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SUMMARY

Julid and Colonna were one of the firsts chemists re-
porting examples of enantioselective organocatalyzed
reactions, namely the Phase-Transfer Catalysis (PTC)
olefin epoxidation. Although some reviews exist on
the Julia-Colonna reaction, none is devoted specifically
to it. After an introduction reporting the main publica-
tions gathered in three tables, this review is organized
into a) olefin epoxidation; b) other enantioselective
catalysts; c) Julid-Colonna papers; d, €) papers citing
the “Julid-Colonna” epoxidation with special stress on
those by Stanley M. Roberts. This review summarizes
the papers by these authors and reports the most rel-
evant improvements.

Keywords: Enantioselective epoxidation; Julid-Colon-
na; Weitz-Scheffer; biphasic; triphasic; phase transfer
catalysis.

RESUMEN

Julid y Colonna fueron de los primeros quimicos que
publicaron ejemplos de reacciones organocatalizadas
enantioselectivas, a saber, la epoxidacién de olefinas
mediante catdlisis por transferencia de fase (PTC).
Aunque existen algunas revisiones sobre la reaccién de
Julid-Colonna, ninguna estd dedicada especificamente
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a ella. Después de una introduccién que reporta las
principales publicaciones reunidas en tres tablas, esta
revisién se organiza en a) epoxidacién de olefinas, b)
otros catalizadores enantioselectivos, ¢) articulos de
Julid-Colonna y d, e) trabajos que citan la epoxidacién
“Julia-Colonna” con especial énfasis en los de Stanley
M. Roberts, resumiendo los articulos de estos autores
y destacando las mejoras mas relevantes.

Palabras clave: Epoxidacién enantioselectiva;
Julid-Colonna; Weitz-Scheffer; bifésico; trifasico; catéli-
sis por transferencia de fase.

RESUM

Julid i Colonna van ser dels primers quimics que
van publicar exemples de reaccions organocatalitza-
des enantioselectives, és a dir, I'epoxidacié d’olefines
mitjancant la catalisi per transferéncia de fase (PTC).
Tot i que existeixen algunes revisions sobre la reaccié
Julid-Colonna, cap no li esta dedicada especificament.
Després d'una introduccié que informa de les principals
publicacions reunides en tres taules, aquesta revisié
s'organitza en a) epoxidacié d’olefines, b) altres catal-
itzadors enantioselectivos, ¢) articles de Julid-Colonna
i d, e) treballs que citen l'epoxidaci6 “Julid-Colonna”
amb especial atenci6 als de Stanley M. Roberts. Aquesta
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revisié resumeix els articles d’aquests autors i en destaca
les millores més rellevants.

Paraules clau: epoxidacié enantioselectiva; Julia-Col-
onna; Weitz-Scheffer; bifasica; trifasica; catalisi per
transferéncia de fase.
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1. INTRODUCTION

This is not a classical review similar to those we pub-
lished in different journals’*?® The present review is an
“historical” review because the Julid-Colonna reaction
has two faces. On one side, it is one of the best meth-
ods to prepare enantioenriched or even enantiopure
epoxides and for this reason has been cited 941 times
as of 2022 (see Tables 1 and 3 further on). On the
other side, it is scarcely cited in textbooks as well as
in named-reactions books as one of the first and most
successful enantioselective organocatalyzed reaction.

Sebastidn Julid and Stefano Colonna published 17
papers ranging from 1978 to 2009 reporting phase
transfer reactions using chiral organocatalysts, those
concerning the Julid-Colonna reaction will be reported
and discussed ln thls reVieW.4’5'6'7'8'9'10'11'12'13'14'15'16'17'18'19'20
Some of these papers have been frequently cited, others
less so (Table 1). First collaborating with Colonna then
alone this reaction was explored by many other authors,
the most relevant being Stanley M. Roberts whose
papers are marked in Tables 1 and 2 with an asterisk.
Only the JC reactions will be usually discussed in this
review although some Michael addition reactions and
the use of cyclodextrins will be commented.

All these references correspond to phase transfer
catalyzed reactions? of the solid-liquid variety, a field

to which we have contributed in collaboration with
]ulié.22,23,24,25,26,27

Table 1 Number of citations of Julid and/or Colonna papers

Year Main authors Roberts Reference Ne of citations [a] Reaction
1978 Colonna - 4 82 C=0 reduction
1980 Julid --- 5 319 JC reaction
1981 Colonna & Julia - 6 6 C=0 reduction
1981 Julid & Colonna - 7 37 C=0 reduction
1982 Julid & Colonna --- 8 226 JC reaction
1983 Julia & Colonna - 9 9 JC reaction
1983 Colonna & Julia - 10 13 C=0 reduction
1983 Colonna & Julia - 11 22 Cyclodextrins
1983 Colonna & Julia - 12 135 JC reaction
1984 Colonna & Julia - 13 2 JC reaction
1984 Colonna & Julia - 14 137 JC reaction
1985 Colonna & Julia - 15 12 Michael
2004 Colonna * 16 21 JC reaction
2004 Colonna * 17 26 JC reaction
2005 Colonna * 18 44 JC reaction
2007 Colonna - 19 15 Aldol
2009 Colonna - 20 22 JC reaction
el Search 2 June 2023.
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Table 2 Publications including in their title, abstract and/or keywords the “Julid-Colonna” name

