CHAPTER I

INTRODUCTION

1.1 Introduction

The amine group is one of the fundamental structures in organic chemistry. In

particular enantiomerically pure anil : ing a stereogenic center at the a-position

play a crucial role as charag W@l 4 atures in bioactive natural products
and pharmaceutically i ‘bon-carbon bond formation by
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derivatﬂ’es by coordination of a Lewis acid with the nitro gen lone pair. The use of the

more reactive, resonance-stabilized allyl organometallics reagents in imines addition
reactions has also supplied a partial solution to these problems. Incidentally, the
resulting homoallylic amines are useful intermediates for the synthesis of several
important classes of biologically active compounds such as S-amino acids,

pyrrolidines, etc.



1.2 Strategies for asymmetric synthesis’
There are a number of strategies that can be utilized to generate new

asymmetric centers in molecules thus can be divided into four main types:

1.2.1 Substrate control

Also known € a ferationdh : approach involves the use of
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In this method, a chiral reagent (R’) is allowed to react with an achiral
substrate (S) to produce a chiral product (P*). The chirality of the reagent is
transferred to the substrate. As shown in Scheme 1.3 the chiral crotyl boron reagent 7
attacks acetaldehyde exclusively from the Si face where the double bond geometry
dictates the relative stereochemical outcome. This results in the production of the syn-
propionate product 8 as well as two molar equivalents of alcohol 9 derived from the

chiral auxiliary part of the reagent. ’
A/,
]

1.2.4 Catalyst control’ —

The final method i iral catalyst (C") is allowed to

react with an achirafs S e e e Bt (P') The advantages
© &

over first- and secor ‘e range of starting materials

is far wider, since it né€ds no longer to come from the cliiral pool, and there is no two

dedicated ste ﬁi‘ ﬂ iliary. Scheme 1.4
shows the asy@ﬁ ﬁw mm:;exenone to give 10
catalysed by the alkaloid cinchonidine. In etric oxidation
and h W ﬂ %a%mom research

laborat&y to industrial synthesis of chiral compounds. The importance of this type of

asymmetric synthesis is emphasized by the awarding of the 2001 Nobel prizes to
Sharpless, Noyori and Knowles, the pioneers of this field.



1.3 Literature review of the allylation of imines

1.3.1 Use of allylic organometallic reagents
Reaction of allylic organometallic compounds with imines provides a
potentially valuable route to homoallylic amines, which are of particular interest

owing to the various possible transformations of the C=C double bond of the allyl

moiety. Allylic organometalli 'l p ﬁ are in general more reactive than
nonstabilized organometallig, 6 A10f dine addition reactions. A greater
ionization of the carbon- sonance stabilization of the allyl
anion, has been sugge st eactivity.” However, owing to
a-deprotonation, reactio! nagnesium, and zinc allylic
reagents are limited 46 able or a-alkyl-substituted
aliphatic aldehydes. N llyl boranes, allylsilanes, allyl
etals such as Nb, Ti and In.
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stannanes and allyl mej
have been investigat 1

or lithium in many case#” I e dllylation of imine, involving the
formation of the allylmétal Jfes: I

advances in recent years.*® L7/

been the subject of significant

In this sgefjon. some selected “all Astions employing various
organometallic reag ed. For the well established
use of allyl Grigna c'i all cs and ally silane e readers should consult a
review by

In I@Mﬂawﬂgwmﬁ-mcdmcd addition of
allyltn-n-buty annane to sunple chiral aldimines (Scheme The addition of
ally to aldimine,

affordqa the desu‘ed products in reasonable to goo ylelds

Nl Ph _~_-SmBu  Ph” "NH

R H Lewis acid R X
R = “Hex, BF3°'Et,0, 48 %; TiCls, 81 %
R = Ph, BF3'Et;0, 73 %; TiCly, 53 %
R = 2-furyl, BF3°Et;0, 61 %; TiCls, 88 %

