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1. Introduction - ool R %
A o \/° o I\ N R

Indole-2,3-diones (isatins) are important hetertis/cfound in a /—o/\,“ j ° C/’JNQ
many natural products, pharmaceuticaldso Indole-2,3-diones F A\ | 0T o " Q
are commonly used in organic synthesis to constmmi . () I A
structural framework$. Traditionally, the most practical 7—\;}\;‘.7 '°' ﬁ E.}*m 4L
approach to this class of compounds is the Sandnmegthod”® ———x\/ e ©N\ 77777 TR ¢ O )
starting from the requisite aniline, chloral hydsat

hydroxylamine hydrochloride and sulfuric acid, whimtovided a
useful access to construct isatins. However, in merent years,

a wider variety of efficient methods have been davedl for the
synthesis  of indole-2,3-diones. The  copper-catalyze
intramolecular C-H  oxidation/acylation  of  formyl-N-

R? 0 0
. L
L S—Rs / O/ : ‘ O%R’
N R (j\)LNH

Scheme 1. In situ trapping of unstabi&ketoaldehyde intermediates

arylformamides has also proven successful in tmstcoction of
indole-2,3-diones with oxygen as oxiddnin addition, Jadhav
and co-workers reported a general catalytic Cu(@AEMPO

method performed in either air or Cu(OA€), systems for the
C-N and C-O cross-coupling reaction to construct liexd@y3-

diones® Indoles have also been utilized as substratestter
synthesis of indole-2,3-diones with selected catilysithough

each existing method has its own merits for the amagipn of

certain indole-2,3-dione derivative(s), furthereastigation into a
simpler general method remains highly valuable.

strategy to construct diverse compounds throughrmmblecular reactions.

In recent years, we reported an efficient in si@pping of
unstable-ketoaldehyde intermediates strategy tetoact diverse
compounds through intermolecular reactions (Sch&jdeilso,
we suspect to design intramolecular reactions in cgiptures-
ketoaldehyde as a supplement of intermolecularticeec

Retrosynthetically (Scheme 2), it was envisionedt tha
methylindoline-2,3-dione could be obtained from 22-(
(methylamino)phenyl)-2-oxoacetaldehydeA  through an
intramolecular condensation procés/shileA could be furnished
from theo-halogenated ketone through Kornblum Oxidafidh.
was also suggested thBtcould be easily prepared from 1-(2-
(methylamino)phenyl)ethanonela through a halogenation
process’ Based on the retrosynthetic analysis, it was herein

" Corresponding author Tel./fax: +86 027 6786 7778ia#: chwuax@mail.ccnu.edu.cn (A. X. Wu)
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assumed that indole-2,3-diones could be obtainedh ft-(2-
aminophenyl)ethanones via the integration
iodination/oxidation/cyclization sequences.
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Scheme 2. Retrosynthetic analysis and the protocols for oote-p

synthesis of 1-methylindoline-2,3-dione throughamolecular

cyclization.
2. Results and discussion

Our investigation began this reaction with 1-(2-
(phenylamino)phenyl)ethanoria as model substrate in DMSO.
The reaction of 1-(2-(methylamino)phenyl)ethanontwi/CuO
Table 1. Optimization of the reaction conditichs

o}

0
@ﬁ‘\ Conditions Cflg:o
NH DMSO N\
1a | 2a
Entry b Base CuO Temp Yield
(equiv) (equiv) (&) (%)°
1° 0.5 0.5 100 22
2 0.5 NaOH 0.5 100 35
3 0.5 KOH 0.5 100 58
4 0.5 NaCGOs 0.5 100 63
5 0.5 KCO; 0.5 100 80
6 0.5 CsCO; 0.5 100 83
7 0.5 EtN 0.5 100 52
8 05 DBU 05 100 90
9 0.5 DABCO 0.5 100 55
10 DBU 0.5 100 Trace
11 0.25 DBU 0.5 100 76
12 0.75 DBU 0.5 100 88
13 1.0 DBU 0.5 100 67
14 15 DBU 0.5 100 65
15 0.5 DBU 100 20
16 0.5 DBU 0.75 100 38
17 0.5 DBU 1.0 100 35
18 0.5 DBU 1.25 100 32
19 0.5 DBU 0.5 60 42
20 0.5 DBU 0.5 80 73
21 0.5 DBU 0.5 90 87
22 0.5 DBU 0.5 110 83

#Reaction conditionsla (1.0 mmol), CuO (0.5 mmol) were heated in

DMSO for 2h.

