CHAPTER
INTRODUCTION

1.1 a-Amino acids
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Figure 1.1 General structure of a-amino acids (1) and a-imino acid (2).



Table 1.1 The proteinogenic amino acids (1).

Amino acid -R One-letter symbol | Three-letter symbol
Alanine -CH;, A Ala
Arginine NH R Arg

/\/\II\I NH,
H
Asparagine  |-CH,CONH, Asn
Aspartic acid [-CH,CO,H Asp
Cysteine -CH,SH — . _ Cys
Glutamine  |(CHy),CONHS" o Gin
Glutamic acid |-(CH, ~ Glu
Glycine -H ' Gly
Histidine - His
TR 4
A
Isoleucine*  |-CH(CH3)CH,CHz: « if) \ Ile
Leucine -CH,CH( i) Bt LY Leu
Lysine -(CH,)4NH, == Lys
Methionine  -(CH,),SC L Met
Phenylalanine [-C Phe
Proline = ZC‘% Pro
Ga, v .
} AU
Serine - | ' ‘ Ser
Threonine** |-CH(CH;)OH ] T @Thr
Trypt '
9
Tyrosine
Valine -CH(CHj3), \Y% Val

*(25,35), **(25,3R)



The number of known naturally occurring amino acids with unusual, i.e. non-
proteinogenic, structures is continuously increasing, and has reached 700 when the
counting was discontinued in 1985. In general, many of these non-proteinogenic
amino acids are constructed by post-translational transformation of proteinogenic
amino acids. For example, trans-4-hydroxyproline (hyp, 3)' is formed by
hydroxylation of proline with the enzyme prolyl-4-hydroxylase. Likewise, sarcosine
(N-methylglycine, 4)', and arylglycmes (5)° are included in the class.
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Figure 1.2 Ex
Beyond thei > in all’ living organisms as constituents of
proteins and other co in0 acl sed exie nsively as food additives,’
agrochemicals,” and ph ‘ known food additives is the
dipeptide ester aspartame weetener (approximately 160 times
sweeter than sucrose), consisti acids: L-aspartic acid, which has no
taste and L-phenyl ooking ingredient, mono-
sodium glutamate ich is produced in large

scale by fermentatiorm ~ m
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to o-nitrohippuric esters (8) by o-nitrobenzoyl chloride (9). o-Aminohippuric esters
which were readily cyclized under acidic conditions to afford 1,4-benzodiazepine-2,5-

dione analogs (10) possess some herbicidal activity (Scheme LD
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Figure 1.3 Examples of monocyclic flactam antibiotic arylglycines.



In addition to already numerous naturally occurring arylglycines, there are
also a number of unique synthetic arylglycines. Synthetic D-arylglycines are used as a
side chain moiety of semisynthetic penicillins and cephalosporins. The synthetic
- antibiotic cephalexin (13) contains phenylglycine as a side-chain constituent,'? and p-
hydroxyphenylglycine is used as a side chain moiety in the antibiotics cefadroxil (14)

and amoxicillin (15)" (Figure 1.4).
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1.2 a-Amino acid synthesis

In general, the proteinogenic @-amino acids are produced industrially by
fermentation methods and by chemical synthesis, reckoned to be in the order of
hundreds of thousands of tons per annum. Their principle application is as food
additives, but they are incidentally cheap starting materials for synthesizing more
complex molecules. The laboratory synthesis of a-amino acids is nevertheless an

active field of research because of the demand for specifically labeled unnatural and

unusual amino acids. The need is almos ys for homochiral products, so assembly

of the target with no regard to a-chi st be followed by resolution.

conversion of a freel 1ochi the requlred a-amino acid
must be achieved. Fur '
replacement for
tetrasubstituted as etri Pon._atom, incorporation, of these compounds into
peptides results in incre stability & on] ormational restrictions. They
can therefore be us e nhibitors the investigation of enzymatic

mechanisms and for o
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Figure 1.6 General methods for amino acids synthesis.



There are so many methods successfully employed in the synthesis of amino
acids that all details can not be covered here. With the limited space available, only
more general methods for the synthesis of @-amino acids, including displacement
reactions on a-halo acids (e.g. Scheme 1.2), the Strecker synthesis (e.g. Scheme 1.3)
via hydantoins (e.g. Scheme 1.4), and oxazolones (e.g. Scheme 1.5) will be discussed.
Most of these methods were developed since the early days of amino acid chemistry,

but still retain their importance nowadays.

