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1. Introduction metathesis/photochemical isomerization approachther rapid
synthesis of functionalized furans and pyrroles hé®ee 1,
bottom)™ A number of acid-sensitive functionalities could be
incorporated into the target using the mild photoulcal
conditions and we wondered whether a similar stratemyd
also be applied to quinoline synthe’ds.

Quinolines are key motifs found within a varietfy ratural
products! and bioactive compounds, and are generally
valuable intermediates in organic synthesis. Tiawm routes to
quinolines include the venerable Skraup, Combes,bbere-
Miller and Friedlander synthes&s.However, each of these
methods has their limitations, namely poor funaiogroup Our plan was to perform a Heck reacti@rbetween readily
tolerance arising from the harsh reaction conditjopoor availableortho-bromoanilines (in contrast to the less common
selectivity, or low yield$® This situation has led to an extensive ortho-iodoanilines which are conventionally used) andnesoto
search for new approaches to prepare quinolines, mighy  accessf-aryl-a,3-unsaturated ketones. These would then be
ingenious disconnections now availaBleOne strategy reported subjected to our previous photochemical alkene @@ation
by Heck and co-workers used a palladium-catalyzecplzgy  conditions to allow formation of the desired quines'*** The
reaction between aartho-iodoaniline and dimethyl maleate to direct use of enone derivatives in the Heck reactiasuld
arrive at the corresponding quinolone derivativehg@ne 1, circumvent the need for an oxidation step, and thid
top)_[s] Later, Larock and co-workers disclosed a relatqui@ach photochemical isomerization conditions would hopgfallow
using allyl alcohols as the Heck reaction partlervhich  for the incorporation of a variety of functionaligvercoming the
proceeded first via the-aryl ketone to provide a cyclized issues of limited substrate scope and harsh conditf previous
dihydroquinoline, and then exploited thisirsitu Pd(0)-catalyzed methods. However, it should be noted that the Hecktirea
dehydrogenation to form the desired quinolines inderate betweenortho-haloanilines and enones is rare. During the course
yields. These reports were the starting point fosesies of Of our investigation, a report by Wang, Zhai andwewokers
innovative approaches to quinoline synthesis basednd the reported the isomerization of similag-aryl-o,f-unsaturated
disconnection provided by the Heck reacfionAlternative  ketone intermediates to quinolines using blue LEBsNo
methods of accessing similgiraryl ketone-type intermediates general access to these key intermediates was eelpaitthough
have also been reported in the context of quinaimehesis” some were prepared via Heck reaction wattho-iodoanilines.

N , - Herein, we report our results to complement theifipation.
Our group has a longstanding interest in the iegipbn of

catalytic transformations for the de-novo synthesfisaromatic
heterocycle$) We recently  reported an alkene



Heck reaction based routes to quinoline derivatives
Heck and co-workers, 1978 (Reference 5)
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Our previous work: photochemical alkene isomerization to furans
and pyrroles (Reference 10)
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Scheme 1. Approaches to functionalized quinolines. HMPA

hexamethylphosphoramide, PG = protecting group.
2. Results and discussion

2.1.Heck reaction optimization

We began by studying the reaction betweho-bromoaniline
(la) and benzylideneacetone2aj. Using Heck reaction
conditions based on those reported by Fu and coexsrkniline
(E)-3aa could be isolated in 41% yield (Table 1, entry*%).
Reversing the stoichiometry to magetho-bromoaniline {a) the
limiting reagent led to an improved yield of 72%ntfy 2).
However, raising the temperature of the reaction ltedun a
large reduction in yield (entry 3). Switching iBr,NEt as base

Tetrahedron

Table 1. Optimization of the Heck reaction. # Yield of isolated
material

Br Pdy(dba)s (5.0 mol %) Ph O
@: . 0 {BusPHBF, (20 mol %) e

NH ph/\)LMe base (3.0 equiv)

2 PhMe (0.10 M), 80 °C NH;
1a 2a (E)-3aa
(1.0 equiv) (2.5 equiv)
. modification to yield 3aa
entry e time reaction conditions (%)?
2.5 equivla, 1.0 41

1 CyNMe 5h eguivza
2 CyNMe 5h - 72
3 Cy.NMe 5h 100 °C 33
4 iProNEt 20h - 91
5 iPrLNEt 20 h 1.5 equia 64
6 iPLNEt 20 h 2-chloroaniline 31

2.2.Heck Reaction Substrate Scope

With optimized conditions in hand, we proceededhvestigate
the scope of the Heck reaction. In some cases, tyaaatities
(<5%) of the cyclized quinoline were also detectrdttie 'H
NMRs of the crude reaction mixtures, but these wetdsolated.
Pleasingly, a range of substitutezttho-bromoanilines were
tolerated in moderate to excellent yields (Schemeoho-
Bromoanilines incorporating additional halogen gitibsnts
including fluorine (to give3ba) and chlorine (to give3ca)

_ provided the corresponding quinolines in 68% ané&o6g@eld

~ respectively. A substrate containing the electromaviawing
trifluoromethyl group gave compoun@da in 52% yield.
Carbonyl-based functional groups were also well &bést, with
ketone-containing@ea formed in 78% yield and methyl ester-
containing3fa isolated in 46% yield.

provided aniline3aa in 91% isolated yield (entry 4). Neither

reducing the excess of enoke nor switching to 2-chloroaniline
as the limiting reagent led to any further improesm(entries 5
and 6). Note that theéef-geometry of enon8aa was verified by
nOe enhancements (see Supporting Information). Canth@)-
3aa was not observed in théd NMRs of the crude reaction
mixtures, although trace quantities of the cyclizgginoline
(<5%) were occasionally found. We presume that ifhigound
(2)-3aa did form during the course of the reaction itikely that
cyclization to the corresponding quinoline would wcc

spontaneously.
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Scheme 2. Scope of Heck reaction: variation afrtho-
bromoanilinel. (a) reaction conditions: Rdba) (5.0 mol %),
tBusPHBF; (20 mol %),iPLNEt (3.0 equiv), PhMe (0.10 M), 80
°C, 20 h. TheE) geometry of compounddba-3ha was assigned
by analogy t3aa.

Some acid-sensitive functional groups includimgiles and
silyl ethers could also be incorporated to prodsgazand3ha in
92% and 67% yield respectively. These functionaligs would
likely be troublesome under the harsher reactioosditions
typical of quinoline synthesis. Unfortunately, réans with nitro
and methoxy-substitutedrtho-bromanilines failed, providing
only complex reaction mixtures.

Variation of the enone component was also investiggdeheme
3). Increased substitution at theposition of the carbonyl was
possible giving3ab in 54% vyield. Alternatively, electron-rich
substituents could be incorporated on fharyl ring; 3ac and
3ad were each formed in 65% yield. Unfortunately, sudiss
containing basic functionality such as amines (as2é) or

pyridines (as in2f) were not amenable to the reaction, with no

reactivity observed. Presumably these relativelyinaered basic
species coordinated to the palladium catalyst,tstgutiown the
reaction. Aldehyde species were also not compatitdepaction
was observed with cinnamaldehy@g)
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Scheme 3. Scope of Heck reaction: variation of the en@néa)
reaction conditions: B(ba) (5.0 mol %), tBu;PHBF,
(20 mol %),iPrLNEt (3.0 equiv), PhMe (0.10 M), 80 °C, 20 h.

Interestingly, on a number of occasions, we werersed to
find that the quinoline was in fact the sole produatn the Heck
reaction; none of the expected enone was obsendtif® 4).
Enones2h-i bearing aliphatic substituents at fhosition (R =
aliphatic) reacted to afford quinolindsh and4ai in 81% and
39% vyield. Enonej, with an ester group (Radjacent to the
carbonyl also led directly to quinolirkj, which was isolated in
52% vyield. The substrates in these particular casese all
electronically distinct from those previously dissed in that the
alkene lacked a conjugating aryl group at @ah, 4ai) or
possessed an activating Broup @aj). We suggest that these
factors may activate the initial Heck alkene prodtmards
reversible addition reactions and thus lead to esisation, and
cyclisation, during the Heck reaction itseft.

Br Reaction R®
@: % conditions?
+ —_— X
A
NH, Rs’\)kRz ‘ P
N~ "R?
1a 2h-j 4ah-aj
(2.5 equiv)
Ph O
N AN
) vy QO
N Me P NT N OMe
N~ Me 0
4ah: 81% 4ai: 39% 4aj: 52%

Scheme 4. Scope of Heck reaction: direct formation of
quinolines.  (a) reaction conditions: Jiba) (5.0 mol %),
tBusPHBF, (20 mol %),iPrLNEt (3.0 equiv), PhMe (0.10 M), 80
°C, 20 h.