®|solated yields.

°Reaction conditionsla (1.0 mmol), 4 (0.5 mmol), CuO (0.5 mmol)

were heated in DMSO at 100 for 2h.

4 Reaction conditionsla (1.0 mmol), DBU (0.5 mmol), CuO (0.5

mmol) were heated in DMSO at 10D for 2h.

¢Reaction conditionsla (1.0 mmol), 4 (0.5 mmol), DBU (0.5 mmol)

were heated in DMSO at 100 for 2h.
(0.5 equiv/0.5 equiv) could only afford the dedingroduct in
very low yield at 10@C in DMSO (Table 1, entry 1). To improve
the yield of the products, the amount gf CuO and various
bases were investigated in further detail in DMSOstFa series
of bases, such as NaOH, KOH, .-8&;, K,CO;, CsCO;, EEGN,
DBU and DABCO were screened for the reaction (Table tty en
2-9). Much to our satisfaction, the reaction effitidy was much
improved to 90% with DBU as the base. When the reactias

Tetrahedron

the reaction was conducted in the absence of the Gui@® 20%

ofof the producta could be obtained (Table 1, entry 15). These

results indicated that,, | DBU and CuO are necessary for the
reaction. Moreover, further examination revealedatth
adjustments in temperature resulted in decreasgdsy(Table 1,
entry 19-22). It was thus determined that the optmuonditions
for this reaction were//[DBU/CuO (0.5 equiv/0.5 equiv/0.5 equiv)
at a temperature of 100 in DMSO (Table 1, entry 8).

Table 2. Reaction scope of methyl ketofies
0]

o
| N I, CuO, DBU @ﬁ;o
R{ Z NH  DMso, 100°C  AFTN
Ry ! Rz
1 2
Entry 1 2 Yields (%)
1 1c (Ri=H, R,=CH) 2a 90
2 1b (R;=H, R;=Ph) 2b 83
3 1c (Ri=H, R:=Bn) 2c 85
4 1d ((R1=[d][1,3]dioxol-5 2d 82
-yl, R;=CHg)
5 1leR;=5-1, R= Ph) 2e 91
6 19 (Ry=[d][1,3]dioxol-5-yl, 2f 78
R2= Ph)
7 1h (Ri=H, R=H) 29 0

& Reaction conditionsta (1.0 mmol), 4 (0.5 mmol), DBU (0.5 mmol),
CuO (0.5 mmol) were heated in DMSO at I0@or 2h.
® |solated yields.

Fig. 1. X-ray crystal structure of compoud

With this optimized result in hand, we next explotkd scope
of this reaction, diverse Indole-2,3-dioné&a-@f) was achieved
high yields using optimum condition (Table 2). Muth our
surprise when the substrate was 1-(2-aminophenyfeti& no
deserved product was obtained. (Table 2, 2g), tlig Ine that 1-
(2-aminophenyl)ethanone was oxidized to 1-(2-
nitrophenyl)ethanone under the reaction conditibortunately
the target productgc (Fig. 1) and2e (in Supplementary data)
were further determined by X-ray crystallographialgsis.

2-hydroxybenzofuran-3(2H)-ones are also compoundshwhi
are recurrent motifs and subunits in organic md&cuvith
interesting biological activities, such as antirolmal activity>**
antilammatory* antifungalactivity’>*® Therefore, considerable
attention has been paid to their efficient synthetiethods’
Inspired by the aformentioned results, it was supgahat 2-
hydroxybenzofuran-3(2H)-ones could also be constdidtom
1-(2-hydroxyphenyl)ethanones by intramolecular izgtlon

under the standard conditions. As depicted in Tehlethe

conducted without,) almost no desired product was obtainedconditions were mild enough to be compatible withciete-

(Table 1, entry 10). However, further increases ia ddditive
dose to 0.5 equiv could not enhance the yield be\gii®%. When

donating and halogenated substrates (68-8384g). Pleasingly,
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Table 3. Reaction scope of methyl ketones and benzylamine 3. Conclusion
derivatived
In conclusion, we have reported a new intramolecular
0 cyclization to construct Indole-2,3-diones and 2hioxy- 3(2H)-
N 2 benzofuranones from easily availablel-(2-aminopheny
I, CuO, DBU X .
L, et @f&m ethanones and 1-(2-hydroxyphenyl)ethanones vianestep,
R OH  DMsSO,100°C  AF~0 one-pot procedure. This reaction provided significadvantages

in the use of simple substrates, mild reaction @@ and

provision of excellent yields. Further studies ¢m tesign of
Entry R 4 Yields (%) other complicated compounds and investigations tdwe

