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An efficient synthesis of highly substituted isoquinolinium salts
from ketimines and alkynes via a Rh(i)-catalyzed C—H bond activa-
tion and annulation reaction is described.

Isoquinolinium cation is an important structural motif found in
many naturally occurring compounds, which exhibit numerous
important biological activities." They are also known as potential
intermediates for the synthesis of many bioactive and heterocyclic
compounds.” Owing to their broad application, several metal-
mediated or catalyzed methods have been known for the synthesis
of isoquinolinium salts from ortho-halo imines.>® Recently,
transition-metal-catalyzed C-H bond activation reactions have
played an important role in the formation of carbon-carbon and
carbon-heteroatom bonds.”> In particular, Rh(m)-complexes have
revealed great potential in the synthesis of various heterocyclic
and carbocyclic compounds through the C-H bond activation
reactions.® In this context, we have demonstrated the Rh(m) and
Ru(u)-catalyzed C-H activation reactions for the synthesis of iso-
quinolinium salts from aldehydes, amines and alkynes.” In addition
to isoquinolinium salts, Rh(m)-catalyzed C-H activation reactions
have also been applied in the synthesis of pyridoisoquinolinium,®*”
cinnolinium® and quinolizinium® salts. The known C-H activation
reactions to produce isoquinolinium salts all involve aldehyde imines
and no example was reported for formation of isoquinolinium salts
from ketimines. A key reason is that the reaction of ketones with
amines to form the corresponding ketimines and water is in general
thermodynamically unfavorable.” Thus, the synthesis of ketimines by
carefully removing the water produced is required prior to the catalytic
reaction with alkynes. In addition, the exclusion of water in the
reaction solution to prevent the hydrolysis of ketimines is necessary.
1t should be noted that the 1-substituted isoquinolinium cation is
an important core in natural and pharmaceutical products (Fig. 1).°
Our continuous interest in the transition-metal-catalyzed C-H bond
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activation reactions'® and the reactions for the synthesis of nitrogen
containing salts prompts us to tackle this problem. Herein, we report
an efficient C-H activation route for the synthesis of 1-substituted
isoquinolinium salts from ketimines and alkynes using a Rh(ur)
catalyst system.

Several types of ketimines were successfully prepared by
refluxing an equimolar mixture of the corresponding ketones and
amines in toluene using a Dean-Stark apparatus. Fortunately, the
reaction of 1a (0.365 mmol) with diphenylacetylene (2a) (0.281 mmol)
in the presence of 2.0 mol% of [RhCp*Cl,],, AgBF, (0.281 mmol) and
Cu(OAc), (0.281 mmol) in #amylOH (2 mL) at 110 °C for 4 h
proceeded smoothly; isoquinolinium salt 3aa was obtained in 83%
isolated yield (Table 1). This C-H activation reaction depends greatly
on the choice of solvent. Among the solvents examined, -amylOH
gave the highest yield of salt product 3aa of 83%. Other alcohols like
EtOH and MeOH were less effective giving 3aa in 80 and 55% yields,
respectively; the other solvents including DMF, o-dichlorobenzene,
1,2-dichloroethane (DCE), toluene and 1,4-dioxane were totally
inactive (see ESIt for a detailed optimization study).

Having the optimized reaction conditions in hand, we then
examined the reaction of various substituted acetophenone imines
(1b-k) with diphenylacetylene (Table 1). Thus, 4-bromo, 4-iodo,
4-methoxy and 4-phenyl acetophenone imines 1b-e afforded the
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Fig. 1 Examples of natural products and bio-active molecules having a
1-substituted isoquinolinium core structure.
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Table 1 Results of Rh(i)-catalyzed annulation of acetophenone imines

with internal alkynes®®
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o
1 >

