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A mild and robust one-pot protocol for the Rh-cgrald 1,4-addition of 2-aminoboronic acid dg3-unsaturated
esters for the efficient synthesis of dihydroquinohes has been developed. Furthermore the adddfoa
variety of substituted boronic acids to diversp-unsaturated esters has been investigated. Théopra@roceed
in water containing catalytic amounts of the comamaty available designer surfactant TPGS-750-Ma(the
formation of nanomicelles). This mild and easy &fprm process proceeds at room temperature aredatels a
wide range of functionalities.
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1. Introduction

The dihydroquinolinone (dihydroquinolin-2-one) cateucture can not only be found in a large nundferatural products
but also in important drug candidates. Exampleswshdon Figure 1 include drugs like cilostazol)((a PDE3
phosphodiesterase inhibitor for the treatment oipperal vascular disease) and aripipraz@e(én anti-psychotic used for
the treatment of schizophrenia). Natural produitts the insecticidal antibiotic Yaequinolone A3),(isolated from the
fungal strainPenicillium sp. FKI-2140? and the alkaloid Trigolutesin A4, isolated fromTrigonostemon Iutescens,? also
contain the dihydroquinolinone core.
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Figure 1. Drugs and natural products containing the dihgdneolinone core.

Methods which allow efficient access to substitutéd/droquinolinones are therefore of significamterest, in particular if
such a process allows high functional group tolegann addition to the classical Friedel-Crafts iation approaches,
several other methods for the synthesis of dihydiraglinones have been published over the last fears; e.qg. triflic acid-
mediated cyclization of N-benzylcinnamanililes hypervalent iodine oxidative cyclization of amyethoxyamide® and

various metal catalyzed reactidiflternatively, free radical cyclization of allyldohyl substituted N-aryl amide
derivativeg and radical cyclization of butenyl arylhydroxantiteere recently disclosed. However, most of the riepb
reactions are either multi-step or require reactionditions which are not suited for the synthediglihydroquinolinones
containing sensitive functional groups. Similar itetions are described for a one-pot rhodium catadyl,4-addition of



2-aminoarylboronates to,-unsaturated esters. The reactions were carriectogflux in aqueous dioxane using KOH as
base to give the corresponding dihydroquinolinoaéseit in moderate yield.Since sensitive substrates may not be stable
under such harsh reaction conditions the goal efptesent study was to explore a methodology whickteeds under
milder reaction conditions. In 2012 Lipshutz etr@ported an asymmetric rhodium catalyzed 1,4-addivf aryl boronic
acids to acyclic and cyclic enones in water at rdemperature using the nanomicellar system BQB8.this particular
publication chiral BINAP was covalently attachedhe PQS surfactant and the rhodium catalyst wasesently inserted
to form the first described chiral transition metatalyst-tethered surfactant. This alternativel&ssical organic chemistry is
called micellar catalysis: Instead of using orgattvents the reaction is conducted in water cairtginanomicelles derived
from adding catalytic amounts of commercially aablié and environmentally benign designer surfastemthe water (e.g.
PTS or TPGS-750-M¥. In this case water serves as the macroscopic mettiat drives nanoparticle organization due to
entropic factors. Depending on size, shape, coratomn and nature of the surfactant two plausilelaction mechanisms
have been proposed: a.) reactions take place irinthex core of a micelle, b.) a phase-transfer-likechanism where
reactions take place at the interface between ratiole and water. With limited levels of surfadtansually 2 to 5 weight
percent, concentrations of reactants are typidat in the inner core or at the interface of theathe. As a consequence
reaction rates at room temperature are comparatifose commonly seen at elevated temperaturagémic solvents.

Herein, we applied this methodology of micellaratygis to the Rh-catalyzed 1,4-addition of 2-aminoba acid 6a) to
different a,B-unsaturated esters. Compared to conventional ogactonditions in organic solvents we noted several
additional benefits: The risk of protodeboronatwas minimized due to the absence of heating leatdiriggher yields; the
impurity profile improved significantly which in ta simplified purification; and finally cost savieglue to easier product
isolation and the reduced use of organic solvents.

2. Results and discussion

The goal of the present study was to identify aifflie, efficient and green one-pot synthesis ofydilequinolones§g). We

were particularly interested in fluorinated sulsiits or sensitive functional groups because aafwmedtal strategy for
medicinal chemistry is the fluorination of new draowlecules in order to alter activity, selectivily metabolic stability.
Therefore the synthesis of fluorinated dihydroglimanes is of significant interest to the pharmaial industry. To date,
only a single publication has disclosed the syrishe$ 4-perfluoroalkylquinolinones by reacting 2adperfluororinated
anilines with the lithium enolate of acetaldehydefortunately, the reported yields were poor (l&ss 15%)-*

Our initial work focused on the synthesis of flumied alkyl substituents at the 4-position of dilwggiinolinones using
commercially available 2-aminophenylboronic add)(and the trifluoromethyl crotonestéa (see Table 1). At first, the 1,4-
addition was carried out under conventional reactionditions using 5 mol% [RhOH(COBRXnd 2 equivalents of IO

in dioxane at reflux for 1 hour (Table 1, entry The moderate yield can be rationalized by the ating protodeboronation
which occurs at elevated temperatures. Using nfaae the typically used 2 equivalents of the 2-ampiivemylboronic acid
(5a) did not further improve the yield. In order tommize the risk of protodeboronation the reacti@swarried out at room
temperature. Unfortunately, when using the standeadtion conditions at room temperature the dégreduct could only
be isolated in 20% yield. Performing the reactionvater without any surfactant at room temperaflieble 1, entry 2) also
afforded the desired product, albeit in poor yieldbe same reaction was then investigated undeellaiccatalysis
conditions using 2 mol% of different surfactantswater (Table 1, entries 2-7). The best resultsewatained using the
commercially available designer surfactant TPGSWb{Table 1, entry 7) yielding the desired 4-trdhomethyl-
dihydroquinolinoneB8a in 78% yield. Other non-ionic surfactants (Tableeftries 3,4,6,7) and the anionic surfactant SDS
(Table 1, entry 5) gave inferior results. Intenegly, the intermediat@a could be detected in LC-MS during the course ef th
reaction. However upon completion after 24 ho8esyas the only observed and isolated product.

