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A metal-free and hypervalent iodine free conversion of internal alkynes into 1,2-diketo
compounds has been described. The efficacy of the present protocol rely on the use of HFIP (
1,1,1,3,3,3-Hexafluoro-2-propanol) as reducing agent of alkynes and DMSO as dihydroxylating
agent of olefins to acquire the desired chemical transformations. The obtained 1,2-diketones
were further transformed into useful derivatives.

2009 Elsevier Ltd. All rights reserved.

Introduction

The development of efficient protocols towards the synthesis
of biologically important intermediates under metal-free
conditions has been a topic of interest in industries as well as
academia.’® In this sense, chemists around the globe are
regularly working on formulating new synthetic strategies to
meet the expectations of industries to synthesize these important
intermediates. It is evident from the literature that 1,2-diketo
compounds play major role in synthesizing broad range of
biologically and medicinally important  N-heterocyclic
moieties.®* In addition, 1,2-diketo compounds found their value
as useful precursors for the synthesis of chiral 1,2-diols,* N-
heterocyclic carbenes® and a-diimine ligands.® These 1,2-diketo
compounds, in particular benzils can also be found as naturally
occurring Scandione and Calophione A.” Benzils are also known
for their pharmaceutical activities such as antitumor,
antimicrobial, cytotoxic and carboxylesterase inhibition.®2 The
well-known synthetic routes to 1,2-diketo compounds includes
the oxidation of a-hydroxy ketones,® o, C-C bond cleavage of
1,3-diketones™ and oxidation of alkynes using metal-catalyzed*
or metal-free approach.'*?* Oxidation of alkynes using wide
range of iodine species'? such as I, Phl(OAc), and NIS as well as
in presence of strong oxidants such as dibromoisocyanuric acid,*®
oxone,** sulfur trioxide!® and NBS* have received large attention
of the synthetic chemist. In addition to above mentioned
strategies  the  photo-oxidation® and  electrochemical
transformation?* of alkynes came into the lime light to achieve
this synthetic transformations. It has been largely accepted that,
iodine sources are most suitable for this conversion because of
their Lewis acid properties with which they can co-ordinate to
alkyne moiety. Synthetic chemists are still investigating a

suitable alternate for iodine source for accompanying 1,2-diketo
compounds from alkynes (Scheme 1). In view of this, we were
successful in  exploring HFIP (1,1,1,3,3,3-Hexafluoro-2-
propanol) as a befitting replacement for iodine sources in
obtaining 1,2-diketo compounds from alkynes. HFIP which is
generally known as solvent and in rare cases it was shown that
HFIP can act as reducing equivalent to pursue wide range of
chemical transformations.®?? The hydrogen bonding interactions
of HFIP to assist substrates to undergo chemical alterations
makes it versatile organic solvent in synthetic organic chemistry
as well as in biochemistry.?® The chemistry of HFIP mediated
reactions have been developed over the past decade to obtain
large number of chemical transformations. In this context, we
were fascinated to use this unique organic compound to acquire
1,2-diketo compounds from their corresponding internal alkynes
in presence DMSO as an oxidant. In addition, obtained 1,2-diketo
compounds were subjected to further chemical modifications to
achieve quinoxalines and highly substituted carbocyclic
derivatives.

We started our proceedings by synthesizing internal alkynes
using previously reported methods.?*?% With an objective of
formulating an efficient protocol towards the synthesis of 1,2-
diketo compounds from their alkyne precursors in absence of
iodine source, we have started experimenting by taking
diphenylacetylene (1a) as model substrate (Table 1). The
reaction of diphenylacetylene (1la) was performed in the
presence of 30 mol% KI in DMSO at 120 °C for 24 h, which
leads to the formation of benzil (2a) in 48% vyield (Table 1,
entry 1). It was found that catalytic amount of iodine sources
are capable of giving the desired product 2a in moderate yields.
Next, we focused on the screening of alternate sources for



iodi

thiourea, niacin and 1,10-phenanthroline as potential reagents
for the conversion of diphenylacetylene (1a) into benzil (2a)
(Entries 2-5).
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Scheme 1. Comparison between previous methods and our report
towards synthesis of 1,2-diketo compounds.

