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ABSTRACT: An alkoxide-catalyzed reduction of benzolactams to isoindoles with silanes was realized. With t-BuOK as the
catalyst and Ph2SiH2 as the reductant, a series of benzolactams containing different functional groups were reduced to the
corresponding isoindoles, which could be captured by N-phenyl maleimide to form Diels−Alder products in moderate to good
yields. Deuterium labeling studies and the hydrosilylation of benzolactam in DMF indicated that the deprotonation of
benzolactams took place at C3 potion during the reduction.

Hydrosilylation is an appealing method for the reduction of
carbonyl compounds, which represents the most

important and well-established transformation in organic
chemistry.1 Hydrosilanes are air- and moisture-stable hydride
sources, and can be readily activated under mild conditions.
Various catalysts had been explored for the chemo-, regio-,
and/or stereoselective hydrosilylation of carbonyl compounds
and carboxylic acid derivatives.2 In particular, the hydro-
silylation of amides showed high chemoselectivity, which
preceded other methods.3 Moreover, by tuning the catalysts
and silanes, the hydrosilylation of amides enabled the selective
formation of different products such as amines, imines,
aldehydes, alcohols, nitriles or deacylated amines.3,4

Nagashima et al. first reported the hydrosilylation of aryl and
alkyl substituted acetamide derivatives to form enamines
efficiently, with IrCl(CO)(PPh3)2 as the catalyst and TMDS
or PMHS as the hydride source (Scheme 1a).5 The reaction
may proceed through the addition of a Si−H bond to carbonyl
group to form a silylhemiaminal as intermediate, followed by
deprotonation and elimination of the siloxy moiety to give
enamines.5 Recently, the same group realized the stepwise
synthesis of enamines by hydrosilylation of amides using
iridium complex with electron-withdrawing phosphorus ligands
as the catalyst (Scheme 1b).6 Furthermore, Adolfsson’s group
reported t-BuOK catalyzed hydrosilylation of tertiary amides to
enamines.7 However, the hydrosilylation of benzolactams has
not been reported.

Due to benzolactams having acidic hydrogen atoms at their
3-position, we envision that the selective hydrosilylation of
benzolactams may lead to the formation of isoindoles deriva-
tives, which are very important 10π-electron aromatic hetero-
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Scheme 1. Profiles for Hydrosilylation of Amides to
Enamines
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cycles,8 and have often been employed as synthetic building
blocks for highly conjugated systems in materials science and
medicinal chemistry as antibiotic and antitumor agents and
thrombin.9 Moreover, isoindoles are highly reactive intermedi-
ates in cycloaddition reactions.10 Several methods were
developed to synthesize isoindoles, such as retro Diels−Alder
reactions, 1,3-dipolar cycloadditions, oxidative processes,
alkylation and isomerization reactions of isoindolinones, and
condensation of o-phthalaldehyde or benzylic amines.8,11

Among these methods, the reduction process is the most
straightforward one. However, the noticeable over-reduction
when reducing phthalimides/lactams using metal hydrides
usually resulted in low yields of isoindoles, and instead,
substituted pyrroles were often obtained.12 Herein, we reported
an efficient procedure of base-catalyzed reduction of
benzolactams to isoindoles with hydrosilanes.
Considering the easy removability of the benzyl group, the

hydrosilylation of 2-benzylisoindolin-1-one (1a) was chosen as
the model reaction to explore the possibility of the reduction of
benzolactams to isoindoles with hydrosilanes. Although the
metal catalyzed hydrosilylation could enable the transformation
of amides to enamines,5,6 Lewis base-catalyzed hydrosilylation
is no doubt more attractive in terms of environmental benignity
and ready availability of the catalyst.4c,13 KOH was initially
selected as the catalyst in the model reaction, on the basis of
our previous report on the hydrosilylation of imides.14 When
20.0 mol % of KOH and Ph2SiH2 (2.0 equiv) were used, 85% of
the benzolactam (1a) was converted to the desired product, N-
benzyl isoindole (2a) (Table 1, entry 1). Then, other bases
were examined in the hydrosilylation. When potassium
methoxide or ethoxide was used as the catalyst, the conversion
of the reduction increased slightly, but the yields of 2a almost
unchanged (Table 1, entries 3 and 5). Gratifyingly, t-BuOK
displayed best catalytic activity to afford almost quantitative
yield of N-benzyl isoindole (2a) (Table 1, entry 7). Comparing
with potassium alkoxides, sodium alkoxides resulted in a
decrease in conversions and yields of the hydrosilylation (Table
1, entries 2, 4, 6 and 8). In addition, potassium bis-
(trimethylsilyl) amide and lithium diisopropylamide were
inferior for the reaction (Table 1, entries 9 and 10). No
reactions occurred in the cases of using weaker bases (K2CO3
or K3PO4) as the catalyst. Omission of the base resulted in no
desired reduction of the benzolactams (1a) (Table 1, entry 11).
The yield of 2a was decreased to 80% when the t-BuOK
loading was lowered to 10.0 mol % (Table 1, entry 12).
We also screened some other silanes, solvents and reaction

