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Abstract

A triflic acid (TfOH) mediated sequential cyclizati of ortho-alkynylarylesters and ammonium acetate
(NH,OAc) was reported. The reaction took place via a@rBted acid-mediated intramolecular
cyclization of ortho-alkynylarylesters followed by an ammonium acetptaticipated substitution

reaction, forming isoquinolin-1-ones as the majardpicts. Different from most of the known synthetic
methods of isoquinolin-1-ones, no metal catalysts waquired in the reported reaction. The
regioisomers — isoindolin-1-ones were obtained ttegrewith isoquinolin-1-ones in a few cases. The
intermediate compounds — isochromen-1-ones andemsmfuran-1-ones were also isolated. The
interconversion experiments showed that the regmess formed during the Brgnsted acid induced
intramolecular cyclization afrtho-alkynylarylesters. A natural product — ruprechistyas prepared in

a moderate yield employing the new method.

Key words: Brgnsted acid mediated, isoquinolin-gsonsoindolin-1-one, nitrogen-containing
heterocycle, ruprechstyril synthesis

Introduction



Due to the broad application in medicinal chemispiyarmaceutical industry and material sciences,
great attention has been attracted to nitrogenaating heterocycleSAmong the numerous synthetic
methods developed for nitrogen-containing heteresydhe nitrogen sources employed are generally
nitrogen-containing functional groups, such as a&sinamides, imines, imides, azides, nitriles,
isonitriles, oximes, and nitro grouphe inexpensive inorganic salt, ammonium acetsi@n excellent
alternative nitrogen source for its stability arehdily availability. As a nitrogen source, ammonium
acetate has been employed in the syntheses of gufeav of heterocycles including pyridings,
pyrimidines? imidazoles, oxazoles, chromene-fused quinolinonésiazoles? pyrroles’ isothiazoles?
isoquinolines:! isoindolin-1-ones and isoquinolin-1-orés.

Isoquinolin-1-ones are a group of important nitrgentaining heterocycles for their known
biological activities such as tumor growth inhibiti*® antithrombotic efficacy’ and blood pressure
reduction™® Their synthesis has attracted great interest tf bedicinal and synthetic chemidfsThe
majority of the known work employed a cyclizatiotrategy employing benzamides and alkyne
substrates, including 1) transition-métabr iodine reagerf mediated intermolecular cyclization
between a directing group activated benzamidesadkyhes / alkyne surrogates; 2) transition metal
catalyzed intermolecular cyclization oftho-halobenzamides and alkyn®s3) Lewis acid mediated
intramolecular cyclization obrtho-alkynylbenzamide&® Most of these methods employed nitrogen-
containing organic groups such as amides or azisiéise nitrogen source.

On the other hand, only in a few cases were inacgammonium salts employed as the nitrogen
source in the isoquinolin-1-one synthesis. Theskided a copper-catalyzed three-component coupling
of ortho-halobenzoic acid, alkynylcarboxylic acid and aminam acetat¥ and a palladium-catalyzed
three-component coupling oftho-iodobenzoate, allene and ammonium tartfata. addition, aqueous
ammonia was used in preparing the isoquinolin-1ore structure in a total synthesis of cassiafh A
and ruprechstyrif> To our best knowledge, Bransted acid-mediatedpmiesynthesis of isoquinolin-1-

one using simple inorganic ammonium salts as tttegen source still remains unknown.



Our group has been developing efficient synthegthmods for nitrogen-containing heterocycles using
cascade/one-pot reaction protocols. We have suotgssmployed NHOACc as the nitrogen source in
the synthesis of a variety of isoquinolines, by iatramolecular cyclization obrtho-alkynylaryl
aldehydes/ketones/amides and a subsequent substititthe oxygen atom in the isochromenylium
intermediate by NHDAc (Eq 1, Scheme 1. We have further extended the cyclization stratemy
ortho-alkynylarylesters, and we herein report our neaults on a Brgnsted acid mediated one-pot

reaction ofortho-alkynylarylesters and ammonium acetate (Eq 2, Behg).

Scheme 1. Intramolecular Cyclization obrtho-Alkynylaryl Aldehydes/Ketones/Amides/Esters and

Subsequent Ammonium Acetate Participated Substituti

Previous work - Intramolecular Cyclization of ortho-Alkynylaryl Aldehydes/Ketones/Amides

R!

R’ R’
o P, @
R transition metal catalysts e | 0 NH,0Ac R3 | SN (Eq1)
P~ =

R2

isochromenylium

A
R2

R'=H, alkyl, aryl, and amino group

Current work - Intramolecular Cyclization of ortho-Alkynylaryl Esters

— — (o)

(0]
- NH
(0]
0} R! ‘ = R2

Z R NH,OAc N
OMe TfOH 4 o) (Eq2)

R“G)L\ + 0
1
RZ
H\ R2 H

7

Results and discussion

We chose methyl 2-(phenylethynyl)benzoal@)(as the model substrate for reaction condition
optimization. After several attempts, we realizeel tonditions of the intramolecular cyclizationester
la and the subsequent MBIAc participated substitution were incompatiblehngtach other in a cascade
reaction protocol. We, therefore, attempted a avterpaction protocol for the designed reaction, and
decided to first optimize the conditions of theramholecular cyclization of estdia. The cyclization

took place smoothly in the presence of NaAUQ@O mol%) / AgSbE (10 mol%) and 1.1 equiv TfOH in



acetonitrile (CHCN) at 85 °C, affording the desired product isoameaone2a in 91% yield (Table 1,
entry 1). Other acids such as trifluoroacetic gd@i#A) and methanesulfonic acid (MsOH) afforded
much lower yields (Table 1, entries 2 and 3). la pinesence of 10 mol% Cul and 1.1 equiv TfQH,
was obtained in 81% vyield (Table 1, entry 4). Whwnamount of TfOH was increased to 2.2 eqav,
was obtained in 84% vyield even in the absence ptramsition metal catalyst (Table 1, entry 5).

Table 1. Condition Optimization for Intramolecular Cyclizai of 2-(Phenylethynyl)benzoatea)®

0] (0]

catalyst
> =

%
S CH3CN, 85 °C O
O overnight 2a

catalyst 2a
entry acid yield
(10 mol%) (%)°
TfOH
1 NaAuCl/AgSbk 91
(1.1 equiv)
TFA
2 NaAuCl/AgSbk 44
(1.1 equiv)
MsOH
3 NaAuCl/AgSbk 42
(1.1 equiv)
TfOH
4 Cul 81
(1.1 equiv)
TfOH
5 - 84
(2.2 equiv)

® Representative procedure: A 20 mL glass reactianwas charged witha (2.0 mmol, 1.0 equiv), a
catalyst (0.1 equiv), an acid, and acetonitrile (D). The vial was then flushed with nitrogen and
sealed with a pressure relief cap. The reactiorturexwas stirred at 85 °C overnightisolated yields
after column chromatography.

Considering the chemical yields 2& and the catalyst cost, we chose the conditiotedlig Entry 5
in Table 1 as the first step optimal conditionsj aontinued optimizing the second step. After saiver

attempts, we found that the solvent, £, was incompatible for both steps. Thereforegrathe
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completion of the first step, the reaction mixtuvas first neutralized by piperidine (2.0 equiv)dan
CHsCN was then removed using a rotary evaporator uretkrced pressure (20 mmHg). Ammonium
acetate (3.0 equiv) and a new solvent, DMAc (5 nigre then added to the reaction mixture. The
resulting mixture was heated at 120 °C overnigffgrding the desired isoquinolin-1-or8a in 75%
yield (Table 2, entry 1). Other solvents such BgN-dimethylformamide (DMF) andN-
methylpyrrolidin-2-one (NMP) provided lower chenliggelds (Table 2, entries 2-3).

Table 2. Condition Optimization for the One-Pot Reaction Z{Phenylethynyl)benzoateld) and
Ammonium Acetaté

1) TfOH (2.2 equiv)

% CH5CN, 85 °C o
‘ OMe overnight ‘ NH
T 2) piperidine (2.0 equiv) =
NH4OAc (3.0 equiv) 3a
1a O solvent, 120 °C
overnight
3a
entry solvent  vyield
b
(%)

1 DMAc 75
2 DMF 65
3 NMP 65

% Representative procedure: A 20 mL glass reactiahwas charged witha (2.0 mmol, 1.0 equiv),
triflic acid (660.3 mg, 4.4 mmol, 2.2 equiv) andetanitrile (10 mL). The vial was then flushed with
nitrogen and sealed with a pressure relief cap.r&aetion mixture was stirred at 85 °C overnigmtjlu
the disappearance of starting matefialwas observed. After completion, the reaction mixtwas
cooled to room temperature and piperidine (340.6 40@ mmol, 2.0 equiv) was added, while stirring
continued for 30 min. The solvent was evaporateéagus rotary evaporator. Ammonium acetate (462.5
mg, 6.0 mmol, 3.0 equiv) and a new solvent (5 mlerevthen added to the reaction mixture. The
resulting reaction mixture was heated at 120 °Crrogat, until the disappearance of intermediate
compound2a was observed. Isolated yields after column chromatography.

