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An iodine catalyzed sulfenylation of pyrazalones with a diverse range of heterocyclic thiols, heterocyclic thiones and
disulfides has been described using dimethyl sulfoxide as an oxidant, which is an inexpensive, readily available and green

oxidant. The present methodology exhibits a wide range of substrate scope and targeted products were obtained in good

to excellent yields under metal-free conditions in short duration. This methodology provides a simple process for the

formation of C=S bonds through the thioetherification of pyrazalones.

Introduction

Pyrazoles are an important class of heterocyclic moieties
that can be found in a wide range of compounds including
natural products and medicinally active compounds (Fig 1).1 In
light of their applications in the medicinal field, a considerable
effort has been directed towards the construction of pyrazole
derivatives.? In recent years, synthesis of pyrazole thioether
derivatives is gaining much attention owing to their application
as antioxidants® and herbicidal agents.4 As a result, the
development of mild and efficient methods for the formation
of C-S bonds has gained significant attention. In this direction,
the traditional methods of C-S bond forming reactions require
prefunctionalized precursors employing (i) nucleophilic
substitution reaction of sodium thiolate with
bromopyrazolones,a"5 (ii) the cyclization reaction of methyl 3-
oxo-2-(phenylthio)butanoate with phenylhydrazine,a’5 and (iii)

Figure 1. Pharmaceutically active pyrazoline derivatives
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Scheme 1. Approach for Sulfenylation of Pyrazolones
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the reaction of pyrazolones with unstable sulphenyl chlorides.”
Recently, a variety of reports have appeared in the literature
on sulfenylation of pyrazolones using sulfonyl hydrazide,
aromatic thiols, and aryl sulfonyl chloride.®™ The Zhao and Lu
group reported sulfenylation of pyrazalones using sulphonyl
hydrazide, which are odourless and stable solids.® Whereas,
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the groups of Purohit , Wei and Wang independently reported
sulfenylations of pyrazolones using cross dehydrogenative coupling
(CDC) strategy (Scheme 1).7’8 Purohit and coworker reported a
palladium N-heterocyclic carbene catalysed CDC reaction of
thiophenol derivatives with various pyrazalones,7 whereas Wei and
Wang developed an efficient CDC method for a similar
transformation using NaOH under metal-free conditions.8 Lin and
Yan group reported a method for sulfenylation using aryl
sulfonyl chlorides employing PEG,4q as a green solvent.’ Zhao
and Lu reported another method for sulfenylation using
arylsulfonyl chlorides.”® Even though sulfenylation of
pyrazalones have been studied extensively, sulfenylation of
heterocyclic thiols, thiones and aliphatic thiols using C-H
functionalization strategy have drawn lesser attention and
remain as an unaddressed problem.s'10 Heterocyclic thiols and
thiones serve as precursors for a variety of biologically active
compounds. Development of efficient C—H functionalization
strategies using heterocyclic thiols and thiones are well sought
after as they have high potential of providing results that are
useful in academia and industry.11 Unlike thiophenol
derivatives, most of the heterocyclic thiols and thiones are not
smelling and are stable compounds. Therefore, heterocyclic
thiols and thiones can be directly used for CDC reactions.™ In
recent years, iodine promoted C—H functionalization reactions
are emerging as one of the hot areas due to the low toxicity
and easy availability of iodine, and the environmental benign
reaction conditions enabled by iodine.13 Similarly, reactions
involving DMSO as an oxidant have attracted organic chemists
as DMSO is less toxic and green oxidant.14 In this context,
research on sulfenylation of pyrazalone through C-H
functionalization  strategy using iodine and DMSO
combinations provides an efficient, useful, and green strategy.
In continuation of our effort on metal-free reactions,w-h‘ 15
herein we report a convenient and efficient approach for the
sulfenylation of pyrazolone using heterocyclic thiols, thiones
and disulfides.