Scheme 1.5
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Keck’ has studied the additions of crotyltri-n-butylstannane to aldimines using
various Lewis acids (Scheme 1.6). All Lewis acids that successfully promoted
reaction gave ca. 4:1 mixtures of diastereomeric products in which the syn-product
predominated. For the case of R = “Hex, syn:anti ratios were 77:23 and 79:21 for all
of the following Lewis acids: BF3°Et,O (82 %), TiCls (83 %), MgBr; (71 %), Et,AICI
(79 %) and ZrCly (84 %).

hil i
R” "H Ry e
CH,
In 2002, Andra cib i : use of NbCls as a Lewis acid
in the allylation reac Jops i , '-  butylstannane (Scheme 1.7).
The conditions for thg# g ._ £ lialtr O mes are CH,Cl; as the solvent,
at =15 °C and . £ @7; Under these conditions a variety of
aromatic aldimines were @I’ -' \" ,.;" B t 4£00d yields (59-85 %).
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The stereo- and regioselectivity of these NbCls-promoted allylation reactions
were assessed in the reaction between 2 equiv. of crotylstannane (3-
methylallylstannane, 1:1 mixture of isomers) and N-benzylideneaniline in CH,Cl,

(Scheme 1.9).
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g By
Ph)\H NbCls, CHyCly Ph ~ t ph)\_/\

sd I 60-62 % yields and excellent
{ 78 C, the syn isomer was obtained
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amountéf scandlum triflate [SC(OTf);;] and sodlum dodecylsulfate (SDS), to afford
the corresponding homoallylic amines in high yields (66-90 %).
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In 1996, Hou and co-workers'? reported the allylation of both aldimines and
ketimines under simple ‘Barbier-type’ conditions whereby the allylation species were
generated in situ from allyl bromide and commercial magnesium foil or commercial

zinc powder in THF at room temperature in very high yield (Scheme 1.13).
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Scheme 1.13

However, when chiral imine ived from (S)- or (R)-1-phenylethylamine

1 to 2.5:1). The diastereomeric ratios
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1.3.2 Literature review of indium-mediated allylation of imines

After the success of Grignard reactions for carbon-carbon bond formation, the
utilization of other metals of the Periodic system for organic synthesis has received
widespread interest with indium as one of the latest additions. During the last decade,

indium has emerged as a metal of high potential in organic synthesis because of its
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certain unique properties. Indium metal is unaffected by air or oxygen at ambient
temperatures and can be handled safely without any apparent toxicity. Indium exhibits
a low heterophilicity in organic reactions and thus oxygen- and nitrogen-containing
functional groups usually tolerate organoindium reagents. Moreover, indium-assisted
reactions display a low nucleophilicity thus permitting chemoselective
transformations of groups of similar reactivity. Because indium closely resembles

magnesium, zinc and tin in several agk£ts. including its first ionization potential of

indium metal, (5.8 eV) it could ey st able reagent for SET (single electron
' dastieslike and can easily be bent. The
elting solid elements such as
gallium, cadmium, tingief e a0 411% i [ addition, organoindium reagents
possess an interesting, £ 4 af the a % stable in the presence of
water and air, allowin y e \perfomaed without requiring strictly
anhydrous condition: nogh | -

In 1992, Mos £ )-¥ -.. -  Barbier-type allylation of
# Ii'a. e “nt in situ (Scheme 1.15). The

e of allylbromide and indium

imines, involving the fo
aldimines are efficiently

powder in anhydrous tetrahyds 6E0 inert atmosphere.

Sche

‘51 ?

Aldin@ﬂeﬂ ﬂ nﬂq‘aﬁmr to good yields (42-
91 %) w1th ort reactlon tim ’ carbon linked
to m@ tion time was

requlre The y-substltuted allyl hahdes afforded the branched homoallylic amines
regioselectively. Furthermore, some diastereocontrol (ca. 4:1) was observed when a
chiral imine derived from (S)-1-phenylethylamine was used as substrate, but the
selectivity decreased (2:1) when the phenyl group was replaced by the 1-naphthyl
group.

