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ZuE o]&3 Hizo Aol MEHY] ole HNEHoRE olEviE AH¥Y ofA]=(aromatic sulfonic
acid)E NaOH 71¢t A w5 &7]o ¥u ¥ 25ddA 71435t = (phenol) S LA FARH A A
Ql FAHo=E 1928\ FEZAl(chlorobenzene) S H- NaOH &M Al 340 C, 170 atmollA] WHg-ate] ik
9 R = H=(phenol)S #AFSH v} At (Wittcoff, H. A.; Reuben, B. G.; Industrial Organic Chemicals
in Perspective; Part One: Raw Materials and Manufacture; Wiley-Intercience, New York, 1980.). &1}
olgl WL 2L7F YN FaL Wk A7lo] o Ag ¥ oyt XEVE zkE vhYFE #Hl=(phenol) FAOl=

Agethe Be 7 Qo

1z

HY7] e E

=524
£33 0001) Wittcoff, H. A.; Reuben, B. G.; Industrial Organic Chemicals in Perspective; Part One:

Raw Materials and Manufacture; Wiley-Interscience, New York, 1980.
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7] ok Fetolm a7] Beka 2= EAIE S 9tk

[3h54) 2]

471 8eha] 2014, R B X A7) 384 1elA Ao gh wpel et

A7) H3E5 Fole e S Ak

A7l 34 Fvl= Cu(0Ac),, Cul, Cu0, CuCly, Cu(OH),, CuSO, F Cu0Z o] FoZ oA MEEE sy o] s
x4 Qo

7] 7971 KOH, NaOHl 3 CsOH= o] o3l ol A AdEs= shit o) e £3d 5 .

d7) g &l stellA F8E 4 Tt

7] &l DMSO(dimethyl sulfoxide), H.0, DMF(dimethylformamide), BuOH(butanol), tho]&4k(dioxane) 9

EZa(toluene) 0.2 o]F ol oA AEEE sl o)AS xET 4 gla, vulEASHAE DMSO(dimethyl
o E

sulfoxide), DMF(dimethylformamide), BuOH(butanol), ©}o]<4k(dioxane) ¥ EF < (toluene) &2 o] F oz
oA HAEEE s o) f7] &ulet HO07F £ AY F Ao, o] W U189l HO0+= 3t 0.5 ~ 49] F
vu = E3HE 5 glrk. vk skAlE DSOS HO07F 30 1-39] Fujulw E3tE AY £ v

2 50 ~ 150 CollA] 12 ~ 30 AIZF <t 3& 4= 3, wEASHAIE 60 ~ 130 TolA 24 AlZF &<
[e]

A},

A7) HAEme BAS 1~ 49 A7), BAF 6 ~ 129 oY), BAS 1 ~ 49 LFAY|, FEEA7],
UERY], go|=FA7], 7tRd7], &44 1 ~ 49 Zolu| 7], oMy, EgZRozddr] 9 &7z
o|Fox oA AelE = v oo X375 7HE 4= ),

A7) Hize g, o delol= 1 mmol & w 2-tlo]wEolr] o &S 0.1 ~ 5 FH(equiv)Y HEE
WA 7= Wi o R FaE = k. o] w A= 1~ 6 BEY & I, 75 E9E 1~ 30 molsY F 9
ot vl e AE o dEtol= 1 mmol ¥ wj 2-Tholwdolm| o gh-g 1 ~ 3G (equiv)e HIEZ HESATE
%ﬂﬁif?%ﬁﬁiﬂq.]”ﬂ%@ﬂ%2~%l%%%4:%ﬂ,%ﬁ“éU55~20mH%‘F]4

wowge] o Axldol nhE el GAPEe, Tl v 2 Rr)e) £A solA, olo] LEEFAT 2-thol
Mgobrl ol &%, DSOS H07F 3:0.5-49] ¥]ul = £FH S sfol A 50 ~ 150 TolA] 12 ~ 30 A7k £

WA BAE Egetel T4E ot

of Wy, #4 &) @ 4o £ sflA, ol @elomel a-tholuEotu]y.

