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Abstract — A convenient and catalytic method for the diastereoselective
construction of cis-1,3-disubstituted isoindoline skeletons is described. In the
presence of 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene as a base catalyst and
under mild conditions, the direct aminalization of N-protected imines bearing a
Michael acceptor using the aniline derivatives and the subsequent intramolecular
aza-Michael reaction proceeded successfully in a short reaction time. A series of
cis-1,3-disubstituted isoindoline-aminal hybrid compounds are obtained in

moderate to good yield (44%-93%) with complete diastereocontrol.

Cascade, domino, and related sequential reactions are effective synthetic methods for constructing the
structurally complex molecules.t In these processes, the reaction systems must be properly designed so
that the reaction intermediates can react smoothly in the following phases of the cascade reactions. Aryl
aldimines with a Michael acceptor in their ortho position have been employed as such in the
1,2-additions/intramolecular aza-Michael cascade reactions for the efficient preparation of
1,3-disubstituted isoindolines.22 Considering the potential application of isoindoline skeletons in several
biologically active molecules, natural products, and pharmaceuticals,® the development of a novel
synthetic approach of isoindoline scaffolds for the diversity-oriented syntheses of various derivatives
would be beneficial in organic and medicinal chemistry.

Previously, we reported a novel cascade reaction for the diastereoselective preparation of
1,3-disubstituted  isoindolines  using  nitrogenous  nucleophiles in  the presence  of
1,8-diazabicyclo[5.4.0]-7-undecene (DBU) as the base promoter (Scheme 1a).> Only carbon-based

nucleophiles were utilized to achieve the initial 1,2-additions in the cascade processes associated with the
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formation of 1,3-disubstituted isoindoline skeletons.2 Thus, the employment of nitrogenous nucleophiles
opened up the way to 1,3-disubstituted isoindoline-aminal hybrid compounds. For the first time, the aryl
sulfonamide derivatives have been successfully applied as the nitrogen-based nucleophile in our previous
work. We envisaged that a cascade process using nitrogenous nucleophiles without protective groups
could be achieved by using nitrogenous nucleophiles with appropriate nucleophilicity. Hence, in this
paper, we extended our previous findings to investigate the applicability of aniline derivatives as the

nitrogenous nucleophiles and to establish the optimal catalytic conditions through trials (Scheme 1b).
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Scheme 1. Schematic Representation of the 1,2-Addition/Intramolecular Aza-Michael Cascade Reactions

To begin with, the reaction conditions for the aminalization/intramolecular aza-Michael reaction
(IMAMR) of imine 1a with p-toluidine 2a were investigated by using various bases and solvents (Table
1). Based on the previous reaction conditions we studied,? the treatment of 1a with 1.1 equiv. of 2a in the
presence of 1.0 equiv. of DBU in toluene at 30 °C furnished the desired cis-3aa in 66% vyield (entry 1).
Under these reaction conditions, undesired imine 4a was also formed in 14% vyield via imine exchange
from l1a and 2a. Upon conducting the reaction with 1,1,3,3-tetramethylguanidine (TMG) under otherwise
identical conditions, the vyield of cis-3aa was not improved (entry 2). When a more basic
7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene (MTBD)® was employed, the yield of cis-3aa exhibited
slight improvement (entry 3). In contrast, other strong bases such as P2-t-Bu and KOt-Bu were found
ineffective (entries 4 and 5). Encouraged by the result of entry 3, the effect of solvent on improving the
yield of cis-3aa was investigated (entries 6-11). To our delight, the desired cis-3aa was obtained in 85%
yield when the cascade reaction was conducted in MeCN (entry 9). Reducing the amount of MTBD

proceeded the desired reaction cleanly and the yield of cis-3aa was further improved. Thus, cis-3aa was
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obtained in 90% yield (89% isolated yield) in the presence of 20 mol% of MTBD (entry 12). Although 10
mol% of MTBD produced cis-3aa in 82% yield, 20 mol% of MTBD was selected as the optimal catalytic
amount considering the slightly higher yield of cis-3aa (entries 12 and 13). The structure and relative
configuration of 1,3-disubstituted isoindoline cis-3aa were identified by NMR, HRMS, IR and 2D-NMR
analysis.” This stereochemical outcome of cis-3aa is in good agreement with our previous study in which
p-toluenesulfonamide was used as a nitrogenous nucleophile.> The position of the p-tolylamino group,
which is involved in the progress of this cascade reaction, was determined by the NOE correlation
between the aromatic protons in the p-tolyl group and the aromatic proton at 4-position in the isoindoline

skeleton.?

Table 1. Effect of Bases and Solvents on the Aminalization/Aza-Michael Cascade Reaction of 1a?

