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A novel synthesis of sulfonated dihydroisoquinolinones via
cascade radical addition and cyclization was developed in
presence of tert-butyl hydroperoxide (TBHP). The reactions
generated the desired sulfonated dihydroisoquinolinones in
good vyields from readily available arylsulfinic acids and N-
allylbenzamides under metal-free conditions.

Dihydroisoquinolone derivatives, as one of the important class
heterocycles have been widely found in complex natural
products and drug molecules, which display diverse biological
properties such as anti-tumor, anti-inflammatory, anti-allergic
and estrogenic behaviour.® Due to their fascinating biological
and  pharmacological  activities, the  synthesis  of
dihydroisoquinolone derivatives have received much attention.
Traditional synthetic approach to dihydroisoquinolone is based
on the condensation of homophthalic anhydride with imines in
the presence of acid or base catalyst or under thermal
conditions.? Recently, transition metal catalyzed constructions
of dihydroisoquinolone frameworks have been demonstrated to
be the powerful and efficient routes.®> Especially, Guimond,®
Glorius,® Daugulis,* Wang,*® and others®*? have elegantly
developed the synthesis of dihydroisoquinolones via Rh-, Ru-,
Co- or Re-catalyzed oxidative annulations of benzamides and
alkenes on the basis of C—H activation and functionlization
strategy (Scheme 1a). Furthermore, the reactions of N-
allylbenzamides could provide promising access to substituted
dihydroisoquinolones through a free radical process.* For
example, Han and Pan reported a facile DTBP-promoted
radical cyclization of N-allylbenzamide with alcohols for
synthesis of 4-hydroxyalkyl-substituted 3,4-dihydroisoquinolin-
1(2H)-one (Scheme 1b).** Meanwhile, The sulfone is a key
organic structural motif in a variety of biologically active
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Scheme 1. Synthetic strategies for dihydroisoquinolones.

compounds, pharmaceuticals and synthetic intermediates, especially
for aryl alkyl sulfones (Figure 1).> For example, | can be used as
antiproliferative activity against cancer cell,” and Il is an important
intermediate for synthesis of isoquinoline-derived target molecules.>
In addition, the sulfonyl group is a strong electron-withdrawing
group, and can facilitate the deprotonation of a neighboring carbon
atom to generate o-carbanion with a base, the corresponding
carbanion can be used for various transformations.® So, development
of new and efficient methodologies for the incorporation of a
sulfonyl group into dihydroisoquinolinones from simple, readily
available starting materials remains highly desirable in organic
chemistry.
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Figure 1. Selected examples of important aryl alkyl sulfones.

Arylsulfinic acids (salts) are relatively stable and versatile
intermediates in organic synthesis.” In the past decades,
considerable efforts have been devoted to the synthesis of
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organic sulfones using arylsulfinic acids (salts) as sulfonylation
reagents. As a result, remarkable achievements in cross-
coupling of aromatic sulfinic acids (salts) with arylhalides,
arylborons and allylic amines have been accomplished by using
Pd, Cu and Fe catalysts, and arylsulfinic salts as the precursor
of sulfonyl anion reacted with metal catalysts to form a key
sulfonyl-metal intermediates.® However, the use of transition
metals limits their applicability. Most recently, addition of
sulfonyl radical to carbon-carbon multiple bonds provided an
important alternative for the synthesis of functionalized
sulfones under metal-free conditions.® For example, Lei and co-
workers described oxysulfonylation of alkenes or alkynes
employing arylsulfinic acids as the sulfonyl radical precursor
using molecular oxygen as oxidant.**® Subsequently, our group
developed visible-light photocatalytic difunctionalization of
arylacrylamides and arylpropiolates with arylsulfinic acids to
offer sulfone-containing oxindoles and coumarins through a
tandem C-S/C-C bond formation.*®" With our continuing
interest in application of arylsulfinic acids as sulfonylation
agents, herein, we wish to disclose a novel and efficient
arylsulfonylation of N-allylbenzamides with arylsulfinic acids

Table 1. Optimization of the reaction conditions.?

