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1. Introduction
Indolines are a ubiquitous structural motif of a avidhnge of
naturally occurring and biologically active alkalel

Consequently, a number of methods have been repfotethe
construction of these privileged structures and nemgre
efficient synthetic methods still continue to begasiously
pursued. Intramolecular hydroaminafiasf aminoolefins is one
of the efficient, straightforward, and atom economiethods for
the synthesis of nitrogen-containing heterocyclesough the
addition of an N-H bond across a C=C bdrld. general, 2-
allylanilines have been used as an unactivatednglkemine
substrate for transition-metal-or Brgnsted acid-catalyzéd
intramolecular hydroamination to afford 2-methylitide
derivatives. In contrast, 2-aminostilbenes haventssarcely used
as a substrate for intramolecular hydroaminatiarhége 1). The
Zhao group reported only a single example (Ar =P, = Ts)
using a catalytic amount of TfOH, which is very coives toxic,
moisture sensitive, and difficult to handfewhile Fe-catalyzed
intramolecular hydroamination of aminoolefins faetsynthesis
of pyrrolidines was successfully developed,
cyclohydroamination of 2-aminostilbenes require@ thxcess

amount of FeG| additives (e.g., benzophenone), and an electron-

rich aryl group at the alkene moiety (Ar containiigleast one
MeO group) to afford indolines in low to moderate Ig&
During the course of our recent studies on the mdyhthesis
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found that Cu(OTf) In(OTf); InCl;, and Bi(OTfy showed
comparably good reactivities to give the correspaogéhdoline2

in 74-88% vyields (entries 1, 3, 5, and 7). Howewhile

reducing the amount of the catalysts (20 mo 5 mol%)

generally decreased the yield dfentries 2, 4, and 6), Bi(OTf)
proved to be superior to others to aff@rth 86% vyield (entry 8).
Decreasing the reaction temperature significantuced the
yield (entry 9). Other solvents were examined (esitéig-22): no
reaction occurred in Lewis basic polar solvents @@H,CH,CI

was identified as the most effective solvent.

For metal salts with weakly coordinating counteriottse
generation of Brgnsted acids through hydrolysis well-
documented® and there are several examples of Bi(QTf)
catalyzed reactions wherein TfOH is the real catdfyst.
Supporting this claim, TfOH indeed displayed a simdatalytic
activity (entry 19), whereas this reaction failedhvtCl (entry
20).

Tablel
Optimization studies

@\/\VPh 20 mol% catalyst mph
—_— =
NE CICH,CH,CI N

Ts

under the FeGIDDQ system, we also uncovered that the use of Entry
only FeC}-6H,0 in the absence of DDQ led to the corresponding

indoline product in 40% yield.

Bi(OTf); has emerged as a versatile green Lewis acid forg

diverse organic reactiohsdue to its numerous advantages:
commercial availability, low cost, low toxicity, aiand moisture-
stability, and easy recovery/red$©nly a handful of Bi(OTf)
catalyzed hydroamination reactions have been regoin
literaturel™ and, to the best of our knowledge, Bi(Qi¢atalyzed
synthesis of indolines has not yet been exploited.

1 120°C, 24 h 2
Catalyst Yield | Entry  Catalyst Yield
(%) (%)

1 Cu(OTf) 74 12 Fe(OTH (0)
2° Cu(OTf) 61 13 Sc(0TH (10)

In(OTf), 77 14 Yb(OTfy  (0)
4b IN(OTf); 43 15 AgOTf 64

InCl 88 16 Sn(OTH  (6)
6° InCly 75 17 Zn(OTH (0)

Bi(OTf), 77 18 Mg(OTf)  (0)
8° Bi(OTf); 86 19 TfOH 62
gbe Bi(OTf); 44 20 HCI (0)
10 BiCk 23 2P¢  BIi(OTf), 44
11 FeC}6H0 59 22" Bi(OTf), (0)

AT Lewis acid or H* mAr
N
NHPG

PG
PG = Ts, Ar = Ph : 20 mol% TfOH, 75% yield (a single example, ref. 5a)
PG = Ac, Ar = 3,4-(MeOQ),CgH3 : 1~3 equiv FeClz, 37~78% yields (ref. 7)
PG = Ts, Ar = Ph : 10 mol% FeClz H,0, 40% yield (our preliminary results, ref. 8)
PG = Ms, Ar = (hetero)aryl : 0.1~5 mol% Bi(OTf)3 : mostly 90~100% yields - This work
Scheme 1. Hydoamination of 2-aminostilbenes for the
synthesis of 2-arylindolines.

In parallel with our efforts to develop efficient raketic
methods for heterocyclic synthe8is? we were interested in
developing a new and mild protocol for the formatafrindoline
skeletons. Herein we report an efficient Bi(Qif)ediated
intramolecular hydroaminatiorof 2-aminostilbenes for the
synthesis of various 2-arylindolines. The operatltyn simple
and straightforward procedure, the use of relatively loading
of BIi(OTf);, and good to excellent chemical
particularly noteworthy. Various advantages of maioug metal
salt, Bi(OTf) render this protocol an effective alternative or
complementary to the known methods utilizing a titeors metal
or Brgnsted acid.

2. Results and discussion

We began our investigations on a variety of Lewidsasing
1 as the test substrate (Table 1, entries 1-18). f@ragly, it was

yields are

2 |solated yields. Values in parentheses indicafél aNMR
yield using trichloroethylene as an internal stadda

® Using 5 mol% catalyst.

°At 80 °C.

4 Using 10 mol% catalyst at 80 °C.

®In toluene.

"In 1,4-dioxane, MeCN, EtOAc, acetone, or DMF.

To confirm that either adventitious water alone ewis acid-
Lewis base (-NH- in substratf interaction contribute to the in
situ generation of TfOH, several control experimdmse been
performed (Table 2). The addition of an equimolaroant of
base to Bi(OTfresulted in only slightly lower yield & (entry 1
vs entry 2). However, increasing the amount of base yery
low or no conversion (entries 3-4). In addition, teaction was
completely suppressed in the presence of dehydratients such
as molecular sieves and anhydrous3@ (entries 5-6). On the
contrary, the reaction df took place smoothly in the presence of
catalytic amounts of water (entries 7-9). Theseifigsl suggest
that, most likely, Bi(OTf)serves as a source of Brgnsted acid,
TfOH which could be the real catalytic species, throeither
hydrolysis or hydration of the triflate salt withsidual moisture.
Given that TfOH is very corrosive, toxic, moisture siémwe, and
thus difficult to handle, the contrasting features Bi(OTf);
provide an operationally simple, safe, and prattttarnative.



Table2
Additive effect

o0
NHTs

5 mol% Bi(OTf)s

CL=
N

Table 4
Substrate scope

CICH,CH,CI \

1 80 °C, 24 h , T8
Entry Additive Yield (%§
1 - 44
2 5 mol% 2,6-lutidine 36
3 10 mol% 2,6-lutidine (20)
4 15 mol% 2,6-lutidine 0)
5 MS 4A (500 mg/mmol) 0)
6 N&SQ, (500 mg/mmol) 0)
7 5 mol% HO 56
8 10 mol% HO 54
9 20 mol% HO 36

% Isolated yields. Values in parentheses indicafél aNMR
yield using trichloroethylene as an internal stadda

Next, we explored the effect of substituents on thegen
atom (Table 3). Basicity of nitrogen atom exertedgmeat
influence on the reaction outcome, and the sulfagrgup was
effective. Among sulfonyl groups, the Ms (methankswl)
group was revealed as the substituent of choicéhfsrreaction
with regard to reaction time and product yield (estrl-4).
Lowering the reaction temperature to 80 °C stillulesl in an
excellent yield of2a, albeit requiring a longer reaction time
(entry 6). Reducing a catalyst loading led to anoinplete
conversion (entry 7). In the case off&Boc substrate, only Boc-
deprotected starting material was obtained quaividgt
providing further evidence for the in situ genevati and
involvement of TfOH during the reaction (entry 12).

