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Abstract Site-selective C—H iodination of electron-rich phenols is a challenging reaction. A Pd(Il)-catalyzed C—H io-
dination of free 2-aryl phenols and 2-phenoxyacetic acids using 4-iodo-3-nitroanisole as the mild iodinating reagent was re-
ported. Excellent site-selectivity and good functional group tolerance were obtained with a range of electron rich phenol deriv-
atives. These results suggest that C—H iodination via formal metathesis is a potentially useful method for C—H iodination of

challenging substrates.
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1 Introduction

Phenol motifs are found in numerous synthetic interme-
diates, natural products and bioactive molecules.['l There-
fore, site-selective direct C—H iodination of phenols has
received wide attention. However, direct iodination of
phenols utilizing electrophilic aromatic substitution (SgAr)
reaction generally leads to mixture of ortho and/or pa-
ra-iodinated products (Scheme la). In addition, although
directed ortho-lithiation of phenol carbamates could be used
to prepare ortho-iodinated phenols, this method requires
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harsh reaction conditions using rather strong base such as
sec-butyllithium.””! In the past decades, transition-metal-
catalyzed C—H iodination has emerged as a valuable
method to access aryl iodides.’# Notably, a single report
was disclosed on ortho-C—H iodination of phenol carba-
mates using costly cyclic hypervalent iodine(Il) oxidant in
the presence of a strong acid, i.e. trifluoromethanesulfonic
acid.’®! However, major para-iodinated phenols were gen-
erated instead if commonly-used electrophilic N-iodo-suc-
cininide (NIS) or I,/PhI(OAc), was used as the iodinating
reagent with these phenol carbamates.[®! Importantly, tran-
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sition-metal-catalyzed C—H iodination of free phenol de-
rivatives has not been realized to date.*”! Therefore, the
development of a mild, non-electrophilic, and readily
available reagent for C—H iodination of phenol derivatives
is highly desirable.

a) possible products of iodination of phenols
| |

OHﬂ» |0H+TH+ITH

b) C—H iodination of hydrocinnamic acids with Arl (our previous work)

|
COzH MeO/CENoz ‘:\/CozH
Pd(OAc),/ligand @ |
AgOBz (0.1 equiv.)
base, HFIP
c) C—H iodination of phenol derivatives with Arl (this work)
. @ e /©:|
H |
@ AgCI (0.1 equiv) @
base, HFIP

(formal metathesis)
i mild reagent enables site-selective
. C-H iodination of free 2-aryl phenols

Pd(OAc)./ligand

icompatible substrates !

Scheme 1 Site-selective C—H iodination of phenol derivatives
via formal metathesis

In recent years, notable advances have been made in
functional group metathesis reactions.[®%1 However, C—H
functionalization via a metathesis reaction is extremely
rare.[384-8¢] Recently, we discovered that a set of 2-nitro-
phenyl iodides such as 4-iodo-3-nitroanisole could enable
ortho- and meta-C—H iodination of hydrocinnamic acids
via a rare formal metathesis reaction (Scheme 1b).”! Since
the 2-nitrophenyl iodides are mild iodinating reagents that
are readily available and non-electrophilic, we envisioned
that they could be possibly applied to the challenging site-
selective C—H iodination of electron-rich phenol deriva-
tives. Herein, we report the development of a site-selective
C—H iodination of free 2-aryl phenols as well as
2-phenoxyacetic acids using 4-iodo-3-nitroanisole as the
mild iodinating reagent (Scheme 1c).

2 Results and discussion

To start our investigation, commercially available 2-
phenyl phenol (1a) was selected as the model substrate to
react with 4-iodo-3-nitroanisole (Table 1), since the phe-
nolic hydroxy group has been proved to be a good chelating
group in C—H activation reactions.!'%! In our previous study
of C—H iodination via formal metathesis, 39% iodinated
product 2a has been detected during the mechanistic
study.”) However, 11% undesired arylation!'®" product was
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also produced together with 11% dibenzofuran 3a side
product that was probably generated from a competing
C—O reductive elimination'! with 4-iodo-3-nitroanisole
acting as an oxidant.l'”! Therefore, an extensive re-evalua-
tion of reaction conditions was carried out. As shown in
Table 1, product 2a could be obtained in 23% yield with
Pd(OAc); as the catalyst and N-Formyl-Gly-OH (L1) as the
ligand, using 0.5 equiv. of NaOAc as the base after heating
at 90 C in hexafluoroisopropanol (HFIP) for 24 h (Entry 1).
Notably, no detectable arylation product was obtained. The
yield of 2a was increased remarkably when pyridine-type!'*!
ligand L2 or L3 was employed as the ligand (Entries 2 and
3). Base was then evaluated and one equivalent of KoCOj3
proved to be best with ligand L3 (Entries 4~8). Subse-
quently, silver salt additives such as AgCl, AgOAc, and
Ag,COs3 were tested, and it was found that 0.1 equiv. of
AgCl was the most effective, leading to a slight increase of
yield (Entries 9~15), which also suggested that the addi-
tion of AgCl was not crucial. However, the exact role of
AgCl in the reaction is not clear at this stage. Moreover, the
reaction temperature could be reduced to 60 C nearly
without change of the yield (Entries 16 and 17). Nitrogen
atmosphere was proved to be not necessary (Entry 18), and
other Pd catalysts such as PA(OTFA), and PdCl, were not
superior (Entries 19 and 20). In addition, it was beneficial to
shorten the reaction time to 12 h but further reducing the
reaction time was not helpful (Entries 21 and 22). Notably,
arylation side product was not detectable under the above
reaction conditions, though it was hard to completely
eliminate the generation of side product 3a.

With the optimized reaction conditions in hand, the
scope of C—H iodination of 2-aryl phenols was explored
(Table 2). Good isolated yield of 2a was received, and the
yield decreased only slightly on a larger scale. Substitu-
tions with both electron donating and withdrawing groups
at the 3'- and 4'-position of the 2-aryl group were tolerated,
leading to generally good yields of products (2b~2j).
However, substrates like 1-phenylnaphthalen-2-ol afforded
very low yield of desired product, possibly because they
were hard to achieve a coplanar orientation that was im-
portant for C—H bond cleavage. Various functional
groups including halides were also tolerated on the phenol
ring of the 2-aryl phenols, affording high yields of desired
products (2k~2p). Finally, substitutions on both aryl rings
of 2-aryl phenols were also compatible with this method
(2q and 2r).

