom m/z=2
Z1Z35kd k. A ES AZFEA Al internal standardi: n—dodecanes
AbE-3F k. Thin layer chromatography (TLC) & MerckARe silica gel
60 Fas547F Y% glass plateE AF&3tom, TLC 7ol #2ld 49
gels 98ted UV lamp (254 nm)E AF&3sHAY PMA &fo] g &

7k ste] Felskdth. YA ES 5= 'H NMR¥ GC—MS 24L& Z3)
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(2) AleF

2=

Lo AbgE HEES Alek& Sigma—Aldrich, Alfa Aesar, TCI

S Tl M=l PA glo] AHg ekt

Part 1. 78 %W & ©]§& phenol®] ¥4

X 10 mol% Cu,O

R-L N ,L 3 equiv KOH = ©/OH
| + T
= HO™ ™" "DMSO 1.5mL, H,0 05 mL /
X=I, Br, CI 100 °C, 22-24 hr

General Procedure

Schlenk tube®] aryl halide (1.0 mmol) & ¥ a7, Copper (1) oxide (0
- 10 mol%) ¢ potassium hydroxide (3 T, 3 mmoDE ¥ 5,
ol=Z 3 714 3sFellA 2-dimethylaminoethanol (3 9%, 0.3 mL) %}

DMSO (1.5 mL), H:0 (0.5 mL)& ¥t 100 TelA 22-24 A3t

=
ol

1531 =34 (1.0 mL)¢F IN HClI (2.0-4.0 mL) & 4¥<& =&

o
o

ZFR49 x3 NaCl golow

ofji
o

H:O/EtOAcE F=3t9 . §7
Tl F MgSOs=E AZAIZ 5, 7S shellA &l A AsHI . Flash
column chromatography (ethyl acetate in n—hexane) WHOo = Fg

J A5kl phenol &S AT
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p—Cresol (3a) [CAS 106—44-5]

— o

General procedure® #2 WHOF Schlenk tubeo] 4-—iodotoluene
(0.218 g, 1.0 mmoD <& Wi 24AZF WHg3Gth. ¥ EFELS flash
column chromatography (10% ethyl acetate in hexane) & #2]3}o] &=
stghE (Fet 94, 97 mg, 90%) = LUt

'H NMR (500 MHz, CDCl3) & 7.03 (d, /= 7.9 Hz, 2H), 6.73 (d, /= 8.4
Hz, 2H), 5.34 (s, 1H), 2.27 (s, 3H); "3C NMR (125 MHz, CDCl3) ¢
153.39, 130.33, 115.37, 20.72; MS (EI) m/z = 108.

FT—-IR 2922.21, 2851.13, 1725.93, 1467.80, 1461.75, 1451.85,

1378.35, 1260.76, 1093.67, 816.85 cm ™.

o—Cresol (3b) [CAS 95—-48-7]

R

General procedure®} #2> WHO® Schlenk tubeel| 2-iodotoluene
(0.218 g, 1.0 mmol) S 2 24A7F ¥F&35Fct M2 E3ES flash
column chromatography (10% ethyl acetate in hexane) & #2]3}o] #H &=
stE (=& A, 70 mg, 65%)S AT},

'"H NMR (500 MHz, CDCl3) 8 7.15 - 7.04 (m, 1H), 6.85 (td, J = 7.4,
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1.0 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 4.71 (s, 1H), 2.25 (s, 2H); '°C
NMR (125 MHz, CDCl3) & 153.98, 131.24, 127.35, 123.91, 120.96,
115.10, 15.94; MS (ED) m/z = 108.

FT—-IR 2921.46, 2850.37, 1497.44, 1467.92, 1461.81, 1451.87,
1432.67, 1413.03, 1379.18, 1188.54, 1119.20, 754.70, 480.44, 408.02

cm L

2,6 —Dimethylphenol (3c) [CAS 576—26—1]

OH

General procedure®} 2 HWH O Z Schlenk tubeo] 1—-iodo—2,4—
dimethylbenzene (0.232 g, 1.0 mmol)S Y1 130 TolA 2241t
Hh-g-3kelth, s 2352 flash column chromatography (10% ethyl
acetate in hexane) 2 g3t ¥H= 3gE (= 1A, 70 mg, 656%) =
A AT

'"H NMR (500 MHz, CDCl3) ¢ 6.97 (d, /= 7.5 Hz, 2H), 6.75 (t, /= 7.5
Hz, 1H), 4.64 (s, 1H), 2.23 (s, 6H); C NMR (125 MHz, CDCls) §
152.41, 128.86, 123.25, 120.47, 16.11; MS (EI) m/z = 122.

FT—-IR 3371.73, 2921.87, 2850.74, 1479.12, 1468.13, 1461.80,

1194.97, 1087.64 cm ™.
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3,5—Dimethylphenol (3d) [CAS 108—-68—9]
OH

General procedure$} #2 WHOF Schlenk tubee] 1-iodo—3,5-—
dimethylbenzene (0.232 g, 1.0 mmol) S Y1 22A17F HES3T
HF-S- 5352 flash column chromatography (10% ethyl acetate in
hexane) 2 #g|3te] = 3d&E (=& 1A, 121 mg, 99%)S AU},
'H NMR (500 MHz, CDCl3) & 6.58 (s, 1H), 6.46 (s, 2H), 4.67 (s, 1H),
2.26 (s, 6H); ®C NMR (125 MHz, CDCl3) & 155.62, 139.78, 122.78,
113.25, 21.49; MS (EI) m/z = 122.

FT—-IR 3249.23, 3037.94, 2919.32, 2852.63, 1620.28, 1595.59,
1510.47, 1501.25, 1478.52, 1468.23, 1442.25, 1346.05, 1312.38,
1237.31, 1155.79, 1025.44, 945.68, 834.50, 739.82, 686.41, 663.85,

582.15, 524.29 cm L,

Biphenyl—4—ol (3e) [CAS 92—-69-3]

Ph@OH

General procedure® #2 WY O R Schlenk tube¢] 4—iodobiphenyl
(0.280 g, 1.0 mmol) & i 22A17F ¥HF-&3F9ct W2 ESELS flash

column chromatography (10% ethyl acetate in hexane) & #g]3}o] #&=
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3etE (A 14, 154 mg, 90%) S LA}

'H NMR (500 MHz, CDCl3) & 7.54 (dd, J = 8.2, 0.9 Hz, 2H), 7.50 -
7.45 (m, 2H), 7.41 (t, J= 7.7 Hz, 2H), 7.30 (t, J = 7.4 Hz, 1H), 6.92 -
6.88 (m, 2H), 4.83 (s, 1H); C NMR (125 MHz, CDCly) & 155.25,
140.98, 134.31, 128.97, 128.64, 126.97, 115.88: ; MS (EI) m/z = 170.

FT—IR 3370.94, 2918.65, 832.26, 756.78, 685.40 cm .

