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--We prepared a modified DlOP analogue bearing bis(4-diniethylatnino- 

3.5-dimethylphenyI)phospliino groups. Its rhodium conlplex was found to be a 

useful catalyst for asymn~euic hydrogenation of dimethyl itaconare and itaconic 

acid derivatives bearing P-aryl groups. 

previous papers, we described the net role of the elecuonic effects of the phosphino groups on tl 111 our re 

activities and e~ialitioseiectivities of the rl~odium complex catalysts in die asymmetric ~ i~drogena t ion .~  Moreover 

we developed MOD-DIOP (213 and MOD-BPPM~ bearing bis(4-metlioxy-3.5-~~~~eil~ylphenyl)pl1osphino 

groups on the basis of our designing coricept, a i d  the 3,5-dime~hyl groups were found to play importatit roles i n  

enllancing the enat~tioselectivities. From lliese findings, we Ihave prepared a newly modified DIOP amlogue 

((R.R)-XYL-DIOP, 3) betting bis(4-dit~~ethylamino-3,S-di~11etlylpl1et1yl)pl1oslino groups. Its rhodium 

complex was found to be more efficient for asynlmeuic hyilrogenntion of dimelliyl itaconate and an itaconic acid 

derivative bearing a P-11ap11thyl group Illan MOD-DIOP rlidium complex. The latter hydrogeuation product was 

lecenrly proposed as a key intennediate for the synthesis of new human renin inhibirors.5 

XYL-DIOP (3) was prepared in the nianner sllown in Sclterne 1. Bis(4-dimetltylat~tiito-3,5-di1itetltylpl~enyl)- 
pliospl~itie (4) was prepared by the reduction of the coiresponding pliosplline oxide with LiAIHz-CeCI3 in THF 

in ~easonteble yield.6 Pl~ospliination of ditosylate (5) with the litl~iated 4 was carried our in THF at -30°C 

yielding 3.7 

Ar= Ph- , DIOP(1) 



Asymmetric l~ydrogenations of dimethyl itaconate, itaconic acid, and its derivatives bearing P-aryl groups (6,7) 

catalyzed by DlOP analogues-rhodium complexes were canied out and the results were sumn~arized in Table 1. 

In h e  case of using dimethyl itaconate as a substrate, the rhodium complex of 3 was found to have higher 

catalytic activity and enantioselectivity than that of DIOP (1) and to have higher enantioselectivity than that of 

MOD-DIOP (2). Moreover, in comparison with DIOP analogues bearing only 4-dimethylamino groups (under 

the same conditions, convn. 100%. 53%ec 2") ),the 3,5-dimethyl groups of 3 were proved to l ~ a v e  some 

influences on enhancing the enantioselectivity. Thus it has become apparent that our designing concept was 

mefd for not only enhancing the catalytic activities and enantioselectivities by the electron-donating effects of the 

electron~rich phosphino groups but also increasing the enantioselectivities by the steric effects of 3,5-dimethyl 

groups of aromatic rings. 

The hydrogenation product of 6 was a key intermediate for the synthesis of biologically active lignans? As 

Table 1 shows, the rhodium complex of 3 was comparable to that of 2 on the catalytic activity and enantio- 

selectivity in the asymmetric hydrogenation of 6 .  Ilowever, when itaconic acid was used as a substrate in the 

presence of equimolar amount of triethylamine, the hydrogenation catalyzed by the rhodium complex of 3 did not 

proceed to completion under the conditions described in Table 1. We already described that this deactivation of 

the cntalyst was probably due to the partial protonation of dimethylamino groups but the lhydrogenation could 

proceed smoothly under a minimum applied hydrogen pressure to give somewhat lower optical y i e ~ d . ~ b )  

1 )  Mg In THF CeCI, . LiAIH4 

2) (E10)2POH ( ~ @ ) P H  

4 (bp 220°C12 mmHg) 

1) n BuU in THF -30% - 
H (4R, S R )  -XYL-DIOP 3 
5 

Scheme 1 

Asyinmeuic hydrogenation of 7 was carried out under a hydrogen pressure of 5 atm and the other conditions 

were described in Table 1. The hydrogenation product ofR-enantiomer was recently proposed as a key 

intermediate of new human renin inhibitors. The rhodium complex of 3 had higher catalytic activity and 

enantioselectivity t l~an that of 2. As the antipode of 3 ((S,S)-3) can bc synthesized from (S,S)-5 in the same 
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Table 1. A s y m m e t r i c  H y d r o g e n a t i o n  o f  I t a c o n i c  Acid D e r i v a t i v e s  

Subrlrafs 

R' RZ R3 Ligand [Subsl.li[Rhl Rh4 Convn .I% b' s e p/. 

...... H OH H DlOPC) 1000 RhN 7 
(itaconic acidld) Rhi 20 70 (s) 

MOD-DIOP~) FlhN 100 86 (s) 

~ h +  t oo  91 (SJ 
XYL-DIOP RhN 92 78') (S) 

Rh+ 95 84 (S) 
H OMe Me DlOPC) 1000 RhN 30 7 (s/ 

(dimethyl itaconate) 'I Rh+ 44 9 (s) 

MOD-DIOP=) flhN 100 41 (SJ 
Rh+ 100 

XYL-DIOP flhN 100 
79 (SJ 
8og1 (SJ 

Rh' 100 
...... ...... 1 ° f i  OH OMe DIOP~) 500 flhN 

84 (SJ 

. . 
MOD-DIOP RhN 85 74 (s) 

XYL-DIOP 
Rh' 96 60 (SJ 
flhN 100 81 (si 
Rh* 100 80 1SI 

a) RhN: [Rh(COD)CI], + Ligand ([Ligand]/[Rh]= 1.2). Rh': [Rh(COD) LigandrBF; . 
b) Determined by 'H nmr analysis, or by glc analysis in the case of the hydrogenation product 

of dimethyl itaconate. c) Reported data in rel. 2a. d) H, 1 atm, 30 "C. 20 h; [Et,N]/[Subst.] =1.0; 
MeOH (0.5 M), e) Calculated on the basis of reported value [a]:' +16.88" (c 2.16, EtOH) for pure 
(R)-(+)-methylsuccinic acid?) 1) H, 1 atm, 30°C. 4 h; MeOH (0.5 M). g) Calculated on the basis of 
the maximum optical rotation +6.86' (neat) determined by hplc analysis. 2bi h) Reported data in 

rel. 3. i) H, 1 alm. 30 "C, 40 h; [Et3N]/[Subst.] ~ 1 . 0 ;  MeOH (0.5 M). j) Determined by hplc analysis ol 
the corresponding rnorpholino derivative on Chiralcel OC (Daicel). k) Determined by hplc analysis 
of the corresponding methyl ester on Chiralcet OC (Daicel). I) H, 5 atm, 50°C. 20 h; [Et,N]/[Subst.]= 
1 .O; MeOH (0.25 M). 



manner shown in Scheme 1, the enantiomer of the hydrogenation compounds of 6 and 7 will be prepared readily. 

Thus XYL-DIOP (3) was found to be one of the most useful analogues of DIOP for asymmetric hydrogenation oi 

itaconic acid derivatives. This means that on our dcsigning concept?"~especlive Control Concept;' not only the 

electronic effects but also the steric effects of 3,5-dimethyl goups must be considered to achieve high cnantio- 

selectivities. 

Further investigation along this line is in progress in our laboratory. 
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