Based on the success in C—H iodination of 2-aryl phe-
nols using 4-iodo-3-nitroanisole, we moved on to test this
method with 2-phenoxyacetic acids that were designed for
ortho-C—H iodination of phenols with a carboxyl direct-
ing group (Table 3). After re-evaluation of the reaction
conditions, good combined yield of desired products was
achieved with substrate 2-phenoxyacetic acid (4a) using
N-Formyl-Gly-OH (L1) as the ligand without the addition
of a silver salt. The products were converted to methyl
esters that were isolated more easily than corresponding
acids (5a). Pleasingly, a series of electron donating as well
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Table 1 Optimization of reaction conditions”

O | Pd(OAc), (10 mol%) O O ! j\ CF3 B
ligand (20 mol% : X
o,y w1 "
O MeO NO base, Ag salt O O E N/ oH NZ oH
i

2 HFIP (0.1 moliL)

\

(2 equiv) T, 24 h L1 L2 L3
1a 2a 3a
Entry Ligand Base (equiv.) Ag salt (equiv.) 7/°C Yield/% 2a/3a |Entry Ligand Base (equiv.) Ag salt (equiv.) 7/°C Yield/% 2a/3a
1 L1  NaOAc (0.5) — 90 23/10 12 L3 K:COs3(1.0) AgNOs(0.1) 90 50/7
2 L2  NaOAc (0.5) — 90 47/8 13 L3 K:COs(1.0) AgBr (0.1) 90 65/6
3 L3  NaOAc (0.5) — 90 52/10 14 L3 K:COs(1.0) AgCl(0.2) 90 80/8
4 L3  NaOAc (1.0) — 90 57/9 15 L3 KCOs3(1.0) AgCl(0.5) 90 66/8
5 L3  NaxCOs (1.0) — 90 73/10 16 L3 KCOs3(1.0) AgCl(0.1) 80 82/8
6 L3 K:COs3(1.0) — 90 7717 17 L3 KCOs(1.0) AgCl(0.1) 60 81/8
7 L3 K:COs(2.0) — 90 72/10 18 L3 KoCOs3(1.0) AgCl(0.1) 60 80/8
8 L3 KOH (1.0) — 90 69/6 19 L3 KxCOs3(1.0) AgCl(0.1) 60 82/7
9 L3 K:COs(1.0) AgCl(0.1) 90 82/8 204 L2 K2COs3(1.0) AgCl(0.1) 60 25/1
10 L3 K:CO;3(1.0) AgOAc(0.1) 90 50/5 21° L3 K:CO3(1.0) AgCl(0.1) 60 85/7
11 L2 KoCO;(1.0) AgCOs;(0.1) 90 63/7 22¢ L3 KoCOs(1.0) AgCl(0.1) 60 65/5

4 Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 4-iodo-3-nitroanisole (0.4 mmol, 2.0 equiv.), Pd(OAc), (0.02 mmol, 10 mol%), ligand (0.04 mmol, 20 mol%), base,
Ag salt, HFIP (2 mL, 0.1 molsL "), 24 h. The yields were determined by '"H NMR using CH,Br; as the internal standard. ® Under N, atmosphere. ¢ Pd(OTFA), used
instead of Pd(OAc),. PdCl, used instead of Pd(OAc),. ¢ 12 h./1-Methoxy-3-nitrobenzene (0.184 mmol) detected by '"H NMR. €6 h.

Table 2 Substrate scope of 2-aryl phenols®

7 X
R'—— Pd(OAc), (10 mol%) R'——
= /CE 3 (20 mol%), AgCl (10 mol%) Z>oH
_— K,CO3 (1.0 equiv.) — I
RZ—— | HFIP (0.1 mol/L), 60 °C, 12 h R |
X 20equw)
1 2
O O ‘ OH OH OH ‘ OH
OH OH OH OH OH l
MeO t-Bu
2a, 75%, 0% 2b 54% 2c, 64% 2d 68% 2e, 71%° 2f, 65% zg, 68% 2h, 63% 2i, 64%
CF3
Me CF3 F |
Co L ° L "L ©
- 2, O, O, O, O, O o
OH
[ OH OH OH OH OH OH | |
T o A&
J g | |
O O e
Ph Me
2j, 75%° 2k, 75% 21, 75% 2m, 60% 2n, 81% 20, 80% 2p, 80% 2q, 57% 2r, 77%

4 Reaction conditions: 1 (0.2 mmol), 4-iodo-3-nitroanisole (0.4 mmol), Pd(OAc), (0.02 mmol, 10 mol%), L3 (0.04 mmol, 20 mol%), AgCl (0.02 mmol, 10 mol%),
K,CO; (0.2 mmol, 1.0 equiv.), HFIP (2 mL), 12 h, 60 C. Isolated yields. Generally less than 10% of dibenzofuran side products were detected. * 1 mmol of scale.
€90 C,24h.

4-iodo-3-nitroanisole DPPA (1.1 equiv.), Et3N (1.01 equiv.)
Me\C[OvcozH Pd(OAC), (10 mol%), L1 (20 mol %) toluene, 100 °C, 3 h Me\CEOH
- M
H NaOAc (0.5 equiv.), HFIP, 90 °C, 24 h KOH, glycerol, EtOH, 100 °C, 2 h I
4g 6, 75%
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Table 3  Substrate scope of 2-phenoxyacetic acids”
R Pd(OAc), (10 mol%) R |
|\\ O\/002H /@EI L1 (20 mol%) Mel, K,CO5 |\\ OVCOQMG
+
ZSH MeO NO, NaOAc (0-05 equiv.) acetone, 60 °C, 2 h AN
4 (2.0 equiv) HFIP, 90 °C, 48 h 5
| Me OMe F Cl
i 0._CO,Me 0._CO,Me O._CO,Me O._COxMe
il U > GES > QUi &6
| [ [ [ [
5b, 73%" 5¢c, 62% 5d, 67% 5e, 67%
75% (mono/di = 1.78/1)P
71% (momo/di = 1.84/1)P¢
Br Me o) c o] F 0.__CO,Me Cl 0._CO,Me
3! 2 N2
0._COMe D 7 e
| COaMe | COzMe | |
[
51, 65% 59, 89%" 5h, 53% 5i, 66%¢ 5j, 64%¢
| | | |
CO,Me CO,Me CO,Me CO,Me

o~ o0

Me | MeO |

5k, 72% (mono/di = 1.67/1)? 51, 73% (mono/di = 2.32/1)
| |

/@EO\/COZMe
cl |

50, 54% (mono/di = 6.71/1)

/@[o\/
Br |

5p, 60% (mono/di =

IS
F3C |

=7.83/1)
|

/@[o\/
Ph |

5q, 51% (mono/di = 1.83/1)

o~
F |
5n, 62% (mono/di =

5m, 53% (mono/di 2.1/1)

CO,Me CO,Me

5.67/1)

4 Reaction conditions: 4 (0.2 mmol, 1.0 equiv.), 4-iodo-3-nitroanisole (0.4 mmol, 2.0 equiv.), Pd(OAc), (0.02 mmol, 10 mol%), L.1 (0.04 mmol, 20 mol%), NaOAc
(0.1 mmol, 50 mol%), HFIP (2 mL, 0.1 molsL '), 48 h, 90 °C. Isolated yields. 24 h. ¢ 1 mmol scale. ¢ N-Ac-Leu-OH (0.04 mmol) used instead of L1.

as withdrawing groups at either the ortho- (5b~5f), meta-
(5g~5j) or para-position (Sk~5q) were well tolerated,
leading to generally good yields of desired products. Fi-
nally, the directing group could be removed in a one-pot
sequence after ortho-C—H iodination (Eq. 1).

Based on our results and previous works, the potential
catalytic cycle for above C—H iodination is proposed
(Scheme 2). First, ligand exchange would generate active
Pd catalyst A, which coordinates with the deprotonated
2-phenyl phenol to afford complex B. A six-membered
palladacycle C is then produced after C—H bond cleavage
possibly through an electrophilic metalation deprotonation
process. Oxidative addition with 4-iodo-3-nitroanisole
gives the Pd(IV) intermediate D, which prefers to undergo
C—1 reductive elimination to afford product 2a and com-
plex E.['Y The less preferred C—O reductive elimination
leads to side product 3a. Finally, protonolysis of complex
E will regenerate active Pd(II) catalyst A and 3-nitro-
anisole. Notably, although the generation of 3-nitroanisole
is consistent with the metathesis reaction,®! the proton in
protonolysis is more likely from the acidic solvent HFIP
rather than substrate 1a. Therefore, the overall reaction
could be considered as a formal metathesis reaction.