Naphthalen—1-o0l (3f) [CAS 90—-15-3]

OH

General procedure® &2 WH O 2 Schlenk tube] 1—iodonaphthalene
(0.254 g, 1.0 mmoD)& Y3 22A7F W&3Art. W$EFEL flash
column chromatography (10% ethyl acetate in hexane) & #2]3}o] ¥ &=
SFE (A 242 1A, 117 mg, 81%) & LAt

'H NMR (500 MHz, CDCl3) ¢ 8.17 (dd, J= 5.4, 3.5 Hz, 1H), 7.81 (dd,
J=17.2,2.2Hz, 1H), 7.55 -7.46 (m, 2H), 7.44 (d, /= 8.2 Hz, 1H), 7.30
(t, /= 7.8 Hz, 1H), 6.81 (d, /= 7.4 Hz, 1H), 5.21 (d, /= 6.0 Hz, 1H);
"C NMR (125 MHz, CDCl3) 6 151.55,134.99, 127.91, 126.68, 126.05,
125.50, 124.55, 121.74, 120.96, 108.83; ; MS (EI) m/z = 144.

FT-IR 3228.35, 3056.90, 2918.03, 1598.65, 1387.31, 1364.27,
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1015.12, 789.24, 765.97, 566.62 cm ™.

Naphthalen—2-o0l (3g) [CAS 135—-19-3]

oy

General procedure® &2 WO 2 Schlenk tube] 2—iodonaphthalene
(0.254 g, 1.0 mmol) S ¥ 22A1F WESEY. WHSEFELS flash

column chromatography (10% ethyl acetate in hexane) & #2]3}o] &=

= (4

3}

o
=

2+ 314, 143 mg, 99%) S ATt

'"H NMR (500 MHz, CDCl3) & 7.76 (t, /= 8.3 Hz, 2H), 7.68 (d, /= 8.2
Hz, 1H), 7.46 — 7.37 (m, 1H), 7.36 - 7.27 (m, 1H), 7.14 (d, /= 2.5 Hz,
1H), 7.10 (dd, / = 8.8, 2.5 Hz, 1H), 4.94 (s, 1H); *C NMR (125 MHz,
CDCl3) 6 153.51, 134.80, 130.11, 129.19, 128.00, 126.78, 126.60,
123.88, 117.94, 109.73; ; MS (ED) m/z = 144.

FT-IR 3232.54, 3051.58, 2918.24, 1171.81, 843.91, 812.90, 741.69,

480.03 cm ™.
2—Methoxyphenol (3h) [CAS 90-05-1]
L

OCHs
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General procedure®t #2 WO Z Schlenk tube°] 2-iodoanisole
(0.234 g, 1.0 mmol) & ¥ 24A17F WHS3F3T. WHSEFES flash
column chromatography (10% ethyl acetate in hexane) & #2]3}o] ¥ &
3tgE (= AA|, 70 mg, 56%) S AT}

'"H NMR (500 MHz, CDCl3) 8 6.95-6.90 (m, 1H), 6.89 - 6.81 (m, 3H),
5.63 (s, 1H), 3.88 (s, 3H); '"C NMR (125 MHz, CDCls) & 146.80,
145.90, 121.69, 120.37, 114.76, 110.94, 56.11; MS (EI) m/z = 124.
FT—-IR 3508.54, 3053.30, 3006.78, 2933.67, 2842.19, 1596.70,
1502.19, 1444.41, 1410.04, 1360.87, 1302.75, 1258.97, 1173.78,
1109.60, 1039.66, 1023.57, 916.43, 834.66, 745.76, 583.58, 533.25,

449.32 cm L.

3—Methoxyphenol (3i) [CAS 150—19-6]

o
HyCO
General procedure®} 2 WHO=ZE Schlenk tube°] 3—iodoanisole
(0.234 g, 1.0 mmol) S 21 24A7F ¥F-&35kct M2 E3ES flash
column chromatography (10% ethyl acetate in hexane) & #23lo] =
seE (HF24 94, 109 mg, 88%)S LUt

'"H NMR (500 MHz, CDCl3) 6 7.12 (t, /= 8.1 Hz, 1H), 6.54 - 6.46 (m,
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1H), 6.45 — 6.38 (m, 2H), 5.62 (s, 1H), 3.76 (s, 3H); "*C NMR (125
MHz, CDCl3) & 161.08,156.99, 130.44, 108.17, 106.67, 101.84, 55.56;
MS (ED) m/z = 124.

FT—-IR 3380.43, 2959.04, 2838.51, 1598.44, 1493.40, 1467.72,
1440.89, 1330.25,1198.41,1149.26, 1078.15, 1041.24, 944.87, 923.06,

837.86, 765.38, 733.86, 686.44, 579.91, 529.15, 458.77 cm .

4—Methoxyphenol (3j) [CAS 150-76-5]

H3COOOH

General procedure?} < WHO= Schlenk tube®] 4—iodoanisole
(0.234 g, 1.0 mmol) S 2 24A7F ¥F&35kct 912 E3ES flash
column chromatography (10% ethyl acetate in hexane) & #2]3}o] ¥ &=
e (% = 34, 120 mg, 97%) = LA

'H NMR (500 MHz, CDCl3) & 6.87 —6.67 (m, 4H), 5.46 (s, 1H), 3.76
(s, 3H); ""CNMR (125 MHz, CDCl3) & 153.83,149.76,116.39, 115.22,
56.15; MS (ED) m/z = 124.

FT—-IR 3344.27, 3083.16, 3034.08, 2951.53, 2834.61, 1860.06,
1632.08, 1512.12, 1442.23, 1354.67, 1299.03, 1233.13, 1179.60,

1150.12, 1101.94, 1032.72, 823.80, 735.00, 511.17, 438.91 cm ™.
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2,4—Dimethoxyphenol (3k) [CAS 13330—-65—9]

H,CO OH

OCHs

General procedure$} #2 WHOF Schlenk tubeel] 1-iodo—2,4—
dimethoxybenzene (0.264 g, 1.0 mmol) S Yl 24A17F HF-S3FS T}
HE-S- 5352 flash column chromatography (10% ethyl acetate in
hexane) & g ato] #l= SE (24 A4, 99 mg, 64%) DALt

'"H NMR (500 MHz, CDCl3) & 6.82 (d, /= 8.7 Hz, 1H), 6.49 (d, /= 2.7
Hz, 1H), 6.38 (dd, /= 8.6, 2.7 Hz, 1H), 5.29 (s, 1H), 3.85 (s, 3H), 3.76
(s, 3H); ""CNMR (125 MHz, CDCl3) & 153.76,147.30, 140.00, 114.33,
104.45, 99.67, 56.12, 56.04; MS (EI) m/z = 154.

FT—IR 3428.39, 3001.45, 2940.14, 2838.33, 1610.03, 1510.41,
1454.86, 1438.67, 1377.29, 1303.08, 1265.41, 1205.07, 1154.47,
1121.27, 1086.67, 1033.09, 929.37, 832.55, 793.33, 735.68, 715.11,

623.19 cm L.

4— (Benzyloxy)phenol (31) [CAS 103—-16—-2]

BnOOOH

General procedure®} #F2 W O 2 Schlenk tubeo] 1—(benzyloxy)—

4—iodobenzene (0.310 g, 1.0 mmol)S Y1 24A%F HES3ST}.
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HFS- 3352 flash column chromatography (10% ethyl acetate in
hexane) & wFglst] dHl= &= (AX 1A, 153 mg, 76%)= LU,

: 'H NMR (500 MHz, CDCl3) & 7.42 (d, /= 7.0 Hz, 2H), 7.38 (t, J =
7.6 Hz, 2H), 7.31 (t, /= 7.1 Hz, 1H), 6.90 - 6.81 (m, 2H), 6.79 — 6.71
(m, 2H), 5.00 (s, 2H), 4.46 (s, 1H); 'C NMR (125 MHz, CDCls) o
153.24,149.85,137.46, 128.79, 128.14,127.72,116.28, 116.26, 71.00;
MS (EI) m/z = 200.