Interestingly, all of the screened reagents gave relatively lower
yields and maximum yield was observed in case of 30 mol%
niacin in DMSO at 120 °C for 48 h (Entry 4). It was observed
that these organocatalyst were also efficient enough to bring
about the desired chemical transformations but in lower yields.
Next, we carried out the reaction of diphenylacetylene (1a) in
the presence of 30 mol% Kl and 5 equiv. HFIP in DMSO at 120
°C for 36 h (Entry 6). Surprisingly, the yield was increased
from 48% to 62%, which showed the efficacy of the reaction
conditions when a combination of KI and HFIP was used. The
reaction yield was further increased to 70% when the reaction
was carried out at 130 °C (Entry 7). It was evident from entries
6 and 7 that, HFIP is playing certain role in obtaining the
desired product 2a. To know the role of HFIP, we performed
reaction of diphenylacetylene (1a) in the presence of 5 equiv.
HFIP in DMSO at 120 °C for 36 h, which leading to the
formation of benzil (2a) in 65% vyield (Entry 8). Further, the
reaction was carried out with 10 equiv. of HFIP in DMSO at
120 °C for 36 h, which ends up in giving 76% yield (Entry 9).
Gratifyingly, maximum reaction vyield was obtained on
changing the reaction temperature from 120 °C to 130 °C under
the identical reaction conditions (Entry 10). The reaction of
diphenylacetylene (1a) in presence of 10 equiv. HFIP in DMSO
at 130 °C for 20 h gave an excellent yield of 82% (Entry 10).
To evaluate the role of fluorinated alcohol, we have carried out
the reaction of diphenylacetylene (1a) in presence of 10 equiv.
TFE (2,2,2-Trifluoroethanol) in DMSO at 130 °C for 20 h
(Entry 11). Surprisingly, the reaction conditions gave neglesible
yield of product 2a, which assures the necessity of HFIP as
hydrogen donor. Further modifications in reaction time and
reaction temperature does not result in improved yield of the

2
ed

when the reaction was carried out with different amount of
HFIP (Entries 14-15). At last, we were intended to screen the
effect of different solvents on the reaction kinetics. For
pursuing this purpose, we have screened DMF, DMA, Dioxane
and Toluene as solvents along with 10 equiv. HFIP at 130 °C
for 20 h (Entries 16-19). Unsatisfactory results were observed
when the reaction was carried out in absence of DMSO. To
evaluate the role of inert atmospheric conditions, a reaction was
carried out using la as substrate under standard reaction
conditions in presence of N, atmosphere. The reaction
conditions responded with an unsatisfactory yield of 21%.%

Table 1. Screening of reaction conditions for the synthesis of benzil
(2a).®

O reaction conditions
—_———

1a

Entry Reaction Conditions Solvent T/t (°C/h) % Yield
(Equiv.) 2aP
1 K1 (0.3) DMSO 120/36 48
2 KO'Bu (0.5) DMSO 120/40 <5
3 Thiourea (0.3) DMSO 120/40 <10°
4 Niacin (0.3) DMSO 120/48 25¢
S 1,10-Phen (0.3) DMSO 120/36 20¢
6 K1 (0.3)/ HFIP (5) DMSO 120/36 62
7 K1 (0.3)/ HFIP (5) DMSO 130/36 70
8 HFIP (5) DMSO 120/36 65
9 HFIP (10) DMSO 120/36 76
10 HFIP (10) DMSO 130/20 82
1 TFE (10) DMSO 130/20 <10°
12 HFIP (10) DMSO 140/20 74
13 HFIP (10) DMSO 130/30 72
14 HFIP (5) DMSO 130/20 69
15 HFIP (15) DMSO 130/20 80
16 HFIP (10) DMF 130/20 58
17 HFIP (10) DMA 130/20 42
18 HFIP (10) Dioxane  130/20 31
19 HFIP (10) Toluene  130/20 25
20 HFIP (10) DMSO 130/20 219

2 All reactions were performed using 1.0 mmol 1a and Solvent (2 mL) in a
sealed tube.

b Isolated yields.

