CHAPTER 1

INTRODUCTION

1.1 General background in asymmetric synthesis

precise molecular recognition hat " re g8 E matching of their structural

olic functions occur through
enzymes, receptors, that recognize substrates
with specific chiral sually only one of the

possible stereoisomer activity, while the others are

In the past, al Ag'::{; . acemates was the primary
method used to obt i ,:%uu ds.” Other methods involving
transformations or deri ons f,; ble T il chiral compounds such as
amino acids and carbohydrate; ‘-’, eloped. The use of various types
of asymmetric reactions 1,!-3: : 0f enantiomerically enriched chiral
compounds is cu t."’ ,e,_;;__m:w;_,,;mﬁ_&w;‘,; chemistry and in the

chemical industry atflai
An asymme@ synthesis usually  involves formation of a new
stereogenic center in #the, molecule under the influence of a chiral group
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may be classifiéd into the followkmg> four classes depending al} how the chiral
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a) First-generation or substrate-controlled method

In this case, an asymmetric reaction is directed intramolecularly by a
stereogenic enviroment that is presented in the chiral substrate. The formation
of a stereogenic unit most often occurs by an achiral reagent reacts at a
diastereotopic site controlled by a nearby stereogenic center. The overall

process becomes:



achiral reagent

substrate — chiral directing group' » product’ — directing group’

The main drawback of this method is the need for an enantiomerically
pure chiral starting material. The method does not produce a chiral product
from an achiral substrate but merely add an addition stereogenic center to an

already enantiomerically pure substrate.

b) Second-genera led method

to thewaﬁon method in that the

lar]y by a chiral group in the

This approach -
asymmetric control 1
substrate. The differe i \ group, called “the chiral
auxillary”, is delib
reaction and then re

+auxillary” -auxillary”

substrate——p substrateAuxilaty — duct -auxillary'— . product’

- ¢) Third-generation or reagent- method
Although ‘:""?'"_ _F« ed to be very useful,
the need to attach amd rem al an unattractive feature. It

can be evaded by usmg, a thlrd-"eneratlon method in which an achiral
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Comparing with the earlier methods, this control is intermolecular. This
attractive procedure is limited by the availability of the effective chiral

reagents.



d) Fourth-generation or catalyst-controlled method

In the previous three classes, an enantiomerically pure compound is
required in stiochiometric amounts, although in some cases it could be
recovered. The fourth-generation is to use a chiral catalyst to direct the
conversion of an achiral substrate to a chiral product with an achiral reagent.
This control is intermolecular.

reagent

;

Asymmetric catalysis__is—the ~~-u_‘ nthesizing optically active
compound that uses smalledotiut of . It can produce natural and
unnatural chiral material§ i Ja \ mmetric catalysis is four-

dimensional chemistry.

substrate product'

lese reactions provide can be
obtained through a ofimizdd, Com of suitable three dimensional

structure mecharism.
1.2 Salens and their asy ‘:f:.::_ atal ‘operties

Salen (Fig ,1 agy to synthesize and can

e
&

form complexes _%‘;}r;. transit; vianly salen derivatives and
their metal compleﬁ ave esiz and characterized, and

gradually, their value a‘s catalysts has become recog,mzed The development of

chiral salen ﬂl@tm 8ﬁfﬂ de has stimulated a
very rapid grogth in the c emlstry and application of these specnes

OH HO

Figure 1.1 The structure of salen.



1.2.1 Asymmetric epoxidation by catalytic process

In 1980, Katsuki and Sharpless discovered asymmetric epoxidation of
allylic alcohols with r-butyl hydroperoxide (TBHP) as an oxygen donor in the
presence of tetraisopropoxytitanium (Ti(Oi-Pr);) and tartaric acid diethyl ester
(DET) or the corresponding diisopropyl ester (DIPT).> The reactions gave epoxy

alcohols with predictable absolute configurations. A variety of primary allylic

alcohols were epoxidized in higher, than 90% ee and in 70-90 % yield by using
l' “dction was normally performed at low
e . |
ecular sieves added to avoid
Xi i olecules.
R, R,
kP I')4 0)
R3
-200C
OH

