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Abstract. An efficient sulfinamide/olefin based chiral 
ligand, MetSulfolefin, has been developed for the 
enantioselective rhodium-catalysed addition of aryl-boronic 
acids to trifluoromethyl ketones. This shelf-stable ligand is 
insensitive to air, oxygen and moisture, and it is obtained in 
only two high yielding steps from cheap commercially 
available (R)-tert-butanesulfinamide. The new ligand 
tolerates the use of hindered boronic acids and leads to the 
formation of a series of chiral trifluoromethyl-substituted 
tertiary carbinols in high yields and excellent 
enantioselectivities (up to >99% ee). 

Keywords: Tertiary trifluoromethylcarbinols; Chiral 
sulfinamide-olefin; Enantioselective rhodium-catalysed 
arylation; Shelf-stable ligand; Cost effective synthetic 
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The preparation of organofluorine compounds is an 
important goal in modern synthetic chemistry, 
consequence of their significance in important fields 
including pharmaceuticals, agrochemicals, material 
science and catalysis.1 Particularly enantiomerically 
enriched trifluoromethyl-substituted alcohols having 
a tetrasubstitued chiral center are important 
compounds with remarkable biological activities.2 
Thus, the preparation of enantiomerically pure 
tertiary trifluoromethyl carbinols have been a 
standing area of interest in the last two decades. In 
this sense, numerous methods for the 
trifluoromethylation of carbonyl compounds have 
been attempted affording in general low 
enantioselectivities.3 A significant alternative that has 
been lately carried out is the asymmetric rhodium-
catalysed addition of arylboronic acids to 
trifluoromethyl ketones.4 Boronic acids are attractive 
nucleophiles because of their wide availability, good 
stability and non-toxic nature apart from being 
compatible with a large range of functional groups.5 
In contrast to the Rh-catalysed addition of boronic 
acids to -unsaturated carbonyl compounds and 

aldehydes,6 the addition of carbon nucleophiles to 
trifluoromethyl ketones is still a challenging synthetic 
problem, as the methods developed so far, generally 
afford the fluorinated compounds with a 
tetrasubstitued chiral carbon with moderate yields 
and ee’s.7 In the few approaches developed for this 
transformation, the use of P-coordinating chiral 
ligands containing a phosphine,4b phosphite4f or 
phosphoradimite group4a prevails. Of these ligands, 
the best results have been obtained with the C2-
symmetric P-chiral ligands BIPOPs,4b developed 
initially in the laboratories of Boeringer Ingelheim,8 

whose synthesis require an arduous process of more 
than 10 steps of which one is a kinetic resolution.9 
In the field of asymmetric catalysis, ligand design has 
played a central role for the development of efficient 
metal and organo-catalysed processes.10 However, 
modern asymmetric catalysis requires ligands that are 
not only highly enantioselective but also structurally 
simple, chemically stable, and that both enantiomers 
are easily accessible by practical, cost effective 
synthetic approximations. In this sense, sulfinyl-
based ligands present indubitable advantages for their 
application in asymmetric catalysis.11 They are air, 
oxygen, and moisture stable, and currently a number 
of highly efficient approaches allow the rapid 
synthesis of both enantiomers of sulfinyl-based 
ligands and to easily modulate their structure.12 

Moreover, and much like the synthetically 
challenging P-chiral phosphines, they are ideally 
suited for the construction of diverse metal-ligand 
complexes with a well-defined chiral environment 
due to the close proximity of the chiral sulfur atom to 
the coordination sphere of the metal. Within the 
chiral sulfinyl ligands developed recently, mixed 
sulfur/olefin ligands have shown excellent behaviour 
in Rh-catalysed asymmetric catalysis.13 
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Scheme 1: Synthesis of Sulfinamide-olefin derivatives 1 - 5. 

In particular, simple tert-butylsulfinamide 
derivative 1 (Sulfolefin, figure 1), enclosing a 
chiral sulfur atom as the sole chiral center, proved 
to be efficient catalyst precursor for Rh-catalysed 
addition of arylboronic acids to activated ketones 
including trifluoromethyl ketones, albeit with 
moderate enantioselectivities.14 Taking into account 
these results, and in order to enhance the 
enantioselectivity, so that the process is synthetic 
interest, in the present work differently substituted 
tert-butylsulfinamide-olefin ligands (2 - 5) were 
synthesized. The ligands were designed in order to 
assess the importance of the substituents at both 
olefinic carbons (compounds 2 and 3, Figure 1), 
and at the allylic position (compounds 4 and 5, 
Figure 1). We have also evaluated the influence of 
the stereochemistry of the chiral allylic carbon of 
this type of ligands on the stereochemical outcome 
of the rhodium-catalysed reaction (Figure1). 

