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Abstract: The Rose Bengal sensitized intermolecular [2+2]aaddition of 3-ylideneoxindoles
for the synthesis of spirocyclic oxindoles was deped successfully under visible light
irradiation conditions. The cycloaddition produestsre obtained in good yields (up to 93%) with
excellent diastereoselectivity and regioselectiiyyusing a low loading oRose Bengal (0.125
mol%) as a triplet sensitizer. This work demonssathe potential benefits of Rose Bengal in

visible light catalysis.
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1. Introduction
Among many green chemical approaches, visible liglatocatalysis can serve as a valuable
application since light can be considered as aamlideaction condition for environmentally

friendly and green chemical synthekitising visible light and either ruthenium or iridiu



complexes as photosensitiZef§have been reported for the formation of fundanieand useful
chemical transformatiofis However, the potential toxicity and the limitestadability of the
ruthenium or the iridium salts hinder the produstiof fine chemicals and pharmaceuticals.
Organic dyes could serve as promising catalystlarfield of visible light-induced reactions due
to their high absorption within the visible speatttiMoreover, they are inexpensive, low to¥c,

® and widely available. For example, commerciallydity available Rose Bengal presents a viable
alternative to inorganic photocataly$tShe photocatalytic activity of Rose Bengal is sanito
ruthenium or iridium complexes in some reactionshsas alkylation reactiofi, photoredox

i 80 70 8 oxyamination reactioh,sulfoxidation reactiolf and thiocyanation

oxidative reactio
reaction'" In consideration of the advantages of Rose Beagal photosensitizer in visible light
catalysis, it is necessary to further explore figligation in the field of photocatalysis.

Spirocyclic oxindoles have emerged as attractiveth®tic targets in chemical science
because they are widespread in the bioactive aflal@nd pharmacologically important
compounds? They display various biological activities and baveen exploited as insecticidal,
antitumor and antibacterial agenhis=or this reason, this family of oxindole has begtensively
researched® A number of synthetic methods have been develdpepursuit of this kind of
structure, including rearrangemehtscascade Michael-aldol reactiofisconjugate addition¥,
cycloaddition&®et al. Although considerable progress has beerriledctoward their synthesis,
the potential biological activities of spirocyclmxindole skeleton have led to a demand for
efficient and novel synthetic methods.

Since Ciamician et al. reported the first examplea @hotoinitiated intramolecular [2+2]

enone cycloaddition in 1908,some research groups have further reported [2y@paddition



reactions initiated by photoredox catalysis undsible light irradiation™®* 2>*2In recent decades,
allenoates have received significant attentionrganic synthesis due to its facile preparation and
versatile reactivity> They have proven to be valuable building blocksniany types of
cycloaddition reaction¥’. Xiao groug®@and Yan grouff® reported the successful photoinitiated
intermolecular [2+2]-cycloaddition reactions of Bdgneoxindoles by ruthenium complex for the
synthesis of spirocyclic oxindoles. However, to thest of our knowledge, organic dyes have
rarely been applied as photosensitizers in phdtaiet [2+2]-cycloaddition&™ ?** 2%* 2 this
context, we are interested in the development @fintermolecular [2+2]-cycloaddition reactions
of 3-ylideneoxindoles usinRose Bengal as a photocatalystXiao and Yan groups’ work, they
mainly used N-protected 3-ylideneoxindoles as satet and Ru(bpy)’ served as a
photosensitizer. In this work, 3-ylideneoxindolesres used directly without protection in most
cases and Rose Bengal was used as a cheap and aasibble metal-free photosensitizer.
Various cycloaddition products were obtained withog yields (up to 93%) in the presence of a
low loading of Rose Bengal (0.125 mol%). The exadll diastereoselectivity (only one
diastereomer was observed) and regioselectivitly (o@ad-to-head product was observed) were
achieved. Among the obtained products, 11 prodasnew compounds, and a representative

product was determined by single-crystal X-ray gsialto confirm the stereochemistry.