R! BF,
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R3——R3 t-amylOH, 110 °C, 4 h R3
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1a: Ar = Ph, R? = p-anisyl, R' = CHg 1k: Ar = Ph, R2 = p-anisyl, R" =
1b: Ar = 4-BrCgH,, R? = p-anisyl, R' = CH, CH,CH3
1c: Ar = 4-ICgH,, R? = p-anisyl, R' = CH3 1I: Ar = Ph, R? = p-anisyl, R" =
1d: Ar = 4-OMeCgH,, R? = p-anisyl, R' = CHg CH,Ph
1e: Ar = 4-PhCgH,, R? = p-anisyl, R' = CHg 1m: Ar = 3-FCgHy, R? = p-anisyl,
1f: Ar = 3-BrCgH,, R? = p-anisyl, R' = CH; =CH,
1g: Ar = 3,4-diOMeCgH3, R2 = Me, R' = CHj 2a: R3= Ph
1h: Ar = 3,4-diMeCgH3, R% = p?nusy\ R!'= cr113 2b: R® = n-C3Hy
1i: Ar = N-butylcarbazol-3-yl, R* = p-anisyl, R' = CH; 2c: R? = p-anisyl
1j: Ar = Ph, R? = N-ethylcarbazol-3-yl, R' = CHg
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BF, CHa BF, CH3
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% Unless otherwise mentioned, all reactions were carried out using
acetophenone imine 1 (0.365 mmol), alkyne 2 (0.281 mmol), [RhCp*Cl,],
(3.4 mg, 0.00562 mmol), AgBF, (54 mg, 0.281 mmol) Cu(OAc) (51 mg,
0.281 mmol) in t-amyl alcohol (2.0 mL) at 110 °C for 4 h. ? Isolated yields
based on 2.

corresponding isoquinolinium salts 3ba-ea in 81-87% yields. The
catalytic reaction is compatible nicely with meta substitution on
the phenyl ring of acetophenone imines. As a result, 3-bromo-,
3,4-dimethyl- and 3,4-dimethoxy substituted substrates 1f-h
afforded the corresponding isoquinolinium salts 3fa, 3ga and
3ha in 84, 80 and 79% yields, respectively. These meta-substituted
substrates 1f-h possess two possible C-H activation sites and
are selectively functionalized only at the less hindered site. In
products 3ba, 3ca and 3fa, the halo substituents remain intact and
can be used for further transformations. Dialkylalkyne 4-octyne (2b)
also reacted smoothly with 1b to give isoquinolinium salt 3bb in
75% yield. Furthermore, the reaction of indoloacetophenone imine
1i with alkynes 2a and 2c gave salt products 3ia and 3ic in 85 and
84% yields, respectively. As expected, N-carbazolyl acetophenone
imine 1j also reacted with 2a effectively to provide isoquinolinium
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salt 3ja in 72% yield. The reaction of propiophenone imine 1k with
2a gave isoquinolinium salt 3ka in 86% yield. Benzyl phenyl
ketoimine 11 reacted smoothly with 2a to form 1-benzyl substituted
isoquinolinium salt 3la in 79% yield. Finally, 3-fluoro acetophenone
imine 1m underwent a reaction with 2a to give two regio isomeric
products 3ma + 3ma’ in a 3:1 ratio in 85% combined yield.
Having achieved the synthesis of isoquinolinium salts from sub-
stituted acetophenone imines, we tested the reaction of benzo-
phenone imine with various alkynes. Under similar reaction condi-
tions, N-4-methoxyphenyl benzophenone imine 4a reacted with
diphenylacetylene 2a to give isoquinolinium salt 5aa in 97% isolated
yield. To avoid excess amount of expensive Ag salt, we re-optimized
the reaction conditions (see ESIt) and found that the reaction of 4a
(0.365 mmol) and diphenyl acetylene 2a (0.281 mmol) in the presence
of [RhCp*Cl,), (2.0 mol%), AgBF, (0.0281 mmol) and Cu(BF,),'H,O
(0.562 mmol) in #amylOH (2 mL) at 110 °C for 4 h gave 5aa in 93%
isolated yield (Table 2). With these modified reaction conditions, we
examined various electron rich and electron deficient symmetrical
alkynes 2b-g with 4a to produce isoquinolinium salts. Thus, the
reaction of 4-OMe, 4-Me, 4-Br and 4-CF; substituted diphenylacetylenes

Table 2 Results of Rh(in)-catalyzed annulation of benzophenone imines
with internal alkynes®®

R2
Ny O R
«
R3

4 2

[RhCp*Cl,], (2.0 mol %)
AgBF, (10 mol %)