We next examined the substrate scope of the trdbcd mediated one-pot reaction oftho-
alkynylarylesters and ammonium acetate, using thténal conditions listed in Entry 1 in Table 2.
Although aryl, heteroaryl, alkenyl, and alkyl greuwpere all well accommodated at the distal endhef t
alkyne bond 3a, 3b, 3i, 3j, 3k, and3l in Table 3), a pair of regioisomers — isoquindHones 8k and
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3l) and isoindolin-1-onessk and5l) were obtained when the distal groug)(Ras an alkyl. The steric
hindrance from the distal alkyl group seemed toofathe formation of the isoindolin-1-one isomer
(55% vyield for5l, vs, 7% yield forbk). An interesting electronic effect on both thexpnaeal and distal
phenyl rings on the alkyne bond was also obsenittiough both electron-donating and electron-
withdrawing groups on these rings were toleratethereaction3b, 3c, 3d, 3e, 3f, 3g, and3h), their
locations on the two phenyl rings seemed to hasgggaificant impact on the regioselectivity of the
cyclization. In general, the cyclization took planea 6-endo-dig mode to form isoquinolin-1-one8)(
But, the presence of either an electron-donatingmat thepara-position on the proximal phenyl ring
(3d, 5d, 3h, and5h) or an electron-withdrawing group at thara-position on the distal phenyl rin@dq
and 5¢c) led to both6-endo-dig and 5-exo-dig cyclizations forming a pair of regioisomers. The
cyclization of methyl 2-((trimethylsilyl)ethynyl)mzoate {m) failed under the optimized conditions
listed in Entry 1 in Table 2. On the other handg, dyclization was successful in the presence of
NaAuCl, (10 mol%) / AgSbE (10 mol%) and 1.1 equiv TfOH, affording a desitgldisoquinolin-1-one
(3m) in a 60% yield.

Table 3. Triflic Acid Mediated One-pot Reaction oftho-Alkynylarylesters and Ammonium Acetéte

o 1) TfOH (2.2 equiv)

CHaCN, 85 °C 0 _
R17/ ‘ OMe overnight R17/ ‘ NH + R1f\ ‘ NH
SN R . X P>
\\ 2) piperidine (2.0 equiv) R2 \ R2

R2 NH4OAc (3.0 equiv) H
1 DMAG, 120 °C 3 5
overnight
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® Representative procedure: A 20 mL glass reactiahwas charged witli (2.0 mmol, 1.0 equiv),
triflic acid (663.1 mg, 4.4 mmol, 2.2 equiv) ancetanitrile (10 mL). The vial was flushed with nigren
and sealed with a pressure relief cap. The reactidtture was stirred at 85 °C overnight, until the
disappearance of starting material was observed. The reaction mixture was cooled comr
temperature and piperidine (340.6 mg, 4.0 mmol,egiv) was added, while stirring continued for 30
min. The solvent was evaporated using a rotary @eapr. Ammonium acetate (462.5 mg, 6.0 mmol,
3.0 equiv) and DMAc (5 mL) were then added to teaction. The resulting reaction mixture was
heated at 120 °C overnight, until the disappeararidatermediate2 was observed Isolated yields
after column chromatography. ¢ Product 3m was prepared from methyl 2-
((trimethylsilyl)ethynyl)benzoateln) in the presence of NaAu£(10 mol%) / AgSbE (10 mol%) and
1.1 equiv TfOH. For details, see the experimergation.

Isochromen-1-one) were the key intermediate compounds in this aoterpaction. Their synthesis
had also attracted plenty of interésWe, therefore, decided to isolate the isochromemnds ) after
the completion of the first step. The isochromeonrgs 2) were obtained in moderate to good yields
(Table 4). It is worth noting that the same substitt-induced regioselectivity pattern was also nlesk
in the isochromen-1-one formation. A pair of regmners of isochromen-1-one&y and isobenzofuran-
1-ones 4) were obtained, when 1) the distal group)(Bn the alkyne bond was an alkyl (Tablek,
4k 21, and4l); 2) an electron-donating group was present apé#na-position on the proximal phenyl
ring (2d, 4d, 2h, and4h); and 3) an electron-withdrawing group was preserhepara-position on the
distal phenyl ring Zc and4c). A similar substituent effect was also observgdhe Abbiati groug?®
Cyclization of methyl 2-((trimethylsilyl)ethynyl)lmzoate {m) was carried out in the presence of
NaAuCl, (10 mol%) / AgSbE (10 mol%) and 1.1 equiv TfOH, and isochromen-1-¢2®m) was
obtained in 69% vyield. On the other hand, the egtion of 1m failed under the conditions listed in
Table 4.

Table 4. Triflic Acid Mediated Intramolecular Cyclization oftho-Alkynylarylester§
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% Representative procedure: A 20 mL glass reactiahwas charged witli (2.0 mmol, 1.0 equiv),
triflic acid (660.3 mg, 4.4 mmol, 2.2 equiv) ancetanitrile (10 mL). The vial was then flushed with
nitrogen and sealed with a pressure relief cap.réaetion mixture was stirred at 85 °C overnigmt;jlu
the disappearance of starting matetiavas observed. Isolated yields after column chromatograpfy.
Product2m was prepared from methyl 2-((trimethylsilyl)ethyyipenzoate Im) in the presence of
NaAuCl, (10 mol%) / AgSbE (10 mol%) and 1.1 equiv TfOH. For details, seedkperimental section.

We next examined interconversion reactions of ismtien-1-one 2d) and isobenzofuran-1-onédd)
in the presence of 3.0 equiv NBIAC in DMAc. It turned out that in the NJ@Ac participated
substitution reaction isochromen-1-on2d)(solely led to isoquinolin-1-oneq) and isobenzofuran-1-
one @d) exclusively led to isoindolin-1-onébq) (Scheme 2). No interconversion between the five-
membered and six-membered ring products was olatweng the substitution step. These results
showed that the regioselectivity observed in the-pot protocol was determined in the triflic acid
mediatedbrtho-alkynylarylester cyclization step.

Scheme 2. Interconversion experiments

e}
o 0 MeO
MeO NH
MeO 0 NH4OAc (3.0 equiv) NH +
= \
= DMAc, 120 °C Ph Ph
Ph H

overnight

2d

2% not observed

0
0 0 MeO
M MeO NH
e0 5 NH4OAC (3.0 equiv) NH \
=
¥ DMAc, 120 °C Ph y Ph
Ph overnight
H 3d 5d
4d not observed 79%

We further applied the one-pot reaction protocdhie synthesis of a natural product — ruprech&tyril
(30, Scheme 3). We started from commercially availdbsleydroxy-4-methoxybenzoic aci®)( and
prepared methyl 2-hydroxy-6-iodo-4-methoxybenzdaf referring a literature proceduf®. After a
Sonogashira couplind0 was converted t@o. The latter was then subjected to our one-potizatbn

condition, and ruprechstyriBf) was prepared in 39% yield.

1C



Scheme 3. Synthesis of Ruprechstyril

TBSCI (2.5 equiv)

DMAP (0.11 equiv) 1. (COCl), (2.0 equiv)
™9 EtgN (5.0 equiv) TBSO 9 DMF, CH,Cly, 1t, 24 h TBSQ @
Coon CH,Cly, 1t, 18 h Ciotes 2 ENH (2.0 equiv), 5 h, 1t C\Ngtz
MeO 87% MeO 92% MeO
6 7 8
1. Me;0BF4 (3.0 equiv)
oo )
1. BuL°| (1.5 equiv) Na,HPO4 (1.5 equiv)
78 °C, Et,0, 2 h
C, zQ, TBSO O CH4CN, rit, 18 h OH 0
2. 1Cl (2.0 equiv) & 2. NaHCO3 (4.0 equiv) N
-78°Ct00°C, 3 h “NEt, i, 18 h OMe
79% MeO | 84% MeO |
9 10
PdCly(PPha), (3 mol%) o )
Cul (3 mol%) H o 1. TfOH (2.2 egUIV) OH O
Et,N, 80 °C, 18 h Ceome CH4CN, 85 °C, 18 h NH
1-heptyne MeO N 2. piperidine (2.0 equiv) MeO Z
69% 10 NH4OAc (3.0 equiv) 30

[o]
DMAc, 120 °C, 18, ruprechstyril (39%)

The one-pot reaction presumably starts from a Bednacid mediated-endo-dig cyclization of
ortho-alkynylarylesterl (Scheme 4, path a), leading to isochromenané&n NH;OAc participated
substitution then takes place, via a ring openméptm intermediatell. Subsequent tautomerization,
ring closure and dehydration lead to isoquinolin@n®n the other hand, when 1) the distal grouf) (R
on the alkyne bond is an alkyl; 2) an electron-dimigagroup is present at th@ra-position on the
proximal phenyl ring; and 3) an electron-withdragvigroup is present at tlpara-position on the distal
phenyl ring, thea-carbon (proximal alkyne carbon) bears more pasitharacter (becoming more
electrophilic), which leads to a competitivexo-dig cyclization affording isobenzofuranodgScheme
4, path b). The latter undergoes an/@Ac participated substitution and a subsequent opgning to
form intermediatel2. After tautomerization, ring closure and dehydnatil2 converts to isoindolinone

5.

Scheme 4. Proposed Mechanism for the Triflic Acid Mediatedeg=fPot Reaction
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Conclusion

A Brgnsted acid mediated one-pot reactiononho-alkynylarylesters and ammonium acetate is
reported. The reaction leads to isoquinolinonegédneral. With specified substitution pattern on the
ortho-alkynylarylesters, a pair of regioisomers — isaiimtbnes and isoquinolinones were both obtained.
The intermediate compounds isochromenones and zeibans were also isolated in good yields.
Interconversion reactions of a sample isochromen@mel isobenzofuran showed that the
regioselectivity was determined in the step ofitrificid induced cyclization afrtho-alkynylarylesters,
and the NHOACc participated substitution did not result inrisgrization between the five-membered
and six-membered ring products. The method was aagl in the synthesis of a natural product —
ruprechstyril, affording a moderate yield. Furtlagplication of NHOAc in the synthesis of nitrogen-

containing heterocycles is underway in our labagaémd will be reported in due course.