Results and Discussion

The exploration for the optimization of the reaction
conditions began with 1-phenyl-1H-tetrazole-5-thiol (1a) and
5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2a) as model
substrates and performing the reaction with 20 mol % of
iodine and 3 equiv of DMSO as oxidant. To our delight, in this
reaction the sulfenylated product 3a was obtained in 83% yield
(entry 1, Table 1). The solvent screening studies revealed that
solvents such as acetonitrile, ethyl acetate and toluene with
DMSO (3 equiv) as an oxidant resulted in the formation of
product 3a in 48, 82, and 81%, respectively (entries 2-4, Table
1, also see the ESI Table 1 for more details). Use of DMSO as a
solvent (1 mL) furnished 3a in excellent yield (90%, entry 5,
Table 1). Further screening was performed using DMSO as a
solvent (entries 6-14, Table 1). Using aq. HI (55% in water, 20
mol %) instead of iodine, the desired product 3a was obtained
in 77% (entry 6), whereas aqg. HBr (55% in water, 20 mol %) did
not afford the expected product (entry 7, Table 1). Increasing
or decreasing the equivalent of 1a, or 2a or iodine, was not
helpful in enhancing the yield of 3a (entries 8-11, Table 1). The
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reaction also proceeded well either under an arggn,Qr.Qxygen
balloon (entries 12 and 13, Table 1). How&vetOtRéYedEiSRdid
not proceed in the absence of iodine or DMSO (entries 14 and
15, Table 1). With these screening studies, further
investigation was continued using 1a (1 equiv), 2a (1.1 equiv)
and iodine 20 mol % in DMSO (1 mL) at 80 °C (entry 5, Table 1).

Table 1. Optimization studies”

SH
N NN
Ny T . N l2 (mol 96) E\(S (N
N- —_—
\© @ oo ’\{‘\N/\N W >\:\

1a (1 equiv) 2a (1.1 equiv) 3a
catalyst X . .
oxidant time isolated
entry or . solvent . b
additive (mol %) (equiv) (h) vield (%)

1 1, (20) DMSO (3) none 1.5 83

2 1, (20) DMSO (3) ACN 12 48

3 I, (20) DMSO (3)  EtOAc 2 82

4 1, (20) DMSO (3) toluene 2 81

5 1, (20) none DMSO 15 90

6 55% aq. HI (20) none DMSO 2 77

7 55% aqg. HBr (20)  none DMSO 12 nd

8 1, (20) none DMSO 1.5 90°

9 I, (20) none DMSO 1.5 82

10 1, (10) none DMSO 2.5 82

11 1> (30) none DMSO 1 90

12 1, (20) none DMSO 2 88°

13 I, (20) none DMSO 1 89

14 none none DMSO 12 nd

15 1, (20) none none 12 nd

“Reaction conditions: 1a (0.6 mmol), 2a (0.66 mmol), catalyst (0.12 mmol) in 1
mL of solvent at 80 °C. “Isolated yield. “1 Equiv of 1a and 1.5 equiv of 2a. 9.5
Equiv of 1a and 1 equiv of 2a. °Reaction under argon atmosphere. Reaction
under oxygen atmosphere. nd = not detected.

Under the optimized reaction conditions, the sulfenylation
of a variety of pyrazolone derivatives were explored (Scheme
2). In general, the reactions were clean and furnished the
sulfenylated products in excellent yields (Scheme 2). The
reactions of pyrazolones 2b-e proceeded smoothly affording
the products 3b-e in 81-97% vyield. The influence of tert-butyl
and amine functional groups at C-5 position of pyrazolone was
examined. From these reactions, it was found that reactivity
was unaffected with sterically hindered tert-butyl group or
amino functional groups, and the reactions yielded the
corresponding sulfenylated products 3f and 3g in 94 and 78%
yields, respectively. Furthermore, it was interesting to note
that in the reaction of 5-amino-2-phenyl-2,4-dihydro-3H-
pyrazol-3-one, the basic amine functional group survived
under highly acidic reaction conditions and the corresponding
sulfenylated product was obtained in good yield (Scheme 2).
Further, 2-methyl-5-propyl-2,4-dihydro-3H-pyrazol-3-one and
5-methyl-2,4-dihydro-3H-pyrazol-3-one failed to undergo the
sulfenylation reaction under the standard conditions (3h and
3i, Scheme 2). Our attempts for isolation of nitrile and nitro
substituted pyrazolone derivatives such as 4-(3-methyl-5-oxo-
4, 5-dihydro-1H-pyrazol-1-yl)benzonitrile and 5-methyl-2-(4-

This journal is © The Royal Society of Chemistry 20xx
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nitrophenyl)-2,4-dihydro-3H-pyrazol-3-one with 1a afforded
insoluble compounds in DMSO (for structures see ESI Table
11).