2. Reaultsand Discussion
Initially, the intermolecular [2+2]-cycloadditiorf 8-ylideneoxindole 1a) was selected as a
model reaction. To verify if visible light and RoBengal are necessary in this catalytic process,

some control experiments were conductédb(e 1). The data indicated that irradiating a DMF



solution ofla containing 2 mol% of Rose Bengal with a 32 W coatflaiorescent light bulbi&
405-577 nm) gave cycloaddu2a in 64% vyield Table 1, entry 1). A low yield of 16% was
obtained without Rose Bengal under visible lighadiation Table 1, entry 2), indicating that
Rose Bengal can promote the reaction. No produstaisserved without visible light irradiation
in the presence of Rose Bengadlfle 1, entry 3), confirming that visible light was nesasy for
the reaction. Theproduct was obtained with an excellent diastereoselectiimly one
diastereomeRa was observed) and regioselectivity (only head-tachproduct was observed)
determined byH NMR and"*C NMR in comparison with known compoutf.

Table 1. Control experimenfs

O
EtO EtO.C, CO,Et
] DMF o
o — il LA/
t z
N i
N N
H NY o]\ N
la 2a
Entry Visible light Rose Bengal Yield (%)
1 +° +° 64
2 + = 16
3 - + 0

2Unless otherwise noted, reaction conditions: A omixtof1a (0.2 mmol) and Rose Bengal (2 mol%) in DMF (1.0
mL) was irradiated by a 32 W CFL bulb at rt forl6

P Isolated yield.

¢“+” means the corresponding substance was used.

d«" means the corresponding substance was not used

Encouraged by these important results, differeivests were screened gble 2). The data

confirmed the significant roles of solvents in thedel reaction. The reaction in MeOH gave the



best yield of 87% after 36 W éble 2, entry 1), and a good yield of 82% was obtaine&ti@H
(Table 2, entry 2). The other tested solvents such as Ex®#CN and CHCI, gave low yields
(Table 2, entries 6-8). Therefore, MeOH was chosen as dmapsolvent for the following
studies.

Table 2. Solvent screenirfy

0]
EtO,C, CO,Et
EtO “
/ Rose Bengal (2 mol%) \ /
O 1t,32 W CFL, Solvent /
N
N N
N NW O/\H
la 2a

Entry Solvent Yield (%)
1 MeOH 87
2 EtOH 82
3 i-PrOH 69
4 DMSO 69
5 DMF 64
6 EtOAC 53
7 MeCN 46
8 CH,Cl, 19

#Reaction conditions: A mixture dfa (0.2 mmol) and Rose Bengal (2 mol%) in solven® (hL) was irradiated
by a 32 W CFL bulb at rt for 36 h.

b Isolated yield.

Subsequently, to find out a suitable Rose Bengaflitg for the reaction, Rose Bengal
loading from 0.125 mol% [2 mol% (4 mg) of Rose Baingas dissolved in 16 mL of MeOH, and
then 1.0 mL of this solution was used for the rea§tto 4 mol% was screened for the
cycloaddition reactionTable 3). It is surprising that the reaction can give ggads by using a
low amount of Rose Bengar éble 3, entries 5-7). Taking into consideration of thelgiand cost

of the reaction, 0.125 mol% of Rose Bengal was eh@s an optimal amount of catalyst for the
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further experiments.

Table 3. Screening of Rose Bengal loading

o]
EtO EtOZC,% CO,Et
/ Rose Bengal (X mol%l -
N O 11,32 W CFL, MeOH N/
H NY ({/\ N
1a 2a
Entry Rose Bengdbading(mol%) Yield (%
1 4 89
2 3 87
3 2 87
4 1 86
5 0.5 85
6 0.25 85
7 0.125 85
8 0 16

#Reaction conditions: A mixture dfa (0.2 mmol) and Rose Bengal in MeOH (1.0 mL) waadiated by a 32 W
CFL bulb at rt for 36 h.

P |solated yield.

Additionally, solvent volume, wattage of lamp arahction time may also affect the model

reaction. Therefore, the effects of different salveolume, wattage of lamp and reaction time on

the model reaction were investigatéihlfle 4). It can be seen that when increasing the solvent

volume from 0.5 mL to 2.0 mL, the yield 2& increasedTable 4, entries 1-4). By increasing the

solvent volume to 2.5 mL, the yield 2& decreased slightlyTéble 4, entry 5). Next, the wattages

of lamp ranged from 5 W to 45 W were investigatiéccan be seen that 32 W CFL bulb was

suitable for the model reactiofigble 4, entry 4). Subsequently, we investigated the thmerse

of the model reaction, as shownTiable 4. Extending the reaction time led to an increasthef

yield (Table 4, entries 4, 11-13), and the best yield of 90% wlatained after 36 hHT@ble 4, entry

6



4). Thus, 2.0 mL of MeOH and 32 W CFL bulb were s#m as the optimum conditions for the

model reaction.