FT—-IR 3387.75, 2901.97, 2864.83, 1514.72, 1453.17, 1246.61,
1102.51, 1017.02, 919.01, 819.58, 775.23, 737.09, 697.54, 520.74,

512.34, 496.85 cm™ .

Pyrocatechol (3m) [CAS 120-80—-9]
L
OH

General procedure$} 2 WHOFE Schlenk tube°] 2-iodophenol

)

(0.220 g, 1.0 mmoD)& ¥i 24A7F W&3At. WH$EFEL flash
column chromatography (20% ethyl acetate in hexane) & =& 3to] =
3etE (M 14, 80 mg, 72%) = AT

'H NMR (500 MHz, DMSO) & 8.79 (s, 2H), 6.77 — 6.68 (m, 2H), 6.63
- 6.54 (m, 2H); "*C NMR (125 MHz, DMSO) & 145.95,119.95, 116.36;

MS (EI) m/z = 110.
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FT—IR 3451.50, 3329.82, 3052.39, 2918.04, 2849.22, 1619.97,
1601.73, 1528.81, 1512.62, 1502.20, 1493.30, 1469.18, 1441.60,
1426.50, 1412.77, 1365.10, 1282.09, 1243.44, 1189.16, 1095.04,
1040.63, 915.80, 847.91, 768.69, 741.00, 629.58, 563.69, 488.73,

448.62, 412.05 cm ™.

Resorcinol (3n) [CAS 108—46—3]

HO\©/OH

General procedure%} 2 WHO =2 Schlenk tube°] 3-iodophenol
(0.220 g, 1.0 mmoD & Y 24A%F WEE3Th WFEEFELS flash
column chromatography (20% ethyl acetate in hexane) & #2]3}o] ¥ &=
S3E (A = 34, 96 mg, 87%) S ATt

'"H NMR (500 MHz, DMSO) ¢ 9.13 (s, 2H), 6.91 (t, J = 7.7 Hz, 1H),
6.19 (dd, /= 2.8, 1.6 Hz, 2H), 6.18 —6.14 (m, 1H); *C NMR (125 MHz,
DMSO) ¢ 159.12, 130.39, 106.89, 103.16; MS (EI) m/z = 110.
FT—-IR 3269.29, 2921.97, 2851.06, 1619.82, 1604.76, 1572.66,
1511.10, 1501.41, 1484.47, 1468.38, 1452.08, 1426.46, 1380.62,

1299.50, 1167.30, 1147.88, 960.78, 841.28, 770.21, 740.11, 681.67,

461.39, 411.97 cm ™%
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4— (Dimethylamino) phenol (30) [CAS 619—-60—3]

\

/NOOH

General procedure®t 2 W O Z Schlenk tubeo] 4—iodo—N,N—
dimethylaniline (0.247 g, 1.0 mmol) S Y1 110 TolA 24A7+
HES-3Fdth, HFS-E3 52 flash column chromatography (10% ethyl
acetate in hexane)  2lsto] #H& &= (ZA AA, 99 mg, 72%) =
A AT

'"H NMR (500 MHz, DMSO) & 8.59 (s, 1H), 6.62 (s, 4H), 2.73 (s, 6H);
13C NMR (125 MHz, DMSO) 6 149.59, 144.78, 115.96, 115.32, 41.99;
MS (ED) m/z = 137.

FT—-IR 2879.62, 2798.78, 1514.62, 1461.22, 1451.68, 1241.46,

1146.59, 821.89, 695.17 cm .

3—Hydroxybenzoic acid (3p) [CAS 99-06-9]
0]
HOJ\©/OH
General procedure®} &2 W S 2 Schlenk tube®] 3—iodobenzoic acid
(0.248 g, 1.0 mmoDE ¥l 24AIF wH-&3dt}. WFEESHE LS flash
e

column chromatography (20% hexane in ethyl acetate) & #38]sto] #H&

33t (A 1A, 107 mg, 77%) < I},
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'"H NMR (500 MHz, DMSO) 6 12.83 (s, 1H), 9.73 (s, 1H), 7.49 - 7.17
(m, 3H), 7.09 - 6.90 (m, 1H); »C NMR (125 MHz, DMSO) 6§ 167.98,
158.07, 132.70, 130.26, 120.65, 120.52, 116.47; MS (EI) m/z = 138.

FT—-IR 3274.89, 3051.02, 1728.84, 1603.28, 1462.76, 1313.30,

1270.20, 1113.57, 924.51, 820.83, 763.54, 746.67, 675.03, 653.08 cm

1

4—Hydroxybenzoic acid (3q) [CAS 99-96—7]

O]
>—< >—OH
HO

General procedure?} &2 W © =2 Schlenk tube®] 4—iodobenzoic acid
(0.248 g, 1.0 mmoDE Y 24A1ZF WHS3FST. WHSEFES flash
column chromatography (20% hexane in ethyl acetate) & #2]3}o] ¥ &=
shebE (A 3Al, 107 mg, 77%) < 23U

'H NMR (500 MHz, DMSO) 6 12.44 (s, 1H), 10.21 (s, 1H), 7.80 (d, J
= 0.8 Hz, 2H), 6.83 (d, /= 0.9 Hz, 2H); '"C NMR (125 MHz, DMSO) 4
167.83, 162.27, 132.21, 122.02, 115.80; MS (EI) m/z = 138.

FT—-IR 3340.45, 2921.01, 1687.82, 1678.03, 1666.15, 1607.18,
1594.68, 1425.87, 1414.38, 1315.40, 1288.29, 1245.46, 1168.35,

1125.92, 1099.52, 1008.20, 924.73, 852.89, 767.93, 754.04, 689.59,

618.10, 587.33, 539.54, 500.28 cm .
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3—Chlorophenol (3r) [CAS 108—-43-0]

R i OH

General procedure2}t #2 ¥ O =% Schlenk tubeo] 1-chloro—3-—
iodobenzene (0.238 g, 1.0 mmol)S Y1 24A7F w3t
HF-S &3 52 flash column chromatography (10% ethyl acetate in
hexane) 2 #&sto] = = (AN AA, 117 mg, 91%) = LAt
"H NMR (500 MHz, CDCls) 8 7.15 (t, /= 8.1 Hz, 1H), 6.91 (dd, J =
7.8, 1.5 Hz, 1H), 6.86 (t, /= 2.1 Hz, 1H), 6.72 (dd, J = 8.2, 2.3 Hz,
1H); C NMR (125 MHz, CDCl3) 6 156.52, 135.14, 130.69, 121.29,
116.15, 113.99; MS (EI) m/z = 128.

FT-IR 3330.98, 1590.97, 1493.35, 1433.07, 1240.80, 1166.88,

1093.07, 824.53, 643.73, 504.31 cm ™.

