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Optically activea-amino phosphonic acitiiave found wide- Scheme 1. Different Approaches to a-Amino Phosphonic Acids
spread use as analoguesceBmino acids, where the tetrahedral Based on the Type of Bond Formed
phosphonic acid functionality replaces the planar and less bulky Pa-y % OR'
carboxylic acid.a-Amino phosphonic acids have been employed ”\R * HPGGR
as single units, as well as incorporated into peptides where the @
phosphonamide moiety is able to mimic the tetrahedral transition o qOH o
fstates ofenzyme-m_edlated peptide bond hydr(_)IyS|s. These st_ructural RO + er'g:821 & R\r'L:OH % e, rg:g;
eatures cause a unigue enzyme response which led to the discovery NHPg NH, hljpg

of new antibacterial ageritand inhibitors of proteas# including

HIV-protease. @
The stereoselective formation of optically activeamino phos- "NH® » + R\@/

phonic acid derivativésis an important task for organic chemists

due to the interesting and important biological properties of these Table 1. Catalytic Enantioselective a-Amination of

compounds. On the basis of the type of bond-forming reaction, (1:Methyl-2-oxo-2-phenylethyl)phosphonic Acid Diethyl Ester 1a

. . . . with Azodicarboxylates 2a,b under Various Conditions
several different approaches towaréamino phosphonic acids are
conceivable (Scheme 1, paths@). One direct approach involves
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the nucleophilic addition of a phosphite to an imine (path aPC Ph)k( SOt * N pve Mé N g
bond formationf Path b (C-C bond formation) employs the Me "COR! HN\COZZR1
anionic phosphonic analogue of glycine, which adds to an elec- 1a 2 3
trophilic carbon centet Conversely, the addition of nucleophites o o ;’:; ..
to cationic phosphonoglycine equivalents has also been applied for e Me e  Me
the asymmetric synthesis ef-amino phosphonic acids (path c, iﬁf} Ph—{D/W\(?--'Ph ;ﬁ?)
C—C bond formation). Another attractive solution is provided by B ’\Zn/ “Bu PR ’\Zn/ on pH Vzd Ph
the electrophilic amination of a formalty-phosphonate carbanion (OTh;, (0T, (0T,
(path d, G-N bond formation}. 4 ® de
Following path d in Scheme 1 for the formation of optically T conv.2 eeb
activea-amino phosphonic acids, a variety of asymmetric reactions entry  catalyst  azodicarboxylate solvent (°C) (%) (%)
have been developed utilizing the chiral auxiliary principle. 1 4a 2a CH,Cl, rt 20 12
However, according to the best of our knowledge, no direct catalytic 2 4b 2a CH,Cl rt 30 -26
enantioselective formation of-€N bonds has been developed for 3 4c 2a CHCl, rt 80 92
the preparation of optically active-amino phosphonic acid deriv- ‘51 ic 2a ELO t 90 82
) ) o7 . X c 2a CI(CHpCl 1t 88 91
atives. In this communication, we present the catalytic enantiose- ¢ 4c 2a CHyCly 40 96 89
lective direct aminatiol of 5-keto phosphonates catalyzed by chiral 7 4c 2b CHCl, rt 90 92
zinc(ll) complexes giving optically active-amino phosphonic acid & 4c 2b CH:Cl, r 90 92

derivatives in good yields and very high enantioselectivities.
Several different chiral bisoxazolirenetal(ll) complexes can
catalyze the catalytic enantioselectiwmeamination of (1-methyl-
2-oxo-2-phenylethyl)phosphonic acid diethyl estawith diethyl
and dibenzyl azodicarboxylateBab (eq 1) (see Supporting

Information). Table 1 shows the results of the use of a catalyst suitable aminating reagent (entry 7), as high yield and enantiomeric

formed by a co_mbipation of chiral bisoxazoline ligands and excess o88b were obtained. Furthermore, the use of a base such as
Zn(OTf),. The chiral ligand §-4c gave the best results compared EtN or other additives, such as HRfRentry 8), did not have any

Withlthose of RR)-4b an(:] 6)'4‘_5‘ (Table 1, entries +3). For influence on the outcome of the amination reaction.
catalyst Zn(OTf)—(9-4c, the aminated produda was obtained The enantioselective-amination reaction was shown to be a

in high yleld gnd with up to 92% ee usirp as the amlnatlng general reaction for both acyclic and cyclieketo phosphonates
reagent in various solvents at room temperature (entries) 3it using dibenzyl azodicarboxylateb as the nitrogen source and

should be noted that increasing the reaction temperature t€ 40 Zn(OTf,—(9-4c as the catalyst (eq 2), as shown in Table 2.

