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ABSTRACT

A range of aryl substituted spirocycles containthg indole moiety have been assembled
through Claisen rearrangement, Fischer indole zgtbn, ring-closing metathesis and the
Suzuki—Miyaura cross-coupling reactions. Some oés¢éh molecules contain either a
spirocyclic system or an indeno[1plndole framework which is present in diverse bibae
targets. Here, we have used simple and readilyladlai starting materials to generate a

library of spirocycles with an indole unit in thaiructures.
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1. Introduction

Indole is a unique heterocycle and functionalizedoles have been referred as privileged
structures because they are a feature in a largebew of bioactive moleculésThe
construction and derivatization of compounds coitg an indole moiety has drawn a
considerable amount of attention of synthetic oilgahemists. Over the last decade, several
efforts have been directed to develop simple afidieft methodologiesfor the synthesis of
indole-based compounds. More specifically, the maflé,2bjindole frameworkl (Fig. 1)
has gained importance in the realm of biologicalwasl as pharmacologically active
substance.The structures of some important bioactive molesutontaining the indole

moiety are shown in Fig. 1.



Spirocycles have drawn a considerable amount ehtidin of the synthetic as well as
material chemists due to the challenges involvethécreation of a quaternary cemra.
variety of complex molecules such as fredericamycfenestrindane alicyclic
[5.5.5.5]fenestrane contain a spiro linkage as racstral uni® Even though numerous
method$ are available in the literature to construct spinbes, most of them have limitations
due to functional-group tolererand group diversity.

In view of the importance of spirocycles as welliadoles, we envisioned a novel
synthetic approach to spirocycles with an indoleetyathrough Claisen rearrangement (CR),
Fischer indole cyclization (FIC), ring-closing migtesis (RCM§® and Suzuki—-Miyaura (SM)
cross-coupling reactions. Furthermore, incorporatadi the SM cross-coupling reaction

during the construction of spirocyclic systemsather scarcé’
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Fig 1. Some biologically important compounds
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Fig. 2. Ru-catalysts [G-(I-1I)] used in our study



Our interest in spirocycles containing an indoleiehyoencompasses to prepare a range of
intricate spirocycles with an indole unit and funttenhance the indole library via the SM

cross-coupling reactioft.

2. Results and discussion

To begin with, we generated the di-allyl derivatBéy treating 6-bromo-2-naphtha@lwith
allyl bromide followed by a microwave irradiated \Wf) CR. The di-allylated compoungl
was then subjected to the RCM sequence in the mresef Grubbs’ second generation

catalyst (Fig. 2) to deliver the known spiro compd@ (Scheme 12

Z4
OH (i) K,CO3, allylBr, rt, 8 h, 97%
(ii) MWI (800 W), 7 min, 78% O G-I G-I (5 mol%) O‘
(iii) KoCOs, allylBr, 1t, 14 h,90% g, CH2C12,rt 12h g,

(iv) MWI (800 W), 6 min, 76% 91%

Scheme 1Design and synthesis of building blogk

Next, the tricyclic spiro derivativ@ was subjected to SM cross-coupling with phenylb@ro
acid to furnish the desired cross-coupling produa in 96% yield (Scheme 2, Fig. 3). The
scope of the cross-coupling reaction was furthéereded by using other arylboronic acids to
deliver the desired produci®b-f in good to excellent yields (Fig. 3). The new caupds
were fully characterized byH, **C NMR spectroscopy and further supported by high-

resolution mass spectrometric (HRMS) data.

Ar-B(OH), (2 equiv) ‘
‘ o Pd(PPh3), (5 mol%) 0
O‘ Na,CO; (3 equiv) O‘
toluene/THF/H,0O (1:1:1)  Ar
100 °C, 16-30 h 10a-f (70-96 %)

Scheme 2The SM cross-coupling of compoufid
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10a (96%) 10b (81%) 10c (79%) 10d (70%)

Fig. 3. List of the SM cross-coupling products®f

To further expand the substrate scope to spirosycke have also selected 5-bromo-1-
indanonell as a starting material. The allylation of the imolae11 under NaH/allyl bromide

conditions furnished the di-allyl ketord® in 70% yield. This compound was then subjected
to the RCM sequence with the aid of Grubbs’ firshgration catalyst (Fig. 2) to generate the

required spirocyclic framework3 in excellent yield (Scheme %).
0 0
Br alller rt CH2C12> Br
11 12 h, 70% 14 h, 90% 3

Scheme 3Synthesis of 1-indanone-based spirocyclic analdgue

Having the bromo derivativé3 in hand, the SM cross-coupling reaction with plieosonic
acid using Pd(PR, NaCOs; in a THF/toluene/water solvent mixture gave theptmg
productl4ain 92% yield (Scheme 4, Fig. 4). Additionally, etlSM coupling product$4b-
d were also generated by treating the compoi®avith other functionalized arylboronic
acids (Scheme 4, Fig. 4).

Ar-B(OH), (2 equiv)

O Pd(PPhy), (5 mol%) ?
Na,CO; (3 equiv)
Br toluene/THF/H,O (1:1:1)  Ar
13

100 °C, 20-24 h 14a-d (86-92 %)

Scheme 4Synthesis of 1-indanone-based spirocyiks-d
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14a (92%) 14b (86%) 14c¢ (89%) 14d (86%)
Fig. 4. List of SM cross-coupling products obtained friaé

Spirocycles as well as indole motif containing compds are useful candidates from a
biological point of view*® Therefore, the molecular skeleton which integrafgisocyclic as
well as indole moieties might possess propertidsotth and provide new chemical probes in
drug design and development. For this, we areeasted in applying the RCM sequence to
assemble a library of hybrid molecules containioghbof these units in their structures. To
achieve this goal, the known compourid&a-G 24 and27 were prepared from the readily
available starting materialt5a-c (Scheme 5) an@2 (Scheme 8), respectively. Compound
17a was then subjected to FIC with phenylhydrazinerbgdioride using a low melting
mixture of L-(+)-tartaric acid\,N-dimethylurea [L-(+)-TA:DMU] (30:70) to afford the
desired di-indole derivativ&9 along with mono-indole derivativé8 (Scheme 6). The di-
indole derivativel9 on treatment with NaH/Mel in THF afforded theN-dimethylated di-
indole derivative20ain 87% vyield.

0O  K,CO 0 0O
TBAHS 7 G-I, CHyCl, y
X X
allylBr, MeCN N 6-8h
O rt,810h (0] 0]
15 16 17

X=CMe,, 15a X= CMe,, 16a (67%) X= CMe,, 17a (86%)
X= CHPh, 15b X= CHPh, 16b (70%) X= CHPh, 17b (87%)
X=CH,, 15¢ X=CH,, 16¢ (62%) X=CH,, 17¢c(81%)

Scheme 5Preparation o1 7a-c(TBAHS = Tetrabutylammonium hydrogen sulphate)



O L-(+)-TA:DMU (30:70)
PhNHNH,.HCI NaH, THF
70°C, 6 h Mel, rt
0 16 h, 87%
17a
18 (15%) 19 (47%) 20a

Scheme 6Synthesis of spirocycles containing the indole ryoie

We found that the noN-methylated indole derivatives were unstable afiicdit to
handle, therefore, we synthesized Mwenethylated indole derivative®da-c (Scheme 7)25
and 28, (Scheme 8) directly by treating their correspagdketo precursoré7a-c (Scheme
7), 24 and27 (Scheme 8) with 1-methyl-1-phenylhydrazine by gsinlow melting mixture
of L-(+)-TA:DMU (30:70). Several natural produttontain the quinone subunit in their
structure. In this context, we have also synthesq&none-based spiroindole derivatigis
and 26, starting with the corresponding indo28c and25 under selenium dioxide (SeQ)
conditions in 89% and 85% yields, respectively €uhs 7 and 8).