-Displacement of h

The very conveni v ga-amino acids with no chiral
center such as glycine isplaceme actions on a-halo acids. a-Halo acids can

. ’ AT F} - . . ..
stereospec1ﬁc but extensiond to _ﬁf}es eJoptically active amino acids is difficult

Scheme 1.2 (;

|
dltlons (1) Bry/PCl3; (11) excess aQNHg
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The Strecker synthesis is a well-known classical procedure for the preparation
o TN IS o A B B i
and szﬁt of amines.!® Since the nitrile function of c-aminonitriles can be easily
converted to the acid, this constitutes a convenient and atom-economy method for the
preparation of @-amino acids.”’ The amino acids obtained from conventional Strecker

synthesis are racemic mixtures.
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Scheme 1.3 Conditions: (i) ag. NaCN/NH,CI; (ii) H;0"

A related procedure is preparation of amino acids via hydantoin. (The

Bucherer-Berg reaction)

NH;
)]\ S
R CO,
Scheme 1.4 Congditionss (i | / | O (th  are several alternatives
-Alkylation of glyé
Synthesis of au 10 Acids glyei e ¢ )| ents by a-carbon deprotonation

to form stabilized carban th a suitable alkylating agent
such as aldehyde provides saturated sub uted azalactone. This can be converted

to the amino acids by reduction and hydioly
kA S
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-via a- cylammomalonat@ster

B

ester which is a glycine equivalent stabilized by another carboxylic group. This can be
alkylated in the same way as malonate esters. Decarboxylation of the a-substituted

aminomalonate provided amino acids.
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1.2.2 Resolution'

The fonis = i >t 1 inevit lead to racemic
products conﬁiﬂaﬂcﬂmﬂ mcﬁ ﬂtﬂmso tions are necessary
to produce the desired optically Wte amino acid®The most comfhén approach to
ol bl b b U b Ve o ity
active r%agent. Since the diastereomers formed would be differ in solubility and ease
of crystallization, it is possible to separate them in a conventional manner and then
reverse the derivatization. For amino acids which contain both acidic and basic
functionalities, derivatization can simply be done by salt formation with a suitable
optically active basic or acidic reagents. The use of enzyme for kinetic resolution of a
suitable derivative is an alternative approach which is especially appropriate for a-

amino acids. The principle of this method is to derivatize racemic amino acids to form
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derivatives such as N-acylamino acids or amino acid esters, and then react with a
suitable enzyme (e.g. acylase), the process of which is usually highly enantioselective.
The enantiomer which is recognized by the enzyme forms free amino acid, while the
other enantiomer remains in the form of derivative. At this stage, separation of the

two compounds becomes trivial.

1.2.3 Enantioselective synthesis

Chirality is characteristic: of ' na ' turally occurring compounds are
tend to produce only a single
enantiomer of a given mpglecule. Ami MXception. Naturally occurring
proteinogenic amino !ﬂ-——, , r (L-isomer). Since living
organisms are chira ent blologlcal effects. As a

result, synthesis of etric synthesis) is one

Sis.
For a reaction w, ; 4 new \:. 1n order to lead to more of
action to take place, at least one of
the reagents must be optical i) ' ~ng era st’a le condition, very high selectivity
. ek are many asymmetric methods for

synthesis of both natural and-m . acids. Many ingenious techniques

- r"r e \( "‘\‘ o
-amino acids. Schemes
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Scheme 1.9 Conditions: (i) MeCOCO,Me; (ii) NaOMe/heat; (iii) Al(Hg)/
H,0; (iv) Hy/Pd(C), followed by recrystallization to remove traces

. . . +
of the minor diastereoisomer; (v) H;O
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obtained, depending on R
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In addition, there g hesizing optically active a-
amino acids from glycingid nsertion of the side-chain. Two
notable examples will be -%-r: o eported enantioselective alkylation of

the enolate derived from the t-butyl- giycinate benzophenone Schiff base by using

ﬂ‘lJEJ’JVIEWIﬁWEJ’ﬂi
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_:*e t under phase transfer

my f ery high ee (up to 99.5%)
i
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Scheme 1.11 Th v stically active. o ar ino acids using