Table 4. Solvent volume, wattage of lamp and reaction timestigatiof.

P EtOzC,,” CO,Et
EtO ‘
/ Rose Bengal, rt ~
Visible light, McOH W,
i
N Ny N
la 2a

Entry MeOH (mL) Wattage of lamp (W) Time (h) Yield (%)
1 0.5 32 36 84
2 1.0 32 36 85
3 15 32 36 86
4 2.0 32 36 90
5 25 32 36 89
6 2.0 5 36 63
7 2.0 12 36 72
8 2.0 20 36 78
9 2.0 23 36 80
10 2.0 45 36 73
11 2.0 32 8 49
12 2.0 32 12 67
13 2.0 32 24 89
14 2.0 32 48 83

#Reaction conditions: A mixture dfa (0.2 mmol) and Rose Bengal (0.125 mol%) in MeOEb{®.5 mL) was
irradiated by a 5-45 W CFL bulb at rt for 8-48 h.

b |solatedyield.

With the optimized conditions in hand, the substratcope of this intermolecular
[2+2]-cycloaddition was explored. As shownTiable 5, [2+2]-cycloaddition reactions of a variety
of substituted 3-ylideneoxindoles proceed smoothlygive the corresponding products in the
presence of a low amount of Rose Bengal. Both £¢fr= OMe, OEt, OPr) and ketones'@®

CHs Ph) of 3-ylideneoxindoles can participate in thact®mn very well. The reaction can be
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applied to N-protected @R CHs; Bn) and unprotected 3-ylideneoxindoles. 3-Ylideriedales
with either electron-withdrawing (R= 5-F, 5-Br, 5-1, 7-F, 7-Cl) or electron-donati(R = 5-CH;,
5-OCH;) substituents in benzene ring can take part irre¢hetion. The highest yield of 93% was
obtained Table 5, entry 6). In all caseproductsobtained were with excellent diastereoselectivity
(only one diastereomewas observed) and regioselectivity (only head-tadh@roduct was
observed). To the best of our knowledge, all thedpcts we obtained excep, 2f and2g are
new compounds. To confirm the stereochemistry, yggbdm as arepresentative example was

determined by single-crystal X-ray analygisg; 1).

Table5. Substrate scofe

(0] 0]
ril »
2 R3
Rose Bengal, it R3}/ A — X
<4 iy
32 W CFL, MeOH /" =\ /
NN N
R2 0O O g2
2a-n
R® Product Time (h) Yield (98)
H 2a 24 91
H 2b 24 89
H 2c 24 80
H 2d 18 75
H 2 35 70
H 2f 24 93
H 29 27 86
H 5-CH 2h 17 87
H 5-OCH 2i 18 88
10 OEt H 5-F 2 16 87
11 OEt H 5-Br 2k 26 39
1% OEt H 5-| 2l 26 30
13 OEt H 7-F 2m 25 43
14 OEt H 7-Cl 2n 36 70

2Unless otherwise noted, reaction conditions: A omixtof 1a-n (0.2 mmol) and Rose Bengal (0.125 mol%) in
MeOH (2.0 mL) was irradiated by a 32 W CFL bulbitat

b Isolated yield.



°Rose Bengal (1 mol%) was used.

EtOZC,,, CO,Et
Ty : \ /
N N F
F N \O C[]\H

Fig. 1. X-ray crystal structure &fm.

In order to understand the mechanism of this wsilight-promoted intermolecular
[2+2]-cycloaddition of 3-ylideneoxindoles, fluoreswe experiments with Rose Bengaid 1a
were performed. Rose Bengal exhibited a strongrpbiea in the visible light region at= 563
nm (¢ = 3926 L-motit-cnT?). 1la exhibited a weak absorption in the visible lightiom ath = 415
nm (&= 37 L-moftt.-cm?) (the spectrum shown in the Supporting informatiadVe speculated
that1a could be a light absorber, and the reaction witloatlyst can still give a yield. This has
been proven by the control experiments, in whickiedd of 16% was obtained without the
presence of a catalysigble 1, entry 2).

