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Abstract: Rare earth-Li-BINOL complexes were used to catalyze nitroaldol reactions of optically active a-amino-
aldehydes with nitromethane in a highly diastereoselective manner. A typical adduct, (28, 35)-3-phthaloylamino-2-
hydroxy-1-nitro-4-phenylbutane was conveniently converted to (25, 35)-3-amino-2-hydroxy-4-phenylbutancic acid
(erythro-AHPA ; phenyinorstatinc), a component of the HIV protcase inhibitor KNI-227 and KNI-272.

Recently we succeeded in developing a catalytic asymmetric nitroaldol reaction for the first time
utilizing rare carth-Li-BINOL complexes.!-3 In addition we have also reported some applications of the
catalytic asymmetric nitroaldol reaction to the syntheses of therapeutically important amino-alcohol
derivatives?> and have elucidated the structure of the catalyst.4 However, no attempts have ever been made
at a diastereoselective nitroaldol reaction using an optically active aldehyde as a starting material. It might be
expected that reaction of optically active a-substituted aldehydes with nitromethane using an appropriate
optically active rare earth-Li-BINOL catalyst would lead to enhanced diastereoselection to give 3-
substituted-2-hydroxy-1-nitro derivatives. We have applied this methodology and report herein a practical
method for the preparation of optically active erythro-3-amino-2-hydroxy-1-nitro derivatives by highly
diastercosclective nitroaldol reaction of a-aminoaldchydes with nitromcthane. The adducts, 3-amino-2-
hydroxy-1-nitro derivatives would be versatile synthetic intermediates for the synthesis of unnatural erythro-
3-amino-2-hydroxy acids, which are important components of several biologically active compounds. For
example, the promising HIV-protease inhibitors KNI-2276 (1a) and KNI-272° (1b) bear (2S5, 35)-3-
amino-2-hydroxy-4-phenylbutanoic acid (erythro- AHPA; phenylnorstatine) as a subunit. Although several
reports have appeared on the synthesis of threo-AHPA, little is known about the highly stereoselective
synthesis of erythro-AHPA 2.8
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We thus at first examined the nitroaldol reaction of N-phthaloyl-L-phenylalanal 3a with nitromethane.
The starting aldchyde 3a was prepared from corresponding L-phenylalanine in three steps according to
Gacek's procedure.? 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 stored at -30 °C for 3 months.1® Therefore the
aldehyde 3a had to be prepared fresh prior to use. After scveral attempts, we were pleased to find that
treatment of 3a with nitromethane (20 mol equiv) at -40 °C, in the presence of the La-Li-(R)-BINOL
catalystl~ (3.3 mol %), gave (2§, 35)-2-hydroxy-4-phenyl-3-phthaloylamino-1-nitrobutane (4a) 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 nitroaldol reactions using La-Li-(R)-BINOL catalyst.1-5
However it was shown that the methods of preparationl-24 of the La-Li-(R)-BINOL catalyst somewhat
affected the diastereoselectivity in the nitroaldol reaction (entrics 1-3).  Their optical purity was also found to

OH
on CHO N catalyst™ (3.3 mol %) o :
NPhth + (20 equ]i"’ ) THF, -40 °C, 72 h |
Table1 3@ 4a
entry catalyst Ln source vyield (%) erythro (% ee) : threo
1 La-Li-(R)-Binol complex La(O-iPr)3 92 > 99 (96) 1
2 lLa-Li-(A)-Binol complex LaClj 80 93 (95) 7
3 La-Li-{(R)-Binol complex LaClz+<7HO 97 90 (95) 10
4 La-Li-(S)-Binol complex LaCls 96 74 (90) 26
5 La(O-#Pr)g 52 89 (95) 11
6 Pr-U-(A)-Binol complex Pr(O-+Pr); 88 96 (96) 4
7 Nd-Li-(R)-Binol complex NdCl, 78 94 (90) 6
8 Sm-Li-(A)-Binol complex SmCl; 79 97 (94) 3
9 Eu-Li-(R)-Binol complex EuCly 73 98 (94) 2
10  Gd-Li-(A)-Binol complex GdClg 79 g5 (92) 5
11 Dy-Li-(A)-Binol complex DyCl, 91 83 (91) 17
12 Er-U-(R)-Binol complex ErCly 81 80 (95) 20
13  Yb-Li-(R)-Binol complex YDbCl, 89 78 (92) 22
14  Y-Li-(R)-Binol complex YCly 95 79 (95) 21
15  NaO-tBu — 95 62 (65) 38
16 LDA (1 equiv) — 80 74 (49) 26
* The structure of this catalyst
has been shown to be :