¢ Only 25% conversion into product was observed and remaining SM is
recovered.

4 Reaction was carried out under N, atmosphere in a round bottom flask.

After performing an extensive screening of the

reaction conditions using diphenylacetylene (1a) as model
substrate, we envisage highest yield of 82%, when the reaction



was
(Table 1, entry 10).

With these optimized reaction conditions in hand, we
explored wide range of diarylacetylenes la-r consisting of
electron donating and electron withdrawing functional groups
(Scheme 2). Under the developed reaction conditions,
functional groups such as methyl, methoxy, fluoro, chloro,
bromo, cyano, nitro and trifluoromethyl were well tolerated to
deliver the desired 1,2-diketones 2a-n in yields ranging from
73-85%. Symmetrical as well as unsymmetrical internal
alkynes were reacted satisfactorily to obtain the desired
products in moderate to good yields. Under these reaction
conditions, diarylacetylenes containing bulkier biphenyl and
naphthyl groups were also reacted to deliver the desired
products 2o0-r in up to 78% yield. Surprisingly, under the
developed reaction conditions aliphatic internal alkynes and
terminal aryl alkynes does not participate to furnish the
desired products rather starting materials were observed in
case of aliphatic internal alkynes and unidentified products
were formed in case of terminal alkynes. The reason can be
attributed to the reactivity of aliphatic internal alkynes towards
HFIP is negligible in comparison to iodine sources.

3
:es
reacted well with good functional group tolerance to deliver
desired products in up to 91% yield (Scheme 3).
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Scheme 3. Synthesis of quinoxalines from o-
phenylenediamines and 1,2-diketones.
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Scheme 2. Scope of HFIP-mediated synthesis of 1,2-diketones.

After accomplishing the synthesis of quinoxalines,
we focused on carrying out palladium-catalyzed Suzuki-
Miyaura cross-coupling reactions?® with halogen-substituted
1,2-diketones which leads to higher aromatic rings of 1,2-
diketones. We have chosen 1,2-diketones 2h and 2i along
with aryl boronic acids 5a-c as model substrates for
synthesizing higher analogous 1,2-diketones 20, g, s in good
to excellent yields (Scheme 4).

fo) Pd(OAC); (1.5 mol%) o)
| K3;POy (2.0 equiv.) |
Br ¥ Ry—B(OH); -

R
DMF/H,0 (1:1), 25 °C O ‘ !
3 h, radley tube X o

2h-i 5a-c up to 86% yield 20, 2q, 2s
X=H,Cl X=H,Cl
P
o PNy e
| T L ,L,
U | | ““J cl v
O LA Ny / -
~" P Z
20 (86%) 2q (71%) 2s (58%)

Scheme 4. Synthesis of higher analogous 1,2-diketones.

Next, we indented to explore the applications of
these 1,2-diketones in synthesizing structurally useful N-
heterocycles.® To fulfill this purpose, we have chosen wide
range of o-phenylenediamines 3a-d and 1,2-diketones 2a, 29
as substrates for synthesizing broad range of 2,3-diaryl
quinoxalines 4a-f via one-pot two step protocol. After
obtaining 1,2-diketones 2a, 2g as primary products, we
added o-phenylenediamines 3a-d, and stir the reaction
mixture at 25 °C for 1 h to obtain 2,3-diaryl quinoxalines

Having developed the synthetic methods and broad
application, we aimed on establishing the plausible reaction
mechanism for this described chemical transformation. To
gain further insight into the reaction mechanism, we carried
out the reaction of diphenylacetylene (1a) under standard
reaction conditions. The course of the reaction was
examined and analyzed by liquid chromatography-mass
spectrometry (LC-MS) after an interval of every 5 h.