L-(+) dialkym
In 19ﬂ ﬁu&%

(III) complex qwas an eflective catalyst for the enantioselective epoxidation of
L/

unfunﬁ?Wﬁ ﬂe'{ . ‘ﬁg e‘g:'] rA lgjﬂr Ejhe air  with
iodosy qe vlene® as ﬂo dmi Mjgm 1% % Mn(salen)

complex. As illustrated in Table 1.1. epoxidation with the chiral Mn(IlI) salen

ﬂ IESJ VT’%’ w "Tﬂ ﬁral(salen) manganese

complex afforded high enantioselectivity with a wide range of substrate
substitution patterns, as monosubstituted, disubstituted and trisubstited prochiral
olefins (Figure 1.2). The best results were achieved with cis-disubstituted

alkenes.
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Figure 1.2 Catalytic enantioselect ion of unfunctionalized olefin by
Mn(III) chiral salen complex . .

Table 1.1 Asymmetric sentative  olefins by Mn(salen)

complex

Entry l,jjr ’\Q\\\ —~ ld | Yhec
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The effect of subtituent on the aromatic ring of Jacobsen’s ligand was

also investigated.” Salen manganese complexes with a second set of /-butyl



groups para to the hydroxy substituent on salen gave the best results on

enantioselectivity (Table 1.2).

Table 1.2 Asymmetric epoxidation of cis-B-methylstyrene with catalysts a-d

Ph M catalyst (5 mol%)/4-PPNO  Ph Me

\_ /" + NaoOCl =

CILOL

a, R =Me, Ry = Me
.. b, b,R;=H ,R,=Me
="" C,R| Me, Rv—rbutyl

Entry I l ‘g":ﬁ';\\\\\ 70 yield % ee

54 49

2 80
3 35
4 92
The influence additive’ caglion  rate.  yield, and

enantioselectivity n‘;—,r(-' ognized.  Amine N-
oxide was found nl be “thi ands ',, at help to stabilize the
- d

o

manganese(V)-oxo cor&plex mtermedlate Recently, Jacobsen was able to

impressively @sﬂnﬂ ?ﬂﬂﬁ?ﬁﬂqﬂﬁthesmng the (salen)

Mn complex pyrldme Xide unit (Figure 1.3).” The presence of
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@ N-oxide unit.
L ——

Figure 1.3 The Mn compleéx

Jacobsen examinedetHC#€poxidation reactiongof styrene in organic solvent
such as dichloromethang he! presence N \:\‘\: ' complex by nonaqueous
terminal oxidants: mongpere thalate #( \\\. m-chloroperbenzoic acid
(m-CPBA) in order#%o Flowe o) epa “: temperature and hence
improve its enantioselg€tiy - Sho * ‘able 1.3, both MMPP and m-

CPBA epoxidized styren e of catalysts e-g. Whereas
w, epoxidation with m-CPBA
was remarkably rapid even @ @g °f complete conversion of styrene to
the corresponding D ¢lyity was also improved
r‘! of catalyst f or g.
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significantly at -78: ?f;-".. :



Table 1.3 Asymmetric epoxidation of styrene with catalysts e-g

Ph catalyst (4 mol%)/NMO Ph

N + Oxidant > \T7

CH,Ch .

e, R| =-(C4Hg)-, Ry = I-Butyl
f,R| =Ph,R2=Me
g, R] = Ph, R2 = OS'(I'-PI')3

" T,

atg M‘y .-E \\\\?};\xix\ % yield % ee
y L AR
e,' 26 y " »

Entry
1 97 46
2 98 65
3 70 70
4 53 63
5 94 59
6 99 83
7 p 75 80
8 TE 86
=

‘o LY,
Katsuﬂaﬂﬁ qlﬁlﬂﬁ?\w;ﬁﬂ ?igand design by the
introduction ofjjtwo extra stereogenic axes in place of the r-butyl groups at the
ortho positions.t s sy (i § L . uki™’ studied the
enantﬁem ﬁ:ﬂﬂﬁﬁﬂﬁ:ﬁz mtﬂﬁiatﬁMn complex,
but generally lower asymmetric induction than that of Jacobsen’s complexes was

observed.



