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ABSTRACT: An efficient and transition metal-free strategy for
the synthesis of 3-keto-isoquinolines in one-pot has been
developed from the easily accessible 2-(formylphenyl)acrylates
and phenacyl azides. Various substituted aldehydes and phenacyl
azides were successfully employed in this transformation to
furnish a variety 3-keto-isoquinolines in very good yields. A
number of controlled experiments were conducted to postulate
the reaction mechanism. Secondary functionalizations of 2-keto-
isoquinolins were also performed to showcase the synthetic
utility.

INTRODUCTION

Isoquinoline is considered to be one of the most privileged
nitrogen-containing heterocycle frequently encountered in
numerous natural products and FDA-approved drugs (Fig.-1,
A-C)."2 In particular, the compounds containing 3-substituted
isoquinoline framework have exhibited many significant
biological activities, including cardiovascular agent,
antihypertensive, anticancer, and phosphodiesterase inhibitor
activities  (Fig.-1, D-G).> Additionally, 3-substituted
isoquinolines also serve as an immediate precursor to many
biologically important natural products.* In addition, this key
heterocyclic core has also found broad applications in both,
drug designing and material sciences because of their
pharmacophoric and chelating properties.5
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Figure 1. Biologically active molecules containing substituted quinolines.

Considering the wide utility of 3-substituted isoquinolines,
several approaches have been reported for their synthesis.®
Traditional methods such as the Pictet-Spengler, the Bischler-
Napieralski, and the Pomeranz-Fritsch reactions have been
well explored for the synthesis of isoquinolines.” New
protocols involving metal-catalyzed photoredox reaction, C—H
activation, and cycloadditions have also been appeared in the
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literature for the synthesis of substituted isoquinolines.® In this
context, Charles W. Rees and coworkers have contributed
significantly in developing new methodologies for the
synthesis of substituted isoquinolines.”*® For example, they
accomplished the isoquinoline synthesis via nitrene insertion
generated in situ from thermal decomposition of vinyl azides
under neutral conditions (Scheme 1, eq.-1).”® Recently, Y
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Scheme 1. Strategies for the synthesis of 3-substituted isoquinolines

Yamamato and coworkers developed iodine mediated
electrophilic intramolecular cyclization of 2-alkynyl benzyl
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azides to get access to substituted isoquinolines (Scheme 1,
eq.-2).” Y. M. Liang and coworkers reported silver catalyzed
intramolecular cyclization of 2-alkynyl benzylazides to
corresponding 3-substituted isoquinolines (Scheme 1, eq.-3).%
Very recently, Jiang’s group reported an efficient and novel
methodology for the synthesis of 3-substituted isoquinolines
via Pd (II)-catalyzed cyclization reaction of oximes with vinyl
azides (Scheme 1, eq.-4).”* R. Guilard and coworkers have
described a transition metal free approach for the synthesis of
3-ketoisoquinolines via one pot cyclocondensation between o-
phthalaldehyde and iminophosphoranes generated in situ from
corresponding azides. Though, all these methods allow a
convenient access to 3-substituted isoquinolines but the use of
expensive transition metals and stoichiometric amount of
reagents, limited availability of starting materials and limited
substrate scopes are the disadvantages associated with them.
Therefore, the development of an efficient, mild and metal-
free approach for the synthesis of 3-substituted isoquinolines
from easily available starting materials is highly desirable. As
a part of our continuing research interest in pharmaceutically
important heterocyclic frameworks,!%¢ we have recently
developed various new methods for the synthesis substituted
quinolines.!% In continuation of same research programme,
herein we report a transition metal free approach for the
synthesis of 3-ketoisoquinolines from 2-(formylphenyl)
acrylates and phenacyl azides via sequential Knoevenagel
condensation, amination followed by elimination reactions
reaction cascade in one pot.

RESULT AND DISCUSSION

To commence our study, ethyl 3-(2-formylphenyl)acrylate
(1a) and phenacyl azide (2a) were chosen as model substrates
for this one-pot tandem reaction and the details are
summarized in Table-1. Our first attempt by reacting ethyl 3-
(2-formylphenyl)acrylate (1a, 0.5 mmol) and phenacyl azide
(2a, 0.5 mmol) in MeOH (2.0 mL) in the presence of DBU
(0.6 mmol) at room temperature was failed and could not
produce the desired product even in trace amount (Table-1,
entry-1). Using stronger base such as NaOH also did not give
the aimed product (entry-2). Next, we attempted this one pot
tandem reaction in the presence of acids such p-TSA and
AcOH but none of them afforded the desired product (entry 3
& 4). To our surprise, the desired product (3aa) was formed
albeit in very low yield (7%), when piperidine was used as an
additive (entry-5). Further, use of piperidinium acetate as a
base at ambient temperature improved the yield of product 3aa
to 23% (entry-6). Prolonging the reaction time furnished the
desired product in similar yield (45%) (entry-7). However,
performing the reaction at 60 °C for 6 h gave better yield
(58%) of desired 3aa (entry-8). Interestingly the yield of the
product 3aa improved drastically when the reaction mixture
was initially stirred at room temperature for 3h and then
heated at 60 °C for another 3h (70%) (entry-9). A similar yield
(72%) of desired 3aa was obtained when reaction mixture
heated 80 °C (entry-10). Yield of 3aa was slightly improved
when the reaction was performed at 80 °C (72%, entry-10).
Change of solvents such as EtOH, CH;CN, DMF, and THF
did not improve the reaction outcome and furnished the
desired product in inferior yields (entries 11-14). We next
performed the reaction in the presence of catalytic amount of
piperidinium acetate (0.05 mmol) however, only trace amount

of desired product 3aa was observed (entry-15). After having
the optimized reaction conditions (Table-1, entry 10), the
scope of the reaction with respect to various 2-
(formylphenyl)acrylate (1a-11) and

Table-1 Optimization of reaction conditions?

o o o
H . Piperidinium Acetate ~
~_OEt " N, T weon _N

1a o 2a 3aa
En. Base/acid Solvent Temp* Time (h)  YieldsP
ladditive
1 DBU MeOH rt 6 n.o.
2 NaOH MeOH rt 6 n.o.
3 p-TSA MeOH rt 6 n.o.
4 AcOH MeOH rt 6 n.o.
5 Piperidine MeOH rt 6 7%
6 PA MeOH rt 6 23%
7 PA MeOH rt 12 45%
8 PA MeOH 60 °C 6 58%
9 PA MeOH 60 °C 3 70%9
10 PA MeOH 80 °C 3 72% 9
11 PA EtOH 80 °C 3 69% 9
12 PA CH;CN 80 °C 3 43% 9
13 PA DMF 80 °C 3 trace 9
14 PA THF 80 °C 3 529 d
15 PA MeOH 80 °C 3 trace ©

aReaction was performed using 1a (0.5 mmol), 2 (0.5 mmol),
base/acid/additive (1 mmol) and solvent (2.0 mL) under nitrogen atmosphere;
b isolated yield; ¢ rt = room temperature; ¢ when reaction mixture was stirred
at rt for 3 h then heated at 60 - 80 °C; © when PA was used in catalytic
amount (10 mole%); n.o = not observed; PA = piperidinium acetate.

phenacyl azides (2a-21) was evaluated. As shown in Table 2, a
wide range substituted 2-(formylphenyl)acrylates (1b-11) were
reacted effectively with phenacyl azides (2a-2¢, 2j & 21) and
furnished the desired products in excellent yields. 3-(2-
formylphenyl)acrylates containing both electron donating
group (1b-le) and electron withdrawing groups (1f-1g) at
aromatic ring readily furnished the corresponding 3-
ketoisoquinolines in very good yields. Various functional
groups such as methylenedioxy (1b), methoxy (1¢), phenoxy
(1d), fluoro (1f), and nitro (1g) groups were well tolerated in
this  one-pot tandem  reaction.  Furthermore, 1-
formylnaphthalen-2-yl)acrylate (1h) smoothly reacted with
phenacyl azide (2a) leading to the formation of desired 3-keto-
isoquinoline (3ha) in excellent yield. Moreover, 3-formyl-1H-
indol-2-yl)acrylate (1i) was treated with ethyl 2-azidoacetate
(21) under optimized reaction conditions to produce the desired
product (3il) in very low (21%) yield. The substrate scope of
the present methodology was further extended to various
substituted phenacyl azides (2a-2k). The phenacyl azides
bearing both electron donating (2b-2e) and electron
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withdrawing (2f-2j) groups at aromatic ring reacted well to
furnish the desired products (3af-3aj) in high yields. To our
delight, heterocyclic azide (2k) also easily participated in this
reaction to form the desired 3ak in 75% yield. Next, the ortho
substituted phenacyl azide (21 & 2m) also readily participated
under the standard

