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The asymmetric transfer hydrogenation of a,b-propargyl ke-
tones catalyzed by an in situ formed ruthenium–hydroxyamide
complex was explored. The acetylenic alcohols were isolated in
good to excellent yields with excellent ee values (typically
>90 %) after short reaction times at room temperature.

Enantiomerically pure propargylic alcohols are valuable and

versatile synthetic building blocks that are widely used in or-
ganic synthesis.[1] These compounds can be transformed into,

for example, asymmetric allenes[2] and enantiomerically pure
aliphatic and allylic alcohols.[3, 4] Natural products such as pros-

taglandins,[5] macrolides,[6] pheromones,[7] and musclides[8] have
been produced by utilizing homochiral propargylic alcohols as

key elements in their synthesis, and these particular building

blocks are frequently employed in the formation of cyclic and
polycyclic compounds with several stereogenic centers.[9]

Enantiomerically enriched propargylic alcohols can be
formed by different synthetic methods.[1, 10] Asymmetric addi-

tion of acetylenes to carbonyls is a common strategy,[3b, 11] and
asymmetric addition of carbon nucleophiles to alkynals[12] and

alkynones[13] has also been reported. Kinetic resolution[14] and

dynamic kinetic resolution[15] of racemic propargylic alcohols
constitute two other approaches. Asymmetric propargylic alco-

hols are also available by reduction of the corresponding ke-
tones. This family of methods spans from stoichiometric reduc-

tions, for example, by using chiral boron reagents[16] and alumi-
num hydride reagents,[7b, 17] to catalytic protocols with en-
zymes[18] or chiral phosphoric acids.[19] In addition, propargylic

alcohols are available through ruthenium-catalyzed asymmetric
hydrogenation and asymmetric transfer hydrogenation (ATH).
However, to date, only a handful of catalytic protocols are
known for these transformations.[20, 21] Further development of
milder and more cost-efficient methods in this field is therefore
of great value for the chemical community.

We previously reported the use of transition-metal catalysts
in combination with amino acid derived hydroxyamide ligands
for the asymmetric transfer hydrogenation of aryl alkyl ketones
by using alcohols as terminal reductants.[22] We also demon-
strated that some of our amino acid based catalytic systems

could mediate the enantioselective reduction of ketones, in-
cluding an aliphatic ketone, in a water system with formate as

the hydrogen donor.[23] Herein, we show that propargylic ke-
tones can successfully be added to the substrate scope of this
class of ATH catalysts. Excellent yields and enantioselectivities
of propargylic alcohols were obtained at room temperature
with the use of low catalyst loadings of the [Ru(p-cym)Cl2]2

(p-cym = p-cymene) complex in combination with ligand
(S,S)-L1 (Figure 1).

The initial screening was performed

by using 4-phenyl-3-butyn-2-one (1 a)
as a model substrate and by employing

conditions previously developed for the
asymmetric transfer hydrogenation of

ketones.[22f] Using the ruthenium cata-
lyst (2 mol %), it was found that the re-

action mixture needed to be diluted

from 0.2 to 0.01 m in a mixture of THF/
iPrOH (1:1) to reach a reasonable yield

of the propargylic alcohol (Table 1,
entry 1). Further evaluation of solvent mixtures and concentra-

tions revealed that high yield and enantioselectivity of the
model substrate alcohol was obtained after only 5 min at

room temperature by using a mixture of iPrOH/toluene (1:1) at

a concentration of 0.1 m (Table 1, entry 6). Performing the reac-
tion in isopropanol without a co-solvent resulted in a reaction

that was slower than that performed in a 1:1 mixture with tol-
uene at the same reactant concentration (Table 1, entries 3 and

6). No product was formed if the reaction was conducted with-
out the catalyst and ligand present with all other conditions

identical. Instead, substrate decomposition was seen to some

Figure 1. Hydroxy-
amide ligand (S,S)-L1
derived from l-alanine.

Table 1. Influence of solvent and ketone concentration.[a]

Entry Solvent Concentration Time Conversion[b] ee[c]

[m] [min] [%] [%]

1 iPrOH/THF (1:1) 0.01 30 full 97
2 iPrOH/THF (1:1) 0.05 120 51 95
3 iPrOH 0.05 60 71 n.d.
4 iPrOH/hexane (1:1) 0.05 60 17 n.d.
5 iPrOH/toluene (1:1) 0.05 15 full 98
6 iPrOH/toluene (1:1) 0.1 5 full 98
7 iPrOH/PhCl (1:1) 0.1 30 full 97
8 iPrOH/tBuOH (1:1) 0.1 60 – n.d.