Table3
Effect of substituents on the nitrogen atom

©\/\/Ph 5 mol% Bi(OTf), mPh
NHR CICH,CH,CI N

\

120 °C R
Entry R Time Yield Entry R Time Yield
(h)  (wr (h) (%)
1 Ts@) 24 860 |8 Ac 24 (279
2 Bs 12 99 9 Bz 24 (13)
3 Ns 24 99 10 CeEt 24 (605
4 Ms 6 98 ¢a) | 11 Cbz 24 (0)
(39)
P Ms 8 96 ¢a) | 12 Boc 1 (¥
(39)
6° Ms 24 99 ¢a) | 13 H 24 (09
(39)
7t Ms 24 67 (4a)
(39)

2 |solated yields. Values in parentheses indicafél aNMR
yield using trichloroethylene as an internal stadda

® performed at 100 °C.

¢ Performed at 80 °C.

d Using 2 mol% catalyst.

®Unreacted starting material remained in 15-80%.

" No reaction occurred.

9N-Boc deprotected starting material was obtained tifasively.

@%Af 5 mol% Bi(OTf); N
R — . R Ar
= NHMs CICHZSHZCI N
3 80 °C 4 Ms
Entry Ar,R (Tr:;"e Yield (%)
N
NHMs Ms
1 Ar = Ph @a) 24/8  99/98 (4a)
2 Ar=4-MeOGH,(3b)  6%24° 9%/86" (4b)
3 Ar = 4-MeGH, (3¢) 4 99 dc)
4 Ar = 3-MeGH, (3d) 4 97 éd)
5 Ar = 2-MeGH, (3¢) 4 100 de)
6° Ar = 4-CIGH, (3f) 24 86 4f)
G Ar = 4-NO,CeH. (39) 24 f(49)
8 Ar = 1-naphthyl 8h) 24 92 ¢h)
9 Ar = 3-thienyl @) 6 92 @i)
R
oY O
® L)
NHMs Ms
10° R=MeO @j) 24 44 ¢j)°
11 R= Me (3k) 6 93 @k)
12 R=CI (3l) 2 99 a@l)
13 R=NO, (3m) 24 97 @m)
O OMe
O OM:
R O N ¢
R NHMs Ms
14 R=MeO @n) 24 37 én)
15 R= Me (30) 1%6 & 91%90" (40)
16 R= Cl (3p) 24 !
O L0
O 2
17 NHMs  3q 24 73 (4q)®’
Ms
18 NHMs  3r 24 100 @r)
A
® S (L
NHMs Ms
19 24 78 (49)°

% Isolated yields.

® Performed at 120 °C.

¢ Using 1 mol% Bi(OTf).

4 Using 0.5 mol% Bi(OT%)

€ Using 20 mol% Bi(OTfHat 120 °C.

" No reaction occurred.

9 Unreacted starting materidlwas recovered in 5-25% vyields.

" Using 0.1 mol% Bi(OT#).

'N-Ms-6-Chloroindole was obtained in 58% vyield alonghwi
38% of recovere@p.

! The corresponding indole, N-Ms-2-(o-tolyl)-3H-
benzog]indole was obtained in 13% yield.

With the optimized conditions and substituent o& iitrogen
atom in hand, we set out to explore the substiteéfiett (Ar) at
the alkene moiety (Table 4, entries 1-9). A variefyN-Ms-2-
aminostilbenes underwent intramolecular hydroanmmati
smoothly to afford the corresponding indolines inog to
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excellent yields. Electron-rich and -neutral, andderately at the nitrogen atom of a mesylamide moiety3afndergoes an
electron-deficient aryl groups irrespective of frasition of their  intramolecular proton transfer to afford a stablendylic
substituents were well tolerated, showing little stelépendence. carbocation intermediate B. Subsequent intramolecular
In the case of a substrate with a strongly electtmmating nucleophilic attack by theo-sulfonamide group toward a
substituent (e.g., MeO), catalyst loading could becessfully carbocation gives an indoline produétand regenerates the
reduced to 0.5 mol% (entry 2). In contrast, strgnglectron- catalytically active TfOH.
withdrawing aryl substituents, such as N@d to no reaction
even under higher both catalyst loading and readBmperature
(entry 7), alluding to the involvement of a prottaa of a
tethered alken& Both naphthyl and heteroaryl moiety could also
be incorporated as a substituent at the alkendniesnfentries 8-
9).

3. Conclusion

In summary, we developed a simple and efficient Bf{@T
mediated intramolecular hydroaminatioih2-aminostilbenes for
the synthesis of various 2-arylindolines. The sulieatures of
this protocol are the operationally easy, simplaed asafe

Subsequently, we also investigated the effects b$tiuents  procedure, good to excellent chemical yields, dmel tise of
(R) residing on the aniline aromatic moiety (erstri®-19). With  relatively low loading of Bi(OTf. This reaction represents a rare
little steric influence, both moderately electromndting and and attractive system for main-group metal-catalyze
electron-withdrawing substituents were well toleratgtlereas a  intramolecular hydroamination with various advantagef
strongly electron-donating substituent (e.g., OMeveg an  Bi(OTf); and thus an effective alternative or complemgntar
adverse effect, leading to low yields of the produmibng with the known methods utilizing a transition-metal owBsted acid
some decomposition of the substrate (entries 101d)dIn the for related transformations.
case of substrat@o, catalyst loading could be significantly
reduced to 0.1 mol% to affortb in 90% yield, albeit requiring a
long reaction time (entry 15). Very interestingly, emhAr= 4- 4 Experimental section
MeOGH, (e.g.,3b, 30, 3p), increasing a catalyst loading led to _ .
the cleavage of C-C bond and oxidation to afforce th 4.1. General information
corresponding 2-unsubstituted indoles, which carmetfully
elucidated at this stage (Scheme 2): fr8m 0% (0.5 and 1
mol% Bi), trace (5 mol% Bi), 63% (10 mol% Bi at 120); from
30: 0% (0.1 and 0.5 mol% Bi), 5% (1 mol% Bi), 14%r®I%
Bi); from 3p: 58% (5 mol% Bi), 87% (10 mol% Bi at 120 °C).

Nuclear Magnetic Resonance spectra were recorded0On 4
MHz instruments. Spectra were recorded in CD&blution
referenced to TMS or solvent residual peak. HighoRe®n
Mass Spectra were measured using El at 70 eV. GC-ME&rap
were recorded with El ionization and an Elite-1 cahu(©.25
mm x 30 m, Film: 0.25um). For control of the conversion and
OMe characterization of the products, the following neettwas used:

O @ m /@\/\> The method starts with the injection temperatuy€0 °C), after
— N N ¢ N holding this temperature for 5 min, the column &ated to the
R3 NHMs Ms Ms Ms temperature T(ramp, 300 °C, 10 °C/min) and hold for additional
(from 3b) (from 30) (from 3p) 10 min. Flash chromatography was performed on sijiia230-
400 mesh. All catalysts were purchased from Sigmai&idor
Strem and used as received. Unless otherwise notkd, a
. ) . /) commercially obtained reagents and solvents weral use

Unfortunatel_y, terminal and tr|subst|tu.ted.alkenel\dglves received. Anhydrous DMF, toluene, CIGEH,Cl, and 1,4-

were not suitable for this hydroamination to givee th yigxane were purchased from Sigma-Aldrich in a SwuatSe

corresponding indolines in very low yields (<30%) an  poje and used as received. Acetone, EtOAc, and MeQN we
unidentified dimerized product (when ArH). When an alkyl  gistilled from CaH immediately prior to use. Thin layer

group is substituted at the alkene (e.g., AnHex), complex chromatograms (TLC) was visualized via UV.
mixture was obtained along with 30% of recovered sates

Scheme 2.

Preparation and spectral data of substrat&s, and otheiN-

substituted compounds in Table 3 are availableuinpyevious
12r

NNAT NN A report:
i A0
R% . %S 4.2. General procedurefor the preparation of N-Ms-2-
S +
3

aminostilbenes 3

A —
TO
B PA(OAC),, P(0-Tol)s R sl R
R + R R ——— R
Bi(OTf)3 + nH,0 === nTfOH + Bi(OTf)3.4(OH), @NHQ TR Neg 1z % Py %s
3
H In step 1, the requisite 2-styrylanilines were preda
0N N N A following the method reported in our previous pafeld ***VIn
R _ d R + TfO step 2, to a solution of 2-styrylaniline (1 equin)pyridine (0.2
N — p yry qumw)py
4 Ms 5 NHMs M) was added methanesulfonyl chloride (1.1 equiv)0atC.