Cu(BF4)26H,0 (2 equiv)
t-amylOH, 110 °C, 4 h

4a: A =Ph, R2=4-OMeCgH, 28 R®=R'=CgHs

4b; Ar' = p-BrPh, R? = 4-OMeCgH, 203 R® =R*=n-CsH;

4c: Ar' = Ph, R? = butyl 26:R?=R" = 4-OMeCgH,

4d: Ar' = Ph, R? = benzyl 2d: R® = R* = 4-MeCqH,

4e: Ar' = Ph, R2 = 3 4-methylene- 281 R®= R*=4-BrCeH,
diophenyl 26 R =Ré = 4-CFyCeHy
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5ab: RO =R*=n-CsHri87% 5aq: 9195 5ai: R? = Et; 89% (92:8)°
5ac: R® = R* = 4-OMeCgHj; 92% 5aj: R® = CH,0Me; 87% Ph BF,
i

5ad: R? = R* = 4-MeCgHy; 91%
5ae: R® = R* = 4-BrCqH,; 89%

5ak: R3 = CO,Et; 85%
S~ (CH2)sCHg
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5af: R3 = R* = 4-CF3-CgHy; 85% 4 _
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Br PMP,
N\ Ph Ph
5ca; 89%
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LTS I
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- PMP PMP
SN SN 5fa; 89% N /@ )
= = h 9
Ph Br Ph
7 >ph

1 Ph Ph
T Ph

5ba'+5ba (1:1); 83% Sea; 82%

? Unless otherwise mentioned, all reactions were carried out using
benzophenone imine 4 (0.365 mmol), alkyne 2 (0.281 mmol),
[RhCp*Cl;], (3.4 mg, 0.00562 mmol), AgBF, (0.0054 g, 0.0281 mmol)
Cu(BF4) -6H,0 (0.194 g, 0.562 mmol) in ¢ amleH (2 mL) at 110 °C for
4 h. ? 1solated yields based on 2. ¢ Ratio of regioisomers (major isomer
is shown). PMP = p-methoxyphenyl.
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Scheme 1 Formation of Ru(i)-catalyzed isoquinolinium salt.

with 4a afforded the respective isoquinolinium salts in excellent
yields. Similarly, oct-4-yne 2b and 1,2-di(thiophen-2-yl)ethyne 2g
nicely reacted with 4a to afford products 5ab and 5ag in 87 and
91% yields respectively. Unsymmetrical alkynes 2h-k reacted effi-
ciently with 4a to give respective isoquinolinium products 5ah-ak in
excellent yields and regioselectivity. Benzophenone imines 4c-e with
N-n-butyl, -benzyl and -3,4-substituent reacted with 2a to give
corresponding isoquinolinium salts 5ca-5ea in 89, 92 and 82%
yields, respectively. Similarly, the reaction of fluorenone imine 4f
with 2a gave the desired isoquinolinium salt 5fa in 89% yield. To
understand the regio-selectivity of benzophenone imine with
different substituents on the phenyl rings in this catalytic reac-
tion, we chose imine derived from 4-bromobenzophenone 4b as
the substrate for the reaction with 2a. The "H NMR spectrum of
the product mixture showed that C-H activation occurred equally
in both substituted and unsubstituted phenyl rings to give a
mixture of 5ba and 5ba’ in a 1:1 ratio in 83% combined yield
(Table 2).

In addition to the use of [RhCp*Cl,], as the catalyst, we also
tested the catalytic activity of ruthenium complexes. Gratifyingly,
the reaction of benzophenone imine 4a with 2a in the presence
of 2 mol% of [Ru(p-cymene)Cl,],, AgBF, (1 equiv.) and Cu(OAc),
(1 equiv.) in t-amylOH at 110 °C for 4 h gave 5aa in 81% isolated
yield (Scheme 1). The result indicates that ruthenium complexes
can also be employed in the present catalytic reaction.'*

Based on our experimental results and the known metal-
catalyzed directing group-assisted C-H bond activation reactions,®’
a plausible mechanism for the present rhodium(m)-catalyzed reac-
tion likely involves the removal of chloride by Ag* in [RhCp*Cl,], to
generate a more catalytically active rhodium di-cation.?® Then the
coordination of the imine substrate to the rhodium(ur) center,
followed by ortho C-H bond activation form a 5-membered
rhodacycle. Alkyne coordination and subsequent insertion
provides a 7-membered rhodacycle. Finally, reductive elimina-
tion gives the isoquinolinium salt product.

