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ABSTRACT
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The base-catalyzed hydroazidation of
stereoselectivity in favor of the

syn product. The stereoselectivity is controlled by the configuration of the enone and

o'-amino o f-unsaturated ketones with in situ generated hydrazoic acid was found to proceed with high

synlanti ratios up to 7:1

were obtained with secondary and tertiary amines at low temperature. By this route the diamino alcohol core of HIV-PR inhibitors ritonavir and

lopinavir was synthesized in 37% yield from phenylalanine.

The conjugate addition of a nitrogen nucleophile toogh-

and can be carried out with a variety of reducing agents and

unsaturated carbonyl compound (the aza-Michael reaction)conditions® The hydroazidation ofx,5-unsaturated com-
is a classical synthetic method, giving access to important pounds has been carried out with hydrazoic ddii this

classes of compounds, suchfamino acidsand ketones,
B-lactams® and 1,3-amino alcoholsA variety of nitrogen

highly toxic and explosive reagent can be replaced by safer
azide donorkor, alternatively, can be generated in situ from

compounds can be used as nucleophiles in this reaction trimethylsilyl azide (TMSN) and a carboxylic acid.

including aliphatic and aromatic amines, lithium amides,

Asymmetric aza-Michael reactions have recently attracted

hydroxylamines, oximes, carbamates, and other nitrogenmuch attention, and stereoselection has been achieved with

donors!~> For the introduction of a primary amino group,

chiral catalystz and by asymmetric induction from chiral

azide offers several advantages over other nucleophiles ageagents or auxiliarie®. In this communication we report
this reagent is simple and inexpensive and does not requireon the hydroazidation of amino acid derivegb-unsaturated
catalysts due to its high reactivity, and the conversion of ketones to givgs-azido carbonyl compounds in which the

the product into primary amine is relatively atom economic
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stereoselectivity is efficiently controlled by the remote stereo-  Our first attempt to hydroazidate ketoBewith diethyla-
center present on the substrate (1,4-asymmetric induction).luminum azidé was frustrating, as this reaction failed to give
any recognizable product, while the correspondigN-

R dibenzyl compounds (Scheme 2) underwent a [3 2]
N NH;
OH R
1(a: RR'=Bn) Scheme 2
Ph ~~ N5N‘
0 =gie] NBn, EtAIN NH
H 3 z 2ANs pp X
e e NI 8
on L0 U o .
Lopinavir
o (" Yo loaddition with th t followed by an Al
L Ho: L N cycloaddition wi e same reagent followed by an Al-
N(Y\O N Y YN ’?'/\EH promoted hydride shift and reductive elimination of diben-
Y-8 U N S zylamine, giving the triazol&.!”
Ritonavir Recently, theg-azidation of a,8-unsaturated carbonyl

compounds with a 1:1 mixture of acetic acid and TM3N
Our interest in this reaction arose in connection with the azide source and a catalytic amount of a tertiary amine
studies on the synthesis of dipeptide isosteres and peptidohas been reported by Miller and co-work&&nder these
mimetic protease inhibitofd.Recently, considerable interest conditions, with tertiary or secondary amines such as
has developed in the 1,4-diamino 2-hydroxybutane scaffold triethylamine, diisopropylamine, or DBU, the ketoBevas
1 as core unit of peptidomimetic inhibitors of HIV-protedde.  completely converted into products (Table 1). However, no
In particular, compounda, a mimic of the Phe-Phe dipep-

tide, is the central element of Ritona¥iand Lopinavi* [ R

two potent inhibitors of HIV-PR, currently used in the tgpie 1. Catalysts for Azide Addition to Enon@

treatment of AIDS? TMSN; (5 equiv)
- AcOH (5 equiv) NHBoc NHBoc
Our original approach tda was based on the retro- amine (0.2 equiv) ph. 2 ph. =
synthetic analysis shown in Scheme 1. The pivatg- 3 TN Y e Y Y e
0 N; 0O N;
synda anti 4b
entry amine time temp yield  syn/
Scheme 1 h °oC % anti®
NH, NHBoc o 1 Et;N 18 25 quant 1:1
NN Ph\/\rﬁ/\ph 2 (-Pr),NH 18 25 93 1l
OH NH, OH
1a 2 3 18 25 quant 1:1
ﬁ ﬁ 4 18 25 quant  2:1
NHBoc NHBoc
Ph\/'\n/\__/\Ph -— Ph\/'\[(\/\ph 5 18 25 quant 51
0 N 0
4 3
6 18 25 quant 5:1
unsaturated keton8, readily obtained from-phenylala- - 18 A48 quant 61
ninel® was transformed into epoxyalcoh®lin two steps;
however, conversion o? into 1a required seven step® 3 4 25 quant  5:1
We reasoned that this approach would be considerably 19; 742 2158 q‘;fént gii

