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B-C(sp3)-H functionalization on the 'privileged' piperazine nucleus
has been disclosed using ruthenium catalysis. The ruthenium
catalyzed synthesis of a variety of piperazine fused indoles from
ortho-piperazinyl (hetero)aryl aldehydes is presented. This
transformation takes place via dehydrogenation of piperazine
followed by intramolecular nucleophilic addition of the transient
enamine moiety onto the carbonyl group then aromatization
cascade.

C(sp3)-H activation-functionalization has emerged as an
important area of research in modern organic synthesis.!
C(sp3)-H activation-functionalization of aliphatic (cyclic)
amines provides a tool for the synthesis of various nitrogen
containing derivatives including N-heterocycles. Generally,
C(sp3)-H functionalization on the a-carbon to nitrogen atom
are well reported®2 while that on the B-carbon to nitrogen has
received considerably less attention.3 Bruneau group has
reported ruthenium catalyzed B-C(sp3)-H functionalization of
saturated cyclic amines.* Gaunt and co-workers have reported
the transformation of aliphatic amines to B-lactams enabled by
palladium catalyzed B-C-H carbonylation.> Yu and co-workers
have described directing group assisted, Pd/NHC catalyzed B-
C(sp3)-H arylation of saturated cyclic amines (Scheme 1).6
However, C-H functionalization of piperazines has received
significantly less attention despite the prominence of this
'privileged' moiety in several life-saving marketed drugs and
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derivatives.

Biologically active N-fused piperazine-indole

continuing to be important in drug discovery programs.” This is
probably due to the presence of two 1,4-nitrogen atoms in the
ring system, interfering in selectivity and reactivity issues,
making them challenging substrates for investigations in the
area of C-H functionalization. In spite of these reasons there
have been few reports on the a-C(sp3)-H functionalization of
piperazines—facilitated by strong bases,® transition metal-°
and photoredox-catalysis.10 However, B-C(sp3)-H
functionalization of piperazine remains a challenging problem.
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Herein we report B-C(sp3)-H functionalization on the
'privileged' piperazine nucleus using ruthenium catalysis
(Scheme 1). We envisaged that ruthenium-catalyzed
dehydrogenation on N-alkyl piperazine would furnish iminium
intermediates en route to enamine formation, which would
add onto an electrophile to accomplish net B-C(sp3)-H
functionalization. Accordingly, we chose 2-(4-methylpiperazin-
1-yl)benzaldehyde 1a containing N-methyl group that assist in
the enamine formation and an internal carbonyl group
tethered to the N(4) of the piperazine to serve as an
electrophile. This transformation would eventually furnish
piperazine fused indole systems, which represent potential
compounds in the area of medicinal chemistry due to their
wide range of biological activities including 5-HT,c receptor
agonists,!! anti-diabetic, cytotoxic'? and LXR modulator
activity!3 (Figure 1).

The initial reaction of compound 1a in the presence of
RuCls.xH20 and camphorsulfonic acid (CSA) as an additive did
not give any B-C(sp3)-H functionalization product (Table 1,
entry 1). Much to our delight, using [Ru(p-cymene)Cl;]; B as a
catalyst in the presence of CSA additive resulted in the
corresponding piperazine fused indole 2a in 38% yield (Table 1,
entry 2). Encouraged by this result, we have screened different
ruthenium/iridium catalysts and additives in this reaction (for a
detailed optimization study, see supporting information). The
well-defined ruthenium and iridium catalysts (C, D and E)
bearing a phosphine-benzenesulfonate ligand in the presence
of CSA resulted in lower yields of the desired product (Table 1,
entries 4-6). The ruthenium catalyst tris(2,2'-
bipyridyl)Ru(ll)Cl.6H,0 F also gave a low yield of 2a (Table 1,
entry 7). Increasing the loading of B to 5 mol% proved to give
better results (Table 1, entry 8). Use of other acidic additives
such as p-TSA and 3,5-DNB did not give better results (Table 1,
entries 9 and 10). When molecular sieves 4 A (0.5 g) were
added to the reaction along with the additive CSA in the
presence of B, the corresponding product was isolated in 66%
yield (Table 1, entry 11). The absence of CSA as additive
resulted in lower yield of 2a (Table 1, entry 12), which confirms
the presence of acid benefits the reaction. This transformation
was not successful in the absence of ruthenium catalyst (Table
1, entry 13).

