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SUMMARY

Cross-coupling reactions between aryl iodide and nucleophiles have been well devel-
oped. lodoniums equipped with a reactive C-l(lll) bond accelerate cross-coupling re-
actions of aryl iodide. Among them, cyclic diaryliodoniums are more atom econom-
ical; however; they are often in the trap of metal reliance and encounter
regioselectivity issues. Now, we have developed a series of highly reactive cyclic
monoaryl-vinyl iodoniums that can be tuned to construct C-N, C-O, and C-C bonds
without metal catalysis. Under promotion of triethylamine, coupling reactions with
aniline, phenol, aromatic acid, and indole proceed rapidly and regioselectively at
room temperature. The carbene species is conceptualized as a key intermediate in
our mechanism model. Furthermore, the coupling products enable diversity-ori-
ented synthesis strategy to further build up a chemical library of diverse heterocyclic
fragments that are in demand in the drug discovery field. Our current work provides
adeep insight into the synthetic application of these highly reactive cycliciodoniums.

INTRODUCTION

Cross-coupling reactions have become one of the most effective synthetic methods for constructing chemical
bonds and linking molecular fragments (Liu et al., 2011). The traditional cross-coupling reactions between aryl io-
dide and nucleophiles are often transition-metal catalyzed, for example, Heck, Ullmann, and Suzuki-Miyaura
cross-couplings (Evano et al., 2008; Ruiz-Castillo and Buchwald, 2016). The bond cleavage of C-l in aryl iodide
to make new bonds often requires high-temperature, transition-metal catalysis, and long reaction time (Figure 1A)
(Biffis et al., 2018). To overcome such limitations, new reactants and methods are demanded to enable coupling
reactions more conveniently (Sun and Shi, 2014). Hypervalent aryl iodine(lll), also called aryliodonium(lll), has
increased the reactivity of C-I bond to make coupling reactions easier (Lukamto and Gaunt, 2017; Merritt and
Olofsson, 2009; Teskey et al., 2017; Yoshimura and Zhdankin, 2016). Compared with linear aryliodoniums, cyclic
diaryliodoniums (cDAls) are more atom economical in their coupling reactions. cDAls are able to react with a
broad range of reagents and to construct diverse multi-aromatic fragments that often exist in drugs and natural
products (Mathew et al., 2017; Zhu et al., 2018). However, some innate defects of cDAls particularly including the
reliance on catalytic metal (Chatterjee and Goswami, 2017; Hu et al., 2019) and poor regioselectivity (Deprez and
Sanford, 2009; Liu et al., 2014), limit their synthetic applications (Figure 1B). Breaking the diaryl framework of
cDAIIs, cyclic monoaryl-vinyl iodoniums (cMAVIs) could be conceived. In this new framework, the hypervalent
iodine is structurally asymmetrical and unbalanced in charge distribution, which may enhance the reaction regio-
selectivity. Furthermore, compared with cDAls, the deficient electron density of the hypervalentiodine in cMAVIs
is not easy to offset in the monoaryl-vinyl system, rendering them highly electrophilic. However, cMAVIs are
almost unexplored until very recently Moran and co-workers reported the synthesis of cMAVIs with limited chem-
ical study (Beringeretal., 1972; Kepskietal., 2019). Herein, we report a special series of cMAVIs that could be finely
tuned to react with various nucleophilic reagents regioselectively, enabling the rapid construction of C-N, C-O,
and C-C bond under metal-free conditions via a carbene pathway (Figure 1C).

RESULTS AND DISCUSSION
The Design of New cMAVIs and Their Reactivity Study
To commence our study, four types of cMAVIs have been designed (Figure 2A). While a carbonyl group was
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Figure 1. Development of Cyclic Monoaryl-Vinyl lodoniums

(A) Aryl iodides couple with nucleophiles via transition-metal catalysis.

(B) Cyclic diaryliodoniums couple with nucleophiles via transition-metal catalysis in moderate conditions.
(C) Cyclic monoaryl-vinyl iodoniums couple with nucleophiles without transition-metal in carbene pathway.

chemical properties, including alkyl (1a), aryl (1b), halogen (1¢), and hydrogen (1d). After the preparation of
precursors 1" of cMAVIs (see Supplemental Information) (Ho et al., 2007; Puri et al., 2014; Roy et al., 2011),
cMAVIs T1a-1d were obtained in good yields using the procedure for the synthesis of cDAIs (Zhu et al., 2013).
The crystal X-ray diffraction unambiguously verified the structure of 1a. With these four cMAVIs at hand, we
tested their stability under various conditions (Table S1). The cMAVIs were all stable in either powder or
solution at room temperature and even under heating. However, in the presence of triethylamine, cMAVIs
1a-1c underwent a reductive ring opening to produce 3a-3c. Meanwhile, 1d had B-hydrogen elimination
ring opening, which is consistent with Moran’s report (Figures 2B and S1) (Kepski et al., 2019). The newly
obtained results indicated that these cMAVIs were vulnerable to triethylamine. On the other hand, their
instability to bases implied that they might be highly reactive even without a transition metal, which is un-
usual for traditional cDAIs (Li et al., 2019; Wu and Yoshikai, 2015). It would be valuable if their reactivity
could be tuned under refined conditions. Meanwhile, the iodine moving to the aryl side in the reductive
products 3 implied that an excellent regioselectivity with cMAVIs could be achieved, which is challenging
in unsymmetrical cDAIs. Thus, we hypothesized that our synthesized cMAVIs might provide a synthon plat-
form and achieve the complete regioselectivity under transition-metal-free condition, which is highly de-
manded in the field of synthetic chemistry (Ellwart et al., 2016).

Considering that triethylamine is a strong organic base, p-toluidine with weak basicity was employed to
test whether it could undergo amination with cMAVIs. In the presence of p-toluidine only, 1a-1c remained
intact, although 1d still led to the B-hydrogen elimination, implying that activation of 1a-1c could be initi-
ated by trimethylamine but not p-toluidine. While both triethylamine and p-toluidine were added into the
solution of cMAVIs, a new C-N bond was formed rapidly to provide the amination product4a at an excellent
yield (Figure 2B). The iodine was located to the aryl side, and p-toluidine was linked to the vinyl side
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Figure 2. Exploration of New cMAVIs and Their Reactivity

(A) The structure of novel cMAVIs with different substitutes on B-position.

(B) Amination of 1a with p-toluidine under activation of Et3N

(C) Condition optimization of the coupling amination between 1a and p-toluidine.

(D) The structure of 1a-alike cMAVIs.

TEA, triethylamine; DIPEA, N,N-diisopropylethylamine; DBU, 1,8-diazabicyclo[5.4.0Jundec-7-ene; DCM, dichloromethane; DMF, N,N-dimethylformamide;
THF, tetrahydrofuran.

selectively. Moreover, the internal C-C double bond unexpectedly migrated to the adjacent methyl. Such
amination did not happen in cMAVIs 1b and 1c, and only reductive products 3b and 3c remained (Figure S1).
After the success of 1a attached with a methyl group, ethyl was also tested. However, the cMAVI with ethyl
could not fulfill this amination and it almost converted to 3a-like reductive product, likely due to its spatial
effect. Meanwhile, 1a was under thorough investigation to optimize the amination condition. Further
screening demonstrated that organic bases including triethylamine and diisopropyl ethylamine were
most effective (Figure 2C). Environment-friendly solvent EtOH and THF were as effective as dichlorome-
thane, so they were selected in further study. Variation of temperature did not compromise the amination
yields. After success in tuning cMAVI 1a to react with p-toluidine in complete regioselectivity under metal-
free condition, a series of 1a-alike cMAVIs were designed and synthesized (Figure 2D).

The Exploration of Coupling Reactions with 1a-alike cMAVIs

As the optimal condition for the coupling amination of cMAVI 1a with p-toluidine was obtained, the scope
of both cMAVIs and amines was investigated (Figure 3A). 1a-alike cMAVIs (1ab-1ag) underwent amination
smoothly to provide desired compounds 4aa-4ag at excellent yields. Simultaneously, the vinyl migration to
the terminal methyl proceeded. Then, the scope of anilines was also tested to further explore the transfor-
mation generality. It turned out that not only simple aniline but also the sterically hindered anilines with an
ortho substituent reacted well (4ah-4al). The acetylene group was well tolerated in this reaction (4ak),
although terminal acetylenes reportedly react with traditional cDAls (Xie et al., 2017). The structure of
4ak was further unambiguously verified by X-ray diffraction. It is worth mentioning that amidation of ben-
zene-1,2-diamine with the intramolecular ester of 1a simultaneously proceeded along with conventional
amination to make 4al. N-substituted methyl group was also allowed to provide 4am. Furthermore, benzyl-
amines were suitable substrates for such amination as well while the reactions were done in THF (4an and
4a0). Other alkylamines did not provide the desired products, most likely due to their strong basicity. As
azoles could be employed as N-nucleophiles and important heterocyclic fragments (Sun et al, 2015,
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Figure 3. Scope of 1a-Alike cMAVIs and Nucleophiles in Transition-Metal-Free Coupling Reaction

(A) Scope of 1a-alike cMAVIs and N-nucleophiles.

(B) Scope of O-nucleophiles coupled with 1a

(C) Scope of C-nucleophile coupled with 1a.

Note: standard condition: 1 (1.0 equiv), 2 (1.5 equiv), Et3N (2.0 equiv), EtOH, r.t., 30 min; isolated yields. 1 gram scale reaction for 1a; 212 h; €in THF; %in THF,
EtsN (3.5 equiv); unless stated, R, R? are H.

2020), benzotriazole was used to investigate the transformation. However, the double bond in the coupling
product remained internal, likely due to strong electron-withdrawing effect of the triazole motif (data not
shown).

After the amination success, we went to test whether coupling reactions with other nucleophiles would
be possible under such metal-free condition. Initially, O-nucleophiles were taken into consideration for
potential oxygenation of cMAVIs (Figure 3B). Phenol was chosen to react with 1a under the standard con-
dition but with THF as the solvent due to a potential breakup of the newly formed ester bond by ethanol.
The oxygenation product 4ba was indeed successfully obtained at a moderate yield. Vinyl migration to
the terminal methyl took place simultaneously. Other phenols substituted with various functional groups
also gave the desired products at moderate to good yields (4bb-4bf). Benzoic acids, another type of O-
nucleophiles (Kitano et al., 2018; Petersen et al., 2011), were suitable substrates to couple with 1a, albeit

4 iScience 23, 101307, July 24, 2020



iScience ¢? CellPress

OPEN ACCESS
(0]
OEt
o - .
/ ¢ Series 6 Series 1
R X OEt | 10, 56% 5a, 80%
NH H OEt 5b, R'=Br, 70%
— 1= 0,
\ Pd(PPha),, K,CO5 5¢, R =F, 72%
2\ Pd(PPhs)

5d, R'= i-Pr, 80%
. ,
DCE, 110°C,12h @ 5e. R'= Me, 82%
\ 5f, R2= Me, 79%
5g, R', R®=benzo, 75%

4, KoCO3

: 2
Series 5 CE, 110°C, 12h

9a, 70%
9b, R'=F, 68%

9c. R'= Me. 66% R'= 0- B(OH), Pd(OAGC),, KoCO3
9d, R?= CO,Me, 63% DMF, 90°C, 12h
R =o0-Br
I NBS, Et;N
Pd(OAc),, K,CO;4 DCM, rt, 12h
DMF, 90°C, 12h
R= o- CH,OH O
Series 4 Pd(OAc),, K,CO4 |
8a, 46% DMF, 90°C, 12h BrO Series 2
8b, R'= OMe, 52% o O 6, 88%
8c, R2= Me, 42% N o H OEt
Ot 8d, R=F, 50% N Series3
7,59%

Figure 4. DOS Strategy Applied to Construct Heterocyclic Fragments from 1a and 1a-Alike cMAVIs
Note: Unless stated, otherwise R, R', and R? stand for H; DCE, 1,2-dichloroethane; NBS, N-bromosuccinimide.

at slightly low yields (4bg-4bi). Aromatic «, B-unsaturated acids such as phenylpropiolic acid and cin-
namic acid also gave the desired coupling products (4bj-4bk). However, alkyl carboxylic acids failed to
undergo such oxygenation. Generally, it seemed that hard nucleophiles gave lower yields in the coupling
reactions.

As indole fragment, a mild C-nucleophile (Leitch et al., 2017; Lin et al., 2019), is widely present in natural
products and pharmaceuticals (Kochanowska-Karamyan and Hamann, 2010; Wan et al., 2019), its potential
C-C bond formation with cMAVIs under the metal-free condition was of our interest. First, simple indole
itself was tested under the standard condition and satisfactorily gave the desired product 4ca with C-C for-
mation at 3-position of indole (Figure 3C). Other indole derivatives with methyl substitution on different
positions were then investigated to expand the reaction generality. Except 3-methyl indole, the other
tested indoles underwent the C-C coupling reaction successfully (4cb-4ce), implying that the C-C coupling
reaction proceeded at 3-position of indole under our condition (Modha and Greaney, 2015). The successful
reaction with indole demonstrated that cMAVIs were highly reactive at room temperature under catalyst-
free conditions, although the yields were not satisfactory.

Coupling Reactions Utilized to Construct Chemical Libraries

Under these aforementioned explorations, we successfully tuned these novel highly reactive cMAVIs to
rapidly couple with aniline, phenol, aromatic acid, and indole under transition-metal-free conditions
with complete regioselectivity. Diversity-oriented synthesis (DOS) is an efficient strategy to quickly offer
a large collection of structurally diverse small molecules for drug discovery (Grossmann et al., 2014). It
was also our interest to employ DOS strategy to build chemical libraries. Starting from 1a and 1a-alike cMA-
Vs, our structurally diversified coupling products 4 could be transformed into different series of heterocy-
clic fragments (Figure 4). 4aa-4ag underwent palladium-catalyzed intracellular C-N formation to accom-
plish the indole ring construction in series 1 compounds (5a-5g) (Bugaenko et al., 2018; Ignatenko et al.,
2010). Meanwhile, the terminal vinyl double bond in 4aa could be used as an acceptor for halogenation
(Meimetis et al., 2014; Song et al., 2013). Then, NBS was utilized to assemble 2-substituted 3-quaternary
carbon-centered indole 6 that is not easily prepared via conventional methods (series 2) (Golubev and Kra-
savin, 2017). As mentioned earlier, ortho-substituted functional groups in anilines were well tolerated in the
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amination (Figure 3, 4ai-4al). Moreover, these groups were able to participate in further transformation so
that more series of heterocyclic fragments could be obtained. The condition used for the construction of
series 1 compounds also enabled 4ai to finish the formation of two rings featuring 5 and 7 members (7, se-
ries 3). Ortho-bromo-substituted 4ao and alike derivatives could undergo double C-C bond formations to
build up 5- and 6-membered rings (8a-8d, series 4) (Gomez-Lor and Echavarren, 2004; Rousseaux et al.,
2010). Ortho-boronic acid functional group in anilines was also compatible for the amination; however, it
was labile during the silica column chromatography. Without further purification, these obtained interme-
diates 4 were directly subjected to a palladium-mediated condition. Consequently, a specific azepine scaf-
folding, which is an important structural subunit in many bioactive alkaloids and medicines (Poulie and
Bunch, 2013; Singh et al., 2017), was constructed successfully at moderate yields (9a-9d, series 5).
Indole-incorporating compound 4ca could undergo a palladium-catalyzed cyclization to provide a specific
carbazole fragment (10, series 6). Taken together, six series of chemical fragments are rapidly built from our
developed cMAVIs in two steps. These high-quality fragments are demanded in the drug discovery, espe-
cially in the fragment-based approaches (Alen et al., 2019; Heightman et al., 2018; Kirsch et al., 2019).

