CHAPTER I

INTRODUCTION

1.1 a-Aminophosphonic acids
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Figure 1.1 a-Amino acids and their phosphonic analogues



The replacement of the carbonyl carbon by a phosphorus atom has a number
of important consequences as an additional substituent group is present in the
molecule. The phosphorus atom has a tetrahedral configuration whereas the carbonyl
carbon atom is planar, and there are significant differences in steric bulk and in
acidity (pK difference of at least three units). These differences each has a bearing on
the behavior of the phosphorus analogue, compared to that of the corresponding

amino carboxylic acid. The tetrahedral configuration of phosphorus has important
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Figure 1.2 3,4-dihydroxyphenylalanine (dopa, 2), and the phosphonic analogues of

dopa (3, 4)
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- Antibiotic activities

Phosphorus-containing antibiotics, especially phosphonic acids, represent an
interesting group of antimicrobial agents which is steadily increasing in number.
Some of these compounds are produced by total chemical synthesis but many
represent products of microbial origin. The most important among these compounds

is bialaphos (7), an antibacterial metabolite produced by Steptomyces hygroscopicus.
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This tripeptide contains an analogue of glutamic acid, L-phosphinothricin (8), a potent
inhibitor of glutamine synthetase. The tripeptide (7) is highly active in vitro against
Gram-positive and Gram-nagative bacteria and also exerts strong herbicidal
properties. Antimicrobial and immunostimulating phosphonotripeptide 9 was isolated

as a component of a complex mixture of antibiotics produced by a soil

microorganism.
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Some have shown fungicidal activity and in a few cases there have been indications of
limited insecticidal activity. For example, glyfosinate (11), bilanafos (12), are used
commercially in agriculture. Both are environmentally friendly herbicides.

There are a number of examples which display fungicidal activity.
Phosphinothricin (13), and its tripeptide, phosphinothricyl-Z-alanyl-L-alanine (14),

referred not to herbicidal activity (although both were subsequently developed



commercially as herbicides) but to activity against Gram-positive and Gram-negative

bacteria and against a number of fungal pathogens on rice.
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- Other activities

There is a growing recognition that aminophosphonic acids affect living
organisms in many ways as mentioned above and exhibit possible applications on
specifically targeted research related to the HIV protease inhibitor (16),> anticancer

(17), antithrombin (18), and human collagnease inhibitor (19).

Figure 1.7 Examples ¢ J proteas ibitor (16), ._‘- cer (17), antithrombin
(18), and‘hdm: L

1.2 a-Aminophosphonate synthesis L7
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Althougﬂ'la-aminophosphonig acids were l&st mentioned jnythe literature in
the eaﬂlW{P&ﬁﬂﬁeﬁ%sﬁ%&]@ %Hﬂ’é\r@a tion. Today,
o-aminophosphonic acids attract considerable interest because of their diverse and
useful biological activities, therefore, a wide variety of approaches for their
preparation are currently being developed. More importantly, they can be use as
synthetic precursors. For example, a-aminophosphonate diesters are more attractive
as intermediates for multistep syntheses than the corresponding phosphonic acids, as

the insolubility of the latter in both organic and neutral aqueous media complicates



derivatization of both the amine and acid functionalities. A simple route to -

aminophosphonate diesters, therefore, held the promise of considerable utility.

1.2.1 General synthetic methods
There are so many methods successfully employed in the synthesis of -
aminophosphonates that all details can not be covered here. Only general methods for

the synthesis of o-aminophosphonates (Scheme 1.1) including the neucleophilic

alkylation of phosphonate imine poda ot g, b), electrophilic amination of

a-alkyl phosphonamides “Hucle li ﬁ of a-hydroxy phosphonate
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trivalent phosrﬂ ﬁf’?ﬂ ! % hE}'l't]eﬂ'n be generated in situ
‘ ; ~ 8] 0

from aldehydes amines,”  alkyl carbamates,”” or ammonium acetate.!® There are
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nucleophilic addition of dialkyl phosphite to an imines.
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1.2.1.3 Amination'?

