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ABSTRACT
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R= C6H5, 4‘CH3C6H4, 3'CF3C6H4, 4'NCCGH4, H : Ph
2- or 4-FCgH,, 3- or 4-CIC4H,, Ph
3,5-(CF3)oCgHa, 2-thienyl, CHj (8,9)-Ir cat.

Asymmetric hydrogenation of a series of

o-hydroxy aromatic ketones in methanol catalyzed by Cp*Ir(OTf)(MSDPEN) (MsDPEN

N-(methanesulfonyl)-1,2-diphenylethylenediamine) affords the 1-aryl-1,2-ethanediols in up to 99% ee. The reaction can be conducted with a

substrate-to-catalyst molar ratio as high as 6000 under 10 atmof H . 1-Hydroxy-2-propanone is also hydrogenated with high enantioselectivity.

Exploitation of synthetic procedures for useful chiral building the asymmetric hydrogenation of 1-hydroxy-2-alkanones to
blocks is one of the main subjects in the area of organic afford chiral 1,2-diols in high enantiomeric excess (€@).
chemistry. Recently, practical asymmetric syntheses of However, reaction ofi-hydroxyacetophenone (3a) with the

biologically active compounds using chiral 1l-aryl-1,2-
ethanediols as key intermediates have been repb&edn-
tioselective dihydroxylation of styrene derivatives with AD-

BINAP—Ru(ll) catalyst gave the 1,2-digla in only 66%
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mix reagents is a representative method to produce thisD-; Zhang, X.-L.J. Org. Chem1992,57, 2768—2771. (b) Crispino, G. A.;

important class of compoundd Asymmetric hydrogenation
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of a-hydroxy aromatic ketones is another reliable procedure Vanhessche, K. P. M.; Sharpless, K. B.Org. Chem1995, 60, 3940~

for this purpose (Scheme 1)° However, this asymmetric
transformation is still difficult even with modern, well-
designed molecular catalyst&or example, RuXBINAP)

(polymeric form) (X= CI, Br)”# and its analogues catalyze
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eel® trans-RuCH(XyIBINAP)(DAIPEN) with an alkaline
base effects asymmetric hydrogenatiormafethoxyaceto-
phenone, affording 2-methoxy-1-phenyl-1-ethanol in 97%
eel’"1* However, the hydroxy ketonga was not reduced
with the catalyst owing to instability of the ketonic substrate
under such basic conditioAsWe report herein for the first
time, asymmetric hydrogenation af-hydroxy aromatic
ketones with the newly devised Cp*Ir(OTf)(MsDPENJ
(Cp* = pentamethylcyclopentadienyl, TfO=trifluoro-
methanesulfonate, MSDPEN N-(methanesulfonyl)-1,2-
diphenylethylenediamine). The hydrogenation proceeded
smoothly with a substrate-to-catalyst molar rat®/'@) as

(6) () Ohkuma, T.; Noyori, R. IComprehensie Asymmetric Catalysis
Jacobsen, E. N., Pfaltz, A., Yamamoto, H., Eds.; Springer: Berlin, 1999;
Vol. 1, pp 199-246. (b) Ohkuma, T.; Kitamura, M.; Noyori, R. Datalytic
Asymmetric Synthesi@nd ed.; Ojima, I., Ed.; Wiley-VCH: New York,
2000; pp 1-110. (c) Ohkuma, T.; Noyori, R. [fransition Metals for
Organic Synthesis2nd ed.; Beller, M., Bolm, C., Eds.; Wiley-VCH:
Weinheim, Germany, 2004; Vol. 2, pp 2213. (d) Ohkuma, T.; Noyori,

R. In The Handbook of Homogeneous Hydrogenatide Vries, J. G.,
Elsevier, C. J., Eds.; Wiley-VCH: Weinheim, Germany, 2007; pp 1105—
1163.

(7) Kitamura, M.; Ohkuma, T.; Inoue, S.; Sayo, N.; Kumobayashi, H.;
Akutagawa, S.; Ohta, T.; Takaya, H.; Noyori, R.Am. Chem. Sod 988,
110, 629—-631.

(8) Noyori, R.Asymmetric Catalysis in Organic Synthesigley: New
York, 1994.

(9) Saito, T.; Yokozawa, T.; Ishizaki, T.; Moroi, T.; Sayo, N.; Miura,
T.; Kumobayashi, HAdv. Synth. Catal2001,343, 264—267.

(10) Ohkuma, T. Ph.D. Thesis, Nagoya University, 1991.

(11) Ohkuma, T.; Koizumi, M.; Doucet, H.; Pham, T.; Kozawa, M.;
Murata, K.; Katayama, E.; Yokozawa, T.; Ikariya, T.; Noyori, R.Am.
Chem. Soc1998,120, 13529—13530.

(12) Noyori, R.; Ohkuma, TAngew. Chem., Int. E2001,40, 40-73.