10 7 = applications in organic synthesis are currentlyamay in our

1
> 3b (5-F) b 70 laboratory.
Z gg ((i_,%;) jg ;g 4, Experimental
5 3e (5-OCHg 4e 80
6 ( o ) af 81 4.1. General
af OH All substrates and reagents were commercially availand
O‘ used without further purification. TLC analysis wasrfprmed
7 on o 4 85 using pre-coated glass plates. Column chromatographs
performed using silica gel (200-300 mesh). IR gpeetere
39 recorded on a Perkin-Elmer PE-983 infrared speatermas KBr
- ~ pellets with absorption in cth 'H spectra were recorded in
" Reaction conditionsia (1.0 mmol), 4 (0.5 mmol), DBU (0.5 CDCl; or DMSO4ds on 400/600 MHz NMR spectrometers and
mmol), CuO (0.5 mmol) were heated in DMSO at X0Gor 2h. resonances §f are given in parts per milion relative to
®Isolated yields. tetramethylsilane. Data are reported as follows: détanshift,

the desired 2-hydroxybenzofuran-3(2H)-ones couldbiined  multiplicity (s = singlet, d = doublet, t = tripletn = multiplet),

in good yields from steric substrates (80%-83He4g). To our  coupling constants (Hz) and integratio’C spectra were
delight, product4e was also further determined by X-ray recorded in CDGl or DMSOd; on 100 MHz NMR
crystallographic analysis (Fig. ). spectrometers and resonanc®safe given in ppm. HRMS were
obtained on a Bruker 7-tesla FT-ICR MS equipped véth
electrospray source. MS was carried out on a Thd»@@ Il

MS spectrometer (EI, 70 eV). Elemental analyses were
performed using a VARIO ELI elemental analyzer. The X-ray
crystal-structure determinations were obtained orBraker
SMART APEX CCD system. Melting points were determined
using XT-4 apparatus and not corrected.

4.2, General procedurefor synthesis of 2 (2a asan example)

A sealed tube was charged with 1-(2-
(methylamino)phenyl)ethanonga (74.6 mg, 0.5 mmol), 1,8-
Diazabicyclo[5.4.0Jundec-7-ene (38.1 mg, 0.25 mmobpper
(II) oxide (20 mg, 0.25 mmol) and iodine (63.5 m@50mmol)
at room temperature, and then dried solvBMSO (3mL)

In accordance with the results, a plausible mechanis yyas added. The resulting mixture was stirred at T0Gand
proposed for the ,CuO promoted cyclization reaction is monitored to completion by TLC analysis. After coglito room
presented in Scheme 3. It is proposed that 1-(2temperature, O (50 ml) was added and the aqueous mixture
(methylamino)phenyl)ethanonéa with I, and CuO initially  \as extracted with EtOAc 3 times (3 x 50 mL). The coratbi
undertook a halogenation reaction to afford thermediaten- organic extracts were washed with brine (20 mL), dioeer
iodo-1-(2-(methylamino)phenyl)ethanonB. Subsequently,B  anhydrous Ng8O,, filtered, and concentrated in vacuo. The
was further converted into the intermediate 2'0)((2—2' residue was purified by column Chromatography Om$|ge|
(methylamino)phenyl)acetaldehyde via Kornblum oxidatiort”  ysing petroleum ether/EtOAc as the eluent to giveetqeected

The addition of the glyoxal group with amine genesat product2a as yellow solid (90% yield).
hemiaminal intermediateC.** Finally, it is proposed that

intermediateC underwent oxidation to provide the desired 43 General procedurefor synthesis of 4 (4a asan example)

€9

Fig. 2. X-ray crystal structure of compouwe

product2a. A sealed tube was charged with 1-(2-hydroxyphenydyethe
0 o o 3a (75.1 mg, 0.5 mmol), 1,8-Diazabicyclo[5.4.0Jundeenk

I dj\/' DMSO _0 (38.1 mg, 0.25 mmol), coppdi( oxide (20 mg, 0.25 mmol)