Xiao et al. proposed that the [2+2]-cycloadditi@action promoted by Ru(bp@l,- 6H,O
likely takes place via a pathway involving enengnsfer from Ru*(bpyf* to the ground statka
as described in their article or by a single etactiransfer (SET) mechanisdiscussed in their
Supporting information, but the precise mechanithe reaction was uncertaiff. They revealed
that1a has a significantly high oxidation peak potent&f” = 1.5-2.0 V vs SCE in MeCN). Thus,
in the present reaction it is impossible fxr to reductively quench the excited state of Rose
RB*/ RB'-

Bengal (& =0.99 V vs SCE in MeCNY¥ Rose Bengal is well known as a singlet oxygen

sensitize?’ and the photocycle is always accomplished by simjéctron transfétor energy



transfef® from excited state of Rose Bengal to oxygen. Thussnparison experiments were
conducted under DAr and air, respectively, and the reaction gédnedimilar yields $cheme 1),
indicating that @ is not involved in the reaction. Therefore, wepgmee that the reaction likely
takes place via a pathway involving energy trantan excited state of Rose Bengal to substrate
(Scheme 2) instead of a SET process. Rose Bengal may betipéagole of triplet sensitiz&f" 2>

% and the energy transfers from RB the ground statéa (&) (Scheme 2)*% Then, the triplet
statela (T,) is formed through triplet sensitization, whiclaces withla (S) to form a biradical

intermediateA that then undergoes the cyclization to affordatiduct?a.

O
o EtO,C, CO,Et
EtO —2 - 89% ”
/ RB, MeOH .
ar _ g0, "y N\ y/
O  hv,24h A P
N | AL o 87% N /;\N
H Ho oH
1a 2a
Scheme 1. Comparison experiments
RB*
1a (Sg) 2a
Energy
hv
Transfer
RB

Scheme 2. Proposed mechanism.
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3. Conclusion

In conclusion, Rose Bengal was used as a triplasitkeer for the first time in the
intermolecular [2+2]-cycloaddition for the synttesiof spirocyclic oxindoles from
3-ylideneoxindoles under the irradiation of visibght. The cycloaddition products were obtained
in good yields (up to 93%) with excellent diastesdectivity and regioselectivity by using a low
loading of Rose Bengal (0.125 mol%). This work demonstratespibtential benefits of Rose
Bengal as an inexpensive, low-toxic, and widelyilabde metal-free photosensitizer in visible

light catalysis.

4. Experimental Section
4.1.General experimental details

Rose bengal was purchased from aladdin industriadparation Shanghai, China.
R104993-1g, 95%. Unless otherwise noted, all resgevere purchased from commercial
suppliers and used without further purification. aBons were monitored by thin-layer
chromatography (TLC) with Haiyang GF 254 silica gs#htes (Qingdao Haiyang chemical
industry Co Ltd, Qingdao, China) using UV light andnillic aldehyde as visualizing agents.
Flash column chromatography was performed using3®@mesh silica gel at increased pressure.
'H NMR spectra and®C NMR spectra were respectively recorded on 600 MAd 150 MHz
NMR spectrometers. Chemical shif&§ (vere expressed in ppm with TMS as the interraidard,
and coupling constantg)(were reported in Hz. High-resolution mass spewteae obtained by
using ESI ionization sources (Varian 7.0 T FTICR)M8elting points were taken on a WPX-4
apparatus and were uncorrected (Yice instrumenipegant Co Ltd, Shanghai). X-ray crystal
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structures were tested by Bruker Apex-II.

4.2. General procedure for the synthesis of comgsiitt

To a stirred solution of ethyl 2-(triphenylphospéwaylidene) acetat® (22 mmol, 1.1 eq.) in
anhydrous THF (50 mL), dione (20 mmol, 1.0 eq.) wdded at GC. The mixture was stirred at
the same temperature until the reaction was coegblatonitored by TLC analysis. The crude
product was purified by flash chromatography otcailgel (petroleum ether/ethylacetate 5:1).

Compoundla-n was obtained as a red or yellow solid.

4.3. General procedure for the synthesis of comgs2n

A mixture of 3-ylideneoxindole$ (0.20 mmol) and Rose Bengal [0.125 mol% (6 mg addR
Bengal was dissolved in 16 mL of MeOH, and thenrhlOof this solution was transferred into
the reaction bottle) or 1.0 mol%] in MeOH (2.0 mias stirred under irradiation of a 32 W
fluorescent light bulb (The parallel distance betwehe bulb and the reaction flask was about 2
cm) for the specified reaction time, and monitolsd TLC. The MeOH was removed under
reduced pressure. The crude products were putifiedolumn chromatography on a silica gel

(petroleum ether/EtOAc: 8/1~5/1) to give the deakjie+2]-cycloaddition adducts as white solids.