Scheme 2. Substrate Scope for the reaction of heterocyclic thiols
with pyrazoles®”
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butyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one  wjth, ,.v@riQus
heterocyclic thiols and heterocyclic thi©hés.10PR(is]OBO(¥ert!
butyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one was successfully
coupled with heterocyclic thiols such as 1-methyl-1H-tetrazole-
5-thiol, pyridine-2-thiol and pyrimidine-2-thiol and the
corresponding sulfenylated products 4e-4g were obtained in
good to excellent yields. It was noticed that addition of
pyridine as an additive (100 mol %) results in lowering the
yield of 3a to 36% from 90% (see ESI Table 5 for more details).
As pyridine thiol and pyramidine thiols contains basic nitrogen
group, we believe that the strong acid HI (which is formed in
the reaction) was quenched by pyridine or pyramidine. As a
result, stoichiometric amount of iodine is necessary for these
reactions.  Similarly,  heterocyclic = thiones such as
benzo[d]thiazole-2(3H)-thione and 4-methylthiazole-2(3H)-
thione successfully participated in CDC reaction affording 4h
and 4i, respectively, in good yields (81 and 80%, respectively).
Benzo[d]oxazole-2(3H)-thione found to be less reactive under
the reaction conditions and afforded 4j in moderate yield
(54%, Scheme 3).

Scheme 3. Substrate Scope for the reaction of heterocyclic thiols
and thiones with pyrazoles”’b

After exploring the reactivity of various pyrazolone
derivatives with 1-phenyl-1H-tetrazole-5-thiol (1a), further
exploration has been continued using a variety of heterocyclic
thiols and thiones (Scheme 3). These reactions led to smooth
sulfenylation. The reaction of 2a with heterocyclic thiol such as
1-methyl-1H-tetrazole-5-thiol furnished the corresponding
sulfenylated product 4a in good yield (88%). Similarly,
pyridine-2-thiol underwent sulfenylation with 2a to form 4b in
good vyield (80%). However, this reaction required
stoichiometric amount of iodine (see ESI Table 6 for more
details). The scope of the sulfenylation reaction was further
extended to the heterocyclic thiones such as benzo[d]thiazole-
2(3H)-thione derivatives. Thus, the reaction of
benzo[d]thiazole-2(3H)-thione  under optimal reaction
conditions afforded the expected sulfenylated product 4c in
low vyield (28 %) (see the ESI Table 7 for more details).
However, the yield of 4c has increased to 82% by using iodine
in stoichiometric amount. Similarly, benzo[d]thiazole-2(3H)-
thione derivatives such as 4-methylthiazole-2(3H)-thione
afforded the product 4d in good vyield (78% Scheme 3). The
scope of the reaction was further extended for the
sulfenylation of sterically hindered pyrazolone such as 5-(tert-

This journal is © The Royal Society of Chemistry 20xx
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mL of DMSO at 80 °C, 1.5 h. ®Isolated yield. “1 equiv of iodine used, 80 °C for 1 h
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Next to demonstrate the generality of this methodology,
the sulfenylation reaction with thiophenol was investigated.
However, this reaction furnished the sulfenylated product 5a
in poor yield (26%) (see the ESI Table 10 for more details). This
problem was circumvented by using disulfides instead of thiols
(Scheme 4). Thus the disulfides with either electron-donating
or electron withdrawing groups on phenyl ring reacted well
furnishing the corresponding sulfenylated products 5a, 5b and
5¢c in 92, 94, and 79% vyields, respectively. The reaction
proceeded well with dibenzyl disulfide to form 5d in good yield
(73%) showing the robustness of this methodology. It is
noteworthy that it is difficult to achieve the sulfenylation using
dibenzyl disulfide under previous reported methods.®™°
Further, a variety of pyrazalone derivatives underwent
sulfenylation with diphenyl sulfide affording the corresponding
sulfenylated products 5e-5h in excellent vyields (82-95%,
respectively). Alkyl-substituted pyrazolone such as 2-(tert-
butyl)-2,4-dihydro-3H-pyrazol-3-one afforded 5i in 83% yield.
The pyrazolones without a substituent at C5 position such as 2-
phenyl-2,4-dihydro-3H-pyrazol-3-one failed to undergoes
sulfenylation. Our attempts for sulfenylation of 1,2-
diethyldisulfane and 1,2-di-tert-butyldisulfane with pyrazalone
were unsuccessful (Scheme 4). To achieve the synthesis of 1-
alkyl-3-methyl-1H-pyrazol-5(4H)-one, the
pyrazolone derivative was synthesized, which was
susuccessfully sulfenylated under optimal reaction conditions
to obtain the product 5m in 81% vyield. Our attempts to
deprotect the benzylic group from 5m were unsuccessful.