temperatures during the t-BuOK catalyzed hydrosilylation of
the benzolactams. More reactive silane for example, PhSiH3,
improved the conversion of 1a, but a lower selectivity and yield
(85%) of isoindole (2a) was obtained (Table 1, entry 13).
Using less active silanes led to the compromised conversions
and yields (Table 1, entries 14−17). For example, TMDS
(tetramethyldisiloxane) and PMHS (polymethylhydrosiloxane)
gave 2a in 70% and 13% yields, respectively. Changing the
solvent from THF to DME (dimethoxyethane) decreased the
yield of 2a (Table 1, entry 18). A nearly quantitative yield of 2a
was obtained in dioxane (Table 1, entry 19). For the nonpolar
solvent, toluene, the isoindole (2a) could also be obtained in
90% yield (Table 1, entry 20). However, only 30% of lactam
(1a) was converted to isoindoles (2a) in CH3CN (Table 1,
entry 21), while no reaction occurred in DCE. When the
reaction was carried out in refluxing dioxane, the reaction time
was reduced to 10 h (Table 1, entry 22).

Next, the scope of base-catalyzed hydrosilylation of
benzolactams (1) to isoindoles (2) was probed under the
optimized conditions. As shown in Table 2, the reduction
reactions led to efficient formation of a number of isoindoles
(2). Because of the instability of isoindoles, we listed the
isolated yields of the compound 4, which were Diels−Alder
reaction products of isoindoles (2) and N-phenyl maleimide
(3).8,15 The hydrosilylation of N-benzyl, alkyl or aryl
substituted benzolactams gave the corresponding isoindoles
(2) in moderate to good yields. N-Phenyl benzolactam (1c)
was reduced to the corresponding isoindole 2c in 92% NMR
yield and 84% isolated yield of 4c. N-Ethyl isoindole (2g) was
obtained in 87% yield. For benzolactams 1b, 1d, 1i and 1j′,
bearing an alkylated benzene ring, the hydrosilylation
proceeded smoothly to give the corresponding isoindoles
(2b, 2d, 2i and 2j′) in excellent yields. 2-(4-(tert-Butyl)phenyl)-
2H-isoindole (2d) and 2-benzyl-5-methyl-2H-isoindole (2i)
were generated in 97% and 96% yields, respectively. However,
the steric hindrance of substitutions at the nitrogen atom or C4
position of benzolactams had obvious influence on the base-
catalyzed hydrosilylation. The yield of corresponding isoindole
2h was reduced to 60% in the case of bulkier N-isopropyl
benzolactam (1h) as the substrate. The existence of propyl
group at the 4-position of benzolactam 1j inhibited the reaction
and no corresponding product (2j) was obtained. While the
isoindole 2j could be generated in 87% yield when the

Table 1. Optimization of the Reaction Conditions of the
Base-Catalyzed Reduction of 2-Benzylisoindolin-1-one (1a)a

entry base silane solvent conv (%) yield (%)

1 KOH Ph2SiH2 THF 85 85
2 NaOH Ph2SiH2 THF 61 60
3 EtOK Ph2SiH2 THF 90 80
4 EtONa Ph2SiH2 THF 66 60
5 MeOK Ph2SiH2 THF 92 81
6 MeONa Ph2SiH2 THF 70 70
7 t-BuOK Ph2SiH2 THF >97 >97
8 t-BuONa Ph2SiH2 THF 60 59
9 KHMDS Ph2SiH2 THF 44 13
10 LDA Ph2SiH2 THF 26 24
11 − Ph2SiH2 THF − −
12b t-BuOK Ph2SiH2 THF 82 80
13c t-BuOK Ph3SiH THF >97 85
14d t-BuOK TMDS THF 52 51
15e t-BuOK (EtO)3SiH THF 54 53
16e t-BuOK (MeO)3SiH THF 14 13
17e t-BuOK PMHS THF 52 51
18 t-BuOK Ph2SiH2 DME 40 31
19 t-BuOK Ph2SiH2 dioxane >97 >97
20 t-BuOK Ph2SiH2 toluene >97 90
21 t-BuOK Ph2SiH2 CH3CN 30 30
22f t-BuOK Ph2SiH2 dioxane >97 >97