A, obd weel=sh a-tholu ol el B S WS AT WAE Eisle]
o =

2 e mEW, 54 ]9 EA) StolA ofd Fgtol=ef 2-tholvdolm e S HHSAIA wWA-HEH
HE-o] AERE Haus 22 FEE AT & Jdu. 53 2-to|don gt e S o] gk AS, HE 1,2-
o]#5A  o¥H(1,2-difunctionalized ethane)S ©o]&3l= ZA$9 ] FA FakEol Fud EFH
(ofl,oxirane)©] old $aY HAANA EZ AA 7M5s 584 22U SEFD NeN(CH),) o)L 23887 17t
SE2A(GH 2= 9 HE 7] AR drgo] Y = e AHe] k. WS FAMEo] by 7]
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AAd 1: HlEeY A
271 GE £3sle HAE FH olF sglol= (4-iodotoluen, 1.0 mmol), Cu0 (14.3 mg, 0.1 mmol),
KOH (169 mg, 3.0 mmol), 2-tfo]lweo}m] o & (2-dimethylaminoethanol, 0.3 mL, 3.0 mmol), = DMSO/H.0

(1.5 mL/0.5 mL)E H7tslgth. of=22 o2 ZejA(flushing)d &, EIFES 100TAA 24 A7 B2k 445
9 AZ(0il bath)dlA wralAT. AL(ambient temperature) o2 W@zbet = wlS 3RS =4 HCI(5%) T
o olAElo|EoA YAE{FA(distribution) sttt §715S £ 95 (brine) 2 917 (washing) k3L
(anhydrous) MgSO,= ZAIZ ohs, AFdA FHFAAT. = A E(crude product)S A AZRvE1 Y
(EtOAc/n-Hexane) 2 A8t Hl&s AUt

Age] 1: MR 4

pCresol (3a) [CAS 106-44-5]

Ao 1o wa} 3shA 3ar2 FAEHE FUES F5(92%, 100 mg, T MA(colorless liquid))sdtal NMR &
A& 5T

' NMR (500 MHz, CDCly) & 7.03 (d, J = 7.9 Hz, 2H), 6.73 (d, J = 8.4 Hz, 2H), 5.34 (s, 1H), 2.27 (s,

3H0); 13C NMR (125 MHz, CDCl;) & 153.25, 130.06, 129.91, 115.11, 20.46; MS (EI) m/z = 108 (M+).

A 2: & 4

okt 23 s, dE e A FE-Eu 9gS EAstn 1 AFE % 1o YERIAT. 2-thelH "o}
v o ghg o] ko] Zteld uwhe} HE 3al] F&o] YtolxE= FoR FAFYA, fF& AHRE fIAE 2-v
olwglo}u| ol ekL-0] 3}8tekE A 9k(stoichiometric amount) ©]Ato] FR3lthi= Aol el gt entry 1-6).
o] 2-tolwgo}u] o) €k (2-dimethylaminoethanol) o] <=3 =7} ofd AZY FEYRA 7]53chE=
AL el e Aotk 1 thgof, HAEL ¥4 W S2 (intramolecular Sy2, nitrogen as the nucleophile)¥t

olo
=2

93] 5a2] C(&Z)-0 ZF(bond)o] #3f(cleavage) H O =M TAE = Ut}

w3k B3] wh-S(cleaving reaction) HE FEWE £F XM (water cosolvent solution)olA X2 4 ).

Fo] "S- EolEo] F7lEAS W, ¢-oFHA3t WA E(C-arylated product) 5a= Aol AEEHA &t (entry 1
- 18). Z#vt DMSO, thelS4k(dioxane), E EF4A( toluene) 53 P& ==zlo] £WE(dry solvent)olAE
A3k ol 5a7k BEEATH(entry 19 - 21). HAEH T2 @ FolMe 72(1) SAol=7} 71 379l

o= FAEAY(entry 8 - 14). Hgk 2-vpo|rHoln] o gh-&-& ALE3h= WA R ofH3] A7|7 8
P Aoz FlE At (entry 15 - 18). & 1o el A9 A¥E n#d o, HA | v-§ 212 &3 2o
AR = 9tk 1 mmol9] ob olo]leriel=(aryl iodide), 10 mol% 9] T2l(1) SAe]=, 3 T (equiv)?]
o-tjolWFoln] o &k2-( 2-dimethylaminoethanol), % 3 Q& (equiv)e FEMEF 3Fo]|=EAlo]=(potassium
hydroxide); DMSO (1.5 mL) % & (0.5 mL); 100 C, 24 h.
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[0046] 2-tho|Hgdopr] o BHE S o] &3 g BA S