o
d ‘Oxidant ? Solvent 7 n-OMe

H Q T 1200c24n /@/Me

o’ Yo 3a

Entry Oxidant Solvent Yield (%) °
1 TBHP CH3;CN 45
2 TBHP DMSO 22
3 TBHP DMF 31
4 TBHP 1,4-dioxane 27
5 TBHP THF 21
6 TBHP CH;0H 10
7 TBHP toluene 15
8 TBHP DCE 28
9 TBHP H,O 42
10 TBHP H,O/CH;CN (1:1) 74
11 DCP H,O/CH;CN (1:1) 61
12 TBPB H,O/CH;CN (1:1) 51
13 DTBP H,O/CH;CN (1:1) 40
14 CHP H,O/CH;CN (1:1) 28
15 H,0, H,0/CH,CN (1:1) 27
16 0, H,0/CH.CN (L:1) 36
17 K505 H,0/CH.CN (L:1) 38
18 NaS;05 H,0/CH.CN (L:1) 34
19 TBHP H,O/CH;CN (1:1) 50°
20 TBHP H,O/CH,CN (1:1) 52 ¢

@ Reaction conditions: 1a (0.25 mmol), 2a (0.75 mmol), oxidant (3.0
equiv), solvent (3.0 mL), at 120 °C for 24 h. TBHP = tert-butyl
hydroperoxide (70% solution in water); DCP = dicumyl peroxide; TBPB
= tert-butyl peroxybenzoate; DTBP = di-tert-butyl peroxide; CHP =
cumene hydroperoxide; H,O, (30% aqueous solution). ° Isolated yield
based on 1a. ¢ TBHP (2.0 equiv) was used, ¢2a (2.0 equiv) was used.
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using TBHP as an oxidant under metal-free condition;.which
undergoes smoothly through a sequenceQtadli¢abdaditiortoaned
intramolecular cyclization to sulfonated dihydroisoquinolones
in high atom-economy and excellent functional group tolerance
(Scheme 1).

In our initial study, N-allyl-N-methyloxybenzamide (1a) and
p-tolylsulfinic acid (2a) were chosen as the model substrates to
optimize the reaction conditions with different solvent and
oxidant. When CH5;CN was used as a solvent with TBHP as an
oxidant, the model reaction of la with 2a generated the
corresponding sulfonated dihydroisoquinolinone 3a in 45%
yield (Table 1, entry 1). However, other solvents including
DMSO (dimethyl sulphoxide), 1,4-dioxane, DMF (N,N-
dimethylformamide), THF (tetrahydrofuran), methanol, toluene,
DCE (1,2-dichloroethane) and H,O were inferior and afforded
desired 3a in 10—-42% yields (Table 1, entries 2—9). Much to our
pleasure, 74% vyield of 3a was achieved when a mixed solvent of
acetonitrile and H,0 in 1:1 (V/V) was used as reaction medium

o
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Scheme 2. Reaction of 1a with arylsulfinic acids [Reaction conditions: la
(0.25 mmol), 2 (0.75 mmol), TBHP (3.0 equiv), CH;CN/H,O (1:1, 3.0 mL),
120 °C, 24 h; isolated yield of the product based on 1a.]

This journal is © The Royal Society of Chemistry 2016

Page 2 of 4


http://dx.doi.org/10.1039/c6cc04983d

Page 3 of 4

Published on 30 August 2016. Downloaded by Cornell University Library on 01/09/2016 04:18:00.

(Table 1, entry 10). Next, the effect of the oxidant on the model
reaction was examined. When DCP (dicumyl peroxide) was instead
of TBHP, the model reaction generated the desired product 3a in
61% vyield (Table 1, entry 11). Other organic oxidants, such as
TBPB, DTBP, CHP, H,0,, K,S,0g, Na,S,0g and O, led to 3a in
27-51% vyields (Table 1, entries 12-18). Reducing amount of
TBHP or 2a from 3.0 equiv to 2.0 equiv, the model reaction
produced 3a in 50% and 52% yields, respectively (Table 1, entries
19 and 20).