In principle, th ige ché tionof the side chains of cheap

proteinogenic amino aci r acces rarer or unnatural L-a-amino
acids, provided the origin irgf cand eserved. L-Vinylglycine, for example,
can be obtained from L-methio 'm-'-——-_-i acid (Scheme 1.12).l ‘
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Scheme 1.12 Conditions: (i) NalO#/MeOH/H,0/0 °C; (ii) Pb(OAc)s/
Cu(OAc),/PhH/ reflux; (iii) pyrolysis 148 °C/3 mm;
(iv) 6 N HCl/reflux
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Myers et al also reported stereoselective eletrophilic alkylation of
pseudoephedrine glycinamide or sarcosinamide at 0 °C or —78 °C to prepare N-

protected and N-methyl -amino acids with high ee (Scheme 1.13).!

CH; O CH; O

1)LDA
CeHs : /“\/NH2 ornBuli ¢ py 3 )I\/NHZ
N 2) RX N v

V{g:

H CH3 R
70-98% de

cids using eletrophilic

ide or sarcosinamide.

From the inform@ti cribed above, vatious amino acid synthetic methods

have been developed continu - These carchs are models for finding alternative

The over-mcreasmg interest in optlcally active nonproteinogenic a-amino
acids in a var ment of numerous
methods for @ g’ﬂg nﬂs‘n ﬁiﬁ GIﬁ gf) condensation of
aldehydes zii ﬁ imethylsilyl
cyamﬁ ﬁ%ﬁiﬂmﬁ dﬂ'm:] iﬁﬂﬁ Emnomtnles

followe by hydrolysis of the nitrile groups (the Strecker synthesxs) is one of the most

simple, oldest, and most economical methods for the de novo synthesis of a-amino
acids.'” Among the methods developed, several enantioselective versions of the
Strecker synthesis in which optically active amines replace ammonia to serve as chiral
auxiliaries, with moderate to good levels of asymmetric induction, have been

reported.”** The first asymmetric Strecker synthesis was reported in 1963 by
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Harada.>** By addition of a nitrile source provides an optically active a-aminonitrile
which is then hydrolyzed to the amino acid. For example the optically active a-
methylbenzylamine (16), acetaldehyde, and hydrogen cyanide reacted to form N-a-

methylbenzylaminoacetonitrile which was hydrolyzed and hydrogenolyzed to give
optically active alanine (optical purity 89-98%) (Scheme 1.14).

HCN

NH,

PA(OHR/C - Hyc”* >Co,H

Scheme 1.14 T mettic StreGker synthesis.
In 1970, Patel tric synthesis of several a-
amino acids (mostly | enantiomers of norvaline and
norleucine by addition of ‘hy e carbon-nitrogen double bond of
Schiff bases prepared from o;‘:-g:%%_; /2 e-_, L nd D(+)-a-methylbenzylamine and
various aldehydes, Fhe reported op urities of amin olacids were very high (98-
99%) and the V .‘sequently, many other
optically active ami 1! have been used 4 iral auxilimes in asymmetric Strecker
synthesis such as (17), {18), R-(-)-2-phenylglycinol (19), 2,3,4,6,-tetra-o-pivaloyl-A
o-gtctoprfips itk @)/l ekl sk £ e

-galactopyranosylamine
(21) (Figure 1.%.2“’25 p

RN IUNRIINYIAY
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Ohfune also

ion to the imine doubl ptical ; actiVe wone prepared from L-valyl

sing addition of cyanide

ester of a-hydroxy ketofie. ‘ N and olysis, optically active o~
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Althou , the above-mentiongd methodology, has been quite guccessful in the
ons R A A K e
Streckefi synthesis is the difficulty in removing the chiral auxiliary. Moreover, the
optically active chiral auxiliaries have to be employed stoichiometrically resulting in
high cost. Consequently, this is unacceptable from economic points of view. To avoid
the problems inherent to the use of chiral auxiliaries one must instead use a chiral

catalyst.
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1.3.2 Catalytic asymmetric Strecker reactions