2.3.Photochemical alkene isomerization

We then turned to the isomerization of the Heelaction
products, which we hoped would furnish the target gjiries.
The UV-Vis absorption spectra daa demonstrated that, as
before” the enone intermediates absorbed in the 300-400 nm
range and should be able to absorb at the wavelgngtfided by
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a commercially available 365 nm Pen-Ray source (seeanipulation required was the addition of extra ¢ok to allow
Supporting Information for UV-Vis spectrd} We were for efficient irradiation. The crude Heck reactiorixmare was
delighted to find that all of the Heck reaction pmots could thus cooled to 0 °C, once the reaction was compéeid, then
indeed be isomerized and cyclized to the correspgnd diluted with more toluene before being irradiated3@5 nm to
quinolines in high yields at @ (Scheme 5). None of the enones afford the corresponding quinolines (Scheme 6). ®he-pot
we had prepared failed to react. Model en8ag was converted procedure generally compares favourably to theipusvtwo-pot
to quinolinedaa in 87% vyield. Halogen substituted enorB®  approach. Quinolindaa was isolated in 89% yield compared to
and 3ca gave quinolinestba and4ca in 94% and 81% vyields 79% previously. Using the one-pot method, quinolides and
respectively. Trifluoromethyl-substituted quinolidda could be  4fa were also isolated in higher yields than before.yQnitrile-
accessed in 79% yield. Quinolines incorporating @aybgroups  containing quinolinedga was isolated in a slightly lower 83%
(4ea, 4fa) were also prepared in 95% and 72% vyields. The-acidyield (90% previously).
sensitive nitrile and silyl ether functional groupsre tolerated

extremely well under the mild photochemical condiidgo afford _~_Br o P
quinolines 4ga and 4ha in 98% and 94% yield respectively.  R' \ + /\)L _ 1d\)LMe
Quinolines with differently functionalized heterodygclrings NHp PR Me  Heck a S NH

were also formed, with quinolingab isolated in 74% yield and 1 22 reaction 3 2

aryl ether substituted quinolinésc and4ad in 91% and 76% (2.5 equiv) Cooled to 0 °C
yield respectively. and diluted with PhMe

Ph <—]
X 365 nm R< _ Photochemical
R1wR2 PhMe. 0 °C R1dj N~ "Me isomerization®
NONH, 17h NN R? 4
3 4

Ph o Ph
Variation of the carbocyclic ring @\ Me)m
Ph Ph Ph N/ Me N/ Me
F

\ S A 4aa: 89% 4ea: 76%

Pz Pz Z two-pot procedure (79%) two-pot procedure (74%)
N" Me N° Me Cl N° Me

Me

Ph Ph

4aa: 87% 4ba: 94% 4ca: 81% \ Ncm
Ph o Ph Ph

MeO Z pZ

N Me X X 5

= — MeO — . .

CF3 N Me N Me Ve N Me 4fa: 78% 4ga: 83%

0

two-pot procedure (33%) two-pot procedure (90%)
4da: 79% 4ea: 95% dfa: 72% Scheme 6. One-pot Heck reaction/photochemical alkene
Ph Ph isomerization to quinolines. (a) Heck reaction ctind:
Ncm TESOV\@\)\/L Pdy(dba) (5.0 mol %), tBusPHBF, (20 mol %), iPLNEt (3.0
N Me N Me equiv), PhMe (0.10 M), 80 °C, 20 h. (b) Photocheinakene
4qa: 98° Caro isomerization reaction conditions: 365 nm, PhMe |{M), 0 °C,
ga: 98% 4ha: 94% 20 h.

Variation of the heterocyclic ring OMe

0\
o}
O O 3. Conclusion
Ph
X X AN In summary, we have developed a route to funatiped
NP Me O Y O ey quinolines based on a Heck reaction/photochemickénal
e e

isomerization sequence. Compared with previous tepahe

4ab: 74% 4ac:91% dad:76% advantages of this approach include the directafisenones in
Scheme 5. Scope of the photochemical alkene isomerization. the Heck reaction, removing the need for an oxidatitep, and
i i the use of the more availabtetho-bromoanilines as reaction

2.4.0One-pot Heck reaction/photochemical alkene partners. Photochemical alkene isomerization pes/id means

Isomerization sequence of converting the Heck intermediates into quinolinesier mild

Finally, we wondered whether we might be able toettigva  conditions, —allowing for the inclusion of acid-seive
one-pot procedure for the sequence, thus obviatiegneed to functionality (such as nitriles and silyl etherbat would likely

isolate the intermediate Heck product. As both Heckl annOt be tolerated by the more typical, harsh reactonditions
photochemical isomerization reactions had beenimuoluene, USed t0 access quinoline derivatives. A one-pot ifote,
we hoped that simple irradiation of the crude Hechctien eliminating the need to isolate the intermediate KHemducts,
mixture would allow for formation of the final quirioe  Was also developed.

products. After some optimization we established thit was

the case, and both reactions could be performethensame

Schlenk tube without an intermediate work-up. Theyonl



4. Experimental section
4.1. General experimental

All solvents and reagents were obtained from Acriéa
Aesar, Fischer Scientific, Fluorochem, Sigma-Aldri€trem or
Tokyo Chemical Industry (TCI). All reagents were usesl
received or were purified using standard laborateghniques.
CH,CI,, tetrahydrofuran (THF), diethyl ether ¢(B) and toluene

(PhMe) were dried over activated 3nolecular sieves for 2 days

and then filtered through an activated alumina fmation
column prior to use. Brine refers to a saturatddtem of NaCl

in de-ionised HO. All glassware was flame-dried under vacuum

and reactions performed in an argon atmospheresiolferwise
stated. All stated temperatures refer
temperatures. Flash column chromatography was peefdmith
Merck Kieselgel 60 (0.040-0.063 mm) except wherelieiy
stated otherwise. All solvents used for
purification were HPLC grade or equivalent and suwgaplby
Sigma-Aldrich or Fischer Scientific.
performed on Merck Kieselgel 60,k precoated aluminium-
backed plates with layer thickness between 175 arwpd2
Product spots were visualised under UV light.{= 254 nm)
and/or by staining with a potassium permanganateillivaor
phosphomolybdic acid solution. All NMR spectra wereoreled
on a Bruker AVIII HD 400 or Bruker AVIII HD 500 instrume
with the deuterated solvent acting as internal deutelock. *H
NMR spectra were recorded at 400 or 500 MEgE NMR
spectra at 101 or 125 MHz with broadband proton dgling

to externalth ba

chromatogap

TLC analyses reve

5

heated-stage microscope equipped with a Testo 720
thermometer and are uncorrected. The solvent sgstesed for
recrystallisation are quoted in parentheses. Phetoial alkene
isomerizations were performed in a 10 mL irradiaticessel
made by Terri Adams at the University of Oxford. Tiwter
compartment was made of pyrex glass and fitted wikbt iand
outlet side-arms. The removable inner glass commeant was
made of fused quartz. A silicone ring placed atdbenection of
the two compartments served as a seal and a rieg s@p held
the assembly together, allowing the UV lamp to bel lwathin

the inner compartment. Reactions on were performeld W8
mL of solvent to ensure efficient irradiation ofetlreaction
mixture by the Pen-Ray. Before carrying out photsuoltal

reactions, the irradiation setup was purged with mifgo 30 min.
The argon outlet was then disconnected while maiinigira

moderate argon stream and the reaction solution adaed

h through the argon outlet with a syringe. The argotied was

reattached and the headspace was purged with ang@mdther
10 min. During photochemical reactions at reduesdperatures,
the vessel was immersed into an ice or cryogenik. lane-pot
Heck/photochemical alkene isomerizations were perdrim a
100 mL Schlenk tube fitted with a 24/40 joint adagteat was
custom-made by Terri Adams at the Department of Csteyni
University of Oxford. A Teflon ring inside the adapteead
tightly fitted an adjustable-depth pyrex glass inoempartment,
into which the Pen-Ray was placed, providing angiittseal and
allowing light transmission. The isomerizations fre tone-pot
sequence were performed with 45 mL of solvent to mensu

and™F NMR spectra at 377 MHz without proton decoupling asefficient irradiation of the reaction mixture byettPen-Ray. The

stated. The residual protic solvent signal actedamsinternal

Pen-Ray mercury lamp was purchased from Ultra-Violet

reference forH NMR and the deuterated solvent carbon signaf roducts, Cambridge, UK (365 nm using a Pen-Raytlghurce

acted as an internal reference € NMR (CDCE: *H NMR =

7.26 ppm,**C NMR = 77.16 ppm)’°F NMR spectra were not

externally referenced. Chemical shifts are repotte®.01 ppm

11SC-2.25PB (P/N 90-0019-01)) with a PS-1 power supply
4.2. General procedure for Heck reactions (GP1)

for '"H NMR spectra except in cases where two distinguishable Pddba (22.9 mg, 25.0 pmol, 5.00 mol%) anBusPHBF,

peaks are within 0.01 ppm, in which case the shiftsreported
to 0.001 ppm. Chemical shifts are reported to @ dor **C

NMR spectra except in cases where two distinguishzddés are
within 0.1 ppm, in which case the shifts are repotted.01 ppm.
Coupling constants are quoted to the nearest 0fbiHH NMR.

