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An efficient and environmentally benign synthesis of 1,2-allenic ketones via RuCl3-catalyzed oxidation of
homopropargyl alcohols in ionic liquid with tert-butyl hydroperoxide (TBHP) as the oxidant was reported
for the first time. With its reasonable efficiency and green nature, this oxidation provides a novel alter-
native route to 1,2-allenic ketones.

© 2010 Elsevier Ltd. All rights reserved.

Allenic ketones have shown interesting reactivity'~ by acting as
Michael acceptors, Diels-Alder dienophiles,? building blocks in
furan,? and 1,3-dipoles in unusual [8+2] annulation.” Due to their
importance, various synthetic routes to allenic ketones have been
reported.®® In particular, one often used approach involves the
reaction of allenyl or homopropargylmetals with carbonyl com-
pounds, followed by oxidation of the resulting allenic or homo-
propargylic alcohols.” The oxidant used in the above-mentioned
method is usually DMP (Dess-Martin Periodinane) and the reac-
tion is called Dess-Martin oxidation. Though Dess-Martin oxida-
tion is an efficient procedure, the formation of the corresponding
1,2-allenic ketones is in many cases along with side products
resulting from either the addition of acetic acid (from DMP) to
the allenes with electron-rich substituents or the isomerization
of the 1,2-allenic ketones with electron-withdrawing substitu-
ents.!® Moreover, Dess-Martin oxidation and other traditional
methods usually involve the use of stoichiometric or excessive me-
tal reagents, toxic organic solvents, or require harsh reaction con-
ditions. Therefore, the development of methods with less
environmentally adverse impact still remains a challenge.

On the other hand, transition metal-catalyzed reactions are
among the most powerful tools in modern organic synthesis. In
this regard, organic transformations catalyzed by ruthenium(III)
species have been a focus of attention in the recent years due to
their high efficiency and excellent chemoselectivity. The use of cat-
alytic amount of ruthenium(Ill) together with oxidants such as
H,0,,!" CH3COsH,'? NalO4'® oxygen,'* (diacetoxyiodo)benzene
(DIB),’> bromamine-T,'® CeCl;/NalO4'” and oxygen/sodium cya-
nide,'® have been used in an array of oxidative transformations,
such as oxidation of phenols, alcohols, and unactivated C-H bond;
oxidative cleavage of olefins to aldehydes; oxidation of Hantzsch
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1,4-dihydropyridine to the corresponding pyridines, and dihydr-
oxylation of unreactive olefins and oxidative cyanation of tertiary
amines.

In a recent research program, we needed some 1,2-allenic ke-
tones for the preparation of substituted furans. Considering that
RuCl; as well as other ruthenium salts and complexes has been
successfully used to catalyze the oxidation of a number of sub-
strates with various stoichiometric oxidants as mentioned previ-
ously, we envisioned a new route to 1,2-allenic ketone through
RuCls-catalyzed oxidation of homopropargyl alcohols!® by using
tert-butyl hydroperoxide (TBHP) or hydrogen peroxide (H,0,) as
the oxidant. Herein, we report that RuCl;/TBHP is able to transform
a variety of homopropargyl alcohols to 1,2-allenic ketones with a
reasonable efficiency.