O  L-(+)-TA:DMU (30:70)

N PhMeNNH,
70 °C, 5-6 h

When X= CH,

Se0,, 1,4-dioxane

o N~ reflux, 12 h, 89%
17 20
X=CMe,, 17a (86%) X=CMe,, 20a (62%)
X= CHPh, 17b (87%) X= CHPh, 20b (69%) 21
X=CH,, 17¢(81%) X=CH,, 20c (74%)

Scheme 7Synthesis of quinone-based spiroindole derivalilre



K,CO;3 (D TADMU (30:70)
@O TBAHS o CH2C12 PhMeNNH, O
allylBr, MeCN 10k 70 °C, 6 h, 67%

79%

- 25
2 rt, 10 h, 77% 24 | pdiC SeO,, 1,4-dioxane l

Hz, MeOH reflux, 15 h, 85%

L-(+)-TA:DMU (30:70)
PhMeNNH, 0
70 °C, 10 h
82%
27

Scheme 8Synthesis of spirocycles containing an indole unit

To further expand the utility of spiroindole detfiives, we used a different sequence
i.e. Fischer indole cyclization, allylation folloa@dy the RCM reaction. Here, the indeno[1,2-
blindole frameworks are used as the active methyfearety which were obtained from the
FIC of 1-indanone derivatives. To this end, we genfed the FIC of 2-indanorZ9 using a
low melting mixture of L-(+)-TA:DMU (30:70) to funish the indeno[1,d]indole derivative
30 in 91% vyield (Scheme 9). Compoul® was then subjected to di-allylation by using
NaH/allyl bromide in THF to afford the compouBd in 71% yield. Next, compoungil was
exposed to the RCM sequence with the aid of thec&adlyst to deliver compourg®2 in 80%
yield (Scheme 9).

L-(+)-TA:DMU (30:70) NaH
PhMeNNH2 N ﬂ»
O ——— AN
70°C,2h,91% allylBr, rt
12'h, 71%

29 30

Scheme 9Synthesis of spirocycles containing an indole rtyos¢éarting with 2-indanon29

To explore the scope of this methodology in termhsubstituent effect at the 5-
position of the 1-indanone derivatives, the compisBBa-c were subjected to FIC using a
low melting mixture of L-(+)-TA:DMU (30:70) to deler the spiroindole derivativéa-c
in good to excellent yields (Scheme 10). The infle2eb]indole derivative34a-cwere then
treated with NaH/allyl bromide to furnish the diyéted systems35a-c in good vyields,
which on a subsequent RCM sequence with the ai@-btatalyst afforded the spirocyclic

systems with an indole unit in their structuresh@ue 10). Here, we observed that electron



withdrawing group at 5-position of 1-indanone i®fus$ to provide better yields during the

course of allylation sequence (Scheme 10).

O L-(+)-TA:DMU (30:70) NaH G-l
Neol oo B SO 98 LT
70 °C,2-4 h alller rt rt, 68h O’
12-20h R
36 g
R=H, 33a R=H, 34a(95%) R=H, 35a(65%) R=H, 36a(83%)
R = OMe, 33b R = OMe, 34b (88%) R = OMe, 35b (60%) R = OMe, 36b (94%)
R=Br, 33¢ R=Br, 34c(96%) R=Br, 35¢(75%) R=Br, 36¢ (86%)

Scheme 10Synthesis of spirocycles containing the indenefi@dole framework

Compounds36a-c contain the indeno[1,Blindole framework which is present in many
biologically relevant molecules (e.@, Fig. 1). Therefore, it was worthy to derivatize
compound36¢ through the SM cross-coupling reaction by varythg boronic acid to
generate a library of spirocycles containing theemo[1,2blindole framework. These

reactions proceeded in good to excelent yieldsé®ehll, Fig. 5).

Ar-B(OH), (2 equiv) \
Na,CO3 (3 equiv)
toluene/THF/H,0 (1:1:1)
100 °C, 8-20 h

Scheme 11The SM cross-coupling reaction 86c
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Fig. 5. Substrate scope of spirocycles containing thenade2-bjindole framework

3. Conclusions

We have demonstrated a simple strategy to asseddisely functionalized spirocycles
containing the indole moiety in their structure.réeleve have used CR, FIC, RCM and SM
cross-coupling reactions. There are several dityemdints embedded in our strategy for
example, by utilizing commercially available bororacids, one can generate a library of
compounds in a diversity oriented manner. We harmeahstrated this idea with substra@es
13 and36c¢ by using a variety of boronic acids to assembiange of spirocycles. In addition,
our theme has diversity points in terms of strae@s well as starting ketone components
used. Here, we have prepared around 46 new compowith several option for

divercification®

4. Experimental section

All commercially accessible reagents were used awitifurther purification and reactions
involving air sensitive catalysts or reagents weeeformed in degassed solvents. Moisture
sensitive materials were transferred using syrsg@um techniques and the reactions were
maintained under nitrogen atmosphere. Analyticat fhyer chromatography (TLC) was
performed on (7.5%x2.5 cm) glass plates coated Wdime’s silica gel GF 254 (containing
13% calcium sulfate as a binder) by using a sietahixture of EtOAc and petroleum ether
for development. Column chromatography was perfdrimg using Acme'’s silica gel (100-



200 mesh) with an appropriate mixture of EtOAc agmetroleum ether. The coupling
constants J) are given in hertz (Hz) and chemical shifts aemated in parts per million
(ppm) downfield from internal standard, tetramesiighe (TMS). The abbreviations, s, d, t,
g, m, dd and td, refer to singlet, doublet, tripptartet, multiplet, doublet of doublets, and
triplet of doublets respectively. GrubBbsatalysts were purchased from Sigma Aldrich.
Infrared (IR) spectra were recorded on Nicolet o0 FT IR spectrometer in CHCI
Proton nuclear magnetic resonantid NMR, 300 MHz, 400 MHz and 500 MHz) spectra
and carbon nuclear magnetic resonani@ KNMR, 75 MHz, 100 MHz and 125 MHz) spectra
were recorded on a Bruker spectrometer. The higblidon mass measurements were
carried out by using electrospray ionization (E3{ToF) spectrometer. Melting points were
recorded on a Veego melting point apparatus.

Preparation of the known compounds 9 and 13, 17a dril7c, 17b, 24 and 27, 30, 34a:

All these compounds were prepared using literateported procedures, thél and *°C
NMR spectra of these compounds matched with tlegaliire reported spectroscopic data,
respectively- 1721

General procedure for the Fischer indole cyclizatin: To a clear melted mixture (1.5 g) of
L-(+)-TA-DMU (30:70) at 70°C, was added 1-methyl-phenyl hydrazine (1.5-3 &gaid
the ketone components (1 equiv). The reaction méxtvas stirred at at 7 for 2-10 h. At
the conclusion of the reaction (TLC monitoring)e tiharm reaction mixture was diluted with
water. The reaction mixture was cooled to room terafure, filtered through sintered glass
funnel and the solid material was washed with wétex 20 mL). The crude products were
purified by silica gel column chromatography usiagpropriate mixture of ethyl acetate
/petroleum ether to afford the desired products.

General procedure for the allylation of 30 and 34&: To a suspension of sodium hydride
(3 equiv) in dry THF (20 mL), was added the compb860 or 34a-cand the reaction mixture
was stirred for 15 min at room temperature. Allybinide (3 equiv) was then added and
stirring was continued for 10-30 h at the same tampre. At the conclusion of the reaction
(TLC monitoring), the reaction mixture was dilute@dh EtOAc and the solvent was removed
under reduced pressure. Compounds were then edraith CHCI, and the crude products
were purified by silica gel column chromatograplsing appropriate mixtures of EtOAc-
petroleum ether to afford the desired di-allylatedchpound3l or 35a-c

General procedure for RCM sequence of 3and 35a-c: The solution of compoundl or
35a-cin CHCl, (20 mL) was degassed with nitrogen for 15-20 niinen, G-I (5 mol%)

catalyst was added and the reaction mixture wa®dtat room temperature for 10-12 h. At

10



the conclusion of the reaction (TLC monitoring)e tholvent was removed under reduced
pressure and the crude products were purified ligasgel column chromatography using
appropriate mixtures of EtOAc-petroleum ether foraf the RCM producB2 or 36a-c

General procedure for the Suzuki—-Miyaura cross-coufing reaction: To a solution of
bromo derivatives9, 13 or 36¢ in THF/toluene/water (1:1:1, each 10 mL) were adde
NaCO;s (3.0 equiv) and arylboronic acid (2.0 equiv). Thaction mixture was degassed with
nitrogen for 20 min. Pd(PRJa (5 mol%) was then added and the reaction mixtias meated
at 100°C. At the conclusion of the reaction (8-30 h, TL®mitoring), the reaction mixture
was diluted with water and the organic layer wasageted with CHCI,. The organic layer
was washed with water as well as brine and drie®3®N,). The solvent was removed on
rotavapour and the crude products were purifiediliga gel column chromatography using
appropriate mixtures of EtOAc-petroleum ether tdoraf the desired Suzuki coupling
products.