Table 2 Scope with different 2-(formylphenyl)acrylate and phenacyl azides

o o]
> T O O > O
_N o ~-N
3aa, 72% 3ba, 83% 3ca, 77%
OO
BnO - Me® - P i, 7/3*'/
3da, 81% OMe 3ea, 80% o
e
ON S O N
! oo
3ga, 75% 3ha, 58% 3il, 21%
OOOOO °\
BnO 2N BnO N Me BnO' 2N oM
3ij, 82% 3jb, 85% 3jc, 88%
With Different
¢ Phenacyl Azides o ¢
o o]
N OMe
> A OO O
_N " _N Z OMe
when R = Me. 3ab, 75%, 3ad, 71% 3ae,68% OMe
R = OMe, 3ac, 78%
o] 0
CLT U > by
{ COr A, o
= | CN ~-N cl ~-N
3af, 81% 3ag, 75% 3ah, 73%
o] o]
SeA® > RS
N Ph ~-N ~-N S
3ai, 7% 3aj, 76% 3ak, 75%
O OMe o)
sceasiicsensiiiesen
o] Lo} ZN Lo} ~-N
3bl, 86% 3bm, 84% Alkyl = tert-Butyl, 3bn; Yeild = 00%

=cycloproyl, 3bo; Yield = 00%

aReaction was performed using 1a (0.5 mmol), 2 (0.5 mmol), piperidinium
acetate (1 mmol) and solvent (2.0 mL) at room temperature 3h, then 80 °C;
3h; Yield = isolated yield.

conditions to form the desired product 3bl and 3bm in 86%
and 84% yields respectively. On the other hand, azidomethyl
alkyl ketones such as fert-butyl (2n) and cyclopropyl (20)
groups were found to be unsuccessful to give the desired
products.

The practicality of present strategy was extended by
demonstrating a gram scale synthesis wherein, 3ba was
prepared in 80% yield from 2-formyl o,B-unsaturated ester 1b
and phenacyl azide 2a in a one pot reaction under standard
condition (Scheme 2).

Scheme-2 gram scale synthesis 3ba

[o] (o]
o]
< | H + __ Standard < O
o ~__OEt " Conditions ZN
1b 2a

3ba; 80%
(1.09) (0.90 g)

Compound 3ba was further utilized for the secondary
modifications as depicted in Scheme 3. Initially, the carbonyl
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group of 3ba was reduced by NaBH, in MeOH to form the
corresponding product 4. In another set of transformation,
compound 3ba was treated with benzaldehyde in presence of
TBHP/TFA in DCE solvent to obtain 1-benzoylated product
5.2 3_ketoisoquinoline (3ba) was further subjected to mono
and di bromination as well as nitrantion in H,SO, at 0 °C to
form corresponding mono (6) and dibromo (7) and mono nitro
(8) and di nitro (9) substituted products respectively in very
good yields.!®

Scheme 3. Synthetic utility
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In order to gain insight into the reaction, various controlled
experiments were carried out. When the reaction was
performed in the presence of TEMPO under the optimized
condition, leading the formation of desired 3aa in 63% yield
confirmed that no radical mechanism is involved (Scheme 4,
eq.-1). Furthermore, we isolated the bicyclic triazole
intermediate 3aa’ in 81% yield by quenching the reaction
mixture after 4 h of stirring at room temperature. Then the
intermediate 3aa’ was heated at 80 °C for 3 hrs in the presence
of piperidinium acetate furnished the desired product 3aa in
82% yields. This experiment suggests that the reaction is
proceeding through intermediate 3aa’ (Scheme 4, eq. -2). Next
in order to check the origin of proton a deuterium labeling
experiment was conducted by reacting 2-
(formylphenyl)acrylate (1a) with phenacyl azide (2a) in the
presence of CD;0D solvent under standard condition (Scheme
4, eq.-3). However, only non-deuterated product 3aa was
formed in 72% yield. This result clearly indicates that solvent
is not primary H donor in this reaction.

Scheme 4. Mechanistic Insights

o o

o
e ™ sandardconaions (2N 0
Z Ot 2a TEMPO (2 equiv) ZN
"0 3aa, 63%
o o o .
) Ph_ PA Ph  PA N Ph
= OEt + _—
N; MeOH, rt N syeg%: _N @
4h °C,
"o “ N 3aa; 82%
3aa’; 81%
i o o
! Ns ‘Standard Conditions,_ N @)
AN Rt CD,0D _N
" o 2 3aa, 72%

Based on the preliminary mechanistic experiments and
previous literature reports'> a mechanistic rationale is
proposed in Scheme 5. Initially, aldehyde reacts with
piperidinium acetate to form iminium cation salt (A), which on
nucleophilic addition by enol (2a”) gives rise to intermediate

3
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B, which gets converted into vinyl azide intermediate C with
elimination of piperidinium acetate.!?® The intermediate B then
undergoes to intermolecular 1,3-dipolar cycloaddition between
azide and unsaturated ester to form the bicyclic triazole (D)
intermediate D. The triazole intermediate D on heating
rearranges to aziridine intermediate E via denitrogenation of
azide.'? The intermediate E then undergoes to aromatization
followed by aziridine ring opening to give the intermediate F.
The C-N bond of intermediate might be getting cleaved by
nucleophlic addition of acetate ion to furnish the desired
3aa.!2

Scheme 5. Possible reaction mechanism

Piperidinium
Acetate

j W, 0
H Piperidinium \/K 4
~ OEt Acetate ~_ - 2a Ph
MeOH - N; AcOH
OEt

CONCLUSION

In summary, we have developed an efficient and transition
metal-free approach for the synthesis of 3-keto isoquinolines
from 2-(formylphenyl) acrylates and phenacyl azides
involving Knoevenagel condensation, amination and
elimination reactions cascades in one-pot. This reaction works
well with the substituted 2-(formylphenyl) acrylates and
phenacyl azides furnishing a series of 3-keto isoquinolines. In
addition, efficient conversion of these heterocyles into various
other pharmacologically important molecules have also been
illustrated.

EXPERIMENTAL SECTION
General Information

All the reagents and chemicals were purchased from
commercial sources and used without further purification.
Common laboratory solvents (LR grade) were purchased from
domestic suppliers. Analytical thin layer chromatography was
performed with E. Merck silica gel 60 F aluminium plates and
visualized under UV 254 nm radiation. NMR spectra were
measured with 300, 400, and 500 MHz instruments. Chemical
shifts are reported in & wunits, parts per million (ppm)
downfield from TMS. Coupling constants (J) are in hertz (Hz)
and are unadjusted; therefore, due to limits in resolution, in
some cases there are small differences (<1 Hz) in the
measured J value of the same coupling constant determined
from different signals. Splitting patterns are designed as
follows: s, singlet; d, doublet; t, triplet; dd, doublet of
doublets; dt, doublet of triplets; tt, triplet of triplets; m,
multiplet; br, broad. ESI-MS and ESI-HRMS spectra were
obtained on a ion trap mass spectrometer. Melting points were
determined on a Kofler block and are uncorrected. All the new

compounds were fully characterized by 'H NMR, '3C NMR,
and Mass-Spectroscopy and HRMS analysis.

General experimental procedure for the synthesis of 2-
(formylphenyl)acrylates (la—1li): To a solution o-
bromobenzaldehyde (185 mg, 1 mmol) in DMF (3.0 mL) was
added K,COj; (207.3 mg, 1.5 mmol), Bu,NOAc (856.56 mg, 3
mmol), KCI (111.8 mg, 1.5 mmol), Pd(OAc), (22.45 mg, 0.1
mmol), ethyl acrylate (120.1 mg, 1.2 mmol) and was stirred
for 5 min at room temperature. The reaction mixture was then
allowed to attain the temperature 90 °C in oil bath and stirred
for 12h. The reaction mixture was then diluted with ether and
the resulting mixture was filtered through a small band of
Celite. The filtrate was then diluted with water and extracted
with ether. The organic layers were combined, dried over
Na,SO,, and concentrated under vacuum. The crude product
which was purified by column chromatography using a
mixture of ethyl acetate/petroleum ether (30%) on silica gel to
provide the desired 1a in an 80% isolated yield.

ethyl 3-(2-formylphenyl)acrylate (1a):'3*® Purified by column
chromatography on silica gel (petroleum ether/ethyl acetate =
70/30) to afford 1a as yellow oil in (163 mg, 80%); mp 61 —
63 °C; 'H NMR (400 MHz, Chloroform-d) 10.31 (s, 1H), 8.52
(d, J=15.9 Hz, 1H), 7.88 (dd, J = 5.5, 2.8 Hz, 1H), 7.67 —
7.60 (m, 2H), 7.59 — 7.54 (m, 1H), 6.38 (d, J = 15.9 Hz, 1H),
4.30 (q, J=17.1 Hz, 2H), 1.36 (t, J= 7.1 Hz, 3H). Spectral data
were consistent with data reported in the literature.!22®

