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ABSTRACT

H
R SO:Ph  [RuCl(benzene)]CI/L ._SO.Ph
R' R? H2 (150 psi), I2 (3 mol %) R' R

ee: up to >99%, TON: up to 1000

Ru-SUNPHOS catalyzed asymmetric hydrogenation of a variety of sulfonyl ketones (R

= alkyl, aryl) in the presence of iodine gave enantioenriched

hydroxyl sulfones with good catalytic efficiency. Further investigation revealed that the in situ generated anhydrous HI is the operating additive

The increasing demand for enantiomerically pure pharma- catalyst, and reaction conditions. Frequently, small amounts
ceuticals, agrochemicals, flavors, and other fine chemicals of achiral or chiral additives have been attributed to remark-
has greatly stimulated the research in the field of asymmetric able change in conversion rate, yield, enantioselectivity, and
catalytic technologie? Among these, asymmetric hydro- even reaction pathwayThis effect is not only significant
genation, which utilizes molecular hydrogen to reduce inacademic reasear®tbut also serves a pivotal role in some
prochiral olefins, ketones, and imines, has become one ofindustrial applications
the most efficient methods for constructing chiral com-  Optically actives-hydroxy aryl sulfones are useful chiral
pounds? It is well-known that asymmetric catalytic systems Synthons in organic synthesis, as teearbon among these
are often very sensitive to small variations in substrate, compounds can be further functionalized and, moreover, the
sulfonyl groups can be easily removed from the skeleton
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without racemization® They have been successfully applied
to synthesis of biologically active molecules such as
y-butenolide$a¢ y-butyrolactone$? 5-disubstituted tetra-
hydrofuran ando-valeractone& etc. As a result, many

methods have been developed for the enantioselective

synthesis of optically activg-hydroxy sulfones, including
kinetic resolutiort,and/or kinetically controlled oxidation of
racemic substrates by biocataly%tsaker's yeast or fungéls
mediated reduction and chiral oxazaborolidfre polymer-
supported sulfonamidiecatalyzed borane reduction @fketo

sulfone. Gefteet al. reported an enantioselective hydrogena-

tion of -keto sulfones with chiral Ru(ll) cataly$tand Hou

and co-workers reported Rh-catalyzed enantioselective hy-

drogenation off-keto sulfones using a bisferrocenyl diphos-
phine ligand with planar chirality? however, reduction of

aromatic analogues required drastic reaction conditions to

obtain high optical purity or more expensive Rh catalyst.

Recently we have been focusing on the design and

application of new biaryl phosphine ligands. Initial work in
this area has resulted in the identification of a series o
bidentate ligandd.1—L4 (Figure 1) highly effective at
enantioselective hydrogenation of ketoestér$Ve also
reported the significant improvement on catalyst stability an
enantioselectivity by Lewis acid additives in the asymmetric
hydrogenation oft-ketoesterd?c In this paper, we report a
highly enantioselective hydrogenation@keto sulfones in
the presence of iodine.

The chiral Ru(ll) catalyst was readily prepared from [Ru-
(benzene)GJ, and diphosphine ligand by refluxing them in
degassed ethanol/benzene for 1° R he chiral bidentate
ligands L1-L4 and two commercially available chiral
bidentate phosphinesR)Y-BINAP and §-SEGPhos, were
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f Figure 1. Structure of ligands.

d also tested for the asymmetric hydrogenation of 1-phenyl-

2-(phenylsulfonyl)ethanonéla) under 150 psi of K at

70 °C in EtOH for 20 h with 1 mol % of Ru(ll) catalyst.
The f-ketosulfonela was successfully reduced with com-
plete conversion and good ee. We found the enantioselec-
tivities were greatly dependent on ligands, ee increasing in
the following order: R)-BINAP (73.0%),L4 (89.7%),L2
(90.3%), §-SEGPhos (92.5%),.1 (94.5%),L3 (95.2%)
(Table 1).

Table 1. Catalytic Asymmetric Hydrogenation dfa with
[RuCl(benzend)]CI2

OH
SO,Ph ~ SO2Ph
[RuCl(benzene)L]CI ©/\/
1a 2a
entry L ee (%)°
1 (R)-BINAP 73.0
2 (S)-SEGPhos 92.5
3 L1 94.5
4 L2 90.3
5 L3 95.2
6 L4 89.7

a All reactions were carried out under 150 psi of hydrogen with a substrate
(2 mmol) concentration of 0.25 M in EtOH at 7@ for 20 h. Substrate/
[Ru(benzene)G]2/ligand = 100/0.5/1.1, Conversion: 100%Ee values
were determined by HPLC on a Chiralpak AD-H column.