3 Conclusions

In summary, we have developed the Pd(II)-catalyzed
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Scheme 2 Proposed catalytic cycle

C—H iodination of free 2-aryl phenols and 2-phenoxya-
cetic acids using 4-iodo-3-nitroanisole as the mild iodinat-
ing reagent. Excellent site-selectivity and good functional
group tolerance were obtained with a range of phenol de-
rivatives, demonstrating that this formal metathesis C—H
iodination method is potentially applicable for iodinating
other electron rich arenes. Further study on developing
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challenging C—H iodination reactions using this method is
underway in our laboratory.

4 Experimental section

4.1 General experimental information

Unless otherwise noted, commercially available reagents
were purchased from commercial suppliers (such as Ada-
mas, Strem, J&K Chemical Co., Energy Chemical, etc.),
and used as received. Solvents were generally dried over 4
A molecular sieves. Hexafluoroisopropanol (HFIP) was
distilled over 3 A molecular sieves before use. The reac-
tion vessels used for C—H functionalization were 38 mL
sealed tube or 50 mL Schlenk tube (Synthware). '"H NMR,
13C NMR and "°F NMR spectra were recorded on a Bruker
AVANCE III spectrometer (400, 101 and 376 MHz, re-
spectively) or a JEOL ECZ600S spectrometer (600 and
151 MHz, respectively). Chemical shifts are reported ref-
erenced to CDCl; (0 7.26), tetramethylsilane (TMS, ¢
0.00), acetone-ds (6 2.05) for '"H NMR, or CDCI; (6 77.16
for 3C NMR. High-resolution mass spectra (HRMS) were
obtained on an Impact II UHR-TOF mass spectrometry
equipped with an ESI source from a Bruker at Fujian In-
stitute of Research on the Structure of Matter. The gas
chromatography-mass spectrometry (GC-MS) spectra were
measured using a TRACE1300-ISQQD300 (Thermo) with
a flame ionization detector. 2-Aryl phenolst!¥ and
2-phenoxyacetic acids!"®! were known compounds and
prepared according to the literature procedure.

4.2 General procedure for C—H iodination of 2-aryl
phenols

An oven-dried 38 mL sealed tube (with a Teflon cap)
equipped with a magnetic stir bar was charged with com-
pound 1 (0.2 mmol, 1.0 equiv.), 4-iodo-3-nitroanisole (112
mg, 0.4 mmol, 2.0 equiv.), Pd(OAc), (4.5 mg, 0.02 mmol,
10 mol%), ligand (5-bromopyridin-2-o0l, 6.9 mg, 0.04
mmol, 20 mol%), AgCl (2.86 mg, 0.02 mmol, 10 mol%)
and K,COs (27.64 mg, 0.2 mmol, 1.0 equiv.) sequentially.
HFIP (2.0 mL) was added to the mixture along the inside
wall of the tube. The tube was then capped and placed into
a preheated oil bath (60 ‘C) or hotplate (60 ‘C) (Note:
good stirring was important for reproducibility, and
splashes on the wall of the tube might lead to lower
yields). The reaction was stirred for 12 h and cooled to
room temperature. Then the reaction solution was treated
with concentrated HCI (50 pL) and stirred for another 10
min. The crude reaction mixture was diluted with ethyl
acetate (EA, 5 mL) and filtered through a short pad of
Celite. The sealed tube and Celite pad were washed with
an additional 20 mL of EA. The filtrate was concentrated
in vacuo, and the resulting residue was purified by flash
silica gel chromatography or preparative thin layer chro-
matography using petroleum ether/ethyl acetate (PE/EA,
V/V=30/1) as the eluent.

2'-lodo-[1,1'-biphenyl]-2-ol (2a): Yellow oil, 44.5 mg,
75% yield. '"H NMR (400 MHz, CDCls) 6: 8.00 (d, J=7.8
Hz, 1H), 7.49~7.42 (m, 1H), 7.36~7.31 (m, J=17.5, 4.7,
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1.6 Hz, 2H), 7.15~7.07 (m, 2H), 7.01 (t, J=8.5 Hz, 2H),
4.78 (s, 1H); '*C NMR (101 MHz, CDCls) §: 152.2, 141.9,
139.8, 131.1, 131.0, 130.5, 130.0, 128.9, 120.6, 116.0,
100.8. HRMS (ESI-TOF) calcd for C;pHsIO [M—H']
294.9625, found 294.9626.
2'-lodo-5"-methyl-[1,1'-biphenyl]-2-0l (2b): Yellow oil,
33.5 mg, 54% yield. '"H NMR (400 MHz, CDCls) J: 7.86
(d, J/=8.0 Hz, 1H), 7.32 (td, J/=7.8, 1.8 Hz, 1H), 7.16 (d,
J=2.4 Hz, 1H), 7.09 (dd, /=38.0, 1.6 Hz, 1H), 7.00 (t, J=
7.6 Hz, 2H), 6.94 (dd, J=8.1, 2.2 Hz, 1H), 4.76 (s, 1H),
2.34 (s, 3H); '*C NMR (101 MHz, CDCls) §: 152.2, 141.6,
139.6, 139.0, 132.0, 131.06, 131.02, 130.4, 129.9, 120.6,
115.9, 96.5, 21.1. HRMS (ESI-TOF) calcd for C;3H;0lO
[M—H"]308.9782, found 308.9784.
2'-lodo-5"-methoxy-[1,1'-biphenyl]-2-0l (2¢): Yellow
solid, 41.7 mg, 64% yield. m.p. 82.9~84.3 ‘C; 'H NMR
(400 MHz, CDCl;) 6: 7.84 (d, J=8.7 Hz, 1H), 7.33 (td,
J=1.8, 1.8 Hz, 1H), 7.10 (dd, J=7.5, 1.8 Hz, 1H), 7.01 (t,
J=8.1 Hz, 3H), 6.90 (d, /=3.0 Hz, 1H), 4.81 (s, 1H), 3.80
(s, 3H); 3C NMR (101 MHz, CDCl;) 6: 160.3, 152.1,
142.7, 140.4, 130.9, 130.3, 130.0, 120.6, 116.62, 116.59,
116.0, 88.9, 55.6. HRMS (ESI-TOF) caled for Ci3H;olO;
[M—H"]324.9731, found 324.9732.
5'-Fluoro-2'-iodo-[1,1'-biphenyl]-2-0l (2d): Yellow oil,
42.7 mg, 68% yield. '"H NMR (400 MHz, CDCl;) &: 7.92
(dd, J=8.7, 5.6 Hz, 1H), 7.38~7.31 (m, 1H), 7.08 (dd,
J=94, 2.5 Hz, 2H), 7.02 (t, J/=7.5 Hz, 1H), 6.98 (d, J=
8.2 Hz, 1H), 6.88 (td, /=8.4, 3.0 Hz, 1H), 4.78 (s, 1H);
3C NMR (101 MHz, CDCl3) d: 163.1 (d, Jcr=249.6 Hz),
152.0, 144.2 (d, Jcr=7.7 Hz), 140.9 (d, Jcr=8.0 Hz),
130.4, 130.3, 130.2 (d, Jcr=1.4 Hz), 120.8, 118.5 (d,
Jor=22.0 Hz), 117.4 (d, Jcr=21.6 Hz), 116.2, 93.6 (d,
Jcr=3.4 Hz); 'F NMR (376 MHz, CDCl3) §: —113.35.
HRMS (ESI-TOF) calcd for C1,H,FIO [M—H '] 312.9531,
found 312.9531.
5'-Chloro-2'-iodo-[1,1'-biphenyl]-2-0l  (2¢): Reaction
time 24 h; Yellow solid, 47.1 mg, 71% yield. m.p. 107.9~
109.2 “C; '"H NMR (400 MHz, CDCl3) &: 7.89 (d, J=8.5
Hz, 1H), 7.36~7.31 (m, 2H), 7.13~7.05 (m, 2H), 7.01 (t,
J=7.4 Hz, 1H), 6.97 (d, J=8.2 Hz, 1H), 4.77 (s, 1H); 13C
NMR (101 MHz, CDCls) 6: 152.0, 144.0, 140.7, 135.0,
131.1, 130.41, 130.35, 130.1, 130.0, 120.9, 116.2, 97.8.
HRMS (ESI-TOF) caled for CppH,CIIO [M — H ']
328.9236, found 328.9236.
2'-lodo-4"-methyl-[1,1'-biphenyl]-2-0l (2f): Yellow oil,
40.3 mg, 65% yield. '"H NMR (400 MHz, CDCls) J: 7.86
(s, 1H), 7.33 (td, /=7.8, 1.8 Hz, 1H), 7.27 (d, J=7.6 Hz,
1H), 7.21 (d, J=7.7 Hz, 1H), 7.09 (dd, J=7.5, 1.5 Hz,
1H), 7.00 (t, J=7.5 Hz, 2H), 4.77 (s, 1H), 2.39 (s, 3H); 13C
NMR (101 MHz, CDCl;) '3C NMR (101 MHz, CDCI;) &:
152.3, 140.30, 140.25, 138.7, 130.9, 130.70, 130.65, 129.9,
129.7, 120.5, 115.8, 100.7, 20.74. HRMS (ESI-TOF) calcd
for C13H 1010 [M—H "] 308.9782, found 308.9783.
4'-Fluoro-2'-iodo-[1,1'-biphenyl]-2-ol (2g): Yellow oil,
42.7 mg, 68% yield. '"H NMR (400 MHz, CDCl;) &: 7.72
(dd, J=8.1, 2.6 Hz, 1H), 7.36~7.27 (m, 2H), 7.18 (td, J=
8.3,2.6 Hz, 1H), 7.07 (dd, J="7.5, 1.5 Hz, 1H), 7.04~6.95

