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Rh-catalyzed annulations of N-methoxybenzamides and
ketenimines: Synthesis of 3-aminoisoindolinones and 3-
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Rhodium-catalyzed C-H acitvation/annulations of ketenimines
with N-methoxybenzamides furnished 3-aminoisoindolin-1-ones
and 3-(diarylmethylene)isoindolin-1-ones. The synthesized 3-
(diarylmethylene)isoindolin-1-ones exhibited aggregation induced
emissions in aqueous tetrahydrofuran solution, and strong yellow
or blue emissions both in nano-particles and in solids.

Ketenimines have been emerging as valuable and versatile
synthetic intermediates in organic synthesis.1 They can
undergo a variety of reactions, including nucleophilic additions,
[4+2] and [2+2] cycloadditions, and sigmatropic
rearrangements. To the best of our knowledge, applications of
ketenimine as a coupling partner in transition metal catalyzed
C-H activation/annulations have not been reported although
these reactions have been widely explored and applied in the
preparation of a variety of carbocycles and heterocycles.2
Herein, we report a Rh(lll)-catalyzed cascade C-H
activation/annulation reaction between N-
methoxybenzamides and ketenimines, furnishing  3-
aminoisoindolin-1-ones and 3-(diarylmethylene)isoindolin-1-
ones.

To start with, we probed the reaction conditions for the
envisioned rhodium-catalyzed C-H activation/annulation of N-
methoxybenzamide (1a) with 2,2-diphenyl-N-(p-tolyl)ethen-1-
imine (2a) (see Supporting Information, Table S1). In our

primary test, the reaction of 1a with 2a under CsOAc (30 mol%)

and [Cp*RhCl,], (5 mol%) in dichloroethene (DCE) at 80 °C
afforded a [4+1] annulation product 3a in 46% yield. We then
screened catalysts ([Cp*RhCl,],, [Cp*IrCl,],, and
[RuCl,(cymene)],), solvents (DCE, CH;CN, toluene, 1,4-dioxane,
CH,Cl,, and acetone), bases (CsOAc, NaOAc, KOAc, CIsCCO;,Na,
PivOCs, CI3CCO,Cs, and Cl3CCO,K), reaction temperature (from
room temperature to 100 °C), atmosphere (air, N,, and O,),
the ratio of starting materials, and catalyst loading. The best
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result (82% vyield) was obtained by the reaction of 1a (0.36
mmol), 2a (0.3 mmol), [Cp*RhCl,], (0.015 mmol), CI;CCO,Cs
(0.09 mmol), and 4A MS (60 mg) in DCE (2 mL) at 80 °C for 10
hours.

With the optimized reaction conditions in hand, we
examined the substrate scope using various N-
methoxybenzamides 1 and ketenimines 2 (Table 1).
Substituent (Rl) on the 4-position of N-methoxybenzamides 1
could either be electron-donating (Me, MeOQO) or electron-
withdrawing (Cl, CF3). Thus, 3b-e were obtained at vyields
varying from 59% to 81%. Substituent on 3-position of N-
methoxybenzamide could be Cl (3f), NO, (3g), and CH; (3h). 2-
Fluoro-N-methoxybenzamide gave the desired product 3i in
low vyield (29%). Substituent (RZ) on the nitrogen atom of
ketenimines 2 could be p-BrCgH, (3k3), p-MeOCgH, (3I) and

Table 1 Synthesis of 3-aminoisoindolin-1-ones 3°

o
o R2 5% [Cp*RhCl,], N
_OMe b 30% CI;CCO,Cs R N-OMe
NN + C s
R N 4AMS A
Z )J\ DCE, Ny, 80 °C '
A A e R2-NH A
.
1 2 3
o o
3a,R"=H, 82%; R’
N-OMa 202 e o o
C, = MeO, o
R’ Ph 34 R'=Cl50%; e
_NH » R =Cl, 59%; Tol—NH
To™"8n  3e,R'=CFy, 61%; Ph
3f, R'=Cl, 85%
3g, R"=NO,, 10%
1=
E o o 3h, R" = Me, 84%
N-OMe N-OMe 7
Ph
Tol—NH 2 N~OMe
— R2-NH
Ph Ph N/Tol
3i, 29% 3j, R? = Ph, 77%; Ar A'_r‘

3k, R? = p-BrCgHg, 70%
31, R2 = p-MeOCgH,, 89%
3m, R? = m-MeCgHy, 46%

3n, Ar = p-MeOCgHy, 37%
30, Ar = p-CICgHy4, 40%

“Reaction conditions: 1 (0.36 mmol), 2 (0.3 mmol), [Cp*RhCl,],
(0.015 mmol), Cl3CCO,Cs (0.09 mmol), 4A MS (60 mg), DCE (2
mL), N, 80 °C, 10 h; Isolated yields refer to 2.
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m-MeCgH, (3m). Two aryls on the terminal carbon of
ketenimines could be altered, and 3n and 30 were prepared at
37% and 40% vyields, respectively. The reaction of N-methoxy-
2-naphthamide (1b) with 2a was also examined. In this case,
3pa (31% yield) and 3pb (33% yield) were obtained without
regioselectivity (Scheme 1).