4—Chlorophenol (3s) [CAS 106—48-9]

CIOOH

General procedure2} #2 WO =2 Schlenk tube®] 1-—chloro—4-
iodobenzene (0.238 g, 1.0 mmoD& Y 22A7F HFE3SAT
NS 3352 flash column chromatography (10% ethyl acetate in

hexane) 2 #glsled H= 3= (22 AA, 102 mg, 80%) = LA,
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'"H NMR (500 MHz, CDCl3) 6 7.18 (d, /= 8.8 Hz, 2H), 6.76 (d, /= 8.8
Hz, 2H), 5.13 (s, 1H).; ®C NMR (125 MHz, CDCl3) ¢ 154.34, 129.76,
125.89, 116.90; MS (ED) m/z = 128.

FT—-IR 3415.94, 1642.32, 1278.12, 1025.21, 996.36, 827.31, 765.65

cm L.

3—Fluorophenol (3t) [CAS 372-20-3]

F\©/OH

General procedure® £ "o =® Schlenk tubeo] 1-fluoro—3-—
iodobenzene (0.222 g, 1.0 mmolD& Y 2447+ HFS3S T}
HFS- 2352 flash column chromatography (10% ethyl acetate in
hexane) & w##|3sto] = FE (F4 A4, 80 mg, 71%)& DAL}

'H NMR (500 MHz, CDCl3) 6 7.21-7.14 (m, 1H), 6.69 — 6.53 (m, 3H),
5.11 (s, 1H); "C NMR (125 MHz, CDCls) ¢ 164.83, 162.88, 130.72,
130.64, 111.36, 111.33, 108.00, 107.84, 103.55, 103.36; MS (EI) m/z
=112.

FT—-IR 2289.20, 2922.95, 2851.95, 1737.38, 1729.17, 1711.32,

1462.18, 1377.42, 1260.29, 1021.91, 800.48 cm ™',
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4—Fluorophenol (3u) [CAS 371—-41-5]

o
General procedure® #2 W o7 Schlenk tubee] 1—fluoro—4-
iodobenzene (0.222 g, 1.0 mmol)S Y1 2447+ W33

HFS- 2352 flash column chromatography (10% ethyl acetate in

hexane) ® Fglsle] #HE 3gE (A =& 14, 108 mg, 96%) =

'"H NMR (500 MHz, CDCl3) 6 6.92 (t, /= 8.6 Hz, 2H), 6.80 — 6.71 (m,
2H), 5.51 (s, 1H); C NMR (125 MHz, CDCl3) & 158.45, 156.56,
151.68, 151.66, 116.52, 116.46, 116.33, 116.14; MS (EI) m/z = 112.

FT—IR 3371.90, 2923.45, 2852.24, 1510.15, 1493.64, 1461.82,

1452.11, 1204.76, 1093.43, 828.69, 790.48 cm ™"

3— (Trifluoromethyl) phenol (3v) [CAS 98—-17-9]
()-on
F3C
General procedure?t £ WHO=Z Schlenk tubee] 1-iodo—3-—
(trifluoromethyl) benzene (0.272 g, 1.0 mmol)S Y1 24A7F

HES-3Fdth. HESES 52 flash column chromatography (10% ethyl

acetate in hexane) & g3l HE & (= A4, 104 mg, 64 %)=
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AA

"H NMR (500 MHz, CDCl3) 6 7.35 (dd, /= 9.9, 6.0 Hz, 1H), 7.19 (dd,
J=17.7,0.7Hz, 1H), 7.08 (s, 1H), 7.01 (dd, /= 8.2, 2.3 Hz, 1H), 5.50
(s, 1H); ""C NMR (125 MHz, CDCl3) & 155.95,132.41, 132.16, 130.46,
125.12, 122.96, 119.03, 117.81, 117.78, 112.57, 112.54; MS (EI) m/z
= 162.

FT-IR 2920.36, 2849.88, 1737.42, 1737.42, 1726.61, 1710.70,
1461.84, 1452.25, 1432.78, 1377.48, 1328.05, 1259.48, 1167.38,

1126.59, 798.43, 427.54 cm ™.

3—Nitrophenol (3w) [CAS 554—84—7]

QOH
O,N
General procedure?} #2 HWHOZE  Schlenk tubeo] 1-iodo—3-—
nitrobenzene (0.249 g, 1.0 mmol) % Cu:0 (5 mol%)E ¥ 31 DMSO/H:0
(1 mL/1 mL) Zx1elA 80 T, 2417 vEgalrh. WEEFES flash
column chromatography (20% ethyl acetate in hexane) 2 8 3lo] #+&
stehE (A4 3Al, 121 mg, 87%) < 23Ut
'"H NMR (500 MHz, CDCl3) & 7.80 (ddd, J= 8.2, 2.1, 0.8 Hz, 1H), 7.72

(t, /= 2.3 Hz, 1H), 7.40 (t, J = 8.2 Hz, 1H), 7.20 (ddd, J = 8.2, 2.5,
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0.7 Hz, 1H), 6.24 (s, 1H); »C NMR (125 MHz, CDCl3) & 156.72,
149.34, 130.50, 122.29, 115.98, 110.78; MS (ED m/z = 139.

FT—-IR 3388.29, 3110.65, 3089.28, 2927.61, 1623.52, 1518.73,
1483.42, 1468.19, 1349.66, 1299.01, 1213.88, 1164.34, 1078.46,
999.06, 934.78, 874.62, 817.05, 795.09, 738.36, 672.03, 599.98,

554.71 cm L.

4—Nitrophenol (3x) [CAS 100—-02-7]

General procedure®?} 22 ®WHO=Z  Schlenk tube] 1-iodo—4-—
nitrobenzene (0.249 g, 1.0 mmol) & Cu:0 (5 mol%)E ¥ 311 DMSO/H-.0
(1 mL/1 mL) Zx1elA 80 T, 2417 vEgatlvh. WEEFHELS flash
column chromatography (20% ethyl acetate in hexane) & #2]3}¢] ¥
shgtE (A 4], 119 mg, 86%) = LAt}

'"H NMR (500 MHz, CDCl3) & 8.18 (dd, J= 9.0, 0.7 Hz, 2H), 6.93 (dd,
J = 9.1, 0.7 Hz, 2H), 6.12 (s, 1H); *C NMR (125 MHz, CDCl3) ¢
161.61, 141.85, 126.53, 115.94; MS (EI) m/z = 139.

FT—-IR 3368.69, 3120.50, 3078.56, 2917.94, 2849.24, 1612.32,
1592.54, 1509.84, 1500.02, 1468.75, 1433.47, 1342.10, 1294.26,

1205.82, 1176.43, 1113.42, 968.66, 956.05, 866.48, 844.65, 819.73,
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752.67, 692.46, 629.71, 536.32, 491.67 cm .

Pyrocatechol (3y) [CAS 120-80—-9]

OH
(L.
General procedure®} #2 ®¥ O % Schlenk tube©] 2—bromophenol
(0.173 g, 1.0 mmoD & Y 24A%F WEE3IATh W& ES flash
column chromatography (20% ethyl acetate in hexane) & #2]3}o] &=
stgE (A 1A, 77 mg, 70%) S AT}
'H NMR (500 MHz, DMSO) 6 8.83 —8.71 (m, 2H), 6.72 (dt, J = 7.3,
3.4 Hz, 2H), 6.63 - 6.54 (m, 2H); "*C NMR (125 MHz, DMSO) & 145.95,
119.95, 116.36; MS (EI) m/z = 110.
FT—-IR 3452.05, 3328.94, 3052.46, 1619.72, 1601.93, 1527.52,
1412.99, 1502.80, 1470.49, 1364.91, 1282.36, 1255.53, 1244.09,

1189.87, 1149.41, 1095.77, 1040.92, 848.72, 768.99, 741.34, 721.42,

631.10, 564.14, 553.89, 496.63, 448.85 cm ™.