4.3.1. Compounda

White solid; 91% vyield (37 mg); m.p. 144.7-148Q; R = 0.25 (PE/EtOAc, 5:1)'H NMR
(600 MHz, DMSO#): & = 10.26 (s, 2H), 7.39 (d,= 7.6 Hz, 2H), 7.18-7.16 (m, 2H), 6.94-6.91
(m, J = 7.6 Hz, 2H), 6.73 (dJ = 7.6 Hz, 2H), 4.34 (s, 2H), 3.40 (s, 6HIC NMR (150 MHz,

12



DMSO-dg): 6 = 174.4, 169.6, 142.4, 129.6, 127.9, 124.1, 12008,8, 55.3, 52.3, 42.1. HRMS
(ESI) calc. for GH1gN,Og (M+Na)'™: 429.1057, found: 429.1064.
4.3.2. Compoundb*®

White solid; 89% yield (39 mg); m.p. 135.0-1352 R = 0.25 (PE/EtOAc, 3:1)'H NMR
(600 MHz, DMSO#g): § = 10.27 (s, 2H), 7.45 (d,= 7.6 Hz, 2H), 7.19-7.16 (m, 2H), 6.94-6.91
(m, J = 7.6 Hz, 2H), 6.75 (dJ = 7.6 Hz, 2H), 4.30 (s, 2H), 3.94-3.91 (m, 2H), 33881 (m,
2H),0.72 (t, J = 7.1 Hz, 6H)1,30 NMR (150 MHz, DMSOdg): 6 = 174.3, 169.1, 142.5, 129.5,
128.3, 124.0, 120.5, 109.7, 61.0, 55.0, 42.4, 14.0.
4.3.3. Compoundc

White solid; 80% yield (37 mg); m.p. 140.0-1462 R = 0.25 (PE/EtOAc, 4:1)'H NMR
(600 MHz, DMSOe): § = 10.29 (s, 2H), 7.44 (d,= 7.6 Hz, 2H), 7.18-7.16 (m, 2H), 6.94-6.91
(m, 2H), 6.73 (d,) = 7.6 Hz, 2H), 4.31 (s, 2H), 3.83-3.81 (m, 2HY83.73 (M, 2H), 1.21-1.19
(m, , 2H), 1.09-1.07 (m, 2H), 0.45 {t= 7.4 Hz, 6H)*C NMR (150 MHz, DMSOdy): & = 174.3,
169.2, 142.5, 129.5, 128.2, 124.1, 120.6, 109.8,65.1, 42.4, 21.6, 10.1. HRMS (ESI) calc. for
Ca6H26N205 (M+Na)': 485.1683, found: 485.1687.
4.3.4. Compounéd

White solid; 75% yield (28 mg); m.p. 155.9-156@; R = 0.30 (PE/EtOAc, 3:1)'H NMR
(600 MHz, DMSOd): § = 10.34 (s, 2H), 7.31 (d,= 7.6 Hz, 2H), 7.19-7.18 (m, 2H), 6.93-6.90
(m, 2H), 6.77 (dJ = 7.6 Hz, 2H), 4.40 (s, 2H), 1.64 (s, 6KC NMR (150 MHz, DMSOde): & =
203.9, 174.5, 142.3, 129.5, 128.4, 123.8, 120.6,9.65.0, 48.3, 28.2. HRMS (ESI) calc. for
CoH1gN,0, (M+Na)': 397.1159, found: 397.1163.
4.3.5. Compoundge
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White solid; 70% yield (35 mg); m.p. 135.2-135G; R = 0.30 (PE/EtOAc, 3:1}H NMR
(600 MHz, DMSO#d): 5 = 10.36 (s, 2H), 7.67 (d,= 7.6 Hz, 4H), 7.53-7.50 (m, 2H), 7.45-7.36
(m, 6H), 7.00-6.98 (m, 2H), 6.82-6.80 (m, 2H), 6(84J = 7.6 Hz, 2H), 5.48 (s, 2H}’C NMR
(150 MHz, DMSO¢l): & = 196.2, 174.8, 142.0, 135.3, 134.3, 129.3, 12028.8, 128.1, 123.6,
120.5, 109.6, 56.4, 43.5. HRMS (ESI) calc. @asH,:N,0, (M+H)": 499.1652, found: 499.1657.
4.3.6. Compoundf*®