(o}

“)‘\N/OMe Tol
OO ph o Ph HN  OMe
5% [Cp*RhClyl; N
1b 30% Cl3CCO,Cs OO N-OMe ~ Ph o

ph T 4AMS Ph OO

S=C=N, DCE, N,, 80 °C Tol-NHL
PH Tol
2a 3pa, 31% 3pb, 33%

Scheme 1 Formation of 3pa and 3ph.

When N-methoxy-1-naphthamide (1c) was used as
substrate, a [3+2] annulation product, 3-
(diarylmethylene)isoindolin-1-one 4a,® was isolated in 74%
yield (Table 2). Under the established reaction conditions,
products 4b-j3 (46-93% yields) were prepared by the reaction
of 1c with a variety of ketenimines. The substituent on
naphthalene substrate could be 4-Br (4k) and 4-ethoxy (4l).
Then, we compared the reactivity of N-methoxy-2-
chlorobenzamide (1d), N-methoxy-2-methyl-benzamide (1e),
N-methoxy-2-phenylbenzamide (1f), and N-methoxy-5,6,7,8-
tetrahydro-1-naphthamide (1g). Their reactions with 2a
afforded the corresponding products 4m-p in 24-61% vyields.

Table 2 Synthesis of 3-(diarylmethylene)isoindolin-1-ones 4°

" 1
RO A 5% [Cp*RhCl,], ” R' o
2 h 30% CI;CCO,Cs )
R N,OMe + C b bt NG N-Ar
e 4AMS R3
3 H Ar'” AT DCE, Ny, 80 °C Yt
R » N, 1/ Ar
Ar
1 2 4

4a, Ar = p-MeCgH,, 74%
4b, Ar = m-MeCgHy, 74%

0

N-AT " 4¢, Ar = p-MeOCgH,, 46% O N-Tol
)\ 4d, Ar = p-EtO,CCqHy, 63% \
P’ P 4e, Ar=2-naphthyl, 67% e

4f, Ar = p-MeOCgHy, 72%
4g, Ar = p-CICgH,, 60%

4h, Ar = p-PhCgH,, 93%

4i Ar = 3,4-(MeO),CgHs, 70%
4j, Ar = p-(t-Bu)CgHy, 72%

4k, R = Br, 49%
41, R = OEt, 46%

o]
R! o
NTol 4m,R'=Cl, 61% N-Tol
° 4n,R'=Me, 45% \
Ph\ b 40,R'=Ph, 24% py’ Ph
4p, 46%

“Reaction conditions: 1 (0.36 mmol), 2 (0.3 mmol), [Cp*RhCl,],
(0.015 mmol), CI3CCO,Cs (0.09 mmol), 4A MS (60 mg), DCE (2
mL), N5, 80 °C, 10 h; Isolated yields refer to 2.

The resulted 3-aminoisoindolin-1-ones 3 could also
3-(diarylmethylene)isoindolin-1-ones. For
example, in the presence of trifluoroborane etherate, 3a could
be converted into 5a in 83% yield. Similar eliminations could
be done to produce 5b-d in 76-86% vyields (Scheme 2).

To probe the reaction mechanism, the reaction of 1a with
2a was examined using 5 mol % [Cp*RhCl,], and 15 mol %

converted into

2| J. Name., 2012, 00, 1-3

AgNTf, (see Supporting Information, Scheme S1,.eq.l)-o\Ve
isolated a simple addition product 6 PIB%O0yieRI},;0mtieho6is
stable to the standard annulation conditions. In this case, the
rhodium catalyst functioned as a Lewis acid and the C-H
activation was effectively inhibited. When the reaction of 1a
was conducted with the addition of D,0 and in the absence of
ketenimine, a deuterium incorporated product was obtained,
indicating a reversible C-H activation (Scheme S1, eq 2). Kinetic
isotope effect (KIE) was carried out in a parallel experiment
(Scheme S1, eq 3). By treatment of 1a or 1a-ds under standard
reaction conditions for 30 min, KIE of the [4+1] reaction was
determined to be 1.3. This result indicated that the C-H
activation was not the rate determining step. When D,0 was
added to the reaction of 1la and 2a, H, and H, were
incorporated with deuterium in 22% and 18% ratios,
respectively (Scheme S1, eq 4). The fact that H, was
incorporated with deuterium implies that metal-H exchange
occurred during the reaction.