Experimental section

General infor mation.

All reactions were carried out in sealed 20 mL glemaction vials with pressure relief caps, unless

otherwise indicated. All commercially available ohieals were used as received without further
12



purification unless otherwise noted. AH and**C NMR spectra were recorded at 400 MHz and 100
MHz respectively, using CDgbr DMSO-dsas the solvent. The chemical shifts of'alland™*C NMR
spectra are referenced to the residual signal a€lg 7.26 ppm for théH NMR spectra and 77.23
ppm for the®>C NMR spectra) or DMS@ (5 2.50 ppm for théH NMR spectra and 39.51 ppm for
the °C NMR spectra). The high-resolution mass analysis warried out on high resolution mass
spectrometers using heated electrospray ioniza{ldBESI) method. Samples were dissolved in
methylene chloride and methanol and analyzed wia fhjection into the mass spectrometer at a flow
rate of 200 uL/min. The mobile phase was 90:10 areshwater. The melting points are uncorrected.

General procedurefor the preparation of 2-alkynylarylesters

A 20 mL glass reaction vial was charged with 2-boanylester (2.0 mmol, 1.0 equiv), a terminal
alkyne (2.2 mmol, 1.1 equiv), bis(triphenylphos@)malladium(ll) dichloride (28.1 mg, 0.04 mmol, 2
mol%), copper iodide (7.6 mg, 0.04 mmol, 2 mol%)d driethylamine (10 mL). The vial was then
flushed with nitrogen and sealed. The reaction un&twas stirred at 80 °C overnight, until the
disappearance of the starting material was obsea&dnonitored by thin layer chromatography. The
reaction mixture was diluted with diethyl ether (@L), washed with brine (40 mL), and the aqueous
phase was extracted with diethyl ether (2 x 20 nilfje combined organic layers were dried over
anhydrous magnesium sulfate, concentrated usingtaryr evaporator under reduced pressure (20
mmHg); the resulting residue was purified by flasfilumn chromatography on silica gel (eluent:
hexane/ethyl acetate).

Methyl 2-(phenylethynyl)benzoate (1a)

This product was obtained as an orange oil (45834 9% yield);’H NMR (400 MHz, CDC}) &
7.98 (dd,J = 7.9, 1.0 Hz, 1H), 7.61 (dd,= 7.7, 0.8 Hz, 1H), 7.57—7.60 (m, 2H), 7.50 (c 7.7, 1.3
Hz, 1H), 7.41-7.35 (m, 4H), 3.97 (s, 3H). Th¢ NMR spectral data are in good agreement with the
literature daté’

Methyl 2-((4-methoxyphenyl)ethynyl)benzoate (1b)

13



This product was obtained as a light yellow sol1{.4 mg, 84% yield); mp = 75-76 °C;
'H NMR (400 MHz, CDCJ) § 7.95 (dd,J = 7.9, 0.8 Hz, 1H), 7.60 (dd,= 7.7, 0.6 Hz, 1H), 7.52 (d,=
8.8 Hz, 2H), 7.43 (td) = 7.7, 1.2 Hz, 1H), 7.31 (td,= 7.8, 1.2 Hz, 1H), 6.86 (d,= 8.8 Hz, 2H), 3.93
(s, 3H), 3.77 (s, 3H). Th#H NMR spectral data are in good agreement witHitbeature dat&®

Methyl 2-((4-(methoxycar bonyl)phenyl)ethynyl)benzoate (1c)

This product was obtained as a yellow solid (558¢@ 95% yield); mp = 77-78 °GH NMR (400
MHz, CDCk) § 7.95 (dmJ = 8.4 Hz, 2H), 7.91 (dd} = 7.9, 1.0 Hz, 1H), 7.56—7.58 (m, 3H), 7.41 (d,
= 7.6, 1.3 Hz, 1H), 7.31 (td,= 7.7, 1.2 Hz, 1H), 3.88 (s, 3H), 3.83 (s, 3HE{*H} NMR (100 MHz,
CDCl) 6 166.4, 166.2, 134.1, 131.81, 131.76, 131.6, 132S,6, 129.5, 128.4, 128.0, 123.1, 93.4,
91.2, 52.2, 52.1; HRMS (HESI-ORBITRARYz [M + NaJ calcd for (GgH1404Na)* 317.0784, found
317.0780; IR (neatymax 1719, 1707, 1603, 1565, 1479, 1433, 1405, 1289212249, 1169, 1193,

1127, 1104, 1076, 1016, 962, 853, 767, 753, 692 cm

M ethyl 5-methoxy-2-(phenylethynyl)benzoate (1d)

This product was obtained as an orange oil (3142 58% yield);*H NMR (400 MHz, CDC}) &
7.58-7.53 (m, 3H), 7.49 (d,= 2.8 Hz, 1H), 7.32—7.37 (m, 3H), 7.04 (dds 8.6, 2.8 Hz, 1H), 3.97 (s,
3H), 3.87 (s, 3H)**C{*H} NMR (100 MHz, CDC})  166.8, 159.3, 135.6, 133.4, 131.8, 128.5, 128.4,
123.8, 118.6, 116.1, 115.2, 92.8, 88.4, 55.8, SABMS (HESI-ORBITRAP)WZ [M + H]* calcd for
(C17H1509)" 267.1016, found 267.1009; IR (neaf)sx 2948, 2837, 1729, 1713, 1594, 1557, 1499, 1434,
1326, 1287, 1245, 1216, 1182, 1070, 1032, 979, 884, 780, 754, 689 cm

Dimethyl 2-(phenylethynyl)ter ephthalate (1€)

This product was obtained as a white solid (547¢} 88% vyield); mp = 93-94 °CH NMR (400
MHz, CDCk) 6 8.31 (dd,J = 1.3, 0.8 Hz, 1H), 8.01-8.02 (m, 2H), 7.58-7.60 BH), 7.36-7.39 (m,
3H), 3.99 (s, 3H), 3.96 (s, 3H). THEl NMR spectral data are in good agreement withliteeature
data?®

M ethyl 5-bromo-2-(phenylethynyl)benzoate (1f)
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This product was obtained as a white solid (478dl 76% yield); mp = 70-71 °GH NMR (400
MHz, CDCk) & 8.08 (d,J = 2.0 Hz, 1H), 7.53-7.57 (m, 3H), 7.50 (= 8.3 Hz, 1H), 7.31-7.34 (m,
3H), 3.93 (s, 3H). Th&H NMR spectral data are in good agreement witHitemature data’

M ethyl 4-methoxy-2-(phenylethynyl)benzoate (19)

This product was obtained as an orange oil (5273 98% vyield);"H NMR (400 MHz, CDC}) &
7.98 (d,J = 1.8 Hz, 1H), 7.58-7.61 (m, 2H), 7.35-7.37 (m),3H13 (d,J = 2.7 Hz, 1H), 6.89 (dd] =
8.8, 2.7 Hz, 1H), 3.93 (s, 3H), 3.87 (s, 3HE{*H} NMR (100 MHz, CDC}) & 166.4, 162.2, 132.9,
132.0, 128.8, 128.6, 125.9, 124.2, 123.5, 118.64.6,194.4, 88.6, 55.8, 52.1; HRMS (HESI-
ORBITRAP)m/z [M + H]" calcd for (G/H1505)" 267.1016, found 267.1011; IR (neag, 2948, 2838,
2212, 1725, 1597, 1564, 1500, 1434, 1337, 12907,12334, 1185, 1124, 1084, 1032, 777, 756, 691
cm,

Methyl 4,5-dimethoxy-2-(phenylethynyl)benzoate (1h)

This product was obtained as an orange solid (586)799% yield); mp = 114-11€C; 'H NMR
(400 MHz, CDC}) & 7.54-7.57 (m, 2H), 7.47 (s, 1H), 7.29-7.34 (m,,3HD4 (s, 1H), 3.91 (s, 3H),
3.90 (s, 6H). ThéH NMR spectral data are in good agreement witHitaeture dat&’

Methyl 2-(thiophen-3-ylethynyl)benzoate (1i)

This product was obtained as an orange oil (46034 98% yield);'"H NMR (400 MHz, CDC}) §
7.97 (ddJ= 7.9, 1.0 Hz, 1H), 7.63 (dd,= 7.8, 0.9 Hz, 1H), 7.57 (dd,= 3.0, 1.2 Hz, 1H), 7.48 (td,=
7.7, 1.4 Hz, 1H), 7.37 (td,= 7.6, 1.3 Hz, 1H), 7.31 (dd,= 5.0, 3.0 Hz, 1H), 7.24 (dd,= 5.0, 1.2 Hz,
1H), 3.97 (s, 3H). ThéH NMR spectral data are in good agreement witHiterature data®

Methyl 2-(cyclohex-1-en-1-ylethynyl)benzoate (1j)

This product was obtained as an orange oil (2595 54% yield);’H NMR (400 MHz, CDC}) &
7.92 (ddJ=7.9, 1.0 Hz, 1H), 7.52 (dd,= 7.8, 1.0 Hz, 1H), 7.43 (td,= 7.7, 1.4 Hz, 1H), 7.31 (td,=
7.7, 1.3 Hz, 1H), 6.26-6.29 (m, 1H), 3.92 (s, 3Mp4—2.28 (M, 2H), 2.13-2.18 (M, 2H), 1.66-1.72 (m,

2H), 1.59-1.65 (m, 2H). Théd NMR spectral data are in good agreement witHiteeature dat&?
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Methyl 2-(hept-1-yn-1-yl)benzoate (1k)