Year | Title Ref
1996 | Development of the asymmetric epoxidation reaction. Part 1. Application of the oxidation to enones other than chalcones. * 28
1997 Improved procedure for Julia-Colonna asymmetric epoxidation of a,B-unsaturated ketones: Total synthesis of diltiazem and Taxol (TM) side- 29
chain. *
1997 | Preparation of polyamino acid catalysts for use in Julid asymmetric epoxidation. * 30
1998 | New procedures for the Julia-Colonna asymmetric epoxidation: Synthesis of (+)-clausenamide. * 31
1998 ljowa:ds a mechanistic insight into the Julia-Colonna asymmetric epoxidation of a,p-unsaturated ketones using discrete lengths of poly-leu- 39
cine.
1998 Julia-Colonna asymmetric epoxidation reactions under non-aqueous conditions: Rapid, highly regio- and stereo-selective transformations 33
using a cheap, recyclable catalyst. *
1999 A new procedure for the Julia-Colonna stereoselective epoxidation reaction under non-aqueous conditions: The development of a catalyst 34
comprising polyamino acid on silica (PaaSiCat). *
1999 | Julia-Colonna asymmetric epoxidation of furyl styryl ketone as a route to intermediates to naturally-occurring styryl lactones. * 35
2000 The Julia-Colonna type asymmetric epoxidation reaction catalyzed by soluble oligo-L-leucines containing an alpha-aminoisobutyric acid 36
residue: Importance of helical structure of the catalyst on asymmetric induction.
2000 The Julia-Colonna asymmetric epoxidation reaction of chalcone catalyzed by length defined oligo-L-leucine: Importance of the N-terminal 37
functional group and helical structure of the catalyst in the asymmetric induction.
2001 | B-Peptides as catalysts: Poly-B-leucine as a catalyst for the Julia-Colonna asymmetric epoxidation of enones. * 38
2001 | Efficient asymmetric epoxidation of a,B-unsaturated ketones using a soluble triblock polyethylene glycol-polyamino acid catalyst. * 39
2001 | Asymmetric epoxidation of a geminally-disubstituted and some trisubstituted enones catalyzed by poly-L-leucine. * 40
2001 The effect of the primary structure of the polypeptide catalyst on the enantioselectivity of the Julia-Colonna asymmetric epoxidation of 41
enones.*
2001 | Highly enantioselective enone epoxidation catalyzed by short solid phase-bound peptides: Dominant role of peptide helicity. 42
2001 Julia-Colonna stereoselective epoxidation of some a,p-unsaturated enones possessing a stereogenic center at the gamma-position: Synthesis of 43
a protected galactonic acid derivative. *
2002 Biomimetic reactions in organic synthesis: Semi-pinacol rearrangements of some spirocyclic epoxyalcohols derived from Julia-Colonna asym- 44
metric epoxidations.
2002 | Julia-Colonna asymmetric epoxidation in a continuously operated chemzyme membrane reactor. 45
2002 | Asymmetric epoxidation of a,p-unsaturated ketones catalyzed by poly(amino acids). * 46
2003 | A route to the structure proposed for puetuberosanol and approaches to the natural products Marshrin and Phebalosin.* 47
2003 | Julia-Colonna oxidation reaction: Efficient access to chiral epoxides. 48
2003 | Development of the Julia-Colonna asymmetric epoxidation reaction: Part 1. Preparation and activation of the polyleucine catalyst.* 49
2004 | Novel conditions for the Julia-Colonna epoxidation reaction providing efficient access to chiral, nonracemic epoxides. 50
2004 | Scoping the triphasic/PTC conditions for the Julia-Colonna epoxidation reaction. 51
2004 | Asymmetric epoxidation of some arylalkenyl sulfones using a modified Julia-Colonna procedure.” 52
2004 Influence of polymerization degree of poly-L-leucine catalyst and substituent effect on the Julia-Colonna asymmetric epoxidation of benzal- 53
acetophenones.
2004 | Scale-up studies for the asymmetric Julia-Colonna epoxidation reaction. 54
2004 | Chiral amplification by polypeptides and its relevance to prebiotic catalysis.* 55
2004 | Structure and catalytic activity of some soluble polyethylene glycol-peptide conjugates. * 56
2004 | The mechanism of polyleucine catalyzed asymmetric epoxidation. * 57
2005 | Asymmetric synthesis of (=)-(4R, 5R)-4-[5-(benzo[1, 3]dioxo1-5-y1)-4-hydroxyl-1-(pyridin-2-yl)-4, 5-dihydro-1H-pyrazol-3-yl]benzamide. 58
2005 | Asymmetric epoxidation of a,p-unsaturated ketones catalyzed by silica-grafted poly-(L)-leucine catalysts. 59
2006 | The Julia-Colonna epoxidation: Access to chiral, non-racemic epoxides. 60
2006 Asymmetric enone epoxidation by short solid-phase bound peptides: Further evidence for catalyst helicity and catalytic activity of individual 61
peptide strands.
2006 | Oligopeptides as catalysts for asymmetric epoxidation. * 62
2008 | Asymmetric epoxidation of electron-deficient olefins. 63
2008 | Organocatalytic asymmetric oxidation. 64
2009 | Imidazolium-modified poly(L-leucine) catalyst: An efficient and recoverable catalyst for Julia-Colonna reactions. 65
2011 | Enantioselective epoxidation of electron-deficient olefins: An organocatalytic approach. 66
2011 | Asymmetric epoxidation of chalcone catalyzed by reusable poly-L-leucine immobilized on hydrotalcite. 67
2011 | Novel nanohybrid materials based on L-leucine on hydrotalcite clays: Asymmetric epoxidation reaction of chalcone. 68
2012 The L-Leu hexamer, a short and highly enantioselective peptide catalyst for the Julia-Colonna epoxidation: Stabilization of a helical conforma- 69
tion in DMSO.
2014 | Organocatalytic asymmetric epoxidation and aziridination of olefins and their synthetic applications. 70
2016 | In-situ study of substrate - catalyst interactions in a Julia-Colonna epoxidation using quartz crystal microbalance with dissipation. 71
2016 | Peptides as asymmetric organocatalysts. 72
2016 | Asymmetric epoxidation of enones by peptide-based catalyst: A strategy inverting Julia-Colonna stereoselectivity. 73
2016 The isomerization of (Z)-3-[H-2(1)]-phenylprop-2-enone as a measure of the rate of hydroperoxide addition in Weitz-Scheffer and Julia-Col- 74
onna epoxidations. *
2017 | Catalytic asymmetric oxygenations with the environmentally benign oxidants H>O and O.. 75
2017 | Revisiting the Julia-Colonna enantioselective epoxidation: Supramolecular catalysis in water. 76
2018 Papain-catalyzed mechanochemical synthesis of oligopeptides by milling and twin-screw extrusion: Application in the Julia-Colonna enanti- 7
oselective epoxidation.
2018 | An artificial molecular machine that builds an asymmetric catalyst. 78
2019 | Peptide-based catalysts reach the outer sphere through remote desymmetrization and atroposelectivity. 79
2020 | Synthesis of functionalized 1-aryl-3-phenylthiazolylpropanoids and their potential as anticancer agents. 80

*The twenty-two S. M. Roberts’ papers.
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A search in the Web of Science of publications in-
cluding in their title, in their abstract and/or in the
keywords the “Julid-Colonna” reaction affords 53 ref-
erences (Table 2).

There are also three books that discuss very briefly the
Julid-Colonna reaction.$2# The last one is a collection
of Wikipedia reports. C. Rose Kennedy (then in Harvard,
now at the University of Rochester) wrote that on the
Julid-Colonna reaction in 2010. The following papers

of Tables 1 and 2 were cited in her report:*#16:231.5233,
34,41,42,50,52,55,59

With some exceptions, the two most recent references
to the seventeen papers of Table 1 to build up Table 3
have been selected. If they are quoted in Table 2, we
will cite the following most recent reference.