We selected the optimized conditions reported in entry 11
to study the scope of this transformation (Scheme 2). Initially,
the nature of the substituents on the N(1) of piperazine has
been checked and it was found that ethyl and n-propyl
substituents resulted in moderate yields of the corresponding
piperazine fused indoles 2b-c. It is interesting to note that
when ortho-piperazinylbenzaldehyde bearing a benzyl group at
the N(1) position of the piperazine ring was subjected to the
optimized conditions, most of the starting material remained
unreacted and N-benzyl,N’-phenylpiperazine resulting from
decarbonylation of the aldehyde was formed in low amount
(see supporting information). This result reveals that the
present catalytic system exhibits a different tolerance to the
protecting group of the directing nitrogen atom since catalysts
C and D were efficient for the intermolecular B-C(sp3)-H
alkylation by aldehydes starting from cyclic N-benzyl amines.*?
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[Ru(P-cymene)(kZ-O'tBuPPBS)CI] g o
[Ir(P-cymene)(k2-0-DPPBS)CI]

Entry  Catalyst (x mol%) Additive (y mol%) yield% of 2at
1 A(2) CSA (5) —
2 B (2) CSA (5) 38
3 B(2) CSA (10) 38
4 c(2) CSA (5) 19
5 D (2) CSA (5) 17
6 E(2) CSA (5) 21
7 F(2) CSA (5) 10
8 B (5) CSA (10) 56
9 B (5) p-TSA (10) 13
10 B (5) 3,5-DNB (10) -
11 B(5) CSA (10) + MS 4 A 66
12 B (5) - 32
13 — CSA (10) -

aReaction conditions: 1a (0.6 mmol), catalyst (x mol%),
additive (y mol%), toluene (2 mL); bYields are for isolated
products; Reactions were performed at 140 °C for 18 h;
CSA = camphorsulfonic acid; p-TSA = para-toluenesulfonic
acid; 3,5-DNB = 3,5-dinitrobenzoic acid; MS = molecular
sieves.

Different N-methyl-N'-aryl-piperazine compounds 1d-q have
been prepared and subjected to the ruthenium catalyzed B-
C-H functionalization reaction. ortho-Piperazinyl
benzaldehydes 1d-l bearing halogen substituents like chloro,
bromo or fluoro groups at different positions have undergone
the B-C(sp3)-H functionalization to afford moderate yields of
the corresponding piperazine fused indoles 2d-l under the
ruthenium catalysis conditions. Piperazine fused indoles 2m-o
bearing electron-withdrawing groups like trifluoromethyl or
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E Scheme 2 Synthesis of piperazine fused indole derivatives. scale up the reaction to a gram scale for the synthesis 2-
T methyl-1,2,3,4-tetrahydropyrazino[1,2-a]indole 2a in good

yield (Scheme 3).

H  [Ru(p-cymene)Clz]; (5 m0l%) .
We have performed control experiments to know whether

CSA (10 mol%)

[N] Molecular Sie;/es 44 . [ 7 the reaction goes through a- or B-C(sp3)-H activation and to

N 12 Toluene, 140 °c, 18 h N™ 2a get insights of the mechanism. The reactions of ortho-N-

10msno| 55%Tzzg piperidinyl or ortho-N-morpholinyl benzaldehyde derivatives

Scheme 3 Gram scale synthesis of 2-methyl-1,2,3,4- 3a-b under the present ruthenium catalysis conditions did not
tetrahydropyrazino[1,2-a]indole 2a. give the products 4a-b arising from a-C(sp3)-H

functionalization while most of the substrates remained
nitro groups on the benzene ring were obtained in moderate unreacted (Scheme 4, top). These experiments suggest that in
yields. ortho-Piperazinyl benzaldehyde 1p bearing the the presence of ruthenium catalyst B-C(sp3)-H activation-
electron-donating methyl group is a good substrate for this  functionalization taking place on the piperazine nucleus where
transformation, comparable to 1a. Further, this transformation  n-alkyl part of the piperazine is playing an essential role. The
is not limited to only ortho-piperazinyl aromatic aldehydes as radical pathway en route to piperazine fused indoles may be
N-heteroaryl piperazine like 8-methyl-2-(4-methylpiperazin-1-  ryled out since addition of TEMPO did not affect the reaction
yl)quinoline-3-carbaldehyde 1q also served as a good substrate  of the ruthenium catalyzed of ortho-N-piperazinyl
in this transformation to afford the corresponding piperazine penzaldehyde 1a (Scheme 4, bottom).

fused aza-indole system 2q in good yield. On the other hand, Based on the control experiments and literature reports,* a
an acyl group in place of the carbaldehyde led to an inactive plausible mechanism for the present ruthenium catalyzed B-
substrate. C-H functionalization is depicted in the Scheme 5. Piperazine 1
This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3
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may be converted to the corresponding iminium intermediate
I in the presence of ruthenium catalyst via hydrogen transfer.
The intermediate | would then give azomethine ylide Il along
with ruthenium hydride species, after hydrogen abstraction.
The presence of acid might promote the formation of enamine
intermediate lll, which would attack the carbonyl group to give
intermediate IV. This would then undergo aromatization via
dehydration to afford intermediate V, and the iminium part of
it could be reduced by the ruthenium hydride species to
furnish the piperazine fused indole 2.