 

Figure 1.Sulfolefin type ligands used in this work 

Ligands 1-515 were obtained in excellent yields and 
in only 2 simple synthetic steps from commercially 
available (R)-tert-butanesulfinamide 6,16 Scheme 1, 
by condensation with the corresponding -
insaturated carbonyl compound 7-11,17 followed by 

the reduction of the obtained tert-butylsulfinyl 
imines, 12-16.18 The chemoselective reduction of 
the C=N double bond with sodium borohydride 
yielded the desired sulfinamide-olefins in high 
chemical yields. The methyl and phenyl allylic 
substituted derivatives 415c and 515d were obtained 
as a pair of diastereomers, epimers at the allylic 
position, and were resolved by column 
chromatography (Scheme 1). The obtained 
sulfinamide/olefin derivatives were then assayed as 
chiral ligands in the enantioselective rhodium-
catalysed addition of p-tolylboronic acid 17 to 
trifluoromethyl p-chlorophenyl ketone 18, as model 
reaction. The reaction was carried out using 5 
mol% of the chiral ligand, in diethyl ether, under 
reflux during 3 hours, using KF or K2CO3 as the 
base, and the results are collected in table 1.  
As can be seen from Table 1, the assayed ligands 1-
4 were active catalyst precursors for the addition 
reaction, as the final trifluoromethylcarbinol19 was 
obtained in good chemical yield (entries 1-10, table 
1).  A significant decrease in the chemical yields of 
the additions was observed in the case of both 
diastereomers of the phenyl derivatives 5S and 5R 
(entries 11 and 12, table 1), indicating the lower 
catalytic activity of these ligands. Neither 
potassium fluoride nor potassium carbonate, used 
as bases significantly influences the chemical yield 
nor the stereoselectivity of the process (entries 1-10, 
table 1). Comparison of the results obtained with 
the different ligands clearly illustrates the lack of 
influence of the nature of the substituent at the 
allylic position or its stereochemistry, R or S, on the 
enantioselectivity of the process. In the case of both 
diastereomeric methyl derivatives, 4R and 4S, the 
ee’s were similar to that previously obtained with 
the non-substituted sulfolefin 1 (compare entries 7 
and 9 vs 1, Table 1), but a small decrease in the 
enantioselectivity was observed in the case of the 
phenyl substituted ligands 5S and 5R (entries 11 
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and 12, table 1), indicating the lower inductive 
capacity of both of them.  

Table 1.Enantioselective Rh-catalysed addition of p-

tolylboronic acid to the trifluoromethyl p-cholorophenyl 

ketone using sulfinamide/olefins 1 - 5 as chiral ligands.a 

 

Entry Ligand L* Base 
Yield 

(%) 

ee 

(%) 

1 

 

1 

KF 90 74  

2 K2CO3 81 76  

3 

 

 

2 

KF 86 78  

4 K2CO3 74 78  

5 

 

3 

KF 99 94  

6 K2CO3 77 96  

7 

 

4R 

KF 93 74  

8 K2CO3 84 72  

9 

 

4S 

KF 81 72  

10 K2CO3 80 70  

11 

 

5S KF 51d 60  

12 

 

5R KF 33d 68  

aAll reaction were conducted using 0.67 mmol of ketone 

18, 1.34 mmol of boronic acid 17, 2.01 mmol of base 

(KF or K2CO3), 5 mol % of ligand 1-5, and 2.5 mol % of 

[Rh(C2H4)2Cl]2 under reflux in diethyl ether for 3 

hours.bIsolated product. cDetermined by chiral stationary 

phase HPLC using Chiralcel OJ-H® column dThe 

starting ketone 18 was not consumed despite prolonging 

the reaction time overnight. 