After being stirred at 25 °C for 2 hours, the reattinixture was
poured into water and then the product was extragighd
CH,CI, (three times), dried over Mg30Oand concentratech
Based on the related mechanisms established f@i(@df),-  vacuo. The residue was purified by column chromatography
1 and TfOH-catalyzed * hydroamination reactions, a plausible silica gel to give the corresponding prod8ct
mechanistic proposal is outlined in Scheme 3. TfObeiserated NL(. ;
through either hydrolysis or hydration of Bi(OTfwith ?éi-)%é,(E) N-(2-Styrylphenyl)methanesulfonamide
adventitious water. Intermediafe resulted from the protonation

Scheme 3. Proposed mechanism.



99% (step 1), 92% (step 2), a white solid (EtOAeHexane
= 1:8 (step 1), 1:3 (step 2)), mp 109-110 %€;NMR (CDCE,
400 MHz) 6 3.01 (s, 3H), 6.77 (br s, 1H), 7.06 (= 16.4 Hz,
1H), 7.29-7.34 (m, 4H), 7.38 (,= 7.4 Hz, 2H), 7.50 (d) = 7.6
Hz, 1H), 7.56 (dJ = 7.6 Hz, 2H), 7.66 (dJ = 7.2 Hz, 1H);"*C

NMR (CDCk, 100 MHz) s 39.9, 122.6, 125.0, 126.8, 126.9,

127.0, 128.3, 128.7, 128.8, 132.3, 132.9, 133.8,613MS (El)
m/'z273 (M), 194, 165, 152, 139, 117, 97, 89, 82, 63, 51.

4.2.2. (E)-N-(2-(4-
Methoxystyryl)phenyl)methanesulfonamide (3b)

77% (step 1), 87% (step 2), a white solid (EtOAesHexane
= 1:4 (step 1), 1:2 (step 2)), mp 110-111 *8;NMR (CDCE,

400 MHz)d 3.02 (s, 3H), 3.84 (s, 3H), 6.49 (br s, 1H), 6.92)(d,

= 8.8 Hz, 2H), 7.00 (dJ = 16.0 Hz, 1H), 7.15 (d] = 16.0 Hz,
1H), 7.26 (tJ = 7.2 Hz, 1H), 7.30 () = 7.2 Hz, 1H), 7.47 (d] =
8.8 Hz, 2H), 7.49 (dJ = 6.8 Hz, 1H), 7.61 (d] = 6.8 Hz, 1H);

%C NMR (CDCE, 100 MHz)6 39.9, 55.3, 114.2, 120.2, 124.8,

126.8, 128.1, 128.3, 129.4, 132.5, 132.6, 133.9,8.61 carbon
is missing due to overlapping); MS (Etyz 303 (M"), 224, 209,
193, 180, 165, 152, 127, 117, 96, 89, 77, 63, 51.

4.2.3. (E)-N-(2-(4-
Methylstyryl)phenyl)methanesulfonamide (3c)

73% (step 1), 78% (step 2), a white solid (EtOAeHexane
= 1:7 (step 1), 1:3 (step 2)), mp 144-145 *8;NMR (CDCE,

400 MHz)d 2.37 (s, 3H), 3.01 (s, 3H), 6.62 (br s, 1H), 7.03)(d,

= 16.0 Hz, 1H), 7.19 (d] = 7.6 Hz, 2H), 7.26 (d] = 16.0 Hz,
1H), 7.29 (tJ = 7.2 Hz, 1H), 7.31 () = 7.6 Hz, 1H), 7.44 (d] =
8.0 Hz, 2H), 7.50 (dJ = 7.2 Hz, 1H), 7.63 (d] = 7.2 Hz, 1H);

%C NMR (CDCE, 100 MHz)6 21.3, 40.0, 121.4, 124.8, 126.7, ©i

126.8, 127.0, 128.5, 129.5, 132.4, 133.1, 133.3,8,338.4; MS

(El) m/iz 287 (M), 208, 193, 178, 165, 152, 128, 117, 103, 90,

77,65, 51.

4.2.4. (E)-N-(2-(3-
Methylstyryl)phenyl)methanesulfonamide (3d)
37% (step 1), 40% (step 2), a white solid (EtOAeHexane

= 1:7 (step 1), CkCl, : ELO : n-Hexane = 2:1:4 (step 2)), mp 86-
87 °C;*H NMR (CDCl, 400 MHz)J 2.40 (s, 3H), 3.02 (s, 3H),

6.65 (br s, 1H), 7.03 (dl = 16.0 Hz, 1H), 7.13 (d] = 6.8 Hz,
1H), 7.26-7.37 (m, 6H), 7.51 (d,= 7.6 Hz, 1H), 7.63 (d] = 7.2

Hz, 1H);"°C NMR (CDCk, 100 MHz)s 21.3, 39.8, 122.3, 124.1,

125.1, 126.80, 126.83, 127.4, 128.5, 128.6, 12B832,4, 132.9,
133.3, 136.6, 138.4; MS (Eijvz 287 (M), 208, 193, 178, 165,
152, 128, 117, 103, 89, 77, 65, 51.

4.2.5. (E)-N-(2-(2-
Methylstyryl)phenyl)methanesulfonamide (3e)

50% (step 1), 67% (step 2), a white solid (EtOAeHexane
= 1:7 (step 1), 1:3 (step 2)), mp 120-121 *B;NMR (CDCk,

400 MHz)6 2.43 (s, 3H), 3.02 (s, 3H), 6.55 (br s, 1H), 7.18)(d,

= 16.4 Hz, 1H), 7.21-7.35 (m, 6H), 7.51 (s 8.0 Hz, 1H), 7.62
(d,J = 7.6 Hz, 1H), 7.64 (d) = 7.6 Hz, 1H);"*C NMR (CDC},

100 MHz)¢ 19.9, 40.0, 123.9, 124.5, 125.6, 126.4, 126.8,3,27

128.3, 128.8, 130.5, 131.0, 132.4, 133.4, 135.5,@3VS (El)
m/z 287 (M"), 208, 193, 178, 165, 152, 130, 115, 102, 91657,
51.

4.2.6. (E)-N-(2-(4-
Chlorostyryl)phenyl)methanesulfonamide (3f)

48% (step 1), 93% (step 2), a white solid (EtOAeHexane
= 1:6 (step 1), 1:3 (step 2)), mp 121-122 *B;NMR (CDCl,
400 MHz) 6§ 3.02 (s, 3H), 6.79 (br s, 1H), 7.00 ®= 16.0 Hz,
1H), 7.27-7.38 (m, 3H), 7.33 (d,= 8.4 Hz, 2H), 7.48 (d] = 7.6
Hz, 3H), 7.65 (dJ = 8.0 Hz, 1H);*C NMR (CDC}, 100 MHz)s
39.9, 123.3, 125.1, 126.9, 127.0, 128.0, 128.98,9% 131.3,

5
132.3, 133.3, 133.9, 135.2; MS (Efyz 307 (M), 228, 193,
165, 139, 125, 117, 96, 89, 82, 75, 63, 51.

4.2.7. (E)-N-(2-(4-
Nitrostyryl)phenyl)methanesulfonamide (3g)

49% (step 1), 81% (step 2), an orange solid (EtOAe :
Hexane = 1:5 (step 1), 1:2 (step 2)), mp 211-212'PCNMR
(acetoneds, 400 MHz)6 3.04 (s, 3H), 7.36 (1) = 7.6 Hz, 1H),
7.40 (d,J = 16.4 Hz, 1H), 7.42 (td] = 2.0, 7.6 Hz, 1H), 7.55 (d,
J=7.6 Hz, 1H), 7.91 (dJ = 8.8 Hz, 3H), 7.98 (dJ = 16.4 Hz,
1H), 8.27 (dJ = 9.2 Hz, 2H), 8.47 (br s, 1HYC NMR (acetone-
ds, 100 MHz)6 40.0, 124.8, 127.3, 127.6, 127.7, 128.4, 129.1,
129.5, 130.2, 133.5, 136.3, 145.1, 147.8; MS (&) 318 (M),
239, 193, 165, 139, 127, 117, 90, 77, 63, 51.