This product was obtained as a yellow oil (382.3 8896 yield);"H NMR (400 MHz, CDC}) & 7.87
(dd,J = 7.9, 0.8 Hz, 1H), 7.50 (d,= 7.8 Hz, 1H), 7.41 (td] = 7.7, 1.3 Hz, 1H), 7.30 (td,= 7.8, 1.1
Hz, 1H), 3.91 (s, 3H), 2.47 (,= 7.1 Hz, 2H), 1.64 (m] = 7.6 Hz, 2H), 1.42-1.49 (m, 2H), 1.32-1.40
(m, 2H), 0.92 (s, 3H)**C{*H} NMR (100 MHz, CDC}) & 167.2, 134.4, 132.1, 131.6, 130.3, 127.3,
124.7, 96.2, 79.4, 52.3, 31.3, 28.6, 22.5, 20.@;14RMS (HESI-ORBITRAP)Wz [M + H]" calcd for
(C1sH190,)" 231.1380, found 231.1378; IR (neat)x 2932, 2860, 2235, 1734, 1596, 1566, 1484, 1447,
1432, 1329, 1293, 1250, 1190, 1162, 1129, 10833,1983, 757, 702 cth

Methyl 2-(3,3-dimethylbut-1-yn-1-yl)benzoate (1)

This product was obtained as an orange oil (419 95% vyield)H NMR (400 MHz, CDCJ) &
7.86 (ddJ = 7.9, 1.0 Hz, 1H), 7.48 (dd,= 7.7, 0.9 Hz, 1H), 7.40 (td,= 7.7, 1.4 Hz, 1H), 7.30 (td,=
7.7, 1.3 Hz, 1H), 3.92 (s, 3H), 1.34 (s, 9£AC{*H} NMR (100 MHz, CDC}) & 167.5, 134.1, 132.4,
131.6, 130.4, 127.3, 124.4, 103.8, 78.0, 52.1,,32814; HRMS (HESI-ORBITRAP)Wz [M + H]*
calcd for (G4H170,)" 217.1223, found: 217.1218; IR (neat)x 3066, 2969, 2982, 2902, 2867, 2239,
1732, 1596, 1567, 1484, 1475, 1447, 1432, 13620,12849, 1201, 1128, 1081, 1041, 966, 824, 785,
757, 702 cri.

Methyl 2-((trimethylsilyl)ethynyl)benzoate (1m)

This product was obtained as an orange oil (44631 96% yield);'H NMR (400 MHz, CDC})
$7.90 (ddJ = 7.8, 1.0 Hz, 1H), 7.58 (dd,= 7.7, 1.0 Hz, 1H), 7.44 (td,= 7.6, 1.5 Hz, 1H), 7.36 (td,
= 7.6, 1.4 Hz, 1H), 3.92 (s, 3H), 0.27 (s, 9H). THENMR spectral data are in good agreement with the
literature dat&”

Methyl 2-(hept-1-yn-1-yl)-6-hydr oxy-4-methoxybenzoate (10)

This product was obtained as a yellow wax (381.3 8896 yield); mp = 41-42 °CH NMR (400
MHz, CDCk) & 11.65 (s, 1H), 6.60 (dJ = 2.6 Hz, 1H), 6.41 (d,J = 2.6 Hz, 1H),

3.93 (s, 3H), 3.80 (s, 3H), 2.45 Jt= 7.1 Hz, 2H), 1.60-1.66 (m, 2H), 1.41-1.49 (m),2H34-1.39 (m,
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2H), 0.93 (t,J = 7.2 Hz, 3H);**C{*H} NMR (100 MHz, CDC}) & 171.2, 164.7, 163.9, 126.8, 114.2,
106.4, 101.4, 95.9, 80.2, 55.7, 52.1, 31.4, 28265,220.0, 14.2; HRMS (HESI-ORBITRARYZz [M +
H]* calcd for (GeH210s)" 277.1434, found 277.1431R (neat)Vmax 2949, 1935, 2866, 1650, 1601,
1568, 1432. 1330, 1309, 1253, 1162, 1040, 982, BIcni.

General procedure for the TfOH mediated  intramolecular cyclization  of

2-alkynylarylesters

A 20 mL glass reaction vial was charged with 2-al{dgrylester {, 2.0 mmol, 1.0 equiv), triflic acid
(660.4 mg, 4.4 mmol, 2.2 equiv), and acetonitrll@ (nL). The vial was then flushed with nitrogen and
sealed. The reaction mixture was stirred at 85 ¢€rmight, until the disappearance of the starting
material () was observed, as monitored by thin layer chrogragghy. The reaction mixture was diluted
with ethyl acetate (40 mL) and washed with brin@ ifdL). The agueous phase was then extracted with
ethyl acetate (2 x 20 mL). The combined organieldsyvere dried over anhydrous magnesium sulfate,
concentrated using a rotary evaporator under retlpoessure (20 mmHg). The resulting residue was
purified by flash column chromatography on siliceel g(eluent: hexane/ethyl acetate or
dichloromethane/hexane).

3-Phenyl-1H-isochromen-1-one (2a)

This product was obtained as a beige solid (37334 84% yield); mp = 83-84 °CH NMR (400
MHz, CDCk) & 822 (d, J = 82 Hz, 1H), 7.79 (dd,J = 7.9, 1.6 Hz, 2H), 7.63
(td, J = 7.8, 1.2 Hz, 1H), 7.36-7.42 (m, 5H), 6.85 (s,).1Fhe 'H NMR spectral data are in good
agreement with the literature d&fa.

3-(4-M ethoxyphenyl)-1H-isochr omen-1-one (2b)

This product was obtained as a white solid (41398 82% yield); mp = 122-123 °GH NMR (400
MHz, CDCk) 6 8.19 (d,J = 8.13 Hz, 1H), 7.71 (dm] = 8.9 Hz, 2H), 7.60 (tdJ = 7.6, 1.2 Hz, 1H),
7.35-7.38 (m, 2H), 6.87 (drd,= 8.9 Hz, 2H), 6.71 (s, 1H), 3.77 (s, 3H). TRENMR spectral data are
in good agreement with the literature d&ta.

M ethyl 4-(1-oxo-1H-isochromen-3-yl)benzoate (2c)
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This product was obtained as a white solid (336.8, r60% vyield); mp = 194-195 °C;
'H NMR (400 MHz, CDC}) 6 8.26 (d,J = 8.1 Hz, 1H), 8.07 (dnd = 8.6 Hz, 2H), 7.89 (dnd = 8.6 Hz,
2H), 7.71 (tdJ = 7.8, 1.2 Hz, 1H), 7.48-7.51 (m, 2H), 7.01 (s),1492 (s, 3H). ThéH NMR spectral
data are in good agreement with the literature.®fata

M ethyl (Z)-4-((3-oxoisobenzofuran-1(3H)-ylidene)methyl)benzoate (4c)

This product was obtained as a white solid (112.@, rA80% vyield); mp = 183-184 °C;
'H NMR (400 MHz, CDCY) 6 8.02 (dm,J = 8.4 Hz, 2H), 7.92 (d] = 7.7 Hz, 1H), 7.86 (dnd = 8.4 Hz,
2H), 7.71-7.78 (m, 2H), 7.56 (td,= 7.4, 1.0 Hz, 1H), 6.40 (s, 1H), 3.91 (s, 3tA{*H} NMR (100
MHz, CDCk) & 166.8, 146.3, 140.4, 137.7, 134.9, 130.5, 1303D.a; 129.5, 125.9, 123.7, 120.3,
105.9, 52.4 (fewet®C signals were observed due to signal overlappiH®MS (HESI-ORBITRAP)
m/z [M + H]* calcd for (G7H1504)* 281.0808, found 281.0804; IR (ne®f). 1797, 1719, 1606, 1472,
1430, 1281, 1184, 1108, 1078, 971, 866, 766, 695 cm

7-M ethoxy-3-phenyl-1H-isochr omen-1-one (2d)

This product was obtained as a beige solid (105921% yield): mp = 164-165 °CH NMR (400
MHz, CDCk)  7.86 (ddJ = 7.0, 1.6 Hz, 2H), 7.72 (d,= 2.7 Hz, 1H), 7.40-7.47 (m, 4H), 7.31 (dd,
= 8.6, 2.7 Hz, 1H), 6.93 (s, 1H), 3.92 (s, 3H). THENMR spectral data are in good agreement with the
literature data’”

(2)-3-Benzylidene-6-methoxyisobenzofuran-1(3H)-one (4d)

This product was obtained as a beige solid (292)658% yield); mp = 134-135 °CH NMR (400
MHz, CDCk) 5 7.76 (ddJ = 7.4, 1.2 Hz, 2H); 7.60 (d,= 8.5 HZ, 1H), 7.35 (tJ = 7.6 Hz, 2H), 7.26—
7.27 (m, 1H), 7.23-7.24 (m, 1H), 7.21-7.22 (m, 16423 (s, 1H), 3.84 (s, 3H). The 1H NMR spectral
data are in good agreement with the literature.fata

M ethyl 1-oxo-3-phenyl-1H-isochr omene-6-car boxylate (2€)

This product was obtained as a yellow solid (45dd]. 81% vyield); mp = 202—203 °&4 NMR (400

MHz, CDCE) & 8.36 (d,J = 8.3 Hz, 1H), 8.18 (d] = 1.2 Hz, 1H), 8.09 (dd] = 8.2, 1.5 Hz, 1H), 7.87-

18



7.89 (m, 2H), 7.46-7.48 (m, 3H), 7.00 (s, 1H), 3(893H). The!H NMR spectral data are in good
agreement with the literature dafa.