Coupling Reactions’ Mechanism Study

Due to the observation of vinyl migration, we hypothesized that carbene pathway might be involved
(Dempsey Hyatt et al., 2015; Hyatt and Croatt, 2012; Kepski et al., 2019). A series of experiments were per-
formed to test our hypothesis. Deuterated p-toluidine was employed to react with cMAVI 1a. Indeed
a-deuterium is present in product 11-D (Figure 5A), confirming the possible presence of carbene interme-
diate species. It is worth mentioning that 11-H with a-hydrogen verified by "HNMR spectra likely resulted
from a hydrogen-deuterium exchange with the abstracted protons from 1a’s methyl by triethylamine. In
another control experiment in which styrene was added, a cyclopropane product 12 in the reaction mixture
was detected by liquid chromatography-mass spectrometry (MS)spectroscopy showing a mass ion peak at
433.1 (Figure 5B), further confirming the appearance of carbene species. On subjection of 1a to EtOH as
solvent in the absence of additional nucleophiles, compound 13 was observed and confirmed by NMR (Fig-
ure 5C) (Hyatt and Croatt, 2012). Based on these observations, a potential mechanism of the reactions was
proposed (Figure 5E). After hydrogen abstraction in methyl from a base, internal double bond of cMAVI 1a
would migrate to the terminal to form ylide species A1 (lvanov et al., 2014). Reversible conversion into car-
bene species A2 initiated the forthcoming nucleophilic insertion of a nucleophile (Ar-XH) to quickly
generate 4. Without competitive nucleophile, A2 would couple with Et3N to produce an ylide salt B, and
B tended to rearrange into an ammonium salt C. Finally, C underwent two-electron transfer from the trie-
thylamino motif that underwent B-H elimination to provide 3a. The formation of oxidative species D was
confirmed by gas chromatography-MS (Figure S2). However, the exact mechanism remains to be fully eluci-
dated. With other groups instead of methyl, b and 1c might undergo a direct nucleophilic attack from trie-
thylamine to form F that is similar to C, and 3b and 3c were then formed (Figure S3).

Conclusion

In summary, we have developed a series of novel cyclic monoaryl-vinyl iodoniums that are highly reactive.
These unique iodonium species have been well tuned to couple with various nucleophiles including aniline,
phenol, aromatic acid, and indole, constructing C-N, C-O, and C-C bonds regioselectively without metal
catalysis. Activated by organic bases represented by triethylamine, the reactions are performed in environ-
ment-friendly solvents EtOH and THF at ambient temperature. Moreover, the coupling products allow
further diversification. Six series of chemical libraries are quickly built via a DOS strategy, providing
high-quality drug-like fragments that are desirable in the drug discovery field. In the mechanism study,
we propose that these cMAVIs can be employed as a new source to generate carbene species, which would
open a venue to accomplish diverse transformations.

Limitations of the Study

In our current work, alkyl amines and alkyl carboxylic acids are not suitable substrates to realize the
coupling reactions.

Resource Availability
Lead Contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by
the Lead Contact, Shijun Wen (wenshj@sysucc.org.cn).
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Figure 5. The Mechanism Studies
(A) The insertion of deuterated aniline.
(B) The cycloaddition with 4-methyl styrene.
(C) The insertion of EtOH.
(D) A proposed mechanism to generate 4 and 3a.
Materials Availability
This study generated new unique reagents, cyclic monoaryl-vinyl iodoniums.
Data and Code Availability
The X-ray crystallographic coordinates for structures reported in this article have been deposited at the Cam-
bridge Crystallographic Data Center (1a: 1893710, 4ak: 1972497). These data could be obtained free of charge
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from The Cambridge Crystallographic Data Center via https://www.ccde.cam.ac.uk/structures/. Original data in
this paper have been deposited to Research Data Deposit (https://www.researchdata.org.cn) with a RDD num-
ber of RDDB2020000876.

METHODS

All methods can be found in the accompanying Transparent Methods supplemental file.

SUPPLEMENTAL INFORMATION
Supplemental Information can be found online at https://doi.org/10.1016/}.isci.2020.101307.
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1. Supplemental tables and figures:

Table S1. The stabilities of cMAVIs, related to Figure 2.

\C%M Store- Heat- Base- Nucleophile- Base+Nucleophile-
Compoun Stability2  Stability ®  Stability © stability ¢ Stability ©

la yes yes No yes No
1b yes yes No yes No
1c yes yes No yes No
1d yes No No No No

a cMAVI 1 was checked daily a month in both powder form and solution in dichloromethane for
their state and color change. Moreover, NMR was used to determine its stability; ® cMAVI 1
(0.10 mmol) was solved in dichloromethane (2.0 mL) and heated to 90 °C for 30.0 min before
it was checked by NMR to determine its purity; ¢ To the solution of cMAVI 1 (0.10 mmol) in
dichloromethane (2.0 mL), EtsN (30.0 uL, 0.20 mmol) was added. The mixture was stirred for
30.0 min at room temperature, and then checked by TLC and determined by NMR; ¢ To the
solution of cMAVI 1 (0.10 mmol) in dichloromethane (2.0 mL), p-toluidine (23.0 mg, 0.15 mmol)
was added. The mixture was stirred for 30.0 min at room temperature, and then checked by
TLC and determined by NMR; © To the solution of cMAVI 1 (0.10 mmol) in dichloromethane
(2.0 mL), p-toluidine (23.0 mg, 0.15 mmol) and EtsN (30.0 ul, 0.20 mmol) was added
successively. The mixture was stirred for 30.0 min at room temperature, and then checked by
TLC and determined by NMR.

A. The reactivity of 1b and 1c under Et;N and p-toluidine
R R O | R O
B

0
©E§a_( conditions woa Y OEt
- —_— + HN
ott %F' e, it 30 min
1b, 1c, R=Ph, CI 3 4

(1.0 equiv) Reductive opening product Amination product
Condition 3 4
Et3N (2.0 equiv) 100% 0%
p-Toluidine (2.0 equiv) 0% 0% (1b, 1c intact)
p-Toluidine (2.0 equiv), Et3N (2.0 equiv) 100% 0%

B. The reactivity of 1d under Et;N and p-toluidine

by o ! o

+\ o Varied conditions & OEt N OEt

I - OEt CH,Cly, rt, 30 min + HN

. |
1d, (1.0 equiv) 3d 4
B-H elimination product Amination product

Condition 3d 4
Et3N (2.0 equiv) 100% 0%
p-Toluidine (2.0 equiv) 100% 0%
p-Toluidine (2.0 equiv), Et3N (2.0 equiv) 100% 0%

Figure S1. Exploration of new cMAVIs and their reactivity, related to Figure 2.
(A) The reactivity of 1b and 1c under EtsN and p-toluidine.
(B) The reactivity of 1d under EtsN and p-toluidine.
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Figure S2. The reaction mechanism study of the generation of 3a, related to Figure 5.
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Figure S3. The reaction mechanism of the generation of 3b and 3c, related to Figure 5.

2. Transparent methods:
2.1 General information

Unless stated otherwise, chemicals and reagents were commercially available and used
directly. Anhydrous CH2Cl2 was distilled over calcium hydride, and anhydrous THF, and ether
distilled over sodium wire under argon. Flash column chromatography was performed on
silica gel of 200—400 mesh. Reactions were monitored by thin-layer chromatography (TLC)
and occasionally by GC/MS. TLC plates were visualized with UV and in an iodine chamber, or
with phosphomolybdic acid (PMA), ninhydrin, and KMnO4 solution. The *H and 3C nuclear
magnetic resonance (NMR) spectra were recorded on a Bruker Advance spectrometer at
400/500 and 100/126 MHz respectively. Chemical shifts are given in ppm (&) referenced to
CDClz with 7.26 for 'H and 77.16 for 13C ; DMSO-ds with 2.50 for *H and 39.5 for 13C. The
following abbreviations were used to describe splitting patterns of tTHNMR: s = singlet, d =
doublet, t = triplet, g = quartet, m = multiplet, br = broad. All coupling constants are recorded
in hertz. HRMS were obtained on Waters Xevo G2 QTOF (ESI) spectrometer.

2.2 The synthesis and characterization of products 4:

0
0 YL Et;N (2.0 equiv), EtOH, rt., 30 mi \|)J\0Et
D + ixH EtoN (2.0 equiv), - e 57 min X Y= or
I OEt @ . X= NH or N, O, C(3-indole) ' =

OTf

\ N n=0,1
cMAVIs 1 Nucleophiles 2 4 @

General procedure exemplified by the synthesis of 4aa: In a 10 mL one-neck round bottomed
flask equipped with a magnetic stirring bar, the solution of EtsN (30.0 pL, 0.20 mmol) in 100 Ul
solvent was slowly added into the solution of 1a (47.0 mg, 0.10 mmol) and p-toluidine (16.0 mg,
0.15 mmol) in EtOH (2.0 mL). The reaction mixture was stirred for 30.0 min at room temperature,
and it was concentrated under reduced pressure. The residue was purified by flash column
chromatography (EtOAc/PE; 1:10) to give 4aa as yellow liquid (38.0 mg, 90% vyield).




Ethyl 3-(2-iodophenyl)-2-(phenylamino)but-3-enoate (4aa): Yellow liquid. *H NMR (400
MHz, CDCl3) 6 7.88 (dd, J = 8.0, 1.1 Hz, 1H, Ar-CH), 7.31 (td, J = 7.5, 1.2 Hz, 1H, Ar-CH), 7.19
(dd, J=7.6, 1.7 Hz, 1H, Ar-CH), 7.01 — 6.96 (m, 3H, Ar-CH), 6.68 — 6.60 (m, 2H, Ar-CH), 5.72
(d, 3 =0.9 Hz, 1H, C=CHy), 5.27 (s, 1H, C=CH2), 4.94 (s, 1H, CH), 4.14 — 4.04 (m, 2H, CHz),
2.24 (s, 3H, CHg), 1.09 (t, J = 7.1 Hz, 3H, CHz) ppm. 3C NMR (101 MHz, CDCl3) 5 171.4 (C=0),
146.8, 144.8, 144.1, 139.5, 129.9, 129.6, 129.2, 128.0, 127.7, 119.7, 113.93, 98.8, 61.9, 61.8,
20.6, 14.0 ppm. HRMS (ESI) m/z: calcd for C19H21INO2 [M + H]* 422.0612, found 422.0620.

| (0]
HN
QO

Ethyl 3-(4-bromo-2-iodophenyl)-2-(p-tolylamino)but-3-enoate (4ab): Following the general
procedure of the synthesis of 4aa, 4ab was obtained from lab (54.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (44.0 mg, 88% yield). *H NMR (500 MHz,
CDCls) 6 8.03 (d, J = 2.0 Hz, 1H, Ar-CH), 7.44 (dd, J = 8.2, 2.0 Hz, 1H, Ar-CH), 7.05 (d, J = 8.2
Hz, 1H, Ar-CH), 7.00 (d, J = 8.3 Hz, 2H, Ar-CH), 6.61 (d, J = 8.4 Hz, 2H, Ar-CH), 5.73 (d, J =
0.8 Hz, 1H, C=CH>), 5.28 (s, 1H, C=CH>), 4.88 (s, 1H, CH), 4.18 — 4.04 (m, 2H, CH>), 2.24 (s,
3H, CHs), 1.13 (t, J = 7.1 Hz, 3H, CHzs) ppm. 3C NMR (126 MHz, CDCI3) 8 171.1 (C=0), 145.9,
143.9, 143.7, 141.4, 131.1, 130.5, 123.0, 127.9, 121.9, 120.4, 114.0, 99.3, 61.9, 61.9, 20.6,
14.1 ppm. HRMS (ESI) m/z: calcd for C19H20BrINO2 [M + H]* 499.9717, found 499.9739.

| (6]
HN
F ]

Ethyl 3-(4-fluoro-2-iodophenyl)-2-(p-tolylamino)but-3-enoate (4ac): Following the general
procedure of the synthesis of 4aa, 4ac was obtained from lac (48.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (40.0 mg, 92% yield). 'H NMR (400 MHz,
CDCl3) 8 7.60 (dd, J = 8.2, 2.6 Hz, 1H, Ar-CH), 7.15 (dd, J = 8.5, 5.9 Hz, 1H, Ar-CH), 7.05 (dd,
J=8.1, 2.6 Hz, 1H, Ar-CH), 7.01 (dd, J = 6.6, 5.2 Hz, 2H, Ar-CH), 6.65 — 6.60 (m, 2H, Ar-CH),
5.74 (d, J = 1.0 Hz, 1H, C=CHz), 5.27 (s, 1H, C=CHy), 4.89 (s, 1H, CH), 4.17 — 4.06 (m, 2H,
CH?2), 2.24 (s, 3H, CHs), 1.13 (t, J = 7.1 Hz, 3H, CH3) ppm. 33C NMR (101 MHz, CDCl3) 5 171.2
(C=0), 162.5 (d, JC-F = 245.1 Hz, C-F), 145.9, 144.0, 140.9 (d, JC-F = 7.8 Hz, C-F), 130.2 (d,
JC-F =7.8 Hz, C-F), 130.0, 127.9, 126.4 (d, JC-F = 3.2 Hz, C-F), 120.4, 115.2 (d, JC-F = 21.0
Hz, C-F), 113.9, 98.2, 62.0, 61.9, 20.6, 14.1 ppm. HRMS (ESI) m/z: calcd for C19H20FINO2 [M
+ H]* 440.0517, found 440.0542.

| O

OEt
HN

Q

Ethyl 3-(2-iodo-4-isopropylphenyl)-2-(p-tolylamino)but-3-enoate (4ad): Following the
general procedure of the synthesis of 4aa, 4ad was obtained from lad (51.0 mg) after flash
column chromatography (EtOAc/PE = 1/10) as yellow liquid (43.0 mg, 95% yield). *H NMR (500
MHz, CDCl3) 6 7.73 (s, 1H, Ar-CH), 7.17 (d, J = 7.9 Hz, 1H, Ar-CH), 7.10 (d, J = 7.8 Hz, 1H,
Ar-CH), 7.00 (d, J = 8.1 Hz, 2H, Ar-CH), 6.64 (d, J = 8.2 Hz, 2H, Ar-CH), 5.70 (s, 1H, C=CH>),
5.27 (s, 1H, C=CH>), 4.94 (s, 1H, CH), 4.13 — 4.04 (m, 2H, CH>), 2.86 (dt, J = 13.8, 6.9 Hz, 1H,
CH), 2.24 (s, 3H, CHz), 1.24 (d, J = 6.9 Hz, 6H, 2 x CHz), 1.09 (t, J = 7.1 Hz, 3H, CHz) ppm. 13C



NMR (126 MHz, CDCls) & 171.5 (C=0), 150.2, 146.7, 144.2, 142.1, 137.6, 129.9, 129.4, 127.6,
126.2, 119.5, 113.9, 98.8, 62.0, 61.6, 33.5, 23.9, 20.5, 14.0 ppm. HRMS (ESI) m/z: calcd for
C22H27INO2 [M + HJ* 464.1081, found 464.1089.

