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The Rh-TangPhos catalyst has been used for asymmetric hydrogenation of itaconic acid and enol acetate derivatives. A variety of chiral
2-substituted succinic acids and chiral acetates have been obtained in excellent ee values (up to 99% ee).

Since Knowles developed the chiral phosphine DIPAMP and bisphospholane ligand-TangPhos (Figure 1), which has been
realized the first efficient synthesis of chirtamino acids successfully applied in asymmetric hydrogenation-gécyl-
via transition metal-catalyzed asymmetric hydrogenation in

the 19708, chemists have taken tremendous efforts in | NG

developing efficient chiral phosphine ligands to apply

asymmetric hydrogenation for the synthesis of chiral com- H
pounds’ Today, asymmetric hydrogenation has become one %@
of most efficient methods for the synthesis of chixgamino b B

acids, chirals-amino acids, chiral amines, chiral alcohols,
and many other important chiral intermediates. However,
although a number of efficient chiral ligands and a few Figure 1. Structure of TangPhos.
successful hydrogenation processes have been developed, the
current substrate scope of asymmetric hydrogenation is still o ) )
far from satisfactory.Developing new efficient chiral ligands ~ @mino)acrylic acids? a-arylenamides? andf-(acylamino)-
and expanding the substrate scope continue to be of greafCrylates” Herein we report the applications of TangPhos
importance. We have recently developed a new chiral IN a_symmetnc hydrogena_tlon of |tagon|c ac!d_a_md enol acetate
derivatives. Extremely high enantioselectivities (up to 99%
(1) Knowles, W. SAcc. Chem. Resl983,16, 106. ee) have been obtained in hydrogenation of both alkyl and
T_;(ﬁ?tgr%rurrg’cf\,’l‘ﬁ Noyors o f‘%’;’t‘gﬂﬁ%igﬁ{%%?ﬂg‘g;’;tﬁggs;(agji?ng‘fll‘_'f‘a' aryl itaconic acids. Excellent ee values were also achieved
Ed.; Wiley-VCH: Weinheim, Germany, 2000; p 1. (b) Brown, J. M. In in hydrogenation of acyclic enol acetates bearing aromatic
Comprehensive Asymmetric Catalysis; Jacobsen, E. N., Pfalts, A., Yama- g pstituents.

moto, H., Eds.; Springer: Berlin, Germany, 1999; p 121. (c) Ohkuma, T.; . . . .

Noyori, R. InComprehensie Asymmetric Catalysigacobsen, E. N., Pfalts, Chiral 2-substituted succinic acids have attracted great

éi, Yamamato,SH._, glds.; Eprlipger: Behrlin, _Gerxany, 1?99;8 t1919-_(d) interest for their utility as chiral building blocksOne of
aser, H.-U.; Spindler, F. omprehensive Asymmetric Catalysis; . . .

Jacobsen, E. N., Pfalts, A., Yamamoto, H., Eds.; Springer: Berlin, Germany, the Slmple_St methods for_thelr Sy_nthese_s IS the Rh-catalyzed

1999; p 247. asymmetric hydrogenation of itaconic acids. However,
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although many chiral ligands have been successfully applied|jj| | N NNIINGQIEGEGEEEEEEEEEE
for asymmetric hydrogenation of the parent itaconic acid or 1 pje 1. Asymmetric Hydrogenation g8-Substituted Itaconic
its methyl estep,there are only a few successful results for acig Derivatives with the Rh-TangPhos Catalyst

hydrogenation of-substituted itaconic acid derivativé$he R
best catalytic system to date is the Rh-Et-DuPhos catalyst, /LRZ [Rh(TangPhos)(nbd)]SbFg L/z
which has shown great ee values for bgthlkyl andj-aryl R,00C COOH 1y, Hy, 1t R,00¢" OO
itaconic acidg. We applied TangPhos as the ligand for
hydrogenation of dimethyl itaconate (Scheme 1). The initial entry? R1 R2? ee (%)°

1 H H 99
| : CHs CH(CHo): %
Scheme 1. Asymmetric Hydrogenation of Dimethyl Itaconate 3 CHa Ph 95
4 CHs3 p-MeO—Ph 97
[Rh(TangPhos)(nbd)]SbFg 5 CHgs p-Me-Ph 97

0.02 mol% *
MeOoG ~-COOMe ¢ ) Meooc S COOMe 6 CHs p-Cl-Ph >99
THF, Hy, rt 99% ee 7 CH3s m-CI-Ph 99
5,000 TON 8 CH3 1-naphthyl 99
9 CHs; 2-naphthyl 99