Synthesis of compoundl0Oa: This compound was prepared according to the gknera
procedure by using bromo derivati9€40 mg, 0.15 mmol) and phenylboronic acid (35.5 mg
0.30 mmol), NaCO;s (62 mg, 0.58 mmol) and the catalyst Pd(§P({16.8 mg, 0.014 mmol)
for 12 h. The crude material was purified by silgel column chromatography (2% EtOAc-
petroleum ether) to yield the desired prodl@a (38 mg, 96%) as a colorless solRi; = 0.45
(silica gel, 5% EtOAc-petroleum ether); mp 122-FZ8 Ry = 0.45 (silica gel, 5% EtOAc-
petroleum ether)H NMR (400 MHz, CDCJ): 07.35-7.60 (m, 9H), 6.26 (d,= 9.8 Hz, 1H),
5.82 (s, 2H), 3.20 (dJ = 13.8 Hz, 2H), 2.66 (d] = 13.8 Hz, 2H);**C NMR (100 MHz,
CDCl3): 6204.7, 148.5, 145.5, 140.2, 140.0, 129.3, 1228,8] 128.5, 127.8, 127.7, 127.1,
126.4, 125.5, 55.9, 49.5; IR (KB)iux 3054, 2986, 2305, 1429, 1265 tMHRMS (Q-Tof):
m/z calcd. for GoH170 [M+H]* 273.1279; found: 273.1288.

Synthesis of compoundLOb: Colourless solid; yield = 81% (42 mg, starting fr&® mg of
9); reaction time = 18 h; mp 146-148 °R;;= 0.17 (silica gel, 2% EtOAc-petroleum ether);
'H NMR (300 MHz, CDCY): §7.35-7.59 (m, 7H), 7.19 (d,= 6.7 Hz, 1H), 6.26 (d) = 9.7
Hz, 1H), 5.82 (s, 2H), 3.21 (d,= 13.9 Hz, 2H), 2.68 (d] = 13.9 Hz, 2H), 2.43 (s, 3H}*C
NMR (75 MHz, CDC}): J 204.6, 148.3, 145.4, 140.1, 138.6, 129.2, 12828.7], 128.5,
128.4, 127.8, 127.7, 126.2, 125.4, 124.2, 55.9,481.6; IR (KBr):vmx 3055, 2922, 2849,
2304, 1661 cil; HRMS (Q-Tof): m/z calcd. for GiHigO [M+H]* 287.1436; found:
287.1436.
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Synthesis of compoundlOc: Colourless solid; yield = 79% (43 mg, startingnir@0 mg of
9); reaction time = 30 h; mp 134-136 °R;;= 0.40 (silica gel, 10% EtOAc-petroleum ether);
'H NMR (400 MHz, CDCJ): 610.12 (s, 1H), 7.76-7.82 (m, 4H), 7.64 ( dd= 8.1 Hz,J, =
2.0 Hz, 1H ), 7.51-7.59 (m, 3H), 6.29 (0= 9.9 Hz, 1H), 5.83 (s, 2H), 3.21 @@= 13.8 Hz,
2H), 2.66 (d,J = 13.8 Hz, 2H)*C NMR (100 MHz, CDGJ): J204.3, 191.9, 149.6, 146.0,
145.7, 144.9, 138.4, 136.1, 135.6, 130.54, 130129,4, 128.8, 128.2, 127.9, 127.6, 126.6,
125.8, 55.9, 49.4; IR (KBr)omx 3053, 2985, 2304, 1700, 1604 E¢nHRMS (Q-Tof): m/z
calcd. for GiH170, [M+H] " 301.1229; found: 301.1218.

Synthesis of compoundLOd: Colourless solid; yield = 70% (45 mg, startingnfr&0 mg of
9); reaction time = 16 h; mp 118-122 °R;;= 0.18 (silica gel, 2% EtOAc-petroleum ether);
'H NMR (400 MHz, CDCJ): §7.44-7.60 (m, 8H), 6.27 (d,= 9.9 Hz, 1H), 5.82 (s, 2H), 3.21
(d,J = 13.8 Hz, 2H), 2.67 (dl = 13.8 Hz, 2H)**C NMR (75 MHz, CDC}): 5204.5, 148.9,
145.2, 139.1, 138.8, 132.2, 132.1, 129.0, 128.8.7.2128.6, 127.6, 127.5, 126.5, 125.7,
122.1, 55.9, 53.6, 49.4; IR (KBr)imx 3054, 2987, 2305, 1655 EmHRMS (Q-Tof): m/z
calcd. for GoH160"°Br [M+H]* 351.0385; found: 351.0375.

Synthesis of compoundLOe: Colourless solid; yield = 92% (46 mg, startingnir@0 mg of
9); reaction time = 20 h; mp 156-158 °R;;= 0.17 (silica gel, 2% EtOAc-petroleum ether);
'H NMR (400 MHz, CDC}): J7.58-7.59 (dd)); = 8.1 Hz,J, = 1.9 Hz, 1H), 7.46-7.51 (m,
3H), 7.38-7.42 (m, 3H), 6.26 (d,= 9.8 Hz, 1H), 5.81 (s, 2H), 3.19 @F 13.7 Hz, 2H), 2.66
(d, J = 13.7 Hz, 2H);®*C NMR (100 MHz, CDG)): J 204.6, 148.3, 145.3, 141.3, 134.7,
128.8, 128.6, 128.5, 126.9, 126.7, 126.4, 126.8,5,220.7, 55.9, 49.4; IR (KB)jmx 3101,
3055, 2920, 2849, 1660, 1562 ¢mMHRMS (Q-Tof): m/z calcd. for GgH150S [M+H]
279.0844; found: 279.0835.

Synthesis of compoundLOf: Colourless solid; yield = 78% (37 mg, starting frd® mg of
9); reaction time = 21 h; mp 161-163 °R;;= 0.52 (silica gel, 10% EtOAc-petroleum ether);
'H NMR (400 MHz, CDCY): §7.79-7.86 (m, 2H), 7.71 (dd; = 8.2 Hz,J, = 2.1 Hz 1H),
7.63 (d,J =2.1 Hz, 1H), 7.57 (s, 1H), 7.53 @z 6.9 Hz, 1H), 7.44 (d] = 8.3 Hz, 1H), 7.32-
7.39 (m, 2H), 6.29 (d) = 9.8 Hz, 1H), 5.83 (s, 2H), 3.20 @~ 13.8 Hz, 2H), 2.66 (d] =
13.8 Hz, 2H);**C NMR (100 MHz, CDGJ): J 204.2, 149.2, 144.8, 142.9. 140.6, 139.5,
133.1, 128.7, 128.4, 126.8, 126.4, 125.8, 124.8,712123.7, 122.4, 119.8, 55.9, 49.3; IR
(KBr): vmex 3052, 2986, 1224, 1268 cinHRMS (Q-Tof):m/z calcd. for G,H170S [M+H]*
329.1000; found: 329.0995.
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Synthesis of compound 14a:This compound was prepared according to the gknera
procedure by using bromo derivati¥8 (50 mg, 0.19 mmol), phenylboronic acid (35 mg, 2.9
mmol), Pd(PP%)4 (11.0 mg, 5 mol%) and NE&O; (81 mg, 0.76 mmol) in THF/toluene/water
(10 mL) for 18 h. Analytically pure product4a was isolated by silica gel column
chromatography (1% EtOAc-petroleum ether). (50 @8%0) as a thick colorless liqui& =
0.60 (silica gel, 1% EtOAc-petroleum ethéiy NMR (400 MHz, CDCY): 67.85 (d,J = 7.8
Hz, 1H), 7.61-7.64 (m, 4H), 7.41-7.50 (m, 3H), 5(852H), 3.23 (s, 2H), 2.93 (d,= 14.7
Hz, 2H), 2.38 (dJ = 14.7 Hz, 2H),*C NMR (100 MHz, CDGJ): 4 210.3, 153.7, 148.0,
140.4, 135.3, 129.1, 128.9, 128.5, 127.6, 127.5,11224.7, 55.9, 45.7, 45.6; IR (neat)x
3058, 2919, 2841, 1706, 1607, 1283 tnRMS (Q-Tof): caled. for GHiO [M+H]*
261.1279; found 261.1263.