[a] For the experimental procedure, see the Supporting Information.
[b] Conversion was determined by 1H NMR spectroscopy. [c] The enantio-
selectivity was determined by HPLC on a chiral stationary phase (Chiralcel
OB column). n.d. = not determined.

[a] A. Shatskiy, T. Kivij�rvi, Dr. H. Lundberg, Dr. F. Tinnis, Prof. H. Adolfsson
Department of Organic Chemistry, Arrhenius Laboratory
Stockholm University
106 91 Stockholm (Sweden)
E-mail : hans.adolfsson@su.se

Supporting Information for this article is available on the WWW under
http://dx.doi.org/10.1002/cctc.201500821.

ChemCatChem 2015, 7, 3818 – 3821 Ó 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim3818

CommunicationsDOI: 10.1002/cctc.201500821

http://dx.doi.org/10.1002/cctc.201500821


extent. The screening in Table 1 was performed by using dry
toluene, iPrOH, and THF (<30 ppm water content). Lithium

chloride was used as an additive in the screening, as earlier
work with this catalyst showed that it has a beneficial effect

on the enantiomeric excess (ee) and conversion as a result of
the ion’s participation in hydride delivery.[22d,e]

The substrate scope of the reaction was evaluated, and the
optimal reaction time for each substrate was determined
(Table 2). Interestingly, and in contrast to previous work on the

asymmetric transfer hydrogenation of aryl ketones by using
the herein reported catalyst, it was found that LiCl did not en-

hance the yield or the ee for the majority of the propargylic ke-
tones. The reason behind this unexpected finding is not clear

but might be due to catalyst interactions that are more favor-
able for propargylic substrates than for aryl ketones. It is also

possible that the resulting decrease in polarity of the reaction

mixture as a result of the use of toluene as a co-solvent in-
stead of previously employed THF leads to a more contracted

transition state, which makes the lithium ion redundant.[22e]

The results for the substrate evaluation with and without LiCl

present are found in Table 2. Propargylic ketones 1 b– d con-
taining only aliphatic substituents were all reduced with high

ee values (Table 2, entries 1–3), which indicates that the triple
bond alone is sufficient for directing the substrate to the asym-
metric catalyst. The reaction worked well with substituents
with varying degrees of steric hindrance in the a position to
the carbonyl group, with the exception of aliphatic tert-butyl-
substituted ketone 1 d (Table 2, entry 3). Interestingly, the alco-

hol of the analogous phenyl-substituted alkynone 1 i was ob-
tained in considerably higher yield after a short reaction time

(Table 2, entry 10). Both electron-rich and electron-poor aryl-
substituted alkynones 1 j– l were reduced with high ee values
and in high yields, even though the electron-poor substrates
required more dilute conditions to reach acceptable yields
(Table 2, entry 11 vs. entries 12 and 13).[24] The same behavior

was observed for heteroaromatic substrate 1 m (Table 2,
entry 14).

All propargylic alcohols were found to exhibit the (S) config-
uration when (S,S)-L1 was used, which is in line with the chiral
induction previously seen in the ruthenium-catalyzed ATH of

aryl methyl ketones with the use of this ligand.[22] Terminal al-
kynes were reported by Noyori to inhibit the catalytic reduc-

tion of alkynones using the Ru–TsDPEN catalyst TsDPEN = N-4-
toluenesulfonyl-1,2-diphenylethylenediamine, presumably by

catalyst poisoning.[20a] Therefore, it was not surprising to find
that reduction of unsubstituted alkynone substrate 1 n failed

(Table 2, entry 15). The same result was also found for TMS-pro-

tected alkynone 1 o, likely because of cleavage of the TMS
group under the reaction conditions (Table 2, entry 16). Gratify-

ingly, the reduction of triisopropylsilyl (TIPS)-protected
alkynone 1 p resulted in isolation of the alcohol product in

94 % yield with >99 % ee (Table 2, entry 17). Furthermore, the
reaction was demonstrated to be scalable, and model sub-

Table 2. Substrate evaluation.[a]

Entry 1 Conc. Time Yield[b] [%]/ee[d] [%]
[m] [min] 10 mol % No LiCl Abs.