http://sioc-journal.cn/ 3515



BIKE

MRILX

(m, 2H), 4.72 (s, 1H); '3C NMR (101 MHz, CDCI;) 4:
161.8 (d, Jcr=253.0 Hz), 152.3, 138.2 (d, Jcr=3.6 Hz),
131.8 (d, Jcr=8.2 Hz), 130.8, 130.2, 130.1, 126.7 (d,
Jer=23.5 Hz), 120.7, 116.0 (d, Jcr=21.0 Hz), 116.0,
100.3 (d, Jcr=8.1 Hz); '°F NMR (376 MHz, CDCl) 6:
—112.22. HRMS (ESI-TOF) calcd for C,H;FIO [M—H "]
312.9531, found 312.9531.
4'-Chloro-2"-iodo-[1,1'-biphenyl]-2-ol (2h): Yellow oil,
41.4 mg, 63% yield. '"H NMR (400 MHz, CDCls) §: 7.99
(d, J/=2.1 Hz, 1H), 7.43 (dd, /=8.2, 2.2 Hz, 1H), 7.33 (td,
J=8.2, 1.8 Hz, 1H), 7.25 (d, J=8.1 Hz, 1H), 7.07 (dd, J=
7.6, 1.8 Hz, 1H), 7.03~6.94 (m, 2H), 4.72 (s, 1H); *C
NMR (101 MHz, CDCls) ¢: 152.1, 140.7, 139.1, 134.8,
131.6, 130.6, 130.3, 130.0, 129.0, 120.8, 116.1, 100.8.
HRMS (ESI-TOF) caled for C;;H,CIIO [M — H ']
328.9236, found 328.9236.
4'-(tert-Butyl)-2'-i0odo-[1,1'-biphenyl]-2-o0l (2i): Yellow
oil, 45.1 mg, 64% yield. 'H NMR (400 MHz, CDCls) &:
8.01 (d, /=2.0 Hz, 1H), 7.49 (dd, J=8.0, 2.0 Hz, 1H),
7.34 (td, J=7.7, 1.8 Hz, 1H), 7.27 (d, J/=7.9 Hz, 1H), 7.11
(dd, J=17.8, 1.8 Hz, 1H), 7.04~6.98 (m, 2H), 4.79 (s, 1H),
1.38 (s, 9H); '*C NMR (101 MHz, CDCls) §: 153.5, 152.4,
138.7, 137.0, 130.9, 130.64, 130.62, 129.9, 126.2, 120.5,
115.8, 100.9, 34.7, 31.3. HRMS (ESI-TOF) calcd for
Ci6H 1610 [M—H "] 351.0251, found 351.0253.
2'-lodo-[1,1":4',1"-terphenyl]-2-ol (2j): Reaction time 24
h; Yellow solid, 55.6 mg, 75% yield. m.p. 119.2~
120.7 °C; 'TH NMR (400 MHz, CDCl;) §: 8.23 (d, J=1.8
Hz, 1H), 7.67 (dd, J=7.9, 1.9 Hz, 1H), 7.61 (d, J/=7.3 Hz,
2H), 7.48 (t, J=7.5 Hz, 2H), 7.41 (td, /=8.2, 2.0 Hz, 2H),
7.35 (td, J=8.0, 1.6 Hz, 1H), 7.15 (dd, J=7.5, 1.7 Hz,
1H), 7.06~7.00 (m, 2H), 4.79 (s, 1H); '*C NMR (101
MHz, CDCl3) d: 152.3, 143.1, 140.6, 139.0, 138.4, 131.2,
130.7, 130.6, 130.1, 129.1, 128.2, 127.6, 127.3, 120.7,
116.0, 101.2. HRMS (ESI-TOF) calcd for CigH2IO [M—
H"]370.9938, found 370.9939.
5-Fluoro-2'-iodo-[1,1'-biphenyl]-2-o0l (2k): Yellow oil,
46.8 mg, 75% yield. '"H NMR (400 MHz, CDCls) §: 8.00
(d, J=8.0 Hz, 1H), 7.46 (t, J/=7.5 Hz, 1H), 7.31 (dd, J=
7.6, 1.4 Hz, 1H), 7.13 (td, J=7.9, 1.6 Hz, 1H), 7.02 (td,
J=28.5, 3.0 Hz, 1H), 6.93 (dd, /=8.9, 4.7 Hz, 1H), 6.82
(dd, J=8.6, 3.0 Hz, 1H), 4.63 (s, 1H); '*C NMR (101
MHz, CDCl3) 6: 156.7 (d, Jcr=239.1 Hz), 1483 (d,
Jer=2.2 Hz), 1409 (d, Jcr=1.5 Hz), 140.0, 131.7 (d,
Jer=8.0 Hz), 131.0, 130.3, 129.0, 117.0 (d, Jc.r=28.2 Hz),
116.8 (d, Jcr=23.5 Hz), 116.5 (d, Jcr=22.9 Hz), 100.2;
F NMR (376 MHz, CDCl;) 4: — 123.90. HRMS
(ESI-TOF) calcd for C,H,FIO [M—H "] 312.9531, found
312.9531.
5-Chloro-2'-iodo-[1,1'-biphenyl]-2-ol (21): Yellow oil,
49.4 mg, 75% yield. '"H NMR (400 MHz, CDCls) §: 8.00
(d, /=79 Hz, 1H), 7.46 (td, J=7.5, 1.2 Hz, 1H), 7.32~
7.25 (m, 2H), 7.13 (td, J=7.7, 1.7 Hz, 1H), 7.08 (d, J=2.6
Hz, 1H), 6.92 (d, J=8.7 Hz, 1H), 4.74 (s, 1H); *C NMR
(101 MHz, CDCl3) d: 151.0, 140.6, 140.0 132.3, 131.1,
130.4, 130.1, 129.8, 129.0, 125.3, 117.4, 100.2. HRMS
(ESI-TOF) caled for C1,H,CIIO [M—H"] 328.9236, found
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328.9236.
2'-lodo-4-methyl-[1,1'-biphenyl]-2-o0l (2m): Yellow oil,
37.2 mg, 60% yield. '"H NMR (400 MHz, CDCls) J: 7.99
(d, J=7.9 Hz, 1H), 7.44 (t, J=7.5 Hz, 1H), 7.32 (dd, J=
7.6, 1.6 Hz, 1H), 7.10 (td, J=7.7, 1.6 Hz, 1H), 6.98 (d, J=
8.0 Hz, 1H), 6.83 (d, J=7.2 Hz, 2H), 4.64 (s, 1H), 2.38 (s,
3H); 3C NMR (101 MHz, CDCl;) &: 151.9, 142.0, 140.3,
139.8, 131.3, 130.2, 129.9, 128.8, 128.2, 121.5, 116.5,
101.1, 21.5. HRMS (ESI-TOF) calcd for Ci3HolO [M—
H"]308.9782, found 308.9781.
2'-lodo-4-(trifluoromethyl)-[1,1'-biphenyl]-2-ol (2n):
Yellow oil, 59.1 mg, 81% yield. '"H NMR (400 MHz,
CDCl) 6: 8.03 (d, J=8.0 Hz, 1H), 7.49 (t, /=7.1 Hz, 1H),
7.32-7.25 (m, 3H), 7.22 (d, J=7.7 Hz, 1H), 7.16 (td, J=