The multiplicity of a signal is reported as suchsisglet, d—
doublet, t-triplet, g—quartet, quint.—quintet, seséxtet, sept.—
septet, oct.—octet, non.—nonet, m—multiplet, bioadr app.—
apparent, or combinations thereof. Structural assents were

(29.1 mg, 0.100 mmol, 20.0 mol%) were added to aoniave
vial. The vial was flushed with argon and sealed ittrimped
cap. Argon sparged toluene (2.5 mL) aRgNEt (0.27 mL, 1.5
mmol, 3.0 equiv) were added and the solution wasestifor 5
min at room temperature. The appropriate bromaamill
(0.5 mmol, 1 equiv) and enore(1.25 mmol, 2.50 equiv) were
dissolved in argon sparged toluene (2.5 mL) anceddo the
reaction. The reaction was placed in a pre-heatdzhth at 80 °C
and stirred for 20 h. The reaction was cooled torréemperature

made with the aid of DEPT135, COSY, HSQC, HMBC, 1-D nOeand filtered through Celifeeluting with EtOAc. The filtrate was

and 2-D NOESY experiments. Fourier-transform infraf€tliR)

spectra were recorded from evaporated films or sexaples on a
Bruker Tensor 27 spectrometer equipped with a Pikeadie

Attenuated Total
Selected absorption maxima are given in wavenumgers).

Electrospray ionisation (ESI) high resolution mapgctrometry
(HMRS) spectra were recorded on a Thermo Exactivérapb
spectrometer equipped with a Waters Equity LC systeith a
flow rate of 0.2 mL/min using water:methanol:formicic
(10:89.9:0.1) as eluent. The system uses a hedtettaspray
ionisation (HESI-II) probe and has a resolution @080 FWHM
under conditions for maximum sensitivity, with arcaeacy of
better than 5 ppm for 24 h following external califoon on the
day of analysis. The mass reported is that comtgitine most
abundant isotopes, with each value to 4 decimaleplaand
within 5 ppm of the calculated mass. The error lsutated with
reference to the values given. UV-visible spectrpgcepectra
were recorded on a PG instruments
spectrophotometer. All emission spectra were recoedemom

temperature and in steady state mode unless otleestéged.
Melting points (M.P.) were obtained using a Leica MMT

Reflectance (ATR) sampling accessor

concentratedn vacuo before being purified by flash column
chromatography (Si§) to afford the title compound.

4.3. General  procedure
isomerization (GP2)

for  photochemical alkene

In a 10 mL custom-made irradiation vessel, dittéth an argon
inlet and an outlet to a silicon oil filled bubblehe appropriate

enone3 was dissolved in argon-sparged toluene (8 mL) under

argon atmosphere and the reaction cooled to 0 h€.r&sulting
colourless solution was irradiated at 365 nm for .7 The
reaction was warmed to
concentratedn vacuo before being purified by flash column
chromatography (Sig) to afford the title compound.

4.4. General procedure for one-pot Heck
reaction/photochemical alkeneisomerization (GP3)

A 100 mL Schilenk tube was fitted with the custom-made
T60 UVNVISjrradiation adapter, with the inner glass compartnaefjusted to

the top position. Under a slight positive pressudrargonvia the
side-tap, the vessel was sequentially charged wistiag(22.9

room temperature and directly



mg, 25.0 pmol, 5.00 mol%)BusPHBF, (29.1 mg, 0.100 mmol,
20.0 mol%), the appropriate aryl bromiti€0.5 mmol, 1 equiv),
the appropriate enor (1.25 mmol, 2.50 equiv), argon-sparged
toluene (5 mL) andPr,NEt (0.27 mL, 1.5 mmol, 3.0 equiv). The
vessel was flushed with argon while stirring at roemperature
for 5 min and all joints were sealed with parafilnmeTargon tap
was then closed and the reaction stirred at 10@PQ@ h. The
reaction was allowed to cool to room temperature famther
argon-sparged toluene (45 mL) was added, the solutias
cooled to 0°C and the inner glass custom-maddaiatian
adapter was lowered into the solution. The Pen-Raycumg
lamp was inserted into the inner adapter and thetisal was
then irradiated at 365 nm for 20 h. The reactiorxtane was
filtered through a plug of Celife eluting with EtOAc. and
concentratedn vacuo.The filtrate was concentrated vacuo
before being purified by flash column chromatograBio,) to
afford the title compound.

4.5. Experimental procedures: synthesis of starting materials

451 2-Bromo-4-(2-((triethylsilyl)oxy)ethyl)aniline  (1h).
Chlorotrimethylsilane (0.44 mL, 2.6 mmol, 1.3 equiv CH,Cl,

(4 mL) was added to a solution of 2-(4-amino-3-
bromophenyl)ethan-1-8t' (0.43 g, 2.0 mmol, 1.0 equiv) and
Et;N (0.56 mL, 4.0 mmol, 2.0 equiv) in G&l, (16 mL) at —20
°C. The reaction was stirred for 1 h before beingweat to room
temperature. The reaction was diluted with,CH and washed
sequentially with NaHC¢Xsat., ag.) and brine. The organic layer
was dried over MgSgfiltered, and concentrateéd vacuobefore
being purified by flash column chromatography (SiO
pentane:EtOAc, 37:3) to afford the title compound aslourless
liquid (0.59 g, 89%). R 0.26 (pentane:EtOAc, 37:3% NMR
(400 MHz, CDCJ): & = 7.27 (s, 1H), 6.94 (ddl = 8.1, 2.0 Hz,
1H), 6.69 (d,J = 8.1 Hz, 1H), 3.97 (s, 2H), 3.72 &= 7.2 Hz,
2H), 2.70 (t,J = 7.2 Hz, 2H3), 0.93 (tJ = 7.9 Hz, 9H) and
0.56 ppm (g = 7.9 Hz, 6H).C NMR (101 MHz, CDGC)): & =
142.4, 133.0, 130.6, 129.2, 115.8, 109.4, 64.%,389 (3C) and
4.5 ppm (3C). FTIR (thin filmy,.« 3468, 3361, 2953, 2910,
2875, 1620, 1503, 1090, 1036, 1006, 813, 726 afc:67".

4.5.2 (E)-1-Phenylpent-1-en-3-ongb). Cinnamaldehyde (1.70
mL, 13.5 mmol, 1.00 equiv) was added dropwise ovbrtd a
solution of ethylmagnesium bromide (1.0 M in THR.9 mL,
14.9 mmol, 1.10 equiv) in THF (50 mL) at 0 °C. Theagtion
was warmed to room temperature and stirred for 1Zforé
being quenched by dropwise addition of J&H (sat. aq.). The
layers were separated and the aqueous phase wastezkivdth
EtOAc. The combined organic layers were washed withebri
dried over MgSQ filtered, and concentrated vacuo The crude
residue was the dissolved in g&, (54 mL) and cooled to 0 °C.
Dess—Martin Periodinane (6.30 g, 14.9 mmol, 1.10quas
added and the reaction was stirred at 0 °C for Eforb being
warmed to room temperature and stirred for a furthbr The
reaction was diluted with NaHGsat. ag.) and N&,0; (sat.
ag.) and the layers were separated. The aqueou® phas
extracted with CHCI, and the combined organic layers were
washed with brine, dried over MggQiltered, and concentrated
in vacuobefore being purified by flash column chromatograp
(Si0,, pentane:EtOAc, 19:1) to afford the title compousdaa
yellow solid (0.99 g, 45%). Data were consistent witlbse
previously reportef? M.P.: 33-36°C (CHG). R: 0.22
(pentane:EtOAc, 19:1)H NMR (400 MHz, CDC)): 5 = 7.66

(dd, J = 16.1 Hz, 1H), 7.56-7.51 (m, 2H), 7.42-7.36 (m, 3H),

6.74 (d,J = 16.2 Hz, 1H), 2.69 (4] = 7.3 Hz, 2H) and 1.17 ppm
(t, J = 7.3 Hz, 3H)."®*C NMR (101 MHz, CDCJ): 5 = 201.0,
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142.3, 134.7, 130.5, 129.0 (2C), 128.3 (2C), 12641 and
8.3 ppm.

4.5.3 (E)-4-(4-Methoxyphenyl)but-3-en-2-or2e)( NaOH (10%
ag., 5.0 mL) was added dropwise over 30 min to atisolwf 4-
methoxybenzaldehyde (1.22 mL, 10.0 mmol) in acetth85
mL, 100 mmol, 10.0 equiv) and,8 (2 mL) at 0 °C. The reaction
was stirred at room temperature for 24 h. HCI (1.0ale{,) was
added until pH = 7. The layers were separated an@dbheous
phase was extracted with,Bt The combined organic layers
were washed with brine, dried over MgSCriltered, and
concetratedin vacuo before being purified by flash column
chromatography (Si©) pentane:EtOAc, 4:1) to afford the title
compound as a white solid (0.476 g, 27%). Data wensistent
with those previously reportédf M.P.: 72-73 °C (CHG). R:
0.18 (pentane:EtOAc, 4:1yH NMR (400 MHz, CDCJ): § =
7.50 (d,J = 8.7 Hz, 2H), 7.47 (d) = 16.2 Hz, 1H), 6.92 (d] =
8.8 Hz, 2H), 6.61 (dJ = 16.2 Hz, 1H), 3.84 (s, 3H) and 2.36 ppm
(s, 3H)."®*C NMR (101 MHz, CDG)): & = 198.6, 161.7, 143.4,
130.1 (2C), 127.2, 125.1, 114.6 (2C), 55.5 and ppré.