The present review will be organized as follows: a)
olefin epoxidation; b) other enantioselective catalysts;
¢) Julid-Colonna papers (Table 1); d) papers citing the
Julid-Colonna epoxidation in the title, abstract and/or
keywords (Table 2), and e) papers citing the Julid-Col-
onna epoxidation in the text or in the bibliography
(Table 3).

Table 3 The two most recent publications citing in their bibliography at least one of the Julid and/or Colonna 17 papers

Ta‘b le 1 Title Year Ref
cited
4 Enantioselective acetalization by dynamic kinetic resolution for the synthesis of y-alkoxybutenolides by thiourea/qua- 2020 s
ternary ammonium salt catalysts: Application to strigolactones.

46 Chiral tertiary sulfonium salts as effective catalysts for asymmetric base-free neutral phase-transfer reactions. 2017 8
B Single-crystal-to-single-crystal translation of a helical supramolecular polymer to a helical covalent polymer. 2022 86
5 Stereoselective peptide catalysis in complex environments - from river water to cell lysates. 2022 87
N Kinetic resolution of a-bromophenylacetamides using quinine or Cinchona alkaloid salts. 2012 88
° A new active catalyst species for enantioselective alkylation by phase-transfer catalysis. 1994 8

70l Ephedrines and their acyclic derivatives. 2011 %
7 Enantioselective reductions by chirally modified alumino- and borohydrides. 2001 o

8ld Asymmetric 1,4-addition reactions catalyzed by N-terminal thiourea-modified helical L-Leu peptide with cyclic amino 2021 0

acids.
8 Foldamer catalysis. 2020 %
N Preparation of TADOOH, a hydroperoxide from TADDOL, and use in highly enantioface- and enantiomer-differenti- 2001 o
ating oxidations.

o Asymmetric epoxidation of electron-deficient olefins. 2000 %

" Scalable synthesis of amaryllidaceae isocarbostyril alkaloids from enantiomerically pure 7-azabicyclo[2.2.1]heptanone 2018 9%
scaffold: Total synthesis of (+)-7-deoxypancratistatin.

10 Ionic activation of tin hydrides. 2002 7

n Polymerization of lactones initiated by cyclodextrins: Effects of cyclodextrins on the initiation and propagation reac- 2007 o
tions.

n Enantioselective oxidation of sulfides catalyzed by chiral Mo-V and Cu-II complexes of catechol-appended B-cyclodex- 2006 9
trin derivatives in water.

12 The synthesis of hydrobenzoin-based monoaza crown ethers and their application as recyclable enantioselective 2020 100
catalysts.

2 Secondary structures in synthetic polypeptides from N-carboxyanhydrides: design, modulation, association, and 2018 L1
material applications.

3 Synthetic applications of polymeric a-amino acids. 1997 102
13 Asymmetric epoxidation. 1991 103

141l Selective synthesis of Botryococcene pentaepoxide - The chemical modifications of the algal biomass oil. 2018 104
1 Nanocrystalline MgO for asymmetric Henry and Michael reactions. 2005 105
15 Effect of microwaves in the chiral switching asymmetric Michael reaction. 2003 106
16 Catalytic foldamers: When the structure guides the function. 2020 107
1o Biologically inspired oxidation catalysis using metallopeptides. 2018 108

i One-pot synthesis of o,-epoxy ketones through domino reaction between alkenes and aldehydes catalyzed by proline 2017 109

based chiral organocatalysts.
7 Highly selective multifunctional nanohybrid catalysts for the one-pot synthesis of a,-epoxy-chalcones. 2016 1o
18 Enantioselective nitro-Michael addition catalyzed by N-Terminal guanidinylated helical peptide. 2022 m

18 Inhibitive properties comparison of different polyamino acids in water-based drilling fluids. 2020 12

191l Proline based organocatalysis: Supported and unsupported approach. 2016 s
” Chitosan-supported cinchonine as an efficient organocatalyst for direct asymmetric aldol reaction in water. 2015 14
2 Insight into substrate recognition by urea-based helical foldamer catalysts using a DFT global optimization approach. 2022 s
2 Asymmetric catalysis mediated by synthetic peptides, Version 2.0: Expansion of scope and mechanisms. 2020 e

[a] There is an older but important review;" "I also ref:*; 19 also ref.5; [ also refs.”®”; i also refs. 118 1 glso refs.”>7; ¢ also

ref.”?
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2. RESULTS

2.1. Olefin epoxidation

The racemic version of the epoxidation of electron-de-
ficient olefins by the HOO™ anion is known as the
Weitz-Scheffer reaction,!'#12012122 often cited by Col-
onna and Roberts,”*»*who described that reaction as
the achiral progenitor of Julidi—Colonna epoxidation.'®

The original reactions discussed in this review belong
to the field of Phase Transfer Reactions and the subclass
of triphasic or liquid-liquid-solid reactions.?*#!?>12¢ Based
on the Wikipedia document ® the following Scheme 1 is
a summary of the Julid-Colonna epoxidation of olefins.

The most important paper, outside the enantioselective
epoxidations, is entitled “Quantum chemical modeling
of ethene epoxidation with hydrogen peroxide: The
effect of microsolvation with water”. ' In it, at a very
high theoretical level reaching CCSD(T) and CASSCEF,
amechanism was established where hydrogen peroxide
becomes polarized in the transition state upon binding
to the ethene molecule; microsolvation by water up to
four molecules, decreases the activation energy from
140 kJ-mol™ to 44 kJ-mol™. In what concerns the helicity
of supramolecular polymers see *.

2.2. Other enantioselective catalysts using PTC
protocols

Epoxidation with hydrogen peroxide of a,3-unsatu-
rated ketones and other olefins whose double bond is
conjugated with strongly electronegative substituents
yields chiral epoxy compounds when a two-phase
system and an optically active phase-transfer catalyst
are used. For a review on Asymmetric Epoxidation of
Electron-Deficient Olefins see .

In this case the enantioselectivity of the reaction varies
from 1.2-5.4% e.e. (quaternary salts of quinone added to
a polystyrene matrix comprise the phase-transfer cata-
lyst), 12#11% e.e. in the presence of cyclodextrins,'12%13
up to values of 55-78% e.e. when phase-transfer cat-
alysts based on cinchona alkaloids **"*** and quinine
derivatives 133134135136.137138 gre ysed. Best results were
obtained with monoaza-15-crown ethers prepared from
(R,R)-(+)- and (S,S)-(-)-hydrobenzoin, up to 68-88” e.e.'®

Much more effective triphasic transfer catalysts are
the synthetic enzymes, the polyamino acids of Julia,
which can be used to epoxidize prochiral olefins with
a high enantiomeric purity (e.e. up to 100%, see fol-
lowing section).