Ethyl (E)-3-(6-formylbenzo[d][1,3]dioxol-5-yl)acrylate (1b):
Be  Purified by column chromatography on silica gel
(petroleum ether/ethyl acetate = 60/40) to afford 1b as yellow
solid (204 mg, 82%); mp 108 — 110 °C; R = 0.5 (40% ethyl
acetate in hexane); 'H NMR (400 MHz, Chloroform-d) &
10.27 (s, 1H), 8.42 (d, J = 15.7 Hz, 1H), 7.35 (s, 1H), 7.06 (s,
1H), 6.31 (d, J = 15.7 Hz, 1H), 6.11 (s, 2H), 4.29 (q, J = 7.1
Hz, 2H), 1.35 (t, /= 7.1 Hz, 3H). Spectral data were consistent
with data reported in the literature.!3¢

Ethyl (E)-3-(2-formyl-6-methoxyphenyl)acrylate (1c): Purified
by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 1c as brown solid (183
mg, 78%); mp 67 - 69 °C; '"H NMR (400 MHz, Chloroform-d)
8 10.36 (s, 1H), 8.44 (d, J=15.8 Hz, 1H), 7.61 (d, J = 8.7 Hz,
1H), 7.38 (d, J = 2.8 Hz, 1H), 7.15 (dd, J = 8.6, 2.7 Hz, 1H),
6.33 (d, J = 15.8 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 3.90 (s,
3H), 1.35 (t, J = 7.1 Hz, 3H); C{'H} NMR (75 MHyz,
Chloroform-d) & 190.9, 166.5, 161.0, 139.6, 135.1, 129.4,
129.4,121.3, 120.8, 114.4, 60.7, 55.7, 14.3; HRMS (ESI) m/z:
[M + H]" caled for Ci3H;504 235.0964; Found 235.0964.

Ethyl (E)-3-(5-(benzyloxy)-2-formyl-4-methoxyphenyl)acrylate
(1d): Purified by column chromatography on silica gel
(petroleum ether/ethyl acetate = 50/50) to afford 1d as yellow
solid (272 mg, 80%); mp 128 - 130 °C; 'H NMR (400 MHz,
Chloroform-d) 3 10.31 (s, 1H), 8.42 (d, /= 15.8 Hz, 1H), 7.49
—7.38 (m, 5H), 7.37 — 7.32 (m, 1H), 7.10 (s, 1H), 6.23 (d, J =
15.7 Hz, 1H), 5.25 (s, 2H), 4.28 (q, J = 7.1 Hz, 2H), 3.97 (s,
3H), 1.35 (t, J = 7.1 Hz, 3H); BC{'H} NMR (100 MHz,
Chloroform-d) & 189.2, 166.3, 152.8, 151.0, 139.3, 135.6,
131.4, 128.8, 128.4, 127.9, 127.4, 121.8, 111.4, 111.0, 71.0,
60.8, 56.2, 14.3; HRMS (ESI) m/z: [M + H]" caled for
CyoH,105 341.1383; Found 341.1392.
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Ethyl (E)-3-(6-formyl-2,3,4-trimethoxyphenyl)acrylate (le):
Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 1e as white solid (238
mg, 81%); mp 91 - 93 °C; '"H NMR (400 MHz, Chloroform-d)
8 10.17 (s, 1H), 8.08 (d, J = 16.1 Hz, 1H), 7.30 (s, 1H), 6.24
(d, J = 16.1 Hz, 1H), 4.29 (q, J = 7.1 Hz, 2H), 3.97 (s, 3H),
3.95 (s, 3H), 3.88 (s, 3H), 1.35 (t, J = 7.1 Hz, 3H); BC{'H}
NMR (100 MHz, Chloroform-d) 6 189.9, 166.2, 154.2, 152.4,
147.1, 135.7, 130.4, 126.5, 126.2, 107.3, 61.1, 61.0, 60.8,
56.2, 14.3; HRMS (ESI) m/z: [M + H]* caled for C;sH;9Os
295.1176; Found 295.1176.

Ethyl (E)-3-(5-fluoro-2-formylphenyl)acrylate (1f):'3" Purified
by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 1f as white solid (167
mg, 75%); 'H NMR (400 MHz, Chloroform-d) & 10.25 (s,
1H), 8.49 (d, J = 15.9 Hz, 1H), 7.92 (dd, J= 8.6, 5.8 Hz, 1H),
7.31 (dd, J=9.5, 2.5 Hz, 1H), 7.27 — 7.21 (m, 1H), 6.38 (d, J
= 15.9 Hz, 1H), 4.30 (q, J = 7.1 Hz, 2H), 1.36 (t, J= 7.1 Hz,
3H). Spectral data were consistent with data reported in the
literature '3

Ethyl 3-(2-formyl-4-nitrophenyl)acrylate (1g):'>* Purified by
column chromatography on silica gel (petroleum ether/ethyl
acetate = 60/40) to afford 1g as pale yellow solid (192 mg,
77%); mp 61 - 63 °C; '"H NMR (400 MHz, Chloroform-d) &
10.35 (s, 1H), 8.72 (d, J = 2.4 Hz, 1H), 8.49 — 8.42 (m, 2H),
7.81 (d,J=8.5 Hz, 1H), 6.48 (d, /=159 Hz, 1H), 4.31 (q, /=
7.1 Hz, 2H), 1.36 (t, J = 7.1 Hz, 3H). Spectral data were
consistent with data reported in the literature.'3¢

Ethyl (E)-3-(1-formyl-3,4-dihydronaphthalen-2-yl)acrylate
(1h):

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 1h as brown oil (195 mg,
76%); '"H NMR (400 MHz, Chloroform-d) & 10.11 (s, 1H),
7.84 (d, J=15.9 Hz, 1H), 7.42 — 7.37 (m, 1H), 7.34 (td, J =
7.5, 1.4 Hz, 1H), 7.29 — 7.26 (m, 1H), 7.26 — 7.23 (m, 1H),
6.20 (d,J=15.9 Hz, 1H), 4.31 (q,J= 7.1 Hz, 2H), 2.85 - 2.76
(m, 2H), 2.67 — 2.57 (m, 2H), 1.36 (t, J = 7.1 Hz, 3H),
BC{'H} NMR (100 MHz, Chloroform-d) & 191.1, 165.3,
147.9, 138.4, 138.1, 136.8, 132.6, 130.7, 129.1, 128.2, 126.93,
126.8, 61.1, 27.3, 20.5, 14.2; HRMS (ESI) m/z: [M + H]*
calcd for C¢H;,0; 257.1172; Found 257.1172.

Ethyl 3-(3-formyl-1H-indol-2-yl)acrylate (1i):

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 40/60) to afford 1h as white solid (153
mg, 63%); mp 252 - 254 °C; '"H NMR (400 MHz, Chloroform-
d) 11.50 (s, 1H), 10.41 (d, J = 2.5 Hz, 1H), 8.29 (d, /= 7.8
Hz, 1H), 8.13 (dd, J = 16.0, 2.5 Hz, 1H), 7.44 (d, J = 8.0 Hz,
1H), 7.33 (t, J= 7.3 Hz, 1H), 7.29 — 7.24 (m, 1H), 6.79 (dd, J
=16.0, 2.4 Hz, 1H), 4.32 (qd, J=7.1, 2.6 Hz, 2H), 1.37 (td, J
=7.1,2.6 Hz, 3H); BC{'H} NMR (100 MHz, Chloroform-d) &
184.6, 166.2, 140.2, 137.1, 130.4, 126.2, 125.6, 123.1, 122.0,
121.7, 117.7, 111.6, 61.0, 14.3; HRMS (ESI) m/z: [M + H]*
calcd for C4H;4NO; 244.0968; Found 244.0968.

General experimental procedure for the synthesis of a-
azido ketones (2a-2k): All the a-azido ketones were
synthesized from corresponding a-bromo ketones (I mmol)
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and sodium azide (3.3 mmol) by using reported procedure
described in reference %2,

2-Azido-1-phenylethan-1-one (2a):'

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 80/20) to afford 2a as yellow oil (153 mg,
95%); 'H NMR (400 MHz, Chloroform-d) 7.91 (ddd, J = 7.0,
3.2, 1.6 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.50 (dd, J = 10.9,
4.5 Hz, 2H), 4.56 (s, 2H). Spectral data were consistent with
data reported in the literature.'4

2-Azido- 1-(p-tolyl)ethan-1-one (2b): 14

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 80/20) to afford 2b as white solid (170
mg, 97%); 'H NMR (400 MHz, Chloroform-d) 8 7.81 (d, J =
8.2 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 4.53 (s, 2H), 2.43 (s,
3H). Spectral data were consistent with data reported in the
literature.'4?

