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Ugi Reaction Followed by the Intramolecular Diels-Alder and HCI-
Elimination: a One-Pot Approach towards Arene-Fused

Isoindolinones

Jianjun Huang,” Xiaochen Du,”® Kristof Van Hecke,™ Erik V. Van der Eycken,®¥ Olga P.

Pereshivko,*® Vsevolod A. Peshkov*®

Abstract: A one-pot procedure involving a four-component Ugi
reaction followed by an intramolecular Diels-Alder/HCI-elimination
cascade has been developed to provide rapid access to the
isoindolinone framework in a diversity-oriented fashion. The scope of
the process has been investigated with respect to all four
components and a comparison between the one-pot and sequential
approaches is given. The possibility of a late-stage one-pot
functionalization through Suzuki coupling has been explored.

Introduction

Multicomponent reactions (MCRs),*! cascade processes® and
one-pot approaches®® are considered to be efficient tools for the
rapid assembly of complex molecules. Furthermore, these
intensification processes can help chemists to shorten reaction
times and lower the costs of synthetic preparations, at the same
time minimizing the amount of generated waste. The four-
component Ugi reaction accompanied by a suitable post-
transformation has become a landmark for the diversity-oriented
synthesis of libraries of complex heterocyclic scaffolds. !
Especially attractive are sequences where the Ugi reaction and
the associated post-transformation could be accomplished in a
one-pot or cascade manner. In this regard, the use of propiolic
acids in combination with post-MCR triple bond functionalization
has emerged as one of the most productive and convenient
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strategies for converting Ugi adducts into heterocycles. Others
and we have demonstrated that propiolic acid-derived Ugi
adducts could be readily converted into various types of
pyrrolones’® and B-lactams!”? taking advantage of the
nucleophilicity of the peptidyl position through enolization-
triggered 5-endo-dig and 4-exo-dig carbocyclizations,
respectively. Using propiolic acid-derived Ugi adducts bearing
an additional nucleophilic reactive center, a wide range of
medium-ring-containing heterocycles® and structurally unique
polycyclic frameworks® could be assembled through the
activation of the triple bond towards nucleophilic attack, with the
aid of coinage metal catalysts or strong Brgnsted acids. The
post-Ugi processes involving triple-bond carbopalladation have
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been extensively utilized to prepare indol-2-ones, % blue
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Scheme 1. Post-Ugi intramolecular Diels-Alder reaction for the synthesis of
isoindolinones 5, 7 and 10.

In 2002, Wright and co-workers described a sequence towards
isoindolinones 5 that involved Ugi reaction followed by Yb(OTf)s-
catalyzed intramolecular Diels—Alder reaction of furan (IMDAF)
and subsequent oxo-bridge opening isomerization (Scheme 1a).
™3 |n that process, propiolic acid 2 and furfural 1 were used as
dienophile and diene source, respectively. In 2005, Fathi, Chen,
Yang and coworkers developed a one-pot approach
encompassing Ugi reaction, intramolecular Diels-Alder reaction
and oxidative aromatization to access arene-fused
isoindolinones 7 (Scheme 1b). * In this case, the diene moiety
was introduced with (E)-3-arylacrylaldehydes 6, and the best
results in the sequence were obtained for the substrates bearing
an electron-rich 3-aryl group. In the above transformations, the
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propiolic  acid-originated fragments were exploited as
dienophiles, while in the process elaborated by Vachhani, Van
der Eycken and co-workers, phenyl propiolic acid was used as a
source of enyne whereas the dienophile was brought by the
propargylamine 8 (Scheme 1c). *® This strategy provided
access to benzolflisoindolones 10.

Results and Discussion

Inspired by these results, we designed an additional route for the
assembly of isoindoles of type 7 via a post-Ugi Diels-Alder/HCI
elimination cascade that employs (2)-3-chloro-3-
arylacrylaldehydes 11 (diene source) and propiolic acids 2

(dienophile source, Scheme 2).
o

Cl OMe double-bond

N ome migration
13 + 12a(15%)

cl NH
d g
MeOH, rt
l HCI elimination
o
.
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2a OH H,N o :
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Scheme 2. Post-Ugi Diels-Alder/HCI elimination cascade for the synthesis of
isoindolinones 7.

We have selected (Z)-3-chloro-3-phenylacrylaldehyde (11a), 2-
butynoic acid (2a), benzyl amine (3a), and tert-butyl isocyanide
(4a) to conduct the model synthesis. Attempting Ugi reaction
under the classical settings with the methanol as solvent led to
the formation of the unwanted acetal 13, while the desired Ugi
adduct 12a was obtained in only low yield of 15%. However,
when switching to isopropanol the Ugi adduct 12a could be
isolated in 69% yield (Scheme 1). Next, we have moved onto
optimizing the intramolecular  Diels-Alder/HCl-elimination
cascade (Table 1). Heating 12a at 115 °C in toluene for 60 min
resulted in 70% conversion and only 30% vyield of 7a as was
determined by the NMR analysis (Table 1, entry 1). Therefore,
we decided to attempt the reaction in DMF hoping that a more
basic solvent may facilitate the HCl-elimination step. As
expected, the conversion of 12a and yield of 7a significantly

improved reaching 93% and 60%, respectively (Table 1, entry 2).

It is well known that the use of water as a (co-)solvent may
increase the rate and improve the outcome of the Diels-Alder
reactions.’®"%®  Therefore, attempted several reactions in
DMF/H,O mixtures (Table 1, entries 3-5). The best result was
obtained for DMF/H,O (4:1) that in 1 h allowed achieving full
conversion of 12a yielding 7a in 92% (Table 1, entry 3). Finally,
we have investigated the reactions in isopropanol and an
isopropanol/H,O  (4:1) mixture (Table 1, entries 6-9). The
reaction in isopropanol/H,O (4:1) could be accomplished in three
hours furnishing 7a in 88% yield, opening the way for conducting
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the whole Ugi/Diels-Alder/HCI-elimination sequence under one-
pot settings (Table 1, entry 8).

Table 1. Optimization of the intramolecular Diels-Alder/HCl-elimination
cascade.”

Entry  Time, min Solvent Conversion Yield of
of 12a, %™ 72, %"
1 60 Toluene 70 30
2 60 DMF 93 60
3 60 DMF/H,0 (4:1) 100 92
4 40 DMF/H,0 (4:1) 92 85
5 60 DMF/H,0 (1:1) 100 88
6 60 i-PrOH 79 67
7 180 i-PrOH 97 73
8 180 i-PrOH/H,0 (4:1) 100 88
9 120 i-PrOH/H,0 (4:1) 95 86

[a] The reaction were run at 115 °C on 0.25 mmol scale in 2 mL of solvent.
[b] The conversion of 12a and the yield of 7a were determined by NMR
using 3,4,5-trimethoxybenzaldehyde as internal standard.

Keeping these results in mind, we proceeded with exploring the
scope of our methodology (Table 2). We selected (Z)-3-chloro-3-
phenylacrylaldehyde (11a) to study the reaction with various
propiolic acids 2, amines 3, and isocyanides 4 (Table 2, entries
1-12). Propiolic and pentinoic acids 2a,b worked equally well
(Table 1, entries 1,5,9 and entries 2,6,10) while phenyl propiolic
acid 2c initially displayed some selectivity issues that were
successfully resolved after minor adjustments to the reaction
conditions (Table 1, entry 3). Supposedly the electron-rich
nature of 2c allows spontaneous oxidation to compete with the
HCl-elimination producing minor amounts of isoindolinone 7c'.
For the amine component, a range of aliphatic amines 3b-d and
aniline 3e was tested (Table 2, entries 4-8). The use of the bulky
tert-butyl amine (3c) led to only moderate efficiency despite that
the Ugi adducts 12e,f started to convert into final isoindolinones
7e,f already at room temperature (Table 2, entries 5 and 6).
Application of n-butyl isocyanide (4b) furnished isoindolinones
7i,j in up to 91% yield for the one-pot procedure (Table 2, entries
9 and 10). Aromatic isocyanides 4c,d yielded isoindolinones 7k,
in up to 52% yield with the Ugi step being a limiting factor for the
overall efficiency (Table 2, entries 11 and 12). Next, we
evaluated the aldehyde substrate scope (Table 2, entries 13-22).
(2)-3-Chloro-3-(4-fluorophenyl)acrylaldehyde (11b) and (2)-3-
chloro-3-(4-(trifluoromethyl)phenyl)acrylaldehyde (11c) worked
well delivering a series of products 7m-q with the yields ranging
from 48% to 69% (Table 2, entries 13-17, one-pot settings)
highlighting the suitability of our method for the synthesis of
electron-deficient isoindolinones. Additionally, in one case we
could detect and isolate minor amounts of non-aromatized
isoindolinone 7p" (Table 2, entry 16, stepwise settings). The
electron-rich (2)-3-chloro-3-(4-methoxyphenyl)acrylaldehyde
(11d) initially gave poor results under the one-pot settings but
then showed some improvements when the reaction was
conducted in isopropanol/DMF/H,0O (1.5:1.5:1) mixture (Table 2,
entries 18 and 19). The application of another electron-rich
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Table 2. The scope of the process.
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A: iPrOH, rt then iPrOH-H,0 (4:1), 115°C H H A
B: iPrOH, rt then iPrOH-H,0 (3:1), 115°C - cl o//\N\H
C: iPrOH-H,0 (3:1), rt then 115°C @) R3
D: iPrOH-DMF-H,0 (1.5:1.5:1), rt then 115°C
Entry 11 2, R 3, R? 4, R Product code  Yields™
12 7+7" 747
stepwise from 12 one-pot“’]
Cl
NS \0
1 11a 2a, Me 3a, Bn 4a, t-Bu a 69 89 71
2 1lla 2b, Et 3a, Bn 4a, t-Bu b 83 84 73 3
(32)[d]+(7)[d]
3 1la 2¢c, Ph 3a, Bn 4a, t-Bu c i - (43)9+3) ()
52 (D)
4 1lla 2a, Me 3b, PMB 4a, t-Bu d 63 81 59
5 1la 2a, Me 3c, t-Bu 4a, t-Bu e e - 40
6 1la 2b, Et 3c, t-Bu 4a, t-Bu f e - 44
7 1lla 2a, Me 3d, n-Bu 4a, t-Bu g 77 75 59
8 1lla 2a, Me 3e, Ph 4a, t-Bu h 62 95 61 (B)
9 lla 2a, Me 3a, Bn 4b, n-Bu i 82 94 91
10 1la 2b, Et 3a, Bn 4b, n-Bu i El - 78 (B)
11 1la 2a, Me 3a, Bn 4c, p-Tol k 52 81 52
12 lla 2a, Me 3a,Bn 4d, 2-naphtyl | 43 68 39 (B)
Cl
13 Yo 2b, Me 3a, Bn 4a, t-Bu m tel - 62
F 11b
14 11b 2b, Et 3a, Bn 4a, t-Bu n 64 80 68
15 11b 2b, Et 3a, Bn 4b, n-Bu o e - 69
Cl
16 N"No  2a Me 3a, Bn 4a, t-Bu p 68 58 (66) +6 (10) 48
FiC 11c
17 11c 2b, Et 3a, Bn 4a, t-Bu q g B 53 (B)
Cl
[fl
NG } 14" (B)
18 [0} 2a, Me 3a, Bn 4a, t-Bu r 66 58 44 (D)
MeO 11d
19" (B)
19 11d 2a, Me 3a, Bn 4b, n-Bu s 71 54 51 (D)
Ci
20 a ~o 2a, Me 3a, Bn 4a, t-Bu t d - 17 (21)+9 (11)@
s 11e
21 1le 2b, Et 3a, Bn 4a, t-BuU u e - 23 (26)7+(10)™ (B)
Cl
22 N0 2a, Me 3a, Bn 4b, n-Bu v fe - 92
Br 11f