(13) For asymmetric hydrogenation of arylglyoxal dialkylacetals, see:
Arai, N.; Ooka, H.; Azuma, K.; Yabuuchi, T.; Kurono, N.; Inoue, T
Ohkuma, T.Org. Lett.2007,9, 939—941.

(14) For asymmetric hydrogenation of amino ketones catalyzed by chiral
Ru complexes, see: Ohkuma, T.; Ishii, D.; Takeno, H.; NoyoriJ FAm.
Chem. Soc2000,122, 6510—6511.

(15) See for example: Edmonds, J. S.; Morita, M.; Turner, P.; Skelton,
B. W.; White, A. H. Steroids2006,71, 34-41.

2566

high as 6000 under 10 atm obHaffording a series of 1-aryl-
1,2-ethanediols in up to 99% ee. The reaction of 1-hydroxy-
2-propanone, an aliphatia-hydroxy ketone, is also dis-
cussed.

Cp*Ir(OTN[(S,S)-MsDPEN] [(S,S)-1a] and Cp*Ir(OTf)-
[(S,S)-TsDPEN] [(S,S)-1H}'" (TsDPEN= N-(toluenesul-
fonyl)-1,2-diphenylethylenediamine) (Scheme 1) were pre-
pared from commercially available [Cp*Irg} in two steps
(see the Supporting Information). The iridium complex
reacted with §,S)-MsDPEN or §,S)-TsDPEN in a basic
H,O—CH,Cl, two phase system to give the 16-electron amide
complex Cp*Ir[(§9-MsDPEN] or Cp*Ir[(SS)-TsDPEN]6b
Dropwise addition of TfOH in CkLCI, to the CHCI; solution
of the amide complex formed (S,S)-ba (S,S)-1bin good
yield3

First, we selectedx-hydroxyacetophenone (38)as a
typical substrate for the screening of chiral catalysts and
reaction conditions (Scheme 1). When hydrogenatioBeof
(1.63 g, 12.0 mmol) usingS;S)-1&1.5 mg, 2.0umol, S/C
= 6000) as a precatalyst in methanol (4.8 mL) under 10 atm
of H, at 60°C was conducted for 15 hR{-1-phenyl-1,2-
ethanediol [R)-4a] was produced in 96% ee and 97% yield
(Table 1). The reactivity was reduced when the reaction was

Table 1. Asymmetric Hydrogenation of
a-Hydroxyacetophenone (3&)

conditions (R)-4a

temp Hp yield ee

catalyst no.  S/C? solvent °C atm %° %

(S,S)-1a 6000 CH3OH 60 10 97 (94) 96

(S,S)-1a 6000 CoH;OH 60 10 36 96

(S,S)-1a 6000 i-CsH,OH 60 10 67 95

(S,S)-1a 6000 CH3OH 50 10 50 97

(S,5)-1a 6000 CH3;OH 70 10 65 96

(S,S)-1a 200° CH3OH 60 1 97(94) 96

(S,S)-1b 6000 CHs;O0OH 60 10 12 85
(S,S)-2 6000 CH3OH 60 10 <1

aUnless otherwise stated, reactions were conducted using 12 mmol of
3a(2.0 M) in solvent containing. or 2 (2.0umol, 0.33 mM) in a silanized
glass autoclave. Reaction time was 1% Bubstrate/catalyst molar ratio.
¢ Determined by*H NMR analysis. Isolated yield is stated in parentheses.
dDetermined by chiral HPLC analysis (DAICEL CHIRALCEL OB).
¢ Reaction using 0.80 mmol &a (0.067 M) withla(4.0umol, 0.33 mM).

carried out in ethanol or 2-propanol, while a high level of
enantioselectivity was preserved. An optimal yield was
attained in the reaction at 6. The catalytic species may
have a short life at a higher temperature. The hydrogenation
proceeded smoothly even under 1 atm ofdt anS/C of

(16) For asymmetric transfer hydrogenation of ketones catalyzed by
TsDPEN-Cp*Ir complexes, see: (a) Mashima, K.; Abe, T.; TaniGhem.
Lett. 1998, 1199—1200. (b) Mashima, K.; Abe, T.; Tani, €hem. Lett.
1998, 1201—-1202. (c) Murata, K.; lkariya, T.; Noyori, R.Org. Chem
1999,64, 2186—2187.

(17) Reaction of [Cp*Ir(TsDPEN)] with H, gave the IrH species. See:
Heiden, Z. M.; Rauchfuss, T. Bl. Am. Chem. SoQ006, 128, 13048—
13049.