In conclusion, we have developed an unprecedented
ruthenium catalyzed B-C(sp3)-H functionalization on the
'privileged' piperazine
dehydrogenation and hydrogen auto-transfer process appears
to be the key for this successful transformation. This protocol

nucleus. Ruthenium-catalyzed

complements the few available catalytic methods for a-
C(sp3)-H functionalization of piperazines. Various piperazine
fused indole derivatives have been synthesized using the
presented method. The optimized method enabled the gram
scale synthesis of a representative piperazine fused indole
derivative. Explorations are underway on the intermolecular B-
C(sp3)-H functionalization using different coupling partners on
piperazine and related systems using well-defined ruthenium
catalysts.

We thank the Indo-French Centre for the Promotion of
Advanced Research (CEFIPRA/IFCPAR No. 5105-4) for financial
support. VM thanks UGC, New Delhi for financial support. ARS
thanks CEFIPRA for financial support.

Notes and references

1 Forrecent selected reviews on C(sp3)-H activation-
functionalization, see: (a) H. Yi, G. Zhang, H. Wang, Z. Huang,
J. Wang, A. K. Singh and A. Lei, Chem. Rev., 2017, 117, 9016;
(b) J. He, M. Wasa, K. S. L. Chan, Q. Shao and J.-Q. Yu, Chem.
Rev., 2017, 117, 8754; (c) H. M. L. Davies and D. Morton, J.
Org. Chem., 2016, 81, 343; (d) W. Zhang, N.-X. Wang and Y.
Xing, Synlett, 2015, 26, 2088; (e) C. Bruneau, Top.
Organomet. Chem., 2014, 48, 195; (f) G. Rouquet and N.
Chatani, Angew. Chem. Int. Ed., 2013, 52, 11726.

2 For some reviews C(sp3)-H functionalization on the a-carbon
to nitrogen, see: (a) M.-X. Cheng and S.-D. Yang, Synlett,
2017, 28, 159; (b) Y. Qin, J. Lv and S. Luo, Tetrahedron Lett.,
2014, 55, 551; (c) E. A. Mitchell, A. Peschiulli, N. Lefevre, L.
Meerpoel and B. U. W. Maes, Chem. Eur. J., 2012, 18, 10092;
(d) C.-J. Li, Acc. Chem. Res., 2009, 42, 335; (e) H. M. L. Davies
and J. R. Manning, Nature, 2008, 451, 417; (f) K. R. Campos,
Chem. Soc. Rev., 2007, 36, 1069; (g) S.-I. Murahashi, Angew.
Chem. Int. Ed. Engl., 1995, 34, 2443.

3 (a) Z. Tan, H. Jiang and M. Zhang, Org. Lett., 2016, 18, 3174;
(b) C. He and M. J. Gaunt, Angew. Chem. Int. Ed., 2015, 54,
15840; (c) J. Shen, D. Cai, C. Kuai, Y. Liu, M. Wei, G. Cheng
and X. Cui, J. Org. Chem., 2015, 80, 6584; for a review on
remote sp? C-H functionalization, see: (c) J. Li, S. D. Sarkar
and L. Ackermann, Top. Organomet. Chem., 2016, 55, 217.

4 (a) B. Sundararaju, M. Achard, G. V. M. Sharma and C.
Bruneau, J. Am. Chem. Soc., 2011, 133, 10340; (b) T. Boudiar,
Z. Sahli, B. Sundararaju, M. Achard, Z. Kabouche, H. Doucet
and C. Bruneau, J. Org. Chem., 2012, 77, 3674; (c) |. Ozdemir,
S. D. Dusunceli, N. Kaloglu, M. Achard and C. Bruneau, J.
Organomet. Chem., 2015, 799-800, 311; (d) F. Jiang, M.
Achard and C. Bruneau, Chem. Eur. J., 2015, 21, 14319.

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

10

11

12

13

14

D. Willcox, B. G. N. Chappell, K. F. Hogg, J. Callejgfeve.APn.Cle Online
Smalley and M. J. Gaunt, Science, 2016,35% 8%b,/c7cco5604D
S.Ye, W. Yang, T. Coon, D. Fanning, T. Neubert, D. Stamos
and J.-Q. Yu, Chem. Eur. J., 2016, 22, 4748.

For recent reviews, see: (a) K. E. Gettys, Z. Ye and M. Dai,
Synthesis, 2017, 49, 2589; (b) Z. Ye, K. E. Gettys and M. Dai,
Beilstein J. Org. Chem., 2016, 12, 702.