Nucleophilic amination, a nuclephilic attack of ammonia or of amines on an
electrophilic ~ carbon  bearing a halogen in readily available 1-
halogenoalkanephosphonates, seems at first sight to be the simplest method for the
preparation of I-aminoalkanephosphonic acids. However, this reaction proceeded
with difficulty and gave only a low yield of the desired product. Nevertheless, this

reaction was used as a method for the preparation of aminophosphonates in some

special cases.
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configuration of the stereogénic carbon o f borws atom. For example, the

S-enantiomer of .;‘:i-l ------------------------ [ 7 Ntimes more active than the

R-enantiomer in the suppr:

‘v e ; ed nérvous transmission. '
For the prepara 103 of asymmetric ammophosphomc acids it is possible to use

methods ino functionality,

transformatlonﬂ ﬂxﬂ wnasyrﬂ Mﬂeosﬁtwe sub ?:utxon of appropriate

substituents i ﬁi a\ ﬁ’
ﬁSﬁjaﬁ ‘ﬁﬁs m:j ﬁm aﬂ by C-P bond

formatlon was reported by Gilmore and McBride in 1972."° The reaction of Schiff
base derivative of an appropriate aldehyde and enantiomerically pure o-
phenylethylamine, as chiral auxiliary. The acid-catalyzed addition of dialkyl
phosphites to aldimines proceeds with high diastereoselectivity only on the case of
bulky groups on the aldehyde residue of the aldimine and decrease markedly when

small aliphatic groups are present. Attempts to improve the diastereoselectivity of the
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reaction by increasing the bulkiness of the phosphite, for instance, by the use of

bis(trimethylsilyl) phosphite, failed.'
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In the part of enantioselective bond forming reactions, Camphor and its

derivatives are most commonl iliary due to the availability of their
enantiomerically pure forms Fopexample, the lithium derivative
of schiff base, from (R)-cai nd diethy: amunomcthanephosphonate, reacts with
different alkyl, allyl and bes 7 S| te corresponding esters of (S)-o-
aminoalkanephosphonic ag | : \\ excess.
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d

4

reductlon of the azido group, various chiral «o-

R ) ) ET"J’“VT*EJ TT‘SW‘EJ"’TTT‘?S B

After deprotonation

NH,
; ¢ < JOR
3 @ﬁlﬂ o

23



11

1.3 Literature reviews of hydrophosphonylation of imines

1.3.1 Nucleophilic Addition to imines

The amine group is one of the fundamental structures in organic compounds.
An addition of a nucleophile to the C=N bond of imines or imine derivatives is a well
known reaction yielding amino compound. Several nucleophiles add of C=N bonds

to imines or imine derivatives such as oximes, nitrones, hydrazones. These reactions

At Inemsnenis.
awwmmmuﬁmwmaa

Scheme 1.3 Various types of nucleophilic addition to imine or imine derivatives

Enantiomerically pure amines bearing a stereogenic center at the a-position
play a crucial role as a characteristic structural feature in bioactive natural products
and pharmaceutically important compounds.  Ironically, the development of
stereoselective syntheses of enantiopure amines by nucleophilic addition to imines has

been investigated to a lesser extent. Some general problems include poor
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electrophilicity of the azomethine carbon which results in a difficulty in nucleophilic
addition to the C=N bonds compared to the addition to the C=0 bonds. In addition,
the possibility of imine-enamine tautomerism can be problematic especially in the

presence of strong bases such as organometallic reagents.'*'®
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Scheme 1.4 Imi. namme tautomerism

H

Some improvement | Vercommg these problems by
arbon atom of the C=N bond
can be increased by N- i i \ hdrawmg groups such as N-

\\ on to give iminium salts,
reactive nitrones, ac i fmes ~. cly. However, this method

to generate free amines.
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R' =R’ =alkyl, aryl, allyl, Vi m;r- ,4,3,, .
R’ = alkyl, anyl«SiR POR;,

M =Li, Mg, Ba;B,Sn, Si, Ce, Yb, Cd. Cu. Zn Zr. etc.
L*= external ch 5* [ figands

s

Scheme 1.5 Generalmuation of asymmetric L2 additiﬂ of nucleophiles to imines
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derivatives by coordmatlon of a Lewds acid with the nitrogen lonegpair or by addition
of extaalﬁo%aﬁrﬂ ﬁrﬁu lgds%t%’anw ﬂc:acaegxto the amine
part of the imino substrate, in the nucleophilic reagent or in external chiral ligands as
is depicted in the general equation (Scheme 1.5).'°

An example includes the use of RCu.BF3, a reagent with low basicity, which
can activate imines by coordination and makes simultaneous addition possible.
Another example is the use of N-Tosyl aldimines generated in siru from aldehydes

and N-sulfinyl sulfonamides which are highly electrophilic.'®
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f carbanions.to imines and imine derivatives