Fortunately, the modification of the nature of the 
substituents at the vinylic position gave better 
results. Thus, a slight but not very significant 
increase in the enantiomeric excess was obtained 
when the phenyl group in ligand 1 was substituted 
by the napthyl group in 2 (entry 3 vs 1, table 1). 
However, the excellent result obtained with the 
ligand 3, with a methyl substituent at the double 
bond, highlights the importance of the substituent 
at the non-terminal position of the olefin in this 
type of ligands. Thus, we were pleased to find that 
with this ligand the reaction affords the desired 
carbinol 19 with an interesting 90-96% ee (entries 5 
and 6, table 1). This represents a significant 
improvement of the result obtained with the 
Sulfolefin ligand 1, in terms of enantioselectivity of 

the rhodium catalysed arylboronic addition of 17 to 
the trifluoromethyl ketone 18 (compare entries 5 
and 6 vs 1 and 2, table 1). Encouraged by the good 
result obtained with this sulfinamide-olefin 3, 
which we have denominated MetSulfolefin, we 
decided to determine the scope of the reaction with 
this ligand using boronic acids with varied steric 
and electronic nature and different trifluoromethyl 
ketones. Taking into account that, as previously 
indicated in table 1, similar enantioselectivities 
were obtained using potassium carbonate or 
potassium fluoride as base, all the new additions 
were conducted with KF, and the results are 
collected in table 2. 
The reaction is not dependent on the electronic 
factors of both boronic acids and ketones. In this 
sense, boronic acids with electron donor (17, 20, 25 
and 26) or acceptor substituents (24) on the aryl 
group gave the products of addition with very high 
yields (compare entries 1-12, table 2). One of the 
first conclusions to be drawn from the data 
collected in the table is the superiority of the 
methyl-substituted ligand 3 compared to Sulfolefin 
1 in terms of stereoselectivity (entries 1-4, table 1). 
The enantioselectivities obtained in the additions of 
aryl boronic acids 17 and 20 to the ketone 18 are 
significantly higher in the case of Metsulfolefin 3 
as ligand, with 96% and 94% ee respectively 
(entries 1 and 3, table 2), compared to the ee's 
obtained with the Sulfolefin 1 that are under 65% 
(entries 2 and 4, table 2). It should be noted that 
with ligand 3 not only the para-substituted aryls 
could be introduced with very high 
enantioselectivities and good yields (entries  1, 3 
and 8, table 2), but also the meta- and ortho-
substituted aryls (entries 6, 7, 9 and 10, table 2). 
Thus, the addition of 3-methylboronic acid 25 to 
the trifluoromethyl ketone 19 gives the 
corresponding trifluoromethylcarbinol34, as a 
single enantiomer (entries 9 table 2) in very high 
chemical yields (91%). Interestingly the addition of 
the more challenging hindered boronic acids, which 
are less reactive and less enantioselective with the 
catalysts developed to date, affords the desired 
products with good yields and practically perfect 
enantioselectivities. In this sense, addition of 1-
naphtylboronic acid 22 and 2-methylboronic acid 
26 to the trifluoromethyl ketone 18 gives the 
corresponding trifluoromethyl carbinols 32 and 35 
in high chemical yields and in 96 and >99% ee 
respectively (entries 6 and 10).  

Table 2: Reaction scope of the enantioselective rhodium 

catalysed addition of arylboronic acids to trifluoromethyl 

ketones with MetSulfolefin 3 as chiral ligand.a 
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Entr

y. 

Boronic acid  

(Ar) 

Ketone  

(R) 

Product L* yield 

(%)b 

ee 

(%)c 

 

1 

 

17  

(4-Me-C6H4) 

 

18  

(4-Cl) 

 

 

3 

 

99 

 

96 

2   1 99 64 

 

3 

 

20  

(4-MeO-C6H4) 

 

18 

(4-Cl) 
 

 

3 

 

81 

 

94 

4   1 90 62 

 

5 

 

21  

(C6H4) 

 

18  

(4-Cl)  

 

 

3 

 

94 

 

90 

 

6 

 

22  

(1-Napht) 

 

18  

(4-Cl) 
 

 

 

3 

 

71 

 

96 

 

7 

 

23  

(2-Napht) 

 

18  

(4-Cl) 
 

 

3 

 

86 

 

90 

 

8 

 

24  

(4-F-C6H4) 

 

18  

(4-Cl)  

 

 

3 

 

83 

 

94 

 

9 

 

25 

(3-Me-C6H4) 