H win

Mukalyama group_deVCioped) a \ ses dioxygen as an oxidant
est rea proved to be pivaldehyde,
which was converted™ to#fthg" garboxylichaci he manganese complexes were
used as catalyst (Figufc agd modefate ‘enanti ctivity was obtained. For

0% yield with 64% ee in the

- um ngf
QMQ ﬂ\iﬂﬁmu w fl]l;g nﬂr]rﬂ r&ld asymmetric

epox1dat10n for trans- and trisubstituted olefins using a fructose-derived ketone
as a catalyst and oxone as an oxidant.'" As illustrated in Table 1.4,
enantioselectivity was very high in many cases. A variety of functional groups
in the olefin substrates can be tolerated and high enantioselectivity was obtained

from the epoxidation of unfunctionalized trans-olefins.



Table 1.4 Asymmetric epoxidation of olefins by fructose-derived ketone

Entry olefin % yield % ee
1 Ph 73 >95
-
Ph
2 /=/ 81 88
Ph _/'—OH
3 Ve 60 84
4 61 93
5 73 92
122 Other asymmefric/re _| omplexes

:solution using chiral Co(IIl)

Jacobsen discover€d

(salen) complex presentir Ay ive imethod for accessing terminal
epoxides in high enantiomeri "1.6)."> 3-Chlorostyrene oxide was

prepared in greater, thane99% ee by ti ica ly clective hydrolysis. The

e e e e

resolution was perit ¢ and enantiomerically

i

‘;I ¢ epoxidation.

i

m'w El']ﬂ‘i

&
OH
0.7 mol % = OH
H-0 (0.55 eq) Q/\/
Cl

Racemic mixture >90 %ee

enriched epoxides t ,i :
1l |

Figure 1.6 Catalytic hydrolytic kinetic resolution of terminal epoxide by Co

(IIT) chiral salen complex.
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The asymmetric nucleophilic ring opening of epoxide by benzoic acid
with chiral metal-salen complex was reported.'’ First, the first-row transition
metal complexes derived from the commercially available Jacobsen’s ligand
were screened. Several metal complexes can catalyze epoxide decomposition,
but only the Co(Il) complex mediated clean ring-opening reaction to produce
and achieve the highest enantioselectivity (Figure 1.7). Furthermore, the rate,
enantioselectivity and yield of the reaction were also found to improve with an

addition of one equivalent of i-ProNEt. Although the ring-opening reaction with

Figure 1.7 Asymmettic .
i

,'j epoxide by benzoic acid
i
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Table 1.5 Asymmetric nucleophilic ring opening of epoxide by benzoic acid

catalyzed by Co(Il) chiral salen complcx

Entry R Catalyst Temp (°C) % yield % ee
loading (mol %)
1 -(CH)4- 2.5 0-4 98 77
2 -(CHa)s- 5.0 RT 52 55
3 il 65
5 97 73
5 92 92
6 95 71

7750

Jacobsen reported (1I1) complex was an effective

catalyst for the asymmetric ::_;*-. of epoxide by bifunctional thiol
(Figure 1.8).'* They ¢ as the dithiol derivatives to
evaluate in the m"‘.——:d ‘As shown in Table
1.6, cyclohexene oxide und i di J:). in the presence of the

catalyst to afford the c‘prresponding bishzgroxysulﬁde in 85% ee and 95% yield.