4.2.8. (E)-N-(2-(2-(Naphthalen-1-
yh)vinyl)phenyl)methanesulfonamide (3h)

61% (step 1), 90% (step 2), a white solid (EtOAeHexane
= 1:6 (step 1), 1:3 (step 2)), mp 161-162 *B;NMR (CDCl,
400 MHz) ¢ 3.03 (s, 3H), 6.52 (br s, 1H), 7.32-7.38 (m, 3H),
7.50-7.57 (m, 4H), 7.76-7.79 (m, 2H), 7.84-7.90 (i),3.17 (d,
J = 7.6 Hz, 1H);"*C NMR (CDC}L, 100 MHz)§ 40.0, 123.4,
124.0, 125.0, 125.6, 125.7, 125.9, 126.3, 127.0,2,2128.7,
128.9, 130.0, 131.2, 132.6, 133.4, 133.6, 134.xdfbon is
missing due to overlapping); MS (Eiy¥z 323 (M’), 244, 215,
202, 189, 166, 152, 139, 127, 121, 107, 89, 77563,

4.2.9. (E)-N-(2-(2-(Thiophen-3-
yl)vinyl)phenyl)methanesulfonamide (3i)

Br

Pd(PPhs) (_§
3 4
@\ MsCI ©\/\ Pd(OAc),, P(o-Tol)s
NH NHMs NE(; 125°C NHMs
3i

N pyndlrée
Both step 1 and step 3 were performed following tle¢hiod
reported in our previous papérd” *In step 2N-mesylation
of 2-styrylaniline was conducted in the same waytap 2 of
General Procedure. 54% (step 1), 87% (step 2), 25ép @), a
white solid (CHCI,: n-Hexane = 2:1 (step 1), EtOAg:Hexane
= 1:2 (step 2 & step 3)), mp 103-104 °E& NMR (CDClk, 400
MHz) ¢ 3.02 (s, 3H), 6.59 (br s, 1H), 7.07 (U= 16.4 Hz, 1H),
7.16 (d,J=16.4 Hz, 1H), 7.25-7.35 (m, 4H), 7.39 {ds 4.8 Hz,
1H), 7.49 (dJ = 7.6 Hz, 1H), 7.60 (d] = 7.2 Hz, 1H);"*C NMR
(CDCl;, 100 MHz) 6 39.9, 122.4, 123.6, 124.9, 125.0, 126.5,
126.7, 126.9, 128.5, 132.3, 133.2, 139.6 (1 carbanissing due
to overlapping); MS (Eljnz 279 (M), 200, 171, 167, 154, 129,
116, 100, 89, 77, 63, 51.

4.2.10. (E)-N-(4-Methoxy-2-(2-
methylstyryl)phenyl)methanesulfonamide (3j)

In step 1, the requisite 2-vinylaniline was prepafien 2-
iodo-4-methoxy-1-nitrobenzene following the methaparted
by Driver and co-worker¥. In step 2: 90 %, (EtOAcn-Hexane
= 1:3), a white solid, mp 124-125 °@&{ NMR (CDCk, 400
MHz) 6 2.41 (s, 3H), 2.94 (s, 3H), 3.85 (s, 3H), 6.58 (btH),
6.84 (ddJ= 2.8, 8.4 Hz, 1H), 7.18-7.28 (m, 6H), 7.36 J&; 8.8
Hz, 1H), 7.62-7.64 (m, 1HJ’C NMR (CDCk, 100 MHz)5 19.9,
39.7,55.5, 111.7, 113.8, 124.3, 125.6, 125.9,4,268.2, 129.1,
130.3, 130.5, 135.6, 135.8, 136.0, 158.9; MS (&) 317 (M),
238, 223, 207, 194, 180, 165, 152, 132, 115, 9689165, 52.

4.2.11. (E)-N-(4-Methyl-2-(2-
methylstyryl)phenyl)methanesulfonamide (3k)

35% (step 1, using 2-bromo-4-methylaniline), 74%ed<), a
white solid (EtOAc :n-Hexane = 1:6 (step 1), 1:3 (step 2)), mp
141-142 °C;'H NMR (CDCk, 400 MHz)d 2.40 (s, 3H), 2.44 (s,
3H), 3.00 (s, 3H), 6.34 (br s, 1H), 7.14 Jc& 8.0 Hz, 1H), 7.19-
7.26 (m, 4H), 7.28 (d] = 16.4 Hz, 1H), 7.37 (d] = 8.0 Hz, 1H),
7.45 (s, 1H), 7.59-7.61 (m, 1H))C NMR (CDCk, 100 MHz)5

i S,
Tributyl(viny)tin X 7

1 4-d|oxane
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19.9, 21.1, 39.7, 124.2, 125.6, 126.0, 126.3, 12128.1,
129.4, 130.1, 130.4, 130.7, 133.1, 135.8, 135.9,113VS (EI)
m/z 301 (M"), 222, 207, 178, 165, 152, 130, 110, 103, 91783,
65, 51.

4.2.12. (E)-N-(4-Chloro-2-(2-
methylstyryl)phenyl)methanesulfonamide (3I)
64% (step 1, using 2-bromo-4-chloroaniline), 83%[{s2), a

white solid (EtOAc :n-Hexane = 1:6 (step 1), 1:3 (step 2)), mp 2), a white solid (CEKCl, :

157-158 °C;’H NMR (CDCk, 400 MHz)d 2.44 (s, 3H), 3.01 (s,
3H), 6.51 (br s, 1H), 7.10 (d, = 16.0 Hz, 1H), 7.19-7.32 (m,
5H), 7.44 (d,J = 8.4 Hz, 1H), 7.59-7.61 (m, 2H}*C NMR

1H), 7.53 (s, 1H)®C NMR (CDCh, 100 MHz)§ 40.1, 55.3,
114.2, 119.0, 123.9, 126.7, 127.8, 128.2, 129.D.53133.1,
133.5, 134.1, 159.9; MS (Efjvz 337 (M), 258, 223, 208, 180,
152, 128, 112, 96, 89, 76, 63, 51.

4.2.17. (E)-N-(1-(2-Methylstyryl)naphthalen-2-
yl)methanesulfonamide (3Qq)

32% (step 1, using 2-amino-1-bromonaphthai§n86% (step
n-Hexane = 1:1 (step 1), & : n-
Hexane = 1:1 (step 2)), mp 194-195 °€; NMR (CDClk, 400
MHz) ¢ 2.41 (s, 3H), 3.04 (s, 3H), 7.02 (br s, 1H), 7.15J(¢,
16.8 Hz, 1H), 7.23 (d] = 16.4 Hz, 1H), 7.24-7.27 (m, 1H), 7.28-

(CDCl;, 100 MHz)¢ 19.9, 40.1, 122.6, 125.6, 126.36, 126.43,7.35 (m, 2H), 7.48-7.55 (m, 2H), 7.75-7.77 (m, 1HB277.87

126.9, 128.5, 128.6, 130.6, 131.8, 132.0, 132.61.313135.2,

136.2; MS (Elym/z 321 (M"), 242, 207, 191, 178, 165, 151, 128,

115, 102, 89, 76, 65, 51.

4.2.13. (E)-N-(2-(2-Methylstyryl)-4-
nitrophenyl)methanesulfonamide (3m)

30% (step 1, using 2-bromo-4-nitroaniline), 35%else), a
yellow solid (CHCI, : EtO : n-Hexane = 3:1:5 (step 1), GEl, :
n-Hexane = 2:1 (step 2)), mp 177-178 °8;NMR (acetoneds,
400 MHz) 6 2.47 (s, 3H), 3.21 (s, 3H), 7.24 (s, 3H), 7.46)d,
16.0 Hz, 1H), 7.60 (d) = 16.0 Hz, 1H), 7.74 (br s, 1H), 7.82 (d,
J=8.8 Hz, 1H), 8.19 (d] = 8.8 Hz, 1H), 8.55 (s, 1H), 8.95 (br s,
1H); *C NMR (acetoneds, 100 MHz)s 20.0, 41.0, 123.0, 123.5,
124.0, 126.8, 127.1, 129.3, 131.3, 132.6, 132.%.6,3137.3,
141.9, 145.7 (1 carbon is missing due to overlagppiMS (EI)

(m, 3H), 8.05 (ddJ = 1.4, 8.2 Hz, 1H)*C NMR (CDCk, 100

MHz) § 19.9, 40.3, 119.6, 122.8, 125.1, 125.3, 125.56,51

126.5, 127.0, 128.3, 128.7, 129.1, 130.8, 131.1.713132.5,

135.1, 136.1, 136.7; MS (Efjvz 337 (M), 258, 243, 207, 191,
167, 139, 127, 115, 96, 73, 63, 51.