45.4  (E)-4-(Benzo[d][1,3]dioxol-5-yl)but-3-en-2-en  (2d).
NaOH (10% ag., 0.29 mL) was added to a solution oérpipal
(1.50 g, 10.0 mmol) in acetone (2.90 mL, 39.4 mBd4 equiv)
and HO (0.14 mL) at room temperature. The reaction waeesti
at room temperature for 24 h. HCI (1.0 M, aq.) wadeaduntil
pH = 2. The layers were separated and the aqueowse ptes
extracted with CHCIl,. The combined organic layers were
washed with brine, dried over MggQiltered, and concentrated
in vacuobefore being purified by flash column chromatograp
(Si0,, pentane:EtOAc, 4:1) to afford the title compoundaas
white solid (0.81 g, 42%). Data were consistent witbséh
previously reported® M.P.: 107-110 °C (CHEL R: 0.19
(pentane:EtOAc, 4:1)H NMR (400 MHz, CDCJ): & = 7.42 (d,
J=16.1 Hz, 1H), 7.05 (d] = 1.7 Hz, 1H), 7.02 (dd] = 8.0, 1.6
Hz, 1H), 6.82 (dJ = 8.0 Hz, 1H), 6.55 (d] = 16.2 Hz, 1H), 6.02
(s, 2H) and 2.35 ppm (s, 3HJC NMR (101 MHz, CDGJ): § =
198.5, 149.9, 148.6, 143.4, 128.9, 125.4, 125.(.8,0106.6,
101.8 and 27.7 ppm.

455 (E)-6-Phenylhex-3-en-2-one 2hj. 1-
(Triphenylphosphoranylidene)-2-propanone (1.91.06nmmol,
1.20 equiv) was added to a solution of 3-phenylpnah¢0.66
mL, 5.0 mmol, 1.0 equiv) in Ci€l, (10 mL) at 0 °C. The
reaction mixture was allowed to warm to room tempeeaind
then stirred until consumption of starting materiethe reaction
was directly concentratad vacuobefore being purified by flash
column chromatography (SiQpentane:EtOAc, 19:1) to afford
the title compound as a colourless oil (413 mg, ¥M&ata were
consistent with those previously reportéd. R: 0.12
(pentane:EtOAc, 19:1fH NMR (400 MHz, CDC)): & = 7.34—
7.27 (m, 2H), 7.25-7.14 (m, 3H), 6.82 (dt 15.9, 6.8 Hz, 1H),
6.09 (dt,J=16.0, 1.5 Hz, 1H), 2.83-2.76 (m, 2H), 2.60-2.51 (m,
2H) and 2.23 ppm (s, 3H}*C NMR (101 MHz, CDC)): § =
198.8, 147.3, 140.8, 131.8, 128.7 (2C), 128.5 (2AQK.4, 34.5,
34.3 and 27.1 ppm.

4.5.6 (E)-4-Cyclohexylbut-3-en-2-ongi)( NaOH (10% ag., 15
mL) was added dropwise over 30 min to a solution of
cyclohexanecarbaldehyde (1.82 mL, 15.0 mmol) irtcaee(11.0
mL, 150 mmol, 10.0 equiv) and,& (3 mL) at O °C. The reaction
was stirred at room temperature for 24 h. HCI (1.0ae{,) was
added until pH = 7. The layers were separated anédbeous
phase was extracted with,Bt The combined organic layers
were washed with brine, dried over MggCiltered, and
concentratedn vacuo before being purified by flash column



chromatography (Si©) pentane:EtOAc, 9:1) to afford the title
compound as a colourless oil 90.94 g, 41%). Data wensistent
with those previously reporté®! R;: 0.18 (pentane:EtOAc, 9:1).
'H NMR (400 MHz, CDCJ): 8 = 6.72 (dd,J = 16.1, 8.1 Hz, 1H),

6.01 (dd,J = 16.2, 1.2 Hz, 1H), 2.23 (s, 3H), 2.19-2.09 (m, 1H)

1.81-1.71 (m, 4H), 1.71-1.64 (m, 1H), 1.36-1.23 (i) and
1.23-1.09 ppm (m, 3H}’C NMR (101 MHz, CDGJ): 5 = 199.4,
153.6, 128.9, 40.8, 31.9 (2C), 27.0, 26.0 and ppra (2C).

4.5.7 Methyl (E)-2-oxo-4-phenylbut-3-enoag).(A solution of

7
270.1290; @H1FNO requires 270.1289A =

[M+H]*
0.37 ppm.

4.6.3 (E)-4-(2-Amino-4-chlorophenyl)-4-phenylbutf82one

,(3ca). 2-Bromo-5-chloroaniline (103 mg, 0.500 mmol) {&4-

phenylbut-3-en-2-one (183 mg, 1.25 mmol, 2.50 equirere
subjected toGP1. The reaction was purified by flash column
chromatography (Si©) pentane:EtOAc, 4:1) to afford the title
compound as a yellow oil (89.9 mg, 66%).;: RO.11
(pentane:EtOAc, 4:1)'H NMR (400 MHz, CDC)): & = 7.44—

KOH (842 mg, 15.0 mmol, 1.50 equiv) in MeOH (3 mL) was 7.33 (m, 3H), 7.30-7.23 (m, 2H), 6.96 (b= 8.2 Hz, 1H), 6.70

added dropwise over 30 min to a solution of pyrwagda (0.695
mL, 10.0 mmol, 1.00 equiv) and benzaldehyde (1.02 #©.0
mmol, 1.00 equiv) in MeOH (0.8 mL) at 0 °C. The réactwas
then stirred at 40 °C for 1 h before being cooledt°C and
stirred overnight. The resulting precipitate wasefiéd, washed
with MeOH (x2) and ED, and driedin vacuo This solid
(1.29 g) was then added to a solution of acetylraitdo(4.94 mL,
69.5 mmol, 11.5 equiv) in MeOH (34.5 mL) at 0 °C aheé
reaction stirred for 30 min before being warmed tmm
temperature and stirred for a further 2 h. The treaavas then
stirred at reflux overnight. The reaction was cootedroom
temperature and directly concentratedracuo The residue was
dissolved in water and extracted with ££H}. The organic layer
was washed with NaHCsat., ag.), KD and brine, dried over
MgSQ,, filtered, and concentrated vacuobefore being purified
by flash column chromatography (Sigyentane:EtOAc, 9:1) to
afford the title compound as a yellow solid (435 r28%). Data
were consistent with those previously repoH&8dM.P.: 66—69
°C (CHCL). R: 0.21 (pentane:EtOAc, 9:13H NMR (400 MHz,
CDCly): 8 = 7.88 (dJ = 16.1 Hz, 1H), 7.68—7.60 (m, 2H), 7.49—
7.40 (m, 3H), 7.37 (d] = 16.1 Hz, 1H) and 3.94 ppm (s, 3HiC
NMR (101 MHz, CDCJ): 6 = 182.5, 162.7, 148.8, 134.1, 131.8,
129.2 (2C), 129.2 (2C), 120.6 and 53.2 ppm.

4.6. Experimental procedures; Synthesis of enones 3

4.6.1 (E)-4-(2-Aminophenyl)-4-phenylbut-3-en-2-or8aa). 2-
Bromoaniline (86.0 mg, 0.500 mmol) anf){4-phenylbut-3-en-
2-one (183 mg, 1.25 mmol, 2.50 equiv) were subjette@GP1.
The reaction was purified by flash column chromaapgsy
(Si0,, pentane:EtOAc, 4:1) to afford the title compoundaas
yellow solid (108 m%, 91%). Data were consistent wiibse
previously reporte” M.P.: 84-85 °C (CHG). R: 0.12
(pentane:EtOAc, 9:1)'H NMR (400 MHz, CDC)): § = 7.42—
7.34 (m, 3H), 7.31-7.25 (m, 2H), 7.16 (ddds 8.1, 7.3, 1.6 Hz,
1H), 7.04 (ddJ= 7.7, 1.6, 1H), 6.75 (tdl = 7.5, 1.2, 1H), 6.65
(dd,J=18.1, 1.2, 1H), 6.41 (s, 1H), 3.65 (bs, N2ZH) and 2.03
ppm (s, 3H)."*C NMR (101 MHz, CDGCJ): 6 = 200.9, 152.5,
144.6, 138.8, 131.2, 130.2, 129.9, 129.5, 129.4,(228.8 (2C),
127.0, 118.4, 116.5 and 30.9 ppm.

