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Fig. 4 ORTEP drawing of (S, S)-1,2-
Bis[boranato(ferrocenyl)methylphosphino]ethane.
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1 1 17.048 58848 2577 28.2023 RR
2 18.514 60457 2399V 28. 9734 55
3 20.425 89359 3244 V 42.8243 meso
TOTAL 208665 8221 100

Fig. 5 Chiral HPLC Analysis of 1,2-Bis[boranato(ferrocenyl)methylphosphino]ethane:
Daicel ChiralPak AD-H, 2-PrOH:Hexane: AcOH =5:95:0.5, 1 mL/min, UV 254 nm.
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Fig. 6 Chiral HPLC Analysis of (S, S)-1, 2-Bis[boranato(ferrocenyl)methylphosphino]ethane.
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Table 1. Asymmetric Hydrogenation of Dehydroamino Acid Derivatives
by Rhodium Complexes Coordinated with
(S,S)-1,2-Bis[ferrocenyl(methyl)phosphino]ethane (= L*).

R 0.25 mol % [RhCl(cod)] R
RN COOR?®  0.55 mol % L* 2 zj\/COOR3
NHCOMe NHCOMe
enty R’ R? R® temp atm time yield ee (conﬁg)':"c
/°C /h ! %? 1%

1 H Ph  Me rt 2 1 56 35 (R)
2 H Ph  Me 50 2 1 >99 52 (R)
3 H Ph  Me 50 6 1 >99 46 (R)
4 H Ph H 50 2 1 >99 28 (R)
5 H H Me 50 2 1 >99 45 (R)
6 Me Me Me 50 6 3 >99 66 (R)
7 «(CHa)s- Me 50 6 3 >99 77 (R)

¢ Determined by GC or HPLC. ® The ee % values were determined by HPLC using Daicel

Chiralcel OJ or chiral capillary GC using Chrompack’s Chiral-L-Val Column (25 m). The acids were

converted to the corresponding methyl esters by the reactions with diazomethane. ¢ Absolute

configurations were confirmed by comparison of chiral HPLC or GC elution orders with those

reported in the literature™.
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Table 2. Asymmetric Allylic Alkylation Catalyzed by
Palladium Complexes Coordinated with
(S,5)-1,2-Bis[ferrocenyl(methyl)phosphino]ethane (= L¥).

OAc 0.5 mol % [Pd(C3Hs)Cl], Nu

1.2 mol % L*
2eq. Nu-H, 2eq. BSA
10 mol % K>CO3

entry® Nu solvent  temp time yield ee (config)?
/°C /h ! %° | %°
1 CH(COOMe),  CH,Cl, rt 5 99 94 (S)
9 CH(COOMe), CHiCN rt 24 44 29 (S)
3 CH(COOMe), DMF rt 24 55 95 (S)
4 CH(COOMe), Toluene rt 3 99 95 (S)
5 CH(COOMe), THF rt 1 99 95 (S)
6 CH(COO'Bu), THF rt 4 99 93 (S)
7° CH(COMe), THF 40 10 99 94 (S)
8%  AcNC(COOMe), THF 40 4 99 92 (R)
98"  AcNC(COOEt), THF 40 3 98 94 (R)

2 1 mol % catalyst and 1 mL/mmol of solvents were used, unless otherwise stated. ? Isolated yields.
° The ee % values were determined by HPLC using Daicel Chiralcel AD-H. ¢ Determined by HPLC
elution order. ® 2 mol % catalyst and high reaction temperature was required for rapid completion
of the reaction. ' 3 mL/mol solvent was needed for the solubility of Nu-H.
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Fig. 8 Ferrocenylphosphine Ligands for Asymmetric Allylic Alkylation.

