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- Catalytic asymmetric
1,4-additions to a.,f3-
unsaturated ketones.

- For a,p-unsaturated
esters lower reactivity
IS an issue.

Monodentate Vs
bidentate substrates.

« Objective:
development of
monodentate ester
substitute.
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Introduction
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Preparation of Ylide 2

(a)

0
cl\)LNHE

6

y. 20- SG% (from 6)
(low reproducibility)

(b)

CH3F+F["‘I3BF_ + PhLi
O
JJ\ v
N@ +  H,C=PPhs HL Q
= 9 (3 equiv) PPhs

2 y. 98%

Conditions: (i) 2,5-dimethoxytetrahydrofuran, AcOH, 100 C; (ii) PPh3,
toluene, 100 C; (iii) 2 M aqg NaOH, CH2Cl2/H20; (iv) THF/Et20, -78 to
25 C.
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Proposed catalytic cycle for the epoxidation promoted by Ln-Binol

complex.
Ln-Binol complex favors
monodentate coordination. ROCH
Not applicable for o.,- ) OKM—DH w . O‘MM-DDR
unsaturated esters. % N %
Bidentate substrates, = [.‘:H
oxazolidinone, carboxylic i
acid imidazolide and o, f3- O O

2

unsaturated morpholinyl 1i|\(:}/\ .| (IV) (1) 1/U\_,..;\
R Re ™\ R R

amide: not practical results.
Poor conversion;

Y

High catalyst loading; OR
Explosive TBHP: 9 - D\M oon
Unstable, low soluble and . “MH’S}L 2 1,4-addition SN
difficult to prepare i = ) Ro
substrates 1 (1) DJ
: R =y
Fi.1
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Table 2. Catalytic Asymmetric Epoxidation Reaction of o f-Unsaturated N-Acylpyrrole 1a

Sm(O-1-Pria (x mol %)

0 (A)-ligand (x mol %) 0
additive (v mal %) O
phf"ﬁ_)l‘ N f'% oxidant (1.5 equiv) ph-’{l-"u“m “
.1 g l':::)" SD‘"&"E I‘|[ 1 .1 5 Il_'_-:)
MS 44, 25 °C
Smii0-i-Frjs ligand additive time yield® et
antry (% mol %) (% mol %) iy mol 55) solvent cEidanta ihj (%) (%)
I L0 BINOL {10} PliaAs(O) 10y THF TBHP 0.5 a3 Qg
2 5 BINOL (5} PliaAs(O (5 THF TBHP 0.5 ] B
3 5 Hg-BINOL (5) PhaAs(O) (5 THF TBHP 0.5 K] 89
4 5 Hge-BINOL(5) Pha PO (13) THF TBHP 0.5 a4 aq
5 5 He-BINOL (5} PhaP{0) (50) THF TBHP 0.5 B 08
6 5 Hz-BINOL(5) PhaP{C) {1007 THF TBHP 0.5 ] a7
7 5 He-BINOL (5} PhaP{ (135) THF/toluene TBHP 0.4 85 B
& 5 Hg-BINOL(5) Pha PO (500 THFitoluene TBHP 0.5 2 89
g 5 He-BINOL (5} Pl POy (100 THF toluene TBHP 2 a7 ATA]
L0 5 Hz-BINOL(5) Pha PO (100 THEF toluens CMHP 02 al =005
4 TBHP in decane or CMHP in toluene was used. ¥ Isolated yield. © Determined by chiral HPLC analysis.
First tunning:
sLigand: H8-BINOL 5 mol%,;
sLanthanide: Sm(O-i-Pr); 5 mol%;
-Additive: Ph,P(O) 100 mol%:
*Oxidant: TBHP or CMHP
*Solvent: THF/toluene.
Ruth Nunes @ Wipf Group 6/5/04



Table 3. Trials to Reduce Catalyst Loading in Catalytic Asymmetric E poxidation Reaction of o S-Unsaturated N-Acylpyrrole 1

Sm{Q-1-Pr)s (x mol %)

IS {A1-Hg-BINOL {x mal %) 0
additive (y mol %) ﬁ 1L,
ph”f"i:v"ﬁ““pr% TEBHP (1.5 eguiv) . PR d Nﬁ“l}
1a e/ THFRAoluane 11a =/
MS 48, 25 °C