4.2.18. (E)-N-(3-Methyl-2-(2-
methylstyryl)phenyl)methanesulfonamide (3r)

77% (step 1, using 2-bromo-3-methylaniline), 63%e[{L), a
white solid (EfO : n-Hexane = 1:1 (step 1 & step 2)), mp 81-82
°C;"H NMR (CDCL, 400 MHz)d 2.36 (s, 3H), 2.40 (s, 3H), 3.02
(s, 3H), 6.85 (br s, 1H), 6.86 (d,= 16.4 Hz, 1H), 6.99 (d] =
16.8 Hz, 1H), 7.07 (d) = 7.6 Hz, 1H), 7.21-7.28 (m, 4H), 7.47
(d, J = 8.0 Hz, 1H), 7.62-7.64 (m, 1H}°C NMR (CDCk, 100
MHz) ¢ 19.9, 20.9, 39.8, 117.3, 124.1, 125.4, 126.4, 5,26.

m/z 332 (M), 253, 236, 207, 178, 165, 152, 128, 115, 102, 91128.1, 128.5, 128.9, 130.6, 134.4, 135.0, 135.3,4337.9; MS

77,63, 51.

4.2.14. (E)-N-(5-Methoxy-2-(4-
methoxystyryl)phenyl)methanesulfonamide (3n)

In step 1, the requisite 2-vinylaniline was prepafien 2-
bromo-5-methoxy-1-nitrobenzene following the metmegdorted
by Driver and co-worker¥. In step 2: 56 %, (EtOAcn-Hexane
= 1:3), a white solid, mp 112-113 °@&{ NMR (CDCk, 400
MHz) ¢ 3.02 (s, 3H), 3.83 (s, 6H), 6.65 (br s, 1H), 6.81J(d,
6.8 Hz, 1H), 6.89 (dJ = 16.8 Hz, 1H), 6.90 (d] = 6.8 Hz, 2H),
7.05 (d,J = 16.0 Hz, 1H), 7.08 (s, 1H), 7.45 @= 8.0 Hz, 2H),
7.51 (d,J = 8.8 Hz, 1H);"*C NMR (CDCk, 100 MHz)¢ 39.8,
55.3, 55.5, 109.1, 112.8, 114.2, 119.7, 124.3, ®7127.81,
129.6, 131.0, 134.2, 159.5, 159.6; MS (HEik 333 (M), 254,
238, 223, 208, 196, 180, 167, 152, 139, 127, 1@, 91, 77, 63,
51.

4.2.15. (E)-N-(2-(4-Methoxystyryl)-5-
methylphenyl)methanesulfonamide (30)
60% (step 1, using 2-bromo-5-methylaniline), 69%{<), a

white solid (EtOAc :n-Hexane = 1:6 (step 1), 1:3 (step 2)), mp

149-150 °C;'H NMR (CDCl, 400 MHz)4 2.37 (s, 3H), 3.02 (s,
3H), 3.84 (s, 3H), 6.36 (br s, 1H), 6.91 {ds 8.8 Hz, 2H), 6.96
(d,J=16.0 Hz, 1H), 7.08 (d] = 8.8 Hz, 1H), 7.09 (dJ = 16.0
Hz, 1H), 7.31 (s, 1H), 7.45 (d,= 8.4 Hz, 2H), 7.50 (d) = 7.6
Hz, 1H);®*C NMR (CDCk, 100 MHz)6 21.2, 39.9, 55.3, 114.2,
120.2, 125.3, 126.6, 127.8, 128.0, 129.6, 131.2.9,3138.6,
159.7 (1 carbon is missing due to overlapping); (8§ m/z 317
(M%), 238, 223, 208, 194, 180, 165, 152, 130, 112, 883 77,
63, 51.

4.2.16. (E)-N-(5-Chloro-2-(4-
methoxystyryl)phenyl)methanesulfonamide (3p)

72% (step 1, using 2-iodo-5-chloroaniline), 73%eis), a
white solid (EtOAc n-Hexane = 1:6 (step 1), GAl, : n-Hexane
= 2:1 (step 2)), mp 141-142 °&4 NMR (CDCk, 400 MHz)4
3.06 (s, 3H), 3.85 (s, 3H), 6.54 (br s, 1H), 6.92)d; 8.4 Hz,
2H), 6.97 (dJ = 16.0 Hz, 1H), 7.03 (dl = 16.0 Hz, 1H), 7.22 (d,
J = 8.4 Hz, 1H), 7.46 (d) = 8.8 Hz, 2H), 7.51 (dJ = 8.8 Hz,

(El) miz 301 (M), 222, 207, 191, 178, 165, 152, 144, 130, 115,
103, 91, 77, 65, 51.

4.2.19. (E)-N-(2-Methyl-6-(2-
methylstyryl)phenyl)methanesulfonamide (3s)

59% (step 1, using 2-iodo-6-methylaniltfje 92% (step 2), a
white solid (EtOAc :n-Hexane = 1:15 (step 1), EtOAcn:
Hexane = 1:3 (step 2)), mp 126-127 °E; NMR (CDClk, 400
MHz) 6 2.43 (s, 3H), 2.47 (s, 3H), 3.03 (s, 3H), 6.32 (btH),
7.19-7.23 (m, 4H), 7.28 (§,= 7.6 Hz, 1H), 7.30 (d] = 16.4 Hz,
1H), 7.43 (d,J = 16.4 Hz, 1H), 7.57 (d) = 8.0 Hz, 1H), 7.63-
7.65 (m, 1H);"*C NMR (CDCk, 100 MHz)¢ 19.3, 19.9, 41.7,
124.4, 125.3, 126.0, 126.4, 128.0, 128.4, 129.2.5,3131.7,
135.88, 135.92, 137.2, 138.5 (1 carbon is missing do
overlapping); MS (Em/z 301 (M"), 222, 207, 191, 178, 165,
152, 130, 115, 103, 91, 77, 65, 51.

4.3. General procedurefor the Bi(OTf);-mediated
intramolecular hydroamination of N-Ms-2-aminostilbenes 3
for the synthesis of 2-arylindolines 4

To a solution of3 (0.03~0.8 mmol, 1 equiv) in CIGEH.CI
(0.3~8 mL, 0.1 M) in pressure tube were added Bi(Q)1~5
mol %). The resulting mixture was stirred at 80 20 1C for the
reported time under Ar atmosphere. After the reacties
completed, the reaction mixture was concentratexhcuo. The
residue was purified by column chromatography oicasigel to
afford the corresponding produttAll reactions were carried out
2-4 times repetitively and the average values ef yitelds are
given.

4.3.1. N-Ts-2-Phenylindoline (2)®

86%, a white solid (EtOAc n-Hexane = 1:5), mp 83-84 °C;
'H NMR (CDCL, 400 MHz) 4§ 2.30 (s, 3H), 2.81 (dd] = 2.8,
16.0 Hz, 1H), 3.21 (dd] = 10.2, 15.8 Hz, 1H), 5.26 (dd,= 3.0,
9.8 Hz, 1H), 6.97-6.98 (m, 2H), 7.10 @= 8.0 Hz, 2H), 7.17-
7.24 (m, 6H), 7.47 (d) = 8.0 Hz, 2H), 7.65 (d] = 8.0 Hz, 1H);
*C NMR (CDCE, 100 MHz) 6 21.5, 37.9, 64.7, 116.5, 124.5,



125.0, 126.0, 127.1, 127.6, 127.9, 128.6, 129.8.113135.3,
141.8, 142.6, 143.8; MS (Efjvz 349 (M), 194, 165, 152, 139,
116, 91, 77, 65, 51.

4.3.2. N-Bs-2-Phenylindoline

99%, a white solid (EtOAcn-Hexane = 1:4), mp 115-116 °C;
'"H NMR (CDCk, 400 MHz)6 2.83 (dd,J = 2.8, 16.0 Hz, 1H),
3.22 (dd,J = 10.2, 16.2 Hz, 1H), 5.29 (dd= 2.6, 10.2 Hz, 1H),
6.99-7.00 (m, 2H), 7.17-7.24 (m, 6H), 7.31J& 7.8 Hz, 2H),
7.45 (t,J=7.4 Hz, 1H), 7.60 (d] = 7.2 Hz, 2H), 7.67 (d] = 8.0
Hz, 1H);*C NMR (CDCk, 100 MHz)o 37.8, 64.8, 116.4, 124.6,
125.1, 126.0, 127.0, 127.7, 127.9, 128.6, 128.9,113132.9,
138.2, 141.7, 142.4; MS (Efyz 335 (M), 194, 165, 152, 141,
116, 91, 77, 65, 51.