[a] Isolated yields. [b] Conditions A were used unless otherwise stated. [c] The Ugi adduct could not be isolated as the spontaneous cyclization takes places. [d]

NMR yields are given in parenthesis. [e] Not attempted. [f] The formation of unidentified byproducts was observed.
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Figure 1. X-ray crystallographic molecular structures of compounds 7p", 7t and 7t', showing thermal displacement ellipsoids at the 50% probability level.

substrate  (2)-3-chloro-3-(thiophen-3-yl)acrylaldehyde  (11le)
always led to the formation of two kinds of isoindolinone
products 7 and 7' that resulted from following the standard Diels-
Alder/HCl-elimination and competing Diels-Alder/oxidation
pathways, respectively (Table 2, entries 20 and 21). In one case,
we were able to obtain both 7t and 7t' in pure form and to
perform their complete characterization (Table 2, entry 20).
Engaging (2)-3-(4-bromophenyl)-3-chloroacrylaldehyde (11f) in
our process delivered isoindolinone 7v in high 92% yield (Table
2, entry 22) providing a handle for the late-stage one-pot
derivatizations of the isoindolinone core via Suzuki couplings
(Scheme 3).

Adding Pd catalyst, base and an appropriate boronic acid 14 to
the reaction mixture containing isoindolinone 7v allowed to attain
a series of additionally decorated isoindolinones 15 with rather
good overall yields for this three-step one-pot process (Scheme

R-B(OH), 14 o
3 mol% Pd(PPh;),Cl, R /{
K,COy OO j/ri—rsn

/PrOH-H,0 (4:1)
115°C 5 "\“

n
3a
te
N XS iPrOH, rt then
/©)w° | ngu PrOH-HO (4:1), 7u o\
ar 1f 4 115°C h-Bu
o i 0—/
Ph 4 O o NG |
OO N-Bn A / N Bn N~
\ N-Bn
15a o \H Z 15¢ 15d

15b
(61%) n-Bu (59%) N\H (61%) Bu (66%)

nEu

Scheme 3. Late-stage functionalization of isoindolinone core using Suzuki
coupling.

We have also evaluated propargylamine 8 as a dienophile
source. Unfortunately, the corresponding reaction failed as no
isoindolinone 17a was obtained (Scheme 4a). When both
propiolic acid- and propargylamine-derived triple bonds were
present, not unexpectedly only the propiolic acid-derived triple
bond reacted to give product 7w albeit in a low yield of 18%
(Scheme 4b).

Ph
A,
2 /PrOH, rtthen

SN iPrOH-H,0 (3:1), 115°C 17a NH
1a 4 MBu z % hu

o : !

ol HN H H

2a OH Hy /s\\\ J< | OO Nj\/ |

®) cl + _— ; -
e JPrOH, rt then : :

NH : :

IPrOH-H,0 (3:1), 115°C

17b O
1a 4 MBu (15/) O hBu

! not formed

Scheme 4. An attempt to employ propargylamine 8 as a dienophile source.

The prepared isoindolinones 7a-w, 7t and 15a-d were
characterized by *H- and **C-NMR spectroscopy, infra-red (IR)
spectroscopy and HRMS. In addition, the structures of 7p", 7t
and 7t' were assured by single-crystal X-ray diffraction analysis
(Figure 1).!

Conclusions

In summary, we have elaborated an efficient Ugi/Diels-
Alder/HCl-elimination process for the rapid one-pot synthesis of
complex arene-fused isoindolinones from readily available (2)-3-
chloro-3-arylacrylaldehydes, propiolic acids, amines and
isocyanides. Importantly, the developed protocol was found to
be suitable for the assembly of electron-deficient isoindolinones
rather than electron-rich making it complementary to the known
Ugi/Diels-Alder/oxidation process. In addition, it was found to be
compatible with a late-stage one-pot functionalization of title
compounds through Suzuki coupling
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Experimental Section
General Procedure for Ugi Reaction

(2)-3-Chloro-3-arylacrylaldehyde 11 (1.2 mmol) was dissolved in
isopropanol (6.0 mL) followed by the addition of amine 3 (1.2 mmol),
propiolic acid 2 (1.2 mmol) and isocyanide 4 (1.2 mmol). The reaction
mixture was sealed and stirred at room temperature for 36 h. The
resulting mixture was diluted with EtOAc and concentrated with silica.
Column chromatography with petroleum ether/EtOAc (the ratio was
adjusted according to TLC) as eluent delivered Ugi adduct 12. Reacting
substrates 11a, 2a, 3a and 4a in methanol instead of isopropanol led to
the formation of acetal 13 as a major product, while the desired Ugi
adduct 12a was obtained in only low yield of 15%.

General procedure for the post-Ugi Diels-Alder/HCI elimination

cascade

The Ugi adduct 12 (0.5 mmol) was dissolved in DMF (3.2 mL) followed
by addition of H,O (0.8 mL). The reaction mixture was flashed with argon,
sealed and stirred at 115°C for 1 h. The resulting mixture was diluted by
EtOAc and washed with H,O. The organic layer was dried with sodium
sulfate and concentrated with silica. Column chromatography with
petroleum ether/EtOAc (the ratio was adjusted according to TLC) as
eluent delivered desired isoindolinone 7. The product 7l was purified by
column chromatography with petroleum ether/DCM as eluent followed by
washing with Et,O. The product 7p was isolated using petroleum
ether/DCM/EtOAc (7:2:1) mixture as eluent. The mixed fractions
containing 7p and 7p" were subjected to big board preparative TLC with
petroleum ether/DCM/EtOAc (7:2:1) mixture as eluent to give pure 7p™.

General procedures for the one-pot synthesis of isoindolinones 7

Procedure A: (Z)-3-Chloro-3-arylacrylaldehyde 11 (0.8 mmol) was
dissolved in isopropanol (4.0 mL) followed by the addition of amine 3 (0.8
mmol), propiolic acid 2 (0.8 mmol) and isocyanide 4 (0.8 mmol). The
reaction mixture was sealed and stirred at room temperature for 36 h.
Upon completion of this time H,O (1 mL) was added. The reaction
mixture was flashed with argon, sealed and stirred at 115°C for 3 h. The
resulting mixture was diluted with EtOAc and concentrated with silica.
Column chromatography with petroleum ether/EtOAc (the ratio was
adjusted according to TLC) as eluent delivered isoindolinone 7. Using
substrates 11a, 2c¢, 3a and 4a led to the formation of isoindolinones 7c

and 7c¢’ that were obtained as a mixture after the column chromatography.

Using substrates 1le, 2a, 3a and 4a, led to the formation of
isoindolinones 7t and 7t' that were successfully separated by the column
chromatography.