NH Cu0 Ny DBU @d? and iodine (63.5 mg, 0.25 mmol) at room tempeeatuand

| | | then dried solvent DMSO (3 mL) was added. The tesul
mixture was stirred at 10@ and monitored to completion by
9 0 TLC analysis. After cooling to room temperatureOH50 ml)
— ©\)&0|4 R E:E%:o was added and the aqueous mixture was extracted WAE3
N N times (3 x 50 mL). The combined organic extractsewgashed
c 2a with brine (20 mL), dried over anhydrous JS&,, filtered, and
concentrated in vacuo. The residue was purified blnon

Scheme 3. Plausible mechanism for the reaction. o -
chromatography on silica gel using petroleum eEt&Ac as the
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eluent to give the expected produtt as light yellow solid
(72% yield).

4.4. Characterization data
4.4.1 1-methylindoline-2,3-dione (2a)

Yield 90%; red solid; mp 118-12¢C; IR (KBr): 3451, 1749,
1722, 1601, 1475, 1323, 1114, 831, 702, 470-citH NMR (400

MHz, CDCL): & (ppm) = 7.61 (s, 1H), 7.28 (s, 1H), 7.14 (s, 1H),

6.91 (d,J = 8.0 Hz, 1H), 3.26 (s, 3H)*C NMR (100 MHz,

CDCL): & (ppm) = 183.19, 158.01, 151.22, 138.36, 124.94

123.65, 117.12, 109.89, 26.04; HRMS (APCI): m/z [MWNa]'
calcd for GH,NaNGO,: 184.0369; found: 184.0371.

4.4.2 1-phenylindoline-2,3-dione (2b)

Yield 85%; red solid; mp 162-162C; IR (KBr): 3459, 1736,
1609, 1491, 1466, 1471, 1367, 1296, 1193, 926, 85@, 760,
698, 485 crmi; "H NMR (600 MHz, CDC)): J (ppm) = 7.88 (dJ
=7.8 Hz, 1H), 7.70 (s, 1H), 7.56 @z 7.2 Hz, 2H), 7.42 (d] =
7.2 Hz, 2H), 7.19 (s, 2H); 6.91 (d,= 4.8 Hz, 1H);"*C NMR
(100 MHz, CDC})): § (ppm) = 138.99, 138.29, 129.84, 128.70,
127.56, 125.86, 125.62, 125.45, 124.47, 124.21,2010.11.06;
HRMS (APCI): m/z [M + Na] calcd for G,HsNaNO,: 246.0530;
found: 246.0526.

4.4.3 1-benzylindoline-2,3-dione (2c)

Yield 85%; yellow solid; mp 163-16%C; IR (KBr): 3450, 1736,
1607, 1491, 1466, 1367, 1296, 1193, 927, 760, 468;cH
NMR (400 MHz, CDC})): 6 (ppm) = 7.86 (s, 1H), 7.76 (d,= 8.4
Hz, 1H), 7.35-7.31 (m, 6H), 6.58 (d,= 8.4 Hz, 1H) , 4.91 (s,
2H); ®C NMR (100 MHz, CDGJ)): ¢ (ppm) = 181.81, 157.15,
149.89, 146.26, 133.95, 133.72, 129.07, 128.26,3227119.10,
113.11, 86.17, 44.05; HRMS (APCI): m/z [M + Najalcd for
CysH1:NaNO,: 260.0682; found: 260.0685.

4.4.4 5-methyl-5H-[ 1,3] dioxol o 4,5-f] indole-6,7-dione (2d)

Yield 85%; red solid; mp 192-19%C; IR (KBr): 3426, 1735,
1612, 1479, 1435, 1384, 1344, 1242, 1094, 1036, 834, 487
cm; *H NMR (400 MHz, CDC)): § (ppm) = 7.02 (s, 1H), 6.44
(s, H), 6.08 (s, 2H), 3.19 (s, 3HJC NMR (100 MHz, CDC)): 6
(ppm) = 180.66, 159.16, 156.57, 151.13, 144.35,16,0104.84,
102.63, 92.99, 26.25; HRMS (APCI): m/z [M + Najalcd for
CysH1.NaNO;,: 228.0270; found: 228.0267.