o)
R 7

X
\ N-OMe _ BFsOEt; s ‘\\ N-OMe 58 R=H,83%

7 Ph acetone 5 5b, R = 6-Me, 76%

_NH 0 a0\ 5¢, R = 5-Cl, 86%
Tol =g 120°C, 3h b/ PP 5d,R=5-MeO, 81%
3

Scheme 2 Preperation of 5a-d.

On the basis of these results, a possible reaction mechanism
is proposed in Scheme 3. In the presence of Cl;CCO,Cs,
[Cp*RhCl,], is activated to species A. Then, the activation of I
and subsequent coordination with 2 afford o-complex C, which
undergoes migration insertion to C=N bond to form complex D.
When the ortho position of benzamide is occupied by H or F
with less steric hindrance, the C=C bond in D can coordinate to
center metal to form E. E undergoes a migration insertion and
metal-H exchange to generate 3 in a [4+1] annulation manner.
In the cases where the ortho position of benzamide is occupied
by a bulky group (i.e., R # H or F), it is difficult for the
coordination of the C=C bond to metal to form E due to more
steric hindrance between R and amido groups, but D can
undergoes an intramolecular nucleophilic substitution to
produce 4 in a [3+2] annulation manner.

[Cp*R1Cl]; (X = CI3CCOy)
3 CsX 1
HX
R o CP*RMZXR 0o
A
N—OMe
N-OMe
Rh=CP" R o Rh
ArP=NHN\, 1 X Co*
1 Ar B p
FAr N-Ar? 2
- \
HX 1
N4 A \ Ar R o
0 L]
R{Q ome  [R el Cﬁwom
\ Cp~ Rh-cp*
Rh~x o !
Arl R OMe MN-ar?

Ar?—N

H r
E \
R=H /B

A N: X Ar1\(
. NRh‘Cp/ A ¢
Ar?

r
Hot F

HX 1
Ar D AI"I

Scheme 3 Proposed mechanism.

This journal is © The Royal Society of Chemistry 20xx

Page 2 of 4


http://dx.doi.org/10.1039/c6cc05456k

Published on 02 August 2016. Downloaded by Northern Illinois University on 02/08/2016 15:28:54.

Please ce:

Journal Name

During the preparation of 3-(diarylmethylene)isoindolin-1-
ones 4, we serendipitously found that this class of compounds
exhibited strong aggregation-induced emissions (AIE)4
properties. Delighted by the potential applications of AIE
active molecules in optoelectronic devices, luminescent
sensors, biomedical imaging and smart materials,5 and as an
continuation of our work on developing new AIE
quorophores,6 we investigated the photophysical properties of
these compounds. The results are summarized in Table S2 (see
Supporting Information).

Absorption of the selected compounds 4a-p and 5a-d were
measured in dilute solution of THF in a concentration scale of
10° M. Compounds 4a-e absorbed light at about 375 nm with
molar absorptivities varying from 17800 to 23700. By installing
substituent on para-position of 3-diarylmethylene, electron-
donating group (MeO) could tune the maximum absorption
wavelength. 4i and 4f absorbed light at 405 nm and 412 nm,
respectively. The highest absorptivity was achieved when the
substituent is phenyl (4h). Either electron-withdrawing (Br, 4k)
or electron-donating (EtO, 4l) on 4-position of naphthalene
influenced the absorption and gave rise to a blue-shifted
absorption. Compounds 4m-p absorbed light at about 370 nm
with molar absorptivities ranging from 18100 to 19500.
Compared with 4, the absorption of 5a-b shifted to about 346
nm. Theoretical HOMO and LUMO orbitals were calculated by
B3LYP/6-31G+ method on Guassian 09 program. The
calculated HOMO-LUMO gaps were in good agreement with
the experimental observations based on the relative errors
shown in Table S3 (see Supporting Information).