7.8, 1.6 Hz, 1H), 4.99 (s, 1H); 3C NMR (101 MHz,
CDCl3) 0: 152.5, 140.5, 140.1, 134.2, 132.2 (q, Jcr=32.8
Hz), 131.1, 130.9, 130.6, 129.1, 123.9 (q, Jc.r=272.3 Hz),
117.4 (q, Jcr=3.7 Hz), 113.3 (q, Jcr=3.9 Hz), 99.9; F
NMR (376 MHz, CDCl3) 6: —62.69. HRMS (ESI-TOF)
calced for Ci3H7F510 [M—H "] 362.9499, found 362.9499.
4-Fluoro-2'-iodo-[1,1'-biphenyl]-2-ol (20): Yellow oil,
50.5 mg, 80% yield. 'H NMR (400 MHz,CDCl;5) 4: 8.00
(d, J=8.0 Hz, 1H), 7.46 (td, J=7.5, 1.2 Hz, 1H), 7.31 (dd,
J=7.6, 1.6 Hz, 1H), 7.12 (td, J/=7.8, 1.6 Hz, 1H), 7.04
(dd, J=9.2, 6.5 Hz, 1H), 6.75~6.70 (m, 2H), 4.88 (s, 1H);
3C NMR (101 MHz, CDCl5) 6: 163.6 (d, Jor=246.4 Hz),
153.5 (d, Jc.r=12.4 Hz), 140.9, 140.0, 131.5, 131.4, 130.3,
129.0, 127.1 (d, Jcr=3.2 Hz), 107.8 (d, Jc.r=21.7 Hz),
103.5 (d, Jcr=25.0 Hz), 101.2; F NMR (376 MHz,
CDCl3) 6: —111.37. HRMS (ESI-TOF) calcd for Ci,H5-
FIO [M—H "] 312.9531, found 312.9531.
4-Chloro-2"-iodo-[1,1'-biphenyl]-2-ol (2p): Yellow oil,
53.2 mg, 80% yield. '"H NMR (400 MHz, CDCls) ¢: 8.00
(d, /=8.0 Hz, 1H), 7.46 (td, J=7.5, 1.3 Hz, 1H), 7.29 (dd,
J=17.6, 1.4 Hz, 1H), 7.12 (td, J=7.9, 1.6 Hz, 1H), 7.05~
6.97 (m, 3H), 4.82 (s, 1H); 3*C NMR (101 MHz, CDCI;) &:
152.9, 140.7, 140.0, 135.1, 131.3, 131.1, 130.4, 129.5,
129.0, 121.0, 116.4, 100.7. HRMS (ESI-TOF) calcd for
C12H,CIIO [M—H "] 328.9236, found 328.9235.
2'-lodo-5"-methoxy-5-methyl-[1,1'-biphenyl]-2-0l (2q):
Yellow oil, 39 mg, 57% yield. 'H NMR (400 MHz,
CDClLs) o: 7.82 (d, J=8.8 Hz, 1H), 7.13 (d, J=28.2 Hz,
1H), 6.89 (d, J=28.5 Hz, 3H), 6.70 (dd, J=28.7, 2.9 Hz,
1H), 4.64 (s, 1H), 3.80 (s, 3H), 2.32 (s, 3H); '*C NMR
(101 MHz, CDCls) d: 160.3, 149.8, 143.0, 140.3, 130.7,
130.6, 130.5, 129.8, 116.6, 116.5, 115.8, 88.9, 55.6, 20.7.
HRMS (ESI-TOF) caled for Ci4HplO» [M — H 7]
338.9888, found 338.9890.
2'-lodo-4'-methyl-4-(trifluoromethyl)-[1,1'-biphenyl]-2-
ol (2r): Yellow oil, 58.5 mg, 77% yield. '"H NMR (400
MHz, CDCl3) 6: 7.86 (s, 1H), 7.29 (d, J=7.7 Hz, 1H),
7.25 (d, J=7.0 Hz, 2H), 7.22~7.15 (m, 2H), 4.96 (s, 1H),
2.39 (s, 3H); '*C NMR (101 MHz, CDCls) é: 152.7, 141.0,
140.6, 137.3, 134.1, 132.0 (q, Jcr=32.6 Hz), 131.3, 130.5,
130.0, 123.9 (q, Jcr=272.3 Hz), 117.3 (q, Jc.r=3.9 Hz),
113.1 (q, Jcr=3.8 Hz), 99.8, 20.8; '°F NMR (376 MHz,
CDCl3) 6: —62.66. HRMS (ESI-TOF) calcd for Ci4Ho-
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F310 [M—H "] 376.9656, found 376.9656.

4.3 General procedure for C—H iodination of 2-phe-
noxyacetic acids

An oven-dried 38 mL sealed tube (with a Teflon cap)
equipped with a magnetic stir bar was charged with com-
pound 4 (0.2 mmol, 1.0 equiv.), 4-iodo-3-nitroanisole (112
mg, 0.4 mmol, 2.0 equiv.), Pd(OAc), (4.5 mg, 0.02 mmol,
10 mol%), N-Formyl-Gly-OH (4.1 mg, 0.04 mmol, 20
mol%), and NaOAc (8.2 mg, 0.1 mmol, 0.5 equiv.) se-
quentially. HFIP (2.0 mL) was added to the mixture along
the inside wall of the tube. The tube was then capped and
placed into a preheated oil bath (90 C) or hotplate
(90 C) (Note: good stirring was important for reproduci-
bility, splashes on the wall of the tube might led to lower
yields). The reaction was stirred for 48 h and cooled to
room temperature. Volatile matter was removed under re-
duced pressure and the residue was re-dissolved in acetone
(2 mL). To the solution was added K,COs3 (82 mg, 0.6
mmol) and Mel (24 pL, .0.4 mmol). The reaction was
stirred at 60 ‘C for 2 h and cooled to room temperature.
The crude reaction mixture was diluted with EA (5§ mL)
and filtered through a short pad of Celite. The sealed tube
and Celite pad were washed with an additional 20 mL of
EA. The filtrate was concentrated in vacuo to give the
crude product, which was purified by medium pressure
liquid chromatography (MPLC) with a silica gel column to
afford pure products, using PE/EA (V/V=9/1) as the elu-
ent.