7-Bromo-3-phenyl-1H-isochr omen-1-one (2f)

This product was obtained as a white solid (5119 88% yield); mp = 187-189 °CH NMR (400
MHz, CDCL) & 8.42 (d,J = 2.0 Hz, 1H), 7.84-7.87 (m, 2H), 7.80 (dds 8.4, 2.1 Hz, 1H), 7.45-7.46
(m, 3H), 7.37 (d,J = 8.4 Hz, 1H), 6.91 (s, 1H). THel NMR spectral data are in good agreement with
the literature dat&°

6-M ethoxy-3-phenyl-1H-isochromen-1-one (2g)

This product was obtained as a white solid (444g) 88% yield); mp = 140-141 °&4 NMR (400
MHz, CDCh) 6 8.17 (d,J = 8.8 Hz, 1H), 7.82-7.84 (m, 2H), 7.39-7.45 (m),36198 (dd,J = 8.8, 2.3
Hz, 1H), 6.82—6.83 (m, 2H), 3.88 (s, 3H). Th¢ NMR spectral data are in good agreement with the
literature datd!

6,7-Dimethoxy-3-phenyl-1H-isochr omen-1-one (2h)

This product was obtained as an orange solid (287@d 51% yield); mp = 163-164 °C;
4 NMR (400 MHz, CDC)) & 7.82-7.84 (m, 2H), 7.64 (s, 1H), 7.39-7.45 (m, ,3H)
6.87 (s, 1H), 6.85 (s, 1H), 4.00 (s, 3H), 3.973(4). The’'H NMR spectral data are in good agreement
with the literature dat

(2)-3-Benzylidene-5,6-dimethoxyisobenzofur an-1(3H)-one (4h)

This product was obtained as a white solid (220.8, 89% vyield); mp = 198-199 °C;
'H NMR (400 MHz, CDC}) 5 7.81-7.83 (m, 2H), 7.38-7.42 (m, 2H), 7.27—7.32 Zh), 7.12 (s, 1H),
6.28 (s, 1H), 4.05 (s, 3H), 3.96 (s, 3H). The 1H RiMdpectral data are in good agreement with the
literature dat&>

3-(Thiophen-3-yl)-1H-isochromen-1-one (2i)

This product was obtained as a white solid (36998 81% yield); mp = 113-114 °GH NMR (400

MHz, CDCk) § 8.16 (d,J = 7.9 Hz, 1H), 7.74 (dd] = 2.8, 1.2 Hz, 1H), 7.58 (td,= 7.6, 1.0 Hz, 1H),
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7.28-7.37 (m, 4H), 6.64 (s, 1H). Thd NMR spectral data are in good agreement withliteeature
data®

3-(Cyclohex-1-en-1-yl)-1H-isochr omen-1-one (2))

This product was obtained as a vyellow solid (23008, 51% vyield); mp = 81-82 °C;
H NMR (400 MHz, CDC}) & 8.19 (d,J = 7.9 Hz, 1H), 7.60 (td] = 7.8, 1.2 Hz, 1H), 7.33-7.39 (m,
2H), 6.75-6.78 (M, 1H), 6.30 (s, 1H), 2.21-2.244#), 1.70-1.76 (m, 2H), 1.59-1.64 (m, 2H). The
NMR spectral data are in good agreement with teesliure data**

3-Pentyl-1H-isochr omen-1-one (2k)

This product was obtained as a yellow oil (315.8 #896 yield);"H NMR (400 MHz, CDC})  8.24
(d, J = 8.0 Hz, 1H), 7.66 (td] = 7.9, 1.2 Hz, 1H), 7.44 (td,= 7.6, 0.9 Hz, 1H), 7.34 (d, = 7.9 Hz,
1H), 6.25 (s, 1H), 2.51 (8 = 7.6 Hz, 2H), 1.67-1.72 (m, 2H), 1.32—-1.37 (m)4H90 (t,J = 7.0 Hz,
3H). The'H NMR spectral data are in good agreement witHitbeature dat&?®

(2)-3-Hexylideneisobenzofur an-1(3H)-one (4k)

This product was obtained as a yellow oil (47.6 mg% vyield);'H NMR (400 MHz, CDC})

§ 7.87 (d,J = 7.7 Hz, 1H), 7.62—7.68 (m, 2H), 7.49Jt 7.2 Hz, 1H), 5.63 (] = 7.8 Hz, 1H), 2.46 (q,
J = 7.6 Hz, 2H), 1.52 (pJ = 7.2 Hz, 2H), 1.33-1.35 (m, 4H), 0.89 Jt= 6.7 Hz, 3H):*C{*H} NMR
(100 MHz, CDC}) 6 167.4, 145.8, 139.8, 134.4, 129.5, 125.4, 12416,8, 110.0, 31.7, 29.1, 26.0,
22.7, 14.2; HRMS (HESI-ORBITRARNVZ [M + H]* calcd for (G4H170,)* 217.1223, found 217.1220;
IR (neat)vmax 2956, 2929, 2870, 1773, 1697, 1584, 1402, 12589,1910, 795, 767, 735, 695, 673°cm
1.

3-(tert-Butyl)-1H-isochr omen-1-one (21)

This product was obtained as a yellow oil (101.1, 2% vyield);"H NMR (400 MHz, CDC}) & 8.25
(dm,J = 8.0 Hz, 1H), 7.67 (td] = 7.8, 1.3 Hz, 1H), 7.49 (td,= 7.6, 1.3 Hz, 1H), 7.38 (d,= 7.9 Hz,
1H), 6.30 (s, 1H), 1.32 (s, 9H). THEl NMR spectral data are in good agreement withliteeature
data®*®

(2)-3-(2,2-Dimethylpropylidene)isobenzofuran-1(3H)-one (4l)
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This product was obtained as a beige solid (27190 6% yield); mp = 86-87 °CH NMR (400
MHz, CDCk) & 7.86 (dm,J = 7.7 Hz, 1H), 7.59-7.67 (m, 2H), 7.48 (&= 7.4, 1.2 Hz, 1H), 5.59 (s,
1H), 1.31 (s, 9H)**C{*H} NMR (100 MHz, CDC}) & 167.4, 143.8, 140.9, 134.3, 129.5, 125.3, 123.7,
119.7, 118.9, 32.8, 30.7; HRMS (HESI-ORBITRARjz [M + H]* calcd for (GsH150,)* 203.1067,
found 203.1061; IR (neat)max 2955, 2866, 1768, 1722, 1676, 1647, 1469, 13499,12266, 1197,
1083, 986, 830, 763, 689 ¢m

1H-1sochromen-1-one (2m)

A 20 mL glass reaction vial was charged witin (532.0 mg, 2.289 mmol, 1.0 equiv), sodium
tetrachloroaurate dihydrate (91.0 mg, 0.229 mmd, éyuiv), silver hexafluoroantimonate (79.0 mg,
0.229 mmol, 0.1 equiv), anhydrous acetonitrile (AD) and triflic acid (377.0 mg; 2.515 mmol; 1.1
equiv). The vial was purged with argon and sealdgk reaction mixture was stirred at 85 °C for 6 h.
After cooling to room temperature, the resulting«tuie was diluted with ethyl acetate (15 mL) and
washed with brine (15 mL). The aqueous phase waaaed with ethyl acetate (2 x 10 mL). The
combined organic layers were dried over anhydroagmasium sulfate, and concentrated using a rotary
evaporator, under reduced pressure (20 mmHg). T®wdue was purified by flash column
chromatography on silica gel (eluent: hexanes/ettogtate). This product was obtained as a yellow
solid (230.8 mg, 69% vyield); mp = 47-49 °& NMR (500 MHz, CDCJ) & 8.30 (dt,J = 7.9, 0.6 Hz,
1H), 7.73 (dtJ = 7.6, 1.3 Hz, 1H), 7.53 (di,= 8.2, 1.1 Hz, 1H), 7.44 (d,= 7.9 Hz, 1H), 7.28 (d] =
5.6 Hz, 1H), 6.51 (dJ = 5.6 Hz, 1H). ThedH NMR spectral data are in good agreement with the
literature data®”

General procedure for the TfOH mediated one-pot reaction of 2-alkynylarylesters and

ammonium acetate

A 20 mL glass reaction vial was charged with 2-al{grylester {, 2.0 mmol, 1.0 equiv), triflic acid
(660.4 mg, 4.4 mmol, 2.2 equiv) and acetonitril@ dL). The vial was then flushed with nitrogen and
sealed. The reaction mixture was stirred at 85 ¢€rmight, until the disappearance of the starting

material @) was observed, as  monitored by  thin layer  chrogragzhy.
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After completion, the reaction mixture was cooledwd to room temperature and piperidine
(340.8 mg, 4.0 mmol, 2.0 equiv) was added whilerisg continued for 30 min. The solvent was
removed using a rotary evaporator under reducesspre (20 mmHg). Ammonium acetate (462.0 mg,
6.0 mmol, 3.0 equiv) andl,N-dimethylacetamide (5 mL) were then added to tleetien vial. The
resulting reaction mixture was heated at 120 °Qrragat, until the disappearance of the intermediate
(2) was observed, as monitored by thin layer chrogragghy. The reaction mixture was diluted with
ethyl acetate (40 mL) and washed with brine (40 ,nalnd the aqueous phase was extracted with ethyl
acetate (2 x 20 mL). The combined organic layersewdried over anhydrous magnesium sulfate,
concentrated using a rotary evaporator under retlpoessure (20 mmHg). The resulting residue was
purified by flash column chromatography on silied @luent: hexane/ethyl acetate).
3-Phenylisoquinolin-1(2H)-one (3a)