O H
_ Hzoz, NaOH, HQO
R toluene or CCl,
H poly-L-leucine

Chalcone-like, an
electron deficient
olefin

O
I,',, o
gt
R

Asymmetric syntheses catalyzed by synthetic pol-
ypeptides ¥ are considered to be closely related
to stereospecific enzymatic reactions. Hence, many
organic reactions in which optically active polypeptides
take part, such as hydrogenation,***® addition of an
active hydrogen compounds to carbon-carbon double
bonds’141,142,143,144 Oxidation,145’146 and reduCtion 147,148,149,150

have been investigated.

2.3. The Julid-Colonna papers of Table 1

In 1978 Colonna and Fornasier reported the use of
chiral ammonium salts in two-phase systems to reduce
phenyl t-butyl ketone with sodium borohydride to yield
the corresponding carbinols with moderate enantio-
meric excess.! The best catalyst is benzylquininium
chloride, Fig. 1, with yields of 95-100% and e.e. of 32
to 25. This compound and related ones were utilized
in the Julid-Colonna papers on olefin epoxidation.®”

benzylquininium chloride

Fig. 1 Benzylquininium chloride

In 1980, Julid, Masana and Vega published their
seminal paper entitled “Synthetic enzymes. Highly
stereoselective epoxidation of chalcone in a triphasic
toluene-water-poly[(S)-alanine system”, Scheme 2.°
In subsequent papers the (S)-alanine will be named
L-alanine or L-(+)-alanine. The synthesis of 3 was
reported in references®®.

After Colonna and Julid collaborated in other type of
reactions (borohydride reduction carbonyl compounds,
the reaction of ethyl 2-bromopropionate with potassium
phthalimide) they moved to the topic of this review.

In 19828 they reported the systematic study of i) dif-
ferent chalcones (1a, 4-10), (E)-(2-nitroprop)-1-enyl)
benzene (11) and the 2-methylnaphthalene-1,4-dione
(12), Fig. 2; ii) different polypeptide catalysts (13-16,

chalcone soluble in the organic solvent
hydrogen peroxide soluble in NaOH/MH,0
poly-L-leucine insoluble in both solvents

Scheme 1 The origin of the Julid-Colonna reaction

92 |



PTC: H,O,/NaOH

toluene/catalyst 3

1a
(E)-chalcone

2

Fig. 2 Different conjugated carbonyl compounds

Fig. 3); iii) different solvents (toluene, CCl,, chloroben-
zene, CH,Cl,, cyclohexane, hexane); iv) different tem-
peratures (0, 25, 50 °C); v) different ratios (chalcone/
catalyst), and vi) different oxidants (H,O,-NaOH, MCP-
BA-NaHCO;-H,0, t-BuO,H-NaOH-H,O, ¢-BuO,H
(80%), t-BuO,H-K,CO:s).

H-HN-CH-CO--NH-C,Ho H-FHIN-CH-CO--NH-(CH),N(CoHy)2
CHy | CHy |

13 14
s
H-PHN-GH-CO--NH-(CHz);N(CaHsly  H-PHN-CH-CO-1-NH-C,Ho
CHg n Br- (CHa), n
15 PhHZCO/&O 16

Fig. 3 Polypeptide catalysts

The conclusions were: i) three chalcones that yield
the higher e.e., about 80%, are 1a, 4 and 9; ii) the best
catalyst is the simpler one 13, the degree of polymer-
ization also plays a role, the best results are obtained
with # = 30, e.e. = 96% (see also reference®); iii) toluene
and carbon tetrachloride are the solvents of choice; iv)
concerning the temperature, the e.e. decreases when
the temperature increases; v) there is no substantial
change in the stereoselectivity of the reaction when
different substrate/catalyst ratios are employed and vi)
H,0,-NaOH is the best system among those tested, the
reaction does not occur using 80% ¢-BuO,H. If solid
K,COs is added to the system, the chemical conversion
is complete, but the epoxychalcone obtained is racemic.
This fact shows that a triphasic system is necessary for
asymmetric induction.
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Colonna and Julid published a note® where a set of
10 compounds most of them chalcones, including 1a,
were studied (Fig. 2). Using the reaction of Scheme 1
they obtain the following e.e.(%): 1a between 78 and
93 depending on the optical purity of poly[(S)-alanine;
4 82 (after one crystallization in ethanol); 5 and 6 not
reported; 7 50; 8 66; 9 80; 10 70; 11 7, and 12 0. When
the stereoselectivity is higher than e.e. > 80%, optically
pure epoxides can be obtained by crystallization in
hexane.

All the epoxides are levorotatory; since (—)-epox-
ychalcone has (2R,3S) absolute configuration,'* the
same configuration can be tentatively assigned to other
epoxides. They also note that the polypeptide increases
considerably the reaction yield.

The next publication concerns highly stereoselec-
tive synthesis of optically active a,3-epoxy alcohols
from the preceding epoxides.’® The method uses zinc
borohydride and the reduction is almost complete-
ly stereoselective; thus, the (2R,3S) epoxides afford
erythro alcohols.

Then Colonna, Julid and their coworkers decided to
study systematically different polypeptides, they named
synthetic enzymes, compounds 17-32 (Fig. 4).1>** All
the epoxidations were carried out at room temperature
in a triphase system with carbon tetrachloride, water,
catalytic amount of polypeptide and a large excess of
oxidant (H,O,/NaOH). Their results are reported in Ta-
ble 4; note that change of sign between 17(L) and 17(D).

These results indicate that the enantioselectivity reach-
es its maximum with catalysts having a high content
of a-helical conformation.'

T
|

17

Table 4 Epoxidation of chalcone la

Catalyst [a]?%s7s (CH2Cl2) e.e. (%)
17 (L) -199.5 93
17 (D) +193.5 90
17 (D,L) 0 0
18 —205.4 96
19 -22.0 10
20 -70.5 33
21 -181.2 84
22 -189.8 88
23 —204.5 95
24 -19 1
25 74 3
26 -234 11.6
Copolymers

27 +5.0 2
28 —204.0 95
29 -190.2 88
30 -83.9 17
31 -25.8 17
32 -14 0.7

The following year they extended the catalyst to a
related family, 33 to 41 (Fig. 5) replacing in most cases
the NHR by OH or OR (in compound 39 the polyami-
noacid is anchored on a polymeric matrix).**

—HN—C|H—CO NH-C,4H, HTHN ~CH-CO-INH-C,Hy HA-HN-CH-CO—NH-C4Hg  H--HN-CH-CO—-NH-C,H,

[HC™ CHs |, HeC™ “CHs | 4,

19 20

H—HN-CH-CO—-NH-C4Hq HTHN -CH-CO—NH-C4Hy H-+HN-CH-CO—+NH-C4Hg H—-+HN-CH-CO—+NH-C4Hq

L L HyC 10 CeHs) 4
CHs CHg
2 23 24
H4-HN-CH-CO-F-NH-C4Hg  H--HN-CH-CO--NH-C,H, (L)-Ala-(L)-Ala |('-)—'-eu1—('-)—A'a1],0
28
27
L © (random)
o
25 26 7 CeHs
0
[L-val—L-Aa | o [L-Val -l | [0Vl (L-Ala | D-FHN-CH-CO--NH-C.Hg
29 30 31 H5Ce CHs
(random) (random) (random) 2 32

Fig. 4 New catalysts. A random copolymer is one in which the monomer residues are located randomly in the polymer
molecule
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Catalysts 33-41 were tested in the epoxidation of
trans-chalcone 1a with H,O, in NaOH at room tem-
perature in toluene. They always afford (-)-2, having
the (2R,3S) absolute configuration. The results are
reported in Table 5.