\
\ t \\ here have been reports on

7 by using an external chiral
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Figure 1.8 Examples of chiral ligands used in asymmetric synthesis of amino

compounds

Strecker reaction is also well recognized as a versatile route for o-amino acids
synthesis via a-amino nitrile intermediates by nucleophilic addition of cyanide ion to
imines. A recent review by Kobayashi and Ishitani offers many reports on

asymmetric Strecker reactions.'® Examples of ligands used as stereocontrollers in the
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Strecker reactions which provide excellent enantiomeric excess are illustrated in
Figurel.9. Hydrophosphonylation is one of the reactions based on nucleophilic
addition to imines. Even though phosphorus nucleophile is more labile than cyanide
ion (Strecker reaction), or organometallic reagent (alkylation), it is interesting to try
the same group of chiral ligand which selectively catalyzed a Strecker reaction or

alkylation on the hydrophosphonylation.

Bu!

d in Strecker reaction

17 ~d
T
thetic approaches to a-amino P osphonates are available.

1.3.2 Non asymmetrié s
A variety of
Among these methods, fudsophilic additiéb’ of phos%liites to imines is one of the

most comveridfl tdefde J b bt ol b provices  possis

route for synthe& of biologically interesting o-aminophosphonates, JHowever, only a
few re@t% Qaﬂu&ﬂpﬁwwﬁs’;}e’}%&q as&luld be due in
part to the fact that this strategy faces a lack of powerful driving forces rising from
both the poor electrophilicity of imines and poor nucleophilicity of phosphites.
Hydrophosphonylation reaction is based on addition of an appropriate -
phosphorus nucleophile to imines. In most cases, esters of phosphorus acid 34, which
can also be called dialkyl phosphites, have been used as phosphorus nucleophiles.
These compounds are known to undergo a phosphite-phosphonate tautomerism with

the phosphite tautomer as the nucleophile (active) form and the phosphonate tautomer
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as the almost exclusively favored but non-nucleophilic (resting) form. (Scheme 1.6)
This tautomerism has an equilibrium constant for diethyl H-phosphonate (34) of 10’
in favor of the H-phosphonate (35) form."

O
RO-p/ - RO
ROy RO (S
Phosphonate Phosphite
tautomer tautomer

34 35

Scheme l)nate tautomer
B —
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In 1998, Qian and f‘; 3 ok hat a one-pot synthesis of o-amino
phosphonates from aldehydes-wes'e fept ivated by rare earth metal triflates
such as ytterbium tgi ﬁ--:———;--—---f—‘.'.' —‘"'"“—_T‘_ (Sc(OTf);). They used
them as catalysts in tHe re it ines in order to overcome

il
“fhoisture. Normally, water

resulting from a_one- tregeti ﬁ {ﬂﬂy)ﬁ ﬂ;ﬁ the in situ formation
of imine can c@ﬁiﬁﬁjor eﬁ u ci se lanthanide triflates
are, however, st}!)le in water and cam'be recoveredeand also reused@fter the reaction is

compiéd. vl fohnd fiab Tirbdetioh Pvibea)enthifed Yefad $tbhe desired o

aminopHésphonates in the case of aromatic aldehydes and moderate yields from the

the drawbacks of I cal Lewis acids sensitivity to

reaction of aliphatic aldehydes in the presence of 10 mol% of Yb(OTH);.

0 Yb(OTH), |
v e % 10mol%, rt HN R
R™H Hy HP(OEt), ——
MgSO, R™P(OEY),
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In addition, Ranu and coworkers®’ employed indium (III) chloride as a catalyst
for the synthesis of o-amino phosphonates from both aldehydes and ketones with
aliphatic as well as aromatic amines. One of the remarkable features, similarly
observed in lanthanide triflate of InCl; is its effectiveness in an aqueous medium. A
wide range of structurally varied carbonyl compounds were subjected to this

procedure and converted to products in high yields (75-93%).
O

, 0 InCl HN R
. N 3
R)LR + R NH2 + : ‘ > /I\
2 x\ / THF R P(OEY),
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in water. They reporidd it -g\*\%\}
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component reaction of aldeliyd ~ Firiethyl phosphite (POsEt;) in water.