Procedure B: (Z)-3-Chloro-3-arylacrylaldehyde 11 (0.6 mmol) was
dissolved in isopropanol (2.25 mL) followed by the addition of amine 3
(0.6 mmol), propiolic acid 2 (0.6 mmol) and isocyanide 4 (0.6 mmol). The
reaction mixture was sealed and stirred at room temperature for 36 h.
Upon completion of this time H2O (0.75 mL) was added. The reaction
mixture was flashed with argon, sealed and stirred at 115°C for 3 h. The
resulting mixture was diluted with EtOAc and concentrated with silica.
Column chromatography with petroleum ether/EtOAc (the ratio was
adjusted according to TLC) as eluent delivered isoindolinone 7. The
product 71 was purified by column chromatography with petroleum
ether/DCM as eluent followed by washing with Et,O. Using substrates
11e, 2b, 3a and 4a, led to the formation of isoindolinones 7u and 7u’.
The major product 7u was isolated by the column chromatography.
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Procedure C: (2)-3-Chloro-3-phenylacrylaldehyde 1la (100 mg, 0.6
mmol) was dissolved in isopropanol (2.25 mL) followed by the addition of
H,O (0.75 mL), benzylamine 3a (64 mg, 0.6 mmol), 3-phenylpropiolic
acid 2c (88 mg, 0.6 mmol) and tert-butyl isocyanide 4a (50 mg, 0.6
mmol). The reaction mixture was flashed with argon, sealed and stirred
at room temperature for 36 h. Upon completion of this time the reaction
mixture was heated at 115°C for 6 h. The resulting mixture was diluted
with EtOAc and concentrated with silica. Column chromatography with
petroleum ether/EtOAc (9:1) as eluent delivered the mixture of
isoindolinones 7c and 7c'.

Procedure D: (Z)-3-Chloro-3-arylacrylaldehyde 11 (0.6 mmol) was
dissolved in isopropanol/DMF 1: 1 mixture (2.2 mL) followed by the
addition of H,O (0.75 mL), amine 3 (0.6 mmol), propiolic acid 2 (0.6
mmol) and isocyanide 4 (0.6 mmol). The reaction mixture was flashed
with argon, sealed and stirred at room temperature for 36 h. Upon
completion of this time the reaction mixture was heated at 115°C for 3 h
(6 h for the synthesis of 7c). The resulting mixture was diluted by EtOAc
and washed with H,O. The organic layer was dried with sodium sulfate
and concentrated with silica. Column chromatography with petroleum
ether/EtOAc (the ratio was adjusted according to TLC) as eluent
delivered isoindolinone 7.

2-Benzyl-N-(tert-butyl)-4-methyl-3-ox0-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (7a). Yield: 89% (stepwise from 12a),
71% (one-pot, procedure A); pale yellow solid; mp 194-195°C; *H NMR
(400 MHz, CDCls): & 8.22-8.15 (m, 1H), 7.92-7.84 (m, 2H), 7.62-7.55 (m,
Hz, 2H), 7.41-7.26 (m, 5H), 5.54 (bs, 1H), 5.13 (d, J = 14.7 Hz, 1H), 4.82
(d, J = 0.8 Hz, 1H), 4.49 (d, J = 14.7 Hz, 1H), 3.15 (s, 3H), 1.17 (s, 9H);
3C NMR (100 MHz, CDCl3): 8 171.0, 167.5, 136.9, 136.8, 136.4, 135.1,
133.4, 129.2, 129.1, 128.8, 128.2, 127.8, 126.6, 125.3, 124.3, 119.8,
64.4, 51.6, 46.7, 28.5, 12.2; IR (ATR): 3266, 3066, 3033, 2965, 2922,
1688, 1653, 1551, 1393, 1254, 1221, 1196, 767, 707, 692 cm™; HRMS
(ESI, [M+H]") for C,5H,7N,0," calcd 387.2067; found 387.2068.

2-Benzyl-N-(tert-butyl)-4-ethyl-3-0x0-2,3-dihydro-1H-
benzolf]isoindole-1-carboxamide (7b). Yield: 84% (stepwise from 12b)
73% (one-pot, procedure A); pale yellow solid; mp 181-182°C; *H NMR
(400 MHz, CDCl3): 6 8.30-8.21 (m, 1H), 7.93-7.84 (m, 2H), 7.63-7.54 (m,
2H), 7.42-7.26 (m, 5H), 5.47 (bs, 1H), 5.11 (d, J = 14.7 Hz, 1H), 4.81 (d,
J = 0.8 Hz, 1H), 4.50 (d, J = 14.7 Hz, 1H), 3.86 (dq, J = 12.9, 7.5 Hz, 1H),
3.71 (dq, J = 12.9, 7.5 Hz, 1H), 1.41 (t, J = 7.5 Hz, 3H), 1.16 (s, 9H); *C
NMR (100 MHz, CDClg): 6 170.6, 167.5, 143.2, 136.8, 136.5, 135.6,
132.3, 129.3, 129.2, 128.9, 128.2, 127.8, 126.6, 125.2, 123.6, 112.0,
64.5, 51.6, 46.8, 28.5, 19.4, 16.0; IR (ATR): 3275, 3071, 2965, 2932,
2905, 1676, 1658, 1551, 1397, 1251, 1220, 761, 701 cm™; HRMS (ESI,
[M+H]") for CogH20N20," caled 401.2224, found 401.2216.

2-Benzyl-N-(tert-butyl)-3-ox0-4-phenyl-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (7c). Yield: 52% (one-pot, procedure
D); pale yellow solid; mp 193-196°C; 1H NMR (400 MHz, CDCls): & 8.09
(s, 1H), 7.99-7.91 (m, 1H), 7.81-7.73 (m, 1H), 7.62-7.52 (m, 4H), 7.49-
7.41 (m, 3H), 7.37-7.26 (m, 5H), 5.49 (bs, 1H), 5.06 (d, J = 14.7 Hz, 1H),
4.86 (d, J = 0.8 Hz, 1H), 4.41 (d, J = 14.7 Hz, 1H), 1.19 (s, 9H); *C NMR
(100 MHz, CDCls): & 169.2, 167.3, 139.9, 136.5, 136.4, 135.4, 135.3,
133.1, 130.5, 130.1, 129.1, 128.9, 128.5, 128.14, 128.07, 127.99, 127.93,
127.91, 127.8, 126.7, 124.1, 121.4, 64.2, 51.6, 46.7, 28.5; IR (ATR):
3334, 2974, 2915, 1686, 1671, 1509, 1454, 1394, 1361, 1248, 1212, 766,
752, 699 cm™; HRMS (ESI, [M+H]*) for: CaoH2oN20," calcd 449.2224,
found 449.2222.

N-(tert-Butyl)-2-(4-methoxybenzyl)-4-methyl-3-0x0-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (7d). Yield: 81% (stepwise from 12d),
59% (one-pot, procedure A); pale yellow solid; mp 183- 186°C; *H NMR
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(400 MHz, CDCly): 5 8.24-8.15 (m, 1H), 7.93-7.84 (m, 2H), 7.63-7.55 (m,
2H), 7.30 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 5.52 (bs, 1H), 5.10
(d, J = 14.6 Hz, 1H), 4.80 (d, J = 0.8 Hz, 1H), 4.39 (d, J = 14.6 Hz, 1H),
3.78 (s, 3H), 3.16 (s, 3H), 1.19 (s, 9H); 3C NMR (100 MHz, CDCl3): &
170.9, 167.6, 159.6, 136.8, 136.4, 135.1, 133.4, 130.3, 129.1, 128.8,
127.8, 126.6, 125.3, 124.4, 119.8, 114.5, 64.2, 55.5, 51.6, 46.0, 28.5,
12.2; IR (ATR): 3273, 3070, 2969, 2926, 1682, 1655, 1550, 1514, 1453,
1396, 1362, 1293, 1241, 1218, 1178, 1047, 1026, 764 Cmfl; HRMS (ESI,
[M+H]") for C6H20N203" caled 417.2173, found 417.2161.

N,2-di-tert-Butyl-4-methyl-3-0x0-2,3-dihydro-1H-benzo[flisoindole-1-
carboxamide (7e). Yield: 40% (one-pot, procedure A); pale yellow solid;
mp 242-245°C; 'H NMR (400 MHz, CDCl3): & 8.25-8.17 (m, 1H), 7.94-
7.86 (m, 2H), 7.63-7.54 (m, 2H), 5.62 (bs, 1H), 5.10 (d, J = 0.7 Hz, 1H),
3.15 (s, 3H), 1.63 (s, 9H), 1.25 (s, 9H); *C NMR (100 MHz, CDCls): &
172.0, 169.8, 136.5, 136.1, 135.0, 133.4, 129.0, 127.6, 126.4, 125.6,
125.2, 119.1, 64.4, 56.4, 51.5, 28.5, 28.3, 11.9; IR (ATR): 3311, 2976,
2923, 2854, 1692, 1650, 1538, 1454, 1373, 1362, 1248, 1211, 1201, 883,
761, 739, 712, 672 cm™; HRMS (ESI, [M+H]") for CHzN,0," calcd
353.2224, found 353.2237.

N,2-di-tert-Butyl-4-ethyl-3-0x0-2,3-dihydro-1H-benzo[flisoindole-1-

carboxamide (7f). Yield: 44% (one-pot, procedure A); white solid; mp
243-244°C; *H NMR (400 MHz, CDCls): & 8.28-8.20(m, 1H), 7.95-7.86 (m,
2H), 7.61-7.53 (m, 2H), 5.62 (bs, 1H), 5.09 (d, J = 0.8 Hz, 1H), 3.85 (dq,
J=12.9, 7.5 Hz, 1H), 3.64 (dq, J = 12.9, 7.5 Hz, 1H), 1.63 (s, 9H), 1.38 (t,
J =7.5Hz, 3H), 1.25 (s, 9H); **C NMR (100 MHz, CDCls): 5 171.5, 169.9,
142.6, 136.7, 135.5, 132.3, 129.3, 127.5, 126.4, 125.1, 124.9, 119.3,
64.4, 56.4, 51.5, 28.5, 28.3, 19.1, 15.9; IR (ATR): 3309, 2976, 2923,
2851, 1683, 1657, 1542, 1452, 1361, 1248, 1220, 766, 746, 671 cm™Y;
HRMS (ESI, [M+H]") for C23Hz1N20," calcd 367.2380, found 367.2393.