Table 5 Other data on the epoxidation of chalcone la

Catalyst [a]?%s7s (CH2Cla) e.e. (%)
33 -23 12
34 -171 80
35 -205 96
36 -191 89
37 -201 94
38 -166 78
39 -181 84
40 -208 97
41 -116 54

Even when the polyaminoacid is anchored on a pol-
ymeric matrix 39 the obtained oxirane 2 has a high
optical purity, the e.e. being 84%. These results, as a
whole, lead to the conclusion that the nature of the
terminal group of the home polypeptide does not affect
the degree of asymmetric synthesis.

The optical yield drops dramatically, as in catalyst 33,
when the polymer has less than 10 units."* This behavior
is related to the fact that polyaminoacids with degree
of polymerization (DP) > 10 have a higher content of
a-helix conformation, the secondary structure usual-
ly favoring asymmetric induction in the epoxidation
reaction.

H HN—C|)H—CO OH H HN—|CH—CO
CH,4 s CH,4
33 34

H=-HN-CH-CO--NH(CHz):5-CH

CH
8 10

36

H-HN-CH-CO O-CH,£P)
CHg

39

Then it follows a paper on the Michael reaction,'
not being discussed in this review as explained pre-
viously, together with references in Table 3 citing this
paper.'®>1%6111 e will not comment on another article
on the aldol reaction catalyzed by polyleucines® cited
in Table 3.1*

Between 2004 and 2009, Colonna published four
important papers.'¢1718:20

In the two firsts,'®!” they report the use of chiral lig-
uid catalysts a field already explored by other authors,
e.g, by Roberts [polyethylene glycol (PEG)-bound po-
ly-L-leucine, 42]* and by Tsogoeva (two novel soluble
polymer-bound oligo-L-leucines).* Roberts’ polymer
contains different lengths of polyamino acid chains,
averaging 15.%%°

They reached a number of important conclusions
using the catalyst 42 (PLL) in the reaction between
chalcone, hydrogen peroxide and a base in THF; the
base is essential to induce the dissociation of hy-
drogen peroxide to the hydrogen peroxide anion,
which is the actual oxidant (Scheme 3). The bases
tested were 1,8-diazabicyclo[5.4.0lundec-7-ene (DBU),
2-t-butylimino-2-diethylamino-1,3-dimethyl-perhy-
dro-1,3,2-diaza-phosphorine (BEMP) and the phosp-
hazene base [P,-t-Bu, 1-t-butyl-2,2,4,4,4-pentakis(di-
methylamino)-2A°®4\°-catenadi(phosphazene)]. The
use of the very strong phosphazene base P,-t-Bu was
prevented by the fact that, contrary to the other two
bases, it was unstable under the conditions used for
the kinetic experiments.

Kinetic experiments lead the authors to conclude that
in THF solution PLL behaves as an enzyme-like catalyst
with a behavior that fits a steady state random bi-reac-
tant system with one of the pathways (HOO~ binding
first) being kinetically preferred to the other (chalcone
binding first), Scheme 3, framed 152062

OH H-FHN-CH-CO+-OH
CH,

19 >50
35

H-FHN-CH-CO--O(CHy)5-CHy

CHs;

37

H4-HN-CH-CO—-OH

CHs3

40

H HN—(|3H—CO O—CH,

CHj3

>50 >50

38

H{-HN-CH-CO—-OH

H
CHsl 10 H,C 10
CHs

41

Fig. 5 A new crop of catalysts
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Scheme 3 The use of soluble catalysts in the Julid-Colonna reaction
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The last two papers are highly significant concerning
the mechanism of the Julid-Colonna reaction using the
soluble PEG-polyleucine conjugate 42 and an isotopi-
cally labeled phenylvinyl ketone 43."%2°™ To determine
the mechanism, not only of the Julid-Colonna reac-
tion but that of the racemic Weitz-Scheffer reaction
(formation of the epimeric epoxides (E) and (Z), they
established from kinetic and isotopic experiments the
mechanism represented in Fig. 6.2°%2 They proved that
the Julid-Colonna reaction showed chiral amplification.
The enantiomeric excess increases with the number n
of leucine residues following the Bernoulli asymptotic
law, which tends to 1 (pure enantiomer) when n — oo:
e.e., = (L* = D")/(L" + D).

Both articles, but specially the second® entitled “Enan-
tioselective reactions catalyzed by synthetic enzymes.
A model for chemical evolution” considers that the
Julid-Colonna reaction could be a good model for studies
about the emergence of homochirality in the prebiotic
world, still a major open problem.

2.4. Papers citing the “Julid-Colonna” epoxi-
dation in the title, abstract and/or keywords
of Table 2.

2.4.1. Roberts’ publications.

All Roberts’ publications are relevant and two are re-
views,**!?? only three have been already discussed.?*4

As early as 1995, Robert 52 started his investigations
on the Julid-Colonna reaction publishing with Last-
erra-Sanchez a note entitled “Enantiocomplementary
asymmetric epoxidation of selected enones using po-
ly-L-leucine and poly-D-leucine” where their demon-
strated that the use of PLL (42) and PDL (the D-leu-
cine analog of PLL) catalysts lead to 2R,3S and 2S,3R
epoxides, respectively (Scheme 4, 45 and 46 from 44).

0
¢
55
0

58

Chalcone peroxyenolate binding
1o NH-2 and NH-3 and hydro-
peroxide to NH-4

=]

\s

)7.
Iy \
o) 3\N

g o

P
BN
1

Fig. 6 Model of the 3-hydroperoxy-chalcone enolate bound
to hexaleucine carboxamide (adapted from referenc-

eS18,57,62)

Asshown in Scheme 4 the olefins 47 and 52 afforded
the corresponding diepoxides, 48-51 and 53,54 with
good diastereoselectivity and excellent enantioselectiv-
ity. The formation of the diepoxides 48-51 is the first
example showing that an aromatic or conjugated alkene
substituent is not necessary for the epoxidation to occur.