aReaction conditions: 2-benzylisoindolin-1-one (1a, 223.3 mg, 1.0
mmol), Ph2SiH2 (368.6 mg, 2.0 mmol), base (20.0 mol %), THF (2.0
mL), 70 °C, 36 h; conversion and yields were determined by 1H NMR
analysis (internal standard: 4,4′-di-tert-butyl-1,1′-biphenyl). bt-BuOK
(10.0 mol %) was used. cPhSiH3 (151.3 mg, 1.4 mmol) was used.
dTMDS (268.6 mg, 2.0 mmol) was used. eSilane (4.0 mmol) was used.
fThe conversion was finished in 10 h at 110 °C.
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benzolactam 1j′ with propyl group at 7-position was used as
substrate. The electron-withdrawing groups decreased the
reactivity of benzolactams. The reduction of 2-(4-
Bromophenyl)isoindolin-1-one (1l) gave the corresponding
isoindole 2l in 47% yield when 20.0 mol % tBuOK was used.
Increasing the loading of t-BuOK to 1.0 equiv resulted that the
yield was increased to 85% yield. 2-(4-(Trifluoro-methyl)-
phenyl)-2H-isoindole (2f) was produced in only 56% yield.
The hydrosilylation of the benzolactam with an amide group
(1n) gave the product in only 32% of yield even 1.0 equiv of t-
BuOK was used. Moreover, the reduction system showed good
tolerance of functional groups, such as halogens (1l and 1m),
alkene (1p), naphthalene ring (1k), and carbamic ester (1o).

The reduction of benzolactam with a pendant alkene group
(1p) and a Boc-protected amine (1o) proceeded smoothly with
good chemoselectivity to afford the corresponding isoindoles
(2p and 2o) in excellent yields.
Unlike the classical reduction process employing modified

LiAlH4 or Red-Al which result in only moderate yield and over-
reduction contaminants, the hydrosilylation of N-benzyl
benzolactam (1a) could be run effectively on a 2.0 g scale
wherein quantitative NMR yield and 86% isolated yield of 2a
was observed (Scheme S1). Isoindoles are useful building
blocks in the synthesis of functional materials and medicinal
molecules.8,9,9d,16 For example, 2a was reacted with benzyne to
form 1-benzyl-9,10-dihydro-9,10-epimino-anthracene (6) in
70% yield which may serve as a useful precursor of luminescent
materials.17 Furthermore, [4 + 3] cycloaddition of the isoindole
(1a) afford seven-membered compound (7) in 60% yield,
which occurred in many classes of natural products (Scheme
2).18

The plausible mechanism of the reduction of benzolactams 1
to isoindoles 2 via the alkoxide catalyzed hydrosilylation may be
similar to the reaction path for the hydrosilylation of tertiary
amides to enamines that was proposed by Adolfsson et al.7 The
base activates the silane via formation of a pentacoordinated
intermediate, which facilitates the transfer of the hydride to the
amide carbonyl to generate the silylhemiaminal intermediate.
Then the C3-deprotonation followed by elimination of the
siloxy moiety to generate isoindoles 2. The possibility of
deprotonation of benzolactam with t-BuOK as base was
explored. Benzolactam was reacted with t-BuOK in dioxane,
and then treated with D2O to give the C3-deuterated
benzolactam in 90% ratio (Scheme 3, A). In contrast, the

deuteration did not occur without t-BuOK. Moreover, when
DMF was used as solvent, the hydrosilylation of benzolactam
(1a) introduced a methylene group at C3 position instead of
the formation of the isoindole (2a). In addition, on the basis of
our experimental results in Table 2, the steric hindrance of
substitution at the nitrogen atom and C4 position of

Table 2. t-BuOK -Catalyzed Reduction of Benzolactams (1)
to Isoindoles (2)a with Hydrosilane

aReaction conditions: benzolactam (1, 1.0 mmol), Ph2SiH2 (368.6 mg,
2.0 mmol), t-BuOK (22.4 mg, 20.0 mol %), dioxane (2.0 mL), 110 °C.
bYields determined by 1H NMR analysis (internal standard: 4,4′-di-
tert-butyl-1,1′-biphenyl). cIsolated yields. dIsolated yield of 2.0 g-scale
of 1a. e1.0 equiv of t-BuOK was used.