With the optimized conditions in hand, we explored the synthetic
viability of the reactions using N-allyl-N-methyloxybenzamide (1a)
with a variety of arylsulfinic acids, and the results are summarized in
Scheme 2. In general, a number of arylsulfinic acids containing both
electron-donating and electron-withdrawing groups on the aromatic
rings underwent the radical addition and cyclization to provide the
corresponding arylsulfonylation products (3a-3q) in 50-76% yields.
In particular, the sterically-hindered substituted arylsulfinic acid,
such as ortho-fluoro- and ortho-methoxybenzenesulfinic acids were
suitable substrates in the transformation, leading to the desired
products 3l and 3m in 51% and 50% vyield, respectively. Notably,
arylsulfinic acid bearing a trifluoromethyl (CF3) group, which is a
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quLN TBHP (3.0 equiv) R'--
0 + — _ =
=
H ﬁ Ky CH3CN/H,O (1:1) /O R?
1 2

120°C, 24 h

/ \\

/ \\ / \\ / \\
3s,R?= Me 81% 3u, R?= Me 70% 3w,R'= Ph 62%
3t, R2=H, 79% 3v, R?= H 76% 3x,R'= F 60%

o
_OM:
N e
RZ

O/S\\O / \\ / \\

3y, R2 = Me, 69% 3aa, R2= Me 65% 3ac, R? = Me 74%

3ab, R? = H, 62% 3ad, R2 H, 68%

Me O o Me
N e
o Q
//S\\

/ \\

3z, R? = t-Bu, 76%

e

3ag, R? = Me 68%

3ae, 80% 3af, 61% 3ah, R2 H, 72%
o o
_.OM
Me N,OMe N OMe
Me Me
g} Ly e
,/S\\ Me S cl
[ON©) O o /\\
3a| +3al’ (1:13), 60% 331 52%
/ \\ // \\ / \\
3al, R3 Ph trace
3ak, 45% 3an, 71%

3am, R® = H, trace
Scheme 3. Reaction of 1 with arylsulfinic acids [Reaction conditions: 1 (0.25
mmol), 2 (0.75 mmol), TBHP (3.0 equiv), CHsCN/H,O (1:1, 3.0 mL), 120
°C, 24 h; isolated yield based on 1.]
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useful structural motif in biologically active molecyles,r’ reacted
with la to generate the corresponding prodiiet 3hl1iF 849 yieldsIn
the case of disubstituted arylsulfinic acids, the reaction underwent
smoothly, affording products 3n and 30 in moderate yields.
Furthermore, more bulky 1,1'-biphenyl- and 2-naphthyl-sulfinic
acids could participate in the reaction well, furnishing the
dihydroisoquinolinones 3p and 3q in accepted yields. It should be
noted that aliphatic sulfinic acid such as n-butylsulfinic acid could
also be used in the reaction to provide the desired product 3r in 47%
yield.

After studying the scope of arylsulfinic acids, we turned our
attention toward N-allylbenzamide derivatives. As shown in Scheme
3, N-allylbenzamides have a broad scope and high compatibility with
functional groups, such as methyl, tert-butyl, phenyl, trifluoromethyl
and halogen groups, and gave the corresponding products (3s—3ak)
in moderate to good yields. It is important to note that this domino
reaction is compatible with I, Br and Cl at para-position of the
aromatic rings, which can undergo the further transformation for the
synthesis of more complex molecules. Meanwhile, substrate 1 with
3,5-dimethyl groups on phenyl ring could undergo the tandem
reaction to afford the 3ag and 3ah in good yields. To investigate the
regioselectivity of this cyclization, the reaction of 1 with meta-
substituted group was conducted. As expected, meta-substituted
substrate 1 gave a mixture of two regioselective products 3ai and
3ai' in a ratio of 1:1.3 with total 60% vyield. An obviously
regioselectivity was obtained when 3,4-dichloro substituted 1 reacted
with 2a, providing 3aj as sole product in 52% yield. The structure of
3aj was further confirmed by single-crystal X-ray diffraction
analysis (Supporting Information for detail). Furthermore, N-ethyl
protected N-allylbenzamide was also examined, providing product
3ak in 45% yield. However, the reaction of N-phenyl and N-H,N-
allylbenzamides failed to react with p-tolylsulfinic acid (2a) under
the standard reaction conditions (3al, 3am). Finally, substrate with
substituted double bond N-g-methyl-allyl-N-methyloxybenzamide
was found to be suitable for this protocol, and reacted with p-
tolylsulfinic acid (2a) to generate target product 3an in 71%.