N-(tert-Butyl)-2-butyl-4-methyl-3-ox0-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (7g). Yield: 75% (stepwise from 12g),
59% (one-pot, procedure A); pale yellow solid; mp 207-208°C; *H NMR
(400 MHz, CDCl3): 6 8.24-8.16 (m, 1H), 7.98-7.87 (m, 2H), 7.63-7.56 (m,
2H), 5.54 (bs, 1H), 4.98 (d, J = 0.8 Hz, 1H), 4.10-3.97 (m, 1H), 3.25-3.15
(m, 1H), 3.13 (s, 3H), 1.74-1.61 (m, 2H), 1.44-1.32 (m, 2H), 1.26 (s, 9H),
0.96 (t, J = 7.4 Hz, 3H); ®C NMR (100 MHz, CDCls): 5 170.7, 168.0,
136.5, 136.3, 135.0, 133.4, 129.1, 127.7, 126.6, 125.3, 124.7, 119.7,
64.3,51.8, 42.1, 30.1, 28.7, 20.4, 13.9, 12.1; IR (ATR): 3273, 2962, 2925,
2873, 1680, 1653, 1552, 1457, 1393, 1365, 1255, 1221, 1200, 890, 767,
744, 711, 692 cm™t, HRMS (ESI, [M+H]") for CaHaN,O," calcd
353.2224, found 353.2235.

N-(tert-Butyl)-4-methyl-3-ox0-2-phenyl-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (7h). Yield: 95% (stepwise from 12h),
61% (one-pot, procedure B); pale yellow solid; mp 227-229°C; *H NMR
(400 MHz, CDCl3): 6 8.30-8.22 (m, 1H), 8.08 (s, 1H), 8.00-7.92 (m, 1H),
7.87-7.78 (m, 2H), 7.68-7.58 (m, 2H), 7.51-7.43 (m, 2H), 7.29-7.21 (m,
1H), 5.60 (d, J = 0.9 Hz, 1H), 5.46 (bs, 1H), 3.21 (s, 3H), 1.09 (s, 9H); *°C
NMR (100 MHz, CDCl3): & 169.1, 167.5, 138.2, 137.6, 135.4, 135.1,
133.5, 129.5, 129.1, 128.0, 126.7, 125.5, 125.3, 124.6, 120.7, 119.8,
64.7, 51.7, 28.4, 12.2; IR (ATR): 3356, 2967, 2922, 2852, 1690, 1669,
1600, 1528, 1497, 1456, 1355, 1295, 1220, 1199, 762, 753, 739, 687
cm’l; HRMS (ES|, [M+H]+) for C24H25N202+ caled 373.1911, found
373.1914.

2-Benzyl-N-butyl-4-methyl-3-0x0-2,3-dihydro-1H-benzo[f]isoindole-

1-carboxamide (7i). Yield: 94% (stepwise from 12i), 91% (one-pot,
procedure A); yellow solid; mp 217-219°C; *H NMR (400 MHz, CDCls): &
8.17-8.07 (m, 1H), 7.93-7.82 (m, 2H), 7.63-7.53 (m, 2H), 7.37-7.25 (m,
5H), 6.02 (bt, J = 5.4 Hz, 1H), 5.33 (d, J = 14.7 Hz, 1H), 4.94 (d, J = 0.8
Hz, 1H), 4.33 (d, J = 14.7 Hz, 1H), 3.29-3.16 (m, 1H), 3.15-3.05 (m, 1H),
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3.04 (s, 3H), 1.39-1.28 (m, 2H), 1.28-1.15 (m, 2H), 0.84 (t, J = 7.3 Hz,
3H); 3C NMR (100 MHz, CDCly): & 170.7, 168.4, 136.8, 136.3, 136.1,
135.0, 133.4, 129.1, 129.0, 128.7, 128.2, 127.9, 126.6, 125.2, 124.3,
120.1, 63.2, 46.1, 39.5, 31.4, 20.1, 13.8, 12.0; IR (ATR): 3291, 2956,
2924, 2871, 1689, 1654, 1547, 1449, 1391, 1238, 1198, 1015, 968, 886,
766, 750, 711, 696 cm™:; HRMS (ESI, [M+H]") for CosHz7N,0," calcd
387.2067, found 387.2074.

2-Benzyl-N-butyl-4-ethyl-3-0x0-2,3-dihydro-1H-benzo[flisoindole-1-
carboxamide (7j). Yield: 78% (one-pot, procedure B); pale yellow solid;
mp 206-208°C; *H NMR (400 MHz, CDCls): & 8.24-8.16 (m, 1H), 7.92-
7.83 (m, 2H), 7.62-7.53 (m, 2H), 7.37-7.25 (m, 5H), 5.94 (t, J = 5.5 Hz,
1H), 5.32 (d, J = 14.7 Hz, 1H), 4.93 (d, J = 0.9 Hz, 1H), 4.34 (d, J = 14.7
Hz, 1H), 3.75 (dq, J = 12.9, 7.5 Hz, 1H), 3.63 (dq, J = 12.9, 7.5 Hz, 1H),
3.29-3.16 (m, 1H), 3.13-3.01 (m, 1H), 1.40-1.28 (m, 5H), 1.27-1.15 (m,
2H), 0.84 (t, J = 7.3 Hz, 3H); **C NMR (100 MHz, CDCls): 5 170.2, 168.4,
143.1, 136.3, 136.2, 135.5, 132.2, 129.2, 129.1, 128.7, 128.1, 127.8,
126.6, 125.1, 123.6, 120.2, 63.1, 46.1, 39.5, 31.4, 20.1, 19.1, 15.9, 13.8;
IR (ATR): 3275, 2956, 2927, 2871, 1686, 1657, 1543, 1453, 1396, 1241,
1201, 766, 711, 695 cm™; HRMS (ESI, [M+H]") for CasH2sN,0," calcd
401.2224, found 401.2225.

2-Benzyl-4-methyl-3-0x0-N-(p-tolyl)-2,3-dihydro-1H-
benzolflisoindole-1-carboxamide. (7k). Yield: 81% (stepwise from 12k)
52% (one-pot, procedure A); pale yellow solid; mp 211-213°C; *H NMR
(400 MHz, CDCls): 6 8.16 (bs, 1H), 8.01-7.91 (m, 2H), 7.90-7.81 (m, 1H),
7.62-7.48 (m, 2H), 7.43-7.25 (m, 7H), 7.07 (d, J = 8.3 Hz, 2H), 5.40 (d, J
= 14.8 Hz, 1H), 5.08 (s, 1H), 4.50 (d, J = 14.8 Hz, 1H), 2.78 (s, 3H), 2.28
(s, 3H); **C NMR (100 MHz, CDCl5): & 170.8, 166.7, 137.1, 136.2, 135.6,
135.0, 134.9, 134.6, 133.4, 129.5, 129.3, 129.0, 128.8, 128.3, 128.0,
126.7, 125.2, 124.2, 120.3, 120.2, 64.0, 46.4, 21.0, 11.8; IR (ATR): 3060,
3034, 2922, 2855, 1688, 1655, 1607, 1541, 1514, 1410, 1249, 1203, 820
760, 746, 701 cm™; HRMS (ESI, [M+Na]") for CasH»N,O:Na" calcd
443.1730, found 443.1726.

2-Benzyl-4-methyl-N-(naphthalen-2-yl)-3-o0x0-2,3-dihydro-1H-
benzolf]isoindole-1-carboxamide (71). Yield: 68% (stepwise from 121),
39% (one-pot, procedure B); brown solid; mp 251-253°C; *H NMR (400
MHz, CDCl3): & 8.68 (bs, 1H), 8.25 (d, J = 1.2 Hz, 1H), 8.02 (s, 1H), 7.87
(t, J = 8.7 Hz, 2H), 7.79-7.70 (m, 3H), 7.61-7.55 (m, 1H), 7.55-7.26 (m,
9H), 5.47 (d, J = 14.8 Hz, 1H), 5.18 (s, 1H), 4.61 (d, J = 14.8 Hz, 1H),
2.64 (s, 3H); *C NMR (100 MHz, CDCls) & 170.8, 167.2, 137.1, 136.1,
135.6, 135.2, 135.0, 133.8, 133.3, 130.9, 129.3, 129.0, 128.9, 128.7,
128.4, 128.1, 127.9, 127.6, 126.7, 126.6, 125.3, 125.2, 124.2, 120.3,
120.1, 117.3, 64.3, 46.5, 11.6; IR (ATR): 3248, 3087, 3058, 2923, 2853,
1693, 1662, 1587, 1561, 1397, 1236, 863, 828, 762, 703 cm™; HRMS
(ESI, [M+H]") for C31H25N,0," calcd 457.1911, found 457.1900.