In conclusion, we have successfully developed a new method
for the synthesis of various 1-substituted isoquinolinium salts
from ketimines and alkynes via rhodium(m)-catalyzed C-H
bond activation. Various substituted acetophenone and benzo-
phenone imines derived from different aliphatic and aromatic
amines were successfully employed in this C-H bond activation
and annulation reaction. Further applications of this metho-
dology to natural products synthesis are currently under study
in our laboratory.

We thank the National Science Council of Republic of China
(NSC-102-2628-M-007-005) for support of this research.

3108 | Chem. Commun., 2014, 50, 3106-3108

View Article Online

Communication

Notes and references

1 (a) B. D. Krane, M. O. Fagbule and M. Shamma, J. Nat. Prod., 1984,
47, 1; (b) A. Schmidt, Adv. Heterocycl. Chem., 2003, 85, 67.

2 (@) R. B. Gupta, R. W. Franck, K. D. Onan and C. E. Soll, J. Org.

Chem., 1989, 54, 1097; (b) T. E. Nicolas and R. W. Franck, J. Org.

Chem., 1995, 60, 6904; (c) O. Tsuge, S. Kanemasa, K. Sakamoto and

S. Takenaka, Bull. Chem. Soc. Jpn., 1988, 61, 2513; (d) L. Zhang,

F. Liang, L. Sun, Y. Hu and H. Hu, Synthesis, 2000, 1733; (¢) S. Su and

J. A. Porco Jr., J. Am. Chem. Soc., 2007, 129, 7744.

For stoichiometric metal mediated reaction, see: (a) G. Wu,

A. L. Rheingold, S. J. Geib and R. F. Heck, Organometallics, 1987,

6, 1941; (b) G. Wu, A. L. Rheingold, S. J. Geib and R. F. Heck, J. Org.

Chem., 1988, 53, 3228.

4 For metal catalyzed reaction of ortho-halo imines, see:

(@) R. P. Korivi, W. J. Wu and C.-H. Cheng, Chem.-Eur. J., 2009,

15, 10727; (b) R. P. Korivi, W. J. Wu and C.-H. Cheng, Chem.-Eur. .,

2010, 16, 282; () W. C. Shih, C.-C. Teng, K. Parthasarathy and

C.-H. Cheng, Chem.-Asian J., 2012, 7, 306.

For reviews, see: (@) X. Chen, K. M. Engle, D.-H. Wang and J.-Q. Yu, Angew.

Chem., Int. Ed., 2009, 48, 5094; (b) T. W. Lyons and M. S. Sanford, Chem.

Rev., 2010, 110, 1147; (c) L. Ackermann, Chem. Rev., 2011, 111, 1315;

(d C. S. Yeung and V. M. Dong, Chem. Rev., 2011, 111, 1215;

() S. R. Neufeldt and M. S. Sanford, Acc. Chem. Res., 2012, 45, 936;

(f) K. M. Engle, T. S. Mei, M. Wasa and J. Q. Yu, Acc. Chem. Res., 2012,

45, 788; (g) H. M. L. Davies, J. Du Bois and J. Q. Yu, Chem. Soc. Rev., 2011,

40, 1855; (1) G. Song, F. Wang and X. Li, Chem. Soc. Rev., 2012, 41, 3651;

(9) L. Ackermann, Acc. Chem. Res., 2012, DOIL: 10.1021/ar3002798.

6 For reviews, see: (@) T. Satoh and M. Miura, Chem.-Eur. J., 2010,

16, 11212; (b) D. A. Colby, A. S. Tsai, R. G. Bergman and J. A. Ellman,

Acc. Chem. Res., 2012, 45, 814; (¢) G. Song, F. Wang and X. Li, Chem.

Soc. Rev., 2012, 41, 3651; (d) F. W. Patureau, J. Wencel-Delord and

F. Glorius, Aldrichimica Acta, 2012, 45, 31.

(@) J. Jayakumar, K. Parthasarathy and C.-H. Cheng, Angew. Chem., Int.