For understanding the mechanism of tandem reaction, the well
known radical-trapping reagents, such as TEMPO (2,2,6,6-
tetramethylpiperidine-N-oxyl) and BHT (2,6-di-tert-butyl-4-methyl-
phenol) was added in 2.0 equiv to the model reaction respectively,

H,0
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Scheme 4. Possible mechanism.
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and the reaction was completely inhibited,  suggesting this
transformation involved a radical process. Based on our observations
and the reported investigations, a plausible mechanism is proposed
in Scheme 4. Firstly, homolysis of TBHP produced hydroxyl and
tert-butoxyl radicals, which could abstract hydrogen from
arylsulfinic acids to afford an oxygen centered radical resonating
with arylsulfonyl radical (A). Next, the radical intermediate A was
added to the double bond of activated alkene (1a) to afford the alkyl
radical intermediate (B), followed by an intramolecular radical
cyclization of B to form radical intermediate (C). Subsequently,
radical intermediate (C) was oxidized by hydroxyl radical or tert-
butoxyl radical to generate a cationic intermediate (D) and a
hydroxide or tert-butoxide through a SET process. Finally, a cationic
intermediate (D) loosed a proton to produce the final sulfonated
isoquinolinone 3 and water or tert-butanol.

In summary, we have developed a
arylsulfonylation of N-allylbenzamide with readily available
arylsulfinic acids via radical addition and intramolecular
cyclization. A variety of substrates were employed in the reaction
and the corresponding sulfonated isoquinolinones were obtained in
moderate to good yields under metal-free conditions. This tandem
radical reaction provides a simple and environmental friendly access
to isoquinolinone derivatives from N-allylbenzamide. Further studies
towards understanding the mechanistic detail and synthetic
application of this kind transformation in the synthesis of other
sulfur-containing compounds are currently underway.

TBHP-promoted

This work was financially supported by the National Science
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Provincial Natural Science Foundation (1508085QB42).

Notes and references

1 (a) J. Yang, W.-Y. Hua, F.-X. Wang, Z.-Y. Wang and X. Wang,
Bioorg. Chem., 2004, 12, 6547; (b) J. D. Scott and R. M. Williams,
Chem. Rev., 2002, 102, 1669; (c) N. Yamada, S. Kadowaki, K.
Takahashi and K. Umeu, Biochem. Pharmacol., 1992, 44, 1211; (d)
B. Bonnaud, A. Carlessi and D. C. H. Bigg, J. Heterocycl. Chem.,
1993, 30, 257; (e) S. Danishefsky and J. Y. Lee, J. Am. Chem. Soc.,
1989, 111, 4829; (f) I. R. Baxendale, S. V. Ley and C. Piutti, Angew.
Chem., Int. Ed., 2002, 41, 2194; (g) M. Nagarajan, A. Morrell, B.
Fort, M. R. Meckley, S. Anthony, G. Kohlhagen, Y. Pommier and M.
M. Cushman, J. Med. Chem., 2004, 47, 5651.

2 (a) J. Azizian, A. A. Mohammadi, A. R. Karimi and M. R.
Mohammadizadeh, J. Org. Chem., 2005, 70, 350; (b) L. Wang, J.
Liu, H. Tian, C. Qian and J. Sun, Adv. Synth. Catal., 2005, 347, 689;
(c) J. S. Yadav, B. V. S. Reddy, K. Saritha Raj and A. R. Prasad,
Tetrahedron, 2003, 59, 1805; (d) M. P. Stoyanova, I. D. Kozekov and
M. D. Palamareva, J. Heterocycl. Chem., 2003, 40, 795; (e) M.
Cushman and E. J. Madas, J. Org. Chem., 1987, 52, 907; (f) M.
Cushman, J. Gentry and F. W. Dekow, J. Org. Chem., 1977, 42, 1111,
(9) Y. Vara, T. Bello, E. Aldaba, A. Arrieta, J. L. Pizarro, M. I.
Aurriortua, X. Lopez and F. P. Cossio, Org. Lett., 2008, 10, 4759.