This product was obtained as a white solid (3319 8% yield); mp = 198—-199 °é NMR (400
MHz, CDCk) & 10.71 (s, 1H), 841 (d,J = 8.0 Hz, 1H), 7.78-7.80 (m, 2H),
7.68 (td,J = 7.2, 1.4 Hz, 1H), 7.60 (d,= 7.7 Hz, 1H), 7.45-7.55 (m, 4H), 6.80 (s, 1H)eTtH NMR
spectral data are in good agreement with the titezadata®®

3-(4-M ethoxyphenyl)isoquinolin-1(2H)-one (3b)

This product was obtained as a white solid (341.5, i8%) vyield, mp = 238-239 °C;
'H NMR (400 MHz, DMSOdg) 5 11.45 (s, 1H), 8.18 (d] = 7.8 Hz, 1H), 7.75 (d] = 8.8 Hz, 2H),
7.68-7.69 (m, 2H), 7.45 (ddd,= 8.2, 5.9, 2.4 Hz, 1H), 7.04 (d= 8.8 Hz, 2H), 6.84 (s, 1H), 3.82 (s,
3H). The’H NMR spectral data are in good agreement witHitéeature data®®

M ethyl 4-(1-oxo-1,2-dihydroisoquinolin-3-yl)benzoate (3c)

This product was obtained as a white solid (284g8 51% yield); mp = 270-271 °GH NMR (400
MHz, DMSO-dg) § 11.65 (s, 1H), 8.22 (d,= 7.8 Hz, 1H), 8.05 (d] = 8.5 Hz, 2H), 7.95 (d] = 8.6 Hz,
2H), 7.75 (dd,) = 4.7, 1.0 Hz, 2H), 7.53 (ddd,= 8.2, 4.8, 3.5 Hz, 1H), 7.06 (s, 1H), 3.89 (s).3Fhe
'H NMR spectral data are in good agreement witHiteature dat&>®

M ethyl (Z)-4-((3-oxoisoindolin-1-ylidene)methyl)benzoate (5c)
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This product was obtained as an orange solid (88,815% yield); mp = 163-164 °&4 NMR (400
MHz, DMSO-dg) 5 10.88 (s, 1H), 8.09 (d,= 7.8 Hz, 1H), 7.96 (d] = 8.4 Hz, 2H), 7.71-7.79 (m, 4H),
7.59 (t,J = 7.4 Hz, 1H), 6.84 (s, 1H), 3.87 (s, 3Hjc{*H} NMR (100 MHz, DMSO4g) & 169.2, 166.0,
139.5, 138.6, 134.5, 132.5, 129.7, 129.5, 129.8,31227.6, 122.8, 120.7, 104.5, 52.1; HRMS (HESI-
ORBITRAP) mVz [M + H]" calcd for (G/H1sNO3)" 280.0968, found 280.0962; IR (neat)ax 3205,
2918, 1706, 1685, 1648, 1603, 1441, 1429, 1307212223, 1139, 1113, 1052, 1014, 969, 865, 764,
727, 698, 663 cih

7-M ethoxy-3-phenylisoquinolin-1(2H)-one (3d)

This product was obtained as a white solid (75.4 18§6 yield): mp = 235-236 °CH NMR (400
MHz, DMSO-g) & 11.52 (s, 1H), 7.77 (dd,= 7.1, 1.3 Hz, 2H), 7.68 (d,= 8.7 Hz, 1H), 7.63 (d] =
2.6 Hz, 1H), 7.41-7.50 (m, 3H), 7.35 (dids 8.7, 2.8 Hz, 1H), 6.92 (s, 1H), 3.88 (s, 3H)eTH NMR
spectral data are in good agreement with the titezadata

(2)-3-Benzylidene-6-methoxyisoindolin-1-one (5d)

This product was obtained as a yellow solid (23 46% vyield); mp = 210-211 °é4 NMR (400
MHz, DMSO-dg) 5 10.64 (s, 1H), 7.95 (d,= 8.2 Hz, 1H), 7.60 (d] = 7.7 Hz, 2H), 7.39 (] = 7.2 Hz,
2H), 7.24-7.27 (m, 3H), 6.62 (s, 1H), 3.87 (s, 3HE{*H} NMR (100 MHz, DMSO+s) 5 168.9,
160.5, 134.9, 132.3, 131.4, 129.9, 128.9, 128.8,91221.8, 120.2, 105.6, 104.7, 55.7; HRMS (HESI-
ORBITRAP) m/z [M + H]" calcd for (GeH1NO2)* 252.1019, found 252.1013; IR (neat)ay 1704,
1694, 1648, 1491, 1453, 1403, 1327, 1290, 12437,11061, 1020, 908, 877, 825, 785, 750, 723, 689,
634 cni'.

Methyl 1-oxo-3-phenyl-1,2-dihydroisoquinoline-6-car boxylate (3€)

This product was obtained as a white solid (368.§, 166% vyield); mp = 257-258 °C;
H NMR (400 MHz, DMSO¢) 5 11.75 (s, 1H), 8.35 (d,= 0.9 Hz, 1H), 8.31 (d] = 8.3 Hz, 1H), 7.96
(dd,J = 8.3, 1.5 Hz, 1H), 7.80 (dd,= 7.9, 1.3 Hz, 2H), 7.48-7.54 (m, 3H), 7.10 (s),1392 (s, 3H);

13c{*H} NMR (100 MHz, DMSO#s) & 165.8, 162.3, 141.1, 137.9, 133.6, 133.0, 1298,8, 128.3,
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127.6, 127.4, 126.8, 125.8, 103.3, 52.6; HRMS (HE@BBITRAP) m/z [M + H]* calcd for
(C17H14NO3)* 280.0968, found 280.0968; IR (newafyx 1722, 1648, 1432, 1246, 1173, 1032'cm
7-Bromo-3-phenylisoquinolin-1(2H)-one (3f)

This product was obtained as a yellow solid (4382 72% vyield); mp = 297—298 °é&4 NMR (400
MHz, DMSO-de) & 11.74 (s, 1H), 8.28 (s, 1H), 7.88 (= 8.4 Hz, 1H), 7.79 (d] = 6.8 Hz, 2H), 7.70
(d, J = 8.5 Hz, 1H), 7.49-7.51 (m, 3H), 6.96 (s, 1EC{*H} NMR (100 MHz, DMSO+g) § 161.7,
140.8, 136.9, 135.5, 133.6, 129.5, 129.2, 128.28.81, 126.8, 126.3, 119.1, 102.8; HRMS (HESI-
ORBITRAP) m/z [M + H]" calcd for (GsH12BrNO)™ 300.0019, found 300.0013; IR (neaf).x 1656,
1465, 1285, 1152, 958, 904, 861, 842, 803, 761,692

6-M ethoxy-3-phenylisoquinolin-1(2H)-one (39)

This product was obtained as a white solid (356g8 1% yield); mp = 245-246 °¢4 NMR (400
MHz, DMSO<ds) 5 11.37 (s, 1H), 8.11 (dl = 8.8 Hz, 1H), 7.77 (dmJ] = 8.1 Hz, 2H), 7.45-7.52 (m,
3H), 7.18 (dJ = 2.3 Hz, 1H), 7.06 (dd] = 8.8, 2.4 Hz, 1H), 6.84 (s, 1H), 3.88 (s, 3HRE{*H} NMR
(100 MHz, DMSOsdg) 6 162.5, 162.4, 140.6, 140.1, 133.9, 129.3, 12828.7, 126.6, 118.7, 115.8,
107.6, 103.1, 55.5; HRMS (HESI-ORBITRAR)z [M + H]* calcd for (GeH14NO,)* 252.1019, found
252.1014;IR (neat)Vmax 2972, 1629, 1605, 1505, 1489, 1459, 1373, 1284412195, 1170, 1153,
1102, 1024, 896, 850, 831, 763, 691, 680'cm

6,7-Dimethoxy-3-phenylisoquinolin-1(2H)-one (3h)

This product was obtained as a colorless solid .@58y, 46% yield); mp = 231-232 °H NMR
(400 MHz, DMSO#) & 11.38 (s, 1H), 7.76 (dd,= 8.4, 1.5 Hz, 2H), 7.58 (s, 1H), 7.41-7.50 (m),3H
7.22 (s, 1H), 6.85 (s, 1H), 3.90 (s, 3H), 3.883(d); “*C{*H} NMR (100 MHz, DMSO4dg) 5 162.1,
153.3, 148.7, 138.3, 134.1, 133.3, 128.9, 128.8,4,2118.6, 107.2, 106.6, 102.9, 55.7, 55.5; HRMS
(HESI-ORBITRAP)m/z [M + H]" calcd for (G/H1gNO3)" 282.1125, found 282.1128R (neat)Vmax
2962, 1631, 1610, 1504, 1463, 1260, 1232, 1172X),1997, 870, 764, 692 ¢n

(2)-3-Benzylidene-5,6-dimethoxyisoindolin-1-one (5h)
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This product was obtained as a white solid (191g3 34% vyield); mp = 194-195 °CGH NMR (400
MHz, DMSO-dg) § 10.39 (s, 1H), 7.63 (s, 1H), 7.60 (b 7.5 Hz, 2H), 7.39 () = 7.7 Hz, 2H), 7.25 (t,
J=7.4 Hz, 1H), 7.20 (s, 1H), 6.69 (s, 1H), 3.9334), 3.86 (s, 3H)*C{*H} NMR (100 MHz, DMSO-
ds) 6 169.3, 153.0, 150.5, 135.0, 132.8, 132.8, 12&8.71 126.9, 120.8, 104.8, 104.2, 102.9, 56.1,
55.8; HRMS (HESI-ORBITRAP)z [M + H] * calcd for (G/H16NOs)* 282.1125, found 282.1118R
(neat)Vmax 2944, 1690, 1499, 1357, 1304, 1211, 1161, 1049, B52, 691 c.

