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Abstnut: Rae c&h-L.i-BINOL complexes wae used to catalyze nitmaldol reactions of apticdly active a-amina- 
akbhysks with nitrandkrme in a highly ddauxddve mama A typical ddua. (2S, X7)-3-phthaloyiami 
hydroxy-ldtrd-WIti was cmvakntly cuweaid to (2.%3S)-3-amim-2-hydroxy4pbnyamxyepbenymutamic d 
(crybAHPA ;phcnytnarstrtint).~0mrponcntdLhcHIVprotcr&inhibituKM_227andKN1~2 

Recently we succeeded in developing a catalytic asymmetric nitroaldol reaction for the first time 

utilizing rare earth-Li-BINOL complexes. l-3 In addition we have also rqxnted some applications of the 

catalytic asymmetric nitroaldol naction to the syntheses of therapeutically important amino-alcohol 

derivatives35 and have elucidated the shucmte of the catalyst.4 However, no attempts have ever been made 

at a diasmr~~lective nitmtMol reaction using an optically active aldehyde as a starting mate&l. It might he 

expected that reaction of optically active a-substituted aklehydes with nitromethane using an appropriate 

optically active rare earth-Li-BINOL catalyst would lead to enhanced diastereoselection to give 3- 

substituted-2-hydmxy-l-t&o derivatives. We have applied this me&&logy and qott haein a practical 

method for the preparation of optically active erythro-3-amin*2-hydroxy-1-niiro derivatives by highly 

diastc~cosclective nitroaldol teaction of a-aminoal&hy&s with nitromcthane. ‘Ihe adducts, 3-atnint~2- 

hydroxy-1-nitro derivatives would be versa& synthetic intermediates for the synthesis of unnatural erythro- 

3-amino-2-hydroxy acids, which are important components of several biologically active compounds. Fur 

example, the promising HIV-protease inhibims KNI-2276 (la) and KNI-2726 (lb) bear (2s. X$)-3- 

amino-2-hydroxy4phenylbutanoic acid (cryduo-AHPA, phenylnorstatine) as a subunit. Although several 
reports have appeared on the synthesis of three-AHPA. little is known about the highly stereuselective 

synthesis of er@wo-AHPA 2.8 

Flgure 1 
la : KNI-227 (R = Me) 
lb : KNI-272 (R = l-l) 

2 
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We thus at frrst examined the nitmaldol reaction of N-phthaloyl-L-phenylalanal3a with nitromethane. 

The starting aldehyde 3a was prepared from corresponding L-phenylalanine in three steps accotding to 

Gacek’s pmcedute.s Although the aldehyde 3a could be obtained as an almost pure enantiomer (>96% ee), 

the optical purity gradually reduced to 62% ee when it was stomd at -30 “C for 3 months.ru Themfore the 

aldehyde 3a had to be prepared fresh prior to use. After several attempts, we were pleased to find that 

treatment of 3a with nitromethane (20 mol equiv) at -40 T. in the presence of the La-Li-(R)-BINOL 

catalyst14 (3.3 mol %), gave (2S, 3S)-2-hydroxy4phenyl-3-phthaloylamino-l-nitrobutane (4s) in 92% 

yield with >99: 1 erythro-selectivity (Table 1). 11 The S-configuration of the C-2 hydroxyl group of 4a agreed 

with results previously observed in enantioselective niuosldol teactions using La-L&(R)-BINOL cataly~t.~-~ 

However it was shown that the methods of prquuation 1-U of the La-Li-(R)-BINOL catalyst somewhat 

affected the diasteteoselectivity in the niuoaldol reztion (entries l-3). lkir optical purity was also found tu 

Ph 
-f 

CHO caWyst* (3.3 md %) 
+ MeNO 

NPhth (20 equiv) 
THF, -40 “c, 72 h 

) ph/&N& 

NPhth 

Table 1 3a 

entrv 

4a 

Ln source yield (%) erythro (%ee) : three 

1 La-u-(R)-slrKll oomplex 

2 La-U-(R)-Bind complex 

3 La-Li-(R)-Binoi complex 

4 La-Li-@)-Bind complex 

5 La@-bPr)a 

6 Pr-Li-(R)-Bind complex 

7 Nd-Li-(R)-Binoi complex 

6 Sm-U-(R)-Bind complex 

9 Eu-U-(R)-Binol complex 

10 Gd-Li-(R)-Binoi compiex 

11 Dy-U-(R)-Binoi complex 

12 Er-U-(R)-Bind complex 

13 Yb-Li-(R)-Binol complex 

14 Y-Li-(R)-Blnoi complex 

15 NaO-CBu 

16 LDA (1 equiv) 

La@-CPr), Q2 

L&i3 60 

LaGi l 7Hfl 97 

La& 96 

52 

Pr(O-&Pr), 66 

Ndci3 76 

SmCi3 79 

EtJCl3 73 

Qdci3 79 

DvCi3 91 

ErCi3 61 

=i3 69 

YCI:, 95 

- 95 

- 60 

>QQw 
93 (95) 
so (W 
74 (W 

69 (QV 

96 (96) 