benylated

4| J. Name., 2012, 00, 1-3
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Scheme 4. Substrate Scope for the reaction of disulfides with
pyrazoles™” DOI: 10.1039/C70B00561J
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“Reaction conditions: 1a (0.6 mmol), 2a (1.31 mmol), catalyst (0.12 mmol) in 1 mL of
DMSO at 80 °C, 2-3 h. blsolated yield. “50 mol % of iodine used. ND= Not detected

To get insight into the reaction mechanism, a few control
experiments were performed (Scheme 5). The reaction of 1a
with 2a under the optimal conditions, in the presence of
TEMPO proceeded well suggesting the absence of a radical
intermediacy in the reaction (Scheme 5a). Further to find
whether disulfide is an intermediate, a reaction of 1,2-
di(pyridin-2-yl)disulfane and 1,2-bis(benzo[d]thiazol-2-
yl)disulfane with 1a was performed. This reaction proceeded
well with catalytic amount of iodine furnishing the sulfenylated
product 4b and 4c in 81 and 84%, respectively (Scheme 5b and
5c), whereas the same reaction with pyridine thiol or
benzo[d]thiazole-2(3H)-thione required stoichiometric amount
of iodine for sulfenylation (4b and 4c, Scheme 3). This
experiment clearly supports that the reaction is proceeding
through disulfide intermediate. 'H NMR experiment for
trapping disulfide intermediate in the reaction of 1-methyl-1H-
tetrazole-5-thiol and 2a was (see the ESI Table 13 and NMR
studies for more details). To confirm the role of DMSO as an
oxidant, a reaction of 1a and 2a was performed

Scheme 5. Control experiments for mechanistic studies

This journal is © The Royal Society of Chemistry 20xx
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using 3 equiv of DMSO in solvents such as ethyl acetate and
toluene. Interestingly, these reactions proceeded well
furnishing the product 3a in 82 and 81% yield, respectively,
and the same reaction failed to form 3a in the absence of
DMSO (entry 3 and 4, Table 1, also see ESI Table 1 for more
details). In the absence of any oxidants, the reaction of 1a with
2a, proceeded well under an argon atmosphere (entry 12,
Table 1). These experiments clearly confirm the role of DMSO
as an oxidant. However, the reaction of thiol 1a or pyrazolone
2a under the reaction conditions led to the complete
decomposition of starting materials (Scheme 5d and 5e).

On the basis of these experimental studies (Schme 5) and
the literature precedence,14 a tentative mechanism has been
proposed in Scheme 6. 1-Phenyl-1H-tetrazole-5-thiol (1a) in
the presence of iodine forms intermediate 1,2-bis(1-phenyl-
1H-tetrazol-5-yl)disulfane (II) and HI as a byproduct. 1,2-bis(1-
Phenyl-1H-tetrazol-5-yl)disulfane (ll) reacts with DMS:l, or I, to
form intermediate that contains S-I bond (lll). Further
nucleophillic displacement of the iodo group by pyrazalone led
to the formation of the product 3a and byproduct HI. Further,
iodine is regenerated by the reaction of HI with DMSO and
cycle continues (Scheme 6).

Published on 30 May 2017. Downloaded by University of Windsor on 30/05/2017 19:19:39.
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Scheme 6. A tentative mechanism View Article Online
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Conclusion

In conclusion, we have developed a sustainable and efficient
strategy for the sulfenylation of pyrazalones under metal-free
reaction conditions using DMSO as an oxidant and iodine as a
catalyst. This strategy is highly practical as most of the
compounds can be isolated in pure form without column
purification. To the best of our knowledge, this is the first
report on sulfenylation of diverse range of heterocyclic thiols
and heterocyclic thiones to pyrazalones derivatives using CDC
reactions.

Acknowledgements

The financial supports from IISc, SERB (NO.SB/S1/0C-56/2013),
New Delhi, CSIR (No. 02(0226)15/EMR-I11), New Delhi and RL
Fine Chem are gratefully acknowledged. YS Thanks CSIR for an
SPM fellowship.