Methyl 2-(2-iodophenoxy)acetate (S5amono): Reaction
time 24 h; colourless oil, 28.0 mg, 48% yield. 'H NMR
(400 MHz, CDCL) ¢: 7.80 (dd, J=17.8, 1.6 Hz, 1H),
7.31~7.27 (m, 1H), 6.80~6.69 (m, 2H), 4.70 (s, 2H),
3.81 (s, 3H); *C NMR (101 MHz, CDCls) J: 169.0, 156.8,
140.0, 129.6, 123.8, 112.5, 86.6, 66.4, 52.5. HRMS
(ESI-TOF) calcd for CoHolOsNa' [M+Na'] 314.9488,
found 314.9489.

Methyl 2-(2,6-diiodophenoxy)acetate (5agqi): Reaction
time 24 h; white solid, 22.6 mg, 27% yield. m.p. 86.2~
87.9 °C; 'H NMR (400 MHz, CDCl;) é: 7.76 (d, J=7.8
Hz, 2H), 6.59 (t, J/=7.9 Hz, 1H), 4.61 (s, 2H), 3.88 (s, 3H).
BC NMR (101 MHz, CDCl3) 6: 168.2, 156.7, 140.2, 128.6,
90.6, 68.9, 52.5. HRMS (ESI-TOF) caled for CoHsl,O3Na
[M-+Na '] 440.8455, found 440.8456.

Methyl 2-(2-iodo-6-methylphenoxy)acetate (Sb): Reac-
tion time 24 h; colorless oil, 44.7 mg, 73% yield. 'H NMR
(400 MHz, CDCl3) d: 7.60 (d, J=7.8 Hz, 1H), 7.14 (d, J=
7.5 Hz, 1H), 6.78 (t, J=7.7 Hz, 1H), 4.51 (s, 2H), 3.85 (s,
3H), 2.34 (s, 3H); *C NMR (101 MHz, CDCls) 6: 168.9,
156.1, 137.5, 132.6, 131.8, 126.7, 91.4, 69.1, 52.4, 17.1.
HRMS (ESI-TOF) caled for CioH;IOsNa [M+Na ']
328.9645, found 328.9643.

Methyl 2-(2-iodo-6-methoxyphenoxy)acetate (Sc¢): Yel-
low oil, 39.9 mg, 62% yield. '"H NMR (400 MHz, CDCls)
0: 733 (d, J=7.9 Hz, 1H), 6.87 (d, J/=8.1 Hz, 1H), 6.80
(t, J/=8.0 Hz, 1H), 4.60 (s, 2H), 3.82 (s, 3H), 3.81 (s, 3H);
BC NMR (101 MHz, CDCl3) 6: 169.0, 151.9, 146.7, 130.5,
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126.1, 112.6, 91.7, 68.8, 55.8, 51.9. HRMS (ESI-TOF)
caled for C;oH;IO4Na [M + Na "] 344.9594, found
344.9594.

Methyl 2-(2-fluoro-6-iodophenoxy)acetate (5d): Yellow
oil, 41.5 mg, 67% yield. 'H NMR (400 MHz, CDCls) &:
7.54 (d, J/=8.0 Hz, 1H), 7.13~6.99 (m, 1H), 6.80 (td, J=
8.1, 5.2 Hz, 1H), 4.72 (s, 2H), 3.82 (s, 3H); '3C NMR (101
MHz, CDCl;) o: 168.8, 154.1 (d, Jcr=250.8 Hz), 145.8
(d, Jor=11.6 Hz), 134.8 (d, Jcr=3.4 Hz), 126.1 (d,
Jer=17.8 Hz), 117.5 (d, Jcr=19.8 Hz), 91.5, 69.7 (d,
Jcr=6.3 Hz), 52.4; YF NMR (376 MHz, CDCl) :
—126.58. HRMS (ESI-TOF) calcd for CoHsFIO;Na [M—+
Na']332.9394, found 332.9395.

Methyl 2-(2-chloro-6-iodophenoxy)acetate (Se): Color-
less oil, 43.8 mg, 67% yield. 'H NMR (400 MHz, CDCls)
0: 7.68 (d, J=7.9 Hz, 1H), 7.36 (d, J=8.0 Hz, 1H), 6.82
(t, J=8.0 Hz, 1H), 4.61 (s, 2H), 3.86 (s, 3H); '3*C NMR
(101 MHz, CDCls) o: 168.3, 153.6, 138.2, 131.0, 127.8,
127.4, 924, 69.0, 52.5. HRMS (ESI-TOF) calcd for
CoHsClIO;Na [M~+Na'] 348.9099, found 348.9099.

Methyl 2-(2-bromo-6-iodophenoxy)acetate (5f): Color-
less oil, 48.3 mg, 65% yield. 'H NMR (400 MHz, CDCls)
0:7.72 (d, J=17.8 Hz, 1H), 7.53 (d, J=7.9 Hz, 1H), 6.75
(t, J=7.9 Hz, 1H), 4.61 (s, 2H), 3.86 (s, 3H); '3*C NMR
(101 MHz, CDCls) o: 168.3, 154.4, 139.0, 134.1, 127.9,
116.7, 92.2, 68.9, 52.5. HRMS (ESI-TOF) calcd for
CoHsBrlOsNa [M+Na '] 392.8594, found 392.8594.

Methyl 2-(2-iodo-5-methylphenoxy)acetate (5g): Reac-
tion time 24 h; white solid, 54.5 mg, 89% yield. m.p.
62.1~63.5 C; '"H NMR (400 MHz, CDCl3) 4: 7.63 (d,
J=7.9 Hz, 1H), 6.59 (d, /=8.0 Hz, 1H), 6.54 (s, 1H), 4.68
(s, 2H), 3.81 (s, 3H), 2.29 (s, 3H); *C NMR (101 MHz,
CDCl3) d: 169.1, 156.7, 140.0, 139.5, 124.8, 113.7, 82.5,
66.4, 52.4, 21.5. HRMS (ESI-TOF) calcd for CioH;103Na
[M-+Na'] 328.9645, found 328.9648.

Methyl  2-(2-iodo-5-(trifluoromethyl)phenoxy)acetate
(Sh): White solid, 38.2 mg, 53% yield. m.p. 42.1 ~
43.6 'C; 'H NMR (400 MHz, CDCl3) &: 7.92 (d, J=8.0
Hz, 1H), 7.02 (d, J=38.1 Hz, 1H), 6.89 (s, 1H), 4.75 (s,
2H), 3.82 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 168.3,
157.1, 140.6, 132.1 (q, Jcr=33.0 Hz), 123.7 (q, Jor=
272.5 Hz), 120.2 (q, Jcr=3.8 Hz), 108.8 (q, Jcr=3.8
Hz), 91.3, 66.3, 52.7; '°F NMR (376 MHz, CDCl;) §: —
62.82. HRMS (ESI-TOF) calcd for CioHgF3IOsNa [M—+
Na'] 382.9362, found 382.9362.