Ethyl 3-(2-iodo-4-methylphenyl)-2-(p-tolylamino)but-3-enoate (4ae): Following the general
procedure of the synthesis of 4aa, 4ae was obtained from lae (48.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (39.0 mg, 90% vyield). 'H NMR (500 MHz,
CDClI3) 6 7.72 (s, 1H, Ar-CH), 7.14 — 7.09 (m, 1H, Ar-CH), 7.06 (d, J = 7.8 Hz, 1H, Ar-CH), 7.00
(d, J = 8.4 Hz, 2H, Ar-CH), 6.63 (d, J = 8.3 Hz, 2H, Ar-CH), 5.69 (s, 1H, C=CH), 5.25 (s, 1H,
C=CHy), 4.91 (s, 1H, CH), 4.44 (s, 1H, NH), 4.15 — 4.06 (m, 2H, CHz2), 2.30 (s, 3H, CHa), 2.24
(s, 3H, CHs), 1.12 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (126 MHz, CDCls) d 171.4 (C=0),
146.6, 144.2, 141.8, 140.0, 139.3, 129.9, 129.2, 128.8, 127.7, 119.6, 113.9, 98.7, 62.1, 61.7,
20.6, 20.6, 14.0 ppm. HRMS (ESI) m/z: calcd for Cz0H23INO2 [M + H]* 436.0768, found
436.0799.

| (0]
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Ethyl 3-(2-iodo-5-methylphenyl)-2-(p-tolylamino)but-3-enoate (4af): Following the general
procedure of the synthesis of 4aa, 4af was obtained from 1af (48.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (36.5.0 mg, 84% yield). *H NMR (500 MHz,
CDCl3) 8 7.73 (d, J = 8.1 Hz, 1H, Ar-CH), 7.02-7.00 (m, 3H, Ar-CH), 6.81 (d, J = 8.0 Hz, 1H,
Ar-CH), 6.65 (d, J = 7.9 Hz, 2H, Ar-CH), 5.70 (s, 1H, C=CH2), 5.25 (s, 1H, C=CHz), 4.94 (d, J
= 7.7 Hz, 1H, CH), 4.46 (d, J = 7.9 Hz, 1H, NH), 4.14 — 4.07 (m, 2H, CHz2), 2.29 (s, 3H, CHs3),
2.24 (s, 3H, CHzs), 1.10 (t, J = 7.2 Hz, 3H, CHz) ppm. 33C NMR (126 MHz, CDCl3) 5 171.4 (C=0),
146.8, 144.6, 144.1, 139.2, 137.9, 130.5, 130.2, 129.9, 127.7, 119.4, 114.0, 94.6, 61.9, 61.7,
21.0, 20.6, 14.0 ppm. HRMS (ESI) m/z: calcd for Cz0H23INO2 [M + H]* 436.0768, found
436.0771.

| (0]
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Ethyl 3-(1-iodonaphthalen-2-yl)-2-(p-tolylamino)but-3-enoate (4ag): Following the general
procedure of the synthesis of 4aa, 4ag was obtained from lag (51.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (42.0 mg, 90% yield). *H NMR (400 MHz,
CDClIs) 6 8.29 (d, J = 8.6 Hz, 1H, Ar-CH), 7.78 (d, J = 8.2 Hz, 2H, Ar-CH), 7.62 — 7.58 (m, 1H,
Ar-CH), 7.56 — 7.48 (m, 1H, Ar-CH), 7.30 (d, J = 8.3 Hz, 1H, Ar-CH), 7.01 (d, J = 8.1 Hz, 2H,
Ar-CH), 6.69 (d, J = 8.3 Hz, 2H, Ar-CH), 5.85 (d, J = 0.9 Hz, 1H, C=CHy>), 5.36 (s, 1H, C=CH>),
5.04 (s, 1H, CH), 4.15—-4.00 (m, 2H, CHz2), 2.25 (s, 3H, CH3), 0.99 (t, J = 7.1 Hz, 3H, CHs) ppm.
13C NMR (101 MHz, CDCIz) 8 171.3 (C=0), 148.2, 144.3, 144.0, 135.0, 133.6, 133.2, 130.0,
128.6, 128.3, 128.2, 127.0, 126.8, 120.0, 114.2, 104.4, 62.2, 61.8, 20.6, 13.9 ppm. HRMS (ESI)
m/z: calcd for C23H23INO2 [M + H]* 472.0768, found 472.0776.

Ethyl 3-(2-iodophenyl)-2-(phenylamino)but-3-enoate (4ah): Following the general
procedure of the synthesis of 4aa, 4ah was obtained from la (47.0 mg) and aniline (14.0 mg)



after flash column chromatography (EtOAc/PE = 1/10) as yellow liquid (37.0 mg, 90% vyield).
1H NMR (500 MHz, CDClz) 6 7.88 (dd, J = 8.0, 1.1 Hz, 1H, Ar-CH), 7.31 (td, J = 7.5, 1.2 Hz,
1H, Ar-CH), 7.22 — 7.16 (m, 3H, Ar-CH), 7.01 — 6.96 (m, 1H, Ar-CH), 6.79 — 6.73 (m, 1H, Ar-
CH), 6.71 (dd, J = 8.6, 0.9 Hz, 2H, Ar-CH), 5.73 (d, J = 1.1 Hz, 1H, C=CH), 5.28 (s, 1H, C=CH>),
4.97 (s, 1H, CH), 4.14 — 4.05 (m, 2H, CH2), 1.09 (t, J = 7.1 Hz, 3H, CHz) ppm. 13C NMR (101
MHz, CDCls) 8 171.2 (C=0), 146.6, 146.4, 144.8, 139.6, 129.6, 129.5, 129.2, 128.0, 119.8,
118.5, 113.8, 98.8, 61.8, 61.7, 14.0 ppm. HRMS (ESI) m/z: calcd for C1gH19INO2 [M + HJ*
408.0455, found 408.0451.

Ethyl 2-((2-(hydroxymethyl)phenyl)amino)-3-(2-iodophenyl)but-3-enoate (4ai): Following
the general procedure of the synthesis of 4aa, 4ai was obtained from 1a (47.0 mg) and (2-
aminophenyl)methanol (19.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as
yellow liquid (29.0 mg, 66% yield). *H NMR (400 MHz, CDClz) d 7.88 (d, J = 7.9 Hz, 1H, Ar-
CH), 7.31 (t, J = 7.5 Hz, 1H, Ar-CH), 7.25 — 7.16 (m, 2H, Ar-CH), 7.10 (d, J = 7.3 Hz, 1H, Ar-
CH), 7.03 — 6.95 (m, 1H, Ar-CH), 6.75 — 6.67 (m, 2H, Ar-CH), 5.73 (s, 1H, C=CH>), 5.30 (s, 1H,
C=CHg), 5.03 (s, 1H, CH), 4.75 — 4.68 (m, 2H, CH2), 4.16 — 4.07 (m, 2H, CH2), 1.12 (t, J=7.1
Hz, 3H, CHs) ppm. 3C NMR (101 MHz, CDClIs) & 171.5 (C=0), 146.7, 145.8, 144.9, 139.5,
129.7,129.6, 129.4, 129.3, 128.0, 125.4, 119.6, 117.8, 111.8, 98.7, 64.7, 61.8, 61.3, 14.0 ppm.
HRMS (ESI) m/z: calcd for C19H21INOs [M + H]* 438.0561, found 438.0580.

Ethyl 2-((2-(2-hydroxyethyl)phenyl)amino)-3-(2-iodophenyl)but-3-enoate (4aj): Following
the general procedure of the synthesis of 4aa, 4aj was obtained from 1a (47.0 mg) and 2-(2-
aminophenyl)ethan-1-ol (21.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as
yellow liquid (34.0 mg, 74% vyield). *H NMR (400 MHz, CDClz) 6 7.88 (d, J = 7.9 Hz, 1H, Ar-
CH), 7.32 (t, J = 7.5 Hz, 1H, Ar-CH), 7.22 (dd, J = 7.6, 1.4 Hz, 1H, Ar-CH), 7.16 — 7.05 (m, 2H,
Ar-CH), 6.99 (td, J = 7.8, 1.5 Hz, 1H, Ar-CH), 6.74 (t, J = 7.4 Hz, 1H, Ar-CH), 6.65 (d, J = 8.0
Hz, 1H, Ar-CH), 5.72 (s, 1H, C=CH), 5.31 (s, 1H, C=CHz), 5.00 (s, 1H, CH), 4.17 — 4.08 (m,
2H, CH2), 3.96 — 3.81 (m, 2H, CH2), 2.95 - 2.89 (m, 1H, CH2), 2.83 — 2.76 (m, 1H, CH2) , 1.13
(t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (101 MHz, CDCls) 6 172.0 (C=0), 146.8, 145.1, 145.0,
139.6, 130.9, 129.68, 129.3, 128.0, 128.0, 124.8, 119.8, 118.7, 111.8, 98.8, 63.2, 61.8, 61.6,
35.4, 14.1 ppm. HRMS (ESI) m/z: calcd for C20H23INOs [M + H]* 452.0717, found 452.0749.

Ethyl 2-((2-ethynylphenyl)amino)-3-(2-iodophenyl)but-3-enoate (4ak): Following the
general procedure of the synthesis of 4aa, 4ak was obtained from la (47.0 mg) and 2-
ethynylaniline (18.0 mgq) after flash column chromatography (EtOAc/PE = 1/10) as yellow liquid
(30.0 mg, 68% yield). *H NMR (500 MHz, CDCl3) 6 7.88 (d, J = 7.9 Hz, 1H, Ar-CH), 7.37 (d, J
=7.6 Hz, 1H, Ar-CH), 7.32 (t, J = 7.5 Hz, 1H, Ar-CH), 7.22-7.19 (m, 2H, Ar-CH), 6.99 (t, J=7.5
Hz, 1H, Ar-CH), 6.70-6.66 (m, 2H, Ar-CH), 5.72 (s, 1H, C=CHz), 5.62 (d, J = 7.5 Hz, 1H, CH),
5.30 (s, 1H, C=CH>), 5.02 (d, J = 7.6 Hz, 1H, NH), 4.17 — 4.05 (m, 2H, CH2), 3.46 (s, 1H, C=CH),
1.09 (t, J = 7.1 Hz, 3H, CHs) ppm. $3C NMR (101 MHz, CDCls) 5 170.6 (C=0), 147.8, 146.1,
144.6, 139.6, 132.9, 130.4, 129.6, 129.3, 128.1, 119.9, 117.4, 110.8, 107.5, 98.8, 83.5, 80.4,
61.9, 61.2, 14.0 ppm. HRMS (ESI) m/z: calcd for C20H19INO2 [M + H]* 432.0455, found
432.0451.



3-(1-(2-lodophenyl)vinyl)-3,4-dihydroquinoxalin-2(1H)-one (4al): Following the general
procedure of the synthesis of 4aa but stirring for 12.0 h, 4al was obtained from 1a (47.0 mg)
and benzene-1,2-diamine (17.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as
yellow liquid (27.0 mg, 71% yield). *H NMR (400 MHz, CDCls) 5 8.26 (s, 1H, NH), 7.81 (dd, J =
7.9, 1.0 Hz, 1H, Ar-CH), 7.29 — 7.24 (m, 1H, Ar-CH), 7.14 (dd, J = 7.6, 1.7 Hz, 1H, Ar-CH), 7.02
—6.93 (m, 1H, Ar-CH), 6.87 (td, J = 7.6, 1.5 Hz, 1H, Ar-CH), 6.75 — 6.62 (m, 3H, Ar-CH), 5.59
(s, 1H, C=CH?>), 5.19 (s, 1H, C=CH>), 4.90 (s, 1H, CH), 4.27 (s, 1H, NH) ppm. 13C NMR (101
MHz, CDCls) & 165.9 (C=0), 148.9, 144.4, 139.1, 132.6, 130.4, 129.5, 128.2, 124.9, 124.1,
119.6, 118.9, 115.4, 114.2, 98.7, 60.9 ppm. HRMS (ESI) m/z: calcd for CieH14IN20O [M + H]*
377.0145, found 377.0143.

Ethyl 3-(2-iodophenyl)-2-(methyl(phenyl)amino)but-3-enoate (4am): Following the general
procedure of the synthesis of 4aa, 4am was obtained from 1a (47.0 mg) and N-methylaniline
(16.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as yellow liquid (27.0 mg, 65%
yield). H NMR (500 MHz, CDClz) & 7.84 (d, J = 7.7 Hz, 1H, Ar-CH), 7.28 — 7.24 (m, 1H, Ar-
CH), 7.24 — 7.17 (m, 3H, Ar-CH), 6.94 (t, J = 7.6 Hz, 1H, Ar-CH), 6.78 (d, J = 8.1 Hz, 2H, Ar-
CH), 6.73 (t, J = 7.2 Hz, 1H, Ar-CH), 5.61 (s, 1H, C=CH>), 5.53 (s, 1H, C=CH>), 5.39 (s, 1H,
CH), 4.15 (q, J = 7.0 Hz, 2H, CH?), 3.06 (s, 3H, N-CH3), 1.20 (t, J = 7.1 Hz, 3H, CHz) ppm. 3C
NMR (126 MHz, CDClz) 8 170.6 (C=0), 149.8, 146.5, 144.8, 139.7, 130.1, 129.3, 129.2, 128.1,
120.7, 117.9, 113.7, 97.7, 65.6, 61.0, 34.6, 14.3 ppm. HRMS (ESI) m/z: calcd for C19H21INO2
[M + H]* 422.0612, found 422.0604.
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Ethyl 2-(benzylamino)-3-(2-iodophenyl)but-3-enoate (4an): Following the general
procedure of the synthesis of 4aa but in THF, 4an was obtained from la (47.0 mg) and
phenylmethanamine (16.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as yellow
liquid (30.0 mg, 70% yield). *H NMR (500 MHz, CDCls) 6 7.85 (d, J = 7.8 Hz, 1H, Ar-CH), 7.37
—7.23 (m, 6H, Ar-CH), 7.16 (dd, J = 7.6, 1.4 Hz, 1H, Ar-CH), 6.97 (td, J = 7.8, 1.5 Hz, 1H, Ar-
CH), 5.68 (s, 1H, C=CH>), 5.24 (s, 1H, C=CH), 4.22 (s, 1H, CH), 4.10 (q, J = 7.1 Hz, 2H, CH>),
3.91 (d, J = 13.2 Hz, 1H, CH>), 3.81 (d, J = 13.2 Hz, 1H, CHy), 1.13 (t, J = 7.1 Hz, 3H, CHs)
ppm. 13C NMR (126 MHz, CDCI3) & 172.4 (C=0), 148.0, 145.3, 139.5, 139.4, 130.0, 129.0,
128.5, 128.4, 127.9, 127.3, 118.61, 98.5, 64.9, 61.2, 51.9, 14.2 ppm. HRMS (ESI) m/z: calcd
for C19H21INO2 [M + H]* 422.0612, found 422.0622.
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Ethyl 2-((2-bromo-4-methylbenzyl)amino)-3-(2-iodophenyl)but-3-enoate (4ao): Following

the general procedure of the synthesis of 4aa but in THF, 4ao was obtained from 1a (47.0 mg)
and (2-bromo-4-methylphenyl)methanamine (28.0 mg) after flash column chromatography



(EtOAC/PE = 1/10) as yellow liquid (25.0 mg, 49% yield). *H NMR (400 MHz, CDCIs) 6 7.84 (d,
J =7.9 Hz, 1H, Ar-CH), 7.35 (s, 1H, Ar-CH), 7.31 — 7.24 (m, 2H, Ar-CH), 7.17 (dd, J = 7.6, 1.7
Hz, 1H, Ar-CH), 7.04 (d, J = 7.6 Hz, 1H, Ar-CH), 6.96 (td, J = 7.5, 1.6 Hz, 1H, Ar-CH), 5.71 (s,
1H, C=CH>), 5.24 (s, 1H, C=CH>), 4.20 (s, 1H, CH), 4.08 (q, J = 7.1 Hz, 2H, CH2), 3.95 (d, J =
14.2 Hz, 1H, CH2), 3.85 (d, J = 14.2 Hz, 1H, CHa), 2.30 (s, 3H, CHa), 1.13 (t, J = 7.1 Hz, 3H,
CHs) ppm. 13C NMR (126 MHz, CDCl3) 8 172.3 (C=0), 148.2, 145.3, 139.4, 138.8, 135.6, 133.3,
130.1, 129.0, 128.3, 127.9, 124.0, 118.6, 98.5, 64.9, 61.2, 51.5, 20.8, 14.2 ppm. HRMS (ESI)
m/z: calcd for C20H22BrINO2 [M + H]* 513.9873, found 513.9854.

Ethyl 3-(2-iodophenyl)-2-phenoxybut-3-enoate (4ba): Following the general procedure of
the synthesis of 4aa but in THF, 4ba was obtained from 1a (47.0 mg) and phenol (15.0 mg)
after flash column chromatography (EtOAc/PE = 1/10) as colorless liquid (25.0 mg, 60%).'H
NMR (400 MHz, CDCls) & 7.88 (d, J = 7.9 Hz, 1H, Ar-CH), 7.38 — 7.22 (m, 4H, Ar-CH), 7.05 —
6.96 (m, 4H, Ar-CH), 5.95 (s, 1H, C=CH>), 5.48 (s, 1H, C=CH>), 5.39 (s, 1H, CH), 4.13 (q, J =
7.1 Hz, 2H, CH2), 1.11 (t, J = 7.1 Hz, 3H, CHs) ppm. 13C NMR (126 MHz, CDCls) & 169.2 (C=0),
157.6, 145.4, 143.7, 139.5, 130.5, 129.7, 129.5, 128.1, 122.1, 120.2, 115.8, 98.4, 78.7, 61.7,
14.1 ppm. HRMS (ESI) m/z: calcd for CisH1slO3 [M + H]* 409.0295, found 409.0328.