3-(Thiophen-3-yl)isoquinolin-1(2H)-one (3i)

This product was obtained as a white solid (340.8, M5% vyield); mp = 257-258 °C;
'H NMR (400 MHz, DMSOde) & 11.44 (s, 1H), 8.27 (8 = 2.1 Hz, 1H), 8.18 (d] = 8.0 Hz, 1H), 7.66
— 7.77 (m, 4H), 7.46 (ddd,= 8.1, 6.8, 1.5 Hz, 1H), 7.06 (s, 1HJC{*H} NMR (100 MHz, DMSOd)

0 162.6, 138.0, 135.2, 135.1, 132.7, 127.4, 1262B.9, 126.2, 125.9, 124.8, 123.3, 102.3; HRMS
(HESI-ORBITRAP)m/z [M + H]" calcd for (GaH1oNOS) 228.0478, found 228.0474; IR (neahax
3092, 1649, 1606, 1350, 1277, 1152, 1091, 966, &&3, 800, 790, 749, 679 &m

3-(Cyclohex-1-en-1-yl)isoquinolin-1(2H)-one (3))

This product was obtained as a yellow solid (202 46% yield); mp = 113-114 °&4 NMR (400
MHz, CDCk) § 10.05 (s, 1H), 8.35 (dnd,= 8.0 Hz, 1H), 7.61 (td] = 7.5, 1.3 Hz, 1H), 7.51 (d,= 7.9
Hz, 1H), 7.42 (tdJ = 7.6, 1.1 Hz, 1H), 6.47-6.49 (m, 2H), 2.40—2 48 2H), 2.29-2.34 (m, 2H), 1.77-
1.83 (m, 2H), 1.66-1.72 (m, 2H). Thid NMR spectral data are in good agreement withliteeture
data?

3-Pentylisoquinolin-1(2H)-one (3k)

This product was obtained as a white solid (262.@, r61% vyield); mp = 111-112 °C;
H NMR (400 MHz, DMSO¢g) 5 11.24 (s, 1H), 8.11 (d,= 8.0 Hz, 1H), 7.64 (td] = 7.5, 1.3 Hz, 1H),
7.54 (d,J = 7.8 Hz, 1H), 7.39 (td] = 7.5, 1.1 Hz, 1H), 6.33 (s, 1H), 2.45-2.47 (m),2H62 (p,J = 7.4
Hz, 2H), 1.23-1.33 (m, 4H), 0.87 (t,= 6.9 Hz, 3H):**C{*H} NMR (100 MHz, DMSO#;) & 162.6,
142.7, 138.3, 132.3, 126.5, 125.7, 125.4, 124.2.11032.3, 30.7, 27.7, 21.9, 13.9; HRMS (HESI-

ORBITRAP) mz [M + HJ* calcd for (GsH1gNO)* 216.1383, found 216.1379R (neat)Vmay 3157,
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3093, 3010, 2950, 2926, 2858, 1677, 1640, 16083,15%76, 1346, 1257, 1174, 992, 886, 755, 727,
619 cni'.

(2)-3-Hexylidene soindolin-1-one (5k)

This product was obtained as a beige solid (30.1 78 yield); mp = 106-107 °CH NMR (400
MHz, DMSO-dg) 5 10.52 (s, 1H), 7.83-7.86 (m, 1H), 7.68Jds 7.5 Hz, 1H), 7.61 (t = 7.5 Hz, 1H),
7.48 (t,J = 7.4 Hz, 1H), 5.73 () = 8.0 Hz, 1H), 2.32-2.38 (m, 2H), 1.42-1.49 (m,)2H31-1.33 (m,
4H), 0.87 (tJ = 6.7 Hz, 3H)*C{*H} NMR (100 MHz, DMSO#) & 167.8, 137.4, 133.5, 131.8, 129.4,
128.4, 122.4, 120.0, 108.2, 30.9, 28.8, 26.4, 24®M; HRMS (HESI-ORBITRAP)Vz [M + H]" calcd
for (C14H1gNO)" 216.1383, found 216.1381IR (neat)vmax 3180, 3050, 2955, 2923, 2852, 1699, 1463,
1373, 1308, 1147, 1071, 760, 693, 619'cm

3-(tert-Butyl)isoquinolin-1(2H)-one (31)

This product was obtained as a white solid (84.5, B4% vyield); mp = 187-188 °C;
H NMR (400 MHz, DMSO#€g) 5 11.00 (s, 1H), 8.13 (d,= 8.0 Hz, 1H), 7.65 (td] = 7.4, 0.9 Hz, 1H),
7.61 (d,J = 7.2 Hz, 1H), 7.41 (td] = 7.3, 1.2 Hz, 1H), 6.38 (d,= 1.2 Hz, 1H), 1.30 (s, 9H}*C{*H}
NMR (100 MHz, DMSOedg) 6 162.9, 149.8, 138.0, 132.3, 126.4, 125.7, 12832,84.3, 28.4 (fewer
13C signals were observed due to signal overlappiHMS (HESI-ORBITRAP)m/z [M + H]* calcd
for (C13H1eNO)™ 202.1226, found 202.1223; IR (nesit)ax 3165, 2957, 1639, 1605, 1557, 1475, 1396,
1366, 1350, 1274, 1248, 1219, 1160, 967, 888, 878, 754, 678 cth

(2)-3-(2,2-Dimethylpropylidene)isoindolin-1-one (51)

This product was obtained as a brown solid (22194 56% yield); mp = 146-147 °&4 NMR (400
MHz, DMSO-ds) § 10.14 (s, 1H), 7.83 (d} = 7.8 Hz, 1H), 7.68 (d] = 7.5 Hz, 1H), 7.61 (td] = 7.7,
1.0 Hz, 1H), 7.48 (td] = 7.4, 0.5 Hz, 1H), 5.77 (s, 1H), 1.24 (s, 9HE{*H} NMR (100 MHz, DMSO-
ds) 0 168.3, 138.8, 132.0, 130.9, 128.5, 128.0, 122¥.8, 117.8, 31.5, 30.4; HRMS (HESI-

ORBITRAP) m/z [M + H]" calcd for (GsHigNO)" 202.1226, found 202.1222; IR (neat)ax 3071,
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2956, 2866, 2297, 1702, 1665, 1612, 1588, 14719,18965, 1307, 1290, 1215, 1143, 1092, 1063,
1011, 930, 844, 763, 755, 692¢tm

8-Hydr oxy-6-methoxy-3-pentylisoquinolin-1(2H)-one (30)

This product was obtained as a yellow solid (208¢8 39% vyield); mp = 134-135 °&4 NMR (400
MHz, CDCk) § 12.52 (s, 1H), 10.84 (s, 1H), 6.42 {d= 2.2 Hz, 1H), 6.38 (d] = 2.2 Hz, 1H), 6.25 (s,
1H), 3.86 (s, 3H), 2.55 (8§ = 7.7 Hz, 2H), 1.72 (p] = 7.3 Hz, 2H), 1.36-1.39 (m, 4H), 0.91Jt= 6.9
Hz, 3H). The 1H NMR spectral data are in good agese with the literature dafa.

I soquinolin-1(2H)-one (3m)

A 20 mL glass reaction vial was charged witm (532.0 mg; 2.289 mmol; 1.0 equiv), sodium
tetrachloroaurate dihydrate (91.0 mg; 0.229 mmdl; €quiv), silver hexafluoroantimonate (79.0 mg,
0.229 mmol, 0.1 equiv), anhydrous acetonitrile (AD) and triflic acid (377.0 mg; 2.515 mmol; 1.1
equiv). The vial was purged with argon and sealéat reaction mixture was stirred at 85 °C for 6 h.
After completion, the reaction mixture was cooleivd to room temperature and piperidine (390.0 mg,
4.578 mmol, 2.0 equiv) was added while stirringtoared for 30 min. The solvent was removed using
a rotary evaporator under reduced pressure (20 mnmagmonium acetate (528.8 mg, 6.867 mmol, 3.0
equiv) andN,N-dimethylacetamide (5 mL) were added to the reactial. The resulting mixture was
heated at 120 °C overnight, until the disappearahtiee intermediate2n) was observed, as monitored
by thin layer chromatography. The reaction mixtwees diluted with ethyl acetate (40 mL) and washed
with brine (40 mL), and the aqueous phase was @rtlavith ethyl acetate (2 x 20 mL). The combined
organic layers were dried over anhydrous magnesiulfate, concentrated using a rotary evaporator
under reduced pressure (20 mmHg). The resultinduesvas purified by flash column chromatography
on silica gel (eluent: hexane/ethyl acetate). Phaxiuct was obtained as a yellow solid (199.4 n@§,6
yield); mp = 214-215 °C*H NMR (400 MHz, DMSO#g) § 11.24 (s, 1H), 8.17 (dl = 8.0 Hz, 1H),
7.69 (td,J = 7.4, 1.2 Hz, 1H), 7.64 (d,= 7.1 Hz, 1H), 7.47 (td) = 7.4, 1.3 Hz, 1H), 7.14-7.18 (m,
1H), 6.54 (d,J = 7.11 Hz, 1H). ThéH NMR spectral data are in good agreement withliteeature

datal®®
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tert-Butyldimethylsilyl 2-((tert-butyldimethylsilyl)oxy)-4-methoxybenzoate (7)

To a flame-dried 100 mL round-bottomed flask waargked with 4-methoxysalicylic acié,(1.161 g,
6.9 mmol), CHCI, (20 mL, anhydrous), DMF (2 mL, anhydrous);NE(3.491 g, 34.5 mmol, 5.0 equiv),
tert-butyldimethylsilyl chloride (2.607 g, 17.3 mmol52equiv), and 4-dimethylaminopyridine (DMAP,
92.8 mg, 0.759 mmol, 0.11 equiv). The mixture wésresl under nitrogen atmosphere at room
temperature for 18 h. The reaction mixture was ghed with HO (20 mL), and extracted with £ (3
x 20 mL). The combined organic layers were washéth Wwrine (15 mL), dried over anhydrous
magnesium sulfate, and concentrated using a retagorator under reduced pressure (20 mmHg). The
residue was purified by flash column chromatographysilica gel (eluent: ethyl acetate/hexane), to
afford a vyellow oil (238 ¢ 87% yield; 'H NMR (400 MHz, CDC))
§7.77 (d,J = 8.8 Hz, 1H), 6.51 (dd} = 8.8, 2.5 Hz, 1H), 6.39 (d,= 2.4 Hz, 1H), 3.80 (s, 3H), 1.01 (s,
9H), 0.99 (s, 9H), 0.34 (s, 6H), 0.21 (s, 6H). THENMR spectral data are in good agreement with the
literature dat&°?