2-Benzyl-N-(tert-butyl)-7-fluoro-4-methyl-3-ox0-2,3-dihydro-1H-
benzolflisoindole-1-carboxamid (7m). Yield: 62% (one-pot, procedure
A); yellow solid; IH NMR (400 MHz, CDCl3): & 7.92-7.83 (m, 2H), 7.74
(dd, J = 11.0, 2.4 Hz, 1H), 7.41-7.26 (m, 6H), 5.58 (bs, 1H), 5.12 (d, J =
14.7 Hz, 1H), 4.81 (s, 1H), 4.49 (d, J = 14.7 Hz, 1H), 3.05 (s, 3H), 1.17 (s
9H); *C NMR (100 MHz, CDCls): & 170.6, 167.4, 161.1 (d, J = 247.5 Hz),
136.6, 135.9 (d, J = 6.0 Hz), 135.8 (d, J = 2.7 Hz), 134.5 (d, J = 8.5 Hz),
132.0, 131.3 (d, J = 9.0 Hz), 129.2, 128.8, 128.2, 125.2, 119.7, 118.2 (d,
J = 25.4 Hz), 1089 (d, J = 21.6 Hz), 64.2, 51.7, 46.6, 28.5, 12.2; IR
(ATR): 3363, 3331, 2969, 2923, 1684, 1666, 1618, 1527, 1387, 1363,
1292, 1224, 1200, 1171, 967, 857, 817, 750, 696, 679, 668 cm™; HRMS
(ESI, [M+H]") for CasHasFN,0," caled 405.1973, found 405.1974.

2-Benzyl-N-(tert-butyl)-4-ethyl-7-fluoro-3-ox0-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (7n). Yield: 80% (stepwise from 12n),
68% (one-pot, procedure A); yellow solid; mp 142-144°C; *H NMR (400
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MHz, CDCls) 8 7.93-7.78 (m, 3H), 7.41-7.26 (m, 6H), 5.48 (bs, 1H), 5.10
(d, J = 14.7 Hz, 1H), 4.80 (s, 1H), 4.50 (d, J = 14.7 Hz, 1H), 3.79 (dg, J =
13.1, 7.5 Hz, 1H), 3.61 (dq, J = 13.1, 7.5 Hz, 1H), 1.39 (t, J = 7.5 Hz, 3H),
1.17 (s, 9H); *C NMR (100 MHz, CDCl3): & 170.3, 167.4, 161.2 (d, J =
247.0 Hz), 142.4 (d, J = 6.0 Hz), 136.7, 136.0 (d, J = 2.6 Hz), 133.4 (d, J
=8.5 Hz), 132.5, 131.6 (d, J = 9.0 Hz), 129.2, 128.9, 128.2, 124.5, 119.9,
118.2 (d, J = 25.5 Hz), 108.8 (d, J = 21.7 Hz), 64.4, 51.7, 46.8, 28.5, 19.5,
15.7; IR (ATR): 3277, 2968, 2925, 1669, 1656, 1619, 1543, 1516, 1456,
1396, 1363, 1222, 1173, 1080, 886, 816, 750, 700 cm™; HRMS (ESI,
[M+Na]") for CasH27,FN,O,Na* calcd 441.1949, found 441.1962.

2-Benzyl-N-butyl-4-ethyl-7-fluoro-3-oxo-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (70). Yield: 69% (one-pot, procedure
A); pale yellow solid; mp 200-203°C; *H NMR (400 MHz, CDCls): 5 7.89
(s, 1H), 7.86 (dd, J = 9.1, 5.9 Hz, 1H), 7.77 (dd, J = 11.2, 2.2 Hz, 1H),
7.40-7.26 (m, 6H), 5.96 (bt, J = 5.4 Hz, 1H), 5.31 (d, J = 14.7 Hz, 1H),
4.92 (s, 1H), 4.34 (d, J = 14.7 Hz, 1H), 3.68 (dqg, J = 13.1, 7.5 Hz, 1H),
3.52 (dg, J = 13.1, 7.5 Hz, 1H), 3.30-3.17 (m, 1H), 3.14-3.01 (m, 1H),
1.38-1.16 (m, 7H), 0.84 (t, J = 7.3 Hz, 3H); **C NMR (100 MHz, CDCls): &
169.9, 168.3, 161.2 (d, J = 247.1 Hz), 142.1 (d, J = 6.0 Hz), 136.2, 135.7
(d, J = 2.5 Hz), 133.2 (d, J = 8.6 Hz), 132.4, 131.5 (d, J = 9.0 Hz), 129.1,
128.6, 128.2, 124.5, 120.2, 118.2 (d, J = 25.5 Hz), 108.6 (d, J = 21.7 Hz),
63.0, 46.1, 39.6, 31.4, 20.1, 19.1, 15.5, 13.7; IR (ATR): 3285, 2954, 2925,
2871, 1687, 1652, 1618, 1553, 1514, 1457, 1387, 1225, 1172, 1080, 985,
884, 860, 812, 720, 698 cm™; HRMS (ESI, [M+H]") for CysHzsFN,O,"
calcd 419.2129, found 419.2135.

2-Benzyl-N-(tert-butyl)-4-methyl-3-oxo-7-(trifluoromethyl)-2,3-
dihydro-1H-benzo[f]isoindole-1-carboxamide  (7p). Yield: 58%
(stepwise from 12p), 48% (one-pot, procedure A); pale yellow solid; mp
154-157°C; 'H NMR (400 MHz, CDCl3): & 8.49 (s, 1H), 7.99 (d, J = 8.6
Hz, 1H), 7.96 (s, 1H), 7.75 (dd, J = 8.6, 1.4 Hz, 1H), 7.41-7.28 (m, 5H),
5.51 (bs, 1H), 5.11 (d, J = 14.7 Hz, 1H), 4.84 (s, 1H), 4.51 (d, J = 14.7 Hz,
1H), 3.21 (s, 3H), 1.16 (s, 9H); *C NMR (100 MHz, CDCls): 170.4, 167.0,
138.6, 137.9, 136.5, 136.3, 132.5, 130.2, 129.3, 128.9, 128.5 (q, J = 32.2
Hz), 128.3, 125.6, 124.4 (q, J = 272.3 Hz), 123.4 (g, J = 3.0 Hz), 123.0 (q,
J = 4.6 Hz), 119.8, 64.4, 51.8, 46.8, 28.5, 12.2; IR (ATR): 3350, 3287,
2967, 2925, 2856, 1685, 1658, 1539, 1455, 1327, 1302, 1220, 1170,
1116, 1066, 893, 699 cm™*; HRMS (ESI, [M+H]") for CasHasF3sN20," caled
455.1941, found 455.1929.

(+)-(1S,9S,9aS)-2-Benzyl-N-(tert-butyl)-9-chloro-4-methyl-3-0x0-6-
(trifluoromethyl)-2,3,9,9a-tetrahydro-1H-benzo[f]isoindole-1-
carboxamide (7p"). Yield: 6% (stepwise from 12p); white solid; *H NMR
(400 MHz, CDCl3): & 7.85 (d, J = 8.1 Hz, 1H), 7.74 (s, 1H), 7.65 (d, J =
8.1 Hz, 1H), 7.42-7.24 (m, 5H), 5.49 (s, 1H), 5.38 (d, J = 15.0 Hz, 1H),
4.96 (d, J = 14.7 Hz, 1H), 3.85 (d, J = 15.1 Hz, 1H), 3.52 (d, J = 6.0 Hz,
1H), 3.47-3.34 (m, 1H), 2.67 (d, J = 2.6 Hz, 3H), 1.37 (s, 9H). *C NMR
(100 MHz, CDCl3): 6 167.6, 166.9, 138.2, 137.7, 136.7, 135.9, 131.3 (¢, J
= 32.7 Hz), 129.0, 128.8, 128.1, 127.3, 126.9, 126.1 (g, J = 3.7 Hz),
123.9 (g, J = 272.5 Hz), 122.3 (9, J = 3.6 Hz), 64.2, 62.2, 52.2, 45.3, 44.9,
28.6, 12.7; HRMS (ESI, [M+H]") for Cy7HCIFsNO, cacld 491.1706,
found 491.1716.

2-Benzyl-N-(tert-butyl)-4-ethyl-3-ox0-7-(trifluoromethyl)-2,3-dihydro-

1H-benzo[flisoindole-1-carboxamide (7q). Yield: 53% (one-pot,
procedure B); white solid; mp 158-160°C; 1H NMR (400 MHz, CDCls): &
8.53 (s, 1H), 8.00 (d, J = 8.6 Hz, 1H), 7.96 (s, 1H), 7.74 (dd, J = 8.6, 1.2
Hz, 1H), 7.42-7.28 (m, 5H), 5.45 (bs, 1H), 5.10 (d, J = 14.7 Hz, 1H), 4.84
(s, 1H), 4.53 (d, J = 14.7 Hz, 1H), 3.90 (dg, J = 13.1, 7.5 Hz, 1H), 3.74
(dg, J = 13.1, 7.4 Hz, 1H), 1.42 (t, J = 7.5 Hz, 3H), 1.16 (s, 9H); **C NMR
(100 MHz, CDClg): 169.9, 167.0, 144.2, 138.8, 136.8, 136.6, 131.3, 130.4,
129.3, 128.9, 128.5 (g, J = 32.3 Hz), 128.3, 124.9, 124.4 (q, J = 272.3
Hz), 123.3 (g, J = 2.9 Hz), 122.8 (q, J = 4.5 Hz), 119.9, 64.5, 51.7, 46.8,
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28.5, 19.3, 16.1; IR (ATR): 3309, 3272, 3070, 2970, 2932, 2877, 1681,
1656, 1552, 1454, 1330, 1301, 1219, 1164, 1123, 1072, 886, 701 cm™;
HRMS (ESI, [M+H]") for C,7H2sF3N,0," calcd 469.2097, found 469.2082.

