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Abstract: A new P-chiral phosphine ligand with a 1,2-phenylene unit, (S,S)-l,2-bisOsopropylmethyl- 
phosphino)benzene, has been synthesized from 1,2-bis(methylphosphino)benzene. Its rhodium complex is 

highly effective in asymmetric hydrogenation of dehydroamino acid methyl esters to provide 
enantioseleetivities of up to 98%. © 1999 Elsevier Science Ltd. All rights reserved. 

The development of new chiral phosphine ligands has become very important due to expanded utility of 

transition mental-catalyzed asymmetric reactions, and more than one thousand optical active phosphine ligands 

have emerged over the past three decades.1 Most of these ligands, possessing diaryl groups on the phosphorus 

atom, contain their chirality in the ligand backbone. In contrast, relatively little is known about P-chiral 

phosphine ligands bearing dialkyl or trialkyl phosphine moieties because of their synthetic difficulty.Z We have 

recently shown that P-chiral trialkyl ligands, 1,2-bis(alkylmethylphosphino)ethanes (abbreviated as BisP*), are 

extremely effective in the asymmetric hydrogenation of various ct, [3-unsaturated a-amino acids and their esters. 3 

These results prompted us to synthesize a new P-chiral phosphine ligand having the more rigid 1,2-phenylene 

backbone. 4 Herein we report the preparation of (S,S)-l ,2-bis(isopropyimethylphosphino)benzene ( (S ,S)- I )  

and its use in rhodium-catalyzed asymmetric hydrogenation of dehydroamino acid methyl esters. 
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Enantiomerically pure ligand (S,S)-I was prepared starting from 1,2-bis(methylphosphino)benzene 25 

(Scheme1). Lithiation of 2 with n-BuLi, followed by slow addition of 2-bromopropane, afforded 1,2- 

bis(isopropylmethylphosphino)benzene in 79% isolated yield. Subsequent oxidation with hydrogen peroxide 

gave a mixture of phosphine oxides (rac)-3 and (meso)-4, from which pure (rac)-3 was obtained in 11% yield by 

repeated recrystaUization from ethyl acetate. Optical resolution of (rac)-3 was readily achieved by the use of a 

resolving reagent, dibenzoyl-D-tartadc acid ((+)-DBT). 6 Thus, treatment of (rac)-3 with (+)-DBT (1 eq) in 

boiling ethyl acetate resulted in the formation of a diastereomeric complex of (R,R)-3 and (+)-DBT as a 

crystalline solid, and its decomposition with aq. NaOH provided the desired compound (R, R)-3 over with 99% 

ee in 35% yield. 7.8.9 Reduction of (R, R)-3 with phenylsilane produced the chiral phosphine ligand (S, S)-I with 

97% ee in good yield together with a small amount of the meso compound (10-15%). ~°'1] Without further 

purification, the ligand 1 was treated with [Rh(cod)2]BF 4 (cod = 1,5-cyclooctadiene) at -20 *C. The resulting 

cationic rhodium complex [Rh((S, S)-l)(cod)]BF 4 was purified by recrystallization from hot THF to give orange 
needles. 
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The crystal structure of the rhodium complex was determined by X-ray crystallography.~2 The ORTEP 

diagram shown in Figure 1 clearly confirms that bulky isopropyl groups are located close to the C2-symmetric Rh 

coordination sphere due to the rigid conformation of the 1,2-phenylene unit. 

(A) Front View 

Figure 1. 
(B) Top View 

ORTEP drawing of [Rh((S,S)-I)(cod)]BF,: COD in front view, 
BF4- countedon, and all hydrogen atoms are omitted for clarity. 



4835 

The asymmetric hydrogenation of dehydroamino acid methyl esters, using [Rh((S,S)-I)(cod)]BF 4 as a 

precursor catalyst, was examined in order to evaluate the effectiveness of the ligand 1.~3 The results are 

summarized in Table 1. It is noted that these substrates, including [3, [5-disubstituted ones, were reduced with 

excellent enantioselectivity. 