Smi0-i-Pr)y He-EBINOL additive WS4 A conen of time yield et
entry {x mol %) (x mal %) {1 mol %5 (mg/mmal of 1a) [1a] (1) (h) (%) (%)
It 5 ] Pl PO 100 [ OO 0.1 2 a7 09
X I I Pha O ( 100 500 I 0.3 a4 g9
37 0.5 0.5 Pha O ( 100 250 I 0.6 [ a7
4d 02 0.2 Plha POy | 100) [ 00 2 | aq a7
54 0.1 0.1 Pl PO 100 [ 00 2 2 a0 g
o 0.1 0.1 PhaAs(Cni0.1) [ 00 3 0.6 [ 00 09
Il 0.05 0.05 PhaAs(On (0.05) [ 00 3 I [ 00 a8
& 0.02 0.02 PhaAs(Cn (0.02) [ 00 3 .5 04 09

4 [solated yield. * Determined by chiral HPLC analysis. * TBHP in decane was used. ¢ Anhydrous TBHP in toluene (dried with MS 4A) was used.

Second tunning:

*H8-BINOL/Sm(O-/i-Pr), as low as 0.1, 0.05 and 0.02 mol%;
*Keep the catalyst concentration within 1-5mM for best eé€’s;
*Practical aspects for large scale: reduced MS amounts,
catalytic loading.

«Catalytic Ph;As=0; equimolar Ph;P=0.
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Sequential Wittig Olefinaton-Catalytic Asymmetric Epoxidation

1A) One-pot Sequential Wittig-Catalytic Asymmetric Epoxidation Process
(R)-Hg-BINOL (5 mal %)

Q . Sm(0-+Pr)y (5 mol %)
Py yide2 hm A CMHP (1.5 equiv) _
Phi Oa . loluene 1a |- > toluene:THF = 1:1
100°C, 36 h + PhyP(0) 25 °C, 0.5 h

(without work-up)

(B) Step-by-step Wittig-Catalytic Asymmetric Epoxidation Process
(R)-Hg-BINOL (5 mol %)

o \L’J\

O o Sm(O-+Pr)s (5 mol %)
P ylide 2 CMHP (1.5 equiv)
M ga toluene Ph%m? FPhaP(O) (x mol %)
08 100°C,36h | la = toluene THF = 1:1
| |isolated) 25 °C. 0,52 h

PhaP{O) (waste)
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y. EE“.E*E-
113 L} 99 8% g

_PhaPo)

O
Cr ---=.200. _ o
- ,,{LFL N none . B7%, 75.2% es

15 mol 96 v. 88%, 96.8% ee
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N-Acylpyrrole
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Scheme 3. Catalytic Asymmetric Epoxidation of Z-o f-Unsaturated
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Sm{O-+Pr)s (5 mol 95)
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Tabie 5. Sequential Wittig— Catalytic Asymmetric Epoxidation
Reaction with Chiral Aldehyde

Hg-BINOL (5 mol %)

e ir*“‘ﬁ Sm(0-+Pr)s (5 mol %)
¢ CHO _ axidant
X tolueneg THFtoluene = 1/4
A 10z 65 °C 36 h 25 *C, time
,-__"-.
N -~ a
BnO” —'li T~ n\”" \XBHD/\'—( - ’T N \/\'
o Q.. 0
f-ﬂs (25, 3H)-14 .fx{. LSH,JSHE
time yield? dré
aniry ligand [h cEidant (%) (14/15)
I (R)-Hg-BINOL 0.7 CMHP a0 =Q0/]
2 (5)-He-BINOL 0.9 CMHP &l | /36
3 (5)-He-BINOL 0.7 TBHP T8 | /36

4 laolated yield. * Determined by HPLC analysis.
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Electronic properties of a,f-unsaturated N-acylpyrrole

0 ) enones '
CH3
~ X

-2.09eV  -1.88eV
(b) carboxylic acid deivatves

/=N N
2“@% Cj ;N O  -$OMe Q:Q

-2.37 eV -2.06 eV -2.05eV  -1.72eV -1.56eV
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Sm(O-FPr)s (5 mol %)