Based on the spectroscopic data, it was observed that the
intermediates A, C and F could be formed during the course
of the reaction (details of mass spectra are given in Figure 1,
SI). A plausible reaction mechanism was proposed based on
the above experimental results and literature evidences.!?9:27
According to proposed mechanism and spectroscopic
observation, diphenylacetylene (1a) may be reduced to
stilbene (A) ([M]* = 180.1, [M + H]* = 181.1) in presence of
HFIP. Next, HFIP assisted dihydroxylation of stilbene (A)
may take place under the influence of DMSO to form an
intermediate B. Hydrolysis of the intermediate B leads to
the formation of 1,2-diol intermediate C ([M]* = 214.1, [M
+ Na]* = 237.1), which on oxidation by DMSO gives the
benzoin (F) ([M]* = 213.0, [M + H + Na]* = 236.1).
Subsequently, benzoin (F) undergoes further oxidation in
presence DMSO leading to the formation of benzil (2a) ([M
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(Scheme 5).
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Scheme 5. The postulated mechanism for HFIP-mediated
synthesis of 1,2-diketones.

In conclusion, we have proposed a metal-free and
iodine free protocol to accomplish 1,2-diketones from their
corresponding internal alkynes. The reaction conditions were
realized using HFIP as a reducing agent in the presence DMSO
as solvent as well as oxidant. The rarely explored protocol
towards HFIP mediated reduction of alkynes and DMSO
mediated dihydroxylation of olefins were described. The
reaction conditions were executed on a broad range of internal
alkynes to obtain 1,2-diketones in moderate to good yields. In
addition, we have also carried out the further transformations of
1,2-diketones into structurally important 2,3-diaryl quinoxalines
and the higher analog of 1,2-diketones. A plausible reaction
mechanism was drawn based on mass-spectroscopic
investigations.
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Experimental Section

4

i-f,
1h-r were prepared using previously reported methods?*-% and all other
starting materials were purchased from commercial suppliers (Sigma-Aldrich,
Alfa-Aesar, SD fine chemicals, Merck, HI Media) and were used without
further purification unless otherwise indicated. All reactions were carried in
an oven-dried glassware with magnetic stirring. The reactions were
performed in pressure tube purchased from Sigma-Aldrich glassware.
Solvents used in extraction and purification were distilled prior to use. Thin-
layer chromatography (TLC) was performed on TLC plates purchase from
Merck. Compounds were visualized with UV light (A = 254 nm) and/or by
immersion in KMnO, staining solution followed by heating. Products were
purified by column chromatography on silica gel, 100 - 200 mesh. Melting
points were determined in open capillary tubes on EZ-Melt automated
melting point apparatus and are uncorrected. All the compounds were fully
characterized by *H and 3C NMR and further confirmed by EI-HRMS
analysis. All HRMS are recoreded in EI-QTOF method and LC-MS are
recorded in APCI method in acetonitrile solvent. *H (*3C) NMR spectra were
recorded at 600 (150) MHz and 400 (100) MHz on a Brucker spectrometer
using CDCl; as a solvent. The *H and *C chemical shifts were referenced to
residual solvent signals at 8¢ 7.26/77.28 (CDCls) relative to TMS as internal
standards. Coupling constants J [Hz] were directly taken from the spectra and
are not averaged. Splitting patterns are designated as s (singlet), d (doublet),
t (triplet), g (quartet), m (multiplet), overlapped and br (broad).

General Experimental Procedure for the Synthesis of 1,2-Diketones 2a-r
using Diarylacetylenes la-r: A 10 mL reaction vial was charged with
internal alkynes la-r (1.0 mmol), HFIP (10.0 mmol) and DMSO (2 mL).
The reaction vial was then sealed and heated at 130 °C for 20 h. After
completion of the reaction (progress was monitored by TLC; SiO,,
Hexane/EtOAc = 9:1), the mixture was diluted with ethyl acetate (15 mL)
and water (20 mL) and extracted with ethyl acetate (3 x 10 mL). The
combined organic layer was washed with brine (3 x 10 mL) and dried over
anhydrous Na,SO,4. Solvent was removed under reduced pressure and the
remaining residue was purified by column chromatography over silica gel
using hexane / ethyl acetate = 9:1 as an eluent to obtain the desired 1,2-
diketones 2a-r in high isolated yields.