Ethyl 3-(2-iodophenyl)-2-(p-tolyloxy)but-3-enoate (4bb): Following the general procedure of
the synthesis of 4aa but in THF, 4bb was obtained from 1a (47.0 mg) and p-cresol (17.0 mg)
after flash column chromatography (EtOAc/PE = 1/10) as colorless liquid (25.0 mg, 59% yield).
1H NMR (500 MHz, CDCls) & 7.87 (d, J = 7.9 Hz, 1H, Ar-CH), 7.32 (t, J = 7.6 Hz, 1H, Ar-CH),
7.28 — 7.21 (m, 1H, Ar-CH), 7.08 (d, J = 8.0 Hz, 2H, Ar-CH), 7.00 (t, J = 7.6 Hz, 1H, Ar-CH),
6.89 (d, J = 7.9 Hz, 2H, Ar-CH), 5.94 (s, 1H, C=CHy), 5.43 (s, 1H, C=CH>), 5.37 (s, 1H, CH),
4.12 - 4.10 (m, 2H, CH>), 2.28 (s, 3H, CHs), 1.11 (t, J = 7.1 Hz, 3H, CHz) ppm. 3C NMR (126
MHz, CDCls) 6 169.3 (C=0), 155.6, 145.6, 143.8, 139.5, 131.5, 130.5, 130.1, 129.5, 128.1,
120.1, 115.7, 98.4, 79.0, 61.6, 20.7, 14.1 ppm. HRMS (ESI) m/z: calcd for C1eH19lOsNa [M +
Na]+ 445.0271, found 445.0261.

Ethyl 2-(4-cyanophenoxy)-3-(2-iodophenyl)but-3-enoate (4bc): Following the general
procedure of the synthesis of 4aa but in THF, 4bc was obtained from la (47.0 mg) and 4-
hydroxybenzonitrile (19.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as
colorless liquid (34.0 mg, 77% yield). *H NMR (500 MHz, CDCIs3) 6 7.88 (d, J = 7.9 Hz, 1H, Ar-
CH), 7.59 (d, J = 8.0 Hz, 2H, Ar-CH), 7.34 (t, J = 7.4 Hz, 1H, Ar-CH), 7.22 (d, J = 7.5 Hz, 1H,
Ar-CH), 7.03 (d, J = 7.8 Hz, 3H, Ar-CH), 5.91 (s, 1H, C=CH2), 5.52 (s, 1H, C=CH>), 5.42 (s, 1H,
CH), 4.14 (q, J = 7.0 Hz, 2H, CH2), 1.13 (t, J = 7.0 Hz, 3H, CHz) ppm. 3C NMR (126 MHz,
CDCI3) 6 168.2 (C=0), 160.7, 144.6, 143.2, 139.6, 134.2, 130.5, 129.8, 128.2, 120.8, 119.0,
116.2, 105.5, 98.3, 78.4, 62.1, 14.0 ppm. HRMS (ESI) m/z: calcd for C1sH16INO3sNa [M + Na]*
456.0067, found 456.0056.
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Ethyl 3-(2-iodophenyl)-2-(4-nitrophenoxy)but-3-enoate (4bd): Following the general
procedure of the synthesis of 4aa but in THF, 4bd was obtained from 1a (47.0 mg) and 4-
nitrophenol (22.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as colorless liquid
(37.0 mg, 80% yield). *H NMR (500 MHz, CDClz) 6 8.21 (d, J = 8.2 Hz, 2H, Ar-CH), 7.89 (d, J
= 7.9 Hz, 1H, Ar-CH), 7.35 (t, J = 7.4 Hz, 1H, Ar-CH), 7.23 (d, J = 7.5 Hz, 1H, Ar-CH), 7.04 (d,
J =8.0 Hz, 3H, Ar-CH), 5.93 (s, 1H, C=CHy), 5.56 (s, 1H, C=CH>), 5.44 (s, 1H, CH), 4.16 (q, J
= 6.7 Hz, 2H, CH>), 1.14 (t, J = 6.8 Hz, 3H, CHs) ppm. 3C NMR (126 MHz, CDClz) & 168.1
(C=0), 162.3, 144.5, 143.2, 142.5, 139.6, 130.5, 129.8, 128.2, 126.1, 120.9, 115.5, 98.3, 78.6,
62.2, 14.1 ppm. HRMS (ESI) m/z: calcd for C1sH1sINOsNa [M + Na]* 475.9965, found 475.9944.

Ethyl 2-(4-fluorophenoxy)-3-(2-iodophenyl)but-3-enoate (4be): Following the general
procedure of the synthesis of 4be but in THF, 4be was obtained from 1a (47.0 mg) and 4-
fluorophenol (18.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as colorless
liquid (26.5 mg, 60% yield). *H NMR (400 MHz, CDCl3) 6 7.88 (dd, J = 7.9, 0.9 Hz, 1H, Ar-CH),
7.33(td, J = 7.5, 1.1 Hz, 1H, Ar-CH), 7.29 — 7.20 (m, 1H, Ar-CH), 7.06 — 6.91 (m, 5H, Ar-CH),
5.93 (s, 1H, C=CHy), 5.40 (s, 1H, C=CH>), 5.39 (s, 1H, CH), 4.13 (g, J = 7.1 Hz, 2H, CH>), 1.11
(t, J = 7.1 Hz, 3H, CHz) ppm. 3C NMR (101 MHz, CDCIs) & 169.05 (C=0), 159.3 (d, JC-F =
245.1 Hz, C-F), 153.7 (d, JC-F = 3.0 Hz, C-F), 145.4, 143.6, 139.5, 130.5, 129.6, 128.1, 120.2,
117.3 (d, JC-F = 7.8 Hz, C-F), 116.2 (d, JC-F = 21.0 Hz, C-F), 98.4, 79.6, 61.8, 14.1 ppm.
HRMS (ESI) m/z: calcd for CisHislFOsNa [M + Na]* 449.0020, found 449.0020.
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Ethyl 2-(3-cyanophenoxy)-3-(2-iodophenyl)but-3-enoate (4bf): Following the general
procedure of the synthesis of 4aa but in THF, 4bf was obtained from 1la (47.0 mg) and 3-
hydroxybenzonitrile (18.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as
colorless liquid (24.0 mg, 55% yield). *H NMR (400 MHz, CDCI3) 6 7.91 (d, J = 7.9 Hz, 1H, Ar-
CH), 7.48 — 7.22 (m, 6H, Ar-CH), 7.06 (td, J = 7.8, 1.6 Hz, 1H, Ar-CH), 5.94 (s, 1H, C=CH>),
5.50 (s, 1H, C=CHy), 5.45 (s, 1H, CH), 4.19 (q, J = 7.1 Hz, 2H, CHy), 1.17 (t, J = 7.1 Hz, 3H,
CHs) ppm. 3C NMR (126 MHz, CDCIz) 5 168.4 (C=0), 157.6, 144.8, 143.3, 139.6, 130.7, 130.5,
129.8,128.2,125.9, 120.8, 120.7,118.9, 118.5, 113.6, 98.3, 78.7, 62.1, 14.1 ppm. HRMS (ESI)
m/z: calcd for C19H16INOzNa [M + Na]* 456.0067, found 456.0043.

| 0
OEt
0._0

1-Ethoxy-3-(2-iodophenyl)-1-oxobut-3-en-2-yl 4-methylbenzoate (4bg): Following the
general procedure of the synthesis of 4aa but in THF and with EtsN (50.0 ul, 3.5 equiv), 4bg
was obtained from la (47.0 mg) and 4-methylbenzoic acid (21.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as colorless liquid (20.0 mg, 45% yield). H NMR (500 MHz,
CDClIs) 6 7.98 (d, J = 7.6 Hz, 2H, Ar-CH), 7.89 (d, J = 7.9 Hz, 1H, Ar-CH), 7.34 (t, J = 7.4 Hz,
1H, Ar-CH), 7.28 (d, J = 7.6 Hz, 1H, Ar-CH), 7.25 (d, J = 7.9 Hz, 2H, Ar-CH), 7.01 (t, J=7.6
Hz, 1H, Ar-CH), 5.96 (s, 1H, C=CH>), 5.89 (s, 1H, C=CH>), 5.41 (s, 1H, CH), 4.19(q, J=7.1
Hz, 2H, CHy), 2.41 (s, 3H, CHa), 1.18 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (126 MHz, CDCls)
6 168.0 (C=0), 165.8 (C=0), 144.5, 144.4, 143.7, 139.6, 130.2, 130.1, 129.6, 129.3, 128.1,
126.7, 121.1, 98.6, 74.7, 61.9, 21.9, 14.1 ppm. HRMS (ESI) m/z: calcd for C20H19lOsNa [M +
Na]* 473.0220, found 473.0207.
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1-Ethoxy-3-(2-iodophenyl)-1-oxobut-3-en-2-yl 4-fluorobenzoate (4bh): Following the
general procedure of the synthesis of 4aa but in THF and with EtsN ( 50.0 ul, 3.5 equiv), 4bh
was obtained from la (47.0 mg) and 4-fluorobenzoic acid (22.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as colorless liquid (20.0 mg, 43% yield). *H NMR (500 MHz,
CDClz) 6 8.15 — 8.07 (m, 2H, Ar-CH), 7.90 (dd, J = 8.0, 0.9 Hz, 1H, Ar-CH), 7.35 (td, J = 7.5,
1.1 Hz, 1H, Ar-CH), 7.28 (d, J = 1.7 Hz, 1H, Ar-CH), 7.18 — 7.09 (m, 2H, Ar-CH), 7.02 (td, J =
7.7,1.7 Hz, 1H, Ar-CH), 5.96 (s, 1H, C=CH), 5.88 (d, J = 0.9 Hz, 1H, C=CHy), 5.43 (s, 1H, CH),
4.20 (g, J =7.1 Hz, 2H, CH>), 1.19 (t, J = 7.1 Hz, 3H, CHz3) ppm. 13C NMR (126 MHz, CDClz) &
167.9 (C=0), 167.3 (d, JC-F = 245.1 Hz, C-F), 164.8 (C=0), 144.3, 143.6, 139.6, 132.7 (d, JC-
F = 7.8 Hz, C-F), 130.0, 129.6, 128.1, 125.7 (d, JC-F = 3.2 Hz, C-F), 121.3, 115.9 (d, JC-F =
21.0 Hz, C-F), 98.6, 74.9, 62.0, 14.1 ppm. HRMS (ESI) m/z: calcd for C1oH16IFOsNa [M + NaJ*
476.9970, found 476.9970.

1-Ethoxy-3-(2-iodophenyl)-1-oxobut-3-en-2-yl 3-methoxybenzoate (4bi): Following the
general procedure of the synthesis of 4aa but in THF and with EtsN ( 50.0 ul, 3.5 equiv), 4bi
was obtained from la (47.0 mg) and 3-methoxybenzoic acid (24.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as colorless liquid (24.0 mg, 50% yield). H NMR (500 MHz,
CDClI3) 6 7.96 (d, J = 7.7 Hz, 1H, Ar-CH), 7.89 (d, J = 7.9 Hz, 1H, Ar-CH), 7.51 (t, J = 7.9 Hz,
1H, Ar-CH), 7.37 — 7.28 (m, 2H, Ar-CH), 7.02-6.98 (m, 3H, Ar-CH), 5.95 (s, 1H, C=CHy), 5.91
(s, 1H, C=CH2), 5.40 (s, 1H, CH), 4.17 (q, J = 7.1 Hz, 2H, CH>), 3.91 (s, 3H, CH3), 1.16 (t, J =
7.1 Hz, 3H, CHs) ppm. 13C NMR (126 MHz, CDCls) & 168.1 (C=0), 164.8 (C=0), 160.1, 144.3,
143.7, 139.6, 134.4, 132.6, 130.1, 129.5, 128.0, 121.1, 120.3, 118.7, 112.2, 98.7, 74.7, 61.8,
56.1, 14.1 ppm. HRMS (ESI) m/z: calcd for C20H19lOsNa [M + Na]* 489.0169, found 489.0154.

Ethyl 3-(2-iodophenyl)-2-((3-phenylpropioloyl)oxy)but-3-enoate (4bj): Following the
general procedure of the synthesis of 4aa but in THF and with EtsN ( 50.0 ul, 3.5 equiv), 4bj
was obtained from 1a (47.0 mg) and 3-phenylpropiolic acid (23.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as colorless liquid (21.0 mg, 44% yield). H NMR (500 MHz,
CDCl3) 6 7.88 (d, J = 7.9 Hz, 1H, Ar-CH), 7.62 (d, J = 7.5 Hz, 2H, Ar-CH), 7.46 (t, J = 7.4 Hz,
1H, Ar-CH), 7.38 (t, J = 7.4 Hz, 2H, Ar-CH), 7.34 (t, J = 7.4 Hz, 1H, Ar-CH), 7.26 — 7.23 (m, 1H,
Ar-CH), 7.01 (t, J = 7.6 Hz, 1H, Ar-CH), 5.87 (s, 2H, C=CH>), 5.41 (s, 1H, CH), 4.17 (9, J = 6.9
Hz, 2H, CH2), 1.17 (t, J = 7.1 Hz, 3H, CHs) ppm. 13C NMR (126 MHz, CDCls) d 167.3 (C=0),
153.0 (C=0), 143.5, 143.3, 139.6, 133.3, 131.0, 130.3, 129.7, 128.7, 128.2, 121.8, 119.6, 98.5,
88.3, 80.2, 75.3, 62.1, 14.1 ppm. HRMS (ESI) m/z: calcd for C21H17104Na [M + Na]* 483.0064,
found 483.0047.



Ethyl 2-(cinnamoyloxy)-3-(2-iodophenyl)but-3-enoate (4bk): Following the general
procedure of the synthesis of 4aa but in THF and with EtsN ( 50.0 ul, 3.5 equiv), 4bk was
obtained from l1la (47.0 mg) and 3-(4-chlorophenyl)propiolic acid (23.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as colorless liquid (18.0 mg, 38% yield). H NMR (400 MHz,
CDCl3) 6 7.89 (dd, J = 7.9, 0.9 Hz, 1H, Ar-CH), 7.77 (d, J = 16.0 Hz, 1H, Ar-CH), 7.59 — 7.51
(m, 2H, Ar-CH), 7.41-7.39 (m, 3H, Ar-CH), 7.34 (td, J = 7.5, 1.1 Hz, 1H, Ar-CH), 7.28 — 7.26 (m,
1H, Ar-CH), 7.01 (td, J = 7.7, 1.7 Hz, 1H, Ar-CH), 6.56 (d, J = 16.0 Hz, 1H, Ar-CH), 5.87 (d, J =
15.6 Hz, 2H, C=CH), 5.39 (s, 1H, CH), 4.18 (q, J = 7.0 Hz, 2H, CH>), 1.18 (t, J = 7.1 Hz, 3H,
CHs) ppm. 3C NMR (126 MHz, CDCIlz) 8 168.1 (C=0), 166.0 (C=0), 146.5, 144.3, 143.7, 139.6,
134.4, 130.7, 130.1, 129.6, 129.1, 128.4, 128.1, 121.2, 117.1, 98.6, 74.5, 61.9, 14.1 ppm.
HRMS (ESI) m/z: calcd for C21H10lO4Na [M + Na]* 485.0220, found 485.0203.