2-((tert-Butyldimethylsilyl)oxy)-N,N-diethyl-4-methoxybenzamide (8)

To a flame-dried 100 mL round-bottomed flask wagargked withtert-butyldimethylsilyl 2-(¢ert-
butyldimethylsilyl)oxy)-4-methoxybenzoaté&,(426.1 mg, 1.074 mmol, 1.0 equiv), &b (anhydrous,
20 mL) and DMF (anhydrous, five drops). The reactmixture was cooled to 0 °C by an ice-water
bath. Oxalyl chloride (273.0 mg, 2.148 mmol, 2.Qigywas added dropwise to the reaction mixture.
The mixture was stirred at 0 °C for 1.5 h. Thebe¢gh was removed and the mixture was further stirre
at room temperature overnight.,BH (314.0 mg, 4.297 mmol, 4.0 equiv) was added disg to the
reaction mixture at room temperature. The react@s then stirred at room temperature for 5 h,
guenched with 100 mL of saturated aqueous@®lHolution, and extracted with GEl, (5 x 10 mL).
The combined organic layers were dried over anhyglrmagnesium sulfate, and concentrated using a
rotary evaporator under reduced pressure (20 mmHMge. residue was purified by flash column
chromatography on silica gel (eluent: ethyl acétabeane), to afford a colorless oil (334.8 mg, 92%

yield); '"H NMR (400 MHz, CDGJ) § 7.04 (d,J = 8.4Hz, 1H), 6.46 (dd] = 8.4, 2.4 Hz, 1H), 6.29 (d,
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= 2.4 Hz, 1H), 3.70 (s, 3H), 3.37-3.54 (m, 2H),63-8.19 (m, 2H), 1.16 (1] = 7.2 Hz, 3H), 0.94 (] =
7.1 Hz, 3H), 0.89 (s, 9H), 0.15 (s, 6H). THé¢ NMR spectral data are in good agreement with the
literature dat&°

2-((tert-Butyldimethylsilyl)oxy)-N,N-diethyl-6-iodo-4-methoxybenzamide (9)

A solution of 2-(tert-butyldimethylsilyl)oxy)N,N-diethyl-4-methoxybenzamid&,(0.72 g, 2.1 mmol,
1.0 equiv) in anhydrous diethyl ether (30 mL) wasled to -78°C. tert-Buthyllithium (1.7 M, 3.15
mmol, 1.85 mL, 1.5 equiv) was added dropwise, thedreaction mixture was stirred at -78 for 2h.
lodine monochloride (0.68 g, 4.2 mmol, 2.0 equigswhen added dropwise, and the reaction mixture
was allowed to gradually warm up to room tempemtiifter being stirred at room temperature for 3h,
the reaction mixture was diluted with diethyl etl{@® mL) and quenched with a saturated aqueous
solution of sodium thiosulfate (30 mL) followed bysaturated aqueous solution of sodium bicarbonate
(30 mL). The aqueous layer was further extractetl diethyl ether (3 x 15 mL). The combined organic
layers were dried over anhydrous magnesium suléaite,concentrated using a rotary evaporator under
reduced pressure (20 mmHg). The residue was paififjeflash column chromatography on silica gel
(eluent: ethyl acetate/hexane), to afford a beigje 817.9 mg, 79% yield)'H NMR (400 MHz,
CDCly) 6 6.88 (d,J = 2.2 Hz, 1H), 6.28 (d] = 2.3 Hz, 1H), 3.69-3.76 (m, 1H), 3.68 (s, 3H),43-3.23
(m, 1H), 3.03-3.14 (m, 2H), 1.20 &= 7.1 Hz, 3H), 1.04 () = 7.2 Hz, 3H), 0.88 (s, 9H), 0.18 (s, 3H),
0.14 (s, 3H)*C{*H} NMR (100 MHz, CDC}) & 168.0, 160.3, 152.6, 128.2, 116.6, 106.0, 94.05,55.
43.1, 39.3, 25.5, 18.1, 14.0, 12.7, -4.0, -4.7; HRXHESI-ORBITRAP)m/z [M + H]* calcd for
(C1gH31INO5SI)" 464.1112, found 464.110TR (neat)vimax 2931, 2858, 1633, 1590, 1551, 1461, 1417,
1379, 1362, 1283, 1253, 1207, 1193, 1154, 1138,10088, 989, 876, 838, 782, 727'tm

M ethyl 2-hydr oxy-6-iodo-4-methoxybenzoate (10)

To a stirred solution of 24rt-butyldimethylsilyl)oxy)N,N-diethyl-6-iodo-4-methoxybenzamid§, (
1.14 g, 2.5 mmol, 1.0 equiv) in acetonitrile (30 )ymtas added N&lPO, (0.53 g, 3.75 mmol, 1.5 equiv)

and trimethyloxonium tetrafluoroborate (1.11 g, m#ol, 3.0 equiv). After 3h, a saturated aqueous
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solution of sodium bicarbonate (15 mL) was addespaise under vigorous stirring. Additional solid
sodium bicarbonate (1.0 g, 11.9 mmol) was addedgvstirring was continued. After 18h, water was
added (50 mL) and the aqueous layer was extractddethyl acetate (3 x 15 mL). The combined
organic layers were dried over anhydrous magnessutfate, and concentrated using a rotary
evaporator under reduced pressure (20 mmHg). Thl&due was purified by flash column
chromatography on silica gel (eluent: ethyl acétabeane), to afford a yellow solid (645.7 mg, 84%
yield); mp = 118 — 119 °CGH NMR (400 MHz, CDCJ) & 11.50 (s, 1H), 7.21 (d, = 2.5 Hz, 1H), 6.45
(d, J = 2.5 Hz, 1H), 3.95 (s, 3H), 3.79 (s, 3&C{*H} NMR (100 MHz, CDC}) 5 169.3, 164.7, 164.2,
123.0, 109.3, 101.6, 94.6, 55.8, 51.8; HRMS (HE®BDIRAP) mVz [M + H]" calcd for (GH10lOg4)"
308.9618, found 308.9611 (neat)vmax 3011, 2953, 1643, 1598, 1557, 1439, 1428, 13245,12200,
1186, 1152, 1037, 976, 942, 870, 836, 788, 696.cm

I nterconversion experiments

A 20 mL glass reaction vial was charged with 7-rog{h3-phenyl-H-isochromen-1-one2l, 341.0
mg; 1.352 mmol; 1.0 equiv), ammonium acetate (316Q; 4.055 mmol; 3.0 equiv)N,N-
dimethylacetamide (5 mL). The resulting reactiorxtonie was heated at 120 °C overnight until the
disappearance of the starting material was obsea&dnonitored by thin layer chromatography. The
reaction mixture was diluted with ethyl acetate @#Q) and washed with brine (40 mL), and the
aqueous phase was then extracted with ethyl acg&ate20 mL). The combined organic layers were
dried over anhydrous magnesium sulfate, concentrzag a rotary evaporator under reduced pressure
(20 mmHg). The resulting residue was purified @asfl column chromatography on silica gel (eluent:
hexane/ethyl acetate) to afford a white solid, 244.6 mg; 72% yield).

A 20 mL glass reaction vial was charged wif»8-benzylidene-6-methoxyisobenzofuranHjsne
(4d, 335.0 mg; 1.328 mmol; 1.0 equiv), ammonium aeefd807.0 mg; 3.984 mmol; 3.0 equiW,N-
dimethylacetamide (5 mL). The resulting reactiorxtonie was heated at 120 °C overnight until the
disappearance of the starting material was obsea&dnonitored by thin layer chromatography. The

reaction mixture was diluted with ethyl acetate #Q) and washed with brine (40 mL), and the
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aqueous phase was then extracted with ethyl acg&ate20 mL). The combined organic layers were
dried over anhydrous magnesium sulfate, conceulttaggng a rotary evaporator under reduced pressure
(20 mmHg). The resulting residue was purified @asfi column chromatography on silica gel (eluent:
hexane/ethyl acetate) to afford a yellow sofid, (264.0 mg; 79% yield).
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Highlights

» The reaction is mediated by Brgnsted acid, and no metal catalyst is
required.

» A simple inorganic ammonium salt — NH,OAc is employed as the
nitrogen source in the synthesis of nitrogen containing heterocycles.

* The new method has been successfully employed in the synthesis of
a natural product — ruprechstyril.
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