(a) J. D. Firth, P. O’Brien and L. Ferris, . Am. Chem. Soc.,
2016, 138, 651; (b) G. Gelardi, G. Barker, P. O’Brien and D. C.
Blakemore, Org. Lett., 2013, 15, 5424; (c) S. P. Robinson, N.
S. Sheikh, C. A. Baxter and |. Coldham, Tetrahedron Lett.,
2010, 51, 3642; (d) B. P. McDermott, A. D. Campbell and A.
Ertan, Synlett, 2008, 875; (e) M. Berkheij, L. van der Sluis, C.
Sewing, D. J. den Boer, J. W. Terpstra, H. Hiemstra, W. I. I.
Bakker, A. van den Hoogenband and J. H. van Maarseveen,
Tetrahedron Lett., 2005, 46, 2369.

(a) P. R. Payne, P. Garcia, P. Eisenberger, J. C.-H. Yim and L. L.
Schafer, Org. Lett., 2013, 15, 2182; (b) Y. Ishii, N. Chatani, F.
Kakiuchi and S. Murai, Organometallics, 1997, 16, 3615.

(a) A. Noble and D. W. C. MacMillan, J. Am. Chem. Soc., 2014,
136, 11602; (b) C. K. Prier and D. W. C. MacMillan, Chem.
Sci., 2014, 5, 4173; (c) A. McNally, C. K. Prier and D. W. C.
MacMillan, Science, 2011, 334, 1114.

S. Rover, D. R. Adams, A. Bénardeau, J. M. Bentley, M. J.
Bickerdike, A. Bourson, I. A. Cliffe, P. Coassolo, J. E. P.
Davidson, C. T. Dourish, P. Hebeisen, G. A. Kennett, A. R.
Knight, C. S. Malcolm, P. Mattei, A. Misra, J. Mizrahi, M.
Muller, R. H. P. Porter, H. Richter, S. Taylor and S. P. Vickers,
Bioorg. Med. Chem. Lett., 2005, 15, 3604.

(a) Z. Fan, Z.-H. Sun, Z. Liu, Y.-C. Chen, H.-X. Liu, H.-H. Li and
W.-M. Zhang, Mar. Drugs, 2016, 14, 164; (b) S. Soldatouab
and B. J. Baker, Nat. Prod. Rep., 2017, 34, 585.

C. Dong, Y. Fan, K. Leftheris, S. Lotesta, S. B. Singh, C. Tice, W.
Zhao, Y. Zheng and L. Zhuang, World Patent, 2003,
WO02013138568A1.

(a) B. Sundararaju, Z. Tang, M. Achard, G. V. M. Sharma, L.
Toupet and C. Bruneau, Adv. Synth. Catal., 2010, 352, 3141;
(b) K. Yuan, F. Jiang, Z. Sahli, M. Achard, T. Roisnel and C.
Bruneau, Angew. Chem. Int. Ed., 2012, 51, 8876.

This journal is © The Royal Society of Chemistry 20xx

Page 4 of 5


http://dx.doi.org/10.1039/c7cc05604d

Page 5 of 5 ChemComm
View Article Online
DOI: 10.1039/C7CC05604D

Graphical Abstract

Ruthenium Catalyzed 8-C(sp’)-H Functionalization on the
'Privileged’ Piperazine Nucleus

V. Murugesh,® Christian Bruneau, Mathieu Achard,® Apurba R. Sahoo,® Gangavaram V. M.
Sharma,® and Surisetti Suresh*®®

% Organic and Biomolecular Chemistry Division, CSIR-Indian Institute of Chemical Technology (CSIR-1ICT)
Hyderabad 500 007, India, E-mail: surisetti@iict.res.in; suresh.surisetti@yahoo.in.

b Academy of Scientific and Innovative Research (AcSIR), CSIR-Indian Institute of Chemical Technology
(CSIR-1ICT), Hyderabad 500 007, India.

“ UMRG6226, Institut des Sciences Chimiques de Rennes, Universite de Rennes1, OMC: Organometalliques:
Materials and Catalysis, Campus de Beaulieu, 35042 Rennes Cedex, France.

Abstract:

B-C(sp’)-H functionalization on the 'privileged' piperazine nucleus has been disclosed using
ruthenium catalysis. The ruthenium catalyzed synthesis of a variety of piperazine fused indoles from
ortho-piperazinyl (hetero)aryl aldehydes is presented. This transformation takes place via
dehydrogenation of piperazine followed by intramolecular nucleophilic addition of the transient
enamine moiety onto the carbonyl group then aromatization cascade.
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Ruthenium catalysed 8-C(sp)-H Functionalization of piperazines has been revealed.
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