LB

combined catalysts (LA

acidic metal cations sii ~ ilic anions such as dodecyl

presence of organic substrates

alfate) (36), a representative

iction, fieldsy to realize the rapid three

\\ J tﬁr ‘_-z:‘ ‘ \
o o a—

LR I
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-
=

e
i
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h":{—_i -.'.I ,
: doﬁcyl sulfate)

Figure “u
Althou i e f] o ‘ -?nponent reactions of
aldehyde, amimuﬁ:llﬁgzjmﬂgh yields of various a-amino
phosphonates jn water high re & ﬁ . gfzryl phosphite
P(OEt)a ﬁdge] aci:fj 5ﬁIﬂm Yilgj ;1 ite«(HP(O)(OEt),

in water.qlt is noted that the use of diethyl phosphite instead of triethyl phosphite on
organic solvent hardly proceeded.

Lee etal” presented that lanthanide triflate catalyzed three component
reactions in room temperature ionic liquids, [bmin][X], to give a-amino
phosphonates. It has been found by using anhydrous lanthanide triflates as catalysts

the reaction in [bimn][PFs] proceeded efficiently. Among the anhydrous lanthanide

triflate catalysts tested, Sm(OTf); is superior to other catalysts in an ionic liquid. The
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use of P(OEt); instead of diethyl phosphate changed the catalytic activities of the
lanthanide triflates. In this reaction system, Sc(OTf); exhibited the highest catalytic

activity.

S ION AN AN
bmin = N@N

X = PFg, SbFg’, BFg, OTF
7

/,[bmin][X]
Ld w@ated the use of TaCls and

oted | three “eemponent coupling of carbonyl
ZARNN

Recently, Chandr
TaCls-SiO, for Lewis

compounds, amines and

. ynthe31s of various amino
phosphonates. \
| | %)
L i
/l?\ d & 3 I% Hid
RTR" | HP(OEE R P(OEt),
R “la rt, 18-24 h R (")

Furthermore, K
synthesis of a.-amingalk 70 action of aldehydes with

amines in the preseEe of acid der @vent-free conditions using

microwave irradiation. It was also found that this method was capable of producing
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asymmetric syn t esis involves the formation cg-!hlral molecules or it may

Ja jnovel approach for the

be defined as a synthesis in which an achiral unit in an ensemble of substrate
molecules is converted to a chiral unit such that the possible stereoisomer are formed
in unequal amounts. In the simplest case an achiral substrate is converted to an
unequal mixture of the two enantiomers of a chiral product containing only one
streogenic unit. The aim is obviously to achieve the highest possible proportion of the
desired enantiomer to maximize the enantioselectivity. The most commonly used

measure of the degree of enantioselectivity achieved is the enantiomeric excess (ee).
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This is defined as the proportion of the major enantiomer less that of the minor

enantiomer and is commomly expressed as a percentage.

%ee = _|%R -%S
| %R + %S|

If there are n stereogenic units in a molecule, there can be anywhere up to 2"

stereoisomers. In comparing any two of these stereoisomers two possibilities arise:

An asymmetric reaction
leads to a pair of diastereomers wh ~HC#eactant is chiral. Several different
measures of the diastereoscleetivitv, ca giVenwedi_general, asymmetric synthetic

methods can be convenig \'Elo “classes depending on how the

influence of chiral envirgfime

(a) ethods In this category, a

reaction is directed inframgle ; ~ ’ 1t ready present in the chiral

First-geney

substrate. The formatidh o

ost often occurs by reaction

with an achiral reagent at &'di by a nearby stereogenic unit.

* *

|
’ . product
G : chiral directing group * L4 chirality

: reagent

The m llaf ?T g:m Wﬁﬁl nantiomerically pure

or a spe01 1c enantiomer of whic may not be readily

avaﬂab,%)w 18310 ﬁma&ll :l'gom E,Laoa 2l predcis

similar to the first-generation method in that control is again achieved

starting matenag an amo

intramolecularly by a chiral group in the substrate. The difference is that the directing
group, the chiral auxiliary, is now deliberately attached to an achiral substrate in order

to direct the reaction and can be removed once it has served its purpose.

* * * -A *
S —»SA —» P-A ——» P
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An additionally useful feature of this approach is that the two possible products
resulting from the alternative modes of reaction with R are not enantiomers but
diastereomers as a result of the presence of the addition stereogenic center of the
auxiliary. Therefore, separation of these diastereomers should be trivial. However,
the addition and removal of the auxiliary group make the synthesis at least 2 steps

longer.