Notes and references

1 (a) M. J. Genin, C. Biles, B. J. Keiser, S. M. Poppe, S. M.
Swaney, W. G. Tarpley, Y. Yagi and D. L. Romero, J. Med.
Chem., 2000, 43, 1034. (b) N. K. Terrett, A. S. Bell, D. Brown
and P. Ellis, Bioorg. Med. Chem. Lett., 1996, 6, 1819. (c) W. T.
Ashton, R. M. Sisco, H. Dong, K. A. Lyons, H. He, G. A. Doss, B.
Leiting, R. A. Patel, J. K. Wu, F. Marsilio, N. A. Thornberry and
A. E. Weber, Bioorg. Med. Chem. Lett., 2005, 15, 2253. (d) H.
A. De Wald, S. Lobbestael and B. P. H. Poschel, J. Med.
Chem., 1981, 24, 982. (e) X.-H. Liu, P. Cui, B.-A. Song, P. S.
Bhadury, H.-L. Zhu and S.-F. Wang, Bioorg. Med. Chem.,
2008, 16, 4075. (f) H. Azami, D. Barrett, A. Tanaka, H. Sasaki,
K. Matsuda, M. Sakurai, T. Terasawa, F. Shirai, T. Chiba, Y.
Matsumoto and S. Tawara, Bioorg. Med. Chem., 2001, 9,
961. (g) S. Sidique, S. A. Shiryaev, B. I. Ratnikov, A. Herath, Y.
Su, A. Y. Strongin and N. D. P. Cosford, Bioorg. Med. Chem.
Lett., 2009, 19, 5773. (h) A. T. Khan, A. Ghosh, S. Basha R and
M. H. Mir, Asian J. Org. Chem., 2013, 2, 126.

2 (a) B. S. Kuarm and B. Rajitha, Synth. Commun., 2012, 42,
2382. (b) J.-W. Wu, F. Li, Y. Zheng and J. Nie, Tetrahedron
Lett., 2012, 53, 4828. (c) Y.-H. Liao, W.-B. Chen, Z.-J. Wu, X.-L.
Du, L.-F. Cun, X.-M. Zhang and W.-C. Yuan, Adv. Synth. Catal.,

J. Name., 2013, 00, 1-3 | 5


http://dx.doi.org/10.1039/c7ob00561j

Published on 30 May 2017. Downloaded by University of Windsor on 30/05/2017 19:19:39.

10

11

12

13

14

Organie-& Biomolecularn Chemistry

2010, 352, 827. (d) A. Mazzanti, T. Calbet, M. Font-Bardia, A.
Moyano and R. Rios, Org. Biomol. Chem., 2012, 10, 1645. (e)
Z.Yang, Z. Wang, S. Bai, X. Liu, L. Lin and X. Feng, Org. Lett.,
2011, 13, 596. (f) Z. Wang, Z. Chen, S. Bai, W. Li, X. Liu, L. Lin
and X. Feng, Angew. Chem., Int. Ed., 2012, 51, 2776.

K. Watanabe, Y. Morinaka, K. Iseki, T. Watanabe, S. Yuki and
H. Nishi, Redox Rep., 2003, 8, 151.

K. Kawakubo, M. Shindo and T. Konotsune, Plant Physiol.,
1979, 64, 774.

(a) R. T. Coutts, K. W. Hindmarsh and N. J. Pound, Can. J.
Chem., 1966, 44, 2105; (b) H. Wilde, G. Mann, U. Burkhardt,
G. Weber, D. Labus and W. Schindler, J. Prakt. Chem., 1979,
321, 495.

X. Zhao, L. Zhang, T. Li, G. Liu, H. Wang and K. Lu, Chem.
Commun., 2014, 50, 13121.

V. B. Purohit, S. C. Karad, K. H. Patel and D. K. Raval,
Tetrahedron., 2016, 72, 1114.

X. Liu, H. Cui, D. Yang, S. Dai, T. Zhang, J. Sun, W. Wei and H.
Wang, RSC Adv., 2016, 6, 51830.

D. Wang, S. Guo, R. Zhang, S. Lin and Z. Yan, RSC Adv., 2016,
6, 54377.

X. Zhao, X. Lu, A. Wei, X. Jia, J. Chen and K. Lu, Tetrahedron
Lett., 2016, 57, 5330.

(a) J. Shanmugapriya, K. Rajaguru, S. Muthusubramanian and
N. Bhuvanesh, Eur. J. Org. Chem., 2016, 2016, 1963. (b) J.
Dumas, D. Brittelli, J. Chen, B. Dixon, H. Hatoum-Mokdad, G.
Konig, R. Sibley, J. Witowsky and S. Wong, Bioorg. Med.
Chem. Lett., 1999, 9, 2531. (c) J. Kodi, V. KlimeSova, K.
Waisser, J. Kaustova, H.-M. Dahse and U. Méllmann, Bioorg.
Med. Chem. Lett., 2002, 12, 3275. (d) R. Paramashivappa, P.
Phani Kumar, P. V. Subba Rao and A. Srinivasa Rao, Bioorg.
Med. Chem. Lett., 2003, 13, 657. (e) L. Zhang, J. Fan, K. Vu, K.
Hong, J.-Y. Le Brazidec, J. Shi, M. Biamonte, D. J. Busch, R. E.
Lough, R. Grecko, Y. Ran, J. L. Sensintaffar, A. Kamal, K.
Lundgren, F. J. Burrows, R. Mansfield, G. A. Timony, E. H.
Ulm, S. R. Kasibhatla and M. F. Boehm, J. Med. Chem., 2006,
49, 5352. (f) W. Huang and G.-F. Yang, Bioorg. Med. Chem.,
2006, 14, 8280.