e

S|
N
| 10 mol% [Cu]
= 3.0 equiv. base = =
N .
l Lz $ HOTTS solvent I = + | =
| 100 °C, 24 h
1a 2 3a 5a
[0047]
Yield (%)"
Entry 2¢ (equiv) |Cul Base Solvent (1.5 mL/A0).5 mL) 3a Sac
1 1.5 Cu(OAc), KOH DMSO/H,0 85 0
2 1.0 Cu(DAc), KOH DMSO/H,0 61 0
3 03 Cu(0Ae), KOH DMSO/H,0 8 0
4 0 Cu(OAc), KOH DMSO/H,0 () ()
5 2.0 Cu(DAc), KOH DMSO/H,0 86 1]
B 30 Cu(OAc), KOH DMSO/H,0 97 0
7 0 Cu(0Ac), KOH DMSO/H,0 32 0
8 20 Cu (Powder) KOH DMSO/H,0 75 0
9 2.0 Cul KOH DMSO/HA0 84 0
10 20 Cu,0 KOH DMSO/H,0 91 (989 0
11 2.0 CuCl, KOH DMSO/H,0 76 0
12 20 Cu(OH), KOH DMSO/H,0 73 0
13 2.0 CuS0, KOH DMSO/H,0 72 0
14 20 CuO KOH DMSO/H,0 78 ()
15 30 Cu,0 NaOH DMSO/H,0 9 0
16 30 Cu,0 CsOH DMSO/H,0 99 0
17 30 Cu,0 K,CO, DMSO/H,0 0 0
I8 30 Cu,0 Cs,C0; DMSO/H,0 4 0
19° 30 Cu,0 KOH DMSO 64 27
20° 30 Cus0 KOH Dioxane 57 36
yA b 30 Cus0 KOH Toluene 58 36
2 30 Cus0 KOH DMSO/H:0 89 ()
2% 30 Cu,0 KOH DMSO/H,0 53 0
24 3.0 Cus0 KOH DMSO/H,0 79 0
[0048] e 27 4-olo] Q= E=Zol (4-iodotoluene, 1.0 mmol), CTro]wl€olm] =o€ (dimethylaminoethanol),
[Cu] (10 mol %), &®} (3.0 equiv), &=f (1.5 mL), 100 C, 24 h.
[0049] " R mZ(internal standard)©® %7 (r-dodecane) S 0] &3 GC2 ALg3l0] $8S ZAF
[0050] ‘120 C.
[0051] 3.0 equiv 2.
[0052] ‘ Dry solvent 2.0 mL.
[0053] " DNSO/H0 (1.0 mL/1.0 ml).
[0054] ‘80 C.
[0055] " 5 mol % Cu0.
[0056] o]F, HAY Wy =S TS ofd ofojertol=e] HEst HEsS FAHST 1 HAIAE ® 29
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[0058]
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yetdidier,  Fel-Euf 938 Ax-F R (electron-rich), HAA-FH(electron-neutral), %L HAx-ZAF
(electron-deficient) o} olo]et}o]=(aryl iodides)oll A&E 4 9= Aoz AL, &4 T+ A
ANFAE zh= o ofolettolE= ASetE ddS & 782 AFSAtentry 1 - 3, 5). 1- F 2-ofo]2
Syzekdle] wke 3 =2 FA FJaHo] UZE(naphtol)S A tH(entry 6 2 7). A FEl-Z0) vk
2 2,6-tfoluld ool 2 =MlAN(2,6-dimethyl iodobenzene)® 72 QPA| el ofF olo] e rho]=(sterically
hindered aryl iodides)dl WA % &34 Zo = gAY (entry 4). 22-EZAM(ortho-position)ol Al
sto] =54 (hydroxyl) B ®lE Al (methoxy) &} 22 ZFgt WA Fo] 1F(electron-donating groups)S Zt& ©F
g ofolotiolt HE & F£EO At HER HBEJH entry 8, 10, 12). 2-olo] k=] FA|E
Ast= A =(attempt of hydroxylating 2-iodophenol): 7He|E thal FF dHES A v | 2
o] g AAde] wE Fg Zv) 9Ee QR-Flo]|=EA] ofo] @ w- Wi H 2R WAl (ortho-hydroxy iodo- or
bromo-benzenes, entry 12) . 2FE JFLEHZFS A3t F8F 5 Art. sfol=FA7] D L= A1 7] (hydroxyl
and alkoxy groups) o]&jd] LZojmyx, olAE, st2E2 gz YE=R, EZ=2¢ 29" (alkylanino,
acetyl, carboxyl, halo, nitro, trifluoromethyl) ¥ Z2 th& ®-& #%7](functional groups)E E33}t
= Afdk, vhgo] XA JdH = How SRlF A (entry 14-25). ¥ X719 oFfho] WHEH LS FF
A W75 2= 54 71" (specific substrates)ol thste] o v AxE YeElH At (entry 15 2 16).
E2-%3%} o}g ofo] Qu}o|=(nitro-substituted aryl iodides)?] WF&& T W& &9} ¢ we o] Fg
A7 1zdA WSS T (entry 22 E 23). FE2Z- I EFFLZ-X3F o} ofo]r}o]=(chloro- and
fluoro-substituted aryl iodides)Z AF&3IRS w, 7HE Hjo]& o}o] o v}el(carbon bearing iodine)oll A 3}
S el A © 2 (chemoselectively) H&mo] A== Aoz el th(entry 19-21). 3 A stE o} B 2w}
o= 9 F2Fo]=(activated aryl bromide and chloride)] %ol Hkgo] ¢xFA FgHE= Aoz Il