gboboooobooboboboooboobobann
gobooooboooooooooobooooboooogo
gobobogo c,0gobooooobooobooooboo
gbooboooooboboobooooobobooboooo
gboboboooboboboobobooboboboooboo
gbobooooobooboboooobobooboooo
gbobooooobobobooooobobooboooboo
0o0o0oooo®oooooooo

gbobooobobooboboboobooboboon
gbobooobooboboboooobobooboooboo
gboboooooboboboobooobobobaobo
gobobooooobobooboooooboboooboooo
gbobooobooboboboooobobooboooboo
gboboooobobobooboboobobooboooboo
gobooooboooboobooboobobooobooooo

40000

gbobooboboooboobooobobooobooon
gboboooooboboboobooobobobaobo

— @ 26 CREATIVE No6 2005

gboooboobooobooboooos sb-1, 2-00™ o
goboooooobbooobobobobooooboooao
goboboooooboobobooooboboooboooo
gboboooooboobobooooboboboooboo
gboboooooboobobooboooboboboaobg
ooobooooboooobooooboonon 77%ee
gbobooooobooboboooobobooboooo
gbobooooobooboboobooobobooboooo
oo0oo0O009209%%eed 000 0O0OOO0OOOOOO
gbooboooooboboboooooboboboooboo
gboboooobooboboobobooboboboooboo
goboboooboobooboboooobobooooo
gboboooooboobobooooboboboooboo
goooboobo

good

1) For representative reviews, see a) R. Noyori,
“ Asymmetric Catalysis in Organic Synthesis,” John
Wiley & Sons, New Yorkl 199400 by Comprehensive



Asymmetric Catalysis,” ed by E. N. Jacobsen, E. N.
Pflatx, and H. Yamato, Spinger, Berliri] 19990 c)
“ Catalytic Asymmetric Synthesis, 2nd ed,” ed by I.
Ojima, VCH Publisheres, Weinheinl 200000 d) S.
Fukuzawa, O 000000 00. 61, 2111 20030

2) For representative reviews and accounts, see: (a) T.
Hayashi and M. Kumada, Acc. Chem. Res., 15, 395
019820 (b) T. Hayashi, Pure Apply. Chem., 60, 7
019880 (c) M. Sawamura and Y. Ito, Chem. Rev, 92,
85711992] (d) T. Hayashi, Ferrocenes, A. Togni and
T. Hayashi Eds., Wiley-VCH:Weinheim, pp. 105-142
0019950 (e) A. Togni, Angew. Chem. Int. Ed. Engl, 35,
1475119960 (f) H. B. Kagan and O. Riant, Advance in
Asymmetric Synthesis, A. Hassner, Ed., JAl Press
Inc. Greenwich, CT, 2, pp. 189-2351 19970 (g) C. J.
Richards and A. J. Locke, Tetrahedron:Asymmetry,
9, 2377] 199801

3) (&) U. Nettekoven, M. Widhalm, P. C. J. Kamer and P.
W. N. M. van Leeuwen, Tetrahedron: Asymmetry, 8,
3185119970 (b) J. M. Brown and J. C. P. Laing, J
Organometal. Chem, 529, 435119970 (c) F. Maienza,
M. Worle, P. Steffanut, and A. Mezzetti, Organometallics,
18, 1041119990 (d) H. Tsuruta and T. Imamoto,
Tetrahedron: Asymmetry, 10, 877119990 (e) F.
Maienza, F. Spindler, M. Thommen, B. Pugin, C.
Malan and A. Mezzetti, J. Org. Chem, 67, 52391 2002]

4) (a) T. Imamoto, Pure Appl. Chem., 65, 6551 19930 (b)
M. O. Holz and Q. A. Borner, Synthesis, 13911 1998[]
(c) B. Carboni and L. Monnier, Tetrahedron, 55, 1197
119990