Catalytic asymmetric strecker reactions has a relatively recent history. Only as
recent as 1996 has the first catalytic asymmetric synthesis of a-aminonitriles by
means of external chiral ligand-controlled additions of hydrogen cyanide to imines

been reported. Lipton et al.*

reported the use of cyclic dipeptide derived from (S)-
phenylalanine (22) and the lower homologue of (S)-arginine, (S)-a-amino-y-

guanidinobutyric acid as chiral catalysts. The design of 22 was based on cyclo[(S)-

asymmetric synthesis o ace of 2 mol% of the catalyst 22

from which N-benzhye 1€5(24) deriy d fro 0 aromatic and aliphatic aldehydes
and hydrogen cyanid€ reaefed fdtiord\ \ -.‘- rile (25). They found that
imines derived fromgaromatic/alde! 1y, ¢ \ ose bearing electron-deficient

\; ally, in the presence of 2

groups, were suitablegf it fea -Jﬁ
mol% of chiral ligand 2, i | . .\\\\\ with hydrogen cyanide in

()
!'

¥
- F
¥
om
N(

MeOH to afford the €orrg ing ami \' 3, and 25b in 97 and 90% yields
with >99 and 96% ee, fespecti ‘ 1 C Ve cr, the re ction of imines derived from
furfural (24¢) and aliphati¢ aldg! e nonselective (Table 1.2).

RIUINENIN
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¥
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Table 1.2 Lipton’s catalytic enantioselective Strecker-type reactions.

Ph Ph
22 (2 mol%) J\
N Ph + HCN > HN Ph
MeOH
RI”OH RI”CN
24a-d 25a-d
entry imine ‘“ ’ , "/ yield/% eel%
1 24a,R’ \Q\“ 4 ) T >99
2 24b, RESEMEOCH el 96
3 24c;R=2F ‘ L 32
4 ' ‘ ' | <10
Jacobsen et i repo f ‘\._ catalytic enantioselective
cyanation of imines.” Figstly ~ ] »; . \ etal complexes of the readily
available salen complex 26 ) a dition of TMSCN to N-
allylbenzaldimine (27a)/Co 1 - Ru, and Al were all found to

catalyze the reaction at room’fem i" sratus arying degrees of conversion and

enantioselectivity. The best re ﬂ:’é- :., ' ' ith Al complex 29 (Table 1.3). As a

result, they evaluatedithe reaction of a series of imine 27with hydrogen cyanide in the

presence of 5 mo 0%/ 0 X ‘ alyst 29. While imines

0 factory selectivities, the

derived from aliphatic aldehyde
selectivities were slightly dmproved when imine 30 was used instead of 27e (Table

o AUYINYNINEING
ammmmumwmé’a

give s
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Table 1.3 Strecker synthesis using salen complex 26 with various metals.

1) catalyst 26 (5 mol%)
N/\/ C)I\
+ TMSCN toluene, 23 ©oC, 15 h N/\/
Ph H 2) TFFA

Ph

27a
28a

_/F W// Q "

—

entry ee/(%)
1
24
0
20

Co( 4
Co(III)OA 3"

=B e LY, B N VS I )
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Table 1.4 Jacobsen’s catalytic enantioselective Strecker-type reactions.

O
N/R2 1) 29 (5 mol%) R
/”\ i 2) (CF;C0p0. N
A i Rl/\ CN
27a-e, 30 28a-¢, 31
entry imine yield/% eel%
1 27a,R'=Ph, R’ = ,/ 91 95
2 27b,R'=pMe €O0C 93 91
3 27¢,R'ad 93 03
4  27d,F 77 57
5 27e, 69 37
6 30, 88 49
They have algo sear éa e’b jore effective salen-based ligands using

A i

combinatorial techniques’? c{g a potentially powerful tool

DCEC
i
. J 4 1 [l
for discovery and optimization al

gands for asymmetric synthesis. They
prepared three parallel libfaridd intividually (Biure 1.8). Library 1 consisted of 12
different metal ions; however, the ree d{e 4 . any metal ion gave the best result
(up to 19% ee). ibrary 2 and L brary 3 consisted 0f48aud 132 different ligands,

respectively, and "y{,f A i f ' ‘,

nt Library 3 was more

effective. It was dis ered that dire ent of catalysts to a polystyrene

matrix gave more enafitiemerically enriched products than the free catalysts, and

replacememﬂ H B'p 111(} E %j%r%li’;x}ﬂm%oved the selectivity.

Fmally, the mokt effective catalyst 3} (t-Leu-CH- OMe type) for the reaction of imine

LRGNk HMITINEIA Y
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reactions.

