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Catalytic asymmetric epoxidation af,f-unsaturated amides Table 1. Catalytic Asymmetric Epoxidation of o, 5-Unsaturated
provides chirakw,3-epoxy amides that can be converted into useful AMides

found to be the best catalyst for this reaction and 1.2 equiv of TBHP 19 4-F-CgH,  CH,NH 2n
to 2a gave the best reactivity (condition A). The scope and 20 4-Me-CgH,  CH,NH 20
limitations using numerous substrates was further examined. As
shown in Table 1, this catalytic system had a broad generality for  aConditions A: TBHP in decane was used. MS 4A was not dried.
epoxidations of various amidega—o. When 5-10 mol % of4 oCOF\ditiOﬂS B: TBHP in toluene was_ usecd. MS 4A was dried3d at 18(_)

was usedg-alkyl-substituted amide®a—j, prepared from primary d% ‘g‘gle(%%?icﬁispfsgé‘gsrgi%j {éeoldm B%zrmgfﬂ ggngngnagggﬁ'\fé.
amines (entries 1, 2,46, 11-13), a-branched primary amines  fpy was used as a central metatHex = cyclohexyl.

(entries 7, 8), and secondary amines (entries 9, 10), were smoothly

epoxidized to afford the corresponding,S-epoxy amides in  epoxidation-Pd-catalyzed epoxide opening procséey to the
excellent yield and in excellent enantiomeric excess. This was alSOSucceSS of this sequential process is whether the second catalysis
effective for the epoxidation of-aryl-substituted amide&k—o. is compatible with the conditions of the first epoxidation. Therefore,

In these cases, activation of MS 4A was necessary to improve theye first performed experiments to examine the influence of the
lower reactivity, but there was a slight decrease in enantiomeric .qnstituents of the first reaction on the second catalysis (TalSle 2).
excess (condition B). In addition, SafS)-BINOL—PRP=0 With the use of 5 mol % of PdC, an epoxide opening reaction of
cqmpl_exs was found to_b_e also ?ﬁeet'\’e’ yielding the products 3k was investigated as a model reaction. In the absence of additives,
with slightly onvgr selecywty (entries 3, 16 To the best O.f our the reaction proceeded smoothly, giving rise to a mixture of three
knOV\_/Iedge, .thls’. is the first example of a_ general catalytic asym- compounds6k, 7k, and8k in a ratio of 100:6:3. On the other hand,
metric epoxidation ofx,f-unsaturated amides. when the reaction was performed in the presences#f the

Optically active g-aryl a-hydroxy amides are biologicall .
impcf)rtant )s/tructurallfmit)s/ aﬁd g/an bgeasily synthesized ﬂg | y formation of 7k was completely prevented, whereas there was a
) significant increase in the formation 8k. The formation of both

o,-epoxy amides. To achieve efficient transformation, we planned K and 8k fully d din th ) giti
to develop a new method: a one-pot tandem catalytic asymmetric_7 anc 8k was successfully epressed in t € rgactlon conditions
including all of the reagents for the first epoxidation, affordéig

*To whom correspondence should be addressed. E-mail: mshibasa@ with eix.cellent _S.ele(.:tIVIty (100:0:1). This finding Su_ggeStS that
mol.f.u-tokyo.ac.jp. beneficial modifications of the Pd catalyst are achieved by the

20 94 99
21 89 >99

i ildi ; i 3 o} Sm—(S)-BINOL-Ph,As=0 0
chlr_al building blocks su_ch as: hydrqu amlgles_anqﬁ hydroxy &/[L e complex 4 (10 mol %) /\O)J\ -
amides. To date, catalytic asymmetric epoxidation of enoaed R X N’ TBHP (1.2 eq) RSN
a,f-unsaturated estérhiave been intensively studied. There are 2a0 R THF, MS 4A, 1t > 3ao R
no reports, however, of catalytic asymmetric epo_m_daﬂomgﬁ- Substrate - e yield® e’
unsaturated amidégperhaps due to the lower reactivity. We report entry R NR2R® conditions® by (o) (2%
a general and highly enantioselective epoxidation,6funsaturated 1 Ph(CHy);  CHaNH 22 A 8 99  >99
amides promoted by chiral lanthanide catalysts. In addition, a one- 5« 2a A 24 94 >99
pot tandem catalytic asymmetric epoxidatidPd-catalyzed epoxide 34/ 2a A 24 91 97
opening process was demonstrated. This process leads to the 4 Ph(CHz),  BnNH 2b A 6 97 >9
efficient synthesis off-aryl a-hydroxy amides. 5 2b A 24 82 99
. i . 6 Ph(CHy), AlyINH  2¢ A 4 95 98
We previously reported that alkali-metal free lanthariBENOL 7 Ph(CHy, cHexNH:  2d A 11 97  >99
complexes, in particular LaBINOL —PhsAs=0 complexl, were 8 ph(CHZ): tBUNH  2e A 20 91 99
very useful catalysts for the asymmetric epoxidation of entsites 9 Ph(CHp), (CHy,N  2f A 3 96 99
anda_,ﬂ-qnsaturated imidazolidégAlthough catalytic asymmetr_lc 0 Ph(CHy), CN 2g A 4 94  >99
epoxidation ofo,-unsaturated esters proceeded very sluggishly
with the use of 10 mol % ofl, o,(5-unsaturated amides were 11 Ph(CHp), CHoNH 2h A 8 81 >9
. . . 12 CH, BnNH 2i A 9 94 94
epoxidized more smoothly under the same conditfofisis result 13 cHext BnNH 2j A 12 90 >99
prompted us to optimize the reaction conditiérihe effect of the 14 Ph CHyNH 2k A 24 89 >99
central metal and the amount of TBHP were investigated in detail 15 2k B 18 95 99
using2a. Sm—(9-BINOL—PhAs=0 complex4, generated from :‘73' o BN z:‘ g 198 gf g;
. PN . . >
Sm(O4-Pr);, (9-BINOL, and PRAs=O0 in a ratio of 1:1:1, was 18 Ph (CHgN 2m B 9 06  >99
B
B
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Table 2. Preliminary Experiments for the Pd-Catalyzed Epoxide
Opening Reaction of 3k