The study was initiated by using 1-(4-bromophenyl)but-3-yn-
1-ol (1a, Scheme 1) as the substrate and the reaction was firstly
run in CH,Cl,. It turned out that when 1a was treated with RuCls
(0.01 equiv) and TBHP (3 equiv) at rt, 2a could be obtained, but
in low yield (Table 1, entry 1). With higher amount of RuCl; and
higher reaction temperature, the yields of 2a increased remarkably
(entries 2-6). With 0.04 equiv of RuCl; and 4 equiv of TBHP, 2a
could be obtained in a yield of 80% after the reaction mixture being
stirred under reflux for 2 h (entry 6). The oxidation was also stud-
ied in other solvents such as CH5CN and THF, but the yields of 2a
were lower than that in CH,Cl, (entries 8 and 9). Remarkably, this
reaction could be carried out efficiently in two readily available
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Table 1
Oxidation of homopropargyl alcohol (1a) under different reaction conditions®
Entry Solvent Amount of RuCl; (equiv) Amount of TBHP (equiv) Amount of H,0, (equiv) Reaction time (h) Temperature (°C) Yield® (%)
1 CH,Cl, 0.01 3 — 5 rt 25
2 CH,Cl, 0.02 3 — 5 rt 33
3 CH,Cl, 0.03 3 - 5 rt 40
4 CH,Cl, 0.04 3 — 5 rt 51
5 CH,Cl, 0.03 3 — 2 Reflux 73
6 CH,Cl, 0.04 4 - 2 Reflux 80
7 CH,Cl, 0.04 5 — 2 Reflux 81
8 CH5CN 0.04 4 — 2 Reflux 65
9 THF 0.04 4 — 2 Reflux 55
10 [bmim]BF,4 0.04 3 — 3 80 60
11 [bmim]PFg 0.04 3 - 4 80 70
12 [bmim]PFs  0.04 4 = 4 80 75
13 [bmim]PFg 0.04 5 — 4 80 74
14 H,0 0.04 4 - 4 80 22
15 [bmim]PFs  0.04 = 5 4 80 25
16 H,0 0.04 5 4 80 20

@ Reaction conditions: 1a (1 mmol).
b Isolated yields.
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ionic liquids, [bmim]BF4 and [bmim|PFs (entries 10-13). It turned
out that 2a was obtained in a yield of 75% with 0.04 equiv of RuCl;
and 4 equiv of TBHP by treating the mixture in [bmim]PFg at 80 °C

Table 2
Oxidation of homopropargyl alcohols with RuCl;/TBHP in [bmim]PFg*

(entry 12). Though the yield was lower than that with CH,Cl,, we
prefer [bmim]PFg as the oxidation medium due to the fact that
those 1-alkyl-3-methylimidazolium-based ionic liquids have
emerged as promising alternative green solvents for chemical syn-
thesis because of their negligible vapor pressure, easy recyclability,
and reusability.?® The reaction was also tried in H,0, but the yield
was unfortunately low (entry 14). In addition, when H,0, was used
as an oxidant, 2a was obtained in much lower yields compared
with that of TBHP (entries 15 and 16).

With the optimized reaction conditions, the oxidation of a range
of substrates was then investigated (Scheme 2) and the examples
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Table 2 (continued)

Entry Homopropargyl alcohol Product

Reaction time (h) Yield® (%)
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@ Reaction conditions: 1 (1 mmol), RuCl; (0.04 mmol), TBHP (4 mmol), [bmim]PFg (1 mL), 80 °C.

b Isolated yields.
€ H NMR yield.

are summarized in Table 2. It was observed that with aryl-substi-
tuted homopropargyl alcohols (Table 2, entries 1-10), the reactions
underwent smoothly, and the corresponding products were pro-
duced in moderate yields. With either electron-withdrawing or
electron-donating groups at the para position of the phenyl ring,
the oxidation proceeded efficiently (Table 2, entries 1-4). The reac-
tions were slowed with substrates bearing substituted groups at
the ortho position of the phenyl ring (Table 2, entries 9 and 10).
These results indicated that the electronic effect on the phenyl ring
in these propargyl alcohols did not play a significant role in affect-
ing the oxidation, probably due to their high reactivity. In contrast,
steric hindrance seemed to be an important factor in affecting the
oxidation. Moreover, various functional groups such as alkyl and
halide on the phenyl ring were well tolerated under these condi-
tions. It is worth to be noted that the oxidation of aliphatic sub-
strate was much more difficult and the corresponding product
was only formed in low yield (Table 2, entry 11). Encouragingly,
with internal alkyne substrates (11, 1m, and 1n), the reaction
underwent smoothly to afford the corresponding 1,2-allenic ke-
tones in moderate yields (Table 2, entries 12-14).2