Table 1.Impact of different solvents.

o
NH, ° [Rh?(Hé%OD)]z R o
. 2003 NH, OEt|
@ QP S Ly
B(OH). a) dioxane, reflux, 1h CF3
FiC or CFy
5a 6a b) H,0, 2% surfactant, rt, 24 h 7a 8a
Entry Method Surfactant Yield [%]

1 A - 33 (20)*
2 B - 15




3 B Triton-X-100 20
4 B PTS 23
5 B SDS 39
6 B TPGS-1000-M 40
7 B Solutol/Kolliphor 46
8 B TPGS-750-M 78

Method A: 1 egba, 2 eq5a, 5 mol% [RhOH(COD), 2 eq KCO;, dioxane, reflux, 1h; Method B: 1 &, 2.00 eg5a,
5 mol% [RhOH(COD)}, 2 eq KCG;, 2 wt% surfactant, yD, rt, 24 h; * reaction at room temperature.

Since some degree of protodeboronation of the Z@phienylboronic acidb@) was always observed via LC-MS, the use of
the more stable pinacol estels and the potassium trifluoroborate adt(see Table 2) were investigated. While the related
pinacol estebb gave the desired product in good yield (but Biiker compared to the boronic aé&d, Table 2, entry 2), the
potassium trifluoroborate sdt gave no conversion of starting materials (Tablerizy 3).

Table 2.Impact of the boron species.

@NH; o [Rh?(l:((:%?D)]z Koo
x ’ JI)‘\OE‘ TPGS-750-M, H,O
5 = 6a " 24n s: Q
Entry X Boron derivative 5 Yield [%]
1 -B(OH), 5a 78
2 pinacol ester 5b 61
3 -BRK 5c 0

Subsequently the role of the base was investig&sdiescribed in previous publications, the usenofe lipophilic bases
like TIPSOH/KOH and TMSOK may be beneficial for miier catalysis due to better penetration of suabed into the
inner core of a micell& However for this particular reaction, the influenaf the base was minimal and comparable yields
using four different bases were observed (Tablewdlich would be in agreement with an (at least Ipainterfacial
mechanism.

Table 3.Impact of different bases.

. o [RhOH(COD)l; R_o
base
53 ’ 6a 24n 8:F3
Entry Base Yield [%]
. K,CO3 78
5 TMSOK 73
3 TIPSOH/KOH 73
. EAN 70

Using the now optimized conditions, a series ofcfionalized 4-dihydroquinolinones were isolatedgimod to excellent
yields using differently substitutedp-unsaturated esters (see Table 4). Fluorinated congs such a8a-c (Table 4, entries
1-3) were isolated in good yields. The methyl-datie 8d and the phenyl-derivativ@e (Table 4, entries 4 and 5) were
obtained with improved yields of 78% and 95% vyielimpared to the previously published yields of 4Zf@ 58%
respectively:! Furthermore, products containing quaternary centeuld also be formed and the two tricyclic conpuisi
spiro-cyclobutan@&h and oxetan8i were isolated in 29% and 30% vyield.



Table 4.Synthesis of highly functionalized dihydroquinolites 8a-e.

NH, o [RhOH(COD)I, H
©[ . KoCO3 N._©
B2 : R = TPGS-750-M, H,0
v i, 24 h Ri R
5a 6 8
Entry R. R, Product 8 | Yield [%]
1 CK H a 78
2 CH,CF; H b 75
3 CHF, H c 61
4 Me H d 95
5 Ph H e 78 %
Me
6 H f 83
O
8 <> h 29
9 O i 30
0]

Method: 1 e, 2 eg5a, 5 mol% [RhOH(COD), 2 eq KCO;, 2 wt% TPGS-750-M, b0, rt, 24 h.

After investigating the reaction of 2-aminophenyltimac acid ba) with different Michael accepto&we turned our attention
to the synthesis of “open chain” analogues in otdexxplore the influence of different substituemsthe boronic acid. The
rhodium catalyzed 1,4-addition of bronic acidsaif-unsaturated esters is generally a powerful metloggoin organic
chemistry, documented by the large number of patiios since the first disclosure by Hayashi angadia in 1997°
However, most described reactions require high &zatpres and organic solvents. Interestingly litem examples are
usually restricted to para- and meta-substitutgttaronic acids’ In the case of sterically more hindered ortho sttied
boronic acids, the corresponding products were @ulated in poor to moderate yieffsOne reason for the lower yields
might be the aforementioned protodeboronation eflibronic acid which occurs faster at elevated tgatpres. Again,
performing chemistry in micelles would be an attisecalternative since reactions can be performi@d@m temperature.