Ethyl 2-(1H-indol-3-yl)-3-(2-iodophenyl)but-3-enoate (4ca): Following the general procedure
of the synthesis of 4aa, 4ca was obtained from la (47.0 mg) and indole (18.0 mg) after flash
column chromatography (EtOAc/PE = 1/10) as yellow liquid (18.0 mg, 41%). *H NMR (400 MHz,
CDCls) 5 8.18 (s, 1H, NH), 7.86 (t, J = 8.0 Hz, 2H, Ar-CH), 7.38 (d, J = 8.1 Hz, 1H, Ar-CH), 7.33
(d, J=2.4Hz, 1H, Ar-CH), 7.25 - 7.17 (m, 3H, Ar-CH), 7.13 (t, J = 7.2 Hz, 1H, Ar-CH), 6.95 (td,
J=17.7,18Hz, 1H, Ar-CH), 5.37 (s, 1H, C=CHz2), 5.20 (s, 1H, C=CH), 5.14 (s, 1H, CH), 4.14
—4.02 (m, 2H, CH), 1.12 (dd, J = 8.8, 5.4 Hz, 3H, CHz3) ppm. 3C NMR (126 MHz, CDCls) &
172.1 (C=0), 148.6, 146.4, 139.4, 136.4, 130.4, 129.0, 127.9, 127.1, 124.1, 122.4, 120.1, 119.9,
119.3,111.3, 111.1, 98.2, 61.1, 49.5, 14.2 ppm. HRMS (ESI) m/z: calcd for C20H1slO2Na [M +
Na]* 454.0274, found 454.0270.
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Ethyl 3-(2-iodophenyl)-2-(1-methyl-1H-indol-3-yl)but-3-enoate (4ch): Following the general
procedure of the synthesis of 4aa, 4cb was obtained from 1a (47.0 mg) and 1-methyl-1H-indole
(19.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as yellow liquid (7.0 mg, 15%
yield). *H NMR (500 MHz, CDCIz) 6 7.86 (d, J = 8.0 Hz, 1H, Ar-CH), 7.81 (d, J = 8.0 Hz, 1H,
Ar-CH), 7.31 (d, J = 8.2 Hz, 1H, Ar-CH), 7.26 — 7.21 (m, 4H, Ar-CH), 7.12 (t, J = 7.2 Hz, 1H, Ar-
CH), 6.95 (t, J = 7.3 Hz, 1H, Ar-CH), 5.36 (s, 1H, C=CH), 5.18 (s, 1H, C=CH), 5.12 (s, 1H,
CH), 4.08 — 4.03 (m, 2H, CH?2), 3.79 (s, 3H, N-CHs), 1.11 (t, J = 7.0 Hz, 3H, CH3) ppm. 13C NMR
(126 MHz, CDCls) 6 172.2 (C=0), 148.8, 146.5, 139.4, 137.2,130.4, 128.9, 128.8, 127.9, 127.6,
121.9, 120.2, 119.3, 119.3, 109.4, 109.3, 98.2, 61.0, 49.4, 33.0, 14.2 ppm. HRMS (ESI) m/z:
calcd for C21H20INO2Na [M + Na]* 468.0431, found 468.0420.
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Ethyl 3-(2-iodophenyl)-2-(2-methyl-1H-indol-3-yl)but-3-enoate (4cc): Following the general
procedure of the synthesis of 4aa, 4cc was obtained from 1a (47.0 mg) and 2-methyl-1H-indole
(19.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as yellow liquid (18.0 mg, 40%
yield). *H NMR (400 MHz, CDCls) 8 7.85 (dd, J = 12.3, 6.6 Hz, 2H, Ar-CH), 7.28 — 7.06 (m, 5H,



Ar-CH), 6.92 (t, J = 7.4 Hz, 1H, Ar-CH), 5.40 (s, 1H, C=CHz), 5.17 (s, 1H, C=CH>), 5.15 (s, 1H,
CH), 4.09 — 3.95 (m, 2H, CH), 2.40 (s, 3H, CHs), 1.09 (t, J = 7.0 Hz, 3H, CHs) ppm. 3C NMR
(126 MHz, CDCI3) 6 171.6 (C=0), 147.7, 146.5, 139.2, 135.4, 133.7, 130.7, 128.8, 128.0, 127.8,
121.2, 120.6, 119.6, 118.8, 110.3, 106.3, 98.1, 60.8, 48.8, 14.2, 12.6 ppm. HRMS (ESI) m/z:
calcd for C21H20INO2Na [M + Na]* 468.0431, found 468.0410.
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Ethyl 3-(2-iodophenyl)-2-(4-methyl-1H-indol-3-yl)but-3-enoate (4cd): Following the general
procedure of the synthesis of 4aa, 4cd was obtained from 1a (47.0 mg) and 4-methyl-1H-indole
(19.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as yellow liquid (15.0 mg, 35%
yield). *H NMR (400 MHz, CDClIz) 8 8.19 (s, 1H, NH), 7.85 (d, J = 8.0 Hz, 1H, Ar-CH), 7.39 (d,
J = 2.6 Hz, 1H, Ar-CH), 7.23-7.20 (m, 2H, Ar-CH), 7.08 — 7.03 (m, 1H, Ar-CH), 6.93 — 6.88 (m,
1H, Ar-CH), 6.83 (d, J = 7.1 Hz, 1H, Ar-CH), 5.48 (d, J = 9.7 Hz, 2H, C=CH>), 5.29 (s, 1H, CH),
4.17 — 7.06 (m, 2H, CH2), 2.71 (s, 3H, CHs), 1.17 (t, J = 7.1 Hz, 3H, CHs) ppm. 13C NMR (126
MHz, CDCl3) & 172.7 (C=0), 149.3, 146.2, 139.9, 136.5, 130.5, 130.0, 128.9, 127.9, 125.89,
124.99, 122.2,121.8, 119.4, 111.8, 109.5, 98.3, 61.1, 49.8, 20.9, 14.2 ppm. HRMS (ESI) m/z:
calcd for C21H20INO2Na [M + Na]* 468.0431, found 468.0416.
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Ethyl 3-(2-iodophenyl)-2-(5-methyl-1H-indol-3-yl)but-3-enoate (4ce): Following the general
procedure of the synthesis of 4aa, 4ce was obtained from 1a (47.0 mg) and 5-methyl-1H-indole
(19.0 mg) after flash column chromatography (EtOAc/PE = 1/10) as yellow liquid (16.0 mg, 35%
yield). *H NMR (400 MHz, CDCls) 8 8.07 (s, 1H, NH), 7.87 (d, J = 7.9 Hz, 1H, Ar-CH), 7.61 (s,
1H, Ar-CH), 7.31 — 7.24 (m, 3H, Ar-CH), 7.24 — 7.17 (m, 1H, Ar-CH), 7.03 (d, J = 8.3 Hz, 1H,
Ar-CH), 6.94 (td, J = 7.8, 1.9 Hz, 1H, Ar-CH), 5.39 (s, 1H, C=CH>), 5.20 (s, 1H, C=CHy), 5.10
(s, 1H, CH), 4.13 — 4.02 (m, 2H, CH>), 2.45 (s, 3H, CHs), 1.12 (t, J = 7.1 Hz, 3H, CHz3) ppm. 3C
NMR (101 MHz, CDClz) 8 172.1 (C=0), 148.6, 146.5, 139.4, 134.7,130.4, 129.1, 128.9, 127.9,
127.4,124.2,124.0, 119.7, 119.4, 110.9, 110.6, 98.3, 61.0, 49.5, 21.8, 14.2 ppm. HRMS (ESI)
m/z: calcd for C21H20INO2Na [M+Na]* 468.0431, found 468.0419.

2.3 Coupling Reaction Utilities to Construct Chemical Library:

2.3.1 The synthesis of series 1 compound 5:

| (0]
Pd(OAc), (0.1 equiv) ~ OEt
OEt  K,COj3 (3.0 equiv)
HN N
Q DMF, 90°C, 12h
4

General procedure exemplified by the sysnthesis of 5a: In a 10 mL one-neck round bottom flask
equipped with a magnetic stirring bar, K2COs (42.0 mg, 0.30 mmol) was added into solution of
4aa (42.0 mg, 0.10 mmol) and Pd(OAc)2 (2.3 mg, 10 %) in DMF (2.0 mL). The reaction mixture
was stirred for 12 h under Ar at 90°C. The reaction solution was diluted by EtOA (20.0 mL) and
washed by water (2.0 mL x 4). The organic phase was washed by saturated brine, dried over
Naz2S0s, filtered and concentrated under reduced pressure. The residue was purified by flash
column chromatography (EtOAc/PE; 1:10) to afford 5a as yellow liquid (23.0 mg, 80%).




Ethyl 3-methyl-1-(p-tolyl)-1H-indole-2-carboxylate (5a): Yellow liquid. H NMR (500 MHz,
CDClI3) 6 7.73 (d, J = 8.0 Hz, 1H, Ar-CH), 7.32 — 7.26 (m, 3H, Ar-CH), 7.19 (d, J = 7.8 Hz, 3H,
Ar-CH), 7.08 (d, J = 8.3 Hz, 1H, Ar-CH), 4.21 (g, J = 7.1 Hz, 2H, CH>), 2.68 (s, 3H, CHz), 2.46
(s, 3H, CHs), 1.17 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (101 MHz, CDCIs) 8 162.4 (C=0),
139.8, 137.5, 137.0, 129.7, 127.7, 127.6, 126.2, 125.7, 122.0, 120.7, 120.5, 111.5, 60.4, 21.4,
14.1, 10.7 ppm. HRMS (ESI) m/z: calcd for C19H20NO2 [M + H]* 294.1489, found 294.1481.
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Ethyl 6-bromo-3-methyl-1-(p-tolyl)-1H-indole-2-carboxylate (5b): Following the general
procedure of the synthesis of 5a, 5b was obtained from 4ab (50.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (26.0 mg, 70% yield). *H NMR (400 MHz,
CDCl3) 6 7.56 (d, J = 8.5 Hz, 1H, Ar-CH), 7.32 — 7.24 (m, 3H, Ar-CH), 7.17 (dd, J = 19.5, 4.8
Hz, 3H, Ar-CH), 4.18 (g, J = 7.1 Hz, 2H, CH2), 2.63 (s, 3H, CHs), 2.45 (s, 3H, CH3s), 1.14 (1, J =
7.1 Hz, 3H, CHs) ppm. 3C NMR (126 MHz, CDCIz) 6 162.1 (C=0), 140.3, 138.0, 136.4, 129.9,
127.7,127.6,126.5, 124.0, 122.0, 121.9, 119.6, 114.3, 60.6, 21.4, 14.1, 10.6 ppm. HRMS (ESI)
m/z: calcd for C1oH19BrNO2 [M + H]* 372.0594, found 372.0594.
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Ethyl 6-fluoro-3-methyl-1-(p-tolyl)-1H-indole-2-carboxylate (5c): Following the general
procedure of the synthesis of 5a, 5¢ was obtained from 4ac (44.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (22.5 mg, 72% yield). 'H NMR (400 MHz,
CDCl3) 8 7.63 (dd, J = 8.8, 5.3 Hz, 1H, Ar-CH), 7.29 (d, J = 8.2 Hz, 2H, Ar-CH), 7.15 (d, J = 8.1
Hz, 2H, Ar-CH), 6.93 (td, J = 9.0, 2.2 Hz, 1H, Ar-CH), 6.72 (dd, J = 9.9, 2.2 Hz, 1H, Ar-CH),
4.18 (9, J = 7.1 Hz, 2H, CH2), 2.64 (s, 3H, CHs), 2.44 (s, 3H, CHs), 1.15 (t, J = 7.1 Hz, 3H, CH3)
ppm. 33C NMR (101 MHz, CDCls) 5 163.5 (C=0), 162.1, 161.1, 140.0 (d, JC-F = 7.8 Hz, C-F),
137.8, 136.6, 129.8, 127.5, 124.3, 122.2, 121.9 (d, JC-F = 3.0 Hz, C-F), 110.0 (d, JC-F = 21.0
Hz, C-F), 97.6 (d, JC-F = 21.0 Hz, C-F), 60.4, 21.4, 14.1, 10.7 ppm. HRMS (ESI) m/z: calcd for
C19H19FNO2 [M + H]* 312.1394, found 312.1404.
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Ethyl 6-isopropyl-3-methyl-1-(p-tolyl)-1H-indole-2-carboxylate (5d): Following the general
procedure of the synthesis of 5a, 5d was obtained from 4ad (46.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (27.0 mg, 80% vyield). *H NMR (400 MHz,
CDClz) 6 7.63 (d, J = 8.3 Hz, 1H, Ar-CH), 7.29 (d, J = 8.1 Hz, 2H, Ar-CH), 7.18 (d, J = 8.1 Hz,
2H, Ar-CH), 7.09 (d, J = 7.5 Hz, 1H, Ar-CH), 6.88 (s, 1H, Ar-CH), 4.18 (g, J = 7.1 Hz, 2H, CH>),
2.93 (dt, J = 13.8, 6.9 Hz, 1H, CH), 2.64 (s, 3H, CHs), 2.45 (s, 3H, CHs), 1.23 (d, J = 6.9 Hz,
6H, 2 x CHa), 1.15 (d, J = 7.1 Hz, 3H, CHz3) ppm. 13C NMR (126 MHz, CDCls) 6 162.5 (C=0),
147.3, 140.1, 137.4, 137.1, 129.7, 127.8, 126.0, 125.8, 122.2, 120.5, 119.8, 108.5, 60.3, 34.8,

24.4, 21.4, 14.2, 10.8 ppm. HRMS (ESI) m/z: calcd for C22H26NO2 [M + H]* 336.1958, found
336.1941.
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Ethyl 3,6-dimethyl-1-(p-tolyl)-1H-indole-2-carboxylate (5e): Following the general
procedure of the synthesis of 5a, 5e was obtained from 4ae (44.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (25.5 mg, 82% vyield). '"H NMR (400 MHz,
CDClI3) 6 7.58 (d, J = 8.2 Hz, 1H, Ar-CH), 7.28 (d, J = 8.0 Hz, 2H, Ar-CH), 7.20 — 7.14 (m, 2H,
Ar-CH), 7.00 (dd, J=8.2, 1.0 Hz, 1H, Ar-CH), 6.84 (s, 1H, Ar-CH), 4.18 (g, J = 7.1 Hz, 2H, CH>),
2.64 (s, 3H, CHa), 2.45 (s, 3H, CHa), 2.39 (s, 3H, CH3), 1.15 (t, J = 7.1 Hz, 3H, CHzs) ppm. 13C
NMR (126 MHz, CDClz) 6 162.5 (C=0), 140.2, 137.4, 137.1, 136.0, 129.7, 127.8, 125.6, 122.5,

122.2, 120.4, 111.0, 60.3, 22.1, 21.4, 14.2, 10.8 ppm. HRMS (ESI) m/z: calcd for C20H22NO2
[M + H]* 308.1645, found 308.1630.

Ethyl 3,5-dimethyl-1-(p-tolyl)-1H-indole-2-carboxylate (5f): Following the general procedure
of the synthesis of 5a, 5f was obtained from 4af (44.0 mg) after flash column chromatography
(EtOAC/PE = 1/10) as yellow liquid (24.5 mg, 79% yield). *H NMR (400 MHz, CDCls3) & 7.48 (d,
J = 0.7 Hz, 1H, Ar-CH), 7.28 (s, 1H, Ar-CH), 7.21 — 7.14 (m, 3H, Ar-CH), 7.09 (dd, J = 8.5, 1.4
Hz, 1H, Ar-CH), 6.96 (d, J = 8.5 Hz, 1H, Ar-CH), 4.18 (q, J = 7.1 Hz, 2H, CH>), 2.64 (s, 3H,
CHs3), 2.47 (s, 3H, CHs3), 2.44 (s, 3H, CHa), 1.15 (t, J = 7.1 Hz, 3H, CHz) ppm. 13C NMR (126
MHz, CDCls) & 162.5 (C=0), 138.3, 137.4, 137.2, 129.8, 129.6, 127.8, 127.7, 127.6, 126.2,
121.6, 120.0, 111.2, 60.3, 21.6, 21.4, 14.2, 10.7 ppm. HRMS (ESI) m/z: calcd for C20H22NO2
[M + H]* 308.1645, found 308.1629.
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ethyl 3-methyl-1-(p-tolyl)-1H-benzo[g]indole-2-carboxylate (5g): Following the general
procedure of the synthesis of 5a, 5g was obtained from 4ag (47.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (25.5 mg, 75% yield). *H NMR (500 MHz,
CDCls) & 7.87 (d, J = 8.1 Hz, 1H, Ar-CH), 7.74 (d, J = 8.7 Hz, 1H, Ar-CH), 7.55 (d, J = 8.8 Hz,
1H, Ar-CH), 7.38 — 7.32 (m, 3H, Ar-CH), 7.30 (d, J = 8.2 Hz, 2H, Ar-CH), 7.13 (t, J = 7.7 Hz,
1H, Ar-CH), 7.06 (d, J = 8.5 Hz, 1H, Ar-CH), 4.18 (q, J = 7.1 Hz, 2H, CH), 2.72 (s, 3H, CHz),
2.53(s, 3H, CHz3), 1.18 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (101 MHz, CDCls3) 5 162.2 (C=0),
139.3,138.8, 133.9, 133.5, 130.0, 129.2, 129.0, 126.0, 125.4, 125.0, 124.5, 122.9, 122.6, 122.2,
122.0, 119.3, 60.2, 21.6, 14.2, 11.0 ppm. HRMS (ESI) m/z: calcd for C20H22NO2 [M + H]*
344.1645, found 344.1629.