4.3.3. N-Ns-2-Phenylindoline

99%, a white solid (EtOAcn-Hexane = 1:4), mp 193-194 °C;
'H NMR (CDCl, 400 MHz)6 2.92 (dd,J = 2.0, 16.4 Hz, 1H),
3.35 (dd,J = 10.2, 16.2 Hz, 1H), 5.35 (dd,= 2.2, 9.8 Hz, 1H),
7.04 (t,J = 7.8 Hz, 1H), 7.06 (t) = 7.2 Hz, 1H), 7.14-7.26 (m,
6H), 7.64 (dJ = 8.4 Hz, 1H), 7.72 (d) = 8.4 Hz, 2H), 8.11 (d]
= 8.4 Hz, 2H);13C NMR (CDCE, 100 MHz)J 37.8, 65.2, 115.5,
124.0, 125.0, 125.5, 126.1, 128.07, 128.09, 1288,7, 130.8,
140.9, 141.6, 144.1, 150.0; MS (Etjz 380 (M’), 194, 165, 152,
139, 122, 116, 91, 76, 65, 51.

4.3.4. N-Ms-2-Phenylindoline (4a)

99% (80 °C for 24 h), 98% (120 °C for 6 h), a whstid
(EtOAC : n-Hexane = 1:4), mp 187-188 °C'H NMR (CDCl,
400 MHz) 6 2.67 (s, 3H), 3.12 (dd] = 2.4, 16.4 Hz, 1H), 3.79
(dd,J = 10.6, 16.2 Hz, 1H), 5.42 (dd= 3.2, 10.0 Hz, 1H), 7.07
(t, = 7.4 Hz, 1H), 7.22 (d] = 8.0 Hz, 1H), 7.25- 7.33 (m, 6H),
7.43 (d,J = 8.0 Hz, 1H)®C NMR (CDC}k, 100 MHz)4 37.8,
38.0, 65.1, 114.0, 123.8, 125.4, 126.2, 128.12,1128128.8,
130.1, 141.7, 142.1; MS (Eiwz 273 (M"), 194, 165, 152, 139,
116, 91, 77, 65, 51; HRMS (El) [M+Na]Jwz calcd for
CisH1sNNaO,S 296.0716, found 296.0714.

4.3.5. N-Ms-2-(4-Methoxyphenyl)indoline (4b)

99% (1 mol% Bi(OTf) for 6 h), 86% (0.5 mol% Bi(OTf)for
24 h), a white solid (EtOAc n-Hexane = 1:2), mp 117-118 °C;
'"H NMR (CDCk, 400 MHz)§ 2.62 (s, 3H), 3.10 (dd] = 2.6,
16.2 Hz, 1H), 3.76 (dd] = 10.4, 16.0 Hz, 1H), 3.78 (s, 3H), 5.39
(dd,J = 3.2, 10.0 Hz, 1H), 6.83 (d,= 9.2 Hz, 2H), 7.06 (t) =
7.4 Hz, 1H), 7.22-7.26 (m, 4H), 7.39 @= 8.0 Hz, 1H);"°C
NMR (CDCl, 100 MHz) 5§ 37.88, 37.93, 55.2, 64.7, 113.8,
114.1, 123.6, 125.3, 127.6, 128.1, 130.2, 134.1,61459.4; MS

7
7.43 (d,J = 8.4 Hz, 1H);"*C NMR (CDC}L, 100 MHz)s 21.4,
37.7, 38.1, 65.1, 114.1, 123.0, 123.8, 125.3, 12R8.1, 128.7,
128.8, 130.2, 138.5, 141.8, 142.2; MS (gl 287 (M), 208,
193, 178, 165, 152, 130, 116, 103, 91, 77, 65,HRMS (EI)
[M+Na]® mvz calcd for GgH,NNaQ,S 310.0872, found
310.0870.

4.3.8. N-Ms-2-(o-Tolyl)indoline (4e)

100%, a white solid (EtOAc n-Hexane = 1:4), mp 171-172
°C;™H NMR (CDCh, 400 MHz)s 2.39 (s, 3H), 2.77 (s, 3H), 2.88
(dd,J = 3.6, 16.0 Hz, 1H), 3.78 (dd,= 10.4, 16.0 Hz, 1H), 5.60
(dd,J = 3.8, 10.2 Hz, 1H), 7.03 ({,= 7.4 Hz, 1H), 7.06-7.14 (m,
4H), 7.21-7.26 (m, 2H), 7.47 (d} = 8.0 Hz, 1H);"*C NMR
(CDCls, 100 MHz)¢ 19.3, 37.7, 37.8, 61.8, 114.2, 124.0, 125.1,
125.6, 126.5, 127.6, 128.1, 129.9, 130.7, 133.9,01442.0; MS
(El) m/z 287 (M), 208, 193, 178, 165, 152, 130, 116, 103, 91,
77, 65, 51; HRMS (El) [M+Nd&]nvz calcd for G¢H;-NNaO,S
310.0872, found 310.0871.

4.3.9. N-Ms-2-(4-Chlorophenyl)indoline (4f)

86%, a white solid (EtOAcn-Hexane = 1:4), mp 131-132 °C;
'H NMR (CDCL, 400 MHz) 4§ 2.74 (s, 3H), 3.05 (dd] = 3.2,
16.4 Hz, 1H), 3.79 (dd] = 10.4, 16.4 Hz, 1H), 5.38 (dd= 3.4,
10.2 Hz, 1H), 7.09 (t) = 7.4 Hz, 1H), 7.22 (d) = 7.2 Hz, 1H),
7.24-7.30 (m, 5H), 7.44 (d, = 7.6 Hz, 1H);"*C NMR (CDC},
100 MHz) ¢ 37.5, 38.0, 64.4, 114.3, 124.2, 125.4, 127.5,3,28.
129.0, 129.7, 133.8, 140.9, 141.5; MS (Rl 307 (M"), 228,
193, 165, 137, 117, 102, 96, 91, 82, 75, 65, 51; ISR(EI)
[M+Na]® m/z caled for GsgH;,CINNaO,S 330.0326, found
330.0328.

4.3.10. N-Ms-2-(Naphthalen-1-yl)indoline (4h)

92%, a white solid (EtOAcn-Hexane = 1:3), mp 145-146 °C;
'H NMR (CDCh, 400 MHz)§ 2.93 (s, 3H), 3.07 (dd] = 3.4,
16.2 Hz, 1H), 4.01 (dd] = 10.6, 16.2 Hz, 1H), 6.17 (dd= 3.6,
10.4 Hz, 1H), 7.09 (t) = 7.2 Hz, 1H), 7.15 (d) = 7.2 Hz, 1H),
7.31 (t,J= 7.6 Hz, 1H), 7.41 () = 7.8 Hz, 1H), 7.52 (t) = 7.4
Hz, 1H), 7.56 (tJ = 7.6 Hz, 1H), 7.63 (d] = 7.2 Hz, 1H), 7.65
(d, J=8.0 Hz, 1H), 7.78 (d] = 7.6 Hz, 1H), 7.90 (d] = 7.6 Hz,
1H), 7.96 (d,J = 8.4 Hz, 1H);"*C NMR (CDC}k, 100 MHz) s
37.4, 38.4, 62.5, 115.2, 122.8, 123.1, 124.5, 12825.7, 126.3,
128.21, 128.24, 129.2, 129.5, 130.4, 134.1, 1314.8 (1
carbon is missing due to overlapping); MS (Eig 323 (M),
244, 228, 215, 202, 189, 166, 153, 128, 121, 11479, 65, 51,
HRMS (El) [M+Na] mvz calcd for GgH;;NNaO,S 346.0872,
found 346.0869.

(El) miz 303 (M"), 224, 209, 193, 180, 165, 152, 133, 116, 914.3.11. N-Ms-2-(Thiophen-3-yl)indoline (4i)

77, 65, 51; HRMS (El) [M+N4]m/z calcd for GeHiNNaO;S
326.0821, found 326.0821.