Para- and meta-substituted phenylboronic a8idsdded very smoothly and in high yields to crotéere6d using our
standard reaction conditions. For example ethy-&ifrophenyl)butanoatel Q) (Table 5, entry 1) could be isolated after 60
min reaction time in 83% yield and ethyl 3-(4-metiphenyl)butanoatelQh) (Table 5, entry 2) after an even shorter time
period of 30 min in 95% yield. The para- and metastituted bromo phenylboronic acitidc and10d were also isolated in
high yields (Table 5, entries 3 and 4). We therestigated the more challenging reaction of ortHusstuted phenylboronic
acids 9f-k (Table 5, entries 5-10). Boronic acids with funotibities such as ortho-methoxy and ortho-methyktezh
smoothly with crotonested and the desired produci®f and10g could be isolated in very high yields. Howeverort
nitro- and ortho-hydroxyl-groups slowed down thaatéon and corresponding produdtsh and10i were only detected only
in traces (Table 5, entries 7 and 8). The stesicadlen more hindered ortho-bismethoxy boronic &igave the desired
product10j in 80% yield, whereas the ortho-methoxy fluoriddstituted compoundOk was isolated only in 34% yield
(Table 5, entries 9 and 10).

Table 5.Impact of substitution on arylboronic acids 9.



[RhOH(COD)},
KaCO3

TPGS-750-M, H,O

[e]
OFEt

R™ "Me

9 6d t, time 10
_ . Yield
Entry R= 10 Time [h] [%)]
5
1 a 1 83
Y
2 b 0.5 95
MeO
LS
3 c 0.5 80
Br
Br -
4 \Ejﬁ‘ d 1 95
OMe
5 @“{ e 1 87
Me
6 @’a’ f 1 95
OH
7 @X g 24 traces
NO,
8 @k h 24 traces
OMe
9 @‘a i 1 80
OMe
F
10 Cﬁﬂ j 24 34
OMe

Method: 1 edbd, 2 eq9, 5 mol% [RhOH(COD), 2 eq KCO;, 2 wt% TPGS-750-M, kO, rt, time.

Finally we investigated the influence of substitation theo,p-unsaturated ester moiey Even sensitive functionalities on
the a,p-unsaturated esters such as oxetanes were wethtedeand compoundsla and11b' (Table 6, entries 1, 2) were
isolated in 70% and 47% vyield respectively. Thedowield of 47% of oxetan&lb might be rationalized by the more
difficult formation of a quaternary center. Simijathe spiro-cyclobutyl compountilcwas isolated in 43% yield (Table 6,
entry 3). A longer reaction time did not improve ield further. Surprisingly spiro-azetidine cornpd?® 11d was obtained
in an excellent 88% yield (Table 6, entry 4).

Table 6.Impact of substitution on,-unsaturated esters 6.

o
o
Br B(OH), + ﬁom
\©/ R R,
od 6

[RhOH(COD)L,
K,CO3 OEt
R,
R

Br.
TPGS-750-M, H,O

i, time
11
Entry Ri= R, = 11 Time [h] | Yield [%]
Me
1 H a 1 70
o




2 b 2 47
o

3 <> c 2 43

4 N d 2 88
Boc

Method: 1 e, 2 eq9d, 5 mol% [RhOH(COD), 2 eq KCO;s, 2 wt% TPGS-750-M, O, rt, time.

3. Conclusion

In conclusion we were able to develop an efficiantd mild green chemistry procedure for the rhoduatalyzed 1,4-
addition of 2-aminophenylboronic aciéd) to a series of different,p-unsaturated esters to yield highly functionalized
dihydroquinolinones. The use of catalytic amouritthe surfactant TPGS-750-M allows the use of watesolvent and the
performance of the reactions at ambient temperatur@ddition, the described method herein wasessfally applied to the
rhodium catalyzed 1,4-addition of substituted pfiieoronic acids to various,p-unsaturated esters to give products in
good to excellent yields. These highly functionadizntermediates are of interest to the medicihahust.

4. Experimental section

4.1 General information

Reactions were performed in a 5 mL vial containinfeflon coated stirring bar. All commercially aable reagents were
used without further purification. TPGS (2 wt. %9)ugion in water was purchased from Aldrich. Coluohmomatography
was performed with an Isco CombiFlash® Companion™gusrace Reveleris® cartridge (Silica 40 um). 1H 43C
NMR spectra were measured on a Bruker DRX 500 speetesn500 and 125, 470 MHz, respectively) or on akBr
Avance 600 spectrometer (600 and 151 MHz, respagjivProton NMR data were recorded as follows: dbahshift in
ppm referenced from residual solvent peak (CDCI36 pyam), multiplicity (s = singlet; d = doublet; ttriplet; q = quartet; p
= pentet; sx = sextet; m = multiplet), coupling stamt (Hz), and integration. 13C Chemical shifts wearded in ppm
from the solvent resonance employed as the intestaaldard (CDCI3, 77.00 ppm). Mass spectral dat& wequired on a
QExactive (Thermo Scientific).

4.2 General procedure

In a 5 mL microwave vial containing,f-unsaturated ethyl ester (100 mg, 1.00 eq), borester (2.00 eq), potassium
carbonate (2.00 eq) and [RhOH(COD}D.05 eq) was added 2% wt. TPGS-750-M solutiomater (3 mL). The mixture
was stirred vigorously at ambient temperature far indicated time. The reaction mixture was themaeked with ethyl
acetate. The organic phase was subsequently drexdMigSQ, filtrated and reduced under vacuum. The crudeuywmbwas
purified by column chromatography on silica (elu€nri0% methanol in dichloromethane) to yield tlesiced product.