(18) Martin, R.Handbook of Hydroxyacetophenon&pringer: Berlin,
Heidelberg, New York, 2005.
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200 without loss of enantioselectivity. The catalyst feature
was significantly affected by thbl-sulfonate substituents.
When the reaction was conducted with Cp*Ir(OTH[E)-
TsDPEN] [(S,S)-1b]$/C= 6000, 10 atm K 60 °C, 15 h),
(R)-4awas obtained in only 12% yield and 85% ee (Table
1). It is worth noting that Ru(OTf)(TsDPEN)f-p-cymene)
(2), which is an efficient catalyst for asymmetric hydrogena-
tion of a-chloro aromatic ketoneswas virtually inert for
the reaction of the electronically relateehydroxy ketones.
The catalyst system was applied to the asymmetric
hydrogenation of a series of-hydroxy ketones3, and the
results are shown in Table 2. Hydrogenation of th€#l;-

Table 2. Asymmetric Hydrogenation afi-Hydroxy Ketone3

ketone conditions alcohol
Hy time yield ee

no. catalyst S/C® atm h %° %< confign®
3a’ (S,S)-1a 6000 10 15 97(94) 96 R
3b (S,S)-1a 1000 10 15 >99(89) 94 R
3c (S,S)-1a 1000 10 15 >99 (94) 97 R
3d (S,8)-1a 1000 10 15  >99(94) 94 R
3e (S,8)-1a 1000 10 15 <1
3f (S,8)-1a 1000 10 15 >99(89) 74 Re
3gh  (S,9)-1a 3000 10 15  >99(93) 96 R
3h (S,8)-1a 1000 10 15 89(80) 95 R
3it (S,8)-1a 3000 10 15 >99(91) 96 R
3j (S,S)-1a 1000 10 15 >99(91) 96 R
3k (S,S)-1a 1000 10 15 >99(97) 99 Se
31 (S,S)-1a 1000 10 15 97(90)  80¢ R
31 (S,S)-2 1000 10 15 35 10° R

reaction conditions, while the hydrogenatiorBafsubstituted

by an electron-attracting CN group at thé gosition
proceeded smoothly. Complete conversion was achieved with
a high level of enantioselectivity in the hydrogenation of 4
F- and 4‘Cl-substituted ketone8g and3i, at an & of 3000
under otherwise identical conditions. Reaction 6fC¥
substituted keton8h afforded the chiral alcohath in 95%

ee, while the fluorinated ketongf at the 2 position was
reduced with moderate enantioselectivity. Disubstituted
ketone3j with a Ck; group at the 3and 5'positions was
hydrogenated in the presence of (S,Skdgield (R)-4jin
96% ee. The antipode of the product, that )-4j, is a key
intermediate for the synthesis of substance P inhibifors.
2-Thienyl ketone3k was converted to the chiral alcohik
with nearly perfect enantioselectivity, leaving the hetero-
aromatic ring intact® Interestingly, (S,S)-leefficiently
catalyzed the hydrogenation of 1-hydroxy-2-propan@ig (
the simplest aliphatia-hydroxy ketone, producing (R)-1,2-
propanediol [R)-4l] in 80% ee (Table 2J.° Again, the chiral
arene-Ru complex2® showed poor activity and enantio-
selectivity for this reaction.

In summary, we have described the first example of highly
enantioselective hydrogenation afhydroxy aromatic ke-
tones catalyzed by the newly devised MsDPEDp*Ir(lIl)
triflate 1a. The closely related catalysts, TsSDPESp*Ir(lIl)
triflate 1b and arene/TsDPEN—Ru(ll) triflate, as well as
several other known catalysts, are not effective for this
transformation. A series of l-aryl-1,2-ethanediols and the
heteroaryl analogues are quantitatively obtained in up to 99%
ee by hydrogenation with the Ir catalyba. A simple 1,2-
propanediol is also available in high stereoselectivity. Thus,

aUnless otherwise stated, reactions were conducted using 2.0 mmol of this method provides a new, efficient pathway to produce

ketone (0.33 M) in methanol containidgor 2 (2.0u«mol, 0.33 mM) at 60

°C in a silanized glass autoclaveSubstrate/catalyst molar ratibDeter-
mined by IH NMR analysis. Isolated yield is stated in parentheses.
d Determined by chiral HPLC analysigDetermined by the sign of rotation.
fReaction with 12.0 mmol o8a (2.0 M). 9 See Supporting Information.

h Reaction with 6.0 mmol 08 (1.0 M). | Determined by chiral GC analysis
after conversion to the acetone cyclic acetal.

substituted keton&b in the presence of (S,S)-leith an
S/Cof 1000 at 66°C under 10 atm of Kafforded the chiral
diol (R)-4bin 94% ee quantitatively. An excellent optical
yield of 97% was achieved in the reaction of 3'-€F
substituted keton8c. The reactivity was markedly influenced

synthetically useful chiral 1,2-diols.
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by the electronic properties of the substrates. Thus, a hydroxy©L070964W

ketone3e bearing an electron-donating @Bl group at the
4' position was not converted at all under the standard
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(19) Due to the group priority in nomenclatur®)¢4a—j,l and (S)-4k
have the samg configuration in Scheme 1.
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