2-Azido- 1-(4-methoxyphenyl)ethan-1-one (2¢): 1%

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 2¢ as white solid (187
mg, 98%); '"H NMR (400 MHz, Chloroform-d) 3 7.89 (d, J =
9.0 Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 4.51 (s, 2H), 3.89 (s,
3H). Spectral data were consistent with data reported in the
literature. 14

2-Azido- 1-(3-methoxyphenyl)ethan-1-one (2d): 1%

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 2d as colorless oil (180
mg, 94%); '"H NMR (400 MHz, Chloroform-d) & 7.46 (s, 1H),
7.44 (t, J = 1.4 Hz, 1H), 7.42 — 7.37 (m, 1H), 7.17 (ddd, J =
8.0, 2.6, 1.4 Hz, 1H), 4.55 (s, 2H), 3.87 (s, 3H). Spectral data
were consistent with data reported in the literature. 14

2-Azido-1-(3,4,5-trimethoxyphenyl)ethan-1-one (2e): '#

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 2e as white solid (241
mg, 96%); 'H NMR (400 MHz, Chloroform-d) 8 7.14 (s, 1H),
4.53 (s, 2H), 3.91 (s, 3H), 3.90 (s, 6H). Spectral data were
consistent with data reported in the literature.!%

4-(2-Azidoacetyl)benzonitrile (2f): 1%

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 2f as white solid (177
mg, 95%); 'H NMR (400 MHz, Chloroform-d) & 8.02 (d, J =
8.4 Hz, 2H), 7.82 (d, J = 8.4 Hz, 2H), 4.58 (s, 2H). Spectral
data were consistent with data reported in the literature. 14

2-Azido-1-(4-chlorophenyl)ethassn-1-one (2g): 1%

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 2g as white solid (190
mg, 97%); 'H NMR (400 MHz, Chloroform-d) 6 7.86 (d, J =
8.5 Hz, 2H), 7.48 (d, J = 8.5 Hz, 2H), 4.53 (s, 2H). Spectral
data were consistent with data reported in the literature. !4

2-Azido-1-(3-nitrophenyl)ethan-1-one (2h): 14

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 2h as yellow solid (192
mg, 93%); 'H NMR (400 MHz, Chloroform-d) & 8.73 (t, J =

5

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

1.9 Hz, 1H), 8.49 (ddd, J = 8.2, 2.2, 1.1 Hz, 1H), 8.32 — 8.21
(m, 1H), 7.75 (t, J = 8.0 Hz, 1H), 4.63 (s, 2H). Spectral data
were consistent with data reported in the literature. 14

1-([1,1"-Biphenyl]-4-yl)-2-azidoethan-1-one (2i): '

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 2i as white solid (225
mg, 95%); 'H NMR (400 MHz, Chloroform-d) & 7.99 (d, J =
8.5 Hz, 2H), 7.72 (d, J = 8.5 Hz, 2H), 7.66 — 7.61 (m, 2H),
7.52 — 7.46 (m, 2H), 7.44 (dd, J = 5.0, 3.6 Hz, 1H), 4.60 (s,
2H). Spectral data were consistent with data reported in the
literature. 44

2-Azido- 1-(naphthalen-2-yl)ethan-1-one (2j): 14

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 2j as white solid (203
mg, 96%); 'H NMR (400 MHz, Chloroform-d) & 8.36 (s, 1H),
7.93 (dd, J=17.3, 6.1 Hz, 2H), 7.87 (dd, J = 14.5, 8.4 Hz, 2H),
7.63 — 7.58 (m, 1H), 7.57 — 7.51 (m, 1H), 4.66 (s, 2H).
Spectral data were consistent with data reported in the
literature. !4

2-Azido-1-(thiophen-3-yl)ethan-1-one (2k): 1

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 2k as light brown solid
(162 mg, 97%); 'H NMR (400 MHz, Chloroform-d) & 8.10
(dd, J=2.9, 1.3 Hz, 1H), 7.55 (dd, J = 5.1, 1.3 Hz, 1H), 7.39
(dd, J = 5.1, 2.9 Hz, 1H), 4.44 (s, 2H); “C{'H} NMR (125
MHz, Chloroform-d) & 187.6, 139.0, 132.7, 127.1, 126.5, 55.4.

2-azido-1-(2-chlorophenyl)ethan-1-one (21):%

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 21 as colorless (187 mg,
96%); 'H NMR (400 MHz, CDCl;): 8 7.59 (d, J = 7.2 Hz,
1H), 7.47 — 7.44 (m, 2H), 7.38 (ddd, J= 7.7, 5.8, 2.8 Hz, 1H),
4.52 (s, 2H). Spectral data were consistent with data reported
in the literature.!4?

2-azido-1-(2-methoxyphenyl)ethan-1-one (2m):'*

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 2n as colorless oil (181
mg, 95%); 'H NMR (400 MHz, CDCl;): 3 7.91 (dd, J = 7.8,
1.8 Hz, 1H), 7.53 (ddd, J = 8.4, 7.3, 1.8 Hz, 1H), 7.08 — 7.01
(m, 1H), 6.99 (d, J = 8.4 Hz, 1H), 4.51 (s, 2H), 3.93 (s, 3H).
Spectral data were consistent with data reported in the
literature. !4

1-azido-3,3-dimethylbutan-2-one (2n):'%

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 90/10) to afford 2n as colorless oil (128
mg, 91%); 'H NMR (400 MHz, CDCls): 8 4.07 (s, 2H), 1.17
(s, 9H). Spectral data were consistent with data reported in the
literature.’¥/

2-azido-1-cyclopropylethan-1-one (20):

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 90/10) to afford 20 as brown oil (112 mg,
90%); '"H NMR (400 MHz, CDCl;): 4 4.13 (s, 2H), 1.95 (tt, J
=17.8,4.5 Hz, 1H), 1.16 (dd, /= 7.8, 3.4 Hz, 2H), 1.01 (dq, /=

11.3, 3.8 Hz, 2H); BC{'H} NMR (125 MHz, Chloroform-d) &
=204.3,57.9,18.3,11.7

General experimental procedure for the synthesis of 3-
ketoisoquinolines (3aa-3ak): 2-(formylphenyl) acrylate (1a)
(102.1 mg, 0.5 mmol) and a-azido ketone (2a) (80.6 mg, 0.5
mmol) and MeOH (3.0 mL) were taken in a 10 mL round bottom
flask then freshly prepared piperidinium acetate (145.2 mg, 1.0
mmol) was added. The reaction mixture was initially stirred at
room temperature for 3 h after that the reaction temperature was
increased to 80 °C in oil bath and stirred at this temperature for
another 3 hrs. After complete consumption of starting materials,
(reaction monitored by TLC) MeOH was removed under reduced
pressure and get crude product which was purified by column
chromatography using a mixture of ethyl acetate/petroleum ether
(40%) on silica gel to provide the desired 3aa in an 72% isolated
yield.

Isoquinolin-3-yl(phenyl)methanone (3aa).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3aa as a white solid (84 mg,
72%); mp. 80 - 82 °C, 'H NMR (400 MHz, Chloroform-d) §
9.34 (s, 1H), 8.48 (s, 1H), 8.08 (dd, J = 8.2, 1.1 Hz, 3H), 8.02 (d,
J = 8.0 Hz, 1H), 7.85 — 7.72 (m, 2H), 7.67 — 7.58 (m, 1H), 7.51
(dd, J = 104, 4.6 Hz, 2H); BC{'H} NMR (100 MHz,
Chloroform-d) & 194.4, 151.6, 148.9, 137.0, 135.6, 132.7, 131.1,
130.9, 129.6, 129.4, 128.2, 128.1, 127.6, 123.5; HRMS (ESI) m/z:
[M + H]* caled for C;sH1,NO 234.0913; Found 234.0930.

[1,3]Dioxolo[4,5-g]isoquinolin-7-yl(phenyl)methanone (3ba).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 65/35) to afford 3ba as light yellow solid
(115 mg, 83%); mp 141 - 143 °C; 'H NMR (500 MHz,
Chloroform-d) 6 9.05 (s, 1H), 8.31 (s, 1H), 8.10 — 8.04 (m,
2H), 7.59 (t, J = 7.4 Hz, 1H), 7.49 (dd, J = 16.2, 8.7 Hz, 2H),
7.29 (s, 1H), 7.23 (s, 1H), 6.17 (s, 2H); C{'H} NMR (125
MHz, Chloroform-d) 6 194.4, 151.5, 150.2, 149.2, 148.1,
137.2, 134.1, 132.5, 130.8, 128.0, 127.5, 122.8, 103.9, 103.3,
102.1; HRMS (ESI) m/z: [M + H]* caled for Ci;H;,NO;
278.0812; Found 278.0838.