4.6.2 (E)-4-(2-Amino-5-fluoro-3-methylphenyl)-4-pHbeny-3-
en-2-one 3ba). 2-Bromo-4-fluoro-6-methylaniline (102 mg,
0.500 mmol) and K)-4-phenylbut-3-en-2-one (183 mg, 1.25
mmol, 2.50 equiv) were subjected @Pl. The reaction was
purified by flash column chromatography (Si@entane:EtOAc,
7:3) to afford the title compound as a yellow sol82.6 mg,
68%). M.P.: 111-113 °C (CHgI R¢: 0.17 (pentane:EtOAc, 7:3).
'H NMR (400 MHz, CDCJ): § = 7.44-7.34 (m, 3H), 7.31-7.24
(m, 2H), 6.82 (ddJ = 8.9, 3.0 Hz, 1H), 6.67 (dd,= 9.1, 3.0 Hz,
1H), 6.38 (s, 1H), 3.50 (bs, NH2H), 2.13 (s, 3H) and 2.04 ppm
(s, 3H).®*C NMR (101 MHz, CDGJ)): 5 = 200.8, 155.3 (dJ =

(dd,J = 8.2, 2.1 Hz, 1H), 6.63 (d,= 2.0 Hz, 1H), 6.37 (s, 1H),
3.71 (bs, NH, 2H) and 2.02 ppm (s, 3H)°C NMR (101 MHz,
CDCly): 8 = 200.8, 151.3, 145.7, 138.3, 135.8, 132.3, 130.1,
129.7, 129.4 (2C), 128.9 (2C), 125.3, 118.4, 15660 30.8 ppm.
FTIR (thin film) v 3478, 3369, 2980, 2980, 1684, 1656, 1619,
1592, 1569, 1488, 1419 and 701°tnHRMS (ESI): Found
[M+Na]® = 294.0657; GH.«CINO requires 294.0656A =
0.34 ppm.

4.6.4 (E)-4-(2-Amino-4-(trifluoromethyl)phenyl)-4-plygbut-3-
en-2-one 3da). 2-Bromo-5-(trifluoromethyl)-aniline (120 mg,
0.500 mmol) and K)-4-phenylbut-3-en-2-one (183 mg, 1.25
mmol, 2.50 equiv) were subjected @Pl. The reaction was
purified by flash column chromatography (Si@entane:EtOAc,
4:1) to afford the title compound as a yellow 008 mg, 52%).
Rr: 0.17 (pentane:EtOAc, 4:1% NMR (400 MHz, CDC)): § =
7.44-7.34 (m, 3H), 7.30-7.24 (m, 2H), 7.15J¢ 7.9 Hz, 1H),
6.97 (dd,J = 8.0, 1.0 Hz, 1H), 6.86 (d,= 1.7 Hz, 1H), 6.38 (s,
1H), 3.84 (bs, N 2H) and 2.05ppm (s, 3H)°C NMR
(101 MHz, CDCY): & = 200.7, 150.6, 144.8, 137.8, 132.0Jc;
32.3 Hz), 131.4, 130.6, 129.8, 129.7, 129.2 (2CB.9432C),
125.4 (9,J = 273.7 Hz), 114.6 (] = 3.8 Hz), 112.8 (¢ = 3.9
Hz) and 30.8 ppm-F NMR (376 MHz, CDCJ): = —63.0 ppm.
FTIR (thin film) v, 3480, 3371, 1687, 1662, 1626, 1591, 1436,
1337, 1246, 1168, 1122 and 701 &nmHRMS (ESD): Found

[M+H]" = 306.1101; GH.NO requires 306.1100A =
0.33 ppm.
4.6.5 (E)-4-(5-Acetyl-2-aminophenyl)-4-phenylbutr32eone

(3ea). 1-(4-Amino-3-bromophenyl)ethan-1-one (107 mg, 0.50
mmol) and E)-4-phenylbut-3-en-2-one (183 mg, 1.25 mmol,
2.50 equiv) were subjected @P1. The reaction was purified by
flash column chromatography (Sigpentane:EO, 1:4) to afford
the title compound as an orange solid (110 mg, 7844.: 123—
126 °C (CHCJ)). R: 0.24 (pentane:ED, 1:4). 'H NMR
(400 MHz, CDC}): 6 = 7.79 (ddJ = 8.3, 2.1 Hz, 1H), 7.77 (d,

= 2.0 Hz, 1H), 7.45-7.35 (m, 3H), 7.31-7.27 (m, 2H§16d,J

= 8.3 Hz, 1H), 6.39 (s, 1H), 4.06 (bs, NKH), 2.51 (s, 3H) and
2.05 ppm (s, 3H)"*C NMR (101 MHz, CDGJ)): 5 = 200.9, 196.4,
150.9, 149.1, 137.8, 132.1, 131.1, 130.6, 129.8,212C), 129.0
(2C), 127.6, 125.7, 115.3, 30.8 and 26.2 ppm. F{EHh film)
Vmax 3480, 3358, 3233, 1662, 1622, 1586, 1357, 128671
1235 and 700 cmh HRMS (ESH): Found [M+Na] = 302.1150;
CgH1/NO, requires 302.11524 = 0.66 ppm.

4.6.6 Methyl (E)-3-amino-4-(3-oxo-1-phenylbut-1-en-1
yhbenzoate Ifa). Methyl 3-amino-4-bromobenzoate (115 mg,
0.500 mmol) and K)-4-phenylbut-3-en-2-one (183 mg, 1.25
mmol, 2.50 equiv) were subjected @Pl. The reaction was
purified by flash column chromatography (Si@entane:EtOAc,
7:3) to afford the title compound as a yellow o8& mg, 46%).
R:: 0.21 (pentane:EtOAc, 7:3% NMR (400 MHz, CDCJ): 6 =

236.1 Hz), 151.4 (dJ = 1.7 Hz), 138.7, 138.3, 130.5, 129.6, 7.36-7.22 (m, 5H), 7.22—-7.16 (m, 2H), 7.03J&; 8.0 Hz, 1H),
129.3 (2C), 128.8 (2C), 127.5 (d,= 7.5 Hz), 124.9 (dJ = 6.32 gs, 1H), 3.80 (s, 3H), 3.71 (bs, NKEH) and 1.97 ppm (s,
7.6Hz), 117.8 (dJ = 22.2 Hz), 114.7 (d) = 22.4 Hz), 30.9 and 3H). ®C NMR (101 MHz, CDGJ)): 6 = 200.7, 167.0, 151.0,
18.1 ppm.”F NMR (376 MHz, CDGJ)): = —127.7 ppm. FTIR 144.6, 137.9, 131.5, 131.1, 131.0, 130.5, 129.9,312C), 128.9
(thin film) v, 3467, 3375, 3056, 2918, 1687, 1657, 1624, 1591(2C), 119.2, 117.3, 52.3 and 30.9 ppm. FTIR (thim)f
1475, 1445, 1353, 865 and 707 CmHRMS (EST): Found  vna: 3474, 3372, 1718, 1688, 1661, 1623, 1591, 158381
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1297, 1237, 765 and 702 cmHRMS (ESTI): Found [M+Na] =
318.1096; GgH1/NO; requires 318.1101H = 1.57 ppm.

4.6.7 (E)-4-Amino-3-(3-oxo-1-phenylbut-1-en-1-ylamitrile
(3ga). 4-Amino-3-bromobenzonitrile (98.5 mg, 0.500 mmetd
(E)-4-phenybut-3-en-2-one (183 mg, 1.25 mmol, 2.5Qi\gq
were subjected tdGP1. The reaction was purified by flash
column chromatography (SiQpentane:EtOAc, 13:7) to afford
the title compound as a yellow oil (121 mg, 92%). ®17
(pentane:EtOAc, 13:7)H NMR (400 MHz, CDCJ): § = 7.46—
7.37 (m, 4H), 7.36 (dd] = 2.0, 0.4 Hz, 1H), 7.28-7.24 (m, 2H),
6.63 (dd,J = 8.4, 0.4 Hz, 1H), 6.37 (s, 1H), 4.14 (bs, NBH),
and 2.05 ppm (s, 3H}*C NMR (101 MHz, CDGCJ): § = 200.6,
149.4, 148.3, 137.4, 135.2, 133.8, 130.9, 130.B.22 (2C),
129.15 (2C), 126.6, 119.7, 116.1, 100.6 and 30rA.pBTIR

NH,, 2H) and 2.05 ppm (s, 3H)Y'C NMR (101 MHz, CDGC)): &

= 201.1, 160.8, 152.4, 144.7, 131.2, 131.2 (2C).2,3130.2,
128.8, 127.3, 118.4, 116.4, 114.1 (2C), 55.5 an€él Bpm. FTIR
(thin film) vmae 3468, 3364, 2360, 2342, 1655, 1605, 1509, 1490,
1453, 1353, 1294, 1250, 1179, 1149, 1029, 840 &mdcm’.
HRMS (ESI): Found [M+H] = 268.1339; ¢H,-NO, requires
268.1338A = 0.37 ppm.

4.6.11 (E)-4-(2-Aminophenyl)-4-(benzo[d][1,3]diox®yl)but-3-
en-2-one 3ad). (E)- 4-phenylbut-3-en-2-one (86.0 mg, 0.500
mmol) and E)-4-(benzo[d][1,3]dioxol-5-yl)but-3-en-2-one (238
mg, 1.25 mmol, 2.50 equiv) were subjected>®l. The reaction
was purified by flash column chromatography ($iO
pentane:EtOAc, 7:3) to afford the title compound e}«elmw oil
(92.1 mg, 65%). R 0.20 (pentane:EtOAc, 7:3).H NMR

(thin film) Vmac 3480, 3364, 3229, 2217, 1625, 1603 and(400 MHz, CDCJ): § = 7.15 (ddd,) = 8.1, 7.3, 1.6 Hz, 1H), 7.04

1501 cm®. HRMS (EST): Found [M-H] =
Cy7H14NO, requires 261.1033y = 1.91 ppm.