Next, the recyclability of the oxidation system was studied by
using 1a as the model substrate. It followed that RuCl; together
with [bmim]PFg could be reused for a new cycle after being fully
extracted with diethyl ether (10 mL x 3), dried in vacuo and added

with certain amount of TBHP. 2'The results shown in Table 3 dem-
onstrate that it was readily recyclable for at least three times, with
only slight drop in its catalytic activity over each cycle.

In conclusion, a novel and green method for the preparation of
1,2-allenic ketones through the oxidization of propargyl alcohols
with RuCl; as a catalyst and TBHP as an oxidant was developed.
This oxidation proceeds under mild conditions and a series of func-
tional groups can be tolerated. Due to its environmentally benign
nature and reasonable efficiency, this method provides a novel
alternative to 1,2-allenic ketones and may stimulate further re-
search efforts on reactions catalyzed by RuCls species in ionic liq-
uids. Studies to probe the mechanism and to broaden the scope
of these reactions are currently underway in our laboratory and
the results will be reported in due course.

Table 3
Reusability study of the catalytic system in the preparation of 2a
Run Temperature (°C) Time (h) Yield® (%)
1 80 4 75
2 80 4 71
3 80 4 68
4 80 5 61

@ Isolated yield.



2126

Acknowledgments

This work was financially supported by the National Natural

Science Foundation of China (Nos. 20772025 and 20972042), Pro-
gram for Science & Technology Innovation Talents in Universities
of Henan Province (No. 2008HASTIT006) and the Natural Science

Foundation of Henan Province (Nos.

092300410192 and

094300510054).

References and notes

o

O 00

Krause, N.; Hoffmann-Réder, A. Tetrahedron 2004, 60, 11671.

. Schuster, H. F.; Coppola, G. M. Allenes in Organic Synthesis; Wiley: New York,

1984.

. (@) Ma, S. M,; Yu, S. C; Yin, S. H. J. Org. Chem. 2003, 68, 8996. and references

cited therein; (b) Ma, S. M,; Yy, S. C.; Qian, W. ]. Tetrahedron 2005, 61, 4157.
(a) Marshall, J. A.; Bartley, G. S. J. Org. Chem. 1994, 59, 7169; (b) Ma, S. M.;
Zhang, J. L.; Lu, L. H. Chem. Eur. J. 2003, 9, 2447; (c) Zhou, C.-Y.; Chan, P. W. H.;
Che, C.-M. Org. Lett. 20086, 8, 325.

Kumar, K.; Kapur, A.; Ishar, M. P. S. Org. Lett. 2000, 2, 787.

Landor, P. D.. In The Chemistry of Allenes; Landor, S. R., Ed.; Academic: London,
UK, 1982; Vol. 1,.

. Ma, S. M; Li, L. T,; Xie, H. Y. J. Org. Chem. 1999, 64, 5325.
. (a) Buono, G. Synthesis 1981, 872; (b) Ma, S. M.; Li, L. T. Org. Lett. 2000, 2, 941.
. For leading references, see: (a) Couffignal, R.; Gaudemar, M. Bull. Soc. Chim. Fr.

1969, 3218; (b) Flood, T.; Peterson, P. E. J. Org. Chem. 1980, 45, 5006; (c) Larock,
R. C.; Chow, M.-S.; Smith, S. ]. J. Org. Chem. 1986, 51, 2623; (d) Hashmi, A. S. K.;
Bats, . W.; Choi, J.-H.; Schwarz, L. Tetrahedron Lett. 1998, 39, 7491; (e) Yoo, B.-
W.; Lee, S.-J.; Choi, K.-H.; Keum, S.-R.; Ko, ].-].; Choi, K.-I.; Kim, J.-H. Tetrahedron
Lett. 2001, 42, 7287.