(8-Methoxyisoquinolin-3-yl)(phenyl)methanone (3ca).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 65/35) to afford 3ca as white solid (101
mg, 77%); mp 150 - 152 °C; 'H NMR (400 MHz,
Chloroform-d) & 9.18 (s, 1H), 8.35 (s, 1H), 8.11 — 8.04 (m,
2H), 7.96 (d, J = 9.0 Hz, 1H), 7.59 (qt, J = 5.5, 1.6 Hz, 1H),
7.55 -17.47 (m, 2H), 7.36 (dt, J=6.7, 3.4 Hz, 1H), 7.23 (d, J =
2.4 Hz, 1H), 3.98 (s, 3H); C{'H} NMR (100 MHz,
Chloroform-d) 194.6, 161.4, 150.7, 149.4, 137.7, 137.1, 132.6,
130.9, 129.2, 128.1, 125.4, 122.5, 122.5, 105.5, 55.6; HRMS
(ESI) m/z: [M + H]* caled for C;H;4NO, 264.1019; Found
264.1033.

(7-(Benzyloxy)-6-methoxyisoquinolin-3-yl)(phenyl)methano-ne
(3da).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3da as white solid (149
mg, 81%); mp 143 — 145 °C; 'H NMR (400 MHz,
Chloroform-d) & 9.05 (s, 1H), 8.34 (s, 1H), 8.06 (dd, J=5.2,
3.3 Hz, 2H), 7.61 — 7.56 (m, 1H), 7.50 (td, J = 7.0, 3.3 Hz,
4H), 7.45 — 7.40 (m, 2H), 7.39 — 7.35 (m, 1H), 7.33 (s, 1H),
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7.24 (s, 1H), 5.33 (s, 2H), 4.06 (s, 3H); BC{'H} NMR (100
MHz, Chloroform-d) & 194.5, 153.8, 151.2, 148.9, 147.9,
137.3, 135.8, 132.4, 132.4, 130.8, 128.8, 128.3, 128.0, 127.4,
125.9,122.2, 107.1, 106.2, 70.9, 56.2; MS (ESI): HRMS (ESI)
m/z: [M + H]" caled for C,sH,NO; 370.1438; Found
370.1462.

Phenyl(6,7,8-trimethoxyisoquinolin-3-yl)methanone (3ea).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3ea as white solid (129
mg, 80%); mp 153 — 155 °C; 'H NMR (400 MHz,
Chloroform-d) 8 9.45 (s, 1H), 8.30 (s, 1H), 8.07 (dd, J = 5.2,
3.3 Hz, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H),
7.04 (s, 1H), 4.14 (s, 3H), 4.04 (s, 3H), 4.02 (s, 3H); BC{'H}
NMR (100 MHz, Chloroform-d) 6 194.5, 157.4, 149.0, 148.7,
145.9, 142.9, 137.1, 133.6, 132.5, 130.9, 128.1, 122.0, 120.9,
102.1, 61.9, 61.3, 56.2; HRMS (ESI) m/z: [M + H]* calcd for
C1oH sNO4324.1230; Found 324.1250.

(7-Fluoroisoquinolin-3-yl) (phenyl) methanone (3fa).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 65/35) to afford 3fa as white solid (92
mg, 73%); mp 128 — 130 °C; 'H NMR (400 MHz,
Chloroform-d) 6 9.30 (s, 1H), 8.50 (s, 1H), 8.07 (dd, J = 8.0,
7.0 Hz, 2H), 8.06 — 7.98 (m, 1H), 7.70 (d, J = 8.5 Hz, 1H),
7.66 — 7.55 (m, 2H), 7.51 (dd, J = 11.5, 4.2 Hz, 2H); BC{'H}
NMR (125 MHz, Chloroform-d) 8 194.0, 162.3 (d, J = 253.2
Hz), 150.7, 150.7, 148.6, 136.9, 132.7, 131.1 (d, J = 8.8 Hz),
130.9, 130.5 (d, J = 8.9 Hz), 128.1, 123.2, 121.8 (d, J = 25.5
Hz), 111.0 (d, J = 21.0 Hz); '°F NMR (375 MHz, Chloroform-
d) & 107.0; HRMS (ESI) m/z: [M + H]" caled for C¢H;;FNO
252.0819; Found 252.0823.

(6-Nitroisoquinolin-3-yl) (phenyl)methanone (3ga).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 65/35) to afford 3ga as white solid (104
mg, 75%); mp 153 — 155 °C; 'H NMR (300 MHz,
Chloroform-d) & 9.34 (s, 1H), 9.03 (s, 1H), 8.64 (s, 1H), 8.54 —
8.41 (m, 2H), 8.12 (d, J = 7.0 Hz, 1H), 8.07 (d, J = 7.2 Hz,
1H), 7.90 — 7.78 (m, 2H), 7.72 (t, J = 8.0 Hz, 1H); BC{'H}
NMR (100 MHz Chloroform-d) ¢ 191.6, 151.7, 147.9, 138.4,
136.5, 135.7, 131.4, 130.1, 129.2, 128.4, 127.8, 126.8, 126.2,
1240, HRMS (ESI) m/z: [M + H]Jr calcd for C16H11N203
279.0764; Found 279.0778.

(5,6-Dihydrobenzolf]isoquinolin-2-yl) (phenyl)methanone
(3ha).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 65/35) to afford 3ha as thick oil (97 mg,
68%); '"H NMR (400 MHz, Chloroform-d) & 9.05 (s, 1H), 8.13
— 8.08 (m, 2H), 7.95 (s, 1H), 7.87 (d, J = 7.2 Hz, 1H), 7.63 —
7.57 (m, 1H), 7.52 — 7.47 (m, 2H), 7.36 (tdd, J = 8.8, 7.3, 1.6
Hz, 2H), 7.30 (dd, J = 7.2, 1.4 Hz, 1H), 3.02 — 2.92 (m, 4H);
BC{'H} NMR (100 MHz, Chloroform-d) & 193.8, 153.3,
146.6, 143.7, 137.8, 136.6, 132.9, 132.8, 130.9, 130.0, 129.3,
128.6, 128.1, 127.5, 124.0, 124.0, 28.2, 27.9; HRMS (ESI)
m/z: [M + H]" caled for C,0HsNO 286.1226; Found 286.1243.

Ethyl 9H-pyrido[3,4-b]indole-3-carboxylate (3il).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 55/45) to afford 3il as white solid (25 mg,
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21%); mp 235 - 237 °C; '"H NMR (300 MHz, Chloroform-d) &
10.91 (bs, 1H), 9.19 (d, J = 0.5 Hz, 1H), 8.91 (s, 1H), 8.20 (d,
J=17.9 Hz, 1H), 7.77 (d, J = 8.3 Hz, 1H), 7.60 (ddd, J = 8.3,
7.2, 1.1 Hz, 1H), 7.37 = 7.31 (m, 1H), 4.56 (q, J= 7.1 Hz, 2H),
147 (t, J = 7.1 Hz, 3H); BC{'H} NMR (100 MHz,
Chloroform-d) & 166.3, 141.2, 137.7, 137.4, 133.6, 129.0,
121.8, 121.6, 120.8, 120.7, 117.9, 112.5, 61.6, 14.5; HRMS
(ESI) m/z: [M + HJ* caled for C4H3N,0, 241.0977; Found
241.0975.

(7-(Benzyloxy)-6-methoxyisoquinolin-3-yl) (naphthalen-2-
yl)methanone (3jj).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 50/50) to afford 3jj as white solid (172
mg, 82%); mp 152 - 154 °C; '"H NMR (500 MHz, Chloroform-
d) 3 9.01 (s, 1H), 8.55 (s, 1H), 8.31 (s, 1H), 8.05 (dd, J = 8.6,
1.6 Hz, 1H), 7.86 (dd, J = 8.2, 4.3 Hz, 2H), 7.81 (d, J = 8.1
Hz, 1H), 7.55 — 7.48 (m, 1H), 7.45 (dd, J = 10.8, 4.0 Hz, 3H),
7.35 (t, J = 7.4 Hz, 2H), 7.31 — 7.25 (m, 2H), 7.18 (s, 1H),
526 (s, 2H), 398 (s, 3H); C{'H} NMR (100 MHz,
Chloroform-d) & 194.4, 153.9, 151.2, 149.0, 148.1, 135.8,
135.3, 134.6, 132.9, 132.4, 129.8, 129.7, 128.8, 128.5, 128.3,
128.2, 127.8, 127.7, 127.4, 126.4, 126.0, 122.3, 107.1, 106.2,
70.9, 56.3; HRMS (ESI) m/z: [M + H]" calcd for CogH,,NO;
420.1594; Found: 420.1600.