Synthesis of compound 14bColourless liquid; yield = 86% (53 mg, startingrird0 mg of
13); reaction time = 24 HR = 0.50 (silica gel, 2% EtOAc-petroleum ethéf; NMR (400
MHz, CDCk): 67.83 (d,J = 7.8 Hz, 1H), 7.59-7.62 (m, 2H), 7.43 (= 9.2 Hz, 2H), 7.34-
7.38 (m, 1H), 7.21-7.25 (m, 1H), 5.74 (s, 2H), 3(@22H), 2.92 (dJ = 14.7 Hz, 2H), 2.44 (s,
3H), 2.38 (d,J = 14.7 Hz, 2H);*C NMR (100 MHz, CDGJ): §210.3, 153.7, 148.2, 140.4,
138.8, 135.2, 129.3, 129.0, 128.9, 128.4, 127.5,112124.8, 124.7, 55.9, 45.8, 45.7; IR
(neat): vmax 3056, 2923, 2844, 1707, 1607, 1265 triIRMS (Q-Tof): calcd. for GH:10
[M+H]" 275.1436; found 275.1425.

Synthesis of compound 14cColourless solid; yield = 89% (49 mg, starting fr&® mg of
13); reaction time = 18 h; mp 160-162 °R;= 0.30 (silica gel, 2% EtOAc-petroleum ether);
'H NMR (400 MHz, CDC}): §7.81-7.83 (m, 1H), 7.57-7.60 (m, 4H), 7.00-7.02 @Hi),
5.74 (s, 2H), 3.87 (s, 3H), 3.21 (s, 2H), 2.92)&, 14.7 Hz, 2H), 2.38 (dl = 14.7 Hz, 2H);
3C NMR (100 MHz, CDGJ): 5210.2, 160.2, 153.8, 147.6, 134.8, 132.8, 1288,8, 126.6,
124.8, 124.4, 114.6, 55.9, 55.6, 45.8, 45.7; IRa{nemx 3055, 2909, 2838, 1707, 1604,
1251 cmi; HRMS (Q-Tof): calcd. for GH190, [M+H]* 291.1385; found 291.1396.
Synthesis of compound 14dColourless solid; yield = 86% (51 mg, startingnfr&0 mg of
13); reaction time = 23 h; mp 126-128 °R;= 0.40 (silica gel, 2% EtOAc-petroleum ether);
'H NMR (400 MHz, CDC}): §7.72-7.75 (m, 1H), 7.59-7.60 (m, 2H), 7.40-7.41, (thl),
7.33-7.35 (m, 1H), 7.07-7.09 (m, 1H), 5.69 (s, 2Bi}4 (s, 2H), 2.86 (d] = 14.7 Hz, 2H),
2.32 (d,J = 14.7 Hz, 2H)*C NMR (100 MHz, CDGJ): 6209.9, 153.9, 143.4, 140.7, 135.3,
128.9, 128.6, 126.9, 125.6, 125.1, 125.0, 123.3,58.8, 45.6; IR (neat)mx 3048, 2986,
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1724, 1684, 1254 ch HRMS (Q-Tof): calcd. for GH1s0S [M+H]" 267.0844; found
267.0836.

Synthesis of compound 19To a clear melted mixture (1.5 g) of L-(+)-TA-DM(30:70) at
70°C, was added phenyl hydrazine hydrochloride (90062 mmol) and ketonk7a (400
mg, 2.08 mmol). The reaction mixture was stirredtat0°C for 6 h. At the conclusion of the
reaction (TLC monitoring), the warm reaction mixdwvas diluted with water. The reaction
mixture was cooled to room temperature, filterewuigh sintered glass funnel and the solid
material was washed with water (4 x 20 mL). Thederproduct was purified by silica gel
column chromatography using (5% EtOAc-petroleunegtto deliver the compouri® (335
mg, 47%) along with compourik8 (84 mg, 15%) as white solids.

Compound 18:mp 98-99 °CR; = 0.53 (silica gel, 10% EtOAc-petroleum ethét; NMR
(400 MHz, CDC}): 6 7.81 (brs, 1H), 7.62 (d, = 7.9 Hz, 1H), 7.21 (d] = 8.0 Hz, 1H), 7.05-
7.09 (m, 1H), 6.99-7.03 (m, 1H), 5.73 (s, 2H), 3(67J = 14.7 Hz, 2H), 2.63 (s, 2H), 2.57
(d, J = 14.7 Hz, 2H), 1.42 (s, 6H}’C NMR (100 MHz, CDGJ): 4 210.8, 138.3, 136.9,
128.9, 125.0, 121.9, 120.3, 119.6, 116.8, 111.3%,%8.9, 44.6, 35.4, 30.1; IR (neat)ux
3049, 2927, 2851, 1711, 1596, 1470 criiRMS (Q-Tof) calcd. for GH1gNKO [M+K]*
304.1098, found: 304.1098.

Compound 19:mp 260-262 °CR; = 0.38 (silica gel, 10% EtOAc-petroleum ethél;NMR
(400 MHz, CDCY): 6 7.92 (brs, 2H), 7.86 (d,= 7.3 Hz, 2H), 7.34 (dd}; = 1.1 Hz,J, = 6.8
Hz, 2H), 6.13-6.24 (m, 4H), 6.06 (s, 2H), 3.0448H), 1.97 (s, 6H)*C NMR (100 MHz,
CDCl3): 4136.9, 130.5, 125.3, 121.5, 120.6, 119.3, 11818,2 48.3, 42.0, 34.3, 29.4; IR
(neat): vmx 3417, 3010, 2923, 2840, 1443 TMHRMS (Q-Tof) calcd. for @HaN-K
[M+K] *377.1415, found: 377.1412.

Synthesis of compound 20d:0 a suspension of NaH (57 mg, 2.37 mmol) in THE f2.),
was added compount® ( 200 mg, 0.59 mmol) followed by Mel (0.12 mL, &)7and the
reaction mixture was stirred at rt for 16 h. At tkenclusion of the reaction (TLC
monitoring), the reaction mixture was diluted wiEbhOAc and the solvent was removed on
rotavapour. The compound was extracted with@kand the crude product was purified by
silica gel column chromatography using (4% EtOAt-gleum ether) to deliver compound
20a(189 mg, 87%) as a white solid.