. Hashmi, A. S. K.; Chio, J.-H.; Bats, J. W. J. Prakt. Chem. 1999, 341.

. Ito, S.; Aihara, K.; Matsumoto, M. Tetrahedron Lett. 1983, 24, 5249.

. Komiya, N.; Noji, S.; Murahashi, S.-I. Chem. Commun. 2001, 65.

. Sharma, N. K.; Ganesh, K. N. Tetrahedron Lett. 2004, 45, 1403.

. Mashraqui, S. H.; Karnik, M. A. Tetrahedron Lett. 1998, 39, 4895.

. Yusubov, M. S.; Chi, K.-W.; Park, J. Y.; Karimov, R.; Zhdankin, V. V. Tetrahedron

Lett. 2006, 47, 6305.

. Sharma, V. B.; Jain, S. L.; Sain, B. Tetrahedron Lett. 2004, 45, 4281.
. Plietker, B.; Niggemann, M. J. Org. Chem. 2005, 70, 2402.
. Murahashi, S.-I.; Komiya, N.; Terai, H.; Nakae, T. J. Am. Chem. Soc. 2003, 125,

15312.

. Wu, W. L; Yao, Z. J.; Li, Y. L;; Li, J. C.; Xia, Y.; Wy, Y. L. J. Org. Chem. 1995, 60,

3257.

. Canal, J. P.; Ramnial, T.; Dickie, D. A.; Clyburne, J. A. C. Chem. Commun. 2006,

1809.