Benzil (2a)1%: Yellow solid, R = 0.60 (SiO,, Hexane/EtOAc = 9:1); m.p =
101-102 °C (Litl® 100-101 °C); *H NMR (600 MHz, CDCls): § = 7.96 (d,
3] = 7.6 Hz, 4H; 3-H), 7.64 (t, 3 = 7.2 Hz, 2H; 5-H), 7.50 (t, 3] = 7.6 Hz,
4H; 4-H) ppm; ¥C NMR (150 MHz, CDCls) § = 193.41 (C-1), 133.73 (C-
5), 131.85 (C-2), 128.74 (C-4), 127.87 (C-3) ppm; HRMS (EI-QTOF, [M +
H]*): calculated for C14H;,0: 211.0759; found: 211.0747.

References and notes

1. For reviews, see: a) Deiters, A.; Martin, S. F. Chem. Rev. 2004,
10, 2199-2238. b) Kumari, S.; Kishore, D.; Paliwal, S.; Chauhan,
R.; Dwivedi, J.; Mishra, A. Mol. Diversity 2015, 20, 185-232.

2. For book chapters, see: a) Kaicharla, T.; Biju, A. T. Transition-
Metal-Free Synthesis of Benzo-Fused Five- and Six-Membered
Heterocycles Employing Arynes. In Green Synthetic Approaches
for Biologically Relevant Heterocycles, Brahmachari, G., Ed.;
2015, 45-76. b) Basu, B.; Mandal, B. Sustainable Synthesis of
Benzimidazoles, Quinoxalines, and Congeners. In Green
Synthetic Approaches for Biologically Relevant Heterocycles,
Brahmachari, G., Ed.; 2015, 209-256.

3. For selected examples, see: a) More, S. V.; Sastry, M. N. V.;
Wang, C.-C.; Yao, C.-F. Tetrahedron Lett. 2005, 46, 6345-6348.
b) Zuliani, V.; Cocconcelli, G.; Fantini, M.; Ghiron, C.; Rivara,
M. J. Org. Chem. 2007, 72, 4551-4553. c) Bratulescu, G.
Synthesis 2009, 2319-2320. d) Jiang, J.-A.; Du, C.-Y.; Gu, C.-H;
Ji, Y.-F. Synlett 2012, 23, 2965-2968. e) Khaksar, S.;
Rostamnezhad, F. Bull. Korean Chem. Soc. 2012, 33, 2581-
2584. f) Nguyen, T. B.; Nguyen, L. A.; Retailleau, P. Org. Lett.
2019, 21, 6570-6574.



10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

Salto, I.; Kayakl, Y.; 1Kartya, I. J. Am. CNem. S0C. ZUll, 133,
14960-14963. b) De Luca, L.; Mezzetti, A. Angew. Chem., Int.
Ed. 2017, 56, 11949-11953.

a) Dove, A. P.; Li, H.; Pratt, R. C.; Lohmeijer, B. G. G.; Culkin,
D. A.; Waymouth, R. M.; Hedrick, J. L. Chem. Commun. 2006,
0, 2881-2883. b) Ullah, F.; Kindermann, M. K.; Jones, P. G.;
Heinicke, J. Organometallics 2009, 28, 2441-2449.

Guo, L.; Gao, H.; Guan, Q.; Hu, H.; Deng, J.; Liu, J.; Liu, F;
Wu, Q. Organometallics 2012, 31, 6054-6062.