Dilute solutions of compounds 4a-p were not emissive with
quantum yields up to 0.077% (4h) referring to the standard of
quinine sulfate (® =0.54 in 0.1M H,S0O,). Quantum vyields of 5a-
d were slightly higher up to 0.514% (5a). The situation changed
by just adding water. For example, solutions of 4d were not
emissive as the water fraction gradually changed to 80% (Fig.
1). Further tuning the water fraction to 85%, the solution was
lit up under UV-irradiation. As water fraction increased to 95%,
the quantum yield increased to 87.3 times the initial quantum
yield. The results indicated that all of these compounds were
AIE active. The quantum vyields of 4a-p could be magnified in a
range of 18 to 163 folds. In comparison with the reported AIE-
active molecules, such as tetraphenylethene (40 folds),7
(diphenylmethylene)-9H-fluorene (35 folds)8 and 3,4-
diphenylisoquinolin-1(2H)-one (8 folds)g, the AIE effect of the
synthesized compounds 4a and 4h was obvious (Fig. 2).

Adding water to the solution of 4d in THF resulted in the
aggregation of solutes and the formation of nano-particles.
The shape and size distribution of nano-particles were
determined by TEM and DLS (Fig. 3). As the water fraction
increased from 85% to 99%, the diameter of nano-particles
changed from 164 nm to 72 nm. As a result, a smaller diameter
corresponds to a stronger emission.™

This journal is © The Royal Society of Chemistry 20xx

110090 uiuIMarsins

COMMUNICATION

700 water (vol %) 700

a 600 b View Articlegnline

> 9/ C6CC75456K
2500
E 400
£ 300

4
iT 200
0% 99 %
100
0
450 500 550 ) 0 20 40 60 60 100
Wavelength (nm) 650 Water (vol %)

Fig. 1 (a) Emission spectra of 4d in THF/water mixtures. (b)
Fluorescence intensity of 4h in THF/water mixtures. Excited
width = 3 mm, emission width = 10 mm.
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Fig. 2 Magnified folds of quantum yields by AIE effect.
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Fig. 3 The size distribution and shape of nano-particles of
compound 4d in H,O-THF (99;1, 95:5, 90:10, and 85:15, v/v). (a)
Particle size distribution. (b) Particle size in peak value and
relationship of particle size in peak value and the
corresponding maximum fluorescence intensity. (c)-(f) TEM of
particles in 99;1, 95:5, 90:10, and 85:15 H,O-THF, respectively
(Scare bar =1 um)

The stronger emission in nano-suspension could be
explained by aggregation induced emission.? The restriction of
intramolecular rotation (RIR) of phenyl and phenylene rings in
aggregates might be the main reason.'’ Because 4h has two
more phenylene rings conjugated by sigma bonds, the
quantum vyield of 4h was magnified to 163 folds. Compounds
4a-p and 5a-d are strong emissive not only in nano-suspension
but also in solids. Comparative figures, before and after UV-
irradiation on 4a, 4d, 4h, 4n, and 5c, are shown in Fig. 4. These
compounds are shining in solids.
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Fig. 4 Image of compounds 4a (a), 4d (b), 4h (c), 4n (d), and 5¢
(e) before (top) and after (bottom) UV-irradiation.

Mechanochromic fluorescent materials have attracted
much attention due to their promising applications. They can
be applied in fields including mechanosensors,* security inks®®
and optical storage.14 Therefore, compound 4h was tested for
such possibilities. As showed in Fig. 5, 4h in crystal shown
green with emission at 525 nm. However, it changed colour
from green to yellow with emission at 541 nm after grounding.
Fluorescence spectra agreed well with the pictures. The
different phenomenon may be ascribed to the change of
configuration. After grounding, it altered from crystal to
amorphous state. SXRD also verified the assumption.

100 — crystalline

—— amorphous

80

o
Q
S

—— crystalline

60 —— amorphous

40

FL Intensity
Intensity

3

8

20

o
=}
=]

o

500 550 600 650 700 0 5 10 15 20 25
Wavelength (nm) 2 theta (deg)

Fig. 5 Fluorescent images of compound 4h in crystalline (a) and
amorphous (b). (c) Emission spectra of 4h in crystalline and
amorphous. (d) SXRD patters of 4h in crystalline and
amorphous

In conclusion, we have developed a rhodium-catalyzed C-H
activation/annulation of ketenimines with N-
methoxybenzamides. Two types of annulations have been
revealed based on the structure variation of N-
methoxybenzamides. Thus, 3-aminoisoindolin-1-ones and 3-
(diarylmethylene)isoindolin-1-ones were constructed through
[4+1] and [3+2] annulation manners, respectively.
Furthermore, the synthesized 3-(diarylmethylene)isoindolin-1-
ones were found to exhibit strong aggregation-induced
emission effect. Strong vyellow or blue emissions were
observed for these compounds existing both in nano-particles
and in solids.
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