4.4.5 1-benzyl-5-iodoindoline-2,3-dione (2€)

Yield 91%; yellow solid; mp 199-20%C; IR (KBr): 3448, 1745,
1731, 1603, 1467, 1434, 1325, 1313, 1176, 1127, 818, 517
cm™; *H NMR (400 MHz, CDC)): § (ppm) = 7.89 (s, 1H), 7.78
(s, 1H), 7.76 (s, 1H), 7.36-7.29 (m, 5H); 6.57Jd; 8.4 Hz, 1H),
4.92 (s, 2H);"*C NMR (100 MHz, CDGJ)):  (ppm) = 181.84,
157.18, 149.92, 146.30, 133.96, 133.80, 129.11,312827.35,
119.14, 113.12, 86.20, 44.08; MS (70ev): m/z = 363Anal.
Calcd. for GsH1INO,: C, 49.61; H, 2.78; N, 3.86 %. Found: C,
49.75; H, 2.85; N, 3.69 %.

4.4.6 5-benzyl-5H-[ 1,3] dioxol o[ 4,5-f] indole-6,7-dione (2f)

Yield 78%; red solid; mp 191-19%; IR (KBr): 3458, 2926,
1741, 1722, 1612, 1494, 1472, 1410, 1386, 1345513247,
1156, 1031, 896, 832, 798, 710, 697, 600, 488, &6d; H
NMR (400 MHz, CDCJ): 6 (ppm) = 7.35-7.27 (m, 5H); 7.00 (s,
1H), 6.29 (s, 1H), 6.01 (s, 2H), 4.86 (s, 2H), 6.57)(d 8.4 Hz,
1H), 4.92 (s, 2H);®C NM.R (100 MHz, CDG)): § (ppm) =
220.09, 203.83, 180.43, 159.19, 156.34, 150.25,3044.34.48,
129.02, 128.09, 127.20, 110.39, 104.73, 102.560(9443.92;
HRMS (APCI): m/z [M + Na] calcd for GgH,;NNaQ,: 304.0580;
found: 304.0582.
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4.4.7 2-hydroxybenzofuran-3(2H)-one (4a)

Yield 72%; light yellow solid; mp 133-13%; IR (KBr): 3441,
3221, 1704, 1617, 1463, 1322, 1147, 1128, 998, ¢ifi2; H
NMR (400 MHz, CDCJ):  (ppm) = 7.65 (d,) = 8.4 Hz, 1H),
7.62 (s, 1H), 7.09 (d) = 7.2 Hz, 1H), 5.62 (s, 1H}’C NMR
(100 MHz, CDCJ): § (ppm) = 198.75, 171.47, 139.45, 125.02,
122.48, 119.00, 113.51, 96.93; MS (70ev): m/z =.150Anal.
Calcd. for GHgOs: C, 64.00; H, 4.03 %. Found: C, 63.81; H,
4.15 %.

4.4.8 5-fluor o-2-hydroxybenzofuran-3(2H)-one (4b)

Yield 70%; brown solid; mp 189-19Z; IR (KBr): 3253, 1712,
1493, 1342, 1315, 1245, 1164, 1133, 1109, 1024, 823, 782
cm; *H NMR (400 MHz, DMSOd): 6 (ppm) = 7.66-7.61 (m,
1H), 7.48-7.45 (m, 1H), 5.65 (s, 1H)>C NMR (100 MHz,
DMSO-dy): d (ppm) = 198.28, 167.01, 126.48 (3= 25.0 Hz),
119.87, 114.93, 109.50 (ds-= 23.0 Hz), 98.62; MS (70ev): m/z
= 168.11; Anal. Calcd. for §EisFO5: C, 57.15; H, 3.00 %. Found:
C, 57.02; H, 2.89 %.

4.4.9 5-bromo-2-hydroxybenzofuran-3(2H)-one (4c)

Yield 79%; white solid; mp 124-12%C; IR (KBr): 3417, 1716,
1613, 1466, 1272, 1145, 1115, 923, 826 'citH NMR (400
MHz, DMSO-dg): ¢ (ppm) = 7.87 (dJ = 8.8 Hz, 1H), 7.79 (s,
1H), 7.19 (dJ = 8.8 Hz, 1H), 5.65 (s, 1HJ°C NMR (100 MHz,
DMSO-dg):  (ppm) = 197.34, 169.50, 141.28, 126.51, 121.37,
115.78, 113.51, 98.45; MS (70ev): m/z = 228.04; IAQalcd.

for CgHsBrO;: C, 41.95; H, 2.20 %. Found: C, 41.66; H, 2.09 %.