Scheme 2. Applications of Isoindoles in Materials Science
and Synthetic Chemistry

Scheme 3. Experiments on the Deprotonation of
Benzolactam (1)
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benzolactam influenced obviously on the base-catalyzed
reduction leading to isoindoles, we speculated that the
deprotonation may be the rate-determining step in the
transformation of benzolactam to isoindole.
In summary, we have developed an alkoxide-catalyzed

hydrosilylation of benzolactams to isoindoles. With t-BuOK
(20 mol %) as the catalyst and Ph2SiH2 as the reductant,
various benzolactams were effectively reduced to the
corresponding isoindoles in moderate to excellent yields. This
catalytic protocol showed good functional tolerance of
halogens, alkenes, naphthalene ring, and carbamic esters.
Moreover, the products in the hydrosilylation were synthetic
skeletons useful in luminescent materials and natural products.
The deprotonation of benzolactams occurred during the
reduction based on the deuteration of benzolactam (1c) and
the hydrosilylation of benzolactam (1c) in DMF.
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Proced. Int. 2007, 39, 523−559.
(3) (a) Das, S. Chemoselective reduction of amides and imides. In
New Strategies in Chemical Synthesis and Catalysis; Pignatatro, B., Eds.;
Wiley-VCH Verlag GmbH & Co. KGaA: Weinheim, 2012; pp 59−78.
(b) Volkov, A.; Tinnis, F.; Slagbrand, T.; Trillo, P.; Adolfsson, H.
Chem. Soc. Rev. 2016, 45, 6685−6697 and the references therein.
(4) (a) Pesti, J.; Larson, G. L. Org. Process Res. Dev. 2016, 20, 1164−
1181. (b) Krackl, S.; Someya, C. I.; Enthaler, S. Chem. - Eur. J. 2012,
18, 15267−15271. (c) Zhou, S.; Junge, K.; Addis, D.; Das, S.; Beller,
M. Org. Lett. 2009, 11, 2461−2464. (d) Simmons, B. J.; Hoffmann, M.;
Hwang, J.; Jackl, M. K.; Garg, N. K. Org. Lett. 2017, 19, 1910−1913.
(e) Tinnis, F.; Volkov, A.; Slagbrand, T.; Adolfsson, H. Angew. Chem.,
Int. Ed. 2016, 55, 4562−4566. (f) Cabrero-Antonino, J. R.; Alberico,
E.; Junge, K.; Junge, H.; Beller, M. Chem. Sci. 2016, 7, 3432−3442.
(g) Huang, P.-Q.; Lang, Q.-W.; Wang, Y.-R. J. Org. Chem. 2016, 81,