White solid; 93% yield (43 mg); m.p. 148.4-148@®, R = 0.30 (PE/EtOAc, 5:1)'H NMR
(600 MHz, CDCY): § = 7.82 (d,J = 7.7 Hz, 2H), 7.28-7.25 (m, 2H), 7.10-7.07 (m) 26171 (d,J
= 7.7 Hz, 2H), 4.54 (s, 2H), 3.92-3.91 (m, 2H),BB81 (M, 2H), 3.02 (s, 6H), 0.75 Jt= 7.1 Hz,
6H); ¥C NMR (150 MHz, CDGJ): 6 = 172.9, 168.8, 143.6, 129.2, 128.4, 123.3, 12103..5,
60.7,54.3,44.1, 26.5, 13.7.

4.3.7. Compoundg'®

White solid; 86% yield (53 mg); m.p. 144.9-1482, R = 0.30 (PE/EtOAc, 6:1)'H NMR
(600 MHz, DMSO€,): & = 7.59 (d,J = 7.7 Hz, 2H), 7.24-7.22 (m, 2H), 7.10-7.08 (m,)2H
7.05-7.00 (M, 6H), 6.83 (d,= 7.7 Hz, 2H), 6.78-6.77 (m, 4H), 4.78 (= 16.0 Hz, 2H), 4.63 (d,
J=16.0 Hz, 2H), 4.52 (s, 2H), 3.98-3.97 (m, 2HBB3.86 (M, 2H), 0.69 (s, 6HFC NMR (150
MHz, DMSO4dg): 6 = 173.0, 169.0, 142.8, 135.9, 129.7, 128.7, 12B0,5, 126.9, 123.2, 121.5
(s), 109.4, 61.2, 55.1, 43.1, 42.3, 14.0. HRMS JESlc. for CsgH3N,0s (M+Na)': 637.23009,
found: 637.2313.

4.3.8. Compounégh

White solid; 87% yield (40 mg); m.p. 151.3-1528 R = 0.30 (PE/EtOAc, 3:1}H NMR

(600 MHz, DMSOd): 5 = 10.12 (s, 2H), 7.25 (s, 2H), 6.98 (b= 7.8 Hz, 2H), 6.62 (d] = 7.8
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Hz, 2H), 4.28 (s, 2H), 3.98-3.96 (m, 2H), 3.86-3(88 2H), 3.34 (s, 3H), 0.75 @,= 7.1 Hz, 6H);
¥%C NMR (150 MHz, DMSOdg): 6 =174.5, 169.2, 140.0, 129.6, 129.0, 128.9, 1219,3, 70.0,
55.2,42.2,21.3, 14.0. HRMS (ESI) calc. @gH»eN,0s (M+Na)': 485.1683, found: 485.1691.
4.3.9. Compoundi

White solid; 88% yield (43 mg); m.p. 136.7-137@ R = 0.30 (PE/EtOAc, 3:1)'H NMR
(600 MHz, DMSOd): & = 10.13 (s, 2H), 7.09 (s, 2H), 6.78 (& 8.4, 2.2 Hz, 2H), 6.67 (d,=
8.4 Hz, 2H), 4.30 (s, 2H), 3.99-3.96 (m, 2H), 3885 (M, 2H), 3.72 (s, 6H), 0.78 {t= 7.1 Hz,
6H); ¥C NMR (150 MHz, DMSQdg): 6 = 174.4, 169.1, 153.8, 135.9, 125.3, 115.9, 11¥419,8,
61.0, 56.0, 55.4, 42.3, 14.1. HRMS (ESI) calc. @#gH,N.Os (M+Na)*: 517.1581, found:
517.1585.
4.3.10. Compoungj