A H(entry 23).
[E 2]

f

Al

=
s
a
3

DY

2-tholi o] ol &2 o] 8% HEe] A

tllo

3.0 equiv. HO™ >~ i
10 mol% Cu,0, 3.0 equiv, KOH
DMSO/H,0 (1.5 mL/0.5 mL), 100 °C, 24 h

o »
R ~ R
=

1 3



[0060]

Entry Product (3) Yield (%)"
1 Ja 92
o

2 3b N.T.
7’ N—oH

3 Je 99
E >~ OH

4 3d 657
e

5 Je 90

6 OH 3r 81

7 .l 'l .OH g 99

b3 @OH 3h i)

OMe
0 i 97

=
]
G
o]
i
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Entry Product (3) Yield (%)

10 /»\r/oH 3j 64
MeO” > “OMe

M
®
11 3k T6
BHOQOH
# @DH 3l 72, 70"
OH

13 HD\©/ OH Im 87
14 \ In 72°
as
/
o)

H
30 N.TS

)UOH
16 o 3p NS

o

17 0 3q 77

OH
"y

[0061]
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Entry Product (3) Yield (%)"
18 (8] Ir 77
o
HO
19 CI\©,DH 3 9]
20 3 80
cl OH
2] 3u U6
O
22 ON A OH B 85% 4
o
23 3w 864k 785 go°
on-{_y-on
24 F1C. : OH I 65
25 3y N.T.
0

[0062]

FaC
o
FC
[0063] Cme A ArT (1.0 mmol), 2-Tho]mEou] o BHe(3.0 equiv), Cu20 (10 mol %), KOH (3.0 equiv),
DMSO/H,0 (1.5 mL/0.5 mL), 100 C, 24 h.

[0064] * Isolated yield.

[0065] ‘ Not tested.

[0066] ‘130 .

[0067] ‘110 C.

[0068] "80 C.

[0069] ‘60 C.

[0070] " 20 mol % [Cul.

[0071] "5 mol % [Cul.

[0072] “ DMSO/H,0 (1.0 mL/1.0 mL).
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[0074]
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" From ArBr.

’ From ArCl

2 ool A Ao wE ] v qkgo] w2, 2-tho|WEoln et S FEl Sl 27 shollA ofH
ofo] @ t}ol =9} ukS-A]FA T}AFE C-N H/HEE -0 WA-AZHE AES AT = 9 2 el g AAd
oAl 2-Tho|deoln| o gh& T, ThFSt o}F olojQrjol=g o] 83 H2EA gIHon AgsteE HEol
PAEE AL FUds. 2-thojEoln o gtE S o] &3k ] FHul vESlA, Clalkyl)-0 &3l (cleavage)
7} Agk o] & Claryl)-0 AZHo] TASAIL of7]A 2-TholWEoln et ASHIEY 9 =2 A
2-g-skodch, w3k 2-thojw ol o gh&-g o] 83 FE] v w2 54 HE(functionalized phenols)]
T8 Y FEE ATss Ao gAY
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