4—Nitrophenol (3z) [CAS 100-02-7]

General procedure?} #2 H O % Schlenk tubeo] 1—-bromo—4-—
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nitrobenzene (0.202 g, 1.0 mmol) & Y1 80 TolA] 24A]3F HF-53FA T},
HFS 5352 flash column chromatography (20% ethyl acetate in
hexane) & #&lst] dAl= = (&2 14, 101 mg, 73%)= AU,

'"H NMR (500 MHz, CDCl3) & 8.17 (d, /= 9.1 Hz, 2H), 6.94 (d, /= 9.0
Hz, 2H); "*C NMR (125 MHz, CDCl3) 6 161.95,141.69, 126.50, 115.93;
MS (ED m/z = 139.

FT—-IR 3349.07, 2918.32, 1612.04, 1591.14, 1501.26, 1493.24,
1483.53, 1468.28, 1441.63, 1334.06, 1291.74, 1203.39, 1168.72,
1113.45, 866.41, 844.64, 752.59, 692.40, 629.13, 490.67, 465.27,

450.19, 408.15 cm %,

Benzo [dl thiazol—2 (3H) —one (3aa)

L

General  procedure$} &S WHO=®  Schlenk  tubeo] = 2-—
bromobenzo[d]thiazole (0.214 g, 1.0 mmol) ¥} Cu.0& ¥# &1
60  TCellAd  24AzF  WrEeklth. RESEI}ES flash  column
chromatography (20% ethyl acetate in hexane) & Fglslo] dH& 3T &
(B2 314, 139 mg, 92%)S AT

'"H NMR (500 MHz, DMSO) & 11.87 (s, 1H), 7.56 (d, /= 7.8 Hz, 1H),
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7.28 (t, J= 7.7 Hz, 1H), 7.12 (t, /= 7.6 Hz, 2H); '*C NMR (125 MHz,
DMSO) & 170.44, 136.78, 126.86, 123.74, 123.15, 123.04, 111.93;
MS (EDI) m/z = 151.

FT—-IR 3154.57, 3108.44, 3037.11, 2917.99, 1709.82, 1703.43,
1691.67, 1678.85, 1665.55, 1658.95, 1467.00, 1215.18, 740.69, 705.81,

640.86 cm L.

4—Nitrophenol (3ab) [CAS 100-02-7]

General procedure® T2 WO =Z Schlenk tubeel 1-chloro—4-—
nitrobenzene (0.157 g, 1.0 mmol)< Y1 24A7F W&t}
8- &35 flash column chromatography (20% ethyl acetate in
hexane) 2 #2|sto] #lE 3FE (= 1A, 124 mg, 89%)S ATt
'H NMR (500 MHz, CDCl3) 6 8.18 (d, /= 9.1 Hz, 2H), 6.94 (d, /= 9.0
Hz, 2H), 6.43 (s, 1H); '"C NMR (125 MHz, CDCls) & 161.96, 141.69,
126.52, 115.95; MS (EI) m/z = 139.

FT—IR 3358.53, 2917.05, 2848.75, 1591.73, 1334.87, 1294.68,

1113.46, 844.29, 752.19, 489.75, 454.12 cm ™.
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Benzo [dl thiazol—2 (3/H) —one (3ac)

CLo

General  procedure &} 7z Wy o 72 Schlenk  tube®] 2—
chlorobenzo[d]thiazole (0.169 g, 1.0 mmol) ¥} Cu.0&5 ¥x 11
60  TCellAd  24A12F WhEekith. RESER}ES flash  column
chromatography (20% ethyl acetate in hexane) & #23lo] #H= &
(814 314, 134 mg, 89%)= E3UATt.

"H NMR (500 MHz, DMSO) ¢ 11.87 (s, 1H), 7.56 (d, /= 8.4 Hz, 1H),
7.28 (t, /= 7.7 Hz, 1H), 7.13 (t, /= 7.4 Hz, 2H); *C NMR (125 MHz,
DMSO) ¢ 170.45, 136.79, 126.86, 123.74, 123.14, 123.04, 111.93;
MS (ED) m/z = 151.

FT—-IR 3155.46, 3109.35, 3054.97, 2883.26, 1709.94, 1703.44,
1691.58, 1678.73, 1672.52, 1665.68, 1659.07, 1466.85, 1215.36,
929.19, 770.61, 736.39, 716.71, 706.07, 642.32, 494.32, 465.08,

440.69, 426.10, 407.80 cm ™.
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Part 2. 7+8] Fuj& o]£ 3t thiophenold TA

5 mol% CuS0O,5H,0

X
A 5 equiv KOH xSH
R:_ P + HS/\/SH g R+
DMSO 2.0 mL, H,0 0.2 mL _—
X=I, Br 90-110 °C, 20 h

General Procedure

Schlenk tube®] aryl halide (1.0 mmol) &

u
5L,

Copper(II) sulfate

pentahydrate (5 mol%) 2} potassium hydroxide (5 @&, 5 mmol) & ¥

¥, ol

5
(2.0 mL), H20
B olF, TR

H2O/EtOAcE F=3I%

MgSO,Z2 AZXA7]

=
T
column chromatography

A A&}y thiophenol 3}t

714 shellA] 1,2—ethanedithiol (2 T,

(0.2 mL)<=

&

0.17 mL) % DMSO

-

golth. 90 T-100 TeolA 20 Azt

(1.0 mL)$+ 1IN HClI (2.0-4.0 mL)E Yo

71 & TFT% 23 NaCl §Ho= il

7ol sl fulE A AS . Flash

Ko
T,

(ethyl acetate in n—hexane) WX oz Hyg

25 fd

2,6—Dimethylbenzenethiol (6a) [CAS 118—72-9]

SH
General procedure®} & WHO=F Schelnk tubeo] 1—-iodo—2,6—
dimethylbenzene (0.232 g, 1.0 mmol)S Y1 90 TeolA 20 A7+

O =] O & X O
HhEekd et WhEEdE

flash column chromatography (10% ethyl

-57 -



acetate in hexane) & #2]3}9 thiophenol 3}&&E (FH3dt A, 133 mg,
96%) = AUt

'"H NMR (500 MHz, CDCl3) & 7.04 (d, /= 6.7 Hz, 2H), 7.00 - 6.95 (m,
1H), 3.23 (s, 1H), 2.36 (s, 6H); "*C NMR (125 MHz, CDCl3) & 136.25,

131.31, 128.18, 125.17, 22.31.