2-Benzyl-N-(tert-butyl)-7-methoxy-4-methyl-3-0x0-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (7r). Yield: 58% (stepwise from 12r),
14% (one-pot, procedure B), 44% (one-pot, procedure D); pale yellow
solid; mp 176-178°C; *H NMR (400 MHz, CDCl5): 5 7.82 (s, 1H), 7.78 (d,
J = 9.0 Hz, 1H), 7.41-7.23 (m, 7H), 5.52 (bs, 1H), 5.12 (d, J = 14.7 Hz,
1H), 4.79 (d, J = 0.8 Hz, 1H), 4.48 (d, J = 14.7 Hz, 1H), 3.96 (s, 3H), 3.09
(s, 3H), 1.16 (s, 9H); **C NMR (100 MHz, CDCl3): 8 171.0, 167.7, 158.2,
136.8, 134.9, 134.6, 134.4, 130.5, 130.4, 129.2, 128.8, 128.1, 124.8,
120.5, 119.5, 103.4, 64.3, 55.4, 51.6, 46.5, 28.5, 12.2; IR (ATR): 3318,
2969, 2921, 1671, 1616, 1531, 1425, 1391, 1297, 1233, 1193, 1174,
1021, 698, 678 cm; HRMS (ESI, [M+H]") for CyHzoN2Os" calcd
417.2173, found 417.2161.

2-Benzyl-N-butyl-7-methoxy-4-methyl-3-ox0-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (7s). Yield: 54% (stepwise from 12s),
19% (one-pot, procedure B), 51% (one-pot, procedure D); pale yellow
solid; mp 203-206°C; *H NMR (400 MHz, CDCls): 5 7.82 (s, 1H), 7.77 (d,
J =9.0 Hz, 1H), 7.37-7.21 (m, 7H), 6.07 (t, J = 5.3 Hz, 1H), 5.33 (d, J =
14.7 Hz, 1H), 4.91 (s, 1H), 4.33 (d, J = 14.7 Hz, 1H), 3.92 (s, 3H), 3.30-
3.18 (m, 1H), 3.16-3.02 (m, 1H), 2.92 (s, 3H), 1.39-1.17 (m, 4H), 0.84 {t,
J = 7.3 Hz, 3H); **C NMR (100 MHz, CDCls): & 170.7, 168.6, 158.2,
136.4, 134.9, 134.6, 134.2, 130.43, 130.42, 129.1, 128.7, 128.2, 124.7,
120.6, 119.8, 103.3, 63.1, 55.4, 46.1, 39.5, 31.5, 20.2, 13.8, 11.9; IR
(ATR): 3288, 2962, 2926, 2872, 1688, 1652, 1617, 1542, 1427, 1396,
1230, 1175, 1015, 838, 710, 694 cm™; HRMS (ESI, [M+H]") for
C25H29N203+ calcd 417.2173, found 417.2182.

6-Benzyl-N-(tert-butyl)-4-methyl-5-0x0-6,7-dihydro-5H-thieno[2,3-
flisoindole-7-carboxamide (7t). Yield: 17% (one-pot, procedure A);
yellow solid; mp 194-197°C; *H NMR (400 MHz, CDCls) 5 7.93 (s, 1H),
7.53 (d, J = 5.7 Hz, 1H), 7.52 (d, J = 5.7 Hz, 1H), 7.39-7.26 (m, 5H), 5.53
(bs, 1H), 5.08 (d, J = 14.8 Hz, 1H), 4.76 (d, J = 0.7 Hz, 1H), 4.47 (d, J =
14.8 Hz, 1H), 3.03 (s, 3H), 1.16 (s, 9H); **C NMR (100 MHz, CDCls): &
170.9, 167.3, 143.6, 140.6, 137.4, 136.8, 133.6, 129.2, 128.7, 128.1,
127.4, 123.5, 122.3, 114.2, 64.4, 51.6, 46.5, 28.5, 13.9; IR (ATR): 3299,
2960, 2917, 2852, 1682, 1657, 1605, 1529, 1439, 1402, 1247, 1211,
1169, 1024, 757, 724, 694, 672 cm™; HRMS (ESI, [M+H]") for
Ca23H2sN20,S" caled 393.1631, found 393.1644.

6-Benzyl-N-(tert-butyl)-8-methyl-5-0x0-6,7-dihydro-5H-thieno[2,3-
flisoindole-7-carboxamide (7t). Yield: 9% (one-pot, procedure A);
yellow solid, mp 194-197°C; IH NMR (400 MHz, CDClg): 6 7.59 (d, J =
5.6 Hz, 1H), 7.57 (d, J = 5.6 Hz, 1H), 7.38-7.26 (m, 5H), 5.42 (d, J = 15.0
Hz, 1H), 5.38 (bs, 1H), 4.67 (s, 1H), 4.09 (d, J = 15.0 Hz, 1H), 3.05 (s,
3H), 1.32 (s, 9H); **C NMR (100 MHz, CDCls): 5 168.7, 165.1, 142.46,
142.39, 136.6, 133.5, 132.6, 129.0, 128.8, 128.2, 128.0, 127.3, 123.6,
120.2, 63.2, 52.3, 45.0, 28.6, 13.8; IR (ATR): 3324, 3076, 2967, 2920,
1698, 1680, 1659, 1555, 1541, 1439, 1398, 1360, 1331, 1247, 1224,
1000, 755, 730, 694 cm™; HRMS (ESI, [M+H]") for CasH23CIN,O,SNa*
calcd 449.1061, found 449.1050.

6-Benzyl-N-(tert-butyl)-4-ethyl-5-0x0-6,7-dihydro-5H-thieno[2,3-

flisoindole-7-carboxamide (7u). Yield: 23% (one-pot, procedure B);
yellow solid; mp 162-165°C; 1H NMR (400 MHz, CDCl3) d 7.94 (s, 1H),
7.57 (d, J = 5.6 Hz, 1H), 7.53 (d, J = 5.6 Hz, 1H), 7.39-7.26 (m, 5H), 5.47
(bs, 1H), 5.07 (d, J = 14.8 Hz, 1H), 4.75 (s, 1H), 4.47 (d, J = 14.7 Hz, 1H),
3.66 (dq, J = 12.7, 7.5 Hz, 1H), 3.51 (dq, J = 12.7, 7.5 Hz, 1H), 1.39 (t, J
= 7.5 Hz, 3H), 1.16 (s, 9H); **C NMR (100 MHz, CDCl3): 8 170.5, 167.3,
144.0, 140.2, 139.8, 137.5, 136.8, 129.1, 128.7, 128.1, 127.4, 122.7,
122.1, 114.3, 64.4, 51.6, 46.6, 28.5, 21.5, 15.8; IR (ATR): 3262, 3069,
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2961, 2926, 2872, 1680, 1656, 1552, 1455, 1436, 1399, 1362, 1246,
1221, 1176, 752, 698 c™’; HRMS (ESI, [M+H]") for Ca4H27N,0,S" calcd
407.1788, found 407.1786.

2-Benzyl-7-bromo-N-butyl-4-methyl-3-0x0-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (7v). Yield: 92% (one-pot, procedure
A); yellow solid; mp 215-218°C; 1H NMR (400 MHz, CDCls): d 8.22 (s,
1H), 7.86 (s, 1H), 7.72 (d, J = 8.7 Hz, 1H), 7.64 (dd, J = 8.7, 1.3 Hz, 1H),
7.38-7.26 (m, 5H), 6.19 (t, J = 5.1 Hz, 1H), 5.32 (d, J = 14.7 Hz, 1H), 4.91
(s, 1H), 4.33 (d, J = 14.7 Hz, 1H), 3.29-3.18 (m, 1H), 3.17-3.04 (m, 1H),
2.93 (s, 3H), 1.40-1.16 (m, 4H), 0.84 (t, J = 7.3 Hz, 3H); *C NMR (100
MHz, CDClg): 6 170.3, 168.1, 136.6, 136.1, 135.9, 134.6, 133.4, 131.3,
130.5, 129.2, 128.7, 128.3, 127.6, 125.2, 121.1, 120.1, 63.1, 46.2, 39.6,
31.4, 20.1, 13.8, 12.0; IR (ATR): 3278, 2961, 2922, 2859, 1687, 1656,
1557, 1395, 1237, 884, 739, 696 cm™; HRMS (ESI, [M+H]") for
CasH25BrN,O-Na* calcd 487.0992, found 487.0980.

N-Butyl-4-methyl-3-ox0-2-(prop-2-yn-1-yl)-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (7w). Yield: 18% (one-pot, procedure
B); yellow solid; mp 178-180°C; H NMR (400 MHz, CDClIg): & 8.17-8.09
(m, 1H), 7.98 (s, 1H), 7.94-7.85 (m, 1H), 7.66-7.54 (m, 2H), 6.20 (bt, J =
5.2 Hz, 1H), 5.26 (s, 1H), 4.74 (dd, J = 17.6, 2.0 Hz, 1H), 4.17 (dd, J =
17.6, 2.0 Hz, 1H), 3.40-3.24 (m, 1H), 3.21-3.07 (m, 1H), 3.00 (s, 3H),
2.33(t, J = 2.1 Hz, 1H), 1.48-1.36 (m, 2H), 1.31-1.20 (m, 2H), 0.85 (t, J =
7.3 Hz, 3H); **C NMR (100 MHz, CDCls): 5 170.4, 168.3, 137.0, 136.0,
135.1, 133.3, 129.1, 128.0, 126.7, 125.3, 123.8, 120.2, 77.5, 73.6, 63.2,
39.6, 32.0, 31.4, 20.1, 13.8, 12.0; HRMS (ESI, [M+Na]") for
C21H22N,0,Na’ caled 357.1573, found 357.1572.