Epoxidation profile of a,B-unsaturated ketones Hg-BINOL (5 mol %)

and o,p-unsaturated carboxylic acid 0 PhsAs(O) (5 mol %) o ©
derivatives. 2 X TBHP in decane . X
1a, 17-20 THF, <10 °C
90
8O o O 17
70 ©
?_?‘_, 60 ...
% 50 ®
> o O 1a
.40
g © @ 0
8 %0 ° H 19
20 ° O n .
 Imidazoline 17 > phenyl enone 18 > N- ® O = g N u
acyl pyrrole 1a > methyl enone 19 >> 01 g n ¥ < 20
amide 20. 0 u % 2 X
0 10 20 30 40 50 60
¥ = time (min)
N=\ =
O | N§-17 ® Prh 18 0 [ N 1a
oA
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(a) (R)-Hg-BINOL (x mol %)
0 Sm(O-i-Pr); (x mol %) 0

Ph3As(O) (x mol %) O
Ph/%)LD TBHP (2.4 equiv) Ph/Q)L N\:}

THF, rt 11a

=5:0.5h, y. 95%, 99% ee
=1:0.5h,y. 91%, 99% ee
(b) (R)-Hg-BINOL (x mol %)

PhzAs(O) (x mol %) O
Ph/‘ﬁ\h)k”ﬂ TBHP (2.4 equiv) . PhAl)-LDDr—Bu

17 kQ<” THF,
-

0.5h, 8 Yo, 98
Fh 0.5h,y. 17%, 95

7%,

5: %o

1: tﬁr

{ H ~ N }
side acldu-:t

Scheme 4. Catalytic Asymmetric Epoxidation Reaction of (a
Unsaturated N-Acylpyrrole 1a and (b) N-Acylimidazolide 17
with 5 and 1 Mol % Sm Catalyst

Z‘“ﬂ:“{
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monodentate Better solubility then the N-
acylimidazolide 17.

aromaticity
relatively robust C-N bond
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Transformations of Pyrrolyl Epoxides. Conditions: (i) tert-butyl acetate, BulLi, -78
C; then DBU, 25 C, ( 74%); (ii) PhLi, then DBU, 25 C, ( 88%); (iii) BuLi, 1-pentyne,
-78 C, then DBU, 0 C, ( 84%)); (iv) LiBH4, 0 to 25 C; then NaBH4, 25 C, (72%); (v)
LiBH4, 25 C, then (EtO)2P(O)CH2CO2Et, LiCl, DBU, 25 C,(69%).
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O Ph O OMe O Ph O OMe

= o7 OTES 28 OTES

Transformation of Michael Adduct. Conditions: (i) EtSLi, EtOH, 25 C, 2 h, y. 96%.

o O
O O

10n ent-11n

) 0
I /\/\/K:/U\)J\ - M
—  ph ‘ N-OMe
29 |

Preparation of Synthetic Intermediate for Antifungal Natural Product. Conditions: (i)
ylide 2, toluene, 85 C, then Sm(O-i-Pr)3 (5 mol %), (5)-H8-BINOL (5 mol %), MS
4A, THF/toluene, CMHP, 25 C, 0.8 h, y. 83% (from 10n), 96% ee; (ii)
CH3C(O)N(OCH3)CH3, LHMDS, THF, -78 C, 20 min; then DBU, CH2Cl2, 25 C, 40
min, y. 63% (two steps).
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Synthesis of Intermediate 33 in Smith's Total Synthesis of Phorboxazole A.

HO s - O18S Wii—ix % OH

DXO DGHg D 0 (E]GHS
32 K 33

(i) PhSeSePh, NaBH,, 25 C (94%); (ii) EtSLi, EtOH, 25 C,( 92%); (iii) CH,l, Ag,O, MS
3A, toluene, 45 C, (93%); (iv) LiAIH,, Et,O, 25 C,(85%); (v) TBSCI, imidazole, 25 C,

(86%); (vi) H, Pd(OH),, NaHCOQO,, 25 C, (96%); (vii) PCC, AcONa, MS 3A, 25 C, then
(CH;0),P(O)C(N,)COCH,, 25 C, (57%); (viii) BuLi, -78 C; then CH,l, -78 C to 25 C,

(91%); (ix) Bu,N+F-, 25 C, (88%).
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Conclusion

* Modentate ester surrogate o,p-unsaturated N-acylpyrrole;

- Good to excellent yields and ee’s for epoxidation;

« Good results for the first asymmetric Michael additions, but still limited;
- One spot transformation aldehyde to epoxide;

« Further investigations.

Ruth Nunes @ Wipf Group 17 6/5/04