Biphenyl—4—thiol (6b) [CAS 19813-90-2]

jon
Ph

General procedure® 2 W S 2 Schelnk tube®] 4—bromobiphenyl
(0.233 g, 1.0 mmolD& ¥i 110 TelA 20 Azt u-33k3At}
HFS- 3352 flash column chromatography (10% ethyl acetate in

hexane) 2 +8|3}%] thiophenol &%= (A 1A, 158 mg, 85%) =

'"H NMR (500 MHz, DMSO—ds) & 7.63 (d, /= 7.5 Hz, 2H), 7.56 (dd, J
= 8.0, 2.0 Hz, 2H), 7.45 (t, /= 7.0 Hz, 2H), 7.41-7.31 (m, 3H), 5.53
(s, 1H); C NMR (125 MHz, DMSO—ds) 8 140.2, 137.4, 132.4, 129.6,

129.5, 127.99, 127.96, 127.0.
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Naphthalene—1—thiol (6¢c) [CAS 529-36—2]

SH

General  procedure&} 7o HF O 2 Schelnk  tube?] 1-
bromonaphthalene (0.207 g, 1.0 mmol)S Y1 110 TeolA 20 A7+
HES-3ldth, WS ESE S flash column chromatography (10% ethyl
acetate in hexane) ® #8]3}9 thiophenol 3% (FHE3s N, 147 mg,
92%) < AU

"H NMR (500 MHz, CDCls) ¢ 8.16-8.13 (m, 1H), 7.84-7.78 (m, 1H),
7.70—7.65 (m, 1H), 7.58—=7.45 (m, 3H), 7.33-7.28 (m, 1H), 3.57 (s,
1H); C NMR (125 MHz, CDCls) 6 134.2, 132.5, 128.94, 128.86,

128.4, 127.3, 126.7, 126.6, 125.9, 125.4.

4—Methoxybenzenethiol (6d) [CAS 106—45-6]

or
H,CO

General procedure?t #2 WHO=Z  Schelnk tubee] 1-iodo—4-
methoxybenzene (0.234 g, 1.0 mmol)S Y11 90 TolA 20 Azt
HES-3Fdch. HESE8 52 flash column chromatography (10% ethyl

acetate in hexane) @ #2389 thiophenol &3E (=5 A, 123 mg,
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88%) S <d3ltt.
'H NMR (500 MHz, CDCl3) & 7.26 (d, J= 7.0 Hz, 2H), 6.80 (d, /= 7.0
Hz, 2H), 3.77 (s, 3H), 3.36 (s, 1H); *C NMR (125 MHz, CDCls) &

158.5,132.4, 119.8, 114.7, 55.3.

3—Mercaptophenol (6e) [CAS 40248—-84—-8]

HO\©/SH
General procedure2} 2 WHOZE Schelnk tube°] 3—iodophenol
(0.220 g, 1.0 mmoDS ¥ 90 Teolr 20 A+ HHE3sA}

HF-S &3 52 flash column chromatography (20% ethyl acetate in

hexane) & %2]3}] thiophenol 33&E (s A, 113 mg, 90%) =

'"H NMR (500 MHz, CDCls) & 7.13-7.03 (m, 1H), 6.86-6.81 (m, 1H),
6.76 (s, 1H), 6.62 (d, /= 7.0 Hz, 1H), 4.99 (s, 1H), 3.44 (s, 1H); *C

NMR (125 MHz, CDCl3) ¢ 155.8,132.3, 130.2, 121.8, 116.1, 112.8.

2—Aminobenzenethiol (6f) [CAS 137—07-5]

CL.
NH,

General procedure®} 2 W O F Schelnk tube©] 2-—iodoaniline
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bt e,

ol

(0.219 g, 1.0 mmoD& Wi 90 TelA 20 AZF ¥k
HES 5352 flash column chromatography (10% ethyl acetate in
hexane) & %2]3}o] thiophenol 33E (593 A, 123 mg, 99%) =
At

'H NMR (500 MHz, CDCl3) & 7.18—-7.13 (m, 2H), 6.73—6.69 (m, 1H),
6.61-6.57 (m, 1H), 4.38 (s, 3H); '"C NMR (125 MHz, CDCl3) & 148.9,

137.1,131.8, 119.0, 118.5, 115.5.

4—Chlorobenzenethiol (6g) [CAS 106—54—7]

/©/SH
Cl

General procedure?}t #2 H¥HO=Z Schelnk tubeo] 1-—chloro—4-—
iodobenzene (0.238 g, 1.0 mmol) &= 2 90 TolA 20 AlxF ¥-3-3FSiT}.
-8 23%-2 flash column chromatography (10% ethyl acetate in
hexane) 2 #8ld}%] thiophenol &%= (=& A, 126 mg, 87%) =
A AT

'"H NMR (500 MHz, CDCl3) & 7.21 (s, 4H), 3.45 (s, 1H); *C NMR (125

MHz, CDCl3) 6 131.01, 129.41.
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1—(4—Mercaptophenyl) ethanol (6h) [CAS 77069—55—7]
you

OH
General procedure?t #2 HWO=F  Schelnk tubeo] 1-(4-
iodophenyl) ethanol (0.248 g, 1.0 mmol) S Y1 90 TolA 20 Azt
WS-t HFSE3 52 flash column chromatography (10% ethyl
acetate in hexane)® ¥]3}t9] thiophenol &3E (=5 4, 150 mg,
97%) & D3It
'H NMR (500 MHz, DMSO—dgs) & 7.26—7.27 (m, 4H), 5.27 (s, 1H),
5.10 (s, 1H), 4.67-4.60 (m, 1H), 1.40-1.08 (m, 3H); ""C NMR (125

MHz, DMSO—ds) & 145.0, 130.3, 128.9, 126.8, 68.3, 26.5.

4—Mercaptobenzonitrile (6i) [CAS 36801-01—1]

jon
NC

General  procedure$t 2 WHO=E  Schelnk  tubeo]  4-
bromobenzonitrile (0.182 g, 1.0 mmol) ¥ 59&F° Cs:CO3> ¥l
DMSO (2 mL) ZzlelA 110 T, 20 AIZF w-&ssint. WgE3E2 flash
column chromatography (20% ethyl acetate in hexane)® 2|3}

thiophenol 33t& (=& 1A, 125 mg, 87%) = A AT}
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'"H NMR (500 MHz, CDCl3) 6 7.50 (d, /= 8.0 Hz, 2H), 7.32 (d, /= 8.0
Hz, 2H), 3.68 (s, 1H); ®C NMR (125 MHz, CDCls) & 139.2, 132.5,

128.7, 118.6, 108.8.

1—(4—Mercaptophenyl) ethanone (6j) [CAS 3814—20-28]

pSH
(0]

General procedure2}t #2 W O=®  Schelnk tubee] 1-(4-
bromophenyl) ethanone (0.199 g, 1.0 mmol) ¥ 592 Cs:CO3& ¥
DMSO (2 mL) Z7elA 110 T, 20 A7k ¥k-&3oith W& &2 flash
column chromatography (20% ethyl acetate in hexane)® ] 3&}o]
thiophenol 3}&% (=& NAl, 132 mg, 87%) = AT}

'"H NMR (500 MHz, CDCl3) & 7.81 (d, /= 8.5 Hz, 2H), 7.30 (d, /= 8.5

Hz, 2H), 3.64 (s, 1H), 2.56 (s, 3H); '*C NMR (125 MHz, CDCl3) &

197.2,139.1, 134.4, 129.3, 128.4, 26.7.