Direct synthesis of compound 20a, 20b, 20¢hese compounds were prepared according to
the procedure given for compoud® using 1-methyl-phenyl hydrazine instead of phenyl

hydrazine hydrochloride.
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Compound 20aWhite solid; yield = 62% (118 mg, starting from0Lthg of 178 reaction
time = 5 h; mp 280-283 °(R = 0.58 (silica gel, 10% EtOAc-petroleum ethét); NMR
(400 MHz, CDC}): 6 7.90 (d,J = 7.9 Hz, 2H); 7.33 (d] = 8.1 Hz, 2H), 7.22-7.25 (m, 2H),
7.13-7.20 (m, 2H), 6.14 (s, 2H), 3.74 (s, 6H), 444H), 1.97 (s, 6H);°C NMR (100 MHz,
CDCl): 0139.1, 138.9, 132.1, 124.3, 121.3, 120.9, 11818.2, 109.3, 48.9, 40.9, 33.9,
30.9, 29.8; IR (neat)imx 2950, 2925, 2851, 1654, 1583, 1520, 1456, 126@ crd" HRMS
(Q-Tof) calcd. for GeH27N, [M+H]*367.2169, found: 367.2166.

Compound 20b: White solid; yield = 69% (59 mg, starting from &@y of 17b); reaction
time = 5 h; mp 265-267 °GR = 0.60 (silica gel, 10% EtOAc-petroleum ethéB; NMR
(400 MHz, CDC}): 6 7.29 (t,J = 7.3 Hz, 3H), 7.17 (t) = 8.2 Hz, 3H), 7.11 (tJ = 7.5 Hz,
2H), 7.06 (t,J = 7.1 Hz, 2H), 6.98-7.04 (m, 1H), 6.87 Jtz 7.3 Hz, 2H), 6.12 (s, 2H), 5.46
(s, 1H), 3.70 (s, 6H), 3.25 (s, 2H), 3.11 (s, 2% NMR (100 MHz, CDG)): §145.9, 140.5,
138.9, 132.3, 131.9, 128.8, 128.4, 126.1, 125.7,51219.7, 119.3, 112.0, 108.9, 48.9, 48.3,
41.1, 39.5, 31.1; IR (neatyjax 3049, 2927, 2851, 1596, 1470, 1448 crhHIRMS (Q-Tof)
calcd. for GoHosN, [M—H] 413.2012, found: 413.2012.

Compound 20c: White solid; yield = 74% (123 mg, starting from 8@ of 17¢); reaction
time = 6 h; mp 290-292 °(R = 0.53 (silica gel, 10% EtOAc-petroleum ethét); NMR
(400 MHz, CDC}): 6 7.68 (d,J = 7.6 Hz, 2H), 7.31 (d] = 8.1 Hz, 2H), 7.22-7.25 (m, 2H),
7.15-7.20 (m, 2H), 6.12 (s, 2H), 4.09 (s, 2H), 3F3B6H), 3.11 (s, 4H);°C NMR (100 MHz,
CDCl): 0140.8, 138.7, 131.9, 126.2, 121.7, 119.3, 11808,.Q, 107.3, 48.3, 41.2, 31.0,
19.3; IR (neat)vm 3043, 2923, 2846, 1475 EmHRMS (Q-Tof) calcd. for €HaKN,
[M+K] * 377.1415, found: 377.1417.

Synthesis of compound 21The solution of compoun&0c (100 mg, 0.30 mmol) and SeO
(66 mg, 0.60 mmol) in 1,4-dioxane (20 mL) was heéatereflux temperature for 12 At the
conclusion of the reaction (TLC monitoring), theacgon mixture was filtered through a
sintered glass funnel and the solvent was remownddrureduced pressure. The crude product
was purified by silica gel column chromatographyngs(5% EtOAc-petroleum ether) to
deliver the compoundl (93 mg, 89%) as a white solid.

mp 185-186 °CR; = 0.54 (silica gel, 10% EtOAc-petroleum ethé#}; NMR (400 MHz,
CDCl3): ¢ 8.57 (d,J = 6.7 Hz, 2H), 7.25-7.34 (m, 6H), 6.19 (s, 2H){3(s, 6H), 3.15 (s,
4H): **C NMR (100 MHz, CDGJ): §180.6, 152.0, 138.7, 131.9, 124.1, 123.1, 12213,9,
109.3, 45.8, 42.1, 31.2; IR (neat)ax 3043, 2923, 2846, 1475 EmHRMS (Q-Tof) calcd.
for Co4H21N,0O [M+H]" 353.1648, found: 353.1637.
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Synthesis of compound 25White solid; yield = 67% (96 mg, starting fromQLthg of24);
reaction time = 6 h; mp 130-133 °8; = 0.59 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (400 MHz, CDC}): 6 7.57 (d,J = 7.7 Hz, 1H), 7.49 (d] = 7.7 Hz, 1H), 7.19-7.33 (m,
5H), 7.12-7.16 (m, 1H), 6.06 (s, 2H), 4.16 (s, 2BI§9 (s, 3H), 3.06, 3.13 (ABd,= 1.9 Hz,
4H): *3*C NMR (100 MHz, CDGJ): §147.8, 139.5, 138.3, 131.3, 131.1, 128.6, 12726,
126.0, 125.5, 121.6, 119.2, 118.4, 108.9, 105.8.,58.7, 30.5, 26.8; IR (neaby.x 3049,
2928, 2895, 1522, 1492, 1462 tnHRMS (Q-Tof) calcd. for GHooN [M+H]* 286.1596,
found: 286.1596.

Synthesis of compound 26Following the same procedure as for the compdind

White solid; yield = 75% (39 mg, starting from 5@ mof 25); reaction time = 15 h; mp 125-
127 °C:R; = 0.56 (silica gel, 10% EtOAc-petroleum ethét); NMR (400 MHz, CDCJ): 6
8.52-8.54 (m, 1H), 8.34 (dl = 7.8 Hz, 1H), 7.55 (d) = 3.8 Hz, 2H), 7.42-7.48 (m, 1H),
7.35-7.39 (m, 3H), 6.17 (s, 2H), 3.79 (s, 3H), 3346 (ABq,J = 17.8 Hz, 4H);*C NMR
(100 MHz, CDC}): 0180.7, 154.9, 151.9, 138.7, 133.1, 131.3, 134,11, 125.6, 124.7,
124.4, 123.8, 122.5, 111.3, 109.4, 50.8, 43.2,;3R(Oneat):omx 3007, 2924, 2859, 1631,
1524, 1468 cm; HRMS (Q-Tof) calcd. for gH1NNa[M+Na]* 322.1202, found: 322.1199.
Synthesis of compound 28White solid; yield = 82% (59 mg, starting from B@ of 27);
reaction time = 10 h; mp 150-152 °R;= 0.61 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDC}): § 7.61 (ddJ, = 2.9 Hz,J, = 7.1 Hz, 1H), 7.49 (ddl, = 2.3 Hz,J,

= 8.0 Hz, 1H), 7.27-7.38 (m, 5H), 7.18-7.20 (m, 1#P2 (s, 2H), 3.89 (s, 3H), 2.49-2.52 (m,
2H), 2.27-2.33 (m, 6H)**C NMR (125 MHz, CDG): §148.1, 139.9, 138.4, 132.3, 128.9,
127.0, 126.6, 126.2, 125.6, 121.5, 119.1, 118.8,8,L06.8, 47.7, 43.6, 31.8, 27.7, 27.2; IR
(neat): vmx 3010, 2945, 2855, 1540 &mHRMS (Q-Tof) calcd. for GHxN [M+H]*
288.1752, found: 288.1752.