4.3.6. N-Ms-2-(p-Tolyl)indoline (4c)

99%, a white solid (EtOAc n-Hexane = 1:4), mp 96-97 °C;
'H NMR (CDCk, 400 MHz)¢ 2.32 (s, 3H), 2.65 (s, 3H), 3.10
(dd,J = 3.0, 16.2 Hz, 1H), 3.77 (dd,= 10.0, 16.4 Hz, 1H), 5.39
(dd,J = 3.0, 10.2 Hz, 1H), 7.06 (§,= 7.4 Hz, 1H), 7.11 (d) =
7.6 Hz, 2H), 7.20-7.24 (m, 4H), 7.41 @= 7.6 Hz, 1H);"°C
NMR (CDCl, 100 MHz)6 21.1, 37.8, 38.0, 64.9, 113.9, 123.7,
125.3, 126.2, 128.1, 129.4, 130.2, 137.9, 139.1,7t4MS (EI)

92%, a white solid (EtOAcn-Hexane = 1:3), mp 140-141 °C;
'H NMR (CDCE, 400 MHz)§ 2.54 (s, 3H), 3.10 (dl = 16.4 Hz,
1H), 3.68 (dd,J = 9.6, 16.0 Hz, 1H), 5.52 (d, = 9.6 Hz, 1H),
6.91 (d,J = 5.2 Hz, 1H), 7.04 (tJ = 7.4 Hz, 1H), 7.19-7.26 (m,
4H), 7.33 (d,J = 8.0 Hz, 1H):"*C NMR (CDC}, 100 MHz)J
36.9, 37.7, 61.0, 114.0, 122.9, 123.7, 125.4, 12B26.8, 128.2,
130.2, 141.1, 142.0; MS (Etyz 279 (M"), 200, 167, 154, 129,
116, 91, 77, 65, 51; HRMS (El) [M+NaJmwz calcd for
C1aH1aNNaGO,S, 302.0280, found 302.0281

4.3.12. N-Ms-5-Methoxy-2-(o-tolyl)indoline (4j)

m/z 287 (M"), 208, 193, 178, 165, 152, 139, 128, 117, 103, 90, 44%, a beige solid (EtOAc-Hexane = 1:4), mp 194-195 °C;

77, 65, 51; HRMS (El) [M+Nd]m/z calcd for GgH,,NNaG,S
310.0872, found 310.0874.

4.3.7. N-Ms-2-(m-Tolyl)indoline (4d)

97%, a white solid (EtOAcn-Hexane = 1:4), mp 121-122 °C;
'H NMR (CDCk, 400 MHz)s 2.30 (s, 3H), 2.68 (s, 3H), 3.08
(dd,J=3.2, 16.4 Hz, 1H), 3.76 (dd,= 10.2, 16.2 Hz, 1H), 5.37
(dd,J = 3.4, 10.6 Hz, 1H), 7.04-7.12 (m, 4H), 7.17-7.24 3id),

'H NMR (CDCk, 400 MHz)é 2.41 (s, 3H), 2.80 (s, 3H), 2.86
(dd,J = 3.6, 16.0 Hz, 1H), 3.78 (s, 3H), 3.79 (dds 10.0, 16.0
Hz, 1H), 5.59 (ddJ = 3.4, 10.2 Hz, 1H), 6.73 (s, 1H), 6.80 (dd,
= 2.2, 9.0 Hz, 1H), 7.10-7.17 (m, 3H), 7.31 J&s 7.2 Hz, 1H),
7.45 (d,J = 8.4 Hz, 1H);"*C NMR (CDCk, 100 MHz)J 19.4,
36.7, 38.0, 55.7, 62.2, 111.5, 113.0, 115.8, 12628,5, 127.5,
130.6, 131.8, 133.7, 135.4, 141.0, 157.1; MS (&) 317 (M),
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238, 223, 207, 194, 180, 165, 152, 132, 118, 16399, 77,
65, 52; HRMS (EI) [M+Na] m/z calcd for G;H;sNNaO,S
340.0978, found 340.0980.

4.3.13. N-Ms-5-Methyl-2-(o-tolyl)indoline (4k)

93%, a white solid (EtOAcn-Hexane = 1:3), mp 156-157 °C;
'"H NMR (CDCk, 400 MHz)6 2.32 (s, 3H), 2.42 (s, 3H), 2.80 (s,
3H), 2.87 (ddJ = 3.6, 16.0 Hz, 1H), 3.79 (dd,= 10.4, 16.0 Hz,
1H), 5.60 (ddJ = 3.6, 10.4 Hz, 1H), 6.99 (s, 1H), 7.08 {d; 8.0
Hz, 1H), 7.11-7.17 (m, 3H), 7.30 (d= 7.2 Hz, 1H), 7.41 (d] =
8.4 Hz, 1H);**C NMR (CDC}k, 100 MHz)4d 19.4, 20.9, 37.1,
37.7,62.0,114.3, 125.1, 126.2, 126.4, 127.5,6,280.1, 130.6,
133.8, 133.9, 139.7, 141.1; MS (Efjz 301 (M"), 222, 207, 178,
165, 152, 130, 115, 103, 91, 77, 65, 53; HRMS (B Na]" nvz
calcd for G;H;gNNaO,S 324.1029, found 324.1027.

4.3.14. N-Ms-5-Chloro-2-(o-tolyl)indoline (4l)

99%, a white solid (EtOAcn-Hexane = 1:3), mp 177-178 °C;
'H NMR (CDCk, 400 MHz)d 2.41 (s, 3H), 2.79 (s, 3H), 2.91
(dd,J = 3.6, 16.4 Hz, 1H), 3.79 (dd,= 10.6, 16.2 Hz, 1H), 5.65
(dd,J = 3.4, 10.6 Hz, 1H), 7.11-7.19 (m, 4H), 7.22-7.24 i),
7.42 (d,J = 8.8 Hz, 1H);"*C NMR (CDCk, 100 MHz)¢ 19.3,
37.5, 37.9, 62.1, 115.1, 125.0, 125.7, 126.6, 12128.1, 129.2,
130.8, 131.9, 134.0, 140.4, 140.8; MS (R} 321 (M), 242,
207, 191, 178, 165, 151, 139, 125, 116, 102, 89,687 51;
HRMS (EI) [M+Na] n/z calcd for GeH:cCINNaOS 344.0482,
found 344.0482.

4.3.15. N-Ms-5-Nitro-2-(o-tolyl)indoline (4m)

97%, a light yellow solid (EtOAc n-Hexane = 1:2), mp 169-
170 °C;*H NMR (CDCh, 400 MHz)d 2.44 (s, 3H), 2.78 (s, 3H),
3.06 (dd,J = 3.2, 16.4 Hz, 1H), 3.87 (dd,= 10.6, 16.6 Hz, 1H),
5.83 (dd,J = 3.8, 11.0 Hz, 1H), 7.15-7.21 (m, 4H), 7.51 Jd;
9.2 Hz, 1H), 8.07 (s, 1H), 8.21 (d,= 8.8 Hz, 1H);"*C NMR
(CDCls, 100 MHz)0 19.3, 37.1, 39.9, 62.4, 112.5, 121.5, 124.9
125.2,126.8, 128.4, 131.0, 131.2, 134.5, 139.8,814.47.8; MS
(El) m/z 332 (M), 253, 207, 178, 165, 152, 139, 128, 115, 102
89, 77, 63, 51; HRMS (El) [M+Na] m/z calcd for
Cy6H16N2NaQ,S 355.0723, found 355.0721.

4.3.16. N-Ms-6-Methoxy-2-(4-
methoxyphenyl)indoline (4n)

37%, a white solid (EtOAc n-Hexane = 1:3), mp 87-88 °C;
'H NMR (CDCL, 400 MHz) 4§ 2.62 (s, 3H), 3.02 (dd] = 2.2,
15.8 Hz, 1H), 3.68 (dd] = 10.0, 15.6 Hz, 1H), 3.78 (s, 3H), 3.82
(s, 3H), 5.38 (ddJ = 2.8, 9.6 Hz, 1H), 6.60 (dd,= 1.8, 8.2 Hz,
1H), 6.83 (dJ = 8.4 Hz, 2H), 7.00 (d] = 2.0 Hz, 1H), 7.10 (dJ
= 8.4 Hz, 1H), 7.24 (dJ = 8.4 Hz, 2H);**C NMR (CDC}, 100
MHz) § 37.2, 37.9, 55.2, 55.6, 65.6, 100.6, 109.1, 11122.0,
125.5, 127.6, 134.1, 142.8, 159.3, 160.1; MS (&) 333 (M),
254, 239, 223, 208, 196, 180, 167, 152, 146, 139, 121, 106,
91, 77, 65, 51; HRMS (El) [M+N&wz calcd for GH;JNNaQ,S
356.0927, found 356.0926.