Methyl 2-(5-fluoro-2-iodophenoxy)acetate (5i): White
solid, 41.0 mg, 66% yield. m.p. 60.6~62.3 ‘C; 'H NMR
(400 MHz, CDCl3) o: 7.72 (dd, J=38.6, 6.5 Hz, 1H), 6.55
(td, /=8.3, 2.6 Hz, 1H), 6.47 (dd, J=10.3, 2.7 Hz, 1H),
4.68 (s, 2H), 3.81 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
168.4, 163.8 (d, J/=247.6 Hz), 157.8 (d, J/=9.9 Hz), 140.1
(d, J/=9.4 Hz), 110.7 (d, J/=21.9 Hz), 101.1 (d, J=26.4
Hz), 79.4 (d, J=3.7 Hz), 66.4, 52.6; ’"F NMR (376 MHz,
CDCls) 6: —110.72. HRMS (ESI-TOF) calcd for CoHsF-
10;Na [M+Na '] 332.9394, found 332.9397.

Methyl 2-(5-chloro-2-iodophenoxy)acetate (5j): Yellow
solid, 41.8 mg, 64% yield. m.p. 70.0~71.7 ‘C; '"H NMR
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(600 MHz, CDCI3) o0: 7.69 (d, J=8.4 Hz, 1H), 6.76 (dd,
J=28.4,2.1 Hz, 1H), 6.69 (d, J/=2.1 Hz, 1H), 4.69 (s, 2H),
3.81 (s, 3H); '*C NMR (101 MHz, CDCls) §: 168.4, 157 .4,
140.3, 135.2, 123.9, 113.1, 83.9, 66.3, 52.6. HRMS
(ESI-TOF) caled for CoHgCIIOsNa [M~+Na'] 348.9099,
found 348.9097.

Methyl 2-(2-iodo-4-methylphenoxy)acetate  (SKmono):
Reaction time 24 h; Yellow oil, 27.6 mg, 45% yield. 'H
NMR (400 MHz, CDCls) ¢: 7.62 (s, 1H), 7.06 (d, J=28.2
Hz, 1H), 6.63 (d, J=28.3 Hz, 1H), 4.66 (s, 2H), 3.79 (s,
3H), 2.25 (s, 3H); *C NMR (101 MHz, CDCls) 6: 169.2,
154.8, 140.3, 133.5, 130.0, 112.6, 86.5, 66.7, 52.4, 20.1.
HRMS (ESI-TOF) caled for CioH;IOsNa [M+Na ']
328.9645, found 328.9646.

Methyl 2-(2,6-diiodo-4-methylphenoxy)acetate (Skai):
White solid, 23.4 mg, 27% yield. m.p. 122.3~123.4 C;
'H NMR (400 MHz, CDCls) 6: 7.57 (s, 2H), 4.57 (s, 2H),
3.87 (s, 3H), 2.24 (s, 3H); 3C NMR (101 MHz, CDCl;) 6:
168.3, 154.5, 140.5, 138.7, 90.0, 69.0, 52.5, 19.8. HRMS
(ESI-TOF) calcd for CioHjol,OsNa [M+Na'] 454.8612,
found 454.8609.

Methyl 2-(2-iodo-4-methoxyphenoxy)acetate  (Slmono):
White solid, 32.9 mg, 51% yield. m.p. 50.1~51.4 C; 'H
NMR (400 MHz, CDCls) é: 7.33 (d, J=2.9 Hz, 1H), 6.82
(dd, /=8.9, 2.9 Hz, 1H), 6.73 (d, J/=9.0 Hz, 1H), 4.62 (s,
2H), 3.79 (s, 3H), 3.74 (s, 3H); '3C NMR (101 MHz,
CDCl;) o: 169.3, 155.3, 151.5, 125.0, 114.9, 114.3, 87.2,
67.6, 56.0, 52.4. HRMS (ESI-TOF) calcd for CioH;104Na
[M-+Na '] 344.9594, found 344.9594.

Methyl 2-(2,6-diiodo-4-methoxyphenoxy)acetate (Sli):
White solid, 19.8 mg, 22% yield. m.p. 97.2~98.8 C; 'H
NMR (400 MHz, CDCl3) 0: 7.29 (s, 2H), 4.55 (s, 2H), 3.87
(s, 3H), 3.74 (s, 3H); '3C NMR (101 MHz, CDCls) é:
168.4, 157.4, 150.7, 125.3, 89.6, 69.2, 56.1, 52.5. HRMS
(ESI-TOF) calcd for C10H101204Na [M+Na+] 4708561,
found 470.8560.

Methyl  2-(2-iodo-4-(trifluoromethyl)phenoxy)acetate
(5SMpmeno): White solid, 33.9 mg, 47% yield. m.p. 65.1~
66.5 C; 'H NMR (400 MHz, CDCl5) §: 8.04 (s, 1H), 7.55
(d, J=7.7 Hz, 1H), 6.73 (d, J=28.6 Hz, 1H), 4.76 (s, 2H),
3.81 (s, 3H); *C NMR (101 MHz, CDCl3) 6. 168.3, 159.2,
137.1 (q, Jer=3.8 Hz), 127.0 (q, Jcr=3.8 Hz), 125.7 (q,
Jer=33.2 Hz), 123.2 (q, Jcr=271.9 Hz), 111.5, 86.2,
66.2, 52.7; F NMR (376 MHz, CDCl3) §: —61.80.
HRMS (ESI-TOF) caled for CioHgF3I0sNa [M—+Na ']
382.9362, found 382.9363.

Methyl 2-(2,6-diiodo-4-(trifluoromethyl) phenoxy)ace-
tate (Smgi): White solid, 5.9 mg, 6% yield. m.p. 67.3~
68.8 C; '"H NMR (400 MHz, CDCI5) J: 8.02 (s, 2H), 4.64
(s, 2H), 3.89 (s, 3H); '3C NMR (101 MHz, CDCls) 4:
167.7, 159.7, 137.3 (q, Jcr=3.7 Hz), 130.4 (q, Jcr=33.6
Hz), 121.7 (q, Jcr=273.2 Hz), 90.4, 68.8, 52.7; °F NMR
(376 MHz, CDCl3) ¢: —62.29. HRMS (ESI-TOF) calcd
for C1oH7F31,05Na [M+Na '] 508.8329, found 508.8329.

Methyl  2-(4-fluoro-2-iodophenoxy)acetate  (SMmono):
White solid, 26.1 mg, 42% yield. m.p. 54.3~56.6 C; 'H
NMR (400 MHz, CDCl;) é: 7.51 (dd, J/=7.5, 2.9 Hz, 1H),
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7.00 (td, J=9.0, 3.0 Hz, 1H), 6.70 (dd, J=9.0, 4.5 Hz,
1H), 4.65 (s, 2H), 3.80 (s, 3H); '3C NMR (101 MHz,
CDClLs) 6: 168.9, 157.6 (d, Jcr=2453 Hz), 153.6 (d,
Jor=2.7 Hz), 126.6 (d, Jcr=25.1 Hz), 115.8 (d, Jer=
22.9 Hz), 113.3 (d, Jcr=8.4 Hz), 86.4 (d, Jcr=8.5 Hz),
67.2, 52.5; F NMR (376 MHz, CDCl3) 6: —120.45.
HRMS (ESI-TOF) caled for CoHgFIOsNa [M + Na ']
332.9394, found 332.9395.