Table 1. Rh-Catalyzed Asymmetric Hydrogenation of Dehydroamino Acid Methyl Esters 

R 1 R1 

R : ' ~  cOOMe [Rh((S,S)- l)(c°d)]BF4 , ,2...~. COOM, 
NHR 3 H2 NHR 3 

entry a R 1 R 2 R 3 ee % (config) b'c 

1 H H Ac 97 (S) 
2 H Ph Ac 97 (S) 

3 H Ph Bz 96 (S) 
4 H Ard Ac 98 (S) 

5 Me Me Ac 87 (5") 

6 -(CH2)5- Ac 89 (S) 

7 -(CH2)4- Ac 77 (S) 
a Reactions were carried out at 0 "C and an initial H 2 pressure of 2 atm (for entries 1, 2, 3, 4 and 6) or 6 atm (for entries 5 an 

7) for 20-180 rain using the catalyst precursor (0.2 mol %). b The ee % values were determinded by HPLC using Daicel 
Chiralcel O J, OD-H, or chiral capillary GC using Chromapack's Chiral-L-Val Column (25 m). c Absolute configurations 
were confirmed by comparison of chiral HPLC or GC elution orders with those reported in literature. 3 
dAr = 3-MeO-4-AcOC6H 3. 

To our surprise, the hydrogenation of didehydro-N-acetyl-a-cyclohexylglycine methyl ester (entry 6) was 

particularly fast under these mild conditions (2atm, 0°C), and it was completed whithin 45 min. This result 

may be attributed to the "steric matching" between the ligand 1 and the substrate olefin. 

In conclusion, we have prepared a new P-chiral phosphine ligand, (S,S)-l ,2-bis(isopropylmethyl- 

phosphino)benzene. Its rhodium complex was highly effective in asymmetric hydrogenation of ct- 

(acylamino)acrylic derivatives. Synthesis of related phosphine ligands and their use in various catalytic 

asymmetric reductions are currently being investigated in our laboratory. 

A c k n o w l e d g m e n t :  The authors wish to thank Mr. M. Nishiura for X-ray analyses. They are grateful also 

to Nippon Chemical Industrial Co., Ltd. for a gift of 1,2-bis(dimethoxyphosphoryl)benzene. This work was 

supported by The Japan Society for the Promotion of Science under "Research for the Future" Program (Grant 

JSPS-RFTF96P00304).  

References and Notes  
1. For representative reviews, see the following: (a) Noyori, R. Asymmetric Catalysis in Organic Synthesis; 

Wiley & Sons: New York, 1994. (b) Ojima, I., Ed. Catalytic Asymmetric Synthesis; VCH Publishers: 

Weinheim, 1993. 

2. (a) Imamoto, T.; Kusumoto, T.; Suzuki, N.; Sato, K. J. Am. Chem. Soc. 1985 ,  107, 5301. (b) 

Imamoto, T.; Oshiki, T.; Onozawa, T.; Kusumoto, T.; Sato, K. J. Am. Chem. Soc. 1990 ,  112, 5244. 
(c) Corey, E. J.; Chert, Z.; Tanoury, G. J. J. Am. Chem. Soc. 1993 ,  115, 11000. (d) Nagel, U.; Krink, 



4836 

3. 

4. 

5. 

6. 

7. 

8. 