The following paper extends the use of the PLL and
PDL catalysts to a large series of enones 55-63 (Fig. 7).

In the following paper,?® the reaction represented in
Scheme 5 was reported.

A further example was represented in Scheme 6.8

PEG-polystyrene supported 15-mer of L-leucine and
a PEG-polystyrene supported 20-mer of L-leucine were

o 0] O
T o
D0 O 0 e (o
| =
O 61 62 63

Fig. 7 New enones used in the Julid-Colonna epoxidation
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Scheme 6 Epoxidation of 2,6-di[(E)-benzylidene]cyclohexan-1-one

prepared to oxidize chalcone 1a; the resulting optically
active epoxide 2 is a precursor of (+)-clausenamide.

Roberts et al. published a series of papers that can be
classified as general as they use the Julid-Colonna to
prepare new epoxides or to use epoxides for further
synthetic process: epoxides from furyl styryl ketones like
56;** epoxides from enones with a stereogenic center;*
transformation of epoxides into epoxyalcohols;** asym-
metric epoxidation of a geminally-disubstituted and
some trisubstituted enones;* transformation of epoxides
into natural products;* asymmetric epoxidation of some
arylalkenyl sulfones using a modified Julia—Colonna
procedure.®

A second and important series of papers concerns
Roberts systematic exploration of new catalysts: re-
cyclable catalysts;* polyamino acids as catalysts in
asymmetric synthesis;'?* catalysts comprising polyam-
ino acid on silica (PaaSiCat);* -Peptides as catalysts;*
primary structure of the polypeptide catalyst (the res-
idues in the chain near to the N-terminus determine
the stereochemical outcome of the reaction);* soluble
triblock polyethylene glycol-polyamino acid catalyst;*
preparation of the polyleucine catalyst,* and catalytic
activity of some soluble polyethylene glycol-peptide
conjugates.>®

Finally there are five important papers concerning the
reaction mechanism. However, note that in what con-
cerns the mechanism of Fig. 6 and the given references'®
and ®, the first is by Colonna and Roberts (year 2005)
and the second one by Kelly and Roberts (year 2006).
These last authors point out that the model they have
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proposed for their mechanism is significantly different
from that of Berkessel et al.*?

Similarly, Bernoulli equation was cited in refer-
ence® (year 2005). Reference® (year 1998) reports that
length-accurate poly-leucines have been used to evaluate
mechanistic features of the asymmetric epoxidation
of chalcone, in particular, this work has been aimed
towards the influence of the length of the chain, the
stereochemistry of the amino acid residues and the
nature of the terminal amino group. These studies have
been used to establish the mechanism of Scheme 7. Kelly
and Roberts published a preliminary communication in
2004 before their full paper.®*Similarly, the full paper
on the Bernoulli law,'® published in 2005 was preceded
by a communication in 2004.%

In the last Roberts et al. paper of Table 2 (2016),
some difficulties about the mechanism of epoxidation
of chalcone and related enones were solved. The authors
used their biphasic system with urea-hydrogen peroxide
complex (UHP),” DBU as base and THF as solvent
(Scheme 7). Using (E)-chalcone 1a and (Z)-chalcone
1b, under both Weitz—Scheffer and Julid—Colonna
conditions, the trans-epoxide 2 (racemic or scalemic,
respectively) was formed via the (E)-chalcone 1a (see
also Scheme 1).

There are two distinguishable mechanisms for alkene
isomerization/epoxidation, Scheme 7. The first possibil-
ity involves face selective addition (re or si, Scheme 7),
followed by random elimination or epoxidation while
the second invokes random facial addition, followed by
conformationally controlled elimination of hydroper-
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Scheme 7 Stereochemistry of alkene isomerization; a and f refer to the orientation of the hydroperoxy moiety

oxide or hydroxyl from the a- or f-conformers. Addi-
tionally, when epoxide is formed the O—O bond must
be anti-periplanar to the n-system to enable overlap
with the O-O anti-bonding orbital.

To conclude this part it must be remembered that
Roberts is the responsible of discovering the improved
biphasic Julid-Colonna reaction using a soluble chiral
catalyst.?**153 The biphasic system exhibits impressively
short reaction times and chalcone epoxide 2 is produced
in remarkably high enantiomeric excess (> 95%).

2.4.2. Publications by other authors.

Other authors have discussed the Julid-Colonna reac-
tion, those, who published more than one paper were
Geller (5), Sagarra (3), Tsogoeva (3) and Berkessel (3).
Some of their publications were already cited,*>*>70717
others were reviews (c).*36364667279 The last review is very
interesting but the Julia-Colonna reaction is only cited
in the Abstract (Conspectus).” On the other hand, the
review published in 20147 entitled “Organocatalytic
asymmetric epoxidation and aziridination of olefins
and their synthetic applications” is a complete summary
of “Polypeptide-Catalyzed Epoxidation under Tripha-
sic Conditions”; “Polypeptide-catalyzed epoxidation
under biphasic conditions” (Roberts” works), and the
“Mechanistic insights”.

Most publications are related to the search for new
Catalysts.36'37’61’65'67'68’69'71'73'78

Ohkata et al. published two papers on the importance
of the helical structure of the catalyst on asymmetric
induction.?** The Julid-Colonna type asymmetric epox-
idation reactions were catalyzed by soluble oligo-L-leu-
cines containing an a-aminoisobutyric acid residue
(Boc-L-Leu,n-OBz, OBz = benzyl ester). The yield
and enantioselectivity rose by increasing the number
of amino acid units in the catalyst. The enantioselec-
tivity was very sensitive to the reaction solvent (THF
949% e.e., toluene 84% e.e., CH,Cl, 76% e.e., CHCl;
15% e.e.). The IR characteristic bands (the amide I
region) in CH,Cl, indicated the soluble catalysts to be

of a-helical structure in solution. This improvement in
solubility of the catalyst brings in a new dimension to
the Julid-Colonna reaction and should lead to further
understanding of the reaction.

Berkessel et al.*? also reported the dominant role of
peptide helicity (cited in a review), '** based in the study
of the effect of chain length of oligo-L-Leu on catalytic
performance; the blue columns denote the enantiomeric
excess of (2R,3S5)-2 and the black columns refer to the
yield of epoxide 2 obtained after 24 h, Fig. 8, left.