T poly N
1.1 equiv. p-toluidine 2a 4 3 H
H base N—Ts .
| solv;gtr,n(iir:) °C p |
1a COzMe cis-3aaC02Me 4a CO:Me
Entry Base (equiv.) Solvent cis-3aa/%" 4a/%P
1 DBU (1.0) toluene 66 14
2 TMG (1.0) toluene 64 17
3 MTBD (1.0) toluene 78 5
4 P2-t-Bu (1.0) toluene 62 8
5 KOt-Bu (1.0) toluene 16 23
6 MTBD (1.0) THF 71 7
7 MTBD (1.0) 1,4-dioxane 69 9
8 MTBD (1.0) DME 57 19
9 MTBD (1.0) MeCN 85 5
10 MTBD (1.0) DMF 77 3
11 MTBD (1.0) CH:Cl, 55 28
12° MTBD (0.20) MeCN 90 (89)¢ 5
13¢ MTBD (0.10) MeCN 82 3

2The solution of base and p-toluidine 2a (0.055 mol, 1.1 equiv.) in dry solvent (1.0 mL) were added to the
solution of 1a (0.050 mmol) in dry solvent (1.0 mL) under an argon atmosphere. ° Yields determined by
NMR spectroscopy on the basis of benzyl 4-hydroxybenzoate as an internal standard. ¢ For 30 min.
dValue in the parenthesis is isolated yield. ¢ For 40 min.
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After the optimal reaction conditions were identified, the influence of various aniline derivatives in the
desired product yield was investigated (Table 2). The reactions proceeded efficiently using aniline 2b,
p-anisidine 2c, 4-chloroaniline 2d, and 4-bromoaniline 2e affording the corresponding products
cis-3ab—3ae in 82%-91% vyield (entries 2-5). However, the reaction using 4-nitroaniline 2f resulted in a
diminished yield (63%) because of the instability of cis-3af (entry 6). Based on the results of the reactions
with various aniline derivatives, aminalization/IMAMR of 1a with 2c was performed on a larger scale.
Thus, with 171.7 mg (0.50 mmol) of 1a, cis-3ac was obtained in comparable yield (89%) (entries 3 and
7).

Table 2. Scope of Anilines 22

Is Ar_
N N-H
1.1 equiv. ArNH, 2
H 20 mol% MTBD N-Ts
MeCN,30°C
| 30 min CO,Me
1a COMe cis-3
Entry 2 Ar cis-3 Yield/%"

1 2a p-tol 3aa 89
2 2b Ph 3ab 83
3 2¢C p-anisyl 3ac 91
4 2d 4-CICeH4 3ad 86
5 2e 4-BrCeH4 3ae 82
6 2f 4-NO2CeH4 3af 63
7° 2¢C p-anisyl 3ac 89

2 The solution of MTBD (0.010 mmol, 20 mol%) and aniline derivatives 2 (0.055 mol, 1.1 equiv.) in
dry MeCN (1.0 mL) were added to the solution of 1a (0.050 mmol) in dry MeCN (1.0 mL) under an
argon atmosphere. ° Isolated yields. ¢ The reaction was performed on a 0.50 mmol scale.

The application scope of the cascade process was further investigated using a series of N-protected imines
1 and p-anisidine 2c (Table 3). a,p-Unsaturated esters (1b and 1d) and nitrile (1e) are excellent substrates
for producing the corresponding desired products cis-3bc, cis-3dc, and cis-3ec in 90%-93% yield (entries
1, 3, and 4). However, the use of 1c bearing a bulky tert-butyl ester group resulted in a diminished yield
of cis-3cc because of the formation of the corresponding exchanged-imine derived from 1c and 2c (entry
2). The imines with an electron-donating group (1f) and an electron-withdrawing group (1g) on the
benzene unit were tolerated, affording the corresponding products cis-3fc and cis-3gc in 84% and 90%
yield, respectively (entries 5 and 6). In the case of 1h with a B-methyl substituent in the o,3-unsaturated

ester moiety, the desired cascade process was completely suppressed (entry 7). The reaction of a series of
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imines bearing benzenesulfonyl (1i), p-anisolesulfonyl (1j), and 4-chlorobenzenesulfonyl (1k) groups
produced cis-3ic, cis-3jc, and cis-3kc in 52%—-91% yield, respectively (entries 8-10).

Table 3. Scope of Imines 12

NE SOLAr p-anisyl H
Rlg 1.1 equiv. p-anisidine 2¢ N
20 mol% MTBD
MeCN,30°C . N=SOAr
30 min
EWG
Entry 1 EWG R? R? Ar’ cis-3 Yield/%P

1 1b CO:Et H H p-tol 3bc 90

2 1c COqt-Bu H H p-tol 3cc 44

3 1d CO2Bn H H p-tol 3dc 92

4 le CN H H p-tol 3ec 93

5 1f CO;Me 4-MeO H p-tol 3fc 84

6 19 CO2Me 5-Cl H p-tol 3gc 90

7 1h CO:Me H Me p-tol 3hc n.d.c

8 1i CO2Me H H Ph 3ic 87

9 1j CO2Me H H p-anisyl 3jc 91
10 1k CO2Me H H 4-ClCeH4 3kc 52

2 The solution of MTBD (0.010 mmol, 20mol%) and p-anisidine 2¢ (0.055 mol, 1.1 equiv.) in dry MeCN (1.0
mL) were added to the solution of 1 (0.050 mmol) in dry MeCN (1.0 mL) under an argon atmosphere.
b Isolated yields. ¢ Not determined due to the exclusive formation of exchanged-imine derived from 1h and 2c.