4.6.8 (E)-4-(2-Amino-5-(2-((triethylsilyl)oxy)ethghenyl)-4-
phenylbut-3-en-2-one 3ka). 2-Bromo-4-(2-
((triethylsilyl)oxy)ethyl)aniline (165 mg, 0.500 nohand E)-4-
phenylbut-3-en-2-one (183 mg, 1.25 mmol, 2.50 equvere

261.1028;

(dd,J = 7.6, 1.6 Hz, 1H), 6.85-6.77 (m, 2H), 6.77—6.71 (ki),2
6.64 (ddJ=8.1, 1.1 Hz, 1H), 6.31 (s, 1H), 5.99 (s, 2H), 3.6§ (b
NH,, 2H) and 2.08 ppm (s, 3HY'C NMR (101 MHz, CDGC)): &
=200.9, 152.0, 148.9, 148.1, 144.7, 132.5, 13130,2, 129.3,
127.0, 124.0, 118.4, 116.4, 109.6, 108.5, 101.6 208 ppm.
FTIR (thin film) vma: 3469, 3366, 2897, 1656, 1619, 1579, 1487,
1452, 1439, 1356, 1328, 1038, 932 and 753'.cHRMS (ESI):

subjected toGP1. The reaction was purified by flash column Found [M+H] = 282.1126; GH,NO; requires 282.1125) =
chromatography (Si©) pentane:EtOAc, 4:1) to afford the title o 33 ppm.

compound as a red oil (133 mg, 67%j. ®R18 (pentane:EtOAc,
4:1).™H NMR (400 MHz, CDCJ): 6 = 7.42-7.33 (m, 3H), 7.31—
7.25 (m, 2H), 7.01 (dd] = 8.1, 2.2 Hz, 1H), 6.90 (d,= 2.1 Hz,
1H), 6.58 (d,J = 8.1 Hz, 1H), 6.38 (s, 1H), 3.74 &= 7.1 Hz,
2H), 3.52 (bs, Ni 2H), 2.71 (tJ = 7.1 Hz, 2H), 2.02 (s, 3H),
0.92 (t,J = 7.9 Hz, 9H) and 0.56 ppm (4,= 7.9 Hz, 6H).°C

NMR (101 MHz, CDCJ): § = 201.2, 152.9, 143.0, 139.0, 131.8

131.1, 130.0, 129.7, 129.6 (2C), 129.3, 128.9 (227,2, 116.8,
64.7, 38.9, 31.0, 7.1 (3C) and 4.7 ppm (3C). FTiRn(film)

Vmax 3466, 3368, 2953, 2912, 2875, 1656, 1621, 158901
1238, 1094, 1014, 742, 726 and 700 crhiRMS (EST): Found
[M+Na]® = 418.2176; GH3NO,Si requires 418.2173A =

0.72 ppm.

4.6.9 (E)-1-(2-Aminophenyl)-1-phenylpent-1-en-3-¢Bab). 2-
Bromoaniline (86.0 mg, 0.500 mmol) are){1-phenylpent-1-en-
3-one (200 mg, 1.25 mmol, 2.50 equiv) were subjette@GP1.
The reaction was purified by flash column chromaapgsy
(Si0,, pentane:EtOAc, 4:1) to afford the title compoundaas
yellow oil (68.1 mg, 54%). R 0.16 (pentane:EtOAc, 4:1jH

NMR (400 MHz, CDCJ): & = 7.43-7.31 (m, 3H), 7.31-7.23 (m,

2H), 7.15 (ddd,) = 8.0, 7.2, 1.6 Hz, 1H), 7.06 (dd,= 7.7, 1.6
Hz, 1H), 6.75 (tdJ = 7.5, 1.2 Hz, 1H), 6.64 (dd,= 8.0, 1.2 Hz,
1H), 6.42 (s, 1H), 3.63 (s, NH2H), 2.38 (q,) = 7.3 Hz, 2H) and
1.03 ppm (tJ = 7.3 Hz, 3H).”*C NMR (101 MHz, CDCJ): § =

203.8, 151.8, 144.8, 138.9, 131.2, 130.2, 129.4),(2A29.4,
129.0, 128.8 (2C), 127.4, 118.5, 116.6, 37.0 afdcppm. FTIR

4.7. Experimental procedures: Synthesis of quinolines 4

4.7.1 2-Methyl-4-phenylquinolindda). From enone 3aa: (E)-4-
(2-Aminophenyl)-4-phenylbut-3-en-2-one  (35.5 mg, 501

* mmol) was subjected t8P2. The reaction was purified by flash

column chromatography (SiOpentane:EtOAc, 4:1) to afford the
titte compound as a yellow oil (28.7 mg, 87%)pne-pot
procedure: 2-Bromoaniline (86.0 mg, 0.500 mmol) ar)-@-
phenylbut-3-en-2-one (183 mg, 1.25 mmol, 2.50 equirere
subjected toGP3. The reaction was purified by flash column
chromatography (Si©) pentane:EtOAc, 5:1) to afford the title
compound as a yellow oil (97.6 mg, 89%). Data weresictent
with those previously reportéd! R;: 0.28 (pentane:EtOAc, 4:1).
'"H NMR (400 MHz, CDCJ): & = 8.09 (ddd,) = 8.5, 1.3, 0.6 Hz,
1H), 7.86 (ddd) = 8.5, 1.5, 0.6 Hz, 1H), 7.69 (dddi= 8.4, 6.8,
1.4 Hz, 1H), 7.55-7.46 (m, 5H), 7.43 (ddds 8.2, 6.8, 1.3 Hz,
1H), 7.24 (s, 1H) and 2.78 ppm (s, 3HC NMR (101 MHz,
CDCly): 3 = 158.6, 148.6, 148.5, 138.3, 129.6 (2C), 12928, 1,
128.6 (2C), 128.4, 125.8, 125.8, 125.2, 122.4 & gpm.

4.7.2 6-Fluoro-2,8-dimethyl-4-phenylquinolindbg). (E)-4-(2-
Amino-5-fluoro-3-methylphenyl)-4-phenylbut-3-en-2en (40.4
mg, 0.150 mmol) was subjected BP2. The reaction was
purified by flash column chromatography (Si@entane:EtOAc,
97:3) to afford the title compound as a white sdB%.7 mg,

(thin film) vmae 3370, 2965, 2934, 1686, 1617, 1491, 1452, 130694%)_ M.P.: 58-61 °C (CHQI R: 0.21 (pentane:EtOAc, 97:3).

1118, 750 and 700 ¢ HRMS (ESI): Found [M+H] =
252.1383; @H1/,NO requires 252.1383, = 0.00 ppm.

4.6.10 (E)-4-(2-Aminophenyl)-4-(4-methoxyphenyl)ben32-
one @ac). 2-Bromoaniline (86.0 mg, 0.500 mmol) arg)-@-(4-
methoxyphenyl)but-3-en-2-one (220 mg, 1.25 mmdQ2quiv)
were subjected taGP1. The reaction was purified by flash
column chromatography (SiOpentane:EO, 1:1) to afford the
titte compound as a yellow oil (87.6 mg, 65%): R.11
(pentane:BD, 1:1)."H NMR (400 MHz, CDCJ): 8 = 7.23 (dJ =
8.7 Hz, 2H), 7.16 (td) = 7.7, 1.6 Hz, 1H), 7.06 (dd,= 7.7, 1.6
Hz, 1H), 6.88 (dJ = 8.7 Hz, 2H), 6.75 (td] = 7.5, 1.2 Hz, 1H),

6.64 (ddJ= 8.1, 1.2 Hz, 1H), 6.31 (s, 1H), 3.83 (s, 3H), 3.64, (b

'H NMR (400 MHz, CDCJ): § = 7.56-7.44 (m, 5H), 7.34—-7.27
(m, 2H), 7.24 (s, 1H), 2.85 (s, 3H) and 2.77 ppm @). 3°C
NMR (101 MHz, CDC)): 8 = 159.7 (d,J = 244.8 Hz), 156.5,
148.2 (d,J = 5.6 Hz), 144.7, 140.2 (d,= 9.1 Hz), 138.4, 129.5
(2C), 128.7 (2C), 128.5, 125.8 @= 9.6 Hz), 122.7, 119.3 (d,
= 25.4 Hz), 106.8 (d] = 22.5 Hz), 25.6 and 18.7 ppME NMR
(376 MHz, CDC}): 4 = —115.0 ppm. FTIR (thin filmy,, 3058,
2924, 2854, 1763, 1622, 1569, 1487, 1124, 863,an84702 cm

! HRMS (ESI): Found [M+H] = 252.1183; GH,FN requires
252.1183A = 0.00 ppm.