(7-(Benzyloxy)-6-methoxyisoquinolin-3-yl) (p-tolyl)methanone
(3jb).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3jb as white solid (163
mg, 85%); mp 155 - 157 °C; 'H NMR (500 MHz, Chloroform-
d) 8 9.05 (s, 1H), 8.31 (s, 1H), 7.98 (d, J = 8.2 Hz, 2H), 7.54 —
7.48 (m, 2H), 7.45 — 7.39 (m, 2H), 7.39 — 7.34 (m, 1H), 7.33
(s, 1H), 7.30 (s, 1H), 7.28 (s, 1H), 7.24 (s, 1H), 5.33 (s, 2H),
4.05 (s, 3H), 2.44 (s, 3H); BC{'H} NMR (125 MHz,
Chloroform-d) & 194.2, 153.8, 151.1, 148.9, 148.2, 143.2,
135.8, 134.6, 132.4, 131.0, 130.8, 128.8, 128.3, 127.4, 125.9,
122.10, 107.1, 106.1, 70.9, 56.2, 21.7, HRMS (ESI) m/z: [M +
H]" caled for CysH»,NOs3 384.1594; Found 384.1599.

(7-(Benzyloxy)-6-methoxyisoquinolin-3-yl) (4-methoxyphenyl)
methanone (3jc).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3jec as white solid (176
mg, 88%); mp 161 - 163 °C; '"H NMR (300 MHz, Chloroform-
d) 6 9.04 (s, 1H), 8.30 (s, 1H), 8.13 (d, J = 8.8 Hz, 2H), 7.52
(d, J=7.1 Hz, 2H), 7.46 — 7.35 (m, 3H), 7.33 (s, 1H), 7.23 (s,
1H), 6.98 (d, J = 8.8 Hz, 2H), 5.33 (s, 2H), 4.05 (s, 3H), 3.89
(s, 3H); BC{'H} NMR (125 MHz, Chloroform-d) 3 192.8,
163.2, 153.8, 151.1, 148.6, 148.4, 135.8, 133.4, 132.5, 129.95,
128.8, 128.3, 127.4, 125.8, 121.9, 113.4, 107.1, 106.1, 70.9,
56.2, 55.5; HRMS (ESI) m/z: [M + HJ" caled for C,5H;,NO,
400.1543; Found: 400.1555.

Isoquinolin-3-yl(p-tolyl)methanone (3ab).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3ab as white solid (93
mg, 75%); mp 116 - 118 °C; 'H NMR (300 MHz, Chloroform-
d) 8 9.39 (s, 1H), 8.45 (s, 1H), 8.11 (d, J = 8.0 Hz, 1H), 8.00
(dd, J=13.9, 8.1 Hz, 3H), 7.88 — 7.73 (m, 2H), 7.32 (d, J =
8.0 Hz, 2H), 245 (s, 3H); BC{'H} NMR (100 MHz,
Chloroform-d) & 193.5, 151.4, 148.4, 143.7, 135.8, 134.2,
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131.5, 131.0, 129.6, 129.4, 128.9, 128.2, 127.9, 123.6, 21.7,
HRMS (ESI) m/z: [M + H]* caled for Ci;H;sNO 248.1070;
Found: 248.1098.

Isoquinolin-3-yl(4-methoxyphenyl)methanone (3ac).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3ac as white solid (103
mg, 78%); mp 124 - 126 °C; 'H NMR (300 MHz, Chloroform-
d) 8 9.34 (s, 1H), 8.44 (s, 1H), 8.19 — 8.11 (m, 2H), 8.08 (d, J
= 7.7 Hz, 1H), 8.00 (d, /= 7.8 Hz, 1H), 7.78 (pd, J=17.0, 1.4
Hz, 2H), 7.04 — 6.96 (m, 2H), 3.90 (s, 3H); *C{'H} NMR
(100 MHz, Chloroform-d) 6 192.7, 163.4, 151.4, 149.5, 135.7,
133.4, 131.0, 129.6, 129.4, 129.2, 128.1, 127.6, 123.1, 113.5,
55.5; HRMS (ESI) m/z: [M + H]'* caled for C,;H;4;NO,
264.1019; Found 264.1035.

Isoquinolin-3-yl(3-methoxyphenyl)methanone (3ad).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3ad as white solid (93
mg, 71%); mp 132 - 134 °C; '"H NMR (400 MHz, Chloroform-
d) 6 9.35 (s, 1H), 8.45 (s, 1H), 8.08 (dd, /= 7.9, 0.9 Hz, 1H),
8.01 (d, J= 8.0 Hz, 1H), 7.85 — 7.73 (m, 2H), 7.65 — 7.60 (m,
2H), 7.45 — 7.38 (m, 1H), 7.19 — 7.13 (m, 1H), 3.88 (s, 3H);
BC{'H} NMR (100 MHz, Chloroform-d) & 194.2, 159.4,
151.7, 148.9, 139.3, 138.3, 135.6, 131.1, 129.5, 129.1, 128.2,
127.7, 123.8, 119.3, 115.0, 114.0, 29.7, HRMS (ESI) m/z: [M
+ H]* caled for C;H4,NO,264.1019; Found 264.1021.

Isoquinolin-3-yl(3,4,5-trimethoxyphenyl)methanone (3ae).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 55/45) to afford 3ae as white solid (110
mg, 68%); mp 158 - 160 °C; 'H NMR (400 MHz,
Chloroform-d) & 9.34 (s, 1H), 8.47 (s, 1H), 8.09 (d, /J=7.9 Hz,
1H), 8.03 (d, /= 7.9 Hz, 1H), 7.80 (dt, J = 15.9, 7.0 Hz, 2H),
7.41 (s, 2H), 3.95 (s, 3H), 3.90 (s, 6H); C{'H} NMR (100
MHz, Chloroform-d) & 193.1, 152.7, 151.5, 149.2, 1424,
135.7, 131.9, 131.1, 129.5, 129.4, 128.2, 127.6, 123.5, 108.7,
60.9, 56.3; HRMS (ESI) m/z: [M + H]" caled for C;9H;sNO4
324.1230; Found 324.1256.

4-(Isoquinoline-3-carbonyl)benzonitrile (3af).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3af as white solid (104
mg, 81%); mp 126 - 128 °C; 'H NMR (400 MHz,
Chloroform-d) & 9.31 (s, 1H), 8.59 (s, 1H), 8.24 — 8.19 (m,
2H), 8.10 (dd, J = 7.7, 1.1 Hz, 1H), 8.05 (d, J = 7.9 Hz, 1H),
7.88 — 7.78 (m, 4H); 3C{'H} NMR (100 MHz, Chloroform-d)
6 192.7,151.6, 147.7, 140.7, 135.6, 131.8, 131.4, 131.3, 130.0,
129.8, 128.4, 127.7, 123.9, 118.3, 115.6; HRMS (ESI) m/z:
[M + H]* caled for C;H;;N,O 259.0866; Found: 259.0875.

(4-Chlorophenyl)(isoquinolin-3-yl)methanone (3ag).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3ag as white solid (101
mg, 75%); mp 141 - 143 °C; '"H NMR (400 MHz, Chloroform-
d) 6 9.32 (s, 1H), 8.51 (s, 1H), 8.09 (d, J = 8.5 Hz, 3H), 8.02
(d, J=8.0 Hz, 1H), 7.86 — 7.74 (m, 2H), 7.48 (d, J = 8.5 Hz,
2H); BC{'H} NMR (100 MHz, Chloroform-d) 4 192.9, 151.5,
148.5, 139.1, 135.6, 135.3, 132.4, 131.2, 129.6, 128.4, 128.3,
128.1, 127.6, 123.5; HRMS (ESI) m/z: [M + H]* and [M + 2]*

caled for C;¢H;;CINO 268.0524 and 270.0494; Found:
268.0538 and 270.0507.

Isoquinolin-3-yl(3-nitrophenyl)methanone (3ah).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3ah as white solid (102
mg, 73%); mp 136 — 138 °C; 'H NMR (400 MHz,
Chloroform-d) & 9.34 (s, 1H), 9.05 — 9.02 (m, 1H), 8.63 (s,
1H), 8.52 — 8.48 (m, 1H), 8.45 (ddd, J= 8.2, 2.3, 1.1 Hz, 1H),
8.12 (dd, J=17.9, 0.8 Hz, 1H), 8.07 (d, /= 8.0 Hz, 1H), 7.88 —
7.79 (m, 2H), 7.71 (dd, J = 10.0, 5.9 Hz, 1H); 3C{'H} NMR
(100 MHz, Chloroform-d) & 191.6, 151.7, 147.9, 147.6, 138.4,
136.5, 135.7, 131.4, 130.1, 129.9, 129.2, 128.4, 127.8, 126.8,
126.2, 124.0; HRMS (ESI) m/z: [M + H]" caled for
Ci6H11N,05 279.0764; Found 279.0784.