shortened if the enongcould be directly hydroazidated to
give the azido ketonéin a stereocontrolled way: conversion aBy 400 MHz 'H NMR. ® Amine: 0.05 equiv.
of 4 to 1a would then be straightforward.
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diastereoselectivity further improved at lower temper- || S

atures (entries 7 and 10), and the best de (75%) was 0b~r pie 3 Reduction of Amino Ketonda
tained with 5%L-proline methyl ester, at18 °C for 72 h

( t 10) NHBoc NHBoc
entry 10). g Bn A _~_Bn
As the chiral bases brucine (entries 6 and 7) aqtoline 4 Bn/\c‘;\ﬁ/ T Bn A
methyl ester (entries-810) proved particularly effective in 9 s 10 8

this reaction, we turned our attention to the influence of the
chirality of the amine on the stereoselectivity. Thus, we eptry reagent conditions yield (%) antilsyn
carried out the reaction of enantiomeric enordeand 7
(derived fromp-phenylalaninéf with trimethylsilyl azide

1 NaBH4 MeOH, 0 °C 90 75:25

\ ! NaCNBH;3 MeOH, 0 °C 85 50:50
in the presence af- andp-proline methyl ester (Table 2). 3 NB-enantride THF, —78°C 80 50:50
4 L-selectride MeOH, —78 °C 70 <5:95
|
Table 2. Hydroazidation of Enantiomeric Enon8sand 7 with
L- andp-Proline Methyl Ester Reduction with sodium borohydride (Table 3) gave a 3:1
onone adducts e mixture of anti,anti and syn,syndiamino alcohol<9'* and
syn anti config (%) 101" Sodium cyanoborohydride gave a 1:1 mixture of
1 NHBoc NHBoc NHBoc L 51 diastereoisomers, and the same result was obtained with NB-
Bn/E\n/\/Bn Bn}Y\:_,Bn Bn/E\n/YBn enantride, although this reagent has been reported to give
2 0o O N O N D 41 syn-reduction with similar substratésThe desired selectivity
3 (S.8)-4a (S,R)-4b was obtained with L-selectricté which gave exlusively the
3 NHBo NHBoe NHEoc Lo syn,syrazido alcoholl0 (Tgble 3). This known compound_
_Bn Bn Bn can finally be converted into the mono-Boc-protected di-
Bn s LI Bn 5 R aminell by catalytic hydrogenation in 95% yield (Scheme
4 7 (R'R)_SaB (RIS)_sbS b 3).110 By this combination of stereoselective azidation and
aConditions: TMSN, 5 equiv; AcOH, 5 equiv; amine 0.2 equiv; GEly; _
25 °C. » syn/antiratios; by chiral HPLC.
Scheme 3
Ph TMSN3, AcOH NHBoc
A comparison of matching substrate-base pairs (entries 1 and l 2oteps g LProOMe 5 n/=\n/\,Bn
4) and mismatching pairs (entries 2 and 3) shows only @ BocHN” ~COOMe /o6 70% o ,33
modest drop in the stereoselectivity from 5:1 to 4:1. This 4a
clearly indicates that, with the present series of amifes,
the chirality of the catalyst has only a minor effect on the _ NHBoc NHBoc
stereoselectivity, Which ig chieﬂy controlled by the substrate L‘Se‘jd”de, BN B Ho. F;d/C o /:-\__/\__/Bn
through 1,4 asymmetric inductidf. 70% E o b EH TH
. . . . . 3 ref. »
The main diastereoisomda, obtained from the reaction 10 I

of enone3 with TMSN; (Table 1), was isolated in 70% yield
by crystallization; this compound possesses the correct

configuration to serve as a precursor of the target diamine syn-reduction, the Boc-protected Phe-Phe isosterés

1a(Scheme 1)Syn(Felkin—Anh) reduction of thex-amino available from3in three steps and 49% yield, a considerable
carbonyl group is required for the conversiordafinto 1a. improvement over the eight steps (8% vyield) previously

: : : _ requiredttv
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obtained from commercid-Boc phenylalanine methyl ester Supporting Information Available: Experimental pro-

in only five steps and 37% yield overall, this being to date cedures and spectral data for compouddsb, 7, 8a, and
the shortest and most efficient synthesis of this important 10. This material is available free of charge via the Internet
intermediate of the pharmaceutical industty. at http://pubs.acs.org.
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