4.7.3 7-Chloro-2-methyl-4-phenylquinoline 4c§). (E)-4-(2-
Amino-4-chlorophenyl)-4-phenylbut-3-en-2one (46.6,n0gl70
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mmol) was subjected t6P2. The reaction was purified by flash 701 cm®. HRMS (ESI): Found [M+H] = 278.1175;
column chromatography (SiOpentane:EtOAc, 17:3) to afford C,gH,sNO, requires 278.117@&, = 0.36 ppm.
the title compound as a yellow solid (35.1 mg, 81B)P.: 70— o o
71 °C (CHCJ). R: 0.18 (pentane:EtOAc, 17:3)H NMR  4.7.7 2-Methyl-4-phenylquinoline-6-carbonitrile4gg). From
(400 MHz, CDCJ): 5 = 8.07 (d, J = 2.1 Hz, 1H), 7.78 (d, J = 8.9 enone  4ga: (E)-4-Amino-3-(3-oxo-1-phenylbut-1-en-1-
Hz, 1H), 7.55-7.43 (m, 5H), 7.36 (dd, J = 8.9, 2.2 H4), 7.22  Y)benzonitrile (39.3 mg, 0.150 mmol) was subjectedGP2.
(s, 1H) and 2.76 ppm (s, 3HC NMR (101 MHz, CDCJ): 5 =  The reaction was purified by flash column chromazapgy
159.9, 149.0, 148.6, 137.7, 135.3, 129.5 (2C),828C), 128.7, (SIO,, pentane:EtOAc, 7:3) to afford the title compoundaas
128.1, 127.2, 126.7, 123.6, 122.4 and 25.5 ppmiRKiHin film) ~ White solid (36.1 mg, 98%)One-pot procedure: 4-Amino-3-
Vmax 3057, 2920, 1593, 1488, 1403, 1180, 1072, 93, 884,  bromobenzonitrile (98.5 mg, 0.500 mmol) atg)-4-phenylbut-
774 and 701 cih. HRMS (ESI): Found [M+H] = 254.0733; 3-en-2-one (183 mg, 1.25 mmol, 2.50 equiv) were estbgl to
C16H1:.CIN requires 254.0731 = 0.79 ppm. GP3. The reaction was purified by flash column chrorgeaphy

(Si0,, pentane:EtOAc, 5:1) to afford the title compoundaas
4.7.4 2-Methyl-4-phenyl-7-(trifluoromethyl)quinolirféda). (E)- white solid (102 mg, 83%). M.P.: 154-157 °C (CECR:: 0.29
4-(2-Amino-4-(trifluoromethyl)phenyl)-4-phenylbut-&a-2-one (pentane:EtOAc, 7:3}H NMR (400 MHz, CDCJ): & = 8.25 (d,
(38.9 mg, 0.127 mmol) was subjected@B2. The reaction was J= 1.8 Hz, 1H), 8.14 (d) = 8.7 Hz, 1H), 7.83 (dd] = 8.7, 1.9
purified by flash column chromatography (Si@entane:EO, Hz, 1H), 7.60-7.50 (m, 3H), 7.49-7.43 (m, 2H), 7.36Lk) and
4:1) to afford the title compound as a yellow 0 (2 mg, 79%). 2.82 ppm (s, 3H)*C NMR (101 MHz, CDG)): § = 162.2, 149.6,
R:: 0.18 (pentane:BD, 4:1).'"H NMR (400 MHz, CDC)): 6 =  149.1, 136.7, 132.5, 130.6, 130.2, 129.5 (2C), 2,2£29.1 (2C),
8.42-8.38 (m, 1H), 7.98 (df,= 8.8, 0.9 Hz, 1H), 7.60 (dd,=  124.9, 123.8, 119.1, 109.5 and 25.8 ppm. FTIR (flin) vy
8.8, 1.9 Hz, 1H), 7.57— 7.45 (m, 5H), 7.34 (s, 1H) ar8D ppm 2921, 2851, 2227, 1726, 1592, 839, 763 and 703 dtRMS
(s, 3H)."*C NMR (101 MHz, CDG)): & = 160.3, 148.7, 147.6, (ESI"): Found [M+H] = 245.1073; GH.,N, requires 245.1073,
137.5, 131.2 (gJ = 32.5 Hz), 129.6 (2C), 128.9 (3C), 127.1, A = 0.00 ppm.
127.0 (9,d = 4.4 Hz), 126.9, 124.2 (q] = 272.5 Hz), 124.0, ) _ o
121.4 (q,J = 3.2 Hz) and 255 ppm®F NMR (376 MHz, 4.7.8 2-Methyl-4-phenyl-6-(2-((triethylsilyl)oxybgt)quinoline
CDCly): § = —62.7 ppm. FTIR (thin filmy,,.,c 1595, 1373, 1340, (4ha). (E)-4-(2-Amino-5-(2-((triethylsilyl)oxy)ethyl)phenyl}-
1298, 1185, 1156, 1126, 1065 and 702'criRMS (ESI):  Phenylbut-3-en-2-one (54.0 mg, 0.150 mmol) was suege to

Found [M+H] = 288.0993; GH..F:N requires 288.0995 =  GP2. The reaction was purified by flash column chrorgedphy
0.69 ppm. (Si0,, pentane:EtOAc, 17:3) to afford the title compousdaa

orange oil (53.7 mg, 94%).;R0.20 (pentane:EtOAc, 17:3}H
475 1-(2-Methyl-4-phenylquinolin-6-yl)ethan-1-one(4ea). NMR (400 MHz, CDC}): 6 = 8.01 (dJ = 8.6 Hz, 1H), 7.67 (dJ
From enone 3ea: (E)-4-(5-Acetyl-2-aminophenyl)-4-phenylbut- = 1.5 Hz, 1H), 7.56 (dd] = 8.6, 2.0 Hz, 1H), 7.54-7.45 (m, 5H),
3-en-2-one (41.2 mg, 0.147 mmol) was subjecte®®2. The  7.19 (s, 1H), 3.82 (1) = 6.9 Hz, 2H), 2.91 (tJ = 6.9 Hz, 2H),
reaction was purified by flash column chromatograg8iO., 2.75 gs, 3H), 0.86 (11 = 7.9 Hz, 9H) and 0.50 ppm = 7.9 Hz,
pentane:EtOAc, 7:3) to afford the title compound aghite solid ~ 6H). **C NMR (101 MHz, CDCJ)): & = 157.8, 148.2, 147.4,
(36.7 mg, 95%). Onepot procedure: 1-(4-Amino-3- 138.4, 137.0, 131.3, 129.6 (2C), 128.8, 128.6 (228.3, 125.2,
bromophenyl)ethan-1-one (107 mg, 0.500 mmol) aBj-4¢ 125.0, 122.4, 64.0, 39.7, 25.4, 6.8 (3C) and 4m RC). FTIR
phenylbut-3-en-2-one (183 mg, 1.25 mmol, 2.50 equirere  (thin film) v, 2953, 2875, 1592, 1098, 1015, 834, 745 and
subjected toGP3. The reaction was purified by flash column 702 cm*. HRMS (ESI): Found [M+H] = 378.2245;
chromatography (Si§) pentane:EtOAc, 5:1) to afford the title C,,Hs;NOSI requires 378.2248, = 0.79 ppm.
compound as a white solid (100 mg, 76%). M.P.: 138-91C o )
(CHCl). R: 0.17 (pentane:EtOAc, 7:3fH NMR (400 MHz,  4.7.9 2-Ethyl-4-phenylquinolinégb). (E)-1-(2-Aminophenyl)-1-
CDCl): & = 8.49 (d,J = 1.9 Hz, 1H), 8.23 (dd] = 8.8, 2.0 Hz, Phenylpent-1-en-3-one (33.4 mg, 0.132 mmol) wasesuted to
1H), 8.11 (d,J = 8.8 Hz, 1H), 7.58-7.48 (m, 5H), 7.30 (s, 1H), GP2. The reaction was purified by flash column chrorgeaphy
2.80 (s, 3H) and 2.59 ppm (s, 3’C NMR (101 MHz, CDCJ): (SIG,, pentane:EtOAc, 9:1) to afford the title compoundaas
5 = 199.8, 161.3, 150.5, 150.1, 137.5, 134.3, 12129,6, 129.0 Yellow oil (22.9mg, 74%). R 0.22 (pentane:EtOAc, 9:1jH
(2C), 128.9 (2C), 128.0, 127.8, 124.4, 123.2, 28 25.7 ppm. NMR (400 MHz, CDCJ): 6 = 8.12 (dt,J = 8.5, 0.8 Hz, 1H), 7.87
FTIR (thin film) vpae 2359, 2342, 1681, 1608, 1592, 1257, 842,(dd, J = 8.5, 1.4 Hz, 1H), 7.69 (ddd,= 8.4, 8.6, 1.4 Hz, 1H),
762 and 703 ci. HRMS (EST): Found [M+H] = 262.1226; 7-55-7.46 (m, 5H), 7.43 (ddd= 8.2, 6.8, 1.2 Hz, 1H), 7.26 (s,

CasHisNO requires 262.122@ = 0.00 ppm. 113'::)'N3M0F§ E(if)]lzn/THG HcZ:’chg)) %nd ll'gg 5 pr1n4g,; YizlsHsz ' igs);'s
Z, . = .0, .0, -9, -9,