White solid; 87% yield (41 mg); m.p. 155.0-155G; R = 0.30 (PE/EtOAc, 3:1)'H NMR
(600 MHz, DMSO€): 5 = 10.46 (s, 2H), 7.30-7.27 (m, 2H), 7.07-7.06 @H), 6.78-6.76 (m,
2H), 4.31 (s, 2H), 4.01-3.96 (M, 2H), 3.89-3.84 £H), 0.77 (tJ = 7.1 Hz, 6H).2°C NMR (150
MHz, DMSO-tg): 6 = 174.2, 168.7, 157.0 (&UC_F =234.1 Hz), 138.8, 125.3 (d= 8.9 Hz), 116.1
(d, 7.6 Hz), 116.0 (d] = 10.3 Hz), 110.5 (d] = 8.0 Hz), 61.2, 55.0, 42.6, 14.0. HRMS (ESI) calc
for CosHaoFoN,0g (M+Na)': 493.1182, found493.1184.
4.3.11. Compoungk

White solid; 39% yield (23 mg); m.p. 166.0-166G R = 0.25 (PE/EtOAc, 3:1)'H NMR
(600 MHz, DMSO#é): § = 10.58 (s, 2H), 7.57 (d,= 1.5 Hz, 2H), 7.41 (dd] = 8.3, 1.8 Hz, 2H),
6.75 (d,J = 8.3 Hz, 2H), 4.28 (s, 2H), 4.04-4.00 (m, 2HBSB3.86 (M, 2H), 0.79 (] = 7.1 Hz,
6H).; ¥C NMR (150 MHz, DMSOdg): 6 = 173.9, 168.7, 141.8, 132.4, 131.1, 125.9, 11P16.8,
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61.3, 54.7, 42.5, 14.1. HRMS (ESI) calc. fG;H,0BroN,NOs (M+Na)": 612.9580, found:
612.9585.
4.3.12. Compoundl

White solid; 30% yield (21 mg); m.p. 143.4-148®, R = 0.25 (PE/EtOAc, 3:1)'H NMR
(600 MHz, DMSO€g): 8 = 10.53 (s, 2H), 7.71 (s, 2H), 7.55 @ 8.1 Hz, 2H), 6.63 (d] = 8.1
Hz, 2H), 4.24 (s, 2H), 4.04-4.01 (m, 2H), 3.88-3(&% 2H), 0.80 (tJ = 7.1 Hz, 6H);*C NMR
(150 MHz, DMSO+dg): 6 = 173.8, 168.7, 142.2, 138.2, 136.6, 126.2, 11813}, 54.5, 42.3, 14.2.
HRMS (ESI) calc. foiCH2BrN,NOs (M+Na)': 612.9580, found612.9585. HRMS (ESI) calc.
for CagH20l,N206 (M+Na)': 708.9303, foundz08.9308.
4.3.13. Compoungm

White solid; 43% yield (20 mg); m.p. 156.9-166@ R = 0.30 (PE/EtOAc, 3:1)'H NMR
(600 MHz, DMSO€): 8 = 10.91 (s, 2H), 7.32 (d,= 7.6 Hz, 2H), 7.17-7.14 (m, 2H), 7.00-6.97
(m, 2H), 4.32 (s, 2H), 3.97-3.92 (m, 2H), 3.87-3(&2 2H), 0.75 (tJ = 7.1 Hz, 6H);*C NMR
(150 MHz, DMSO#d): 3 = 173.8, 168.7, 146.7 (Uc.r =240.4 Hz), 129.7 (d] =12.6 Hz), 126.5,
124.4,121.4 (dJ =5.4 Hz), 116.7 (dJ =16.6 Hz), 61.2, 55.2, 42.5, 14.0. HRMS (ESI) cé&dc
CogH20FoN206 (M+Na)™: 493.1182, found493.1186.
4.3.14. Compoungn

White solid; 70% yield (35 mg); m.p. 160.8-162Q; R, = 0.30 (PE/EtOAc, 3:1H NMR
(600 MHz, DMSO+dg): & = 10.82 (s, 2H), 7.43 (dl = 7.6 Hz, 2H), 7.30 (dJ = 8.2 Hz, 2H),
7.02-7.00 (m, 2H), 4.33 (s, 2H), 3.97-3.94 (m, 2BIg7-3.84 (m, 2H), 0.75 (§ = 7.0 Hz, 6H);
%C NMR (150 MHz, DMSOde): 6 = 173.8, 168.7, 140.1, 129.7, 126.9, 125.4, 12110,2, 61.2,
55.7,42.5, 14.07. HRMS (ESI) calc. ©5H20Ci,N20s (M+Na)": 525.0591, founds525.0595.
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