4.4.10 6-fluoro-2-hydroxybenzofuran-3(2H)-one (4d)

Yield 83%; yellow oil; IR (KBr): 3435, 2962, 2831, 27, 1647,
1509, 1421, 1367, 1259, 1156, 1123, 988, 854, 399, 558
cm ™ *H NMR (600MHz,):6 (ppm) = 7.39 (dJ = 9.6 Hz ,1H) ,
6.85 (t,J = 7.2 Hz, 1H), 6.27 (d] = 9.6 Hz, 1H), 6.12 () = 9.0
Hz 1H), 4.81 (s, 1H)**C NMR (100 MHz, DMSQdy): d (ppm)

= 196.45, 172.20 (d)er= 15.0 Hz), 170.33, 167.79, 126.77 (d,
Jee=12.0 Hz), 116.43, 110.47, 100.78 Jgz= 26.0 Hz), 98.92 (d,
Jer =13.0 Hz); MS (70ev): m/z 168.08; Anal. Calcd. for
CgHsFO;: C, 57.15; H, 3.00 %. Found: C, 56.96; H, 2.81 %.

4.4.11 2-hydroxy-5-methoxybenzofuran-3(2H)-one (4€)

Yield 80%; light brown solid; mp 190-19€; IR (KBr): 3253,
1716, 1492, 1342, 1285, 1245, 1164, 1134, 111051923, 825,
782 cm*; '"H NMR (400 MHz, DMSOd): J (ppm) = 7.36 -7.34
(m, 1H), 7.13 (dJ = 6Hz, 1H), 7.06 (s, 1H), 5.56 (s, 1HJC
NMR (100 MHz, DMSOdy): § (ppm) = 198.63, 165.76, 154.40,
128.05, 119.28, 114.35, 104.90, 98.18; MS (70ev3: ¥ 80.13;
Anal. Calcd. for GHgO,: C, 60.00; H, 4.48 %. Found: C, 59.72;
H, 4.36 %.

4.4.12 2-hydroxynaphthol 2,1-b] furan-1(2H)-one (4f)

Yield 81%; yellow solid; mp 238-24%C; IR (KBr): 3195, 1669,
1578, 1530, 1449, 1286, 1206, 1139, 1095, 929, 834, 576,
465 cm®; '"H NMR (400 MHz, DMSO#d,):  (ppm) = 8.55 (dJ =
8.0 Hz ,1H), 8.35 (dJ = 8.8Hz, 1H), 8.02 (dJ = 8.4 Hz, 1H),
7.72 (d,J = 6.8 Hz, 1H), 7.54 (d] = 8.4 Hz, 1H), 7.40 (d] = 8.8
Hz, 1H), 5.71(s, 1H)**C NMR (100 MHz, DMSOd,): 6 (ppm)
=197.94, 173.55, 141.09, 130.17, 129.12, 128.78,61, 125.29,
121.89, 114.25, 110.79, 98.61; HRMS (APCI): m/z [Wa]'
calcd for G,HgNaO;: 223.0366; found: 223.0366.

4.4.13 2-hydroxynaphtho[ 1,2-b] furan-3(2H)-one (4g)

Yield 85%; light yellow solid; mp 179-18Z; IR (KBr): 3445,
1633, 1467, 1434, 1307, 1284, 1257, 1210, 1091, 782 cm",;
'"H NMR (600 MHz, DMSOd): 6 (ppm) = 7.96-7.92 (m, 1H),



7.84 (t,J = 7.8 Hz, 1H), 7.77 (d] = 8.4 Hz, 1H), 7.70 () = 7.5
Hz, 1H), 7.61 (tJ = 7.8 Hz, 1H), 7.42 (dJ = 8.4 Hz, 1H);"*C
NMR (100 MHz, DMSOd): d (ppm) = 173.06, 160.38, 136.82,
131.49, 129.45, 127.68, 125.97, 124.89, 124.13,212 118.44,
106.05; MS (70ev): m/z = 200.15; Anal. Calcd. fapHzOs: C,
72.00; H, 4.03 %. Found: C, 71.83; H, 3.89 %.
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1. General

All substrates and reagents were commercially available and used without
further purification. TLC analysis was performed using pre-coated glass plates.
Column chromatography was performed using silica gel (200-300 mesh). IR
spectra were recorded on a Perkin-Elmer PE-983 infrared spectrometer as KBr
pellets with absorption in cm~!. 'H spectra were recorded in CDCls or DMSO-ds on
400/600 MHz NMR spectrometers and resonances (§) are given in parts per
million relative to tetramethylsilane. Data are reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet), coupling constants
(Hz) and integration. 3C spectra were recorded in CDClsor DMSO-d6 on 100 MHz
NMR spectrometers and resonances (6) are given in ppm. HRMS were obtained on
a Bruker 7-tesla FT-ICR MS equipped with an electrospray source. MS was
carried out on a Thermo DSQ II MS spectrometer (EI, 70 eV) Elemental
analyses were performed using a VARIO EL III elemental analyzer. The X-ray
crystal-structure determinations were obtained on a Bruker SMART APEX CCD
system. Melting points were determined using XT-4 apparatus and not corrected.