[1,1"-Biphenyl]-4-yl(isoquinolin-3-yl)methanone (3ai).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 3ai as white solid (119
mg, 77%); mp 121 - 123 °C; '"H NMR (400 MHz, Chloroform-
d) 8 9.41 (s, 1H), 8.52 (s, 1H), 8.19 — 8.16 (m, 2H), 8.12 (d, J
= 8.1 Hz, 1H), 8.04 (d, J = 8.1 Hz, 1H), 7.86 — 7.82 (m, 1H),
7.82 —=7.77 (m, 1H), 7.76 — 7.72 (m, 2H), 7.69 — 7.65 (m, 2H),
7.49 (dd, J = 10.3, 4.8 Hz, 2H), 7.43 — 7.38 (m, 1H); BC{'H}
NMR (100 MHz, Chloroform-d) 6 193.5, 151.5, 148.4, 145.5,
140.2, 135.8, 135.6, 131.5, 131.4, 129.6, 129.5, 128.9, 128.3,
128.1, 127.8, 127.3, 126.9, 123.6; HRMS (ESI) m/z: [M + H]*
calced for C»,H(NO 310.1226; Found 310.1251

Isoquinolin-3-yl(naphthalen-2-yl)methanone (3aj).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 3aj as light yellow solid
(108 mg, 76%); mp 154 - 156 °C; 'H NMR (400 MHz,
Chloroform-d) 6 9.42 (s, 1H), 8.64 (s, 1H), 8.53 (s, 1H), 8.14
(dt, /=9.1, 4.5 Hz, 2H), 8.04 (d, /= 7.9 Hz, 1H), 7.96 (d, J =
8.4 Hz, 2H), 791 (d, J = 8.2 Hz, 1H), 7.86 — 7.77 (m, 2H),
7.61 (t, J = 7.4 Hz, 1H), 7.54 (t, J = 7.4 Hz, 1H); BC{'H}
NMR (100 MHz, Chloroform-d) 6 193.8, 151.6, 148.5, 135.8,
135.5, 134.2, 133.1, 132.4, 131.4, 129.7, 129.6, 129.5, 128.4,
128.3, 128.0, 127.9, 127.8, 126.6, 126.2, 123.7, HRMS (ESI)
m/z: [M + H]" caled for C,0H;4NO 284.1070; Found:
284.1085.

Isoquinolin-3-yl(thiophen-3-yl)methanone (3ak).

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 70/30) to afford 3ak as white solid (90
mg, 75%); mp 107 — 109 °C; 'H NMR (400 MHz,
Chloroform-d) & 9.35 (s, 1H), 8.91 (dd, J = 2.9, 1.1 Hz, 1H),
8.58 (s, 1H), 8.08 (d, /= 7.8 Hz, 1H), 8.02 (d, /= 8.0 Hz, 1H),
7.92 (dd, J= 5.1, 1.1 Hz, 1H), 7.85 — 7.69 (m, 2H), 7.36 (dd, J
= 5.1, 3.0 Hz, 1H); BC{'H} NMR (100 MHz, Chloroform-d) &
186.2, 151.4, 149.1, 140.4, 136.7, 135.7, 131.0, 129.7, 129.5,
129.4, 128.3, 127.6, 125.0, 123.0; HRMS (ESI) m/z: [M + H]*
calcd for C4H;(NOS 240.0478; Found: 240.0506.

[1,3]dioxolo[4,5-g]isoquinolin-7-yl(2-chlorophenyl)methano-
ne (3bl):

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 65/35) to afford 3bl as white solid (134
mg, 86%); mp 184 - 186 °C; '"H NMR (400 MHz, Chloroform-
d) 3 9.00 (s, 1H), 8.37 (s, 1H), 7.52 (dd, I = 6.7, 1.3 Hz, 1H),
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7.47 —7.42 (m, 2H), 7.42 — 7.36 (m, 1H), 7.26 (s, 1H), 7.24 (s,
1H), 6.16 (s, 2H); *C{'H} NMR (100 MHz, Chloroform-d) &
195.5, 151.6, 150.7, 150.0, 147.0, 139.0, 134.0, 131.8, 131.3,
130.0, 129.8, 128.1, 126.7, 122.5, 104.3, 103.5, 102.3; HRMS
(ESI) m/z: [M + HJ" and [M + 2] caled for Cj;H;;CINO;
312.0422, 314.0392; Found: 312.0432, 314.0409.

[1,3]dioxolo[4,5-g]isoquinolin-7-yl(2-methoxyphenyl)methan-
one (3bm):

Purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 60/40) to afford 3bm as white solid (129
mg, 84%); mp 205-207 °C; 'H NMR (500 MHz, Chloroform-
d)§ 8.99 (s, 1H), 8.27 (s, 1H), 7.54 — 7.46 (m, 2H), 7.25 (s,
1H), 7.22 (s, 1H), 7.07 (td, J = 7.5, 0.9 Hz, 1H), 7.00 (d, J =
8.3 Hz, 1H), 6.15 (s, 2H), 3.68 (s, 3H); C{'H} NMR (100
MHz, Chloroform-d) & 196.36, 158.17, 151.45, 150.29,
149.71, 148.59, 134.04, 132.42, 130.22, 129.12, 127.78,
121.81, 120.65, 111.78, 104.19, 103.48, 102.15, 55.84; HRMS
(ESI) m/z: [M + HJ" caled for CigH4NO,4 308.0917; Found:
308.0927.

[1,3]Dioxolo[4,5-g]isoquinolin-7-yl(phenyl)methanol (4).

To a solution of 3ba (0.14 g, 0.5 mmol) in MeOH (3.0 mL)
was added NaBH, (0.04 g, 1.0 mmol) at 0 °C in two portions
and the reaction mixture was stirred vigorously for another 30
mins. After complete consumption of starting material,
(reaction monitored by TLC), MeOH was removed under
reduced pressure and water (10.0 mL) was added to the
residue. The aqueous lawyer was then extracted with ethyl
acetate (10 mL x 3) and the combined organic lawyers were
dried over anhydrous MgSO,. Solvent was removed under
reduced pressure to give the crude product, which was purified
by column chromatography (mesh silica gel 100-200) using
ethyl acetate/hexane (60:40) as eluent to afford the desired
hydroxyl product 4 as thick oil (0.13 g) in 92% yield. 'H NMR
(400 MHz, Chloroform-d) 6 8.92 (s, 1H), 7.44 (d, J= 7.2 Hz,
2H), 7.39 — 7.30 (m, 3H), 7.28 (d, J = 7.2 Hz, 1H), 7.16 (s,
1H), 6.97 (s, 1H), 6.07 (s, 2H), 5.88 (s, 1H), 4.00 — 3.62 (bs,
1H); BC{'H} NMR (100 MHz, Chloroform-d) 6 153.9, 151.4,
148.8, 148.5, 143.5, 135.1, 128.5, 127.7, 127.0, 125.2, 117.1,
103.0, 102.6, 101.7, 75.2; HRMS (ESI) m/z: [M + H]* calcd
for C,7H,4NO;280.0968; Found 280.0981.

[1,3]Dioxolo[4,5-g]isoquinoline-5, 7-diylbis(phenylmethano-
ne) (5).

To a solution of compound 3ba (0.14 g, 0.5 mmol) in DCE
(2.0 mL) in 10 mL sealed tube was added benzaldehyde (0.1 g,
1.0 mmol), TFA (0.057 g, 0.5 mmol) and TBHP (5-6 M
solution in decane, 1.5 mmol). The reaction mixture was then
stirred at 100 °C in oil bath for 10 h. The reaction mixture was
then cooled to 0 °C and treated with saturated aqueous
NaHCO;. The mixture was extracted with ethyl acetate (3 x 10
mL), and the combined organic layer was dried over MgSOy,,
filtered and the solvent was evaporated under vacuum. The
residue was purified by column chromatography using ethyl
acetate/hexane (35%) as the eluent to afford 5 (0.16 g) as
sticky solid in 83% yield. '"H NMR (400 MHz, Chloroform-d)
5 8.49 (s, 1H), 8.17 — 8.09 (m, 2H), 7.99 — 7.91 (m, 2H), 7.62
(dd, J=9.5, 5.3 Hz, 2H), 7.48 (dt, J=11.4, 7.5 Hz, 3H), 7.38
— 7.30 (m, 3H), 6.17 (s, 2H); C{'H} NMR (125 MHz,
Chloroform-d) & 194.5, 192.9, 152.7, 151.6, 151.3, 146.4,
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136.7, 136.6, 135.7, 133.5, 132.6, 131.2, 130.8, 128.3, 127.8,
1254, 124.4, 104.3, 102.5, 102.3; HRMS (ESI) m/z: [M + H]*
calcd for C,4,H (NO, 382.1074; Found: 382.1081.

(9-Bromo-[1,3]dioxolo[4,5-g]isoquinolin-7-
methanone(6).