Worayuthakarn, R.; Boonya-udtayan, S.; Ruchirawat, S.;
Thasana, N. Eur. J. Org. Chem. 2014, 2496-2507.

a) Li, W.; Asada, Y.; Yoshikawa, T. Planta Med. 1998, 64, 746-
747. b) Hyatt, J. L.; Stacy, V.; Wadkins, R. M.; Yoon, K. J. P,;
Wierdl, M.; Edwards, C. C.; Zeller, M.; Hunter, A. D.; Danks, M.
K.; Crundwell, G.; Potter, P. M. J. Med. Chem. 2005, 48, 5543-
5550. c¢) Hicks, L. D.; Hyatt, J. L.; Moak, T.; Edwards, C. C.;
Tsurkan, L.; Wierdl, M.; Ferreira, A. M.; Wadkins, R. M.; Potter,
P. M. Bioorg. Med. Chem. 2007, 15, 3801-3817. d) Mousset, C.;
Giraud, A.; Provot, O.; Hamze, A.; Bignon, J.; Liu, J.-M. Thoret,
S.; Dubois, J.; Brion, J.-D.; Alami, M. Bioorg. Med. Chem. Lett.
2008, 18, 3266-3271. e) Ganapaty, S.; Srilakshmi, G. V. K,
Pannakal, S. T.; Rahman, H.; Laatsch, H.; Brun, R. Phytochemistry
2009, 70, 95-99.

a) Lou, J.-D.; Li, L.; Vatanian, N.; Lu, X. L.; Yu, X. Synth.
React. Inorg., Met.-Org., Nano-Met. Chem. 2008, 38, 373-375.
b) Chen,C.-T.; Kao, J.-Q.; Salunke, S. B.; Lin, Y.-H. Org. Lett.
2011, 13, 26-29.

a) Stergiou, A.; Bariotaki, A.; Kalaitzakis, D.; Smonou, I. J. Org.
Chem. 2013, 78, 7268-7273. b) Zhou, P.-J.; Li, C.-K.; Zhou, S.-
F. Shoberu, A.; Zou, J.-P. Org. Biomol. Chem. 2017, 15, 2629-
2637.

a) Ren, W.; Liu, J.; Chen, L.; Wan, X. Adv. Synth. Catal. 2010,
352, 1424-1428. b) Enthaler, S. ChemCatChem 2011, 3, 1929-
1934. ¢) Jung, M. E.; Deng, G. Org. Lett. 2014, 16, 2142-2145.
d) Ruengsangtongkul, S.; Chaisan, N.; Thongsornkleeb, C.;
Tummatorn, J.; Ruchirawat, S. Org. Lett. 2019, 21, 2514-2517.
e) Zhai, Y.; Su, Z.; Jiang, H.; Rong, J.; Qiu, X.; Tao, C.
Tetrahedron Lett. 2019, 60, 843-846. f) Dubovtsev, A. Y.
Dar'in, D. V.; Krasavin, M.; Kukushkin, V. Y. Eur. J. Org.
Chem. 2019, 1856-1864.

a) Niu, M.; Fu, H.; Jiang, Y.; Zhao, Y. Synthesis 2008, 2879-
2882. b) Tingoli, M.; Mazzella, M.; Panunzi, B.; Tuzi, A. Eur. J.
Org. Chem. 2011, 399-404. c) Sakthivel, K.; Srinivasan, K. Eur.
J. Org. Chem. 2011, 3386-3396. d) Sakthivel, K.; Srinivasan, K.
Eur. J. Org. Chem. 2011, 2781-2784. e) Chikugo, T.; Yauchi, Y.;
Ide, M.; Iwasawa, T. Tetrahedron 2014, 70, 3988-3993. f) Kim,
S. W.; Um, T.-W; Shin, S. J. Org. Chem. 2018, 83, 4703-4711.
g) Naidoo, S.; Jeena, V. Eur. J. Org. Chem. 2019, 1107-1113.
Cho, E.; Jayaraman, A.; Lee, J.; Ko, K. C.; Lee, S. Adv. Synth.
Catal. 2019, 361, 1846-1858.

Chu, J.H.; Chen, Y.-J.; Wu, M.-J. Synthesis 2009, 2155-2162.
Rogatchov, V. O.; Filimonov, V. D.; Yusubov, M. S. Synthesis
2001, 1001-1003.

Yuan, S.-T.; Wang, Y.-H.; Liu, J.-B.; Qiu, G. Adv. Synth. Catal.
2017, 359, 1981-1989.