2. Synthesis of 2a-2g, 4a-4g
2.1. General procedurefor synthesis of 2a-2g (2a as an example)

General procedur e A sealed tube was charged with
1-(2-(methylamino)phenyl)ethanone la (80.6 mg, 0.5 mmol),
1,8-Diazabicyclo[5.4.0]Jundec-7-ene (38.1 mg, 0.25 mmol), copper (1) oxide (20 mg,
0.25 mmol) and iodine (63.5 mg, 0.25 mmol) at room temperature, and then
dried solvent DMSO (3mL) was added. The resulting mixture was stirred at 110 C
and monitored to completion by TLC analysis. After cooling to room temperature,
H20 (50 ml) was added and the aqueous mixture was extracted with EtOAc 3
times (3 X 50 mL). The combined organic extracts were washed with brine (20
mL), dried over anhydrous Na2SOQs, filtered, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel using petroleum
ether/EtOAc as the eluent to give the expected product 2a as yellow solid (90%
yield).

2.2 . General procedurefor synthesis of 4a-4g (4a as an example)

General procedure: A sealed tube was charged with 1-(2-hydroxyphenyl)ethanone
3a (75.1 mg, 0.5 mmol), 1,8-Diazabicyclo[5.4.0]Jundec-7-ene (38.1 mg, 0.25 mmol),
copper(I) oxide (20 mg, 0.25 mmol) and iodine (63.5 mg, 0.25 mmol) at room
temperature, and then dried solvent DMSO (3mL) was added. The resulting
mixture was stirred at 100 ‘C and monitored to completion by TLC analysis. After
cooling to room temperatureH2O (50 ml) was added and the aqueous mixture was
extracted with EtOAc 3 times (3 X 50 mL). The combined organic extracts were
washed with brine (20 mL), dried over anhydrous Na2SOs, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on
silica gel using petroleum ether/EtOAc as the eluent to give the expected product
4a as light yellow solid (72% yield).
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3. Control experimental
To confirm the reaction process, the reaction of intermediate
1-(2-hydroxyphenyl) -2-iodoethanone was carried out. A mixture of
1-(2-hydroxyphenyl)ethanone 3a (1 equiv), CuO (1 equiv), and iodine (1 equiv) in
methanol was heated at 80 °C for 1 h. compound 3aa was obtained (Schemes1).
Then the reaction was carried out with the mixture as substrate under the
optimum condition, we have also gotten the target compound 4a (Fig. s1).

e} O
I,- CuO !
MeOH
OH OH
3a 3aa

Scheme sl. iodination of 1-(2-hydroxyphenyl)ethanone

Jat I

3a

CH,l_

mixture U ld b e

4a




3. Crystallographic data and molecular structure of compounds 2e

Fig. 2. X-ray crystal structure of compouié

Crystal structure data for compound2e: CCDC number: 960539C;sH;INO,,
Orthorhombig space group P2(1)2(1)2(B)= 4.5682(12)b = 13.600(4)¢ = 22.338(6) An = 90°,

B =90°y=90° V=1387.8(7) A T = 296(2)K, Z = 4Dc = 1.738Mg/m, x = 2.304 mrit" A =
0.71073A, F(000) 704, crystal size 0.15 x 0.12 x 0.16*12827 independent reflectiorR(jnt) =
0.0726], reflections collected 10305, refinementthod: Full-matrix least-squares ORy:
goodness-of-fit orF, 1.037, final R indicesl[> 26(1)], Ry = 0.0611, wRR = 0.1517, largest diff.
peak and hole 1.261 and -1.5368.AThese data can be obtained free of charge from Th

Cambridge Crystallographic Data Centre via www.ccao.ac.uk/data_request/cif.
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4. Appendix: spectral copiesof *H NMR, and *C NMR
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