£
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H
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chain length

Fig. 8 Results of Berkessel publications.*>®

Fig. 8 right shows structure 71 where chalcone (green)
is bound to the N-terminus of a peptide a-helix and
besides hydrogen bonds between the carbonyl O-atom,
the N-terminus, and NH (n—2). This mechanism,*>¢:107
is an alternative proposal to that of Kelly and Roberts
(Fig. 6).1%°"62 Berkessel et al.®® determined by NMR
NOESY experiments in DMSO that the L-Leu hexamer,
a short and highly enantioselective peptide catalyst
for the Julid—Colonna epoxidation, adopts a helical
conformation in DMSO.

It has been described an efficient epoxidation process
leading to chiral epoxyketones, 2 and other chalcones
with substituents in the phenyl rings, using the reusable
homo-oligopeptide poly-L-leucine (PLL) in pure water,
without any organic co-solvent.”® The authors conclude
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that the Roberts’ mechanism for the triphasic system,
Fig. 6, cannot explain their results in pure water and
put forward a new mechanism (Fig. 9).

Distribution

Fig. 9 Angular distribution of angle y between trans-chal-
cone 1a (green) carbonyl (red) and PLL helix. PLL is
represented in gray. Leucine side chains interacting with
trans-chalcone la are represented as spheres.

The angular distribution presented in Fig. 9 shows
that trans-chalcone 1a, upon binding to PLL, adopts
various orientations, with no clear preference for the
solvent-exposed side that is accessible to nucleophilic
species. The authors suggest a mechanism in which the
hydroperoxide anion would accumulate at the N-ter-
minal of PLL. The trans-chalcone 1a would move in
the hydrophobic groove of the leucine side chain until
reaching the N-terminal to react there with the hydrop-
eroxide anion. This “groove displacement” mechanism
leads to a reactive supramolecular complex consisting
of PLL, hydroperoxide, and trans-chalcone 1a.

Imidazolium-modified poly(L-leucine) 72, Fig. 10, is an
efficient and easily recyclable catalyst for Julid—Colonna
reactions.® This catalyst exhibits high activity for the
asymmetric epoxidation of a,f-unsaturated ketones
without any pre-activation. The enantioselectivity was
up to 99% e.e. for epoxidation of p-methoxy-chalcone.
Compared to classical Julid—Colonna catalysts, this
insoluble, powdery catalyst can dramatically reduce
the reaction time and can be easily recycled by a sim-
ple filtration after the reaction. More importantly, the
recycled catalyst has been successfully reused for seven
cycles without deterioration in catalytic efficiency.

[3-apmim][X]-PLL 72

Fig.10 Structure of catalyst 72

Segarra et al. used a different approach.®”%® who pre-
pared a synzyme (synthetic enzyme) consisting in a
nanohybrid material of L-leucine, PLL, on hydrotalcite
clays; hydrotalcite, HTT, is a layered double hydroxide
(LDH) of general formula MgsAl,CO3(OH);6-4H,O.
The obtained PLLs/HTr synzyme showed excellent
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activity and enantioselectivity when used as a catalyst
in the asymmetric Julid—Colonna epoxidation reaction
of chalcone.

Segarra with other coworkers,” carried out experi-
ments using a quartz crystal microbalance with dis-
sipation (QCM-D) to analyze the two mechanism of
Scheme 3 (framed) to demonstrate, as was proposed
by Colonna and by Roberts,''#2%62 that the hexa-L-
Leucine (PLL) catalyzed epoxidation of chalcone 1a
proceeds mainly via the formation of a PLL-bound
hydroperoxide complex (PLL:HOOQO") followed by the
reversible addition of chalcone 1a.

A surprising result was obtained by Kudo et al.,”® a
resin-supported peptide catalyst with an N-terminal
primary amino group was developed for asymmetric
epoxidation of enones through iminium activation.
The peptide has N-terminal L-3-(1-pyrenyl)alanine, a
non-natural amino acid with a bulky side chain, which
is connected to L-proline and then to 3,,-helical (L-Leu-
L-Leu-Aib), (Aib: 2-aminoisobutyric acid). This peptide
successfully catalyzes the asymmetric epoxidation of
B-aryl-substituted enones with electron-withdrawing
groups on the aryl group. The feature of the present
peptide catalyst is that the sense of the enantioselec-
tivity is opposite to that of Juliai—Colonna reaction,
oligo-L-Leu-catalyzed epoxidation of enones, although
both of the peptide catalysts consist of L-amino acids.

Leigh et al.” prepared molecular machines that build
as asymmetric catalysts, Fig. 11.

Compounds 73 and 75 have ~6-7 leucine residues
while 74 is shorter having ~2-3 leucine resides; they
are attached to AlaGlyGly and CysGlyGly. Furyl styryl
ketone 76 was employed for epoxidation experiments
to prepare 77 with the results reported in the framed
table of Fig. 11.

The beautiful but expensive catalyst 75, 92% e.e. is
similar to the classical catalysts (using chalcone 1a)
of Table 4, 96% e.e. and Table 5, 97% e.e., but this is
not the important aspect of Leigh publication, which
opens a new window in the field of enantioselective
epoxidation. As written by the journal editor “The
authors have made a molecule that can synthesize a
second molecule, which in turn assumes a characteristic
conformation that can catalyze the formation of a third
molecule. In other words, the work shows a molecule
that can synthesize a chemically functional molecule.
This is the closest we have been to being able to mimic
the behavior of a ribosome”.

Two novel soluble polymer-bound oligo-L-leucines
78 and 79 (Fig. 12) have been prepared and used as
catalysts for the continuously operated chemzyme (a
chemical enzyme) asymmetric epoxidation of chalcone
1a. The optimized batch reaction conditions yield epox-
ychalcone in high enantioselectivities (up to 94%) and
conversions (over 99%) after 15 minutes.*®

Urea hydrogen peroxide (UHP), proposed by Adger,*
was used successfully in two publications. In a mul-
ti-step synthesis of molecule inhibitors with a pyrazo-
line skeleton an improved Julia-Colonna asymmetric
epoxidation was successfully used; the conditions were
MeONa/MeOH, PLL/UHP/DBU/THEF (DBU).>® The
same oxidant and silica-grafted poly-(L)-leucine catalyst



Fig. 11 Catalysts 73, 74, 75 and their corresponding reactions, with the conversion and e.e. percentages
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was used for the asymmetric epoxidation of a,f3-un-
saturated ketones like benzalacetophenone; utilizing
sodium percarbonate as both oxidant and base.*®

HsC._ -CHy HsC{__CHs

HE Hoooow Do o
RS (I ¢
3\‘/

L CH3 n 80 L CH3 Jm

I-=2

Fig. 13 Statistical polymerization to poly-L-leu 80

Addition of a phase-transfer catalyst (PTC) such as
TBAB resulted in triphasic conditions; using L-leu-
cine-N-carboxyanhydride (L-leu-NCA), 80, Fig. 13,
resulted in a dramatic increase of reactivity and some-
times also in a higher enantiomeric excess of the prod-
uct.’*® The same Bayer CropScience group also report
that the required amount of polyamino acid can be
significantly reduced under the new conditions, such
that large scale industrial application of the method are
feasible to prepare epoxides 81-85, Fig. 14.%' The pro-
cedure reported in reference® was successfully applied
to functionalized 1-aryl-3-phenylthiazolylpropanoids
potential anticancer agents.*

Papain-catalyzed mechanochemical synthesis of oli-
gopeptides by milling and twin-screw extrusion was
applied to the Julid-Colonna enantioselective epoxida-
tion.”” From a more general perspective, it is expected
that the results of this work to be an excellent platform
to pave the way for new mechanochemical polymeri-
zation protocols by ball milling and extrusion.