T. Angew. Chem., Ink Ed. Engl. 1993, 32, 1052. (e) Imamoto, T.; Tsuruta, H.; Wada, Y.; Masuda, 
H.; Yamaguchi, K. Tetrahedron Lett. 1995, 36, 8271. (f) Muci, A. R.; Campos, K. R.; Evans, D. A. J. 
Am. Chem. Soc. 1995, 117, 9075. (g) Vedejs, E.; Donde, Y. J. Am. Chem. Soc. 1997, 119, 9293. 
(h) Hamada, Y.; Matsuura, F.; Oku, M.; Hatano, K.; Shioiri, T. Tetrahedron Lett. 1997, 38, 8961. (i) 
Wolfe, B.; Livinghouse, T. J. Am. Chem. Soc. 1998, 120, 5116. (j) Stoop, R. M.; Mezzetti, A. 
Organometallics 1998, 17, 668. (k) Ohff, M.; Holz, J.; Quirmbach, M.; B6rner, A. Synthesis 1998, 
1391. 
Imamoto, T.; Watanabe, J.; Wada, Y.; Masuda, H.; Yamada, H.; Tsuruta, H.; Matsukawa, S.; 
Yamaguchi, K.; 3". Am. Chem. Soc. 1998, 120, 1635. 
Burk and co-workers have demonstrated that 1,2-bis(trans-2,5-dialkylphospholano)benzene ligands 
(DuPHOS) bearing a 1,2-phenylene backbone are extremely effective in various asymmetric 
hydrogenations. Burk, M. J. in Handbook of CHIRAL CHEMICALS; Ager, D. J., Ed. Marcel Dekker, 
Inc: New York, 1999; Chapter 18 and references therein. 
Kyba, E. P.; Liu, S.-T.; Harris, R. L. Organometallics 1983, 2, 1877. 
Takaya, H.; Mashima, K.; Koyano, K.; Yagi, M.; Kumobayashi, H.; Taketomi, T.; Akutagawa, S.; 
Noyori, R. J. Org. Chem. 1986, 51,629. 
(R,R)-3: colorless prism; mp 209-210 *C; [Ct]27D +10.2 (C 1.00, CHC13); ~H NMR (400 MHz, CDCI3) (5 
0.96 (dd, 3Jap = 16.6, 7.3 Hz, 6H), 1.33 (dd, 3Jap = 16.6, 7.1 Hz, 6H), 1.87 (d, 2Jrl P = 12.9 Hz, 6H), 
2.64-2.80 (m, 2H), 7.59-7.65 (m, 2H), 8.04 (brs, 2H); 13C NMR (100 MHz, CDC13),5 15.1 (d, JcP = 
5.0 Hz), 16.3 (d, JcP = 68.6 Hz), 28.9 (d, JcP = 72.0 Hz), 130.7, 130.8, 133.6; 31p NMR (160 MHz, 
CDC13) (5 48.0; IR (KBr) 2970, 2880, 1300, 1190, 1170, 1120, 890; FAB MS (rel intensity) 287 
(M÷+H, 100). Anal. Calcd for C14H2402P2: C, 58.73; H, 8.45. Found: C, 58.78; H, 8.44. 
The absolute stereochemistry on the phosphorus atom was 
determined by X-ray analysis of the (R,R)-3. Crystal data for the 

(R,R)-3: formula C14H24P202, F.W. 286.29, orthorhombic, space 
groupP212~2~, a = 11.509(5) ft,, b = 16.319(3) /~, c = 8.505(2) 
/~, V = 1597.4(7) A a, Z = 4, d@o = 1.190 gcm 3, F(000) = 616, 
~t(Mo Ka)  = 2.66 cm -~, ~.(Mo Kct) = 0.71070 A, 2555 reflections 
measured, 2440 observed (I > 3.00(~(/)), 163 variables, R = 0.034, 
R w = 0.050, GOF 1.11, Flack parameter = 0.089(10). (R,R)-3 

9. Enantiomeric excess was determined by HPLC analysis with Daicel Chiralcel OD-H using n-hexane-2- 
propanol (9:1) as the eluant (flow rate 1.0 min/ml, (S,S) t 1 = 9.05, (R,R) t 2 = 10.70). 

10. The other isomer, (R,R)-I, was also prepared in a similar manner using dibenzoyl-L-tartaric acid ((-)- 
DB'I~. 

11. Marsi, K. L.J. Org. Chem. 1974, 39, 265. 
12. Crystal data for the cationic rhodium complex: formula C22H36BF4P2Rh, F.W. 552.18, orthorhombic, 

space group C2221, a = 13.35(1) A, b = 16.84(1) A, c = 10.975(3) fk, V = 2467(2) /~3, Z = 4, d~c 
= 1.486 gcm -3, F(000) = 1136, )x(Mo Kct) = 8.57 cm 1, ~.(Mo K(~) = 0.71070 A, 1159 reflection 
measured, 1157 observed (I > 1.00o(/)), 126 variables, R = 0.080, R w = 0.107, GOF 2.23. 

13. For recent reports on Rh-catalyzed asymmetric hydrogenations, see the following: (a) Qiao, S.; Fu, G. C. 
J. Org. Chem. 1998, 63, 4168. (b) HoLz, J.; Quirmbach, M.; Schmidt, U.; Heller, D.; Sttirmer, R.; 
B6rner, A. J. Org. Chem. 1998, 63, 8031. (c)Kang, J.; Lee, J. H.; Ahn, S. H.; Choi, J. S. Tetrahedron 
Le~ 1998, 39, 5523. (d) Chen, Y.; Li, X.; Tong, S.-T.; Choi, M. C. K.; Chart, A. S. C. Tetrahedron 
Lett. 1999, 40, 957. (e) Hauptman, E.; Shapiro, R.; Marshall, W. Organometallics 1998,17, 4976. 