Methyl 2-(4-fluoro-2,6-diiodophenoxy)acetate  (Sng;):
White solid, 17.5 mg, 20% yield. m.p. 62.1~64.6 C; 'H
NMR (400 MHz, CDCl) d: 7.51 (d, J=7.2 Hz, 2H), 4.57
(s, 2H), 3.87 (s, 3H); '3C NMR (101 MHz, CDCls) 4:
168.0, 158.7 (d, Jcr=254.2 Hz), 153.6 (d, Jcr=3.5 Hz),
126.8 (d, Jcr=24.6 Hz), 89.2 (d, Jcr=8.7 Hz), 69.0,
52.5; F NMR (376 MHz, CDCl;) §: —114.71. HRMS
(ESI-TOF) calcd for CoH;FI1,0sNa [M+Na'] 458.8361,
found 458.8361.

Methyl  2-(4-chloro-2-iodophenoxy)acetate  (50mono):
Colorless oil, 30.7 mg, 47% yield. '"H NMR (400 MHz,
CDCls) 0: 7.77 (s, 1H), 7.24 (dd, /=8.8, 2.3 Hz, 1H), 6.64
(d, J=8.8 Hz, 1H), 4.67 (s, 2H), 3.80 (s, 3H); '3C NMR
(101 MHz, CDCls) o: 168.6, 155.8, 139.1, 129.3, 127.8,
113.0, 86.9, 66.6, 52.6. HRMS (ESI-TOF) calcd for
CoHsClIO3Na [M+Na'] 348.9099, found 348.9098.

Methyl 2-(4-chloro-2,6-diiodophenoxy)acetate  (504i):
White solid, 6.4 mg, 7% yield. m.p. 83.2~85.6 C; 'H
NMR (400 MHz, Chloroform-d) J: 7.76 (s, 2H), 4.58 (s,
2H), 3.88 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 167.9,
155.8, 139.3, 132.0, 90.1, 68.9, 52.6. HRMS (ESI-TOF)
caled for CoH;CILOsNa [M+ Na '] 474.8065, found
474.8062.

Methyl  2-(4-bromo-2-iodophenoxy)acetate  (5Spmono):
White solid, 37.9 mg, 51% yield. m.p. 53.2~54.3 C; 'H
NMR (400 MHz, CDCls) o: 7.91 (d, J=2.3 Hz, 1H), 7.38
(dd, J=38.7, 2.4 Hz, 1H), 6.59 (d, J/=8.7 Hz, 1H), 4.68 (s,
2H), 3.80 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 168.6,
156.2, 141.8, 132.3, 114.9, 113.6, 87.4, 66.5, 52.6. HRMS
(ESI-TOF) caled for CoHgBrIO;Na [M+Na'] 392.8594,
found 392.8598.

Methyl 2-(4-bromo-2,6-diiodophenoxy)acetate  (Spai):
White solid, 9.0 mg, 9% yield. m.p. 103.2~105.7 'C; 'H
NMR (400 MHz, CDCl) J: 7.89 (s, 2H), 4.58 (s, 2H), 3.87
(s, 3H); 3C NMR (101 MHz, CDCl;) 6: 167.9, 156.3,
142.0, 119.4, 90.8, 68.9, 52.6. HRMS (ESI-TOF) calcd for
CoH7BrI,05Na [M+Na ] 518.7560, found 518.7562.

Methyl 2-((3-iodo-[1,1'-biphenyl]-4-yl)oxy)acetate
(5qmono): Yellow solid, 24.3 mg, 33% yield. m.p. 86.3~
88.6 'C; 'H NMR (400 MHz, CDC) é: 8.04 (d, J=2.3 Hz,
1H), 7.50 (ddd, J=38.5, 5.4, 1.9 Hz, 3H), 7.42 (t, J=7.6
Hz, 2H), 7.33 (t, J=7.3 Hz, 1H), 6.78 (d, J/=8.5 Hz, 1H),
4.74 (s, 2H), 3.83 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
169.0, 156.3, 139.2, 138.5, 137.1, 129.0, 128.2, 127.5,
127.0, 112.5, 87.0, 66.5, 52.5. HRMS (ESI-TOF) calcd for
CisH;3105Na [M+Na '] 390.9802, found 390.9801.

Methyl 2-((3,5-diiodo-[1,1"-biphenyl]-4-yl)oxy)acetate
(5qgi): White solid, 17.8 mg, 18% yield. m.p. 78.2~
81.5 °C; '"H NMR (400 MHz, CDCI;) 6: 7.97 (s, 2H), 7.48
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(d, J=7.4 Hz, 2H), 7.43 (t, J=7.4 Hz, 2H), 7.37 (t, J=7.1
Hz, 1H), 4.64 (s, 2H), 3.89 (s, 3H); 3C NMR (101 MHz,
CDCL) §: 168.2, 155.9, 141.9, 138.7, 137.5, 129.1, 128.4,
127.2, 90.6, 69.0, 52.5. HRMS (ESI-TOF) caled for Cis-
H,,1,0;Na [M+Na'] 516.8768, found 516.8769.

4.4 Removal of directing group of iodination product
of 4g

An oven-dried 38 mL sealed tube (with a Teflon cap)
equipped with a magnetic stir bar was charged with com-
pound 4g (0.2 mmol, 1.0 equiv.), 4-iodo-3-nitroanisole
(112 mg, 0.4 mmol, 2.0 equiv.), Pd(OAc), (4.5 mg, 0.02
mmol, 10 mol%), N-Formyl-Gly-OH (4.1 mg, 0.04 mmol,
20 mol%), and NaOAc (8.2 mg, 0.1 mmol, 0.5 equiv.) se-
quentially. HFIP (2.0 mL) was added to the mixture along
the inside wall of the tube. The tube was then capped and
placed into a preheated oil bath (90 “C). The reaction was
stirred for 24 h and cooled to room temperature. Volatile
matter was removed under reduced pressure and the resi-
due was re-dissolved in toluene (2 mL). To the solution
were added DPPA (48 pL, 0.22 mmol) and EtN (28 L,
0.202 mmol). The reaction was stirred at 100 C for 3 h
and cooled to room temperature. To the solution were
added glycerol (0.63 mL), EtOH (1.25 mL) and KOH solu-
tion (m/m=1/1, 0.5 mL). The reaction was stirred at 100 C
for 2 h and cooled to room temperature. The crude reaction
mixture was adjusted to pH=35 with 1 mol-L."! HCI while
stirring and then extracted with EA (10 mLX3). The or-
ganic phases were combined and dried over Na;SO,4. The
solvent was removed under reduced pressure and the resi-
due was purified by medium pressure liquid chromatog-
raphy (MPLC) with a silica gel column to afford com-
pound 6, using PE/EA (V/V=9/1) as the eluent. 2-Iodo-
5-methylphenol (6):1'%! Colorless oil, 35.0 mg, 75% yield.
"H NMR (400 MHz, CDCls) &: 7.50 (d, J=8.1 Hz, 1H),
6.83 (d, J/=2.0 Hz, 1H), 6.51 (dd, J=S8.1, 2.0 Hz, 1H),
5.23 (s, 1H), 2.28 (s, 3H); '3*C NMR (101 MHz, CDCl5) &:
154.7,140.9, 137.9, 123.7, 116.0, 81.7, 21.2.

Supporting Information The Supporting Information
containing the NMR spectra of new compounds reported
herein is available free of charge via the Internet at http://
sioc-journal.cn/.
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