Pd-C o (o} o
(A
(;’:drczglvéos) Ph/\:)LN,CHs Ph/\)L G Ph/\rHJ\N,CHa
k——> Gy H H o M
THF 6k 7k 8k
time  yield? ratio® selectivity
entry additives (min) (%) (6k:7k:8k)  (6k/7k + 8K)
1 60 100 100:6:3 11
2 MeOH 10 100 100:8:2 10
3 (9-5 (10 mol %) 90 100 100:0:23 4
4 (9-5 (10 mol %), 60 100 100:0:1 100

MS 4A, TBHP (0.2 equiv),
MeOH*

aConversion yield? The ratio was determined B$ NMR analysis of
the crude samplé€.Solvent ratio: THF/MeOH= 2/1.

Table 3. One-Pot Tandem Catalytic Asymmetric
Epoxidation—Pd-Catalyzed Epoxide Opening Process

(@]
o (S)-5 Pd-C
2
R'/\)LN’RZ (10mol%)' (5 mol %) . R,/\:)LN,R
‘ step A¢ step B? OH R®
%o R P P 6k-o
substrate time (h)
entry R! NR?R3 step A stepB  yield (%)  ee! (%)
1 Ph CHNH 2k 21 2 97 97
2 Ph BnNH 2 16 2 91 98
3 Ph (CH):N  2m 11 2 8% 9%
4 4-F-GsHq CHsNH  2n 18 2 90 99
5 4-Me-GHs CHsNH 20 18 2 82 97

aConditions: §-5 (10 mol %), TBHP in toluene (1.2 equiv), MS 4A
(dried), THF, room temperatur Conditions: Pd-C (5 mol %), b (1
atm), MeOH (solvent ratio: THF/MeOHk 2/1). ¢ Isolated yield ¢ Deter-
mined by HPLC analysis® Yield and ee were determined after converting
into the corresponding triethylsilyl ether.
constituents of the first epoxidation, producing a more suitable
catalyst for the second epoxide opening reaction.

One-pot tandem reactions were further examined ugigo
as substrates (Table 3). After completion of the epoxidation, both
5 mol % of Pd-C and MeOH were directly added to the reaction
mixture and the resulting mixture was stirred under a hydrogen

atmosphere. As expected, the sequential process functioned ef-

ficiently, affording the correspondingk—o in excellent overall
yield and in enentiomeric excess. The fact thlatvas obtained in
97% ee indicates that no racemization occurred in this tandem
process.

B-Aryllactyl-Leu sequences are found in various biologically
active peptides! The developed process can be utilized for the
construction of these dipeptide fragments. Unfortunately, catalytic
asymmetric epoxidation df-cinnamoylL-leucine methyl este®
did not proceed at all. However, tandem catalytic asymmetric
epoxidation of thex,-unsaturated imidazolidepeptide coupling-

Pd-catalyzed epoxide opening process made these fragments easily

accessible in a single pot reaction. After completion of the first
epoxidation ofLOusing - or (R)-La—BINOL —PhP=0 complex
11, 1.5 equiv ofiL-leucine methyl ester was added and the reaction
was stirred for 48 h in the presence of hexafluoroacetdraally,

a Pd-catalyzed epoxide opening reaction was performed sequentially 12)

to provide the desired fragmeni®a and 12b in optically pure
forms, which can be utilized for the synthesis of a neuropeptide,
Antho-RNamidel3 (Scheme 1}12

Scheme 1. One-Pot Synthesis of 12a and 12b
0 (5)-11 or (R)-11 o
« (10 mol %) LLe-0CH,
Ph N\, _TBHP(24eq) _ (15e@)
\§< THF, MS4A hexafluoroacetone
10 3h
Ph
a-OH: 12a ((S)-11)
Pd-C Yield: 74%, 99% ee”
(5 mol %) (a:p=4a1:1)P

H, (1 atm) B-OH: 12b ((R)-11)

MeOH Yield: 78%, 99% ee®
4h (:p=1:39)0
0 Antho-RNamide (13)
ph/\|/u\N < L-3-phenyllactyI-Leu->
OH H 0 Arg-Asn-NH,

aDetermined by HPLC analysi8Determined by*H NMR analysis.

In summary, the catalytic asymmetric epoxidation @f3-
unsaturated amides with broad generality was developed. Moreover,
this reaction was successfully applied to the synthesig-afyl
a-hydroxy amides using a novel one-pot tandem process. Further
studies are currently under investigation in our group.
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