It has been reported that catalytic additives play a crucial
role in improving the reactivity and enantioselectivity of
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many asymmetric reactiorisdccordingly, we evaluated a || AN

number of additives for asymmetric hydrogenatioriaby Table 3. The Asymmetric Hydrogenation df with
using 1 mol % of Ru(Il)k3 complex as catalyst and 3 mol  |ryci(benzena)3]Cla

% of the additive in an attempt to promote the enantiose- j\/ ji/
lectivity. As shown in Table 2, a series of sulfonic acids N so,ph _[RuL3(benzene)CIICI R {_-SOzPh

1 2
|
Table 2. Optimization Studies of Catalytic Asymmetric entry R ee (%)
Hydrogenation ofla? 1 Ph (1a) 99.2
. 2 4-F-C¢H4 (1b) 98.9
entry additives convn (%) ee (%) 3 4-C1-CeH, (1¢) 98.7¢
1 CSA4 100 96.6 4 4-Br-C¢Hs (1d) 98.8¢
2 CF3S0sH 100 96.2 5 4-Me-CgHy (1) 99.4
3 CH3SOsH 100 95.6 6 4-MeO-CgHy (1) 98.2
4 H,S0,4 100 95.7 7 3-Cl-CeH4 (1g) 98.3
5 TsOH-H20 100 95.9 8 2-Me-CgH4 (1h) 97.1
6 HCI aq 100 96.1 9 2-Cl-CgHy4 (11) 89.8
7 HBr aq 100 97.0 10 Me (1j) 99.4
8 HI aq 100 98.9 11 i-Pr (1k) 97.0
9 K2COs3 230 60.1 12 Cy D) 99.3
10 EtsN 15 27.6 134 Ph (1a) 99.1
1 I, 100 99.2 a All the reactions were carried out under 150 psi of hydrogen gas with
12 L 100 99.1 a substrate (1 mmol) concentration of 0.25 M in EtOH at’@0for 20 h.
13/ I 90° 99.0 Substrate/[Ru(benzene)MIL3/1, = 200/0.5/1.1/3.0. Conversion: 100%e

values were determined by HPLC on a Chiralpak AD-H colufrfee values
2 All reactions were carried out under 150 psi of hydrogen with a substrate were determined by HPLC on a Chiralcel OJ-H colufh8/C = 1000/1.
(1 mmol) concentration of 0.25 M in EtOH at 7€ for 20 h. Substrate/ Conversion: >95% (NMR).
[Ru(benzene)G]./L3/additives = 100/0.5/1.1/3.0° Determined by'H
NMR. ¢ Ee values were determined by HPLC on a Chiralpak AD-H column.
d Camphor sulfonic acict Methanol was used as solvehtsopropanol was

used as solvent. entry 8); for a coordinating ortho-substituted substrate, the
ee drops dramatically (ee 89.8%, entry 9).

. . . Hydrogenation of an aliphatic analogue also gave excellent
(Table 2, entries 45) slightly increased the ee values of enatioselectivity (R= Me, ee 99.4%, entry 11), even for

the f-hydroxy sulfone2a Aqueous HX also enhanced  (he more hindered carbonyl groups+#R-Pr, ee 97.0%, entry
enantioselectivities in the following order: HCl aq (ee 96.1%, 15 5nd R= Cy, ee 99.3%, entry 13).

entry 6), HBr aq (ee 97.0%, entry 7), Hl aq (ee 98.9%, entry
8). In contrast to acidic additives, the addition of organic or
inorganic bases decreased both the enatioselectivities an
conversion rates (entries 9 and 10). Interestingly, when iodine
was applied to the asymmetric hydrogenatioreéetosul-
fone 1la, an unprecedentedly high enantioselectivity was

. 0 A .
obtained (ee 99.2%, entry 11). Similar results were obtained knowledge, there has been no report on the effect of iodine

when methanol or isopropanol was employed as solvent, . . : -
: : ) on Ru-catalyzed reactions. To investigate the role of iodine
although a lower conversion of starting material was .

observed when isopropanol was employed (Table 2 entries” the hydrogenation reactions, we have run three experie-
12 and 13) prop ploy ' ments: first, we mixed [RuCl(cymene3]Cl with 3 equiv

of iodine in the presence or absencelafin EtOH under

Under the optimized reaction_conditions, a variety of 150 psi of hydrogen gas at room temperature for 2 h, and
substrates were hydrogenated with use of [RuCl(benzene),o tonq that the purple-red color of both solutions disap-

L3]C_I/ |2 as c_;f?talyst (Tablg: 3). A sehries Biketo §glfones h peared; second, we dissolved substideand 1 equiv of
bearing a different substituent at the para position on the iodine in EtOH, and evaporated EtOH to afford @siodi-

phenyl group were stqdied (entrie&ﬂ).. The result; show  hated product 2-iodo-1-phenyl-2-(phenylsulfonyl)ethanone
that the electron density of the aromatic ring has little effect (42): third, when we terminated the hydrogenation reaction
on the enantioselectivities (ee 98.99.4%, entries 26), of 4a half;Nay we noticed complete deiodatiotH(NMR
evenp-methoxy (strong electron-donating substituent) sub- '

stituted ary-keto sulfone (ee 98.2%, entry 6). WherCl (16) (a) Togni, AAngew. Chemint. Ed. 1996 35, 1475. (b) Xiao, D.;
was employed as the substrate, high enantioselectivity waszhang, X.Angew. Chem.nt. Ed. 2001, 40, 3425. (c) Wang, W.-B.; Lu,