2.3.2 The synthesis of series 2 compound 6:
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General procedure: In a 10 mL one-neck round bottom flask equipped with a magnetic stirring
bar, N-Bromosuccinimide (NBS, 36.0 mg, 2.00 mmol) was added into solution of 4aa (42.0 mg,
0.10 mmol) and EtsN (30.0 uL, 2.0 mmol) in EtOH (2.0 mL). The reaction was stirred for 12.0 h
at room temperature. The reaction solution was concentrated under reduced pressure. The
residue was purified by flash column chromatography (EtOAc/PE; 1:10) to afford 6 as yellow
liquid (23.5 mg, 80%).

(-
O Bro
N OEt

H

Ethyl 3-(bromomethyl)-3-(2-iodophenyl)-5-methylindoline-2-carboxylate (6): Yellow liquid.
1H NMR (400 MHz, CDClz) 6 7.88 (dd, J = 7.9, 1.0 Hz, 1H, Ar-CH), 7.3-7.29 (m, 2H, Ar-CH),
7.18 (dd, J =7.6, 1.6 Hz, 1H, Ar-CH), 7.02 — 6.95 (m, 2H, Ar-CH), 6.63 (d, J = 8.3 Hz, 1H, Ar-
CH), 5.71 (d, J = 1.3 Hz, 1H, CH>), 5.30 (s, 1H, CH>), 5.15 (d, J = 7.6 Hz, 1H, CH), 4.97 (d, J =
7.4 Hz, 1H, NH), 4.16 — 4.06 (m, 2H, CH2), 2.22 (s, 3H, CHs), 1.10 (t, J = 7.1 Hz, 3H, CH3) ppm.
13C NMR (126 MHz, CDClz) 5 170.6 (C=0), 146.2, 144.5, 141.1, 139.6, 133.1, 129.6, 129.3,
129.1, 128.5, 128.1, 119.9, 112.4, 110.3, 98.7, 61.9, 61.7, 20.2, 14.0 ppm. HRMS (ESI) m/z:
calcd for C19H20BrINO2 [M + H]* 499.9717, found 499.9715.

2.3.3 The synthesis of series 3 compound 7:
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General procedure: In a 10 mL one-neck round bottom flask equipped with a magnetic stirring
bar, K2CO3 (42.0 mg, 0.30 mmol) was added into solution of 4ai (44.0 mg, 0.10 mmol) and
Pd(OAc)2 (2.3 mg, 10 %) in DMF (2.0 mL). The reaction mixture was stirred for 12.0 h under Ar
at 90°C. The reaction mixture was diluted by EtOA (20.0 mL) and washed by water (2.0 mLx4).
The organic phase was washed by saturated brine, dried over NaSOs, filtered and
concentrated under reduced pressure to give the crude liquid. The residue was purified by flash
column chromatography (EtOAc/PE; 1:10) to afford 7 as yellow liquid (15.0 mg, 59%).
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8-Methyl-5H,7H-benzo[5,6][1,4]oxazepino[4,3-alindol-7-one (7): Yellow liquid. *H NMR (500
MHz, CDCls) 6 7.78 (d, J = 8.0 Hz, 1H, Ar-CH), 7.73 (t, J = 6.9 Hz, 2H, Ar-CH), 7.56 (t, J=7.1
Hz, 2H, Ar-CH), 7.43 (t, J = 7.7 Hz, 1H, Ar-CH), 7.36 (t, J = 7.4 Hz, 1H, Ar-CH), 7.30 (t, 3= 7.5
Hz, 1H, Ar-CH), 5.27 (d, J = 12.5 Hz, 1H CHy), 4.96 (d, J = 12.0 Hz, 1H, CH2), 2.66 (s, 3H, CH3)
ppm. 13C NMR (126 MHz, CDCIs) & 163.0 (C=0), 138.5, 136.3, 130.60, 130.5, 130.2, 128.7,
126.6, 126.5, 126.4, 124.8, 123.5, 121.9, 121.3, 112.0, 67.5, 10.5 ppm. HRMS (ESI) m/z: calcd
for C17H14NO2 [M + H]* 264.1019, found 264.0988.

2.3.4 The synthesis of series 4 compound 8:



o Pd(OAc), (0.1 equiv)

K,CO5 (3.0 equiv)
DMF, 90°C, 12h

HN OEt

Br

4 8

General procedure exemplified by the synthesis of 8c: In a 10 mL one-neck round bottom flask
equipped with a magnetic stirring bar, K2CO3s (42.0 mg, 0.30 mmol) was added into solution of
4a0 (51.0 mg, 0.10 mmol) and Pd(OACc)2 (2.3 mg, 10 %) in DMF (2.0 mL). The reaction mixture
was stirred for 12.0 h under Ar at 90°C. The reaction solution was diluted by EtOA (20.0 mL)
and washed by water (2.0 mL x 4). The organic phase was washed by saturated brine, dried
over Na2SO0y, filtered and concentrated under reduced pressure to give the crude liquid. The
residue was purified by flash column chromatography (EtOAc/PE; 1:10) to afford 8c as yellow
liquid (13.0 mg, 42%).
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Ethyl 4,10-dimethyl-7H-pyrrolo[3,2,1-de]phenanthridine-5-carboxylate (8c): Yellow liquid.
1H NMR (500 MHz, CDCls) 8 7.70 (s, 1H, Ar-CH), 7.58 (d, J = 7.1 Hz, 1H, Ar-CH), 7.49 (d, J =
8.1 Hz, 1H, Ar-CH), 7.17 — 7.08 (m, 3H, Ar-CH), 5.80 (s, 2H, CH>), 4.44 (q, J = 7.2 Hz, 2H,
CHz), 2.61 (s, 3H, CHs), 2.41 (s, 3H, CHg), 1.46 (t, J = 7.0 Hz, 3H, CH3) ppm. 13C NMR (126
MHz, CDCls) & 163.2 (C=0), 137.4, 135.2, 129.1, 128.9, 128.6, 127.4, 125.9, 124.4, 123.0,
121.7,120.7, 120.1, 119.7, 116.3, 60.5, 49.0, 21.4, 14.6, 11.2 ppm. HRMS (ESI) m/z: calcd for
C20H20NO2 [M + H]* 306.1489, found 306.1435.
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Ethyl 4-methyl-7H-pyrrolo[3,2,1-de]phenanthridine-5-carboxylate (8a): Following the
general procedure of synthesis of 8c, 8a was obtained from the amination product 4 with (2-
bromophenyl)methanamine (50.0 mg) after flash column chromatography (EtOAc/PE = 1/10)
as yellow liquid (13.0 mg, 46% yield). *H NMR (500 MHz, CDCIz) 6 7.89 (d, J = 7.3 Hz, 1H, Ar-
CH), 7.58 (d, J = 7.2 Hz, 1H, Ar-CH), 7.49 (d, J = 8.1 Hz, 1H, Ar-CH), 7.33 (dd, J = 10.9, 3.9
Hz, 1H, Ar-CH), 7.28 (td, J = 7.5, 1.3 Hz, 1H, Ar-CH), 7.23 (d, J = 7.5 Hz, 1H, Ar-CH), 7.12 —
7.08 (m, 1H, Ar-CH), 5.83 (s, 2H, CH2), 4.44 (q, J = 7.1 Hz, 2H, CH>), 2.61 (s, 3H, CH3), 1.46
(t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (126 MHz, CDCls) 6 163.2 (C=0), 135.1, 131.5, 129.2,
128.2, 127.8, 127.6, 126.0, 124.4, 122.5, 121.7, 120.8, 120.3, 119.5, 116.5, 60.5, 49.1, 14.6,
11.2 ppm. HRMS (ESI) m/z: calcd for C19H1sNO2 [M + H]* 292.1332, found 292.1305.

EtO

Ethyl 9-methoxy-4-methyl-7H-pyrrolo[3,2,1-de]phenanthridine-5-carboxylate (8b):
Following the general procedure of synthesis of 8c, 8b was obtained from the amination product
4 with (2-bromo-5-methoxyphenyl)methanamine (53.0 mg) after flash column chromatography
(EtOAC/PE = 1/10) as yellow liquid (17.0 mg, 52% yield).'H NMR (400 MHz, CDClz) 5 7.82 (d,
J = 8.7 Hz, 1H, Ar-CH), 7.47 (dd, J = 18.0, 7.6 Hz, 2H, Ar-CH), 7.09 (dd, J = 8.1, 7.2 Hz, 1H,
Ar-CH), 6.90 (dd, J = 8.6, 2.7 Hz, 1H, Ar-CH), 6.77 (d, J = 2.6 Hz, 1H, Ar-CH), 5.81 (s, 2H, CH>),
4.44 (q, J = 7.1 Hz, 2H, CH>), 3.85 (s, 3H, O-CHs), 2.61 (s, 3H, CHzs), 1.46 (t, J = 7.1 Hz, 3H,



CHs) ppm. 23C NMR (101 MHz, CDCls) 5 163.3 (C=0), 159.7, 133.0, 125.8, 124.2, 123.9, 122.0,
121.8,120.9, 119.6, 119.2, 116.5, 115.5, 114.0, 112.3, 60.5, 55.5, 49.2, 14.6, 11.2 ppm. HRMS
(ESI) m/z: calcd for C20H20NO3 [M + H]* 322.1438, found 322.1418.

EtO

Ethyl 10-fluoro-4-methyl-7H-pyrrolo[3,2,1-de]phenanthridine-5-carboxylate (8d):
Following the general procedure of synthesis of 8c, 8d was obtained from the amination product
4 with (2-bromo-4-fluorophenyl)methanamine (52.0 mg) after flash column chromatography
(EtOAC/PE = 1/10) as yellow liquid (15.0 mg, 50% yield). *H NMR (400 MHz, CDClIs) & 7.55-
7.49 (m, 3H, Ar-CH), 7.19 (dd, J = 8.4, 5.6 Hz, 1H, Ar-CH), 7.10 (t, J = 7.7 Hz, 1H, Ar-CH), 6.98
(td, J = 8.3, 2.5 Hz, 1H, Ar-CH), 5.78 (s, 2H, CH>), 4.43 (q, J = 7.1 Hz, 2H, CH), 2.60 (s, 3H,
CHa), 1.46 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (101 MHz, CDCIz) 6 163.8 (C=0), 163.2,
134.9, 131.4 (d, JC-F = 7.8 Hz, C-F), 129.1 (d, JC-F = 7.8 Hz, C-F), 127.1 (d, JC-F = 3.2 Hz,
C-F), 126.0, 124.5, 121.8, 121.0, 120.8, 118.6 (d, JC-F = 3.2 Hz, C-F), 116.9, 115.2 (d, JC-F =
21.0 Hz, C-F), 109.2 (d, JC-F = 21.0 Hz, C-F), 60.6, 48.7, 14.6, 11.2 ppm. HRMS (ESI) m/z:
calcd for C19H17FNO2 [M + H]* 310.1238, found 310.1254.

2.3.5 The synthesis of series 5 compound 9:

i) Et3N (2.0 equiv)
@[ DCE, rt, 30 min
B(OH,) ii) Pd(PPhgz)4 (0.1 equiv)
K>COj3 (3.0 equiv)
Ar, 110°C, 12 h

Y

= 0O-—
3
-

General procedure exemplified by the synthesis of 9a: In a 10 mL one-neck round bottom flask
equipped with a magnetic stirring bar, EtsN (30.0 uL, 0.30 mmol) was added into solution of 1a
(47.0 mg, 0.10 mmol) and (2-aminophenyl)boronic acid (21.0 mg, 0.15 mmol) in DCE (2.0 mL).
The reaction runt for 30.0 min under room temperature. And then Pd(PPhs)4 (11.0 mg, 0.1 equiv)
and K2COs3 (42.0 mg, 3.00 mmol) was added. The reaction mixture was stirred for 12.0 h under
Ar at 110°C. The reaction solution was diluted by water (5.0 mL) and extracted by CH2Cl2 (10.0
mL x 3). The organic phase was washed by saturated brine, dried over Na2SOy4, filtered and
concentrated under reduced pressure to give the crude liquid. The residue was purified by flash
column chromatography (EtOAc/PE; 1:10) to afford 9a as yellow liquid (8.0 mg, 70%).

(0]
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Ethyl 7-methyl-5H-dibenzo[b,d]azepine-6-carboxylate (9a): Yellow liquid. *H NMR (400
MHz, CDClz) & 7.48 — 7.33 (m, 5H, Ar-CH), 7.25 — 7.20 (m, 1H, Ar-CH), 7.13 (td, J = 7.5, 1.1
Hz, 1H, Ar-CH), 6.91 (dd, J = 7.8, 1.0 Hz, 1H, Ar-CH), 5.64 (s, 1H, NH), 4.33 (g9, J = 7.1 Hz, 2H,
CHy), 2.46 (s, 3H, CHs), 1.40 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (126 MHz, CDCIz) 5 164.9
(C=0), 153.3, 142.8, 139.7, 136.4, 134.1, 133.3, 129.7, 129.5, 128.4, 128.2, 128.0, 127.2,
124.2,120.2, 61.8, 20.7, 14.5 ppm. HRMS (ESI), m/z: calcd for C1sH1sNO2 [M + H]* 280.1332,
found 280.1333.

(0]
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Ethyl 10-fluoro-7-methyl-5H-dibenzo[b,d]azepine-6-carboxylate (9b): Following the
general procedure of the synthesis of 9a, 9b was obtained from lac (48.0 mg) after flash
column chromatography (EtOAc/PE = 1/10) as yellow liquid (7.0 mg, 68% yield). *H NMR (400



MHz, CDClz) & 7.43 — 7.36 (m, 2H, Ar-CH), 7.29 — 7.22 (m, 1H, Ar-CH), 7.16 — 7.02 (m, 3H, Ar-
CH), 6.91 (dd, J = 7.8, 1.1 Hz, 1H, Ar-CH), 4.33 (g, J = 7.1 Hz, 2H, CH2), 2.43 (s, 3H, CHa),
1.39 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (101 MHz, CDCls) 5 164.8 (C=0), 160.8, 153.07,
142.1, 138.7, 133.4, 132.3, 130.0 (d, JC-F = 21.0 Hz, C-F), 129.5, 129.4, 129.0, 124.4, 120.4,
116.0 (d, JC-F = 21.0 Hz, C-F), 114.5 (d, JC-F = 21.0 Hz, C-F), 61.9, 20.8, 14.5 ppm. HRMS
(ESI) m/z: calcd for C1gH17FNO2 [M + H]* 298.1238, found 298.1230.
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Ethyl 7,10-dimethyl-5H-dibenzo[b,d]azepine-6-carboxylate (9c): Following the general
procedure of the synthesis of 9a, 9c was obtained from lae (48.0 mg) after flash column
chromatography (EtOAc/PE = 1/10) as yellow liquid (7.0 mg, 66% yield). H NMR (400 MHz,
CDCI3) 6 7.44 (d, J=7.4 Hz, 1H, Ar-CH), 7.32 (d, J = 8.0 Hz, 1H, Ar-CH), 7.25 - 7.16 (m, 3H,
Ar-CH), 7.12 (t, J = 7.5 Hz, 1H, Ar-CH), 6.89 (d, J = 7.8 Hz, 1H, Ar-CH), 5.61 (s, 1H, NH), 4.32
(g,3=7.1Hz, 2H, CH>), 2.44 (s, 3H, CH3), 2.40 (s, 3H, CHzs), 1.39 (t, J = 7.1 Hz, 3H, CHz3) ppm.
13C NMR (101 MHz, CDCls) & 165.0 (C=0), 153.2, 140.0, 139.6, 138.1, 135.7, 134.5, 133.4,
130.3, 129.4, 128.3, 128.1, 128.0, 124.1, 120.1, 61.7, 21.4, 20.6, 14.5 ppm. HRMS (ESI) m/z:
calcd for C19H20FNO:2 [M + H]* 294.1489, found 294.1474.