On the basis of these preliminary studies, they performed solution phase
asymmctric reactions (Table 1.5). A variety of imines derived from aromatic and
aliphatic aldehydes react with hydrogen cyanide to give the corresponding
aminonitriles 28a-e under the influence of 2 mol% of 33 in satisfactory yields and

selectivities.
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H \
~ NJ\ NH N—
H
0
HO OMe
-B

Table 1.5 Jacobsen’s catalytic

thloselectwe Strecker-type reactions.

N/\/‘m. ., C)l\
/ \\

28a-e
eel%

Furthermo e

o e DO
high enantioselectiv and or both aromatic and aliphatic

- "E a er reaction that display

imines.*® These cata ts can be used either in solution 6f when covalently linked to

polystyrene fm ioselectivity after
repeated recﬂnﬁﬂtiﬂ m agw]ﬂtim 4, 35 and found that
catalyst 35 coﬂd catalyze 27e in high enantioseleetively (95% ee)aand yield (75%).
5, A b - o
(85% e) Either N-benzyl or allyl imines could be used with no significant
differences in yield and selectivity. In general, the soluble catalyst 35 effected
hydrocyanation of imines with 2-4% higher ee values than the resin-bond analogue
34. In that respect, the polymer supported catalyst 34 which is easily removed from

the reaction mixtures by simple filtration offers practical advantages over the

solution-phase analogue despite the slightly lower enantioselectivity.
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H tBu X /O
Rl N.
H H H
O
=
HO
tBu R2

er reaction of aromatic N-
e 1.16).>! It was found that

catalyst turnover wasgfCilitated Significantly in the présence of 2-propanol as an

ligand 36 in the asyums
benzhydrylimines 24

additive. The aminoniff
chromatography (acylation is no ed), ¢ can be readily converted into the
corresponding amino#acids - N “HCl which caused concomitant cyanide

hydrolysis and amine depr

CN Ph

1PrOH (1 3 eq) PhMe 4 oC, 20h

sm@lummj Jaﬁiﬁ,ﬂamw

TMS = trimethylsily.
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In 2000, Shibasaki and co-workers disclosed a general asymmetric Strecker-
type reaction that was assisted by the bifunctional Lewis acid-Lewis base catalyst
5y 2 N-Fluorenylimines 38 underwent catalytic asymmetric Strecker-type reactions
with TMSCN in the presence of binaphthol catalyst 37 to give a-aminonitriles 39 in
good to excellent yields and enantioselectivities (Scheme 1.17). a-Aminonitriles 39
(R = Ph) could then be converted into a-aminoamide 40 in several steps. Aromatic,

aliphatic, heterocyclic, and «,f-unsaturated imines 38 were the substrates employed
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in these reactions. With this catalyst system, N-allyl- and N-benzhydryl- imines

generally gave lower enantioselectivities. The addition of phenol was found to have a
beneficial effect on the reaction rates, presumably by converting TMSCN to HCN

which is a more reactive cyanating agent.

ok i O‘
O S,
AR

.....

Scheme 1- : etric Strecker s With the bifunctional Lewis acid-

E .'-" oro-5,6-dicyano-1,4-

y
Moreovk ‘A ﬂi \i t ic Strecker reaction
catalyzed bﬁHﬂ] T’;B gcml m)ﬂs n Scheme 1.18, the
reaction _ -benzyl imine 4m SCN 20 mol% oféomplex 41 was
founﬁoﬁzjﬁmlﬁ‘ ﬂﬁ%ﬁﬁ%ﬂ e iddslthough the

selectivity was quite low (30% ee).
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7 .\OiPr
QO™
1) TMSCN, 20 mol% complex 41 H
|| CHClp, 00C _ N/\©

2) H3o@ | CN

| 43

Scheme 1.18 As @yzed by complex 41.