2.4.3. Reviews.

We have already cited some of the reviews related
to the Julid-Colonna reaction in precedent sections.
Highlighting its importance many reviews and perspec-
tives have been published about the Julid and Colonna
reactions, in general, as a part of a larger subject, the
content of these reviews has been taken into account in
the present review and will not be discussed here.®*70727>
81,90,91,93,95, 97,101,102,103,107,113,116,117,155 HOWeVer, most Of them

are excellent. 6707275

2.5. Papers citing the Julid-Colonna epoxidation

in the text or in the bibliography of Table 3
Exceptionally some recent references cited on the notes

of Table 3 will be discussed here. However, references

NH, O

that mention Julid-Colonna only in the introduction
are not being considered.

There are some references to Julid/Colonna cited
only in the introduction of the publications,104109112
such as synthetic procedures,®*>°¢!*5 and others that
concern fields different of olefin epoxidation: Michael,
Henry,'051%111 g5 well as aldol reactions.!*

The remaining publications can be separated in two
fields:

2.5.1. Catalysts.

Some publications %8959 dealing with Colonna re-
actions different from epoxidations or with Julid works
cited only in the introduction of the corresponding
papers will be no longer considered.®

The most interesting is one from Segarra et al.**°
We have already cited three publications of these au-
thors;*7! in their last contribution also using nano-
hybrid materials based on poly-L-leucine immobilized
into rehydrated hydrotalcites, IPL, they continue the
progress starting from Julid-Colonna method of 1981
(triphasic system),®” to that of Roberts of 1996 (bipha-
sic system with an organic base and UHP),* to that if
Geller of 1999 (chiral )* to, finally, that of Segarra of
2011 (triphasic with a new catalyst).

In 2016 they carried out a one-pot Claisen-Schmidt
condensation/Julid-Colonna epoxidation reaction
(Scheme 8). Their nanohybrid materials based on PLL
did not require any pre-activation time, were easily
separated from the reaction media and, unlike the
PLL-supported catalyst, were reusable, exhibiting high
stability after five consecutive runs without any apparent
deactivation.'?

Costas et al. have reported that combining iron coor-
dination complexes, like 88, and peptides it is possible
to oxidize non-functionalized olefins like a-methylsty-
rene 87 into epoxides 89 (Scheme 9).1%%15¢ The authors
consider the catalytic system a bottom up approach
towards the design of artificial oxygenases.

2.5.2. Oxidants.

In 2002 Aoki and Seebach had the very original idea
to introduce the chirality not in the catalyst, but in the
oxidant {(4R,5R)-5-[(hydroperoxydiphenyl)methyl]-
2,2-dimethyl-1,3-dioxolan-4-yl}diphenylmethanol)},
TADOOH 90.°* They obtained epoxides with interesting
enantiomeric ratios, see Fig. 15. Their work has been
often cited together with Julid and Colonna. 6315715815160
Two epoxides, 2 and 84, were already cited and the
three other, 91, 92 and 93, are new.

C% ‘\Q% OLL, ©©ﬁ O

Fig. 14 Epoxides 81 to 85
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Scheme 8 One-pot Claisen-Schmidt condensation (in blue)/Julid-Colonna epoxidation reaction (in black) catalyzed by IPL.
The very reactive enolate 86 can further give a Michael addition reaction with chalcone 1a (in red)
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TADOOH 90

o
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U 84a/84b = 89:11

Best conditions:
BuLi, —=78°C, 120 h
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92a/92b = 55:45

Fig. 15 Results obtaining using 90 as chiral oxidant. er = enantiomer ratio

3. CONCLUSIONS AND PERSPECTIVES

In 1980 Sebastian Julid, Jaume Masana and Juan
Carlos Vega, working in Barcelona, published a paper
entitled “Synthetic Enzymes”. Highly Stereoselective
Epoxidation of Chalcone in a Triphasic Toluene-Wa-
ter-Poly[(S)-alanine System.® Since in 1978, Stefano
Colonna and Roberto Fornasier, working in Milano,
published Asymmetric Induction in the Borohydride
Reduction of Carbonyl Compounds by Means of Chiral
Phase-transfer Catalysts,* they decided to collaborate,
cooperation that resulted in ten papers®'® and in the
name Julid-Colonna reaction. After Julid leaves for
the industry, Colonna alone published five papers, 62
three of them with Stanley M. Roberts.'*'® These ten
papers (from Table 1 concerning the JC reaction) were
cited 941 times.

Although Julid, Colonna and their collaborators set
the bar high, a whole host of chemists, notably Roberts,
but also Geller, Sagarra, Tsogoeva, Berkessel, Seebach
and Leigh improved different aspects of the reaction.
The most relevant contributions concern catalysts: the
use of PDL (the D-leucine analog of PLL) catalyst to
obtain the opposite enantiomers;'*° the use of PEG-pol-
ystyrene supported n-mer of L-leucine;* many other
related Catalysts ;333539414956123 imjdazolium-modified
poly(L-leucine);*® synzymes (hydrotalcite clays);*"6%11°
chemzymes;* resin-supported peptide catalysts,” and
molecular machines.”
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Regarding oxidants: hydrogen peroxide has been
replaced by Adger urea-hydrogen peroxide complex
(UHP)29,58,59 and bY Chiral TADOOH63,94,157,158,159,160 and
the phase transfer catalysis conditions were modified
from the original triphasic to biphasic?**'** as well as
by adding TBAB as co-catalyst®® and using pure water
without any organic co-solvent.”

Finally, the not too well understood mechanism was
successfully explored,®****7¢2in particular, concerning
peptide helicity*****and the importance of the angular
distribution.”™

It might appear that the field is exhausted, however
there are many unexplored avenues: photoorganoca-
talysis; photobiocatalysis; polarized photocatalysis;
organometallic compounds as oxidants and catalysts;
computational studies of the mechanism; cascade re-
actions, etc. It is expected that some of these goals
will be met in the coming years and is the hope of the
authors that this review contributes to this.
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