The rmg-op ﬁ ?llent yield and the
highest enanthe ect1v1ty ee). These products ed to a preparation of f3-

‘;z::ammﬁm VIR 1IN A

they found that careful exclusion of air icom the reaction medium was critical

for preventing a formation of disulfide byproducts.
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Figure 1.8 Asymmetric_ring-0pening) bifunctional thiol.
Table 1.6 Asymm raf ehening poxide by“bifunctional thiol catalyzed
by chiral(salen) Cr ( :
r .
Entry l I m\\\\ d Cymeso %eeof
1 Jaciaad N\ N5 181 85
2 ' | 2.1:1 89
3 69 2.2:1 91
4 2.8:1 93

X
. : ]

Chiral(salen)gr (III) complex had been in duced in the asymmetric
ring openm ﬁm’m "ﬁﬂg&ln a variety of meso
epoxides wit B ﬁ st (Table 1.7). Five-
membered rm,g> epoxides  ufiderwent  mimg-opening very  high

e RAAAVITF TR T2 TOH) HOVE) e s

less eftactlve.
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2 mol %, Et ,0

\

2) CSA, MeQ
Figure 1.9 Asymmetric rin

L W
g _opening
chiral(salen) Cr(III) compl

o epoxide by TMSN; catalyzed by

Table 1.7 Asymmetri de by TMSN;3

Entry % yield % ee

1 80 88
2 80 94
3 - : 80 98

Fmoc,

ﬂuaﬁﬁawswﬁwnf
qmaﬁr@wmwmm

6 @ 46 7 81

O
HsC CH,

O
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Jacobsen discovered that the asymmetric hetero-Diels-Alder reactions
between aldehydes and 1-methoxy-3-[(trimethylsilyl)oxy]buta-1,3-diene in the
presence of 2 mol% Cr(salen) afforded high % ee of dihydropyranones (Figure
1.10)."® The scope of the asymmetric condensations of butadicne with
aldehydes catalyzed by Cr(salen) complex was proven to be quite broad (Table
1.8). Although enantioselectivity in excess of 90% was obtained in only one
case, several of the dihydropyranone products could be recrystallized to gain

more enantiomeric purity.

TMSO

7, ",

R
Figure 1.10 Asymmetric heteto-Dicls-Al caction catalyzed by Cr(Ill) salen.
Table 1.8 Asymmetri _=="—-~~——_;'.‘ aldehydes and buta-

1.3-diene -
J
Ent = 4 Yoyield % ee
1y h I dgs 87
- C CHy ¢ e 7R 93
ARIAINBUURIINYIAY »
i, 2-furyl -10 89 76
5 (E)-PhCH=CH 0 65 70
6 p-BrCoH,CH, 30 67 79
7 pCICH,COCH; <20 92 83
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Jacobsen and coworkers used chiral Al(salen) complex in the addition of
cyanide to imines (the Strecker reaction) that constitutes one of the most direct
and viable strategies for the asymmetric synthesis of o-amino acid derivatives
(Figure 1.11)."7 A variety of metal complexes of the readily available
Jacobsen’s ligand was screened for the addition of TMSCN to M-
allylbenzaldimine. The best result was obtained with Al complex. As a result,
they evaluated the reaction of a series of imine with HCN in the presence of
5 mol % of chiral Al(salen) complex. Only imines derived from aromatic

aldehydes gave satisfactory resull

L

2) TFAA
Figure 1.11 Addition of h

allyl benzaldimine.

Table 1.9 Asymmelric '
Il

L

U

Ent HA L7 0 i% -
L : bhd o
2 ,‘u ~ p-CHOCHy, e 93 @/ 9]
WA AU NIV EI A B s
Y p-CICeHy 92 81

5 p-BrCeHy 93 87

6 1-Naphthyl 95 93

7 2-Naphthyl 93 93

8 Cyclohexyl s 57

9 r-Butyl 69 37
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North and his colleagues used the optically active Ti(salen) catalyst in
the enantioselective trimethylsilylcyanation of benzaldehyde to produce (S)-2-
phenyl-2-trimethylsilyloxyacetonitrile in an excellent yield (>99 %) with 86 %ee
(Figure 1.12).'"* The catalyst was active at room temperature and at very high

substrate to catalyst ratio in contrast to previous reports on this reaction.