COOMe

6-Ethyl 3-methyl 7-methyl-5H-dibenzo[b,d]azepine-3,6-dicarboxylate (9d): Following the
general procedure of the synthesis of 9a, 9d was obtained from 1a (47.0 mg) and (2-amino-4-
(methoxycarbonyl)phenyl)boronic acid (40.0 mg) after flash column chromatography
(EtOAC/PE = 1/10) as yellow liquid (8.0 mg, 63% yield). *H NMR (400 MHz, CDCls3) & 7.79 (dd,
J=28.0, 1.6 Hz, 1H, Ar-CH), 7.56 (d, J = 1.5 Hz, 1H, Ar-CH), 7.48 (d, J = 8.0 Hz, 1H, Ar-CH),
7.44 —7.37 (m, 4H, Ar-CH), 4.35 (g, J = 7.1 Hz, 2H, CHy), 3.92 (s, 3H, CHz), 2.45 (s, 3H, CH?3),
1.41 (t, J = 7.1 Hz, 3H, CHs) ppm. 13C NMR (126 MHz, CDCIs) d 167.0 (C=0), 164.7, 153.1,
143.0, 138.7,138.0, 136.1, 134.1, 130.0, 129.9, 129.5, 128.4, 128.2, 128.0, 125.4, 121.0, 61.9,
52.4,20.6, 14.5 ppm. HRMS (ESI) m/z: calcd for C20H20NO4 [M + H]* 338.1387, found 338.1367.

2.3.6 The synthesis of series 6 compound 10:

Pd(PPhj), (0.1 equiv)

K,COj (3.0 equiv) OO OEt
DCE, 110°C, 12h
HN

General procedure: In a 10 mL one-neck round bottom flask equipped with a magnetic stirring
bar, K2COs (41.0 mg, 0.30 mmol) was added into solution of 4ca (43.0 mg, 0.10 mmol) and
Pd(PPhs)s (11.5 mg, 0.1 equiv) in DCE (2.0 mL). The reaction mixture was stirred for 12.0 h
under Ar at 110°C. The reaction solution was diluted by water (5.0 mL) and extracted by CH2Cl:
(10.0 mL x 3). The organic phase was washed by saturated brine, dried over Na>SOzu, filtered
and concentrated under reduced pressure to give the crude liquid. The residue was purified by
flash column chromatography (EtOAc/PE; 1:10) to afford 10 as yellow liquid (17.0 mg, 56%).
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Ethyl 5-methyl-11H-benzo[a]carbazole-6-carboxylate (10): Yellow liquid. *H NMR (500 MHz,
CDCls) 6 7.73 (d, J = 8.0 Hz, 2H, Ar-CH), 7.59 (d, J = 7.6 Hz, 1H, Ar-CH), 7.39 (dt, J = 15.3,
7.6 Hz, 2H, Ar-CH), 7.24 (d, J = 7.5 Hz, 1H, Ar-CH), 7.14 (t, J = 7.4 Hz, 1H, Ar-CH), 6.84 (d, J
= 7.4 Hz, 1H, Ar-CH), 6.72 (d, J = 7.5 Hz, 1H, Ar-CH), 4.00 — 3.93 (m, 1H, CH3), 3.89 — 3.83
(m, 1H, CH2), 2.72 (s, 3H, CHs), 0.85 (t, J = 7.1 Hz, 3H, CHs) ppm. 13C NMR (126 MHz, CDClz)
0 171.9 (C=0), 163.9, 157.6, 156.6, 145.5, 140.7, 137.67, 129.4, 128.5, 128.4, 127.7, 126.7,
122.7, 122.0, 121.6, 121.2, 60.1, 13.6, 13.1 ppm. HRMS (ESI) m/z: calcd for C20H1sNO2 [M +
H]* 304.1332, found 304.1318.

2.4 Coupling Reaction Mechanism Studies:

2.4.1 The experiment with deuterated aniline:

o [I) | (0] | o)
N | ~Np  EtsN (2.0 equiv) 7~ “OEt 7 “OEt
+ _— D + H
o OF /\55 CH,Cly, rt, 30 min HN@ HN@
. ~ SN
1a (1.0equiv) 2 (1.5 equiv) 11-D Ds 11-H \=' Ds

General procedure: In a 10 mL one-neck round bottomed flask equipped with a magnetic
stirring bar, anhydrous EtsN (30.0 uL, 0.20 mmol) was added into solution of monoaryl-vinyl
iodonium 1a (47.0 mg, 0.10 mmol) and deuterated aniline (15.0 mg, 0.15 mmol) in anhydrous
CH2Cl2 (2.0 mL). The reaction mixture was stirred for 30.0 min at room temperature. The
reaction solution was concentrated under reduced pressure, and the residue was purified by
flash column chromatography (EtOAc/PE; 1:10) to give 11-D containing 11-H, which were
determined by NMR. *H NMR (500 MHz, CDCls) 6 7.88 (d, J = 7.9 Hz, 1H, Ar-CH), 7.31 (t, J =
7.5 Hz, 1H, Ar-CH), 7.20 (d, J = 7.6 Hz, 1H, Ar-CH), 6.99 (t, J = 7.6 Hz, 1H, Ar-CH), 5.74 (s,
1H, C=CH>), 5.29 (s, 1H, C=CHy>), 4.97 (d, J = 7.8 Hz, 0.48H For 11-H), 4.59 (d, J = 12.2 Hz,
1H, NH), 4.15-4.06 (m, 2H, CH2),1.09 (t, J = 7.1 Hz, 3H, CHz) ppm. 3C NMR (101 MHz, CDCls)
0 171.2 (C=0), 146.6, 146.3, 144.8, 139.6, 129.6, 129.2, 128.0, 119.8, 98.8, 61.9, 61.6, 14.0.
HRMS (ESI) m/z: calcd for C1gH13DsINO2 [M + H]* 414.0832, found 414.0817.

2.4.2 The experiment with 4-methyl styrene:

o _ I O\ OEt
A Et3N, EtOH, r.t., 30min
+ + b
I”_  OEt
OTf

1a 12
(detected by LC-MS)
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General procedure: In a 10 mL one-neck round
bottomed flask equipped with a magnetic stirring | ™1
bar, EtsN (30.0 uL, 0.20 mmol) was added into
solution of monoaryl-vinyl iodonium la (47.0
mg, 0.10 mmol) and 4-methylstyrene (17.0 mg,
0.15 mmol) in EtOH (2.0 mL). The reaction | |
mixture was stirred for 30.0 min at room
temperature. The reaction mixture was collected
as sample to detect by LC-MS directly to confirm .
the formation of 12. LC-MS m/z: calcd for ' /
C21H22102 [M + H]+ 433.06, found 433.1.

3533
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315,
4491

2.4.3 The experiment with EtOH:

0 EtOH 0]
N\ - -
I'_  OFt Et3N, r.t., 30 min O H OEt
oTf
1a 13

General procedure: In a 10 mL one-neck round bottomed flask equipped with a magnetics
stirring bar, EtsN (30.0 uL, 0.20 mmol) was added into solution of monoaryl-vinyl iodonium la
(47.0 mg, 0.10 mmol) in EtOH (2.0 mL). The reaction mixture was stirred for 30.0 min at room
temperature. The reaction solution was concentrated under reduced pressure, and the
residue was purified by flash column chromatography (EtOAc/PE; 1:10) to give 13 (4.0 mg,
10% yield). *H NMR (500 MHz, CDCls) 6 7.85 (d, J = 7.9 Hz, 1H, Ar-H), 7.29 (t, J = 7.5 Hz,
1H, Ar-H), 7.17 (d, J = 7.6 Hz, 1H, Ar-H), 6.98 (t, J = 7.6 Hz, 1H, Ar-H), 5.77 (s, 1H, C=CHy>),
5.27 (s, 1H, C=CH2), 4.71 (s, 1H, CH), 4.10 (g, J = 7.1 Hz, 2H, CH2), 3.76 — 3.63 (m, 2H,
CH), 1.30 (t, J = 7.0 Hz, 3H, CH3s), 1.12 (t, J = 7.1 Hz, 3H, CH3) ppm.

2.5 The synthesis of cMAVIs 1:



\\ i) nBut-Li (2.4M, 1.1 equiv) OH o
THF, -78- -20°C, 2h NIS (2.0 eqi S
04\ % J (2.0 eqiv) OEt
ii) Acetophenone (1.0 equiv) , (6] CH,Cly, 1t, 12h |

THF, -78°C- tt, 24h -8 1'-a
o)
ICI (1.5 equiv) cl 0
=~ TOEt  DCM,t, 12h
Z N0kt
I
1'-c
i) NIS (1.2equiv) o
pn Ph O DCM, -20°C, 30min,
P N OEt
Ph \)kOEt ii) K,COy (2.0 egive) i
benzaldehyde (1.0 equiv) 1-d
DCM, rt, 24h
R O mCPBA (1.5 equiv) R
TfOH (3.0 equiv
O s OO
CH,Cly, rt, 2h +
' 2¥2 I”_ OEt
1 1 OTf

General procedure for the synthesis of 1°-a: In a 50 mL one-neck round bottom flask equipped
with a magnetic stirring bar, n-BuLi (2.4 M, 5.9 mL) was dropwise added into the solution of
ethoxy acetylene (45%, 2.0 g, 12.84 mmol) in anhydrous THF (10.0 mL) at -78°C. The mixture
was stirred for 2.0 h at -78°C before acetophenone (1.5 g, 1.5 ml, 12.84 mmol) was added at -
78°C. The reaction mixture was warmed up to room temperature for 12.0 h. Finally, the deep
brown mixture was added half-saturated NH4Cl aqueous solution (5.0 mL) and then extracted
by EtOAc (15.0 mL x 3). The organic phases were washed by saturated brine, dried over
NaxS0s4, filtered and concentrated under reduced pressure. The crude liquid residue was
purified by flash column chromatography (EtOAc/PE; 1:10) to afford 1°-S as yellow liquid (1.2
g, 51% vyield). To the solution of 1’-S (1.2g, 6.52 mmol) in CH2Clz (15.0 mL), N-iodosuccinimide
(NIS, 2.2 g, 9.78 mmol) was added. The reaction mixture was stirred for 12.0 h at room
temperature. The reaction mixture was washed by sodium thiosulfate aqueous solution. The
organic phase was dried over Na:SO4 and concentrated under reduced pressure. The crude
liquid residue was purified by flash column chromatography (EtOAc/PE; 1:50) to afford 1’-a as
yellow liquid (0.8 g, 37% yield).

General procedure to synthesize 1°-c: In a 50 mL one-neck round bottom flask equipped with
a magnetic stirring bar, IClI (1.4g, 8.41mmol) was added into the solution of ethyl
phenylpropiolate (1.0g, 5.74 mmol) in CH2Clz2 (10.0 mL). The reaction mixture was stirred for
12.0 h at room temperature before it was successively washed by Na2S203 aqueous solution
and saturated brine. The organic phase was dried over Na>SOu, filtered and concentrated under
reduced. The crude residue was purified by flash column chromatography (EtOAc/PE; 1:20) to
give 1’-d (1.8 g, 95% yield) as yellow liquid.

General procedure to synthesize 1°-d: In a 50 mL one-neck round bottom flask equipped with
a magnetic stirring bar, NIS (2.5 g, 11.31 mmol) was added to the solution of ethyl
(triphenylphosphoranylidene)acetate (3.3 g, 9.42 mmol) in CH2Cl2 (20.0 mL) at -20°C. After
30.0 min, K2COs (2.6 g, 18.85 mmol) was added, followed by benzaldehyde (1.0 g, 9.42 mmol).
The reaction mixture was stirred for 24.0 h at room temperature. Water (10.0 mL) was added
and then the mixture was extracted with CH2Cl2 (10.0 mL x 3). The organic phases were
washed by saturated brine (10.0 mL), dried over NazSOs, filtered, and concentrated under
reduced pressure. The crude residue was purified by flash column chromatography (EtOACc/PE;
1:20) to give 1’-c (2.5 g, 87% yield) as yellow liquid.

General procedure to synthesize of cMAVIs exemplified by 1a : In a 25 mL one-neck round
bottom flask equipped with a magnetic stirring bar, mCPBA (86.0 mg, 0.50 mmol) was added
into the solution of 1’-a (100.0 mg, 0.33 mmol) in CH2Clz (2.0 mL), followed by TfOH (89.0 uL,
1.00 mmol). The reaction mixture was stirred for 2.0 h at room temperature. The reaction
mixture was evaporated and then recrystallized by diethyl ether to give 1la as white powder
(105.0 mg, 72% vyield).
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Ethyl -2-iodo-3-phenylbut-2-enoate (1’-a): Yellow liquid. *H NMR (400 MHz, CDClz) & 7.42 —
7.36 (m, 1H, Ar-CH), 7.31 (m, 2H, Ar-CH), 7.21 — 7.15 (m, 2H, Ar-CH), 4.32 (q, J = 7.1 Hz,
0.88H, CH2), 3.92 (q, J = 7.1 Hz, 1.01H, CH), 2.38 (s, 1.42H, CHa), 2.35 (s, 1.17H, CHg), 1.37
(t, J=7.1Hz, 1.34H, CHzs), 0.89 (t, J = 7.1 Hz, 1.57H, CHz3) ppm. 3C NMR (101 MHz, CDClz)
0 166.7 (166.2) (C=0), 153.6 (151.7), 145.8 (141.0), 128.5 (128.3), 128.1 (128.0), 126.8 (126.8),
87.7 (85.2), 62.2 (61.8), 30.6 (23.9), 14.1 (13.5) ppm. HRMS (ESI) m/z: calcd for C12H14102 [M
+ H]* 317.0033, found 317.0105.
cl o
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Ethyl -3-chloro-2-iodo-3-phenylacrylate (1°-c): Yellow liquid. *H NMR (500 MHz, CDCls) &
7.50 — 7.45 (m, 2H, Ar-CH), 7.45 — 7.39 (m, 2H, Ar-CH), 7.39 — 7.33 (m, 1H, Ar-CH), 4.38 (q, J
=7.1Hz, 1.67H, CH2), 3.99 (q, J = 7.1 Hz, 0.33H, CH>), 1.39 (t, J = 7.1 Hz, 2.5H, CHs), 0.94 (t,
J=7.1Hz, 0.5H, CHz) ppm. 3C NMR (126 MHz, CDCl3) 6 165.8 (165.4) (C=0), 138.8 (137.3),
134.8 (134.3), 130.2 (130.0), 128.9 (128.5), 128.4 (128.1), 89.2 (81.3), 62.8 (62.6), 14.0 (13.5)
ppm. HRMS (ESI) m/z: calcd for C11H10lClO2Na [M + Na]* 358.9306, found 358.9287.
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Ethyl -2-iodo-3-phenylacrylate (1°-d): Yellow liquid. *H NMR (500 MHz, CDClz) 5 8.26 (s, 1H,
Ar-CH), 7.77 (dd, J = 6.7, 2.8 Hz, 2H, Ar-CH), 7.48 — 7.39 (m, 3H, Ar-CH), 4.35 (q, J = 7.1 Hz,
2H, CH2), 1.38 (t, J = 7.1 Hz, 3H, CHs) ppm. 13C NMR (126 MHz, CDCls) 5 163.9 (C=0), 148.1,
135.7, 130.2, 129.6, 128.4, 91.3, 63.2, 14.4 ppm. HRMS (ESI) m/z: calcd for C11H11l02Na [M +
Na]* 324.9696, found 324.9684.
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2-(Ethoxycarbonyl)-3-methylbenzo[b]iodol-1-ium (1a): White solid. '"H NMR (400 MHz,
CDCl3) 6 8.52 (d, J = 8.4 Hz, 1H, Ar-CH), 7.95 (d, J = 7.8 Hz, 1H, Ar-CH), 7.87 (t, J = 7.6 Hz,
1H, Ar-CH), 7.79 (dd, J = 11.5, 4.1 Hz, 1H, Ar-CH), 4.49 (q, J = 7.1 Hz, 2H, CHy), 2.82 (s, 3H,
CHa), 1.45 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (101 MHz, CDCI3) & 161.5 (C=0), 157.3,
147.0,134.1, 132.3, 131.5, 131.5, 121.9, 119.0, 65.1, 17.1, 14.4 ppm. HRMS (ESI) m/z: calcd
for C12H12102 [M-OTf]* 314.9877, found 314.9867.