4.3 4-(trifluoromethyl)-3,4-dihydroquinolin-2(1H)-one (8a)

Prepared from ethyl 4,4,4-trifluorobut-2-enoate g, 0.595 mmol, 1.00 eq) and 2-aminoboronic #t&B mg, 1.19
mmol, 2.00 eq) according to the general procediihe reaction mixture was stirred for 24 h. Purtiima by column
chromatography on silica gel (MeOH in gH,; 0-10%) afforded the pure product (100 mg, 78%jvhie solid.*H NMR
(500 MHz, CDC}): 6 9.05 (s, 1H), 7.32 (td) = 7.7, 1.5 Hz, 1H), 7.29 (d,= 7.5 Hz, 1H), 7.08 (td] = 7.6, 1.2 Hz, 1H), 6.90
(dd,J = 8.0, 1.2 Hz, 1H), 3.64 (qdd,= 9.6, 7.1, 2.9 Hz, 1H), 3.00 — 2.89 (m, 2H) ppf&: NMR (125 MHz, CDC)): &
168.39, 137.83, 130.38, 130.08, 126.12, 123.43,3D16.15.57, 41.15, 30.07 ppAiE NMR (470 MHz, CDCJ): § -72.51
ppm. HRMS (ESI) m/z [M + H]calcd for [GgHoFsNOJ* 216.0631, found 216.0630.

4.4 4-(2,2,2-trifluoroethyl)-3,4-dihydroquinolin-2(1H)-one (8b)



Prepared from ethyl 5,5,5-trifluoropent-2-enoaté0(Ing, 0.549 mmol, 1.00 eq) and 2-aminoboronic &t&D mg, 1.10
mmol, 2.00 eq) according to the general procediihe reaction mixture was stirred for 24 h. Puriiima by column
chromatography on silica gel (MeOH in gEl,; 0-10%) afforded the pure product (95 mg, 75%jvhie solid.'H NMR

(500 MHz, CDCY}): 6 9.28 (s, 1H), 7.28 — 7.17 (m, 2H), 7.05 @d; 7.5, 1.2 Hz, 1H), 6.92 — 6.86 (m, 1H), 3.40 (@g,9.1,

5.0 Hz, 1H), 2.84 (dd] = 16.4, 5.9 Hz, 1H), 2.71 (dd,= 16.4, 3.6 Hz, 1H), 2.47 — 2.32 (m, 2H) ppfic NMR (125 MHz,
CDCly): & 170.43, 136.39, 128.62, 127.67, 126.20, 124.98,612 116.23, 37.82, 35.80, 30.96 ppir. NMR (470 MHz,
CDCly): § -63.33 ppm. HRMS (ESI) m/z [M + HEalcd for G,H,,FsNO 230.0787, found 230.0783.

4.5 4-(Difluoromethyl)-3,4-dihydroquinolin-2(1H)-one (8c)

Prepared from ethyl 4,4-difluorobut-2-enoate (10§) ;666 mmol, 1.00 eq) and 2-aminoboronic aci@® (4, 1.33 mmol,
2.00 eq) according to the general procedure. Tleeticlm mixture was stirred for 24 h. Purificatiory kwolumn
chromatography on silica gel (MeOH in gEl,; 0-10%) afforded the pure product (80 mg, 61%jvhie solid.'H NMR
(500 MHz, CDC}): 4 9.05 (s, 1H), 7.29 (d8 = 7.5, 1.4 Hz, 1H), 7.27 — 7.22 (m, 1H), 7.06 (¢, 7.5, 1.1 Hz, 1H), 6.88 (dd,
J=17.9, 1.2 Hz, 1H), 5.85 (td, = 56.0, 4.3 Hz, 1H), 3.44 — 3.33 (m, 1H), 2.94.822(m, 2H) ppm**C NMR (125 MHz,
CDCl): 6 169.41, 137.65, 129.55, 129.46, 123.48, 117.98,26] 116.12, 40.95, 29.64 pptiE NMR (470 MHz, CDC)):

3 -120.87, -123.60 ppm. HRMS (ESI) m/z [M +'Hialcd for [GgH1oF,NO]* 198.0725, found 198.0730.

4.6 4-Methyl-3,4-dihydroquinolin-2(1H)-one (8d)

Prepared from ethyl but-2-enoate (100 mg, 0.876 inin60 eq) and 2-aminoboronic acid (240 mg, 1.#Bam 2.00 eq)
according to the general procedure. The reactiodund was stirred for 24 h. Purification by columinromatography on
silica gel (MeOH in CHC,; 0-10%) afforded the pure product (134 mg, 95%yhite solid."H NMR (500 MHz, CDC}): §
9.10 (s, 1H), 7.22 — 7.14 (m, 2H), 7.02 @d;s 7.5, 1.1 Hz, 1H), 6.88 — 6.81 (m, 1H), 3.14Jk 6.7 Hz, 1H), 2.74 (ddl =
16.1, 5.8 Hz, 1H), 2.43 (dd,= 16.1, 7.2 Hz, 1H), 1.32 (d,= 7.0 Hz, 3H) ppm**C NMR (125 MHz, CDG)): § 136.44,
128.72, 127.53, 126.52, 123.35, 115.72, 115.6883&0.76, 19.80 ppm. HRMS (ESI) m/z [M +'Halcd for [GoH1,NO]*
162.0913, found 162.0908.

4.7 4-Phenyl-3,4-dihydroquinolin-2(1H)-one (8e)

Prepared from ethyl cinnamate (100 mg, 0.568 mrhdlQ) eq) and 2-aminoboronic acid (156 mg, 1.14 md0 eq)
according to the general procedure. The reactiodund was stirred for 24 h. Purification by columinromatography on
silica gel (MeOH in CHCl; 0-10%) afforded the pure product (99 mg, 78%aite solid."H NMR (500 MHz, CDC}): §
8.92 (s, 1H), 7.33 (dd} = 8.2, 6.7 Hz, 2H), 7.32 — 7.23 (m, 1H), 7.24 5/(m, 3H), 6.96 (td) = 7.5, 1.1 Hz, 1H), 6.94 —
6.85 (m, 2H), 4.30 (t) = 7.5 Hz, 1H), 3.00 — 2.87 (m, 2H) ppMC NMR (125 MHz, CDG)): 5 170.87, 141.43, 136.99,
128.89 (2), 128.35, 127.99, 127.79 (2), 127.21,8£6123.35, 115.68, 41.99, 38.40 ppm. HRMS (ESH [/ + H]* calcd
for [C1sH14NO]" 224.1070, found 224.1063.