Q4 (QQ) 

97 (94) 

Q8 (94) 

95 (92) 

QQ (9’) 
80 WI 
76 (W 

79 (=) 

62 (65) 
74 (49) 

: 1 

: 7 

: 10 

: 26 

: 11 

: 4 

: 6 

: 3 

: 2 

. . 5 

: 17 

: 20 

: 22 

: 21 

: 36 

: 26 

*The structure of this catalyst 
hasbeenshowntobe: 

Rare earth-Li-(S)-BINOL complex 
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bc-%96cc,12indicatingnaraccmiptionhadoccumdinthcItitroaldolFtaction. Reactionofthe(S)-aldehyde 

3a with niuomethane, using the La-Li-(S)-BINOL complex as catalyst, in which the two asymmetric 

compounds were acting in opposition, led to reduced dias tereoselection (entry 4). We have also investigated 

the rare earth metal efibet in the nitroaldol reaction (entries 6-14). As shown in Tabk 1, no significant 

differences were observed in the yield and dr ‘askmosektivity of products. conmuy to these results, 

commonly used bases such as LDA and NaO-r-Bu gave the nitroaldol 4a with lower diasteteo- and 
enantioselectivity (entries 15, 16),13 whereas the achiral mild base La@-i-P& afforded 4~ with 8911 

diasteleoselectivity without any racemization (entry 5). 

Conversion of the nitroaldol adduct 4a into desired cryrhro-AHPA 2 was carried out as shown in 

Scheme 1.14 Under the conditions indicated, &protecdon of the phthaloyl group and hydrolysis of the nitro 

group were achieved at the same time. yielding desired 2 in 80% yield. Tbe nitroaldol reaction towanls the 

synthesis of 2 was able to be carried out even under air and in the presence of a small amount of water. 

Furthermom, BINOL can be mcovemd easily without any racemization. Thus this sequence of reactions 

provides a practical method for the synthesis of pbenylnorstatine 2. 

Scheme 1 
4a 

12 N HCI 
- 2 

lOO”C,46h 

In order to investigate the generality of the abovementioned disstemoselective nitroaldol reafztion, we 

have also examined the reaction of N-protected L-ah@ and L-valii. The results. summarized in Table 2, 

showed that the La-Li-(QBENOL catalyst was also effective in the nitroaldol naction of either N-phthaloyl 

alanal (3b) or N-phtbaloyl valiial(3c) with nitrometbane. However in the case of N-benxyloxycarbonyl (Z) 

and N-t-butoxycsrbonyl (&Boc) protected aldehydes 15~6 the nitroaldol adducts were obtained with lower 

diastereoselcctivity and moderate optical purity. These results are probably due to the fact that Z or t-Boc 
protected a-aminoaldehydes am t&uively unstable configurationally. patticularly in solution.tc 

R7 CHO 
La-Li-(R)-BINOL complex* 

Y + MeNO (3.3 mol %) 

NR2R3 
(20 eqw 

THF, -40 “C. 72 h 
_ R’&Mn + 5.532 

Table2 3b-g 

ew tiehyde yiekl (%) efyrhm (% ee) : ihreo 

1 3b:R’=Me. R2. R3 = Phth lb:99 
2 &:R’=W&zCH. R2,R3=Phth 4C:99 
3 3d:R’=Me. R2=H,R3=Moc 4d:85 
4 a :R’-Me&H. R2P 

R’ = PhCH2. 
H,Rs=t-Boc 4e:77 

; $iR’=PhCHs. 
R2=H.Rs=&Boc 41 :81 
R2=H,Ra=Z 4g : 95 

* Prepared from La(O-FPr)3. See reference 4. 

99(98) : 1 
99(98) : 1 
88(84) : 12 
95 (91) : 5 
98(90) : 4 
83 (88) : 17 

In conclusion, the use of rart earth-Li-(R)-BINOL catalysts have made possible the diastereosekctive 
nitroaldol reactions ofoptically active a-aminoahkhydes with nitrometbane. Tbe mild b&city of the catalysts 

causes no racemization of the starting aldehydes 3a-3c. As a result eryrhro-AHPA 2, an important synthetic 

intermediate for the HIV protease inhibitors KNI-227 and KNI-272, was readily obtained in two steps. 
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