Ed., 2012, 51, 197; (b) K. Parthasarathy, N. Senthilkumar, J. Jayakumar

and C.-H. Cheng, Org. Lett., 2012, 14, 3481; For stoichiometric Rh(um)-

catalyzed isoquinolinium salt formation, see: (¢) L. Li, W. W. Brennessel

and W. D. Jones, J. Am. Chem. Soc., 2008, 130, 12414.

(@) G. Zhang, L. Yang, Y. Wang, Y. J. Xie and H. Huang, J. Am. Chem.

Soc., 2013, 135, 8850; (b) C.-Z. Luo, P. Gandeepan, J. Jayakumar,

K. Parthasarathy, Y. W. Chang and C.-H. Cheng, Chem.-Eur. J., 2013,

19, 14181; (c¢) K. Muralirajan and C.-H. Cheng, Chem.-Eur. J., 2013,

19, 6198; (d) D. Zhao, Q. Wu, X. Huang, F. Song, T. Lv and J. You,

Chem.-Eur. J., 2013, 19, 6239; (¢) C.-Z. Luo, P. Gandeepan and

C.-H. Cheng, Chem. Commun., 2013, 49, 8528.

(@) Y. Nishiyama, M. Moriyasu, I. Ichimaru, K. Iwasa, A. Kato, S. G.

Mathenge, P. B. Chalo Mutiso and F. D. Juma, Phytochemistry, 2004,

65, 939; (b) E. Badarau, S. Dilly, F. Dufour, S. Poncin, V. Seutin and

J-F. Liégeois, Bioorg. Med. Chem. Lett., 2011, 21, 6756; (c) M. Naoi and

W. Maruyama, Mech. Ageing Dev., 1999, 111, 175; (d) T. Tanahashi, Y. Su,

N. Nagakura and H. Nayeshiro, Chem. Pharm. Bull, 2000, 48, 370; (e) A.

Ponte-Sucre, J. F. Faber, T. Gulder, I. Kajahn, S. E. H. Pedersen,

M. Schultheis, G. Bringmann and H. Moll, Antimicrob. Agents Chemother.,

2007, 51, 188; (f) E. R. Jang, M. Ryy, J. E. Park, J-H. Kim, J.-S. Lee and

K. Song, J. Biol Chem., 2010, 285, 2986; (g) A. Ponte-Sucre, T. Gulder,

A. Wegehaupt, C. Albert, C. Rikanovi¢, L. Schaeflein, A. Frank, S. Schultheis,

M. Unger, U. Holzgrabe, G. Bringmann and H. Moll, /. Med. Chem., 2009,

52, 626.

10 (a) P. Gandeepan, K. Parthasarathy and C.-H. Cheng, J. Am. Chem. Soc.,
2010, 132, 8569; (b) K. Muralirajan, K. Parthasarathy and C.-H. Cheng,
Org. Lett., 2012, 14, 4262; (c) P. Gandeepan, C.-H. Hung and C.-H. Cheng,
Chem. Commun., 2012, 14, 3478; (d) P. Gandeepan and C.-H. Cheng,
J. Am. Chem. Soc., 2012, 134, 5738; (e) J. Karthikeyan, R. Haridharan and
C.-H. Cheng, Angew. Chem., Int. Ed., 2012, 49, 12343; (f) P. Gandeepan
and C.-H. Cheng, Org. Lett., 2013, 15, 2084; (g) N. Senthilkumar,
K. Parthasarathy, P. Gandeepan and C.H. Cheng, Chem.-Asian J.,
2013, 8, 2175; (k) P. C. Huang, P. Gandeepan and C.-H. Cheng, Chem.
Commun., 2013, 49, 8540; (i) S.-C. Chuang, P. Gandeepan and
C.-H. Cheng, Org. Lett., 2013, 15, 5750.

11 J. Li and L. Ackermann, Tetrahedron, 2013, DOIL: 10.1016/j.tet.2013.10.003.

w

[42]

~

o]

e}

This journal is © The Royal Society of Chemistry 2014


http://dx.doi.org/10.1039/c3cc49467e