4.8 4-(3-Methyloxetan-3-yl)-3,4-dihydroquinolin-2(H)-one (8f)

Prepared from ethyl 3-(3-methyloxetan-3-yl)acrylgt@0 mg, 0.588 mmol, 1.00 eq) and 2-aminoborooid 6161 mg, 1.18
mmol, 2.00 eq) according to the general procediihe reaction mixture was stirred for 24 h. Purtiima by column
chromatography on silica gel (MeOH in gH,; 0-10%) afforded the pure product (106 mg, 83%vhie solid.*H NMR
(500 MHz, CDC}): 4 9.15 (s, 1H), 7.22 (ddd,= 8.0, 6.5, 2.3 Hz, 1H), 7.06 — 6.97 (m, 2H), 6-88.83 (m, 1H), 4.83 (d,=
5.9 Hz, 1H), 4.63 (dJ = 5.8 Hz, 1H), 4.41 (d] = 5.7 Hz, 1H), 4.29 (d] = 6.0 Hz, 1H), 3.57 (ddl = 7.3, 4.7 Hz, 1H), 2.70
(dd,J = 16.6, 7.3 Hz, 1H), 2.40 (dd= 16.7, 4.7 Hz, 1H), 1.32 (s, 3H) pptiC NMR (125 MHz, CDGCJ): § 171.45, 137.42,
128.34, 128.06, 123.40, 122.79, 116.16, 82.07,53149.56, 42.78, 31.98, 19.10 ppm. HRMS (ESI) m/z+{M]"* calcd for
[C1aH16NO,| " 218.1176, found 218.1173.

4.9 4-Cyclobutyl-3,4-dihydroquinolin-2(1H)-one (8g)



Prepared from ethyl 3-cyclobutylacrylate (100 m@&48 mmol, 1.00 eq) and 2-aminoboronic acid (178 180 mmol, 2.00
eq) according to the general procedure. The reaatiature was stirred for 24 h. Purification by wwin chromatography on
silica gel (MeOH in CHCl; 0-10%) afforded the pure product (58 mg, 44%aite solid."H NMR (500 MHz, CDC}): &
8.97 (s, 1H), 7.21 — 7.10 (m, 2H), 6.98 {@ds 7.5, 1.1 Hz, 1H), 6.83 (d,= 7.8 Hz, 1H), 2.84 — 2.80 (m, 1H), 2.68 (dd;
16.2, 6.2 Hz, 1H), 2.53 — 2.40 (m, 2H), 2.18 — 267 1H), 1.92 — 1.68 (m, 5H) pprtC NMR (125 MHz, CDG)): 5
171.56, 136.37, 127.98, 127.54, 125.99, 122.86,741%2.71, 38.76, 33.68, 27.24, 26.70, 17.56 gpRMS (ESI) m/z [M
+ H]" caled for [G3H1NO]™ 202.1226, found 202.1224.

4.10 1'H-Spiro[cyclobutane-1,4'-quinolin]-2'(3'H)-one (8h)

Prepared from ethyl 2-cyclobutylideneacetate (1@0 @713 mmol, 1.00 eq) and 2-aminoboronic acid (19, 1.43 mmol,
2.00 eq) according to the general procedure. Tleeticlm mixture was stirred for 24 h. Purificatiory kwolumn
chromatography on silica gel (MeOH in gEl,; 0-10%) afforded the pure product (39 mg, 29%jvhie solid.'H NMR
(500 MHz, CDC}): 4 8.66 (d,J = 68.4 Hz, 1H), 7.47 (dd,= 7.6, 1.4 Hz, 1H), 7.19 (td,= 7.6, 1.5 Hz, 1H), 7.14 — 7.07 (m,
1H), 6.82 (ddJ = 8.1, 3.7 Hz, 1H), 2.77 (s, 2H), 2.40 — 2.28 @H), 2.16 — 2.06 (m, 3H), 2.09 — 1.94 (m, 1H) ppia.
NMR (125 MHz, CDC}): § 170.36, 135.68, 131.03, 127.48, 124.21, 123.55,78] 31.82, 27.39 (2), 14.91 (2) ppm. HRMS
(ESI) m/z [M + HJ calcd for [G,H1,NO]" 188.1070, found 188.1065.

4.11 1'H-Spiro[oxetane-3,4'-quinolin]-2'(3'H)-one Bi)

Prepared from ethyl 2-(oxetan-3-ylidene)acetated (fr@y, 0.703 mmol, 1.00 eq) and 2-aminoboronic §&BB mg, 1.40
mmol, 2.00 eq) according to the general procediihe reaction mixture was stirred for 24 h. Puriiima by column
chromatography on silica gel (MeOH in gEl,; 0-10%) afforded the pure product (40 mg, 30%jvhie solid.'H NMR
(500 MHz, CDC}): 6 8.93 (s, 1H), 7.70 (ddl = 7.6, 1.4 Hz, 1H), 7.31 — 7.24 (m, 1H), 7.18 (@, 7.9, 6.8 Hz, 1H), 6.87
(dd,J=7.7, 1.2 Hz, 1H), 4.88 (d,= 6.3 Hz, 2H), 4.70 (d] = 6.2 Hz, 2H), 3.06 (s, 2H) pprHC NMR (125 MHz, CDC})):