 

18  

(4-Cl) 

 

 

 

3 

 

91 

 

>99 

 

10 

 

26  

(2-Me-C6H4) 

 

18  

(4-Cl) 
 

 

 

3 

 

83 

 

>99 

 

11a 

 

26  

(2-Me-C6H4) 

 

27  

(H)  

 

 

3 

 

94 

 

94 

 

12a 

 

26  

(2-Me-C6H4) 

 

28  

(3-F)  

 

3 

 

92 

 

>99 

 
aAll reactions were conducted using 0.67 mmol of the 

ketone, 1.34 mmol of the arylboronic  acid, 2.01 mmol 

of KF, 5 mol % of ligand 1 or 3, and 2.5 mol % of 

[Rh(C2H4)2Cl]2 under reflux in diethyl ether for 3 

h.bIsolated product. cDetermined by chiral stationary 

phase HPLC using Chiralcel OJ-H® column 

As far as we know these are the best 
enantioselectivities obtained in these types of 
transformations to date. In the case of the 
nonsubstituted ketophenone 27 the corresponding 
adduct 36 was obtained with a high 94% ee and 
94% chemical yields (entry 11, table 2). The 
enantioselectivity was higher in the case of the 
meta-fluoro substituted ketone 28 allowing the 
formation of the corresponding carbinol 37 in 
>99% ee and 92% chemical yield (entry 12, table 
2). Clearly, the presence of the "flag methyl" 
group19 in the olefinic position of ligand 3 has 
improved significantly the enantioselectivity in the 
rhodium-catalysed additions of arylboronic acids to 
trifluoromethyl ketones, highlighting subtle effects 
in the steric and electronic reorganizations of the 
coordinated transition states, figure 2. In this sense, 
although the sulfolefin-type ligands can coordinate 
the rhodium in different ways, NMR and RX 
studies have shown that they generally act as 
bidentate ligands capable of coordinating the metal 
through the sulfur and the double bond.13d, 14 
(a) 
 

 
(b) 

 

Figure 2.(a) Conformations, A(minor) and B(major), 

proposed for the square planar complex intermediate [3-

RhL2]. (b) Structure of the transition states, B1 and B2, 

proposed for the attack of the aryl group to the si and re 

face of the trifluoromethyl ketone. 

In the square planar complex intermediate, figure 2, 
and due to an unfavourable steric interaction with 
the cis vinylic methyl group of ligand 3, the phenyl 
group cannot be coplanar with the double bond, 
figure 2(a), and rotates slightly out of this plane to 
give a new conformation, figure 2(b), in order 
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minimize this interaction. In the new conformation, 
the phenyl ring points to the same side than the 
tert-butyl group, key element in the observed 
enantioselectivity, thus enhancing the whole 
stereochemical outcome of the process. In this 
sense, of the two possible intermediates B1 and B2, 
formed through substrate coordination to the aryl 
rhodium intermediate in the proposed catalytic 
cycle of the Rh-catalysed addition of boronic acid 
to activated ketone, intermediate B1 is much more 
favorable than intermediate B2 with ligand 3. Thus, 
insertion of the aromatic ring to the carbonyl group 
in intermediate B1 (siface attack), followed by 
transmetallation explains the formation of the 
observed major isomer, figure 2. 
 
In conclusion, we have developed an efficient 
sulfinamide/olefin based chiral ligand, 
MetSulfolefin, for the enantioselective rhodium-
catalysed addition of aryl-boronic acids to 
trifluoromethyl ketones. This shelf stable ligand is 
insensitive to air, oxygen and moisture, and it is 
obtained in only two high yielding steps from 
cheap commercially available (R)-tert-
butanesulfinamide. The new ligand leads to the 
formation of a series of chiral trifluoromethyl-
substituted tertiary carbinols in high yields and 
excellent enantioselectivities (up to 100% ee). To 
the best of our knowledge "MetSulfolefin" can be 
considered as one of the best chiral ligands 
developed for this rhodium-catalysed process, up to 
now.  The presence of a methyl group at the non-
terminal vinylic position of this new chiral ligand 
seems to be the key to its success. Applications of 
this ligand in other rhodium-catalysed processes are 
currently under investigation and the results will be 
reported in due course 

 

Experimental Section 

 (R,E)-N-2-Methyl-3-phenylprop-2-en-2-yl  tert-
butylsulfinamide, Metsulfolefin 3. 