Yl (phenyl)

A 10 mL round-bottomed flask is charged with concentrated
sulfuric acid (96%, 3.0 mL) and cooled to 0 °C. 3ba (0.14 g,
0.5 mmol) was slowly added to the well stirred acid
maintaining internal temperature 30 °C. The solution was then
cooled to -10 °C a dry ice-acetone bath. The N-
bromosuccinimide (0.098 g, 0.55 mmol) was added slowly
over a period of half an hour maintaining reaction temp -10
°C. After complete consumption of starting material
(monitored by TLC), the resulting reaction mixture was
poured onto ice. The resulting mixture is stirred while the pH
is adjusted to 9.0 using 25% aq NH; with the internal
temperature maintained below 25 °C. The resulting alkaline
suspension is added to 10 mL of diethyl ether and the biphasic
system is vigorously mixed. The two clear phases are
separated and the aqueous phase was extracted by diethyl
ether. The combined organic layer was dried over Na,SO, and
solvent was then removed under reduced pressure. The residue
was purified by column chromatography using ethyl
acetate/hexane (50%) as the eluent to afford 6 as white solid
(0.16 g) in 87% yield. mp 186 —188 °C; 'H NMR (400 MHz,
Chloroform-d) ¢ 9.41 (s, 1H), 8.30 (s, 1H), 8.19 — 8.05 (m,
2H), 7.67 — 7.57 (m, 1H), 7.56 — 7.46 (m, 2H), 7.20 (s, 1H),
6.25 (s, 2H); BC{'H} NMR (125 MHz, Chloroform-d) &
194.0, 150.8, 149.0, 148.7, 148.2, 136.9, 135.3, 132.7, 130.9,
128.1, 125.2, 122.3, 103.4, 102.4, 97.1; HRMS (ESI) m/z: [M
+ H]" and [M + 2]* caled for C;;H;;BrNO; 355.9917,
357.9896; Found: 355.9916, 357.9897.

(4,9-Dibromo-[1,3]dioxolo[4,5-g]isoquinolin-7-yl) (phenyl)
methanone (7).

A 10 mL round bottom flask was charged with concentrated
sulfuric acid (96%, 3 mL) and cooled to 0 °C. 3ba (0.14 g, 0.5
mmol) was slowly added to the well stirred acid maintaining
internal temperature 30 °C. The solution was then cooled to -
10 °C a dry ice-acetone bath. The N-bromosuccinimide (0.195
g, 1.10 mmol) was added slowly over a period of half an hour
maintaining reaction temp -10 °C. After complete
consumption of starting material (monitored by TLC), the
resulting reaction mixture was poured onto ice. The resulting
mixture is stirred while the pH is adjusted to 9.0 using 25% aq
NH; with the internal temperature maintained below 25 °C.
The resulting alkaline suspension is added to 10 mL of diethyl
ether and the biphasic system is vigorously mixed. The two
clear phases are separated and the aqueous phase was
extracted by diethyl ether. The combined organic layer was
dried over Na,SO, and solvent was then removed under
reduced pressure. The residue was purified by column
chromatography using ethyl acetate/hexane (45%) as the
eluent to furnish dibromo compound 7 (0.16 g) as white solid
in 74% yield, mp 206 - 208 °C'H NMR (400 MHyz,
Chloroform-d) & 9.42 (s, 1H), 8.63 (s, 1H), 8.12 — 8.07 (m,
2H), 7.65 — 7.58 (m, 1H), 7.55 — 7.47 (m, 2H), 6.33 (s, 2H);
BC{'H} NMR (125 MHz, Chloroform-d) & 193.6, 150.0,
149.3, 148.5, 148.0, 136.7, 134.3, 132.8, 130.9, 128.1, 125.6,
120.5, 102.7, 97.2, 96.5; HRMS (ESI) m/z: [M + H]*and [M +
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21" caled for Ci;H;(Br,NO; 433.9022, 435.9001; Found:
433.9018, 435.9001.

(9-Nitro-[1,3]dioxolo[4,5-g]isoquinolin-7- yl)(phenyl)
methanone (8).

A 10 mL round bottom flask was charged with concentrated
sulfuric acid (96%, 3 mL) and cooled to 0 °C. 3ba (0.14 g, 0.5
mmol) was slowly added to the well stirred acid maintaining
internal temperature 30 °C. The solution was then cooled to -
10 °C a dry ice-acetone bath. The Potassium nitrate (0.050 g,
0.5 mmol) was added slowly maintaining reaction temp -10
°C. The reaction was then allowed to stir at 0 °C for 30 mins.
After complete consumption of starting material (monitored
by TLC), the resulting reaction mixture was poured onto ice.
The resulting mixture is stirred while the pH is adjusted to 9.0
using 25% aq NH; with the internal temperature maintained
below 25 °C. The resulting alkaline suspension was added to
diethyl ether (10.0 mL) and the biphasic system is vigorously
mixed. The two clear phases are separated and the aqueous
phase was extracted by diethyl ether. The combined organic
layer was dried over Na,SO, and solvent was then removed
under reduced pressure to give the crude product 8 which was
then purified by column chromatography using ethyl
acetate/hexane (50%) as the eluent to afford pure 8 (0.14 g) as
light yellow solid in 85% yield; mp 152 - 154 °C; 'H NMR
(400 MHz, Chloroform-d) 8 9.79 (s, 1H), 8.36 (s, 1H), 8.12 (d,
J="1.5Hz, 2H), 7.62 (t, J = 7.2 Hz, 1H), 7.50 (dd, J = 19.4,
11.9 Hz, 2H), 7.42 (s, 1H), 6.40 (s, 2H); 3C{'H} NMR (125
MHz, Chloroform-d) & 193.3, 151.6, 149.8, 146.8, 145.3,
136.4, 134.0, 133.0, 131.0, 128.2, 122.1, 119.1, 117.1, 108.2,
104.5; HRMS (ESI) m/z: [M + H]" caled for C;;H;;N,Os
323.0663; Found: 323.0662.

(4,9-Dinitro-[1,3]dioxolo[4,5-g]isoquinolin-7-yl) (phenyl)
methanone (9).

A 10 mL round bottom flask was charged with concentrated
sulfuric acid (96%, 3.0 mL) and cooled to 0 °C. 3ba (0.14 g,
0.5 mmol) was slowly added to the well stirred acid
maintaining internal temperature 30 °C. The solution was then
cooled to -10 °C a dry ice-acetone bath. The Potassium nitrate
(0.111 g, 1.1 mmol) was added slowly maintaining reaction
temp -10 °C. The reaction was then allowed to stir at 0 °C for
30 mins. After complete consumption of starting material
(monitored by TLC), the resulting reaction mixture was
poured onto ice. The resulting mixture is stirred while the pH
is adjusted to 9.0 using 25% aq NH; with the internal
temperature maintained below 25 °C. The resulting alkaline
suspension was added to diethyl ether (10.0 mL) and the
biphasic system is vigorously mixed. The two clear phases are
separated and the aqueous phase was extracted by diethyl
ether. The combined organic layer was dried over Na,SO,4 and
solvent was then removed under reduced pressure to give the
crude product 9 which was then purified by column
chromatography using ethyl acetate/hexane (50%) as the
eluent to afford pure 9 (0.14 g) in 76% yield as yellow solid;
mp 155-157 °C; R, = 0.5 (50% ethyl acetate in hexane; 'H
NMR (300 MHz, Chloroform-d + DMSO d6) 6 9.77 (s, 1H),
9.01 (s, 1H), 8.55 (d, J = 8.7 Hz, 2H), 8.47 (dd, J = 22.7, 15.7
Hz, 2H), 7.78 (t, /= 7.9 Hz, 1H), 6.51 (s, 2H); BC{'H} NMR
(75 MHz, Chloroform-d + DMSO d6) 6 195.4, 157.2, 153.1,
152.7, 149.8, 142.7, 141.8, 139.1, 134.7, 131.8, 130.4, 127.8,

124.2, 113.4, 110.4; HRMS (ESI) m/z: [M + H]* caled for
Ci7HoN3;0,368.0513; Found: 368.0516.

Ethyl-5-benzoyl-[1,2,3]triazolo[5, 1-afisoquinoline-1-
carboxylate (3aa’).

White solid, Yield: 81% (0.14 g), mp 126-128 °C; 'H NMR
(300 MHz, Chloroform-d) 8 9.84 (d, J = 8.1 Hz, 1H), 7.99 —
7.77 (m, 5H), 7.66 (t, J = 7.4 Hz, 1H), 7.60 (s, 1H), 7.49 (t, J=
7.7 Hz, 2H), 4.59 (q, J = 7.1 Hz, 2H), 1.53 (t, /= 7.1 Hz, 3H);
BC{'H} NMR (125 MHz, Chloroform-d) & 187.5, 162.3,
135.8, 134.4, 134.0, 132.2, 132.1, 131.0, 130.5, 130.0, 129.9,
128.9, 128.5, 128.5, 123.4, 119.9, 61.8, 14.4; HRMS (ESI)
m/z: [M + Na]* caled for CH;sN3NaO; 368.1006; Found
368.1025.
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