5 169.61, 135.98, 128.74 (2), 125.66, 124.95, 124108.10, 81.17, 41.24, 40.93 ppm. HRMS (ESI) m/z+{M]" calcd for
[C11H1 NOJ" 190.0863, found 190.0862

4.12 Ethyl 3-(4-nitrophenyl)butanoate (10a)

Prepared from ethyl but-2-enoate (100 mg, 0.876 minB0 eq) and (4-nitrophenyl)boronic acid (292, g5 mmol, 2.00
eq) according to the general procedure. The reactixture was stirred for 1 h. Purification by cmin chromatography on
silica gel (MeOH in CHCl,; 0-10%) afforded the pure product (173 mg, 83%yeiow oil. 'H NMR (500 MHz, CDCJ): §
8.19 — 8.11 (m, 2H), 7.41 — 7.36 (m, 2H), 4.06 @&4d,7.1, 2.8 Hz, 2H), 3.40 (B,= 7.2 Hz, 1H), 2.61 (ddl = 7.6, 1.9 Hz,
2H), 1.33 (dJ = 7.0 Hz, 3H), 1.17 (] = 7.1 Hz, 3H) ppm**C NMR (125 MHz, CDG)): § 171.53, 153.32, 146.62, 127.71
(2), 123.78 (2), 60.52, 42.25, 36.39, 21.64, 14am. HRMS (ESI) m/z [M + H] calcd for [G,H1¢NO,]* 238.1074, found
238.1072.

4.13 Ethyl 3-(4-methoxyphenyl)butanoate (10b)

Prepared from ethyl but-2-enoate (100 mg, 0.876 min6G0 eq) and (4-methoxyphenyl)boronic acid (26§, 1.75 mmol,
2.00 eq) according to the general procedure. Tlaetion mixture was stirred for 30 min. Purificatidty column
chromatography on silica gel (MeOH in gH,; 0-10%) afforded the pure product (178 mg, 91%jyeiow oil. 'H NMR
(500 MHz, CDC}): 8 7.17 — 7.10 (m, 2H), 6.87 — 6.80 (m, 2H), 4.07,(@d 7.2, 1.1 Hz, 2H), 3.78 (s, 3H), 3.23 ¢ 7.2
Hz, 1H), 2.53 (qdJ) = 14.9, 7.6 Hz, 2H), 1.27 (d,= 7.0 Hz, 3H), 1.18 (tJ = 7.1 Hz, 3H) ppm®C NMR (125 MHz,
CDCly): 4 172.45, 158.06, 137.87, 127.66 (2), 113.81 (2)285055.24, 43.27, 35.74, 21.98, 14.20. HRMS (ES®) [ +
H]* calced for [G3H1405] " 223.1329, found 223.1326.

4.14 Ethyl 3-(4-bromophenyl)butanoate (10c)

Prepared from ethyl but-2-enoate (100 mg, 0.876 mi60 eq) and (4-bromophenyl)boronic acid (352 thg@5 mmol,
2.00 eq) according to the general procedure. Thetiogn mixture was stirred for 2 h. Purification dlumn chromatography



on silica gel (MeOH in CkCly; 0-10%) afforded the pure product (189 mg, 80%yad®w oil. *H NMR (500 MHz, CDCJ):
87.43-7.38 (m, 2H), 7.11 — 7.08 (m, 2H), 4.07, (e 7.1, 1.3 Hz, 2H), 3.24 (B,= 7.2 Hz, 1H), 2.59 — 2.49 (m, 2H), 1.27
(d,J = 7.0 Hz, 3H), 1.18 (t) = 7.1 Hz, 3H) ppm**C NMR (125 MHz, CDGJ)): § 172.01, 144.66, 131.49 (2), 128.54 (2),
120.01, 60.33, 42.72, 35.98, 21.75, 14.14 ppm. HRESI) m/z [M + HJ calcd for [G.H;¢BrO,]* 271.0328, found
271.0092.

4.15 Ethyl 3-(3-bromophenyl)butanoate (10d)

Prepared from ethyl but-2-enoate (100 mg, 0.876 min60 eq) and (3-bromophenyl)boronic acid (352 thg@5 mmol,
2.00 eq) according to the general procedure. Thetiogn mixture was stirred for 1 h. Purification dlumn chromatography
on silica gel (MeOH in CkCly; 0-10%) afforded the pure product (228 mg, 96%ya®w oil. ‘H NMR (500 MHz, CDCJ):

8 7.36 (q,J = 1.3 Hz, 1H), 7.35 - 7.30 (m, 1H), 7.19 — 7.13 2id), 4.08 (qJ = 7.1 Hz, 2H), 3.25 (sX1 = 7.2 Hz, 1H), 2.61
— 2.49 (m, 2H), 1.29 (d] = 7.0 Hz, 3H), 1.19 (&) = 7.1 Hz, 3H) ppm*C NMR (125 MHz, CDCJ): § 171.98, 148.08,
130.07, 129.97, 129.52, 125.54, 122.52, 60.40,24236.28, 21.71, 14.18 ppm. HRMS (ESI) m/z [M + Hhlcd for
[C1H16BrO,]* 273.0328, found 273.0324.