X. Fan et al./ Tetrahedron Letters 51 (2010) 2123-2126

21. General procedure for the preparation of 1,2-allenic ketones: To 1mL of

[bmim]PFs in a round-bottomed flask were added propargyl alcohol
(1 mmol) and RuCl; (0.04 mmol) at rt. The flask was then put into an oil
bath. Over rigorous stirring, TBHP (4 mmol) was added dropwise, during which
time, the oil bath was gradually heated to 80 °C. Upon completion of addition,
the mixture was stirred at 80 °C and the reaction was monitored by TLC. Upon
completion, H,0 (5 mL) was added and the mixture was extracted with diethyl
ether (10 mL x 3). The combined organic phases were washed with H,0 and
dried over MgSQ,, filtered, and concentrated under vacuum. The crude product
was purified by column chromatography eluting with hexane/ethyl acetate (0-
5%) to give the corresponding 1,2-allenic ketone products. The ionic liquid
phase was concentrated and dried in vacuo overnight for reuse. 2a: liquid; IR
(neat): 2930, 2858, 1960, 1935, 1670 cm™'; 'H NMR (400 MHz, CDCls) §: 5.27
(d, 2H, J = 6.4 Hz, CH,), 6.39 (t, 1H, ] = 6.4 Hz, CH), 7.59 (d, 2H, ] = 8.4 Hz, ArH),
7.76 (d, 2H, J = 8.4 Hz, ArH). '*C NMR (100 MHz, CDCl5) é: 79.5, 93.2, 127.9,
130.2, 131.7, 136.1, 190.0, 217.2. MS: m/z 245 [M+Na]*. HRMS (FAB) Calcd for
CyoHgBrO: 222.9758 (MH)", found: 222.9755. Compound 2b: liquid; IR (neat):
2931, 2858, 1961, 1938, 1668 cm™'; "H NMR (400 MHz, CDCl5) 6: 5.27 (d, 2H,
J=6.4Hz, CH,), 6.39 (t, 1H, J = 6.4 Hz, CH), 7.42 (d, 2H, ] = 8.4 Hz, ArH), 7.84 (d,
2H, ] = 8.4 Hz, ArH). '3C NMR (100 MHz, CDCl5) &: 79.5, 93.2, 128.7, 130.1,
135.7, 139.2, 189.8, 217.2. MS: m/z 201 [M+Na]*. HRMS (FAB) Calcd for
C1oHgClO: 179.0263 (MH)*, found: 179.0263. Compound 2d: liquid; IR (neat):
2925, 2860, 1961, 1932, 1670 cm™'; '"H NMR (400 MHz, CDCl5) 6: 2.41 (s, 3H,
CHs), 5.25 (d, 2H, J=6.4 Hz, CH,), 6.45 (t, 1H, J=6.4 Hz, CH), 7.25 (d, 2H,
J=8.0 Hz, ArH), 7.82 (d, 2H, J = 8.0 Hz, ArH). *C NMR (100 MHz, CDCl5) 6: 21.6,
79.1,93.1,128.8,129.1, 134.9, 143.7, 190.5, 216.8. MS: m/z 181 [M+Na]*. HRMS
(FAB) Calcd for CyyH;;0: 159.081 (MH)*, found: 159.0819. Compound 2e:
liquid; IR (neat): 2926, 2856, 1961, 1932, 1670cm™!; 'H NMR (400 MHz,
CDCl5) 6: 5.27 (d, 2H, ] = 6.4 Hz, CHy), 6.46 (t, 1H, ] = 6.4 Hz, CH), 7.44-7.48 (m,
2H, ArH), 7.55-7.59 (m, 1H, ArH), 7.90-7.92 (m, 2H, ArH). 13C NMR (100 MHz,
CDCls) 6: 79.2, 93.2, 128.3, 128.7, 132.8, 137.4, 191.0, 217.1. MS: m/z 167
[M+Na]*. HRMS (FAB) Calcd for C;oHgO: 145.0653 (MH)*, found: 145.0658.
Compound 2g: liquid; IR (neat): 2922, 2864, 1960, 1934, 1665 cm™~'; '"H NMR
(400 MHz, CDCl3) o: 2.42 (s, 3H, CH3), 5.26 (d, 2H, J = 6.4 Hz, CHy), 6.46 (t, 1H,
J=6.4Hz, CH), 7.34-7.39 (m, 2H, ArH), 7.70-7.72 (m, 2H, ArH). '3C NMR
(100 MHz, CDCl3) o: 21.3, 79.2, 93.2, 125.9, 128.2, 129.1, 133.6, 137.4, 138.2,
191.1, 217.0. MS: m/z 181 [M+Na]*. HRMS (FAB) Calcd for C;;H;;0: 159.081
(MH)*, found: 159.0815. Compound 2m: liquid; IR (neat): 2928, 1960, 1934,
1651 cm™!; "H NMR (400 MHz, CDCls) 6: 1.99-2.02 (m, 3H, CH5), 5.04-5.07 (m,
2H, 2 x CH), 7.53 (d, 2H, ArH, ] = 8.4 Hz), 7.63 (d, 2H, ArH, J = 8.4 Hz). '*C NMR
(100 MHz, CDCl3) 6: 14.6, 78.7, 102.0, 126.7, 130.5, 131.1, 136.8, 193.9, 217.5.
MS: m/z 259 [M+Na]". HRMS (FAB) Calcd for Cq;H;oBrO: 236.9915 (MH)",
found: 236.9909. Compound 2n: liquid; IR (neat): 2927, 2864, 1934,
1654 cm~!; TH NMR (400 MHz, CDCl3) 6: 1.99-2.02 (m, 3H, CH3), 5.06-5.09
(m, 2H, 2 x CH), 7.28 (t, 1H, ArH, J = 8.0 Hz), 7.62-7.69 (m, 2H, ArH), 7.88-7.89
(m, 1H, ArH). *C NMR (100 MHz, CDCl5) 6: 14.5, 78.9, 102.1, 121.9, 127.5,
129.4, 131.9, 134.7, 139.8, 193.8, 217.8. MS: m/z 259 [M+Na]*. HRMS (FAB)
Calcd for Cy1H;0BrO: 236.9915 (MH)", found: 236.9910.
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