In 2002, Hilt and co-workers'® presented a chemo-electrochemical

regeneration of low valent indium (I) reagents for a Barbier-type carbon-carbon bond
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formation process for several C=N systems (Scheme 1.16). The homoallylic amines
are obtained in good yields from aniline-derived aldimines. However, with ketimines

and electron-poor aldimines, direct eletrochemical or chemical reduction becomes a

competing side reaction.
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R = Ph, p-CIPh, p-MeOPh, Furyl

Scheme 1.18
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The above-mentioned Barbier-type allylation reaction of sulfonimines
mediated by indium resulted in homoallylic sulfonamides in high yield (50-99 % yield
in H>0, 82-99 % yield in H,O: THF = 1:1). In the cases where the solid sulfonimines
had low solubility in water, adding some THF to the aqueous media was helpful in
increasing the yields. The optimal medium for this allylation reaction seemed to be a

1:1 mixture of THF and water. Aliphatic sulfonimines were found to be generally less

with relatively lower yield O o ellylation products were obtained

exclusively from the allylafeiandso q ot S bserved (Scheme 1.19).

NHSO,Ph

In the allylatio
various ratios of H,O aué :
sensitive. In pure water, th DIFIRL s

f anti- and syn-isomers (anti:syn
= 61:39). However, when the &,’LW ed in THF or a mixture of THF

and water, the rever§cd diaSISrEOSEICCHVIEINO phe- selectivity was obtained.
b7 ||
Moreover, it 400 .

Ctotyl bromide and indium at

# appeared to be quite solvent

at allylindium added to
a variety of tosyl and & 7. 1 hydrazo aroriy itic aldehydes and ketones at

ambient tempera MF-HzO solyent system to afford homoallylic tosyl

hydrazides %&% wg'm%yhc hydroxylamines
were similary ared via addmonsrf allylmdm%fo aldomtronea E

ey DMF/H o
ArR \

Ar! = SO,C¢H,CH;,R=H
Ar = CgHs, 4-CH;CgHy, 4-CH30CgHs, 4-NO,CHy, 4-CIC¢H, (75-89 % yield)

Scheme 1.20
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1.3.3 Asymmetric allylation of imines

The addition of organometallic reagents to aldimines derived from chiral
amines provides another unique option for controlling diastereoselectivity of the
reaction. The heteroatom could coordinate to metal, into chiral group bound to the
imine nitrogen, which might give rise, depending on the kind of metal, to different

transition states and stereoselectivities 1993, Umani-Ronchi and co-workers®

reported the reaction of aromatis aly , iigimines derived from (S)-valine methyl
ester and (S)-valinol i - nc in anhydrous THF at room
I FEAEHAN took place with the imine (S)-

temperature under argon #Ho ]
\ﬁi‘ ote diastereoselectivity (> 99 %

13a, affording essentia
de) and with no conta m the addition to the ester group

(Scheme 1.21).

J‘i - . -"" OH

9 }5)-15 (S.5)-16a-d
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'l%e addition of allylzinc bromide to aromatic imines was shown to be
reversible, which caused the lowering of the diastereoisomeric ratio with increasing
the reaction time (reaction time 0.5-32 h, d.r.= >99:1 to 52:48). The retro-allylation
reaction could be avoided by pérfomiing the reaction in the presence of trace amounts
of water, or by using cerium trichloride heptahydrate (CeCl3-7H,0) as a catalyst,
although at the expense of the reaction rate. Later, in 1994, Umani-Ronchi and co-
workers?! reported the addition of allylmetal, Zn, Cu, Pb, Bi, Al and In. The bimetal
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redox systems between Al and PbBr,, -SnCl, ~TiCls and -BiCl; were applied to the
allylation of the imines derived from methyl valinate, but satisfactory results were
achieved only with Al-BiCl; and —TiCly systems. However, the use of the Al(Hg) and
Al-PbBr; systems also afforded chemo- and diastereoselectivity on the benzaldehyde

imine derived from fert-butyl (S)-valinate (79 % de). In 1995, the same group also

reported the catalytic allylation of imines promoted by lanthanide triflates with
27

allyltributylstannane (Scheme 1.21). interesting to note that the valine methyl

ester auxiliary affords the prev: ?

e (5,S) diastereoisomer, while the

(S)-1-phenylethylamine 3 1t formation of the (R,S)-

diastereoisomer.