4.16 Ethyl 3-(2-methoxyphenyl)butanoate (10e)

Prepared from ethyl but-2-enoate (100 mg, 0.87&MM00 eq) and (2-methoxyphenyl)boronic acid (26§ 1.75 mmol,
2.00 eq) according to the general procedure. Thetioen mixture was stirred for 1 h. Purification dlumn chromatography
on silica gel (MeOH in CkCly; 0-10%) afforded the pure product (169 mg, 87%ya®w oil. *H NMR (500 MHz, CDCJ):

8 7.21 —7.15 (m, 2H), 6.91 (di,= 7.5, 1.1 Hz, 1H), 6.85 (dd,= 8.1, 1.1 Hz, 1H), 4.09 (d,= 7.1 Hz, 2H), 3.83 (s, 3H),
3.69 — 3.60 (m, 1H), 2.68 (dd~ 15.0, 6.0 Hz, 1H), 2.50 (dd,= 15.0, 8.9 Hz, 1H), 1.27 (d,= 7.0 Hz, 3H), 1.20 (1 = 7.1
Hz, 3H) ppm.**C NMR (125 MHz, CDCJ): 5 172.85, 156.91, 133.81, 127.21, 126.95, 120.50,5B1 60.12, 55.30, 41.28,
30.20, 20.07, 14.22 ppm. HRMS (ESI) m/z [M +ldhlcd for [G3H1605] " 223.1329, found 223.1324.

4.17 Ethyl 3-(o-tolyl)butanoate (10f)

Prepared from ethyl but-2-enoate (100 mg, 0.876 intO0 eq) and o-tolylboronic acid (238 mg, 1.7&aoh 2.00 eq)
according to the general procedure. The reactiotturd was stirred for 1 h. Purification by columhr@matography on
silica gel (MeOH in CHCl,; 0-10%) afforded the pure product (175 mg, 97%yelow oil. 'H NMR (500 MHz, CDCJ): §
7.22 —7.06 (m, 4H), 4.09 (4= 7.2 Hz, 2H), 3.58 — 3.51 (m, 1H), 2.63 (d&; 15.2, 6.6 Hz, 1H), 2.53 (dd= 15.2, 8.5 Hz,
1H), 2.38 (s, 3H), 1.26 (d} = 6.9 Hz, 3H), 1.19 () = 7.1 Hz, 3H) ppm**C NMR (125 MHz, CDGJ)): § 172.52, 143.92,
135.27, 130.40, 126.25, 126.03, 125.05, 60.26,%3&1.49, 21.28, 19.43, 14.17 ppm. HRMS (ESI) m/z+{M]" calcd for
[C14H1405] " 207.1380, found 207.1377.

4.18 Ethyl 3-(2,6-dimethoxyphenyl)butanoate (10i)

Prepared from ethyl but-2-enoate (100 mg, 0.876 inh00 eq) and (2,6-dimethoxyphenyl)boronic acddq mg, 1.75
mmol, 2.00 eq) according to the general procedlile reaction mixture was stirred for 1 h. Purificat by column
chromatography on silica gel (MeOH in gH,; 0-10%) afforded the pure product (176 mg, 80%jyeiow oil. 'H NMR
(500 MHz, CDC}): 6 7.11 (t,J = 8.3 Hz, 1H), 6.52 (d] = 8.3 Hz, 2H), 4.06 (¢] = 7.1 Hz, 2H), 4.02 — 3.93 (m, 1H), 3.80 (s,
6H), 2.82 (ddJ = 15.1, 8.6 Hz, 1H), 2.72 (dd,= 15.1, 6.6 Hz, 1H), 1.29 (d,= 7.1 Hz, 3H), 1.17 (1 = 7.1 Hz, 3H) ppm.
13C NMR (125 MHz, CDGCJ): 5 173.60, 158.56 (2), 127.16, 121.51, 104.29 (2)859%55.69 (2), 39.59, 26.30, 18.66, 14.20
ppm. HRMS (ESI) m/z [M + H]calcd for [G4H»,04]" 253.1434, found 253.1428.

4.19 Ethyl 3-(2-fluoro-6-methoxyphenyl)butanoate (@j)

Prepared from ethyl but-2-enoate (100 mg, 0.876 iNnB0 eq) and (2-fluoro-6-methoxyphenyl)boroniida(298 mg, 1.75
mmol, 2.00 eq) according to the general procediihe reaction mixture was stirred for 24 h. Puriiima by column
chromatography on silica gel (MeOH in gEl,; 0-10%) afforded the pure product (71 mg, 37%yei®ow oil. 'H NMR
(500 MHz, CDC}): 6 7.10 (td,J = 8.3, 6.4 Hz, 1H), 6.64 (td,= 8.7, 8.2, 1.2 Hz, 2H), 4.06 (4~ 7.1 Hz, 2H), 3.87 - 3.81



(m, 1H), 3.82 (s, 3H), 2.76 — 2.72 (m, 2H), 1.32J¢ 6.9 Hz, 3H), 1.16 (t) = 7.1 Hz, 3H) ppm'°F NMR (470 MHz,
CDCL): § -115.04 ppmXC NMR (125 MHz, CDGJ): 5 172.86, 161.85, 158.67, 127.47, 120.73, 108.36,54) 60.08,
55.85, 39.75, 26.34, 19.09, 14.13 ppm. HRMS (ESH)[M/+ H]* calcd for [GaH:gFOs]* 241.1234, found 241.1233.