Ethyl 4 —mercaptobenzoate (6k) [CAS 28276—32—6]

/©/SH
EtOOC

General procedure?} #2 HYO=F  Schelnk tube°l] ethyl 4-



iodobenzoate (0.276 g, 1.0 mmol) ¥} 5332 Cs.CO3= ¥l DMSO (2

FaA ok, HE-S23hE2 flash column

O

mL) ZZelA 90 T, 20 A+ Hbg
chromatography (20% ethyl acetate in hexane)® #2]3}9] thiophenol
stebE (e A4, 1564 mg, 85%) = Lith

'"H NMR (500 MHz, CDCl3) & 7.89 (d, /= 8.5 Hz, 2H), 7.28 (d, /= 8.5
Hz, 2H), 4.36 (q, /= 7.0 Hz, 2H), 3.60 (s, 1H), 1.38 (t, /= 7.0 Hz, 3H);
"C NMR (125 MHz, CDCls) ¢ 166.1, 138.1, 130.2, 128.1, 127.5, 61.0,

14.3.

4 —Mercaptobenzaldehyde (61) [CAS 91358—96—2]

ion
OHC

General procedure 2} as HFEH O 2 Schelnk  tube?] 4—

flo

iodobenzaldehyde (0.232 g, 1.0 mmol) ¥ 5932 Cs.CO3= ¥ il DMSO
(2 mL) Z=xelA 90 T, 20 AZF §bgakley. RE3E3E2 flash column
chromatography (20% ethyl acetate in hexane)® ¥#2]3}9] thiophenol
stgHE (Fet A4, 125 mg, 91%) S LAt

'"H NMR (500 MHz, DMSO—ds) & 9.89 (s, 1H), 7.76 (d, J = 8.0 Hz,
2H), 7.51 (d, /= 8.0 Hz, 2H), 6.12 (s, 1H); ">C NMR (125 MHz, DMSO—

de) ¢ 192.8, 143.3, 135.7, 131.1, 127.1; Element Anal. Calc. for

C7HeOS: C, 60.84; H, 4.38; S, 23.20. Found C, 60.77; H, 4.37; S, 23.23.
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Quinoline—2—thiol (6m) [CAS 2637—-37—8]

N\ SH

L

General procedure®} &2 HY © 2 Schelnk tube®] 2—bromoquinoline
(0.208 g, 1.0 mmoD<& 4¥i 110 TelA 20 AIRF wkg3Rdrh.
HES- 5352 flash column chromatography (10% ethyl acetate in
hexane) & -2]3}°] thiophenol 3&&E (=& 14|, 151 mg, 94%)=
A AT

'"H NMR (500 MHz, CDCl3) 6 12.65 (s, 1H), 7.68—=7.58 (m, 2H), 7.48—
7.46 (m, 2H), 7.36-7.33 (m, 1H), 7.26 (d, / = 2.0 Hz, 1H); °C NMR
(125 MHz, CDCl3) ¢ 181.1,139.0,135.6,131.50,131.47,127.9, 124.9,
123.0, 116.0; HRMS (ESI) for CoHgNS [M—H]  requires 160.0221

found 160.0215.
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Abstract

An efficient copper—catalyzed

synthesis of phenols and thiophenols

Ji—Hye Kim
Department of Chemistry
Graduate School of

Sungshin University

Phenols and thiophenols are important synthetic intermediates in
organic transformation and also frequently occurring in biologically
active natural products. In recent years, transition metal catalyzed
coupling reactions have made a huge progress in developing new
methods for the synthesis of phenols and thiophenols. In this thesis,
copper catalyzed single—step synthetic protocols for phenols and
thiophenols are studied.

2—Dimethylaminoethanol was used as coupling partner with aryl
halides in the presence of Cuz0 as catalyst and KOH as base in aqueous
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DMSO at 100 °C. The resulting coupled product, aryl 2-
dimethylaminoethyl ethers, were in situ cleaved and afforded phenols
in single step. Aryl halides including iodides, bromides and chlorides
were effectively converted to corresponding phenols in good to
excellent yields. A broad range of functional groups, such as alkyl,
hydroxy group and nitro group were tolerated in this reaction protocol.

Thiophenols are more difficult to be synthesized than phenols
because sulfur is considered “ poisonous’” to transition metal
catalysts and thiophenols are suffered from oxidation to form
disulfides or sulfides. Encouraged by our work in phenols, thiophenols
are expected to be synthesized in a similar way. In fact, an efficient
synthetic route for thiophenols from aryl halides was also developed

using copper catalyst and 1,2—ethanedithiol. The reaction occurred at

90 °C in DMSO employing CuS0O4-5H20 as catalyst and KOH or Cs2CO3

as base and thiophenols are predominately formed without any side
product. Various thiophenols were obtained in satisfying yields in a

very simple way.
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Appendix

p—Cresol

e

' . ' . v . v . v . v . '
13 12 " 10 ° 8 7 5
11 (ppm)

Figure 3. 'H NMR spectrum of 3a

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 4. '*C NMR spectrum of 3a
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o—Cresol

OH

1l ) uj_

S 3
1 (ppm)

Figure 5. '"H NMR spectrum of 3b

| B

T T T T T T T T T T T
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T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 0
1 (ppm)

Figure 6. '*C NMR spectrum of 3b
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2,6 —Dimethylphenol

OH
TEA B T TR TR IR 7 ;
1 (ppm)
Figure 7. '"H NMR spectrum of 3¢
2‘20 2"\ o 260 1 éo 1 éo 1 L/O 1 ‘50 1 :130 T;O 1 éD 1 éO 1 (‘:O 9‘0 8‘0 7’0 5‘0 5'0 -'ID 3‘0 ZIO

e
1 (ppm)

Figure 8. '*C NMR spectrum of 3¢
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3,5—Dimethylphenol

OH
| A
'I3 ’YZ e "O é ]8 :L (-} 5 é
11 (ppm)
Figure 9. 'H NMR spectrum of 3d
NN J AN Y dim
2‘20 2"\ o zés ";O 1 éO 1 I70 1 éG 1 ::»O 1 ;0 ‘éo TéO 1 (‘30 9‘0 8‘0 4'0

e 0
1 (ppm)

Figure 10. *C NMR spectrum of 3d
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Biphenyl—4—o0l

VeV

|
3 2 'IO 9 8 [ 4 é
1 (ppm)
Figure 11. 'H NMR spectrum of 3e
2‘20 2"\ o zés 1 ‘;O 1 éO 1 I7O 1 éG 1 :l»O 1 ;0 1 éD 1 éO 1 éO 9‘0 8‘0 7’0 6‘0 5'0 4'0 3‘0 ZIC-

e 0
1 (ppm)

Figure 12. '*C NMR spectrum of 3e
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Naphthalen—1-o0l

OH

L o L J{__A_.
3 o é 8 (-} 4
11 (ppm)
Figure 13. 'H NMR spectrum of 3f
2‘20 2"\0 EéC ";O 'éO ';O 'éG '::»O '20 'éC‘ "‘ZO 9‘0 8‘0 7‘0 6‘0 0 0

110 100
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Figure 14. 'C NMR spectrum of 3f
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Naphthalen—2—o0l

e

|
3 o é 8 (-} 4
1 (ppm)
Figure 15. 'H NMR spectrum of 3g
2‘20 2'\0 EéO "‘50 'éD ';O 'éc 'éO '-140 'éO "‘ZO 9‘0 8‘0 7‘0 6‘0

110 100
1 (ppm)

Figure 16. '*C NMR spectrum of 3g
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2—Methoxyphenol