Synthesis of compound 31Brown solid; yield = 71% (145 mg, starting from0L®g of30);
reaction time = 12 h; mp 105-107 °R;= 0.73 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (400 MHz, CDC}): ¢ 7.83 (ddJ; = 0.6 Hz,J, = 1.5 Hz, 1H), 7.53 (d] = 7.2 Hz, 1H),
7.19-7.35 (m, 5H), 7.06-7.09 (m, 1H), 5.15-5.24 @H), 4.86-4.92 (m, 2H), 4.70-4.73 (m,
2H), 3.89 (s, 3H), 2.86-2.92 (m, 4HJIC NMR (125 MHz, CDGJ): §152.1, 149.3, 141.9,
139.6, 133.6, 127.5, 122.7, 122.5, 121.9, 121.0,22119.6, 118.3, 117.5, 109.9, 52.1, 41.9,
31.4; IR (neat)vme 3049, 2929, 2840, 1596, 1525, 1495, 1432'chiRMS (Q-Tof) calcd.
for CooHoiNK [M+K] *338.1306, found: 338.1309.
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Synthesis of compound 32Brown solid; yield = 80% (73 mg, starting from 10@ of 3L);
reaction time = 6 h; mp 160-161 °8; = 0.71 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (400 MHz, CDC}):  7.80-7.82 (m, 1H), 7.53 (d,= 7.2 Hz, 1H), 7.20-7.35 (m 5H),
7.06 (dt,J; = 1.1 Hz,J, = 7.5 Hz, 1H), 6.05 (s, 2H), 3.79 (s, 3H), 2.9873(m, 4H);*°C
NMR (125 MHz, CDCY): 6 156.0, 155.9, 141.8, 138.2, 130.6, 127.2, 12323,9, 121.6,
121.1, 120.3, 119.5, 118.1, 110.0, 50.3, 43.2,;3R1(neat):vmx 3016, 2928, 2846, 1602,
1522, 1491, 1467 ch HRMS (Q-Tof) calcd. for g@HigN [M+H]* 272.1434, found:
272.1432.

Synthesis of compound 35aBrown solid; yield = 65% (89 mg, starting from 16y of
344a); reaction time = 12 h; mp 99-103 °R;;= 0.67 (silica gel, 10% EtOAc-petroleum ether);
'H NMR (500 MHz, CDGJ): 6 7.55 (d,J = 7.9 Hz, 1H), 7.48 (d] = 7.5 Hz, 1H), 7.32 (d] =
7.5 Hz, 1H), 7.25 (dJ = 8.2 Hz, 1H), 7.20 (dt); = 1.1 Hz,J, = 7.5 Hz, 1H), 7.10-7.14 (m,
2H), 7.05 (tJ = 7.0 Hz, 1H), 5.34-5.40 (m, 2H), 4.78-4.82 (m)4B192 (s, 3H), 2.79 (dd;

= 7.5 Hz,J; = 13.7 Hz, 2H), 2.56 (dd}; = 7.1 Hz,J, = 13.7 Hz, 2H)*C NMR (125 MHz,
CDCl): 6155.3, 143.2, 142.2, 135.0, 134.9, 126.9, 12&8,11, 124.1, 123.9, 121.2, 119.7,
119.6, 117.9, 117.4, 109.9, 51.2, 42.6, 31.3; IBahvmx 3069, 2925, 2851, 1637, 1604,
1522, 1492 c; HRMS (Q-Tof) calcd. for &Ho:NNa[M+Na]* 322.1566, found: 322.1566.
Synthesis of compound 36aBrown solid; yield = 83% (38 mg, starting from B@ of 359);
reaction time= 6 h; mp 190-191 °®; = 0.66 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (400 MHz, CDCY)): 6 7.43-7.48 (m, 3H), 7.27 (d,= 8.2 Hz, 1H), 7.19 () = 7.5 Hz,
1H), 7.09-7.13 (m, 2H), 7.02 @,= 7.2 Hz, 1H), 6.02 (s, 2H), 3.93 (s, 3H), 2.80J(t 3.6
Hz, 4H); *C NMR (100 MHz, CDGJ): J 159.3, 142.3, 134.3, 130.9, 130.4, 126.8, 125.7,
123.0, 122.7, 121.3, 119.6, 119.4, 117.7, 109.%,513.6, 32.2; IR (neatymax 3054, 2924,
2847, 1604, 1523, 1467 EMHRMS (Q-Tof) calcd. for GH1gN [M+H]* 272.1434, found:
272.1433.

Synthesis of compound 34bBrown solid; yield = 88% (135 mg, starting fromQOLthg of
33h); reaction time =4 h; mp 166-168 °R;= 0.69 (silica gel, 10% EtOAc-petroleum ether);
'H NMR (500 MHz, CDCY): 6 7.59 (d,J = 8.2 Hz, 1H), 7.53 (d] = 8.3 Hz, 1H), 7.36 (d] =
8.1 Hz, 1H), 7.13-7.21 (m, 3H), 6.89 (dd,= 2.4 Hz,J, = 8.3 Hz, 1H), 4.02 (s, 3H), 3.88 (s,
3H), 3.69 (s, 2H)*C NMR (125 MHz, CDGJ): J157.9, 150.6, 144.9, 141.7, 128.9, 124.5,
120.7, 119.7, 118.7, 118.6, 118.0, 112.8, 111.9,8.(65.8, 31.2, 30.5; IR (neatkax 3032,
2974, 1603, 1519, 1463 ¢MHRMS (Q-Tof) calcd. for §H1gNO[M+H] " 250.1226, found:
250.1229.
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Synthesis of compound 35bBrown solid; yield = 60% (79 mg, starting from 16@Q of
34b); reaction time = 20 h; mp 115-116 °®; = 0.72 (silica gel, 10% EtOAc-petroleum
ether);*H NMR (400 MHz, CDCY): J 7.60 (d,J = 7.8 Hz, 1H), 7.47 (d] = 8.3 Hz, 1H), 7.33
(d,J = 8.1 Hz, 1H), 7.10-7.19 (m, 2H), 7.00 (= 2.4 Hz, 1H), 6.82 (ddl, = 2.4 Hz,J, =
8.3 Hz, 1H), 5.43-5.51 (m, 2H), 4.88 (d4d,= 1.2 Hz,J, = 7.9 Hz, 2H), 4.80 (dd}; = 1.1 Hz,

J, = 8.1 Hz, 2H), 4.01 (s, 3H), 3.87 (s, 3H), 2.88,(# = 6.2 Hz,J, = 13.7 Hz, 2H), 2.64 (dd,
Ji = 6.9 Hz,J, = 13.7 Hz, 2H);®*C NMR (100 MHz, CDGJ): §158.0, 157.6, 143.2, 141.7,
134.9, 128.1, 124.6, 124.3, 120.5, 119.6, 119.8,21117.4, 111.4, 111.2, 109.8, 55.7, 51.2,
42.8, 31.2; IR (neat)omax 3043, 2923, 2840, 1599, 1451 ErHRMS (Q-Tof) calcd. for
C23H24NO [M+H] " 330.1852, found: 330.1859.

Synthesis of compound 36bBrown solid; yield = 94% (43 mg, starting from &y of
35b); reaction time = 8 h; mp 147-150 °R;= 0.68 (silica gel, 10% EtOAc-petroleum ether);
'H NMR (500 MHz, CDCY): 6 7.54 (d,J = 7.7 Hz, 1H), 7.48 (d] = 8.2 Hz, 1H), 7.37 (d] =
8.2 Hz, 1H), 7.12-7.22 (m, 3H), 6.83-6.86 (m, 1614 (s, 2H), 4.01 (s, 3H), 3.88 (s, 3H),
2.91 (s, 4H)*C NMR (125 MHz, CDGJ): 161.6, 158.6, 142.1, 141.8, 130.8, 128.7, 127.3,
122.9, 120.6, 119.5, 118.9, 118.1, 111.2, 110.9,9.(5.7, 51.6, 43.9, 31.1; IR (neat)x
3049, 3010, 2929, 2840, 1596, 1525, 1495, 1432; ¢tiRMS (Q-Tof) calcd. for GH2gNO
[M+H] " 302.1539, found: 302.1539.

Synthesis of compound 34cBrown solid; yield = 96% (270 mg, starting from@®6hg of
330); reaction time = 2 h; mp 147-148 °R;= 0.75 (silica gel, 10% EtOAc-petroleum ether);
'H NMR (400 MHz, CDCJ): § 7.57 (d,J = 8.1 Hz, 2H), 7.39-7.43 (m, 2H), 7.32 (b= 8.3
Hz, 1H), 7.20-7.23 (m, 1H), 7.14 @,= 7.1 Hz, 1H), 3.92 (s, 3H), 3.58 (s, 2HJC NMR
(100 MHz, CDC}): 6150.3, 143.8, 142.1, 134.5, 129.6, 128.9, 12329,8, 120.6, 119.9,
119.3, 118.6, 118.4, 109.9, 31.2, 30.2; IR (neat) 3051, 2922, 1596, 1522, 1492, 1462
cm™; HRMS (Q-Tof) calcd. for GH1.""BrNK [M+K] * 335.9785, found: 335.9786.