General Procedure for the
isoindolinones 15

three-step one-pot synthesis of

(2)-3-(4-Bromophenyl)-3-chloroacrylaldehyde 11f (123 mg, 0.5 mmol)
was dissolved in isopropanol (2.5 mL) followed by the addition of
benzylamine 3a (54 mg, 0.6 mmol), but-2-ynoic acid 2a (42 mg, 0.6
mmol) and n-butyl isocyanide 4b (42 mg, 0.6 mmol). The reaction
mixture was sealed and stirred at room temperature for 36 h. Upon
completion of this time H,O (0.6 mL) was added. The reaction mixture
was flashed with argon, sealed and stirred at 115°C for 3 h. Upon
completion of this time the reaction mixture was cooled down followed by
addition of boronic acid 14 (0.75 mmol), Pd(PPhs).Cl, (11 mg, 0.015
mmol) and K,CO3 (207 mg, 1.5 mmol). The reaction mixture was flashed
with argon, sealed and stirred at 115°C for another 1.5 h. The resulting
mixture was diluted with DCM and washed with H,O. The organic layer
was dried with sodium sulfate and concentrated with silica. Column
chromatography with DCM/EtOAc (the ratio was adjusted according to
TLC) as eluent delivered isoindolinone 15.

2-Benzyl-N-butyl-4-methyl-3-oxo-7-phenyl-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (15a). Yield: 61%; pale yellow solid;
mp 257-259°C; *H NMR (400 MHz, CDCl3): 8 8.32 (s, 1H), 7.99-7.89 (m,
2H), 7.88-7.80 (m, 1H), 7.74-7.65 (m, 2H), 7.54-7.45 (m, 2H), 7.44-7.26
(m, 6H), 5.98 (bt, J = 5.4 Hz, 1H), 5.33 (d, J = 14.7 Hz, 1H), 4.96 (s, 1H),
4.35 (d, J = 14.7 Hz, 1H), 3.29-3.03 (m, 5H), 1.39-1.15 (m, 4H), 0.84 (t, J
= 7.2 Hz, 3H); *C NMR (100 MHz, CDCl3): 5 170.6, 168.4, 140.8, 139.4,
136.9, 136.3, 136.2, 134.1, 133.6, 129.5, 129.1, 129.0, 128.7, 128.2,
127.8, 127.61, 127.57, 124.8, 123.0, 119.9, 63.2, 46.1, 39.6, 31.5, 20.1,
13.8, 12.1; IR (ATR): 3300, 2961, 2924, 2874, 1690, 1655, 1546, 1450,
1390, 1234, 1184, 887, 754, 697 cm™; HRMS (ESI, [M+Na]") for
C31H30N202Na+ calcd 485.2199, found 485.2188.

7-(4-Acetylphenyl)-2-benzyl-N-butyl-4-methyl-3-0x0-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (15b). Yield: 59%; pale yellow solid;
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mp 272-275°C; *H NMR (400 MHz, CDCls): & 8.31 (s, 1H), 8.05 (d, J =
8.2 Hz, 2H), 7.96 (d, J = 8.6 Hz, 1H), 7.94 (s, 1H), 7.85 (dd, J = 8.5, 1.2
Hz, 1H), 7.76 (d, J = 8.2 Hz, 2H), 7.40-7.26 (m, 5H), 6.11 (bt, J = 5.6 Hz,
1H), 5.34 (d, J = 14.7 Hz, 1H), 4.96 (s, 1H), 4.36 (d, J = 14.7 Hz, 1H),
3.31-3.18 (m, 1H), 3.18-3.03 (m, 4H), 2.66 (s, 3H), 1.41-1.17 (m, 4H),
0.85 (t, J = 7.2 Hz, 3H); C NMR (100 MHz, CDCls): & 197.8, 170.5,
168.3, 145.3, 137.9, 137.1, 136.7, 136.23, 136.20, 134.6, 133.5, 129.9,
129.18, 129.15, 128.7, 128.3, 127.6, 127.2, 125.0, 123.6, 119.9, 63.2,
46.2, 39.6, 31.5, 26.8, 20.1, 13.8, 12.1; IR (ATR): 3306, 2962, 2923,
2867, 1690, 1676, 1653, 1603, 1545, 1390, 1357, 1270, 1224, 1183, 967,
885, 838, 807, 714, 697 cm™; HRMS (ESI, [M+Na]*) for Ca3sHz2N.OsNa*
calcd 527.2305, found 527.2298.

2-Benzyl-N-butyl-7-(3,5-dimethylisoxazol-4-yl)-4-methyl-3-0x0-2,3-
dihydro-1H-benzo[flisoindole-1-carboxamide (15c). Yield: 61%;
yellow solid; mp 199-202°C; 1H NMR (400 MHz, CDClg): © 8.02-7.98 (m,
1H), 7.97-7.90 (m, 2H), 7.51-7.45 (m, 1H), 7.35 - 7.26 (m, 5H), 6.29 (bt, J
=5.7 Hz, 1H), 5.34 (d, J = 14.7 Hz, 1H), 4.95 (s, 1H), 4.33 (d, J = 14.8 Hz
1H), 3.31-3.19 (m, 1H), 3.18-3.02 (m, 4H), 2.44 (s, 3H), 2.29 (s, 3H),
1.41-1.31 (m, 2H), 1.29-1.18 (m, 2H), 0.85 (t, J = 7.3 Hz, 3H); *C NMR
(100 MHz, CDClg): & 170.4, 168.2, 165.7, 158.7, 136.6, 136.4, 136.2,
134.0, 133.4, 129.6, 129.1, 128.7 (two merged signals), 128.6, 128.2,
125.3, 125.1, 120.0, 116.7, 63.0, 46.1, 39.5, 31.4, 20.1, 13.7, 12.1, 11.7,
11.0; IR (ATR): 3277, 2960, 2926, 2872, 1689, 1655, 1544, 1421, 1396,
1238, 1030, 885, 699 cm™; HRMS (ESI, [M+Na]") for CsHs;NzOsNa*
calcd 504.2258, found 504.2241.

2-Benzyl-N-butyl-4-methyl-3-ox0-7-(pyrimidin-5-yl)-2,3-dihydro-1H-
benzo[flisoindole-1-carboxamide (15d). Yield: 66%; pale yellow solid;
mp 278-279°C; *H NMR (400 MHz, CDCl3) 8 9.26 (s, 1H), 9.06 (s, 2H),
8.32 (s, 1H), 8.03 (d, J = 8.5 Hz, 1H), 7.97 (s, 1H), 7.80 (dd, J = 8.5, 1.5
Hz, 1H), 7.40-7.27 (m, 5H), 5.92 (bt, J = 5.8 Hz, 1H), 5.32 (d, J = 14.7 Hz
1H), 4.97 (s, 1H), 4.37 (d, J = 14.7 Hz, 1H), 3.28-3.05 (m, 5H), 1.38-1.15
(m, 4H), 0.84 (t, J = 7.2 Hz, 3H); **C NMR (100 MHz, CDCls): 5 170.3,
168.1, 157.9, 155.2, 137.3, 137.1, 136.2, 134.8, 134.1, 133.6, 132.4,
130.6, 129.2, 128.8, 128.3, 126.3, 125.4, 123.6, 120.1, 63.2, 46.3, 39.6,
31.4, 20.1, 13.8, 12.1; IR (ATR): 3270, 3062, 3032, 2960, 2928, 2870,
1683, 1652, 1547, 1412, 1352, 1231, 807, 720, 700, 638 cm™; HRMS
(ESI, [M+Na]") for CagH2sN4O,Na”* calcd 487.2104, found 487.2093.

Acknowledgements

This work was supported by the start-up fund from Soochow
University (grant Q410900714), National Natural Science
Foundation of China (grant 21650110445), Natural Science
Foundation of Jiangsu Province of China (grant BK20160310)
and the Priority Academic Program Development of Jiangsu
Higher Education Institutions (PAPD). K.V.H. thanks the
Hercules Foundation (project AUGE/11/029 ‘3D-SPACE: 3D
Structural Platform Aiming for Chemical Excellence’) and the
Research Foundation - Flanders (FWO) for funding. E.V.V.d.E.
acknowledges the financial support from The Ministry of
Education and Science of the Russian Federation (the
Agreement number 02.a203.0008).

Keywords: Multicomponent reactions * Cycloaddition « Domino
reactions * Ugi reaction ¢ Diels-Alder reaction

[1] a) H. Bienaymé, C. Hulme, G. Oddon, P. Schmitt, Chem. Eur. J. 2000,
6, 3321-3329; b) J. Zhu, H. Bienaymé Multicomponent Reactions, 1st

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry

(2]

3]

[4]

[5]

6l

(7]

8l

[0

ed., Wiley-VCH, Weinheim, 2005; c) J. D. Sunderhaus, S. F. Martin,

Chem. Eur. J. 2009, 15, 1300-1308; d) B. U. W. Maes, R. V. A. Orru, E.

Ruijter Synthesis of Heterocycles via Multicomponent Reaction | & I,
Springer, Heidelberg, 2010; e) B. Jiang, T. Rajale, W. Wever, S.-J. Tu,
G. Li, Chem. Asian J. 2010, 5, 2318-2335; f) J. Zhu, Q. Wang, M. X.
Wang Multicomponent Reactions in Organic Synthesis, Wiley-VCH,
Weinheim, 2014; g) L. Levia, T. J. J. Miller, Chem. Soc. Rev. 2016, 45,
2825-2846.

a) L. F. Tietze, Chem. Rev. 1996, 96, 115-136; b) K. C. Nicolaou, D. J.
Edmonds, P. G. Bulger, Angew. Chem. Int. Ed. 2006, 45, 7134-7186;
c) L. F. Tietze, G. Brasche, K. Gericke Domino Reactions in Organic
Synthesis, Wiley-VCH, Weinheim, 2006; d) H. Pellissier, Chem. Rev.
2013, 113, 442-524; e) H. Ohno, Isr. J. Chem. 2013, 53, 869-868; f) J.
H. Kim, Y. O. Ko, J. Bouffard, S.-g. Lee, Chem. Soc. Rev. 2015, 44,
2489-2507.

a) M. J. Climent, A. Corma, S. lborra, Chem. Rev. 2011, 111, 1072-
1133; b) Y. Hayashi, Chem. Sci. 2016, 7, 866—-880.

a) L. Banfi, A. Basso, R. Riva, Top. Heterocycl. Chem. 2010, 23, 1-39;
b) U. K. Sharma, N. Sharma, D. D. Vachhani, E. V. Van der Eycken,
Chem. Soc. Rev. 2015, 44, 1836-1860; c) Z. Zhang, X. Zheng, C. Guo
Chin. J. Org. Chem. 2016, 36, 1241-1265.