5) (@) T. Imamoto, J. Watanabe, Y. Wada, H. Masuda, H.
Yamada, H. Tsuruta, S. Matsukawa, and K. Yamaguchi,
J. Am. Chem. Soc., 120, 163%1 19980 (b) Y. Yamanoi
and T. Imamoto, J Org. Chem., 64, 2988119990 (c) T.
Yamano, N. Taya, M. Kawada, T. Huang and T.
Imamoto, Tetrahedron Lett, 40, 2577119990 (d) A.
Ohashi and T. Imamoto, Org. Lett, 3, 373120010 (e)
A. Ohashi and T. Imamoto, Tetrahedron Lett., 42,
10997 20010 (f) A. Ohashi, S. Kikuchi, M. Yasutake
and T. Imamoto, Eur. J. Org. Chem,, 2535120020

00PO0000000000MSSEL2-000000000M0000000M0000000000000000000000000000000000000000000000000000 27 @——

6) (@) T. Imamoto, Pure Appl. Chem. 73, 3731 20010 (b) 1.
D. Gridnev, Y. Yamanoi, N. Higashi, H. Tsuruta, M.
Yasutake and T. Imamoto, Adv. Syn. Catal, 343, 118

020010
7) Evans and his co-workers reported many
enantiomericaly pure borane adducts of 1,2-bis
O arylmethylphosphinCethanes. A. R. Muci, K. R,
Campos and D. A. Evans, J. Am. Chem. Soc,, 117, 9075
1119950

8) D. Guilaneux and H. B. Kagan, J. Org. Chem., 60, 2502
[0 19950

9) (@) T. Imamoto, T. Kusumoto, N. Suzuki, and K. Sato,
J Am. Chem. Soc. 107, 53011 1985] (b) T. Imamoto, T.
Oshiki, T. Onozawa, T. Kusumoto and K. Sato, J Am.
Chem. Soc., 112, 52441199000 (c) T. Imamoto, Pure
Appl. Chem, 65, 655119930 (d) M. O. Holz and Q. A
Borner, Synthesis, 1391119980 (e) B. Carboni and L.
Monnier, Tetrahedron, 55, 11971 1999[]

10) (a) I. D. Gridnev, N. Higashi, K. Asakura and T.

Imamoto, J Am. Chem. Soc., 122, 7183120000 (b) K.
V. L. Crépy and T. Imamoto, Adv. Syn. Catal, 345, 79
0 20030

11) L. Horner and G. Z. Simons, Naturforsch. 39b, 512
] 19840

12) For representative reviews: (a) C. G. Trost, J.

Howarth and J. M. J. Williams, Tetrahedron:
Asymmetry, 3, 10891199200 (b) T. Hayashi in
Catalytic Asymmetric Synthesis, Ed. |. Ojima,; Wiley-
VCH:New York, pp. 325-365%] 19930] (c) Trost, B. M,
van Vranken, D. L. Chem. Rev,, 96, 3951 199601 (d) B.
M. Trost and C. Lee in Catalytic Asymmetric
Synthesis, Second Ed. Ed by I. Ojima, Wiley-
VCH:New York, pp. 593-649] 20000 (e) A. Pflatz
and M. Lautens, in Comprehensive Asymmetric
Catalysis [J, Eds E. N. Jacobsen, A. Pflatz and H.
Yamamoto, Springer: Berlin, pp. 833-884

13) (a) S-L.You, X-L. Hou, L-X. Dai, Y.-H. Yu and W. Xia,
J. Org. Chem, 67, 46841200201 (b) K. H. Ahn, C.-W.
Cho, J. Park, and S. Lee, Tetrahedron: Asymmetry, 8,
11797 199701



Abstract
A new P-chirogenic diphosphine ligand, (S, S)-1, 2-bis[(ferrocenyl)methylphosphino] ethane, was prepared via
phosphine-borane intermediates. The ligand was used in the rhodium-catalyzed asymmetric hydrogenation of
dehydroamino acid derivatives (up to 77% enantioselectivity) and in the palladium-catalyzed asymmetric allylic

alkylation of 1, 3-diphenyl-2-propenyl acetate (up to 95 % enantioselectivity).
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