Synthesis of compound 35cBrown solid; yield = 75% (142 mg, starting fromOLBg of
340); reaction time = 12 h; mp 142-143 °&; = 0.76 (silica gel, 10% EtOAc-petroleum
ether);*H NMR (500 MHz, CDCJ): 6 7.62 (d,J = 7.9 Hz, 1H), 7.53 (1 = 1.0 Hz, 1H), 7.41
(d, J = 0.9 Hz, 2H), 7.34 (d) = 8.3 Hz, 1H), 7.20-7.24 (m, 1H), 7.13 Jt= 7.1 Hz, 1H),
5.38-5.46 (m, 2H), 4.79-4.92 (m, 4H), 3.99 (s, 3HB5 (ddJ; = 7.5 Hz,J, = 13.7 Hz, 2H),
2.65 (ddJ; = 7.0 Hz,J, = 13.6 Hz, 2H)*C NMR (125 MHz, CDGJ): 157.4, 142.3, 142.1,
134.3, 133.9, 129.9, 127.3, 126.5, 123.9, 121.9,9119.7, 118.9, 117.9, 110.1, 51.5, 42.4,
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31.3; IR (neat):omx 3071, 3005, 2920, 2857, 1597, 1496, 1434%cHRMS (Q-Tof)
calculated for GH,1 "BrN [M+H] * 378.0852, found: 378.0832.

Synthesis of compound 36¢Brown solid; yield = 86% (79 mg, starting from 16@y of
350); reaction time = 6 h; mp 170-172 °R;= 0.73 (silica gel, 10% EtOAc-petroleum ether);
'H NMR (400 MHz, CDCJ): 6 7.65 (dd,J; = 0.8 Hz,J, = 1.4 Hz, 1H), 7.52 (d] = 7.8 Hz,
1H), 7.40 (dJ = 1.6 Hz, 2H), 7.35 (d] = 8.3 Hz, 1H), 7.20-7.25 (m, 1H), 7.12Jt 7.0 Hz,
1H), 6.09 (s, 2H), 4.00 (s, 3H), 2.86 Jt= 1.9 Hz, 4H);"*C NMR (100 MHz, CDG): J
161.5, 142.4, 141.1, 133.1, 130.9, 130.3, 129.8,412122.5, 121.7, 119.8, 119.5, 119.3,
118.7, 110.1, 51.7, 43.3, 31.2; IR (neat).x 3054, 2928, 2839, 1610, 1596, 1528, 1495,
1432 cni; HRMS (Q-Tof) caled. for GH17 "BrN [M+H]* 350.0539, found: 350.0532.
Synthesis of compound 37aBrown solid; yield = 97% (29 mg, starting from 8@ of 360);
reaction time = 8 h; mp 165-167 °&; = 0.66 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDCJ): 6 7.77 (s, 1H), 7.61-7.65 (m, 3H), 7.54Jt 6.6 Hz, 2H), 7.45 (t,
J=7.8 Hz, 2H), 7.24-7.38 (m, 2H), 7.22Jt= 7.1 Hz, 1H), 7.12 ({) = 7.8 Hz, 1H), 6.13 (s,
2H), 4.05 (s, 3H), 2.90, 2.97 (ABd,= 15.7 Hz, 4H);*C NMR (125 MHz, CDGJ): §160.1,
142.4, 141.8, 141.6, 138.7, 133.4, 130.9, 128.9,.22125.9, 122.7, 121.9, 121.4, 119.6,
119.5, 117.9, 110.0, 51.7, 43.7, 31.3; IR (neat)x 3053, 2929, 2840, 1598, 1525, 1492,
1444 cmi; HRMS (Q-Tof) calcd. for GHzoN [M+H] * 348.1747, found: 348.1744.

Synthesis of compound 37bBrown solid; yield = 84% (27 mg, starting from 3@ of 360);
reaction time = 8 h; mp 188-189 °8; = 0.65 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDC}): ¢ 7.72 (d,J = 1.4 Hz, 1H), 7.53-7.60 (m, 4H), 7.47 (dd,= 1.6
Hz, J, = 7.8 Hz, 1H), 7.36 (d] = 8.1 Hz, 1H), 7.20 (t) = 7.2 Hz, 1H), 7.11 () = 7.6 Hz,
1H), 6.99 (dJ = 8.7 Hz, 2H), 6.12 (s, 2H), 4.04 (s, 3H), 3.853H), 2.89, 2.96 (ABqgJ) =
15.1 Hz, 4H);**C NMR (125 MHz, CDGJ): J 160.1, 159.2, 142.3, 141.9, 138.4, 134.2,
132.8, 130.9, 130.7, 128.3, 128.2, 125.4, 122.8,52121.3, 119.6, 119.4, 117.9, 114.4,
109.9, 55.6, 51.7, 43.8, 31.3; IR (neat)y 3057, 2928, 2835, 1610, 1528, 1497, 1432cm
HRMS (Q-Tof) calcd. for gH2sNO [M+H]*378.1852, found: 378.1853.

Synthesis of compound 37cBrown solid; yield = 85% (44 mg, starting from 5@ of 360);
reaction time = 10 h; mp 180-183 °R;= 0.66 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDC}): 6 7.75 (s, 1H), 7.49-7.58 (m, 3H), 7.42 {ds 7.2 Hz, 2H), 7.33 (t,
J=7.6 Hz, 2H), 7.08-7.21 (m, 3H), 6.12 (s, 2HPAG(s, 3H), 2.87, 2.96 (ABd,= 15.3 Hz,
4H), 2.42 (s, 3H)™C NMR (125 MHz, CDGJ): §159.9, 142.4, 141.8, 141.6, 138.9, 138.5,
133.3, 130.9, 128.9, 127.9, 125.9, 124.4, 122.8,92121.3, 119.6, 119.4, 117.8, 109.9,
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51.8, 43.7, 31.2, 21.8; IR (neat)wx 3049, 3016, 2923, 2840, 1606, 1525, 1499, 1448 cm
HRMS (Q-Tof) calcd. for gH2N [M+H] *362.1903, found: 362.1903.

Synthesis of compound 37dBrown solid; yield = 92% (35 mg, starting from 5@ of 360);
reaction time = 16 h; mp 193-194 °R;= 0.60 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDCJ): 6 10.02 (s, 1H), 7.92 (d, = 8.3 Hz, 2H), 7.78 (t) = 8.2 Hz, 3H),
7.55, 7.57 (ABqJ = 15.2 Hz, 3H), 7.36 (dl = 8.3 Hz, 1H), 7.22 () = 7.2 Hz, 1H), 7.13 (t,
J=7.2 Hz, 1H), 6.14 (s, 2H), 4.02 (s, 3H), 2.9872(ABq,J = 15.3 Hz, 4H)}°*C NMR (125
MHz, CDCk): 192.1, 160.3, 147.5, 142.5, 141.4, 136.9, 13534@,6], 131.6, 130.9, 130.5,
127.6, 126.4, 122.6, 121.8, 119.8, 119.6, 118.0,1151.7, 43.6, 31.3; IR (neatkax 3019,
2923, 2846, 1695, 1600, 1216 tmHRMS (Q-Tof) calcd. for gH.;NONa [M+Na]*
398.1515, found: 398.1514.