On the basis of the position of the arylamino group in all the corresponding cis-3 products, the cascade
reaction seems to be initiated by aminalization of imine 1 with aniline 2 (Table 1-3). To gain more insight
into this cascade reaction, several control reactions were conducted (Scheme 2). In the absence of MTBD,
the exchanged-imine 4a was formed, exclusively (Scheme 2a). This result suggested that the base
catalysts are necessary for the desired cascade process to proceed smoothly. In order to understand the
role of exchanged-imine 4 in the cascade process, the reactions were performed with the independently
synthesized 4a, 4c, or 4d and p-toluenesulfonamide under the optimized conditions (Scheme 2b). These
reactions were very sluggish, indicating the formation of cis-3 via a direct route without the formation of
imine 4. Furthermore, the reaction of cis-3aa with p-anisidine 2c under the optimized conditions resulted
in aminal exchange to afford the product cis-3ac in 14% yield (Scheme 2c). This result indicated that the
aminal exchange of 3 occurs under the optimal reaction conditions although the rate of this exchange

reaction is very slow.21°
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Scheme 2. Experiments for Mechanistic Study

In conclusion, we have developed a catalytic and diastereoselective method for the construction of
cis-1,3-disubstituted

aza-Michael reaction of N-protected imines bearing a Michael acceptor using anilines as nitrogenous

isoindoline skeletons via aminalization and the subsequent intramolecular

nucleophiles. In addition to the aryl sulfonamides used in our previous studies, the cascade process was
found to proceed well with the aniline derivatives. Furthermore, MTBD proved to be an excellent base
catalyst for this cascade process. The synthetic methods described in our study may be useful in the fields
of organic and medicinal chemistry as it provides moderate to high yield of cis-1,3-disubstituted

isoindolines with aniline-derived aminal functionality.

EXPERIMENTAL

Typical procedure for the preparation of cis-1,3-disubstituted isoindolines 3. (1S*,3S*)-Methyl
2-{3-(4-methylphenylamino)-2-tosylisoindolin-1-yl}acetate (3aa). To a solution of imine (1a; 17.2 mg,
0.050 mmol) in dry MeCN (1.0 mL) under an argon atmosphere was added a solution of MTBD (1.5 pL,
0.010 mmol, 20 mol%) and p-toluidine (2a; 6.8 mg, 0.055 mmol, 1.1 equiv.) in dry MeCN (1.0 mL) at
30 °C. The mixture was stirred at 30 °C for 30 min. The reaction mixture was filtered through a short plug
of silica gel, which was rinsed with hexane/EtOAc = 4/3. The filtrate was concentrated in vacuo and the
residue was purified by flash column chromatography on silica gel (hexane/CHCIs/EtOAc = 6/6/1) to
afford cis-1,3-disubstituted isoindoline (3aa; 20.0 mg, 0.044 mmol, 89%) as pale yellow foam; *H NMR
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(500 MHz, CDCls): 6 2.32 (s, 3H), 2.35 (s, 3H), 2.43 (dd, J = 7.7, 16.8 Hz, 1H), 2.93 (dd, J = 3.7, 16.8 Hz,
1H), 3.64 (s, 3H), 4.65 (brs, 1H, NH), 5.11 (dd, J = 3.6, 7.7 Hz, 1H), 6.31 (s, 1H), 6.57 (d, J = 8.4 Hz,
2H), 6.93 (d, J = 8.0 Hz, 2H), 7.11-7.13 (m, 1H), 7.22 (d, J = 8.0 Hz, 2H), 7.28-7.32 (m, 2H), 7.39-7.41
(m, 1H), 7.72 (d, J = 8.2 Hz, 2H); BC{*H} NMR (126 MHz, CDCls): § 20.5 (CHs), 21.5 (CHa3), 41.4
(CH>), 51.7 (CHa3), 60.0 (CH), 78.1 (CH), 119.1 (CH), 122.6 (CH), 124.2 (CH), 127.4 (CH), 128.5 (CH),
129.3 (CH), 129.4 (CH), 129.8 (CH), 130.4 (C), 135.3 (C), 137.8 (C), 139.1 (C), 141.9 (C), 143.7 (C),
171.5 (C); IR (KBr) v: 3385, 3028, 2951, 2917, 2867, 1735, 1520, 1344, 1300, 1163, 1011, 814 cm™;
HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C2sH26N2NaO4S 473.1505; Found 473.1508.

Experimental procedures, characterization data, and copies of NMR spectra for all new compounds are

available in the Supporting Information.
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