4.7.6 Methyl 2-methyl-4-phenylquinoline-7-carboxglaéfa). 129.7 (2C), 129.3 (2C), 128.6 (2C), 128.4, 125Z.8, 125.4,
From enone 3fa: Methyl (E)-3-amino-4-(3-oxo-1-phenylbut-1- 121.2, 32.5 and 14.2 ppm. FTIR (thin film).. 3059, 3033,
en-1-yl)benzoate (54.6 mg, 0.184 mmol) was subjettic@aP2. 2067, 2931, 2872, 1593, 1557, 1490, 833, 763 aridciD-
The reaction was purified by flash column chromapyy HRMS (EST): Found [M+H] = 234.1277; GHsN requires
(Si0,, pentane:EtOAc, 3:1) to afford the title compoundaas 234.1277A = 0.00 ppm.

yellow oil (36.9 mg, 72%).0One-pot procedure: Methyl 3- o
amino-4-bromobenzoate (115 mg, 0.500 mmol) agk4¢  4.7.10 4-(4-Methoxyphenyl)-2-methylquinolinéad). (E)-4-(2-
phenylbut-3-en-2-one (183 mg, 1.25 mmol, 2.50 equiere  Aminophenyl)-4-(4-methoxyphenyl)but-3-en-2-one (414,
subjected toGP3. The reaction was purified by flash column 0-154 mmol) was subjected &P2. The reaction was purified by
chromatography (Si9 pentane:EtOAc, 5:1) to afford the title flash column chromatography (SiOpentane:EtOAc, 4:1) to
compound as a vyellow oil (109 mg, 78%).: R0.19 afford the t_|tle compound as a yel!ow oil (35.3 n@gl,%). Data
(pentane:EtOAc, 3:1YH NMR (400 MHz, CDCJ): 6 = 8.79 (d, Were consistent with those previously repoH8d'H NMR
J=1.7 Hz, 1H), 8.00 (dd] = 8.8, 1.4 Hz, 1H), 7.89 (d, = 8.8 (400 MHz, CDC})): 6 = 8.07 (dddJ = 8.5, 1.2, 0.6 Hz, 1H), 7.90
Hz, 1H), 7.56—7.44 (m, 5H), 7.30 (s, 1H), 3.97 (s, 3k} 2.78 (ddd,J = 8.4, 1.5, 0.7 Hz, 1H), 7.67 (ddd = 8.3, 6.8, 1.5 Hz,
ppm (s, 3H).*C NMR (101 MHz, CDG)): 6 = 167.0, 159.7, 1H), 7.46-7.39 (m, 3H), 7.20 (s, 1H), 7.07-7.01 (m,, &8 (s,
148.4, 147.9, 137.6, 131.7, 130.7, 129.5 (2C),a28C), 128.7, 3H) and 2.76 (s, 3H)°C NMR (101 MHz, CDGJ): 3 = 159.8,
127.7, 126.1, 125.3, 124.0, 52.5 and 25.5 ppm. RMR film) ~ 158.6, 148.5, 148.3, 130.8 (2C), 130.5, 129.3, 4292528,
Vmax 2951, 1720, 1593, 1413, 1270, 1235, 1093, 759, a4l  125.7,125.3, 122.3, 114.1 (2C), 55.5 and 25.4 ppm.
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4.7.11 4-(Benzo[d][1,3]dioxol-5-yl)-2-methylquinoéin (4ad).
(E)-4-(2-Aminophenyl)-4-(benzo[d][1,3]dioxol-5-yl)biB-en-2-
one (56.9 mg, 0.202 mmol) was subjected>t2. The reaction
was purified by flash column chromatography (SO
pentane:EtOAc, 7:3) to afford the title compound m®#-white
solid (40.9 mg, 76%). M.P.: 94-97 °C (CHCIR: 0.21
(pentane:EtOAc, 7:3YH NMR (400 MHz, CDCJ): & = 8.07 (d,
J = 8.4 Hz, 1H), 7.90 (dd] = 8.5, 1.4 Hz, 1H), 7.68 (ddd,=
8.4, 6.8, 1.4 Hz, 1H), 7.44 (dddl= 8.2, 6.8, 1.3 Hz, 1H), 7.20 (s,
1H), 7.00-6.93 (m, 3H), 6.06 (s, 2H), 2.76 (s, 3HZ NMR
(101 MHz, CDC}): 6 = 158.61, 148.57, 148.2, 147.9 (2C), 132.1,
129.4, 129.2, 125.8, 125.7, 125.3, 123.4, 122.%.11,1108.6,
101.5 and 25.5 ppm. FTIR (thin film),,, 1593, 1501, 1485,
1439, 1409, 1242, 1225, 1037, 932, 878, 806 andcit65
HRMS (ESI): Found [M+H] = 264.1019; ¢H,;NO, requires
264.1019A = 0.00 ppm.

4.7.12 2-Methyl-4-phenethylquinolinedah). 2-Bromoaniline
(86.0 mg, 0.500 mmol) and E)-6-phenylhex-3-en-2-one
(220 mg, 1.26 mmol, 2.53 equiv) were subjectedc@l. The
reaction was purified by flash column chromatograg8iO.,
pentane:EtOAc, 9:b7:3) and preperative thin layer
chromatography (Si§ glass plate, 2000 um, 20 x 20 cm,
cyclohexane:EtOAc, 8:2) to afford the title compouad a
yellow oil (100 mg, 81%). R 0.14 (pentane:EtOAc, 4:1jH
NMR (400 MHz, CDC})): 8 = 8.07-7.99 (m, 2H), 7.68 (ddd =
8.4, 6.9, 1.5 Hz, 1H), 7.51 (ddd= 8.3, 6.9, 1.3 Hz, 1H), 7.38—
7.28 (m, 2H), 7.28-7.20 (m, 3H), 7.09 (s, 1H), 3.3893(m,
2H), 3.12-3.01 (m, 2H) and 2.69 ppm (s, 3HiC NMR
(101 MHz, CDC}): 5 = 158.8, 148.3, 147.4, 141.3, 129.6, 129.2,
128.7 (2C), 128.5 (2C), 126.5, 125.8, 125.7, 1232,.9, 36.4,
34.3 and 25.5 ppm. FTIR (thin filmy,.« 3026, 2924, 2361,
1601, 749 and 699 cth HRMS (ESI): Found [M+H] =
248.1435; H1-N requires 248.1434 = 0.40 ppm.

4.7.13 4-Cyclohexyl-2-methylquinolineda(). 2-Bromoaniline
(85.2 mg, 0.495 mmol) andE)-4-Cyclohexyl-3-buten-2-one
(190 mg, 1.25 mmol, 2.53 equiv) were subjected@RL with a
modified work up. The crude reaction mixture was teilin
Et,O and washed with HCI (1.0 M, ag.),®0; was added to the
aqueous phase until pH = 9 and the aqueous phasd¢hesms
extracted with CKHCl, (x3). The combined organic layers were
dried over NgSQ,, filtered, and concentrateid vacuo before
being purified by flash column chromatography (Si6—40 pm,
pentane:EtOAc, 19:34:1) to afford the title compound as an
orange oil (43.4 ma, 39%). Data were consistent witbse
previously reportef”) R:: 0.23 (pentane:EtOAc, 4:13H NMR
(400 MHz, CDC)): 6 = 8.03 (d, J = 9.0 Hz, 2H), 7.67-7.61 (m,
1H), 7.51-7.45 (m, 1H), 7.16 (s, 1H), 3.37-3.20 (m,, ZH}2 (s,
3H), 2.06-1.78 (m, 5H), 1.62-1.43 (m, 4H) and 1.426-p@Em
(m, 1H)."*C NMR (101 MHz, CDCJ): 6 = 158.9, 153.5, 148.3,
129.7, 128.9, 125.4, 125.3, 123.0, 118.4, 38.97 33C), 27.1
(2C), 26.5 and 25.6 ppm.

4.7.14 Methyl 4-phenylquinoline-2-carboxylatedajj. 2-
Bromoaniline (86.5 mg, 0.503 mmol) and methlg)-g-oxo-4-
phenylbut-3-enoate (239 mg, 1.26 mmol, 2.50 equivgre
subjected taGP1 with a modified work up. The crude reaction
mixture was diluted in EO and washed with HCI (1.0 M, aq.,
x3). The organic layer was dried oven(GQ; and NaSO,,
filtered, and concentratdd vacuobefore being purified by flash
column chromatography (SjQL5-40 pm, pentane:EtOAc, 4:1)
to afford the title compound as a pale crystalboéd (68.4 mg,
52%). Data were consistent with those previously tepdt
M.P.: 92-99 °C (CkCl). R: 0.20 (pentane:EtOAc, 4:1jH
NMR (400 MHz, CDC}): 6 = 8.37 (ddJ = 8.6, 1.2 Hz, 1H), 8.16

Tetrahedron

(s, 1H), 7.98 (ddJ = 8.5, 1.3 Hz, 1H), 7.79 (ddd = 8.4, 6.7, 1.4
Hz, 1H), 7.60 (ddd) = 8.4, 6.9, 1.2 Hz, 1H), 7.58-7.48 (m, 5H)
and 4.09 ppm (s, 3H}*C NMR (101 MHz, CDCJ): § = 166.2,
150.1, 148.3, 147.6, 137.6, 131.2, 130.2, 129.7),(228.9,
128.81 (2C), 128.79, 128.0, 125.9, 121.4 and 58m.p
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