Synthesis of compound 37eBrown solid; yield = 89% (60 mg, starting from 6@ f 360);
reaction time = 20 h; mp 155-158 °R;;= 0.63 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDC}): ¢ 8.02 (d,J = 8.3 Hz, 2H), 7.79 (s, 1H), 7.70 (@= 8.3 Hz, 2H),
7.55, 7.60 (ABqJ = 15.8 Hz, 3H), 7.36 (dl = 8.2 Hz, 1H), 7.22 (§) = 8.1 Hz, 1H), 7.12 (t,
J = 7.6 Hz, 1H), 6.14 (s, 2H), 4.02 (s, 3H), 2.8®72(ABq,J = 15.6 Hz, 4H), 2.62 (s, 3H);
¥C NMR (125 MHz, CDGJ): 197.9, 160.2, 146.1, 142.5, 141.5, 137.1, 138%,3, 131.4,
130.9, 129.1, 127.1, 126.2, 122.7, 121.73, 121129,.8, 119.6, 117.9, 110.1, 51.8, 43.6,
31.3, 26.8; IR (neat)omx 3019, 2928, 1676, 1599, 1216 ¢nHRMS (Q-Tof) calcd. for
C2gH24NO [M+H] " 390.1852, found: 390.1854.

Synthesis of compound 37fBrown solid; yield = 93% (39 mg, starting from 4@ mof 360);
reaction time = 12 h; mp 184-185 °R;= 0.65 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDCY): § 7.70 (d,J = 1.5 Hz, 1H), 7.53-7.59 (m, 4H), 7.46 (dd,= 1.7
Hz,J, = 7.8 Hz, 1H), 7.36 (d] = 8.3 Hz, 1H), 7.19-7.23 (m, 1H), 7.10-7.14 (m)36112 (s,
2H), 4.03 (s, 3H), 2.89, 2.92 (ABg= 15.1 Hz, 4H)**C NMR (125 MHz, CDGJ): 5163.49
and 161.53J = 245.0,°C-'F coupling), 160.2, 142.4, 141.7, 137.7, 133.4,.93028.8,
128.7, 125.8, 122.7, 121.7, 121.5, 119.7, 119.8,91115.9, 115.7, 110.0, 51.7, 43.7, 31.3;
IR (neat): vmex 3019, 2928, 2851, 1590, 1215 ¢MHRMS (Q-Tof) calcd. for GHoiNF
[M+H] " 366.1653, found: 366.1653.

Synthesis of compound 37gBrown solid; yield = 81% (43 mg, starting from 5@ of 360);
reaction time = 8 h; mp 243-244 °8; = 0.65 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDCJ): 6 7.75 (s, 1H), 7.71 (d] = 1.3 Hz, 4H), 7.62 (d] = 7.9 Hz, 1H),
7.51-7.56 (m, 2H), 7.37 (d,= 8.3 Hz, 1H), 7.22 (t] = 6.9 Hz, 1H), 7.12 (] = 7.6 Hz, 1H),
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6.13 (s, 2H), 4.04 (s, 3H), 2.89-2.97 (m, 4HC NMR (125 MHz, CDG): J160.4, 145.9,
142.6, 141.3, 136.3, 134.74, 132.72, 131.6, 13129,6, 126.2, 122.6, 121.9, 121.6, 119.8,
119.6, 119.3, 118.0, 110.1, 51.7, 43.6, 31.3; IBanvmx 3049, 2927, 2840, 2223, 1598,
1495, 1444 c; HRMS (Q-Tof) calcd. for gH»iN, [M+H] *373.1699, found: 373.1703.
Synthesis of compound 37hBrown solid; yield = 90% (46 mg, starting from 5@ of 360);
reaction time = 15 h; mp 180-181 °R;= 0.53 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDC}): 6 7.76 (d,J = 1.1 Hz, 1H), 7.52-7.58 (m, 3H), 7.36-7.47 (m,)4H
7.21 (t,J= 7.1 Hz, 1H), 7.12 (t) = 7.8 Hz, 1H), 6.13 (s, 2H), 4.04 (s, 3H), 2.8®62(ABq,

J = 15.2 Hz, 4H)*C NMR (125 MHz, CDGJ): 5160.1, 142.8, 142.3, 141.8, 133.4, 133.2,
130.9, 130.8, 126.6, 126.4, 125.2, 122.7, 121.4,212119.9, 119.6, 119.4, 117.9, 110.0,
51.7, 43.7, 31.3; IR (neat)ix 3098, 3038, 2928, 2840, 1607, 1519, 1489 cHRMS (Q-
Tof) calcd. for GsHooNS [M+H]"354.1311, found: 354.1314.

Synthesis of compound 37iBrown solid; yield = 86% (25 mg, starting from 2% rof 360);
reaction time = 10 h; mp 178-199 °R;= 0.55 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDCY): 6 7.87 (s, 1H), 7.80 (dl = 7.9 Hz, 1H), 7.75 (d] = 7.7 Hz, 1H),
7.63 (ddJ; = 1.6 Hz,J, = 7.9 Hz, 1H), 7.55 () = 5.3 Hz, 3H), 7.29-7.49 (m, 3H), 7.221t,

= 6.9 Hz, 1H), 7.15 (1) = 7.9 Hz, 1H), 6.15 (s, 2H), 4.01 (s, 3H), 2.89&(ABq,J = 15.2
Hz, 4H); *C NMR (125 MHz, CDGJ): J160.1, 144.9, 142.5, 141.6, 141.0, 139.5, 134.3,
131.6, 131.4, 130.9, 125.5, 124.9, 124.7, 124.3.6.2122.7, 122.4, 121.7, 120.9, 119.7,
119.6, 119.0, 117.9, 110.1, 51.7, 43.6, 31.3; IBa(novmx 3021, 2928, 2851, 1618, 1563,
1472 cmi; HRMS (Q-Tof) caled. for GH,NS [M+H]" 404.1467, found: 404.1468.
Synthesis of compound 37jBrown solid; yield = 73% (24 mg, starting from 3@ mof 360);
reaction time = 12 h; mp 188-190 °R;= 0.36 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDC}): 6 8.17 (brs, 1H), 7.90 (s, 1H), 7.82 (s, 1H), 7.4637m, 4H), 7.37
(d,J = 7.9 Hz, 1H), 7.19-7.24 (m, 3H), 7.10 Jt= 7.3 Hz, 1H), 6.62 (s, 1H), 6.14 (s, 2H),
4.06 (s, 3H), 2.90, 3.01 (ABd| = 15.8 Hz, 4H):**C NMR (125 MHz, CDGJ): 4 159.9,
142.3, 142.1, 140.2, 135.4, 133.8, 132.5, 130.9.613128.6, 126.0, 125.0, 122.8, 122.2,
122.1,121.1, 119.6, 119.4, 119.3, 117.8, 111.8,9(103.2, 51.8, 43.8, 31.3; IR (neat)x
3412, 3049, 2923, 2840, 1607, 1443 tnRMS (Q-Tof) calcd. for GHasN, [M+H]*
387.1856, found: 387.1851.

Synthesis of compound 37kBrown solid; yield = 96% (46 mg, starting from 4@ of 360);
reaction time = 16 h; mp 205-206 °R;= 0.68 (silica gel, 10% EtOAc-petroleum ethéH;
NMR (500 MHz, CDCJ): ¢ 7.81 (d,J = 1.5 Hz, 1H), 7.64-7.73 (m, 7H), 7.59 (dd,= 1.6
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Hz,J, = 7.8 Hz, 1H), 7.55 (d] = 7.8 Hz, 1H), 7.44-7.48 (m, 2H), 7.24-7.39 (m)2AH?21 (t,
J=7.2Hz, 1H), 7.11 () = 7.2 Hz, 1H), 6.14 (s, 2H), 4.07 (s, 3H), 2.9B2(ABq,J = 15.1

Hz, 4H); *C NMR (125 MHz, CDGJ): J160.1, 142.4, 140.9, 140.5, 140.1, 138.2, 133.5,
131.0, 130.9, 129.0, 127.7, 127.6, 127.5, 127.3,82122.8, 121.7, 121.4, 119.7, 119.5,
117.9, 110.0, 51.8, 43.7, 31.3; IR (neatl 3016, 2934, 1643, 1481 &mHRMS (Q-Tof)
calcd. for GoHosNK [M+K] *462.1619, found: 462.1622.
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