4235−4243. (h) Chardon, A.; Mohy El Dine, T.; Legay, R.; De Paolis,
M.; Rouden, J.; Blanchet, J. Chem. - Eur. J. 2017, 23, 2005−2009.
(5) Motoyama, Y.; Aoki, M.; Takaoka, N.; Aoto, R.; Nagashima, H.
Chem. Commun. 2009, 1574−1576.
(6) Tahara, A.; Miyamoto, Y.; Aoto, R.; Shigeta, K.; Une, Y.; Sunada,
Y.; Motoyama, Y.; Nagashima, H. Organometallics 2015, 34, 4895−
4907.
(7) Volkov, A.; Tinnis, F.; Adolfsson, H. Org. Lett. 2014, 16, 680−
683.
(8) Heugebaert, T. S. A.; Roman, B. I.; Stevens, C. V. Chem. Soc. Rev.
2012, 41, 5626−5640 and the references therein.
(9) (a) Mi, B.-X.; Wang, P.-F.; Liu, M.-W.; Kwong, H.-L.; Wong, N.-
B.; Lee, C.-S.; Lee, S.-T. Chem. Mater. 2003, 15, 3148−3151.
(b) Ohmura, T.; Kijima, A.; Komori, Y.; Suginome, M. Org. Lett.
2013, 15, 3510−3513. (c) Diana, P.; Martorana, A.; Barraja, P.;
Montalbano, A.; Dattolo, G.; Cirrincione, G.; Dall’Acqua, F.; Salvador,
A.; Vedaldi, D.; Basso, G.; Viola, G. J. Med. Chem. 2008, 51, 2387−
2399. (d) Diana, P.; Martorana, A.; Barraja, P.; Lauria, A.; Montalbano,
A.; Almerico, A. M.; Dattolo, G.; Cirrincione, G. Bioorg. Med. Chem.
2007, 15, 343−349.
(10) (a) Rigby, J. H.; Pigge, F. C. Org. React. 1997, 51, 351−478.
(b) Ciganek, E. Org. React. 1984, 32, 4−355.
(11) (a) Hui, B. W.-Q.; Chiba, S. Org. Lett. 2009, 11, 729−732.
(b) Grigg, R.; Somasunderam, A.; Sridharan, V.; Keep, A. Synlett 2009,
2009, 97−99. (c) Hou, D.-R.; Wang, M.-S.; Chung, M.-W.; Hsieh, Y.-
D.; Tsai, H.-H. G. J. Org. Chem. 2007, 72, 9231−9239. (d) Anderson,
P. S.; Christy, M. E.; Colton, C. D.; Halczenko, W.; Ponticello, G. S.;
Shepar, K. L. J. Org. Chem. 1979, 44, 1519−1533.
(12) (a) Carpino, L. A.; Padykula, R. E.; Barr, D. E.; Hall, F. H.;
Krause, J. G.; Dufresne, R. F.; Thoman, C. J. J. Org. Chem. 1988, 53,
2565−2572. (b) Donohoe, T. J. Sci. Synth. 2001, 10, 653−692.
(c) Malek, J. Org. React. 1988, 36, 252−560.
(13) (a) Fernandez-Salas, J. A.; Manzini, S.; Nolan, S. P. Chem.
Commun. 2013, 49, 9758−9760. (b) Revunova, K.; Nikonov, G. I.
Chem. - Eur. J. 2014, 20, 839−845. (c) Xie, W.; Zhao, M.; Cui, C.
Organometallics 2013, 32, 7440−7444. (d) Kohra, S.; Hayashida, H.;
Tominaga, Y.; Hosomi, A. Tetrahedron Lett. 1988, 29, 89−92.
(e) Chuit, C.; Corriu, R. J. P.; Perz, R.; Reye, C. Synthesis 1982,
1982, 981−984. (f) Addis, D.; Zhou, S.; Das, S.; Junge, K.; Kosslick,
H.; Harloff, J.; Lund, H.; Schulz, A.; Beller, M. Chem. - Asian J. 2010, 5,
2341−2345. (g) Kumar, G.; Muthukumar, A.; Sekar, G. Eur. J. Org.
Chem. 2017, 33, 4883−4890. (h) Oestreich, M.; Weickgenannt, A.
Chem. - Asian J. 2009, 4, 406−410. (i) Toutov, A. A.; Liu, W.; Betz, K.
N.; Fedorov, A.; Stoltz, B. M.; Grubbs, R. H. Nature 2015, 518, 80−84.
(j) Toutov, A. A.; Betz, K. N.; Haibach, M. C.; Romine, A. M.; Grubbs,
R. H. Org. Lett. 2016, 18, 5776−5779.
(14) Ding, G.; Li, C.; Shen, Y.; Lu, B.; Zhang, Z.; Xie, X. Adv. Synth.
Catal. 2016, 358, 1241−1250.
(15) Ohwada, T.; Miura, M.; Tanaka, H.; Sakamoto, S.; Yamaguchi,
K.; Ikeda, H.; Inagaki, S. J. Am. Chem. Soc. 2001, 123, 10164−10172.
(16) Diana, P.; Martorana, A.; Barraja, P.; Montalbano, A.; Dattolo,
G.; Cirrincione, G.; Dall’Acqua, F.; Salvador, A.; Vedaldi, D.; Basso, G.;
Viola, G. J. Med. Chem. 2008, 51, 2387−2399.
(17) (a) Ohmura, T.; Kijima, A.; Suginome, M. Org. Lett. 2011, 13,
1238−1241. (b) Zhou, L.; Nakajima, K.; Kanno, K.-i.; Takahashi, T.
Tetrahedron Lett. 2009, 50, 2722−2726.
(18) (a) Mihovilovic, M. D.; Groetzl, B.; Kandioller, W.; Snajdrova,
R.; Muskotal, A.; Bianchi, D. A.; Stanetty, P. Adv. Synth. Catal. 2006,
348, 463−470. (b) Takaya, H.; Makino, S.; Hayakawa, Y.; Noyori, R. J.
Am. Chem. Soc. 1978, 100, 1765−1777. (c) Rawson, D. I.; Carpenter,
B. K.; Hoffmann, H. M. R. J. Am. Chem. Soc. 1979, 101, 1786−1793.

Organic Letters Letter

DOI: 10.1021/acs.orglett.7b02739
Org. Lett. XXXX, XXX, XXX−XXX

D

http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.7b02739
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.7b02739
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.7b02739/suppl_file/ol7b02739_si_001.pdf
mailto:zhaoguo@sjtu.edu.cn
mailto:xiaominxie@sjtu.edu.cn
http://orcid.org/0000-0003-3270-6617
http://orcid.org/0000-0002-5798-291X
http://dx.doi.org/10.1021/acs.orglett.7b02739