2-(Ethoxycarbonyl)-3-phenylbenzo[bliodol-1-ium (1b): Following the general procedure, 1b
was obtained from corresponding substrate (100.0 mg, 0.26 mmol) according to the general
procedure of 1’-a after recrystallization by diethyl ether as white solid (113.0 mg, 81 % vyield).
1H NMR (400 MHz, DMSO) & 8.40 (d, J = 7.7 Hz, 1H, Ar-CH), 7.88 — 7.79 (m, 2H, Ar-CH), 7.59
(m, J = 4.9 Hz, 3H, Ar-CH), 7.45 — 7.38 (m, 2H, Ar-CH), 7.34 (d, J = 7.5 Hz, 1H, Ar-CH), 4.15
(g,J=6.9Hz, 2H, CH2), 1.01 (t, J = 7.0 Hz, 3H, CHs) ppm. 13C NMR (101 MHz, DMSO) 5 161.6
(C=0), 156.6, 146.1, 133.8, 132.7, 131.2, 130.9, 129.5, 128.7, 128.6, 123.6, 123.0, 63.2, 13.4
ppm. HRMS (ESI) m/z: calcd for C17H14102 [M-OTf]* 392.8982, found 392.8980.
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3-Chloro-2-(ethoxycarbonyl)benzo[b]iodol-1-ium (1c): Following the general procedure, 1c
was obtained from 1°-c (100.0 mg, 0.30 mmol) after recrystallization by diethyl ether as white
solid (103.0 mg, 72% vyield). *"H NMR (400 MHz, DMSO) & 8.42 — 8.36 (m, 1H, Ar-CH), 8.20
(dd, J=7.9, 1.4 Hz, 1H, Ar-CH), 8.04 — 7.97 (m, 1H, Ar-CH), 7.96 — 7.89 (m, 1H, Ar-CH), 4.44
(9,3 =7.1Hz, 2H, CH2), 1.39 (t, J = 7.1 Hz, 3H, CHz3) ppm. 13C NMR (101 MHz, DMSOQ) 5 160.5
(C=0), 140.8, 133.9, 131.4, 131.0, 130.9, 120.3, 120.0, 63.8, 14.0 ppm. HRMS (ESI) m/z: calcd
for C11HeClIO2 [M-OTf]* 334.9330, found 334.9324.

6]
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OTf

2-(Ethoxycarbonyl)benzo[bliodol-1-ium (1d): Following the general procedure, 1d was
obtained from 1’-d (100.0 mg, 0.33 mmol) after recrystallization by diethyl ether as white solid
(115.0 mg, 77% yield). *H NMR (400 MHz, CDCIs) 5 8.98 (s, 1H, Ar-CH), 8.56 (d, J = 8.6 Hz,
1H, Ar-CH), 8.09 (dd, J = 7.7, 1.4 Hz, 1H, Ar-CH), 7.86 (t, J = 7.5 Hz, 1H, Ar-CH), 7.76 — 7.65
(m, 1H, Ar-CH), 4.50 (q, J = 7.1 Hz, 2H, CH2), 1.45 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (126
MHz, CDCI3) 6 160.7 (C=0), 146.8, 144.7, 133.7, 133.0, 132.8, 131.8, 126.0, 125.7, 65.1, 14.4
ppm. HRMS (ESI) m/z: calcd for C11H10lO2 [M-OTf]* 300.9720, found 300.9724.
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OTf

6-Bromo-2-(ethoxycarbonyl)-3-methylbenzo[bliodol-1-ium (1ab): Following the general
procedure, 1ab was obtained from corresponding substrate (100.0 mg, 0.25 mmol) according
to the general procedure of 1’-a after recrystallization by diethyl ether as white solid (101.0 mg,
73% yield). *H NMR (500 MHz, DMSO) 6 8.46 (d, J = 1.8 Hz, 1H, Ar-CH), 8.14 (dd, J=8.5, 1.8
Hz, 1H, Ar-CH), 8.06 (d, J = 8.5 Hz, 1H, Ar-CH), 4.41 (g, J = 7.1 Hz, 2H, CH2), 2.71 (s, 3H,
CHs), 1.37 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (126 MHz, DMSO) & 162.2 (C=0), 154.7,
145.8, 134.1, 133.2, 132.7, 125.4, 123.3, 121.7, 63.8, 16.8, 14.0 ppm. HRMS (ESI) m/z: calcd
for C12H11BrlO2 [M-OTf]* 392.8982, found 392.8980.
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2-(Ethoxycarbonyl)-6-fluoro-3-methylbenzo[bliodol-1-ium (lac): Following the general
procedure, lac was obtained from corresponding substrate (100.0 mg, 0.30 mmol) according
to the general procedure of 1’-a after recrystallization by diethyl ether as white solid (91.0 mg,
63% yield). *H NMR (500 MHz, CDClz) & 8.34 (s, 1H, Ar-CH), 7.91 (dd, J = 8.5, 4.6 Hz, 1H, Ar-
CH), 7.59 (t, J = 7.9 Hz, 1H, Ar-CH), 4.49 (g, J = 7.0 Hz, 2H, CH?2), 2.81 (s, 3H, CHs), 1.46 (t, J
= 7.1 Hz, 3H, CHs) ppm. 3C NMR (126 MHz, CDCIlz) d 165.5 (C=0), 163.5 (d, JC-F = 245.1
Hz, C-F), 155.9, 143.3, 132.3 (d, JC-F = 7.8 Hz, C-F), 122.0.4 (d, JC-F = 3.2 Hz, C-F), 120.6
(d, JC-F = 7.8 Hz, C-F), 120.3 (d, JC-F = 21.0 Hz, C-F), 119.4 (d, JC-F = 21.0 Hz, C-F), 65.1,
17.4, 14.4 ppm. HRMS (ESI) m/z: calcd for C12H11FIO2 [M-OTf]* 332.9782, found 332.9775.
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2-(Ethoxycarbonyl)-6-isopropyl-3-methylbenzo[bJiodol-1-ium (1ad): Following the general
procedure, lad was obtained from corresponding substrate (100.0 mg, 0.28 mmol) according
to the general procedure of 1’-a after recrystallization by diethyl ether as white solid (116.0 mg,
83% vyield). 'H NMR (400 MHz, CDClz) 6 8.42 (s, 1H, Ar-CH), 7.84 (d, J = 8.2 Hz, 1H, Ar-CH),
7.68 (d, J = 8.2 Hz, 1H, Ar-CH), 4.46 (q, J = 7.1 Hz, 2H, CH), 3.09 (dt, J = 13.6, 6.8 Hz, 1H,



CH), 2.78 (s, 3H, CH3), 1.44 (t, J = 7.1 Hz, 3H, CHs), 1.32 (d, J = 6.8 Hz, 6H, 2 x CH3) ppm. 13C
NMR (101 MHz, CDCls) & 161.7 (C=0), 157.2, 144.5, 131.2, 130.2, 130.1, 122.6, 117.8, 64.7,
35.1, 23.5, 17.0, 14.4 ppm. HRMS (ESI) m/z: calcd for CisHislO2 [M-OTf]* 357.0346, found
357.0305.
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2-(Ethoxycarbonyl)-3,6-dimethylbenzo[b]iodol-1-ium (lae): Following the general
procedure, lae was obtained from corresponding substrate (100.0 mg, 0.30 mmol) according
to the general procedure of 1’-a after recrystallization by diethyl ether as white solid (116.0 mg,
80% yield). *H NMR (400 MHz, DMSO) & 8.12 (s, 1H, Ar-CH), 8.04 (d, J = 8.1 Hz, 1H, Ar-CH),
7.75 (d, 3 = 7.5 Hz, 1H, Ar-CH), 4.41 (q, J = 7.1 Hz, 2H, CH), 2.71 (s, 3H, CHas), 2.51 (s, 3H,
CHzs), 1.38 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (101 MHz, DMSO) 6 162.3 (C=0), 155.8,
144.2,144.1, 131.9, 131.3, 130.9, 122.6, 119.4, 63.7, 21.5, 16.7, 14.1 ppm. HRMS (ESI) m/z:
calcd for Ci3H14l02 [M-OTf]* 329.0033, found 329.0030.
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2-(Ethoxycarbonyl)-3,5-dimethylbenzo[bliodol-1-ium (laf). Following the general
procedure, laf was obtained from corresponding substrate (100.0 mg, 0.30 mmol) according
to the general procedure of 1’-a after recrystallization by diethyl ether as white solid (118.00
mg, 83% yield). *H NMR (400 MHz, CDClz) & 8.37 (d, J = 7.1 Hz, 1H, Ar-CH), 7.72 (s, 1H, Ar-
CH), 7.57 (d, J = 8.2 Hz, 1H, Ar-CH), 4.47 (q, J = 7.1 Hz, 2H, CH2), 2.79 (s, 3H, CHs3), 2.56 (s,
3H, CHs), 1.44 (t, J = 7.1 Hz, 3H, CHzs) ppm. 3C NMR (101 MHz, CDCI3) 8 161.6 (C=0), 157.1,
146.9, 142.4, 135.2, 131.8, 131.7, 119.0, 118.2, 64.8, 21.5, 17.1, 14.4 ppm. HRMS (ESI) m/z:
calcd for Ci13H14102 [M-OTf]* 329.0033, found 329.0029.

2-(ethoxycarbonyl)-3-methylnaphtho[1,2-b]iodol-1-ium (lag): Following the general
procedure, lag was obtained from corresponding substrate (100.0 mg, 0.27 mmol) according
to the general procedure of 1’-a after recrystallization by diethyl ether as brown solid (98.0 mg,
70% vyield). *H NMR (500 MHz, DMSO) & 8.46 (d, J = 8.6 Hz, 2H, Ar-CH), 8.28 — 8.21 (m, 1H,
Ar-CH), 8.11 (d, J = 8.7 Hz, 1H, Ar-CH), 7.88 (tt, J = 7.3, 5.6 Hz, 2H, Ar-CH), 4.44 (9, J=7.1
Hz, 2H, CH2), 2.80 (s, 3H, CHs), 1.40 (t, J = 7.1 Hz, 3H, CH3) ppm. 13C NMR (101 MHz, DMSO)
0 161.3 (C=0), 156.1, 146.3, 134.4, 131.8, 130.9, 130.1, 129.7, 129.1, 128.2, 127.8, 127.0,
121.1, 64.3, 17.6, 13.9 ppm. HRMS (ESI) m/z: calcd for C1sH14102 [M-OTf]* 365.0033, found
365.0018.

2.6 The characterization of 3:

I 0 I 0
X OEt : A OEt (major)
H H

Ethyl (E)-3-(2-iodophenyl) but-2-enoate (3a): Yellow liquid. *H NMR (400 MHz, CDClz) 5 7.85
(d, J = 8.0 Hz, 1H, Ar-CH), 7.33 (t, J = 8.0 Hz, 1H, Ar-CH), 7.13 (d, J = 8.0 Hz, 1H, Ar-CH), 6.99
(t, J=8.0 Hz, 1H, Ar-CH), 5.75 (s, 1H, C=CH), 4.23 (g, J = 7.1 Hz, 2H, CH>), 2.45 (s, 3H, CH3),
1.32 (t, J = 7.1 Hz, 3H, CHs) ppm. 3C NMR (101 MHz, CDCI3) 8 166.5 (C=0), 159.5, 148.8,
139.6, 129.2, 128.3, 128.0, 120.8, 95.4, 60.2, 20.9, 14.5 ppm. HRMS (ESI) m/z: calcd for
Ci12H14102 [M + H]* 317.0033, found 317.0022.
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Ethyl-3-(2-iodophenyl)-3-phenylacrylate (3b): Yellow liquid as a mixture of cis/trans isomers.
H NMR (400 MHz, CDClz) & 7.81-7.87 (m, 1H, Ar-CH), 7.11 — 7.30 (m, 7H, Ar-CH), 7.03 (m,
1H, Ar-CH), 6.49 (s, 0.4H, C=CH), 5.97 (s, 0.6H, C=CH), 4.09 (q, J = 7.1 Hz, 1.2H, CH), 4.00
(9, J = 7.1 Hz, 0.80H, CH2), 1.13 (t, J = 7.1 Hz, 1.80H, CHs), 1.05 (t, J = 7.1 Hz, 1.2H, CHa)
ppm. 33C NMR (101 MHz, CDCI3) & 166.1 (165.4) (C=0), 157.3 (157.2), 146.7 (144.3), 140.1
(139.2), 138.3 (137.6), 130.4 (129.9), 129.8 (129.7), 129.3 (129.2), 128.8, 128.1 (128.0), 127.9
(127.7), 121.8 (118.6), 98.0 (97.7), 60.5 (60.3), 14.1 (14.1) ppm. HRMS (ESI) m/z: calcd for
Ci7H16102 [M + H]* 379.0190, found 379.0189.

I Cl O

N 0oEt
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Ethyl (Z)-3-chloro-3-(2-iodophenyl)acrylate (3c): Yellow liquid with a major isomer. 'H NMR
(400 MHz, CDCls) 5 7.89 (d, J = 8.0 Hz, 1H, Ar-CH), 7.41 — 7.30 (m, 2H, Ar-CH), 7.07 (td, J =
7.6, 2.0 Hz, 1H, Ar-CH), 6.42 (s, 0.12H, C=CH), 6.20 (s, 0.78H, C=CH), 4.29 (q, J = 7.1 Hz,
1.70H, CH2), 4.01 (g, J = 7.1 Hz, 0.30H, CH2), 1.34 (t, J = 7.1 Hz, 2.56H, CH3), 1.05(t, J=7.1
Hz, 0.44H, CHs) ppm. 3¥C NMR (101 MHz, CDCls) 5 163.7 (163.1) (C=0), 147.1 (151.0), 143.7
(142.9), 140.0 (139.3), 130.8 (130.4), 129.4 (128.5), 128.4 (128.3), 121.6 (122.7), 96.0 (95.9),
61.0 (60.8), 14.3 (13.9) ppm. HRMS (ESI) m/z: calcd for C11H11CIlO2 [M + H]* 336.9487, found
336.9495.

o]

4 OEt

Ethyl 3-(2-iodophenyl)propiolate (3d): Yellow liquid. *H NMR (400 MHz, CDCIz) 6 7.88 (d, J
= 8.0 Hz, 1H, Ar-CH), 7.57 (d, J = 8.0 Hz, 1H, Ar-CH), 7.36 (t, J = 8.0 Hz, 1H, Ar-CH), 7.12 (t,
J = 8.0 Hz, 1H, Ar-CH), 4.32 (q, J = 7.1 Hz, 2H, CH2), 1.37 (t, J = 7.1 Hz, 3H, CHs) ppm. 13C
NMR (101 MHz, CDCls) 8 154.0 (C=0), 139.2, 134.5, 131.65, 128.1, 126.8, 101.2, 87.1, 83.6,
62.4, 14.2 ppm. HRMS (ESI) m/z: calcd for C11HelO2Na [M + Na]* 322.9539, found 322.9542.



3. Data S1. The copies of NMR spectra. Related to Figure 2, Figure 3, Figure 4,

and Figure 5.
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