In addition, zi : ), effective in the catalytic
enantioselective Manni ’3 d aza Digls-Alder reactions,*® was also
used in asymmetric S :', \\\ presence of 10 mol% of
zirconium catalyst i as (treatediwith , nCN in dichloromethane at —

45 °C. Zirconium cat : >pared. from 0. I equiv of Zr(O-t-Bu)g, 0.1 equiv

11 thol ((R)-3-Br-BINOL), and
0.3 equiv of NMI. While the re ACtiC 0, moothly to afford the corresponding
ivity was moderate (55% ee). After

several reaction corditi d, the b (92% yield, 91% ee) were

obtained when the ¥eact;

the chiral zirconium catalyst 44 a

AUt
SUREXECioR

44
They found that the use of a mixture of (R)-6-Br-BINOL and (R)-3-Br-BINOL
gave the best results. The structure of the zirconium catalyst was carefully examined,
and it was proposed from NMR studies that a zirconium binuclear complex 46 was
formed under the conditions used. The binuclear complex consists of 2 eq of

zirconium, (R)-6-Br-BINOL, and NML, and 1 eq of (R)-3-Br-BINOL.
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Table 1.6 (continue)

entry R yield/% eel/%
11 i-Bu 79 83
12 CsHiy 12 74

Recently, Corey described a novel catalytic enantioselective Strecker reaction
which utilizes the readily available chiral C,-asymmetric guanidine 47 as a
ditic " hydrogen cyanide to achiral N-

_ | ; action is quite general for N-
benzhydrylimines of aromatic aldehydes ‘ e results which are présented
in Table 1.7. The N-benzhydrylSubunit o the aldf substrate 24 is critical to the
realization of good eméntigséleetivity. N-be: N-(9%-fluorenyl) aldimine analogs
\ the" sence of 10 mol% of 47 in

2 'ﬁlﬁan of poor enantiomeric purity (0-
e *\}\\ th aliphatic aldehydes in the
Strecker process cataly. % also Jre tec efficient formation of o-
aminonitriles.  Thus” ialding derived  from  pivalaldehyde,

S)-Strecker products were formed

of 24 underwent reag :
toluene at —10 to —20 ¢
25%). The use of Schiff

cyclohexanecarboxaldehyde, dad*riche

(toluene, -40 °C, 22 h) in ~S ,_’g.’;;:{g“y_,;; ' ss of 84, 76, and 63%, respectively.

AULINENTNEINT
RIANTUNRIINYINY
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Table 1.7 Conversion of (24) to (25) by reaction with HCN in the presence of

10 mol% of 47.

47 (0.1 eq)
HCN (2 eq) H

> \N
N O toluene (0.2 M), -40 oC, 20 h O
96% yield, 86% ee

Wy,

24a

(R)-25a

Scheme 1.19 Asy rec ot synthesis With chiral guanidine catalyst 47

24a-j // m‘\\ “ ield  %ee  25a-
a ) \\ 86  (R)-25a
a Ph ) 82  (R)-25a
b p-tols 80  (R)-25b
¢ 3,5y 79 (R)-25¢
d o-tolyl 50 25d
e 85 25e
f 4TBSOPh 88  (R)-25f
g 4-M ~ 84 (R)-25¢g
I R T 186 (R-25h
i 4-ClF - 81  (R)-25i
j 1-nap thyl -20 (R)-25j

o TNV NS

Salen ligands which could®form com ﬁqs with variou§-metals showed

inercofd Gty Wlopeties i de

NYARE] o

interestﬂxg application of such salen complexes includes enantioselective epoxidation

of alkenes employing chiral Mn-Schiff base complex (Figure 1.9) to obtain high % ee

in the products.*
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,:ﬂ)es and polymer supported salen

Wation catalyst although the
T

and the recycle of the

complexes have been
selectivity was not as
Due to adv
expensive chiral catal . ther catalytic reactions using
such polymeric salen atal¥sis./Si = mmetric yanation of imines (Strecker
reaction) has been succegfully €arrietl ot the pre ce of chiral salen-Al complex
(29), and the reactionfsi alogo me; \ alen complexes has never been
71 i \\ such systems in asymmetric

Strecker reaction. It is expected;th. __' S lymeric salen complexes having low
solubility in the reaction me m%"ﬂ asy isolation while still giving good

atalytic efficiency including

yield of products, Huw
type of ligands, metals H’ ce will be explored.

Iﬂ 2
ﬂ‘UH’J'VIH‘V]‘i‘WH’ﬂ‘i

ama\mim URIANYIA Y




	Chapter I : Introduction
	1.1 α-Amino Acids
	1.2 α-Amino Acid Synthesis
	1.3 Literature Review of the Asymmetric Strecker Synthesis

	1.4 Objectives of This Research