OSiMC3

1.2.3  Asymmetric reagfion’ with: ‘chiral #sal omplexes in heterogeneous

system
Heterogeneous tool for industrial synthesis.
Heterogeneous asymmetrie ~~CatalySis, © complished in liquid-liquid,

liquid-solid or :*Emiﬁ—_: A,i. ent of homogeneous

catalyst to insolub d'- as an attractive strategy

for extending the p c.tical advantage of heterogen ous systems. The benefits

of heterogene { ation, facilitation of

catalysis rec ﬂdﬁiﬁgﬁ Wﬂﬂ ﬂnﬁ bilized catalyst for

continuous- ﬂow process. Heterodeneous catabysts which %I)rovide high
¢

) B AT Yl b

The syntheses of the first polymer-supported chiral Mn(salen) complexes

opment.

along with their applications as recyclable asymmetric catalysts were reported
by Sivaram'’ and Minotolo.”’ Monomeric Jacobsen-type units which containing
two polymerizable vinyl groups were copolymerized with divinylbenzene to

give crosslinked polymers (Figure 1.13).
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The insoluble [ aplex-—4 L atalyze epoxidation reaction of
unfunctionalized alkene 4 1 [yield<65-72 %) ““\ low enantioselectivity (1-
26 %ee). The best ré is2isubstituted alkenes. Catalyst
i gave higher enantiofferit ee) because of the more
flexible spacers betweengthefac 1' el d the polymer backbone.
Jacobsen and his @0llgagues. rep a '‘Synthesis of polystyrene-bound
chiral Co(salen) complexes ar #gﬁ'{J activities in the hydrolytic kinetic
resolution of termind

%ee) and diol (>92%

enriched epoxides (>99

.7‘ e recycled five times

with no apparent losﬂ;f reactivity“or selectivity (Fi e 1.14).
A ‘IJEJ NY
\ cil
- o Lt
Q W’] ﬁﬁ“ﬂ ik B Ao
(k)
> ¥
()
H-O, CH,Ch. rt 1)
R <
@ = polystyrene resin s

Figure 1.14 Hydrolytic kinetic resolution of terminal epoxides catalyzed by

polystyrene-bound chiral Co(salen) complexes.



19

Janda and coworker synthesized both soluble and insoluble polymer-
supported chiral(salen)-Mn complexes and studied their use in asymmetric
epoxidation reactions.”” Poly(ethylene glycol) monomethyl ether (MeO-PEG) and
non-crosslinked polystyrene (NCPS) were used as soluble supports while
Janda/el and Merrifield resins served as insoluble supports. Each polymer was
linked to the salen catalyst through a glutarate spacer. The best results were
obtained with the epoxidation of cis-B-methylstyrene, as the enantioselectivity

obtained with each polymer-bound  catalyst (86-90 %ee) was equivalent to that

RO

-
sin, Merrifield resin

'

P

Figure 1.15 Solubl d S0l

V.
1.3 Catalysts contaﬁng 0

' al(salen)-Mn complexes.

¢

Trost ﬂoEﬂaﬁ: s ﬂﬂz%J ﬁ;ﬂéﬁfﬂi%d containing glycol

chain was anggffective catalyst for nucleophilic substitution reaction of allyl

ester.” pi) dﬂlr)] ﬁ«rﬂ:m?o]ﬁm E)JAI ulﬂtic simplicity
and s%l ﬁi | e le abl ﬂi ¢ solution 1o

coordinate a cation, the counterion of nucleophile. It could enhance both
enantioselectivity and reaction rate. For example, the time to complete the
reaction of the starting material for the cyclohexenyl ester (Figure 1.16)
dropped from 16 h at 40 °C with the standard ligand with no glycol chain
unit to only 2 h with the ligand containing glycol units (99 %yield, 99 %ee).
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Na® "CH(CO,CH,Ph),

Y

Bergbreiter and oly(ethylene glycol) chain

attaching a Pd catalys catalyst was recycled three

times by precipitatio reactivity could not be

observed.
SPh
Pd—Cl
SPh
Figure 1.17 The g*—-:' ed Pd catalyst.