R2
A

HN” R

X
,S = 65:35)

R'=C00 12 oMR.S : S,S = 18:82)

Rl= c ~Eh S 40948, (RS : S,S=13:87)

Rt = : ZEEEIE 6 %, (R,S:85,S=9:91)

Umani-Ronchif™s pre Si0lC transition states shown in

diastereoselection can be

derived from a ‘Etﬁ %w Hm

wﬁﬁm

2 PhaZ
\Ln<- I Lﬂ—

Me

Figure 1.1. In the case f the valine methyl ester the s"_v‘

18

Figure 1.1 The transition states of imines promoted by lanthanide triflates
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In 2001, Broxterman and co-workers® reported an addition of allylzinc
bromide to imines derived from (R)-phenylglycine amide in 43-94 % yield with

diastereomeric ratios > 99:1 (Scheme 1.23). The auxiliary can be removed by

.

#~-2uBr HNR>CONH,

dehydration followed by a retro-Strecker and hydrolysis sequence.
(0]

»
b I

R"H HNTR CONH

0%CwRT - K"

R=Ph, 3-HOC

Kunz and co: ng properties and chirality

of carbohydrates in aloylated-N-galactosylimines
with allylsilanes and al ‘ thylsilane in the presence of
SnCly, imines 19 derived frgih ardite -4 c omatic aldehydes were converted
‘ eomers higher than 7:1. No addition
products derived _from aomeric (a ine pwere formed. Aliphatic
homoallylamines ; :; stannane in the presence
of SnCly. Both a- a .x ¢ S r' ted with the allylstannane.

They gave the same ra 10 of dlastereomers and showed the same sense of asymmetric

@ﬂﬂﬁﬂﬂﬂ%’ﬂ&!"’lf{lﬁ

to homoallylamines 20, giving e

Piv OPiv
S =, - 1 . LIND R x R —
Rk 00 s S8 i IBL 2 SR
i':' WIS Sopiv | | W=SiMecyShE OPiv £

R=Ph (21a); 65 % yield, dr = 14:1
R=3-pyridyl (21b); 28 % vield, dr = 11:1
R=n-C;H; (21c¢); 32 % yield, dr = 24:1

Scheme 1.24
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In 1996, Savois and co-workers” found that some allylmetal reagents (Sn, Zn)
add to the imine derived from 2-pyridine carboxaldehyde and methyl (S)-valinate or
to preformed imine-metal salt complexes (S)-22 to give mainly the (S,S)- or the (R,S)-
secondary homoallylic amine, depending on the nature of the allylmetal reagent.
Since the imine can act as a bidentate (N,N or N,0) or tridentate (N,N,0O) (Figure
1.2), different selectively might be achieved by varying the reagents, affording either
the (S,S) or (R,S) homoallylic amine : r

i ' V€ T,
|\ R — S — |\ SN7"CoMe
5 N O, ~N—5nCl,

(5)-22-SnCl,

mplexes of (S)-22

Table 1.1 Preparation of jcofldefd 54t o it8s 23 from (S)-22

<

Ny N COzMe + X N COzMC
- l_x H
7 5 - - ~
(122 NI = (R,S)-23
"l"-, _
Entry : v ‘*"' 5,8 : R,S)
1 Allylf r(2)° -- 86:14

: @m kit ﬂ my =
@mmﬁﬁlm W,

Allyl-MgCl (1), SnCl, (1)° | -78 65:35

'The imine was added to the allylmetal.

®The allyl halide was added dropw1se to the mixture of the imine and the other reagent(s).

°The salt was added to the imine at 25 °C and the mixture was stirred for 10 min, then cooled
to —78 °C, and the allylmetal was added.

In 1991, Wu and Pridgen®® reported Grignard addition to oxazolidine derived
from (R)- and (S)-phenylglycinol and aldehydes. The reaction occurred readily under
THF reflux (4-24 h) with very high diastereoselectivity (average ~ 96 % de).
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At least ~1.5 eq of the organometallic reagent was required to force the reaction to
completion and achieve high diastereoselectivity. In an interesting experiment, the
addition of 1.5 eq of methyl Grignard to 24 followed shortly by 1.0 eq of ethyl
Grignard reagent, the resulting major product was predominately derived from the
addition of ethyl group rather than methyl (6:1 ratio). Reversing the order of addition
led to a reversal of product selectivity, but with an even greater disparity in the ratio
of products (>100:1) (SchemeAl 23]