To a solution of -methylcinnamaldehyde (1.05 mL, 
7.50 mmol, 100 mol%) and (R)-tert-butanesulfinamide 6 
(1.0 g, 8.25 mmol, 110 mol%) in dry THF (25 mL), at 
room temperature under argon atmosphere, Ti(OEt)4 
(1.73 mL, 8.25 mmol, 110 mol%) was added. Once the 
starting material was consumed (24 h), the reaction 
mixture was hydrolysed with a saturated NaCl aqueous 
solution (25 mL). The resulting suspension was filtered 
through a pad of Celite. The aqueous phase was 
extracted with CH2Cl2 (3 x 40 mL) and the combined 
organic phases were dried over anhydrous Na2SO4. The 
solvent was evaporated under reduced pressure and the 
resulting residue was purified by flash chromatography 
(EtOAc:hexane, 1:10) to give 1.53 g of  (R,E,E)-N-2-
Methyl-3-phenyl-prop-2-en-1-ylidene tert-
butylsulfinamide, 14. 

14 (6.13 mmol, 82% yield) as yellow liquid. [α]D
20: -

401.4 (c1, CHCl3). 1H-NMR (500 MHz, CDCl3): δ 8.30 
(s, 1H), 7.46-7.45 (m, 2H), 7.42-7.39 (m, 2H), 7.35-7.31 
(m, 1H), 7.10 (bs, 1H), 2.20 (d, J = 1.2 Hz, 3H), 1.24 (s, 
9H) ppm. 13C-NMR (125 MHz, CDCl3): δ 167.2, 144.2, 
136.0, 135.3, 128.8, 128.6, 57.5, 27.6, 13.2 ppm. 
HRMS: Calc. for C14H19NOS [M+H]+: 250.1260; found 
250.1255 (-2.2111 ppm). 

To a solution of the N-tert-butylsulfinylimine 14 (750 
mg, 3 mmol, 100 mol%) in dry MeOH (20 mL), under 
argon atmosphere, at 0°C, NaBH4 (113.8 mg, 6 mmol, 
200 mol%) was added. Once the starting material was 
consumed, a saturated NH4Cl aqueous solution was 
added. The aqueous phase was extracted with EtOAc (3 
x 40 mL) and the combined organic phases were dried 
over anhydrous Na2SO4. The solvent was evaporated 
under reduced pressure and the resulting residue was 
purified by flash chromatography (EtOAc/hexane 1:3) to 
give 651.5 mg of 3 (2.59 mmol, 86% yield) as a white 
solid. M.p.: 72-73°. [α]D

20: -47.9 (c 1, CHCl3). 1H-NMR 
(500 MHz, CDCl3): δ 7.35-7.32 (m, 2H), 7.27-7.26 (m, 
2H), 7.24-7.21 (m, 1H), 6.50 (bs, 1H), 3.82 (AB 
fragment of an ABX system, Δν = 58.7 ppm, J = 7.5, 5.1 
and 14.0 Hz, 2H), 3.32 (t, J = 6.0 Hz, 1H), 1.91 (d, J = 
0.8 Hz, 3H), 1.26 (s, 9H) ppm.13C-NMR (125 MHz, 
CDCl3): δ 137.5, 135.5, 129.0, 128.3, 127.7, 126.8, 56.0, 
54.2, 22.8, 16.4 ppm. HRMS: Calc. for C14H21NOS 
[M+H]+: 274.1236; found 274.1231 (-1.9480 ppm). 

Rhodium-catalysed  1,2-addition of boronic acids to 
trifluoromethyl ketones. Typical Procedure. 

To a mixture of the arylboronic acid (1.34 mmol), KF 
(2.01 mmol), the chiral ligand 3 (8.42 mg, 0.03 mmol, 5 
mol %) and [Rh(C2H4)2Cl]2 (0.015 mmol, 2.5 mol %) 
was added the trifluoromethyl ketone (0.67 mmol) and 
Et2O (10 mL). After stirring the mixture at reflux for 3 
hours, the reaction mixture was directly purified by flash 
chromatography on silica gel (Hexane/CH2Cl24:1) to 
afford the desired trifluoromethyl carbinol. The 
enantioselectivity was determined by chiral HPLC. 
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