4.20 Ethyl 3-(3-bromophenyl)-3-(3-methyloxetan-3-ypropanoate (11a)

Prepared from ethyl 3-(3-methyloxetan-3-yl)acrylét80 mg, 0.588 mmol, 1.00 eq) and (3-bromopheydbic acid (236
mg, 1.18 mmol, 2.00 eq) according to the genei@tguiure. The reaction mixture was stirred for Pdrification by column
chromatography on silica gel (MeOH in gH,; 0-10%) afforded the pure product (135 mg, 70%jyeiow oil. 'H NMR
(600 MHz, CDC}): 6 7.36 (dddJ = 7.9, 2.0, 1.1 Hz, 1H), 7.32 @~ 1.9 Hz, 1H), 7.16 (1) = 7.8 Hz, 1H), 7.11 (dg = 7.7,
1.4 Hz, 1H), 4.62 (dd] = 10.2, 5.9 Hz, 2H), 4.32 (d,= 5.8 Hz, 1H), 4.08 (d] = 6.1 Hz, 1H), 4.00 (q4} = 7.3, 3.7 Hz, 2H),
3.58 (dd,J = 10.9, 4.5 Hz, 1H), 2.73 (dd,= 15.6, 10.9 Hz, 1H), 2.58 (dd~ 15.6, 4.5 Hz, 1H), 1.29 (s, 3H), 1.10Jt 7.1
Hz, 3H) ppm.**C NMR (151 MHz, CDCJ): 5 171.62, 141.96, 131.26, 130.18, 129.89, 127.03,412 81.56, 81.15, 60.63,
47.97, 42.50, 35.01, 20.64, 14.00 ppm. HRMS (ES#)[i/ + H]* calcd for [GsH,BrOs] " 327.0590, found 327.0583.

4.21 Ethyl 2-(3-(3-bromophenyl)oxetan-3-yl)acetatél 1b)

Prepared from ethyl 2-(oxetan-3-ylidene)acetat® (1@, 0.703 mmol, 1.00 eq) and (3-bromophenyl)bieranid (283 mg,
1.41 mmol, 2.00 eq) according to the general proeedThe reaction mixture was stirred for 2 h. feation by column
chromatography on silica gel (MeOH in gEl,; 0-10%) afforded the pure product (99 mg, 47%yei®ow oil. 'H NMR
(500 MHz, CDC}): 6 7.38 (dt,J = 8.0, 1.5 Hz, 1H), 7.31 (8 = 1.9 Hz, 1H), 7.21 (t) = 7.7 Hz, 1H), 7.13 — 7.08 (m, 1H),
4.97 (d,J = 6.1 Hz, 2H), 4.84 (d] = 6.5 Hz, 2H), 4.07 — 3.98 (m, 2H), 3.10 (s, 2HY3 (t,J = 7.1 Hz, 3H) ppm**C NMR
(125 MHz, CDC}): 6 170.32, 145.94, 130.05, 129.94, 129.12, 124.52,612 81.51 (2), 60.57, 45.23, 44.61, 14.05 ppm.
HRMS (ESI) m/z [M + HJ calcd for [G3H1¢BrOs]* 299.0277, found 299.0272.

4.22 Ethyl 2-(1-(3-bromophenyl)cyclobutyl)acetatel(1c)

Prepared from ethyl 2-cyclobutylideneacetate (1@) 1713 mmol, 1.00 eq) and (3-bromophenyl)borai (287 mg,
1.43 mmol, 2.00 eq) according to the general proedThe reaction mixture was stirred for 2 h. feation by column
chromatography on silica gel (MeOH in gEl,; 0-10%) afforded the pure product (90 mg, 43%yei®ow oil. 'H NMR
(500 MHz, CDC}): 6 7.31 — 7.29 (m, 2H), 7.18 — 7.13 (m, 1H), 7.1Q Jdt 7.7, 1.5 Hz, 1H), 3.95 (d,= 7.1 Hz, 2H), 2.76

(s, 2H), 2.46 — 2.34 (m, 4H), 2.09 (dps 11.5, 8.7 Hz, 1H), 1.91 — 1.82 (m, 1H), 1.08)(t 7.2 Hz, 3H) ppm**C NMR
(125 MHz, CDC}): 6 171.20, 151.12, 129.57, 129.05, 128.82, 124.43,182 60.04, 46.50, 44.81, 32.91 (2), 15.81, 14.06
ppm. HRMS (ESI) m/z [M + H]calcd for [G4H.gBrO,]* 297.0485, found 297.1539.

4.23 tert-Butyl 3-(3-bromophenyl)-3-(2-ethoxy-2-oxethyl)azetidine-1-carboxylate (11d)

Prepared from tert-butyl 3-(2-ethoxy-2-oxoethylid¥awetidine-1-carboxylate (100 mg, 0.414 mmol, 1€@f) and (3-
bromophenyl)boronic acid (166 mg, 0.829 mmol, 26@f) according to the general procedure. The reactixture was
stirred for 2 h. Purification by column chromatgangt on silica gel (MeOH in C}Cl,; 0-10%) afforded the pure product
(146 mg, 88%) as yellow oitH NMR (500 MHz, CDC}): § 7.40 — 7.36 (m, 1H), 7.34 @= 1.9 Hz, 1H), 7.21 (t] = 7.8 Hz,
1H), 7.14 (dtJ = 7.8, 1.4 Hz, 1H), 4.23 (d,= 8.6 Hz, 2H), 4.18 (d] = 8.8 Hz, 2H), 4.02 (q] = 7.1 Hz, 2H), 2.95 (s, 2H),
1.44 (s, 9H), 1.14 (f) = 7.2 Hz, 3H) ppm*C NMR (125 MHz, CDGJ)): § 170.09, 156.28, 146.21, 130.03, 129.97, 129.38,
124.79, 122.56, 79.83, 60.59 (2), 45.51 (2), 39.28,33 (3), 14.04 ppm. HRMS (ESI) m/z [M + Hgalcd for
[C1gH2sBrNO,]* 398.0961, found 398.0951.
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ethyl 3-(3-bromophenyl)-3-(3-methyloxetan-3-yl)propanoate (11a)
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ethyl 2-(3-(3-bromophenyl)oxetan-3-yl)acetate (11b)
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ethyl 2-(1-(3-bromophenyl)cyclobutyl)acetate (11c)
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tert-butyl 3-(3-bromophenyl)-3-(2-ethoxy-2-oxoethyl)azetidine-1-carboxylate (11d)
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