L

1.4  Determination (i,f enantiomeric excess by method of nuclear magnetic

““’“ﬁ*‘lJEl’JVlHVl?WEﬂﬂ‘i

magnﬁ“mm pTb 1L Mo (1115} el

1) Conversion of enantiomers to diastereomeric compounds

This method is appropriate for the determination of enantiomeric excess
of alcohols and amines. For example, a mixture of diastereomeric esters or
amides is prepared from a reaction with optically active 3.3.3-trifluoro-2-
phenyl-2-methoxypropionyl chloride (Mosher’s reagent), the ratio of the

diastereomeric products will correspond to the ratio of the starting enantiomers.
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CF3 R CF; llz'
C6H5+COCI + H+OH >  CgHs i CO0 | H

OCH; R' OCH; R
Mosher's reagent

CF3 R CF3 T
C6H5+COCI it HO+H > CeHs | COO0 | H

OCH; R' OCH; R'

With their different chemieal s toms or groups in the 'H-NMR
or ""F-NMR spectrum, théwin grat robing signals will reflect the
ratio of both enantiome S-ori -

Enantiomeric | by dissolving the sample
in an optically activ,
The chemical shifts

or the interaction of ch

pectrum of this solution.
, dipole-dipole interactions
e examined compound and
the solvent. It is desirab at—the s as a high magnetic anisotropic
group in the vicinity of the
chiral 2,2,2-trifluoresl-p

snter such as an aromatic ring. The

" a suitable solvent for

this purpose. Yy ') |

3) Use of chir?l shift reagents
=

@
The Hﬂ?n ﬁrﬂtﬁiwu&tﬂﬁion of enantiomeric
purity by trosco as several advantages over the preceding
¢ @/
methoﬁ ant ‘ | o
qhﬂ r]aﬁaﬁiﬂ Sifgu;lnm ’c]nlgbﬂ ﬂdr]ﬁﬂ variety of

compounds rather than just alcohols or amines. The magnitude of the
difference in chemical shifts is usually much higher than using a chiral
solvent. Among the most frequently used chiral shift reagents are the chiral

complexes of europium or praseodymium (Figure 1.18).



22

M = Eu or Pr

\
N\

_:‘M R = CF3, CF3CF,CF,
3

Figure 1.18 Chiral shift reagents.

A typical experiment is simply
mixture of enantiomers and obtail _. spectrum. Some signals shift to
higher values and split intostw ) si ich their intensities correspond to

_.J

The difference in_chefmiedl shifts or be ntiomers in the presence of

adding a chiral shift reagent into a

S assumed that there exists
(+) and (-) enantiomers

upon interacting wi ghifal SHift" reagent imply different chemical

Radioactively labeled -om are used frequently for the
determination ¢f -epantiome nds of biological origin.
Another method 37,.’;;‘-7 ;" enzymatic) based on
different rates of r€actic iral reagents. Enzymatic

methods utilizing kme};c resolution de end on the availability of enzymes
which react ti e of a large excess
of the otherqgﬁ r? meﬂmgrmmjan also be used to
determine _t lastere atio |0 ﬁ of a mixture
of ena ﬁﬁ\a&lﬁls mm ﬁ!ﬁsﬂaﬁ (ﬁy phase can
also be used to separate the enantiomers directly, although generally affords

poorer resolution.
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1.5 Remarks to the present research

Chiral metal-salen complexes showed promising catalytic properties in
many asymmetric reactions including epoxidation of alkenes, ring-opening of
epoxides and Strecker reaction. There were reports that the catalyst containing
glycol chain enhanced enantioselectivity, reaction rate and facilitated of catalyst
recycling.

In the present, two types of ethylene glycol chains, ethylene glycol

nomethyl ether, were incorporated
into the salen unit in order . ‘--_ effect of the ethylene glycol
T es i ’ctive epoxidation reaction of
alkenes. Factors affec " eAtalyvtice ""--. ch as solvent, temperature,

amount of catalysts and y Jagent were  also.explored.

X

I
¥
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