Cr
OCH,

T T T T T T i
13 1z 11 10 9 8 7 6
1 (ppm)

Figure 17. 'H NMR spectrum of 3h
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Figure 18. '*C NMR spectrum of 3h
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3—Methoxyphenol

OH
HsCO
U_L A
'I3 "IZ " 'IO é IS :L B 5 4 3 2
11 (ppm)
Figure 19. 'H NMR spectrum of 3i
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Figure 20. '*C NMR spectrum of 3i
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4—Methoxyphenol

H3CO@OH

T T T T T T T
13 12 1 10 s 8 7

(-}
1 (ppm)
Figure 21. 'H NMR spectrum of 3j
o
2‘20 2"\ o zés 1 ‘éO 1 éD 1 I7O 1 éG 1 :l»O 1 ;0 1 éD 1 éO 1 éO 9‘0 8‘0 7’0 6‘0 5'0 -‘ID 3‘0 ZIC'

e 0
1 (ppm)

Figure 22. '*C NMR spectrum of 3j
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2,4 —Dimethoxyphenol

HsCO OH
OCHs
1 ‘ ‘l A JuL
3 2 'IO -] 8 A (gpm) 4 3 é
Figure 23. 'H NMR spectrum of 3k

e 0
1 (ppm)

Figure 24. 'C NMR spectrum of 3k
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4— (Benzyloxy)phenol

BnOOOH

S 3
1 (ppm)

Figure 25. 'H NMR spectrum of 3l

mmu..lmm.....
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1 (ppm)

Figure 26. '*C NMR spectrum of 3l
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Pyrocatechol

CL,
OH

T T T T T T T i
4 3 2 1 10 ] 8 7 &
1 (ppm)

Figure 27. 'H NMR spectrum of 3m
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Figure 28. '*C NMR spectrum of 3m
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Resorcinol

HO\©/OH

JEE! T

r T T T T T T T
4 13 2 11 10 ] 8 7

6
1 (ppm)
Figure 29. '"H NMR spectrum of 3n
2‘20 2"\ o 260 1 éo 1 éo 1 L/O 1 ‘50 1 :130 T;O 1 éo 1 éO 1 (‘:O 9‘0 8‘0 7’0 5‘0 5'0 -'ID 3‘0

e
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Figure 30. '*C NMR spectrum of 3n
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4— (Dimethylamino) phenol

\
N—< >—OH
/

r T T T T T T T
4 13 2 11 10 ] 8 7

6
1 (ppm)
Figure 31. 'H NMR spectrum of 30
zéo 2'l +] 2&0 1 éC- 1 éO 1 ;O 1 éG 1 :'I>O 1 -;\C 1 .’ISD 1 éO +] 1 éG 9‘0 B‘O 7'0 6'0 5‘0 AIO 3'0 ZIG

1 (ppm)

Figure 32. '*C NMR spectrum of 30
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3—Hydroxybenzoic acid

(0]
OH
HO
A -\3 :'z " :'o é é l 5 4 é =
1 (ppm)
Figure 33. 'H NMR spectrum of 3p
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e 0
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Figure 34. '*C NMR spectrum of 3p
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4—Hydroxybenzoic acid

O
(o
HO

T T T T T T T T
4 13 12 11 10 S 8 7
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1 (ppm)
Figure 35. 'H NMR spectrum of 3q
L | L |
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Figure 36. '*C NMR spectrum of 3q
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3—Chlorophenol

o 3
1 (ppm)

Figure 37. 'H NMR spectrum of 3r
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Figure 38. '*C NMR spectrum of 3r
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4 —Chlorophenol

CIOOH

\_ Ay
3 2 'IO -] 8 6 5 :“:
1 (ppm)
Figure 39. 'H NMR spectrum of 3s
| 1
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Figure 40. '*C NMR spectrum of 3s
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3—Fluorophenol

A
4 3 2 "O -] 8 b 4 6 é T;
11 (ppm)
Figure 41. '"H NMR spectrum of 3t
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Figure 42. 'C NMR spectrum of 3t
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4—Fluorophenol

o

i,
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1 (ppm)
Figure 43. 'H NMR spectrum of 3u
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Figure 44. '*C NMR spectrum of 3u

-92 -



3— (Trifluoromethyl) phenol

QOH

F3C

A

S 3
1 (ppm)

Figure 45. '"H NMR spectrum of 3v
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Figure 46. '*C NMR spectrum of 3v
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3—Nitrophenol

O,N
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s W W = 7 2 7 z : G T T g =
11 (ppm)
Figure 47. '"H NMR spectrum of 3w
l | |
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Figure 48. '*C NMR spectrum of 3w
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4 —Nitrophenol

||
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6
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Figure 49. 'H NMR spectrum of 3x
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Figure 50. '*C NMR spectrum of 3x
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Pyrocatechol

L,
OH
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Figure 51. 'H NMR spectrum of 3y
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Figure 52. 'C NMR spectrum of 3y
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4 —Nitrophenol
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Figure 53. 'H NMR spectrum of 3z
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Figure 54. '*C NMR spectrum of 3z
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Figure 55. 'H NMR spectrum of 3aa
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Figure 56. '*C NMR spectrum of 3aa
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Figure 57. '"H NMR spectrum of 3ab
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Figure 58. '*C NMR spectrum of 3ab
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Figure 59. 'H NMR spectrum of 3ac
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Figure 60. '*C NMR spectrum of 3ac
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2,6 —Dimethylbenzenethiol

Figure 61. 'H NMR spectrum of 6a
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Figure 62. '*C NMR spectrum of 6a
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Biphenyl—4—thiol
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Figure 63. 'H NMR spectrum of 6b

Figure 64. '*C NMR spectrum of 6b
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Naphthalene—1—thiol
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Figure 65. 'H NMR spectrum of 6¢
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Figure 66. '*C NMR spectrum of 6¢
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4—Methoxybenzenethiol
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Figure 67. '"H NMR spectrum of 6d
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Figure 68. '*C NMR spectrum of 6d
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3—Mercaptophenol
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Figure 69. 'H NMR spectrum of 6e
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Figure 70. '*C NMR spectrum of 6e
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2—Aminobenzenethiol
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Figure 71. 'H NMR spectrum of 6f

Figure 72. 'C NMR spectrum of 6f
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4—Chlorobenzenethiol
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Figure 73. 'H NMR spectrum of 6g

Figure 74. '*C NMR spectrum of 6g
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1—(4—Mercaptophenyl) ethanol
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Figure 75. 'H NMR spectrum of 6h

Figure 76. '*C NMR spectrum of 6h
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4—Mercaptobenzonitrile
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Figure 77. 'H NMR spectrum of 6i

Figure 78. '*C NMR spectrum of 6i
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1—(4—Mercaptophenyl) ethanone
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Figure 79. 'H NMR spectrum of 6j

Figure 80. '*C NMR spectrum of 6]
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Ethyl 4 —mercaptobenzoate
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Figure 81. 'H NMR spectrum of 6k

Figure 82. 'C NMR spectrum of 6k
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4—Mercaptobenzaldehyde
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Figure 83. 'H NMR spectrum of 61
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Figure 84. '*C NMR spectrum of 6l
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Quinoline—2—thiol
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Figure 85. 'H NMR spectrum of 6m
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Figure 86. '*C NMR spectrum of 6m
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