induction for Grignard addi

precedented high level of asymmetric

ally tautomeric oxazolidine/imino

functionality may be attiil #ed transition state resulting from

—

significant chelation of aig dmino nitrogen to at least one
magnesium cation. Theg fei attacksithe re face of C-2 of either 24A
or 24B from the less | %0t

moiety (Scheme

Wbstituent of the amino alcohol

H CH; Ph
H N <
Q_s< + N~ \~OH
0 H
24 6:1 25b
Y. 1<1:100 25b

@ufﬁ,xg T uﬁg,,,,
@,ﬂiﬁ@ﬁ%f Bﬂm /

~Ph

24B O re-facial attack

- MgClJ

Scheme 1.26
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In 1998, Moody and Hunt?’ reported a new asymmetric synthesis of p-amino
acids base on the addition of allylmagnesium bromide to a range of chiral aldoximes
derived from phenylalkyl hydroxyamine (Scheme 1.27). The oxime ethers 26
underwent addition of allylmagnesium bromide in the presence of borontrifluoride
etherate to give the hydroxylamines 27 in excellent yield and high

diastereoselectivity.

R= 4827 8006 yioid SN0 % de

: \ astereoselective reaction of an

i

o fbom the condensation between an

In 2000, Couty

allyl Grignard reagent wi

enantiopure -amino alcohol 28 Gsg s aie 2. (Scheme 1.28).

-

I Za=1OH
’ ol

= sail

' Cl -
R i “R3

autinendnends
ARIRINIBBMIANNEHY. ...

Me, R? = Ph) and (S)-phenylglycinol (28: R! = Ph, R?> = H) were used as chiral
sources and were condensed with various aldehydes (R3 = Ph, n-CoHy, (E)-
CH=CHPh). Allylation was effected on the crude condensation product using 3 eq of
allylmagnesium chloride in THF. The procedure gave homoallylic amines in fair to
good yield (50-75 %) with diastereomeric ratio of 80-95 % as determined by
'H-NMR.
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The chemistry involving the use of samarium (II) compounds is difficult due
to their sensitivity to air. In 1999, Yanada and co-worker®® have studied the direct use
of metallic Sm to improve on this shortcoming of Sml,. Barbier-type allylation of
optically active imine such as N-benzylidenevalinol methyl ether was performed with
metallic samarium. a catalytic amount of iodine, and an allyl halide. This reaction
proceeded in a highly diastereoselective manner in THF at room temperature
(Scheme 1.29).

/g_\ Sm(0) 28
H 2 OMe
YN OMe ' * Nﬁ
Ar
30 == o syl | Nl 32

In 2001, Yanada’ ffer

imines bearing a ﬁ-hydrox.

| al reactions of optically active
sharium (Sm) after treating of the

imines with tr1methy1a1um1num

8

W

Torii’' and co-workers reported the Barbier Type allylation of imines with
allyl bromide by the action of aluminum (1 eq) and titanium(IV) chloride (0.05 eq) in
THF (Scheme 1.31). Chirality transfer of L-valine to homoallyl amine can be
achieved successfully by the TiCly (cat.)/Al-promoted allylation of N-benzylidene-Z-
valine methyl ester followed by alkaline hydrolysis and electrolytic decarboxylation.
This afforded a 20:1 mixture of the adducts (S,S) and (S,R) in 81 % yield.
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TiCly (cat.)/Al L el

Scheme 1.31

The stereochemical outcom@ @¥gr¥ed might be explained by assuming the

following acyclic transition stat

odel

In 1997, Loh and ffwosers- preseied W indium-mediated allylation of
i methyl ester (Scheme 1.31). The

- ndium species to give the

4 F
one-pot imine reaction derive
Y
stereochemistry is oRtro

=

respective chiral | g “: ds in high yields and

Sy T

stereOSelcf:CtiViﬁes' L \ gt
Y @ﬂ@ﬁﬁﬁﬂ o L
AR RhEY ey

Loh has proposed a transition state model shown in Figure 1.4 to explain the

\ 'O\IOMC
s ’
. .-\\\< I
IN H HN"S~CO,Me
.("R H T RS X

stereoselectivities.**

Figure 1.4 The transition state of indium species
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In this model, the indium species was believed to be chelated by the nitrogen
and the carbonyl group of the ester. Owing to the rigid N, O-bidentate conformation,
the bulky isopropyl group of the valine chiral auxiliary selectively shields one face
and hence allowing allylic delivery only to the si face. As a result, only the (S,S)-
diastereomers predominate in all cases.