For recent examples, see: a) Y. Li, J. Lei, Z.-Z. Chen, D.-Y. Tang, H.
Yuan, M. Wang, J. Zhu, Z.-G. Xu, Eur. J. Org. Chem. 2016, 5770—
5776; b) G. Cheng, X. He, L. Tian, J. Chen, C. Li, X. Jia, J. Li, J. Org.
Chem. 2015, 80, 11100-11107; c) D. D. Vachhani, A. Kumar, S. G.
Modha, S. K. Sharma, V. S. Parmar, E. V. Van der Eycken, Eur. J. Org.
Chem. 2013, 1223-1227; d) H. Xie, J.-C. Liu, M.-W. Ding, Synthesis
2016, 48, 4541-4547; e) Y.-M. Yan, Y. Rao, M.-W. Ding, J. Org. Chem.

2016, 81, 1263-1268; f) L. A. Polindara-Garcia, D. Montesinos-Miguela,

A. Vazquez, Org. Biomol. Chem. 2015, 13, 9065-9071; g) H. Wei, G.
Wang, Y. Wang, B. Li, J. Huang, S. Kashtanov, K. Van Hecke, O. P.
Pereshivko, V. A. Peshkov, Chem. Asian J. 2017, 12, 825-829.

a) A. A. Nechaev, A. A. Peshkov, V. A. Peshkov, E. V. Van der Eycken,
Synthesis 2016, 48, 2280-2286; b) Z. Li, A. Kumar, A. Peshkov, E. V.
Van der Eycken, Tetrahedron Lett. 2016, 57, 754-756; c) A. A.
Peshkov, V. A. Peshkov, Z. Li, O. P. Pereshivko, E. V. Van der Eycken,
Eur. J. Org. Chem. 2014, 6390-6393; d) N. Sharma, Z. Li, U. Sharma,
E. V. Van der Eycken, Org. Lett. 2014, 16, 3884-3887.

a) E. Ghabraie, S. Balalaie, S. Mehrparvar, F. Rominger, J. Org. Chem.
2014, 79, 7926-7934; b) Z. Li, U. K. Sharma, Z. Liu, N. Sharma, J. N.
Harvey, E. V. Van der Eycken, Eur. J. Org. Chem. 2015, 3957-3962; c)
T. Ramanivas, M. Parameshwar, G. Gayatri, J. B. Nanubolu, A. K.
Srivastava, Eur. J. Org. Chem. 2017, 2245-2257.

a) A. A. Peshkov, A. A. Nechaev, O. P. Pereshivko, J. L. Goeman, J.
Van der Eycken, V. A. Peshkov, E. V. Van der Eycken, Eur. J. Org.

Chem. 2015, 4190-4197; b) D. D. Vachhani, A. Kumar, S. G. Modha, S.

K. Sharma, V. S. Parmar, E. V. Van der Eycken, Synthesis 2015, 47,
1337-1347; c) Z. Li, A. Kumar, D. D. Vachhani, S. K. Sharma, V. S.
Parmar, E. V. Van der Eycken, Eur. J. Org. Chem. 2014, 2084-2091; d)

A. Kumar, Z. Li, S. K. Sharma, V. S. Parmar, E. V. Van der Eycken, Org.

Lett. 2013, 15, 1874-1877.

a) Z. Li, A. Kumar, S. K. Sharma, V. S. Parmar, E. V. Van der Eycken,
Tetrahedron 2015, 71, 3333-3342; b) F. Schréder, N. Erdmann, T.
Noél, R. Luque, Erik V. Van der Eycken, Adv. Synth. Catal. 2015, 357,

[20]

[11]

[12]

[13]

[14]

[19]

[16]

[17]

[28]

[19]

10.1002/ejoc.201700747

WILEY-VCH

3141-3147; c) S. G. Modha, A. Kumar, D. D. Vachhani, J. Jacobs, S. K.
Sharma, V. S. Parmar, L. Van Meervelt, E. V. Van der Eycken, Angew.
Chem. Int. Ed. 2012, 51, 9572-9575; d) D. Yugandhar, S. Kuriakose, J.
B. Nanubolu, A. K. Srivastava, Org. Lett. 2016, 18, 1040-1043.

a) E. Ghabraie, S. Balalaie, Helv. Chim. Acta 2014, 97, 1555-1563; b)
M. Bararjanian, S. Balalaie, F. Rominger, B. Movassagh, H. R.
Bijanzadeh, J. Org. Chem. 2010, 75, 2806—-2812.

a) L. Moni, C. F. Gers-Panther, M. Anselmo, T. J. J. Miller, R. Riva,
Chem. Eur. J. 2016, 22, 2020-2031; b) L. Moni, M. DeniRen, G.
Valentini, T. J. J. Mller, R. Riva, Chem. Eur. J. 2015, 21, 753-762.

A. A. Peshkov, V. A. Peshkov, O. P. Pereshivko, E. V. Van der Eycken,
Tetrahedron 2015, 71, 3863-3871.

a) D. L. Wright, C. V. Robotham, K. Aboud, Tetrahedron Lett. 2002, 43,
943-946; for related processes, see: b) C. P. Gordon, K. A. Young, M.
J. Robertson, T. A. Hill, A. McCluskey, Tetrahedron 2011, 67, 554-561;
c) J. Kajanus, I. Jacobson, A. Astrand, R. I. Olsson, U. Gran, A. Bjére,
O. Fjellstrom, ©. Davidsson, H. Emtenés, A. Dahlén, B. Léfberg, Z.-Q.
Yuan, J. Sundell, J. Cassel, J. Gyll, T. lliefski, A. Hogberg, E. Lindhardt,
J. Malmberg, Bioorg. Med. Chem. Lett. 2016, 26, 2023-2029; d) K.
Paulvannan, J. Org. Chem. 2004, 69, 1207-1214.

K. Lu, T. Luo, Z. Xiang, Z. You, R. Fathi, J. Chen, Z. Yang, J. Comb.
Chem. 2005, 7, 958-967.

P. A. Ambasana, D. D. Vachhani, M. Galli, J. Jacobs, L. Van Meervelt,
A. K. Shah, E. V. Van der Eycken, Org. Biomol. Chem. 2014, 12, 8861—
8865.

For reviews on Diels-Alder reactions in aqueous media, see: a) J. B. F.
N. Engberts, Pure Appl. Chem. 1995, 67, 823-828; b) S. Otto, J. B. F.
N. Engberts, Pure Appl. Chem. 2000, 72, 1365-1372; c) P. P. Garner in
Organic Synthesis in Water, (Ed. P.A. Grieco), Springer Netherlands,
1998, pp. 1-46.

For selected research on intermolecular Diels-Alder reactions in
aqueous media, see: a) D. C. Rideout, R. Breslow, J. Am. Chem. Soc.
1980, 102, 7816-7817; b) P. A. Grieco, K. Yoshida, P. Garner, J. Org.
Chem. 1983, 48, 3137-3139; c) R. Breslow, C. J. Rizzo, J. Am. Chem.
Soc. 1991, 113, 4340-4341; d) S. Otto, W. Blokzijl, J. B. F. N. Engberts
J. Org. Chem. 1994, 59, 5372-5376; e) T.-P. Loh, J. Pei, M. Lin, Chem.
Commun. 1996, 2315-2316; f) D. Amantini, F. Fringuelli, O. Piermatti,
F. Pizzo, L. Vaccaro, J. Org. Chem. 2003, 68, 9263-9268.

For selected research on intramolecular Diels-Alder reactions in
aqueous media, see: a) D. D. Sternbach, D. M. Rossana, J. Am. Chem.
Soc. 1982, 104, 5853-5854; b) B. A. Keay, J. Chem. Soc., Chem.
Commun. 1987, 419-421; c) W. Blokzijl, M. J. Blandamer, J. B. F. N.
Engberts, J. Am. Chem. Soc. 1991, 113, 4241-4246; d) H. Yanai, A.
Saito, T. Taguchi, Tetrahedron 2005, 61, 7087-7093; e) J. Soto-
Delgado, A. Aizman, R. Contreras, L. R. Domingo, Molecules 2012, 17,
13687-13703.

CCDC 1550762 (7p"), CCDC 1550763 (7t), and CCDC 1550764 (7t")
contain the supplementary crystallographic data for this paper. These
data can be obtained free of charge from the Cambridge
Crystallographic Data Centre via: www.ccdc.cam.ac.uk/data_request/cif

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry

FULL PAPER

OH HaN” 1. iPrOH, rt
a 2. iPrOH-water, 115°C 00 N-R?
-
[N o one-pot
) @ 3 NH
“R3 o] R3

A one-pot procedure involving a four-component Ugi reaction followed by an
intramolecular Diels-Alder/HCI-elimination cascade has been developed to provide
rapid access to the isoindolinone framework in a diversity-oriented fashion.
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