Su, C.-F.; Hu, W.-P.; Vandavasi, J. K.; Liao, C.-C.; Hung, C.-Y;
Wang, J.-J. Synlett 2012, 23, 2132-2136.

Wan, Z.; Jones, C. D.; Mitchell, D.; Pu, J. Y.; Zhang, T. Y. J.
Org. Chem. 2006, 71, 826-828.

Jiang, S.; Li, Y.; Luo, X.; Huang, G.; Shao, Y.; Li, D.; Li, B.
Tetrahedron Lett. 2018, 59, 3249-3252.

a) Hering, T.; Slanina, T.; Hancock, A.; Wille, U.; Konig, B.
Chem. Commun. 2015, 51, 6568-6571. b) Liu, X.; Cong, T.; Liu,
P.; Sun, P. J. Org. Chem. 2016, 81, 7256-7261. ¢) Zhu, X.; Li, P.;
Shi, Q.; Wang, L. Green Chem. 2016, 18, 6373-6379. d) Strukil,
V.; Sajko, I. Chem. Commun. 2017, 53, 9101-9104. e) Qin, H.-
T.; Xu, X,; Liu, F. ChemCatChem 2017, 9, 1409-1412.

Zhou, J.; Tao, X.-Z.; Dai, J.-J.; Li, C.-G.; Xu, J.; Xu, X.-M.; Xu,
X.-J. Chem. Commun. 2019, 55, 9208-9211.

a) Bégué, J.-P.; Bonnet-Delpon, D.; Crousse, B. Synlett 2004. 18-
29. () Shuklov, 1. A.; Dubrovina, N. V.; Borner, A. Synthesis
2007, 2925-2943. c) Colomer, I.; Chamberlain, A. E. R.;
Haughey, M. B. Donohoe, T. J. Nat. Rev. Chem. 2017, 1, 88. d)
Sinha, S. K.; Bhattacharya, T.; Maiti, D. React. Chem. Eng.
2019, 4, 244-253.

a) Kushwaha, K.; Pinter, B.; Shehzadi, S. A.; Malakar, C. C.;
Velde, C. M. L. V.; de Proft, F.; Tehrani, K. A. Adv. Synth.
Catal. 2016, 358, 41-49. b) Ebule, R.; Liang, S.; Hammond, G.
B.; Xu, B. ACS Catal. 2017, 7, 6798-6801.

25.

26.

27.

5

all,
K. L.; BIISDOIS, K. G.; IVIArKWOrtn, L. J.; Grieco, P. A. Urg. Lett.
2002, 4, 3199-3202. b) Komaromi, A.; Novadk, Z. Chem.
Commun. 2008, 4968-4970. c) Sagadevan, A.; Hwang, K. C.
Adv. Synth. Catal. 2012, 354, 3421-3427. d) Hussain, N.; Gogoi,
P.; Khare, P.; Das, M. R. RSC Adv. 2015, 5, 103105-103115. €)
Thogiti, S.; Parvathaneni, S. P.; Keesara, S. J. Organomet. Chem.
2016, 822, 165-172.
Miguez, J. M. A; Adrio, L. A.; Sousa-Pedrares, A.; Vila, J. M.;
Hii, K. K. J. Org. Chem. 2007, 72, 7771-7774.
It was observed during the reaction process that HFIP
(1,1,1,3,3,3-Hexafluoro-2-propanol) is getting evaporated and the
reaction vial become dry. It is believed that, the necessity of
sealed tube arises because of lower boiling point of HFIP (b.p
58.2 °C) and not because of DMSO (b.p. 189 °C) solvent. It is
also believed that N, atmosphere is not facilitating the reaction of
HFIP as a hydrogen donor.
Liang, S.; Hammond, G. B.; Xu, B. Chem. - Eur. J. 2017, 23,
17850-17861 and references cited there in.



DMSO as Dihydroxylating Agent.

Conversion of internal Alkynes into 1,2-
Diketones.

A metal-free and hypervalent iodine free
phenomenon.

Broad substrate scope with high yields of the
products.
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