Furthermore, in 2001, Kumar and co-worker** presented another way to

control the diastereoselective synt! :
uracil (Scheme 1.33). They &

§ homoallylic amine by C-4 carbonyl of
acil derivatives and their Schiff
bases with chiral amino = ¥ diastereoselective 1,2- and 1,3-
allylations. The abseng case of 2,4-dimethoxy-5-
formylpyrimidine and j @ loss of diastereoselectivity.
The allylations of the § st forming the In,(allyl);Br;

reagent in THF-toluene_

36b R £ CH,PH,
36cR = 39 68%y1eld dr > 98:2

quﬂﬁﬂammm
e ﬁj)fﬂ e

~
(2:3),30°C MeO N

37 38

38a R =Ph, 66 % yield, dr > 1:1
38b R = CHyPh, 68 % yield, dr > 1:1
38¢c R = 'Pr, 68 % yield, dr > 2:1

Scheme 1.34
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All asymmetric allylations described above belong to the second generation
asymmetric synthesis. Only a few third and fourth generation examples have been
reported so far, of which some representative ones will be discussed.

Hanessian and Yang? described a highly enantioselective allylation of oximes
of a-ketoesters with phenyl substituted chiral bis(oxazoline) 40 as external ligand of

allylzinc reagents (Scheme 1.35). This method provides an efficient and convenient

access to N-benzyloxy allylglycine b olygine and chain-substituted variants with

high enantiomeric purities (62 ] ' Vi “o.ee) (Scheme 1.35).

BnO R’ Rl NHOBn
2
el CO,R
41
aR'=H, R?
bR!
cR!'=Me, R?

In 1996, ‘.5 Ira ¢ presence of a llthlated bis-

oxazoline ligand (43), an.allylic zinc reagent (42) reacts w1th a cyclic aldimine to give

’me (Scheme 1.36).
RN TINNINEAEY

an allylated
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In 2001, Kobayasf =

that are suitable for the acti
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e chiral Lewis acid catalysts

ompounds. The viability of this
=S 45 with allylstannanes 46 to afford
elds 74-91 %) and with high

stereoselectivities (3 ;,-'7 e (ocheme 30 |

approach is illustrated by the J

the corresponding hamo

45a: R' =Ph

46a: R>=CH;,R*=H

45b: 1-naphthyl

45c: 3,4-(OCH,0)CgHj3
45d: 2,3-(Me0),CgH3
45e: 2-furyl

45f: p-ClCgH,4

46b: R?=CH,OTBS, R’ =H
46c: R*=CH,0H, R’ =H
46d: R? = CH,OH, R*> = CH;,

Scheme 1.37
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1.4 Objectives of this research
The objectives of this research were to develop nucleophilic addition of
carbon nucleophiles to chiral imines. The carbon nucleophile used in this study is an

allylindium reagent formed in situ from an allyl bromide and indium metal.

R R"2
N A HN’
- ‘ | 2
Interestingly, whiles “allylation of sulfonimine®® and
gly R ; B2

hydrazones®® in aqueou blished, the analogous allylation
S ts such as THF and DMF

> the optimum condition of

of imines are invarid®
under anhydrous con :
allylation of imines by £ ueous or protic solvents and
to apply this conditin ermore, factors affecting the
chiral auxiliary efficiency i ‘--i’-f‘—" ----- - pincsy solvents and temperature will be
explored. Two of the most impOrest to be considered whether or not the

reaction is succe sgfu iurity of the products.

Diastereoselectivity ;, 777777 »/§ which is defined as the
percent ratio of the raflo of diastereomers can be

NMR spectroscopy.

ﬁww%’mm
@mmﬁﬁﬁé N negy

convemently measure
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