2 The hydrogenations were carried out at room temperature in THF under

reaction was carried out at room temperature under 20 psi20 psi of hydrogen pressure with [Rh(TangPhos)(nbd)§SBF5 mol %)
as the catalyst precursor. All reactions proceeded completely. The absolute

of H pressure with 0.5 mol % of [Rh(TangPhos)nbd]SbF  configurations of the products were determineag comparing the optical
as the catalyst precursor. When methanol was used as theotatlionsdwith reg%r/tgd yetllueél\ﬂost _sub?trategl iezcgel%t/lgntp% h1) were
reaction SOIV,ent’ the hydrggengtlon produSt)-'dlmethyI . Sglfeosysveraesd(:tl:erminerli")l(a)l/”(?r?irglanl—?yl?c r((é:"r]ﬂralcel OD—H) or cr?irgleGC
2-methylsuccinate was obtained in 98% ee and in quantitative (chiralselect 1000) after conversion of the hydrogenation products into their
yield. Further screening of the reaction solvent showed that dimethy! esters.
THF was a better solvent in terms of the enantioselectivity
(99% ee in THF). We thus used THF as the solvent to test _ )
the catalytic efficiency of the Rh-TangPhos system for this &S the catalyst precursor. As shown in Table 1, a variety of
reaction. When 0.02 mol % [Rh(TangPhos)nbd]SKE E/Z_ iso.meric mix.tureS ofs-alkyl and g-aryl itagonic acid
xmoL) was used as the catalyst precursor, the hydrogenatiord€rivatives provide excellent ee values with complete
of dimethy! itaconate (10 mmol) proceeded smoothly to give Conversions. No major electronic effect was observed in
the product in complete conversion (5000 TON) and in 99% hydroge.nat.lon op-aryl itaconic acid derivatives, since all
ee (Scheme 1). electronic-rich apd electronic-poor substrate; gave excellent
We then applied the Rh-TangPhos catalyst to hydrogena-€€ Vvalues (entries 46). Two naphthyl derivatives also
tion of variousB-substituted itaconic acid derivatives (Table Provided extremely high ee values (entries 8 and 9). It is
1). The substrates were prepared from dimethyl succinateNotéworthy that these ee values are comparable to those
and aldehydes via Stobbe condensafibfihe obtaineds/z ~ obtained with the Rh-Et-DuPhos systém.
isomeric mixtures of the substrates were directly used for ASymmetric hydrogenation of enol acetates may serve as
hydrogenation. The hydrogenations were conducted at room2n alternative to direct hydrogenation of ketones since the

temperature in THF with 0.5 mol % Rh(TangPhos)nbd}sbF chiral acetate products can be easily transformed into chiral
alcohols. Several efficient chiral Rlor RU'° catalysts have

(3) (@)Tang, W.; Zhang, XAngew. Chem., Int. Ed. Engl002 41, 1612. been reported for this type of substrate. For example,
(b) Tang, W.; Zhang, XOrg. Lett.2002,4, 4159. i i -

(4) (@) Morimoto, T.; Chiba, M.; Achiwa, KTetrahedron Lett1990, asymmemc hyd.mgenatlon of electron poor enol actates
31, 261. (b) Heitsch, H.: Henning, R.; Kleemann, H.-W.; Linz, W.; Nickel, Dearing carboxylic est&or phosphonate grouffhas been

W.-U.; Ruppert, D.; Urbach, H.; Wagner, A. Med. Chem1993,36, 2788. successfully realized by the Rh-DuPhos system. High enan-

(5) (@) Ojima, I.; Kogure, T.; Achiwa, KChem. Lett.1978, 567. (b) ; i ; ;
Ojima, |.; Kogure, T.Chem. Lett1978, 1145. (c) Achiwa, KTetrahedron tioselectivities were also obtained for some acylic enol

Lett. 1978, 1475. (d) Christofel, W. C.; Vineyard, B. D.Am. Chem. Soc acetates bearing a vinylic or acetylenic substit¥ehtp to

1979, 101, 4406. (e) Kawano, H.; Ishii, Y.; Ikariya, T.; Saburi, M,; 0 i i i
Yoshikawa, S.- Uchida, Y - Kumamoto, Netrahadron Let1987 28, 1905, 290 €€ values have been reported in hydrogenation of cyclic

(f) Takahashi, H.; Achiwa, KChem. Lett1987, 1921. (g) Takahashi, H.; aromatic enol acetates with a Rh-PennPhos catélyst.

Iam,\ﬁmpto'tN';TTaifdﬁ’ H.; ﬁC?iWO& IChem. 't-egt9iﬁ958599- 3(%'”88“??)“' However, for acyclic aromatic enol acetates, only modest to
- orimoto, I.; Achiwa, K.J. Organomet. e , , U .
Chiba, T.; Miyashita, A.; Nohira, H.; TakayBetrahedron Lett1991,32, gOOd ee values have been reported (Rh'DUPhOS' up to 91%

4745. () Kuwano, R.; Sawamura, M.; Ito, Yietrahedron: Asymmetry  ee®® Rh-PennPhos: up to 85% &BRu-—BINAP: 73%

1995,6, 2521. (k) Berens, U.; Burk, M. J.; Gerlach, A.; Hems, Avigew. 0 ; R ;
Chem.. Int. Ed2000 39, 1981. (1) Gridnev, 1. Yamanoi. .. Higashi. N.. €€ ) We applied the Rh-TangPhos catalyst for asymmetric

Tsuruta, H.; Yasutake, M.; Imamoto, Adv. Synth. Catal2001,343, 118.