3 (a) N. Guimond, S. I. Gorelsky and K. Fagnou, J. Am. Chem. Soc.,
2011, 133, 6449; (b) S. Rakshit, C. Grohmann, T. Besset and F.
Glorius, J. Am. Chem. Soc., 2011, 133, 2350; (c) L. Grigorjeva and
O. Daugulis, Org. Lett., 2014, 16, 4684; (d) Q. Tang, D. Xia, X. Jin,
Q. Zhang, X.-Q. Sun and C. Wang, J. Am. Chem. Soc., 2013, 135,
4628; (e) S.-S. Zhang, J.-Q. Wu, X. Liu and H. Wang, ACS Catal.,
2015, 5, 210, (f) B. Li, J. Ma, N. Wang, H. Feng, S. Xu and B. Wang,

4 | Chem. Commun., 2016, 00, 1-4

10

Org. Lett, 2012, 14, 736; (g) S. Cui, Y. Zhang and Q, Wu, Chem.
Sci., 2013, 4, 3421; (h) K. Fujiwara, T. Kurahashiland/S cNlatsuhasa,
Org. Lett., 2010, 12, 4548; (i) M. Yamauchi, M. Morimoto, T. Miura
and M. Murakami, J. Am. Chem. Soc., 2010, 132, 54; (j) S. G.
Newman and M. Lautens, J. Am. Chem. Soc., 2011, 133, 1778.

(a) W. Zhou, S. Ni, H. Mei, J. Han and Y. Pan, Org. Lett., 2015, 17,
2724; (b) N. Cholleton and S. Z. Zard, Tetrahedron Lett., 1998, 39,
7295; (c) W. Yu, P. Hu, Y. Fan, C. Yu, X. Yan, X. Li and X. Xu,
Org. Biomol. Chem., 2015, 13, 3308; (d) M. Zhang, P. Xie, W. Zhao,
B. Niu, W. Wu, Z. Bian, C. U. Pittman and A. Zhou, J. Org. Chem.,
2015, 80, 4176; (e) S.-F. Wang, C.-P. Chuang, J.-H. Lee and S.-T.
Liu, Tetrahedron, 1999, 55, 2273.

(a) P. Metzner and A. Thuillier, ed. A. R. Katritzky, O. Meth-Cohn
and C. W. Rees, Sulfur Reagents in Organic Synthesis, Academic
Press, London, 1994; (b) N. Jiang, X. Zhai, T. Li, D. F. Liu, T. T.
Zhang, B. Wang and P. Gong, Molecules, 2012, 17, 5870; (c) S. C.
Coote and T. Bach, J. Am. Chem. Soc., 2013, 135, 14948.

(a) F. G. Bordwell, Acc. Chem. Res., 1988, 21, 456; (b) B. M. Trost,
H. C. Shen and J.-P. Surivet, J. Am. Chem. Soc., 2004, 126, 12565;
(c) M. Nambo and C. M. Crudden, Angew. Chem. Int. Ed., 2014, 53,
742; (d) B. Zheng, T. Jia and P. J. Walsh, Org. Lett., 2013, 15, 1690.
(a) S. G. Modha, V. P. Mehta and E. V. Eycken, Chem. Soc. Rev.,
2013, 42, 5042; (b) X.-S. Wu, Y. Chen, M.-B. Li, M.-G. Zhou and S.-
K. Tian, J. Am. Chem. Soc., 2012, 134, 14694; (c) Y. Xi, B. Dong, E.
J. McClain, Q. Wang, T. L. Gregg, N. G. Akhmedov, J. L. Petersen
and X. Shi, Angew. Chem. Int. Ed., 2014, 53, 4657; (d) X. Tang, L.
Huang, Y. Xu, J. Yang, W. Wu and H. Jiang, Angew. Chem. Int. Ed.,
2014, 53, 4205; (e) Z. Yuan, H.-Y. Wang, X. Mu, P. Chen, Y.-L. Guo
and G. Liu, J. Am. Chem. Soc., 2015, 137, 2468; (f) T. Shen, Y.
Yuan, S. Song and N. Jiao, Chem. Commun., 2014, 50, 4115; (g) N.
Umierski and G. Manolikakes, Org. Lett., 2013, 15, 188; (h) T. Miao,
P. Li, G.-W. Wang and L. Wang, Chem.-Asian. J., 2013, 8, 3185; (i)
T. Miao and L. Wang, Adv. Synth. Catal., 2014, 356, 429; (j) T. Miao
and L. Wang, Adv. Synth. Catal., 2014, 356, 967.