(c) Third-generation or reagent-controlled methods: An achiral substrate

is directly converted to the chiral prg

the first- and second-generation

obviously an attractive proc&dure-but the Wns for which effective chiral

reagents exist is somew.

o\ methods: In each of the
3 \ pure compound is required in
ble in the fourth-generation

ersion of an achiral substrate to a

chiral product with an achiral re; fﬁ{ﬁ Again ntrol here is intermolecular.
- —
Y

D

Recent nﬁﬁmﬂjlﬂﬁ r derivatives play an

important roleﬂ‘ diti pharmaceutlcal and biological

activities of a-ammo p osphonic ﬁmhﬁeﬂyﬁ 'ﬁ nicity at the

carbon aﬂ i conseq E[g number of
q

industrial demand on the synthesis of enantiomerically pure o-aminophosphonic acid

and their derivatives is in sight. The development of methods for the preparation of
optically active aminophosphonate is important and has currently attracted growing
interest. ~ Several reviews have recently been published which are devoted to
asymmetric syntheses of a-aminophosphonic acid and their derivatives. These have

covered methods where chirality is introduced by the use of chiral auxiliaries or by

catalytic asymmetric synthesis.
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In 1992, Laschat and Kunz® reported an asymmetric synthesis of o-
aminophosphonates in which O-pivaloylated glycosylamine (38) serves as the
stereodifferentiating auxiliary. By this method, both series of enantiomers of a-
aminophosphonic acids can be obtained in high stereoselectivity. The M-
galactosylimine (39) prepared by reacting O-pivaloylated glycosylamines with 4-
chlorobenzaldehyde reacted with diethyl phosphate in the presence of tin (IV)
chloride catalyst and furnished four diastereomeric N-glycosyl-4-chlorophenyl

phosphonoglycine esters (40) in hi y//
- PivO -OPiv
§ o}
o)
PivO -OPiv ; q-qw B)HTHE PivO N P(OEY),
2 NHy ——>= \ \

PivO OPiv
OPiv

.24 h cl
38 40 (83%)
Shibuya and Yoko 4 & ! ssed’ t an asymmetric synthesis of a-

elective opening of homochiral

dioxane acetals (41) with trieth ';_;:,4“. Bt (he presence of a Lewis acid such as
BF;.Et,0, TiClys-Ti(Q'Pr TMSOTT as 0. ey examined Lewis acid
mediated cleavage oﬁu—;‘g: osphite as nucleophile to
obtain chiral phospho

nte_ﬁ'lediates for the synthesis of

o-amino phosphonic amdis

Y%uﬂa ﬂﬂ‘mﬂﬂm o,
wﬁ a7i%u uﬁﬁ%m o=

a:R="Pr
b:R='Bu
¢ : R=CH,Ph
Hanessian and coworkers®>>¢ developed two complementary approaches to the
synthesis of enantioenriched a-amino phosphonic acids. Alkylation of scalemic
bicyclic phosphonamides (44) of either absolute configuration with carbon

electrophiles furnished a-amino phosphonodiamides in 45 80-98% de. Acidic
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hydrolysis then yields the a-aminophosphonic acids 48 with moderate to excellent
enantiopurities (81-98% ee). Because this method relies on alkylation, however,
derivatives containing branched or aromatic o substituents are inaccessible. The
second strategy, based on an amination or azidation of chiral a-alkyl phosphonamides
46, provides adducts 47 with moderate diastereoselectivities (64-80% de). Acidic

hydrolysis and catalytic hydrogenolysis again furnishes the a-amino phosphonic acids
48 in 63-99% ee.

Me ‘ o
N 0 - :
.,,N'P\ e | ’ H;0"
Me NYS \ ‘ \ (81-98% ee)
S =B\ SN
: HZNYPOSHZ
80-989
44 \\\ 18% de) R
\
Me / 48
N 999,
U P20 1o+ €399%ee)
N ) P 2)H, Pt
Me R
46

7 o
In 1994, Smit for © phosphite addition with a
variety of imines. Autl entlc mixtures of 50 and 51 were prepared by treatment of
each imine pr ? f thane (49) and each
aldehyde in T. mrﬁnzl‘)s Elﬁc Wﬂgﬂ tereoselect1v1ty (95-
98% ds).

ammn‘imum'mmaa



22

Table 1.1 Asymmetric addition of LiPOsEt, to imines 49 derived from chiral

auxiliary
oM
CN R BuLi, HP(O)(OEY), OMe OMe ,
g > N POEL 4 k_/N\‘/Poe,Et2
Ph THF, 25°C, 18h Ph R Ph R
49 50 51
entry de (%)
1 96.0
2 98.3
3 96.5
4 96.0

Hydrogenolysis o oroup in S0 with catalytic palladium

hydroxide on carbon in absolutées
83-100% yields.