(6) (@) Morimoto, T.; Chiba, M.; Achiwa, KTetrahedron lett.1989, (9) (a) Burk, M. J.J. Am. Chem. S0d 991,113, 8518. (b) Boaz, N. W.
30, 735. (b) Morimoto, T.; Chiba, M.; Achiwa, KChem. Pharm. Bull. Tetrahedron Lett1998 39, 5505. (c) Burk, M. J.; Karlberg, C. S.; Pizzano,
1993 41, 1149. (c) Morimoto, T.; Chiba, M.; Achiwa, Rletrahedron 993 A. J. Am. Chem. S0d.998,120, 4345. (d) Jiang, Q.; Xiao, D.; Zhang, Z.;

49, 1793. (d) Jendralla, H.; Henning, R.; Seuring, B.; Herchen, J.; Cao, P.; Zhang, XAngew. Chem., Int. EA.999,38, 516. (e) Burk, M. J.;
Kulitzscher, B.; Wunner, JSynlett1993, 155. (e) Jendralla, Feynthesis Stammers, T. A,; Straub, J. Org. Lett.1999,1, 387. (f) Li, W.; Zhang,

1994, 494. Z.; Xiao, D.; Zhang, X.J. Org. Chem2000, 65, 3489.
(7) Burk, M. J.; Bienewald, F.; Harris, M.; Zanotti-Gerosa, Angew. (10) (a) Ohta, T.; Miyake, T.; Seido, N.; Kumobayashi, H.; Takaya, H.
Chem., Int. Ed1998,37, 1931. J. Org. Chem1995, 60, 357. (b) Kuroki, Y.; Asada, D.; Sakamaki, Y.;
(8) Johnson, W. S.; Daub, G. rg. React. (N.Y.1951,6, 1-73. Iseki, K. Tetrahedron Lett2000,41, 4603.
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hydrogenation of aromatic enol acetates. 1-(2-Naphthyl)-1- || N | | R DI
(acetyloxy)ethylene was chosen as the substrate to screeR e 3. Asymmetric Hydrogenation of Aromatic Enol
the reaction conditions. As shown in Table 2, a dramatic acetates with the Rh-TangPhos Catalyst

OAc  [Rh(TangPhos)(nbd)]SbFg OAc
| AN EtOAG, Mo, s

Table 2. Solvent Effect in Asymmetric Hydrogenation of

. b
1-(2-Naphthyl)-1-(acetyloxy)ethylene with the Rh-TangPhos entry® Ar ee (%)
Catalyst 1 2-naphthyl 97
OAc OAc 2 Ph 96
OO [Rh(TangPhos)(nbd)]SbFg OO 3 p-F-Ph 92
“ solvent, 1t, H, . 4 p-ClI-Ph 97
5 2-furyl 93
entry? solvent conversion (%) ee (%)P 6 p-NO-Ph 99
1 CH3OH 100 90 aThe hydrogenations were carried out at room temperature in EtOAc
2 THF 100 95 under 20 psi of hydrogen pressure with [Rh(TangPhos)(nbd}|Ebmol
3 toluene 35 94 %) as the catalyst precursor. All reactions proceed completely. The absolute
4 CH,CI 100 85 configurations of the products were determinedRaby comparing the
212 optical rotations with reported data. The ee values were determined by
5 EtOAc 100 97 chiral GC (chiral select 1000).

aThe hydrogenations were carried out at room temperature under 20
psi of hydrogen pressure with [Rh(TangPhos)(nbd)}SliFmol %) as the
catalyst precursor. The absolute configurations of the products were |n conclusion, we have applied the Rh-TangPhos catalyst
determined aR by comparing the optical rotations with reported data. o . . . . .
The ee values were determined by chiral GC (chiralselect 1000). for asymmetric hydrogenation of various substituted itaconic
acid and aromatic enol acetate derivatives. High enantiose-
lectivities and reactivities have been observed for both types
solvent effect was observed in this hydrogenation reaction. of substrates. These results demonstrate that the Rh-TangPhos
The highest ee (97% ee) value was obtained when EtOAccatalyst is a very efficient hydrogenation catalyst for the
was used as the solvent. It is noteworthy that this is the bestsynthesis of a variety of chiral 2-substituted succinic acids
ee reported to date for asymmetric hydrogenation of 1-(2- and chiral acetates.
naphthyl)-1-(acetyloxy)ethylene. )

With EtOAc as the solvent, we thus used the Rh-TangPhos Acknowledgment. This research was funded by a grant
system for asymmetric hydrogenation of various aromatic from the National Institute of Health.
enol acetate derivatives. The results are shown in Table 3.

As can be seen, a diverse set of aromatic enol acetates have Suppotrt.m% :jnformatltpn Avgllggle: HIT:rf éedurgi. . f
been reduced to chiral acetates in excellent ee values. Afurylasymme ric hydrogenation an or conditions o

derivative also gave a high ee (entry 5). To the best of our chiral products. This material is available free of charge via

knowledge, these are among the highest ee values forthe Internet at hitp://pubs.acs.org.
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