(a) C. Liu, H. Zhang, W. Shi and A. Lei, Chem. Rev., 2011, 111,
1780. (b) C. S. Yeung and V. M. Dong, Chem. Rev., 2011, 111,
1215. (c) S. H. Cho, J. Y. Kim, J. Kwak and S. Chang, Chem.
Soc. Rev., 2011, 40, 5068. (d) X. Chen, K. M. Engle, D.-H.
Wang and J.-Q. Yu, Angew. Chem., Int. Ed., 2009, 48, 5094.
(e) C.-J. Li, Chem. Rev., 2005, 105, 3095. (f) C.-J. Li, Acc.
Chem. Res., 2009, 42, 335 and references cited therein. (g)
X.-F. Wu and K. Natte, Adv. Synth. Catal., 2016, 358, 336. (h)
R. Samanta, K. Matcha and A. P. Antonchick, Eur. J. Org.
Chem., 2013, 2013, 5769.

(a) X. Wu, Q. Gao, X. Geng, J. Zhang, Y.-d. Wu and A.-x. Wu,
Org. Lett., 2016, 18, 2507. (b) T. B. Nguyen, L. Ermolenko, P.
Retailleau and A. Al-Mourabit, Org. Lett., 2016, 18, 2177. (c)
S.-i. Kawaguchi and A. Ogawa, Org. Lett., 2010, 12, 1893. (d)
S. Tang, K. Liu, Y. Long, X. Gao, M. Gao and A. Lei, Org. Lett.,
2015, 17, 2404. (e) F. Xiao, H. Chen, H. Xie, S. Chen, L. Yang
and G.-J. Deng, Org. Lett., 2014, 16, 50. (f) K. Usami, Y.
Nagasawa, E. Yamaguchi, N. Tada and A. Itoh, Org. Lett.,
2016, 18, 8.

(a) S. Song, X. Sun, X. Li, Y. Yuan and N. Jiao, Org. Lett., 2015,
17, 2886. (b) W. Ge and Y. Wei, Green Chem., 2012, 14, 2066.
(c) S. K. R. Parumala and R. K. Peddinti, Green Chem., 2015,
17, 4068. (d) J. Rafique, S. Saba, A. R. Rosario and A. L. Braga,
Chem. — Eur. J., 2016, 22, 11854. (e) D. Yang, P. Sun, W. Wei,
L. Meng, L. He, B. Fang, W. Jiang and H. Wang, Org. Chem.
Front., 2016, 3, 1457. (f) Y. Siddaraju and K. R. Prabhu, J. Org.
Chem., 2016, 81, 7838. (g) Y. Siddaraju and K. R. Prabhu, Org.
Lett., 2016, 18, 6090. (h) Y. Siddaraju and K. R. Prabhu, J. Org.
Chem., 2017, 82, 3084.

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

15 (a) B. V. Varun and K. R. Prabhu, J. Org. Chem., 2014

1 wArZ\c?é Online
9655. (b) B. V. Varun, K. Gadde and K. R Rrabhikc@ragobettsd
2015, 17, 2944. (c) D. P. Ojha and K. R. Prabhu, Org. Lett.,

2015, 17, 18. (d) Y. Siddaraju, M. Lamani and K. R. Prabhu, J.
Org. Chem., 2014, 79, 3856. (e) Y. Siddaraju and K. R. Prabhu,
Tetrahedron., 2016, 72, 959. (f) Y. Siddaraju and K. R. Prabhu,
Org. Biomol. Chem., 2015, 13, 6749. (g) Y. Siddaraju and K. R.
Prabhu, Org. Biomol. Chem., 2015, 13, 11651.

This journal is © The Royal Society of Chemistry 20xx

Page 6 of 6


http://pubs.rsc.org/en/journals/journal/qo
http://pubs.rsc.org/en/journals/journal/qo
http://dx.doi.org/10.1039/c7ob00561j