For selected examples, see: (a) S. Cacchi, G. Fabrizi, A. Goggiamani
and L. M. Panrisi, Org. Lett., 2002, 4, 4719; (b) J. M. Baskin and Z.
Y. Wang, Org. Lett.,, 2002, 4, 4423; (c) S. Cacchi, G. Fabrizi, A.
Goggiamani, L. Parisi and R. Berning, J. Org. Chem., 2004, 69,
5608; (d) W. Zhu and D. Ma, J. Org. Chem., 2005, 70, 2696; (e) C.
Liu, M. Li, D. Cheng, C. Yang and S. Tian, Org. Lett.,, 2009, 11,
2543; (f) M. Reddy, P. Reddy and B. Sreedhar, Adv. Synth. Catal.,
2010, 352, 1861; (g) M. Ueda and J. F. Hartwig, Org. Lett., 2010, 12,
92; (h) K. Maloney, J. Kuethe and K. Linn, Org. Lett., 2011, 13, 102;
(i) A. Kar, I. A. Sayyed, W. F. Lo, H. M. Kaiser, M. Beller and M. K.
Tse, Org. Lett., 2007, 10, 3405; (j) H. Yang, Y. Li, M. Jiang, J. Wang
and H. Fu, Chem.—Eur. J., 2011, 17, 5652.

(a) Q. Lu, J. Zhang, G. Zhao, Y. Qi, H. Wang and A. Lei, J. Am.
Chem. Soc., 2013, 135, 11481; (b) Q. Lu, J. Zhang, Y. Qi, H. Wang,
Z. Liu and A. Lei, Angew. Chem., Int. Ed., 2013, 52, 7156; (c) F.
Xiao, H. Chen, H. Xie, S. Chen, L. Yang and G.-J. Deng, Org. Lett.,
2014, 16, 50; (d) W. Wei, J. Wen, D. Yang, J. Du, J. You and H.
Wang, Green Chem., 2014, 16, 2988; (e) W. Yang, S. Yang, P. Li
and L. Wang, Chem. Commun., 2015, 51, 7520; (f) D. Xia, T. Miao,
P. Li and L. Wang, Chem.-Asian J., 2015, 10, 1919; (g) S. Tang, Y.
Wu, W. Liao, R. Bai, C. Liu and A. Lei, Chem. Commun., 2014, 50,
4496; (h) Q. Lu, J. Chen, C. Liu, Z. Huang, P. Peng, H. Wang and A.
Lei, RSC Adv., 2015, 5, 24494.

(a) S. Purser, P. R. Moore, S. Swallow and V. Gouverneur, Chem.
Soc. Rev., 2008, 37, 320; (b) K. Miiller, C. Faeh and F. Diederich,
Science, 2007, 317, 1881; (c¢) Hagmann, W. K. J. Med. Chem., 2008,
51, 4359.

This journal is © The Royal Society of Chemistry 2016

Page 4 of 4


http://www.sciencedirect.com/science/article/pii/S0040402099000277
http://www.sciencedirect.com/science/article/pii/S0040402099000277
http://www.sciencedirect.com/science/article/pii/S0040402099000277
http://www.sciencedirect.com/science/article/pii/S0040402099000277
http://www.sciencedirect.com/science/article/pii/S0040402099000277
http://dx.doi.org/10.1039/c6cc04983d