t Aarhus University. Acyclic 5-keto phosphonates bearing alkyl, benzyl, naphthyl, or
#Facoltadi Chimica Industriale. phenyl substituents as'RLa—d) all reacted smoothly with dibenzyl

aDetermined by*H NMR. ? Enantiomeric excess determined by chiral
stationary phase HPLC.HFIP (1 equiv added).

led to higher conversion, and the high enantiomeric excess of the
product was still maintained (entry 6). Compougd is also a
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Table 2. Catalytic Enantioselective a-Amination of Acyclic and
Cyclic f-Keto Phosphonate Esters 1la—h with 2b in the Presence
of 10 mol % Zn(OTf),—(S)-4c

Zn(OTN-(Sr4c E/ORB
0 E’ORS Coz~ 1omol% SR
R1)S/ “ord T N CH,Cl, R Negy,
R2 “Cbz 1, 48h HN
. Cbz
1a-h 2b 3b-i
-Keto Phosphonate
entry Rt R? R3 yield? (%) ee’ (%)
1 Ph Me Et (a) 85— 3b 92
2 2-Np Me Et (Lb) 93-3c 92
3 Bn Me Et (lc) 60— 3d 95
4 Me Me Et (Ld) 75— 3e 85
5 Ph Allyl Et (le) 85— 3f gged
6 Ph Me Me (f) 97— 3¢g 94
7 (CHy)3 Et (19 98— 3h 95
8 (CHa)a Et (1h) 98— 3i 94

a|solated yield.? Enantiomeric excess determined by chiral stationary
phase HPLC¢ Enantiomeric excess determined after forming oxazolidinone
(see Supporting Informationy.At 140 h reaction time.

azodicarboxylat@b to give the corresponding-aminated adducts
3b—ein good isolated yields and with high enantiomeric excesses
(Table 2, entries 44). The reaction of thea-allyl—j-keto
phosphonate estete with 2b also afforded the corresponding
optically active aminated addugf in 85% yield and with excellent
enantioselectivity (98% ee) (entry 5). Changing the ester functional-
ity from ethyl phosphonatel1@) to methyl phosphonatelf)
improved the yield and enantioselectivity slightly (entry 6). The
catalytic enantioselective amination of the cygliketo phospho-
nateslgh proceeded also in high yields and in a highly enantio-
selective manner as 95 and 94% ee was obtained for the two
different ring sizes (entries 7 and 8).

Scheme 2. Formation of Oxazolidinone 5
a) LiBH,
b) Pd/H,

¢) NaNO,,HCI/HOAC O
Hu..

8,0Et
“OEt
Mé I:lez

HN.
b Cbz

Ph NH

To make the catalytic enantioselective Lewis acid-catalyzed
o-amination reaction ofi-keto phosphonates more useful, further
transformations of the-aminated product were achieved (Scheme
2). Reduction of th¢g-keto functionality in3b proceeded in a high
diastereoselective manner using LiB#lving theN-amino oxazo-
lidinone. Further deprotection and-NN bond cleavage afforded
the oxazolidinyt-phosphonic acid derivative, (4-methyl-2-0x0-5-
phenyloxazolidin-4-yl)phosphonic acid diethyl esterin 60%
overall yield and with a diastereomeric ratio’®10:1. The absolute
configuration of5 was determined by X-ray analysis (see Support-
ing Information). The formation of the optically actierepresents
a new alternative procedure to the-RBINAP procedure developed
by Noyori et al'3

The stereochemical outcome of the reaction catalyzed by
Zn(OTf),—(S-4ccan be accounted for by a tetrahedral intermediate
in which it is assumed that it is the enolate form @keto
phosphonate which coordinates to the Lewis &atidn this
intermediate, a six-membered chairlike transition state is formed
leaving theReface of theo-carbon atom of th-keto phosphonate

accessible for the amination reagent, leading to the observed

stereochemical outcome of the reaction. See Supporting Information
for the proposed intermediate.

In summary, we have developed a highly enantioselective
amination reaction ofs-keto phosphonates with commercially
available azodicarboxylates catalyzed by a combination of chiral
bisoxazoline ligands and Zn(OTf)After deprotection, the corre-
sponding optically activex-amino—{-hydroxy phosphonic acid
derivatives were obtained.
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