4.3.17. N-Ms-2-(4-Methoxyphenyl)-6-methylindoline
(40)

91% (0.5 mol% Bi(OTf) for 1 h), 90% (0.1 mol% Bi(OT)
for 6 days), a white solid (EtOAm:Hexane = 1:3), mp 164-165
°C; *H NMR (CDCL, 400 MHz)s 2.36 (s, 3H), 2.62 (s, 3H), 3.04
(dd,J = 2.4, 16.4 Hz, 1H), 3.71 (dd,= 10.4, 16.0 Hz, 1H), 3.78
(s, 3H), 5.38 (ddJ = 2.6, 10.2 Hz, 1H), 6.83 (d,= 8.4 Hz, 2H),
6.87 (d,J = 7.6 Hz, 1H), 7.10 (dJ = 7.6 Hz, 1H), 7.23 (s, 1H),
7.24 (d,J = 8.4 Hz, 2H);"*C NMR (CDCk, 100 MHz)4 21.6,
37.6, 37.9, 55.2, 65.0, 114.0, 114.6, 124.4, 12429.3, 127.6,
134.2, 138.2, 141.7, 159.3; MS (Eijz 317 (M), 238, 223, 208,
194, 180, 165, 152, 146, 130, 119, 103, 97, 89, 657, 51;
HRMS (El) [M+Na] m/z calcd for G;H;JNNaQ;S 340.0978,
found 340.0979.

Tetrahedron

4.3.18. N-Ms-6-Chloroindole

58%, a colorless solid (EtOAM:Hexane = 1:3), mp 111-112
°C; *H NMR (CDClk, 400 MHz)s 3.13 (s, 3H), 6.69 (d] = 2.8
Hz, 1H), 7.28 (d,) = 8.0 Hz, 1H), 7.43 (d] = 3.6 Hz, 1H), 7.54
(d, J = 8.0 Hz, 1H), 7.94 (s, 1H}*C NMR (CDCk, 100 MHz)J
41.0, 108.6, 113.2, 122.4, 124.2, 126.6, 129.1,838B5.1; MS
(El) 'z 229 (M), 150, 123, 114, 97, 88, 73, 63, 51; HRMS (EI)
[M+Na]® m/z caled for GHCINNaO,S 251.9856, found
251.9854.

4.3.19. N-Ms-2-(o-Tolyl)-2,3-dihydro-1H-
benzo[e]indole (4q)

73%, a white solid (EtOAcn-Hexane = 1:4), mp 179-180 °C;
'H NMR (CDCk, 400 MHz)6 2.49 (s, 3H), 2.85 (s, 3H), 3.22
(dd,J=4.2, 16.2 Hz, 1H), 4.13 (dd,= 10.6, 16.2 Hz, 1H), 5.79
(dd,J=4.2,10.6 Hz, 1H), 7.12 (§,= 7.2 Hz, 1H), 7.17 (td) =
1.2, 7.2 Hz, 1H), 7.20 (dl = 7.2 Hz, 1H), 7.36 (d) = 7.2 Hz,
1H), 7.42 (tdJ= 0.8, 7.4 Hz, 1H), 7.50 (td,= 0.9, 7.6 Hz, 1H),
7.59 (d,J = 8.4 Hz, 1H), 7.84 (s, 2H), 7.88 (@~ 8.0 Hz, 1H);
¥C NMR (CDCE, 100 MHz)¢6 19.4, 36.7, 37.7, 62.5, 115.1,
123.1, 123.6, 124.8, 125.3, 126.6, 127.1, 127.®.712129.3,
130.4, 130.7, 131.1, 133.8, 139.5, 141.2; MS (®#)337 (M),
258, 243, 228, 207, 191, 167, 141, 127, 115, 91,683 51;
HRMS (El) [M+Na]' mvz calcd for GoH;NNaO,S 360.1029,
found 360.1027.

4.3.20. N-Ms-2-(0-Tolyl)-3H-benzo[ e] indole

13%, a brown solid (EtOAc n-Hexane = 1:4), mp 152-153
°C; 'H NMR (CDCl, 400 MHz)d 2.34 (s, 3H), 2.92 (s, 3H), 7.15
(s, 1H), 7.28 ()= 7.6 Hz, 1H), 7.32 (d] = 7.2 Hz, 1H), 7.37 (d,
J=17.2 Hz, 1H), 7.40 (td) = 1.2, 7.2 Hz, 1H), 7.54 (td,= 1.2,
7.4 Hz, 1H), 7.62 (td) = 1.0, 7.5 Hz, 1H), 7.81 (d, = 9.2 Hz,
1H), 7.98 (dJ = 8.0 Hz, 1H), 8.19 (d] = 8.0 Hz, 1H), 8.27 (dJ
= 8.8 Hz, 1H);®*C NMR (CDC}, 100 MHz)6 20.5, 41.3, 110.2,

'114.7, 123.2, 125.1, 125.3, 125.5, 125.7, 126.4,.012128.5,

129.3, 129.8, 130.3, 130.7, 132.2, 133.7, 139.9,43VS (El)
™z 335 (M), 256, 207, 127, 113, 96, 89, 73, 63, 51; HRMS (EI)
[M+Na]®* mvz caled for GgH;;NNaO,S 358.0872, found
358.0874.

4.3.21. N-Ms-4-Methyl-2-(o-tolyl)indoline (4r)

100%, a white solid (EtOAc n-Hexane = 1:3), mp 127-128
°C;'"H NMR (CDCL, 400 MHz)s 2.19 (s, 3H), 2.44 (s, 3H), 2.81
(s, 3H), 2.83 (ddJ = 4.0, 16.4 Hz, 1H), 3.71 (dd,= 10.6, 16.2
Hz, 1H), 5.65 (ddJ = 3.8, 10.6 Hz, 1H), 6.90 (d,= 7.6 Hz, 1H),
7.11-7.21 (m, 4H), 7.31 (dd,= 1.2, 6.8 Hz, 1H), 7.35 (d,= 8.0
Hz, 1H); *C NMR (CDC}, 100 MHz)§ 18.7, 19.4, 36.9, 37.5,
61.8, 111.7, 125.1, 125.2, 126.5, 127.5, 128.3,.5,2830.7,
133.8, 135.2, 141.4, 141.8; MS (Efjz 301 (M"), 222, 207, 191,
178, 165, 152, 130, 110, 103, 91, 77, 65, 51; HRMEH (
[M+Na]®* mvVz caled for G/H;sNNaO,S 324.1029, found
324.1027.

4.3.22. N-Ms-7-Methyl-2-(o-tolyl)indoline (4s)

78%, a white solid (C§Cl, : n-Hexane = 1:1), mp 140-141
°C; 'H NMR (CDCl, 400 MHz)d 2.43 (s, 3H), 2.61 (s, 3H), 2.74
(d, J = 16.0 Hz, 1H), 2.94 (s, 3H), 3.91 (dii= 8.6, 15.8 Hz,
1H), 5.80 (dJ = 8.4 Hz, 1H), 7.02 (d] = 7.2 Hz, 1H), 7.04-7.07
(m, 2H), 7.09 (dJ = 7.2 Hz, 1H), 7.12-7.16 (m, 2H), 7.18 (b
7.6 Hz, 1H);"*C NMR (CDC}k, 100 MHz)¢ 19.4, 20.1, 38.2,
38.6, 63.5, 122.9, 124.4, 126.1, 126.7, 127.3,6,380.7, 131.0,
133.8, 134.2, 139.9, 141.1; MS (Efjz 301 (M"), 222, 207, 178,
165, 152, 130, 110, 103, 91, 77, 65, 51; HRMS (B} Illa]" m/z
calcd for G/H:0NNaG,S 324.1029, found 324.1028.
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