also obtained comparable to those of the para-substitutedS: M. Yang, P.-Y.; Han, X.-W.; Zhou, Y.-GJ. Am. Chem. So2003
o R 125 10536. (d) Chi, Y.; Zhou, Y.; Zhang, X1. Org. Chem.2003 68,
substrates (98.3%, ee, entry 7). For the ortho-substituteds120. (e) Moessner, C.; Bolm, @ngew. ChemInt. Ed. 2005 44, 7564.
B-keto sulfones, the hydrogenation results are depending ong) Le%auilj, C>3<YJ Cnar\fle\}te, A.LBJ).< A?H Ch%m.UScAQOOghlﬂ %9%% ég)
H H H . H H ou, G.-R.; Xie, J.-H.; Wang, L.-X.; ou, Q.-LJ. Am. em. S0
the substituents on the aromatic ring: for a noncoordinating 128 11774, (h) Zhou. Y.-GAcc. Chem. Respublished online Sept. 27,

ortho-substituted substrate, the ee drops slightly (ee 97.1% http://dx.doi.org/10.1021/ar700094b.

When the substrate/catalyst ratio increased from 200 to
000, the hydrogenation dfa still proceeded smoothly,
eeping the enantioselectivity (ee 99.2%, entry 1, vs ee
99.1%, entry 13).

Several groups have recently applied iodine or iodide salts
in Ir-catalyzed asymmetric hydrogenatitiii® To our best
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detection) prior to the complete conversion to the final
compound. It is clear that the iodine or the iodated ketone

3), comparable to asymmetric hydrogenation laf with
addition of iodine (ee 99.2%, Table 2, entry 11). Asymmetric

was reduced to give hydrogen iodide under the hydrogenationhydrogenation ofla with 4a as the additive also gave the

conditions. So we further carried out a series of hydrogena-
tion reactions to investigate the mechanism of the iodine
effect. As shown in Table 4, asymmetric hydrogenation of

Table 4. Effects of the Additives under Controlled Conditi@ns

H
©/ﬁ§<SOzPh [RuCl(benzene)LICI ©/K<302Ph
R1 RZ > R1 Rz
4 aR'=H;R = 5
b:R' = H;R?= Br
¢ R'=R*=Me
d:R'=H;R?=Cl
entry substrate additives product ee (%)
1¢ la none 2a 95.3
2¢ la I 2a 99.1
3 4a none 2a 98.8
4 la 4a 2a 99.2
5 la Nal 2a 95.2
6 4b none 2a 98.6
7 4c none 5¢ 98.2
8 4c HI aq 5¢ 98.1
9 4c I 5¢ 97.7
10 4d none 5d, 2a 68.4/89.3

a All the reactions were carried out under 150 psi of hydrogen gas with
a substrate (1 mmol) concentration of 0.25 M in EtOH at’@0for 20 h.
Substrate/[Ru(benzene)¥L3/additives = 100/0.5/1.1/3.0° Ee values
were determined by HPLC on a Chiralpak AD-H colurfilgubstrate/
[Ru(cymene)],/L3/additives= 100/0.5/1.1/3.0.

lawith [Rul(cymenel.3]l as catalyst gave the same results
as with [RuCl(benzen&B]Cl as catalyst with or without the
iodine (entries 1 and 2), revealing that the halogen atom
bound to ruthenium has no obvious effect on the enantiose-
lectivity. Asymmetric hydrogenation efayielded2aas the
sole product with excellent enantioselectivity (ee 98.8% entry

5616

same result as with the addition of iodine (ee 99.2%, entry
4), but Nal was found to exert no positive effect (ee 95.2%,
entry 5). Hydrogenation of 2-bromo-1-phenyl-2-(phenylsul-
fonyl)ethanone4b) also gave?a as the product of excellent
enantioselectivity (ee 98.6%, entry 7). These results impli-
cated the active role of hydroiodic acid generated in situ
rather than ] itself. The Brgnsted acids HX (> 1, Br)
generated in situ promote the enatioselectivity and serve
better than their aqueous conuterparts<X, Br, Cl; Table

2, entries 6, 7, and 8). The reaction of the!'-dimethylated
p-ketosulfone, 2-methyl-1-phenyl-2-(phenylsulfonyl)propan-
1-one éc), proceeded equally well with or without additives
(entry 7-9), indicating that the hydrogenation can occur in
the keto form, if not exclusively’ Hydrogenation of
2-chloro-1-phenyl-2-(phenylsulfonyl)ethanorl( gave the
mixture of 5d (79%) and2a (21%) with moderate enatiose-
lectivity (syn: 68.4% ee; anti: 89.3% ee) (entry 10).

In conclusion, we have developed a novel catalytic system
for the enantioselective hydrogenation of a varietgddeto
sulfones using iodine as the additive; excellent enantiose-
lectivity was obtained. Work is in progress to develop a
deeper understanding into the mechanism and to apply this
methodology to asymmetric hydrogenation of other prochiral
ketones and olefins.
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