Rare earth-Li-{S)-BINOL complex
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be ~96% ec,!2 indicating no racemization had occurred in the nitroaldol reaction. Reaction of the (S)-aldehyde
3a with nitromethane, using the La-Li-(§)-BINOL complex as catalyst, in which the two asymmetric
compounds were acting in opposition, led to reduced diastereoselection (entry 4). We have also investigated
the rare earth metal effect in the nitroaldol reaction (entries 6-14). As shown in Table 1, no significant
differences were observed in the yicld and diastercosclectivity of products. Contrary to these results,
commonly used bases such as LDA and NaO-7-Bu gave the nitroaldol 4a with lower diasterco- and
enantioselectivity (entries 15, 16),13 whereas the achiral mild base La(O-i-Pr)s, afforded 4a with 89:11
diastereoselectivity without any racemization (entry 5).

Conversion of the nitroaldol adduct 4a into desired erythro-AHPA 2 was carried out as shown in
Scheme 1.14 Under the conditions indicated, deprotection of the phthaloyl group and hydrolysis of the nitro
group were achieved at the same time, yielding desired 2 in 30% yicid. The nitroaldol reaction towards the
synthesis of 2 was able to be carried out even under air and in the presence of a small amount of water.
Furthermore, BINOL can be recovered easily without any racemization. Thus this sequence of reactions
provides a practical method for the synthesis of phenylnorstatine 2.

Scheme 1 12 N HCI

100°C, 46 h

In order to investigate the gencrality of the abovementioned diastercoselective nitroaldol reaction, we
have also examined the reaction of N-protected L-alanal and L-valinal. The results, summarized in Table 2,
showed that the La-Li-(R)-BINOL catalyst was also effective in the nitroaldol reaction of either N-phthaloyl
alanal (3b) or N-phthaloyl valinal (3c) with nitromethane. However in the case of N-benzyloxycarbonyl (Z)
and N-t-butoxycarbonyl (-Boc) protected aldehydes!5-16 the nitroaldol adducts were obtained with lower
diastercoselectivity and moderate optical purity. These results are probably due to the fact that Z or -Boc
protected o-aminoaldehydes are relatively unstable configurationally, particularly in solution.10

La-Li-(R)-BINOL complex® o

R! _CHO 1 % H 1 o
Y + MoNOg (3.3 mol %) R NO, , Ft\‘)\,no2
NRPR®  (gequiv) THF.40°C,72h NR2R? NR2R?
Table2 3bg 4b-9
antry aldehyde yield (%)  erythro (% ee) : threo
1 3b:R'=Me, R? R® = Phth 4b: 99 99(96) : 1
2 3¢ :R'=MeLCH, R? R? - Phth 4c:99 93(96) : 1
3 3¢:F‘:=M°- R?=H,R%’=tBoc 4d:85 88(84) : 12
4 3.::1:::;‘:'”'1%2=H,R3=I~Boc 4e:77 95(91) : 5
5 31:R,=PhCH:' R?=H,R®=tBoc 4f : 81 96(90) : 4
6 3g: "R®=H,R*=2Z 4g: 95 83(66) : 17

* Prepared from La(O-FPr);. See refarence 4.

In conclusion, the use of rare carth-Li-(R)-BINOL catalysts have made possible the diastercoselective
nitroaldol reactions of optically activé a-aminoaldehydes with nitromethane. The mild basicity of the catalysts
causes no racemization of the starting aldehydes 3a-3c. As a result erythro-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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