LiCl config.

1 1 b 0.1 20 80/98[h] 91/97[h] S[e]

2 1 c 0.1 20 81/>99[h] 78/>99[h] S[e]

3 1 d 0.1 180 11/n.d. – n.d.
4 1 e 0.1 20 81/>99[h] 53/95[h] S[i]

5 1 a 0.1 10 83/96 91/97 S[f]

6 1 a 0.1 35 67/97 – R[f,g]

7 1 f 0.1 10 94/98 98/98 S[f]

8 1 g 0.1 15 92/98 89/>99 S[f]

9 1 h 0.1 10 92/>99 98/>99 S[f]

10 1 i 0.1 30 73/>99 78/>99 S[f]

11 1 j 0.1 10 97/97 92/97 S[f]

12 1 k 0.01 30 89/98[h] – n.d.
13 1 l 0.01 25 91/98 99[c]/97 S[f]

14 1 m 0.01 30 98/98 82/97 S[i]

15 1 n various conditions 0 0 –
16 1 o various conditions 0 0 –
17 1 p 0.1 35 – 94/>99[h] S[e]

[a] For the experimental details, see the Supporting Information. n.d. =
not determined. [b] Yield of isolated product. [c] Yield was determined by
1H NMR spectroscopy. [d] Determined by HPLC on a chiral stationary
phase (Chiralcel OB or IS column). [e] Determined by optical rotation and
comparison to literature data.[14a, 16c, 25] [f] Determined by circular dichro-
ism.[26] [g] (R,R)-Configured ligand L1 (ent-L1) was used for the transforma-
tion. [h] Determined by GC on a chiral stationary phase (CP Chirasil DEX
CB column) as the corresponding acetate. [i] Determined by analysis of
the corresponding (S)-methoxyphenylacetic ester by NMR spectroscopy
with and without barium trifluoromethanesulfonate [Ba(OTf)2] at
¢20 8C.[27]
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strate 1 a was reduced on a 10 mmol scale to yield 88 % of the
desired alcohol with 97 % ee (Scheme 1).

Homochiral propargylic alcohols can easily be subjected to
further functionalization and synthetic manipulations.[9f, 28] The
ATH protocol presented herein can furnish a range of propar-

gylic alcohols with high enantiomeric excess values, and nota-
bly, products of opposite stereochemistry are easily obtained

by the use of ligand (R,R)-L1 (Table 2, entry 6). The latter ligand

is readily prepared from the corresponding tert-butoxycarbonyl
(Boc)-protected d-alanine and (R)-2-aminopropanol.

To conclude, we developed a catalytic protocol for the asym-
metric reduction of propargylic ketones under transfer-hydro-

genation conditions by using isopropanol as the terminal re-
ductant. The reaction is catalyzed by a half-sandwich rutheni-

um complex, in situ generated from [Ru(p-cym)Cl2]2 and an

amino acid based hydroxyamide ligand (Figure 1). A number of
asymmetric secondary acetylenic alcohols were obtained in

good to excellent yields and enantioselectivities. Alkynones
substituted with aromatic, heteroaromatic, aliphatic, and silyl

protecting groups were all tolerated under the reaction condi-
tions to afford propargylic alcohols, which are synthetically rel-

evant for a large number of potential applications.

Experimental Section

General procedure for the asymmetric transfer hydrogena-
tion of propargylic ketones

[Ru(p-cym)Cl2]2 (1 mol %) was added to a reaction vial equipped
with a stirring bar. The vial was fitted with a septum, and the at-
mosphere was exchanged to N2. Pseudo-dipeptide ligand
(2.2 mol %, 0.682 % w/w solution in iPrOH), ketone (0.5 mmol), and,
when needed, LiCl (10 mol %, 0.532 % w/w solution in iPrOH) were
added to degassed specified solvents. The mixture was then stirred
for 10 min, after which time potassium tert-butoxide (10 mol %,
1.4 % w/w solution in iPrOH) was added. The mixture was stirred at
room temperature for the specified amount of time. The crude
product was purified by flash chromatography (ethyl acetate/pen-
tane).
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