2-24 h) afforded the amino ester in

Moreover, ;-3 c aud coworkers  iiiustrated an, I Gnantioselective approach

to ai-amino phosphoni , icids 1ditiofl of metallo phosphite 52 to

JJ-'
enantiomerically homog eneous and conﬁguratlonally restricted sulfinimines 53, used

as activated i ‘ﬂ; ﬂnmﬂ dlns etallo phosphite to
enantiopure su@: zﬂ) VZ] obtalned in excellent
dlastercaseﬁlwty of fi mﬁlﬂljcaﬁsj:ﬂrﬁ F‘? V,I?El r] a EI
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Table 1.2 Diastereoselective addition of metallo phosphite 52 to sulfinimines 53 at

-78°C in THF
o gM O/, 0,0 H 1) THF, -78 °C Et()n \S/ p-Tol

EtO Y pTol N A 29 \g

2) sat. NH,CI
52 53a: Ar="Ph 54

53b : Ar=p-MeOPh
entry M imiries ( yield % de (%)
1 Li | 85 84

2 Na 93
3 84
4 90

In 1998, Balasub#fi 16d the stereoselective synthesis

of a-amino phosphonate f the (4R, 55)-imidazolidine-

2-one chiral auxiliary iff thefStefeaselectiv ation of product. The results
of these reactions are collécted in the Table

Siaidie s o 2

e

Table 1.3 Diastereoselective ;qurt:” . ohosphonates by use the analogue

urea derivatives S5

..
\v7 Y
O =) 1

Ny

MeN ) e NH2 — o )\P (OEN,
RUEINETEHENg
SSb R = cycC¢Hy,

mma n‘sfuum'mma d

q entry yield 56 (%) dr.

1 55a Ph 70 >100:1
2 55b Ph 52 >100:1
3 55a Me 42 66:34
4 55a p-NO,Ph 68 >100:1
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Only a few chiral phosphorus nucleophiles have been reported to be
diastereoselective phosphonylating reagents. Recently, Martens et al.***! presented
for the first time a highly diastereoselective hydrophosphonylation of heterocyclic
imine of type 57 using BINOL-phosphite in BF;-activated media leading to the
pharmaceutically interesting 4-thiazolidinylphosphonates 58. The chiral BINOL-
phosphonate 57 was found to be a highly stereoselective phosphonylating agent

towards 3-thiazolines.

Only, a few e 5) nth by enantiomeric catalysis have been
published. In 1995, . d the first practical method to
synthesize a-amino phosph s al he roblmetalhc rare earth catalysts.
It was found that the lanthantri-peiassiy OL complex (LPB) was the most
efficient in this type.of r ’ l 0 mol% of chiral catalyst 62,

the reaction of in ;'f':“"'—'”"“’“'—'___ i

corresponding a-ami ds With high enantioselectivities

as illustrate.d on '}abl‘ . ’ b
ﬂum ‘VIEWITW AL

QW\Mﬂ‘ifUlIW]'JWEI']ﬂEI

oceeded to afford the
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Table 1.4 Shibasaki’s catalytic enantioselective hydrophosphonylation of imines 60

2
N +  (MeO),POH —-»cataw o ROMe
R1AH : (520mol%)  R™ PXOMe
o
60 61
entry aldimine catalyst 62a yield % ee (%)
(mol%)
1 R N 82 92
2 R!'=Et R’= HPh, 80 91
3 R' = Me, R =CHPh, | 73 75
62a : M=La
62b : M=Yb

Furthermore, They applicd i

imines 6341’43_44 The-Best result (97% vield —ORS

st to the synthesis of cyclic

r ed is when the reaction

was carried out in - 3 the chiral ytterbium catalyst

62b at 50°C. ' -

Wamwawﬁ

(Me@z POH

AR/ umqﬂmaa



26

1.4 Objectives of this research

The objective of this research was to develop a synthetic method of a-
aminophosphonates involving nucleophilic addition of phosphorus nucleophiles to
imines. The phosphorus nucleophile used in this study is a diethyl phosphite reagent
and the substrates chosen are unactivated N-alkyl aldimines.

Interestingly, a novel efficient chiral catalyst was disclosed for asymmetric

cyanation of imines (Strecker rea Lk

1 as chiral Schiff bases, amino alcohols,
and peptide-Schiff base in ou Since only a few reports on
asymmetric hydrophosphof ) esented, this has prompted us

to study the efficiency.o ydrophosphonylation. We

expected that the use of phosphonylation would give

high yields and stereosg

AULINENTNEINT
ARIAATUAMINYAE
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